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PREFACE

Preparative chemistry is the heart of chemistry. The goal of Inorganic Syntheses
is to provide both the neophyte and the seasoned veteran with safe and reliable
methods to prepare useful compounds. The raison d’étre of Inorganic Syntheses
is to serve as a valuable treasure trove of precursors to yet undiscovered com-
pounds and to demonstrate practical techniques to the undergraduate student. It
is not to be a repository for the exotic, easily forgotten compounds that have no
practical use. The inclusion of useful compounds only is an admirable goal and
one that the Editor and the Editorial Board have striven valiantly to attain, for
the utility of a particular synthesis is often in the eyes of the beholder. It is my
sincere hope that prospective authors who may read this will keep in mind that
utility of the product and safety of the procedure must be considered to be equally
important prerequisites for publication in Inorganic Syntheses.

The real heroes in compiling one of these volumes are the checkers. Careless
authors supply sloppily written manuscripts in incorrect format with incomplete
information with respect to reaction vessels, reaction conditions, and means of
characterization. Although this is an entirely voluntary process, our loyal check-
ers come through in admirable style. My deepest gratitude is owed to them.
Additionally, there are five other magnificent colleagues who have given at least
as much of their energy to this volume of Inorganic Syntheses as the Editor has.
Without the considerable help and continuing interest of Duward F. Shriver,
John C. Bailar, Jr., Therald Moeller, Thomas E. Sloan, and William Powell,
my assignment would have been completed with considerably greater difficulty.
My sincerest appreciation must be expressed to the two very competent women,
Barbara Crabtree and LeNelle McInturff, who handled many of the details and
who retyped many of the manuscripts.

Preparative chemistry is fun. Safe and reliable preparative chemistry is even
more satisfying. I hope that the inorganic chemistry community will find the
preparations in this volume both useful and safe.

JEAN'NE M. SHREEVE

Moscow, ldaho
September 1985

Previous volumes of Inorganic Syntheses are available. Volumes I-XVI can be ordered from
R. E. Krieger Publishing Co., Inc., P.O. Box 9542, Melbourne, Florida 32901; Volume XVII is
available from McGraw-Hill, Inc.; subsequent volumes can be obtained from John Wiley & Sons,
Inc.
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NOTICE TO CONTRIBUTORS
AND CHECKERS

The Inorganic Syntheses series is published to provide all users of inorganic
substances with detailed and foolproof procedures for the preparation of important
and timely compounds. Thus the series is the concem of the entire scientific
community. The Editorial Board hopes that all chemists will share in the respon-
sibility of producing Inorganic Syntheses by offering their advice and assistance
in both the formulation of and the laboratory evaluation of outstanding syntheses.
Help of this kind will be invaluable in achieving excellence and pertinence to
current scientific interests.

There is no rigid definition of what constitutes a suitable synthesis. The major
criterion by which syntheses are judged is the potential value to the scientific
community. For example, starting materials or intermediates that are useful for
synthetic chemistry are appropriate. The synthesis also should represent the best
available procedure, and new or improved syntheses are particularly appropriate.
Syntheses of compounds that are available commercially at reasonable prices
are not acceptable. We do not encourage the submission of compounds that are
unreasonably hazardous, and in this connection, less dangerous anions generally
should be employed in place of perchlorate.

The Editorial Board lists the following criteria of content for submitted man-
uscripts. Style should conform with that of previous volumes of Inorganic
Syntheses. The introductory section should include a concise and critical sum-
mary of the available procedures for synthesis of the product in question. It
should also include an estimate of the time required for the synthesis, an indi-
cation of the importance and utility of the product, and an admonition if any
potential hazards are associated with the procedure. The Procedure should present
detailed and unambiguous laboratory directions and be written so that it antic-
ipates possible mistakes and misunderstandings on the part of the person who
attempts to duplicate the procedure. Any unusual equipment or procedure should
be clearly described. Line drawings should be included when they can be helpful.
All safety measures should be stated clearly. Sources of unusual starting materials
must be given, and, if possible, minimal standards of purity of reagents and
solvents should be stated. The scale should be reasonable for normal laboratory
operation, and any problems involved in scaling the procedure either up or down
should be discussed. The criteria for judging the purity of the final product should
be delineated clearly. The section on Properties should supply and discuss those
physical and chemical characteristics that are relevant to judging the purity of

ix



X Notice to Contributors and Checkers

the product and to permitting its handling and use in an intelligent manner. Under
References, all pertinent literature citations should be listed in order. A style
sheet is available from the Secretary of the Editorial Board.

The Editorial Board determines whether submitted syntheses meet the general
specifications outlined above, and the Editor-in-Chief sends the manuscript to
an independent laboratory where the procedure must be satisfactorily reproduced.

Each manuscript should be submitted in duplicate to the Secretary of the
Editorial Board, Professor Jay H. Worrell, Department of Chemistry, University
of South Florida, Tampa, FL 33620. The manuscript should be typewritten in
English. Nomenclature should be consistent and should follow the recommen-
dations presented in Nomenclature of Inorganic Chemistry, 2nd ed., Butterworths
& Co., London, 1970, and in Pure and Applied Chemistry, Volume 28, No. 1
(1971). Abbreviations should conform to those used in publications of the Amer-
ican Chemical Society, particularly Inorganic Chemistry.

Chemists willing to check syntheses should contact the editor of a future
volume or make this information known to Professor Worrell.



TOXIC SUBSTANCES AND
LABORATORY HAZARDS

Chemicals and chemistry are by their very nature hazardous. Chemical reactivity
implies that reagents have the ability to combine. This process can be sufficiently
vigorous as to cause flame, an explosion, or, often less immediately obvious, a
toxic reaction.

The obvious hazards in the syntheses reported in this volume are delineated,
where appropriate, in the experimental procedure. It is impossible, however, to
foresee every eventuality, such as a new biological effect of a common laboratory
reagent. As a consequence, all chemicals used and all reactions described in
this volume should be viewed as potentially hazardous. Care should be taken to
avoid inhalation or other physical contact with all reagents and solvents used in
procedures described in this volume. In addition, particular attention should be
paid to avoiding sparks, open flames, or other potential sources that could set
fire to combustible vapors or gases.

A list of 400 toxic substances may be found in the Federal Register, Vol. 40,
No. 23072, May 28, 1975. An abbreviated list may be obtained from Inorganic
Syntheses, Volume 18, p. xv, 1978. A current assessment of the hazards asso-
ciated with a particular chemical is available in the most recent edition of Thresh-
old Limit Values for Chemical Substances and Physical Agents in the Workroom
Environment published by the American Conference of Governmental Industrial
Hygienists.

The drying of impure ethers can produce a violent explosion. Further infor-
mation about this hazard may be found in Inorganic Syntheses, Volume 12,
p. 317. A hazard associated with the synthesis of tetramethyldiphosphine disul-
fide {/norg. S:vnth., 15, 186 (1974)] is cited in Inorganic Syntheses, Volume 23,
p. 199,
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Chapter One
FLUORINE-CONTAINING COMPOUNDS

1. CHLORINE FLUORIDE

Chlorine fluoride is a versatile and very useful reagent." Preparation from the
elements is well established,” but since the reaction involves the use of elemental
fluorine and either Monel or nickel reactors, it is a procedure not readily acces-
sible to many laboratories. In addition, the reaction is exothermic. Two proce-
dures that are excellent lower temperature routes to chlorine fluoride are described
below.

®  Caution. Chlorine fluorides are vigorous oxidizers and are toxic. In
addition, hydrolysis can produce shock-sensitive chlorine oxides. Suitable shield-
ing for high-pressure work is required. Protective clothing and face masks must
be worn at all times.

A. CHLORINE TRIFLUORIDE WITH CHLORINE

CsF

CIF, + Cl, — 3CIF

Submitted by CARL J. SCHACK* and R. D. WILSON*
Checked by DARRYL D. DESMARTEAUY}

*Rocketdyne Division, Rockwell International, Canoga Park, CA 91304.
tDepartment of Chemistry, Clemson University, Clemson, SC 29631.



2 Fiuorine-Containing Compounds

Procedure

A clean, passivated (with CIF;) 150-mL high-pressure stainless steel Hoke cyl-
inder, equipped with a Hoke valve, is loaded with CsF (9 mmol) in the dry box.
After connection to a passivated (with CIF;) stainless steel, Teflon FEP vacuum
line,* the evacuated cylinder is cooled to —196°, and CIF, [Ozark-Mahoning]
(40 mmol) and Cl, (38 mmol) are condensed into it. The cylinder is first warmed
to ambient temperature, then placed in an oven (150-155°) for 15 hr and finally
recooled to ambient temperature. The products are separated by fractional con-
densation through a series of U-traps cooled to — 142 and — 196°. A very small
amount of noncondensable gas is pumped away, and the CIF is collected in the
trap at — 196°. Unreacted starting materials are retained in the trap at — 142°
(methylcyclopentane/liquid N,). The yield of CIF (113 mmol, 97.4%) may be
increased to 99+ %1 by pyrolyzing the solids (CsF, CsCIF,, CsCIF,) left in the
reactor with a heat gun and fractionating the evolved gases as above. The reactor
and solids (with or without pyrolysis) may be used over again, and the CIF may
be stored in the reactor until needed.

® Caution. The solid residue is highly oxidizing. Contact with organic
materials should be avoided. Slow hydrolysis by exposure to the atmosphere in
a well-ventilated hood destroys the material satisfactorily. Water can then be
added cautiously.

B. CHLORINE TRIFLUORIDE WITH MERCURY(II)
CHLORIDE

25°

2CIF, + HgCl, — 4CIF + HgF,

Submitted by A. WATERFELD* and R. MEWS*
Checked by DARRYL D. DESMARTEAUY

Procedure

m  Caution. Mercury salts are poisonous. Chlorine fluorides are powerful
oxidizers and fluorinators. Protective clothing and face masks must be worn at
all times, and extreme care must be taken to avoid contact between the fluorides
and oxidizable materials.

$The checker used one-half the amounts of starting materials in a Monel vessel and obtained
essentially the same yield.

*Institut fur Anorganische Chemie, Tammanstrasse 4, D-3400 Géttingen, West Germany.

tDepartment of Chemistry, Clemson University, Clemson, SC 29631.
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2. Chloryl Fluoride 3

A 300-mL Monel Hoke cylinder that has been passivated with CIF,* and equipped
with a manometer [Dresser] (fluorine-resistant, 1000 psi range) is loaded with
40.2 g (148 mmol) of dry HgCl,. Using a metal vacuum line, 27.4 g (296 mmol)
of CIF; [Ozark-Mahoning] is condensed into the evacuated cylinder at — 196°.
After 14 days at room temperature, the internal pressure reaches 645 psi. The
chlorine fluoride is distilled out of the cylinder, which is held at —125° (30—
60° petroleum ether/liquid N,) via a stainless steel vacuum line into a passivated
Monel Hoke cylinder at — 196°. The yield is 29.5 g (542 mmole, 91.5%).% The
mercury salt remaining in the cylinder is 87% HgF, based on a loss of 4.3 g.
The HgF, may be used for further syntheses or destroyed as prescribed.® The
chlorine fluoride is sufficiently pure for most preparative purposes (contains traces
of CIO,F and Cl,). For final purification, literature methods are recommended.®

Properties

Chlorine fluoride is colorless as a solid (mp — 155°) and pale yellow as a liquid
(bp —100.1°). The IR spectrum of the gas in a stainless steel cell with AgCl
windows shows a band centered at 772 cm ™' with P and R branches but no Q
branch.
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2. CHLORYL FLUORIDE

6NaClO; + 4CIF; — 6NaF + 2Cl, + 30, + 6CIO,F

Submitted by KARL O. CHRISTE,* RICHARD D. WILSON,* and CARL J. SCHACK*
Checked by D. D. DESMARTEAUY

{The checker used one-half the amounts of starting materials in a 150 mL Monel cylinder and
obtained the same yield.

*Rocketdyne, A Division of Rockwell International Corp., Canoga Park, CA 91304.

FDepartment of Chemistry, Clemson University, Clemson, SC 29631.
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Chloryl fluoride is the most common chlorine oxyfluoride. It is always encoun-
tered in reactions of chlorine mono-, tri-, or pentafluorides with oxides, hydrox-
ides, or poorly passivated surfaces. It was first obtained' in 1942 by Schmitz
and Schumacher by the reaction of ClO, with F,. Other methods involve the
reaction of KCIO, with either BrF,” or CIF,.>* The simplest method® involves
the reaction of NaClO; with CIF;, resulting in the highest yields and products
that can readily be separated.

Procedure

®m  Caution. The hydrolysis of CIO,F can produce shock-sensitive ClO,.°
Therefore, the use of a slight excess of CIF; is recommended for the synthesis
to suppress any ClO, formation. Chlorine trifluoride is a powerful oxidizer and
ignites most organic substances on contact. The use of protective face shields
and gloves is recommended when working with these materials.
In the dry box, dry sodium chlorate (30 mmol, 3.193 g) is loaded into a 30-mL
high-pressure stainless steel Hoke cylinder equipped with a stainless steel Hoke
valve. The cylinder is connected to a stainless steel-Teflon FEP vacuum manifold
(Fig. 1) that has been well passivated with CIF; [Ozark-Mahoning] until the
CIF,, when condensed at — 196°, shows no color. The cylinder is then evacuated
and CIF; (21.5 mmol) is condensed into the cylinder at — 196°. The cylinder is
allowed to warm to room temperature and is kept at this temperature for 1 day.
The cylinder is then cooled back to — 196°, and during subsequent warm-up of
the cylinder the volatile products are separated by fractional condensation under
dynamic vacuum through a series of U-traps kept by liquid N, slush baths at
—95° (toluene), —112° (CS,), and —126° (methylcyclohexane). The trap at
—95° contains only a trace of chlorine oxides, the trap at — 112° contains most
of the CIO,F (29 mmol), and the trap at — 126° (7 mmol) contains mainly Cl,
and some CIO,F. The yield of CIO,F is almost quantitative based on the limiting
reagent NaClO; (29.4 mmol, 98%).1 The purity of the material is checked by
infrared spectroscopy in a well-passivated Teflon or metal cell equipped with
AgCl windows. The product should not show any impurities. A small amount
of chlorine oxides, which can be readily detected by their intense color if present
or if formed during handling of CIO,F, can readily be removed by conversion
to CIO,F with elemental F, or will decompose to Cl, and O, during storage at
ambient temperature. Chloryl fluoride can be stored in a metal vessel at room
temperature for long time periods without significant decomposition.

$The checker used one-third of the stated scale and obtained CIOSF in a yield of 95%.



Fig. 1. Typical metal-Teflon vacuum system used for handling strongly oxidizing or
corrosive fluorine compounds. As the vacuum source A, a good mechanical pump (107
torr or better) is normally sufficient. The use of a fluorocarbon oil, such as Halocarbon
{Halocarbon Products] as a pump oil is strongly recommended for safety reasons. B,
glass waste trap with glass or Teflon stopcocks and a detachable bottom; only fluorocarbon
grease [Halocarbon Products] should be used for the stopcocks and joint; the trap is kept
cold by a Dewar flask with liquid nitrogen; great care must be taken, and a face shield
and heavy leather gloves must be worn when pulling off the cold lower half of the waste
trap for disposal of the trapped material by evaporation in a fume hood. The glass waste
trap can be connected to the metal line by a glass-metal joint, a graded glass-metal seal,
or most conveniently by a quick-coupling compression fitting with Viton O-ring seals.
C, scrubber for removal of fluorine; the scrubber consists of a glass tower packed with
alternating layers of NaCl and soda lime that are held in place by plugs of glass wool at
either end. The valves E are arranged in such a manner that the scrubber can be by-
passed during routine operation. D, Teflon-FEP (fluoro-ethylene-propylene copolymer
[Zeus}) or PFA (polyperfluoroether) U-traps made from ¥:- or ¥%-in. 0.d. commercially
available heavy wall tubing; all metal lines are made from either 316 or 321 3%-in. o.d.
stainless steel or Monel tubing, except for the lines from the U-traps to the Heise gage
[Dresser] J, for which Y4-in. o.d. tubing is preferred; stainless steel bellows valves E,
such as Hoke Model 4200 series, are used throughout the entire line; metal-metal or
metal-Teflon connections are all made with either flare or compression (Swagelok [Craw-
ford Fitting] or Gyrolok) fittings. F, lecture bottle of CIF; [Ozark-Mahoning] used for
passivation of the vacuum line. G, He gas inlet. H, F, gas inlet. /, connectors for attaching .
reaction vessels, reagent containers, etc. J, Heise Bourdon tube pressure gage (01000
mm * 0.1%). K, crude pressure gage (0-S atm). L, 2-L steel bulbs used for either
measuring or storing larger amounts of gases. M, ¥%-in. 0.d. metal U-tubes to permit
condensation of gases into the storage bulbs L. N, infrared cell for gases, Teflon body
with condensing tip, 5 cm path length, AgCl windows. The four U-traps D, connected
in series, constitute the fractionation train used routinely for the separation of volatile
materials by fractional condensation employing slush baths of different temperatures. The
volumes of each section of the vacuum line are carefully calibrated by PVT measurements
using a known standard volume.
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6 Fluorine-Containing Compounds

Properties®

Chloryl fluoride is a colorless liquid boiling at —6°. The IR spectrum of the
gas* shows the following major bands: 1271 (vs), 1106 (ms), 630 (s), and 547
(ms) cm™'. The "’F NMR spectrum’ of the liquid at —80° consists of a singlet
at 315 ppm downfield from external CFCl,.
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3. CHLORINE FLUOROSULFATE
SO, + CIF — CIOSO,F

Submitted by CARL J. SCHACK* and RICHARD D. WILSON*
Checked by W. TOTSCHY

Chlorine fluorosulfate is a very reactive compound that is useful in numerous
applications as a chlorinating agent, a fluorosulfating agent, and an oxidizer.'
Originally CIOSO,F was prepared by Gilbreath and Cady® by reactions of Cl,
and FO,SOOSO,F at 125° for 5 days. Since the peroxide is not readily available
and its preparation® requires the use of elemental fluorine, this synthesis is not
accessible to many laboratories. A useful alternative to this method involves the
direct addition of CIF to SO;. This procedure provides CIOSO,F in very high
yield. This synthesis may be conducted in stainless steel® or glass,*’ is rapid,
and can be used on any scale with good results.

*Rocketdyne, A Division of Rockwell International Corp., Canoga Park, CA 91304.
tMaterials and Molecular Research Division, Lawrence Berkeley Laboratory and Chemistry
Department, University of California, Berkeley, CA 94720.
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Procedure

® Caution. The starting materials and product are strong oxidizers and
are toxic. They must not be allowed to touch the skin or organic materials, such
as grease, other than halocarbon type. Gloves, face shields, and other protective
devices must be utilized where contact with these compounds is possible.
Sulfur trioxide [Sargent-Welch] is available in sealed borosilicate glass ampules
in 2-1b quantities. The ampule should be opened and handled only in a hood in
accordance with the manufacturer’s data sheet. (Place the ampule in a pan with
sand or vermiculite, scratch the neck with a file, and, wearing rubber gloves
and a face shield, snap the top of the neck off. Transfer the unused contents to
a bottle with a fluoropolymer cap.)

A clean, dry, 150-mL stainless steel Hoke cylinder and a valve for it are
tared. Using a funnel, the cylinder is loaded with SO, (0.388 mol) through the
cylinder opening. The valve is inserted into the opening and tightened, and the
outside of the cylinder is rinsed with water to remove possible external SO,/
H,SO, contamination. After wiping dry, the weight of the cylinder and SO, is
determined. The cylinder is connected to a stainiess steel vacuum manifold,
equipped with a pressure gauge, through a ~-shaped 0.25-in. diameter, stainless
steel connector about 1 ft long. This type of connector provides flexibility and
thereby permits shaking of the cylinder during the reaction with CIF. Also
attached to the vacuum manifold is a supply of CIF [Ozark-Mahoning].® The
cylinder is cooled to ~78° and evacuated. While the cylinder is warmed from
—78°, the addition of CIF is begun by bleeding it in from the manifold and
maintaining a pressure of about 1 atm.

At first the uptake of CIF may be slow due to the fact that the SO, is still
solid, but when it melts the rate of CIF addition increases, especially if the
reaction cylinder is shaken. Most of the CIF is added at about —30° by inter-
mittently immersing the reactor in a cold bath. After 2 hr, the uptake of CIF
(0.40 mol) becomes slow. A slight further excess of CIF (0.02 mol) is added
by cooling the cylinder to below — 78°. It is left overnight at ambient temperature.

Purification of the product is accomplished by fractional condensation through
a series of Teflon FEP U-traps cooled to —78 and — 196° while the reaction
cylinder is kept at about —30°. After removal of the noncondensable gases, only
occasional pumping is required. This minimizes the passage of CIOSO,F through
the trap at —78°. The trap cooled to — 196° contains Cl,, FCIO,, SO,F,, unreacted
CIF, and a little CIOSO,F. This material is disposed of by transferring it to a
removable cold trap and venting this trap behind a shield in a hood. The cylinder
at —30° contains any HSO,F by-product formed. Pure CIOSO,F (0.372 mole,
96% yield) is obtained in the trap cooled to —78°.

Alternatively, when the reaction is completed, the cylinder is cooled to —78°,
and the volatile material is removed. The product can be kept in the cylinder at
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ambient temperature and purified by fractional condensation as needed. Using
a 1-L cylinder, this reaction has been run on a 6-mole scale with similar results.
For small amounts of CIOSO,F, the CIF may simply be condensed onto the SO,
at —196° and the closed cylinder warmed slowly to ambient temperature in a
_prechilled Dewar flask.*

Properties™*

Chlorine fluorosulfate is a pale yellow liquid that solidifies at — 84.3° and boils
at 43.4°. The IR spectrum of the gas’ has bands at 1481 (vs), 1248 (vs), 855
(vs), 831 (ms, sh), 703 (ms), 572 (ms), and 529 (m) cm~' (stainless steel cell
with AgCl windows). Chlorine fluorosulfate is the only known practical inter-
mediate for the synthesis of chlorine perchlorate, CIOCIO;,® and it is easily
photolyzed in Pyrex at room temperature to provide FO,SOOSO,F in high yield.”
Chlorine fluorosulfate reacts violently with water.

References

C. J. Schack and K. O. Christe, Israel J. Chem., 17, 20 (1978).

W. P. Gilbreath and G. H. Cady, Inorg. Chem., 2, 496 (1963).

J. M. Shreeve and G. H. Cady, Inorg. Synth., 7, 124 (1963).

. J. Schack and R. D. Wilson, Inorg. Chem., 9, 311 (1970).

. V. Hardin, C. T. Ratcliffe, L. R. Anderson, and W. B. Fox, Inorg. Chem., 9, 1938 (1970).
. 1. Schack and R. D. Wilson, Inorg. Synth., 24, 3 (1986).

. O. Christe, C. J. Schack, and E. C. Curtis, Spectrochim. Acta, 26A, 2367 (1970).

. J. Schack and D. Pilipovich, Inorg. Chem., 9, 1387 (1970).

1
2
3
4.
S.
6
7
8
9 . J. Schack and K. O. Christe, Inorg. Nucl. Chem. Lert., 14, 293 (1978).

NOROON

4. SULFUR CHLORIDE PENTAFLUORIDE

CsF

SF, + CIF — SCIF;

Submitted by CARL J. SCHACK,* RICHARD D. WILSON,* and MICHAEL G. WARNERt
Checked by A. WATERFELD#

*Rocketdyne, A Division of Rockwell International Corp., Canoga Park, CA 91304.
‘tJacobs Engineering Group, Inc., Pasadena, CA 91101.
$Department of Chemistry, University of California, Berkeley, CA 94720.
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Sulfur chloride pentafiuoride has utility in the preparation of numerous inorganic
and organic derivatives.' A procedure for its synthesis has appeared previously
in this series.” This method involved the in situ generation of CIF by a hot flow
tube reaction followed by a second hot flow tube reaction of the CIF and SF, to
furnish SCIF,. These reactions are time consuming to set up and sometimes
difficult to master. A far simpler synthesis is the reaction of SF, and CIF at
ambient temperature in the presence of CsF.? The reaction proceeds rapidly and
in high yield with a minimum of by-product formation, thus allowing easy
separation of the products.

Procedure

®  Caution. The reagents and products are toxic and oxidizing. They must
not be allowed to contact the skin or organic materials such as grease, other
than halocarbon type. Gloves, face shields, and other protective devices must
be utilized where contact with these compounds is possible.
To a clean, passivated (treated with CIF; or CIF vapor at subatmospheric pressure
for 1 hr or more), high-pressure, 30-mL stainless steel Hoke cylinder equipped
with a valve is added powdered CsF (10 mmol) in a dry box. The CsF should
have been dried previously by fusion in a platinum crucible followed by both
cooling and grinding in a dry box. The cylinder is connected to a stainless steel-
Teflon FEP (fluorinated-ethylene-propylene copolymer) vacuum system,* evac-
uated, and cooled to —196°. Based on PVT measurements, SF, [Matheson]
(7.23 mmol) and CIF® (7.59 mmol) [Ozark-Mahoning] are added successively.
The closed cylinder is allowed to warm to ambient temperature and to stand for
2 hr. Products are then separated by fractional condensation through a series of
U-traps cooled at — 126° (liquid nitrogen/methylcyclohexane slush) and — 196°.
Passing into the trap at — 196° are small amounts of SOF,, SO,F,, SCIF;, and
CIF. Remaining in the trap at — 126° is pure SCIF; (7.01 mmol, 97% yield).*
Much larger amounts of SCIF; may be prepared using this quantity of catalyst
and only slightly longer reaction times. The catalyst can be reused.

Properties™**

Sulfur chloride pentafluoride is colorless as a solid, liquid, or gas. It melts at
—64° and boils at —19.1°. The IR spectrum of the gas”® has bands at (int.);
908 (vs), 854 (vs), 802 (m), 713 (m), 706 (s), 602 (vs), and 578 (m) cm~'. It

*The checker, using SFE/CIF/CsF in 42.3:53.3:13.4 mmol ratio, found SCIFs (36.4 mmol,
85.5%). This lower yield was attributed to some SOF, impurity in the SF, used. Other products
were SOF,, Cl,, and SF,. If SF,OCI is formed from SOF, and CIF, it will remain as a contaminant
in the SCIF;.
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is stable to acids but is rapidly hydrolyzed by alkalis. The compound is storable
at ambient temperature in stainless steel and is thermally stable at 250°.
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5. (FLUOROCARBONYL)IMIDOSULFUROUS
DIFLUORIDE

4SF, + Si(NCO), — 4FC(O)NSF, + SiF,

Submitted by JOSEPH S. THRASHER*
Checked by DIETER LENTZ+

Since its initial preparation from the reaction of sulfur tetrafluoride with inorganic
isocyanates of silicon, phosphorus, or sulfur, (fluorocarbonyl)imidosulfurous
difluoride, FC(O)NSF,,"' has become one of the primary starting materials in the
field of sulfur-nitrogen-fluorine chemistry. Nitrogen fluoride sulfide, NSF, and
thiazyl trifluoride, NSF,, the two key substances in this field of chemistry,” are
both readily prepared from FC(O)NSF.. Nitrogen fluoride sulfide is best prepared
from the pyrolysis of the mercurial formed between HgF, and FC(O)NSF,,’
while oxidative fluorination of FC(O)NSF, with AgF, gives NSF,.*

The method described below is convenient for preparing FC(O)NSF, in 100-
g quantities starting from tetraisocyanatosilane and sulfur tetrafluoride. This
procedure requires a stainless steel pressure vessel and a glass vacuum line.

*Department of Chemistry, The University of Alabama. University, AL 35486.
tlInstitut fur Anorganische und Analytische Chemie, Freie Universitat Berlin, Fabeckstr. 34-36.
D-1000 Berlin 33.
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Procedure

B Caution. Sulfur tetrafluoride and SiF ; are both toxic gases. The toxicity

of FC(O)NSF, is unknown, but it also should be regarded as hazardous. All
operations should be carried out in a well-constructed vacuum line or in a well-
ventilated hood.
Tetraisocyanatosilane® (30.1 mL; 220 mmol) is loaded into a 500-mL stainless
steel Hoke cylinder in an inert atmosphere. The cylinder is then attached to a
glass vacuum line, and the Si(NCO), is degassed by several freeze-thaw cycles.
With the reaction vessel held at — 196°, an excess of sulfur tetrafluoride [Mathe-
son] (900 mmol) is added by vacuum transfer. The small excess of SF, is used
because the reaction product reacts further with Si(NCO), to give
SF=NC(O)NCO.° The vessel that contains the reaction mixture is then placed
in an ice-water bath, which is allowed to warm slowly to room temperature.
After 24 hr, the reaction vessel is cooled to —85° (1-propanol/liquid nitrogen)
and reattached to the vacuum line, where both the by-product SiF, and unreacted
SF, are transferred under dynamic vacuum into a trap at — 196°. When little or
no more SiF, is observed to condense in the trap at — 196°, the remaining volatile
contents of the reaction vessel are transferred to the vacuum line for trap-to-trap
distillation. The trap at —78° stops primarily FC(O)N==SF,, with SF,, SOF,,
and SiF, as contaminants. This fraction is further purified by redistillation through
a series of traps at —25, —78, and — 196°. The fraction retained in the —78°
trap is generally found to be spectroscopically pure FC(O)NSF, (108.6 g, 94%
yield), but further fractionations through the same series of traps can be carried
out if necessary. The light-sensitive product is stored in Pyrex glass vessels in
the dark below 0°. The by-product SiF, is vented to an efficient fume hood or
stored in an appropriate pressure vessel.

Properties

(Fluorocarbonyl)imidosulfurous diftuoride is a pungent, colorless liquid, bp 48.8°
(extr.), mp —94.7°." When heated at 190°, it decomposes to COF, and NSF.’
This decomposition also takes place at temperatures as low as 0° in the presence
of fluoride ion, for example, CsF.® IR (gas)': 1850 (vs) (vc_o), 1350 (vs) (Vs—_n),
1160 (vs) (vep), 1132 (s) (ver), 865 (), 764 (vs) (vs), 727 (vs) (vge) cm ™', *°F
NMR® (ext. CCLF; 30°): B¢r 42.5 (s), 8¢ 21.0 (s); (—80°) 8 35.7 (d), Bcr
19.5 (t) Je_p = 4 Haz).
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6. ACYCLIC SULFUR NITROGEN FLUORINE
COMPOUNDS

Submitted by RUDIGER MEWS,* KLAUS KELLER,* and OSKAR GLEMSER*
Checked by K. SEPPELTY and J. THRASHER{

Key substances in sulfur-nitrogen-fluorine chemistry are thiazyl fluoride (sulfur
nitride fluoride), NSF, and thiazyl trifluoride (sulfur nitride trifluoride), NSF;.
Almost all known derivatives in this field of chemistry are obtainable through
these two molecules.' The first preparation of NSF, by fluorination of S,N, with
AgF, is still the simplest and most efficient,” but it is less attractive for a general
preparation because of the unstable nature of S,N,. For NSF, several procedures
are mentioned in the literature.>® The easiest way to obtain very pure thiazyl
fluoride is the thermal decomposition of Hg(NSF,),.® The mercury compound
also serves as the starting material for the preparation of haloimidosulfurous
difluorides.

A. THIAZYL TRIFLUORIDE (NITROGEN TRIFLUORIDE
SULFIDE)

FC(O)NSF, + 2AgF, — COF, + NSF, + 2AgF

*Institut fir Anorganische Chemie der Universitit, Tammanstrasse 4, D-3400 Géttingen, W.
Germany.

TInstitut fir Anorganische und Analytische Chemie, Freie Universitit Berlin, Fabeckstrasse 34—
36, D-1000 Berlin 33.

iDepartment of Chemistry, Clemson University, Clemson, SC 29631.
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Fig. 1. Apparatus for the synthesis of NSF and for separation of products by trap-to-
trap fractionation.

Procedure

B Caution. All compounds used in this procedure are extremely toxic and

moisture sensitive. Contact with skin or mucous membranes should be rigorously
avoided.
A 1-L two-necked flask with a reflux condenser is connected by a polyethylene
tube to a system of five traps maintained at —20° (I), —78° (II), —196° (III),
room temperature (IV), and — 196° (V), as shown in Fig. 1. The temperatures
are reached by cooling methanol with Dry Ice or liquid nitrogen.

&  Caution. For the preparation of cooling baths from flammable organic
solvents, liquid nitrogen must be used. A slow-flowing stream of dry nitrogen
must be present at all times to prevent condensation of liquid air in traps that
are at — 196° and open to the atmosphere.

The reaction vessel is loaded with 800 g of AgF,* (5.48 moles) and cooled by
an ice/salt bath to — 10°, and FC(O)NSF,”* (320 g, 2.44 moles) is added in 10-
mL portions (about 15 g) with a syringe through the free second neck A. The
stopper is lifted as little as possible to prevent contamination with moisture.

*AgF, is readily prepared from AgCl or AgF and elemental fluorine in a flow system (prefluor-
inated Cu tube) at 100-250°. The residue of this reaction might be recycled under these conditions.
Sitver(fl) fluoride is available commercially from Ozark-Mahoning Inc.

i
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Silver(II) fluoride and FC(O)NSF, are mixed by shaking the vessel or by mechan-
ical stirring. The temperature of the flask should not exceed room temperature.
At higher temperatures, larger amounts of SF, are formed.

After addition of the last portion of FC(O)NSF,, the reaction vessel is held
at 25° for another hour and then flushed with a slow stream of dry nitrogen
introduced via neck A to transfer the reaction products quantitatively into the
cooled traps. Then stopcock B is closed, and the reaction vessel is disconnected
from the trap system. Trap I contains unreacted FC(O)NSF, and some NSF,.
By allowing trap I to warm to room temperature, the product is transferred to
trap II which is at —78°. The FC(O)NSF, that remains in trap I may be used
in further reactions. Traps I and II are closed (at C, D, and E). Trap IV is cooled
with liquid N,, and trap IIl is warmed slowly to —30°. Carbonyl fluoride evap-
orates from trap III and condenses in trap IV, while some NSF, remains in trap
II1. The contents of traps II and Ill are combined. For further purification the
trap containing the crude product is connected to two wash flasks (containing
200 mL of water and 200 mL of 5% aqueous KMnO,, respectively), followed
by a drying tube filled with granulated P,0O,, and three traps cooled to —20,
—78, and — 196°, respectively. The pure product is collected in the trap at
—78°. Sometimes it is necessary to change the contents of the flasks after about
half of the product is purified. Dry nitrogen is required to prevent condensation
of air. Yields up to 70% (175 g) NSF, are obtained. This procedure can be scaled
down easily to 1/10 or even lower.

Anal.* Calcd. for NSF,: N, 21.53; S, 49.26. Found: N, 21.12; S, 49.37.

Properties

Thiazy! trifluoride (nitrogen trifluoride sulfide) is a colorless gas with a pungent
odor, bp —27°, mp —72.6°. The compound is thermally stable up to >200°,
is resistant to water, and is attacked only by strong nucleophiles or electrophiles.’
IR (gas) 1523 (m), vsn; 815 (v8), v, s 773 (8), v, 525 (W), 855F3; 432 (w),

Bsr,: 346 (W), Buse; '°F NMR® (CFCl, ext. ref.) &(SF) 70.0 ppm (tr).?

ssg?

B. BISOAIMIDOSULFUROUS DIFLUORIDATO-N)MERCURY(I)

10°

2FC(O)NSF, + HgF, — Hg(NSF,), + 2COF,

Procedure

B Caution. All compounds used in this procedure are extremely toxic.
Decomposition products (remaining as residues in the condenser, the reaction
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Fig. 2. Apparatus for the synthesis of Hg(NSF,),.

flask, or the traps) often react explosively with water. Initial rinsing with CCl,
is reccommended for cleaning. Surplus FC(O)NSF ,, recovered from the reaction,
should be fractionated carefully and stored at low temperature until further use.
On standing at room temperature, explosive decomposition products form rapidly.

A two-necked 250-mL flask equipped with a dropping funnel and a condenser
is connected to three traps cooled to —78° (Dry Ice), —196°, and — 196° as
shown in Fig. 2. The diameter of the second trap should be at least 5 cm to
prevent plugging from COF,. Because moisture must be carefully excluded, all
glassware must be dried in an oven (150°). First the traps and the reflux condenser
are put together while hot (fluorine- and heat-resistant grease should be used;
for example, homogeneous 2:1 mixtures of Fluorolube Gr-90 [Fisher] and Kel-
F wax 200 [Halocarbon]), and then they are cooled to room temperature in a
stream of dry nitrogen through A. The two-necked flask, filled with HgF,, is
connected to the condenser, and finally the hot dropping funnel is added. After
the funnel has reached room temperature, it is filled with FC(O)NSF, by means
of a syringe. When the funnel is closed at B, the T-joint is opened at A to prevent
excess pressure. The traps are cooled to the temperature indicated.

The nitrogen flow is continued to protect trap III. The reaction vessel is kept
at 10° with running water. Into 110 g of HgF,* (0.461 mole), 100 g of FC(O)NSF,*
(0.76 mole) is dropped slowly. After 24 hr, the reaction flask and the condenser
are disconnected from the trap system, joined to two other traps (cooled with
liquid N,), and evacuated (oil pump) at room temperature for 30 min to remove

*It is possible to use commercially available HgF, [Ozark-Mahoning]; however, better results
are obtained from freshly prepared HgF, (from HgCl, and F, at 100-250°).
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unreacted FC(O)NSF,. The remaining residue contains about 80% of the initial
FC(O)NSF, as Hg(NSF,),. For most purposes (preparation of NSF, XNSF,),
this product is sufficiently pure. Rather pure Hg(NSF,), can be prepared by using
a twofold stoichiometric excess of FC(O)NSF, in this procedure. The analytically
pure mercury compound recrystallizes from hot CH,Cl, under dry nitrogen in
colorless monoclinic needles. However, during this procedure, extensive decom-
posttion is observed.

Anal. Caled. for Hg(NSF,),: F, 20.6; Hg, 54.4; N, 7.59; S, 17.4. Found:
F, 20.1; Hg, S3.7; N, 7.7, S, 17.4.

Properties

Bis(imidosulfurous difluoridato-N)mercury(ll) is a colorless, moisture-sensitive
solid that decomposes slowly at room temperature. Storage below —10° is
recommended. IR (solid): 1313 (vs), 680 (vs), 574 (s), 550 (m) cm .

C. THIAZYL FLUORIDE (NITROGEN FLUORIDE SULFIDE)

100-140°

Hg(NSF,), — 2NSF + HgF,

vac.

Procedure

A 250-mL flask is loaded with 100-150 g (0.18-0.27 mole) of Hg(NSF,),
(content 66%) and connected via a bent joint with a stopcock (A) to three traps
and an oil pump (Fig. 3). Because moisture must be rigorously excluded, the

L _—_— _ | oil pump

N 41 & 4011 b
I/-78° I/-196° m/-196°

Fig. 3. Apparatus for thermal decomposition of Hg(NSF,), to give NSF.
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thoroughly dried traps are put together directly from an oven (150°) as in pro-
cedure B, and evacuated while A is closed. Initially only trap Il is cooled. After
pumping for 1 hr, traps I and II are cooled to —78 and — 196°, respectively.
Then A is opened slowly, and the reaction flask is evacuated at room temperature
and heated slowly in an oil bath to 110°. After 3 hr, the temperature is raised
to 140°. Within 8-10 hr the decomposition is complete. If only a certain amount
of NSF is needed, the decomposition can be interrupted at any time. Then the
flask is cooled to room temperature, the stopcock at joint A is closed, and the
flask is stored below —30° for further use.

The procedure given above may be repeated until all of the Hg(NSF,), is
decomposed. Almost pure NSF is collected in trap II. Further purification is
possible by fractional condensation [ —78°, — 130° (petroleum ether/liquid N,),
—196°] under vacuum (0.1 torr). The product is collected in the trap at —130°
in almost quantitative yield.

Anal. Calcd.” for NSF: F, 29.20; S, 49.26. Found: F, 28.54; S, 48.44.

Properties

Thiazyl fluoride (nitrogen fluoride sulfide) is a colorless gas that condenses to a
yellow liquid (bp 0.4°, mp —89°). The compound decomposes readily at room
temperature and should be stored at —78°, where trimerization occurs slowly.
It reacts violently with water. Thiazyl fluoride is very reactive toward electro-
philes and nucleophiles. IR (gas)’: 1372 (s), 641 (vs), 366 (s) cm~'. ">’F NMR*'*:
¢(SF) (CFCl, int. ref.) 234 ppm.
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7. HALOIMIDOSULFUROUS DIFLUORIDES, XNSF,

Submitted by R. MEWS,* K. KELLER,* and O. GLEMSER*
Checked by K. SEPPELT} and J. THRASHER}

Haloimidosulfurous difluorides XNSF, [X = F,' C1,>? Br*? (I)*] are prepared
by the formal addition of X—F across the NS triple bond of thiazyl fluoride
(sulfur nitride fluoride), NSF. An alternative method is the Si—N bond cleavage
of XN(SiMe,), (X = Cl, Br) by SF,.* This addition is easily realized by hal-
ogenating salts containing the NSF, ™ anion. These salts are prepared by adding
NSF to metal fluorides (e.g., CsF’) or, more conveniently, by cleaving the CN
bond in (fluorocarbonyl)imidosulfurous difluoride {[FC(O)NSF,]. For the prep-
aration of XNSF,, either CsNSF,? or Hg(NSF,),>* can be used as an intermediate,
but the latter is more readily accessible in high purity.

Chloroimidosulfurous difluoride and bromoimidosulfurous difluoride, CINSF,
and BrNSF,, which may be used extensively for further syntheses, are formed
in high yield from Hg(NSF,), and the elemental halogen. The iodo compound
is very unstable. The fluoro derivative has not been synthesized in large quan-
tities, and very little is known about its chemistry.

A. CHLOROIMIDOSULFUROUS DIFLUORIDE
Hg(NSF,), + 2Cl, — 2CINSF, + HgCl,

Procedure

B  Caution. Mercury compounds are highly toxic, and chlorine is poison-
ous. These materials should be handled in fume hoods or vacuum lines. Contact
with skin or mucous membranes should be rigorously avoided. Because all
products are hydrolyzed violently, all operations should be performed under
rigorously anhydrous conditions.

A Pyrex U-tube (B) (2 cm i.d., 15-cm legs), equipped with ground joints as
shown in Fig. 1, is filled with 80 g (0.14 mole) of crude Hg(NSF,),® (which

*Institut fiir Anorganische Chemie der Universitit, Tammannstrasse 4, D-3400 Gottingen, West
Germany.

TInstitut fiir Anorganische und Analytische Chemie, Freie Universitit Berlin, Fabeckstrasse 34—
36, 1000 Berlin 33.

{Department of Chemistry, Clemson University, Clemson, SC 29631.
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Fig. 1. Apparatus for synthesis of CINSF,.

contains 66% NSF,” ion). The tube is connected to trap 1 (—78°) and trap II
(—196°). A slow stream of nitrogen is maintained at C to prevent condensation
of air in trap II. Trap I contains a Teflon-coated stirring bar. Dry chlorine (40—
50 g, 0.6-0.7 mole) is passed over the Hg(NSF,), in the U-tube over a period
of 6 hr. The flow rate is controlled by a bubble counter filled with Kel-F oil No.
3 [Applied Science Laboratories].

When all of the chlorine has been added, trap I contains about 50-60 g of a
yellow liquid (Cl, and CINSF,). Stopcock A is closed, and the U-tube is removed.
While it is being stirred, the mixture in trap I is warmed slowly to + 10°. Most
of the chlorine distills into trap II. For further purification, the product in trap
I is condensed onto 10 g of Hg at —196° and stirred at 10° until the liquid
becomes colorless. This procedure may need to be repeated. Final purification
of the product is accomplished by fractional distillation [ —78° (methanol/Dry
Ice), —120° (pentane/liquid N,), and — 196°] under high vacuum (10>-107°
torr). The trap at — 120° contains pure CINSF, (27 g, 0.23 mole, 80%).

Anal.? Calcd. for CINSF,: N, 11.72; Cl, 29.7; S, 26.8; F, 31.8. Found: N,
11.25; Cl, 29.2; S, 27.1; F, 30.1.

Properties

Chloroimidosulfurous difluoride is a colorless moisture-sensitive liquid (bp 24°).
It is thermally stable to 100°. The N—Cl bond is readily cleaved by photolysis.
IR spectrum (gas): 1291 (w), 1200 (s), 752 (vs), 692 (vs), 644.5 (m), 548.5
(m), and 405 (m), cm™'. "’F NMR spectrum (CFCl;) $(SF) 46.3 ppm.
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B. BROMOIMIDOSULFUROUS DIFLUORIDE

(a) Hg(NSF,), + 2Br, — HgBr, + 2BINSF,
(b) HgF, + 2FC(O)NSF, + 2Br, — HgBr, + 2COF, + 2BINSF,

Procedure

B Caution. Mercury compounds are highly toxic, and bromine is poison-

ous. These materials should be handled in fume hoods or vacuum lines. Contact
with skin or mucous membranes should be rigorously avoided.
(a) A 500-mL Hoke stainless steel cylinder containing 60 g of crude Hg(NSF,),
(66%, 0.215 mole NSF, ™ anion) is attached to a vacuum line, cooled to — 196°,
and evacuated. Bromine (34.7 g, 0.217 mole) is distilled into the cylinder. The
mixture is warmed to room temperature and agitated for 24 hr. As shown in
Fig. 2, the cylinder is attached to two thoroughly dried traps [taken from a hot
oven (150°) and cooled to room temperature with a stream of dry nitrogen flowing
through them]. Into trap I, a stirring bar and 10 g of Hg are placed. To remove
the last traces of moisture, trap Il is cooled to — 196° and the system is evacuated
(oil pump) for 0.5 hr. Then trap I is also cooled to — 196°. The valve (A) of
the cylinder is opened very slowly, and under dynamic vacuum the crude product
is transferred into the first trap.

After all volatile materials are condensed into trap I, stopcocks B and C are
closed, and the cylinder and the pump are removed. By introducing dry nitrogen
through stopcock C via a T-adapter, the traps are brought to atmospheric pressure.

A B c

=®=l_ = Q=== oil pump

AN ALNTT
BrNShy/ N "T’z

Hg—
U 1/-196° 1/-196°

Fig. 2. Apparatus for synthesis of BrNSF,.
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Trap I is warmed to —20 to —30° while trap II remains cooled to —196° to
protect the product in trap I from hydrolysis. A slow stream of dry nitrogen is
maintained at the T to prevent condensation of liquid air in trap II.

The mixture in trap I is stirred for 3—4 hr at —20 to — 30°, causing the excess
bromine to react with the mercury. This process is continued until a pale yellow
liquid remains. A highly pure product is obtained by fractional condensation by
using traps at —30° (methanol/liquid N,), —78°, and — 196°. The pure BrNSF,
(24.7 g, 0.15 mole; 70%) is found in the trap at —78°.

(b) Similar results are obtained for the preparation of BINSF,, when FC(O)NSF,*
is allowed to react with a slight excess of Br, in the presence of HgF,. Pure
mercury(Il) fluoride is prepared readily by direct fluorination of other mercury
halides in a flow system (prefluorinated Cu tube, 5 cm i.d.) at 100-200°. Fluor-
ination is started slowly at 100°, and the temperature is raised gradually. Mer-
cury(Il) fluoride is available commercially [Ozark-Mahoning].

(Fluorocarbonyl)imidosulfurous difluoride,’® FC(O)NSF, (40 g, 0.305 mole)
and 49.5 g (0.309 mole) of Br, are condensed at — 196° onto 50 g (0.21 mole)
of HgF, in a 500-mL steel Hoke cylinder, warmed to room temperature, and
agitated for 40 hr. The COF, that is formed can be distilled out of the cylinder
at —78° into a storage tube and retained for future use or destroyed by bubbling
into an aqueous sodium hydroxide solution in the fume hood. The residue in the
cylinder is handled as in part (a). The yield of pure BINSF, is 49.5 g; 92%.

Anal. Calcd. for BINSF,: Br, 48.7; F, 23.2; N, 8.53; S, 19.55. Found: Br,
48.5; F, 22.8; N, 8.5; §, 19.2.

Properties

Bromoimidosulfurous difluoride, BINSF,, is a slightly yellow liquid that boils
at 56.5°. The compound is light-sensitive and not very stable thermally. It can
be stored in Pyrex glass vessels at —78°. It reacts explosively with water. IR
spectrum (gas): 1215 (s), 1180 (m), 745 (vs), 689 (vs), and 468 (m), cm~'. °F
NMR spectrum (CFCL): ¢(SF) 57.6 ppm.
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8. CESIUM FLUOROXYSULFATE (CESIUM FLUORINE
SULFATE)

Cs* + SO;” + F,—> F + CsSO/F |

Submitted by EVAN H. APPELMAN*
Checked by KARL O. CHRISTE,} RICHARD D. WILSON,t and CARL J. SCHACKY

The fluoroxysulfate ion is a true hypofluorite, O,SOF™. It is formed by the
fluorination of sulfate ion with molecular fluorine in aqueous solution.' To obtain
a high product yield, it is best to choose a cation that forms a highly soluble
sulfate, since reaction efficiency is enhanced by high sulfate concentration. On
the other hand, if the product is to be removed easily from the reaction mixture,
the same cation must form a relatively insoluble fluoroxysulfate. These conditions
are met by the Cs™ ion, and CsSO,F is the easiest fluoroxysulfate salt to prepare
and isolate in good yield.

The fluoroxysulfate ion is analogous to and isoelectronic with the long-known
compound fluorine perchlorate, CIO,F. But whereas CIO,F is a dangerously
unstable gas, cesium fluoroxysulfate is a rather stable salt that can be stored for
long periods of time and used conveniently on the benchtop (but see cautionary
note that follows). It possesses formidable oxidizing and fluorinating capabilities,
which give it a variety of potential applications as a synthetic and analytical
reagent for inorganic and organic chemistry.*™

A 20-g preparation is described in this article. Scaling down poses no problem,
but substantial scaling up may lead to difficulties in introduction of fluorine at
a sufficiently rapid rate. If the rate of fluorine introduction is not scaled up with
the size of the preparation, prolongation of the preparation time may lead to loss
by decomposition. ‘

Most of the time and labor involved in the preparation are taken up in assem-
bling the necessary apparatus. The actual reaction takes about an hour, while
another 90 min or so is required for filtration, preliminary drying, and transfer
of the sample. The preparation is concluded by overnight drying of the product
under vacuum.

B  Caution. A certain amount of hazard accompanies any procedure that
makes use of molecular fluorine. The experimenter should familiarize him- or

*Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. Work performed under
the auspices of the Office of Basic Energy Sciences, Division of Chemical Sciences, U.S. Department
of Energy, under Contract W-31-109-Eng-38.

tRocketdyne, a Division of Rockwell International Corporation, Canoga Park, CA 91304.
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herself with the precautions necessary for safe handling of fluorine before under-
taking the synthesis.” In addition, cesium fluoroxysulfate is thermodynamically
unstable. Mild detonations have occasionally occurred during the handling of
100-mg portions of the salt. The causes of these detonations were not always
clear, although they usually took place in the course of either deliberate or
inadvertent crushing or scraping of the sample. It is very likely that the deto-
nations were brought about by impurities on the surfaces of containers or spa-
tulas. We have now worked routinely with 10-20-g quantities of CsSO,F over
the past several years and have never observed any kind of detonation involving
a large amount of the material. Nevertheless, CsSO,F must be regarded as a
substance whose kinetic stability is not well understood. Use of gloves and a
plastic face shield are advisable when manipulating the salt. Cesium fluoroxy-
sulfate is also a powerful oxidant, and it reacts violently with a number of
organic solvents, including dimethyl sulfoxide, dimethylformamide, pyridine,
and ethylene diamine (1,2-diaminoethane).

Special Materials and Equipment

Fluorine is used as a 20% mixture with nitrogen. Such mixtures may be obtained
from any of several specialty gas suppliers. Prices vary substantially and should
be compared. The cylinder should be equipped with a pressure regulator that is
designed expressly for fluorine service and that incorporates a nitrogen purge
assembly. *

Commercial fluorine usually contains too much HF for satisfactory use of a
glass flowmeter. The simplest solution is the use of a flowmeter that consists of
a metal float moving in a channel machined in a Kel-F block [Brooks]. A
convenient flowmeter range is 0—1 L/min of air.

Plumbing between the regulator and flowmeter and between the flowmeter
and the delivery tube is most conveniently effected with Y-in. 0.d. copper tubing.
Connections can be of the swage or compression type, or the 45° flare connections
commonly used for refrigeration lines may be used. Brass, stainless steel, alu-
minum, or Monel fittings are satisfactory. Connections to pipe fittings may be
sealed with Teflon tape only—never with pipe dope or lacquer.

Since HF is formed as a by-product of the reaction, glass should not come
into contact with the reaction mixture, and the reaction vessel, fluorine delivery
tube, thermocouple sheath, and filtration apparatus should all be made of Teflon.
The delivery tube is made from Y2-in. 0.d. X ¥%s-in. i.d. FEP tubing [Zeus].
One end of the tube should be heated and drawn to a narrow tip (ca. 1 mm i.d.).

*A typical regulator of this sort is the Matheson Co. Model B15F679. The standard model is
usually provided with a 0-300 psig inlet pressure gauge; a higher pressure range (500 or 1000 psig)
should be requested when ordering.
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A right-angle bend should be made in the tube by heating it approximately 10
in. from the tip, and the far end should be cut off about 4 in. from the bend.

The reaction vessel is a Teflon FEP tube % in. i.d. X 0.045 in. wall X 9
in. long, made by heat-sealing one end of a length of the appropriate tubing
[Zeus]. This may be accomplished by heating the tubing with a high-temperature
hot air gun or over a cool flame, drawing it down, and pinching the end shut
with a hot pair of pliers. A sheath for the thermocouple used to measure reaction
temperature is made in similar fashion from a length of FEP tubing %32 in. o.d.
X ¥ in. i.d. The sheath should be some 3-in. longer than the reaction tube so
that the sheathed thermocouple can be used as a stirrer.

The filtration apparatus consists of a commercially available 47-mm Teflon
filter funnel containing a Teflon filter disk of fine-porosity (5-10 um) [Savillex].*
A 1Y-in. NPT male thread should be cut into the top Y2 in. of the chimney of
this funnel. When it is necessary to pressurize the funnel with nitrogen, a Teflon
transfer cap* is threaded onto the free end of the chimney, and a plastic line to
a nitrogen supply can readily be attached to the cap.

A minor inconvenience of this funnel is that its lower portion is square rather
than tapered. As a result, filtrate tends to be trapped beneath the filter disk, and
the funnel must be shaken to remove it.

Stirring rods used during the filtration should be either solid Teflon or Teflon-
coated. The dried product may be handled with porcelain, glass, or Teflon-coated
metal spatulas. The product should be stored in a Teflon vessel [Savillex].

For drawing dry nitrogen through the filter during the preliminary drying step,
an air pump of moderate free-air capacity is needed.¥

Procedure

8 Caution. The reaction must be carried out in a well-ventilated fume
hood.
It is first necessary to calibrate the flow of the 20% F,/80% N, mixture. This
can be done by passing it into a 1 M KI solution for a specified period of time
and titrating the I,” formed with standard thiosulfate. A flow of 3.54 mmol
F,/min should be achieved and the corresponding flowmeter setting noted.

Now 50 mL of 2 M aqueous Cs,SO, is put into the Teflon reaction tube, and
the tube is immersed in an ice/salt eutectic in a cylindrical Dewar flask. An
unsilvered Dewar is most convenient for observing the reaction. A Teflon-sheathed

*Filter funnel is Catalog No. 4750-47-6; fine filter disks are Catalog No. 1131; transfer cap is
Catalog No. 501-25 (Va-in. tubing connection) or 501-37 (¥%-in. tubing connection). Savillex makes
screw-capped Teflon PFA vials in a wide variety of sizes. (Many of the Savillex products and some
sizes of Teflon FEP tubing are available through general laboratory suppliers.)

tA suitable pump is the Gast Model 0211, which has a free-air capacity of 1.3 cu ft/min.
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thermocouple and the fluorine delivery tube are inserted, and the fluorine flow
is commenced and adjusted to provide 3.5-4 mmo! F/min. The temperature of
the reaction mixture is monitored with an appropriate thermocouple readout or
potentiometer. The heat generated by the reaction will normally maintain the
temperature between —35 and — 10°. If the temperature falls below —10°, the
mixture may freeze. To prevent this, the ice/salt mixture should be diluted.
Conversely, if the temperature rises to near 0°, the mixture should be “stiffened”
with ice and salt. After the reaction has proceeded for 20-30 min, it will be
necessary to stir the mixture regularly to prevent it from foaming out of the tube.
The sheathed thermocouple can be used as a manual stirrer. Introduction of
fluorine is continued for 1 hr. Then the cylinder valve is closed, and the pressure
in the regulator is allowed to bleed down to atmospheric. A flow of nitrogen
through the line is immediately commenced via the purge assembly. The reaction
mixture is removed promptly from the ice/salt bath to prevent it from freezing,
and 1t is filtered under suction through the Teflon filter assembly, which should
have been prechilled to 0°. The filter cake is stirred thoroughly with two suc-
cessive 20-mL portions of ice-cold water, as much as possible of the supernatant
liquid being sucked off each time. Excessive washing must be avoided, since
the product is significantly soluble in water. Filtrate and washings should be
disposed of promptly and carefully, since they contain both HF and a powerful
oxidant.

Now the transfer cap is screwed onto the funnel chimney, and a supply of
clean, dry nitrogen is attached. The outlet of the funnel is connected to the
suction side of the air pump, and nitrogen is drawn through the fiiter cake while
maintaining ~2 psig of positive pressure on the inlet of the funnel. After 25
min, the funnel is opened, and the filter cake is broken up with a spatula, care
being taken not to damage the filter disk.

® Caution. Face shield and gloves are recommended.

Passage of nitrogen through the filter is resumed for an additional 25 min. The
product is then transferred to a 60-mL wide-mouthed Teflon bottle [Savillex],
any lumps being broken up with a spatula. The uncovered bottle is placed in a
vacuum desiccator over a desiccant such as anhydrous CaSO,, and the product
is dried overnight under dynamic vacuum, using a liquid nitrogen or Dry Ice
trap between the pump and desiccator. The final product is approximately 18 g
of white or slightly off-white material, which assays as ~98% CsSO,F by
iodometric titration. The yield is ~70% based on the Cs,SO, taken, or ~30%
based on the fluorine used.

The dried product may be stored at room temperature in a screw-cap Teflon
bottle, but slow decomposition (1-2% per month) is sometimes observed. To
assure the greatest possible integrity of the sample, the following storage pro-
cedure is recommended. The loosely capped Teflon bottle containing the CsSO,F
is placed in a vacuum desiccator, which is evacuated and backfilled with dry
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nitrogen. The desiccator is opened, and the sample bottle is closed tightly. The
sample bottle is then placed in an outer glass screw-cap bottle containing des-
iccant, and the entire package is stored in a freezer. The package is warmed to
room temperature before opening.

Fluoroxysulfate reactions may be carried out routinely in glass vessels, but
the consequences of the possible production of small quantities of HF should be
considered.

Analytical'

Routine analysis of CsSO,F is carried out by adding an excess of 0.1-0.2 M
aqueous KI to a weighed portion of the solid, acidifying the solution slightly,
and titrating the I,” formed with standard thiosulfate, using starch as an endpoint
indicator:

SOF™ +31"—>802 +F +1,~
I,- + 25,0,2" = 31" + S,04°

The solutions will darken slowly at the endpoint, due to gradual reduction of
peroxydisulfate, S,0,°~, which is present as an impurity in the fluoroxysulfate.
For the most accurate results, the drift should be measured and extrapolated back
to the time of mixing. The amount of S,05°” present may be determined by
making the titrated solution 1 M in KI, flushing it with N,, and allowing it to
stand covered and in the dark for 15 min. Titration of the additional I,~ formed
gives a measure of the amount of peroxydisulfate in the CsSO,F:

S,04™ + 31" > 1,7 + 2S80.2"

Typical fluoroxysulfate titer extrapolated to time zero: 7.9 meq/g (calcd. for
CsSO,F: 8.07 meq/g).

Properties

Except for the very gradual decomposition that has been noted, cesium fluoroxy-
sulfate is stable at room temperature. It is not, however, thermodynamically
stable, and at ~100° it undergoes rapid, though not especially violent, decom-
position to CsSO,F and O,.!

Cesium fluoroxysulfate is soluble in water to the extent of about 0.5 M at
25°C. The aqueous solutions are not stable, decomposing with a ~15-min half-
time to yield a mixture of HF, HSO,”, SO,F~, HSO,"~, H,0,, and O,.2 In
alkaline solution, decomposition is almost instantaneous, and some OF, is pro-
duced. A wide variety of inorganic substrates are oxidized by aqueous SO,F~,
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although at varying rates.’ Particularly noteworthy is the very rapid oxidation
of Ag(I) to Ag(II). Because of this, certain substrates, such as Cr(IIl), that do
not react directly with SO,F~ can be oxidized smoothly in the presence of
catalytic amounts of Ag™*.?

Cesium fluoroxysulfate is soluble in acetonitrile to the extent of about 0.07-
0.08 M at room temperature.* The solutions show little or no decomposition
over the course of many hours, and acetonitrile has been found to be a convenient
solvent in which to examine the reactions of SO,F~ with organic substrates,
although heterogeneous systems have also been used.**'° The '°’F NMR spectrum
of CsSO,F in acetonitrile shows a single line with a shift of + 132 ppm downfield
from CFCl,.'
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9. SELENIUM TETRAFLUORIDE, SELENIUM
DIFLUORIDE OXIDE (SELENINYL FLUORIDE), AND
XENON BIS[PENTAFLUOROOXOSELENATE(VI)]

Submitted by KONRAD SEPPELT,* DIETER LENTZ,* and GERHARD KLOTER*
Checked by CARL J. SCHACK?t

Preparations for seleninyl fluoride and selenium tetrafluoride that require only
SeO, and SF, are very convenient and are identical to that used for the synthesis
of TeF,." Other methods of preparation include partial fluorination of elemental

*Institut fur Anorganische und Analytische Chemie, Freie Universitat Berlin, Fabeckstrasse, 34—
36, 1000 Berlin 33.
tRocketdyne Division, Rockwell International, 6633 Canoga Ave., Canoga Park, CA 91304.
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selenium with fluorine or chiorine trifluoride.> The present procedure does not
require the use of fluorinating reagents that are difficult to handle and highly
oxidizing.

Because of this straightforward synthesis of seleninyl fluoride, xenon
bis[pentafluorooxoselenate(VI)] can now be prepared easily. The latter was pre-
pared initially by the reaction of XeF, and H[SeF;0],’ which results from a time-
consuming multistep synthesis.*

A. SELENIUM TETRAFLUORIDE AND SELENIUM
DIFLUORIDE OXIDE

Se0, + SF, — SeOF, + SOF,
SeO, + 2SF, — SeF, + 2SOF,

The system SeO,/SeOF.,/SeF,/SF,/SOF, is interconnected, and the product that
forms depends only on the ratio of starting materials. Thus, if an excess of SeO,
is used, SeOF, is formed in high yield, whereas if SF, is in excess, SeF, is
formed in excellent yield. Also, SeOF, is converted by SF, to SeF,, and SeO,
with SeF, forms pure SeOF,.’

Procedure

&  Caution. All compounds used in these syntheses are highly poisonous.
Contact with skin or nasal passages should be avoided. Gloves should be worn
to preclude HF burns. All selenium compounds should be regarded as toxic.
Selenium dioxide [Alfa Products] (22.2 g, 0.2 mole) is placed in a 200-mL
stainless steel Hoke pressure vessel. The vessel is connected to a glass vacuum
line® and is evacuated and cooled to — 196°. Sulfur tetrafiuoride [Matheson]
(19.4 g, 0.18 mole for preparation of SeOF,; 64.8 g, 0.6 mole for preparation
of SeF,) is condensed into it. The closed vessel is heated for 12 hr at 120° with
stirring or shaking of the reaction mixture.

After the reaction is allowed to cool to ambient temperature, it is further
cooled to — 196°. The reaction vessel is then connected to a trap-to-trap system
with traps cooled to —78 and — 196°. It is allowed to warm to room temperature
while the contents are fractionated slowly under a vacuum <10~ torr. In the
trap at — 196° are found SOF, and excess SF,. The pure product, either SeOF,
or SeF,, is found in nearly quantitative yield in the trap at —78°.* Since either

*For SeOF,, the checker used 72.5 mmol SeO, and 65.5 mmol SF, and heated the mixture at
120° for 36 hr without stirring (yield 93%). For SeF,, 14.9 mmol SeO, and 45 mmol SF, under the
same conditions gave a 85% yield of SeF,. A stainless steel-Teflon FEP vacuum line was used.
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product attacks glass slowly at room temperature, storage should be in Kel-F or
FEP (fluoroethylene-propylene copolymer) [Zeus] containers kept in a dry box.

Properties

Selenium tetrafluoride is a colorless liquid (mp — 13.8°; bp 106°). Since it is an
excellent solvent, it is often yellow. It is hydrolyzed readily and attacks Pyrex
glass at room temperature, especially if water is present. IR gas spectrum: 733
(s), 622 (s), 361 (m) cm™".

Anal. Calcd. for SeF,: Se, 50.9; F, 49.0. Found: Se, 51.4; F, 48.7.

Seleniny! fluoride is a colorless liquid (mp 15° bp 126°). It is less sensitive
to moisture and attacks glass somewhat more slowly than SeF,. The IR gas
spectrum shows the characteristic Se=O stretching vibration at 1037 cm™'. '°F
NMR: ¢33.5 ppm, J;;_ 15, = 837 Hz.

Anal. Calcd. for SeOF,: Se, 59.4; F, 28.6. Found: Se, 59.1; F, 29.1.

The relatively high boiling points of both materials indicate rather strong
fluorine bridging and fluorine exchange. The molecular structures of SeF, and
SeOF, are analogous to those of SF, and SOF,.” The fluorine exchange of the
two different pairs of fluorine atoms in SeF, can be frozen out at — 140° and in
dilute solutions only as shown by the '’F NMR spectrum: ¢, 37.7 ppm, bg 12.1
ppm, J.5 = 26 Hz.® Both compounds exhibit Lewis acid character in reactions
with alkali metal fluorides to form salts of SeFs~ and SeOF, ™, respectively.”'
With Lewis acids, SeF, forms the cation SeF,”."

B. XENON BIS[PENTAFLUOROOXOSELENATE(VI)]

3XeF, + 2Se¢0F, — Xe(OSeF;), + 2Xe

Procedure

B Caution. All selenium compounds are toxic. Gloves must be worn.
All compounds are handled in a dry box. Xenon difluoride'? (8.5 g, 0.05 mole)
is placed in a 100-mL stainless steel pressure vessel [Hoke]. Seleninyl fluoride
(4.4 g, 0.033 mole) is placed into a Kel-F or FEP (fluoroethylene propylene
copolymer) test tube-shaped tube and inserted into the reaction vessel in an
upright position. The vessel is closed and then cooled to —78° (methanol/Dry
Ice) and placed in a horizontal position on a mechanical shaker. After being
shaken for 24 hr at room temperature, the vessel is attached to a vacuum line
and cooled to —20°, and the volatile material (Xe) is transferred under dynamic
vacuum into a trap cooled to —196°. The vessel is filled with dry argon (or
nitrogen) and opened in the dry box. The impure pale yellow liquid is transferred
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into a glass sublimator. Sublimation at room temperature (10~ torr) onto a cold
finger (—20°) gives pure Xe(OSeF), (yield 3.5 g, 41%).*

Anal. Calcd. for F,;0,Se,Xe: F, 37.4; Se, 29.7; Xe, 25.6. Found: F, 37.1;
Se, 31.0; Xe, 25.6.

Properties

Xenon bis[pentafluorooxoselenate(VI)] is a pale yellow crystalline solid (mp 69°)
that is easily hydrolyzed. It is readily characterized by its ’F NMR spectrum in
CFCl, solution (downfield shifts are positive); a typical AB, pattern: ¢, 80.5
ppm, ¢ 69.4 ppm, J,5 = 234 Hz. In addition, 7’Se satellites and '**Xe satellites
are observed waA = 1323 Hz, J77s=.p,, = 1318 Hz, and J‘zghFB = 38 Hz.’ The

12Xe NMR spectrum shows the expected nine-line spectrum due to coupling
with the eight equivalent equatorial fluorine atoms at + 3131 ppm (downfield)
from elemental xenon." IR spectrum (solid): 787 (m), 725 (vs), 700 (s), 612
(s), 550 (m), 430 (s) cm™". Its molecular structure has been determined by X-
ray crystallography.'* Pyrolysis of the compound yields FsSeOSeF;,"* whereas
photolysis gives the corresponding peroxide F;SeOQOSeF;.'®
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Based on '°F NMR, it is pure (1.58 g, 63%).



Inorganic Syntheses, Volume 24
Edited by Jean’ne M. Shreeve
Copyright © 1986 by Inorganic Syntheses, Inc.

10. Tellurium Chloride Pentafluoride 31

13. K. Seppelt and H. H. Rupp, Z. Anorg. Aligem. Chem., 409, 338 (1974).

14. L. K. Templeton, D. H. Templeton, K. Seppelt, and N. Bartlett, Inorg. Chem., 15, 2718
(1976).

15. K. Seppelt, Chem. Ber., 106, 157 (1973).

16. K. Seppelt and D. Néthe, Inorg. Chem., 12, 2727 (1973).

10. TELLURIUM CHLORIDE PENTAFLUORIDE

TeF, + CIF — TeCIF;
TeCl, + SCIF — TeCIF; + 4Cl,

Submitted by M. MURCHIE* and J. PASSMORE*
Checked by K. SEPPELTY

The syntheses described provide straightforward, relatively high-yield routes to
reasonably pure TeCIF;.' The chemistry of the analogous SCIF; has been studied
extensively,” and the chemistry of TeCIF; is likely to be fruitful.

The advantages of the TeF,/CIF reaction are that one-fifth as much chlorine
monofluoride is necessary as when TeCl, is used and there is less chlorine to
separate from TeClF;. The advantage of the TeCl,/CIF reaction is that TeCl, is
readily available commercially, whereas TeF, is not. The purity of TeCIF; in
both cases depends largely upon the purity of CIF and the method of purifying
the TeCIF;.

Procedure

®  Caution. Tellurium compounds are highly toxic.” They should be han-
dled with care in a well-ventilated fume hood and treated in the same way as
toxic inorganic fluorides (e.g., HF, CIF, AsFs).*
Tellurium tetrafluoride® is moisture-sensitive and should be handled in a moisture-
free environment, as has been fully described.® The tellurium tetrachloride [Alfa
Inorganics] may be used without further purification. Chlorine monofluoride
[Ozark-Mahoning) is best manipulated in a preconditioned metal vacuum line.®
The reaction vessel is pretreated with F, or SF,, followed by treatment overnight
with CIF. The reaction vessel is constructed by either sealing one end of a length

*Department of Chemistry, University of New Brunswick, Fredericton, New Brunswick, Canada
E3B 6E2. ’

tFreie Universitit Berlin, Institut fiir Anorganische und Analytische Chemie, Fabeckstrasse 34—
36, 1000 Berlin 33.
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of Teflon or Kel-F tubing [Warehoused Plastics] (12.7 mm o.d., 8.0 mm i.d.)
or boring out a length of Teflon rod (19.1 mm o.d., 14.3 mm i.d.). These tubes
are connected to the vacuum line via a Whitey valve (1KS4) [Crawford Fitting]
and a brass or Teflon (machined from Teflon rod) reducing Swagelok junction.
Although chlorine monofluoride can generally be used without further purifi-
cation, it has been found that distilling at — 130° and collecting the more volatile
fraction produces improved yields of TeCIF; of higher purity.

Method 1

Tellurium tetrafluoride (0.72 g, 3.5 mmol) is placed in the 25-mL Teflon vessel
inside the dry box. The vessel and contents are evacuated for 1 hr. Chlorine
monofluoride (0.42 g, 7.9 mmol) is condensed in small aliquots (aliquots of
0.23 g of CIF have been used; this amount corresponds to approximately 100
mL of CIF at a pressure of 760 torr) onto the tellurium tetrafluoride at — 196°.
The reactants are warmed to room temperature and left for at least 20 min. This
procedure is repeated until all of the CIF is consumed. The reactants are allowed
to stand overnight at 25°. The solid TeF, is gradually consumed, and a yellow
liquid is formed. The product is separated by holding the Teflon vessel at — 78°
and allowing any volatile materials to distill into another vessel held at —196°
for a period of about 1 min. The more volatile fraction consists of unreacted
CIF and traces of SiF,, TeClF;, and fluorocarbon impurities. Upon warming the
Teflon vessel that contains the less volatile fraction to room temperature, clear
liquid, TeClIF;, is observed.
Calcd. based on the weight of TeF,: 0.91 g. Found, 0.71 g (78% yield).

Method 2

Chlorine monofluoride (1.7 g, 31.2 mmol) and tellurium tetrachloride (1.5 g,
5.4 mmol) are allowed to react in the same manner as described for the reaction
between tellurium tetrafluoride and chlorine monofluoride. A relatively pure
sample of TeCIF;s can be obtained by holding the Teflon vessel at room tem-
perature and condensing about two-thirds of the yellow liquid (this will include
the more volatile species) into another vessel, held at — 196°. The last traces of
chlorine in the remaining liquid may be removed by condensing the liquid into
a vessel containing a large excess of mercury. The vessel and contents are then
agitated for 3 hr, resulting in a colorless liquid, TeClF,, which can be distilled
out under vacuum.

Weight of TeClF;: Calcd. based on the weight of TeCl,: 1.39 g. Found: 1.19
g (86% yield).



Inorganic Syntheses, Volume 24
Edited by Jean’ne M. Shreeve
Copyright © 1986 by Inorganic Syntheses, Inc.

11.  Pentafluorooxotellurates(VI) 33

Properties

Tellurium chloride pentafluoride is a colorless liquid (mp —28°, bp 13.5%)." It
may be stored in dry metal, glass, or Teflon and is unreactive toward mercury
at room temperature. It is best characterized by its infrared”* and Raman spectra.®
The IR spectrum shows strong peaks at 727 (s), 410 (s), 317 (vs), and 259 (s)
cm”'. The Raman spectrum has strong lines at 708(31), 659(100), 413(77), and
407(23) cm~'. "F NMR spectrum in CCL,F: ¢, —43.99 ppm (quintet), dg
—4.63 ppm (doublet), J,5 = 170.9 Hz.” The sample was a 4.3 M solution of
TeClIF; in CCLF in a 5-mm tube.
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11. PENTAFLUOROOXOTELLURATES(VI)

Submitted by F. SLADKY*
Checked by CARL J. SCHACKY

In recent years, a large number of compounds containing the F;TeO group
attached to a variety of elements across the periodic table have been synthesized.
The F,TeO ligand is characterized by a group electronegativity close to that of
fluorine, strictly nonbridging behavior, and the ability to stabilize elements in
their high oxidation states. The compounds HOTeF;, B(OTeF;),, and Xe(OTeF),

*Institut fir Anorganische und Analytische Chemie der Universitit, Innrain 52a, A-6020 Innsbruck,
Austria,

TRocketdyne Division, Rockwell International, Canoga Park, CA 91304.
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are the main precursors for the preparation of pentafluorooxotellurates(VI).
Depending on the chemical nature of the reactants, the following procedures can
be employed: (a) acid displacement by the strong acid HOTeF;; (b) metathetical
reaction between fluorides and the extraordinarily strong Lewis acid B(OTeFs),;
and (c) oxidative addition of FsTeO radicals created thermally or photolytically
from Xe(OTeF),:"

(a) E—X + HOTeF; — HX + E—OTeF,
(b) 3E—F + B(OTeF;), — BF, + 3E—OTeF;
(c) E—X + Xe(OTeF;), — Xe + EX(OTeF;),

B Caution. All tellurium compounds are toxic. When ingested they give
rise at least to a long-lasting garlic odor of the breath and sweat. Fluorosulfuric
acid is very reactive toward all organic materials and like all pentafluorooxo-
tellurates(VI) must not be allowed to contact the skin. All manipulations should
be carried out in a vacuum system, a dry box, or a fume hood.

A. HYDROGEN PENTAFLUOROOXOTELLURATE(VI)
(HO),Te + SHSO,F — 5H,SO, + HOTeF,

Procedure

Orthotelluric acid (HsTeOy, 230 g, 1 mole)? is added to a 12-fold molar excess
of HSO,F (1200 g, 690 mL) in a 2-L glass vessel. The HSO,F is distilled (60°/
15 torr) before use. The vessel is equipped with a short water-cooled reflux
condenser (preferably of fused quartz or Teflon). The upper end of the condenser,
topped with a Teflon-coated thermometer, leads into a declining glass tube (about
2 cm in diameter and 40 cm long) that is connected to a two-necked 500-mL
flask equipped with a P,O,, drying tube. All joints are best protected by Kel-F
grease or Teflon sleeves. The gradually forming solution is stirred magnetically
and heated at reflux for 1 hr with an electric heating mantle with a stir-through
opening at the bottom. Some etching and evolution of SiF, are observed. The
condenser is emptied of water, and crude HOTeF; is distilled up to about 140°
into the receiving flask, which is cooled to —23° by a CCl, slush. Some HOTeF,
tends to solidify within the glass tube. It is driven over by gentle heating. Final
purification is accomplished by adding about a threefold excess by weight of

$The checker carried out the procedure at 20% of the scale described with satisfactory results.
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98% sulfuric acid to the HOTeF; in the receiving flask.* This mixture, sometimes
containing two liquid phases, is heated at reflux for several hours or until the
lower layer has disappeared. All F;TeO by-products, mainly F;TeOSO,F, which
greatly depresses the melting point of HOTeF; are thereby hydrolyzed to HOTeF;.
Pure hydrogen pentafluorooxotellurate(VI) is sublimed under vacuum from the
sulfuric acid solution. Yield: 215 g (90%).

Anal. Calcd. for HOTeF,: Te, 53.2; F, 39.7. Found: Te, 53.6; F, 38.5.

Properties

Hydrogen pentafluorooxotellurate(VI) is a colorless, glassy-appearing solid that
melts at 39° and boils at 60°.> The compound is moisture-sensitive and is best
handled by using a conventional vacuum line (vapor pressure 180 torr/25°).

The gas-phase IR spectrum has strong absorption bands at 3625 (v,_y), 1024,
1015 (36 _n), 741, 734 (Vre_o» V1e_£), and 328 (8;_1._o) cm™~'. The '’F NMR
spectrum shows a highly solvent-dependent A,B pattern. CH,CN solution: ¢,
—47.3 ppm, ¢ —40.4 ppm, J,5; = 190 Hz. CCl, solution: ¢, —47.0 ppm,
bs —44.5 ppm, J,5 = 182 Hz (rel. CFCL,).

B. BORON TRIS[PENTAFLUOROOXOTELLURATE(VI)]
BCl, + 3HOTeF; — 3HCI + B(OTeF,),

Procedure

With the aid of a vacuum line, HOTeF; (31 g, 129 mmol)t is sublimed onto
BCl; (5 g, 42.7 mmol) in a 150-mL Pyrex glass vessel. The reaction proceeds
at about —60°. The evolved HCI, contaminated with small amounts of BCl,, is
expanded into a 2-L glass bulb. The gas is condensed back into the reaction
vessel, and the HC! is pumped off at — 112° (CS, slush). This process is repeated
several times until no further gas evolution is observed. To remove included
gas, the product is melted and pumped upon for a few seconds. Pure boron
tris[pentafluorooxotellurate(VI)] (31 g, 42.6 mmol) is obtained in about quan-
titative yield.
Anal. Calcd. for B(OTeF;),: Te, 52.7; F, 39.2. Found: Te, 52.1; F, 39.3.

*Instead of heating the distillate at reflux with H;SO, to destroy impurities, the checker purified
the products trapped at —23° by fractional condensation through a series of traps cooled at — 30,
—78, and — 196°. The fraction at —78° was pure TeF;OH (83% yield).

1The checker carried out the procedure at 20% of the scale described with satisfactory results.
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Properties

Boron tris[pentafluorooxotellurate(VI)] is a moisture-sensitive, colorless solid
that tends to crystallize in large hexagonal prisms that melt at 37°. The compound
is thermally stable to about 130° and can be handled in a dry box or by vacuum
sublimation.’

The infrared spectrum of solid B(OTeF;); shows absorption bands at 1330,
615, 430 (v5_o) and 740, 725, 705 (Vg _g, V1._o) cm™ . Its "F NMR spectrum
with CFCl,; as solvent exhibits an A,B pattern, with ¢, —44.4 ppm, ¢5 —48.2
ppm, J.s = 181 Hz.

C. XENON(I) BIS[PENTAFLUOROOXOTELLURATE(VI)]
XeF, + 2HOTeF; — 2HF + Xe(OTeF;),

Procedure

A weighable 10-mL Kel-F or FEP [Zeus] (fluoroethylene propylene copolymer)
reaction vessel is best suited for this reaction. The compound HOTeF; is con-
densed onto XeF,* (3 g, 17.7 mmol)* in about 3-g (12.5-mmol) portions, and
the reaction mixture is warmed to a uniform melt. Subsequently, the HF that
has formed and the unreacted HOTeF; are pumped off at 0° and discarded.
Alternatively, the HOTeF; can be freed of HF by trapping at —78° and reused.
The above procedure must be repeated about six times, corresponding to a molar
excess of HOTeF; of approximately 100%, to shift the equilibrium completely
to formation of the product. This displacement is best monitored by weighing
until constancy is reached. Yield: 10.6 g (96%).

Anal. Calcd. for Xe(OTeFs),: Te, 41.9; F, 31.2. Found: Te, 41.0; F, 31.5.

Properties

Xenon(II) bis[pentafluorooxotellurate(VI)] is a slightly yellow crystalline solid
that melts at 38-40°. The compound is moisture-sensitive but soluble without
reaction in CCl, or CH,CN. It is thermally stable to about 140° and can be
vacuum-sublimed and handled in glass apparatus.’

®  Caution. Explosive reactions occur with ethanol, acetone, benzene, and
other related organic compounds.

*The checker carried out the procedure at 60% of the scale described. The TeF;OH is added to
the XeF, (4:1, 100% excess) in two additions. The HF is pumped away at — 78° six or seven times
for several days, leaving all the TeFsOH behind.
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The IR spectrum of a solution of Xe(OTeFs), in CCl, shows absorption bands
at 780, 705, 628 (Vr.—o, V1._5), and 475 (vx._o) cm™ . Its '°’F NMR spectrum
in the same solvent shows an A,B pattern &, —43.4 ppm, by —48.2 ppm, Jp
= 182 Hz.
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12. TUNGSTEN TETRAFLUORIDE OXIDE

HF

2WF, + SiO, — 2WOF, + SiF,

Submitted by WILLIAM W. WILSON* and KARL O. CHRISTE*
Checked by ROLAND BOUGON+

Tungsten tetrafluoride oxide can be prepared by numerous methods, such as the
fluorination of WO, at 300°,' slow hydrolysis of WF,,” the direct fluorination
of W in the presence of O, at 300°,” the reaction of WF with WO, at 400°,*
the reaction of WOCI, with HF,”® or oxygen-fluorine exchange between WF,
and B,0,.° The method given below is a modification of the method of Paine
and McDowell, who used stoichiometric amounts of SiO, and WF, in anhydrous
HF for the controlled hydrolysis of WF,.? In our experience,’ the use of stoi-
chiometric amounts of SiO, and WF, leads to the formation of some
[H,0]"[WOF;]~ and [H,0]*[W,0,F,] ~ as by-products that are difficult to sep-
arate from WOF,. This problem can, however, be minimized by the use of an
excess of WF,. Tungsten tetrafluoride oxide is a starting material for the syntheses
of numerous WOF; ™ salts.

*Rocketdyne, A Division of Rockwell International Corp., Canoga Park, CA 91304.
tCentre d'Etudes Nucléaires de Saclay, 91191 Gif sur Yvette, France.
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Procedure

8 Caution. Anhydrous HF causes severe burns. Protective clothing and
safety glasses should be worn when working with liquid HF .
Quartz wool [Preiser Scientific] (1.048 g, 17.44 mmol) is placed into a ¥s-in.
o.d. Teflon FEP (fluoroethylene propylene copolymer) ampule [Zeus] equipped
with a Teflon-coated magnetic stirring bar and a stainless steel valve. The ampule
is connected to a metal-Teflon vacuum system® and evacuated, and dry’ HF
[Matheson] (19 g) and WF; [Alfa] (22.102 g, 74.21 mmol) are condensed into
the ampule at — 196°. The contents of the ampule are allowed to warm to room
temperature and are kept at this temperature for 15 hr with stirring. All material
volatile at room temperature is pumped off (10~ * torr) for 12 hr, leaving behind
9.723 g of a white solid (weight calcd. for 34.89 mmol WOF, is 9.624 g). This
crude product usually still contains [H,0] " [W,0,F;]~ (IR spectrum of the solid
pressed as a AgCl disk: 3340, 3100, 1625, 1040, 1030, 908 cm™') and can be
purified by vacuum (10™* torr) sublimation in an ice water—cooled Pyrex sub-
limator at 55°, resulting in 4.245 g of sublimate. The purity of the sublimate is
verified by vibrational spectroscopy of the solid (IR spectrum as a AgCl disk:
1054 (vs), 733 (s), 666 (vs), and 550 (vs) cm~'. Raman: 1058 (10), 740 (1.9),
727 (6.3), 704 (0+), 668 (0+), 661 (0.9), 559 (0+), 518 (0.7), 325 (sh), 315
(sh), 311 (5), 260 (0+), 238 (0.7), 212 (0.5), 185 (0+) cm™')"°

Anal. Calcd. for WOF,: W, 66.65; F, 27.55. Found: W, 66.5; F, 27.7.

Properties

Tungsten tetrafluoride oxide is a white hygroscopic solid (mp 104.7 at 25 torr,
bp 185.9°) which can be sublimed readily. It is soluble in HF and in propylene
carbonate. The ’F NMR spectrum in propylene carbonate solution consists of
a singlet at 65.2 ppm downfield from external CFCl,, with two satellites with
Jwr = 69 Hz."!
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13.  TETRAFLUOROAMMONIUM SALTS

Submitted by KARL O. CHRISTE,* WILLIAM W. WILSON,* CARL J. SCHACK,*
and RICHARD D. WILSON*
Checked by R. BOUGONY}

Since [NF,]" is a coordinatively saturated complex fluoro cation, the syntheses
of its salts are generally difficult.' A limited number of salts can be prepared
directly from NF,, and these salts can then be converted by indirect methods
into other [NF,]" salts that are important for solid propellant NF;-F, gas gen-
erators or reagents for the electrophilic fluorination of aromatic compounds.

The two direct methods for the syntheses of [NF,]* salts are based on the
reaction of NF, with either {KrF]” salts®

NF, + [KrF][AsF,] — [NF,][AsF,] + Kr

or F, and a strong Lewis acid in the presence of an activation energy source E.’

E
NF; + F, + XF, = [NE]IXF,. ]

For the chemist interested in synthesis, the second method’ is clearly superior,
due to its high yields, relative simplicity, and scalability.

Four different activation energy sources have been used for the direct synthesis
of [NF,]" salts:

1. Heat*”: [NF,][BiF,], [NF,JISbF,], [NF,J[AsF,], [NF,L[TiF,-nTiF,]

2. Glow discharge®®: [NF,}{AsF;], [NF,][BF,]

3. UV photolysis'™"": [NF,J[SbF], [NF,J[AsF], [NF,][PF], [NF][GeF;],
[NE,][BF,]

4. Bremsstrahlung'’:; [NF,][BF,]

Of these, the thermal synthesis of [NF,]{SbF¢]*” is most convenient (Synthesis
A) and provides the starting material required for the synthesis of other [NF,]™
salts by indirect methods. For the synthesis of pure [NF,]™ salts on a small scale,
low-temperature UV photolysis is preferred (Synthesis B)."'

The following indirect methods for the interconversion of [NF,]* salts are
known:

*Rocketdyne, A Division of Rockwell International Corp., Canoga Park, CA 91304.
tCentre d’Etudes Nucléaires de Saclay, 91191 Gif sur Yvette, France.
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(

1. Metathesis reaction:

n[NE]J[XF¢] + [Cs],IMF,,,] — [NF,],IMF,.,] + n[Csl[XF] |

soluble soluble soluble insoluble

where typically X = Sb and the solvent is anhydrous HF or BrF;. This method
is limited to anions that are stable in the given solvent and results in an impure
product. Typical compounds prepared in this manner include [NF,][BF,],*"*"*
[NF4][HF2] (Synthesis C),'* [NF,]J[SO,F],'® [NF,][C1O,]," and [NF,],[MFs] (M

= Sn,"” Ti,"® Ni," Mn®) (Synthesis D).

2. Reaction of solid [NF,][HF,]-xHF with a weak Lewis a01d When the
MF;, , anion is unstable in a solvent, such as HF, and the Lewis acid MF,, is
volatile, the equilibrium

n[NF,][HF,]-xHF + MF, 2 [NF,],IMF,.,] + n(x+ 1)HF

can be shifted to the right by the use of an excess of MF,, and continuous removal
of HF with the excess of MF,,. Typical salts prepared in this manner include
[NF,],[SiF¢]*' (Synthesis E) and [NF,][MF,] M = U, W,* Xe*).

3. Reaction of [NF,]J[HF,] with a nonvolatile polymeric Lewis acid: When,
in the metathesis (1), all the materials except [NF,][XF] are insoluble, product
separation becomes impossible. This problem is avoided by digesting the Lewis
acid in a large excess of [NF,][HF,] in HF solution, followed by thermal decom-
position of the excess [NF,][HF,] at room temperature.

HF

[NF,J[HF,] + MF, — [NE][MF,,} + HF

Salts prepared in this manner include [NF,][MOF;] (M = U,* W*) (Synthesis
F), [NE,[AIF,],* and [NF,][Be,F,].%*

4. Displacement reaction: Displacement of a weaker Lewis acid by a stronger
Lewis acid can be carried out easily, as demonstrated for [NF,}[PF]."

[NF.])[BF,] + PF; — [NF,J[PF] + BF,

5. Rearrangement reaction: When [NF,])[GeF;] is treated with anhydrous
HF, the following equilibrium is observed:

+HF

2[NF,][GeF;] 2 |[NF,],[GeFs] + GeF,

+ GeF,
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This equilibrium can be shifted to the right by repeated treatments of [NF,]1{GeF;]
with HF and GeF, removal, and to the left by treatment of [NF,],[GeF,] with
GeF,."

A. TETRAFLUOROAMMONIUM
HEXAFLUOROANTIMONATE(V)

250°

NF, + 2F, + SbF; — [NF,][SbF]

70 atm

Procedure

®  Caution. High-pressure fluorine reactions should be carried out only
behind barricades or in a high-pressure bay using appropriately pressure-tem-
perature—rated nickel or Monel reactors that have been well passivated with
several atmospheres of F, at the described reaction temperature. Stainless steel
reactors should be avoided owing to the potential of metal fires. All [NF,]"
salts are moisture-sensitive and must be handled in a dry atmosphere. They are
strong oxidizers—contact with organic materials and fuels must be avoided.
A prepassivated (with CIF;), single-ended 95-mL Monel cylinder [Hoke, rated
for 5000 psi working pressure], equipped with a Monel valve [Hoke 3232 M4M
or equivalent], is loaded in the dry nitrogen atmosphere of a glove box with
SbF; [Ozark-Mahoning] (31 mmol). The cylinder is connected to a metal vacuum
system,27 evacuated, vacuum leak tested, and charged with NF; [Air Products
and Chemicals] (65 mmol) and F, [Air Products and Chemicals] (98 mmol) by
condensation at — 196°. The barricaded cylinder is heated for 5 days to 250°.
The cylinder is allowed to cool by itself to ambient temperature and is then
cooled to — 196°. The unreacted F, and NF, are pumped off at — 196° (the pump
must be protected by a fluorine scrubber®); during the subsequent warm-up of
the cylinder to ambient temperature, [NF,][SbF,] (10.1 g, 31 mmol, 100% yield
based on SbF;) is left behind as a solid residue. The product is either scraped
out of the cylinder in the dry box or, more conveniently, dissolved in anhydrous
HF that has been dried over BiF;."* Small amounts of Ni[SbF], and Cu[SbF],,
formed as impurities in the attack of the Monel reactor by F, and SbF;, are only
sparingly soluble in HF and are removed from the [NF,][SbF,] solution by
filtration using a porous Teflon filter [Pallflex]. If desired, the SbF, starting
material can be replaced by SbF; [Ozark-Mahoning] without changing the remain-
ing procedure.

Anal.® Calcd. for [NF,][SbF,]: NF,, 21.80; Sb, 37.38. Found: NF,, 21.73;
Sb, 37.41.
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Properties

Tetrafluoroammonium hexafluoroantimonate(V) is a hygroscopic, white crys-
talline solid that is stable to about 270°.**° It is highly soluble in anhydrous
HF (259 mg per g of HF at —78°" and moderately soluble in BrF;. Its '°F
NMR spectrum* in anhydrous HF solution consists of a triplet of equal intensity
at 214.7 ppm downfield from CFCl, (Jr = 231 Hz) for [NF,]". The vibrational
spectra’ of the solid exhibit the following major bands: IR (pressed AgCl disk):
1227 (mw), 1162 (vs), 675 (vs), 665 (vs), 609 (m) cm~'. Raman 1160(0.6),
1150(0.2), 843(7.0), 665(1), 648(10), 604(3.9), 569(0.9), 437(1.5), and 275(3.8)
cm™!

B. TETRAFLUOROAMMONIUM TETRAFLUOROBORATE(II)

h
NF, + F, + BF, - [NF,][BF,]

— 196°

Procedure

B Caution. Ultraviolet goggles should be worn for eye protection when

working with higher power UV lamps, and the work should be carried out in a
fume hood. [NF,][BF,] is a strong oxidizer; contact with organic materials,
fuels, and moisture must be avoided.
The low-temperature UV photolysis reaction is carried out in a quartz reactor
with a pan-shaped bottom and a flat top consisting of a 7.5-cm diameter optical
grade quartz window (Fig. 1). The vessel has a side arm connected by a Teflon
O-ring joint to a Fischer-Porter Teflon valve to facilitate removal of solid reaction
products. The depth of the reactor is about 4 cm, and its volume is about 140
mL. The UV source consists of a 900-W, air-cooled, high-pressure mercury arc
(General Electric Model B-H6) positioned 4 cm above the flat reactor surface.
The bottom of the reactor is kept cold by immersion in liquid N,. Dry, gaseous
N, is used as a purge gas to prevent condensation of atmospheric moisture on
the flat top of the reactor. As a heat shield, a 6-mm-thick quartz plate is positioned
between the UV source and the top of the reactor.

Premixed NF, [Air Products] and BF, [Matheson] (27 mmol of each) are
condensed into the cold bottom of the quartz reactor. Fluorine [Air Products] (9
mmol) is added, and the mixture is photolyzed at —196° for 1 hr. After ter-
mination of the photolysis, volatile material is pumped out of the reactor (through
a scrubber’™®) during its warm-up to room temperature. The nonvolatile white
solid residue (1.0 g) is pure [NF,][BF,]. Instead of the pan-shaped reactor, a
simple round quartz bulb can be used with a [NF,][BF,] yield of about 0.3 g/
hr.
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Fig. 1. Apparatus for synthesis of [NF,][BF,].
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Anal.”® Calcd. for [NF,][BF,]: NF,, 40.16; B, 6.11. Found: NF,, 40.28; B,
6.1.

Properties

Tetrafluoroammonium tetrafluoroborate(Ill) is a hygroscopic white crystalline
solid that is stable up to about 150°.”'"'**° It is highly soluble in anhydrous HF
and moderately soluble in BrFs. Its '°’F NMR spectrum in anhydrous HF solution
consists of a sharp triplet of equal intensity at ¢ 220 ppm downfield from CFCl,
(/ne = 230 Hz) for [NF,]" and an exchange broadened singlet at & — 158 ppm
upfield from CFCl, for [BF,] . The vibrational spectra of the solid exhibit the
following major bands: IR (pressed AgCl disk): 1298 (ms), 1222 (mw), 1162
(vs), 1057 (vs), 609 (s), and 522 (s) cm~'. Raman: 1179¢0.6), 1148(0.6),
1130(0 +), 1055(0.2), 884(0+), 844(10), 772(3.2), 609(6.3), 524(0.4), 443(2.6),
and 350(0.9) cm ™"

C. TETRAFLUOROAMMONIUM (HYDROGEN DIFLUORIDE)

HF

[NF,][SbFs] + CsF — Cs[SbF,]| + [NF,][HF,]

—78°
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Procedure

®  Caution. Anhydrous HF causes severe burns. Protective clothing should
be worn when working with this material. The HF solutions of [NF,]* salts are
strongly oxidizing; contact with fuels must be avoided.
A mixture of dry CsF [Kawecki Berylco} (2.361 g, 15.54 mmol) and [NF,]{SbF]
(5.096 g, 15.64 mmol) is placed inside the dry box into trap I of the leak-checked
and passivated (with CIF, and dry HF"®) Teflon FEP Monel metathesis apparatus
shown in Fig. 2. The CsF is dried by fusion in a platinum crucible, immediately
transferred to the dry box, cooled, and finely ground. The apparatus is attached
to a metal Teflon vacuum system> by two flexible corrugated Teflon tubes
[Penntube Plastics], and the connections are vacuum leak-checked and passi-
vated. The system is repeatedly exposed to anhydrous HF [Matheson], until the
HF is colorless when frozen out at —196° in a Teflon U-trap of the vacuum
system to avoid contamination of the product with any chlorine fluorides that
may be adsorbed onto the walls of the metal vacuum system. Anhydrous HF"
(16.2 g, 810 mmol) is added to trap I, and the mixture is stirred magnetically
for 1 hr at room temperature. The metathesis apparatus is cooled with powdered
Dry Ice to —78° for 1 hr and then inverted. The HF solution that contains the

&

POROUS
TEFLON
FILTER

1
MONEL UNION — N
—| _~ VALVE
—

T0

VACUUM

THROUGH CORRUGATED
TEFLON FLEXLINE

_

TRAP |

Fig. 2. Apparatus for syntheses of [NF,J[HF,], [NF,,[MnF ], [NF,[SiF.], and
INF JIWOF].
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[NF,][HF,] is separated from the Cs[SbF,] precipitate by filtration. To facilitate
the filtration step, trap I is pressurized with 2 atm of dry N, after inversion. A
pressure drop in trap I indicates the completion of the filtration step. If desired,
repressurization of trap I may be repeated to minimize the amount of mother
liquor held up in the filter cake. The desired HF solution of [NH,][HF,] is
collected in trap IL. It contains about 94% of the original [NF,]” values, with
the remainder being adsorbed on the Cs[SbF] filter cake. The [NF,][HF,] solution
has a purity of about 97 mole % and contains small amounts of Cs[SbF] (sol-
ubility of Cs[SbF,] in HF at —78° is 1.8 mg/g HF)'’ and [NF,][SbF,] (if a slight
excess of [NF,][SbF,] has been used in the reaction to suppress, by the common
ion effect, the amount of dissolved Cs[SbF]).

An unstable solid having the composition [NF,J[HF,]-nHF (n = 2-10) can
be prepared by pumping off as much HF as possible below 0°.

Properties

Tetrafluoroammonium (hydrogen difluoride) is stable in HF solution at room
temperature but decomposes to NF;, F,, and HF on complete removal of the
solvent.'® The '’F NMR spectrum of the solution shows a triplet of equal intensity
of ¢ 216.2 ppm downfield from CFCl, with J = 230 Hz. The Raman spectrum
of the HF solution has bands at 1170 (w), 854 (vs), 612 (m), and 448 (mw)
em™'.

D. BIS(TETRAFLUOROAMMONIUM)
HEXAFLUOROMANGANATE(1V)

HF

2[NF,J[SbF] + Cs,[MnFs] — 2Cs[SbF,] + [NF,],[MnF]

—78°

Procedure

& Caution. Anhydrous HF can cause severe burns; protective clothing
should be worn when working with this solvent. [NF,],[MnF (] is a strong oxi-
dizer; contact with water and fuels must be avoided.

The same apparatus is used as for synthesis C. In the dry N, atmosphere of a
glove box, a mixture of [NF,][SbF,] (37.29 mmol) and Cs,[MnF4]*° (18.53
mmol) is placed in the bottom of a prepassivated (with CIF;) Teflon FEP (flu-
oroethylene propylene copolymer) double U-tube metathesis apparatus. Dry HF"
(20 mL of liquid) is added at —78° on the vacuum line,” and the mixture is
warmed to 25° for 30 min with stirring. The mixture is cooled to —78° and
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pressure-filtered at this temperature. The HF solvent is pumped off at 30° for
12 hr, resulting in 14 g of a white filter cake (mainly Cs[SbF]) and 6.1 g of a
yellow filtrate residue having the approximate composition (weight %):
[NF,],[MnF,], 92; [NF,][SbF,], 4; Cs[SbF,], 4. Yield of [NF,],[MnF,] is 87%
based on Cs,[MnF].

Properties

Bis(tetrafluoroammonium) hexafluoromanganate(IV) is a yellow crystalline solid
that is stable at 65° but slowly decomposes at 100° to NF;, F,, and MnF,.? It
is highly soluble in anhydrous HF and reacts violently with water. Its '°F NMR
spectrum in anhydrous HF solution shows a broad resonance at ¢ 218 ppm below
CFCl, due to [NF,]". The vibrational spectra of the solid show the following
major bands: IR (pressed AgCl disk): 1221 (mw), 1160 (vs), 620 (vs), and 338
(s) cm~'. Raman: 855 (m), 593 (vs), 505 (m), 450 (w), and 304 (s) cm™'

E. BIS(TETRAFLUOROAMMONIUM)
HEXAFLUOROSILICATE(1V)

2[NF,][HE,]-rHF + SiF, — [NF,[,{SiFs] + 2(n+ 1)HF

Procedure

B Caution. Anhydrous HF can cause severe burns, and protective clothing
should be worn when working with liquid HF. All [NF,]” salts are strong
oxidizers, and contact with fuels and water must be avoided.

A solution of [NF,][HF,] (27 mmol) in anhydrous HF'® is prepared at —78° by
synthesis C. Most of the HF solvent is pumped off during warm-up toward 0°
until the first signs of decomposition of [NF,][HF,] are noted from the onset of
gas evolution. The resulting residue is cooled to —196°, and SiF, [Matheson]
(33 mmol) is added. The mixture is allowed to warm to ambient temperature
while providing a volume of about 1 L in the vacuum line for expansion. During
warm-up of the apparatus, the SiF, evaporates first and, upon melting of the
[NF,][HF,]-nHF phase, a significant reduction in the SiF, pressure is noted,
resulting in a final pressure of about 400 torr. A clear, colorless solution is
obtained without any sign of solid formation. The material volatile at 0° is pumped
off and separated by fractional condensation through traps at — 126 and — 196°.
The SiF, portion (about 22 mmol), trapped at —196°, is condensed back into
the reactor, which contains a white fluffy solid. After this mixture has been kept
at 25° for 24 hr, all volatile material is pumped off at 25° and the SiF, is separated
again from the HF. The solid residue is treated again with the unreacted SiF, at
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25° for 14 hr. The materials volatile at 25° are pumped off again. They contain
less than 1 mmol of HF at this point. The solid residue is heated in a dynamic
vacuum to 50° for 28 hr or until no further HF evolution is noticeable. The white
solid residue (about 3.8 g, 80% yield) has the approximate composition (weight
%): [NF,],[SiF,] 95.0, Cs[SbF,] 2.2, [NF,][SbF¢] 2.3.

Properties

Bis(tetrafluoroammonium) hexafiuorosilicate(IV) is a white crystalline solid that
is stable at 25° but slowly decomposes at 90° to NF,, F,, and SiF,.*' The
vibrational spectra of the solid show the following major bands: IR (pressed
AgCl disk): 1223 (mw), 1165 (vs), 735 (vs,br), 614 (m), 609 (mw), 478 (s),
and 448 (w) cm~'. Raman: 1164 (1.5), 895 (0+), 885 (0+), 859 (10), 649
(3.2), 611 (5.8), 447,441 (3.8), and 398 (1) cm™".

F. TETRAFLUOROAMMONIUM
PENTAFLUOROOXOTUNGSTATE(VI)

HF

[NF,]J[HF,] + WOF, — [NF,][WOF;] + HF
25°

Procedure

B Caution. Anhydrous HF can cause severe burns. Protective clothing

should be worn when working with liquid HF. All [NF,]” salts are strong
oxidizers, and contact with fuels and water should be avoided.
A solution of 20 mmol of [NF,J[HF,] in 16 mL of dry HF"® is prepared at —78°
by synthesis C and pressure-filtered into the second half of the metathesis double
U-tube containing 14.6 mmol of WOF,.>' The mixture is stirred with a magnetic
stirring bar for 30 min at 25°. The volatile material is pumped off at 25° for 12
hr. The solid residue (about 5 g, 86% yield based on WOF,) has the approximate
composition (weight %): [NF,][WOF;] 96, Cs[SbF,] 2, [NF,][SbF] 2.

Properties

Tetrafluoroammonium pentafluorooxotungstate(VI) is a white crystalline solid
that is stable at 55° but slowly decomposes at 85° to yield NF,, OF,, WF, and
[NE,J[W,0,F;].” The vibrational spectra of the solid show the following major
bands: IR (pressed AgCl disk): 1221 (mw), 1160 (vs), 991 (vs), 688 (vs), 620
(vs,br), and 515 (vs) cm™'. Raman: 1165 (0.7), 996 (10), 852 (8.4), 690 (5.4),
613 (4.9), 446 (1.6), 329 (6.8), and 285 (0.5) cm™'.
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2CsF + MnCl, + 7F, — Cs,[MnF,] + 2CIF;
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Several methods have been described in the literature for the syntheses of alkali
metal hexafluoromanganates(IV). The reactions of K,[MnO,],' MnO,, and KF
mixtures, or KMnO, and 30% H,0,” with aqueous HF produce K,(MnF,]. How-
ever, the yields and product purities are low. Pure alkali metal hexafluoroman-
ganates(IV) are obtained in high yield by fluorination with F, in a flow system
of either MnCl, + 2MCI at 375 to 400°,>* MnF, + 2KF in a rotating Al,O,
tube at 600°,° or MnCl, + 2KCI at 280°,° or by the fluorination of a KMnO,/
KCI mixture with BrF,.” The method described below is based on the fluorination
of a stoichiometric mixture of CsF and MnCl, in a static system at 400°.°
Hexafluoromanganate(IV) salts have interesting spectroscopic properties,”'® and
Cs,[MnFg] is a starting material for the metathetical synthesis of (NF,),[MnF,].""

Procedure

B Caution. Safety barricades must be used for carrying out high-pressure

fluorination reactions. The CIFs-CIF; by-products are strong oxidizers. Contact
with fuel, water, or reducing agents must be avoided.
Commercially available MnCl,-4H,0 [Alfa] is dehydrated by heating in a Pyrex
flask to 255° under vacuum (107* torr) for 24 hr. The completeness of the
dehydration step is verified by recording the infrared spectrum, which should
not show any water bands. Commercially available CsF [Kawecki Berylco] is
dried by fusion in a platinum crucible and is immediately transferred to the dry
box.

A mixture of finely ground dry CsF (7.717 g, 50.80 mmol) and MnCl, (3.150
g, 25.40 mmol) is placed inside the dry box into a prepassivated (with CIF,)
95-mL high-pressure Monel cylinder (Hoke Model 4HSM, rated for 5000 psi
working pressure) equipped with a Monel valve (Hoke, Model 3212M4M). The
cylinder is attached to a metal-Teflon vacuum systﬁm,12 evacuated, and cooled
to — 196° with liquid N,. Fluorine* (262 mmol) is condensed into the cylinder.
The cylinder is disconnected from the vacuum line, heated in an oven to 400°
for 36 hr, and then cooled again to —196° on the vacuum line. Unreacted F,
is pumped off at —196° through a fluorine scrubber,'> and the CIF,-CIF,
byproducts are pumped off during the warm-up of the cylinder toward
room temperature. The yellow solid residue (11.045 g, 100% vyield) is pure
Cs,[MnF;].

Anal. Calcd. for Cs,[MnF): Cs, 61.14; Mn, 12.63. Found: Cs, 61.2; Mn,
12.5.

*[Air Products and Chemicals] Prior to use, the fluorine should be passed through a NaF scrubber
to remove any HF present, which would promote attack of the Monel reactor as evidenced by the
formation of some Cs,NiF;.
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Properties

Cesium hexafluoromanganate(IV) is a stable yellow solid that decomposes only
slowly in moist air. The IR spectrum of the solid as a dry powder pressed
between AgCl plates shows the following major absorptions: 620 (vs) (antisym-
metric stretch) and 338 (s) (antisymmetric deformation) cm™ ', The Raman spec-
trum of the solid shows bands at 590 (vs) (symmetric in-phase stretch), 502 (m)
(symmetric out-of-phase stretch), and 304 (s) (symmetric deformation) cm™'.®
The compound Cs,[MnF] crystallizes at room temperature in the cubic K,[PtCl]
system with a = 8.92 A
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15. AMMONIUM PENTAFLUOROMANGANATE(II)
AND POTASSIUM PENTAFLUOROMANGANATE(III)
HYDRATE

KMnO, + 4(CH,CO),CH, + 4AHF, — A;[MnF;] + 2AF + KF + 4H,0 +
2[(CH,CO),CH], (A = NH,, K)
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Although ammonium pentafluoromanganate(IIl), (NH,),[MnF], and potassium
pentafluoromanganate(1I1) monohydrate, K,[MnF]-H,O, have been known for
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quite some time, there has been no easy and direct general method for their
syntheses. The usual general method involves the reaction between MnF; in
hydrofluoric acid and an alkali metal fluoride.' However, MnF, is difficult to
prepare and is unstable. A general method has been developed for the synthesis
of the title compounds’ directly from KMnO, that does not require MnF, or the
use of HF. The synthesis involves the reduction of a concentrated solution of
KMnO, with 2,4-pentanedione in the presence of AHF, (A = NH, or K), which
acts as a fluorinating agent. The method is fast and can be scaled up to larger
quantities if desired.

B Caution. Ammonium (hydrogen difluoride), NH,[HF,], and potassium
(hydrogen difluoride), KHF,, are highly hygroscopic and hydrolyze to give HF.
Care should be taken in handling them so that they do not come in contact with
the skin.

A. AMMONIUM PENTAFLUOROMANGANATE(II),
(NH,),[MnF]

Procedure

A 2.0g (12.67-mmol) sample of potassium permanganate and 6.5 g (113.75
mmol) of ammonium (hydrogen difluoride)’ are mixed by powdering together
in an agate mortar. The finely mixed powder is dissolved in a minimum volume
of water, and the mixture is filtered. The filtrate is collected in a 150-mL poly-
thene beaker, and 15.4 mL (154 mmol) of 2,4-pentanedione is added to the
solution with constant stirring. An exothermic reaction occurs to give rose-pink
microcrystalline (NH,),[MnF;].** The mother liquor becomes virtually colorless
or slightly yellow. The compound is separated by centrifuging in a polythene
centrifuge tube and is washed 2 or 3 times with heptane and then twice with
alcohol. It is dried under vacuum. The yield of (NH,),[MnF;], is 2.2 g (93.6%).*

Anal. Calcd. for HgF.N,Mn: N, 15.06; Mn, 29.53; F, 51.06. Found: N,
15.16; Mn, 29.66; F, 51.12. The IR spectrum shows bands at 614 (v,) and 564
(s) (vy) Mn—F; 3040 (s) (v,), 3157 (m) (v;) and 1400 (s) (v,) N—H. The p.«
at 302 K is 3.19 BM.

B. POTASSIUM PENTAFLUOROMANGANATEC(III)
HYDRATE, K,[MnF;]-H,O

Procedure

Potassium pentafluoromanganate(III) monohydrate,** K,[MnF]-H,O is synthe-
sized in a manner analogous to that described for the ammonium salt. In a typical

*Checker obtained 1.15 g (48%).
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reaction of 2.0 g (12.6 mmol) of KMnO,, 6.0 g (76.8 mmol) of K[HF,},> and
15.4 mL (154 mmol) of 2,4-pentanedione, carried out in a 150-mL polythene
beaker, a yield of 3.08 g (99%)7 of potassium pentafiuoromanganate(IlI) hydrate,
K,[MnF,]-H,0, is obtained.

Anal. Caled. for HF,K,MnO: K, 31.77; Mn, 22.32; F, 38.60. Found: K,
31.81; Mn, 22.41; F, 38.70. The IR spectrum shows bands at 616 (m) (v;) and
565 (s) (v,) Mn—F; 3460 (s) (voy) and 1635 (m) (,04) H,O. The p . at 302
K is 3.30 BM.

Properties

Both (NH,),IMnF;] and K,[MnF,]-H,O are rose-pink compounds that are un-
stable in water and attack glass slowly in the presence of moist air. However,
the compounds can be stored for prolonged periods in sealed polythene bags and
checked periodically by estimation of manganese. They are insoluble in common
organic solvents.
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16. BIS(TRIFLUOROMETHYL)MERCURY

K,CO,

Hg(CF,COO), — Hg(CF,), + 2CO,

120-180°

Submitted by REINT EUJEN*
Checked by GERARD GOMES: and JOHN A. MORRISON}

tChecker obtained 2.28 g (73%).

*FB 9, Anorganische Chemie, Universitit Wuppertal, Postfach 100127, 5600 Wuppertal 1,
FRG.

iDepartment of Chemistry, University of Iilinois at Chicago, P.O. Box 4348, Chicago, IL 60680.
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The syntheses of trifluoromethylated organometallics require special methods
since Grignard-type reagents CF;MgX or CF,Li are not readily available because
of fluoride elimination.

Bis(trifluoromethyl)mercury is useful in the preparation of numerous CF,
derivatives, especially of group IV elements.' It was first prepared in 1949 by
irradiation of CF;l and Hg in the presence of Cd.”> Alternative routes include
radiofrequency discharge methods, for example, reaction of CF; radicals witk
HgX, or elemental mercury.’ Preparative scale quantities are best obtained by
decarboxylation of mercury trifluoroacetate in the presence of carbonate.*

Procedure

® Caution. Mercury compounds are highly poisonous. Contact of either
the solids or the solution with the skin should be avoided. The entire procedure
should be carried out in a well-ventilated hood. Protective gloves and a face
shield should be worn. Trifluoroacetic acid is a corrosive strong acid. Contact
with skin or mucous membranes should be prevented. Disposal of residues must
meet the safety requirements for toxic heavy metal derivatives.
In a 2-L round-bottomed flask equipped with a magnetic stirrer, 433 g (2 moles)
of red HgO [Alfa] is dissolved in 320 mL of trifluoroacetic acid [PCR]. Enough
water (~50 mL) is added to prevent crystallization of the white Hg(CF,COO),.
Excess acid and water are removed by means of a rotary evaporator. The solid
residue is finely powdered in a dry atmosphere (glove bag), dried under vacuum
(1077 torr) at 120°, carefully mixed with 500 g of K,CO, (dried at 200° under
vacuum), and placed in a 120 X 7-cm i.d. glass tube equipped with a 100-mm
flange at the open end (Fig. 1). The reaction tube is attached to an oil pump via
a by-passed silicon-oil bubbler and a CO,/acetone slush bath. The pressure in
the system may be adjusted by means of a leak valve that is open to the air.
The reaction mixture is heated to 100° at 10~ torr (open by-pass) for another

Hg
100 mm manome ter
flange\ Leak
I ol
7cm
) Oit pump
VA/Y/
4
—> Silicon oil KZ4
120 cm bubbler
-78°C slush

Fig. 1. Sewup for the synthesis of Hg(CF,),.
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24 hr. After closing the by-pass valve the pressure is increased to ~25 torr, and
the temperature is raised to 120°, at which point evolution of CO, begins. The
furnace temperature is increased to 180° over a period of 3 days, the temperature
being adjusted to maintain a constant evolution of CO,. The Hg(CF,), that is
formed condenses as white crystals on the cooler part of the reaction tube. The
end of the reaction is indicated by reduction of the rate of liberation of CO, and
increasing formation of elemental mercury. After cooling, the tube is opened to
the air, and the product is loosened from the wall with a heat gun, transferred
to a sublimation apparatus, and sublimed under vacuum at 30°. Separation from
larger amounts of elemental mercury may be achieved by dissolving in diethyl
ether prior to sublimation. A typical yield is 370 g of Hg(CF,), (55%}; for small-
scale preparations, yields up to 90% may be obtained.*

Properties

Bis(trifluoromethyl)mercury forms colorless, volatile crystals of pungent odor
that melt at 163°. The crystals contain linear F,C—Hg—CF, units with inter-
molecular F—Hg contacts.® They are soluble in organic solvents, such as alco-
hols, ethers, halocarbons, and hydrocarbons, and also in water with slow
decomposition. The '"F NMR spectrum of a solution in CH,CN consists of a
singlet at —37.8 ppm (upfield from CFCl,) with '*’Hg satellites (*J,,, 1300 Hz);
major IR bands are at 1145 (vs), 1070 (vs), 713 (m), and 272 (s) cm~'.?
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*The checkers repeated the reaction on a 0.25-size batch using 0.5 mole of HgO. They use a
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from 55 to 75%.
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17. BIS(TRIFLUOROMETHYL)CADMIUM-1,2-
DIMETHOXYETHANE

glyme

(CH,),Cd + excess (CF,),Hg — (CF,),Cd-glyme

Submitted by C. D. ONTIVEROS* and J. A. MORRISON*
Checked by R. HANIt and R. A. GEANANGELY

The incorporation of fluoroalkyl groups into organic or inorganic substrates
frequently results in materials that have mechanical, chemical, or biological
properties that are much more desirable for a given application than those of the
parent compound.' For example, the (5-trifluoromethyl) pyrimidine nucleosides
are known to inhibit tumor growth significantly.” These species are readily
synthesized by the reaction of the appropriate halouracil derivative with the
organometallic compound (CF;)Cu.’

As has been shown recently, the trifluoromethyl derivatives of the group
12 (IIB) elements secem to be particularly suitable reagents for the syntheses of
organometallic compounds containing perfluoroalkyl ligands.* The mercurial
(CF,),Hg, for example, reacts with the halides of several main group elements
to form compounds such as (CF,)SnBr, and (CF,),GeBr.*® Ligand exchange
reactions using the mercurial, however, typically require elevated temperatures
(>100°) and long reaction times (several days). Under these relatively harsh
conditions, products that are more fully substituted with CF; groups are often
thermally unstable, and decomposition is frequently observed.*®

The cadmium analog (CF;),Cd-glyme, in which (CF;),Cd is lightly stabilized
as the Lewis base adduct, has been found to be a much more powerful ligand
exchange reagent than the mercurial.””'® For example, the reaction of SnBr, with
(CF;),Cd-glyme occurs at ambient temperature and affords the fully substituted
tin derivative (CF;),Sn in 66% yield.” Similarly, Gel,, Snl,, Br,Pd(PE,;),, and
Co(CO)Cpl, react with (CF,),Cd-glyme to yield (CF,),Ge, (CF,),Sn,
(CF;),Pd(PEt,),, and (CF,),Co(CO)Cp, respectively.” "

Although early "’F NMR studies appeared to indicate that (CF;),Hg and
(CH,),Cd undergo ligand exchange reactions in basic solvents like pyridine, no
products from the reaction had been isolated.'""'> The procedure that follows
depends upon the observation that the methyl, trifluoromethyl, and mixed methyl-

*Department of Chemistry, University of Illinois at Chicago, Chicago, IL 60680.
tDepartment of Chemistry, University of Houston—University Park, Houston, TX 77004.
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trifluoromethyl species are all present in an equilibrium mixture that is formed
when (CF,;),Hg and Cd(CH,), react in basic solvents. The compound
(CF,),Cd-glyme is the only presently known Lewis base adduct that does not
undergo dissociation under vacuum; thus, the isolation and purification of
(CF,),Cd-glyme is readily accomplished.

Procedure

B Caution. The substance (CF,),Hg is a white crystalline and sublimable

solid that should be handled in an efficient hood. Its toxicity is unknown, but
upon prolonged exposure (CF,),Hg can cause eye irritation as well as irritation
to the nasal membranes.
Initially, (CF;),Hg is purified by sublimation at ambient temperature and 107>
torr, allowing the sublimate to condense onto a surface cooled to — 10° (ice/
salt). In order to ensure the successful synthesis of (CF,),Cd-glyme, (CF;),Hg,
as obtained from the thermal decarboxylation of (CF,COO),Hg," should be
sublimed at least twice prior to use. Glyme (1,2-dimethoxyethane) is dried over
sodium benzophenone ketyl and degassed by using at least two freeze-pump-
thaw cycles.* Dimethylcadmium can be prepared from the reaction of the methyl
Grignard reagent with cadmium(Il) bromide or can be obtained commercially
[Alfa].

® Caution. Dimethylcadmium is a noxious smelling, toxic liquid that should

be handled with care in an efficient hood.
Freshly sublimed (CF;),Hg (4.20 g) is placed in a clean, dry, 50-mL round-
bottomed flask (24/40 joint), along with a magnetic stirring bar. The flask is
fitted with a vacuum stopcock to one end of which a 24/40 joint is affixed; an
18/9 ball joint is sealed to the other end of the stopcock. The flask is attached
to a standard vacuum line'* by means of a ball-and-socket connection. Approx-
imately 10 mL of purified glyme is vacuum-distilled into the reaction vessel. As
the contents of the flask are allowed to warm from — 196°, they should be stirred
magnetically for several minutes to ensure complete dissolution of the (CF,),Hg.
After the (CF;),Hg has dissolved, 1.44 g of (CH,),Cd is vacuum-distilled into
the reaction vessel, and the solution is stirred for 2.3 hr at ambient temperature.
During this time, the solution turns cloudy slowly as the (CF,),Cd-glyme begins
to form. Upon completion of the reaction, all volatile material is removed under
vacuum (which requires about 12 hr), leaving behind a snow white free-flowing
powder, part of which adheres to the walls of the flask.

The vessel is then removed from the vacuum line and placed in a glove box
or polyethylene glove bag, and the product is scraped out by means of a long-

*The checkers report that sodium benzophenone ketyl does not always remove peroxide. They
feel that solvents such as glyme and tetrahydrofuran should be pretreated with CuClL
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handled metal spatula. If the solid seems slightly damp or is gray at this point,
the reaction vessel should be returned to the vacuum line and treated with an
additional small portion of dried glyme (<5 mL). The contents of the vessel are
then pumped on until the solid is thoroughly dry and the product is treated as
described above. Yield 1.97 g (57%).

B Caution. (CF,),Cd-glyme, if not throughly dry and pure, may spon-

taneously ignite in air. It is recommended that (CF,),Cd- glyme be handled under
inert conditions at all times.
Other Lewis base adducts of (CF,),Cd can be synthesized easily by either of
two methods. In the first method, a procedure analogous to that presented above
but utilizing THF (tetrahydrofuran), py (pyridine), or diglyme [1,1'-oxybis(2-
methoxyethane)] as solvent and reagent yields the Lewis base adducts
(CF,),Cd-2THF, (CF;),Cd-2py, or (CF,),Cd-diglyme in yields of approximately
50, 70, and 70%, respectively. The only significant variable is the time required
for the reaction to proceed. Using THF as solvent, equilibrium is attained after
~19 hr, while the reactions involving the more basic pyridine and diglyme
proceed in less than 15 min. The alternative and simpler method involves direct
Lewis base exchange. Bis(trifluoromethyl)cadmium-glyme, for example, dis-
solved in excess pyridine gives {(CF,),Cd-2py in 96% yield.

Properties

Bis(trifluoromethyl)cadmium- 1,2-dimethoxyethane is a white air- and moisture-
sensitive powder, mp 81° (dec.). Fluorine NMR spectra of a pure sample dis-
solved in CH,CI, contain a single sharp resonance 42.2 ppm deshielded from
external TFA, with '''Cd and '°Cd satellites: %/z_u1e, = 461 Hz, Jp_1mcq =
493 Hz. F NMR data for other Lewis base adducts are given in Table 1. The
'H NMR spectra contain resonances due to complexed glyme at & 4.18 (CH,)
and & 4.00 (CH,) ppm. Infrared absorption bands occur at 2958 (s), 2922 (s),
2865 (m), 1405 (m), 1398 (m), 1393 (m), 1262 (m), 1130 (s), 1122 (s), 1112
(s), 1020 (s), 805 (s), 755 (m), 695 (m), 680 (m), and 670 (m) cm™~'. With the

TABLE I "F NMR Data for Lewis Base Adducts

Chemical 2Je _ca(HZ)
Shift” ted, cd
(ppm)
(CF;),Cd-diglyme 44.1 448, 471
(CF,),Cd-2py 46.7 354, 374
(CF;),Cd-2THF 44.5 457, 476

“Relative to trifluoroacetic acid (ext.)
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mass spectrometer operating at ambient temperature, the mass spectrum of
(CF,),Cd-glyme contains the following m/e, ion (ion abundance): 273, CF,Cd-g*
(65%); 223, CdF-g* (70%); 204, Cd-g™ (10%); 202, CF,CdF* (7%); 183,
CF,Cd™ (25%); 129, CdCH," (20%); 114, Cd™ (100%) (where g is glyme).

The compound (CF;),Cd-glyme is soluble in ethers and haloalkanes, sparingly
soluble in arenes, and insoluble in alkanes. The product is best stored under N,
or Ar at low temperatures, since thermal decomposition, ~5%/day, occurs at
ambient temperature.
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18. TRIFLUOROMETHYL HYPOCHLORITE AND
PERFLUORO-tert-BUTYL HYPOCHLORITE
(2,2,2-TRIFLUORO-1,1-BIS(TRIFLUOROMETHYL)ETHYL
HYPOCHLORITE)

Submitted by FRITZ HASPEL-HENTRICH* and JEAN’NE M. SHREEVE*
Checked by JO ANN M. CANICH? and GARY L. GARD¥

Hypochlorites are useful reagents for the introduction of fluorinated alkoxy groups
and/or chlorine into a variety of inorganic and organic molecules.' Trifluoro-
methyl hypochlorite has been prepared by the reaction of dichlorine oxide or

*Department of Chemistry, University of 1daho, Moscow, 1D 83843.
‘tDepartment of Chemistry, Portland State University, Portland, OR 97207.
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chlorine monofluoride with carbonyl fluoride. Perfluoro-tert-butyl hypochlorite
is obtained by the reaction of perfluoro-zers-butyl alcohol with chlorine mono-
fluoride.”™

In the following procedures, chlorine monofluoride is used as the source of
positive chlorine to convert carbonyl fluoride in the presence of cesium fluoride
as well as perfluoro-fert-butyl alcohol into the corresponding hypochlorites, because
it is much more convenient to handle than the unstable chlorine monoxide.

Gases are transferred in a standard Pyrex glass vacuum line equipped with
high-vacuum stopcocks (lubricated with a fluorocarbon grease [Halocarbon]) to
which is attached a four-trap system used for low-temperature trap-to-trap dis-
tillation (Fig. 1). Because of the reactivity of the compounds, a Heise-Bourdon
tube gauge [Dresser Ind.], is used for PVT measurements.

® Caution. Extreme care should be exercised in handling chlorine mono-
fluoride, carbonyl fluoride, and the hypochlorite products because of their very
high reactivities and hazardous properties. Safety shielding and leather gloves

To
vacuum ——
pump

Fig. 1. Standard Pyrex glass vacuum line: a, thermocouple gauge [Fredericks]; b, Heise-
Bourdon tube gauge [Dresser); ¢, reservoir, 500 mL; d, removable cold trap; e, removable
U-trap; f, 18/9 ball-and-socket joint; g, 2-mm Pyrex high-vacuum stopcock [Kontes]; &,
three-way high-vacuum stopcock; i, Pyrex glass manifold, 10-12-mm diam; j, Pyrex
glass traps to fit into a standard Dewar flask; k, 10/30 outer joint.
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should be used. All apparatus should be clean and free of organic materials.
Liquid nitrogen should be used for condensing reagents.

A. TRIFLUOROMETHYL HYPOCHLORITE

CsF

OCF, + CIF —  CF,0Cl

—196 to 25°

Procedure

A 75-mL spun stainless steel Hoke vessel (test pressure 1300 psi) that is fitted
with a stainless steel needle valve [Hoke] is charged with 20 mmol (3.1 g) cesium
fluoride that has been dried in an oven at 150-200° for several hours. The cesium
fluoride should be ground repeatedly until it remains a finely divided powder at
this temperature. The transfer is made within the drying oven itself into the metal
vessel, which has been dried for several hours at 150° and is still very hot (use
fiber glass gloves), or the cesium fiuoride may be dried and placed in an inert
atmosphere box, where it may be transferred to the metal vessel. The valve
should be screwed into place immediately and the vessel attached to the vacuum
line via a Pyrex glass 10/30 inner standard taper joint attached to the valve by
means of a standard Gyrolok fitting [Hoke] with Teflon ferrules. The vessel is
evacuated at once to 107> torr. It is then cooled to — 196° (liquid nitrogen), and
5 mmol of chlorine monofluoride (measured by expanding the CIF [Ozark-
Mahoning] from the cylinder into a known volume to a predetermined pressure,
assuming ideal gas behavior) are added. The CIF is used in order to passivate
the reactor walls and to assure the completely anhydrous nature of the CsF. The
vessel is removed from the vacuum line and is kept at 150° for 24 hr. It is then
allowed to cool and is reattached to the vacuum line, where all of the volatile
materials are removed. These should be destroyed by passing them through a
soda-lime trap. This passivating process needs to be carried out only once and
is not necessary again until the metal vessel is cleaned. The cesium fluoride may
be used repeatedly with little change in its catalytic role, with the exception that
its efficiency may improve with use (probably due to change in available surface
area).

The vessel is then cooled to — 196°, and 20 mmol of carbonyl fluoride [PCR,
Inc.] is condensed into the vessel.

B  Caution. Carbonyl fluoride is a highly poisonous gas.
To this is added 21 mmol (1 mmol excess) of chlorine monofluoride by con-
densing the premeasured gas into the metal vessel. The reaction valve is closed,
and the vessel is removed from the vacuum line and placed behind a shield. The
vessel is allowed to warm slowly to and to remain at 25° for 12 hr.
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The product is purified by trap-to-trap distillation using traps at —137° and
—196°. The nearly pure CF,OCI condenses in the trap at — 137° (30°/60° petro-
leum ether/liquid N, slush) while any unreacted CIF or COF, passes into the
trap at —196°. The yield is 19.8 mmol (99%). The product contains traces of
chlorine, which is an impurity in the commercially available chlorine monofluoride.

Properties

Trifluoromethyl hypochlorite is a pale yellow liquid at —137° and a colorless
gas at 25°. The vapor pressure curve is given by the equation log P, = — 1023/
T + 7.413, and the normal boiling point is —47°.> The '’F NMR spectrum
shows a singlet at & — 72 ppm relative to an internal CCL,F reference. The gas-
phase IR spectrum measured by using a Pyrex glass cell with NaCl windows
consists of the following absorption bands at 1262 (s), 1220 (sh), 1205 (s), 925
(mw), and 650 (mw), cm~'. The compound can be stored without degradation
for extended periods at 25° in a passivated stainless steel vessel equipped with
a stainless steel valve.

B. PERFLUORO-terr-BUTYL HYPOCHLORITE

(CF,);COH + CIF — (CF;),COCl + HF

B Caution. The toxicological properties of perfluoro-tert-butyl aicohol
[PCR] are not fully known. The material should be handled only in a well-
ventilated hood, using gloves. Chlorine monofluoride is strongly oxidizing, and
all organic materials should be absent. Hydrogen fluoride is a dangerous reagent
which upon contact produces slow-healing burns. Hands, arms, and face should
be protected with gloves, lab coat, and safety shield.

Procedure

A spun stainless steel Hoke vessel (test pressure 1300 psi) that is fitted with a
stainless steel needle valve [Hoke] is passivated by condensing into it 2 mmol
of chlorine monofluoride and then heating the vessel in an oven at 150° for 24
hr. Any residual gas that remains in the vessel is removed by passing the gas
slowly through a tube containing soda lime. Twenty millimoles (4.72 g) of ’
(CF;);COH, which is weighed into a vessel that can be attached to the vacuum
line, is transferred into the evacuated metal vessel, which is then cooled to
—196°. Then 21 mmol (1 mmol excess) of chlorine monofluoride is condensed
into the vessel at — 196°. The valve is closed, and the vessel is placed behind
a shield, where it is allowed to warm to and remain at 0° for 12 hr. All of the
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volatile materials are transferred via the vacuum line to a second Hoke vessel,
which contains 40 mmol of powdered anhydrous CsF maintained at — 196°. The
vessel and contents are allowed to warm to 0° while being shaken vigorously
with a mechanical shaker. After 40 min, all of the HF will have been taken up
by the CsF. The remaining volatile materials are then separated by trap-to-trap
distillation by using traps cooled to —78° (Dry Ice/ethanol) and — 196° (liquid
N,). While any unchanged chlorine monofluoride passes into the trap at —196°,
pure perfluoro-tert-butyl hypochlorite is retained at —78°. The yield is ~100%.
If any unchanged alcohol remains, it will also be found in the trap at —78°.
These compounds are very difficult to separate. Therefore, the mixture should
be returned to the Hoke vessel, chlorine monofluoride added (~5 mmol), and
the reaction process repeated.

Anal. Calcd. for (CF;);COCL: C, 17.74; F, 63.22; Cl, 13.12. Found: C,
17.40; F, 64.91; Cl, 13.84.

Properties

Perfluoro-tert-butyl hypochlorite is a pale yellow liquid at 25°. The '’F NMR
spectrum shows a singlet at & —70.1 ppm, using CCLF as an internal reference.
The IR spectrum shows the following absorption bands at 1282 (vs), 1232 (ms),
1190 (mw), 1108 (s), 1003 (s), 983 (s), 788 (w), 758 (m), and 732 (s) cm ™.
The compound slowly decomposes at 25° to (CF,),CO and CF,Cl. Thus, it should
be stored at —78°, where it is stable for long periods.
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Carbonyl fluoride is a gentle and versatile fluorinating reagent.' It behaves as
an oxidative fluorinating agent toward phosphorus(IIl)- and arsenic(IlI)-contain-
ing compounds to form the respective phosphorus(V) and arsenic(V) materials.
In addition, when COF, is used, fluorine displaces hydrogen from C—H, N—H,
B—H, and P—H bonds. These reactions occur under mild conditions without
need for special apparatus. To demonstrate the wide general applicability of this
method for introducing fluorine into compounds, we have selected a few rep-
resentative examples that illustrate the syntheses of useful compounds.

A. OXIDATIVE FLUORINATION

The same method is used for the preparation of difluorotris(2,2,2-trifluoro-
ethoxy)phosphorane, (CF,CH,0),PF,, and difluorotriphenylphosphorane,
(C¢Hy),PF,. The reaction vessel is a 50- or 100-mL Pyrex glass, round-bottomed
flask that is equipped with a Teflon-coated magnetic stirring bar and an inner
14/20 standard taper joint. The flask is fitted with a 2-mm Kontes Teflon stopcock
to which are attached outer 14/20 and inner 10/30 standard taper joints. The
reactions are carried out at less than 1 atm pressure.

B Caution. Carbonyi fluoride is a poisonous gas. Carbon monoxide, which
is highly poisonous, is a product of the reaction. Phosphorus-containing com-
pounds are evil-smelling and harmful. These reactions should be carried out in
a well-ventilated fume hood using safety shields. Skin should be protected from
contact with reactants or products.

1. Difluorotris(2,2,2-trifluoroethoxy)phosphorane

(CF,CH,0);P + COF, — (CF,CH,0),PF, + CO

Procedure

Using vacuum transfer techniques,’ 0.227 g (0.69 mmol) of (CF,CH,0);P [Ald-
rich] and 0.046 g (0.69 mmol) of carbonyl fluoride, COF,’, [PCR] are placed
in the Pyrex glass flask. The stopcock is closed, the vessel is warmed to ambient
temperature, and the mixture is stirred overnight. Fractionation through traps at
—15, —116, and — 196° under dynamic vacuum gives (CF,CH,0),PF, in the
trap at — 15°.

m  Caution. Carbon monoxide does not remain in the trap at — 196° under
dynamic vacuum. The vacuum pump should be vented into a well-ventilated fume
hood.

The yield of (CF,CH,0),PF, (mp 21.2-22.1°) is 0.252 g (0.69 mmol; ~100%).*
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The compound is confirmed by stoichiometric gain in weight, °F, 'H, and *'P
NMR and mass spectral measurements.

Anal.* Calcd. for CiHGF,,0,P: C, 19.68; H, 1.65; F, 57.08; P, 8.46. Found:
C, 19.50; H, 1.73; F, 56.82; P, 8.33.

Properties

The colorless compound is stable at room temperature under anhydrous condi-
tions for extended periods. The mass spectrum obtained at 17 eV contains peaks
at m/e 347 [FP(OCH,CF,);]* and at m/e 267 [F,P(OCH,CF;),] * . The *'P (H,PO,)
and "F (CCl,F) NMR spectra obtained in CDCl, have peaks at 8 —78.4 (tr,
Jo_g = 749 Hz) and & —77.4 (CF;, tr, Jy_¢ = 7.8 Hz) and ¢ —58.9 (PF,,
d), respectively. The IR spectrum of (CF,CH,0),PF, contains bands at 1287,
1172 (ve—g), 1120 (Vp_o-c), 960 (vc_cr,), 905, 858, and 827 (vp_p) cm ™.

2. trans-Difluorotriphenylphosphorane

CH,Cl,

(CHs),P + COF, — (CH,),PF, + CO

Procedure

Into the Pyrex glass flask are placed 0.27 g (1 mmol) of (C.H,),P {Aldrich] and
10 mL of dry CH,Cl,.

®  Caution. Triphenylphosphine is an irritant. It should be handled in a
well-ventilated area, and gloves should be worn.

Using vacuum transfer techniques,” 0.06 g (1 mmol) of COF,’® [PCR] is added,
the stopcock is closed, and the reaction mixture is stirred for 12 hr at 25°. The
volatile materials (CO and CH,Cl,) are removed under dynamic vacuum.

B Caution. Carbon monoxide does not remain in a trap at — 196° under

dynamic vacuum. The vacuum pump should be vented into a well-ventilated fume
hood.
Remaining is a white solid residue, which is purified by bulb-to-bulb distillation
at 100°1 torr to give 0.24 g (0.8 mmol; 80% yield) of (C¢H,);PF,.> Nuclear
magnetic resonance and mass spectral measurements are used to confirm the
formation of (C¢H;),PF,.

Anal. Caled. for C,;H,F,P: C, 71.99; H, 5.04; F, 12.65; P, 10.32. Found:
C, 73.21; H, 5.32; F, 12.25; P, 10.74.

Properties

The hygroscopic white solid (C¢H;);PF, melts at 159—160°C. It is stable for
extended periods under anhydrous conditions. The mass spectrum at 17 eV shows
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a molecular ion at m/e 300. The IR spectrum has a characteristic band at 620
cm™' (vp_g). The *'P (H,PO,) and °F (CC1,F) NMR spectra recorded in CDCl,
confirm the synthesis of trans-difluorotriphenylphosphorane. *'P: 8 —54.14 (tr,
Jp_p = 666 Hz); "°F: & —37.3 (d). This compound is highly soluble in benzene,
dichloromethane, and acetonitrile.

B. DISPLACEMENT OF HYDROGEN FROM P—H, C—H,
AND N—H BONDS BY FLUORINE

The same method is used for the preparation of diethyl phosphorofluoridate,
fluorotriphenylmethane, and N-fluorodimethylamine. The reaction vessel is a 50-
mL Pyrex glass, round-bottomed flask that is equipped with a magnetic stirring
bar and an inner 14/20 standard taper joint. The flask is fitted with a 2-mm
Kontes Teflon stopcock to which are attached outer 14/20 and inner 10/30 stan-
dard taper joints. The reactions are carried out at less than 1 atm pressure.

B Caution. Carbony! fluoride is a poisonous gas. Carbon monoxide, which
is highly poisonous, is a product of the reaction. The triethylammonium fluoride
that is formed in the reaction should be placed in the solid waste container. The
phosphorus compounds and amines are evil-smelling and harmful. These reac-
tions should be carried out in a well-ventilated fume hood using safety shields.
Gloves and other protective clothing should be worn.

1. Diethyl Phosphorofluoridate
(CH,CH,0),P(O)H + COF,

CH,Cl,

+ E;N — (CH,CH,0),P(O)F + CO + Et;N-HF

In an anhydrous atmosphere, a solution of 0.28 g (2 mmol) of (CH,CH,0),P(O)H
[Aldrich], 25 mL of anhydrous reagent grade dichloromethane, and 0.2 g (2
mmol) of triethylamine is prepared in the Pyrex glass flask. By using vacuum
transfer techniques,” 0.12 g (2 mmol) COF,’ [PCR] is added. The mixture is
stirred at room temperature for 12 hr. The volatile materials are transferred into
a trap at — 196° under dynamic vacuum. Prolonged pumping at 25° will result
in loss of product.

® Caution. Carbon monoxide does not remain in the trap at — 196° under
dynamic vacuum. The vacuum pump should be vented into a well-ventilated fume
hood.
Remaining in the flask is a solid residue (Et;N-HF) and a nonvolatile liquid.
The colorless liquid that is obtained after bulb-to-bulb distillation at 35°/1 torr is
(CH,CH,0),P(O)F (0.2 g; 1.2 mmol; 65%).°

Anal. Calcd. for C,H,,O,FP: F, 12.17. Found: F, 12.2.
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Properties

Diethyl phosphorofluoridate is a colorless liquid that can be readily distilled
under reduced pressure. It is very soluble in benzene, hexane, and diethyl ether.
It is stable for long periods under anhydrous conditions. The mass spectrum
gives a molecular ion at m/e 155. *'P NMR (H;P0,): 8 —9.52 (d, Jp_r = 964
Hz); "°F NMR (CCL,F): & —81.46 (d).

2. Fluorotriphenylmethane

CH,Cl,

(C.H,),CH + COF, + Et,N — (CH,),CF + CO + Et;N-HF

To the Pyrex glass flask are added 0.49 g (2 mmol) of (CH),CH [Aldrich],
20.0 mL of anhydrous reagent grade CH,Cl,, and 0.20 g (2 mmol) of triethy-
lamine. By using vacuum transfer techniques,” 0.12 g (2 mmol) of COF,’ [PCR]
is added to the thoroughly stirred mixture, and stirring is continued at room
temperature for 12 hr. The color of the solution changes from colorless to yellow.
The solvent and other volatile materials are transferred under dynamic vacuum
into a trap cooled to —196°.

® Caution. Carbon monoxide does not remain in the trap at — 196° under
dynamic vacuum. The vacuum pump should be vented into a well-ventilated fume
hood.
The (CcH,);CF and triethylammonium fluoride remain in the flask. The latter is
removed by bulb-to-bulb distillation at 50°1 torr. The residue, which is crude
(CeH,)LCE,” is purified by recrystallizing from benzene to give 0.32 g (1.25
mmol; 60%).

Properties

Fluorotriphenylmethane is a white solid that decomposes slowly, gradually
becoming brown. It melts at 103—104° with decomposition. '’F NMR (CCl,F):
¢ —126.5.

3. N-Fluorodimethylamine

CH,Cl,

(CH;),NH + COF, + Et;N — (CH,),NF + CO + Et;N-HF

In the Pyrex glass flask are mixed 0.09 g (2 mmol) of dimethylamine, 0.20 g
(2 mmol) of triethylamine, and 20.0 mL of anhydrous reagent grade dichloro-
methane. Using standard vacuum transfer techniques,” 0.12 g (2 mmol) of COF,’
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[PCR] is added. The mixture is stirred for 12 hr at room temperature. The
volume of the solvent is reduced to 4 mL, and bulb-to-bulb distillation is per-
formed at room temperature to leave the solid Et;N-HF in the reaction flask.
Final purification is accomplished by trap-to-trap distillation, which separates
CH.Cl, (trap at —98°) from (CH;),NF (trap at — 126°). Fluorodimethylamine
is obtained as a colorless liquid (0.056 g, 0.89 mmol, 45%).

Anal. Calcd. for C,HNNF®: C, 38.1; H, 9.6; N, 22.2. Found: C, 37.9; H,
9.5; N, 21.9.

Properties

H
N-Fluorodimethylamine is a colorless volatile liquid that melts at — 113° and is
not stable at ambient temperature. At 0°, it has a vapor pressure of 221.0 torr.*
The mass spectrum gives a molecular ion at m/e 63; '’F NMR (CCL,F) ¢ —24.5.
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20. CHROMIUM DIFLUORIDE DIOXIDE (CHROMYL
FLUORIDE)

185°

CrO, + COF, — CrO,F, + CO,

Submitted by GARY L. GARD*
Checked by STANLEY M. WILLIAMSON+

*Department of Chemistry, Portland State University, Portland, OR 97207.
tDepartment of Chemistry, University of California at Santa Cruz, Santa Cruz, CA 95064.
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Although the literature describes a number of methods for preparing CrO,F,, the
above reaction represents a convenient, quantitative, and facile synthesis.' Chro-
myl fluoride converts hydrocarbons to ketones and organic acids and is unique
in providing easy routes to other chromyl compounds; for example, chromyl
nitrate is easily prepared from CrO,F, and NaNO,.” Previously, it was necessary
to prepare and handle N,Os in order to prepare chromyl nitrate.’

Procedure

®  Caution. Carbonyl fluoride is a water-sensitive and highly poisonous
gas. It should be handled in a well-ventilated hood and in a well-constructed
vacuum line. Chromium difluoride dioxide is a strong oxidizer. Organic materials
must be absent.
Chromium(VI) oxide [American Scientific] (0.90 g, 9 mmol) that has been dried
at 110° for 24 hr is added to a 100-mL Hoke stainless steel vessel in a dry box.
The vessel is fitted with a Hoke stainless steel needle-nose valve, attached to a
standard Pyrex glass vacuum line, and evacuated. Carbonyl fluoride* [PCR]
(1.58 g, 24 mmol) is measured by means of PVT techniques and transferred
into the Hoke vessel cooled to —196°. After the vessel is heated at 185° for 12
hr, it is cooled to —78°, and any materials that are volatile at that temperature
(CO,, COF,) are removed under dynamic vacuum.

The violet-red solid remaining in the vessel is transferred under vacuum into
another Hoke stainless steel vessel. It is pure CrO,F, (1.90 g, >99%).

Anal. Calcd. for CrO,F,: Cr, 42.62. Found: Cr, 42.71.

Properties

Chromium difluoride dioxide is a violet-red crystalline solid that at 29.6° has a
vapor pressure of 760 mm. It melts to an orange-red liquid at 31.6°, and its
vapor pressure at the triple point is 885 mm.> Although the fluoride is thermally
stable,® care should be exercised in its handling because it is water-sensitive and
is also a very strong oxidizing agent.

The IR spectrum of CrO,F, has very strong absorption bands at 1016, 1006,
789, and 727 cm™'; strong bands also appear at 304 and 274 cm™'.” The gas-
phase Raman spectrum® contains the symmetric stretching vibrations at 1007
and 728 cm~'; these are found at 995 and 708 cm ™' in the liquid state.’ In the
solid state, the symmetric terminal Cr—TF stretch at 708 cm ™' is replaced by a
new peak at 540 cm ™', which is assigned to a bridging fluorine stretching mode
(Cr—F—Cr).’° The positive and negative ion mass spectra for CrO,F, have been
determined; singly charged positive ions found were: CrO,F,”, CrOF, ", CrF, ",
CrO,F*, CrOF*, CrF*, CrO,*, CrO™, and Cr*.'® More recently, the molecular
structure of chromyl fluoride has been reinvestigated by electron diffraction of
the gas."
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21. NITRYL HEXAFLUOROARSENATE
2NO, + F, + 2AsF; — 2[NO,][AsF]

Submitted by MICHAEL J. MORAN,* JOANN MILLIKEN,} and RONALD A. DE MARCO+
Checked by SCOTT A. KINKEAD}

The recent interest in nitryl hexafluoroarsenate, [NO,][AsF,], as an oxidizing

agent has emphasized the need for a simple, one-step, high-yield synthesis of

this compound. Previous syntheses have involved the initial preparation of NO,F"*

and subsequent reaction with AsF;; the use of HF** with HNO,, CINO,, or

nitrate esters; the reaction of NO,, BrF,, and As,Os"; the use of FNO,® or

metathetical reactions’ from other [AsF,]~ salts. These reactions generally are |
conducted in metal cylinders or quartz vessels. The method reported here involves

the direct reaction of NO,, F,, and AsF; in a Pyrex vessel and provides a pure

product.

Procedure

B Caution. Although this reaction has been conducted repeatedly without
incident, extreme care should be exercised at all times, and adequate shielding
and protective clothing must be used. Attempts to conduct this reaction at a
scale larger than 6 mmol have not been made. Fluorine is highly oxidizing and

*West Chester State College, West Chester, PA 19380.
FNaval Research Laboratory, Washington, DC 20375.
{Department of Chemistry, University of Idaho, Moscow, ID 83843.
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very reactive. Easily oxidized materials and all organic compounds should be
absent. Nitrogen oxides and arsenic pentafluoride are highly poisonous. The
reaction should be conducted in a well-ventilated fume hood.

Fluorine [Matheson] is pretreated to remove HF and SiF, impurities and is
handled in a passivated copper vacuum line designed for fluorine use. Approx-
imately 1 g of NaF and four stainless steel balls are placed in a 200-mL high-
pressure stainless steel Hoke cylinder [Koch Associates] and a high-pressure
stainless steel needle valve [Koch Associates] is attached to the cylinder. The
cylinder is evacuated on the copper line and cooled to —196°. A total of 50
mmol of fluorine is carefully condensed into the cylinder. The cylinder valve is
closed. The cylinder is allowed to warm slowly to ambient temperature in an
empty, precooled Dewar flask (~196°). It is removed from the vacuum line,
shaken to loosen and spread the NaF, placed on its side for 2 days, and shaken
periodically. The cylinder is reattached to the vacuum line, and the space between
the valves (interspace) is evacuated. A stainless steel infrared cell (8.0 cm) with
AgCl windows is attached to the vacuum line and evacuated. A high-pressure
infrared spectrum (2 atm) indicates that traces of CF, are present, but HF and
SiF, are absent.*

The arsenic pentafluoride {Ozark-Mahoning] and NO, {Matheson] must be
carefully purified by trap-to-trap fractional condensation on a standard Pyrex
vacuum line (10 ° torr) equipped with Teflon/glass valves. To purify the AsFs,
the less volatile impurities (HF and AsF;) are condensed at — 95° (toluene/liquid
nitrogen), the AsF; is condensed at — 126° (methylcyclohexane/liquid nitrogen),
and the more volatile SiF, is condensed at —196°.T The NO, is purified by
collecting the NO, in a bath at —78° (acetone/Dry Ice) and passing the more
volatile NO into a bath at —196°. The trap-to-trap distillations are repeated at
least three times in each case. The removal of all traces of NO is important. We
believe that traces of NO form side products, most likely NOF, that contaminate
the product.f

A Pyrex reaction vessel with a volume of approximately 390 mL is constructed
from a 350-mL round-bottomed Pyrex flask with a 29/42 standard taper male
joint connected to the neck, and a Teflon/glass stopcock that has a 29/42 standard
taper outer joint. The standard taper joints are lubricated with Fluorolube grease

*The checker reports that F, is sufficiently purified by passing the F, through a NaF scrubber.

1The checker reports that HF and SiF, are removed from the AsF; by exposing the AsF; to NaF
for approximately 5 min. The AsF; is removed by distilling the AsF; through a bath at —98°
(methanol/liquid nitrogen).

$The checker also reports that NO, is purified in a modified method. The NO, is expanded into
the vacuum line, then condensed into a trap and isolated. Pure O, is admitted into the vacuum line
and the NO, allowed to warm up and mix with the O,. The NO, is recondensed into the trap and
the O, is pumped from the line. The process is repeated until the blue N,O; ¢olor is no longer visible
in the condensed NO,.
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[Fisher Scientific]. The vessel is attached to the glass vacuum line with Swagelok
connectors [Potomac Valve & Fitting], evacuated under high vacuum, and dried
under dynamic vacuum by heating with a flame from a torch. Care should be
exercised during the heating to prevent the glass from collapsing. When the
vessel cools, the valve is closed and the reactor is transferred to the copper line
and connected with Swagelok connectors. The interspace is evacuated, and
approximately 100 torr of F, is added to the vessel to passivate the surface. Then
the stopcock is closed. The vessel is removed from the vacuum line and placed
in the sunlight for approximately 1 hr. The vessel is reattached to the copper
vacuum line, and the interspace is evacuated. The F, is removed and passed
through a soda lime trap, and the stopcock is closed.

The reactor is taken from the copper line and attached to the glass vacuum
line with Swagelok connectors. The interspace is evacuated, and the base of the
reactor is cooled to —196°. The stopcock valve is opened, and the NO, and
AsF; are added in layers. First, the NO, (5.84 mmol) is slowly condensed onto
the bottom of the flask, followed by the AsF; (5.84 mmol). The reactor stopcock
is closed, and the flask, while being maintained at — 196°, is removed from the
glass line and reconnected to the copper line. The interspace is evacuated, and
the entire bulb of the reactor is cooled to — 196°. Excess F, (6.0 mmol) is slowly
and carefully distilled into the vessel. With the temperature of the vessel main-
tained at — 196°, the stopcock on the vessel is closed and the vessel is removed
from the copper line. The liquid nitrogen coolant is discarded, and the cold
Dewar flask placed around the reaction vessel. The Dewar flask and the vessel
are then placed behind a shield and allowed to warm slowly to ambient tem-
perature by placing towels around the neck of the Dewar flask to reduce the rate
of warming. As the flask warms to room temperature (~2 hr), a copious amount
of white solid forms. The vessel is attached to the copper line, and the interspace
is evacuated. The excess F, is removed at — 196° and passed through a soda-
lime trap, and any unreacted AsFs and NO, are removed under dynamic vacuum,
condensed in a waste trap, and hydrolyzed. After pumping for approximately
15 min, the stopcock valve is closed, and the vessel is disconnected from the
vacuum line and transferred into a dry box. The stopcock on the vessel is opened,
the standard taper joints are disconnected, and the grease is removed from the
standard taper joint. Approximately 1.01 g (75% yield) of product is scraped
into a tared Kel-F vessel equipped with a stainless steel Swagelok cap and Teflon
ferrules.

Properties

Nitryl hexafluoroarsenate is a white crystalline solid that is stable at room tem-
perature and sensitive to moisture. The product is identified and its purity estab-
lished (extraneous peaks are not observed) by infrared spectra®’ (Nujol and
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Fluorolube mulls) 395 (vs), 605 (m), 700 (vs), and 2380 (m) cm™'; a Raman
spectrum® 373 (vw), 385 (m), 586 (w), 696 (vs), and 1406 (s) cm~'; and Debye-
Scherrer X-ray powder pattern (d, A) 5.05 (s), 4.96 (vs), 4.55 (vs), 3.90 (w),
3.55 (vs), 3.40 (vs), 2.92 (m), 2.68 (w), 2.45 (m), 2.38 (m), 2.21 (s), 2.06
(w), 1.92 (w), 1.85 (w), 1.77 (m,bd), 1.69 (m), 1.64 (w), 1.56 (w), and 1.52
(w).

The salt is soluble in nitomethane, and, like other nitryl salts (e.g., [NO,}[PF],
[NO,][SbF]), it is an excellent nitrating agent for aromatics'®'' and a good
oxidizing and intercalating agent for graphite'>"* and polyacetylene."’
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22. SILVER HEXAFLUOROARSENATE AND BIS(cyclo-
OCTASULFUR)SILVER(1 +)
HEXAFLUOROARSENATE(1-)

2Ag + 3AsF; — 2Ag[AsF] + AsF,
283 + Ag(AsFe) = [Ag(Ss),][AsF]

Submitted by HERBERT W. ROESKY* and MICHAEL WITT*
Checked by K. C. MALHOTRAY and R. J. GILLESPIEY

*Institut fiir Anorganische Chemie der Universitit Gottingen, Tammannstrasse 4, D-3400 Got-
tingen, Federal Republic of Germany.
tDepartment of Chemistry, McMaster University, Hamilton, Ontario, Canada, L8S 4M1.
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Although charge transfer complexes with S,,' metal complexes with ionic sulfur
moieties,” and several covalent compounds containing homocyclic sulfur rings®
are well established, the reaction of cyclo-octasulfur with silver hexafluoroar-
senate in liquid sulfur dioxide provides a new synthetic pathway to a coordination
compound of a neutral Sq ring.* Earlier work has shown that metal hexafluo-
roarsenates form complexes with very weak O, N, and S donors, using liquid
sulfur dioxide as solvent.’

General Procedure

B Caution. Arsenic pentafluoride and its derivatives are highly toxic. Lig-
uid sulfur dioxide can generate up to 3 atm of pressure at room temperature.
The handling of such solutions requires reinforced glass equipment, suitable
shields, and heavy gloves. The reaction should be carried out in a well-ventilated
hood. Sulfur dioxide should not be cooled below —78° because solid SO, (mp
—78°) may cause glass vessels to crack on warming up.

Solids are transferred into or out of the reaction vessel, a modified Schlenk
apparatus shown in Fig. 1,° in a nitrogen-purged glove box. Solids and a magnetic

300 mm

n
"

i 200 mm —
Fig. 1. Modified Schlenk apparatus.



74 Fluorine-Containing Compounds

stirring bar are filled into part A of the vessel, and the whole apparatus is carefully
evacuated on a suitable vacuum line with a crude manometer ranging from 0 to
1000 torr. Anhydrous sulfur dioxide is dried by storing it over phosphorus
pentoxide in a metal or reinforced glass cylinder with Teflon vaive. The approx-
imate amount of SO, is condensed into the flask at —78° (Dry Ice/acetone) by
closing the vacuum line to the pump and opening the storage tank. The total
pressure should not exceed 300 torr.

A. SILVER HEXAFLUOROARSENATE

Procedure

The use and handling of arsenic fluorides and liquid SO, have been described.’
Powdered silver metal (5.4 g, 50 mmol) is filled into part A of the flask, and
about 25 mL of SO, is condensed as described above. Similarly, arsenic pen-
tafluoride (13.6 g, 80 mmol, 5.4 mL) is condensed from the storage tank into
a small metered trap at —78° (d~ "> = 2.47 g/mL) and then retransferred into
the reaction vessel. The system is closed and then slowly warmed with stirring.
The reaction is maintained at room temperature until the silver is totally dissolved
(about 2 hr).* The solution is filtered through frit F into part B, and most of the
volatile materials are recondensed by cooling to 0° into part A. After a short
period, white crystals of Ag[AsF,] begin to precipitate and the volatile materials
are pumped away under vacuum. The salt is formed in quantitative yield and
can be used without further purification.

Properties

Silver hexafluoroarsenate is a white crystalline solid, sensitive to moisture and
light. Therefore, it should be stored in a dark sealed tube. It is very soluble in
SO,, insoluble in nonpolar solvents such as dichloromethane, and soluble in
complexing solvents such as acetonitrile and dioxane with complex formation.
Contact with such solvents should be avoided, since the solvent complexes are
very stable and the salt is no longer useful for complexation.

B. BIS(cyclo-OCTASULFUR)SILVER(1+)
HEXAFLUOROARSENATE(1 )

Procedure

Commercially available sublimed sulfur is dried under vacuum. Because the
product is sensitive to daylight, the reaction is carried out with the flask wrapped
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in aluminum foil. A mixture of 1.11 g (3.7 mmol) of freshly prepared Ag[AsF]*
and 1.92 g (7.5 mmol) of Sy is filled into part A of the Schlenk apparatus. After
evacuation, 20 mL of sulfur dioxide is condensed as described above. After
warming up, the solution is stirred at room temperature for 2.5 hr. The solution
is filtered into part B of the flask, and the solid residue is extracted carefully
several times by condensing SO, from part B into part A and pouring it back
into part B of the vessel. After removal of SO, through one of the stopcocks
and drying under vacuum, [Ag(S;),l[AsF,], mp 155° (dec.), is obtained in pure
form in 90% yield. T

Properties

Bis(cyclo-octasulfur)silver(1 +) hexafluoroarsenate(1 —) is a moisture-sensitive
pale yellow crystalline solid that decomposes in the daylight to yield black Ag,S.*
It can be stored indefinitely in a dark sealed tube under nitrogen. The compound
is soluble only in SO,, insoluble in nondonor solvents, and decomposes in donor
solvents, yielding the solvent complex and elemental sulfur.

An IR spectrum (Nujol mull) with absorption bands at 712 (s), 696 (s), 676
(s), and 395 (s) cm ™', and a Raman spectrum with bands at 675 (w), 470 (m),
465 (m), 437 (w), 263 (w), 223 (s), 162 (m), and 155 (s) cm~ ' have been
recorded. The structure has been established by X-ray diffraction. The unit cell
consists of four ion pairs in the space group C2/c. The silver atom is distorted
4-coordinate with 1,3 linkage of the two sulfur rings, which exhibit only a slight
change in their geometry compared to free cyclo-octasulfur.
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23. TRIBROMOSULFUR((Y)
HEXAFLUOROARSENATE(YV)

S0,

S; + 12Br, + 12AsF; — 8[SBr,][AsF,] + 4AsF,

Submitted by MIKE MURCHIE* and JACK PASSMORE*
Checked by ROBERT C. THOMPSON+

Based on the extrapolation of the properties of SF, (stable) and SCl, (dissociates
at —31°), sulfur tetrabromide, if it can be prepared, is likely to be very unstable.
However, the tribromosulfur(IV) cation' can be prepared quantitatively as the
salt of the very weakly basic [AsF¢]~ and [SbF,]™ anions. The advantage of
[AsF¢] ™ as the anion is that AsF; and the solvent SO, are readily removed to
give the desired [SBr;][AsF] as the sole solid product. The disadvantage is that
[SBr;][AsF] is less stable to decomposition than is [SBr;][SbF,], but synthesis
of the latter results in the formation of antimony(III)/antimony(V) fluoride com-
plex salts, and [Sb,F,,]” anions if excess SbF; is added. Although only the
synthesis of [SBr;)[AsF] is described here, [SBr;][SbF,] is synthesized in essen-
tially the same manner.

Procedure

B Caution. All reagents should be used in a very efficient fume hood with
appropriate precautions, especially AsFs.>> Arsenic pentafluoride is very poi-
sonous and hydrolyzes readily to form HF. Sulfur dioxide is poisonous and boils
at — 10°. Well constructed glass vessels or metal systems must be employed to

*Department of Chemistry, University of New Brunswick, Fredericton, New Brunswick, Canada
E3B 6E2.

tDepartment of Chemistry, University of British Columbia, Vancouver, British Columbia, Can-
ada V6T 176.
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(b)
{a)
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! 2

Fig. 1. Two-bulbed glass reaction vessel. (a) Teflon-stemmed Pyrex valve [Kontes];
(b) Y-in. o.d. glass tubing joined to the manifold via a Hoke or Whitey (1KS4) [Whitey
Tool] metal valve and Swagelok Teflon compression fittings [Crawford Fitting]; (c) thick-
walled glass bulbs (8—15 mL); and (d) coarse sintered glass frit.

prevent pressure bursts. Bromine is corrosive and is harmful to skin and mucous
membranes. Gloves must be worn. The [SBry]* salts react very readily with
moisture and should be manipulated in a rigorously moisture-free environment.
Sulfur (0.24 g, 0.9 mmol) is loaded into bulb 1 of the reaction vessel by removing
the Teflon valve stem (Fig. 1). The assembled vessel is connected to the vacuum
line (Fig. 2) and evacuated for at least an hour while the bulb is heated gently
with a Bunsen flame or hot air gun. Prior to use, the metal line is evacuated
with gentle heating to remove traces of water and is prefluorinated with elemental
fluorine [Matheson], sulfur tetrafluoride [Matheson], or arsenic pentafluoride
[Ozark-Mahoning]. Sulfur dioxide (3.66 g, 57.1 mmol) is condensed onto the
sulfur with a slow rate of transfer in order to prevent bumping of the liquid SO,
in the reservoir. The liquid sulfur dioxide is stored over CaH,. Arsenic penta-
fluoride [Ozark-Mahoning] (2.09 g, 12.3 mmol) is transferred onto the mixture
in aliquots from a premeasured volume at a known pressure.** On warming to
room temperature the solution becomes red-brown and, after 5 min, dark blue,
which indicates the formation of [S;][AsFg],.

B Caution. The pressure in the reaction vessel will be greater than 1 atm.
Face shield, heavy gloves, and safety shields should be used.
Bromine (1.86 g, 11.6 mmol), which is stored in a glass vessel over P,0,,, is
condensed onto the mixture at —78°. After it is warmed to room temperature
and agitated for 5 min, a yellow-brown solution over bright yellow crystals is
obtained. The solution is transferred through the sintered glass frit into bulb 2.
The SO, is condensed onto the solid by cooling bulb 1 at —78°. On warming
to 22°, some of the solid dissolves in the liquid SO,, and the solution is again
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Fig. 2. Metal vacuum line. (a) Ys-in. Monel tubing silver soldered to Y2-in. Monel
tubing to form the manifold; (b) stainless steel Hoke or Whitey (1KS4) valve joined to
the manifold by Swagelok Teflon compression fittings [Crawford Fitting]; (¢) stainless
steel gauge (30 in. Hg vacuum to 60 psi) [Dresser Industries]; (d) copper soda lime trap;
(e) Pyrex glass cold trap ( — 196°C); (f) Teflon-stemmed Pyrex valves [Kontes]; (g) metal
lecture bottle of AsF;; (h) SO, reservoir; (i) Br, reservoir; and (j) reaction vessel. Note:
All glass-to-metal seals (round-bottomed flasks to Hoke or Whitey (1KS4) valves) are
formed by Ys-in. 0.d. glass tubing attached to the Hoke or Whitey (1KS4) valve by Teflon
compression fittings [Whitey Tool].

poured through the frit into bulb 2. This process is repeated until all soluble
material has been transferred to bulb 2. Highly crystalline material is obtained
by condensing the volatile SO, and AsF; into bulb 1 by cooling it with tap water
(~11°) while bulb 2, which contains the solvent/solute mixture, is held at room
temperature overnight. The volatile materials are then removed under vacuum
(~0.5 — 1.5hn).

Calcd. weight of [SBr;][AsF,] based on sulfur taken: 3.46 g. Found: 3.47 g.

If less highly crystalline material is satisfactory, the reaction vessel (Fig. 1)
can be replaced by a single thick-walled tube and the volatile materials removed
immediately after the reaction is complete.

Properties

Solid [SBr;][AsF;]' decomposes slowly at room temperature in a sealed glass
tube under an atmosphere of dry nitrogen. The decomposition is not sufficiently
rapid to prevent spectroscopic investigation and handling over a time period of
hours. Samples have been stored at —20° for periods of 6 months without
noticeable signs of decomposition. The compound [SBr;][AsF,] is best identified
by its Raman spectrum: 685 (sh), 674 (m), 573 (w), 562 (w), 429 (mw)f, 414
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(m)t, 391 (w), 375 (vvs)t, 367.5 (sh), 175 (w)*, and 128 (w)t cm ™' (T identifies
vibrations due to [SBr;] ).
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24. OSMIUM(VI) FLUORIDE
Os + 3F, — OsF,

Submitted by ROBERT C. BURNS* and THOMAS A. O’'DONNELL*
Checked by ROLAND BOUGON+

In earlier reports of its formation, osmium(VI) fluoride was prepared in a flow
system by passing fluorine gas over hot osmium metal. The volatile OsF, was
collected in a cooled trap.' However, it is more convenient to prepare OsFq and
similar higher fluorides in a closed system.” This approach is now used routinely
for a wide range of penta-, hexa-, and heptafluorides, for example, VF,, MoF,,
WFE,, UF,, ReF,, IrF,, and ReF,, that are stable at 25°. Osmium(V]) fluoride is
a useful precursor to OsCls by using a halogen exchange reaction with BCl, at
25°.2

B Caution. There are several potentially hazardous aspects to this syn-
thesis. Fluorine is a highly oxidizing gas. Contact with any combustible material,
such as, hydrocarbon grease, causes a local hot spot, and metal components
normally resistant because of formation of a passive layer of fluoride can then
burn uncontrollably. All metal components, especially valves, must be thoroughly
degreased before use with fluorine. All organic materials must be absent. Skin
and clothing should be protected with gloves and a lab coat. All hydrolyzable
fluorides, including OsFg, form hydrogen fluoride on contact with moisture or
tissue. Hydrogen fluoride causes severe, slowly healing burns. Oxidative hydrol-
ysis of OsFg can form OsO,, which is very volatile and very toxic. Contact with
eyes must be avoided.

*Department of Inorganic Chemistry, University of Melbourne, Parkville, Victoria, 3052, Australia.
tCentre d’Etudes Nucléaires de Saclay, 91191 Gif sur Yvette, Cédex, France.
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Information is available on safe handling of fluorine and volatile fluorides and
on the treatment in the event of personal exposure to these materials.’

Procedure

A metal (stainless steel, nickel or Monel) vacuum line is constructed in a well-
ventilated hood.** This line is equipped with a Bourdon tube gauge [Dresser
Industries] with a range of at least 0-1500 torr. A small cylinder (0.5 1b) of
fluorine [Matheson] is stored behind a suitable barricade [Matheson]. The cyl-
inder is equipped with a standard two-stage regulator [Matheson] and then con-
nected to the metal line via Y4-in. copper, nickel, or Monel tubing. .

®  Caution. The vacuum forepump is protected from the corrosive, reactive

Sfluorine gas by pumping all gases from the line through a trap containing granules
of activated alumina or soda lime.
The fluorination of osmium can be carried out in a reaction vessel welded from
nickel, Monel, or stainless steel tubing with end plates and flanges of similar
metal. A typical vessel is a cylinder 20 cm in height, 6 cm in diameter, and of
wall thickness 3 mm or greater. It has an upper flange (12 mm thick) welded to
it, and this is bolted to a top plate (12 mm thick) into which is welded 15 cm
of Ya-in. 0.d. tubing to which is fitted a Whitey valve (SS-IKS4) [Seattle Valve
and Fitting]. All dimensions are approximate except the outside diameter of the
connecting tube, which must match Swagelok connections [Seattle Valve and
Fitting]. The top plate and Y-in. tube are fitted with a metal jacket through
which cooling water circulates to protect the gasket and the valve from thermal
damage. An essential feature of the vessel is the shear seal gasket used to seal
the top plate to the reactor flange. This type of seal can be constructed from
annealed copper or nickel and is particularly useful in the preparation of metal
fluorides.*

Metallic osmium (10 mmol, 1.9 g) is loaded into the metal vessel, and the
top plate is bolted into place. The vessel is attached to the vacuum line and
evacuated. An excess of fluorine (~32 mmol) is metered into the vessel. This
can be done assuming ideal gas behavior; for example, in a vessel such as the
one described, where the volume is ~565 mL, a pressure of 975 torr in the
evacuated vessel will assure the addition of ~32 mmol of F,. The valve is closed.
The line is evacuated slowly through the soda lime or alumina trap.

B Caution. The reaction between fluorine and soda lime or alumina is
very exothermic; therefore, the fluorine must be removed slowly.

The vessel is maintained at 350—400° for about 3 hr. The reactor is reattached
to the vacuum line and cooled to —78° (Dry Ice/acetone slush). The excess
fluorine is removed by way of the soda lime or alumina trap. Then the reaction
vessel is allowed to warm to room temperature and the volatile OsFj is transferred
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into a smaller metal vessel for storage. This vessel should contain a small amount
of NaF to act as a “getter” for any HF that may be present. The yield of OsF,
is ~3 g (9.9 mmol; ~100%).
Anal.® Calcd. for OsF,: Os, 62.5; F, 37.5. Found: Os, 62.7; F, 38.2.
Larger scale preparations are possible. Higher pressures of fluorine gas are
required.

Properties

Osmium(VI) fluoride is a water-sensitive yellow solid that melts at 32.1°. The
gas-phase IR spectrum recorded in a nickel cell with AgCl windows has bands’
at 1453 (m), 1352 (w), 969 (w), and 720 (vs) cm™'.
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Chapter Two
MAIN GROUP COMPOUNDS

25. ETHYLBORONIC ACID AND
TETRAETHYLDIBOROXANE/TRIETHYLBOROXIN (3:1)

Submitted by ROLAND KOSTER* and PETER IDELMANN*
Checked by GARY M. EDVENSON+t and DONALD F. GAINESt

A. ETHYLBORONIC ACID (ETHYLDIHYDROXYBORANE)

hexanc

(C,H,BO);, + 3H,0 — 3C,H;B(OH),

Ethylboronic acid, C,H;B(OH),, is a colorless crystalline product that can be
used for the preparation of various O-substituted ethylboron compounds, such
as triethylboroxin and 2-ethyl-1,3,4-dioxaborolanes or -borinanes:

HO O
CHBOH), +  >(CH), - CHB{ >(CH), n=23
HO o

~2Hy o

*Max-Planck-Institut fir Kohlenforschung, Kaiser-Wilhelm-Platz 1, D 4330 Miilheim an der
Ruhr, West Germany.
tDepartment of Chemistry, University of Wisconsin-Madison, Madison, WI 53706.
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The 3:1 reagent mixture of tetraethyldiboroxane and triethylboroxin is important
for preparative purposes and is prepared from ethylboronic acid. Ethylboronic
acid influences the reaction course of carbohydrates.'

Ethylboronic acid can be prepared from chloroethylphenylborane,® diethyl
ethylboronate,® or triethylboroxin.* Very impure products resulted from the
hydrolysis of the products obtained when trimethyl borate was reacted with
bromoethylmagnesium.>® Ethylboronic acid is best prepared by the reaction of
triethylboroxin with water. Triethylboroxin is easily obtained from diboron triox-
ide with triethylborane’® or from tetraethyldiboroxane either thermally or by
>BH catalysis.’

Triethylboroxin® may be prepared as follows. Ethyldiboranes(6) [~ 0.05 g;
10.1% H™ = 0.05 mmol >BH]'° are added to 6 g (39 mmol) of
tetracthyldiboroxane'* at ~0°, and the stirred mixture is heated to 130-140° (bath
temperature) for 30 min, during which time triethylborane distills off. The solu-
tion is then cooled to room temperature and concentrated under vacuum (12 torr)
to remove the last traces of triethylborane. Triethylboroxin is obtained as a
colorless liquid residue (2.2 g; 100%).

Procedure

A 50-mL three-necked flask is fitted with a stirrer, a 25-mL dropping funnel,
and an argon bubbler. The apparatus is evacuated while being heated with a gas
flame and is then filled with N, or Ar. To a solution of 5 g (29.8 mmol) of
triethylboroxin in hexane (30 mL) at ~20°, 1.5 g (83.3 mmol) of water is added
dropwise with stirring over a period of about 20 min. The temperature rises to
~30°, and a voluminous precipitate forms. The residual water is flushed from
the dropping funnel into the reaction mixture with a small amount of hexane.
The mixture is then stirred for ~3 hr at ~20°, filtered (D-3 glassfrit), and washed
four times with cold pentane (~5-mL portions) to remove excess triethylboroxin.
Air is strictly excluded. The product is dried (max. 5 min!) under vacuum (10~*
torr and bath temperature ~30°) to avoid loss due to sublimation. Colorless
crystalline ethylboronic acid (6.2 g; 100%)* with mp 90° is obtained.

Anal. Calcd. for C,H,BO,: C, 32.51; H, 9.55; B, 14.63; H", 2.73. Found:
C, 32.59; H, 9.61; B, 14.48, H*, 2.70.

With activated triethylborane,'*'* the compound gives 2 equivalents of ethane
[volumetric determination of the purity by the ethane number (EZ)'>'® = 2].

Properties

Ethylboronic acid has been reported several times since 1862.> The previously
described melting points (e.g., 166-167°%; 161-166°°) are those of impure boric

*Checkers obtained 32% when using 8 mmole of triethyiboroxin.
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acid [mp 169°" (dehydration)}, which forms from ethylboronic acid by moist
air oxidation. The oxidation of an aqueous solution of ethylboronic acid in air
gives boric acid and ethanol:

2C,HB(OH), + O, + 2H,0 — 2B(OH), + 2C,H,OH

Above its melting point ethylboronic acid decomposes to give water and
triethylboroxin:

0]
7\
., CHs—B B—C,H,
3C,H;B(OH), —
— 3H,0 N S
B

E,

With strict exclusion of air, the very water-soluble ethylboronic acid is stable.
Spectral data include the following: Infrared (KBr): vo, = 3400 cm™'; vgo =
1390 cm ™', Mass (70 eV): m/e 74 (M*, 4%), 57 M —OH, 3%), 45 M —Et,
100%). 'H NMR [60 MHz, di(methyl-d,) sulfoxide]: & 7.04 ppm (broad, OH),
0.9 ppm (m, >BEY) in the ratio 2:5. ''B NMR [32.1 MHz, di(methyl-d;) sulf-
oxide]: & 32.5 ppm (Hwb = 525 Hz). 'O NMR (27.1 MHz, tetrahydrofuran-
ds): & 94.5 ppm (Hwb ~ 270 Hz).

B. TETRAETHYLDIBOROXANE/TRIETHYLBOROXIN (3:1)

cat.

3C,H;B(OH), + 6B(C,Hs), B {3[(C;H,),B],0 + (C,H;BO)}

Mixtures of tetraethyldiboroxane and triethylboroxin are suited for the combined
introduction of O-diethylboryl and O-ethy! boranediyl groups into various hydroxy
types. With the help of boroxin/boroxane mixtures, carbohydrates can be trans-
formed to O-substituted ethylboron derivatives. Tetraethyldiboroxane/triethyl-
boroxin mixtures can also be used as modifying reagents for the determination
of characteristic numbers of oligo- and polyhydroxy compounds with different
organoboron reagents.

All sorts of tetraethyldiboroxane/triethylboroxine mixtures can be obtained
by mixing the components. Without using tetracthyldiboroxane, a defined 3:1
mixture of tetraethyldiboroxane and triethylboroxin with a constant boiling point
can be prepared from triethylboroxin and triethylborane. The first step is the
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reaction of triethylboroxin with water. In a second step the ethylboronic acid
is reacted with activated triethylborane [~1 mole % [(2,2-dimethylpro-
panoyl)oxy]diethylborane'® is added]. After separation from excess triethyl-
borane, the distillable 3:1 mixture with constant composition (bp,s 152°) is
obtained. The expected bis[(diethylboryl)oxy]ethylborane (pentaethyltribora-
dioxane) cannot be isolated. The decomposition of this compound to 3 parts
tetracthyldiboroxane and 1 part triethylboroxin occurs during its formation.

Procedure

A 500-mL three-necked flask is fitted with a stirrer, a 25-mL dropping funnel,
and a reflux condenser capped with an argon bubbler. Water (13.3 g; 732.7
mmol) is added quickly with stirring ~20° to 41.8 g (249.4 mmol) of triethyl-
boroxin® in 200 mL of hexane. A voluminous precipitate forms, and the flask
temperature rises to ~30°. After 4 hr at ~20°, 162.9 g (1.662 moles) of triethyl-
borane that contains 300 mg of [(2,2-dimethylpropanoyl)oxy]diethylborane'® is
added dropwise with stirring over ~8 hr. Ethane (31.2 L, ~95%) is evolved in
an exothermic reaction (#,,,, ~70°). The distillation through a 60-cm fractionating
column filled with 0.4-cm glass Raschig rings (bath temperature 120-170°) gives,
after hexane (bp,es 69°) and triethylborane (bp,es 94-95°), 142.9 g (93%)* of a
colorless 3:1 mixture of tetraethyldiboroxane and triethylboroxin (bp,es 152°).
A yellow liquid residue (20 g) [boroxane/boroxine mixture including [(2,2-di-
methylpropanoyl)oxy]diethylborane] remains. After addition of tetraethyldi-
boroxane to the 3:1 mixture, the excess boroxane (bp.ss 143°) can be quantitatively
distilled out of the mixture. Excess triethylboroxin (bp,¢s 154°) cannot be removed
by distillation because of the small boiling point difference.

Properties

The 3:1 tetraethyldiboroxane/triethylboroxin mixture has a constant boiling point
at atmospheric pressure; bp,es 152°% ny = 1.4015 [tetracthyldiboroxane: ny =
1.4032; triethylboroxin: ny’ = 1.3965]. Spectral data are as follows: Infrared
(neat): vgo 1400 cm™'; veo 1100 cm™'; mass (70 eV): m/e 168 (M™* from
triethylboroxin, 13%); 139 (M* — Et; 18%); 125 (M™ — Et from tetraethyl-
diboroxane; 100%); ''B NMR (32.1 MHz, neat); § 52.8 ppm (tetracthyldibor-
oxane) and 33.5 ppm (triethylboroxin) in the ratio 2:1 (Hwb 125 and 180 Hz).
O NMR (27.1 MHz, toluene-d;): & 224 ppm (tetraethyldiboroxane) and 145
ppm (triethylboroxin) in the ratio 1:1.

*Checkers obtain a yield of 57% when using 10 mmol of triethylboroxin. This synthesis does
not adapt well to a small-scale preparation due to the difficulty of performing the small-scale final
distillation.
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26. INDIUM(III) IODIDE

Et,0

2In + 31, — 2Inl,

Submitted by J. P. KOPASZ,* R. B. HALLOCK,* and O. T. BEACHLEY, Jr.*
Checked by W. RODGER NUTT#

Indium(II}) iodide is an important starting material for the preparation of a great
variety of organoindium compounds. The synthesis described herein is a mod-
ification of a published procedure.' Since the title compound is hygroscopic, a
combination of Schlenk and high vacuum techniques is employed.>

Procedure
A 6.00-g (52.3-mmol) sample of indium foil cut into small strips and 20.0 g
(78.8 mmol) of iodine are placed in a 250-mL flask equipped with a magnetic

*Department of Chemistry, State University of New York, Buffalo, NY 14214.
tDepartment of Chemistry, Davidson College, Davidson, NC 28036.
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stirring bar and an efficient reflux condenser. The flask is attached to the vacuum
line® by a Teflon valve [Kontes] and standard taper adapter connected at the top
of the condenser, the apparatus is evacuated, and 100 mL of dry diethyl ether,
distilled from Na/benzophenone ketyl, is vacuum-distilled into the flask at — 196°.
The flask, with the Teflon valve closed, is warmed to room temperature, and
the contents are stirred. As the contents of the flask warm, the reaction becomes
more vigorous. The last amount of indium is slow to react, so the solution is
stirred at room temperature for 12 hr. The resulting solution without further
purification can be used for the syntheses of organoindium compounds® such as
In(CH,SiMe,);. If indium(III) iodide is to be isolated, the condenser is replaced
with a bent sintered-glass filter stick with attached flask (Fig. 1) under an inert
(argon or nitrogen) atmosphere, and the reaction mixture is filtered. The diethyl
ether is completely removed by vacuum distillation to yield yellow crystalline
indium(IIl) iodide. The last traces of any excess iodine can be removed by
washing the product three times with 20 ml of cold benzene to yield 24 g (95%)
of Inl,. Further purification can be achieved by vacuum sublimation at 120-
130°.

Properties

Indium(III) iodide is a yellow hygroscopic crystalline solid, mp 210°. The com-
pound exists in the solid state as iodine bridged dimers* (I,Inl,Inl,) and is readily
soluble in organic solvents such as benzene, chloroform, and diethyl ether. The
vibrational spectrum has been reported,5 but the observed infrared and Raman
frequencies occur in the far-infrared region, below 250 cm™'.

to
vacuum
line

:,j‘

Fig. 1. Bent filter-stick filtration apparatus.
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27. TRIS[(TRIMETHYLSILYL)METHYL]JINDIUM

EnL,O

Inl, + 3[(Me,Si)CH,]MgCl — In[CH,(SiMe,)]; + 3 MgClI

Submitted by J. P. KOPASZ,* R. B. HALLOCK,* and O. T. BEACHLEY, Jr.*
Checked by R. A. ANDERSENY

Tris[(trimethylsily)methyl]indium' and its gallium® analog are readily prepared
from an appropriate metal halide [Alfa Products] and the (trimethylsilyl)methyl
Grignard reagent in diethyl ether. The apparent steric bulk of the three (tri-
methylsilyl)methyl groups reduces the Lewis acidity of the alkyl indium and
gallium sufficiently to enable the diethyl ether to be readily removed at room
temperature by vacuum distillation. The combination of the ease of preparation
of the Grignard reagent and removal of the diethyl ether from the product made
the following procedure preferable to one using the lithium alkyl in a hydrocarbon
solvent. The air and moisture sensitivities of the compounds involved in this
preparation require the use of inert-atmosphere (argon or nitrogen) and dry-box
techniques.

@ Caution. The compound In[CH,(SiMe,)], burns spontaneously in air,
and indium compounds are toxic. The reaction should be carried out in a good
hood, and adequate protection should be employed.

The following procedure can be readily adapted for the preparation of
Ga[CH,(SiMe,)]; from GaCl, and {(Me,;Si)CH,]MgCl in diethyl ether.’

Procedure
Diethyl ether should be dried over Na/benzophenone ketyl and distilled under
an inert atmosphere prior to use. The Grignard reagent is prepared from 4.83 g

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214.
tDepartment of Chemistry, University of California, Berkeley, CA 94720.



90 Main Group Compounds

(0.199 mole) of Mg and 23.6 g (0.193 mole) of (Me,Si)CH,CI [PCR] in diethyl
ether (total volume of 125 mL) in a 250-mL three-necked round-bottomed flask
by means of standard procedures.’ If the magnesium does not react with the
{Me,Si)CH,Cl, a few crystals of iodine should be added to the magnesium,
without stirring. After the iodine color has disappeared, the reaction should begin,
as evidenced by bubbling in the solution. The diethyl ether solution of
(Me,Si)CH,CI should be added at a rate that maintains a slow but steady reflux.
When the reaction is complete and the solution has cooled to room temperature,
the solution of Grignard reagent can be transferred to an addition funnel under
argon flush and cover.

A diethy! ether solution of Ink; (25 g, 50 mmol, 100 mL Et,0) is contained
in a 500-mL flask equipped with a magnetic stirring bar, reflux condenser, and
a 150-mL pressure-equalizing addition funnel and is purged with argon gas. The
Grignard reagent solution is transferred to the addition funnel under argon by
using either a syringe or a pipette. The Grignard reagent is then added dropwise
to the Inl,/diethyl ether solution over a period of 1 hr. A precipitate of magnesium
halide forms but redissolves as more Grignard reagent is added. After the addition
is complete, the reaction mixture is stirred for about 8 hr at room temperature.
The reflux condenser, stirrer, and dropping funnel are replaced with stoppers
and a standard taper Teflon valve adapter. The diethyl ether is then removed by
vacuum distillation.

B Caution. Ar rhis stage, the reaction flask contains the alkyl indium
compound which burns spontaneously in air and reacts violently with water.

To vacuum line
for distillation

5~

Oil Bath

Liquid N2

Dewar

Fig. 1. Apparatus for isolation of alkyl metal compound by distillation.



27.  Tris{(trimethylsilyl)methyl]indium 9]

In the dry box, the reaction vessel is fitted with a purged bent tube connected
to a 100-mL two-necked flask equipped with a vacuum adapter (Fig. 1). The
apparatus is now attached to a vacuum line through the vacuum adapter on the
small flask. Using an oil bath at 110°, the volatile components are distilled into
the small flask, which is cooled to —196°. After about 4 hr, the distillation is
usually complete and heating is discontinued. The receiving flask is warmed to
room temperature, and small amounts of diethyl ether are removed by pumping
off the components that are volatile at room temperature into a trap at — 196°.
In order to ensure that all traces of diethyl ether are removed, the apparatus is
usually pumped on for 8—12 hr at room temperature to yield 18.1 g (91.8%) of
In[CH,(SiMe;)]5.*

Anal.' Calcd. for C,;H4;SizIn: In, 30.5. Found: 30.4.

A 'H NMR spectrum of the product with a small quantity of benzene as a
reference can be used to identify the product and ensure the complete removal
of diethyl ether.

Properties

At room temperature In[CH,(SiMe;,)], is a colorless pyrophoric liquid. The 'H
NMR spectrum of the compound in benzene (reference 8 7.13) consists of two
lines in area ratio 9:2, with the larger methy! line at 8 +0.13 and the smaller
methylene line at 8 —0.05.1 The IR spectrum' of the neat liquid has bands at
2935 (vs), 2885 (s,sh), 1440 (w), 1400 (w), 1350 (w), 1291 (w,sh), 1244 (vs),
920 (s), 825 (vs), 757 (vs), 720 (vs), 692 (s,sh), 580 (m), and 490 (m) cm ™"
The compound can be used to prepare [(trimethylsilyl)methyl}lindium halogen
compounds by appropriate stoichiometric exchange reactions' with InCl,, InBr,,
and Inl;. Properties of many of these organoindium halogen compounds have
been reported.' The experimental procedure is related to that described for
Al(CH,SiMe;),Br,* except that solvents are used for the reactions.

References

[. O.T. Beachley, Jr., and R. N. Rusinko, fnorg. Chem., 18, 1966 (1979).
2. 0. T. Beachley, Jr., and R. G. Simmons, Inorg. Chem., 19, 1021 (1980).
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*The checker used [(Me;Si)CH,];Mg in diethy! ether rather than [(Me,Si)CH,]MgCl. Starting
with 1.5 g of InCl;, 1.0 g (88%) of In[CH,(SiMe,)]; was obtained.

1The checker reports that the '"H NMR spectrum in C4Ds at 28° shows two resonances at 3 0.42
and 8 —0.89 in area ratio 9:2, respectively. The >C NMR spectrum consists of a triplet centered
at § 12.0 ('Jou = 118 Hz) and a quartet centered at 8 2.98 ('Jcy = 118 Hz).
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28. TRIS[(TRIMETHYLSILYL)METHYLJALUMINUM

Hexane

3Li[CH,(SiMe,)] + AlBr, — AI[CH,(SiMe,)], + 3LiBr

Submitted by CLAIRE TESSIER-YOUNGS* and O. T. BEACHLEY, Jr.*
Checked by JOHN P. OLIVERY and KATHALEEN BUTCHERY

The title compound, a very useful precursor to many organoaluminum com-
pounds,'™ was first prepared from the reaction of the dialkylmercury compound
and aluminum metal in refluxing toluene.’ The toxicity of the organomercury
reagent prompted us to attempt the synthesis of AI[CH,(SiMe,)]; using the
alkyllithium reagent.' The present synthesis is a modification of this latter work.
The air and moisture sensitivities of the reagents and products involved in this
preparation require the use of inert atmosphere and dry-box techniques and/or
the use of high vacuum.®

B Caution. The compounds Li[CH,(SiMe;)] and Al{CH(SiMe;)]; burn
spontaneously in air and react violently with water. The reaction should be
carried out in a good hood, and adequate protection should be employed.

Procedure

In the dry box, 6.74 g (71.7 mmol) of diethyl ether—free Li[CH,(SiMe,)]” and
70 mL of dry hexane are combined in a 100-mL pressure-equalizing funnel
equipped with a high-vacuum Teflon valve [Ace Glass] and a stirring bar. Also
in the dry box, a 250-mL three-necked flask equipped with a stirring bar and a
standard taper Teflon valve vacuum adapter is loaded with 6.39 g (23.9 mmol)
of AIBr; (previously sublimed at 60°C) and 100 mL of hexane. A reflux condenser
and the addition funnel are placed on the flask under an argon flow. The complete
dissolution of the Li[CH,(SiMe;)] in the addition funnel is ensured by agitation
with the stirring bar and gentle heating with a hot air gun. The Li[CH,(SiMe,)]
solution is added slowly to the stirred AlBr; suspension. An exothermic reaction
takes place immediately, and LiBr precipitates. After the LifCH,(SiMe,)] addi-
tion is complete (about 1 hr), the reaction mixture is heated at reflux for 12 hr.
The reflux period is necessary to avoid the isolation of products that contain
bromine. Heating is stopped, and the reaction vessel is cooled under argon flow.
The addition funnel and reflux condenser are replaced by glass stoppers, and the

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214.
tDepartment of Chemistry, Wayne State University, Detroit, MI 48202.
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hexane is removed by vacuum distillation. The reaction vessel is then transferred
to the dry box, and a stopper is replaced by a U-tube connected to a 50- or 100-
mL two-necked flask with a standard taper Teflon valve vacuum adapter. The
apparatus® is now attached to a vacuum line through the vacuum adapter on the
small flask and, by using an oil bath at 70°, 5.9 g (85%)* of AI{CH,(SiMe,)],
is distilled from the reaction vessel under high vacuum. The product is pure at
this stage. Redistillation under high vacuum using a microdistillation apparatus
[Kontes] modified by the addition of a Teflon valve gives one fraction boiling
at 48-49° (0.01 torr) (lit.* bp 51°/0.08 torr).

8 Caution. The compound Al[CH,(SiMe;)]; is pyrophoric. All manipu-
lations of Al[CH,(SiMe;)]; are best performed in the dry box.

Properties

The compound Al[CH,(SiMe;)]; is a colorless pyrophoric liquid at room tem-
perature, and it reacts violently with water. The 'H NMR spectrum of the
compound in CH,Cl, exhibits two lines in area ratio 9:2, with the larger methyl
line at  0.07 and the smaller methylene line at 3 —0.24. The IR spectrum of
a Nujol solution has bands at 1265 (m,sh), 1253 (vs), 958 (s), 925 (s), 860 (vs),
832 (vs), 764 (vs), 736 (s), 690 (m), 662 (m), 590 (m) cm~'. The compound
exists in benzene solution as a monomer-dimer equilibrium mixture.’
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*Checkers ran the reaction on a one-half scale and obtained the same percentage yield.



Inorganic Syntheses, Volume 24
Edited by Jean’ne M. Shreeve
Copyright © 1986 by Inorganic Syntheses, Inc.
94 Main Group Compounds

29. BROMOBIS[(TRIMETHYLSILYL)METHYL]JALUMINUM
2A1[CH,(SiMe,)]; + AlBr;— 3Al[CH,(SiMe,)),Br

Submitted by CLAIRE TESSIER-YOUNGS* and O. T. BEACHLEY, Jr.*
Checked by JOHN P. OLIVERY and KATHALEEN BUTCHERY

The title compound is obtained by a stoichiometric exchange reaction between
2 moles of the trialkylaluminum compound and 1 mole of AlBr;. This procedure
is based on the original preparation' and can be easily adapted to the synthesis
of AIEt,Br (bp 54°/0.01 torr). In general, the synthesis of bromo-substituted
organoaluminum compounds by exchange reactions is easier than that for the
corresponding chloro derivatives. The higher lattice energy of AICl; requires
higher reaction temperatures, and the use of sealed tubes is frequently necessary.
The compound chlorobis[(trimethylsilyl)methyl]aluminum has been synthesized®
from AICl; and 2 moles of AI[CH,(SiMe;)],. The air and moisture sensitivity
of the reagents and products involved in this preparation require the use of inert
atmosphere and dry-box techniques or the use of high vacuum.?

®  Caution. The compounds AI[CH,(SiMe;)]; and Al[CH,(SiMe;)],Br burn
spontaneously in air and react violently with water. Adequate protection should
be used.

Procedure

In the dry box, 1.75 mL (1.40 g, 4.87 mmol) of AI[CH,(SiMe;)],* and 0.650
g (2.43 mmol) of freshly sublimed AIBr, are combined in a 10-mL flask. Alu-
minum(III) bromide sublimes at 60° under high vacuum. Heat is evolved rapidly
and a colorless liquid is produced. (@ Caution. If the reaction quantities are
increased, the reagents should be combined slowly to prevent excessive heating.)
The flask is attached to a microdistillation apparatus [Kontes] modified by the
addition of a Teflon valve using a minimum of Dow Corning silicone grease or,
preferably, Halocarbon grease 25-5S [VWR Scientific] (Apiezon L or N greases
are unsatisfactory for the distillation). The title compound reacts with all greases
tested. At 60-62° (0.01 torr), Al[CH,(SiMe,)],Br (1.926 g, 94%) distills as a
colorless pyrophoric liquid.

Anal. Calcd. for AIBrCgH,,Si,: Al, 9.59; Br, 28.41; SiMe,, 2.00 mole/mole.
Found: Al, 9.45; Br, 27.73, SiMe,, 1.98 mole/mole.

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214,
tDepartment of Chemistry, Wayne State University, Detroit, MI 48202.
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Properties

The compound AI[CH,(SiMe,)],Br exists as an equilibrium mixture of mono-
meric and dimeric species in benzene solution. The 'H NMR spectrum of a
benzene solution (reference 8 7.13) of the compound exhibits two lines in area
ratio 9:2, with the larger methyl line at & 0.13 and the smaller methylene line
at 3 —0.30. The IR spectrum of a Nujol solution has bands at 1259 (s), 975
(s,b), 946 (m), 858 (vs,b), 763 (s), 734 (s), 698 (m), 668 (m), 636 (vs), 577
(s), and 315 (w) cm ™.
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30. [(TRIMETHYLSILYL)METHYL]LITHIUM
2Li + (Me,Si)CH,Cl — Li[CH,(SiMe;)] + LiCl

Submitted by CLAIRE TESSIER-YOUNGS* and O. T. BEACHLEY, Jr.*
Checked by JOHN P. OLIVER' and KATHALEEN BUTCHER+

Organolithium compounds are excellent alkylating reagents for the formation of
organometallic compounds in hydrocarbon solvents, specifically in the absence
of ethers. The syntheses of LifCH,(SiMe,)] described herein are modifications
of published procedures. " The preparation in diethyl ether is reproducible, but
care must be taken to remove all the diethyl ether from the product if it is to be
used in the synthesis of AI[CH,(SiMe,)],. The preparative method in hexane is
highly dependent on the purity of the lithium dispersion and the alkyl halide.
For this reason it is advised that the lithium dispersion be purchased in small
quantities or be repackaged in ampules in an argon-filled dry box. The air and
moisture sensitivity of the reagents and products involved in this preparation
require the use of inert atmosphere (argon) and dry-box techniques or the use
of high vacuum.’

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214.
tDepartment of Chemisiry, Wayne State University, Detroit, MI 48202.
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m  Caution. Lithium dispersion is very reactive with air and water. The
compound Li[CH,(SiMe;)] burns spontaneously in air, but solutions are less
reactive. The reaction should be carried out in a good hood, and adequate
protection should be provided.

Procedure in Diethyl Ether

Oil is removed from commercially available lithium dispersion [Aldrich Chem-
ical] in paraffin oil by washing with hexane under vacuum. In an argon-filled
dry box, a three-necked 250-mL flask equipped with a stirring bar is loaded with
3.0 g (0.43 mole) of lithium dispersion. Dry diethyl ether from Na/benzophenone
ketyl is vacuum-distilled into the flask. Under argon flush, a 100-mL pressure-
equalizing addition funnel equipped with a high-vacuum Teflon valve [Ace Glass]
and a very efficient reflux condenser are attached to the flask. Then (Me,SiYCH,Cl
[PCR] (17 mL, 15 g, 0.12 mole) is placed in the funnel. The alkyl halide is
added slowly to the stirred lithium suspension. A vigorous exothermic reaction
occurs, precipitating LiCl, and the reaction mixture takes on a reddish hue due
to by-products. The reaction mixture is stirred for 12 hr and then is filtered under
vacuum. The apparatus for filtering is set up by replacing the reflux condenser
and funnel with a stopper and a bent coarse 30-mm fritted filter stick attached
to a two- or three-necked 250-mL flask.* A bent filter stick is much easier to
use than the commercially available straight filter sticks, because a portion of
the reaction mixture can be decanted, resulting in less clogging of the frit and
thereby speeding the filtration process. After the filtration is complete, the filter
stick is disconnected under an argon flush, and the solvent is removed by vacuum
distillation. The resultant light brown sticky material contains appreciable quan-
tities of diethyl ether. Under an argon flush, the flask is fitted with a sublimation
cold finger. It is then evacuated and is heated with an oil bath. Although it would
appear preferable to fit the flask with a sublimation cold finger in the dry box,
the vapor pressure of the diethyl ether makes it difficult to subject the flask to
a pump-down cycle for entering the dry box without securely fastening all
standard taper joints. Diethyl ether is completely removed by heating the flask
to about 50°. At 90°, 9.0 g (78%) of colorless Li[CH,(SiMe,)] is collected (mp
106-108°, lit mp' 112° from hexane; 'H NMR: C,H,,, 8 —1.88). Toward the
end of the sublimation, the red-brown viscous residue is stirred to avoid splashing
it onto the sublimed Li[CH,(SiMe,)]. Frequently, a second sublimation is required
for complete separation of pure Li[CH,(SiMe;)] from the red residue.

Procedure in Hexane

The following procedure is useful for the preparation of small quantities of
Li[CH,(SiMe;)] in the absence of diethyl ether. As in the previous procedure,

iCatalog No. 07-736B, 300 mm jacket length Allihu condenser [Fisher Scientific].
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1.83 g (0.264 mole) of lithium dispersion from a freshly opened container is
placed in a three-necked flask equipped with a stirring bar. Hexane is vacuum-
distilled into the flask at —196°. Under argon flush, while the hexane is still
frozen, the flask is equipped with an efficient reflux condenser. When the hexane
is partially melted, 11.9 mL (10.5 g, 0.0860 mole) of (Me;Si)CH,Cl (purified
by distillation) is added by syringe, and stirring is initiated. A vigorous reaction
takes place while the mixture is still slightly below room temperature. After
being stirred for 12 hr, the reaction mixture is worked up as in the previous
procedure. The yield of LijCH,(SiMe;)] is 7.3 g (90%).

The reaction is very dependent on the purity of the lithium dispersion surface.
As the lithium dispersion (which is being stored in the dry box) ages, the lithium
has to be activated by adding 50 mL of diethyl ether, and later the reaction has
to be initiated by using a warm water bath. These steps cause a decrease in the
yield of Li[CH(SiMe,)] and complicate the sublimation of pure Li[CH,(SiMe,)]
because larger amounts of the red by-products are obtained.

B Caution. This preparative procedure in hexane should not be used for
the preparation of larger quantities of LifCH,(SiMe;)], because the reaction
might be too vigorous to control.
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31. CYCLOPENTADIENYLTHALLIUM (THALLIUM
CYCLOPENTADIENIDE)

T1,SO, + 2NaOH — 2TIOH + Na,SO,
2TIOH + 2C,Hg — 2TIC,Hs; + 2H,0

Submitted by A. J. NIELSON,* C. E. F. RICKARD,* and J. M. SMITH*
Checked by BRUCE N. DIELY

Reagents used for introducing the cyclopentadienyl ligand (Cp) into metal
complexes' often give low yields of product or suffer from difficulties in handling.

*Department of Chemistry, University of Auckland, Private Bag, Auckland, New Zealand.
tDepartment of Chemistry, University of Idaho, Moscow, ID 83843.
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The frequently used and easily prepared NaCp in tetrahydrofuran solution® is
extremely sensitive to traces of oxygen and does not store well. Product yields
are usually lower with CpMgBr’ or Cp,Mg,* both of which are air-sensitive,
with the latter involving a tedious preparation. Dicyclopentadienylmercury’ has
low thermal stability and does not store well.

Cyclopentadienylthallium® is a superior reagent for many syntheses. It is easily
prepared and stored, it may be handled in air, and the insolubility of thallium
halide leads to high yields of product that may be filtered easily and worked up.
The reagent has been used for preparing a variety of actinide,’ lanthanide,® and
transition metal® cyclopentadiene complexes.

B Caution. Thallium compounds are extremely toxic. Avoid inhalation of
dust and contact with skin. All operations should be carried out in a fume hood
with the use of neoprene gloves. Wastes should be stored in bottles or disposed
of by thoroughly mixing with a large amount of sand and burying the mixture
in a safe, open area.

Procedure

Thallium(I) sulfate (25 g, 0.0495 mole) and sodium hydroxide (8 g, 0.2 mole)
are dissolved in 250 mL of water in a 500-mL round-bottomed flask. Freshly
cracked cyclopentadiene™'® (8.2 mL) is added, the flask is stoppered, and the
solution is stirred magnetically for 12 hr. The brown precipitate is removed by
filtering, washed with 50 mL of water followed by S0 mL of methanol, and
dried under vacuum for 2 hr. The solid is transferred to a water-cooled subli-
mation apparatus. A plug of glass wool is placed on top, and the TICp is sublimed
at 90-100° at 107> torr. The sublimation should be continued until no further
product sublimes onto the cold finger after the bulk of the TICp has been scraped
away. A brown powdery residue remains after the sublimation is completed.
Yield: 24.4 g, (91%%*).
Anal. Calcd. for CH,TIL: C, 22.3; H, 1.9. Found: C, 22.5; H, 2.2.

Properties

Cyclopentadienylthallium is a light yellow solid that decomposes at 230°.° It is
stable for several months if stored under N, in a Schlenk flask kept in the dark.
Slow decomposition takes place in the air and light, whereupon the solid turns
brown, but pure product may be sublimed away from this material. The IR
spectrum shows absorption bands at 3022, 1584, 995, and 725 cm~"'. Cyclo-
pentadienylthallium is soluble in most organic solvents. It may be handled in

*Checker obtained 94.4% yield.
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air, and it is normally heated at reflux in THF solution with the substrate for
about 2 hr under an inert gas atmosphere. When allowed to react with metal
halides, the insoluble thallium halide produced may be filtered from the reaction
solution. Most cyclopentadienyl complexes are air- and moisture-sensitive and
should be handled with appropriate techniques.'’
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32. TETRAISOCYANATOSILANE

liq.SO,

SiCl, + 4KOCN - Si(NCO), + 4KCi

-10°

Submitted by JOSEPH S. THRASHER*
Checked by DIETER LENTZ#

Even though the preparation of tetraisocyanatosilane has been previously described
in Inorganic Syntheses," there exists a less time-consuming and far less expensive
patented procedure’ that has been largely overlooked. This procedure involves
the reaction of silicon tetrachloride with sodium or potassium cyanate in place
of the silver or lead salt, which first must be freshly prepared. The use of liquid
sulfur dioxide as the solvent, instead of benzene, offers no real increase in
handling problems. The details of this alternate method adapted to a laboratory

*Department of Chemistry, The University of Alabama, University, AL 35486.
tInstitut fiir Anorganische und Analytische Chemie, Freie Universitit Berlin, Fabeckstrasse, 34—
36, D-1000 Berlin 33.
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scale are given below. It should be added that compounds such as R, Si(NCO), _,,,
where R = CH;, OCH,, or OC¢Hs;, can also be easily prepared by this method.”

Tetraisocyanatosilane has been found to be a useful starting material in the
field of sulfur-nitrogen-fluorine chemistry as shown, for example, in the prep-
aration of (fluorocarbonyl)imidosulfurous difluoride, FC(O)N=SF,.’

Procedure

® Caution. Sulfur dioxide is a poisonous gas; therefore, this reaction must

be carried out in an efficient fume hood.
Anhydrous powdered potassium cyanate (405 g, 5.0 moles) is placed in a 2-L
four-necked, round-bottomed Pyrex flask fitted with a low-temperature ther-
mometer, a gas inlet valve, a sealed mechanical stirrer, and a Dry Ice—cooled
condenser topped by a drying tube. The flask is flushed with dry argon or nitrogen
and cooled to —70° (Dry Ice/2-propanol) before approximately 500 mL of sulfur
dioxide is introduced through the gas inlet valve. Stirring is begun, and the
temperature of the mixture is raised to —30° by warming the cooling bath by
the addition of 2-propanol. The gas inlet valve is then replaced with a pressure-
equalizing addition funnel containing silicon tetrachloride (115 mL, 1 mole).
Over the next hour the silicon tetrachloride is added very slowly. The reaction
temperature must not exceed — 10°, and the initial reaction is strongly exother-
mic. The temperature is maintained between — 30 and — 10° by adding incre-
ments of Dry Ice to the cooling bath as needed. After completing the addition
of the silicon tetrachloride, the reaction mixture is allowed to stir at — 10° for
an additional 4 hr.

At this time, the sulfur dioxide is stripped into another trap cooled by Dry
Ice by allowing the reaction mixture and reflux condenser to warm to room
temperature. This trap is then disconnected and maintained at —78° until the
sulfur dioxide can be transferred to an appropriate storage vessel for reuse in
this procedure. To carry out this transfer, the trap is chilled to liquid nitrogen
temperature and attached to a standard vacuum line where the noncondensible
materials are removed by pumping. It is often necessary to complete several
freeze-thaw cycles to totally degas the sulfur dioxide, which is then transferred
in the vacuum system with careful warming to the storage vessel held at — 196°.
The pressure in the system must be monitored throughout this transfer.

Meanwhile, the thermometer and stirrer of the reaction flask are replaced with
stoppers and the condenser with a drying tube while the system is purged with
argon or nitrogen. The reaction flask is then filled with 400 mL of dry diethyl
ether and shaken to wash the product from the potassium salts. In order to filter
the resulting solution, the drying tube is replaced with a fritted funnel (50-mm
diameter coarse glass frit, porosity 3), which is connected to a vertical vacuum
adapter topped by a 1-L two-necked flask. The apparatus is then inverted as the
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flow of argon is replaced with vacuum aspiration to aid in the filtration. The
potassium salts are washed with several 50-100-mL quantities of diethyl ether.
After the diethyl ether is distilled off, the product is collected as the fraction
boiling between 185 and 190°. The product can also be distilled at reduced
pressure after first removing the diethyl ether. The yield of tetraisocyanatosilane
by this method is generally 75-80%. This reaction has also been carried out on
a one-quarter scale with similar results.

Properties

Tetraisocyanatosilane is a moisture-sensitive, white crystalline solid, mp
26.0%0.5°, bp 185.6+0.3°.* It dissolves not only in diethyl ether but also in
benzene, chloroform, carbon tetrachloride, acetone, and petroleum naphtha.' Its
reaction with most primary and secondary amines followed by hydrolysis is
convenient for syntheses of substituted ureas.’
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33. DIALKYL [(N,N-
DIETHYLCARBAMOYL)METHYLJPHOSPHONATES

Submitted by S. M. BOWEN* and R. T. PAINE*
Checked by LOUIS KAPLANY

Several bifunctional organophosphorus ligands have been found to be efficient
liquid-liquid extractants for lanthanide and actinide ions present in highly acidic
aqueous nuclear waste solutions. The (carbamoylmethyl)phosphonates, (RO),P(O)
CH,C(O)NR;, and in particular dihexyl [(N,N-diethylcarbamoyl)methyl] phos-
phonate (DHDECMP) have attracted the most attention because of the low
aqueous-phase solubilities and superior radiolytic stabilities of the ligands.'™*°

*Department of Chemistry, University of New Mexico, Albuquerque, NM 87131.
TChemistry Division, Argonne National Laboratory, Argonne, 1L 60439.
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Syntheses for (carbamoylmethyl)phosphonates based upon the Arbusov and
Michaelis reactions have been described briefly by Siddall.'' DHDECMP (~60%
purity) is available from a commercial source [Wateree Chemical]. The ligands
are obtained typically with acidic phosphonate impurities, which have a dele-
terious effect on extraction selectivity. In order to overcome this problem, Mclsaac
and coworkers designed a purification procedure for DHDECMP that provides
samples with 98-99% purity."*

The increasing interest in (carbamoylmethyl)phosphonates, the fact that only
one of these ligands is commercially available, the lack of adequate detail for
their syntheses, and the relative inaccessibility of the purification scheme require
descriptions of general procedures for the syntheses and purification of the ligands.
The procedures are outlined here for R = R’ = Et. However, the same prep-
arations have been used for R = Me, i-Pr, Bu, Hex with R’ = Et.

Procedure

Although the (carbamoylmethyl)phosphonates are not particularly air-sensitive,
it is found that the purities of the products are enhanced by performing the
following reactions under dry nitrogen.

1. Arbusov Reaction

150°

(RO);P + CICH,C(O)N(C,H;), — (RO),P(O)CH,C(O)N(C,H;), + RCl
R = CH,, CHs, i-C;H;, n-C;H,, n-CH,3

The reaction apparatus consists of a 1-L three-necked round-bottomed flask
equipped with a magnetic stirring bar, a water-cooled condenser, a nitrogen gas
inlet tube, and a Y-tube. The open end of the condenser (top) is attached to a
Hg-filled pressure relief bubbler. One arm of the Y-tube is fitted with a sliding
O-ring seal thermometer adapter and thermometer [Kontes Glass], and the second
arm is fitted with a 250-mL pressure-equalizing dropping funnel. The thermom-
eter is inserted through the sliding O-ring seal so that the thermometer bulb is
immersed in the stirred reaction mixture. The entire apparatus is purged with dry
nitrogen, and 220 g (1.32 moles) of triethyl phosphite (99%) [Aldrich Chemical]
is added to the 1-L flask. 2-Chloro-N,N-diethylacetamide [Fairfield Chemical]
189 g (1.26 moles) is added to the dropping funnel under steady nitrogen purge
or in a nitrogen-filled glove bag. The phosphite is then heated with stirring to
150° under nitrogen purge. The temperature of the phosphite is measured directly
by the thermometer held in place in the Y-tube. At 150°, the acetamide is slowly
dripped into the phosphite. (@ Caution. The addition should be slow due to
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the exothermic nature of the reaction.) Chloroethane is evolved rapidly and is
swept from the reaction vessel by the nitrogen stream. After addition of the
acetamide is complete (~2 hr), the temperature of the reaction pot is maintained
at 150° for another hour. The resulting yellow mixture is vacuum-distilled, and
the (C,H,0),P(O)CH,C(O)N(C,H,), is collected at 122-130° (<1 torr). The yield
is about 60%, and the purity is better than 95%. Similar yields and purity levels
are obtained for (CH,0),P(O)CH,C(OIN(C,H,), (86-120°/<1 torr) and (i-
C,H,0),P(O)CH,C(O)N(C,Hj,), (112-128°/<1 torr). Similar yields are obtained
for (C,H;0),P(O)CH,C(O)N(C,H,),  (112-130°/<1 torr)  and
(CH,50),P(O)YCH,C(O)N(C,H;), (105-125%<1 torr), but there are several
impurities that cannot be removed by simple distillation.*

2. Michaelis Reaction

THF
(RO),P(O)H + NaH — [(RO),P(O)]Na + H,
E,0
[(RO),P(0)]Na + CICH,C(O)N(C,H,), —
(RO),P(O)CH,C(O)N(C,H,), + NaCl

R = C,H;, n-CH,, n-CiH,;

Diethyl phosphonate (98%) [Aldrich Chemical], 215 g (1.55 moles), is added
to a 250-mL addition funnel under dry nitrogen. A slight excess of NaH [Aldrich
Chemical], 37.5 g (1.56 moles), is placed in a nitrogen-filled 1-L three-necked
flask containing a stirring bar. (@ Caution. Sodium hydride is extremely pyr-
ophoric.) The flask is evacuated, and approximately 200 mL of dry tetrahydro-
furan (THF) (distilled from sodium-benzophenone ketal) is vacuum-transferred
from a storage vessel into the flask at —196°, using standard Schlenk tech-
niques.'* The contents of the flask are warmed to room temperature, the flask
is back-filled with dry nitrogen, and the flask is fitted with a water-cooled
condenser, a dropping funnel that contains the diethyl phosphonate, and a nitro-
gen gas inlet tube. The diethyl phosphonate is added slowly over 1 hr to the
stirred slurry of NaH/THF. A vigorous evolution of hydrogen occurs, and this
gas is swept out of the vessel with the nitrogen stream. Vacuum evaporation of

*The same procedure, with minor modifications, was used by the checker to prepare the (car-
bamoylmethyl)phosphonate compounds with R = n-hexyl, R’ = isobutyl and R = 2-ethylbutyl,
R’ = ethyl. Running the reactions at somewhat reduced pressure (~90 torr) facilitates the removal
of these higher-boiling alkyl halides, minimizing by-products from their participation in the Arbusov
reactions. Crude yields of ~95% pure material are almost quantitative; yields of >99% pure material
obtained by mercury purification are 85-90%.
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all the volatile components leaves a gummy white solid, [(C,HsO),P(O)]Na.
Yield: 209 g (85%). The yields for the other salts are similar.

Sodium diethyl phosphonate, 255 g (1.6 moles), is loaded into a 2-L three-
necked flask under dry nitrogen. The flask is evacuated, and about 1 L of
anhydrous diethyl ether is vacuum-transferred into the flask. 2-Chloro-N,N-die-
thylacetamide [Fairfield Chemical], 201 g (1.3 moles), is added to a 500-mlL
dropping funnel under nitrogen. The flask containing the frozen NaP(O)(OC,Hy,),/
Et,0 solution is back-filled with nitrogen, and a water-cooled condenser, a Hg
bubbler, a dropping funnel that contains the CICH,C(O)N(C,Hj;),, and a nitrogen
gas inlet tube are put in place. While the diethyl ether is still frozen, the
CICH,C(O)N(C,Hs,), is added slowly. The entire contents are then allowed to
warm to 25°. Heat is evolved, and a fine precipitate of NaCl forms. The mixture
is heated at reflux for 1 hr. The condenser and dropping funnel are then removed,
and the ether is evaporated under vacuum. Benzene (500 mL, dried over Na) is
transferred under nitrogen to the flask, and this mixture is stirred for 1 hr. The
benzene, containing the (carbamoylmethyl)phosphonate, is filtered in air several
times through a medium-porosity fritted funnel to remove NaCl. Vacuum evap-
oration of the benzene produces (C,H,0),P(O)CH,C(O)N(C,Hs,), in about 65%
yield. ForR = n-C/H, and n-C¢H,,, the extraction is more efficient with hexane.
The crude products are purified by distillation as described in Section 1.*

3. Purification

HNO,
2(RO),P(O)CH,C(O)N(C;H;), + 2Hg(NO,), —
{Hg[(RO),P(O)CHC(O)N(C,H;),INO,},
NayCO4
{Hg[(RO),P(O)CHC(O)N(C,H;),INO;}, + 8KCN —
H,0

2Hg(CN)2™ + 8K* + 2(RO),P(0)CH,C(O)N(C,H,),
R = n‘C4H9, n'C6H13

*The same procedure was used by the checker to prepare the (carbamoylmethyl)phosphonate
compound with R = isopropyl, R" = ethyl in a yield of 72% of distilled product with purity >99%.
Some simplification is achieved by adding the tetrahydrofuran [Aldrich, 99.5+ % Gold Label] to
the NaH [Aldrich] through the dropping funnel instead of distilling from sodium benzophenone, and
by adding anhydrous ether through the funnel to the sodium salt of the dialkyl phosphite (without
pumping off the THF) in the same vessel in which the latter is prepared (using a flask of appropriate
size for the scale of reaction). The 2-chloro-N,N-dialkylacetamide is then added through the funnel
so as to maintain spontaneous reflux.
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The (carbamoylmethyl)phosphonates, with R = CH,, C,H;, and i-C;H,, are
typically obtained with 95% or better purity after one distillation. If higher purities
are required, the following purification procedure can be used, but there is
significant loss of the desired ligands to the aqueous phase. The ligands with
R = n-C,H, and n-C¢H,; are typically obtained with 60-80% purity after one
distillation. Subsequent distillations result in significant product degradation. On
the other hand, these two ligands can be easily purified using the following
scheme given for R = n-C H,.

In a 1-L polyethylene bottle, crude dibutyl [(N,N-diethylcarba-
moyl)methyl]phosphonate (56 g, 0.18 mole) is diluted with hexane to give a
20% (v/v) solution of the ligand. To this solution is added 400 mL of a 1 M
HNO; solution that is also 1 M in Hg(NO,),. (@ Caution. Mercury salts are
toxic.) The two-phase mixture is agitated for 24 hr on a shaker. A white precipitate
forms at the interface. The solid is collected by filtration and washed with three
50-mL portions of water and three 50-mL portions of hexane. The complex has
been shown to be {Hg[(BuO),P(O)CHC(O)N(C,H;),INO,},."*t

The ligand is reclaimed by dissolving the mercury complex (85 g, 0.15 mole)
in 1 L of water containing 130 g (2 moles) of KCN and 53 g (0.5 mole) of
Na,CO,, and combining this solution with 200 mL of hexane. (® Cau-
tion. Cyanides are very poisonous.) If the complexes containing ligands with
R = Me, Et, ori-Pr are being used, benzene is the preferred solvent. The mixture
is shaken for 1 hr. The phases are separated, and the ligand is recovered from
the organic phase by vacuum evaporation of the solvent. The ligand is recovered
with greater than 99% purity. The success of the above extraction can be checked
by removing a small aliquot of hexane from the organic phase and adding a
copper bead and a few milliliters of 1 M HNQO, to the aliquot. If mercury deposits
on the copper bead, an additional KCN/Na,CO,; extraction is required. The
aqueous solution containing the Hg(CN), is evaporated slowly at 25° in an
efficient fume hood, and the solid residue can then be reclaimed or safely disposed.

Properties™

The (carbamoylmethyl)phosphonates are colorless to slightly yellow viscous
liquids that are stable to water and air. It is advised that for long-term storage
the ligands be contained in a vessel with a dry nitrogen atmosphere. The dihexyl
(R = C¢H,;) and dibutyl (R = C,H,) derivatives are soluble in hexane, tetra-
hydrofuran, benzene, and diethyl ether. They are only very slightly soluble in
water. The dimethyl (R = CHs,), diethyl (R = C,H,), and diisopropyl (R = i-
C;H,) derivatives are soluble in THF, diethyl ether, and benzene and moderately

1The mercury purification was used by the checker to purify commercial DHDECMP as well
as the dihexyl N,N-diisobutyl and bis(2-ethylhexyl) N,N-diethyl compounds referred to in Section 1.
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soluble in water. They are not appreciably soluble in hexane. The principal
infrared bands of a thin film appear in the following regions: v., 1648-1638,
Vpo 12621250, and vpoc 980 cm™'. The following NMR spectral resonances'*
are useful in identifying the products: (CH,Cl, solvent) 'H § (PCH,C) 2.98-2.86
ppm (doublet J5; = 22 Hz); ’C 8 (PCH,C) 34.81-32.65 ppm (doublet, Jp. =
133.6-131.6 Hz); *'P & 24.53-22.00 ppm.
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34. TRIPHENYL(TRICHLOROMETHYL)PHOSPHONIUM
CHLORIDE AND
(DICHLOROMETHYLENE)TRIPHENYLPHOSPHORANE

Submitted by ROLF APPEL*
Checked by FRITZ HASPEL-HENTRICH?t

Triphenyl(trichloromethyl)phosphonium chloride and (dichloromethylene)tri-
phenylphosphorane are important intermediates in the reaction system triphenyl-
phosphine/carbon tetrachloride.' Solutions of (dichloromethylene)triphenyl-
phosphorane, which is a convenient Wittig reagent, were first prepared by the
addition of dichlorocarbene to triphenylphosphine in chloroform.>* However,
the ylide could not be separated without degradation caused by the reaction
medium.

The method of preparation described here is based on the dechlorination of
triphenyl(trichloromethyl)phosphonium chloride in benzene, which makes the
isolation of the (dichloromethylene)triphenylphosphorane possible without
decomposition.*

A. TRIPHENYL(TRICHLOROMETHYL)PHOSPHONIUM
CHLORIDE

Ph,P + CCl, — [Ph,P—CCL]CI

® Caution. Carbon tetrachloride and benzene are suspected carcinogens.
The reaction should be carried out in a well-ventilated hood, and gloves should
be worn at all times. The reaction should be protected from moisture at all
times.

Procedure

A 1000-mL round-bottomed flask equipped with a side-arm gas inlet and a large
magnetic stirring bar is flushed with nitrogen. Triphenylphosphine [Aldrich]
(105 g, 0.4 mole), anhydrous carbon tetrachloride (400 mL), and dry acetonitrile .
(200 mL) are placed in the flask. Carbon tetrachloride and acetonitrile are dried

*Anorganisch-Chemisches Institut der Universitiat Bonn, Gerhard-Domagk-Strasse, 53 Bonn 1,
West Germany.
tDepartment of Chemistry, University of Idaho, Moscow, ID 83843.
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by stirring with P,O,, and are distilled before use. The vessel is sealed with a
mercury valve, and the suspension is stirred for 1 hr at room temperature.
Approximately one-third of the solvent mixture is removed under vacuum. The
vacuum pump is protected with a trap cooled with Dry Ice/ethanol and the
solvents are retained in a similarly cooled trap. (8 Caution. Do not use a
water aspirator!) The reaction flask is flushed with nitrogen, and 28.8 g (30
mL, 0.4 mole) of 1,2-epoxybutane [Aldrich] is added to destroy the reaction
by-product, dichloro(triphenyl)phosphorane.

After stirring for an additional hour, the solid is collected by filtration through
a Schlenk filter tube,” washed with 50 mL of dry benzene and 50 mL of dry
diethy! ether, and dried under vacuum. Benzene and diethyl ether should be
heated at reflux over sodium metal. The yield of crude [Ph,P—CCL,]Cl is approx-
imately 40 g. The product must be recrystallized before it is used as a starting
material for Part B.

For recrystallization, the water-sensitive compound is transferred under anhy-
drous conditions into a 1000-mL round-bottomed flask and is dissolved in approx-
imately 100 mL of dry dichloromethane. Dichloromethane is dried by stirring
with P,O,, and distilling before use. Dry diethyl ether, which is contained in a
pressure-equalizing dropping funnel, is added in small portions until the product
starts to separate. After 3 hr under an inert atmosphere, recrystallization is
complete and the white solid material is separated by filtration through a Schienk
filter tube and dried under vacuum. Yield: 29 g (17.4%); mp: 171-180° (dec.).

Anal. Calcd. for C,,H,;CL,P: C, 54.84; H, 3.63; P, 7.44; Cl, 34.1. Found:
C, 54.95; H, 3.67; P, 7.53; Cl, 33.5.

The IR spectrum (KBr disk) has bands at 3020 (vw), 1582 (vw), 1480 (w),
1435 (m), 1117 (m), 1060 (vw), 992 (w), 755 (m), 720 (m), 688 (m), 536 (m),
and 518 (m) cm™"'. *'P {'H} NMR (CD,Cl,):  47.5 (s) relative to H,PO,.

B. (DICHLOROMETHYLENE)TRIPHENYLPHOSPHORANE
[Ph,P—CCL]Cl + [(CH,),N];P — Ph,P=CCl, + [(CH,),N],PCl,

Procedure

B Caution. Benzene, hexamethylphosphorous triamide, and dichloro-
phosphoranetriyltris{dimethylamine] are suspected carcinogens. The reaction
should be conducted in a well-ventilated hood, and gloves should be worn at
all times. The synthesis must be carried out in the absence of any moisture.
Airless Schlenk ware and two-ended filters with side-arm gas inlets for filtration
are recommended.® Solvents should be dried rigorously.
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After flushing with nitrogen, 500 mL of dry benzene (heated at reflux over
sodium) and 20.8 g (50 mmol) of triphenyl{trichloromethyl)phosphonium chio-
ride (Part A) are added through a Schlenk tube to a 1000-mL round-bottomed
flask equipped with a side-arm gas inlet and a magnetic stirring bar. The sus-
pension is treated with 8.15 g (8.2 mL, 50 mmol) of hexamethylphosphorous
triamide® [Aldrich] and is stirred for 4 hr at room temperature. The intensely
colored yellow-orange solution is separated from the pale brown precipitate,
dichlorophosphoranetriyltris{dimethylamine], by filtration through a Schlenk fil-
ter tube. The product separates when the filtrate is evaporated under vacuum to
a volume of about 50 mL. The vacuum pump is protected by a Dry Ice/ethanol-
cooled trap, and the solvent is collected in a trap cooled similarly. (@ Cau-
tion. A water aspirator must not be used!) The yellow solid is collected by
filtration through a Schlenk filter tube, washed with 5 mL of benzene and 5 mL
diethy! ether, and dried under vacuum. Yield: 14.1 g (82%).

Anal. Calced. for C,,H,;CLP: C, 66.11; H, 4.38; Cl, 20.54; P, 8.97. Found:
C, 67.23; H, 4.48; Cl, 19.22; P, 9.03.

Properties

(Dichloromethylene)triphenylphosphorane, Ph,P=CCl,, is a water-sensitive,
bright-yellow crystalline solid that melts at 112° with decomposition. The IR
spectrum (KBr disks) has bands at 3055 (w), 1590 (w), 1485 (w), 1440 (s),
1310 (vw), 1190 (s), 1120 (s), 1090 (m), 1072 (w), 1028 (vw), 994 (m), 923
(vw), 860 (vw), 765 (ms), 721 (s), 697 (s), 540 (s), 520 (m), 507 (m), 465 (w),
and 292 (w) cm~"'. *'P {"H} NMR (C,Dy): & 18.6 (s) relative to H,PO,.
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35. [PHENYL(TRIMETHYLSILYL)METHYLENE]-
PHOSPHINOUS CHLORIDE [CHLORO-
[PHENYL(TRIMETHYLSILYL)METHYLENE]PHOSPHINE]

Submitted by ROLF APPEL*
Checked by LI-BEI-LIf and ROBERT H. NEILSON+

[Phenyl(trimethylsilyl)methylene]phosphinous chloride is a compound that is of
high value for the syntheses of other phosphaalkenes.' Because of its sensitivity
toward moisture and oxygen, all reactions are carried out under argon and with
dry solvents.

A. N,N,N',N'-TETRAMETHYL-P-[PHENYL-
(TRIMETHYLSILYL)METHYL]JPHOSPHONOUS DIAMIDE

TMEDA

PhCH,Si(CH,), + nBuLi — PhCH(Li)Si(CH,),, TMEDA + nBuH

PhCH(Li)Si(CH,);>TMEDA + [(CH,),N],PCl —
PhCH[Si(CH,);]P[N(CH,);], + LiCV'TMEDA

TMEDA = [(CH;),NCH,],

Procedure

A solution of 100 g (0.61 mole) of trimethyl(phenylmethyl)silane® [Pfalz and
Bauer] and 87.5 mL (0.61 mole) of N,N,N’',N'-tetramethyl-1,2-ethanediamine
(TMEDA) [Aldrich] dissolved in 150 mL of diethyl ether is placed in a 1-L
three-necked flask provided with a dropping funnel, a mercury relief valve, and
a magnetic stirrer. This solution is cooled to —20°, and 364.3 mL (0.61 mole)
of a 1.6 M solution of butyllithium in hexane is added over a 90-min period.
After being warmed to room temperature, the reaction mixture is stirred for at
least 6.5 hr while the orange-yellow lithium complex salt precipitates. The
mixture is cooled to — 20°, and a solution of 92.7 g (0.61 mole) of N,N,N',N'-
tetramethylphosphorodiamidous chloride® [Alfa Products] in 80 mL of diethyl
ether is added over a period of 90 min. This mixture is allowed to warm to
ambient temperature and is stirred for 1 hr. Then the LiCl is filtered and washed

* Anorganisch-Chemisches Institut der Universitit, Gerhard-Domagk-Strasse 1, 53 Bonn 1, West
Germany.
tDepartment of Chemistry, Texas Christian University, Fort Worth, TX 76129.
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three times with 50-mL portions of anhydrous diethy! ether. The solvent and
washings are distilled off, and the product is fractionated through a 30-cm
Vigreux column. During distillation, only mild cooling (18-25°) is used because
the product may crystallize in the condenser. Yield: 118-127 g (70-75%) bp
103-107° at 0.3 torr. The *'P {'H} NMR shows a singlet at § 96.2 ppm.

Anal. Calcd. for C,H,,N,PSi: C, 39.38; H, 9.56; N, 9.92; P, 10.97; Si,
9.95. Found: C, 39.52; H, 9.51; N, 9.71; P, 10.98; Si, 9.71.

B. [PHENYL(TRIMETHYLSILYL)METHYLENE]JPHOSPHINOUS
CHLORIDE

PhCH[Si(CH,),JP[N(CH,),], + 4HCl —
PhCH[Si(CH,),]PCl, + 2(CH,),NH-HCI

PhCH[Si(CH,),]PCl, + DBO — Ph[Si(CH,),JC==PCl + DBO-HCI
DBO = N(CH,CH,);N

Procedure

In a 2-L three-necked flask, provided with a mechanical stirrer and a mercury
relief valve, 120g (0.425 mole) of N,N,N’,N’'-tetramethyl-P-
[phenyl(trimethylsilyl)methyl]phosphonous diamide is dissolved in 1-1.5 L of
pentane. With vigorous stirring at 0°, hydrogen chloride is passed into the reaction
mixture at a rate such that a small escape of gas through the relief-valve takes
place.” (@ Caution. The reaction must be carried out in a well-ventilated
fume hood.) The hydrogen chloride is dried by passing through a 70-cm drying
tube filled with P,O,,. The reaction is completed when the amine hydrochloride
separates at the bottom of the flask. Then the mixture is filtered into a 4-L three-
necked flask, and the amine hydrochloride is washed three times with 50-mL
portions of pentane. The solvent and washings are removed under vacuum at
ambient temperature. The yield of PhACH[Si(CH.),]PCl, is 101-107 g (90-95%);
*'p {'H} NMR: & 189.2 ppm (s). This crude product can be used without further
purification.

To a stired solution of 105 g (0.396 mole) of [phenyl(tri-
methylsilyl)methyljphosphonous dichloride in 2-2.5 L of diethyl ether in a 4-L
flask, 178 g (1.584 moles) of 1,4-diazabicyclo[2.2.2]octane (DBO) is added.
The mixture is stirred overnight at ambient temperature and then filtered. The
solid is washed three times with 100-mL portions of pentane. The collected
filtrates are concentrated to 1.5 L at ambient temperature under reduced pressure,
and the base and its hydrochloride are separated by filtration. The solid is washed
three times with 50-mL portions of pentane. This procedure (concentration and
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filtration of the precipitate) is repeated twice. After that, all of the solvent is
removed, and the resulting red oil is treated with 150 mL of pentane. This
solution is cooled to —30° for 12 hr. After the precipitate is filtered and the
solid is washed three times with 20-mL portions of pentane, the solvent and
washings are removed under reduced pressure. The resulting dark red oil still
contains DBO and polymers. The yield of the crude product is 74.6 g (82.4%).
The distillation is carried out with maximum amounts of 35 g of crude product
in a short-path, large-diameter distillation apparatus as shown in Fig. 1. After
evacuation with a mercury diffusion pump, the crude product is stirred for 1 hr

|
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Fig. 1. Short-path distillation apparatus.
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at room temperature without cooling the condenser in order to sublime the
dissolved DBO into the cooling trap, which is between the distillation apparatus
and the vacuum pump. During the distillation, the bath temperature is raised to
50° before the condenser is cooled, and then to 64°. The product distills at 46°
as a slightly yellow oil. Overheating results in decomposition of the compound.
Yield: 18.5 g (53% relative to 35 g crude Ph[Si(CH,),JC=PCl; 42.9% relative
to PhCH[Si(CH,),;]PCL,).

Anal. Caled. for C,H,,CIPSi: C, 52.53, H, 6.12, Cl, 15.50, P, 13.54, Si,
12.28. Found, C, 52.86, H, 6.28, Cl, 15.76, P, 12.98, Si, 12.84.

Properties

Phenyl[(trimethylsilyl)methylene]phosphinous chloride is a yellow oil that solid-
ifies at ~ — 10° and boils at 46° (10~ * torr). The proton-decoupled phosphorus
NMR spectrum shows a singlet at 273.4 ppm.

In analogy to the chlorophosphines, chloro(methylene)phosphine undergoes
substitution reactions via HCI elimination that result in P-N, P-O, P-S, and P-
P linkages.” Additionally, a scrambling reaction takes place with aminophos-
phines similar to the scrambling reactions of the chlorophosphines in which the
phosphorus has coordination number 3.
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36. METHANETETRAYLBIS(PHOSPHORANES)
(CARBODIPHOSPHORANES)

Submitted by ROLF APPEL*
Checked by JOSEPH G. MORSE+

Twenty years after the discovery of the methanetetraylbis(phosphoranes) (car-
bodiphosphoranes),' preparative chemists have an interest in this class of com-
pounds because of its potential as a precursor to other materials.? The first of

*Anorganisch-Chemisches Institut der Universitit, Gerhard-Domagk-Strasse 1, 53 Bonn, West
Germany.

tDepartment of Chemistry and Biochemistry, Utah State University, Logan, UT 84322,
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these was the hexaphenyl compound,' for which we have developed a simpler
synthesis.> Methanetetraylbis(triphenylphosphorane) shows typical phosphorus-
ylide reactions with organic compounds.* The ambident ligand properties of this
ylide make it a valuable reagent for complex formation.*”’

A. P,P’-METHANETETRAYLBIS[N,N,N',N',N",N"-
HEXAMETHYLPHOSPHORANETRIAMINE]
[HEXAKIS(DIMETHYLAMINO)CARBODIPHOSPHORANE]

[(CH,),N],PCH,P[N(CH,),], + 2CCl, + 3(CH,),NH —
[(CH,),N];P==CHP[N(CH,),];*Cl~ + 2CHCI, + [(CH),NH,]*Cl”

[(CH;),N],P—=CHP[N(CH,),];"Cl~ + NaH —
[(CH,),N],P=C=P[N(CH,),]; + H,T + Na(l

This molecule, in contrast to other carbodiphosphoranes for which X-ray struc-
tural measurements have been made, has a PCP angle of exactly 180°.%"

Procedure

B Caution. Carbon tetrachloride is a suspected carcinogen. All reactions
should be carried out in a well-ventilated hood, and because of the sensitivity
of the reactants and products to oxygen and moisture, they should be protected
with anhydrous argon or nitrogen.

To a 250-mL two-necked round-bottomed flask equipped with an argon inlet, a
magnetic stirring bar, and a mercury relief valve that contains a solution of 4.5 g
(17.9 mmol) of P,P’-methylenebis[N,N,N',N’'-tetramethylphosphonous diam-
ide]" ([(CH,),N},PCH,P[N(CH,),],) in 100 mL of tetrahydrofuran (THF) at 0°
is added 2.4 g (53.7 mmol) of dimethylamine and 5.5 g (35.6 mmol) of carbon
tetrachloride. After stirring for 12 hr at 0°, the reaction mixture is allowed to
warm to ambient temperature over several hours. The mixture is filtered to remove
[(CH;),NH,]*Cl~. The volume of solvent is reduced under vacuum until a
precipitate forms. This solid is filtered and dried at 40° (0.3 torr). The yield of
tris(dimethylamino){[tris(dimethylamino)phosphoranylidenejmethyl]phosphon-
ium chloride after recrystallization from THF is 3.9 g (58%),t mp177°; *'P {'H}
NMR (CDCl,): & 54.2.

Anal. Caled. for C,H,,CINP,: C, 41.65; H, 9.95; Cl, 9.46; N, 22.42; P,
16.52. Found: C, 41.59; H, 9.91; Cl, 9.76; N, 22.27; P, 16.8.

1The checker reports that an oil separates as the solvent is evaporated. Upon chilling overnight,
crystals form; these are filtered and recrystallized from tetrahydrofuran/hexane.
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To a solution of 8.2 g (22 mmol) of the phosphonium salt dissolved in 100
mL of THF contained in a 250-mL flask equipped as above is added 2.4 g (100
mmol) of sodium hydride.

® Caution. Sodium hydride is very reactive with easily reducible sub-
stances. Hydrogen is a product of the reaction, and a well-ventilated hood must
be used. Flames should be kept away.

The mixture is stirred at ambient temperature until the generation of hydrogen
can no longer be observed (~2 days). The sodium chloride and unreacted sodium
hydride are removed by filtration, the solvent is removed under vacuum, and
the residue is distilled under high vacuum using the short-path distillation
apparatus described in this volume." The yield of P,P’-methanetetraylbis
[N,N,N',N’,N",N"-hexamethylphosphoranetriamine] [[(CH;),N],P=C=P
[N(CH,),];] is 6.4 g (86%),* bp 87° (5§ X 10~ torr). It is a colorless liquid that
crystallizes to a solid that melts at 51° *'P {'H} NMR (d-THF): § 27.7.

Anal. Caled. for C,sH;4NGP,: C,46.14; H, 10.72; N, 24.83; P, 18.31. Found:
C, 45.81; H, 10.67; N, 24.62; P, 18.3.

Properties

P,P'-Methanetetraylbis[N,N,N' ,N',N",N"-hexamethylphosphoranetriamine] is a
colorless water-sensitive solid. In the mass spectrum, a molecular ion at 338
and peaks at 294 [M-N(CH,),]" and 250 [M-2N(CH.,),]" are observed.

B. METHANETETRAYLBIS[TRIPHENYLPHOSPHORANE]

3Ph,P + CCl, — [Ph,P==C(CHPPh;]"Cl~ + Ph,PCl,

[Ph,P=C(CI)PPh,]"Cl~ + P[N(CH,),], —
Ph,P—=C=PPh, + [(CH,),N1,PCl,

Procedure

B Caution. Carbon tetrachloride is a known carcinogen. The reactions
should be carried out in a well-ventilated hood. Because of the sensitivity of the
compounds toward moisture and oxygen, all reactants must be protected by
nitrogen or argon, and all solvents must be anhydrous.

Into a 500-mL three-necked round-bottomed flask equipped with an argon inlet,
a magnetic stirring bar, a thermometer, and a mercury relief valve is placed

*The checker finds that upon distillation the product crystallizes directly on the cold finger
condenser (sublimation apparatus) and can be removed by scraping under anhydrous conditions.
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78.6 g (0.3 mole) of Ph;P [Strem Chemical] dissolved in 150 mL of CH,Cl,.
Carbon tetrachloride (31.0 g; 0.2 mole) is added, and the mixture is stirred at
ambient temperature. After a few minutes, the solution becomes yellow-brown;
after 60 min it is warm and dark brown. Crystalline Ph,PCl, precipitates after
4 br of stirring. When the mixture has been stirred for an additional 2 hr (7 hr
total), 15.0 g (0.2 mole) of 1,2-epoxybutane [Aldrich Chemical] is added slowly
while the temperature is not allowed to exceed 40°. (m Caution. /,2-Epox-
ybutane is a moisture-sensitive, flammable liquid and must be handled in an
inert atmosphere.) Approximately 80 mL of diethyl ether is added dropwise
until a slight turbidity appears. After stirring for another 20 min, the precipitation
is complete. Then the mixture is filtered. The solid residue is washed again with
CH,Cly/Et,0. The white solid is dried under vacuum at 80-100°. The yield of
[chloro(triphenylphosphoranylidene)methyl]triphenylphosphonium chloride,
[Ph,P—=C(C1)PPh;) “*Cl ", is 45 g (74%)*; mp 258-260°."

Anal. Caled. for C;H,CL,P,: C, 73.15; H, 4.94; P, 10.21; Cl, 5.85; total
Cl, 11.70. Found: C, 73.30; H, 4.87; P, 10.27; C1~, 5.88; total Cl, 11.77.

To 150 mL. of benzene in which 40.0 g (0.066 mole of [Ph,P—=C(C1l)PPh,]*Cl1~
is suspended is added 10.8 g (0.066 mole) of hexamethylphosphorous triamide
[Aldrich]). After 24 hr the mixture is heated to boiling as rapidly as possible in
a preheated oil bath (~100°) and is then immediately filtered through a glass
frit. The filtrate is cooled to 25°, and the precipitate that forms on cooling is
separated by filtration. The solid is washed twice with 10-mL portions of diethyl
ether. The methanetetraylbisjtriphenylphosphorane], Ph,P—C=PPh,, is dried
at 25° under reduced pressure (0.3 torr). The yield is 21.8 g (61%),T mp 213—
215°.

Anal. Caled. for C;;H,P,: C, 82.8; H, 5.6; P, 11.5. Found: C, 83.3; H,
5.8, P, 11.6.

Properties

Methanetetraylbis|triphenylphosphorane] is a yellow crystalline solid that is sta-
ble for long periods in an anhydrous environment at 25°. In the IR spectrum
(Nujol mull), a strong band at 1315 cm™' with a shoulder at 1282 cm ™' is a
most characteristic feature. In cyclohexane it absorbs in the 275-379-mp region
with A, 325 mp (€ 0.7 X 10%), also at A, 258 mp (€ 0.6 X 10*) and A,
225mp. (e 3 X 10%.!

*The checker used approximately 1/10 the quantity of reactants and found that turbidity appeared
only when the diethyl ether/CH,Cl, ratio was ~3:4. Crystallization required refrigeration overnight
with 85% yield being obtained.

1The checker obtained a 20% yield, which may arise from the smaller scale reaction. In a second
attempt, he preheated the filter before filtering the hot solution, but only a small improvement in
yield was noted.
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37. BIS[BIS(TRIMETHYLSILYL)METHYLENE]-

CHLOROPHOSPHORANE

Submitted by ROLF APPEL*
Checked by ROBERT T. PAINE?

The interaction of phosphorus trichloride with LiCCI[Si(CH,),], yields
[(CH,),Si],C=PC(CI)[Si(CH,);],, which rearranges by thermal chlorine migra-
tion to the title compound. Bis[bis(trimethylsilyl)methylene]chlorophosphorane,
when decomposed at high temperature, is a useful precursor to a longer lived
phosphoalkyne, P=CSi(CHs;); (¢,,, = 50 min).

*Anorganisch-Chemisches Institut der Universitat, Gerhard-Domagk-Strasse 1, 53 Bonn, West

Germany.

tDepartment of Chemistry, University of New Mexico, Albuquerque, NM 87131.
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A. (DICHLOROMETHYLENE)BIS[TRIMETHYLSILANE]

2BuLi

CH,Cl, + 2(CH,),SiCl — CLC[Si(CH,),], + 2LiCl + 2CH,,

Procedure

@  Caution. Buwyllithium reacts violently with water. It should be handled

under an atmosphere of nitrogen or argon, and all solvents should be rigorously
anhydrous.
A rigorously dried 2-L three-necked round-bottomed flask equipped with a
mechanical stirrer, a thermometer, and a 1-L jacketed pressure-equalizing addi-
tion funnel is charged with 51 g (0.6 mole, 38.5 mL) of dichloromethane, 800
mL of tetrahydrofuran, 80 mL of pentane, 80 mL of diethyl ether, and 160 g
(1.47 moles, 187 mL) of freshly distilled chlorotrimethy!silane [Aldrich Chem-
ical]. The vessel is immersed in an ethanol/liquid nitrogen slush bath (— 118°).
After the vessel is flushed with nitrogen or argon, 1.2 moles of butyllithium
dissolved in 750 mL of hexane is transferred to the addition funnel, the apparatus
is closed with a mercury relief valve, and the butyllithium solution is cooled
with a cryostat to —70°. It is then added dropwise to the reaction vessel with
vigorous stirring while the temperature inside the vessel is maintained at < —105°.
This procedure requires ~4.5 hr. When addition is complete, the reaction mixture
is allowed to warm to 25° overnight and the addition funnel is replaced by a
distillation bridge. Solvents and excess chlorotrimethylsilane are removed by
distillation until the temperature reaches 70°. The lithium chloride is removed
by filtration through a fritted filter funnel. The filtrate is collected in a 250-mL
round-bottomed flask. Distillation of the remaining liquid by means of a 30-cm
Vigreux column yields 80 g (58%) of CLC[Si(CH,):],, bp 204° (62-65°0.1
torr).

Anal. Calcd. for C;H,,Cl,Si,: C, 36.7; H, 7.9; Si, 24.5. Found: C, 37.0; H,
8.2; Si, 24.6.

Properties

(Dichloromethylene)bis[trimethylsilane] is a colorless water-sensitive liquid. 'H
NMR (CCl,): 8 0.29 and IR spectrum (neat): 1266 (s), 878 (s), 851 (s), 810 (s),
768, 747, 703 (s), 649, and 632 cm™".
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B. [BIS(TRIMETHYLSILYL)METHYLENE]J[CHLOROBIS-
(TRIMETHYLSILYL)METHYL]PHOSPHINE

CLC[Si(CH,);}, + BuLi — LiC(CD[Si(CH,):]; + BuCl

3LiC(CD[Si(CH,);]1, + PCly — [(CH,),Si],C=PC(CD[Si(CH,);],
+ 3LiCl + CLCISi(CH,);),

Procedure

B Caution. Buryllithium reacts violently with water. All manipulations

should be carried out under anhydrous argon or nitrogen and with anhydrous
solvents.
Into a 1-L three-necked flask equipped with a pressure-equalizing dropping fun-
nel, a mechanical stirrer, a thermometer, and a mercury relief valve are placed
500 mL of tetrahydrofuran, 50 mL of pentane, SO mL of diethyl ether, and 40 g
(0.175 mole) of CLC[Si(CH,),],. While being flushed with dry nitrogen or argon,
the flask and its contents are cooled to and maintained at — 105° (ethanol/liquid
nitrogen slush). Over a period of 1 hr, 110 mL (0.175 mole) of 1.6 M solution
of n-Bul.i in hexane [Aldrich] is added from the dropping funnel. After being
stirred at — 105° for 4.5 hr, a solution of 9 g (0.065 mole, 10% excess) of PCl,
dissolved in 25 mL of ether is added over a period of 10 min. (8 Caution. The
internal temperature must not exceed —90°.) The course of the reaction can be
followed by the change in color of the solution from yellow to dark green. After
warming to 25° overnight, the solvent and the excess PCl, are removed under
vacuum. The residue is mixed with S50 mL of pentane, and the LiCl is removed
by filtering through a fritted funnel. The pentane is removed under vacuum, and
the product is distilled through a short-path distillation apparatus.’ The distillation
must be carried out at <120°, above which rearrangement and decomposition
begin to occur. The yield of [(CH,),Si[,C=PC(CDHISi(CH,),], is 12 g (54%
based on PCl,)."'

Properties

[Bis(trimethylsilyl)methylene]{chlorobis(trimethylsilyi)methylJphosphine is a
yellow oil (bp 86°/10 7 torr) that crystallizes to a yellow solid (mp 48-50°). *'P
{'H} NMR & 173.6 (s).
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C. BIS[BIS(TRIMETHYLSILYL)METHYLENE]-
CHLOROPHOSPHORANE

Cl
[(CH,),SiL,C=PC(CDISi(CH;);}, = [(CH,),Sil,.C= [Si(CH;),),

Procedure

The thermolysis is carried out under anhydrous conditions. The yellow solid
{(CH,);Sil,C=PC(CI){Si(CH,);], (12 g, 0.031 mole) is heated under reflux in
o-xylol for 1 hr or neat for 5 hr. The temperature must not exceed 135°, because
at higher temperatures dimerization occurs by elimination of chlorosilane. The
brown-red product is distilled through a short-path distillation apparatus.” The
yield of [(CH,),Si],C=P(Cl)=C[Si(CH,);], is 7 g (58%)."

Properties

Bis[bis(trimethylsilyl)methylene]chlorophosphorane is an orange-red oil (bp 56°/
10~ torr) that crystallizes to a solid of the same color (mp 58°). *'P {'H} NMR:
8 136.6. °C {'"H} NMR: 3 83.3 (d, Jp—c = 38.6 Hz).

References

1. R. Appel and A. Westerhaus, Tetrahedron Lett., 23, 2017 (1982).
2. R. Appel, Inorg. Synth., 24, 110 (1986).

38. N,N’-DIMETHYL-N,N’-
BIS(TRIMETHYLSILYL)UREA

MeN(SiMe,), + MeNCO -— [Me,SiN(Me)],CO

Submitted by H. W. ROESKY* and J. LUCAS*
Checked by ARLAN D. NORMANY

N,N’-Dimethyl-N,N’-bis(trimethylsilyl)urea' is a useful precursor for synthes-
izing heterocyclic compounds containing the —(Me)NC(O)N(Me)y— moiety.
The reaction of the disilylated urea with S;N;Cl; results in a bicyclic SN

*[nstitut fiir Anorganische Chemie der Universitit Gottingen, Tammannstrasse 4, D-3400 Gét-
tingen, West Germany.
tDepartment of Chemistry, University of Colorado, Boulder, CO 80309.
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compound that contains a carbon atom in the ring skeleton.” With arsenic trich-
loride, an eight-membered ring containing As, N, and C atoms is formed.’ These
two examples give an idea of the scope of this reagent and the easy cleavage of
the nitrogen-silicon bond.

Procedure

& Caution. Methyl isocyanate is malodorous and toxic. Avoid skin contact

and inhalation. All procedures should be carried out in a well-ventilated hood.
Due to the moisture sensitivity of the starting materials and the product, all
substance transfers must be carried out under an atmosphere of nitrogen.
The reaction is carried out in a 100-mL two-necked flask equipped with a mag-
netic stirring bar and a reflux condenser topped with a nitrogen bypass. The
apparatus is purged with nitrogen. Twenty grams (114 mmol) of heptamethyl-
disilazane* and 6.5 g (114 mmol) of freshly distilled methyl isocyanate [Aldrich]
are transferred to the flask with a syringe. The reaction mixture is stirred for 24
hr at 35°. Distillation of the moderately viscous colorless liquid at 55-58° (0.1
torr) yields 18.6 g (70%) of [Me,SiN(Me)],CO. The pure product solidifies
easily in the condenser, so that occasional warming is necessary.

Anal. Calcd. for C;H,,N,0Si,: C, 46.5; H, 10.4; N, 12.0. Found: C, 46.6;
H, 10.4; N, 12.0.

Properties

The silyl-substituted urea is a colorless crystalline solid (mp 22-23°, njy 1.4523).
It is moisture-sensitive. At —30° it can be stored in a sealed flask for several
months. 'H NMR (CH,CL,): & 2.75 (NCH;) and & 0.21 (SiCH,). IR v 1625
(s) cm ™' (Nujol mull).

References
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2. H. W. Roesky, T. Miiller, and E. Rodek, J. Chem. Soc., Chem. Commun., 10, 439 (1979).
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39. 1,3,5,7-TETRAMETHYL-
1H,5H-{1,4,2,3]DIAZADIPHOSPHOLO-
[2,3-b][1,4,2,3]DIAZADIPHOSPHOLE-2,6(3H,7H)-DIONE
AND A MOLYBDENUM COMPLEX

Submitted by H. W, ROESKY* and J. LUCAS*
Checked by ARLAN D. NORMAN+

Although the syntheses of compounds containing phosphorus-phosphorus bonds
are well established,' the incorporation of this diatomic unit into polycyclic
molecules is not easy to accomplish. The method presented here is a single-step
reaction starting with silyl-substituted urea and phosphorus trichloride.? Variation
of the urea substituents and the use of RPCIl, instead of PCl; demonstrate the
scope of this reaction, which leads to bicyclic \>’P—\’P as well as spirobicyclic
N’P—N°P molecules.’* Reactions of the title compound with metal carbonyls
do not result in an oxidative cleavage of the phosphorus-phosphorus bond, since
the diphosphane acts as a monodentate and as a bridging ligand.®

A. 1,3,5,7-TETRAMETHYL-
1H,5H-[1,4,2,3]DIAZADIPHOSPHOLO(2,3-b}-
(1,4,2,3]DIAZADIPHOSPHOLE-2,6(3H,7H)-DIONE

CH,Cl,

[Me,SiN(Me)],CO + 2PCl, —

P—P + 4Me,SiCl + solid®

*Institut fiir Anorganische Chemie der Universitit Gottingen, Tammannstrasse 4, D-3400 Got-
tingen, West Germany.
‘tDepartment of Chemistry, University of Colorado, Boulder, CO 80309.
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Procedure

B Caution. Phosphorus trichloride is a highly corrosive and easily hydro-

lyzed compound. It should be handled in a dry nitrogen atmosphere. Gloves
should be worn.
The silyl-substituted urea [Me,SiN(Me)],CO is prepared according to the liter-
ature.”® Because of the moisture sensitivity of the starting materials and the
product, all compound transfers are carried out in an inert-atmosphere glove
box.® Solvents are carefully dried. Dichloromethane and CCl, are distilled from
P,O,,, and tetrahydrofuran (THF) is distilled before use from sodium benzo-
phenone ketyl solution. The reaction is carried out in a 250-mL two-necked flask;
equipped with a reflux condenser, a dropping funnel, and a nitrogen-inlet bubbler.
While a slow stream of nitrogen is passed through the apparatus, a solution of
17.2 g (74 mmol) of [Me;SiN(Me)],CO in 60 mL of CH,Cl, is added dropwise
to a stirred solution of 10.1 g (74 mmol) of freshly distilled PCl,, in 30 mL of
CH,Cl,. To maintain a constant reaction temperature, the flask is immersed in
an ambient temperature water bath during the reaction. After completion of the
addition, the solvent Me,SiCl and other volatile substances are evaporated and
trapped at liquid nitrogen temperature by applying oil-pump vacuum and heating
the flask at 40°. The sticky white residue is stirred in 50 mL of CCl,, filtered,
and washed three times with 5-mL portions of CCl,. Heating this residue at 110°
(0.01 torr) traps an oily product (bp 95°/0.2 torr), which has been shown to be
a six-membered P,N,C heterocyclic compound.®

Me (6]

et

Cl——P/ \N—Me
N’

N\
MeO

At 140-150° (0.01 torr) the title compound sublimes. Further purification by
resublimation at 180-190° (760 torr) results in 2.3 g (13%) of pure
P,[MeNC(O)NMe],.

Anal. Caled. for CiH,,N,O,P,: C, 30.78; H, 5.16; N, 23.93; P, 26.46. Found:
C, 30.7; H, 5.1; N, 23.9; P, 26.4.

Properties

The colorless crystalline compound is soluble in CH,Cl, and tetrahydrofuran
(THF) and only slightly soluble in aliphatic hydrocarbons. The moisture- and
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air-sensitive diphosphane can be stored for several weeks in a carefully sealed
flask under an atmosphere of dry nitrogen. mp 174-176°; IR: v, at 1685 (s)
and 1660 (s) cm ™' (Nujol mull); 'H NMR (CH,Cl,, 200 MHz): 8xcy, 3.40 (Jencn
= 5 Hz); P NMR (85% H,PO,, CH,Cl,, 36.43 MHz) & 27.3. The mass
spectrum (70 eV) exhibits a molecular ion (m/e 234, 30% relative intensity) and
peaks corresponding to M — NCH,CO (177, 30%), P,NCH,CONCH, (148,
10%), PNCH,CO (88, 20%), and PNCH, (60, 100%). The X-ray structure
exhibits an “open-book” arrangement of two five-membered P,N,C rings joined
along the P—P bond. Two molecules form centrosymmetric pairs around the
four phosphorus atoms with short internuclear P- - P’ distances.

B. HEXACARBONYLTRIS[p-1,3,5,7-TETRAMETHYL-
1H,5H-(1,4,2,3]DIAZADIPHOSPHOLO[2,3-b]-
(1,4,2,3]DIAZADIPHOSPHOLE-2,6(3H,7H)-
DIONE]}-DIMOLYBDENUM

THF

2Mo(C,Hg)}(CO); + 3P,[MeNC(O)NMe}, —
Mo,(CO).{P,[MeNC(O)NMel,}, + 2C.H,

Procedure

B Caution. Metal carbonyls are extremely hazardous and should be han-
dled in a well-ventilated hood.
In addition to the previously mentioned precautions, the solvents are carefully
deoxygenated by refluxing in a stream of nitrogen for ~1 hr. A solution of 1.1
g (4.1 mmol) of Mo(C,Hg)(CO),'*"" in 20 mL of freshly distilled tetrahydrofuran
(THF) is added slowly to 1.15 g (4.9 mmol) of P,[MeNC(O)NMe]l, in 30 mL
of THF and is heated to 50° for 2 hr. The light yellow precipitate is filtered off
and washed with 10 mL of THF. Recrystallization from CH,Cl, results in 0.5
g of Mo,(CO){P,[MeNC(O)NMel,}, (28%).

Anal. Calcd. for C,,H;sMo,N,0,,P,: C, 27.14; H, 3.39; N, 15.83; P, 17.5.
Found: C, 27.7; H, 3.3; N, 16.2; P, 17.7.

Properties

The air- and moisture-sensitive compound can be stored for several weeks in a
carefully sealed flask under an atmosphere of dry nitrogen. mp 289°; IR: vo at
1980, 1940, 1690 cm ' (Nujol mull); 'H NMR (CH,Cl,, 60 MHz) Onen, 3.0,
*'P NMR (85% H,PO,, CH,Cl,, 36.43 MHz) 8 69.5. The X-ray structure deter-
mination indicates that two (CO),;Mo fragments are bridged by three diphosphane
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ligands in such a way that the molecule is of approximate D, symmetry along
the Mo---Mo axis. The Mo---Mo distance of 509.7(1) pm is too long for any
bonding interaction.
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40. SULFUR DICYANIDE

0-25°

SCL, + 2(CH,),SiCN — S(CN), + 2(CH,),SiCl

1 br

Submitted by RAMESH C. KUMAR* and JEAN'NE M. SHREEVE*
Checked by JERRY FOROPOULOS, Jr.t

Sulfur dicyanide, S(CN),, was first synthesized in 1919." It has since been studied
vigorously. It is usually prepared by the reaction of silver cyanide dispersed in
warm carbon disuifide with sulfur dichloride. However, the yield of S(CN),
when this method is employed has not been reported.” The compound is useful
as a precursor to thiols.

The following procedure is a convenient and relatively inexpensive route to
sulfur dicyanide by the reaction of sulfur dichloride and trimethylsilyl cyanide.
No solvent is required, and thus recovery of S(CN), in high yield is very
straightforward.’

*Department of Chemistry, University of Idaho, Moscow, ID 83843.
tChemistry Division, Argonne National Laboratory, 9700 S. Cass Ave., Argonne, IL 60439.
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Procedure

®  Caution. Sulfur dichloride is an evil-smelling, volatile material that

should be handled with gloves and only in well-ventilated areas. Trimethylsilyl
cyanide is readily hydrolyzed to form HCN. It should be kept free of moisture
and handled only in a fume hood or vacuum line.
Freshly distilled sulfur dichloride (0.612 g, 6 mmol) and trimethylsilyl cyanide
[Aldrich] (1.19 g, 12 mmol) are condensed at — 196° into a 50-mL Pyrex round-
bottomed flask that is equipped with a Kontes Teflon stopcock to which is attached
a 10/30 inner standard taper joint. A Teflon-coated stirring bar is placed in the
vessel. The reaction vessel is connected to the vacuum line by a 10/30 outer
joint. The vacuum system is equipped with a Heise Bourdon tube gauge {Dresser
Industries] and a Televac thermocouple gauge* [Fredericks]. The quantities of
SCl, and (CH,),SiCN are measured in the vacuum line by means of PVT tech-
niques, assuming ideal gas behavior.

The reactor is warmed to 0° while the mixture is stirred. Warming should
continue so that over a 1-hr period the reaction mixture reaches 25°. The vessel
is then cooled to —23° (50/50 ethanol water, v/v, and liquid N,), and all sub-
stances that are volatile at this temperature should be transferred out under
dynamic vacuum into a U-trap that can be removed subsequently to the fume
hood. The contents of the U-trap are destroyed by hydrolysis in aqueous base.
An off-white crystalline solid, S(CN),, remains in the reaction vessel. The pure
white crystalline sulfur dicyanide is obtained by subliming under vacuum (1-
5 X 1077 torr) (0.42 g, 80-85% yield). Sulfur dicyanide is stored in a glass
vessel equipped with a Teflon stopcock at 0—~10°.

Anal. Calcd. for C,N,S: C, 28.57, S, 38.90. Found: C, 28.80, S, 38.90.

Properties

Sulfur dicyanide is a white crystalline solid that sublimes under vacuum at 25°.
It is hygroscopic but can be stored under anhydrous conditions at 0° for long
periods. It is not markedly stable at 25°. On standing at this temperature in the
absence of air, it slowly forms a yellow material of unknown composition. It is
moderately soluble in water, very soluble in ether, and soluble in warm carbon
disulfide. The Raman spectrum of S(CN), suggests a bent structure. The IR
spectrum of the compound in a Nujol mull has absorption bands at 2190 (m)
(C=N) and 1090 (w) (5—C) cm "
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41. DISILYL SELENIDE (DISILASELENANE)

Li{AlIH,] + 4H,Se — Li[Al(SeH),]* + 4H,
Li[Al(SeH),] + 4H,Sil — 2(H,Si),Se + 2H,Se + Lil + All,

Submitted by JOHN E. DRAKE? and BORIS M. GLAVINCEVSKIt
Checked by E. A. V. EBSWORTH} and S. G. HENDERSON;

Disilyl selenide was first prepared in 1955 by the reaction of iodosilane and
silver selenide.' More recent methods have involved the exchange of bromosilane
with dilithium selenide” and the interaction of trisilylphosphine® or -amine,* or
of SiH,”> with H,Se. The former methods require initial syntheses of Ag,Se and
Li,Se and not only are less convenient but also give lower yields than the
interaction of iodosilane with Li[ Al(SeH),] described herein. This route is suitable
for the preparation of the remaining hydromethyl-disilyl or -digermyl selenides
and sulfides.®

Apparatus

The manipulation of all volatile material is carried out in a Pyrex glass vacuum
system of conventional design.” The authors’ system consists of two manifolds
interconnected by four U-traps and a central manifold, which leads to two liquid
nitrogen backing traps and mercury diffusion and rotary oil pumps. The vacuum
in the system is monitored by a Pirani-type gauge fitted to the central manifold.
Pressure readings in excess of about 1 torr are registered by mercury manometers.
High-vacuum Teflon-in-glass valves and a silicone-type grease for ground glass
joints are preferred because of the marked solubilities of the materials in hydro-
carbon grease.

Starting Materials

Todosilane§ is readily prepared by the reaction of phenylsilane [Petrach Systems]
with hydrogen iodide®® or by the reaction of silane [Matheson Gas Products]
with hydrogen iodide in the presence of a catalytic amount of aluminum
triiodide.”'® Hydrogen selenide is conveniently prepared by the hydrolysis of

*Authors do not know exact nature of this species.

tDepartment of Chemistry, University of Windsor, Windsor, Ontario, Canada N9B 3P4.
¥Department of Chemistry, University of Edinburgh, United Kingdom EH9 3]J.

§The checkers have prepared iodosilane by the reaction of trisilylamine with hydrogen iodide.
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AlSe,."" Lithium tetrahydridoaluminate [Alfa Organics] Li[AlH,], and dimethyl
ether [Matheson] are used as supplied.

8  Caution. The selenium compounds in this preparation are toxic and
vile-smelling. The nauseating smell usually results from their dissolution in
stopcock lubricants. To minimize this, manipulations should be performed under
vacuum conditions using greaseless high-vacuum Teflon-in-glass valves and a
minimum of silicone-type grease.T Rapid decomposition of disilyl selenide will
occur on exposure to air or moisture.

Procedure

The reaction vessel is a bulb (~60 mL) the neck of which is extended into a
tube (~6 cm long and ~10 mm o.d.) terminating in a high-vacuum Teflon-in-
glass valve and standard taper 18/9 glass joint for attachment to the vacuum line.
The vessel is purged with dry nitrogen before the addition of fresh Li[AlH,]
(0.05 g, 1.32 mmol). The connector is packed with glass wool to prevent con-
tamination of the vacuum line, and the system is thoroughly evacuated. Dimethyl
ether (—~10 mL) is then condensed in at — 196° (liquid nitrogen), followed by
an excess of hydrogen selenide, H,Se (6.80 mmol). The reactants are allowed
to react with cautious warming while the pressure of the volatile species is
monitored.* A vigorous effervescence, with evolution of hydrogen, is apparent
as soon as the two phases mix.

B Caution. [t is advisable to incorporate a bubbler manometer into the
vacuum line to offset any difficulties arising from sudden expansion of the volatile
material.

When the gas pressure increases too close to atmospheric, the vessel is cooled
to —196°, the stopcock is closed, and the noncondensable gas, H,, is pumped
off from the manifold and manometer. After thorough evacuation, the stopcock
to the pumping system is closed, the stopcock of the vessel is reopened, and the
bath at — 196° is removed, again allowing the volatile material to expand against
the mercury manometer, with quenching as necessary. To slow the reaction, a
— 78° bath (Dry Ice/methanol slush) is more convenient than one at — 196°. The
entire process is repeated until no more hydrogen is liberated. In this manner,
over a relatively short reaction time (~30 min), 5.22 mmol of hydrogen is
evolved.} lodosilane, H,Sil (2.39 mmol) is then condensed at — 196° into the
reaction vessel and allowed to react with the excess selenoaluminate at —45°

tThe checkers used conventionally greased fittings on a vacuum line and encountered no difficulties.

*The checkers advocate that the reaction between hydrogen selenide and lithium tetrahydri-
doaluminate in dimethyl ether is very rapid and care should be taken to avoid evolution of H, at
too great a rate.

1The checkers found that in a —78° bath this part took about 40 min.
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(chlorobenzene/liquid nitrogen slush) for ~3—4 hr with occasional shaking. After
this time the volatile material is fractionated through U-traps held at —78° and
—196°. Pure (H,Si),Se (0.15 g, 1.09 mmol, 91%)* is retained in the former
trap while Me,O with traces of H;SiSeH (identified by its 'H NMR parameters')
is collected in the latter.

B Caution. The selenium residue in the reaction vessel should be handled
in an efficient fume hood. Smell contamination may be considerably reduced by
treatment of the residues with a strong bleach solution followed by an acid wash.
These solutions should be disposed of in the normal way prescribed for toxic
wastes.

Properties

Disilyl selenide (mp 68.0 = 0.2°, bp 85.2 * 1°) is a colorless volatile liquid.'
Its vapor pressure relationship is given in the range —43 to +74.5° by: log,,
P = 7.894 — 1796/T, which leads to a AH,,, of 8219 cal mole ™' and a Trouton
constant of 22.9.' The density at 20° is 1.36.' The 'H NMR spectrum of disily!
selenide recorded in cyclohexane consists of a singlet (g, at 4.12 ppm downfield
of tetramethylsilane (Jyyy 0.63 Hz, Joo 225 = 1 Hz).>'"> The IR spectrum”
shows prominent bands at 2185 (vs), 1872 (w), 1210 (w), 1000 (ms sh), 932
(vs) [895, 889, 884 (vs) Al, 635 (wsh), 597 (ms) C, and 530 (wsh) cm ™', The
mass spectrum® contains a molecular ion at m/e 130-146 (H,Si,Se)*. Disilyl
selenide appears to be stable if kept in the refrigerator in a break-seal glass
ampule. However, decomposition may occur after extended periods of time if
it is left at room temperature.
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*The checkers report a yield of 85%.



Inorganic Syntheses, Volume 24
Edited by Jean’ne M. Shreeve
Copyright © 1986 by Inorganic Syntheses, Inc.
130 Main Group Compounds

42. ORGANIC SUPERCONDUCTING SOLIDS*

Synthetic metals (synmetals) are of ever-increasing interest because of their novel
physical properties such as anisotropic, and sometimes metallic, electrical con-
ductivity. 4,4',5,5'-Tetramethyl-2,2'-bi-1,3-diselenolylidene (tetramethyl-
tetraselenafulvalene, TMTSF), first synthesized'” in 1974, is such a material
which, although it contains no metals, forms radical-cation derivatives that exhibit
widely varying electrical properties including insulating [(TMTSF),[SiF¢]], sem-
iconducting [(TMTSF),[BrO,l], and superconducting {(TMTSF),[C10,]] behav-
ior.” The 2:1 (TMTSF),X salts are most prominent because when X = [SbF,]~,
[TaFe] ™, [AsF¢]~, [PF¢] , and [ReO,]  they become superconducting (SC)
under modest (~8-12 kbar) pressure. In the case of X = [CIO,]” the SC state
is achieved at ambient pressure at ~1.2 K. Although (TMTSF),[PF,] was the
first true organic superconductor to be discovered, the [C1O,] ™ congener remains
the only known ambient pressure organic superconductor in this class of materials.

Recently two more detailed but different procedures for synthesizing deuterated*
and hydrogenated® TMTSF have become available. Certain steps in these pro-
cedures are difficult to perform and give low yields. Therefore, we have devel-
oped a synthesis that combines and elaborates on the two procedures and is
easily performed with good yields.

Materials

The following common laboratory solvents are distilled before use as follows:
chloroform (over alumina), diethyl ether (over FeSQO,), dichloromethane, ben-
zene, heptane, and 1,1,2-trichloroethane. Methanol and ethyl acetate are used
as obtained. Distilled water and aqua regia are used as described herein. It should
be noted that N-(dichloromethylene)-N-methyl methanaminium chloride (phos-
gene iminium chloride) [Aldrich Chemical], trimethyl phosphite [Strem Chem-
icals] and hydrogen selenide [Scientific Gas Products] are all air- and/or moisture-
sensitive and can be used only in a dry, inert atmosphere.

*Work performed under the auspices of the Office of Basic Energy Sciences, Division of Materials
Sciences, of the U.S. Department of Energy under contract W-31-109-ENG-38.
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A. SYNTHESIS OF 4,4',5,5-TETRAMETHYL-
2,2'-BI1-1,3-DISELENOLYLIDENE
(TETRAMETHYLTETRASELENAFULVALENE, TMTSF)

Et,N + H,Se — EtsNH““HSe_

N,/ gsN \/

2Et,NH "HSe~ + 3Et,NH*CI~
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Submitted by JULIE M. BRAAM,* CLARK D. CARLSON,* DENNIS A. STEPHENS,*
ANN E. REHAN,* STEVE J. COMPTON,* AND JACK M. WILLIAMS?t
Checked by C. F. SIELICKI{ and F. S. WAGNER$

Procedure

®  Caution. Hydrogen selenide is a highly toxic gas. Its odor deadens
olfactory nerves, which makes it difficult to detect. It can also be absorbed
through the skin. Extreme care should be exercised in using H,Se and other
selenium compounds. This synthesis should be done only in a well-ventilated
hood, gloves should always be worn, and any excess H,Se should be trapped
in aqueous KOH-H,0,.

1. 1-Methyl-2-oxopropyl dimethylcarbamodiselenoate

® Caution. Until product is extracted with diethyl ether, the procedure
is carried out with total exclusion of oxygen under argon or nitrogen.®
Initially, 5 mL (35.9 mmol) of triethylamine [Baker Chemical] distilled just prior
to use, is added to 150 mL of chloroform (distilled over alumina) in a 250-mL
three-necked round-bottom flask. Complete exclusion of the ambient atmosphere
is required throughout step 1. This solution is degassed with argon or nitrogen
(fine-frit gas dispersion tube) for 30-45 min and then maintained at — 10° (ice/
acetone bath). Under a flow of argon, hydrogen selenide [Scientific Gas Products]
(99.9%) is then bubbled through the solution using a gas dispersion tube (fine
frit) for approximately 30-60 sec, until the reaction is complete as observed by
the detection of excess H,Se by the formation of a red solid in a trap of aqueous
KOH-H,0,. The solution is purged with argon for 3045 min to remove any
excess H,Se, catching any excess in the KOH-H,0, trap. It is essential that the
solution be purged completely of H,Se. A simple test is to insert a microliter
syringe filled with triethylamine. A drop on the end of the needle should not
“smoke” when held above the reaction mixture.*

An additional 5 mL of triethylamine is then added by means of a syringe
(stainless steel needle). A tube-shaped flask containing 2.9 g (18 mmol) of N-
(dichloromethylene)-N-methyl methanaminium chloride [Aldrich], which is loaded
in a dry box, is attached to the reaction flask under a flow of argon, and the
solid is added slowly to the solution over a period of 10-15 min. The reaction

*Research participants sponsored by the Argonne Division of Educational Programs: Julie M.
Braam, St. Mary's College, Winona, MN; Clark D. Carlson, University of Minnesota, Morris, MN;
Dennis A. Stephens, St. Xavier College, Chicago, IL; Ann E. Rehan, Carroll College, Helena, MT;
and Steve J. Compton, Dartmouth College, Hanover, NH.

tCorrespondent, Chemistry Division, Argonne National Laboratory, Argonne, IL 60439,

1Strem Chemicals, Inc., 7 Mulliken Way, Newburyport, MA 01950.
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flask is allowed to warm from — 10° to room temperature and the solution is
stirred for 2 hr, over which time the color changes from orange to very dark
brick red. The solution is then cooled to 0° and 1.9 mL (18 mmol) of 3-bromo-
2-butanone [Kodak] (prac. grade) is added dropwise (5 min) using a syringe
equipped with a stainless steel needle. The mixture is allowed to warm to room
temperature and is then stirred for another 2 hr. The solvent is removed under
vacuum, and the resulting solid is extracted with six 50-mL aliquots of dry
diethyl ether. After the extracts are combined, the solvent is again removed under
vacuum to give 3.7-4.4 g (72-86%) of a yellow oil or oily solid of 1-methyl-
2-oxopropyl carbamodiselenoate (I) that is used without further purification in
the next step of the synthesis. Spectroscopic data (IR, NMR, mass spec.) for
(@) are published.’

2. N-(4,5-Dimethyl-1,3-diselenol-2-ylidene)-N-
methylmethanaminium hexafluorophosphate

In a 50-mL three-necked flask, under a flow of argon to ensure a dry atmosphere,
10 mL of H,SO, (conc.) containing a few drops of acetic anhydride to assure
dryness, is cooled to —10°. Then, 3.4 g (12 mmol) of 1-methyl-2-oxopropyl
carbamodiselenoate (I) dissolved in 2-3 mL of acetic anhydride is added dropwise
by means of a glass pipet with stirring. The reaction mixture is heated slowly
to 58° (internal temperature) and is stirred for 5 min at that temperature. It is
cooled in an ice bath, poured onto 25 g of ice (from distilled water), and filtered
immediately through a coarse-frit, a medium-frit, and then a fine-frit glass funnel.
Next, the filtrate is treated with a filtered solution of 3 g of Na[PF] dissolved
in 10 mL of distilled water, causing immediate formation of a tan-colored pre-
cipitate. The precipitate is separated by filtration and is washed with three 25-
mL aliquots of distilled water. The precipitate is then dissolved in 100 mL of
dichloromethane, and the solution is dried with MgSO,. It is filtered, and the
solvent is removed by vacuum at 25° to give 2.4 g (48%) of the tan-colored
salt, N-(4,5-dimethyl-1,3-diselenol-2-ylidene)-N-methylmethanaminium hexaf-
luorophosphate (IT). Infrared and UV spectroscopic data for (II) are published.*

3. 4,5-Dimethyl-1,3-diselenole-2-selone

In a 250-mL three-necked flask, 2.4 g (5.8 mmol) of (II) is suspended in 100
mL of 70% aqueous MeOH, and the solution is degassed with argon and then
cooled to —30° (xylene/liquid N, stush bath). Under a flow of argon, to exclude
any outside air, H,Se is bubbled through the solution, again using a gas dispersion
tube (fine frit), for approximately 15-20 sec (until excess is detected in the KOH/
H,0, trap) until the suspension turns bright orange. The mixture is warmed to
room temperature and stirred for 2 hr with a continuous flow of argon over the
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solution to remove any excess H,Se, again trapping it in a KOH/H,0, mixture.
During this time the color of the mixture changes from orange to bright red.
Argon is bubbled through the solution for 20 min to remove any remaining H,Se.
The product is removed by filtering, washed with 50 mL of distilled water,
dissolved in 75 mL of dichloromethane-benzene (3:1 by volume), and dried with
MgSO,, after which the solvent is removed. The red-orange crystals are har-
vested, the container is washed with dichloromethane, and the wash is concen-
trated by vacuum to dryness and combined with the red-orange crystals of selone
to give 1.5 g (83%) of the selone* (III). The selone, for which IR and UV
spectroscopic data are published,* is purified by recrystallization in heptane.

4. 4,4',5,5 -Tetramethyl-2,2’-bi-1,3-diselenolylidene
(TMTSF)

Initially, in a 100-mL 3-necked flask equipped with a reflux condenser, 1.4 g
(4.6 mmol) of the selone (III) is suspended in 5 mL of benzene and refluxed
under argon. Then 0.75 mL (6 mmol) of freshly distilled trimethyl phosphite is
added with a syringe, and the mixture is refluxed for 90 min. Freshly distilled
trimethyl phosphite is crucial to obtaining good yields of TMTSF. The mixture
is cooled in an ice bath and then suction filtered. The resulting violet crystals
are washed with cold diethyl ether. The mother liquor is concentrated by evap-
oration under vacuum to give additional product. The products are combined to
give 1.8 g (87%) of needle-shaped violet crystals of TMTSF (IV).* The product
can be further purified by vacuum gradient sublimation onto Teflon (temperature
at sample 165° at 10 torr).>* The vacuum gradient sublimation is accomplished
by lining a glass chamber with a Teflon sheet to avoid possible reaction of
TMTSF with glass (at 165°). Gradient sublimation of recrystallized TMTSF
results in yields of ~50% based on the initial amount of TMTSF used.

Anal. Calcd. for C,H,,Se,: C, 26.81; H, 2.70. Found: C, 26.72; H, 2.68.

Properties

4,4’ 5,5'-Tetramethyl-2,2’-bi-1,3-diselenolylidene crystallizes as violet needles
that decompose at 250°. The 'H NMR spectrum in CDCl, (TMS) is a singlet at
8 1.98. The UV/vis spectrum in CH,Cl, is: A max, 508 + 5 nm, 299 + 1 nm.
The IR spectrum obtained by subliming TMTSF onto a NaCl plate exhibits bands
at 2970 (m), 2902 (s), 2840 (m), 1617 (m), 1434 (vs), 1145 (m), 1062 (s), and
655 (s) em™'.* TMTSF will oxidize slowly if exposed to light and air, but it
can be kept many montbhs if it is stored under argon in a laboratory freezer (— 15°)
in a light-free environment.

*We wish to thank Prof. D. O. Cowan for many helpful suggestions.
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B. TETRABUTYLAMMONIUM PERCHLORATE AND
BIS(4,4',5,5'-TETRAMETHYL-2,2'-B]-1,3-
DISELENOLYLIDENE) RADICAL ION (1+) PERCHLORATE

H,0
[CH,(CH,),},NHSO, + HICIO,} — [CH;(CH,),l.N[CIO,] + H,SO,

4.5pA

[CH;(CH,);],N[CIO,] + 2TMTSF — (TMTSF),[{CIO,]

!
Submitted by DENNIS A. STEPHENS,* ANN E. REHAN,* STEVE J. COMPTON,*
ROBERT A. BARKHAU,* and JACK M. WILLIAMSt
Checked by MARSHA M. LEE}

8 Caution. Perchlorates are potentially shock-sensitive. Appropriate face
shields, gloves, and reaction shields should be used at all times. Easily oxidized
organic materials must be absent.

1. Tetrabutylammonium Perchlorate

Procedure

Initially, 5 mL (34.9 mmol) of 70% perchloric acid is added dropwise, with
stirring, to a solution of 9.91 g (29.2 mmol) of tetrabutylammonium hydrogen
sulfate [Fluka] in 120 mL of distilled water. A white precipitate,
{CH,(CH,);),N[C10,], forms immediately. The solution is allowed to stir for 5
min and is then cooled at 0° for 40 min and filtered. The solid is washed with
distilled water until the pH of wash is 7 and is dried under vacuum. The mother
liquor is concentrated under vacuum (25°) to give additional product. The.prod-
ucts are combined and recrystallized three times from ethyl acetate; the resulting
solid is washed each time with distilled water. The crystals are dried in a vacuum
desiccator. This yields 7.95 g (79.7%) of white crystals of tetrabutylammonium
perchlorate (mp 208-210°).

*Research participants sponsored by the Argonne Division of Educational programs: Dennis A.
Stephens, St. Xavier College, Chicago, IL; Ann E. Rehan, Carroll College, Helena, MT; Steven
J. Compton, Dartmouth College, Hanover, NH; Robert A. Barkhau, Carthage College, Kenosha,
WI.

tChemistry Division, Argonne National Laboratory, Argonne, IL 60439.

1Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218 (electrolytic
synthesis only).
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Anal. Calcd. for [CH,(CH,);L,N[CIO,]: C, 56.20; H, 10.61; N, 4.10; Cl,
10.37; O, 18.72. Found: C, 56.01; H, 10.37; N, 4.16; Cl, 10.59; O, 18.91.

2. Bis(4,4',5,5'-tetramethyl-2,2'-bi-1,3-diselenolylidene) Radical
Ion (1+) Perchlorate

The crystal-growing apparatus consists of a glass H-cell (15 mL capacity) with
a fine-porosity glass frit and two platinum wire electrodes (0.367 cm®) as shown
in Fig. 1.” The power supply consists of a variable dc constant-current source
with a range of 0-5 pA. The crystal-growing apparatus is covered with aluminum
foil to keep out light during crystal growth. Solutions of TMTSF in the organic
solvents described herein have very low electrical conductivity. Therefore, the
tetrabutylammonium cation and a correspondingly monovalent anion are added,
both to increase solubility and conductivity and to promote crystal growth of the
desired anionic derivative by electrolytic oxidation at the anode.

The cell is cleaned and thoroughly dried before use as follows: Fresh aqua
regia is drawn through the frit three times in each direction, using a water aspirator

COPPER WIRE

NYLON BUSHING

O-RING COMPRESSION
SEAL

N

MERCURY
TEFLON PLUG

PLATINUM WIRE

Fig. 1. Electrochemical cell and inset. Reference 7.
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and changing the acid each time. Tap water, followed by distilled water, is then
drawn through the frit in exactly the same manner. Finally, the cell is rinsed
three times with anhydrous methanol and then dried in an oven at 125°.

In order to prepare the cell for crystal growth, 10 mL of a 0.15 M tetrabu-
tylammonium perchlorate salt solution [0.513 g, 1.5 mmol in 10 mL of dry
1,1,2-trichloroethane (TCE)] in TCE and 5 mL of a 1.2 x 107> M TMTSF
solution (0.027 g, 0.06 mmol in 5 mL of dry TCE) in TCE are needed to produce
final concentrations of 0.1 and 4 X 107°M, respectively. The 1,1,2-trichloro-
ethane should be distilled and dried using an alumina column prior to use. First
5 mL of the TMTSF solution is added to the anode compartment, and theq 5
mL of the tetrabutylammonium salt solution is added to the cathode compartment.
The remaining 5 mL of the tetrabutylammonium salt solution is added in equal
amounts to the anode and cathode compartments to produce equal solution heights
on both sides. The solution in each compartment (cathode compartment first) is
purged for 30 sec with argon. The precleaned and dried platinum electrodes are
placed in their respective compartments and adjusted in height so that they are
immersed in the solutions but are not touching the cell bottom. The cell pressure
vents are covered with parafilm. The anode and cathode leads from the constant-
current regulator are connected and the current is adjusted to the desired setting
{~0.5-5 pA). The cell is covered with aluminum foil to exclude light that may
cause premature oxidation of the TMTSF, which is indicated by the formation
of an orange or green color in the solution.

The crystals are harvested at the desired stage of crystal growth by carefully
lifting the anode from the solution and then lightly brushing the crystals from
the platinum electrode into a suction filter. After the cathode has been removed,
the remaining contents of the anode cell are also poured into the filter. The cell
is rinsed several times with TCE to remove any remaining crystals. Finally, the
crystals are washed with 10 mL of TCE, dried for 10 min on the suction filter,
and stored in a glass sample vial. If crystals are harvested when the TMTSF
solution has lost its pink color, a yield of nearly 100%, or ~30 mg, of metallic
black crystals of bis(4,4’,5,5'-tetramethyl-2,2'-bi-1,3-diselenolylidene) per-
chlorate (TMTSF),[CIQ,] is obtained. Crystals of the highest quality are obtained,
as required for X-ray diffraction and electrical conductivity studies, if the crystal
growth is accomplished using low applied currents and is halted at ~50% con-
version. Properties are recorded in Table 1. ,

Anal. Calcd. for (TMTSF),[CIO,]: C, 24.13; H, 2.43. Found: C, 24.12; H,
2.41.
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C. TETRABUTYLAMMONIUM HEXAFLUOROARSENATE
AND BIS(4,4',5,5-TETRAMETHYL-2,2'-BI-1,3-
DISELENOLYLIDENE) RADICAL ION (1+)
HEXAFLUOROARSENATE

H,0
[CHs(CH,),1.N[I] + K[AsF] - [CH,(CH,);L.N[AsF¢] + KI

4.0 pA

[CH,(CH,);1,N[AsFs] + 2 TMTSF — (TMTSF),[AsF;]

Submitted by STEVE COMPTON,* HAU H. WANG,t and JACK M. WILLIAMS?
Checked by MARSHA M. LEE}

1. Tetrabutylammonium Hexafluoroarsenate

Procedure

Initially, 3.97 g of potassium hexafluoroarsenate (17.4 mmol) in 36 mL of
distilled water is added slowly to 140 mL of an aqueous solution that contains
6.42 g of tetrabutylammonium iodide [Alfa Inorganics] (17.4 mmol) at 60°. A
pale yellow precipitate of tetrabutylammonium hexafluoroarsenate forms imme-
diately. The mixture is stirred for 10 min and then allowed to cool to room
temperature. The precipitate is removed by filtration and is washed with five 10-
mL portions of distilled water. The crude product is recrystallized twice from
hot methanol. The yield is 5.77 g of white needles of [CH,(CH,);],N[AsF]
(13.4 mmol, 80%) (mp 245-248°).

Anal. Calcd. for [CH,(CH,):.N[AsF4]: C, 44.55; H, 8.41; N, 3.25; F. 26.42.
Found: C, 44.42; H, 8.41; N, 3.01; F. 26.21.

2. Bis(4,4',5,5 -tetramethyl-2,2’-bi-1,3-diselenolylidene)
Radical Ion (1 +) Hexafluoroarsenate

Procedure

For details of the electrolysis, see Section B. The solutions needed for the cell
consist of 0.647 g (1.5 mmol) of [CH,(CH,);1,N[AsF,] in 10 mL of dry TCE

*Research participant sponsored by the Argonne Division of Educational Programs from Dart-
mouth College, Hanover, NH.

+Chemistry Division, Argonne National Laboratory, Argonne, IL 60439.

iDepartment of Chemistry, The Johns Hopkins University, Baltimore, MD 21218 (electrolytic
synthesis only).
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and 0.027 g (0.06 mmol) of TMTSF in 5 mL of dry TCE. After 3-5 days at
4.0 A, the crystals are harvested when the anode solution loses its pink color.
The yield is 20.82 mg (64.0%) of metallic black needles of bis(4,4',5,5'-tetra-
methyl-2,2’-bi-1,3-diselenolylidene) hexafluoroarsenate (TMTSF),[AsF,]. Prop-
erties are given in Table 1.

Anal. Calcd. for (TMTSF),[AsF,]: C, 22.14; H, 2.23. Found: C, 22.22; H,
2.46.

D. TETRABUTYLAMMONIUM TETRAFLUOROBORATE AND
BIS(4,4',5,5-TETRAMETHYL-2,2'-BI-1,3-
DISELENOLYLIDENE) RADICAL ION (1+)
TETRAFLUOROBORATE

[CH,(CH,);J,NOH + H[BF,] — [CH,(CH,);].N[BF,] + H;O
5 pA

(CH,(CH,),l.N[BE,] + 2 TMTSF — (TMTSF),[BF,]

Submitted by ANN E. REHAN,* ROBERT A. BARKHAU,* and JACK M. WILLIAMSY}
Checked by MARSHA M. LEE}

1. Tetrabutylammonium Tetrafluoroborate

Procedure

®  Caution. Hydrogen tetrafluoroborate reacts with glass. Polyethylene
equipment and a well-ventilated hood must be used..
Initially, 1.67 mL of hydrogen tetrafluoroborate (48 wt % in H,0) [Aldrich] in
10 mL of distilled water is added dropwise (plastic syringe) with stirring (Teflon
stir bar) to 22.78 mL of tetrabutylammonium hydroxide (40 wt % in H,0)
[Aldrich] in a polyethylene beaker. A white precipitate, tetrabutylammonium
tetrafluoroborate, forms immediately. The mixture is allowed to stir for 15 min
and then cooled to 0° for 1 hr. The product is removed by filtering (polyethylene
funnel and filter flask) and is dried in a desiccator (plastic) over CaSO, for 12
hr. The filtrate is concentrated under vacuum to give additional product. The

*Research participants sponsored by the Argonne Division of Educational Programs: Ann E.
Rehan, Carroll College, Helena, MT, and Robert A. Barkhau, Carthage College, Kenosha, WI.

tChemistry Division, Argonne National Laboratory, Argonne, IL 60439,

$Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218 (electrolytic
synthesis only).



140 Main Group Compounds

products are combined, recrystallized from hot ethyl acetate, and washed with
two 10-mL aliquots of ice-cold distilled water to give 2.02 g (67.3%) of white
crystals of tetrabutylammonium tetrafluoroborate.

Anal. Calcd. for [CH5(CH,);],N[BF,]: C, 58.36; H, 11.02; N, 4.25, Found:
C, 58.20; H, 11.00; N, 4.20.

2. Bis(4,4',5,5' -tetramethyl-2,2’-bi-1,3-diselenolylidene)
Radical Ion (1+) Tetrafluoroborate

Procedure

For details of the electrolysis, see Section B. The solutions needed for the cell
consist of 0.494 g (1.5 mmol) of [CH,;(CH,),;],N[BF,] in 10 mL of dry TCE and
0.027 g (0.06 mmol) of TMTSF in 5 mL of dry TCE. The crystals are grown
for approximately six days (5 pA), after which time they are harvested to give
22.15 mg (75.0%) of metallic black needles of bis(4,4',5,5'-tetramethyl-2,2'-
bi-1,3-diselenolylidene) tetrafluoroborate, (TMTSF),[BF,]. Properties are given
in Table I.

Anal. Caled. for (TMTSF),[BE,]: C, 24.44; H, 2.86. Found: C, 24.81; H,
2.74.
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E. TETRABUTYLAMMONIUM HEXAFLUOROPHOSPHATE
AND BIS4,4',5,5'-TETRAMETHYL-2,2’-BI-1,3-DISELENOLY-
LIDENE) RADICAL ION (1+) HEXAFLUOROPHOSPHATE

H0
[CH4(CH,);].NHSO, + H[PFs] — [CH;(CH,);].N[PF] + H,SO,

5 pA

[CH,;(CH,);].N[PF] + 2TMTSF — (TMTSF),[PF,]

Submitted by DENNIS A. STEPHENS* and JACK M. WILLIAMS?
Checked by MARSHA M. LEE}

1. Tetrabutylammonium Hexafluorophosphate

Procedure

8  Caution. Hydrogen hexafluorophosphate reacts with glass to produce
H,SiF,. Polyethylene equipment and a well-ventilated hood must be used.
In a polyethylene beaker, 18.0 g (53.0 mmol) of tetrabutylammonium hydrogen
sulfate [Aldrich] is dissolved in 150 mL of distilled water by stirring with a
Teflon stirring bar. Next, a solution of 10 mL (41.1 mmol) of hydrogen
hexafluorophosphate [Alpha Products] (60 wt % in H,0) in 25 mL of distilled
water (polyethylene beaker) is added to the [CH,(CH,),],NHSOQ, solution. The
mixture is stirred for 5 min and is then placed in an ice bath for 45 min. The
resulting precipitate is removed by filtering and rinsed with 10-mL aliquots of
ice-cold distilled water until the pH of the final rinse is 7. The white crystals
are dried in a vacuum desiccator over CaSO, for 2-3 hr and recrystallized twice
from hot ethyl acetate. Before final drying under vacuum, the crystals are rinsed
with five 10-mL aliquots of distilled water. This process yields 15.0 g (94.3%)
of white crystals of tetrabutylammonium hexafluorophosphate.

Anal. Calcd. for [CH,(CH,);]1.N[PF,]: C, 49.60; H, 9.36; N, 3.62; P, 8.00;
F, 29.42. Found: C, 49.78; H, 8.92; N, 3.60; P, 7.92; F, 29.51.

*Research participant sponsored by the Argonne Division of Educational programs from St.
Xavier College, Chicago, IL.

tChemistry Division, Argonne National Laboratory, Argonne, IL 60439.

$Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218 (electrolytic
synthesis only).
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2. Bis(4,4',5,5' -Tetramethyl-2,2'-bi-1,3-diselenolylidene)
Radical Ion (1 +) Hexafluorophosphate

Procedure

For details of the electrolysis, see Section B. The solutions needed for the cell
consist of 0.581 g (1.5 mmol) of {CH;(CH,);].N{PF] in 10 mL of dry TCE and
0.027 g (0.06 mmol) of TMTSF in 5 mL of dry TCE. After electrolysis for 3—
5 days at 5 pA, the crystals are harvested when the TMTSF solution begins to
lose its pink color. This procedure yields 25 mg (80.0%) of metallic black crystals
of bis(4,4',5,5'-tetramethyl-2,2'-bi-1,3-diselenolylidene) hexafluorophosphate,
(TMTSF),[PF,].

Anal. Calcd. for (TMTSF),[PF(]: C, 23.07; H, 2.32. Found: C, 23.64: H,
2.44.

All of the synthetic metals discussed herein are isostructural and triclinic
(space group P1).The identifying crystal lattice parameters are given in Table I.

Properties (Summary)

The unusual electrical properties of the 2:1 TMTSF salts are summarized and
discussed elsewhere.>*** For additional characterization purposes beyond chem-
ical analyses, the crystallographic lattice constants for the isostructural (triclinic,
space group PT) TMTSF derivatives discussed here are given in Table I.

TABLE I. Crystallographic Lattice Constants for TMTSF Derivatives.

Crystal Lattice Constants

A) Angles (deg)
Veen» 298 K
Compound a b c « B ¥ (A%
(TMTSF),[CIO,] 7.266 7.678 13.275 84.58 86.73 70.43 694.3
(TMTSF),[AsF;) 7.277 7.711 13.651 83.16 86.00 71.27 719.9
(TMTSF),(BFE,] 7.255 7.647 13.218 82.23 87.15 70.36 688.1
(TMTSF),[PF] 7.297 7.711 13.522 83.39 86.27 71.01 7143
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43. METHYLMERCURY(I) NITRATE AND
METHYLMERCURY(II) TRIFLUOROACETATE

Submitted by ROBERT D. BACH* and HARSHA B. VARDHAN*
Checked by DONALD W. GOEBEL, JRr.,* and JOHN P. OLIVER*

Methylmercury(II) nitrate and methylmercury(Il) trifluoroacetate have been uti-
lized in the study of the interaction of [MeHg(II)] species with biological sub-
strates such as nucleosides.'* We now report improved isolation procedures and
reproducible syntheses>” for these compounds that give excellent yields.

B Caution. All methylmercury compounds are extremely toxic. Contact
of either the solid or concentrated solution of [MeHg]NO, or [MeHg]OCOCF,
with the skin causes painful blisters. The entire procedure should be carried out
in a well-ventilated hood, and all samples should be kept tightly sealed. All
wastes (such as precipitates, filter papers, and wash solutions) should be col-
lected in sealed containers and disposed of properly. The glassware used is
detoxified by rinsing with alkaline Na[BH ,](~0.25 M) followed by liberal rinsing
with water. Proper toxic chemical handling procedures (such as the use of latex
gloves and laboratory coat) must be followed.

A. PREPARATION OF METHYLMERCURY(II) IODIDE

Etyo

CH,l + Mg + Hgl, — CH;Hgl + Mgl,
Both [MeHgINO, and [MeHg]OCOCF, are prepared from methylmercury(Il)
iodide.

Procedure

Iodomethylmagnesium is prepared by the addition of a solution of Mel (125
mL, 2.0 moles) in dry diethyl ether (250 mL) to a well-stirred suspension of

*Department of Chemistry, Wayne State University, Detroit, MI 48202.
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Mg (51.0 g, 2.1 g-atom) in dry diethyl ether (750 mL). The reaction is carried
out in a 2-L three-necked round-bottomed flask equipped with a mechanical
stirrer, a reflux condenser, and an argon inlet. The flask is flame-dried and then
cooled in a slow stream of argon prior to the addition of reactants. The entire
synthesis of methylmercury(Il) iodide is carried out under a positive pressure of
argon (or nitrogen). The rate of addition of Mel is adjusted to keep the reaction
mixture at a slow and steady reflux. After the addition is completed (~6 hr),
the reaction mixture is stirred for an additional hour. The second step of the
synthesis is carried out in a 5-L three-necked round-bottomed flask equipped
with a mechanical stirrer, a reflux condenser, and an argon inlet. The flask is
flame-dried and cooled in a slow stream of argon. The Grignard reagent is filtered
through a plug of glass wool (under argon) into a pressure-equalizing addition
funnel. The solution is added slowly to a vigorously stirred slurry of red Hgl,
(900 g, 1.98 moles) in dry diethyl ether (2.5 L). A positive pressure of argon
is maintained during the reaction. After the addition of the Grignard reagent is
complete (~7 hr), the reaction mixture is heated gently at reflux for 0.5 hr (until
the red color is completely discharged). An off-white precipitate is formed. The
reaction mixture is cooled to 0° and quenched by very slow addition of ice cold
water (200 mL). The supernatant solution is decanted from the precipitate, and
the diethyl ether is removed under vacuum to obtain a slurry. The precipitate
and the slurry are combined and washed with a solution of glacial acetic acid
(100 mL) in water (1 L). The pale yellow crystalline solid is filtered, washed
with water (1.5 L), and dried. Yield: 518 g (76%). The MeHgl obtained is used
without further purification.

Properties

Methylmercury(II) iodide is a pale yellow crystalline solid, mp 148-149° (lit
144°).* '"H NMR (CDCl,) 8 1.24 ppm, Jios,, 1, = 185 Hz. IR (KBr): 3000 (w),
2920 (w), 2780 (w), 2300 (w), 770 (s), and 520 (m) cm™".

B. PREPARATION OF METHYLMERCURY(II) NITRATE
MeHgl + AgNO, — [MeHg]NO, + Agl
Procedure
To a solution of 8.5 g (50 mmol) of AgNO, in 100 mL of absolute ethanol in

a 500-mL flask is added 17.5 g (51 mmol) of MeHgl, and the suspension is
stirred for 4 hr. Water (100 mL) is added, and the precipitated Agl is filtered
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and washed with water (50 mL). The combined filtrate and washings are carefully
concentrated to dryness under reduced pressure with gentle heating, using a
rotary evaporator equipped with a Dry Ice/acetone trap. The flask containing the
solution should not be overheated, to avoid loss of material during concentration.
The resulting crude off-white solid is transferred to an all-glass sublimator and
slowly sublimed (48 hr) at 50°/0.15 torr, yielding 13.1 g (94%) of fine white
crystals.

Properties

i
Methylmercury(Il) nitrate is a hygroscopic white crystalline solid, mp 59-60°.
Its IR spectrum (KBr) exhibits a strong absorption at 1385 cm™'; 'H NMR
(CDCly) 8 1.35 ppm, Jys, 4, = 236 Hz.

C. PREPARATION OF METHYLMERCURY(I)
TRIFLUOROACETATE

MeHgl + AgOCOCF, — [MeHgIOCOCF, + Agl

Procedure

To a solution of 11.2 g (51 mmol) of AgOCOCF; [Aldrich] in 100 mL of absolute
ethanol in a 500 mL-flask is added 17.13 g (50 mmol) of MeHgl, and the
suspension is stirred for 4 hr. Water (100 mL) is added, and the precipitated
Agl is filtered and washed with water (50 mL). The combined filtrate and
washings are concentrated to dryness in a rotary evaporator, taking care not to
overheat the solution during concentration. The off-white crude product is trans-
ferred to a glass sublimator and slowly sublimed at 50°/0.15 torr to give 13.31 g
(81%) of fine white crystals.

Properties

Methylmercury(Il) trifluoroacetate is a hygroscopic white crystalline solid, mp
81-82°C (lit 81-82°).> '"H NMR (CDCl;) 3 1.33 ppm, Ji9ope 1, = 226 Hz. IR
(KBr): 1675 (s), 1570 (w), 1435 (w), 1200 (m), 835 (m), 800 (m), and 720 (m)
cm~'. Crude methylmercury(Il) acetate prepared similarly from MeHgl and
AgOCOCH; can not be purified satisfactorily by direct sublimation. It is best
purified by initial recrystallization from absolute ethanol. It may then be sublimed
if desired.
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Chapter Three

TRANSITION METAL ORGANOMETALLIC
COMPOUNDS

44. DICARBONYLBIS(n*-CYCLOPENTADIENYL)
COMPLEXES OF TITANIUM, ZIRCONIUM,
AND HAFNIUM

Submitted by DAVID J. SIKORA,* KEVIN J. MORIARTY,* and MARVIN D. RAUSCH*
Checked by A. RAY BULLS, JOHN E. BERCAW,}, VIKRAM D. PATEL,} and
ARTHUR J. CARTY}

Dicarbonylbis(n’-cyclopentadienyl)titanium, Ti(CO),(n’-CsHs),, was first syn-
thesized in 1959. It was the first carbonyl complex of a Group 4 metal."* Since
the original synthesis, several preparations of Ti(CO).(n’-CsHs), have been
reported.” The corresponding zirconium and hafnium analogs of Ti(CO),(n’-
C;sH;), were not described until 1976. The preparation of Zr(CQO),(n’>-CsHs), was
reported independently by three different research groups, each employing dif-
ferent methods.”*'° One of these groups also described the only known procedure
for the synthesis of Hf(CO),(n’>-CsHs),.’
Because of our interest in the structure and reactivity of M(CO),(n’*-CsHy), -

(M = Zr, Hf),""'"> we sought a more convenient method of preparation for these

*Department of Chemistry, University of Massachusetts, Amherst, MA 01003.
tDepartment of Chemistry, California Institute of Technology, Pasadena, CA 91125.
$Department of Chemistry, University of Waterloo, Waterloo, Ontario, Canada N2L 3Gl.
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compounds, since existing syntheses were of low yield and/or required severe
reaction conditions.”*'® We have subsequently developed facile routes to the
syntheses of M(CO),(n’-C;Hs), (M = Ti, Zr, Hf) utilizing the reductive car-
bonylation of MCl,(n’-CsHs),. The synthesis of Ti(CO),(n’-CsHs), described
here is a modification of the convenient procedure reported originally by
Demerseman et al.® Our procedure involves magnesium metal activated in situ
by mercury(Ii) chloride. The advantages of this method are as follows: (1) no
high-pressure apparatus is required, since the reaction occurs readily at 1 atm
CO pressure®'%; (2) the reaction does not involve large amounts of elemental
mercury or sodium amalgam’; (3) each synthesis is a one-step procedure that
avoids the preparation of intermediates®; (4) the yields are reproducible and give
ample amounts of product for further studies’; and (5) the starting metallocene
dichlorides are commercially available.

Due to the current interest in the structure and chemistry of the corresponding
pentamethylcyclopentadienyl analogs M(CO),(n*-CsMes), M = Ti, Zr, Hf),'>
'* we have extended our procedure to the syntheses of Ti(CO),(n’-CsMe;),,'*"’
Zr(CO),(m’-CsMes),,"® and the heretofore unknown Hf(CO),(n’-CsMes).* Dich-
lorobis(n’-pentamethylcyclopentadienyl)titanium and -zirconium are readily
reduced with activated magnesium powder. The hafnium analog HfCl,(v’-CsMes),,
however, is resistant to reduction under these conditions. A more reactive form,
Rieke magnesium® activated with mercury(Il) chloride, is therefore utilized. A
main advantage of these procedures for the preparation of M(CO),(n’>-CsMes),
M = Ti, Zr, Hf) is that MCl(n’-CsMe), is used directly in the synthesis
without the necessity of preparing reaction intermediates.'®'® A detailed method
for the synthesis of HfCl(n’>-CsMey), is included. A higher yield preparation of
the latter compound has been reported.”'

All procedures are performed using standard Schlenk tube techniques®? under
an atmosphere of dry oxygen-free argon. All glassware is oven-dried and then
flame-dried under vacuum and allowed to cool to room temperature while under
argon. The tetrahydrofuran (THF) and 1,2-dimethoxyethane (DME) are predried
over potassium hydroxide flakes, further dried over sodium wire, and finally
distilled under argon from the sodium ketyl of benzophenone. Hexane is dried
over calcium hydride and freshly distilled under argon prior to use. CAMAG
neutral grade alumina [Alfa Products] is heated by means of a heat gun on a
rotary evaporator operating at 10~ torr (vacuum pump) for 2 hr and then allowed
to cool under an argon atmosphere to room temperature. Five percent by weight
of degassed water is added to the alumina, the mixture is shaken until thoroughly
mixed, and the alumina is stored under argon. Water is purged with argon for
15 min, heated at reflux under argon for 12 hr, and then allowed to cool under
argon.

*Hf(CO),(n’*-CsMe;), has recently been reported spectroscopically; see Reference 19.
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B Caution. Because of the known toxicity of carbon monoxide and metal
carbonyls, all preparations must be carried out in an efficiently operating fume
hood. The residual material contained in the reaction vessel after the initial
filtration includes activated magnesium and metallic mercury. The magnesium
metal may be decomposed by the careful addition of water (100 mL) (except for
Rieke magnesium, which should be decomposed with 2-propanol). Although this
reaction vigorously evolves hydrogen, at no time has ignition been observed.
The metallic mercury should be disposed of properly.”

A. DICARBONYLBIS(n*-CYCLOPENTADIENYL)TITANIUM
TiClL(*-CsHs), + Mg + 2CO — Ti(CO),(n’-CsHs), + MgCl,

Procedure

Dichlorobis(n’-cyclopentadienyl)titanium [Alfa Products] (5.00 g, 20.1 mmol),
magnesium turnings* (1.62 g, 66.6 mmol) and 100 mL of THF are placed into
a250-mL Schienk tube and stirred magnetically. Recrystallization of the titanium
compound from xylene is recommended. The tube is flushed with carbon mon-
oxide for 5 min. Mercury(Il) chloride (3.60 g, 13.3 mmol) is then added while
carbon monoxide is allowed to flow slowly over the solution through the side-
arm stopcock and out to a mercury overpressure valve. A small amount of heat
is generated during the amalgamation of the magnesium. Although this does not
seem to have any detrimental effects on the reduction, it is recommended that
the Schienk tube be cooled (water bath) during the addition of mercury(Il)
chloride and subsequent amalgamation. After 5 min of stirring, the bath may be
removed and the reaction run at room temperature. The reaction mixture is stirred
in the carbon monoxide atmosphere for 12 hr at room temperature, during which
time the color changes from bright red to dark green and finally to dark red.
The reaction vessel is then flushed with argon, and the solution is poured into
a fritted funnel®* containing a plug (12 X 4 cm) of 5% deactivated alumina
covered with 1.5 cm of sea sand. The reaction mixture is allowed to pass through
the plug in order to remove the magnesium chloride formed in the reaction.
Hexane is subsequently used to elute the remaining material until the eluate is
colorless. The THF/hexane solution is concentrated to dryness under reduced
pressure, leaving the crude dark red Ti(CO),(n’-CsHs),. The product is punﬁed
by dissolving it in ~100 mL of hexane and passing this solution through another
plug (8 X 4 cm) of deactivated alumina. The plug is eluted with fresh hexane
until the solution emerging from the fritted funnel is colorless. The solvent is

*Fisher Brand magnesium turnings—for Grignard reaction {Fisher Scientific].
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then removed under reduced pressure, leaving 4.1 g (87%) of Ti(CO),(n’>-CsHs),.
The purity of this material is satisfactory for further reactions. However, the
product can be conveniently recrystallized from hexane at —20°.

Properties

Dicarbonylbis(n’-cyclopentadienyl)titanium is a maroon red air-sensitive solid
that is soluble in both aliphatic and aromatic solvents. The 'H NMR spectrum
(C¢Ds) exhibits a singlet at 8 4.62 ppm (external TMS). The IR spectrum shows
two metal carbonyl stretching vibrations at 1977 and 1899 cm ™' in hexane, or
at 1965 and 1883 cm ™' in THF.

B. DICARBONYLBIS(n*-CYCLOPENTADIENYL)ZIRCONIUM
ZrCl(n’-CsHs), + Mg + 2CO — Zr(CO),(n’>-CsHs), + MgCl,

Procedure

Dichlorobis(n’-cyclopentadienyl)zirconium [Alfa Products] (2.00 g, 6.84 mmol)
together with magnesium turnings [Fisher] (0.83 g, 34.2 mmol) and 50 mL of
THF are placed in a 100-mL Schlenk tube and magnetically stirred. On disso-
lution of the ZrCl,(n’-CsHs),, mercury(II) chloride (1.85 g, 6.81 mmol) is added
to the mixture, at which time carbon monoxide is allowed to flow slowly over
the solution through the side-arm stopcock and out to a mercury overpressure
valve. The solution is stirred in the carbon monoxide atmosphere for 24 hr at
room temperature, during which time the solution changes from colorless to dark
green and finally to dark red. The reaction vessel is flushed with argon, and the
solution is poured into a fritted funnel” containing a plug (10 X 3 c¢m) of 5%
deactivated alumina covered with 1.5 cm of sea sand. The reaction mixture is
allowed to pass through the plug in order to remove the magnesium chloride
formed in the reaction. The plug is then eluted with hexane until the eluate is
colorless. The dark red reaction solution appears green when passing through
the plug and dark reddish-green on exiting, depending on how the solution is
viewed. The THF/hexane solution is then concentrated to dryness, leaving a
dark solid. The Zr(CO),(n’-CHy), is purified by dissolving it in ~75 mL of
hexane and passing the solution through another plug (5 X 3 cm) of 5% deac-
tivated alumina. The plug is eluted with fresh hexane until the solution emerging
from the fritted funnel is colorless. The hexane is then concentrated under vacuum
until black needle-like crystals begin to form. At this point the solution is cooled
to —20°, resulting in further crystal formation. The hexane is decanted from the
crystals into another Schlenk tube and further concentrated and cooled. The
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resulting black crystal crops are dried under vacuum and combined, yielding
1.00 g (53%) of Zr(CO),(n’-CsH;),. *

Properties

Dicarbonylbis(n’-cyclopentadienyl)zirconium is a black air-sensitive solid that
upon dissolution in aliphatic or aromatic solvents yields dark reddish-green solu-
tions. The 'H NMR spectrum (C¢Ds) exhibits a singlet at 8 4.95 ppm (external
TMS). The IR spectrum displays two metal carbonyl stretching vibrations at
1975 and 1885 cm ' in hexane, or at 1967 and 1872 cm ™' in THEF.

C. DICARBONYLBIS(n*-CYCLOPENTADIENYL)HAFNIUM
HfCl,(n*-C;H,), + Mg + 2CO — Hf(CO),(v*-CsH,), + MgCl,

Procedure

Dichlorobis(n’-cyclopentadienyl)hafnium [Alfa Products] (2.00 g, 5.27 mmol),
magnesium powder [RMC-50/100-UM (~50-100 mesh), Reade Manufactur-
ing] (0.50 g, 20.6 mmol), and 50 mL of THF are placed into a 100-mL Schlenk
tube and stirred magnetically. The use of magnesium powder for this preparation
as opposed to magnesium turnings is critical to the success of the reaction. The
use of magnesium powder for the preparation of Zr(CO),(0’-CsHs),, however,
was found to result in lower yields of product. When the solution is stirred, a
deep narrow vortex is desirable. This can be accomplished with a small stirring
bar. On dissolution of the HfCl,(n*-CsHs),, mercury(Il) chloride (1.00 g, 3.68
mmol) is added to the mixture, at which time carbon monoxide is allowed to
flow slowly over the solution through the side-arm stopcock and out to a mercury
overpressure valve. The solution is stirred in the carbon monoxide atmosphere
for 24 hr, during which time the color changes from colorless to dark green and
finally to dark red. The reaction vessel is flushed with argon, and the solution
is poured into a fritted funnel” containing a plug (10 X 3 cm) of 5% deactivated
alumina covered with 1.5 cm of sea sand. The reaction mixture is allowed to
pass through the plug in order to remove the magnesium chloride formed in the
reaction. Hexane is then used to elute the remaining material until the eluatesis
colorless. The THF/hexane solution is concentrated to dryness, leaving a purple
solid. The Hf(CO),(n’-CsH;), is purified by dissolving it in ~75 mL of hexane
and passing this solution through another plug (5 X 3 cm) of 5% deactivated

*The checkers report that the same percentage yield is obtained when th~ amounts of the starting
materials are doubled.
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alumina. This plug is eluted with fresh hexane until the solution emerging from
the fritted funnel is colorless. The hexane is concentrated under vacuum until
purple needle-like crystals begin to form. The solution is then cooled to —20°,
resulting in further crystal formation. The hexane is decanted from the crystals
into another Schlenk tube and further concentrated and cooled. The resulting
crystal crops are dried under vacuum and combined, yielding 0.58 g (30%) of
Hf(co)z('ﬂs'csHs)z-

Properties

Dicarbonylbis(n’-cyclopentadienyl)hafnium is a purple air-sensitive solid that is
soluble in both aliphatic and aromatic solvents. The 'H NMR spectrum (C¢Dy)
exhibits a singlet at 8 4.81 ppm (external TMS). The IR spectrum displays two
metal carbonyl stretching vibrations at 1969 and 1878 cm ™' in hexane, or at
1960 and 1861 cm ™' in THF.

D. DICARBONYLBIS(n*-
PENTAMETHYLCYCLOPENTADIENYL)TITANIUM

TiCl,(n’-CsMes), + Mg + 2CO — Ti(CO),(n’-CsMe,), + MgCl,

Procedure

Dichlorobis(n’-pentamethylcyclopentadienyltitanium'® [Strem Chemicals] (2.00
g, 5.14 mmol), magnesium powder [RMC-50/100-UM(~50-100 mesh), Reade]
(0.62 g, 25.5 mmol), and 50 mL of THF are placed in a 100-mL Schlenk tube
and stirred magnetically. On dissolution of the TiCl,(n>-CsMe,),, mercury(Il)
chloride (1.39 g, 5.12 mmol) is added to the mixture, at which time carbon
monoxide is allowed to flow slowly over the solution through the side-arm
stopcock and out to a mercury overpressure valve. The solution is stirred under
a carbon monoxide atmosphere for 24 hr at room temperature, during which
time the color changes from red to green and finally to red. The THF is removed
under reduced pressure, leaving a red residue. The residue is extracted with
hexane until the extracts are colorless. The hexane solution is poured into a
fritted funnel® containing a plug (5 X 3 cm) of 5% deactivated alumina covered
with 1.5 cm of sea sand. The plug is eluted with hexane until the eluate is
colorless. The resulting red solution is then concentrated under reduced pressure
to approximately one-fourth of its original volume and cooled to —20°. Upon
crystal formation, the hexane is decanted into another Schienk tube and further
concentrated and cooled. The resulting crystal crops are dried under vacuum and
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combined, yielding 1.25 g (65%) of Ti(CO),(n*>-CsMes), as lustrous brick-red
needles.

Properties

Dicarbonylbis(n’-pentamethylcyclopentadienyl)titanium is moderately stable in
air, but it is best handled and stored under an inert atmosphere. It is extremely
soluble in both aliphatic and aromatic solvents. The 'H NMR spectrum (C¢Dy)
exhibits a singlet at 8 1.67 ppm (external TMS). The IR spectrum displays two
metal carbonyl stretching vibrations at 1940 and 1858 cm ™' (hexane). The mass
spectrum shows a parent ion at m/e 374.

E. DICARBONYLBIS-
(0*-PENTAMETHYLCYCLOPENTADIENYL)ZIRCONIUM

ZrCly(n’-CsMe;), + Mg + 2CO — Zr(CO),(n’-CsMes), + MgCl,

Procedure

Dichlorobis(n’-pentamethylcyclopentadienyl)zirconium® [Strem Chemicals)
(0.80 g, 1.85 mmol), magnesium powder [RMC-50/100-UM(~50~100 mesh),
Reade] (0.22 g, 9.05 mmol), and 20 mL of THF are placed in a 50-mL Schlenk
tube and stirred magnetically such that a deep narrow vortex is formed. On
dissolution of the ZrCl,(n’-CsMe;),, mercury(II) chloride (0.50 g, 1.84 mmol)
is added to the mixture, at which time carbon monoxide is allowed to flow slowly
over the solution through the side-arm stopcock and out to a mercury overpressure
valve. The solution is stirred under a carbon monoxide atmosphere for 24 hr at
room temperature, during which time the color changes from pale yellow to dark
reddish green. The THF is removed under reduced pressure, leaving a dark-
colored solid. This solid is extracted with hexane until the extracts are colorless.
The hexane solution is poured into a fritted funnel® containing a plug (5 X 3
cm) of 5% deactivated alumina covered with 1.5 cm of sea sand. The plug is
eluted with hexane until the eluate is colorless. The resulting dark reddish-green
solution is then concentrated under reduced pressure to approximately one-fourth
of its original volume and cooled to —20°. Upon crystal formation, the hexane
is decanted into another Schlenk tube and further concentrated and cooled. The
resulting crystal crops are dried under vacuum and combined, yielding 0.62 g
(80%) of Zr(CO),(n*-CsMes), as lustrous black needles.
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Properties

Dicarbonylbis(n’>-pentamethylcyclopentadienyl)zirconium, unlike its titanium
analog, is highly air-sensitive. It is easily soluble in both aliphatic and aromatic
solvents. The "H NMR spectrum (C,D;) exhibits a singlet at & 1.73 ppm (external
TMS), and the IR spectrum displays two metal carbonyl stretching vibrations at
1945 and 1852 cm ™' (hexane). The mass spectrum shows a parent ion at m/e
416.

F. DICHLOROBIS-
(q*-PENTAMETHYLCYCLOPENTADIENYL)HAFNIUM

2C,Me,Li + HfCl, — HfCl,(n’>-CsMes), + 2LiCl

Procedure

(Pentamethylcyclopentadienyl)lithium®* (6.00 g, 42.2 mmol) and 125 mL of 1,2-
dimethoxyethane (DME) are placed in a 250-mL three-necked round-bottomed
flask that is fitted with a gas inlet and a condenser attached to a mercury over-
pressure valve. The slurry is cooled to —78° and freshly sublimed hafnium
tetrachloride [Research Organic*] (6.73 g, 21.0 mmol) is added. The reaction
mixture is allowed to warm to room temperature and is then heated at reflux for
4 days. The DME is removed under reduced pressure, leaving a yellow solid.
The use of argon as a protective atmosphere is discontinued at this point. The
residue is then dissolved in 70 mL of chloroform, and 28 mL of 6 N hydrochloric
acid is added. The organic layer is washed with 50 mL of water and separated,
and the aqueous layer is washed with 50 mL of chloroform and separated. The
organic layers are then combined and dried over anhydrous sodium sulfate. After
filtration, the yellow solution is concentrated to ~5 mL, yielding pale yellow
crystals of HfClz(n’-CsMes)2 (2.10 g, 19%), which are subsequently collected
on a Biichner funnel, washed with pentane, and dried.

Properties

Dichlorobis(n’-pentamethylcyclopentadienyl)hafnium is a yellow air-stable solid
that is soluble in both aromatic and chlorinated solvents. The 'H NMR spectrum
(CDCl;) exhibits a singlet at & 2.05 ppm.

*The material had a listed purity of 99.9% (Spectro grade) but was further purified by zone
refinement at 280-290% 10~ torr.
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G. DICARBONYLBIS-
(m*-PENTAMETHYLCYCLOPENTADIENYL)HAFNIUM

2K + MgCl, - Mg + 2KCl
HfCl(n’-CsMe,), + Mg + 2CO — Hf(CO),(n’-CsMe,), + MgCl,

Procedure

A 100-mL three-necked round-bottomed flask is fitted with a reflux condenser
and gas inlet and outlet tubes. Approximately 60 mL of THF is added to the:
flask together with freshly cut potassium metal (1.11 g, 28.4 mmol), anhydrous
MgCl, (1.90 g, 20.0 mmol), and KI (0.50 g, 3.0 mmol).

& Caution. Potassium metal reacts explosively on contact with water and
may also form potentially dangerous superoxides. Consult reference 25 for proper
handling procedure.

The reaction mixture is stirred and slowly heated to reflux, at which point
the potassium metal melts and the reaction commences. After refluxing for 3
hr, a very finely divided dark gray suspension of magnesium metal can be
observed.” The reaction mixture is then cooled to room temperature and purged
with carbon monoxide for 5 min. Dichlorobis(m’-pentamethylcyclopenta-
dienyl)hafnium (1.50 g, 2.89 mmol) is added to the magnesium slurry, and the
mixture is allowed to stir under a carbon monoxide atmosphere for 12 hr, with
a slow, continuous flow of carbon monoxide through the flask. Mercury(Il)
chloride (0.50 g, 1.84 mmol) is added, and the mixture is allowed to stir further
under a stream of carbon monoxide for an additional 12 hr. The dark reaction
mixture is then filtered through a fritted funnel® in order to separate it from the
magnesium. This filtration may be slow, due to the magnesium particles clogging -
the pores of the frit. The use of deoxygenated Celite helps alleviate this problem.
(Celite was deoxygenated in a manner analogous to the deoxygenation of alumina;
however, it was not deactivated with water.) The frit is then washed with fresh
THF, and the dark red filtrate is concentrated to dryness under reduced pressure,
leaving a solid residue. The residue is extracted with hexane until the extracts
are colorless. The hexane solution is poured into a fritted funnel’ containing a
plug (5 X 3 cm) of 5% deactivated alumina covered with 1.5 cm of sea sand.
The plug is eluted with hexane until the eluate is colorless. The resulting purple
solution is concentrated to approximately one-fourth of its original volume and®
cooled to —20°. Upon crystal formation, the hexane is decanted into another
Schlenk tube and is further concentrated and cooled. The resulting crystal crops
are dried under vacuum and combined, yielding 0.36 g (25%) of Hf(CO),(n’>-’
CsMe;), as lustrous purple needles. \

Anal. Calcd. for C,,H;HfO,: C, 52.32; H, 5.99. Found: C, 52.19; H, 5.95.
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B Caution. The residual material contained in the reaction flask and frit-
ted funnel includes highly activated magnesium metal and metallic mercury. The
residual material must not come into contact with water, since the hydrogen
that is generated would ignite. The magnesium should be decomposed by reaction
with 2-propanol. The metallic mercury should be disposed of properly.”

Properties

Dicarbonylbis(n’-pentamethylcyclopentadienyDhafnium is a purple air-sensitive
solid that is very soluble in both aliphatic and aromatic solvents. The 'H NMR
spectrum (C,Dg) exhibits a singlet at 8 1.74 ppm (external TMS) and the IR
spectrum displays two metal carbonyl stretching vibrations at 1940 and 1344
cm ' (hexane). The mass spectrum shows a parent ion at m/e 506.
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45. SODIUM CARBONYL FERRATES, Na,[Fe(CO),],
Na,[Fe,(CO)], AND Na,[Fe,(CO), ]. BIS[n-NITRIDO-
BIS(TRIPHENYLPHOSPHORUS)(1 +)]
UNDECACARBONYLTRIFERRATE(2-),
[(PhyP),NL[Fey(CO),,}

THF

Fe(CO); + 2NaC,(Hy — Na,[Fe(CO),] + 2C,(H;3 + CO
THF

2Fe(CO)s + 2NaC,oHz — Na,[Fe,(CO),] + 2C,Hg + 2CO
THF

Fe,(CO),, + 2NaC,H; — Na,[Fe,(CO),,] + C,(;Hs + CO

MeOH

Na,{Fe;(CO),,] + 2[(Ph,P),N]JCl — [(Ph,;P),N1,[Fe;(CO),,] + 2NaCl

Submitted by HENRY STRONG,* PAUL J. KRUSIC,7 and JOSEPH SAN FILIPPO, Jr.*
Checked by SCOTT KEENANZ and RICHARD G. FINKE}

Carbonylferrates have been the subject of many studies. The well-defined
mono-, di-, and trinuclear species [Fe(CO),]*~, [Fe,(CO)J*~, and [Fe,(CO),,1*~
have been obtained by a variety of methods'™ in varying yields and degrees of
convenience. The procedures described here provide uniform, convenient, high-
purity, high-yield syntheses of the sodium salts of these three important reagents.
In addition, the preparation of the bis[p-nitrido-bis(triphenylphosphorus)(1 +)]
salt of [Fe,(CO),,]*°~ by metathesis of [(Ph,P),N]Cl with Na,[Fe,(CO),,] is
presented.

Procedure

B Caution. The toxic nature of the reagents and products requires that
these reactions be performed in a well-ventilated fume hood.

*Department of Chemistry, Rutgers University, New Brunswick, NJ 08903.

tCentral Research and Development Department, E. 1. du Pont de Nemours and Company,
Wilmington, DE 19898.

tDepartment of Chemistry, University of Oregon, Eugene, OR 97403.
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® Caution. The use of LifAlH ] in purifying THF is dangerous. It should

not be attempted until it is ascertained that the THF is peroxide-free and also
not grossly wet.*
Peroxide-free tetrahydrofuran (THF) is distilled under nitrogen from lithium
tetrahydroaluminate. Pentane is distilled under nitrogen from P,O,,. Iron pen-
tacarbonyl [Pressure Chemical] is freshly distilled prior to each use.’ Commercial
triiron dodecacarbonyl [Alfa Products] is obtained wet with methanol, which is
removed by subjecting the sample to vacuum (0.1 torr) overnight. Commercial
naphthalene (recrystallized quality) is used without further: purification. All
manipulations are carried out in a nitrogen-flushed dry box or in standard Schlenk
apparatus under a nitrogen atmosphere.

Disodium tetracarbonylferrate(2-), Na,{Fe(CO),], is prepared in a 1-L three-
necked round-bottomed flask, one arm of which is modified to permit the contents
of the flask to be filtered under an inert atmosphere.’ The flask is equipped with
a Teflon-coated magnetic stirrer bar and a 200-mL addition funnel. All remaining
inlets are sealed with rubber serum stoppers [Ace Scientific], and the vessel is
flame-dried.* Under a flush of nitrogen the flask is charged with a weighed
quantity (3.45 g, 75.0 mmol) of sodium dispersion (20 microns, 50% by weight)
in paraffin [Alfa Products]. It is then placed in an ice bath, and a solution of
naphthalene (9.90 g, 77.0 mmol) in tetrahydrofuran (500 mL) is added via a
stainless steel cannula. The contents of the flask are stirred for 2 hr at 0° and
the resulting deep-green solution of (naphthalene)sodium is chilled at < —70°
in a Dry Ice/acetone bath. A solution of freshly distilled iron pentacarbonyl (7.02
g, 36.0 mmol) in tetrahydrofuran (100 mL) is added slowly over a 30-min period,
attended by vigorous stirring. Failure to use freshly distilled Fe(CO); leads to
diminished yields and purity. The deep green color is gradually replaced by a
persistent beige color. At this point, addition is discontinued, and the resulting
mixture is stirred an additional hour before being permitted to warm to ambient
temperature.

Pentane§ (200 mL) is added by cannula to the reaction mixture, which is then
stirred for an additional 30 min before the flask is tilted and its contents filtered
under a positive pressure of nitrogen through a coarse-frit glass disk filter. The
collected snow-white precipitate of Na,[Fe(CO),] is rinsed with two 100-mL
portions of pentane,* and the flask is transferred to the dry box, where the
contents are dried under vacuum (0.1 torr) for 4 hr to give 7.39 g [96%T based
on Fe(CO)s] of disodium tetracarbonylferrate(2-).+ Approximate elapsed time

*Checkers dried the flask in an oven at 150° and flushed it immediately with dry nitrogen.

§Checkers used hexane.

tCheckers obtained a yield of 83%. They report difficulty in dissolving all of the sodium in
THF.

1Na,[Fe(CO),]*1.5 dioxane is available commercially [Aldrich].*



45. Sodium Carbonyl Ferrates 159

for total synthesis is 12 hr. (W Caution. Solid Na,[Fe(CO),] is an exceedingly
pyrophoric material.)

Disodium octacarbonyldiferrate(2-), Na,[Fe,(CO)g], is prepared by a pro-
cedure similar to that described above. Thus, a solution of iron pentacarbonyl
(14.04 g, 72.0 mmol) in tetrahydrofuran (200 mL) is added over a 30-min period
with stirring to the previously described solution of (naphthalene)sodium. Fol-
lowing a workup procedure equivalent to that described above, the orange pre-
cipitate that is obtained is rinsed with three 200-mL portions of pentane. Upon
drying under vacuum the orange solid yields 13.6 g (99%* based on iron pen-
tacarbonyl) of bright yellow Na,[Fe,(CO),]. The addition and removal of THF
causes a reversible color change.” Elapsed time for the total synthesis is ~3 hr.

B Caution. Dry Na,[Fe,(CO),] is a pyrophoric substance.

Disodium undecacarbonyltriferrate(2-), Na,[Fe(CO),,], is prepared by a
modification of the above procedure. Thus, in a nitrogen flushed dry box, a 250-
mL single-necked, round-bottomed flask equipped with a Teflon-coated stirring
bar is charged with 1.84 g (44 mmol) of sodium dispersion and capped with a
rubber septum stopper. The flask is removed from the dry box and cooled in an
ice bath; a solution of naphthalene (6.00 g, 47.0 mmol) in tetrahydrofuran (150
mL) is introduced by cannula, and the resulting mixture is stirred for 2 hr.

A modified (see above) 1-L three-necked flask equipped with addition funnel
and Teflon-coated stirrer bar is charged with 10.07 g (20.0 mmol) of Fe (CO),,,
capped with a rubber septum, and flushed with nitrogen before adding THF (125
mL). The flask is placed in a Dry Ice/acetone bath, and the solution of sodium
naphthalide is transferred through a cannula into the 200-mL addition funnel.
This solution is added slowly over a period of 1 hr to the chilled, well-stirred
solution of Fe;(CO),, in THF. This order of addition is essential; reversal of the
indicated order leads to substantial contamination of the product by unidentified
side products. The resulting mixture is stirred for an additional 2 hr before it is
permitted to warm to ambient temperature. The flask is then transferred to the
dry box, and the contents are concentrated under vacuum to dryness. The remain-
ing dark red-brown solid is rinsed with three 200-mL portions of pentane and
dried under vacuum once again. The isolated yield of Na,{Fe,(CO),,]is 10.2 g
[98%7 based on Fe,;(CO),,]. Approximate elapsed time for total synthesis is 4
hr.

® Caution. Dry Na,[Fe,(CO),,] is a pyrophoric substance.

Bis[w-nitrido-bis(triphenylphosphorus)(1 + )] undecacarbonyltriferrate(2,—)
is obtained by treating a solution of Na,[Fe,(CO),,] (1.2 g, 2.3 mmol) in 25 mL
of anhydrous methanol, which is distilled from Mg(OCH,), and is contained in
a 250-mL single-necked round-bottomed flask with a solution of [(Ph,P),N]CI®

*Checkers obtained a yield of 88% after having initial difficulties in dissolving sodium.
tCheckers obtained 57% yield.
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[Aldrich] (3.0 g, 5.2 mmol) in methanol (25 mL). The dark red-brown solid
that precipitates is collected by suction filtration on a medium-porosity frit under
an inert atmosphere. Recrystallization from dichloromethane as previously
described® yields 2.9 g (81%)7 of crystalline, dark red-brown crystals of
[(Ph,P),N],[Fes(CO),,].

Properties

Disodium tetracarbonylferrate(2 —) is a snow-white solid that is extremely sen-
sitive to oxygen. It has a reported” solubility of 7 X 107> M in THF and can
be stored for moderate periods of time in an inert atmosphere, at room temper-
ature, if kept in the dark. The IR spectrum, recorded in N,N-dimethylformamide
(DMF), exhibits a stretching frequency at 1730 cm ™', consistent with previous
literature reports.” The structure of the [Fe(CO),)*” anion has been established
by X-ray,® and the utility of this reagent has been discussed.’

Disodium octacarbonyldiferrate(2—) has been reported previously.” This
extremely air-sensitive solid is largely insoluble in most organic solvents, with
only marginal solubility in THF. Its IR spectrum, recorded in DMF, shows the
following CO stretching vibrations: 1835 (w), 1860 (s), and 1910 (m) cm™',
consistent with previously reported values.™ A single-crystal X-ray structure
determination of the [Fe,(CO);]*>~ anion has been carried out.'®

Disodium undecacarbonyltriferrate(2 —) is a well-known substance that has
also been characterized structurally.'' The IR spectrum of this material, recorded
in DMF, shows CO stretching bands at 1940 (s), 1915 (m), and 1880 (w) cm ™',
consistent with values observed previously.”'!
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46. TRICARBONYL (n’-
CYCLOPENTADIENYL)IRON(1+)
TRIFLUOROMETHANESULFONATE,
[CpFe(CO),)(CF,S0,)

Na[CpFe(CO),] + CIC(O)OMe — CpFe(CO),[C(0O)OMe] + NaCl
CpFe(CO),[C(0)OMe] + HOSO,CF; — [CpFe(CO);(CF,S0;) + MeOH

Submitted by MONO M. SINGH* and ROBERT J. ANGELICI*
Checked by COLIN P. HORWITZ+

Earlier methods'™ of preparing [CpFe(CO);]* (Cp = m’-CsHs) from CpFe(CO),X
(X = Cl, Br, 1) used high CO pressures and temperatures and long reaction
times. In a modified procedure,” atmospheric CO pressure was used, but the
yield of the cation was low. The complex can also be prepared, in low yields,
from the dicarbony! cations™® [CpFe(CO),(acetone)]* and [CpFe(CO),(OH,)] .
Recently, [CpFe(CO),}{BF,] was prepared by reaction of [CpFe(CO),]™ with
CO, at —80° followed by H[BF,].” The [CpFe(CO),][PF;] salt has been prepared
by oxidation of Cp,Fe,(CO), with NO[PF,] in the presence of CO.*’ Herein,
we describe a reliable method of preparing [CpFe(CO);]™ from Cp,Fe,(CO),
that takes advantage of the known reaction of alkoxycarbonyl complexes,
CpFe(CO),[C(O)OR], with an acid to generate the cation [CpFe(CO),]*.'"*"?

Procedure

The starting material Cp,Fe,(CO), may be prepared from Fe(CO)s and cyclo-
pentadiene dimer"’ or purchased commercially [Strem Chemicals). Before use
it may be purified by recrystallization from CH,Cl,/hexane at —20°. Unless
otherwise mentioned, all procedures are carried out under N,. A yellow-brown*
solution of Na[CpFe(CO),] in 250 mL of dry tetrahydrofuran (THF) is prepared

*Department of Chemistry and Ames Laboratory, U.S.D.O.E., lowa State University, Ames,
1A 50011.
tDepartment of Chemistry, Northwestern University, Evanston, IL 60201.
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by reducing 10.0 g (28.3 mmol) of Cp,Fe,(CO), with Na/Hg amalgam for 2
hr.'* After removing the excess sodium amalgam from the reaction vessel,' a
solution of 5 mL (65 mmol) of methyl chloroformate (ethyl chloroformate may
also be used) in 30 mL of dry THF is added in 3-5-mL portions to the rapidly
stirring [CpFe(CO),] ™ mixture. After being stirred for an additional 45 min, the
contents of the flask are decanted into another round-bottomed flask. From this
step forward, the procedure may be carried out in air, but this should be done
as rapidly as possible until the CF,SO;H (triflic acid) is added (see below). The
solvent is removed from the mixture on a rotary evaporator, the residue is
extracted with 200 mL of benzene* added in several portions, and the extracts
are filtered through Celite filter aid. The flask and the precipitates are washed
with another 50 mL of benzene.*

B Caution. Benzene is a suspected carcinogen and should be used only
in a well-ventilated fume hood, and gloves should be worn at all times.
The extracts and the washings are collected in a 500-mL conical flask. While
the mixture is stirred vigorously with a magnetic stirring bar, 56 mL of tri-
fluoromethanesulfonic acid, CF,SO,H (triflic acid), is added.

B Caution. Triflic acid is very corrosive and fumes in air. A well-ventilated
fume hood must be used. Rubber gloves should be worn.
The mixture is allowed to stand for at least 1 hr at 0° (or better, overnight in a
refrigerator) and is then filtered. The precipitate is washed with several portions
of diethyl ether until the washings are colorless. The yellow microcrystalline
compound is dried in air and purified further by dissolving in a minimum volume
of warm, dry acetone and adding diethyl ether to the solution dropwise until the
point of crystallization is reached. Cooling this mixture to —20° gives bright
yellow crystals of [CpFe(CO),](CF,S0;), which are collected, washed with die-
thyl ether, and dried in air. A second crop of crystals may be obtained after
reducing the volume of the filtrate, adding more diethyl ether, and cooling at
—20°. Total yield: 7.5-11 g (38-55%).

Anal. Caled. for CHFFeOS: C, 30.53; H, 1.42. Found: C, 30.84; H,
1.38.

Properties

The salt [CpFe(CO);J(CF,S0,) is stable in air, but it changes from yellow to
brown slowly if stored in a desiccator over a long period of time. It is soluble
in acetone and acetonitrile but only slightly soluble in dichloromethane. When
treated with triphenylphosphine in acetone, [CpFe(CO),]* forms [CpFe(CO),
(PPh;)]*."° The cation reacts with halide ions'® to form the neutral complexes
CpFe(CO),X (X = Cl, Br, and I). Treatment of [CpFe(CO),]* with aliphatic

*The checker has suggested that toluene works as well as benzene.
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amines and alkoxides leads to the formation of carbamoy! and alkoxycarbonyl
derivatives, respectively.'®'” Spectral data for [CpFe(CO);](CF,SO,) are: IR (in
CH,CN), v¢o 2123 (vs), 2078 (vs) cm ™ '; 'H and °C NMR (in CD,CN), 'H,
8 5.80, PCco 8 203.16, °Cc, 8 91.10 ppm.

. B. King and F. G. A. Stone, Inorg. Synth., 7, 110 (1963).
. D. Dombek and R. J. Angelici, Inorg. Synth., 17, 100 (1977).

8, 1796 (1979).
K. Kochhar and R. Pettit, J. Organomet. Chem., 6, 272 (1966).
17. R. J. Angelici, Acc. Chem. Res., §, 335 (1972).
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47. DICARBONYL(n’-CYCLOPENTADIENYL)
(2-METHYL-1-PROPENYL-xC")IRON AND
DICARBONYL(n*-CYCLOPENTADIENYL)(n*-2-METHYL-
1-PROPENE)IRON(1+) TETRAFLUOROBORATE

Submitted by MYRON ROSENBLUM,* WARREN P. GIERING,} and SARI-BETH
SAMUELS?
Checked by PAUL J. FAGAN§

Cationic olefin complexes of dicarbonyl(n’*-cyclopentadienyl) iron have been of
wide interest in syntheses for a number of years. These complexes, generally
isolated as their tetrafluoroborate or hexafluorophosphate salts, have been pre-
pared by the reaction of Fe(n>-CsH,)(CO),Br with simple olefins in the presenée

*Department of Chemistry, Brandeis University, Waltham, MA 02254.

tDepartment of Chemistry, Boston University, Boston, MA 02215.

$Union Carbide Corp., Bound Brook, NJ 08805.

§Central Research and Development Department, E. 1. du Pont de Nemours & Co., Wilmington,
DE 19898.
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of Lewis acid catalysts,' by protonation of allyl ligands in Fe(n’-
C5H,)(CO),[(allyl)kC'] complexes,’ or by treatment of these with cationic elec-
trophiles,® by hydride abstraction from Fe(n’>-CsH;)(CO),(alkyl) complexes,*
through reaction of epoxides with Fe(n’-CsH;)(CO), anion followed by proton-
ation,” or by thermally induced ligand exchange between [Fe(n’-CsHs)(CO)(n’-
2-methy!-1-propene)][BF,]* 7 or [Fe(’-CsH;)(CO),(tetrahydrofuran)][BF,]® and
excess olefin.

The latter two methods are often the most convenient. Dicarbonyl(n’-cyclo-
pentadienyl)(n’>-2-methyl-1-propene)iron(1 +) tetrafluoroborate is a readily syn-
thesized crystalline solid that can be stored indefinitely at —20°. When solutions
of the salt are heated in 1,2-dichloroethane (65-70°, 510 min) or in dichloro-
methane (40°, 3—4 hr) in the presence of 2-3 M equivalents of an olefin, ligand
exchange occurs, yielding the derived [Fe(m’-CsH;)(CO),(olefin)][BF,] com-
plex.>* The exchange reaction is limited to the preparation of those complexes
that are thermodynamically more stable than the 2-methyl-1-propene complex
itself under the conditions of the exchange reaction. These generally include
terminal, alkyl-substituted olefins, 1,2-dialkyl-substituted olefins, and cycloal-
kenes. Heteroatoms such as O, N, and S present in the olefin may interfere with
formation of the olefin complex through competitive complexation.

The procedure given here can be completed easily within a day. Although
specific for the preparation of the 2-methyl-1-propene complex it can be adapted
readily as an alternative method for the preparation of [Fe(n’>-CsHs)(CO)y(n’-
olefin)][BF,] complexes through metallation of an allyl halide or tosylate, fol-
lowed by protonation of the monohapto-allyliron complex.

A. DICARBONYL(n’-CYCLOPENTADIENYL)
(2-METHYL-1-PROPENYL-«C")IRON

THF
[Fe(n’-CsH(CO),), + 2Na(Hg) — 2Na[Fe(CO),(n™-CsHs)]* + 2Hg
THF
Na[Fe(CO),(n’-C;H,)] + C,H,Cl —
Fe(n’-C4H;)(CO),(2-MeC,H,-kC") + NaCl

Procedure

B Caution. Care should be exercised in the preparation of the mercury
amalgam because the initial reaction is highly exothermic. This and all subse-
quent operations should be carried out in a well-ventilated fume hood.

*For smaller scale preparations, K[Fe(CO),(n’*-CsHj)], available from Alfa Division of Ventron
Corporation or preparable by reduction of [Fe(n’-CsH(CO),]; with potassium metal,” may be used.
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A 500-mL three-necked flask with a stopcock at the bottom is fitted with a
nitrogen inlet and a motor-driven mechanical stirrer with a Teflon paddle. The
flask is flushed thoroughly with nitrogen while being flame-dried, and then 30
mL of mercury is introduced. A pan may be placed under the flask in case of
breakage. The mercury is stirred vigorously as 4.5 g (0.196 mole) of sodium
metal, cut into small pieces, is slowly added to it. The flask is capped with a
rubber septum. (W Caution. The amalgamation of sodium is highly exother-
mic. Small pieces of sodium must be added to mercury behind a shield.) After
the resulting hot amalgam has cooled to room temperature, 200 mL of tetra-
hydrofuran (THF), which is predried over KOH and then freshly distilled under
a nitrogen atmosphere from sodium benzophenone ketyl, is added. In general,
transfer of large volumes of dry solvent or of solutions is best made by a 10
gauge cannula [Hamilton] inserted through rubber septa capping both delivery
and receiver vessels. Transfer is made by positive nitrogen pressure applied
through a hypodermic needle, while a second needle in the receiver is used as
a vent. Eighteen grams (0.051 mole) of dicarbonyl(n’-cyclopentadienyl)iron
dimer'® [Alfa or Strem] is added at once, and vigorous stirring is continued at
room temperature for 3045 min. The progress of the reaction can be monitored
by following the changes in the carbonyl region of the IR spectrum of the solution,
employing carefully dried sodium chloride liquid sample cells filled by syringe
under nitrogen. Carbonyl absorption bands of the dimer [Fe(CO)(n’-C,Hy)), at
1995, 1950, and 1780 cm ™' are replaced by those of the salt, which exhibits
strong absorption bands at 1877 and 1806 cm ™' due to the tight ion pair as well
as weaker absorptions at 1862, 1786, and 1770 due to solvent-separated and
carbonyl-bridged ion pairs.'' The amalgam is drained, and the amber-red solution
of sodium dicarbonyl (n’-cyclopentadienyl)ferrate(1 —) is ready for use without
further purification.

The solution is cooled in an ice bath and is stirred rapidly as 9.65 g (0.107
mole) of 1-chloro-2-methyl-1-propene (isobutenyl chloride) [Aldrich] is added
over a period of 5 min. The reaction can be followed by observing the changes
in the IR spectrum of the solution. The carbonyl absorption bands characteristic
of the anion are replaced by those typical of the product at 1998 and 1950 cm ™"
Upon completion of the addition of 1-chloro-2-methyl-1-propene, stirring at 0°
is continued for 1 hr to ensure completion of the reaction. The resulting solution
of dicarbonyl (n’-cyclopentadienyl)(2-methyl-1-propenyl-xC')iron may be used
directly without purification. Alternatively, the product can be isolated and pur-
ified by removing solvent under reduced pressure, followed by chromatograpﬁy
of the residue on 300 g of neutral activity III alumina. The column is made up
in anhydrous diethyl ether, and after dissolving the crude product in petroleum
ether, elution under N, is carried out with this solvent. The product may be
further purified by short-path distillation at pressures less than 10™* mm (pot
temperature less than 40°). It is then sufficiently pure to be stored at —20° for
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prolonged periods without decomposition. The yield of dark amber oil is typically
19-20 g (80-90%).

Anal. Calcd. for C,,H,,FeO,: C, 56.93; H, 5.21. Found: C, 57.19; H, 5.35.

The IR spectrum of the complex in dichloromethane solution is characterized
by two strong bands in the carbonyl region, at 2003 and 1945 cm~'. A 'H NMR
spectrum of the complex in chloroform-d exhibits the following resonances; &
4.63 (s, 5, Cp), & 4.47 (m, 2, CH==), & 2.11 (s, 2, CH,), and & 1.77 (s, 3,
CH,).

B. DICARBONYL(%’-CYCLOPENTADIENYL)(w*-2-METHYL-1-
PROPENE)IRON(1+) TETRAFLUOROBORATE

FC(T]S—CSHS)(CO)2(2-M6C3H4—KCl) + H[BF,] —
[Fe('flS‘CSHS)(CO)z('ﬂZ'Cszs)][BF4]

The above product is placed in a dry 1-L single-necked round-bottomed flask
with a side arm. The flask is flushed with nitrogen and fitted with a magnetic
stirring bar and a rubber septum. Anhydrous diethyl ether (300 mL) is degassed
by purging for several minutes with a stream of dry nitrogen, using a gas
dispersion tube, and is then transferred to the 1-L flask by cannula. The solution
is cooled to 0° in an ice bath. Then 17 mL of 48% aqueous hydrogen tetrafluo-
roborate(1 —) [Ozark-Mahoning] (0.12 mole) is added slowly by syringe while
the solution is stirred vigorously. Manual shaking may be necessary at the end
to ensure mixing of the reactants. A yellow-orange precipitate forms immedi-
ately. The septum is removed, and the mixture is transferred by a 2.5-mm cannula
to a Schlenk tube'? fitted with a coarse-porosity sintered glass filter. The product
is washed with anhydrous diethyl ether until the washings are colorless and is
then dried by passing a stream of dry nitrogen through the Schlenk tube.

The crude product may be purified as follows. The Schlenk tube receiver is
replaced by a 500-mL round-bottomed flask with a magnetic stirring bar. The
Schlenk tube outlet stopcock is closed, and the crude salt is taken up in 30 mL
of dichloromethane that was previously dried over 4A molecular sieves and then
deoxygenated by nitrogen purge. The stopcock is then opened, and the resulting
cherry red solution is vacuum-filtered into the round-bottomed flask. The process
is repeated several times with smaller portions of dichloromethane until the
washings are colorless. The Schlenk tube is then replaced by a rubber septum,
and the dichloromethane solution is cooled in an ice bath and stirred vigorously
as 250 mL of anhydrous diethyl ether is added over a period of 5 min. The
resulting golden yellow solid is transferred as before to a Schienk tube with a
medium-porosity filter. The filter cake is washed several times with small portions
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of diethyl ether, dried under nitrogen in the Schlenk tube, and finally dried under
vacuum. The yield of yellow crystalline dicarbonyl(n’-cyclopentadienyl)(m*-2-
methyl-1-propene)iron(1 + ) tetrafluoroborate is 25-28 g (78-88%).

Anal. Caled. for C,,H;BF,FeO,: C, 41.30; H, 4.10. Found: C, 41.19; H,

3.78. IR (CH;NO,) v 2030, 2070 cm™'. NMR (CD;NO,): 8 5.64 (s, 5, Cp),
3.91 (s, 2, CH;/=), 1.96 (s, 6, CH,).

The product may be stored indefinitely under nitrogen at — 20° without decom-

position. It is soluble in dichloromethane, acetone, and nitromethane but insol-
uble in hydrocarbons and in diethyl ether.
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48. TETRAETHYLAMMONIUM p-CARBONYL-1xC:2xC-
DECACARBONYL-1«’C,2k’C,3x*C-p-HYDRIDO-1k:2k-
triangulo-TRIRUTHENATE(1 —)

THF
2Ru,(CO),, + 2Na[BH,] — 2Na[HRu,(CO),,] + 2CO + B,H,

MeOH

Na[HRu,(CO),,] + Et,NBr — Et,N[HRu,(CO),,] + NaBr

Submitted by GEORG SUSS-FINK*
Checked by NANCY JONES, HERBERT D. KAESZ,t and JOSEPH W. KOLIS}

There are several literature reports'~’ on the formation of the trinuclear cluster
anion [HRu,(CO),,]”, all of which involve reactions of Ru;(CQO),, with basic
reagents. Of synthetic value are the reactions with Na[BH,],” (Et,N)[BH,],’ and
KH.* The standard preparation, sodium tetrahydroborate reduction of Ru,(CO),,,>
affords Na[HRu,(CQ),,] in tetrahydrofuran (THF) solution almost quantitatively
within 30 min. The anionic product can be isolated as the tetracthylammonium
salt by crystallization from methanol, giving yields up to 85%. Alternatively,
the isolation as the bis(triphenylphosphoranylidene)ammonium salt is also pos-
sible.” The cluster anion [HRu;(CO),,]” acts as a homogeneous catalyst in
hydroformylation,®® hydrogenation,” hydrosilylation,”' and silacarbonyla-
tion,”'" in the water-gas shift reaction,”'>" and in syn-gas reactions.'*"

Procedure

The reaction can be conducted with standard Schlenk techniques.'® All manip-
ulations must be carried out under purified nitrogen, and all solvents must be
distilled over drying agents and saturated with nitrogen prior to use.'® In a 250-
mL Schlenk tube, 640 mg (1 mmol) of Ru,(CO),,"” [Alfa] and 160 mg (4 mmol)
of Na[BH,] are dissolved in 100 mL of tetrahydrofuran. The solution, which
turns dark red, is stirred at 25° for 30 min. The reaction mixture is filtered
through a 2-cm layer of filter pulp, using a 250-mL Schlenk frit, and the filtrate
is evaporated to dryness. The residue is dissolved in methanol (30 mL), and
after addition of Et,NBr (250 mg, 1.2 mmol) in methanol (10 mL), the solution
is concentrated to 10 mL. The product is allowed to crystallize at room tem-
perature for 6 hr; then the solution is cooled to —78°. After 15 hr, the crystalline

*Laboratorium fiir Anorganische Chemie der Universitiit Bayreuth, Postfach 3008, D-8580 Bay-
reuth, F.R.G.

tDepartment of Chemistry, University of California, Los Angeles, CA 90024.
iDepartment of Chemistry, Northwestern University, Evanston, 1L 60201.
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precipitate of analytically pure (Et,N)[HRu,;(CO),,] is isolated, washed three
times with methanol (2 mL) at —78°, and dried under vacuum (107 torr). A
typical yield is 600 mg (81%).

Anal. Calcd. for C,;H, NO,,Ru;: C, 30.73; H, 2.86; N, 1.89. Found: C,
31.00; H, 3.00; N, 1.98.

Properties

The title compound, (Et,N)[HRu,(CO),,], is a deep red, almost black, crystalline
material. The crystals are only slightly air-sensitive and decompose rather indis-
tinctly over the range 325-330°. They dissolve in polar solvents such as THF,
N,N-dimethylformamide, CH,Cl,, CH;CN, or CH,OH. The blood-red solutions
that result are much more sensitive to oxygen than the solid. The IR spectrum
of (Ei,N)[HRu,(CO),,] (in CH,Cl, solution) displays characteristic absorptions
at 2074 (w), 2017 (vs), 1988 (s), 1955 (m), and 1696 (w) cm ™"
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49. BROMO(n*-CYCLOPENTADIENYL)-
[1,2-ETHANEDIYLBIS(DIPHENYLPHOSPHINE)JIRON AND
BROMO(7’-CYCLOPENTADIENYL)-
[1,2-ETHANEDIYLBIS(DIPHENYLPHOSPHINE)]-
BIS(TETRAHYDROFURAN)IRONMAGNESIUM(Fe-Mg)

Submitted by S. G. DAVIES,* H. FELKIN,* and O. WATTS*
Checked by S. J. SIMPSON#t

© 9 O

+ [ DAV I A IN
oc” J \Br PPh, ppp lJPh Br ™ ph,p JP MBr-2thf
O 2

Lo th

thf = tetrahydrofuran
The preparation of bromo(n’-cyclopentadienyl)[1,2- ethanediylbis(diphenyl-
phosphine)jiron described here (up to 63% yield) is an improvement of the
original literature reaction (41% yield).! This compound is also formed when
cyclopentadienylthallium(I) is reacted with Fe(Ph,PCH,CH,PPh,)Br,.? It readily
undergoes one-electron oxidation® and reacts with a variety of nucleophiles, with
replacement of bromide.*

The use of activated magnesium powder® for the preparation of bromo(n’-
cyclopentadienyl)[ 1,2-ethanediylbis(diphenylphosphine)]bis(tetrahydrofuran)
ironmagnesium(Fe-Mg) leads to more reproducible, and consistently higher,
yields than magnesium turnings. The crystal structure and reactions of
Fe[MgBr(thf),] (7’-CsHs)(Ph,PCH,CH,PPh,) (thf = tetrahydrofuran) have been
described elsewhere.*® This iron-magnesium complex is one of the few examples
of an inorgano-Grignard that contains a transition metal-magnesium bond’ rather
than having the magnesium bonded to a CO ligand.® The iron-magnesium Grig-
nard reagent is a valuable source of electron-rich iron complexes due to its
nucleophilicity.

*Institut de Chimie des Substances Naturelles, C.N.R.S., 91190 Gif-sur-Yvette, France.
‘YDepartment of Chemistry, University of Salford, Salford, England M5 4WT.
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A. BROMO(n’-CYCLOPENTADIENYL)[1,2-
ETHANEDIYLBIS(DIPHENYLPHOSPHINE)]JIRON

Procedure

All manipulations are carried out under a nitrogen (or argon where stated) atmos-
phere using conventional Schlenk tube techniques.” All the solvents used are
deoxygenated (saturated with nitrogen). To achieve this, the solvent is boiled
briefly at room temperature under reduced pressure and then shaken briefly with
nitrogen at atmospheric pressure. This procedure is repeated twice (three times
in all).

The compounds Fe(w’-CsH,)(CO),Br'® (1.54 g, 6.0 mmol) and 1,2-ethane-
diylbis(diphenylphosphine) (2.46 g, 6.2 mmol) are dissolved in anhydrous ben-
zene (200 mL distilled from CaH,) and transferred into a standard quartz, water-
cooled, deoxygenated photochemical vessel fitted with a magnetic stirrer. The
concentration of Fe(n’-CsHs)(CO),Br must be < 0.03 M.

m  Caution. Benzene is a suspected carcinogen. It should be handled in a

well-ventilated fume hood, and gloves should be worn at all times.
During irradiation of the stirred red solution with a medium-pressure Hanovia
450-W UV lamp (no. 679A) for 18 hr, argon is introduced through a frit at the
bottom of the reaction vessel. Its purpose is to remove the carbon monoxide that
forms in the photolysis. The resultant violet solution is filtered through Celite
(3 cm). This filtration removes a pale green precipitate (~20% yield) consisting
of a mixture of [CpFe(diphos)(CO),]Br and [CpFe(diphos)COIBr. The former
compound can be converted into the latter by treatment with Me,;NO. The filtrate
is evaporated under reduced pressure (0.1 torr) to yield a violet gum. This gum
is dissolved in dichloromethane (20 mL), and pentane (100 mL) is added. Black
crystals form slowly (about 12 hr at room temperature) and are separated by
filtration. The supernatant is evaporated to a violet gum and crystallized from
the same solvent mixture. Both crops of crystals are washed quickly with cold
(< —10°) acetone (2 X 5 mL) in order to remove a small amount of an uni-
dentified fluffy off-white precipitate. They are recrystallized from dichloro-
methane (15 mL) by addition of pentane (130 mL) and cooling to —30° for 14
hr. Filtration and drying under vacuum gives 2.15-2.26 g (60-63%) of Fe(n’-
CsH,)(Ph,PCH,CH,PPh,)Br; mp 208-211°.

Anal. Caled. for [CyH,oBrFeP,]: C, 62.1; H, 4.9; P, 10.3; Br, 13.3. Fqund:
C, 61.9; H, 4.9; P, 10.3; Br, 13.5.

Properties

Bromo(m’-cyclopentadienyl)[ 1,2-ethanediylbis(diphenylphosphine)]iron is an air-
sensitive black crystalline solid that is soluble in many organic solvents (benzene,
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dichloromethane, diethyl ether, tetrahydrofuran, carbon disulfide, and chloro-
form). The '"H NMR spectrum (60 MHz, CS,) shows a triplet at $ 3.92 (J = 2
Hz, 5H, C,H;), multiplets at 8 7-8 (20H, aryl-H), and a multiplet at 3 2.1-2.55
(4H).

B. BROMO(n’-CYCLOPENTANEDIENYL)[1,2-ETHANEDIYL-
BIS(DIPHENYLPHOSPHINE)]-
BIS(TETRAHYDROFURAN)IRONMAGNESIUM(Fe-Mg)

Procedure

All reactions and manipulations are carried out under a nitrogen atmosphere (dry
and oxygen-free) using conventional Schlenk tube techniques.” Tetrahydrofuran
(THF) is distilled under nitrogen from sodium-benzophenone ketyl. The glass-
ware is flamed under vacuum, and the filter paper and magnesium turnings are
oven-dried (100°). Filtration is carried out using a dry polyethylene or steel tube
fitted with a double layer of dry filter paper.

1,2-Dibromoethane (0.38 mL, 4.6 mmol) is added to a magnetically stirred
suspension of magnesium turnings (140 mg, 5.8 mg-atom) in anhydrous THF
(50 mL). Ethylene is given off. (@ Caution. This reaction can be quite
vigorous.) The mixture is then heated under reflux for 20 min. The hot MgBr,
solution is filtered onto good quality potassium metal® (328 mg, 8.4 mg-atom)
and is refluxed for 2 hr. The solvent is removed from the resulting fine black
magnesium powder by filtration, as above. (@ Caution. Magnesium powder
is pyrophoric in air.) The powder must not be washed with THF, as a small
amount of MgBr, is essential for the following reaction. To the magnesium
powder is added Fe(n’-CsH;)(Ph,PCH,CH,PPh,)Br (500 mg, 0.8 mmol) in anhy-
drous THF (15 mL). The mixture is stirred magnetically for 16 hr at 20°. During
this time the color of the solution changes from violet to deep red. Filtration,
which can be slow, gives a solution of Fe[MgBr(thf),](n’-CsH;)
(Ph,PCH,CH,PPh,) suitable for most purposes.*® On cooling ( —30°), red crys-
tals of Fe[MgBr(thf),](n’-CsHs)(Ph,PCH,CH,PPh,) which contain two THF mol-
ecules of crystallization are obtained (280-420 mg, 40-60%).

Properties

Bromo(n’-cyclopentadienyl)[1,2-ethanediylbis(diphenylphosphine)bis(tetra-

hydrofuran)ironmagnesium(Fe-Mg) is extremely sensitive to oxygen and mois-
ture. It is soluble in THF and benzene. The 'H NMR spectrum of the THF
adduct (60 MHz, C,D,) shows & 1.3 (16H, multiplet), 3 3.42 (12H, multiplet,
—CH,—O0—,THF), & 4.23 (5H, broad, CH;), and 8 7.0-8.0 (20H, multiplet,
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aryl-H). Reaction of the solution of Fe[MgBr(thf),]1(n’-CsHs)(Ph,PCH,CH,PPh,)
with EtOH at —78° followed by evaporation gave Fe(n’-
CsH;)(Ph,PCH,CH,PPh,)H (381 mg, 88%) after chromatography (neutral alu-
mina, pentane-diethyl ether 1:1).
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50. (1*-1,5-CYCLOOCTADIENE)(PYRIDINE)-
(TRICYCLOHEXYLPHOSPHINE)IRIDIUM(I)
HEXAFLUOROPHOSPHATE

Submitted by ROBERT H. CRABTREE* and SHEILA M. MOREHOUSE+
Checked by JENNIFER M. QUIRK:

Homogeneous hydrogenation catalysts that selectively reduce unhindered C=C
bonds are well known.' Some catalysts’ also reduce tetrasubstituted C=C bonds
if there are activating substituents (—NHAc,—CO,Me) present. Only one catalyst’
has been reported to reduce hindered olefins whether or not activating 'groups
are present: [Ir(cod)(py)(tcyp)][PFs] (cod = 1,5-cyclooctadiene, py = pyridine,
tcyp = tricyclohexylphosphine). The catalyst is also highly selective, preferen-
tially reducing less hindered C=C groups before more hindered groups,* and,
in certain cases, causing hydrogen addition to one face only of a chiral mole-
cule.*® Certain groups, especially —OH, on one face of a substrate can disect
the attack on a nearby C=C group of the catalyst from that face by prior

*Department of Chemistry, Yale University, 225 Prospect Street, New Haven, CT 06520!
tDepartment of Chemistry, Manhattanville College, Purchase, NY 10577.
tUnion Carbide, Tarrytown, NY 10591.
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coordination to iridium. Selectivities of 1000:1 have been observed in such
cases.” Hydroxyl groups also appear to direct attack on nearby C=C groups
rather than distant ones. Neither Pd/C nor classical homogeneous catalysts such
as RhCI(PPh,); behave in this way. The catalyst is also insensitive to oxidizing
functionality, such as carbon-halogen bonds or O,, but is poisoned by —CO,H,
—CN, —NH,, and to some extent —OH, but not by —CO,R, —NHAc, —OSiR;,
keto, or cyclopropy! groups.

An important feature of preparation A is the use of the highly ionizing solvent
Me,CO/H,0. No other solvent mixture tried gives such good resuits. In partic-
ular, other solvents lead to contamination of the product with [IrCl(cod)(py)).*

A. (n*1,5-CYCLOOCTADIENE)BIS(PYRIDINE)IRIDIUM(I)
HEXAFLUOROPHOSPHATE

~

[IrCI(CgH,,)], + 4CsHsN + 2NH,[PF,] —
2 [Ir(CgH,,)(CsH,N),][PF] + 2NH,Cl

Procedure

Twenty milliliters of deoxygenated acetone/water (1:1) and 0.7 mL of pyridine
are placed in a 100-mL Schlenk tube equipped for magnetic stirring under nitro-
gen. The reagent-grade solvents and reagents in this and the subsequent step do
not need to be specially pure or dry. To this solution, 0.42 g (0.62 mmol) of
di-p.-chloro-bis(n*-1,5-cyclooctadiene)diiridium(I)’ {Strem Chemical] and 0.34 g
(1.9 mmol) of K[PF,] are added. The mixture is allowed to stir under nitrogen
for approximately 3 hr at room temperature (20°), or until the red solid {Ir(cod)Cl],
has dissolved and the color of the mixture appears distinctly yellow. The mixture
should not be heated. Care is needed to exclude air.®

The more volatile acetone is then largely removed by evaporating the solution
gently at room temperature on a vacuum line for 10 min or until the volume of
the mixture falls to about 10 mL. The yellow solid {Ir(cod)py,]iPFs] precipitates
during this process and can be isolated by filtration through a frit under nitrogen.
The solid is washed with three portions of 5 mL of degassed water, and dried
under vacuum. Yield: 0.73 g (97%).

Anal. Calcd. for C,;H,,N,PFlr: C, 35.83; H, 3.68; N, 4.64. Found: C, 35.89;
H, 3.76; N, 4.52.

Properties

The complex is slightly air-sensitive even in the solid state and should be kept
under nitrogen or used immediately for the following preparation. The product
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[Ir(cod)py.][PF,] can be recrystallized from dichloromethane/diethyl ether and
is identified by its 'H NMR spectrum. The cyclooctadiene vinylic protons appear
at 8 3.83, with the complex aromatic proton resonances occuring at 8 7.1-7.7
and 8 8.6-8.8 (CDCl,, 25°, shifts in ppm relative to internal TMS).

B. (n‘1,5-CYCLOOCTADIENE)(PYRIDINE)-
(TRICYCLOHEXYLPHOSPHINE)IRIDIUM(I)
HEXAFLUOROPHOSPHATE

(Ir(CeH 2 )(CeHsN),JPFe] + P(CH,,)s —
(Ir(CgH  H{P(CeH 1) sHCHN)[PFe] + CeH N

Procedure

In a 100-mL Schlenk tube equipped with a stirring bar, 0.30 g (0.5 mmol) of
(n*-1,5-cyclooctadiene)bis(pyridine)iridium(I) hexafluorophosphate is dissolved
in 20 mL of deoxygenated methanol under nitrogen.® To this solution is added
0.17 g (0.6 mmol) of tricyclohexylphosphine (tcyp) [Strem Chemical]. The orange
solution is stirred for 15 min at room temperature, during which time the product
begins to crystallize from the solution. The mixture must not be heated. The
methanol is removed under reduced pressure at room temperature until about 5
mL remains. Diethyl ether (10 mL) is added, and the reaction mixture is cooled
in an ice bath for 30 min. The orange crystalline product is isolated by filtration,
washed three times with 5-mL portions of diethyl ether, and dried under vacuum.
Yield: 0.39 g (97%).

Anal. Calcd. for C;H;oNP,FIr: C, 46.27; H, 6.26; N, 1.74. Found C, 45.72;
H, 6.23; N, 1.63.

Properties

This complex is air-stable both in the solid state and in solution. It is soluble in
CH,Cl,, CHCl;, and Me,CO but insoluble in alcohols, water, benzene, diethyl
ether, and hexane. The compound [Ir(cod)(tcyp)(py)1[PF,] can be recrystallized
from dichloromethane/diethyl ether and identified by its '"H NMR spectrum. The
cyclooctadiene vinyl protons appear at 8 4.02 in the NMR. Other resonances
are observed for cyclohexylphosphine (8 0.8-2.5 complex), and for the agyl
groups(d 7.6-7.9 and & 8.7-8.8 complex) (CDCl;, 25°). The details for the use
of the complex in hydrogenation are described elsewhere.*
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51. TETRACARBONYL(n*-METHYL
ACRYLATE)RUTHENIUM

hv(h = 370 nm)

Ru,(CO),, + 3CH,~CH—CO,CH, -

=15

3Ru(n’*-CH,=CH CO,CH,)(CO),

Submitted by F.-W. GREVELS,* J. G. A. REUVERS,* and J. TAKATS}
Checked by B. F. G. JOHNSONi}

Although various synthetic routes have become available for the syntheses of
tetracarbonyl(n*-olefin) complexes of iron,' a general high-yield procedure for
the preparation of the analogous ruthenium compounds has long been lacking.
Photolysis of Ruy(CO),, in the presence of excess olefin has been reported to
yield Ru(n*olefin)(CO), complexes of ethylene,” 1-pentene,’ ethyl acrylate,*
and diethyl fumarate.* However, in no case were analytically pure materials
obtained, decomposition often occurring while the excess olefin was being removed
from the reaction mixture. A simple method for the photochemical preparation

*Max-Planck-Institut fiir Strablenchemie, Stiftstrasse 34-36, D-4330 Miilheim a.d. Rubr, FRG.
tDepartment of Chemistry, University of Alberta, Edmonton, Alberta, Canada T6G 2G2.
FUniversity Chemical Laboratory, Lensfield Road, Cambridge, CB2 IEW, U.K.
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of tetracarbonyl(n’-methyl acrylate)ruthenium is described here. A similar pro-
cedure affords the corresponding (n’-dimethy! fumarate) and (n’-dimethyl maleate)
complexes in nearly quantitative yield.’

Procedure

®  Caution. Ruthenium carbonyl complexes must be handled as toxic com-
pounds in a well-ventilated fume hood. In particular, any kind of bodily con-
tamination, orally or via skin contact, must be strictly avoided. Gloves should
be worn. )
All operations are carried out under an atmosphere of argon. Dodecacarbonyl-
triruthenium can be purchased [Strem Chemicals] or it can be prepared from
RuCl;-3H,0.%” Methyl acrylate (synthetic grade, 99%) [Aldrich] is used as
received. Hexane (95%) [Aldrich] is distilled under argon before use.

Dodecacarbonyltriruthenium (3.20 g, 5.0 mmol), methyl acrylate (8.6 g, 100
mmol), and hexane (250 mL) are placed in a 300-mL photochemical reaction
vessel (Fig. 1). The light source, a high-pressure mercury lamp Philips HPK
125 W, is located inside the reactor and is surrounded by a GWV cutoff filter

/NS 29/32
—A ! A
T
NS 50/42 \
)~
NS 145/23
B Zah e
qa
d
b
h- M
Hl---GWV Filterglass
—L
C |NS145/23
U
i

Fig. 1. Irradiation apparatus. A, water cooling; B, Ar inlet; C, septum (rubber) fot
withdrawing IR samples; L = high-pressure mercury lamp (Philips HPK, 125-W), used
in connection with a Philips VGI/HP 125-W power supply converter unit. Dimensions
(inmm):a = 400,b = 240,d = 70, ¢ =44, f = 28, g = 6, h = 10, i = 10.
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3
3
S

Ar outlet

f

=1 |
=1

AUARNAANRRANAN ARNY ¥ ANNANANANY

Ar inlet —

B

+«—Ar inlet

Fig. 2. Inverse filtration at low temperature. A, cooling bath, Dry Iceiacetone; B,
argon pressure maintained at 10-20 torr above atmospheric pressure; C, three-way
stopcock; D, rubber cap; E, polyethylene tube, 3 mm, widened to 10 mm at one end; F,
filter wad, cotton or glass wool.

tube,* A = 370 nm. Argon is bubbled through the solution, via inlet B, before
the light source is turned on. As the reaction proceeds, upon irradiation at 10—
15°, the solid Ru,(CO),, gradually dissolves. Irradiation is continued until the
orange-yellow color of Ru,(CO),, has disappeared (5-8 hr). The reaction can
also be monitored conveniently by means of IR spectroscopy, which shows the
exclusive formation of Ru(n?-methy! acrylate)(CO), (as well as the disappearance
of the veo bands at 2061 (vs), 2031 (s), 2017 (w), and 2011 (m) cm™' due to
Ru,;(CO),,) with v, bands at 2121 (w), 2049.5 (s), 2035 (s), and 2008.5 (s)
cm™!

The solution is filtered if necessary, cooled to —78°, and allowed to remain
at this temperature for several days. The complex precipitates as colorless crys-
tals. The supernatant solution is removed by inverse filtration (Fig. 2) and the
crystals are dried under vacuum at —30°. Yield: 3.50 g of Ru(n’-methyl
acrylate)}(CO), (78%).T A second crop can be obtained from the mother liquor
by concentrating it to one-fourth of its original volume and cooling to —78° for
several days. As described above, the colorless crystals are isolated and dried
under vacuum at —30° (0.81 g; 18%). Ru(n’-methyl acrylate)(CO), may be

*(Glaswerk Wertheim, Ernst-Abbe-Strasse 1, D-6980 Wertheim/Main, FRG. The Max-Planck-
Institut fiir Strahlenchemie will pass on tube material at cost.

+The checkers found that isolation of the product is difficult largely because of its instability
above —30°. However, since its use is that of a precursor to other materials, it can be used in situ
without having been isolated.



51. Tetracarbonyl(w’-methyl acrylate)ruthenium 179

recrystallized from hexane (precooled, < —30°) to which 0.5% methyl acrylate
is added.

Anal. Calcd. for C;H,O.Ru: C, 32.11; H, 2.02. Found: C, 32.16; H, 1.88.

Properties

Tetracarbonyl(n’-methyl acrylate)ruthenium is obtained as a colorless solid that
is stable indefinitely at temperatures below —30° under argon. The complex is
soluble in organic solvents but decomposes unless free methyl acrylate is added
to the solvent. It appears that an equilibrium is established (Eq. 1), invplving
the complex, methyl acrylate, and the species [Ru(CO),]. Excess free methyl
acrylate shifts the equilibrium to the left, thereby preventing decomposition of
the complex and facilitating the workup of the reaction mixture. This moderate
stability of Ru(n’*-methyl acrylate)(CO), at room temperature establishes it as a
useful source of the moiety [Ru(CO),] under mild conditions. For example,
addition of a cooled (—30°) hexane solution of a suitable ligand L to a similar
solution of (I), followed by the slow warming up of the reaction mixture to
ambient temperature, leads to the mononuclear complex LRu(CO), (Eq. 1,

= dimethy} fumarate, fumaronitrile, maleic anhydride, trimethyl phosphite,
triphenylphosphine).** In addition to these ligand exchange reactions, compound
(I) reacts at ambient temperature (20°) with methyl sorbate and diethyl 2,4-
hexadienedioate, respectively, to yield Ru(n*-diene)(CO); complexes, or with
diethyl 2,4-hexadienedioate at slightly lower temperature, to a novel triruthenium
cluster: undecacarbonyl p*-(1-n':2,3-n%4-n'-diethyl) (2,4-hexadienedioate) tri-
ruthenium.® Dimethyl acetylenedicarboxylate is trimerized by (I) to hexamethyl
benzenehexacarboxylate, C(CO,CH,)s, at T < 25°.%

The use of a cutoff filter with A = 370 nm is recommended in order to prevent
secondary photoreactions, such as the substitution of carbon monoxide for an
olefin ligand to give Ru(n*methyl acrylate),(CO),’ The colorless Ru(n*-methyl
acrylate)(CO), (I) is transparent at A = 370 nm, that is, in the region of the
long-wavelength absorption maximum of the starting material Ru;(CO),, at 390
nm. The absorption curve of (I) increases almost monotonically from about 370
nm to a maximum at 268 nm (e = 7000, in hexane that contains 0.5% methyl
acrylate; the same solution is used in the reference cell). The IR spectrum of 1
exhibits four bands in the metal carbonyl region at 2121 (w), 2049.5 (s), 2035
(s), and 2008.5 (s) cm™"' and an ester carbonyl band at 1715 cm™'. This is
consistent with a trigonal-bipyramidal geometry in which the olefin occupies an*
equatorial position (C,, local symmetry). 'H NMR data: 8 1.74 (dd, 3 Hz, 8.1
Hz), H'; 2.47 (dd, 3 Hz, 11.1 Hz), H% 2.81 (dd, 8.1 Hz, 11.1 Hz), H?;3.29
s, H*: in toluene-dg at —40°. *C NMR data: § 35.5 [d, 159 Hz, C(1)]; 23.9 [t,
161 Hz, C(2)]; 51.1 [q, 148 Hz, C(4)]; 176.3 [s, C(3)]; and 193.6, 194.8, 195.5,
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LRu(CO),

[

Ru(M?-CH,=CH—-CO0,CH,) (CO), == CH,=CH—CO,CH; + [Ru(C0),] (1)

(I l

3 RU3(CO)12

hv
(A2 280 nm)l-co, +CHy=CH-CO,CH;4

+ other decomposition
Ru(M%=CH,=CH—-CO,CH3),(CO), products

and 197.6 (CO); in toluene-d; at — 50° (Bruker WH 270; 270 and 67.89 MHz,
respectively) (Fig. 3). H’\ W2

C2

";‘--- Ru (CO)L

2N

Fig. 3. Tetracarbonyl (w'-methyl acrylate)ruthenium. H C"OZC‘HS

The experimental procedure described here for the preparation of Ru(m?-
methyl acrylate)(CO), is applicable to a variety of other olefins as manifested
by the syntheses of Ru(m’-olefin)(CO), complexes of, for example, dimethyl
fumarate, dimethyl maleate, allyl acrylate, methyl vinyl ketone (3-butene-2-
one), and acrylonitrile.’
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Chapter Four

TRANSITION METAL COMPOUNDS AND
COMPLEXES

52, TITANIUM(I) CHLORIDE
Me,SiSiMe, + TiCl, — 2Me,SiCl + TiCl,

Submitted by SURAJ P. NARULA* and HEMANT K. SHARMA*
Checked by OM DUTT GUPTAY

Titanium(II) chloride has been prepared by the thermal decomposition of tita-
nium(IIT) chloride'? and also by the reduction of titanium(IV) chloride with
metals.> This compound can be obtained in relatively high purity by the direct
reaction of titanium(IV) chloride and hexamethyldisilane.® The procedure described
below is superior to the previously reported methods because simpler equipment
is used and large quantities can be processed with a resultant saving in time.

Procedure

A 50-mL three-necked round-bottomed flask is equipped with a reflux condenser
having a calcium chloride moisture-guard tube, a nitrogen inlet, and a dropping

*Department of Chemistry, Panjab University, Chandigarh-160014, India.
tDepartment of Chemistry, University of Idaho, Moscow, 1D 83843.
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funnel. The flask is flame dried, and dry, oxygen-free nitrogen gas is admitted
for 1 hr to expel the last traces of moisture.} Titanium tetrachloride, 2.68 g (14
mmol), is added to the flask, and the flow of nitrogen gas is slowed. Hexame-
thyldisiiane {Aldrich}, 2.15 g (14 mmol), is added dropwise and with continuous
shaking. The reaction mixture becomes yellow, and a solid compound appears.
Since the reaction is exothermic, the reaction flask is kept in an ice bath during
the course of the addition. The contents of the flask are brought to room tem-
perature and then heated at reflux at 120° for 4 hr in an oil bath. A dark reddish-
brown solid is formed. The supernatant liquid is removed, and the solid is washed
repeatedly with dry carbon tetrachloride using a hypodermic syringe under a dry
nitrogen atmosphere. The reddish-brown solid is dried under vacuum and weighed.
Yield: 1.12 g (70%).

Anal. Calced. for TiCl,: Ti, 40.33; Cl, 59.66. Found: Ti, 40.72; Cl, 59.25.

Properties

Titanium(II) chloride is a dark reddish-brown solid. It is a strong reducing agent,
and it deliquesces in air. It is sensitive to oxygen, and it is decomposed by water.
Titanium(II) chloride is insoluble in diethyl ether, chloroform, carbon tetrachlo-
ride, dichloromethane, benzene, and hexane and soluble in absolute ethanol.

References

1. W. C. Schumb and R. F. Sundstrém, J. Am. Chem. Soc., 55, 596 (1933).

2. D. G. Clifton and G. E. McWood, J. Phys. Chem., 60, 311 (1956).

3. O. Ruff and F. Neumann, Z. Anorg. Aligem. Chem., 128, 81 (1923).

4. W.Klemm and L. Grimm, Z. Anorg. Allgem. Chem., 249, 198 (1942).
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$The checker reports that oven-dried glass apparatus is adequate for this reaction.



Inorganic Syntheses, Volume 24
Edited by Jean’ne M. Shreeve
Copyright © 1986 by Inorganic Syntheses, Inc.

53. Tris(2,2,6,6-tetramethyl-3,5-heptanedionato)chromium(111) 183

53. TRIS(2,2,6,6-TETRAMETHYL-3,5-
HEPTANEDIONATO)CHROMIUM(III)

0]
6(CH,),C CCH, C C(CH,), + 2CrCl;-6H,0 + 3NH2gNH2—>
2(C,;H,50,),Cr + 6NH,CI + 3CO, + 9H,0

Submitted by DALE STILLE* and J. R. DOYLE*
Checked by JAMES E. FINHOLT} and GRETCHEN E. MCGUIRE?}

This procedure is a modification of the method reported previously for the
preparation of tris(2,2,6,6-tetramethyl-3,5-heptanedionato)chromium(IIT)' and is
based on the technique developed for the preparation of tris(2,4-
pentanedionato)chromium(III).>

Tris(2,4-pentanedionato)chromium(IIl) and tris(2,2,6,6-tetramethyl-3,5-
heptanedionato)chromium(IIl) have been utilized as so-called shiftless spin-lat-
tice relaxation reagents.’ These reagents are also of value in suppressing unfa-
vorable nuclear Overhauser effects, in making 3C NMR data quantitative, and
as NMR spin labels to assign spectral lines in "*C spectra.

Procedure

A solution of 3.0 g (0.011 mole) of chromium(IIl) chloride hexahydrate
(CrCl,-6H,0) in a mixture of 25 mL of water and 65 mL of absolute ethanol is
prepared in a 250-mL round-bottomed flask. To this solution is added 20.0 g
(0.33 mole) of urea, 5.0 g (0.027 mole) of 2,2,6,6-tetramethyl-3,5-heptane-
dione (dipivaloylmethane) [Aldrich], and a magnetic stirring bar. The flask is
fitted with a reflux condenser, and the mixture is heated to reflux (~85°) with
stirring for 24 hr. During this time the solution changes from deep green to a
very dark purple and a dark-colored solid separates from the reaction mixture.
The solution is cooled to room temperature and diluted with 100 mL of water.
The product is separated by filtering the mixture and is then washed with three
50-mL portions of water. The precipitate, 5.4 g, is dried overnight in air at room

*PDepartment of Chemistry, University of lowa, Iowa City, 1A 52242.
tDepartment of Chemistry, Carleton College, Northfield, MN 55057.
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temperature and then sublimed under vacuum (180°%0.1 torr).* Care should be
exercised during the sublimation to prevent contamination of the dark purple
product by a light green, slightly less volatile, contaminant. If the sublimation
temperature is maintained near 180°, the light green solid will not sublime at
the pressure specified. The yield of the sublimed product is about 4.5 g. The
product can be purified further by dissolving the pulverized sublimate in 150
mL of boiling ethanol (slow dissolution), filtering, and evaporating the filtrate
to 75 mL. The product separates upon cooling to room temperature and can be
recovered by suction filtration. The yield of recrystallized product is 3.6 g. A
second crop of crystals can be obtained by evaporation of the filtrate to 20 ml
and cooling. The yield of the second crop is 0.5 g. The combined yield is 4.1 g
(76%). %

Anal. Calcd. for C;,CrH,,0,: C, 65.86; H, 9.55. Found: C, 66.39, H, 9.98.

Properties

The tris(2,2,6,6-tetramethyl-3,5-heptanedionato)chromium(III) crystals are usu-
ally purple platelets, but a ruby red needie-shaped polymorph may be formed
on the slow evaporation of a 95% ethanol solution of the product. Bands in the
IR spectrum are 2965 (s), 1593 (s), 1540 (s), 1505 (s), 1450 (m), 1387 (s),
1356 (s), 1300 (vw), 1250 (m), 1227 (m), 1180 (m), 1150 (m), 1025 (w), 965
(w), 875 (m), 793 (m), 760 (w), 740 (w), 640 (m), and 450-505 (broad m)
cm™'. The product is stable in air and readily soluble in both polar and nonpolar
solvents, except water.

References

1. G. S. Hammond, D. C. Nonhebel, and C. S. Wu, Inorg. Chem., 2, 73 (1963).
2. W.C. Femelius and J. E. Blanch, Inorg. Synth., §, 130 (1957).
3. G. C. Levy, U. Edlund, and J. G. Hexem, J. Mag. Res., 19, 259 (1975).

*Checkers report that since the crude material is a light, fluffy powder, the sublimation procedure
was improved by putting a wad of glass wool over the crude material and below the cold section
of the sublimation apparatus. Sublimation of S g requires about 1.5 hr.

tCheckers report an overall yield of 65%. Anal. Cr: Calcd.: 8.54. Found: 8.61.
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54. cis-BIS(1,2-
ETHANEDIAMINE)DIFLUOROCHROMIUM(III) IODIDE

Submitted by DANNY T. FAGAN,* JOANN S. FRIGERIO,* and JOE W. VAUGHN*
Checked by ANI HYSLOP{ and JAMES E. FINHOLT?

The complex cis-[Cr(en),F,]I is a useful starting material for the preparation of
compounds of the type cis-[Cr(en),FX]I (X = CI7, Br™, NCS~, H,0, and
NH,).'* The initial preparation® of cis-[Cr(en),F,]l involved the reaction of
anhydrous 1,2-ethanediamine with CrF,-xH,O that was suspended in a dry diethyl
ether solution of hydrogen fluoride. Workup of the crude product from hydroiodic
acid gave the desired compound. The present method, which is similar to that
reported previously,” utilizes the direct reaction of chromium(Ill) fluoride-water
(1/3.5) with excess dry 1,2-ethanediamine to yield cis-[Cr(en),F,{Cr(en)F,}-xH,0,
from which the desired cation can be easily isolated. This method avoids the
difficulty of preparing easily oxidized Cr(II) compounds and working in an
atmosphere of nitrogen.

A. c¢is-BIS(1,2-ETHANEDIAMINE)DIFLUOROCHROMIUM(III)
(1,2-ETHANEDIAMINE)TETRAFLUOROCHROMATE(III)

2CrF;-3.5H,0 + 3en — [Cr(en),F,][Cr(en)F,]-xH,O + (7—x)H,0

Procedure

Powdered chromium(lil) fluoride-water (1/3.5) [Alfa Products], 43.0 g (0.250
mole), is added to 52.5 g (0.875 mole) of previously dried 1,2-etharediamine
contained in a 500-mL polyethylene beaker. The 1,2-ethanediamine is dried by
distillation from solid sodium hydroxide pellets. The fraction that boils from
116-118° is collected.

% Caution. This and all subsequent steps until after the crude product
has been air-dried must be carried out in a hood, and protective gloves must
be worn.

The reaction mixture is heated on a steam cone with frequent stirring until the
reaction starts. It is best if a sturdy metal spatnla is used to stir the reaction

*Michael Faraday Laboratories, Department of Chemistry, Northern Ilinois University, DeKalb,
IL 60115.
tDepartment of Chemistry, Carleton College, Northfield, MN 55057.
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mixture, since the reaction produces a dense, sticky product. The time required
for the reaction to start depends upon the amounts of CrF;-3.5H,0 and 1,2-
ethanediamine used as well as the purity of the CrF;-3.5H,0. The reaction usually
starts about 10-30 min after the heating begins. This point is identified by a
rapid color change to purple and the evolution of considerable heat. Once the
reaction has started, stirring is continued until the reaction mixture turns to a
pasty purple solid. The solid is heated for an additional 15 min, after which it
is placed in a large evaporating dish on a steam cone and heated for 34 hr. The
solid is pulverized as it dries, to speed the removal of the excess amine. It is
then stirred with 200 mL of acetone at room temperature for 15 min before being
collected by filtration, washed with 40 mL of fresh acetone, air-dried, and ground
to a powder. The stirring with acetone is repeated until the dry crude material
no longer smells of unreacted diamine. The number of acetone extractions can
be reduced by drying the crude product in an oven at 125° for several hours.
(®  Caution. This should be carried out in a hood.) Yield: 50-51 g (96-98%).
Although the crude material is suitable for further syntheses, recrystallization is
necessary to obtain a pure product.

A 5.0-g sample of crude substance is added slowly to 35-40 mL of water at
room temperature with constant stirring. The solution is filtered, using a 9.0-
cm Biichner funnel and medium-porosity filter paper, and the stirred filtrate is
slowly diluted with 40 mL of 95% ethanol to precipitate the product as a purple
paste. The precipitate is collected, washed once with 20 mL of acetone, and
then washed three times with 10-mL portions of diethyl ether. It is air-dried,
and finally it is dried for 12 hr at 125°. Yield: 2.5 g (50%).*

Anal. Calcd. for cis-[Cr(en),F,][Cr(en)F,}-0.5H,0: Cr, 25.55, C, 17.69; H,
6.14; N, 20.63; F, 28.01. Found: Cr, 25.49; C, 17.65; H, 5.96; N, 20.92; F,
27.18.

B. (zx)-cis-BIS(1,2-
ETHANEDIAMINE)DIFLUOROCHROMIUM(IH) IODIDE

[Cr(en),F.,][Cr(en)F,] + HI — [Cr(en),F,]I + H[Cr(en)F,]

Procedure

Thirty grams (0.072 mole) of crude {Cr(en),F,)[Cr(en)F,] is added in approxi-
mately 5-g portions with constant stirring to 100-110 mL of water at room
temperature. The purple solution is suction-filtered by using a 12.0-cm Biichner
funnel and coarse filter paper. The stirred purple filtrate is acidified with 40 mL

*Checkers obtained a yield of 75% for recrystallized material.
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of 47% hydriodic acid and is then slowly diluted with 450 mL of 95% ethanol
followed by 300 mL of diethyl ether. The pink solid is collected by filtration,
washed with three 25-mL portions of 95% ethanol, followed by 50 mL of acetone,
and air-dried. Yield: 18.5 g (69%). Although the compound obtained at this
point is suitable for further use in syntheses, recrystallization is necessary to
obtain the pure material. A filtered solution of 9.2 g (0.027 mole) of crude
[Cr(en),F, ]I in 80 mL of water is diluted with 11 mL of 47% hydroiodic acid.
This stirred solution is diluted with 190 mL of 95% ethanol and is cooled to
room temperature in an ice bath. The pink solid is collected by filtration, washed
three times with 10-mL portions of 95% ethanol, followed by 25 mL of|acetone,
and air-dried. The yield is 4.8-5.2 g (52-57%).* The compound is dried at 90—
95° for 3 hr prior to analysis.

Anal. Calcd. for cis-[Cr(en),F,]I: Cr, 15.43; C, 14.24; H, 4.75; N, 16.62;
I, 37.68; F, 11.28. Found: Cr, 15.28; C, 14.20; H, 4.66; N, 16.69; I, 37.41;
F, 11.23.

Properties

The electronic spectrum of a cis-[Cr(en),F,][Cr(en)F,] in aqueous solution is
characterized by A, 525 nm, € 97.6 M~ ' cm™'; A, 439, € 27.5; and A,
382, € 55.2. Since the double salt undergoes rather rapid hydrolysis in aqueous
solution, the spectrum should be determined at 10° using a freshly prepared
solution. The electronic spectrum of cis-[Cr(en),F,]I in aqueous solution is char-
acterized by A .. 515, € 75.5; A\in 430, € 9.8; and .., 375, € 39.3° The geometry
of the cis-[Cr(en),F,] " cation has been confirmed by the resolution of the racemic
mixture into its A and A forms.
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*Checkers obtained a yield of 78% for recrystallized material.
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55. ORGANIC INTERCALATED IONIC
FERROMAGNETS OF CHROMIUM(II):
BIS(ALKYLAMMONIUM)
TETRACHLOROCHROMATEI) COMPOUNDS

EtOH

Crmetal + 4HClgas - [CICIA]Z_ + 2H+ + H2

reflux

EtOH
[CrCL)*~ + 2C.H,,. NH,Cl —
(C,H,,. NH,),[CCl,] + 2C1™ n=12,...8)

Submitted by CARLO BELLITTO*
Checked by GARY L. GARDY

The ferromagnetic properties of layer perovskites (RNH;),[CrX,], where R is
an alky! or aryl group and X = Cl or Br, are of considerable interest because
only a few samples of ferromagnetic insulators are known.' In addition, they
are transparent in the visible region, and therefore they are interesting not only
for academic reasons’ but also because of their potential technological appli-
cations in optical modulation devices.’

Two different methods of preparation of these compounds are reported in the
literature.*> The first involves aqueous procedures and subsequent dehydration.
Therefore, only a microcrystalline product is obtained. Here the second one is
described.® A further improvement in obtaining high quality crystals suitable for
magneto-optical experiments is reported elsewhere.®

m  Caution. All reactions involving noxious reagents (methanamine,
ethanamine, etc.) or corrosive substances such as gaseous hydrogen chloride
and must be carried out in a well-ventilated fume hood.

Procedure

Alkylammonium chlorides are prepared from the corresponding amines and HCI
in EtOH. The first two of the series, CH,NH,Cl and C,H;NH,Cl, are commercial
reagents [Pfalz and Bauer]. They are all recrystallized (EtOH/HCI) prior to use
and dried under vacuum over P,O,,. All solvents are deoxygenated by purging
with dry high-purity nitrogen for at least 20 min before use. All the reactions

*[stituto Teoria, Struttura Elettronica e Comportamento Spettrochimico dei Composti di Coor-
dinazione del C.N.R., Area della Ricerca di Roma, 00016 Monterotondo Staz., Italy.
tDepartment of Chemistry, Portland State University, Portland, OR 97207.
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=——= N, gas
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Fig. 1. Apparatus for syntheses of bis(alkylammonium)tetrachlorochromate(ll)
compounds.

are carried out under purified N,, using the apparatus shown in Fig. 1. Oxygen
and water must be rigorously excluded. A solution of 3.40 g (—~50 mmol) of
CH,NH,Cl in 170 mL of hot absolute ethanol is prepared by simple addition of
the amine hydrochloride to solvent at 30—40°. This solution is then transferred
to a 300-mL pressure-equalizing funnel under a stream of N, gas.

Finely divided electrolytic chromium metal [Alfa Products] (1.306 g, 25.1
mmol) is placed in a three-necked 500-mL flask containing a Teflon-coated
stirring bar with 50 mL of absolute ethanol, and the N, gas is bubbled through
the solvent for 20 min. The chromium metal is dissolved completely by passing
anhydrous HCI gas under reflux through the alcohol until a deep-blue solution
is obtained. The addition of HCl is then stopped while N, gas is bubbled through
the solution.

B Caution., The N, exhaust containing excess of HCI must be bubbBled
through a water trap in a well-ventilated fume hood.

The CH,NH,CI/EtOH or other amine hydrochloride solution, degassed pre-
viously, is added dropwise to the chromium (II) solution. Immediately a yellow-
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green compound separates. The complex is then filtered and dried under vacuum
with a Schlenk filtration apparatus. The yield averages 3.5 g (54%).

Anal. Calcd. for C,H,)N,CrCl,: C, 9.30; H, 4.65; N, 10.85; Cr, 20.15; Cl,
55.00. Found: C, 9.70; H, 4.70; N, 10.90; Cr, 20.80; Cl, 54.10. Good crystals
are prepared by cooling a hot saturated ethanol solution of the title compound.

The other members of the series are prepared in a similar manner. Increasing
the number of carbon atoms in the cation increases the solubility of the corre-
sponding compound in ethanol. If the solid product does not separate when the
alkylammonium chloride is added to the blue solution of chromium(II), the excess
solvent should be removed from the flask by distillation. At the point where the
crystals begin to appear, the oil bath is lowered and the solution (deep-blue
color) is allowed to cool slowly. Beautiful shiny platelet crystals separate. An
alternative procedure is to start with a smaller volume of solvent and saturated
solutions of alkylammonium chlorides (e.g., in the case of (C,H;NH,),[CrCl,],
40 mL of EtOH).

Properties

The bis(alkylammonium)tetrachlorochromate(II) compounds are yellow-green
platelets. These compounds are very air-sensitive and absorb water to give hydrated
Cr(IT) complexes. The visible absorption spectrum is peculiar because it shows
a pair of sharp, well-resolved bands at 15,800 and 18,760 cm ™' and a charge-
transfer edge starting at 24,000 cm™'. The possible presence of chromium(III)
as a contaminant in the compound can be seen in a UV/vis spectrum. Chro-
mium(III) in ethanol has a broad band at 21,500 cm ™', whereas chromium(II)
has no absorption band at this wavelength. Solid samples can be checked for
Cr(II) content by dissolving small quantities in deoxygenated spectroscopic
grade ethanol in a glove bag, sealing in the solution in a 1-cm spectrophotometer
cell and recording the spectrum.
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56. YELLOW MOLYBDENUM(VI) OXIDE DIHYDRATE

Na,Mo0,-2H,0(aq) + 2HClO,(aq) —
Mo0,-2H,0(s) + 2NaClO,(aq) + H,0

Submitted by J. B. B. HEYNS* and J. J. CRUYWAGEN*
Checked by SCOTT A. KINKEADY

The known methods for preparing yellow MoO;-2H,0 involve precipitation fr’om
nitric acid medium' or from hydrochloric acid medium.> We have found the
yield by the former method, as modified by Freedman, to be much lower and
the crystallization time much longer than that indicated. Moreover, the product
obtained has been shown to be impure.® Although a pure, well-crystallized
product was obtained from hydrochloric acid,*™ the procedure is tedious and the
crystallization time also much longer than that originally stated.*>*®

The facile method described here has been developed empirically by varying
the concentrations (and concentration ratio) of molybdate and perchloric acid in
a series of solutions. Conditions were thus established that are favorable for the
precipitation of MoQO;:2H,0 in pure form within a reasonably short time, while
inhibiting the formation of any of the other oxides (or mixtures of oxides) of
molybdenum.

Procedure

Precipitation is effected from a solution that is initially 0.3 M in Na,MoO, and
3.0 M in HCIO,. Typically, a reaction mixture is prepared by slowly adding,
with constant stirring, 25 mL of a2 0.60 M aqueous solution of Na,MoO,-2H,0O
to 25 mL of a 6.0 M aqueous solution of HCIO, contained in a 200-mL poly-
ethylene beaker. Too rapid mixing causes precipitation of a white oxide. How-
ever, this redissolves slowly upon stirring. The final clear solution is left to stand
in a polyethylene beaker (rather than glass, to avoid possible contamination with
silicates) at ambient temperature for 4 weeks. Crystallization begins sponta-
neously within 2-3 weeks and is practically complete after 4 weeks. Seeding
with MoO,-2H,0 reduces the time for the onset and completion of precipitation
by about 1 week. It will take longer for crystallization to begin if a container
with a very smooth surface is used. A used polyethylene beaker with some fine

*Department of Chemistry, University of Stellenbosch, Stellenbosch 7600, Republic of South
Africa.

}Department of Chemistry, University of Idaho, Moscow, ID 83843.
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scratch marks is recommended. The precipitate is collected in a glass filtering
crucible (fine porosity), thoroughly washed with water, and air-dried at room
temperature in a dust-free environment. When using 15-75 mmol of
Na,MoO,-2H,0, yields of M0O,-2H,0 range from 80 to 84% of the theoretical.

Anal. Calcd. for MoO,-2H,0: Mo, 53.3; H,0, 20.0. Found: Mo, 53.1; H,O,
19.9.

Properties

The product obtained by this procedure is a microcrystalline, bright yellow
powder. The oxide easily loses one molecule of water of crystallization, and for
this reason it cannot be stored over a desiccant. It can in fact be converted
quantitatively to the yellow monohydrate, MoO;-H,0, by drying at 100° for 2
he? (to date, the only route to this monohydrate). The substance is readily char-
acterized by its X-ray powder diffraction pattern. Some data are given below.
A complete listing is given in the literature.’

d A i, d(A) ul, d(A) u,
6.90 100 3.31 45 2.305 12
3.77 30 3.24 45 1.968 12
3.67 30 2.650 15 1.953 14
3.45 35 2.618 10 1.838 10
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57. TRICHLOROTRIS(TETRAHYDROFURAN)-
MOLYBDENUM(II)

4{MoCl1(C,H0),] + 4C,H,O + Sn — 4[MoCl,(C,H;0),] + SnCl,

Submitted by JONATHAN R. DILWORTH* and JON ZUBIETA}
Checked by T. ADRIAN GEORGE$ and JOHN SMITH1

Complex compounds of molybdenum in oxidation states lower than 4 and free
from oxo or carbonyl ligands, can be prepared readily from the convenient starting
material [MoCl,(thf),] (thf = tetrahydrofuran). The complex [MoCl,(thf),] pro-
vides an excellent starting material for the syntheses both of molybdenum(IIl)
complexes' and of novel mononuclear phosphine and dinitrogen complexes of
molybdenum(Il) and molybdenum(0).?> However, the reported synthesis® using
zinc as reductant for [MoCl,(thf),] is difficult to control, and the product can be
contaminated with intensely colored by-products. The use of tin powder as
reducing agent is much more convenient, producing the complex in high yield
and generally free of colored contaminants.

Procedure

All reactions are carried out under nitrogen using dried solvents in conventional
Schlenk apparatus. The complex [MoCL(thf),] is prepared by the published
method.’

Tetrachlorobis(tetrahydrofuran)molybdenum(IV), 5.0 g, is suspended in 60
mL of tetrahydrofuran and stirred with 10 g of coarse tin powder, 20 mesh, at
room temperature for 20 min. The solution is filtered, and any [MoCl,(thf)]
product on the sinter is freed from tin by washing through with ~20 mL of dry
dichloromethane. The solution is evaporated at 10~ torr to ~30 mL, and the
complex is removed by filtration as a pale orange crystalline material. Yield:
3.4 g (62%). The complex is stored under dry argon in a freezer and in the dark.
Care should be taken, since the product is extremely moisture-sensitive.

Anal. Calcd. for C,,H,,Cl,0,Mo: C, 34.4;, H, 5.73. Found: C, 34.1; H, 5.79.

Properties

The complex [MoCl,(thf),] is crystallized as pale orange needles from dichlo-
romethane/tetrahydrofuran solution. The IR spectrum of the pure complex is free

* ARC Unit of Nitrogen Fixation, University of Sussex, Brighton BNI 9RQ, U .K.
tDepartment of Chemistry, State University of New York at Albany, Albany, NY 12222.
$Department of Chemistry, University of Nebraska, Lincoln, NE 68588.
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of intense bands in the 900-1000 cm ™' region, which is characteristic of molyb-
denum oxo species. The compound [MoCl,(thf),] reacts readily with certain 1,1-
dithio acids to yield the tris(dithioacid)molybdenum(III) monomers in high yield
(~70%)." Direct reaction with tertiary phosphines in tetrahydrofuran yields com-
plexes of the type [MoCl;(PR,),(thf); _,]. Reduction of [MoCl,(thf),] by sodium
amalgam or metallic magnesium in the presence of an excess of the appropriate
organophosphine in tetrahydrofuran yields complexes of the type [Mo(PRR',)4]
or [Mo(PRR',),], depending on the nature of the organo group. Under molecular
nitrogen, reaction of [MoCl,(thf);] with 1,2-ethanediylbis(diphenylphosphine)
(diphos) yields trans-[Mo(N,),(diphos),] in high yield.?
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58. PHENYLIMIDO COMPLEXES OF TUNGSTEN
AND RHENIUM

Submitted by A. J. NIELSON*
Checked by R. E. MCCARLEY,} S. L. LAUGHLIN,} and C. D. CARLSON?}

The chemistry of organoimido compounds is currently of interest in studies of
transition-metal multiple bonds. As a result of the robust M==NR function, it
has been possible to prepare imido complexes of a diversity of metals.' For
synthetic work with earlier transition metal complexes in high valence states,
organoimido compounds are less likely to polymerize than species containing
the terminal oxo group. An added advantage is that any polymeric compounds
formed are likely to be soluble in organic solvents.

Studies of the chemistry of phenylimido rhenium complexes® have normally
employed Re(NPh)Cl,(PPh;), as the starting material because of its easy prep-
aration from aniline and the readily available compound ReOCl,(PPh;),.* Tung-
sten imido complexes cannot be prepared similarly. The lack of good preparative
methods leading to suitable starting materials has limited studies with this metal.

Detailed below are procedures for preparing phenylimido tetrachloro com-
plexes of tungsten and rhenium(VT) that are useful materials for further syntheses.*

*Department of Chemistry, University of Auckland, Private Bag, Auckland, New Zealand.
tDepartment of Chemistry, lowa State University, Ames, IA 50011.
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Alkylimido compounds can be prepared similarly, but workup may prove difficult
in some cases. The reaction fails for fers-butylimido compounds. The reactivity
of the o carbon in alkylimido rhenium complexes can render them less useful
for general syntheses.® Preparations are given for phenylimido complexes of
tungsten(V) and -(IV) and a high yield of Re(NPh)Cl,(PPh;),. The phosphines
of this complex may be replaced through phosphine interchange reactions.’

Starting Materials and General Procedure

The compound WOCI, is prepared by heating WO, in sulfinyl chloride at reflux,°
and ReOCl, by heating rhenium(V) chloride in a stream of dry oxygen.” Iso-
cyanatobenzene [Aldrich] is used without purification. Benzene and toluene are
distilled from sodium wire and tetrahydrofuran (THF) from sodium benzophen-
one under dry nitrogen. Trimethylphosphine [Strem Chemicals] is prepared by
the reaction of MeMgl with P(OPh), in diethyl ether.® The product is stored in
a Schlenk flask and transferred with a syringe. All manipulations are carried out
under moisture- and oxygen-free nitrogen by using normal techniques for air-
sensitive compounds.” When solutions are transferred between flasks, a stainless
steel transfer tube is used. Each flask is fitted with a gas inlet tap and a serum
cap through which the transfer tube passes. The nitrogen supply to the receiving
vessel is turned off, and a vent needle is placed through the septum. With the
transfer tube placed below the level of liquid, a positive nitrogen pressure is
used to force the solution into the receiving flask.

® Caution. Benzene is a suspected carcinogen. It should be used only in
an efficient hood. Gloves should be worn.

A. TETRACHLORO(PHENYLIMIDO) COMPLEXES OF
TUNGSTEN(VI) AND RHENIUM(VI)

benzene

[MOCl1,], + 2PhNCO — [MCL(PhN)}, + 2CO, M = W,Re

Procedure

B Caution. Benzene is a suspected carcinogen. It should be used in.a
well-ventilated hood. Gloves should be worn. Isocyanates are poisonous.

1. Tetrachloro(phenylimido)jrhenium(VI). Tetrachlorooxorhenium’ (10 g,
29 mmol) is placed in a 250-mL two-necked round-bottomed flask fitted with,a
gas inlet tap and rubber serum cap. Benzene (50 mL) is added with a syringe,
followed by isocyanatobenzene (3.16 mL, 29 mmol). A reflux condenser and
nitrogen bubbler are fitted, several boiling chips added, and the mixture is held
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under strong reflux for 4 hr (a vigorous effervescence of CO, occurs) and then
more gently for a further 16 hr. After cooling to room temperature, the solution
is filtered under a nitrogen atmosphere, and the remaining solid is washed with
several 5-mL portions of benzene. After drying under vacuum, the yield of dark
brown tetrachloro(phenylimido)rhenium(VI) is between 10 and 11.2 g (82-92%).

Anal. Calced. for CH;CI,NRe: C, 17.2; H, 1.2; Cl, 33.8; N, 3.3. Found; C,
17.8; H, 1.2; Cl1, 33.0; N, 3.4.

2. Tetrachloro(phenylimido)tungsten(VI). Tetrachlorooxotungsten(VI),*
(30 g, 87 mmol) and isocyanatobenzene (9.5 mL, 87 mmol) are heated at reflux
in 100 mL of benzene in a manner similar to that in part 1. On cooling, the
solution is filtered, and the solid is washed with 10-mL portions of bénzene until
a yellow-green color persists in the washings. After the green solid is dried under
vacuum, the yield of analytically pure tetrachloro(phenylimido)tungsten(VI) is
31-33.6 g (85-92%).

Anal. Calcd. for CH,CINW: C, 17.3; H, 1.2; Cl, 34.0; N, 3.4. Found: C,
17.1; H, 1.2; Cl, 34.0; N, 3.38.

Properties

The compounds are air- and moisture-sensitive but can be stored under N, for
several months without decomposition. They exhibit only slight solubility in
benzene, dissolve more appreciably in dichloromethane, and form 1:1 adducts
in coordinating solvents such as tetrahydrofuran or propionitrile. Neither com-
pound forms a satisfactory mull in Nujol, and both react with KBr and Csl.
They are insufficiently soluble in CDCI; or CD,Cl, to obtain NMR spectra and
cause acetone-d, to polymerize. In CDC, the '"H NMR spectrum of the tungsten
1:1 adduct with propionitrile shows resonances at 8 1.46 (t, 3H, CH.,); 2.68 (q,
2H, —CH,—); 6.62 (m, 1H, p-aromatic); 6.93 (m, 2H, m-aromatics); 7.36 (m,
2H, o-aromatics). C NMR spectra: 8 (ppm from TMS) 9.35 (CH,); 11.82
(—CH,—); 127.23 (C=N); 131.58 (c-meta, CHs); 132.23 (c-ortho, CcHy);
134.58 (c-para, C¢H;); 148.98 (c-ipso, C¢Hs).

B. TRICHLORO(PHENYLIMIDO)BIS(PHOSPHINE)TUNGSTEN(V)
AND RHENIUM(V)

[MCIL,(PhN)], + 4 phosphine — 2[MCI,(PhN)(phosphine),]
M = W, phosphine = PPh;, PMe,Ph, PEt;, PMe,
M = Re, phosphine, PPh,
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Procedure

® Caution. Benzene is a suspected carcinogen. Phosphines are irritants
and can be toxic.

1. Trichloro(phenylimido)bis(triphenylphosphine)tungsten(V).  Benzene (60
mL) and triphenylphosphine (~ 6-7 g) are placed in a 100-mL round-bottomed
flask equipped with an inert gas inlet tap and a rubber serum cap. The solution
is added by using a transfer tube to tetrachloro(phenylimido)tungsten(VI) (3 g,
7.1 mmol) in a 250-mL round-bottomed flask, and the mixture is heated at reflux
for 16-24 hr, during which time the color turns from yellow to brown. If a
yellow gum separates on cooling, further phosphine is added and the solution
is heated at reflux for another 5-10 hr. The solution is cooled and filtered. The
solvent is removed under vacuum, and the gum is washed several times with
petroleum ether. The residue is extracted several times with toluene (5§ X 10
mL or until the extracts are no longer yellow-brown). The extracts are combined
and reduced in volume to approximately 25 mL. The solution is allowed to stand
at —20°, which gives the complex as brown crystals. The crystals are filtered
and washed with cold benzene to remove any gummy material. Further crystalline
material may be obtained by reducing the volume of the filtrate and repeating
the crystallization process. The complex contains one molecule of toluene. Yield:
4.1-4.9 g (71-85%).

Anal. Calcd. for C,,H,;CI;NP,W: C, 59.0; H, 4.3; Cl, 10.7; N, 1.4. Found:
C, 59.2; H, 4.3; C], 10.9; N, 1.5.

Properties

The brown complexes WCL,(PhN)(P), (P = PPh,, PMe,Ph, PEt,) are air- and
moisture-sensitive but may be handled very briefly in air. Under N, they are
stable indefinitely. They are soluble in most solvents except petroleum ether
fractions, hexane, and diethyl ether. In solution the paramagnetic moments (Evans
method'’) are slightly lower than the spin-only value for a d' system (1.73 BM).
The IR spectra show three bands in the far-IR in the vicinity of 300 cm™',
attributable to v, in a mer arrangement; for example, WCIl,(PhN)(PMe,),
shows bands at 315 (m), 304 (s), and 255 (m) cm™'

2. Trichloro(phenylimido)bis(trimethylphosphine Jtungsten(V).  Trimethyl-
phosphine (4.0 mL, 36 mmol) is added with a syringe to the green solufion
formed by dissolving tetrachloro(phenylimido)tungsten(VI) (5 g, 12 mmol) in
100 mL of tetrahydrofuran (THF). The mixture is stirred for 15 hr and then
filtered, and the solvent is removed to give a brown gum, which is washed
several times with petroleum ether to remove excess phosphine. The residue is
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extracted with toluene until the solvent is no longer yellow-brown, and the
extracts are combined. The volume is reduced to ~25 mL, and the solution is
allowed to stand at —20°, whereupon brown crystals of the complex form and
are filtered. If a yellow gum also separates during crystallization, it may be
removed by washing the crystals quickly with cold THF (—20°). Further crys-
talline material may be obtained by reducing the volume of the solution and
repeating the crystallization procedure. Yield: 4.24.9 g (65-77%).

Anal. Calced. for C,,H,,CLLNP,W: C, 27.0; H, 4.3; N, 2.6. Found: C, 26.8;
H, 4.5; N, 2.5.

Properties

The compound [WCL(PhN)(PMe;),] is air- and moisture-sensitive, but it can be
stored for long periods under N,. THF solutions are very oxygen-sensitive,
turning green to give the complex WCl,(PhN)(OPMe.,),, which crystallizes from
toluene along with WCl,(PhN)(PMe;),. The former may be removed by washing
with cold THF. The complex melts between 184 and 186° and has p. ¢ of 1.43
BM in chloroform-d (Evans method'®). In the IR spectrum the M—Cl stretching
vibrations occur at 315, 300, and 254 cm ™', characteristic of mer metal chlorides.
The crystal structure shows octahedral geometry with trans phosphorus ligands
and a lengthened W—CI bond trans to the phenylimido group."’

3. Trichioro(phenylimido)bis(triphenylphosphine)rhenium(V).  Tetra-
chloro(phenylimido)rhenium(VI) (5 g, 12 mmol) is dissolved in 50 mL of THF,
and by using a transfer tube, the green solution is added to a rapidly stirred 50
mL solution of THF containing triphenylphosphine [Aldrich] (9.5 g, 36 mmol).
The stirring is continued for up to 5 hr, during which time the complex precipitates
as green microcrystals. The complex is removed on a filter and washed several
times with THF or benzene to remove any remaining triphenylphosphine. After
drying under vacuum, the yield of trichloro-
(phenylimido)bis(triphenylphosphine)rhenium(V) is 7.6-8.5 g (79-88%).

Anal. Calcd for C,,H,sCl;NP,Re: C, 55.5; H, 3.9; N, 1.5. Found; C, 56.1;
H, 4.3; N, 1.6.

Properties

Trichloro(phenylimido)bis(triphenylphosphine)rhenium(V) is an air-stable, green
solid that is insoluble in organic solvents; mp 215-218°.%

C. PHENYLIMIDO COMPLEXES OF TUNGSTEN(IV)

Na/H;
[WCL(PhN)], + 6L iy 2[WCL,(PhN)L;]
L = PMe,Ph, PMePh,, PEt;, PMe,;, Me,CNC, p-MePhNC
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Procedure

Dichloro(phenylimido Jtris(trimethylphosphine tungsten(IV). The experimental
conditions outlined are general for the phosphine and isocyanide ligands. Sodium-
mercury amalgam is prepared in a 500-mL three-necked flask equipped with a
gas inlet tap, mechanical stirrer, and a septum cap, by adding 1 g (43 mmol)
of sodium metal in small pieces (approx. 0.1-0.2 cm®) to 100 g of well-stirred
mercury. (@ Caution. The reaction of sodium with mercury is highly exo-
thermic.) The addition of each piece of sodium is carried out rapidly, and the
serum cap is replaced afterwards to prevent loss of components caused by spurt-
ing. When cold, the amalgam is washed several times with benzene added by
a syringe and is removed by means of a transfer tube placed through the septum.
(m  Caution. Benzene is a suspected carcinogen. Good hoods and gloves are
mandatory.) A solution of trimethylphosphine (5.5 mL, 50 mmol) in 100 mL
of benzene is then added to the amalgam by means of a transfer tube. In a glove
bag, tetrachloro(phenylimido)tungsten(V1) (5 g, 12 mmeol) is ground to small
particle size and placed in a 250-mL two-necked flask fitted with a gas inlet tap
and a septum cap. The flask is removed from the glove bag, 100 mL of benzene
is added, and the suspension is transferred rapidly to the flask containing the
stirred amalgam, using a transfer tube. The solution is stirred for 5-6 hr, during
which time it becomes a deep blue. After filtration, the spent amalgam is washed
with 25 mL of benzene and filtered. The extract is added to the bulk solution.
The solvent is removed under vacuum to give a gum, which is then washed
several times with petroleum ether. The residue is extracted with toluene until
the solvent is no longer colored, and the extracts are combined, filtered, and
reduced in volume to ~25 mL. Allowing the solution to stand at —20° gives
violet-blue crystals of the complex, which are removed by filtering and washed
with petroleum ether. Additional complex is obtained by reducing the volume
of filtrate and repeating the crystallization. The yield is 5.3-5.9 g (77-86%).

Anal. Caled. for C,;H;,CLNP,W: C, 31.4; H, 5.6; Cl, 12.4; N, 2.4. Found:
C,31.6; H, 5.5; Cl, 12.4; N, 2.4.

Properties

The complexes prepared in this manner are blue or brown and are air- and
moisture-sensitive. However, they can be stored for several months under N,.
They are diamagnetic and soluble in most organic solvents except petroleum
ether and similar hydrocarbons. In the far-IR spectrum, several absorption bands
occur in the vicinity of 250-300 cm™'. These are assigned to vy_c,- The X-
ray crystal structure of WCL,(PhN)(PMe,), shows a mer arrangement of phos-
phine and cis chloride ligands, one trans to the phenylimido function.'?
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59. LITHIUM INSERTION COMPOUNDS

Submitted by D. W. MURPHY* and S. M. ZAHURAK*
Checked by C. J. CHENt and M. GREENBLATT?}

Many inorganic solids are capable of undergoing insertion reactions with small
ions such as H*, Li*, and Na™. The host solid in these reactions undergoes
reduction in order to maintain electroneutrality. Inserted ions may be removed
by oxidation of the insertion compounds. The structures of the insertion com-
pounds are closely related to those of the respective hosts, with the inserted
cation occupying formerly empty sites of the host.

The examples presented here illustrate a variety of reagents for the insertion
or removal of lithium ions from inorganic solids. A variety of reagents exhibiting
a range of redox potentials allow access to intermediate stoichiometries and
control of side reactions. Four reagents are used in these syntheses: butyllithium,
a strongly reducing source of lithium; lithium iodide, a mild reducing source;
ethanol, a mild oxidant; and iodine, a stronger oxidant. A discussion of the
redox levels of these and other reagents may be found elsewhere.'

*AT&T Bell Laboratories, Murray Hill, NJ 07974.

‘tDepartment of Chemistry, Rutgers University, The State University of New Jersey, New Bruns-
wick, NJ 08903.
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A. VANADIUM DISULFIDE

CH,CN

2LiVS, + I, = 2VS, + 2Lil

The class of layered transition metal dichalcogenides has been of great interest
because of their varied electronic properties and chemical reactions. Most com-
pounds of this class may be prepared by stoichiometric reactions of the elements
above 500°. However, the highest vanadium sulfide that can be made in this
manner is VsSg. An amorphous VS, has been prepared by the metathetical
reaction of Li,S and VCI,.” The method presented here allows preparation of
polycrystalline VS, with the Cdl, structure.’

Procedure

The LiVS,* is prepared from an intimate mixture of V,05 (9.094 g, 0.05 mole)
and Li,CO; (3.694 g, 0.05 mole). The mixture is placed in a vitreous carbon
boat inside a quartz tube in a tube furnace. The tube is connected to a two-way
inlet valve for argon (or another inert gas) and hydrogen sulfide. Gas exits through
a bubbler filled with oil. An H,S flow of ~100 mL/min is maintained, and the
furnace is heated to 300°, then to 700° at the rate of 100%hr. (@ Cau-
tion. Hydrogen sulfide is a highly poisonous gas. The reaction should be
carried out in a well-ventilated fume hood.) Water and sulfur are deposited on
the tube downstream. The reaction is held at 700° for 12 hr. The reaction mixture
is cooled under H,S and then flushed with argon. The boat is removed into a
jar filled with argon and placed in a good dry box (a dry atmosphere is sufficient).
The mixture is reground and refired in H,S at 700° for another 16 hr. The LiVS§,
prepared in this way is actually Li e 0.5VS,. The stoichiometry is adjusted to
Li, ,VS, by treatment with a dilute (0.05 N) solution of butyllithium in hexane.
See the preparation of Li,ReO; below for details of butyllithium reactions.

A solution of ~0.1 M 1, is prepared from freshly sublimed I, and acetonitrile
distilled from P,O,,. The solution is standardized by titration with a standard
aqueous thiosulfate solution to the disappearance of the I, color. Addition of
iodide and/or starch gives no color enhancement in acetonitrile.

The solid polycrystalline LiVS, (4.670 g, 38.3 mmol) is placed in a 300-mL
round-bottomed flask under argon. The flask is fitted with a serum cap. A solution
of I, in CH,CN (225 mL, 0.091 M, 20.5 mmol of L,) is added to the LiVS§,
using a transfer needie through the serum cap. The iodine color rapidly dissipates
as solution is added. The heterogeneous reaction mixture is stirred usidg a
magnetic stirrer. After 16 hr the mixture is filtered in air, and the solid product
is washed with acetonitrile. The filtrate and washings are titrated with standard
aqueous thiosulfate to determine the unreacted excess I, (1.35 mmol).
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The yield is quantitative.
Combustion anal. Calcd. for VS,: V, 44.3. Found, 44.5. Atomic absorption
for Li gives 180 ppm. X-ray fluorescence shows no iodine.

Properties

The VS, produced in this manner is a shiny metallic gray powder. The compound
is hexagonal (Cdl, type) witha = 3.217 Aandc = 5.745 A. Sulfur loss occurs
in air or inert gas above 300°.

B. LITHIUM DIVANADIUM PENTOXIDE

CH;CN

2Ll + 2V,0; — 2LiV,0s + I,

Ternary alkali metal vanadium oxide bronzes are well known, including y-
LiV,0;.? It was recognized that some other composition or structure was formed
from the combination of lithium and V,Os at room temperature through electro-
chemical or butyllithium reactions.® It is possible to prepare the low-temperature
8-LiV,0; with butyllithium,®” although irreversible overreduction is difficult to
avoid. The use of Lil as reductant avoids any overreduction.®

Procedure

The divanadium pentoxide is prepared from reagent grade NH,VO, by heating
in air first at 300° for 3 hr and then at 550° for 16 hr. Anhydrous Lil [Alfa
Products] is dried under vacuum at 150° prior to use. A solution of ~1.5 M Lil
in acetonitrile is prepared using acetonitrile freshly distilled from P,O,,. Care is
taken to exclude moisture and oxygen in the preparation and storage of this
solution. The V,05 powder (5.005 g, 27.5 mmol) is placed in a flask fitted with
a serum cap, and an excess of the Lil solution (25.0 mL of 1.44 M, 36 mmol)
is added via syringe. The supernatant rapidly develops a dark yellow-brown color
characteristic of iodine. The reaction mixture is stirred at room temperature for
~24 hr, using a magnetic stirrer. The color of the solid changes from yellow to
green to blue-black over several hours. The product is isolated by filtration in
air and is washed with acetonitrile. Titration of the filtrate and washings with
standard aqueous thiosulfate determines that 13.59 mmol of 1, is formed in the
reaction.
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Properties

The LiV,0; formed in this way is dark blue and is stable in air for moderate
lengths of time. Long-term storage in a desiccator is satisfactory. The compound
is orthorhombic™® with @ = 11.272 A, b = 4.971 A, and ¢ = 3.389 A. A
reversible first-order structural transformation occurs at 125° to e-LiV,0;,* which
is also orthorhombic with @ = 11.335 A, b = 4.683 A, and ¢ = 3.589 A.
Above 300° the structure changes irreversibly to that of the thermally stable y-
LiV,0;.

C. LITHIUM RHENIUM TRIOXIDES: Li ReO, (x < 0.2)

ReO, + 2BuLi — Li,ReO; + octane
2Li,ReO; + 2EtOH — 2LiReO, + 2LiOEt + H,
ReO; + excess Lil — Li, ,ReO; + Lil + I,

Rhenium trioxide has one of the simplest extended structures. Octahedral [ReO,]
units share oxygen atoms between units such that Re—O—Re bonds are linear.
The symmetry is cubic, and each cell contains one Re and one empty cubeoc-
tahedral cavity. This lattice serves as a starting point for the generation of a
number of other structures including perovskites and shear compounds. Since
ReO,; is the simplest of this large family of compounds, an understanding of its
behavior with lithium is intrinsic to understanding the class as a whole.

Three phases have been identified in the Li,ReO; system.'® For x < 0.35 the
structure remains cubic. A line phase at x = 1.0 is rhombohedral, as is a phase
at 1.8 = x =< 2.0.

1. Dilithivum Rhenium Trioxide

B Caution. Concentrated butyllithium (n-BulLi) (~2.0-3.0 M in hexane)
is extremely air- and moisture-sensitive and must be handled in an inert atmos-
phere. Any amount that must be handled in air should be diluted with hexane
or other inert solvent before exposure.

Procedure

Reaction and filtration operations are carried out in a helium-filled glove box.
However, the procedures are easily adapted to the use of Schlenk techrfiques.
The hexane used should be distilled from sodium, and the concentrated n-BuLi
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solution [Alfa Products] standardized by total base titration. If the solution is
cloudy as received, it can be filtered in the glove box.

To a flame-dried 100-mL round-bottomed flask is added 4.08 g (17.42 mmol)
of ReQ;, along with sufficient hexane (~10.0 mL) to cover the ReO;. A small
excess of an n-BuLi solution (12.5 mL, 38.24 mmol, 3.059 N) is slowly added
via a 20.0-mL gastight syringe. The reaction is exothermic, and, depending on
the particle size of the ReO, and on the n-BuLi concentration, addition of n-
BuLi may cause boiling of the solvent. The product is purer (by X-ray powder
diffraction) when boiling is avoided. The flask is capped with a serum stopper
and stirred with a magnetic stirrer for ~24 hr at room temperature. The original
red-bronze ReO; turns to a dark red-brown color upon completion of the reaction.

The reaction mixture is filtered in the glove box and the Li,ReO, collected
on a medium-porosity fritted-glass filter. The product is washed several times
with hexane to ensure removal of any excess n-BuLi. The yield is quantitative.
The filtrate and washings are then removed from the glove box after sufficient
dilution with hexane and titrated for excess n-BuLi.

The titration consists of addition of a few milliliters of distilled water and an
excess of standard HCl! (0.1 N), followed by back-titration with standard NaOH
solution (0.1 N). The lithium stoichiometry is calculated on the basis of the
titration results. It has been shown that this total base titration gives the same
results as are obtained with active lithium reagent and atomic absorption analysis.

Complete lithiation to the limiting lithium stoichiometry of Li, ,ReO, may
require more than one n-BuLi treatment. This can be due in part to dilution of
n-BuLi as the reaction proceeds. Upon titrating the initial n-BuLi reaction solu-
tion, 10.491 mmol of Li remains from an original 3.059 N n-BuLi solution
containing 12.5 mL (38.238 mmol) of #-BuLi in hexane and 4.080 g (17.421
mmol) of ReO;. This indicates 1.59 mmol of Li per millimole of ReO,. Further
lithiation and subsequent titration results in Li, ;ReO;. X-ray powder diffraction
data indicates the lithium composition, in excess of two Li per ReO,, is due to
impurities in the ReO,.

Confirmation of the lithium stoichiometry is determined by an iodine reaction
that yields the amount of lithium removed from the structure. A titration (described
in Section A) performed after reaction of Li,ReO; with a standard iodine solution
affords the stoichiometry Li; oReO,.

Properties

The compound Li,ReQ; is a dark red-brown solid that is reactive with atmospheric
moisture, forming LiOH and H,. The X-ray powder pattern data give the fol-
lowing hexagonal crystallographic parameters: a = 4.977 A, ¢ = 14.793 A,
V =15288 x 6 A"
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Neutron diffraction powder profile analysis establishes a rhombohedral struc-
ture in the space group R3c,'' a = 4.9711 (1), ¢ = 14.788 (1), Z = 6. Both
Li and Re atoms occupy type (00z) positions, and oxygen atoms the general
position (x,y,z) with six formuia units per cell. The host lattice, ReO;, undergoes
a twist that creates two octahedral sites from the cubeoctahedral cavity of ReO;.
These are the sites occupied by lithium."!

2. Lithium Rhenium Trioxide

Procedure

In a 60.0-mL Schlenk filter within a helium glove box is placed 4.1891 g (17.37
mmol) of Li, ReO;. The filter is equipped with a serum cap and stir bar and
removed from the box. The serum cap is secured with a twist of wire, and ~40
mL of absolute ethanol is transferred into the flask, under argon, using a double-
edged transfer needle. Evolution of hydrogen is noted upon this addition, and
the system is kept under argon flow using an oil bubbler. The mixture is stirred
~24 hr or until gas evolution has ceased, and it is then filtered, using the same
Schlenk filter along with a 250-mL receiving flask. The product is rinsed three
times with 5.0-mL aliquots of absolute ethanol under positive argon pressure
using a transfer needle. Care must be taken so as not to overrinse, as more Li
can be removed from the structure. The dark red product is isolated in quantitative
yield by filtration and is then vacuum-dried. The filtrate containing lithium
ethoxide is titrated using a standard acid/base method with phenolphthalein as
the indicator.

Reaction of 4.189 g of Li,ReO, together with excess absolute ethanol (~55.0
mL total) forms 19.45 mmol of lithium ethoxide. Therefore, 1.0 mmol of Li is
removed from the structure, leaving Li, (ReO;. Removal of all of the lithium
using the standard iodine solution technique confirms the lithium stoichiometry.

Properties

The compound LiReQ; is very similar in appearance and properties to Li,ReQ;.
Both are red-brown hygroscopic solids; however, LiReQ; is less moisture-sen-
sitive and can be exposed to air for brief periods without damage. The Xsray
powder pattern shows that LiReQ; is single-phase with hexagonal lattice param-
etersofa = 5.096 A, c = 13.400 A, and V = 50.23 x 6 A>.'""! The structure
of LiReO,, according to neutron-diffraction powder profile analysis studies,
shows @ = 5.0918 (3), ¢ = 13.403 (1), z = 6 in the R3c space group.'' The
ReO, skeleton has undergone the same twist as in Li;ReQ;. The lithium atoms
order in half the octahedral sites. The compound is isostructural with LiNbO,.
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Both LiReQ; and Li,ReQ; exhibit temperature-independent Pauli paramagnetism
(0.8 X 107 °and 3.3 x 10™° emwg, respectively).'®

3. Lithium(0.2) Rhenium Trioxide

Procedure

As in the preparation of Li,ReO,, reaction and filtration operations take place
in a helium-filled glove box. Rhenium(VI) oxide (10.381 g, 44.33 mmol) together
with 70.0 mL of a 0.5 M Lil solution in acetonitrile are added to a flame-dried
100-mL round-bottomed flask equipped with a stirring bar. The flask is stoppered,
and the reaction is monitored for completeness by periodic sampling of the solid
using X-ray powder diffraction analysis. A total of three successive treatments
with 70.0-mL aliquots of Lil in CH,CN, with stirring over 7 days, are needed
to obtain the homogeneous single-phase Li, ,ReO; (smaller scale reactions'” are
complete with a single treatment). Each treatment is followed by filtration of
the total solution and two washings with acetonitrile. The filtrates are removed
from the glove box and titrated for iodine content using standard aqueous Na,S,0;
solution as the titrant. Reaction of 10.381 g of ReO; with Lil forms 8.87 meq
of iodine, indicating a final stoichiometry of Li, ,ReO;. Flame emission analysis
of Li confirms this result.
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60. DINITROGEN COMPLEXES OF IRON(I) WITH (1,2-
ETHANEDIYLDINITRILO)TETRAACETATE AND ¢rans-
(1,2-CYCLOHEXANEDIYLDINITRILO)TETRAACETATE
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Since the initial report on the syntheses of the [Ru(NH;);N,]X, (X = halogen)
dinitrogen complexes,' interest in these compounds has been very high, partly
because of the apparent relationship between these substances and the nitrogen-
fixation process. Several methods for the preparation of dinitrogen complexes
were subsequently reported.*™

Recently, Diamantis® prepared the complexes [(Ru(edta)),N,]*” and
[Ru(edta)N,]*~ by bubbling N, gas into an aqueous solution of [Ru(Hedta)H,0)
in the presence of hydrogen and platinum black. No analogous compounds that
contain Fe(II) have been reported. As described here, dinitrogen complexes of
Fe(I) with (1,2-ethanediyldinitrilo)tetraacetate(edta) and rrans-(1,2-cyclo-
hexanediyldinitrilo)tetraacetate(cdta) may be prepared by the reaction of
[Fe(HY)H,O] (Y = edta, cdta) with sodium azide.

m Caution. All azides are potentially explosive and should be handled
with care.

A. AQUA[[(1,2-ETHANEDIYLDINITRILO)TETRAACETATO]-
(3—)IIRON(III) HYDRATE

H,Y + Fe(OH), — [Fe(HY)H,O0l'H,0 + H,0 (Y = edta, cdta)

Procedure

These compounds are prepared from modified published procedures.** Twenty
grams of reagent grade iron(III) nitrate, Fe(NO,);-9H,0, is dissolved in 100 mL
of water in a 250-mL beaker, and the solution is filtered. A solution of 50 mL
of concentrated aqueous ammonia (28-30%) and 50 mL of water is added drop-
wise to the solution of iron(III) nitrate. The Fe(OH), that precipitates is recovered
by vacuum filtration or centrifugation, using a 10-cm Biichner funnel, and is

*Department of Inorganic Chemistry, Faculty of Science, University of Cadiz, Cadiz, Spain.
tDepartment of Chemistry, Northwestern University, Evanston, IL 60201.



208 Transition Metal Compounds and Complexes

washed several times with water until NH,"* no longer appears in the washings.
A 17.5 g sample of H,edta (or 17.1 g of H,cdta) is suspended in 40 mL of
water, and the Fe(OH), is added along with enough water to bring the total
volume to 100 mL. The mixture is heated while stirring on a steam cone for
~2 hr. Any uncomplexed free acid that precipitates when the solution cools to
room temperature is recovered by filtration. The reaction volume is then reduced
to 60 mL, and 100 mL of acetone is added slowly. The solid complexes are
collected and are recrystallized from 20 mL of H,O/100 mL acetone. Yields:
edta complex 6.5 g; cdta complex 4.0 g.

B. DISODIUM (DINITROGEN){[((1,2-ETHANEDIYLDINITRILO)-
TETRAACETATO}(4—)IFERRATE(II) DIHYDRATE

[Fe(Hedta)H,0]-H,O + 2NaN, — Na,[Fe(edta)N,]-2H,0 + 2N,

Procedure

A 0.50 g sample of [Fe(Hedta)H,0]-H,0 is dissolved in 20 mL of N,-degassed
water in a 50-mL Pyrex flask. To this solution, 0.50 g (7.7 mmol) of NaNj is
added with stirring. The color changes from yellow to red-orange immediately,
and the pH increases to 5. The mixture is stirred for 1 hr (not more than 2 hr)
at 70° while N, gas is bubbled into it (Fig. 1). The final pH of the solution
should be about 7 and the corresponding volume about 10 mL. The solution is
cooled to room temperature, and then 40-50 mL of ethanol is added to give a
brown oil. The upper solution is decanted off, and the remaining oil is then
solidified by the addition of 20 mL of ethanol while the mixture is stirred
vigorously. An orange-brown powder is recovered. Attempts to recrystallize this
product lead to regeneration of the starting material.’ Yield: 0.40 g (67%).
Anal. Calcd. for C,,FeH,(N,Na,0,,: C, 26.45; N, 12.34; H, 3.55. Found: .
C, 26.6; N, 11.4; H, 3.6.

Properties

The complex forms as an orange-brown powder that decomposes slowly in air.
A sharp intense band in the IR spectrum at 2040 cm~' (KBr and Nujol) is
assigned to vn=y Of coordinated nitrogen. The stretching vibrations for carbox-
ylate groups appear at 1600 (asym) and 1380 (sym) cm~'. The ESR spectrum
indicates diamagnetic character. The UV/vis spectrum in aqueous solution has
maxima at 51,000, 40,000, and 21,275 cm™'. In a static air or argon atmosphere,
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Fig. 1. Apparatus for preparation of dinitrogen complexes.
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the weight loss observed in the TG study and the corresponding endothermic
effect registered in DTA occur at ~220° and can be associated with the elimi-
nation of coordinated dinitrogen.

C. DISODIUM [[(1,2-CYCLOHEXANEDIYLDINITRILO)-
TETRAACETATO](4 —)I(DINITROGEN)FERRATE(I)
DIHYDRATE

[Fe(Hcdta)H,0]-H,0 + 2NaN, — Na,[Fe(cdta)N,]-2H,0 + 2N,

Procedure

A 0.50 g (7.7-mmol) sample of solid sodium azide is added to a solution of
0.50 g of [Fe(Hcdta)H,0]-H,O in 20 mL of water in a 50-mL Pyrex flask. The
mixture is stirred while N, gas is bubbled into it (Fig. 1). The temperature is
held at 70° for 2 hr. After this time, the brown-orange solution is cooled to room
temperature. When the first crystals begin to appear, cold acetone is added to
the solution to give a brown oil. The solution is decanted off the oil. The oil is
dissolved in 5 mL of water, and 20 mL of acetone is added slowly. This results
in a yellow-orange powder, which is recovered by filtration. The precipitate is
washed with 10 mL of cold acetone and dried over P,0,,. Yield: 0.40 g (68%).

Anal. Calcd. for C,,FeH,,N,Na,0,,: C, 33.09; N, 11.03; H, 4.36. Found:
C,33.2; N, 8.5; H, 4.6.

Properties

The complex crystallizes as yellow-orange microcrystals that decompose slowly
in air. An intense sharp band at 2040 (KBr) or 2050 (Nujol) cm ™' in the IR
spectrum is assigned to vy Of the coordinated dinitrogen. The stretching vibra-
tions for carboxylate groups appear at 1620 (asym) and 1380 (sym) cm™'. The
ESR spectrum indicates diamagnetic character. The UV/vis spectrum in aqueous
solution has maxima at 51,000, 37,040, and 21,700 cm ™ '. In an atmosphere of
static air or argon, weight loss in TG and an endothermic effect in DTA occur
at ~215° due to the elimination of coordinated dinitrogen.
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61. POTASSIUM TETRAKIS[DIHYDROGEN '
DIPHOSPHITO(2 —)]DIPLATINATE(II)

2K,[PtClL,] + 8H,PO; — K,[Pt,(P,OsH,),]-2H,0 + 8HCl + 2H,0

Submitted by K. A. ALEXANDER,* S. A. BRYAN,* M. K. DICKSON,* D. HEDDEN, } and
D. M. ROUNDHILL+
Checked by C.-M. CHE,i L. G. BUTLER, and H. B. GRAY}

Potassium tetrakis[dihydrogen diphosphito(2 —)]diplatinate(II) dihydrate was
discovered because of its intense emission intensity in aqueous solution at room
temperature.’ The complex has strong absorption maxima at 367 nm (e 33,500
M 'em™') and 452 nm (e 120 M 'cm™'), and emissions at 403 and 515
nm.>™ The intense emission has been used as a basis for the quantitative deter-
mination of platinum.’ The complex has been used as a source for the synthesis
of binuclear platinum(IIll) complexes K,[Pt,(P,O;H,).X,] X = Cl, Br, 1),® mixed
valence binuclear complexes [Pt,(P,OsH,)X]*™ (X = Cl, Br, I),” and higher
condensation of oligomers of platinum(II).® The molecular structure of the com-
plex shows an intermetallic separation of 2.925(1) A.”® A normal coordinate
analysis of the vibrational Raman and IR spectra has shown that there is little
intermetallic bonding in the ground state, '® but an excited state Raman spectrum''
has allowed direct comparison between vp,_, in the two states. The preparative
method described here is based on the previously reported synthesis of
K,[Pt,(P,O,H,),]-2H,0." ?

*Department of Chemisiry, Washington State University, Pullman, WA 99164.
tDepartment of Chemistry, Tulane University, New Orleans, LA 70118.
$Department of Chemistry, California Institute of Technology, Pasadena, CA 91125.
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Procedure

Potassium tetrachloroplatinate(II) [Johnson Matthey] (0.500 g, 1.2 mmol), and
phosphorous acid (2.3 g, 28.0 mmol) are dissolved in 10 ml of deionized water,
and the solution is placed in a petri dish (1 cm deep X 10 cm diameter). If
impure samples of K,[PtCl,] are used, the yield will be considerably reduced.
If necessary, the platinum salt can be purified by dissolving in water (~3 mL)
followed by precipitation by addition of ethanol (~15 mL). The centrifuged
K,[PtCl,] is washed well with diethy! ether and air-dried prior to use. Crystalline
samples of phosphorous acid are preferable, but very wet commercial samples
can be dried over P,O,, in a vacuum desiccator. The petri dish and contents are
placed on a steam bath at 104° and heated for 3 hr. In order to prevent the
solution from evaporating to dryness, the water content of the reaction solution
is replenished at 40-min intervals. Alternatively, the dish can be covered with
a watch glass, which can reduce the time of heating. During the heating process
the color of the solution changes from red to brown, then to pale yellow. After
the 3-hr heating period, the volume of the pale-colored solution is again replen-
ished to 10 ml with water. The petri dish is then transferred to an oven at 110°,
and the solution is allowed to evaporate to dryness from the open dish (approx-
imately 4 hr). To the yellow-green residue is added 10 mL of methanol (reagent
grade), and the resulting suspension is filtered with suction through a glass-frit
filter (15 mL capacity, medium porosity). The solid is then washed successively
with methanol (4 X 10 mL) and diethyl ether (2 X 10 mL) and is air-dried to
give 0.615 g of product as a yellow-green powder. Yield: 88%.

Anal. Calcd. for H,,K,0,,PsPt,: Pt, 33.7. Found: Pt, 34.9.

The purity of the complex can be checked by aqueous solution *'P NMR
spectroscopy.

The checkers find that the pale green color is due to traces of oxidized binuclear
platinum compounds.” In order to obtain ultrahigh-purity crystalline material for
solid state measurements, further purification by recrystallization is necessary.
Alternatively, cations other than potassium can be used, since the nature of the
counterion affects the solid state trace impurities that are occluded.

Properties

Potassium tetrakis{dihydrogen diphosphito(2 —)]diplatinate(II) is a diamagnetic
yellow-green solid that is air-stable. It is soluble in water but insoluble in common
organic solvents. Aqueous solutions decompose over a 24-hr period, the stability
being higher at low pH. The *'P NMR spectrum of the complex in D,O solvent
shows a resonance at & 66.5 ppm to high frequency of 85% H,PO,, the peak
being flanked by satellites due to coupling with '**Pt (33% abundance, 'Jpp =
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3075 Hz). The complex can be recrystallized with significant loss from a con-
centrated aqueous solution by addition of methanol. The IR spectrum (Nujol
mull) shows broad bands in the 1100-900 cm™' region characteristic of v(PO)
in the dihydrogen diphosphite group.'
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62. ETHENE COMPLEXES OF
BIS(TRIALKYLPHOSPHINE)PLATINUM(0)

Submitted by R. A. HEAD*
Checked by D. M. ROUNDHILL+ and D. HEDDEN+

A limited number of platinum(0) complexes that contain ethene and organo-
phosphine ligands are known. The triphenylphosphine complex, [Pt(C,H,)
(P(C¢H;)5),], is readily prepared by the reaction of [Pt[P(C.Hs),],0,] with eth-
ene.' It is an excellent precursor to a range of platinum(0) complexes. Prepa-
rations of analogous compounds containing trialkylphosphine ligands are less
convenient and include reaction of the very air-sensitive [Pt(C,H,),] with trialkyl-

*New Science Group, Imperial Chemical Industries PLC, The Heath, Runcorn, Cheshire, Eng-
land WA7 4QE.
tDepartment of Chemistry, Tulane University, New Orleans, LA 70118.



214 Transition Metal Compounds and Complexes

phosphines’ and the thermal decomposition of [Pt{P(C,Hs),),(C,Hs),).* The syn-
thesis reported here is both simple and quick and gives stable solutions of these
complexes, which should make them useful starting materials for new plati-
num(0) chemistry. Displacement of the coordinated ethene by alkene- and ketones
that contain electron-withdrawing groups is facile, and monomeric formaldehyde
effects a slow displacement reaction to give solutions of [Pt{CH,0) [P(C,H;);],].*

A. (ETHENE)BIS(TRIETHYLPHOSPHINE)PLATINUM(0)

PtCL[P(C,H;);], + 2NaC,cHgy + C,H, —
Pt(C,H,)[P(C,Hs),), + 2 NaCl + 2C,H,

Procedure

®  Caution. All solvents should be dried thoroughly and air-free before

use. The reactions must be performed under a rigorously oxygen-free atmos-
phere. Metallic sodium is exceptionally reactive, especially toward moisture,
and should be used with utmost care. Excess sodium can be destroyed by careful
reaction with 2-propanol.
Freshly distilled oxygen-free tetrahydrofuran (120 mL) and naphthalene (2.2 g)
are added to a 250-mL three-necked round-bottomed flask fitted with a nitrogen
bubbler and containing a magnetic stirring bar. Sodium wire (0.5 g) is then
added, and the solution is stirred vigorously for 5 hr, during which time the
sodium dissolves to give an intense green solution of NaC, H;. The molarity of
this solution is then determined by removing an accurately known volume (~5
mL) and quenching into water. Titration of this aqueous solution to neutrality
with 0.1 ¥ HCI, using phenolphthalein as the indicator, allows the concentration
of NaC,;Hy in tetrahydrofuran to be calculated. If the above procedure is observed,
the concentration of NaC,Hy is approximately 0.11 N.

To a 250-mL round-bottomed flask fitted with an ethene inlet, a bubbler,
and a rubber septum and containing a magnetic stirring bar is added
dichlorobis(triethylphosphine)platinum(II)* (0.62 g, 1.2 mmol) and dry, oxygen-
free tetrahydrofuran (50 mL). The reaction works equally well with both cis and
trans isomers of the platinum complex. A tetrahydrofuran solution of NaC,,H,
(24 mL, 0.1 N) prepared as above is then added over a 15-20-min period to the
stirred suspension at room temperature by means of a gastight syringe (Fig. 1).
On mixing the two solutions, the deep green color of NaC,Hj is rapidly destroyed,

*Syntheses of PtCI(PR;), complexes are best carried out using the procedure outlined for
PtCl,(PPr,), by Yoshida et al. in Reference 5.
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Syringe
noamny
‘ﬁ B
Tetrahydroturan ]
solution Rubber septum
of NaCoHg
-«— Ethene
250 mL
flask
Mineral oil
PtCI, (PEt3), + bubbler
tetrahydrofuran Stirring bar

l ]

Magnetic stirrer-hot plate

Fig. 1. Apparatus for platinum(0) complexes.

and the platinum complex gradually dissolves, eventually giving a slightly cloudy
solution of (ethene)bis(triethylphosphine)platinum(0). Addition of excess reduc-
ing agent gives an intense red solution, but this is easily reversed by adding a
crystal of PtCL[P(C,H;);),. The yield of product is essentially quantitative, as
evidenced by *'P NMR spectroscopy. A single line is observed at 20.4 ppm,
relative to 85% H,PO,, with 'J,o;, , = 3520 Hz.

B. (ETHENE)BIS(PHOSPHINE)PLATINUM(0)

PtCL(PR;), + 2NaC,H; + C,H, — Pt(C,H,)(PR,), + 2NaCl + 2C,,H;
Phosphine, PR;* = tris(1-methylethyl)phosphine; diethylphenylphosphine;
triphenylphosphine;
15[1,2-ethanediylbis(diphenylphosphine)]

Procedure

The method for preparation of the zero valent ethene complexes is identical ta
that described in Section A. For less soluble starting materials the reducing agent
is best added over a longer period of time (up to 30 min). All complexes are

*All phosphines are available through Strem Chemicals, Inc., P.O. Box 108, Newburyport, MA
01950, who also supply certain Pt(II) complexes including PtCl,(PPh;),.
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stable in solution. They are prepared in nearly quantitative yield as shown by
>'P NMR spectroscopy (see Table I).

TABLE 1. *'P NMR Data for [Pt(C,H,)(PR,),] Complexes

Chemical shift

PR, (ppm)’ Jiosp_p (Hz)
P(C.Hy), 204 3520
P(i-C,H,), 53.4 3657
P(C;Hy):CeHs 232 3574
P(CHy), 32.0 3660
4(CgHs):PCH,CH,P(C,Hy), 54.5 3300

“Relative to 85% H,PO,.

Properties

Solutions of the complexes are stable for several hours at room temperature under
an ethene atmosphere. Decomposition takes place if the compound is heated
(>~65°). If the solvent is removed under reduced pressure, a red-brown oil of
uncertain composition is formed.
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63. NITROSYL HEXACHLOROPLATINATE(IV)
Pt + 6NOC1 — (NO),[PtCl] + 4NO 1

Submitted by RICHARD T. MORAVEK* and GEORGE B. KAUFFMAN?}
Checked by TARIQ MAHMOOD?}

Nitrosyl hexachloroplatmate(IV) was first prepared by the action of excess aqua
* regia on platinum'? and has been reported since by several investigators usmg
essentially the same method.™ It can also be prepared by the action of fuming
nitric acid on platinum(IV) chloride solution® or on hexachloroplatinic(IV) acid.®
The yields obtained by the above methods are quite low, and extreme care is
necessary in order to isolate the compound.

In addition to these preparations in aqueous solution, the compound has also
been prepared in low yield by the action of nitrosyl chloride at 100° on platinum.’
This low yield is due to incomplete reaction and the difficulty of separating the
deliquescent powder from the unreacted metal.® It is possible to prepare the
compound in higher yield by the action of nitrosyl chloride on platinum(il) or
platinum(IV) chloride.® Neither platinum(II) nor platinum(IV) chloride is readily
obtained commercially. Furthermore, platinum(IV) chloride is quite hygroscopic
and is difficult both to prepare and to handle.

The following modification of the literature method® utilizes pure platinum
metal. The manipulations involved are fairly simple, and the equipment used is
kept to a minimum.

Procedure

®  Caution. Nitrosyl chloride is a severe respiratory irritant. The opera-
tions must be performed behind a safety shield in a well-ventilated hood. Because
of the danger of explosion a face shield should be worn at all times. Heavy
gloves should be worn when handling glass vessels that contain gases at high
pressure.

Four grams (0.021 mole) of pure platinum wire (for example, 0.025-in.
diameter platinum wire, 99.9+ %) [Alfa Products] is cut into short lengths
(~1 mm) with scissors. It is placed in a large ampule made from a 16-in. length

*Enjay Chemical Co., Baytown, TX 77520. Work performed at Research and Development
Division, Humble Qil and Refining Co., Baytown, TX 77520.

tDepartment of Chemistry, California State University, Fresno, Fresno, CA 93740.

tDepartment of Chemistry, University of Idaho, Moscow, ID 83843.
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of ¥-in. o.d. Pyrex tubing with heavy walls (at least % in. thick) to withstand
high pressure. The mouth of the ampule is constricted to fit a length of rubber
pressure tubing. The vessel is cooled in a liquid nitrogen or Dry Ice/methanol
bath.

About 15 mL of nitrosyl chloride (bp —5.5°) is then distilled at room tem-
perature through a length of rubber pressure tubing (only slowly attacked by
nitrosyl chloride) into the ampule, where it condenses as a yellow-orange solid
on the platinum. A suitable mark is made on the ampule to show when the
approximate volume of nitrosyl chloride has been added. The nitrosyl chloride
can be obtained from a cylinder [Matheson] or may be prepared by the reaction
of dry hydrogen chloride with nitrosylsulfuric acid® or sodium nitrite.'® A corrosion-
resistant nickel pressure regulator should be used to control the flow rate. Contrary
to the work of previous investigators, no attempt is made to dry the gas, since
a trace of moisture appears to catalyze the reaction.''*

After the required amount of nitrosyl chloride has been condensed in the
ampule, which is still retained in the liquid nitrogen trap, the ampule is sealed
off and carefully annealed with a blowtorch. (® Caution. Strains present in
the glass may result in explosion of the ampule.) It is removed from the cooling
bath and allowed to warm to room temperature behind a safety shield in a well-
ventilated hood. It is then placed upright in a tubular heating device consisting
of a 1-in. i.d. stainless steel pipe closed at the bottom end, wrapped with electrical
heating tape, and insulated with Fiberglas tape. The heater should be of such a
height (15% in.) that the sealed tip of the ampule is just visible over the top.
The temperature is controlled with a Powerstat variable transformer and can be
measured with a thermocouple.

The temperature is slowly raised to ~100° over a period of 1 week and is
maintained at this temperature for two additional weeks. (@ Cau-
tion. Considerable pressure is built up, and the reaction should be carried
out behind a safety shield.) At the end of the required time the ampule is allowed
to cool to room temperature and is then placed in a liquid nitrogen bath to
condense nitrogen(Il) oxide (mp — 163.6°, bp — 151.7°) produced in the reaction,
together with excess nitrosyl chloride. If a Dry Ice/methanol bath is used, con-
siderable pressure due to uncondensed nitrogen(Il) oxide is to be expected on
opening the tube.

The ampule is opened carefully with a blowtorch and is allowed to warm to
room temperature in a well-ventilated hood, whereupon the nitrogen(Il) oxide
and excess nitrosyl chloride distill off and are absorbed in a beaker of dilute
sodium hydroxide solution. Rubber pressure tubing is again used for the con-

*The checker carried out the synthesis by using standard vacuum line techniques, which are
believed to be less hazardous. Heating was carried out inside a metal pipe in an ordinary laboratory
oven.
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nections, and a drying tube that contains P,O,, is included to prevent the entrance
of moisture into the ampule. An empty glass trap is included between the drying
tube and the beaker to protect the product from any sodium hydroxide solution
accidentally drawn back by suction. The residual red vapors that remain in the
system can be removed by aspirator suction through a trap that contains P,O,,.
A sharp scratch is made around the body of the ampule, and together with the
attached drying tube it is placed in a dry box. The ampule is broken, and the
granular contents are removed and powdered in an agate mortar. The yield
(~9.5 g; 20 mmol) is nearly quantitative.* The powder is readily separated from
the few residual platinum granules by sifting through a square of 52-mesh plat-
inum gauze. The product is dried under vacuum over P,O,, and should'be stored
in vials that are kept in a desiccator. All transfers of the dry product are made
in a dry box.

Anal. Caicd. for (NO),PtCl,: Pt, 41.72; Cl, 45.47; N, 5.99; O, 6.84. Found:
Pt, 41.72; Cl, 45.57; N, 5.90; O, 6.72.

Properties

Nitrosyl hexachloroplatinate(IV) is a deliquescent yellow-brown powder that
reacts vigorously with water to form hexachloroplatinic(IV) acid and nitrogen(II)
oxide. The substance exhibits no definite melting point but begins to decompose
at 300°, as evidenced by blackening. It dissolves with effervescence in ethanol,
methanol, isopropyl alcohol, acetone, and N,N-dimethylformamide. A freshly
prepared concentrated acetone solution of the substance effervesces violently,
evolving much heat and becoming dark brown. A black tarry residue that is
incompletely soluble in aqua regia can be obtained by removal of solvent under
reduced pressure. The exact nature of the reaction in these solvents is unknown.
Nitrosyl hexachloroplatinate(IV) is insoluble in benzene, carbon disulfide, and
carbon tetrachloride. The IR spectrum (KBr) has characteristic bands at 2210
(Vno+) and 348 (Vpcd) cm™

Although the empirical formula PtCl,-2NOCI had been established by early
investigators, it was not until the compound was shown to be diamagnetic'? that
the structure (NO),[PtCls] could be assigned with any degree of certainty. An
extensive review of the literature on inorganic nitrosyl compounds has been
compiled by Moeller."
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64. cis-TETRAAMMINE AND cis-BIS (1,2-
ETHANEDIAMINE) COMPLEXES OF RHODIUM(III)

Submitted by MARTIN HANCOCK,* BENTE NIELSEN,* and JOHAN SPRINGBORG*
Checked by ALAN FRIEDMAN,} P. C. FORD,} and MICHAEL J. SALIBY}

Methods are described for the preparation and purification of the following
mononuclear complexes: cis-[Rh(NH;),Cl,]Cl-2H,0, cis-[Rh(NH,),(H,0)
(OM)1[S,04], [Rh(en),(C,0,)ICIO,, cis-[Rh(en,CL],CI(C1O,), and cis-[Rh(en),
(H,0)(OH)](S,0¢]. A simple and rapid method for the synthesis of
[Rh(NH,),CI]Cl, in essentially quantitative yield is reported.

Procedures for the preparation and purification of the bromide salts of the
dinuclear di-p-hydroxo complex ions [(NH;),Rh(OH),Rh(NH,),]** and A,A-
[(en),Rh(OH),Rh(en),]** (diols) from the crude dithionate salts are also given.
The methods described here are thoroughly tested modifications of those reported
in the literature.

The present series of syntheses is timely in that currently there is considerable
interest in the thermal and the photochemical reactions of mono- and dinuclear
rhodium(III) ammine and amine complexes.'” The dinuclear complexes have
also proved to be suitable starting materials for the synthesis of new types of
dinuclear rhodium(III) complexes with other bridging ligands. '

In several of the preparations given below, the crude products are almost pure
and are obtained in high yields. The crude salts are purified by reprecipitation,
and the UV/visible absorption spectra as well as elemental analyses are used as

*Department of Chemistry, Royal Veterinary and Agricultural University, Thorvaldsensvej 40,
DK-1871 Copenhagen V, Denmark.

tDepartment of Chemistry, University of California, Santa Barbara, CA 93106.

$Department of Chemistry, University of New Haven, West Haven, CT 06516.
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222 Transition Metal Compounds and Complexes

criteria of purity. When it is stated that a sample is pure, this means that the
positions of the maxima and minima of the spectrum remain constant upon further
reprecipitation and that a deviation of less than 1% in the molar absorptivity (e)
(for both maxima and minima) is found for the two crops. For some of the
compounds the spectrum changes with time, and linear extrapolation of the
spectrum back to the time of dissolution is then made. The corrections are never
greater than 1%. In Table I the (¢, A\) extremum values are collected and are
those obtained for the sample reprecipitated one time more than the sample
identified as pure. All e values are per mole of complex cation.

& Caution. Mechanical handling and heating of perchlorates is potentially
dangerous because of the reducing character of coordinated ammonia or amines.
The common situation in which a glass rod is used on a sintered glass filter may
create an exorbitant local pressure that is likely to act as a shock. Rods of soft
polyethylene are therefore strongly recommended for the handling of perchlor-

ates. Washing with alcohol or similar solvents should also be performed with
caution.

A. PENTAAMMINECHLORORHODIUM(1II) CHLORIDE

EtOH

RhCl, + SNH, — [Rh(NH,),CIICl,

NH,CI

The preparation described here is a slight modification of that reported by Addison
etal.' and is given here simply as a reliable alternative to the method described
by Osborn et al.'

Procedure

Hydrated rhodium(HI) chloride [Johnson Matthey] (0.094 mole*; ~23.5 g) is
dissolved in 100 mL of water in a 400-mL beaker at room temperature. Ammo-
nium chloride (20 g) is added, and the solution is stirred until it is essentially
clear. The dark red solution is then heated to 50°, after which 25 mL of 95%
ethanol is added with stirring. After the solution is allowed to stand for 2-3 min,
it is cooled to ~40°, by agitating the flask in a running stream of cold water,
for example. Any precipitation that occurs at this point may be ignored. Fifty
milliliters of concentrated ammonia solution (density 0.88 g/mL, ~12 M) is
added with vigorous stirring. (8 Caution. Addition should be made in a well-
ventilated fume hood.) Immediate precipitation occurs, and the temperature of

*Checkers were able to obtain similar yields when 5-20% of the stated quantities of starting
materials were used.
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the mixture rises to ~65°. The mixture is allowed to cool with stirring for 1.5 hr
and is stirred for a further 30 min in an ice bath.

The pale-yellow product is isolated by filtration on a medium-porosity 7-cm
sintered glass funnel and washed with three 30-mL portions of 0.5 M hydro-
chloric acid, then thoroughly with 95% ethanol, and finally with diethyl ether.
Drying in air gives 26.2 g (yield 95%). The product is sufficiently pure for use
in the preparation of cis-[Rh(NH,),CL]Cl-2H,0.

Anal. Calcd. for RhH,sNCl;: H, 5.14; N, 23.79; Cl, 36.13. Found: H, 5.28;
N, 22.90; CI. 35.43.

B. ¢is-TETRAAMMINEDICHLORORHODIUM(III) CHLORIDE

2[Rh(NH,);CIICl, + Na2,C,0, + H,C,0,-2H,0 —
2[Rh(NH,).(C,0,)ICl + 2NH,Cl + 2NaCl + 2H,0

[Rh(NH,),(C,0)ICl + HCIO, + H,O —»
[Rh(NH,),(C,0,)IClO0,-H,0 + HCl

2[Rh(NH,),(C,0,)]CIO,-H,0 + 6HCI —
2cis-[Rh(NH,),CLICI- ,H,0 + 2HCIO, + 2H,C,0, + H,0

The synthesis of the cis-tetraamminedichlororhodium(!Il) ion, using the reaction
of tetraammine[oxalato]rhodium(IlI) perchlorate with boiling 6 M hydrochloric
acid, was first reported in 1975." The oxalato complex is formed by the reaction
of pentaamminechlororhodium(IIl) chloride with oxalate and oxalic acid in water
at 120°. The synthesis has been repeated on numerous occasions in our laboratory,
and we have found that only in a minority of cases is it possible to isolate
{Rh(NH,),(C,0,)]CIO,-H,0 in sufficiently pure form to prepare the pure per-
chlorate by recrystallization. In a majority of cases the product that precipitates
from the reaction mixture on addition of perchloric acid contains an appreciable
quantity of an unidentified impurity that is not removed by recrystallization. The
procedure given below permits the preparation of pure cis-[Rh(NH,),Cl,]CI-2H,0
from the latter crude, impure oxalato complex.

Procedure

Pentaamminechlororhodium(III) chloride (5.0 g, 0.017 mole), disodium ®xalate
(2.275 g, 0.017 mole), and oxalic acid dihydrate (1.075 g, 0.0085 mole) are
stirred together briefly in 190 mL of water in a stainless steel autoclave (volume
~300 mL). The autoclave is then closed tightly and kept at a temperature of
120° in an oven for 24 hr, after which it is cooled just sufficiently (under running
water) to allow it to be handled without burning one’s fingers. It is opened
carefully and the contents are filtered immediately by suction through a fine-
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porosity, 4-cm sintered glass funnel into a 500-mL suction flask. The autoclave
is rinsed with 25 mL of water, and the combined filtered solution is allowed to
cool to room temperature. A 6.25-mL portion of 12 M perchloric acid is then
added to the solution, whereupon crystals begin to form. (@8  Caution. Perchloric
acid is a strong oxidizing agent and should not be permitted to contact organics
or other oxidizable materials.) After further cooling in an ice bath with very
slow magnetic stirring for 10 min, the product is isolated by filtration on a 4-
cm sintered glass funnel. It is washed with a little ice-cold 2 M perchloric acid,
then methanol, and dried in air. (@ Caution. Perchlorates may be shock-
sensitive and potentially dangerous because of the reducing character of ammo-
nia.) The yield of crude, impure tetraammine[oxalato]rhodium(III) perchlorate
is typically 3.2-3.8 g. Sometimes the oxalato complex separates in lower yield
(2.6-2.8 g), but in this case the product is generally free of the impurity that is
otherwise normally present. On subsequent boiling with 6 M hydrochloric acid,
a clear solution is obtained that yields almost pure cis-[Rh(NH,),Cl,]Cl-¥2H,0
in essentially quantitative yield.

cis-Tetraamminedichlororhodium(IIl) chloride is obtained from the crude,
impure product as follows: A portion of the latter product (2.40 g) is boiled for
1 min with 70 mL of 6 M hydrochloric acid in a 250-mL conical flask, and the
solution is filtered quickly through a fine-porosity 3-cm sintered glass funnel.
The clear bright-yellow solution is then allowed to cool spontaneously while the
temperature is followed with a thermometer. If any precipitation occurs before
the temperature falls to 50°, the solution is again filtered as before. The solution
is cooled in an ice bath for 10 min, and methanol (70 mL) is added. After cooling
for a further 10 min the bright-yellow crystals are isolated by filtration on a 3-
cm sintered glass funnel of fine porosity, washed thoroughly with methanol, and
dried in air. Yield: 1.2-1.5 g (72-90%). The crude product is sufficiently pure
for use in the preparation of cis-[Rh(NH,),(H,0)(OH)][S,0,] (see Section C).

The pure complex is obtained by dissolving the crude product in hot (~95°)
3 M hydrochloric acid (25 mL per gram of crude product), filtering the hot
solution through a fine-porosity 3-cm sintered glass funnel, and allowing it to
cool to room temperature. After the mixture has been kept at ~5° in a refrigerator
overnight, the bright yellow needle crystals are isolated by filtration and washed
and dried as before (recrystallization yield 91%).

Anal. Calcd. for RhH,;N,Cl1,0, s: H, 4:58; N, 19.56; CI (total), 37.14; Cl
(ionic), 12.38. Found: H, 4.41; N, 19.50; Cl (total), 37.20; CI (ionic), 12.66.

Properties

cis-Tetraamminedichlororhodium(III) chloride forms bright yellow needle crys-
tals that are moderately soluble in water. It is the starting material for the synthesis
of cis-[Rh(NH,),(H,O0)(OH)][S,Oq] (Section C).
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C. cissTETRAAMMINEAQUAHYDROXORHODIUM(III)
DITHIONATE

cis-[Rh(NH,),CL]ICl-',H,0 + 3AgNO, + 1',H,0 —
cis-[Rh(NH,),(H,0),(NO,); + 3AgCl
cis-[Rh(NH;)(H,0),}(NO;); + C;H.N —
cis-[Rh(NH,),(H,0)(OH)I(NO;), + (C;H,;NH)NO,
cis-[Rh(NH,),(H,0)(OH)](NO;), + Na,S,0, — ]
cis-[Rh(NH,),(H,0)(OH)][S,0,] + 2NaNO,

Procedure

cis-Tetraamminedichlororhodium(IH) chloride (1.0 g, 0.00349 mole) and silver
nitrate (1.77 g, 0.01042 mole) are heated together under reflux in 30 mL of
water for 3.5 hr in a 100-mL round-bottomed flask that is wrapped in aluminum
foil to exclude light. The mixture is allowed to cool to room temperature and is
then filtered through a fine-porosity 3-cm sintered glass funnel into a 100-mL
suction flask. The silver chloride residue is washed twice with 3 mL of water,
and the washings are added to the pale yellow bulk filtrate. Solid sodium dithion-
ate dihydrate (1.80 g) is added to the solution, which is then stirred at room
temperature until the crystals are dissolved. Two milliliters of pyridine are added
dropwise under vigorous magnetic stirring and cooling in an ice bath. After
further stirring and cooling for 2 hr, the pale yellow crystalline product is isolated
by filtration on a fine-porosity 3-cm sintered glass funnel and washed, first with
a little ice-cold water, then 95% ethanol, and finally diethyl ether. Drying in air
gives 0.98 g (yield 77%). The crude product is used in the preparation of the
crude ammonia dihydroxo (diol) dithionate (see Section D).

The product is purified by dissolving the crude product at room temperature
in slightly more than the calculated volume of 0.50 M hydrochloric acid in which
sodium dithionate dihydrate has been dissolved (that is, 6.0 mL of 0.5 M HCl
and 1.0 g of Na,S,04-2H,0 per gram of complex). The stoichiometric quantity
of 1.00 M sodium hydroxide solution is added to the filtered solution with stirring
and cooling as before. Washing and drying are performed as above. The product
when reprecipitated twice in this manner is pure.

Anal. Calcd. for RhH,\N,O,S,: H, 4.13; N, 15.30; S, 17.51. Found: H, 4.38;
N, 14.99; S, 17.42
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Properties

cis-Tetraammineaqua(hydroxo)rhodium(iIl) dithionate is a pale yellow crystal-
line solid. It is sparingly soluble in water but readily soluble in strong acid and
strong base, giving solutions of the cis-diaqua and cis-dihydroxo complex ions,
respectively. At elevated temperatures the complex loses water, with formation
of the dihydroxo compound (diol) (Section D). The acid dissociation constants
for the cis-diaqua complex ion in 1.0 M sodium perchlorate medium at 25° have
been determined"*: pK,, = 6.40; pK,, = 8.32.

D. DI-p-HYDROXO-BIS[TETRAAMMINERHODIUM(II)]
BROMIDE

2cis-[Rh(NH,),(H;0)(OH)][S,0¢] —
[(NH;),Rh(OH),Rh(NH,),][S,06), + 2H,0

[(NH,),Rh(OH),Rh(NH;),1[S,Os]; + 4NHBr + 4H,0 —
[(NH;),Rh(OH),Rh(NH;),]Br,-4H,0 + 2(NH,)2[S:O6]

The starting material for the preparation of the bromide salt of di-p-hydroxo-
bis[tetraamminerhodium(IIl)] (diol) is the crude dithionate salt, which is obtained
by heating cis-tetraammineaqua(hydroxo)rhodium(iIl) dithionate at 120°. In order
to avoid contamination of the bromide with mono-hydroxo bridged (monool)
species, it is necessary to keep dissolution times and, where possible, temperature
to a minimum.

Procedure

Solid cis-[Rh(NH;),(H,O)(OH)][S,04] (4.76 g, 0.0130 mole) is heated at
120( + 2)° for 20 hr in an oven. This gives crude di-p-hydroxo (diol) dithionate
(4.53 g), which is treated at room temperature with 50 mL of a saturated solution
of ammonium bromide in a 100-mL conical flask. The suspension is stirred
vigorously for 1 hr, and the resulting crude bromide salt is isolated by filtration
through a fine-porosity 4-cm sintered glass funnel and washed with ice-cold 50%
v/v ethanol/water, 95% ethanol, and then diethyl ether. The product is extracted
on the filter with water (18-20°) in portions of ~40 mL within a total of 20 min
(total extraction volume ~170 mL), and each successive portion of solution is
filtered immediately into a single ice-cooled 500-mL conical flask. After each
extraction 20 mL of saturated ammonium bromide solution is added to the flask
with vigorous magnetic stirring (total added volume is 80 mL). A dense pale
yellow precipitate is formed immediately, and the mixture is cooled with stirring
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for a further 20 min. The bromide salt is isolated as above. Drying in air gives
4.28 g (yield 86%) of pure di-p.-hydroxo (diol) bromide.

Anal. Calcd. for Rh,H, N.Br,O: H, 4.46; N, 14.60; Br, 41.63. Found: H,
4.44; N, 14.37; Br, 42.15.

Properties

See Section H.

E. BIS(1,2-ETHANEDIAMINE)(OXALATO)RHODIUM(III)
PERCHLORATE

RhCl; + 2(NH,CH,CH,NH,)Cl, + 4NaOH —
cis/trans-[Rh(en),CL]Cl + 4NaCl + 4H,0O

cis/itrans-{Rh(en),CLjCl + NaClO, — cis/trans-[Rh(en),Cl,JCIO, + NaCl
BH;

cis/trans-[Rh(en),CL]ClIO, + Na,C,0, — [Rh(en),(C,0,)ICIO, + 2NaCl

The method of Johnson and Basolo' for the synthesis of {[Rh(en),Cl,]* gives a
reasonably good yield of the trans isomer but a poor yield of the cis isomer. A
number of modifications designed to improve the yield of cis isomer have sub-
sequently been employed,''*'® but with only limited success. The procedure
described here gives a high yield (>70%) of a crude mixture of the perchlorate
salts of cis- and trans- [Rh(en),Cl,)", from which pure bis(1,2-ethanedi-
amine)(oxalato)rhodium(IlI) perchlorate can be prepared in ~60% overall yield
by the reductant-accelerated reaction with oxalate ion. The reductant used here
is sodium tetrahydroborate (1—). The oxalato complex is an excellent starting
material for the preparation of the cis-dichloro complex.'”"*

Procedure

Hydrated rhodium(IIl) chloride (0.038 mole, ~10 g) and 1,2-ethanediamine
dihydrochloride (10.1 g, 0.076 mole) are dissolved with gentle heating in
60 mL of water in a 250-mL round-bottomed flask fitted with a condenser.
A copious red-brown precipitate is formed when 38 mL of 2.00 M sodium
hydroxide solution is added. The mixture is heated to boiling under reflux. After
boiling for ~1 min, 2.00 M sodium hydroxide {(~45 mL) is added in smali
portions by means of the reflux condenser over a period of 10 min untl the pH
of the clear orange-red solution remains at 6.5. The solution is carefully evap-
orated to dryness on a vacuum rotary evaporator (water-bath temperature ~40°).
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The flask containing the solid orange residue is kept in an oven at 170° for 24 hr,
and the residue is then dissolved in 100 mL of 0.1 M hydrochloric acid by
boiling. The solution is filtered while hot through a fine-porosity 3-cm sintered
glass funnel into a 250-mL suction flask to remove a little insoluble dark brown
residue. A hot solution of sodium perchlorate monohydrate (20 g) in 20 mL of
water is added to the clear orange filtrate. On cooling slightly, copious precip-
itation sets in. After the mixture has been kept in a refrigerator (~5°) for 2 days,
the product is isolated by filtration on a medium-porosity 7-cm sintered glass
funnel and then washed with a little ice-cold water, 95% ethanol, and finally
diethyl ether. Drying in air gives 11-11.5 g (~73-77%) of the crude dichloro
complex.

Bis(1,2-ethanediamine)(oxalato)rhodium(IIl) perchlorate is then obtained as
follows.

@ Caution. Perchlorates may be shock-sensitive and potentially danger-

ous because of the reducing character of coordinated amines.
Crude cis- and trans-dichlorobis(1,2-ethanediamine)rhodium(IIl) perchlorate
(5.26 g, 0.0134 mole) and disodium oxalate (3.40 g, 0.0254 mole) are boiled
together under reflux in 160 mlL of water in a 250-mL round-bottomed flask
fitted with a condenser until all the solid has dissolved. After a further 2 min or
s0, the reflux condenser is removed briefly, and a small speck (~1 mg) of sodium
tetrahydroborate(1 — ) is introduced into the boiling solution with a glass spatula,
whereupon the solution immediately darkens. The addition of sodium tetrahydro-
borate(1 —) is repeated twice more at 5-min intervals, and the dark, cloudy
solution is finally boiled under reflux for an additional 10 min.

The hot solution is then filtered quickly by suction through a fine-porosity 4-
cm sintered glass funnel into a 500-mL suction flask. The flask and funnel are
washed twice with 10 mL of boiling water. To the combined filtrate and washings
is added a solution of sodium perchlorate monohydrate (10.0 g) in 10 mL of
water. The mixture is then kept in a refrigerator for 24 hr.

The gray-tinged pale yellow crystals are isolated by filtration on a 4-cm
sintered glass funnel, washed with a little ice-cold water, and then redissolved
by boiling in 300 mL of water in a 500-mL conical flask. Activated charcoal
(1 g) is added, and boiling is continued for ~1 min. The mixture is then filtered
quickly by suction through a fine-porosity 4-cm sintered glass funnel into a 500-
mL suction flask. The conical flask and funnel are washed with 25 mL of boiling
water. The combined filtrate and washings are reheated to the boiling point, and
a boiling, filtered solution of sodium perchlorate monohydrate (10.0 g) in 10 mL
of water is added. On cooling, pale yellow crystals are formed. The mixture is
left at room temperature for 24 hr and then in a refrigerator for a further 24 hr,
and the product is then isolated by filtration on a fine-porosity 4-cm sintered
glass funnel and washed with cold water, with 95% ethanol and finally with
diethyl ether. Drying in air gives 4.3 g (yield 78%).
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Anal. Caled. for RhH,(N,C,ClO,: C, 17.55; H, 3.93; N, 13.65; Cl, 8.63.
Found: C, 17.13; H, 4.02; N, 13.41; Cl, 8.41.

Properties

Bis(1,2-ethanediamine)(oxalato)rhodium(IlI) perchlorate is a pale yellow crys-
talline solid that is sparingly soluble in water. It reacts with hot aqueous hydro-
chloric acid, with quantitative formation of cis-[Rh(en),CL,}* ion (see Section F).

F. cis-DICHLOROBIS(1,2-ETHANEDIAMINE)RHODIUM(IIY)
CHLORIDE PERCHLORATE (2:1:1)

4[Rh(en),(C,0,)]CIO,

Boil

+ 10HCI — 2[Rh(en),CL],CI(CIO,) + 4H,C,0, + 2HCIO,

The synthesis of cis-[Rh(en),CL]CI-H,0 from the oxalato complex in 64% yield
has been reported previously.'”'* The procedure described here permits the
isolation of the pure chloride perchlorate salt in ~80% yield.

Procedure

®  Caution. Perchlorates may be shock-sensitive and potentially danger-
ous because of the reducing character of coordinated amines.
To a 5.0-g (0.0122-mole) quantity of pure bis(1,2-ethanediamine)(oxalato) rhod-
ium(IlI) perchlorate in a 250-mL conical flask is added 70 mL of 6 M hydro-
chloric acid. The mixture is boiled for 2 min. The clear, bright lemon-yellow
solution that resuits is allowed to cool to room temperature and is then kept in
a refrigerator for 24 hr. The large bright yellow crystals are isolated by filtration
on a fine-porosity 4-cm sintered glass funnel, washed thoroughly with 95%
ethanol and then diethyl ether, and dried in air. Yield: 3.94 g (90%). The
unrecrystallized product is sufficiently pure for most purposes. The pure product
is obtained by one recrystallization from boiling 6 M hydrochloric acid’ (15 mL
per gram of crude product). The hot filtered solution is allowed to cool to room
temperature, and the mixture is kept in a refrigerator for 2 days. The crystals
are isolated and washed and dried as before (recrystallization yield 90-°92%).

Anal. Calcd. for Rh,CgH;,NsClO,: C, 13.29; H, 4.46; N, 15.50; Cl (total),
29.42; Cl (ionic), 4.90. Found: C, 13.53; H, 5.05; N, 15.30; Cl (total), 29.27;
Cl1 (ionic), 5.09.



230 Transition Metal Compounds and Complexes

Properties

cis-Dichlorobis(1,2-ethanediamine)rhodium(IIl) chloride perchlorate (2:1:1) is a
bright yellow crystalline solid that is moderately soluble in water and can be
repeatedly recrystallized unchanged from 6 M hydrochloric acid without the
addition of perchlorate ion. As a result of this recrystallization behavior, it appears
possible that the salt reported to be cis-{Rh(en),Cl,]JCL.H,O obtained previously'®"’
by the reaction of bis(1,2-cthanediamine)(oxalato)rhodium(III) perchlorate with
boiling dilute hydrochloric acid may in reality also be the chloride perchlorate.

G. cis-AQUABIS(1,2-ETHANEDIAMINE)HYDROXO-
RHODIUM(II) DITHIONATE

cis-[Rh(en),Cl,)* + 2Ag* + 2H,0 — cis-[Rh(en),(H,0),’* + 2AgCl
cis-[Rh(en),(H,0),’* + OH™ + S,02™ —
cis-[Rh(en),(H,0)(OH)](S,0¢] + H,0

The cis-aquabis(l,2-ethanediamine)(hydroxo)rhodium(III) cation has been iso-
lated previously as the dithionate® and perchlorate' salts. The preparative pro-
cedure described here is essentially that described in Reference 6 for the dithionate.

Procedure

m  Caution. Perchlorates may be shock-sensitive and potentially danger-
ous because of the reducing character of the coordinated amines.
A mixture of cis-dichlorobis(1,2-ethanediamine)rhodium(III) chloride perchlor-
ate (2:1:1) (6.0 g, 0.0166 mole rhodium) and silver nitrate (8.57 g, 0.05045
mole) in 50 mL of water in a 100-mL round-bottomed flask fitted with condenser
is heated under reflux for 3 hr in the dark. The reaction mixture is left to stand
overnight, and 11.0 mL of 1.00 M hydrochloric acid is then added with stirring.
After the mixture has stood for a further 10 min, it is filtered through a fine-
porosity 4-cm sintered glass funnel into a 250-mL suction flask. The reaction
{lask and the funnel are rinsed with three 10-mL portions of boiling water, and
the filtered washings are added to the bulk filtrate. Finely powdered sodium
dithionate dihydrate (6.0 g) is added to the latter and dissolved with stirring at
room temperature, after which 24.0 mL of 1.00 M sodium hydroxide is added
with stirring. A finely divided pale yellow precipitate is formed. After the mixture
is allowed to stand for 1 hr at room temperature and then in an ice bath for 20
min, the product is isolated by filtration on a fine-porosity 4-cm sintered glass
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funnel and washed with ice-cold water, 95% ethanol, and finally diethyl ether.
Drying in air gives 5.32 g (yield 77%).

The pure dithionate is obtained from the crude product by reprecipitation as
follows: Crude dithionate (2.0 g, 0.00478 mole) and finely powdered sodium
dithionate dihydrate (2.4 g) are stirred together in 12.0 mL of 0.50 M hydro-
chloric acid in a 50-mL conical flask at room temperature until all is dissolved.
The solution is filtered through a fine-porosity 3-cm sintered glass funnel into a
100-mL suction flask, and 6.0 mL of 1.0 M sodium hydroxide is added dropwise
with stirring. A pale yellow precipitate forms rapidly, and after stirring at room
temperature for 15 min the mixture is kept in an ice bath for 45 min and the
product is isolated as before. Yield: 1.88 g (94%). The product reprecipitated
in this manner is pure.

Anal. Calcd. for RhC,H,(N,O,S,: C, 11.49; H, 4.58; N, 13.40. Found: C,
11.44; H, 4.50; N, 13.33.

Properties

cis-Aquabis(l,2-ethanediamine)hydroxorhodium(IIl) dithionate is a very pale
yellow crystalline solid. It is sparingly soluble in water but readily soluble in
strong acid and strong base, giving solutions of the cis-diaqua and cis-dihydroxo
complex ions, respectively. At elevated temperatures the complex loses water,
with the formation of the dinuclear di-p.-hydroxo compound (diol) (Section H).
The acid dissociation constants for the cis-diaqua complex ion have been
determined'**° for a range of ionic strengths in sodium perchlorate medium at
25°. For example, at ionic strength 0.5 M, pK,, = 6.09 and pK,, = 8.08'; at
ionic strength 1.0 M, pK,, = 6.338(2) and pK,, = 8.244(2).°

H. DI-p-HYDROXO-BIS[BIS(1,2-
ETHANEDIAMINE)RHODIUM(I1I)] BROMIDE

2cis-[Rh(en),(H,0)(OH)][S,0,] — A,A-[(en),Rh(OH),Rh(en),](S,0), + 2H,0

A,A-[(en),Rh(OH),Rh(en),](S,0,), + 4NH,Br
+ 2H,0 — A,A-[(en),Rh(OH),Rh(en),}Br,2H,0 + 2(NH,),[S,04]

The starting material for the preparation of the bromide salt of di-p-hydroxo-
bis[bis(1,2-ethanediamine)rhodium(IIl)] (diol) is the crude dithionate salt, which
is obtained by heating cis-aquabis(1,2-ethanediamine)(hydroxo)rhodium(III)
dithionate at 120°. In order to avoid contamination of the bromide with mono-
hydroxo bridged (monool) species,® it is necessary to keep dissolution times and,
where possible, temperature to a minimum.
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Procedure

Crude cis-aquabis(1,2-ethanediamine)(hydroxo)rhodium(III) dithionate (5.32 g)
is heated for 10-15 hr at 120( = 2)° in an oven, giving an essentially quantitative
yield of crude di-p-hydroxo (diol) dithionate. Crude dithionate (4.81 g, 0.006
mole) is stirred vigorously in 50 mL of a saturated solution of ammonium bromide
in a 100-mL conical flask at room temperature for 1 hr. The resulting crude
bromide salt is then isolated by filtration on a fine-porosity, 4-cm sintered glass
funnel and washed with ice-cold 50% v/v ethanol/water. The product is extracted
on the filter with water (temp. 20°) in portions of ~50 mL within a total of
20 min (total extraction volume ~200 mL). Each successive portion of solution
is immediately filtered into a single ice-cooled 500-mL suction flask. After the
first extraction, 80 mL of saturated ammonium bromide solution is added with
vigorous stirring, and stirring is continued during the subsequent extractions. A
dense pale yellow precipitate is formed immediately. After the mixture is cooled
with stirring for a further 20 min, the product is isolated by filtration on a fine-
porosity 4-cm sintered glass funnel and is washed with ice-cold 50% v/v ethanol/
water, 95% ethanol, and finally diethyl ether. Drying in air gives 3.85 g (yield
77%).

Anal. Calcd. for Rh,CzH,NgBr,O,: C, 11.49; H, 4.58; N, 13.41; Br, 38.24.
Found: C, 11.28; H, 4.79; N, 13.37; Br, 38.12.

Properties

The di-p-hydroxo bridged complexes, the preparations of which are described
in Sections D and H, have several chemical and physical properties in common.
The dithionates are only sparingly soluble in water, whereas the bromides are
quite soluble. The dinuclear structures of the cations, as well as the A,A con-
figuration of the 1,2-ethanediamine compounds have been established by the
close similarity of the Guinier X-ray powder diffraction patterns of
[(NH,),Rh(OH),Rh(NH,),]Br,-4H,0 and [(en),Rh(OH),Rh(en),] (S,0), to those
of the well-characterized®"** cobalt(Il) and chromium(IIl) analogs.

Both di-p-hydroxo (diol) cations are stable in acidic, neutral, and basic aque-
ous solution with respect to hydrolysis of ammonia or 1,2-ethanediamine ligands.
However, equilibrium between the dihydroxo compounds (diols) and the cor-
responding hydroxo compounds (mmonools) is established quite rapidly in aqueous
solution; for example, the reaction

[(NH,),Rh(OH),Rh(NH,),]'* + H,0 —
cis, cis-[(H,0)(NH,),Rn(OH)Rh(NH,),(OH)]**
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has a half-life of ~3 hr at 25° in 1 M NaClO, (pH 5), and the equilibrium
constant is 3.03.%* The corresponding values for the 1,2-ethanediamine system
are 25 min and 11.2, respectively.® The equilibration reaction is catalyzed by
both acid and base; for example, both diols give monools quantitatively within
minutes at 25° in 1 M HCIO,. The kinetics of diol-monool equilibration in both
the ammonia and ethylenediamine systems have been studied recently,®** and
the results are qualitatively consistent with those found for the corresponding
chromium(III) systems.>*2°
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65. p;-THIO-TRISILVER(1+) NITRATE
CS, + 6AgNO, + 2H,0 — 2[Ag,SINO, + 4HNO, + CO, 1

Submitted by GEORGE B. KAUFFMAN* and GUNTER BERGERHOFF+
Checked by JANE V. ZEILE KREVOR} and SANDRA 1. BARBOUR%

Whereas the great majority of coordination compounds contain a central metallic
species surrounded by several nonmetallic species (ligands), a peculiar class of
compounds, called metallo complexes, is known in which the reverse is true;
the coordination center is a nonmetal (usually a large, easily polarizable anion
suchas 7, Br™, SCN™, 8’7, Se?~, Te’~, or P’7) surrounded by metal cations
with both high electron affinities and large radii, such as Ag*, Au*, Cu*, Hg*",
Cd**, or Pb>*.'® Although the number of compounds that can be formulated
as metallo complexes has grown steadily through the years, the syntheses of
many are not reproducible, and actual structures are known for only relatively
few. Ease and reproducibility of preparation make p,-thio-trisilver(l +) nitrate
an excellent example of a metallo complex for which structural data are available.

pa-Thio-trisilver(1 + ) nitrate, [Ag,SINQ,, is formed by the action of silver
ion in great excess on sulfide ion. It may be prepared by passing hydrogen sulfide
through concentrated silver nitrate solution,” by the disproportionation of ele-
mental sulfur in the presence of silver nitrate,” by dissolution of silver sulfide
in molten silver nitrate, and by the hydrolysis of carbon disulfide in the presence
of concentrated silver nitrate solution.® The hydrolysis of carbon disulfide pro-
ceeds only to a small extent and yields a very small concentration of sulfide ion,
thus producing the metallo complex without the formation of very slightly soluble
silver sulfide.

Procedure

@ Caution. Carbon disulfide is very flammable, and the liquid and its
vapors are toxic to the nervous, cardiovascular, and reproductive systems.
A solution of 10.0 g (0.0588 mole) of silver nitrate in 10 mL of 2 N nitric acid
is mechanically shaken vigorously with 1.70 mL (0.0282 mole) of carbon disul-
fide in a 25-mL cork-stoppered brown or actinic red flask for 24 hr. If more
carbon disulfide than the amount specified is used to increase the yield, the

*Department of Chemistry, California State University, Fresno, Fresno, CA 93740.
tAnorganisch-Chemisches Institut der Universitit Bonn, Gerhard-Domagk-Strasse 1, 53 Bonn,
German Federal Republic.

{Department of Chemistry, San Francisco State University, San Francisco, CA 94132.
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concentration of silver nitrate is too low to form the complex, and insoluble
silver sulfide is formed. The same result may be obtained if the reaction time is
increased. If a stirrer is used instead of a shaking machine, more time is required
for the desired reacton to take place.

Since the product is light-sensitive, all operations should be carried out in
the dark or in subdued light. The resulting yellow precipitate is collected by
suction filtration on a 30-mL sintered glass funnel (medium porosity) and washed
with three 10-mL portions of 4 N nitric acid and three 10-mL portions of meth-
anol. It is placed in an open amber bottle, which is allowed to stand overnight
in a desiccator in the absence of light. The yield of product is 3.25 g (40%).

Analysis

The product is boiled with water, and the resulting precipitate of silver sulfide
is collected by filtration, washed, dried, and weighed. Another sample of product
is dissolved completely in concentrated nitric acid, any excess acid is removed
by boiling, and the total silver ion is determined by titration with standard
ammonium thiocyanate solution. Another sample of product is oxidized with
concentrated nitric acid in a bomb tube,® and after removal of silver and nitrate
the sulfur is determined by precipitation as barium sulfate by addition of barium
chloride solution.

Anal. Calcd. for Ag,SNO,: Ag,S, 59.33; Ag, 77.48; S, 7.68. Found: Ag,S,
59.21; Ag, 77.55; S, 7.33.

Properties

The yellow product (density, 5.53 g/ml.) is extremely light-sensitive, becoming
green and eventually black on exposure to light. It decomposes on heating. It
is decomposed into silver nitrate and silver sulfide by water and by all organic
solvents that dissolve silver nitrate, such as acetonitrile, pyridine, or N,N-
dimethylformamide. It is remarkably resistant to the action of nitric acid, even
at high concentrations. It has been tested for use in photography, since sulfide
ions are important in several steps of the photographic process.

The structure of ,-thio-trisilver(1 + ) nitrate has been determined from Pat-
terson and Fourier projections.® The cubic structure contains approximately trig-
onal prismatic SAgs groups linked through common corners to form a three-
dimensional framework. The ionically bonded NO,™ groups are located in the
cavities.
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66. CARBONYLCHLOROGOLD(I)

2[H,01" [AuCL]™ + 2SOCIl, — 2SO0, + 6HCl + Au,Cl,
Au,Cl, + 4CO — 2Au(CO)Cl + 2COCl,

Submitted by D. BELLI DELL’AMICO* and F. CALDERAZZO*
Checked by H. H. MURRAYY and J. P. FACKLERY}

Carbonylchlorogold(I), a substance extremely reactive toward water, has been
synthesized by the reaction of preformed anhydrous gold(IIl) chloride' with
carbon monoxide in the solid state® or in a solvent at elevated temperature.?
Also, gold(I) chloride is known® to be converted quantitatively to Au(CO)Cl by
carbon monoxide in benzene as solvent. Gold(I) chloride, on the other hand,
was prepared by thermal decomposition of [H;0]"[AuCl,]~ or of anhydrous
gold(1II) chloride.*

By the method described here,” anhydrous gold(IlI) chloride is formed by
dehydration of commercially available hydrogen tetrachloraurate [Alfa Products]
at room temperature and is caused to react with carbon monoxide at atmospheric
pressure and room temperature to produce Au(CO)CI. Sulfinyl chloride is used
as the reaction medium.

Procedure

B Caution. The entire synthesis must be carried out in a well-ventilated
hood. Extreme caution must be exercised with the gases that come off the reaction

*Istituto Chimica Generale, University of Pisa, Via Risorgimento 35, 56100 Pisa, ltaly.
tDepartment of Chemistry, Texas A&M University, College Station, TX 77843,
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mixture, for they may be phosgene, sulfur dioxide, hydrogen chloride, carbon
monoxide, and/or sulfinyl chloride. These gases are toxic.

Hydrogen tetrachloroaurate, HAuCl,-3H,0 (5.00 g; 12.7 mmol) is stirred with
sulfinyl chloride (30 mL) in a 100-mL flask connected to a gas outlet through a
Nujol bubbler to prevent moisture from contaminating the reaction mixture.
Evolution of SO, and HCI is observed while the suspension is stirred. At this
stage, a red precipitate of anhydrous gold(IIl) chloride is visible in the reaction
flask. Carbon monoxide is now bubbled slowly through the SOCI, solution,
which is being stirred rapidly with a magnetic stirrer. After being stirred for 15
hr under carbon monoxide at room temperature, the suspension of ’gold(III)
chloride disappears, and the reaction mixture consists of colorless crystals of
Au(CO)ClI suspended in an ivory-colored liquid. Absorption of carbon monoxide
is observed due to the formation of Au(CO)Cl and COCl,. The IR spectrum of
the crude reaction mixture shows the presence of a band at 1804 cm™' due to
phosgene. During experiments carried out in closed systems—when fresh carbon
monoxide is not supplied and the free volume of the reaction flask is small—
the formation of a black precipitate is observed. This is due to the precipitation
of Au,Cl,,*® obtained according to the following stoichiometry:

2Au,Cl, + 2C0O — Au,Cl, + 2COCl,

The presence of Au,Clg, which can sometimes be the intermediate product under
certain experimental conditions, is not detrimental to the yield. Introduction of
fresh carbon monoxide readily converts the tetrameric gold(I)-gold(IIl) halo
complex into Au(CO)CIl.

A mixture of 100 mL of heptane (pretreated with sulfuric acid, distilled over
sodium and over LiAlH,) and 5 mL of sulfinyl chloride is added to the solution
of Au(CO)Cl to decrease the solubility of the chiorocarbony! complex. The latter
is collected by filtration under CO, dried quickly (about 15 min) under reduced
pressure, and then sealed in vials under CO. Yield: 2.6 g (79%).

Anal. Calcd. for AuCCIO: C, 4.6; H, 0.0; Cl, 13.6; CO, 10.8; Au, 75.6.
Found: C, 4.8; H, 0.0; Cl, 13.7; CO, 10.0; Au, 76.3.

Properties

Carbonylchlorogold(I) is a colorless crystalline substance that decompases rap-
idly in the presence of moisture to give gold, hydrogen chloride, CO, and CO,’

$The checkers suggest starting with pure fine 24 karat gold (99.99%) and con;/erting it to’hydrogen
tetrachloroaurate according to Brauer.'

*The checkers obtained yields of 73 and 65% when the reaction was carried out on a comparable
scale.
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through the intermediacy of unidentified black-violet solids. The compound must
be handled with great care in anhydrous and inert solvents, such as sulfinyl
chloride or carbon tetrachloride, preferably under an atmosphere of carbon mon-
oxide. The compound evolves carbon monoxide promptly when treated with
pyridine, triphenylphosphine, or cyclohexylisocyanide at room temperature, even
under an atmosphere of carbon monoxide. The carbonyl stretching vibration is
slightly solvent-dependent: 2162 (SOCI, and CH,Cl,), 2156 (CHBr;), 2152 (CCl,),
2158 (tetrahydrofuran), and 2153 (benzene and toluene) cm™'. The compound
is monomeric in benzene, based on cryoscopic measurements, and in the solid
state, according to a recent X-ray diffraction study.’
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67. PLATINUM MICROCRYSTALS

H,[PtCl] + Na[BH,] + 3H,0 — Pt + H,BO, + 5HCI + NaCl + 2H,

Submitted by P. VAN RHEENEN,* M. McKELVY,} R. MARZKE,} and
W. S. GLAUNSINGER§
Checked by R. KENT MURMANN(

Small platinum particles are of considerable practical and fundamental impor-
tance. Finely divided platinum is a very active and commercially important

*Rohm and Haas Company, Philadelphia, PA 19105.

fCenter for Solid State Science, Arizona State University, Tempe, AZ 85287.
iDepartment of Physics, Arizona State University, Tempe, AZ 85287.
§Department of Chemistry, Arizona State University, Tempe, AZ 85287.
fDepartment of Chemistry, University of Missouri, Columbia, MO 65211.
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catalyst,'* and the properties of such small particles may exhibit physical behav-
ior that is entirely different from that of the bulk metal, due to the quantization
of electronic energy levels within the particles or surface effects.”® Therefore,
the ability to synthesize and characterize platinum particles having a uniform
size should be helpful in elucidating their chemical and physical properties.

Elemental platinum can be prepared in a highly dispersed state by aqueous
reduction of its salts. Depending upon the reaction conditions and reducing agent
used, one can obtain fairly homogeneous microcrystals.” In order to prevent
coagulation, the particles must be protected with an organic protective agent.
Tonic by-products can be removed by dialysis prior to drying the prote?ted
particles. Freeze-drying is the preferred method of water removal because it is
a low-temperature technique that minimizes particle sintering. This chemical
reduction technique has several advantages over other synthetic approaches, such
as evaporation, irradiation, thermal decomposition, and particle-beam methods.
With this method, relatively large amounts of sample can be prepared (50—
100 mg) with a large weight percentage of platinum (=50 wt %) and a relatively
narrow size distribution using standard, inexpensive equipment. Electron micros-
copy and powder X-ray diffraction can be used to characterize the microcrystals.

The method described here, which involves the aqueous reduction of dihy-
drogen hexachloroplatinate(2 —) with sodium tetrahydroborate (1 —), results in
platinum particles having a size of 28 + 11 A.

Procedure

All water associated with the preparation should be deionized, preferably run
through an organic filter, and then distilled in a glass still, because impurities
in the water can greatly affect the growth and homogeneity of the microcrystals.®®
Stirring of the reaction mixtures is achieved with an overhead glass propeller-
type stirrer. All glassware is cleaned with a cleaning solution composed of 45 mL
of 48% HF, 165 mL of concentrated HNO,, 200 mL of H,0, and 10 g of Alconox
detergent.

B Caution. Aqueous hydrogen fluoride solutions are highly corrosive and
cause painful, long-lasting burns. Gloves should be worn, and the solution should
be handled in a well-ventilated hood.

The glassware is then rinsed 20 times with deionized water followed by five
more rinses with glass-distilled water.

One liter of 0.0066 M Na[BH,] (99%) [Alfa Products] is prepared, and the
pH of this solution is adjusted to 12 with 0.35 N NaOH, since Na[BH,] is stable
in aqueous solutions at pH > 11 at ambient temperature. Then 0.02 g of the
organic protective agent, poly(vinylpyrrolidone) (PVP; MW 10,000) [Sigma
Chemical] is added to the pH-adjusted Na[BH,] solution. Next, an 8-mL sample
of 0.015 M H,[PtCl;] (99.9%) [Gallard-Schiesinger] is injected rapidly using a
syringe, which causes instantaneous reduction of the H,{PtCl].
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Ionic reaction by-products are removed by dialysis. The hydrosol is placed
in 2-cm diameter cellulose dialysis tubing [VWR] that has been previously
cleaned by dialysis. After addition of the hydrosol, the tubing is tied off at each
end and placed in a large bath. The water in this bath is changed until its resistivity
reaches that of pure, glass-distilled water (=10° Q —cm). The hydrosol is then
freeze-dried to remove water and obtain the final product.

Once the platinum microcrystals begin to form, they act as highly active
catalysts for the hydrolysis of Na[BH,], so that a large excess of Na[BH,] is
needed to maximize the reduction of H,[PtCl]. However, below a certain H,[PtCl]
concentration, the hydrolysis of Na[BH,] is predominant, and a concentration
of about 4 x 107> M H,[PtCl,], which was determined colorimetrically, is left
after the reduction, regardless of initial H,[PtCls] concentration. The yield of
platinum is 66 % 5%, so that about 15 mg of platinum is produced by this procedure.

Fig. 1. Transmission electron micrograph of platinum microcrystals, with the corre-
sponding Pt diffraction rings in the lower left corner. The granular background is the
amorphous carbon film support.
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The wt. % PVP was determined gravimetrically by heating 25 mg of sample
to 800° for 8 hr in platinum-foil containers to remove the PVP. The wt. % PVP
is 50.6%.

Powder X-ray diffraction patterns of the product exhibit line positions that
are characteristic of platinum metal, but the lines are broader than those of the
bulk metal. The X-ray line broadening can be used to estimate the crystallite
size'® and for this preparation was found to be 28+ 11% A.

The purity of the product is limited primarily by that of H,[PtCl], which
contained the following impurities (in ppm by weight): Pd, 12; Au, 9; Fe, 191;
Cu, 9; Si, 78; Mg, 25; Al, 85; Ni, 3; Cr, 6; Mn, 6; B < 10; Co < 1; Ca, 154;
and Na, 70.

Properties

Samples were further characterized by transmission electron microscopy using
a JEOL JEM100B electron microscope. The platinum hydrosol was freeze-dried
onto carbon-coated copper microscope grids in order to simulate the final product.
Figure 1 shows a micrograph of a typical preparation. The characteristic dif-
fraction pattern of platinum was observed both by electron diffraction and by
powder X-ray diffraction. Figure 2 depicts a histogram of the platinum micro-
crystal diameters. The mean diameter is 28 A, and the standard deviation is
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Fig.2. Histogram of the diameters of the platinum microcrystals. The sample population
is 300.



242 Transition Metal Compounds and Complexes

11 A, which is in good agreement with the X-ray line-broadening results. How-
ever, the skewness of the distribution is characteristic of a lognormal” rather
than a normal distribution. It is apparent from Fig. 1 that aggregation of indi-
vidual particles has occurred to some extent. Part of the skewed tail on the
histogram in Fig. 2 is due to measurements made on these larger particles.

The magnetic susceptibility of these microcrystals as well as commercial
platinum foil (99.9%) [Johnson Matthey] has been measured at 300 K using a
Faraday apparatus described elsewhere,’ and their susceptibilities are equal within
experimental error (1.00 + 0.07 and 0.989 =+ 0.004 cm’/g, respectively). How-
ever, low-temperature susceptibility measurements on these microcrystals have
revealed a Curie-Weiss law behavior below about 150 K, which has been attrib-
uted to their very small size.’
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Chapter Five

TRIFLUOROMETHANESULFONATES AND
TRIFLUOROMETHANESULFONATO-0
COMPLEXES

68. INTRODUCTION TO
TRIFLUOROMETHANESULFONATES AND
TRIFLUOROMETHANESULFONATO-O0 COMPLEXES

NICHOLAS E. DIXON,* GEOFFREY A. LAWRANCE,} PETER A. LAY, ALAN M.
SARGESON,* and HENRY TAUBE$}

Trifluoromethanesulfonic acid (triflic acid) and its organic esters have found
considerable use in organic chemistry.'” The desirable qualities of these com-
pounds include a high thermal stability, excelient leaving-group properties of
the CF,SO,~ group, and the ease of purification of the acid and of synthesis of
its esters. Its use in synthetic inorganic chemistry has been somewhat hampered
by the lack of convenient routes for the preparation of the desired complexes.
Despite this, the excellent leaving-group properties of the triflato ligand were
established a decade ago by Scott and Taube,” who showed thgt the
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TChemistry Department, The University of Newcastle, N.S.W. 2308 Australia.

fDepartment of Chemistry, Stanford University, Stanford, CA 94305. CSIRO Postdoctoral
Fellow.

§Department of Chemistry, Stanford University, Stanford, CA 94305.
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[Cr(OH,)s(0OSO,CF,)I** and [Cr(OH,),(0OSO,CF;),]" complexes aquated rap-
idly. The preparative procedure utilized for these chromium complexes was to
oxidize a Cr(II) solution in the presence of 6 M CF,SO,H followed by low-
temperature cation-exchange chromatographic separation of the various species.
Subsequent to this, the [Co(NH;)s(OSO,CF;)](CF;S0,), complex was synthe-
sized by way of the nitrosation of [Co(INH,)s(N;)J(CF;S0s), by [NO][CF,;SO;]
in nonaqueous solvents.** More recently, a method of general utility was found
by Dixon et al.® that involved heating chloro complexes in neat triflic acid,
followed by precipitation of the resultant triflato complexes by diethyl ether.
This procedure, or modifications of the procedure, has been utilized for the
synthesis of amine complexes of Co(II),*'® Rh(IIN),*® Ir(IlI),** Cr(III),*’
Ru(II1)**'! Os(III),"*** and Pt(IV).*® In addition, polypyridyl triflato complexes
of Ru(Il), Ru(Ill), Os(II), and Os(III) have been synthesized.'*'® Other useful
techniques have appeared recently in the literature for the preparation of triflato
complexes. These include heating triflate salts of aqua and other solvent com-
plexes in the solid state under vacuum'’ and using trimethylsilyl triflate as a
reagent instead of triflic acid in the above routes.'®

Once prepared, the triflato complexes have many desirable properties. The
most useful property in syntheses is the relatively high lability of the triflato
group, which is substituted at a rate comparable to the best leaving groups
known,® including the perchlorato'” and fluoromethanesulfonato® ligands. This
feature, combined with a high solubility in most polar organic solvents, a higher
thermal stability, relatively low reactivity with atmospheric moisture, and simple
and high-yielding preparative routes from readily available starting materials,
makes these complexes extremely versatile synthetic intermediates en route to
a large variety of important classes of transition metal complexes. Moreover,
the use of the triflate anion for applications traditionally centered around the
perchlorate anion is highly recommended. For instance, the explosive hazard,
especially in organic solvents, is eliminated and the triflate anion often imparts
higher solubility for the complexes in organic solvents.”:>* Other commonly
used anions that fall into the category of being poor nucleophiles, such as [PF,] , .
[BF,] ", or [BPh,]” do not have the thermal or photochemical stability exhibited
by the CF,SO, " anion. Some chemical and physical properties of triflic acid are
given in References 1, 2, and 7.

Procedures

B Caution. Triflic acid is one of the strongest known protic acids. It is
necessary to take adequate precautions to prevent contact with the skin and
eyes. Precautions should also be taken to minimize inhalation of the corrosive
vapors given off from the acid. Reactions with the neat acid must be conducted
in a well-ventilated fume hood.
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8 Caution. Under no circumstances should perchlorate salts be used in
any of the reactions involving neat triflic acid. The anhydrous hot perchloric
acid thus produced represents an extremely explosive hazard, especially in con-
tact with transition metal complexes. Addition of anhydrous diethyl ether to such
solutions would represent an additional explosive hazard.
Trifluoromethanesulfonic acid, its salts, and its complexes are extremely stable
thermally, and no explosive hazards are known. However, consideration should
be given to the thermal stability of other components of the complex before any
new reactions are attempted at elevated temperatures.

Vacuum dlstlllatlon of triflic acid [Aldrich Chemical] is performed as descnbed
previously.®” Use of the acid as supplied does not appear to affect ylelds or
purity of products markedly, although the complexes may be contaminated by
highly colored impurities on occasion if the distillation procedure is not adopted.

The major synthetic methods utilized are described in the following sections.
Methods for the syntheses of triflate salts are also described, because of their
general use in nonaqueous chemistry in place of the perchlorate salts. Syntheses
of specific trifftuoromethanesulfonato complexes are described in the subsequent
contributions to this chapter.

A. TRIFLATE SALTS FROM CHLORIDE SALTS
MCl, + nCF,SO,H — M(CF,SO,), + nHCl %}

Procedure

This procedure may be applied to metal salts generally, and similar procedures
have been described. >

To MCI, (1 g) contained in a two-necked round-bottomed flask fitted with a
nitrogen bubbler is carefully added anhydrous triflic acid (3-5 mL).

B Caution. Triflic acid is one of the strongest known protic acids, and
gaseous hydrogen chloride is produced rapidly in the reaction. It is necessary
to take adequate precautions to protect the skin and eyes and to prevent inhalation
of the corrosive vapors. These manipulations must be performed in a well-
ventilated fume hood. Because of the initial rapid evolution of HCI, care must
be taken not to add the triflic acid too rapidly.

A steady stream of nitrogen is passed through the solution while it is warmed
to ~60°. After 0.5-1 hr, the heating is discontinued and the solution is cooled
to ~0° in an ice bath while an N, flow is maintained. In order to precipitatg the
complex, anhydrous diethyl ether is added cautiously to the rapidly stirred solu-
tion in a dropwise fashion. (® Caution. This is a very exothermic addition
and due care must be taken not to add the diethyl ether too quickly. Diethyl
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ether is toxic and very flammable. The addition must be performed in a well-
ventilated fume hood.) The salt is filtered on a medium-porosity sintered glass
funnel (15 mL) initially under gravity, and then the filtration is completed using
a water aspirator. The ethereal solutions of triflic acid obtained at this stage may
be kept for recovery of triflic acid as the sodium salt.® The powdery solid is
washed with copious amounts of anhydrous diethyl ether (4 x 20 mL) and air-
dried after each washing. At this stage further purification is generally not nec-
essary, since the complexes are normally analytically pure. Yields are essentially
quantitative except for mechanical losses.

In some of the precipitation processes, Et,0-CF,SO;H may be coprecipitated
but may be removed readily by boiling the solid in chloroform for ~0.5 hr after
any solid lumps have been broken up using a mortar and pestle. (@ Cau-
tion. Chloraoform is toxic and a carcinogen; this procedure must be performed
in a well-ventilated fume hood.) The powder is collected on a medium-porosity
frit and air-dried.

If crystalline material is required, most triflate salts are sparingly soluble in
acetonitrile and may be recrystallized from hot solutions of this solvent. (@ Cau-
tion. Acetonitrile is toxic and flammable. These crystallizations should be per-
formed in a well-ventilated fume hood.)

The same procedures may be applied to other salts such as other halides and
pseudohalides, carbonates, and acetates.

B Caution. Under no circumstances should perchlorate salts be used in
any of the reactions involving neat triflic acid. The anhydrous hot perchloric
acid thus produced represents an extremely explosive hazard, especially in con-
tact with transition metal complexes. Moreover, the addition of anhydrous diethyl
ether to such solutions would represent an additional explosive hazard.

B. TRIFLATE SALTS FROM SULFATE SALTS
M(SO,), + nBa(CF;S0;), = M(CF,S0,),, + nBaSO, |

Procedure

This procedure is convenient for acid-sensitive complexes and is similar to that
described elsewhere.!” To a solution of M(SQ,), (1 g) dissolved in water (~10
mL), Ba(CF;S0,), (n equiv.) is added. (@ Caution. Barium salts are extremely
toxic. Avoid contact with skin.) The solution is stirred, and the precipitated
BaSO, is filtered using a medium-porosity sintered-glass filter. The solvent is
removed by rotary evaporation to yield a powder, which may be recrystallized
as before. For heat-sensitive complexes, the solvent is removed by freeze-drying
techniques.



68. Introduction to Trifluoromethanesulfonates 247

C. TRIFLATE SALTS USING SILVER TRIFLATE
MCl, + nAgCF,;SO, — M(CF,S0,), + nAgCl |

Procedure

This procedure” utilizes commercially available AgCF,SO, [Alfa Products] and
can also be used for other salts for which the AgX salts are very sparingly
soluble. (@ Caution. Silver salts are toxic and strong skin irritants. Avoid
contact with skin.) To MCI, (1 g) dissolved in the minimum volume of water
is added AgCF,S0O, (n equiv.). The solution is stirred rapidly for 5-10 min, and
the precipitated AgCl is removed by vacuum filtration through a bed of Hyflo
Supercel [Gallard Schlesinger] on a sintered glass funnel. Isolation and purifi-
cation procedures are the same as described in Sections A and B.

D. TRIFLATO COMPLEXES FROM CHLORO COMPLEXES

IML.CLICL, + (y + n)CF,SO,H —
IML,(OSO,CF,),J(CF,S0,), + (v + mHCI 1

Procedure

This procedure is a general procedure applicable to inert transition metal com-
plexes.®” To IML,CL]CI, (1 g) contained in a two-necked round-bottomed flask
(25 mL) connected with a nitrogen bubbler is cautiously added anhydrous triflic
acid (~5 mL).

® Caution. Triflic acid is one of the strongest known protic acids, and
gaseous hydrogen chloride is produced rapidly in the reaction. It is necessary
to take adequate precautions to protect the skin and eyes and to prevent inhalation
of the corrosive vapors. These manipulations must be performed in a well-
ventilated fume hood. Because of the initial rapid evolution of HCI, care must
be taken not to add the triflic acid too quickly.

® Caution. Under no circumstances should perchlorate salts be used in
any of the reactions involving neat triflic acid. The anhydrous hot perchloric
acid thus produced represents an extremely explosive hazard, especially in con-
tact with transition metal complexes. Addition of anhydrous diethyl ether to such
solutions would represent an additional explosive hazard.
A steady stream of nitrogen is passed through the solution, which is then lowered
into a silicone oil bath preheated to 100-120°. Lower temperatures may be
required for certain complexes where heating may cause decomposition; lower
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temperatures require extended reaction times. Specific examples of reactions
performed at lower temperature appear in the following sections.

Evolution of HCI gas is monitored by periodically passing the effluent gas
through an AgNO, bubbler. After the HCl evolution has ceased (1-20 hr, depend-
ing on the complex and temperature), the flask is removed from the oil bath and
allowed to cool to ~30° before cooling further in an ice bath. Ice cooling can
be omitted for small-scale reactions, although boiling will occur on initial addition
of diethyl ether. Use of a larger reaction vessel, vigorous mechanical stirring,
and a well-ventilated fume hood are mandatory under these conditions. While
the solution is rapidly stirred, diethyl ether (20 mL) is added carefully, in drop-
wise fashion, to precipitate the complex.

B  Caution. This is a very exothermic addition, and due care must be

exercised to avoid adding the diethyl ether too quickly. Diethyl ether is toxic
and very flammable. Its addition must be performed in a well-ventilated fume
hood.
The complex is collected on a medium-porosity sintered glass funnel by initially
allowing the solution to filter under gravity, then finally under vacuum. The
filtrate may be saved for recovery of the triflic acid as NaCF,SO,.%” The complex
may be purified by boiling in chloroform as described in Section A. However,
the complexes may not be recrystallized from acetonitrile, since the triflato
ligands are readily substituted by acetonitrile molecules.

Similar procedures may be used for other complexes containing halo, pseu-
dohalo, acetato, carbonato,” aqua, and many other ligands that are either rela-
tively labile or are decomposed by strong acid.

E. TRIFLATO COMPLEXES FROM SOLID STATE
REACTIONS OF TRIFLATO SALTS

[ML,(solvent),](CF,S0,), — [ML.(OSO,CF;),(CF;SO,),_,, + y(solvent)

Procedure

This procedure has been described for inert aqua complexes,'” and is applicable
to many other solvent species. For aqua complexes, [ML,(OH,),J(CF;S80;), (1 g)
is placed in a vacuum oven that has been preheated to 100-180° (depending on
the lability of the complex). The solid is kept under vacuum for from 8 to 24
hr depending on the complex, at which stage the substitution is complete. Once
dehydrated, the triflato complexes are relatively stable to atmospheric moisturg
and generally may be manipulated without precautions to exclude air, unless
otherwise stated.
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For complexes containing solvent ligands that are both poorly coordinating
and volatile, this procedure may be carried out at room temperature or even
lower temperatures using vacuum line techniques. Such procedures are partic-
ularly useful for complexes that are thermally unstable toward isomerization or
other chemical processes. Coordinated and ionic trifluoromethanesulfonate can
usually be distinguished by infrared spectroscopy.®’

F. REGENERATION OF TRIFLATO COMPLEXES

Procedure

Aged samples of triflato complexes may have undergone some aquation due to
atmospheric moisture, aithough storage of the complexes in a desiccator over a
suitable drying agent is generally sufficient to retain the integrity of the complexes
for many months. The complexes are readily regenerated either by heating in
the solid phase under vacuum (Section E) or by heating in neat triflic acid (Section
D). Similar procedures may be used to regenerate the triflato complexes from a
variety of product complexes.
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69. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)-
CHROMIUM(II) TRIFLUOROMETHANESULFONATE AND
BIS(1,2-ETHANEDIAMINE)-
BIS(TRIFLUOROMETHANESULFONATO-0) CHROMIUM(III)
TRIFLUOROMETHANESULFONATE

Submitted by GEOFFREY A. LAWRANCE* and ALAN M. SARGESON?
Checked by ANDREJA BAKACH and JAMES H. ESPENSONi

Despite the early synthesis of the labile pentaaquachromium(Ill) complex of the
trifluoromethanesulfonate ligand,' only recently have aminechromium(III) com-
plexes with coordinated trifluoromethanesulfonate been reported.>* The relative
lability of coordinated ammonia on chromium(IIl) compared to cobalt(IIl) pre-
cludes the usual approach adopted for [Co(NH;)s(OSO,CF;)]*" synthesis.* How-
ever, the labile [Cr(NH,;);(OSO,CF,;)](CF;S0,), is readily prepared from
[Cr(NH,)sCI|CL,’ by a room-temperature reaction described below. The analo-
gous reaction with cis-[Cr(en),C,]JCI° (en = 1,2-ethanediamine) as precursor
yields the cis-[Cr(en),(OSO,CF;),]* ion. Coordinated [CF,S0,]" is exception-
ally labile [z,,, ~56 sec at 25° for the pentaamminechromium(IlI) complex, in
0.1 M H"]* and may be readily substituted by other ligands such as OH,, CH,CN,
urea, and N,N-dimethylformamide.*’

B Caution. These reactions should be carried out in a well-ventilated fume
hood.

*Department of Chemistry, The University of Newcastle, N.S.W. 2308, Australia.

tResearch School of Chemistry. The Austratian Nationa! University, G.P.O. Box 4, Canberra
2601, Australia.

$Ames Laboratory and Department of Chemistry, Iowa State University, Ames, 1A 50011.
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Procedure

A. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)-
CHROMIUM(III) TRIFLUOROMETHANESULFONATE,
[Cr(NH,)s(0SO,CF3))(CF;80;),

[Cr(NH,)sCIICl, + 3CF,SO;H — [Cr(NH,)s(OSO.CF;)I(CF,S0;), + 3HCI 1

To pentaamminechlorochromium(III) dichloride (1 g) contained in a 50-mL two-
necked round-bottomed flask fitted with a gas bubbler is added distilled anhydrbus
CF,SO;H (20 mL).

B Caution. Trifluoromethanesulfonic acid is a strong protic acid. Avoid
contact with skin and eyes, and avoid breathing the corrosive vapors. Rapid
evolution of HCI ensues; care must be taken not to add the acid too rapidly.
The solution is allowed to stand for 3 days at room temperature while a gentle
stream of nitrogen gas is passed through the solution continuously. The gas flow
is disconnected, and the solution is poured into a 0.5-L flask. Diethyl ether (200
mL) is added dropwise with vigorous mechanical stirring. (8 Caution. This
is a very exothermic addition, and care must be taken not to add the diethyl
ether too rapidly.) A fine pink precipitate is separated on a medium-porosity
sintered frit, initially by gravity and then, after a bed of precipitate has formed,
by suction. The precipitate is washed copiously with diethyl ether (5 X 20 mL)
and dried under vacuum over P,O,,. Yield: 1.75 g.

Anal. Calcd. for C;H sN;F;,OS;Cr: C, 6.17; H, 2.59; N, 11.98; S, 16.46.
Found: C, 6.2; H, 2.5; N, 11.6; S, 16.2.

B. cis-BIS(1,2-ETHANEDIAMINE)BIS-
(TRIFLUOROMETHANESULFONATO-O)CHROMIUM(ILII)
TRIFLUOROMETHANESULFONATE, cis-
[Cr(en),(OSO,CF;).)(CF;80;)

cis-[Cr(H,NCH,CH,NH,),CL,ICl + 3CF,SO,H —
cis-[Cr(H,NCH,CH,NH,),(OSO,CF,),}(CF,S0,) + 3HCI1

cis-Dichlorobis(1,2-ethanediamine)chromium(ilI) chloride (1 g) and anhydrous
CF;SO;H (20 mL) are allowed to react for 3 days at room temperature, and the
product is isolated in exactly the manner described above for the pentaammine
analog. Yield: 2.1 g.
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Anal.* Calcd. for C;H,(N,F,0,S,Cr: C, 13.57; H, 2.60; N, 9.04; S, 15.53.
Found: C, 13.45; H, 2.8; N, 8.8; S, 15.2.

Properties

Both complexes are isolated as pink powders that are air-stable if not subjected
to prolonged exposure to atmospheric moisture. The complexes can be stored
for several months in a desiccator, but exposure to strong light leads to slow
decomposition. The pentaammine aquates (0.1 M CF,SO,H, 25°) with a rate
constant of 1.24 X 1072 sec™’, which is 20 times faster than the pentaaqua-
chromium(Ill) complex and only two times slower than the pentaamminecob-
alt(IIT) analog. Two consecutive steps for aquation of cis-[Cr(en),(OSO,CF,),}*
under similar conditions are observed (k, = 5.7 X 107> sec™'; k, = 3.2 X
10~* sec™"). The visible absorption spectra in anhydrous CF,SO,H exhibit max-
ima at 499 nm (e 36.8 M~ 'cm™"') and 364 nm (€31.7) for the pentaammine and
at 497 nm (e 69.8) and 380 nm (e 42.7) for the bis(1,2-ethanediamine). In
coordinating solvents such as water, acetonitrile, and N,N-dimethylformamide,
solvent complexes are readily formed.>” In poorly coordinating solvents such
as tetrahydrothiophene-1, 1-dioxide (sulfolane), substitution by ligands such as
urea is facile.” The sensitivity of the aminetriflatochromium(III) complexes to
prolonged heating limits their syntheses or regeneration by methods involving
heating.
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70. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-
O)RHODIUM(III) TRIFLUOROMETHANESULFONATE,
PENTAAMMINEAQUARHODIUM(II) PERCHLORATE,

AND HEXAAMMINERHODIUM(III)

TRIFLUOROMETHANESULFONATE OR PERCHLORATE

Submitted by N. E. DIXON* and A. M. SARGESON*
Checked by H. ENGLEHARDTY and M. HERBERHOLD+

Complexes of triflucromethanesulfonate anion with cobalt(III) are labile foward
substitution under mild conditions,' and they have proved to be useful synthetic
precursors to a variety of aminecobalt(IlI) complexes.'” The pentaammine-
(trifluoromethanesulfonato-O)rhodium(IIl) ion, which is readily prepared from
[Rh(NH,),CI]C, in hot CF,SO,H, is also versatile as a synthetic precursor.>*
Its synthesis and solvolysis to give essentially quantitative yields of the penta-
ammineaqua- and hexaamminerhodium(Ill) ions are described below. The aqua
complex has previously been prepared by the base hydrolysis® or Ag™*-induced
aquation® of [Rh(NH,);CI|Cl, in water, but the present method presents a cleaner
and more rapid alternative. The methods for preparation of the [Rh(NH;)]**
ion have evolved from the procedure of Jgrgensen.” They involve prolonged
reaction of [Rh(NH,);Cl]Cl, with ammonia in a pressure vessel at elevated
temperature. The solvolysis of [Rh(NH,)s(OSO,CF,)}(CF,S0;), in liquid ammo-
nia is a simple, high-yield, and rapid alternative.

A. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)-
RHODIUMIII) TRIFLUOROMETHANESULFONATE

[Rh(NH,),CIICl, + 3CF,SO,H —
[Rh(NH,)s(OSO,CF,)}(CF,S0,), + 3HCI 1

Procedure

To [Rh(NH,);CIICL® (25 g) in a 1-L three-necked round-bottomed flask fitted
with a gas bubbler is cautiously added distilled anhydrous CF,SO,H (150 mL).
B Caution. Triflic acid is one of the strongest known protic acids.-Gaseous

*Research School of Chemistry, The Australian National University, G.P.O. Box 4, ’Canbcrra,
A.C.T. 2601, Australia.

‘tLaboratorium fiir Anorganische Chemie, Universitiit Bayreuth, Universitatsstrasse 30, Bayreuth,
FRG.
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hydrogen chloride is produced rapidly in the reaction. It is necessary to take
adequate precautions to protect the skin and eyes and to prevent inhalation of
the corrosive vapors. These manipulations must be performed in a well-ventilated
fume hood. Because of the initial rapid evolution of HCI, care must be taken
not to add the triflic acid too rapidly.
A steady stream of argon or nitrogen is passed through the resulting solution
while the flask is heated in an oil bath at 90-100°. After evolution of HCI has
ceased (~2.5 hr), the flask is cooled to room temperature, then chilled in an
ice-water bath to <5°. The gas flow is disconnected, and diethyl ether (500 mL)
is added dropwise over ~30 min while the solution is stirred vigorously.
(@ Caution. This is a very exothermic addition, and due care must be exer-
cised to avoid adding the diethyl ether too rapidly. Diethyl ether is toxic and
very flammable. The addition must be performed in a well-ventilated fume hood.)
The pale yellow suspension is allowed to filter under gravity through a 10-cm
sintered glass funnel (porosity grade 3) at room temperature. Gentle vacuum is
applied as the residue is washed thoroughly with diethyl ether (5 X 50 mL) and
allowed to dry in air. The product is ground in a mortar and thoroughly dried
in a vacuum desiccator over P,0,,. Yield: 54 g (100%).

Anal. Calcd. for C,H,sN,F,O,S;Rh: C, 5.67; H, 2.38; N, 11.02; S, 15.14.
Found: C, 5.6; H, 2.5; N, 11.3; S, 14.9.

Properties

Isolated as described in quantitative yield, [Rh(NH,);OSO,CF;](CF;S0,), is a
free-flowing pale yellow powder. Thus prepared it contains small amounts of
[(CH,CH,),OH] "[CF,80,]~ that can be removed easily by boiling with chlo-
roform.” It is stable to decomposition at room temperature over several months
if precautions are taken to prevent contact with atmospheric moisture. Samples
that have deteriorated through contact with moisture can be regenerated by
treatment with hot CF,SO,;H and isolated as above. The crude product is suitable
for most preparative purposes. In 0.1 M CF,SO,H at 25°, the [Rh(NH,)s
(OSO,CF,)J*" ion aquates (f,, =40 sec) only a little more slowly than the
corresponding Co(III) complex (¢,,, =25 sec). It is susceptible to solvolysis in
common organic solvents and to substitution by ligands dissolved in poorly
coordinating solvents such as tetrahydrothiophene 1,1-dioxide (sulfolane).>*

B. PENTAAMMINEAQUARHODIUM(II) PERCHLORATE

[Rh(NH;)s(0SO,CF3))(CF>80,); + H,0 — [Rh(NH,)s(OH,)I(CF;S0,),
[Rh(NH,)s(OH,))(CF5505); + 3HCIO, —
[Rh(NH,)s(OH,)]1(C10,), + 3CF;SO;H
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Procedure

Pentaammine(trifluoromethanesulfonato-O)rhodium(III) trifluoromethanesul-
fonate (10 g) is dissolved in water (80 mL) at room temperature, and the solution
is filtered. The solution is warmed to ~80° on a steam bath. Then HCIO, (70%
w/v) is added slowly until the first sign of persistent cloudiness (~8 mL).
@ Caution. Perchloric acid is a very strong acid and highly oxidizing. Organic
materials must be absent. Gloves and face shields should be used.) Slow cooling
of the solution gives pale yellow crystals, which are collected by filtration,
washed extensively with ethanol and diethyl ether, and dried in air. Yield: 6.7 g
(86%). A second crop (1.1 g) may be obtained by addition of more HCIO, (~10
mL) to the filtrate, followed by cooling. The combined products may be recrys-
tallized quantitatively from warm 0.5 M HCIO, on slow cooling from 80°.

Anal. Calcd. for H;N,O,,CL,Rh: H, 3.40; N, 13.88; Cl, 21.09. Found: H,
3.4; N, 13.5; Cl, 21.0.

Absorption maxima [\, nm (¢, M~ 'cm™")]: 315 (104), 262 (90). Samples of
[Rh(NH,)s(OH,)}(CF;S05); of acceptable analytical purity can be obtained from
aqueous solutions of [Rh(NH,;);(OSO,CF,;)J(CF;S0;), simply by evaporation of
the solvent,* thus providing a convenient route for preparation of ’O- or "*0O-
labeled samples.

C. HEXAAMMINERHODIUM(III)
TRIFLUOROMETHANESULFONATE AND
HEXAAMMINERHODIUM(III) PERCHLORATE

[Rh(NH,)s(0SO,CF;))(CF;805), + NH; — [Rh(NH,)¢J(CF;50,),
[Rh(NH,)6J(CF580;); + 3HCIO, — [Rh{(NH,):}(CiO,); + 3CF,SOH

Procedure

Pentaammine(triffuoromethanesulfonato-O)rhodium(III) trifluoromethanesul-
fonate (2 g) is dissolved in liquid ammonia® (—33°, ~50 mL) in a 250-mL
rotary evaporator flask.

B Caution. Ammonia gas is toxic and corrosive. All manipulations should
be performed in a well-ventilated fume hood, and adequate precautions should
be taken to prevent contact with skin and eyes. If it is necessary to transport
liguid ammonia, this should be performed using a loosely stoppered Dewar flask.
Enclosed areas such as fire escapes should be avoided during transport
The solvent is removed immediately at reduced pressure using a rotary evapo-
rator. (@ Caution. An efficient water aspirator is required. The temperature
of the water bath should initially be ~20°, and the receiver flask should be half-
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filled with cold water.) A quantitative yield of a white crystalline product is
obtained. The solid is collected, washed twice with diethyl ether (10 mL), and
dried under vacuum over P,O,,.

Anal. Calcd. for C;H 3NF,0,5;Rh: C, 5.55; H, 2.78; N, 12.89. Found: C,
5.8; H, 2.7; N, 12.5.

For preparation of the perchlorate salt, a filtered aqueous solution (150 mL)
of the above crude product is treated with HC10, (70% w/v, 3 mL).
(® Caution. Perchloric acid is a very strong acid and highly oxidizing. Organic
materials must be absent. Gloves and face protection should be worn.) The
suspension is warmed to dissolve the product (~80°), then cooled slowly to give
white crystals. These are collected by filtration, washed extensively with ethanol
and diethyl ether, and dried in air. Yield: 1.5 g (97%). Absorption maxima [A,
nm (e, M~ 'cm™")]: 305 (131), 256 (94).

Anal. Caled. for H;;N,O,,Cl;Rh: H, 3.60; N, 16.69; Cl, 21.13. Found: H,
3.6; N, 16.4; Cl, 20.9.
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71. PENTAAMMINERUTHENIUM(III),
PENTAAMMINERUTHENIUM(II), AND BINUCLEAR
DECAAMMINEDIRUTHENIUM{II)/dI) COMPLEXES

Submitted by GEOFFREY A. LAWRANCE,* PETER A. LAY, '+ ALAN M. SARGESON,§
and HENRY TAUBE}
Checked by H. ENGLEHARDTY and M. HERBERHOLDY

Pentaammineruthenium(Il) and (III) complexes have an extensive literature of
recent years.'” This interest has stemmed from the chemical reversibility of the
Ru(HI)Ru(l) couples, the strong w-backbonding between Ru(Il) and mr-acid
ligands, and the interest in mixed valence chemistry of binuclear ions. The
standard preparative route to these complexes involves the use of the labile
[Ru(NH,);(OH,)’’" ion in either aqueous or nonaqueous media. This complex
is generally prepared from [Ru(NH,);Cl}>* by Zn(Hg) reduction. Recently, we
reported the [Ru(NH,)s(OSO,CF;)](CF,S0,), complex,®” which like the other
triflato complexes readily undergoes solvation. A limitation occurs for basic
ligands, where reactions are complicated by base-catalyzed disproportionation
to Ru(il) and Ru(1V).'® However, the high solubility of [Ru(NH,)s
(OSO,CF;)CF;S0;), in nonaqueous solvents and water allows the preparation
of labile Ru(Il) pentaammine complexes by Zn(Hg) reductions. This enables
their use in a large variety of synthetic reactions, particularly for the preparation
of mononuclear and binuclear complexes containing 7-acid ligands. Such path-
ways are more facile, more convenient, and often higher yielding routes than
those previously available using the reduction of [Ru(NH,);CI]**."”’

The ready commercial availability of [Ru(NH;)¢]Cl; as a starting material has
made its reaction with 12 M HCI the preferred method for the preparation of
[Ru(NH,),ClICL."" Other methods have used either [Ru(NH,),]CL'? or
[Ru(NH,)sN,]CL," (oxidation followed by treatment with HC1). The former reac-
tion and the subsequent conversion of the chloro complex into the useful synthetic
intermediate [Ru(NH,);(OSO,CF;)}(CF,S0;), are described here. Simple sub-
stitution reactions are not reported, since they are similar to those described in
other sections. Instead, examples are given of the preparation of mononuclear
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258 Trifluoromethanesulfonates and Trifluoromethanesulfonato-O Complexes

and binuclear Ru(Il) complexes by reduction of the [Ru(NH,)s(OSO,CF,)]**
complex, followed by substitution in the labile [Ru(NH;)s(solvent)]** species.
Specifically, the preparation of {Ru(NH,)s(pyrazine)]X,® and [Ru(NH;); (pyra-
zine)Ru(NH,),]I,’ are reported as examples of the synthetic utility.

A. PENTAAMMINECHLORORUTHENIUM(II) CHLORIDE

[Ru(NH,),JCl, + HCl — [Ru(NH,)CIICl, + NH,CI

Procedure

The time required for this procedure is ~5 hr. Hexaammineruthenium(I1I) chlo-
ride [Alfa Products] (10 g, 0.0323 mole) is dissolved in warm water (100 mL)
contained in a 500-mL flask fitted with a reflux condenser. Concentrated HCI
(36%, 100 mL) is added carefully, and the solution is heated at reflux for 4 hr.
(m  Caution. HC! is toxic and corrosive. This procedure must be performed
in a well-ventilated fume hood.) During this time, a copious yellow crystalline
precipitate of [Ru(NH,);Cl]Cl, forms. It is essential not to heat the reaction for
too long, since this results in some conversion of [Ru(NH,);CI]** to
[Ru(NH,),Cl,]*. After the solution is allowed to cool to room temperature, the
crystals are collected on a medium-porosity sintered glass filter, washed with
HCl (18%, 2 X 20 mL) and then methanol (2 X 20 mL), and dried under
vacuum at room temperature. Yield: 9.0 g (95%).

Anal. Calcd. for HsN,Cl;Ru: H, 5.17; N, 23.94; Cl, 36.35. Found: H, 5.3;
N, 24.3; Cl, 36.6.

B. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)-
RUTHENIUM(II) TRIFLUOROMETHANESULFONATE

[Ru(NH,),CIICl, + 3CF,SO.H —
[Ru(NH,)5(0SO,CF,)[(CF,S0O,), + 3HCI |

Procedure

This procedure requires variable amounts of time depending on the time taken
for the filtration process. It generally requires ~4 hr; however, for larger quan-
tities of compound, extra time should be allowed for the filtration process. To
[Ru(NH,);CI]Cl, (1.0 g) in a two-necked round-bottomed flask connected with
a nitrogen bubbler is cautiously added anhydrous CF,SO;H (8 mL).

B Caution. Triflic acid is one of the strongest known protic acids. Gaseous
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hydrogen chloride is produced rapidly in the reaction. It is necessary to take
adequate precautions to protect the skin and eyes and to prevent inhalation of
the corrosive vapors. These manipulations must be performed in a well-ventilated
fume hood. Because of the initial rapid evolution of HCl, care must be taken
not to add the triflic acid too quickly.
A steady stream of nitrogen is passed through the solution, which is lowered
into a silicone oil bath preheated to 100°. After the solution is heated for 2 hr,
it is removed from the oil bath and allowed to cool to room temperature. It is
then chilled in an ice bath. Care should be taken not to heat the solution for
prolonged periods or at temperatures above 100°, since this may result in further
loss of ammine ligands. Slow addition of diethyl ether (40 mL) with stirring
precipitates the complex.

| Caution. This is a highly exothermic addition, and due care must be
exercised to prevent addition of the diethyl ether too quickly. Diethyl ether is
toxic and very flammable. The addition must be performed in a well-ventilated
Jfume hood.
The product is collected on a fine-porosity sintered glass funnel, washed with
diethyl ether (3 X 20 ml), air-dried, and then dried in a vacuum desiccator
over P,O,,. Yield: 2.05 g.

Anal. Calcd. for C;HsN,F,S;Ru: C, 5.69; H, 2.39; N, 11.06; S, 15.18; F,
27.00. Found: C, 5.7; H, 2.4, N, 10.8; S, 15.2; F, 26.5.

C. PENTAAMMINE(PYRAZINE)RUTHENIUM(II)
CHLORIDE AND
PENTAAMMINE(PYRAZINE)RUTHENIUM(I)
TETRAFLUOROBORATE

Ar
2[Ru(NH,);(0OSO,CF;)I(CF,80,), + Zn + 2(CH,),CO —
2[Ru(NH;);(OC(CH;),))(CF;50;), + Zn(CF,50,),
Ar
[Ru(NH;)s(OC(CH;),)I(CF,S0,), + pyrazine —
[Ru(NH,)s(pyrazine)(CF,S0,), + (CH,),CO
Ar

[Ru(NH,)s(pyrazine)}(CF,S0,), + 2Et,NCl —
[Ru(NH,)s(pyrazine)]Cl, + 2Et,NCF,S0O,

[Ru(NH,) (pyrazine)]JCl, + 2NaBF, — [Ru(NH,);(pyrazine)](BF,), + 2NaCl
In the following manipulations in which argon is used, the gas is passed through

a chromium(Il) scrubber to remove O, and then concentrated H,SO, to remove
H,0.
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Procedure

A time of about 5 hr is required for the synthesis and recrystallization of
[Ru(NH,)(pyrazine)}**. The triflato complex (0.10 g, 0.16 mmol) is dissolved
in degassed (30 min, Ar) acetone (AR grade, 10 mL) contained in a 25-mL
bubble flask. Alternatively, a Zwickel flask’* may be used for this procedure
(Fig. 1). (@ Caution. Acetone is highly flammable and toxic. Due care should
be taken to prevent inhalation and contact with skin and eyes.) The outlet is
connected to a second bubble flask (100 mL) containing pyrazine (0.5 g, 6.2
mmol, AR grade) in degassed acetone (AR, 10 mL). After oxygen is removed
from the solutions (~30 min), a piece of Zn(Hg) is added to reduce the
[Ru(NH,)s(OC(CH,),)]’* to the Ru(Il) complex. The reduction is allowed to
proceed for 30 min before transferring the Ru(II) solution into the flask containing
the ligand solution. It is important to exclude oxygen from these reactions, since
it reacts with Ru(Il) to form the bright green oxo bridged dimer
[(NH,)sRuORu(NH,);}**."* If incomplete replacement of chloride occurs in the
preparation of the triflato complex, an intense blue color develops due to the
formation of intensely colored chloro-bridged complexes.'® These complexes
may also form from chloride ions adhered to the Zn(Hg). However, such species
do not interfere with the reactions. This addition is made over ~15 min to
minimize formation of the p-pyrazine dimer. Almost immediately the solution
turns a deep purple, but the reaction is allowed to proceed for an additional 30
min.

(a) (b)
Fig. 1. a. Zwickel flask. b. Bubble flask.
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To the resulting solution is added a degassed (Ar, 30 min) acetonitrile solution
of Et,NCl (0.5 g in 10 mL), with stirring. A precipitate of the
[Ru(NH,)s(pyrazine)]Cl, forms immediately. The red-purple precipitate is col-
lected on a sintered glass filter (under an Ar atmosphere) and is washed with
degassed CH,CN (5 mL) and degassed acetone (5 mL) and dried under vacuum.
The yield is quantitative (0.054 g).

Anal. Calcd. for CH,N,CLRu: C, 14.25; H, 5.68; N, 29.08; Cl, 21.03.
Found: C, 14.4; H, 5.4; N, 29.4; Cl, 21.4.

The crude product may be recrystallized as the [BF,]” salt by dissolving
[Ru(NH,)s(pyrazine)]Cl, (0.2 g) in degassed (Ar, 30 min) water (10 mL) and
adding solid Na[BF,] (1 g) slowly with stirring."” After cooling to 5° for 2 hr
(under Ar), the solid is collected and air-dried. Yield: 0.2 g (77%).

Anal. Calcd. for C;H,(N,B,F;Ru: C, 10.92; H, 4.35; N, 22.29. Found: C,
10.8; H, 4.4; N, 22.4.

The Ru(Il) complex is stable in air in the solid state and is slowly oxidized
in solution to the Ru(Ill) complex. The Ru(Ill) complex may be prepared by
Ag™" oxidation'’ or obtained directly from [(NH,);Ru(OSO,CF;))** in a pyrazine
melt. Procedures similar to that described allow the syntheses of a great variety
of pentaammine complexes.

D. DECAAMMINE(p-PYRAZINE)-DIRUTHENIUM(5S +)
IODIDE

Ar

2[Ru(NH,);(OSO,CF,)](CF,S0,), + Zn + 2(CH,),CO —
2[Ru(NH;)s(OC(CH;).)I(CF;805), + Zn(CF;805),

Ar

2[Ru(NH,);(OC(CH3),)I(CF;80;), + pyrazine —
{[Ru(NH,)s],(pyrazine)(CFSO),
{[Ru(NH3)5]z(pyrazine)}(CF3SO3)4 + O, + CF,80,” —
{[RU(NHa)s]2(PyraZine)}(CF3503)s + O,
{[Ru(NH,);],(pyrazine)(CF,SO,); + 5 n-Bu,NI —
{[Ru(NH,);],(pyrazine)}l; + 5 n-Bu,NCF,;SO,

Procedure

A reaction time of ~3 hr is required for the synthesis of the binuciear complex.
Pentaammine(trifluoromethanesulfonato-O)ruthenium(IIl) trifluoromethanesul-
fonate (0.20 g, 0.31 mmol) is dissolved in degassed (30 min, Ar) acetone (AR,
10 mL) contained in a 50-mL bubble flask (Fig. 1) under a continuous stream
of Ar. (@ Caution. Acetone is highly lammable and toxic. Due care should
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be taken to prevent inhalation and contact with skin and eyes.) A lump of freshly
prepared Zn(Hg) is added, and the reduction is allowed to proceed for 30 min.
Solid pyrazine (0.012 g, 0.15 mmol) is added. The solution immediately begins
to become deep purple. The reaction is complete after ~30 min at room tem-
perature [the air-sensitive diruthenium(4 + ) ion may be precipitated at this point
using [Bu,N]I], after which time the solution is filtered in air to remove the
Zn(Hg). Air is bubbled through the filtrate for an additional 30 min, and a
solution of [Bu,N]I (1.0 g) in acetone (10 mL) is added dropwise to precipitate
the iodide salt of the mixed valence ion. The precipitate is collected, washed
with diethyl ether (2 X 10 mL), and dried under vacuum. Yield: 0.16 g (95%).

Anal. Calcd. for C,H;,N,I,Ru,: C, 4.42; H, 3.15; N, 15.47. Found: C, 4.6;
H, 3.2; N, 15.15.

This complex is interesting because of the observation of an intense transition
in the near-infrared region at 1570 nm (e 50,000 M ~'cm™").” It may be either
oxidized to the 6+ ion or reduced to the 4+ ion. Similar techniques may be
used for the syntheses of other binuclear decaammine complexes.

Properties

The [Ru(NH,);(OSO,CF;)]J(CF;S0;), complex undergoes rapid aquation in 0.1
M CF,SO;H to give the aqua complex (k,, = 9.3 X 1077 sec™', 25%). It is
characterized by an electronic transition at 284 nm (€ 790 M~ 'cm™"') in the UV
spectrum in neat CF,SO;H.*® The colorless complex is moderately stable in the
solid state, however, and can be stored for months in a desiccator without
noticeable decomposition. The [Ru(NH,);Cl]Cl, complex is characterized by a
ligand-to-metal charge transfer at 328 nm (e 1930 M ™' cm™') associated with
the C1~ ligand. It undergoes irreversible reduction to the Ru(Il) complex with
loss of chloride ligand.

Reduction of [Ru(NH,)s(solvent)]’* complexes in weakly coordinating sol-
vents or solvents with poor w-acid properties resuits in the labile
[Ru(NH,)s(solvent)]** species, which are excellent synthetic intermediates. The
{[Ru(NH,);],(pyrazine)}** ion obtained by using these intermediates is easily
oxidized to the Ru(IIl) complex.
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72. PENTAAMMINEIRIDIUM(III) AND
HEXAAMMINEIRIDIUM((II) COMPLEXES
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ANDREW W. ZANELLA

Pentaammineiridium(IIT) complexes are difficult to prepare because of the extreme
kinetic inertness of the Ir(IIl)-ligand bonds. Such a property normally requires
the use of quite harsh reaction conditions in order to prepare [Ir(NH,).X]""
complexes. However, the use of the trifiuoromethanesulfonato (triflato) complex
as an intermediate allows the syntheses of a variety of complexes under relatively
mild conditions. This has proved invaluable for the synthesis of both mononuclear
and dinuclear species.'”> We report here the synthesis of [Ir(NH,)s-
(OSO,CF,)](CF,S05), from the readily prepared [Ir(NH,),C1]Cl,** complex. The
solvolysis reactions of the triflato complex to give quantitative yields of
(Ir(NH,)5s(OH,)]** and [Ir(NH,)s]** in water and liquid ammonia, respectively,
are also described. [Ir(NH;)s(OH,)]’* has been prepared previously be the base
hydrolysis*®” of [Ir(NH,)sC1)**, while [Ir(NH,),}]’" has been prepared by the
prolonged reaction of liquid ammonia on Na;[IrCl¢]-xH,O at high temperatures
and pressures.”® An alternative method involves the use of [Ir(NH,);N,}** as a
starting complex.® Such reactions are not as convenient, nor are such-high yields
obtained, as those reported here.

*Research School of Chemistry, The Australian National University, G.P.O. Box 4, Canberra,
A.C.T. 2601, Australia.

tChemistry Department 1, H. C. @rsted Institute, University of Copenhagen, Universitetsparken
5, DK-2100 Copenhagen @, Denmark.

$Joint Science Department, Claremont Colleges, Claremont, CA 91711.
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A. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)-
IRIDIUMII) TRIFLUOROMETHANESULFONATE

[Ir(NH,);Cl]Cl, + 3CF;SO;H — [Ir(NH,)s(OSO,CF;)}(CF;S05), + 3HCI !

Procedure

The total time required for this procedure is ~20-30 hr. As pointed out by the
checkers, it is recommended that the purity of [Ir(NH,);Cl]Cl, be checked prior
to use. The electronic absorption spectrum reported by Schmidtke* appears to,
be that of a mixture of [Ir(NH,),CI]Cl, and trans-[Ir(NH,),Cl,1Cl. The correct
absorption spectrum is the same as reported by Blanchard and Mason.'® A,
(nm) (€., M~' cm™'): 226 (370), 287 (72), 362 (9.5) 0.01 M HCIO,. An
alternative and more reliable method for preparation of [Ir(NH,);CIICl, is the
reaction between [IrCIJ*~ or [IrCls]>~ and concentrated ammonia solution in a
bomb at 100°.>7

To [Ir(NH;),CIICl, [Alfa Products]*** (1.0 g, 2.6 mmol) in a 50-mL two-
necked round-bottomed flask is added carefully distilled trifluoromethanesulfonic
(triflic) acidf"' (5 mL, 57 mmol).

B Caution. Triflic acid is one of the strongest known protic acids, and

gaseous hydrogen chloride is produced rapidly in the reaction. It is necessary
to take adequate precautions to protect the skin and eyes from contact with both
chemicals. Inhalation of the corrosive vapors should also be avoided. and the
reaction must be performed in a well-ventilated fume hood.
The stirred reaction mixture is heated to 120° while a flow of N, is maintained
through the solution, as outlined in the general procedure of Section 68-D. After
1 hr, the gas bubbler is removed, the flask is lightly stoppered to prevent too
much evaporation of CF,SO;H, and heating is continued for 15 hr at 120-123°.
The nitrogen bubbler is replaced, and the solution is allowed to cool to room
temperature under a stream of nitrogen. It is then further cooled to ~5° in ice.
In order to precipitate the complex, anhydrous diethyl ether (40 mL) is cautiously
added dropwise to the rapidly stirred solution.

B Caution. This addition leads to a very exothermic reaction, and due
care should be exercised not to add the diethyl ether too quickly. Diethyl ether
is toxic and highly flammable. The addition should be performed in a well-
ventilated fume hood.

The complex is filtered on a medium-porosity sintered-glass funnel, initially by

*The checkers are indebted to Johnson, Matthey and Co. for a loan of iridium chloride.
tThe checkers used triflic acid as supplied by Alfa Products or Fluka Chemical Corporation.
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gravity, and the filtration is completed using a water aspirator.* The white powder
is washed with copious amounts of anhydrous diethyl ether (4 X 20 mL) and
air-dried after each washing. Yield: 1.85 g (98%). The complex at this point is
sufficiently pure for synthesis purposes. However, in some of the precipitation
processes, Et,0-CF;SO;H may be coprecipitated. This is removed by breaking
up any lumps, and boiling the solid suspension in chloroform (30 mL) for 0.5 hr.
(® Caution. Chloroform is toxic and a carcinogen, this procedure must be
performed in a well-ventilated fume hood.) The white powder is collected on a
medium-porosity frit, washed with chloroform (2 x 5 mL), and air-dried. Yield:
1.81 g (95%).

Anal. Caled. for C;H,,FIIN,O,S,: C, 4.97; H, 2.09; N, 9.67; S, 13.'27; Cl,
0.00. Found: C, 5.13; H, 2.48; N, 9.58; S, 13.23; C1, 0.00.1

B. PENTAAMMINEAQUAIRIDIUM(III)
TRIFLUOROMETHANESULFONATE

[Ir(NH,)s(OSO,CF)I(CF;80,), + H,0 — [Ir(NH,);(OH,)}(CF,S0,),

Procedure

The time required for the preparation and isolation of the crude complex is ~1
hr. Crystallization of the complex from aqueous NaCF,SO; solution requires ~4
hr. Pentaammine(trifltuoromethanesulfonato-O)iridium(III) trifluoromethanesul-
fonate (0.50 g, 0.69 mmol) is added to distilled deionized water (5 mL) in a
20-mL round-bottomed flask, and the solution is heated to 80° for 10 min. The
solution is filtered, and the solvent is removed by rotary evaporation (60°) to
give [Ir(NH,)s(OH,)](CF;S0s); as a white powder. The white powder is washed
from the flask with diethyl ether (3 X 10 mL) and then air-dried. Yield: 0.52 g
(100%).

*The checkers use nitrogen pressure to aid the filtration.

TThe checkers report that in one reaction conducted at 122-125° for 15 hr, the reaction was
incomplete. Anal. Found: Cl, 2.80%. They report that a second reaction at 121° for 24 hr results
in a yield of 1.76 g (93%). Anal. Found: C, 5.31; H, 2.18; N, 9.15; S, 13.82; Cl, trace. The authors
point out that the figure of C! 2.80% after 15 hr implies a- formula of
[I(NH1)5(C1)y 52(0SO,CF,)0.4s(CF:SO0s),, that is, that the substitution reaction is only 50% complete.
This further implies that the reaction should be only 75% compiete after 24 hr (Cl, 1.3%), in
disagreement with their second experiment. Conversely, the result after 24 hr implies that there can
be only a trace of Cl after 15 hr, by the same arguments as above. The reasons for these discrepancies
are unclear; however, it may be best to conduct the reaction for 24 hr. It should be pointedout that
any trans-|Ir(NH,),CL,]C! contaminating the starting material will be converted to trans-
[Ir(NH,)(CINOSO,CF;)(CF,S0,) under the reaction conditions. This would lead to chloride being
present even after the reaction is complete.
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Anal. Calcd. for C;H,;NsF;0,08,Ir: C, 4.85; H, 2.31; N, 9.42; S, 12.95.
Found: C, 4.7; H, 2.2; N, 9.3; S, 13.1.

H required, the complex may be crystallized from an aqueous NaCF;SO,
solution by the following procedure. Pentaammine(trifluoromethanesulfonato-
O)iridium(III) trifluoromethanesulfonate (0.50 g, 0.69 mmol) is aquated in boil-
ing aqueous NaCF,S0;-H,0 [Aldrich Chemical]'' (1.0 g in 1.0 mL) for 10 min.
The basicity of the NaCF,SO;-H,O to be used in this step should be checked
prior to use, as many samples contain NaOH and/or Na,SO,. It should be
recrystallized according to the published procedure'' until solutions of the salt
are near neutral (pH 6-8). If the NaCF,;SO,-H,O contains the above impurities,
this may lead to the formation of [Ir(NH,);OH}**, [Ir(NH,)s(0SO,)]*, and other
side products, causing contamination of the product. Sometimes the solution is
turbid and needs to be filtered while still very hot. The solution is allowed to
cool to room temperature, and then it is cooled in an ice bath for 2 hr. The
colorless needles are filtered and air-dried. After washing with ethanol/diethyl
ether (1:4, 4 X 5 mL) the crystals are again air-dried. Yield: 0.45 g (88%).

Anal. Found: C, 4.79; H, 2.55; N, 9.0.*

The filtrate containing the remaining pentaammine is normally retained for
recycling of residues (Section 68-F) after column chromatographic recovery of
pentaammine residues, as follows. Residues containing [Ir(NH,)s(OH,)]** and
other pentaammineiridium(III) complexes containing acido ligands are dissolved
in water to give solutions of ionic strength < 0.01 M. The solution is sorbed
onto a column of Dowex 50W-X2, 200-400 mesh (H™ form) cation exchange
resin [Fluka Chemical] (a column of resin 3 cm in diameter and 10 cm high will
be suitable for ~1 g of iridium residues), and the column is washed with water
(1 L) and 0.7 M HCI (2 L). The complexes are eluted with 3 M HCl or 3 M
CF;CO,H, with the latter being preferable in order to prevent the complexes
precipitating on the column. The elution of the complexes may be followed by
observing the movement of the white band down the brown resin. Alternatively,
the eluant is monitored using a UV spectrometer (~250 nm) to follow the elution
of the complexes. The eluate (or eluates) containing the iridium complexes is
evaporated to dryness on a rotary evaporator, and converted to
[Ir(NH,)s(OSO,CF5)](CF;S0,), as described in Section A.

The first method described is convenient for the synthesis of isotopically
labeled aqua complexes by use of vacuum-line techniques.

*The checkers report Anal. Found: C, 4.64; H, 2.5; N, 9.28; S, 12.70; Cl, 0.0.
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C. HEXAAMMINEIRIDIUM(III)
TRIFLUOROMETHANESULFONATE AND
HEXAAMMINEIRIDIUMII) CHLORIDE

(Ir(NH;)5(0SO,CF;)J(CF380;), + NH; — [Ir(NH;)s)(CF;S0;);
[Ir(NH,)s](CF;80); + 3HCl — [Ir(NH,)s]Cl; + 3CF;SO,H

Procedure

Preparation and recrystallization of the complex requires ~20 hr. Pentaammine-
(trifluoromethanesulfonato-O)iridium(Ill) trifluoromethanesulfonate (0.50 g, 0.69
mmol) is dissolved in dry liquid ammonia'? (20 mL) contained in a 50-mL round-
bottomed flask that can be fitted with a mercury bubbler. The flask is initially
cooled in a Dry Ice/acetone bath to prevent excessive splashing of the solvent
and hence loss of complex.

B Caution. Ammonia gas is toxic and corrosive. All manipulations should
be performed in a well-ventilated fume hood, and adequate precautions should
be taken to prevent contact with skin and eyes. If it is necessary to transport
liquid ammonia, this should be performed using a loosely stoppered Dewar flask,
and enclosed areas such as fire escapes should be avoided during transport.
The cooling bath is removed, and the open flask is warmed by a water bath
(20°). This ensures rapid evaporation of some of the solvent, and the flow of
gaseous ammonia produced minimizes condensaton of atmospheric moisture.
After removal of the flask from the bath, the mercury bubbler is placed in position
and arranged to maintain a positive pressure (~80 torr) of NH;. The time of
exposure of the solvent to the atmosphere should be minimized during these
manipulations. The ammonia level is maintained periodically while the flask is
allowed to stand at room temperature for 15 hr. After removal of the bubbler,
the remaining liquid ammonia is boiled off by heating the solution in a water
bath at 20°.

As an alternative to the addition of liquid ammonia to the flask, gaseous
ammonia may be used in a closed system, as follows. To a 50-mL two-necked
round-bottomed flask containing the complex is connected an ammonia gas inlet
and an outlet consisting of a mercury bubbler. The flask is cooled in the Dry
Ice/acetone bath as the ammonia (~20 mL) is condensed. The gas flow is stopped,
the cooling bath is removed, and the reaction is allowed to proceed as before.

The off-white solid remaining is collected by washing the interior of the flask
with diethyl ether (2 X 10 mL) and is collected on a medium-porosity sinfered-
glass frit. After air-drying, the product is dried under vacuum over P,O,,. Yield;
0.49 g (96%).
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Anal. Calcd. for C;H,gFNO,S:Ir: C, 4.86; H, 2.45; N, 11.33; S, 12.97*
Found: C, 5.0; H, 2.3; N, 11.0.

The chloride salt is obtained in the following manner. The crude triflate salt
(0.50 g, 0.67 mmol) is dissolved in distilled water (10 mL) and passed down a
column of Dowex 1 X 8 anion exchange resin, C1~ form [Fluka] (3 cm diam
X 10 cm high) that has been prewashed with distilled water. Additional distilled
water (200 mL) is passed down the column, and the combined eluates are
evaporated to dryness on a rotary evaporator. The residue of crude chloride salt
is dissolved in water (2 mL) and is heated to 70°. Concentrated HCl (12 M) is
added (0.5 mL), and the solution is allowed to cool to room temperature. It is
cooled further in an ice bath for 2 hr, and then the solid is collected, washed
with ethanol (2 X 5 mL) and then ether (2 X § mL), and air-dried. Yield:
0.22 g (81%).

Anal. Calcd. for H,gN,CLIr: C, 0.0; H, 4.53; N, 20.97; Cl, 26.54. Found:
C, 0.0; H, 4.52; N, 20.7; Cl, 26.39.

The remaining complex (0.04 g, 15%) precipitates from the filtrate when the
ethanol and ether washings are added.¥

Properties

Pentaammine(trifluoromethanesulfonato-0O)iridium(III) trifluoromethanesul-
fonate is a white powder that is air-stable provided it is not subjected to prolonged
exposure to atmospheric moisture. The complex may be kept for many months
in a desiccator over a suitable drying agent (silica gel, CaCl,) without any
noticeable decomposition. The aquation rate constant for the complex is 2.6 X
107* sec™" at 25° (0.1 M CF,SO;H), and at elevated temperatures (60-80°) the
rate of substitution is quite rapid in both aqueous and nonaqueous solvents. When
dissolved in poorly coordinating solvents such as acetone or tetrahydrothiophene
1,1-dioxide (sulfolane), the solvent-substituted species are themselves compar-
atively labile, and many substitution reactions may be performed in these sol-
vents.'™

The triflato complex may be regenerated from other pentaammine complexes
as described in Section 68. Such a property is useful since it allows a regeneration
of the starting materials from products. Characteristic spectral properties of the
complex include the presence of bands due to coordinated triflate in the IR
spectrum, and electronic [\, 315(sh), nm; €., 150 M ™' cm™', and 270 (220))

*The checkers report C, 4.76; H, 2.50; N, 11.30; S, 12.66.

1The checkers report that direct use of the crude triflate salt results in a mixed salt of formulgtion
[Ir(NH;)sJ(CF;S0,), 5Cl, .. Yield: 0.35 g (86% based on above formulation). Anal. Calcd. for
C..sH,5Cl oFs oNgOs S, 50r: C, 3.57; H, 3.00; N, 13.89; S, 9.54; Cl, 7.03. Found: C, 3.51; H, 2.94;
N, 13.38; S, 9.04; Cl, 7.63.
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and '"H NMR (3 3.85 broad, versus NaTPS as internal standard) spectra in neat
triflic acid.'”?

The [Ir(NH,)}’* and [Ir(NH,);(OH,)]’* complexes are characterized by the
following A, (€...) values in their Uv/vis spectra: [315 (14); 251 (92); 214
(160)]" and [333 (12) (sh), 258 (86); 213 (128)],'*'* respectively. These spec-
troscopic measurements were used to test the purity of the complexes in each
instance.
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Although pentaarnmineruthenium(III) chemistry has been studied extensively,
pentaammineosmium(III) chemistry has received little attention, due larg'e‘y to
problems in synthesizing these compounds.'> We have found® that the
[Os(NH,)s(0OSO,CF;))(CF,S0,), complex is prepared readily and in quantitative

*Department of Chemistry, Stanford University, Stanford, CA 94305.
+CSIRO Postdoctoral Fellow.
$Department of Chemistry, Rutgers University, New Brunswick, NJ 08901.



270 Trifluoromethanesulfonates and Trifluoromethanesulfonato-O Complexes

yield by the Br, oxidation of [Os(NH,);N,]JCL,*’ in neat CF,SO,H. Like the
other trifluoromethanesulfonato (triflato) complexes, it has proved to be an
extremely useful intermediate in the preparation of a variety of mononuclear
and binuclear osmium(Ill) complexes.’*® We report the syntheses of
[Os(NH,)s(OH,)I**, [Os(NH,)s]’*, and [Os(NH,)s(NCCH,)]** as examples of
typical reactions. Traditionally, pentaammine- and hexaammineosmium(III)
complexes were prepared by the prolonged action of NH; on (NH,),[OsBr] or
(NH,),[OsClg] at high temperatures and pressures.’*® More recently, the oxidation
of the [Os(NH;)s(N,)]Cl, complex has been used as a route into the [Os(NH,);L]""
series.>*>* The [Os(NH;)s(OH,)]>* ion is normally prepared, in somewhat smaller
yield than reported here, by the oxidation of the dinitrogen complex in aqueous
media, followed by precipitation of the explosive perchlorate salt.” Hexaammine-
osmium(IIl) compounds have been prepared by a variety of methods, but such
methods have been plagued by synthesis difficulties, irreproducibility, and/or
low yields.*”"*'*"* The methods reported here are more straightforward and give
higher yields than those reported previously.

A. PENTAAMMINE(DINITROGEN)OSMIUM((I) CHLORIDE

5(NH,),[O0sCl¢] + 13NH,NH,-H,0 —
4[Os(NH,)5s(N)ICl, + cis-[Os(NH,),(N,),ICl, + 20HCI + 13H,0

4cis-[0Os(NH,)(N,),ICl, + 3NH,NH,-H,0 —
4[Os(NH,)sN,ICl, + 5N, + 3H,0

Procedure

The total time required for this procedure is 2-3 days depending on the purity
of the complex after the second period of reflux. The dinitrogen complex is
prepared in somewhat higher yield and purity by the use of several modifications
to the original method of Allen and Stevens.*>*

®  Caution. Hydrazine monohydrate is toxic, a suspected mutagenic agent,
and potentially explosive. The reaction must be performed in a well-ventilated
fume hood, preferably behind a safety screen, although to the authors’ knowledge
no explosions have occurred with these reactions.
The compound (NH,),[OsClg)"™* (10 g, 22.8 mmol) is added slowly over ~15
min to hydrazine monohydrate (90 mL) contained in a 250-mL round-bottomed
flask connected with a reflux condenser while the mixture is stirred rapidly. It
is essential not to add the compound too quickly and to grind up any lumps,
since isolated high concentrations of [OsCls]*~ result in the formation of the
very stable complex [(NH,);OsNOs(NH,)5]Cls-H,O. This nitrido-bridged species
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is not converted to the dinitrogen complexes and therefore reduces the yield. By
the reverse addition of the hydrazine monohydrate to the solid, this product is
obtained in yields of over 90%. The solution is refluxed for 10 hr, during which
time the color changes from brown to golden yellow and a pale yellow precipitate
forms. The solution is allowed to cool to room temperature, and the solid is
collected on a medium-porosity frit. The yield is ~6-7 g. A further amount of
compound (~1-1.5 g) is precipitated by the addition of anhydrous ethanol (~400
mL). The remainder of the complexes may be precipitated by the addition of
more ethanol, but this material is a mixture consisting mainly of [Os(NH,;)sN,]CL,,
cis-[Os(NH;),(N,),]Cl,, and [(NH;);OsNOs(NH,);]JCl;. These complexes have
distinctive and strong stretching modes in their IR spectra at 2020 (vy—y), 2097
and 2168 (vyen), and 1100 (Voeanasos) cm ', respectively. These vibrations are
a good diagnostic tool for assessing purity. The first two fractions are combined
and heated at reflux with a second amount (90 mL) of NH,NH,-H,O as before.
The precipitate obtained after this reflux is checked for impurities of cis-
[Os(NH,)4(N,),]Cl, by infrared spectroscopy. If the characteristic vy—y bands
for this complex are absent, this fraction is suitable for the following reactions.
If this impurity is still present, a third reflux is necessary. Again more product
is obtained by the addition of ethanol to the filtrate in these steps. These fractions
are also examined for purity by IR spectroscopy. The overall yield of pure
[Os(NH;)sN,]Cl, is 6.8-7.0 g (80-85%). The complex is characterized by IR
and UV/vis spectroscopy (see Table I).

Anal. Caled. for CL,H,;sN,Os: Cl, 18.95; H, 4.04; N, 26.20. Found: Cl, 19.01;
H, 4.20; N, 26.38.

B. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)-
OSMIUM((III) TRIFLUOROMETHANESULFONATE

2[Os(NH;)sN,ICl, + Br, + 6CF,SOH —
2[Os(NH;)5;(OSO,CF,)](CF,S0,), + 2N, T + 2HBr1 + 4HC1?

Procedure

The time required for this procedure is ~1 day but depends critically on the
time taken for the filtration procedure. To pentaammine(dinitrogen)osmiuth(II)
chloride, [Os(NH,),(N,)]Cl, (2.0 g, 5.3 mmol), contained in a 50-mL two-necked
round-bottomed flask fitted with an Ar or N, gas bubbler, is added distilled'*'®
anhydrous CF,SO;H (10 mL).

®  Caution. Triflic acid is one of the strongest known protic acids, and
gaseous hydrogen chloride is produced rapidly in the reaction. It is necessary
to take adequate precautions to protect the skin and eyes and to prevent inhalation
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of the corrosive vapors. These manipulations must be performed in a well-
ventilated fume hood. Because of the initial rapid evolution of HCI, care must
be taken not to add the triflic acid too quickly.

Liquid Br, (0.5 mL, 10 mmol, fourfold excess) is added to the yellow or pale
green solution, and N, immediately begins to evolve from the interface of the
Br, and CF,SO,H layers. The pale green color that is sometimes observed results
from an impurity of the mixed-valence species [(NH,)sOsN,Os(NH,),]>*, but
under the reaction conditions this compound is also oxidized to the
[Os(NH,);(OSO,CF,))** ion. (@ Caution. Bromine is toxic and corrosive.
Avoid contact with the skin and eyes. The reaction should be carried out in a
well-ventilated hood.) A constant flow of N, or Ar is commenced in order to
stir the solution while the temperature is maintained around the boiling point of
Br,, ~50-60°. The gas flow is stopped periodically to determine if the evolution
of N, gas has ceased from the interface of the two layers. When the evolution
has ceased (~0.5-1 hr), the solution is heated to 110° in an oil bath, and a
constant gas flow is maintained in order to drive off excess Br, and the HBr that
has been produced in the reaction. (8 Caution. Bromine and HBr are both
corrosive and toxic.) After the brown fumes have ceased and no Br, remains in
the bottom of the flask, the solution is cooled to room temperature and is then
cooled in an ice bath to <5°. Anhydrous diethyl ether (~30 mL) is added
dropwise to the rapidly stirred solution.

B Caution. This is a very exothermic addition, and due care must be

exercised to prevent addition of the diethyl ether too quickly. Diethyl ether is
toxic and very flammable. The addition must be performed in a well-ventilated
fume hood.
A white to cream-colored precipitate begins to form immediately. The precipitate
is collected on a medium-porosity frit and is air-dried. For larger scale reactions,
it is best to let the precipitate settle and decant off most of the solvent through
the frit. The filtrate may be kept for recovery of CF,SO,H as the Na™ salt.'*'*
The solid is washed with copious quantities of anhydrous diethyl ether until the
washings are colorless. After drying in air, the yield is 3.7 g (96%). At this
point the compound is quite suitable for synthesis work, but it may be purified
by boiling a suspension in chloroform as described in Section 68-A.

B Caution. Chloroform is toxic and a suspected carcinogen; this proce-
dure must be performed in a well-ventilated fume hood.

Anal. Calcd. for C;H,sFgN,O,S,0s: C, 4.98; H, 2.09; N, 9.69; S, 13.31; F,
23.66. Found: C, 5.3; H, 2.1; N, 9.7; S, 13.1; F, 23.0.

The compound is stored in a desiccator over P,O,, or silica gel to prevent
absorption of atmospheric moisture, which will form [Os(NH,);(OH,)](CF;S0,).
However, this process is very slow, and the compound may be manipulated
readily without the precautions necessary for working in a moisture-free
atmosphere.
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C. PENTAAMMINEAQUAOSMIUM(III)
TRIFLUOROMETHANESULFONATE

[Os(NH,)s(0SO,CF;)I(CF,80;), + H,0 — [Os(NH,)s(OH,)(CF;50,),

Procedure

The total time required for this procedure is 3-4 hr.
Pentaammine(trifluoromethanesulfonato-O)osmium(IIl) trifluoromethanesul-
fonate, [Os(NH,)s(OSO,CF-)](CF,S0,), (0.30 g, 0.42 mmol), is added to a 0.1
M aqueous solution of CF,SO,H (1 mL) contained in a 15-mL beaker. The
solution is boiled for 5 min. After being cooled to room temperature, the solution
is cooled further to <5° in an ice bath. Neat CF,SO,H (1 mL) is added slowly
in dropwise fashion, while the solution is stirred rapidly.

B Caution. Triflic acid is one of the strongest known protic acids. It is

necessary to take adequate precautions to protect the skin and eyes and to prevent
inhalation of the corrosive vapors. These manipulations must be performed in
a well-ventilated fume hood. The addition is very exothermic.
A white precipitate of [Os(NH;)s(OH,)](CF;S0,), begins to form immediately.
The solution is cooled in an ice bath for 1 hr, and the precipitate is collected on
a medium-porosity sintered-glass funnel. After air-drying, the solid is washed
thoroughly with anhydrous diethyl ether (4 X 10 mL) and air-dried. Yield: 0.2
g (65%).

Anal. Calcd. for C;H,,F;N,0,,S,0s: C, 4.87; H, 2.31; N, 9.46. Found: C,
5.0; H, 2.4; N, 8.95.

The remaining [Os(NH,)s(OH,)](CF;S0,), is precipitated by the addition of
dicthyl ether (6 mL). (@ Caution. This is a very exothermic process, and the
diethyl ether must be added slowly and with vigorous stirring of the solution at
0°.) The precipitate is treated as above to give an essentially quantitative overall
yield (0.30 g, 98%) of the complex.

D. HEXAAMMINEOSMIUM(II)
TRIFLUOROMETHANESULFONATE AND
HEXAAMMINEOSMIUM(I1I) CHLORIDE

[Os(NH;)5(OSO,CF,)](CF;80;), + NH, — [Os(NH,):J(CF,S0,),
[Os(NH,),J(CF;80;); + 3HCl — [Os(NH,),]Cl, + 3CF,SO.H
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Procedure

The total time required for the synthesis and recrystallization is ~1 day.
Pentaammine(trifluoromethanesulfonato-0)osmium(III) trifluoromethanesuli-
fonate, [Os(NH,);(OSO,CF;)J(CF;S0,), (0.10 g, 0.14 mmol), is placed in a 100-
mL two-necked round-bottomed flask, and the flask and solid are heated in a
vacuum oven at 110°. A second 100-mL two-necked round-bottomed flask is
connected to a KOH drying tower and placed in a dish containing Dry Ice. Liquid
ammonia (~40 mL) is transferred to this flask, and the flask is stoppered.

m  Caution. Ammonia gas is toxic and corrosive. All manipulations should
be performed in a well-ventilated fume hood, and adequate precautions should
be taken to prevent contact with skin and eyes. If it is necessary to transport
liquid ammonia, this should be performed using a loosely stoppered Dewar flask,
and enclosed areas such as fire escapes should be avoided during transport."’
The flask containing the osmium complex is removed from the vacuum oven
with heat-resistant gloves while it is still hot. It is then connected to the outlet
of the KOH drying tower, and the outlet from the flask is connected to a KOH
drying tube. The Dry Ice dish is removed from the flask containing the liquid
ammonia. By placing this flask in a water-bath for short periods of time (~15-
20°), ~10 mL of the liquid is evaporated and allowed to pass through the flask
containing the osmium complex. This procedure should take 15-30 min in order
to prevent loss of compound by the gas flow. The outlet of the flask is connected
to a mercury bubbler that is arranged to maintain a small positive pressure (~80
torr), and ammonia (~20 mL) is condensed into the flask containing the osmium
complex by cooling the flask in a Dry Ice bath. The bath is removed and the
solution is left at room temperature for 5-6 hr. After the mercury bubbler has
been removed, the solvent is evaporated by warming in a water bath at ~20°.
The off-white solid remaining is collected by washing the interior of the flask
with diethyl ether (2 X 10 mL) and is collected on a medium-porosity sintered-
glass frit. (@ Caution. Diethyl ether is very flammable and toxic.) After air-
drying, the yield is 0.10 g (98%).

Anal. Calcd. for C;H,;F,N.O,S,0s: C, 4.87; H, 2.45; N, 11.36. Found: C,
4.7, H, 2.6; N, 11.3.

Depending on the purity of the triflato complex used in this procedure, the
product may be highly colored. The impurities giving rise to this coloration are
not easily removed by recrystallization, and the complex is purified by cation
exchange chromatography as follows. The crude trifate salt (0.10 g, 0.14 mmol)
is dissolved in 0.01 M CF,CO,H (100 mL) and is sorbed onto a column of
Dowex S0W-X2, 200400 mesh, H™ form [Fluka Chemical] (2 cm diameter X
10 cm). The column is washed with 0.01 M CF,CO,H (100 mL) and then 0.1
M HCI (1 L), and the colorless complex is eluted with 3 M HCI (~500 mL).
The movement of the band down the column may be monitored visually by the
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movement of the white band against the colored background of the resin. Alter-
natively, it may be monitored using UV detection at 220 nm. The eluate con-
taining the complex is evaporated to dryness on a rotary evaporator (water bath
50-60°). The crude chloride residue is dissolved in 0.001 M CF,CO,H (1 mL)
and is heated to 70-80°. Concentrated HC! (12 M, 0.5 mL) is added, and the
solution is allowed to cool to room temperature and then cooled further in an
ice bath for 2 hr. The white precipitate is collected on a sintered-glass micro
filter, washed with ethanol (2 X 5 mL) and diethyl ether (2 X 5 mL), and air-
dried. Yield: 0.046 g (85%).

Anal. Calcd. for HigN,Cl,0s: C, 0.00; H, 4.55; N, 21.09; Cl, 26.67.,Found:
C, 0.00; H, 4.47; N, 20.89; Cl, 26.63.

E. (ACETONITRILE)PENTAAMMINEOSMIUMII)
TRIFLUOROMETHANESULFONATE

[Os(NH;)5(0SO,CFEy))(CF;S0;), + CH,CN — [Os(NH,);(NCCH,)J(CF,S0,),

Procedure

This procedure requires ~1 day. Pentaammine(trifluoromethanesulfonato-
O)osmium(IIl) trifluoromethanesulfonate, [Os(NH,)s(OSO,CF,)](CF,S0,),
(0.5 g, 0.69 mmol), is added to spectrophotometric grade acetonitrile [Aldrich
Chemical} (2 mL) containing several drops of trifluoromethanesulfonic anhydride
(triflic anhydride) all contained in a 10-mL test tube.

B Caution. Acetonitrile is toxic and flammable. Manipulations involving
this solvent should be performed in a fume hood. Trifluoromethanesulfonic anhy-
dride is toxic and a very efficient dehydrating agent. Due care must be taken to
avoid contact with the skin and eyes and inhalation of the vapors.

The use of triflic anhydride can be avoided by rigorously drying the acetonitrile
over freshly regenerated 4-A molecular sieves overnight or by passing the solvent
through an alumina column prior to the reaction with the triflato complex. The
suspension of the triflato complex is rapidly stirred using a 10 X 3 mm magnetic
stirring bar, and the solvent is protected from atmospheric moisture by sealing
with an appropriate serum cap. After allowing the mixture to stir overnight, the
white precipitate is removed with diethyl ether (4 X 5 mL) and is filtered on a
medium-porosity frit. (@ Caution. Diethyl ether is toxic and very ﬂam'ngable. .
The addition should be performed in a well-ventilated fume hood.) The precipitate
is washed two more times with anhydrous diethyl ether and air-dried. Yield:
0.5 g (90%). ’

Anal. Calcd. for C.H ;FyNO,S,0s: C, 7.86; H, 2.38; N, 11.00. Found: C,
7.8; H, 2.5; N, 10.7.
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Properties

Pentaammine(trifluoromethanesulfonato-O)osmium(IIl) trifluoromethanesul-
fonate, [Os(NH,)s(OSO,CF;)I(CF,S0,),, is a white powder (in some reactions
it is pale yellow or pale brown due to the presence of highly colored minor
impurities) that is moderately air-stable and may be stored for months in a
desiccator over a suitable drying agent without noticeable decomposition. It
undergoes aquation readily for an Os(III) complex, with a first-order rate constant
of 1.4 x 107> sec™' at 25° (0.1 M CF,SO,H). The complex is characterized
by the IR stretching vibrations of the coordinated triflato ligand, where all bands
normally attributed to the triflate anion have now been doubled. In particular,
new vibrations assigned as the asymmetric S=O stretch occur at 1300-1400
cm™'. Moreover, the peak at 3400-3500 cm ™' due to the coordinated water
molecule of the [Os(NH;)s(OH,)](CF;S80,); complex is absent. The complex is
readily regenerated from [Os(NH,)s(OH,)(CF;SQ,),, [Os(NH,)sCl]Cl,, and many
other pentaammine complexes by the procedures described in Section 68. For
the synthesis of pentaammine complexes containing basic ligands it is often
necessary to add triflic acid to the solvent to prevent base-catalyzed dispropor-
tionation to Os(II) and Os(IV) and subsequent reactions.’

Characteristic electronic spectral and redox couples of the osmium(II) and
osmium(IIl) complexes are contained in Table I. All Os(IlI) complexes also
exhibit transitions in the near-infrared (1500-2100 nm),>” due to the effects of
spin-orbit coupling on the ground electronic state.

TABLE I. Electronic Spectral and Redox Couples of Os(II) and Os(III)
Complexes

Compound UV?vis (nm) E,, (mV)
[Os(NH;)5(N,)ICl, 208 (25,100) + 580
{Os{NH,)5;(OSO,CF,))(CF;505), 235.5 (843), 290 (sh) (108), 447 (55) —
[Os(NH,)s(OH,)1(CF;S0,); 220 (sh) (1100) -730
[Os{NH,):J(CF,S0,), 221 (760) - 780
[Os(NH,){(NCCH,)}(CF,S0,), ~225 (sh) (1700), 250 (sh) (790) -~ 250

320 (sh) (44), 450 4)

“Extinction coefficients in parentheses, M~ ‘cm™'

*Formal potentials (vs. NHE).
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The substitution reactions of amine platinum(IV) complexes is appreciably slower
than those of most other inert metal amines, at least in acidic solutions. Con-
sequently, the availability of a relatively labile leaving group, such as trifluoro-
methanesulfonate, may have advantages where substitution is required at the
sixth site about the pentaammineplatinum(IV) ion. In parallel with reports of
other second- and third-row complexes in this chapter, the synthesis of
[Pt(NH,);(OSO,CF;)I>* from the [Pt(NH,);CI]Cl, precursor is readily achieved.
Both are described below.

A. PENTAAMMINECHLOROPLATINUM(IV) CHLORIDE,
[Pt(NH,);CI]Cl,

K,[PiCls] + SNH; + Na,HPO, —
[Pt(NH,);ClJ(PO,) + 2KCl + 2NaCl + HCl

{Py(NH,),Cl}(PO,) + 3HCI — [Pt(NH,),ClICl; + H,PO,

*Research School of Chemistry, The Australian National University, G.P.O. Box 4, Canberra
2601, Australia.

tDepartment of Chemistry, The University of Newcastle, N.S.W. 2308, Australia.

tDepartment of Chemistry, Emory University, Atlanta, GA 30322.
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Procedure

This complex is prepared by a variation of the published method.? To potassium
hexachloroplatinate(IV) [Aldrich Chemical] (4 g) and Na,HPO, (8 g) in a 500-
mL flask fitted with a condenser are added concentrated aqueous ammonia (25%,
75 mL) and water (120 mL). The mixture is stirred and heated to reflux, and
the temperature is maintained until the suspension turns white (~10 min). Then
the mixture is cooled to or below room temperature. The white precipitate is
collected on a frit, washed with methanol (2 X 25 mL), and air-dried. The
precipitate is dissolved in hot (~70°) 0.1 M HC! (~200 mL). The mixture is
filtered, and concentrated HCI1 (50 mL) is added. The colorless solution is reduced
in volume to ~40 mL on a rotary evaporator, during which time a white pre-
cipitate forms. After cooling, this is collected by filtration on a frit, washed with
ice-cold 3 M HCI (20 mL), methanol (3 X 25 mL), and diethyl ether (25 mL),
and dried in 2 vacuum desiccator over P,O,,. Yield: 3.0 g (90%). Absorption
maximum in water: 286 nm (e 141 M 'cm™").

Anal. Calcd. for H;sN,CL,Pt: H, 3.58; N, 16.59; Cl, 33.60. Found: H, 3.7;
N, 16.3; CI, 33.8.

B. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)-
PLATINUM(YV) TRIFLUOROMETHANESULFONATE,
[Pt(NH;)5s(OSO,CF3))(CF80,),

[Pt(NH,);Cl]Cl, + 4CF,SO;H — [Pt(NH,);(OSO,CF;)I|(CF;S0;); + 4HCl 1

Procedure

To pentaamminechloroplatinum(IV) chloride (0.6 g) contained in a 50-mL two-
necked round-bottomed flask fitted with a gas bubbler is added distilled anhydrous
CF,SO;H (5 mL).

8 Caution. Triflucromethanesulfonic acid is a strong protic acid. Aveid
contact with skin and eyes, and avoid breathing the corrosive vapors. Rapid
evolution of HCI ensues. An efficient fume hood is required, and the acid should
be added slowly.

A steady stream of argon or nitrogen is passed through the resulting solution
while the flask is heated in an oil bath at ~110° for 16 hr. The heat source is
removed, and the flask is cooled to ~20° while nitrogen continues to pass through
it. The gas flow is discontinued, and diethyl ether (30 mL) is added slowly with
vigorous mechanical stirring. (8 Caution. This is a very exothermic addition,
and care must be taken not to add the diethyl ether too rapidly.) The white
precipitate is removed by filtering through a fine-porosity sintered-glass funnel,
initially under gravity and then, after a bed of solid has formed, under suction.
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The precipitate is washed with diethyl ether (2 X 10 mL) and air-dried. As
isolated, the product may be contaminated with [(CH,CH,),OH] * CF,SO,". For
further purification, the product is ground in a mortar, boiled in chloroform for
~10 min, and collected as above. It is washed with hot chloroform (20 mL)
and diethyl ether (2 X 10 mL), air-dried, and then dried thoroughly over P,O,,
in a vacuum desiccator. Yield: 1.1 g (90%).

Anal. Calcd. for C,H ;N,F,,O0,,S,Pt: C, 5.48; H, 1.73; N, 8.00; S, 14.63.
Found: C, 5.2; H, 2.0; N, 7.4; S, 14.4.

Properties

The trifluoromethanesulfonato product is a white powder that is air-stable for
long periods in a closed tube and may be stored in a desiccator for months. The
electronic spectrum shows a maximum in the near ultraviolet in neat CF,SO;H
Amax 299, € 186 M™' cm ~'). In the '"H NMR spectrum in neat CF,SO;H, a
single broad peak is observed at 8 4.7 versus sodium (trimethylsilyl)propionate,
with side bands observed due to 2/ 19551, COUPling (~35 Hz) and 'J 14—, COUpling
(—~55 Hz). Following the general reactivity patterns for coordinated trifluoro-
methanesulfonates, ~“OSO,CF, may be substituted by a range of other ligands.
The synthesis described here for the pentaammineplatinum(IV) complex may be
applied to a range of other platinum(IV) amine and even platinum(II) amine
complexes.
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Syntheses reported for the pentaammine(trifluoromethanesulfonato-O) com-
plexes can be readily adapted for other amine or multidentate amine analogs.'
Syntheses of colbalt(IlI) complexes with 1,2-ethanediamine or N-ethyl-1,2-eth-
anediamine ligands have been reported earlier in this series.” To exemplify the
procedures further, trifluoromethanesulfonato-O complexes of cobalt(III), chro-
mium(III), and rhodium(III) with unidentate methylamine ligands based on the
readily prepared*> [M(NH,);CI]Cl, precursors are reported here. The following
sections report syntheses of 1,2-ethanediamine complexes of Rh(III) and Ir(III)
and of Ru(Il) and Os(II) diimines with trifluoromethanesulfonato ligands. Such
syntheses indicate the diversity of the synthesis technique, and the complexes
described are excellent precursors for other compounds.

@ Caution. All reactions should be carried out in a well-ventilated fume
hood.

A. PENTAKIS(METHANAMINE)-
(TRIFLUOROMETHANESULFONATO-0)CHROMIUM(III)
TRIFLUOROMETHANESULFONATE,
[Cr(NH,CH,)s(0S0,CF,)(CF;S0;),

[Cr(NH,CH,);CI]Cl, + 3CF;SOH —
[Cr(NH,CH,)s(0SO,CF;)](CF;S0;), + 3 HC11

Procedure

To chloropentakis(methanamine)chromium(III) chloride (1.0 g) in a 50-mL two-
necked round-bottomed flask fitted with a gas bubbler is added distilled anhydrous
CF,SO;H [Aldrich Chemical] (20 mL). (® Caution. Trifluoromethanesulfonic
acid is a strong protic acid. Avoid contact with skin and eyes, and avoid breathing
the corrosive vapors. Rapid evolution of HC| ensues; care must be taken not to
add the acid too rapidly.) The solution is allowed to stand for 3 days at room
temperature while a gentle stream of nitrogen gas is passed through the flask.
The gas flow is disconnected, and the solution is poured into a 0.5-L flask.
Anhydrous diethy! ether (200 mL) is added dropwise with vigorous mechanical
stirring. (@ Caution. This is a very exothermic addition and care must be
taken not to add the diethyl ether too rapidly.) A fine precipitate is separated
on a medium-porosity frit, initially by gravity and then, after a bed of precipitate
has formed, by suction. The precipitate is washed copiously with anhydrous
diethyl ether (4 X 20 mL) and dried under vacuum over P,O,,. Yield: 1.9 g
(95%).

Anal. Calcd. for CgH,sN;F,0,8,Cr: C, 14.68; H, 3.85; N, 10.70; S, 14.70.
Found: C, 15.0; H, 3.9; N, 10.4; S, 14.45.
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B. PENTAKIS(METHANAMINE)-
(TRIFLUOROMETHANESULFONATO-0)COBALT(III)
TRIFLUOROMETHANESULFONATE,
[Co(NH,CH,)s(0SO,CF3)I(CF;50,),

[Co(NH,CH,),CIICl, + 3CF,SO,H —
[Co(NH,CH,)s(0SO,CF,)I(CF,S0,), + 3HC11

Procedure

To chloropentakis(methanamine)cobalt(IIT) chloride (0.8 g) in a 50-mL two-necked
round-bottomed flask fitted with a gas bubbler is added distilled anhydrous
CF,SO;H [Aldrich Chemical] (15 mL). (® Caution. Trifluoromethanesulfonic
acid is a strong protic acid. Avoid contact with skin and eyes, and avoid breathing
the corrosive vapors. Rapid evolution of HCl ensues; care must be taken not to
add the acid too quickly.) The solution is allowed to react, and the product is
isolated exactly as described for the chromium(III) analog above. Yield: 1.5 g
(94%).

Anal. Calcd. for CgH, NF;O0,8:Co: C, 14.53; H, 3.81; N, 10.59; S, 14.54.
Found: C, 14.2; H, 3.8; N, 10.3; S, 14.7.

C. PENTAKIS(METHANAMINE)-
(TRIFLUOROMETHANESULFONATO-O)RHODIUM(III)
TRIFLUOROMETHANESULFONATE,
[Rh(NH,CH,)5(OSO,CF3)(CF,S0,),

[Rh(NH,CH,),CIIC], + 3 CF,SO,H —
[Rh(NH,CH,)s(0SO,CF,)|(CF;S0,), + 3HCI 1

Procedure

To chloropentakis(methanamine)rhodium(III) chloride (0.65 g) in a 150-mL two-
necked round-bottomed flask fitted with a gas bubbler is added distilled anhydrous
CF,SO,H [Aldrich Chemical] (15 mL). (® Caution. Trifluoromethanesulfonic
acid is a strong protic acid. Avoid contact with skin and eyes, and avoid bréathing
the corrosive vapors. Rapid evolution of HC! ensues; care must be taken not to
add the acid too quickly.) A gentle stream of nitrogen is passed through the
solution, which is heated in an oil bath at 110° for 3 hr. The flask is removed
from the bath, and the nitrogen flow is continued until the solution has cooled
to room temperature. The gas flow is disconnected, and anhydrous diethyl ether
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(100 mL) is added dropwise with vigorous mechanical stirring. (® Cau-
tion. This is a very exothermic addition, and care must be taken not to add
the diethyl ether too rapidly.) The white precipitate is collected on a fine-porosity
sintered frit, first by gravity and then, after a bed of precipitate has formed, by
aspiration. The precipitate is washed well with diethyl ether (4 X 25 mL), and
dried under vacuum over P,O,,. Yield: 1.2 g (95%).

Anal. Caled. for CgH,;N,F;O,S;Rh: C, 13.62; H, 3.57; N, 9.93; S, 13.63.
Found: C, 13.6; H, 3.5; N, 9.6; S, 13.8.

Properties

The complexes are air-stable powders and can be stored for months in a des-
iccator. Both the cobalt(IIl) and chromium(III) complexes are purple, and the
rhodium(IIT) compound is off-white. Aquation of the cobalt(III) complex (k,, =
0.11 sec™ ' at 25°, 0.1 M CF,SO;H) is faster than that of the pentaammine analog
(k,, = 0.027 sec” "). The pentakis(methanamine)chromium(Ill) ion aquates
appreciably more slowly than the pentaammine analog (k,, = 6.3 X 10™*sec™'
versus 1.24 X 107? sec”™') while the rate of aquation of the pen-
takis(methanamine)rhodium(Ill)ion (k,, = 3.28 X 1072 sec™ ") is similar to that
of the pentaammine analog (k,, = 1.87 X 107 sec™"). Electronic absorption
maxima of the pentakis(amine) complexes are shifted to lower energies compared
with the pentaammine analogs. Maxima [\, nm (¢, M~' cm™")] in CF,SOH
are observed for Co at 542 (58.9), 490 (sh) (51), and 362 (67.3), for Rh at 335
(142) and 275 (144), and for Cr at 506 (49.1) and 374 (45.8). The diamagnetic
Co(II) and rhodium(III) complexes exhibit characteristic 'H NMR for the methyl
groups; for Co, singlets are observed at 8 1.24 (3H, trans-CH,) and 3 1.87 (12H,
cis-CH,), measured versus sodium (trimethylsilyl)propionate in neat CF,SO;H,
whereas for Rh the corresponding resonances are at 8 1.80 and & 2.10. Further,
amine resonances are observed for Co at & 3.08 (2H, trans-NH,) and & 3.76
(8H, cis-NH,) but are unresolved for Rh with a broad resonance at 8 3.56 ppm.
The pentakis(methanamine) complexes are readily solvated in coordinating sol-
vents, and in poorly coordinating solvents such as acetone or suifolane they react
with ligands such as urea. Syntheses described here for the methylamine com-
plexes are valid for a range of alkylamines.
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76. cis- AND trans-BIS(1,2-ETHANEDIAMINE)-
RHODIUM(III) COMPLEXES
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The chemistry of bis(1,2-ethanediamine)cobalt(III) has a rich and important place
in the understanding of substitution reactions.”> One of the chief reasons for
this has been the ease with which these complexes are prepared. Those of
rhodium([II) are more difficult to prepare, so less is understood about substitution
at this metal center. The chief entry into the [Rh(en),XY]"* complexes has been
the preparation of the [Rh(en),Cl,]" isomers from RhCl;-3H,0O. A variety of
methods exist for performing this reaction,>® but the best is that of Hancock.®
We have modified his procedure by using cation-exchange chromatography to
separate the cis and trans isomers.” Upon treatment with neat CF,SO;H, the cis-
and trans-chloro complexes undergo ligand substitution to give cis-
[Rh(en),(OSO,CF,),] (CF;S80;) and trans-[Rh(en),(OSO,CF;)CI]J(CF,SO0,),
respectively, with full retention of configuration.” The cis-
[Rh(en),(OSO,CF;)CI)(CF,80;) complex may be prepared by treatment of the
dichloro complex with a stoichiometric amount of AgCF,SO;. In all these com-
plexes the triflato ligand is labile and undergoes substitution with retention of
stereochemistry, which makes them useful intermediates in syntheses.’

A. cis-DICHLOROBIS(1,2-ETHANEDIAMINE)RHODIUM(III)
CHLORIDE HYDRATE, cis-[Rh(en),CL]CI-H,0, AND ftrans-
DICHLOROBIS(1,2-ETHANEDIAMINE)RHODIUM(III)
CHLORIDE HYDROCHLORIDE DIHYDRATE, trans-
[Rh(en),CL,]JCI-HCI-2H,O

RhCl;-3H,0 + 2en-2HCI — cis-[Rh(en),CL,]CI-H,0 + 2H,0 + 4HCI

RhCl;-3H,0 + 2en-2HCl —
trans-[Rh(en),C1,]CI-HCI-2H, 0 + H,0 + 3HCI

Procedure

The total time taken for the syntheses and separation of isomers is 2-3 days.
These compounds are prepared by a modification of the method of Hancock.?

*Research School of Chemistry, The Australian National University, G.P.O. Box 4, Canberra,
A.C.T. 2601, Australia.
TDepartment of Chemistry, Clemson University, Clemson, SC 29631.
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Rhodium(III) chloride trihydrate [Alfa Products] (10.0 g, 38.0 mmol) and en-2HCI
(10.1 g, 76 mmol) are dissolved in water (60 mL) contained in a 250-mL round-
bottomed flask that is fitted with a reflux condenser and a magnetic stirring bar.
(m  Caution. 1,2-Ethanediamine(en) dihydrochloride is a skin irritant.) The
mixture is warmed gently until all the solid has dissolved, giving a deep red
solution. Aqueous NaOH (2 M, 38 mL) is added, and a brick red precipitate is
formed immediately. The solution is stirred and allowed to reflux until the
suspended solid dissolves to give a cherry red solution. More aqueous NaOH
(2 M, 38 mL) is added dropwise through the reflux condenser until the pH of
the boiling solution remains at ~7. If the solution is allowed to become too
basic, the yields are drastically reduced. The solution is transferred to a 500-
mL Buchi flask and evaporated to dryness on a rotary evaporator (80°). The
solid residue is heated at 170° for 24 hr. The solid is dissolved in aqueous HCI
(0.02 M, 1.5 L) and sorbed on a column of Dowex 50W-X2* cation exchange
resin (H* form, 200400 mesh, 50 X 4 cm). The column is washed with 0.05
M HCI (2 L), and the complexes are immediately eluted with 0.7 M HC]l to give
two clearly defined yellow bands. A red complex passes through the column
during sorption of the complexes. This is a small amount of [Rh(en)CL,] ™. If
the complexes are left on the column for too long, some aquation may occur,
thus complicating chromatographic separations. Each band is collected, and the
solution is evaporated to dryness under reduced pressure to yield the trans isomer
(first band eluted) and the cis isomer. The compounds at this point are suitable
for conversion to the triflato complexes.

Yield of the trans isomer: 6.0 g (39%)T Anal. Calcd. for CH,,N,CL,O,Rh:
C, 11.95; H, 5.27; N, 13.94; O, 7.96; Cl, 35.28. Found: C, 11.9; H, 5.3; N,
13.7; O, 8.2; Cl, 35.3.

Yield of the cis isomer: 6.2 g (47%). Anal. Calcd. for C,H,,N,CI,ORh: C,
13.83; H, 5.22; N, 16.13. Found: C, 14.0; H, 5.9; N, 15.7.

Total yield ~85%,% based on RhCl;-3H,0.

The cis isomer may be recrystallized by the following procedure. The crude
product (4.0 g) is dissolved in boiling 6 M HCI (60 mL) contained in a 200-mL
conical flask. (® Caution. Hydrochloric acid is corrosive and toxic. This
procedure must be performed in a well-ventilated fume hood.) After the solution
is allowed to cool to room temperature, it is cooled further to ~3° in a refrigerator
for 2 days. The large bright yellow crystals are collected on a medium-porosity
frit, washed with ethanol (5 X 20 mL), and air-dried. Yield: 3.8 g (94%).

Anal. Calced. for C,;H,;N,CI,ORh: C, 13.83; H, 5.22; N, 16.13. Found: C,
13.7; H, 5.3; N, 16.0.

*Amberlite resin CG-120 (H) Type | 100-200 mesh [Fluka Chemical] may also be used with
0.60 M HCI as eluent.

tOn a one-tenth scale, the yield was 20%.

$On a one-tenth scale, the overall yield was 43%.
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This complex was first thought to be the sesquihydrate,® but this conclusion
was due to the precipitation of the double salt cis-[Rh(en),ClL,],CI(CIO,) in the
original isolation procedure using the crude perchlorate salt.'® The trans isomer
may be recrystallized according to published procedures.* If only the cis isomer
is required, the trans isomer may be converted to the cis isomer by way of the
oxalato complex [Rh(en),(C,0,)]".>*> Alternatively, the cis isomer may be con-
verted to the trans isomer in the presence of [BH,]~ and excess HC1.®

B. trans-CHLOROBIS(1,2-ETHANEDIAMINE)-
(TRIFLUOROMETHANESULFONATO-O)RHODIUM(III)
TRIFLUOROMETHANESULFONATE,
trans-[Rh(en),(OSO,CF;)CIJ(CF;S0,)

trans-[Rh(en),CL]CI'-HCI-2H,0 + 2CF,SOH —
trans-[Rh(en),(OSO,CF,)CI|(CF;S0;) + 3HCI1T + 2H,0

Procedure

The time taken for this procedure is ~1 day. This pale yellow powder is prepared
in quantitative yield from trans-[Rh(en),CL,]C1-HCI-2H,O by the standard method
described in Section 68-D, using a temperature of 110° and a reaction time of
4 hr.

Anal. Calcd. for CH,(N,CIF,O,S,Rh: C, 12.94; H, 2.89; N, 10.06; S, 11.52;
F, 20.48; Cl, 6.37. Found: C, 13.0; H, 3.2; N, 9.8; S, 11.6; F, 20.2; Cl, 6.1.

C. cis-BIS(1,2-ETHANEDIAMINE)BIS-
(TRIFLUOROMETHANESULFONATO-0)RHODIUM(III)
TRIFLUOROMETHANESULFONATE, cis-
[Rh(en),(OSO,CF,),}(CF,S0,)

cis-[Rh(en),CL,]JCI-H,0 + 3CF,SO,H —
cis-[Rh(en),(OSO,CF,),](CF,80,) + 3HC11 + H,0

Procedure

The time taken for this procedure is ~1 day. The compound is prepared and
isolated in quantitative yields by the method described in Section 68-D. A reattion
time of 4 hr and a temperature of 110° are used.

Anal. Calcd. for CH, (N ,F,O,S;Rh: C, 12.54; H, 2.14; N, 8.36; S, 14.35;
F, 25.51. Found: C, 12.4; H, 2.5; N, 8.0; S, 13.8; F, 25.0.
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Properties

The rhodium(III) triflato complexes undergo substitution with retention of ster-
eochemistry to give the respective solvent complexes.’ They are pale yellow to
white powders (depending on whether or not Cl™ is in the coordination sphere)
and may be handled for short periods in air without any noticeable decomposition.
They may be stored for months in a desiccator over P,O,, but are hygroscopic
and undergo hydrolysis to the aqua complexes in air. The trans isomers are
characterized by a single CH, resonance in their *C NMR spectra, while the
cis isomers have two resonances.'' Thus, this is a convenient method for deter-
mining the stereo course of a reaction in situ. UV/vis spectroscopic data are
presented in Table L.

TABLE 1. UV/vis Spectral Data for Rh(III) Complexes

Complex A (nm)*
cis-[Rh(en),Cl,]* 352 (203), 295(205)"
trans-[Rh(en),Cl,]* 406(83), 286(134), 240(1350),
206(38900)"
cis-[Rh(en),(OSO,CF;),] * 341(193), 271(142)°
trans-[Rh(en),(OSO,CF,)Cl}* 407(43), 270sh(127)

“M~"' cm™") in parentheses.
*0.1 M HCI.
‘Neat CF,;SO;H.

cis-[Rh(en),(OSO,CF;)Cl]* may be prepared by reaction of cis-[Rh(en),Cl,]*
with AgCF;S0;. In addition, reactions similar to those described within may
also be performed for other bis(diamine) complexes and those containing macro-
cyclic ligands.
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77. cis- and trans-BIS(1,2-ETHANEDIAMINE)-
IRIDIUM(IIT) COMPLEXES

Submitted by PETER A. LAY,*1 ALAN M. SARGESON, i and HENRY TAUBE*
Checked by LIANGSHIU LEE§ and JOHN D. PETERSEN§

'

Of the bis(1,2-ethanediamine) complexes of the cobalt triad in oxidation state
I, those of iridium(III) have been least studied. This has been due chiefly to a
lack of suitable methods for preparing the [Ir(en),Cl,]Cl isomers. Several methods
are described in the literature for preparing these complexes,'™ but until very
recently® these reactions were unreliable or gave poor yields. Reported here is
a slight modification of the recent method of Galsbgl and Rasmussen* for pre-
paring the [Ir(en),C1,]Cl isomers and subsequent conversion of these complexes
into the corresponding triflato complexes.® Again, the triflato complexes prove
to be very useful intermediates for further syntheses.

A. cis-DICHLOROBIS(1,2-ETHANEDIAMINE)IRIDIUM(III)
CHLORIDE HYDRATE, cis-[Ir(en),CL,]CI-H,0, and trans-
DICHLOROBIS(1,2-ETHANEDIAMINE)RIDIUM(III)
CHLORIDE HYDROCHLORIDE DIHYDRATE, trans-
[Ir(en),CL]CI-HCI-2H,O

IrCl,-6H,0 + 2 en-2CH,CO,H —
cis-[Ir(en),CL,]CI'-H,0 + 2CH,CO,H + 5H,0

IrCl,-6H,0 + 2en-2CH,CO,H — trans-[Ir(en),CL,]JCI-HCI-2H,0
+ 2CH,CO,H + 4H,0

Procedure

The total time required for the syntheses and separation of isomers is 2-3 days.
The procedure is identical to that of Rasmussen and Galsbgl, except that the

*Department of Chemistry, Stanford University, Stanford, CA 94305.
tCSIRO Postdoctoral Fellow.

$Research School of Chemistry, The Australian National University, G.P.O. Box 4, Canberra,
A.C.T. 2601, Australia.
§Department of Chemistry, Clemson University, Clemson, SC 29631.
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isomers are separated by chromatography instead of using fractional crystalli-
zation,* Iridium(III) chloride hexahydrate [Alfa Products] (6.2 g, 15.2 mmol) is
dissolved with heating in a mixture of acetic acid (0.9 mL, 16 mmol) and water
(17 mL) contained in a 50-mL round-bottomed flask fitted with a condenser.
The amount of water in IrCl,-xH,0O varies among commercial samples. Appro-
priate allowances should be made for this variation. While heating the iridium(III)
solution at reflux, a solution of 1,2-ethanediamine (3.1 mL, 46 mmol) in water
(total volume 6 mL) is added in portions as follows: Initially, 1 mL is added
and then 0.5 mL every Y2 hr (5 hr total). (® Caution. 1,2-Ethanediamine is
toxic and a strong irritant. Manipulations should be performed in a well-ven-
tilated fume hood, and adequate protection for the eyes and skin should bé
worn.) As the 1,2-ethanediamine is added, the solution changes from dark green
to orange and then to yellow. After the last addition, the solution is heated at
reflux for an additional 5 hr and then is evaporated to dryness in a rotary
evaporator (final bath temperature ~90°). The resultant brown residue is heated
to 170° for 24 hr, and the solid is dissolved in water (1 L). Dowex S50W-X2
cation exchange resin [Fluka Chemical] (200 X 400 mesh, H* form, 0.5 g) is
added, and the mixture is stirred for 20 min to sorb any highly charged species.
The suspension is filtered through a medium-porosity sintered-glass filter, and
the resin is washed with 0.1 M HCI (4 X 25 mL) by gravity filtration. The
combined filtrates are evaporated to dryness, the residue is dissolved in water
(1 L) and sorbed onto a column of Dowex 50W-X2, 200400 Mesh, H* form
(25 X 4 cm).T A red solution sometimes passes through the column, which is
washed with water (500 mL). The initial effluent and the washing may be used
to recover K[Ir(en)Cl,].* The column is washed with 0.02 M LiOH (500 mL)
to remove any mer-[Ir(en)(en*)Cl,], water (100 mL), and 0.1 M HC1 (2 L). The
yellow complex removed by 0.02 M LiOH contains monodentate en (denoted
by en*) and the mer-[Ir(en)(enH)CI;]C1-H,O complex may be recovered from
this solution.* Finally, the yellow [Ir(en),C1,]JCl isomers are removed with 0.7
M HCl and separated into two bands, with the trans isomer moving more rapidly.
The separate eluates are evaporated to dryness on a rotary evaporator.-The
residues may be used directly for the subsequent preparations. The trans isomer
(first eluted) is dissolved in boiling water (10 mL), and 12 M HCI (20 mL) is
carefully added. (@ Caution. HCl is toxic and corrosive. The reaction should
be carried out in a well-ventilated fume hood.) The mixture is allowed to cool
to room temperature for 1 hr, and then it is cooled in ice for 3 hr, giving large
yellow needles of the required product. These are collected on a medium-porosity

tAmberlite Resin CG-120 (H) Type | 100-200 mesh [Fluka] may also be used with 0.60 M
HCI as eluent.
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filter, washed with ice-cold 6 M HCI (2 X 3 mL), and dried in air. Yield: 3.0 g
(40%) of trans-[Ir(en),Cl,]JCI-HCI-2H,O.

Anal. Calcd. for C,H, N,O,CLIr: C, 9.78; H, 4.31; N, 11.41. Found: C,
10.1; H, 4.4; N, 11.35.

Instead of being dried in air, the complex may be washed with ethanol (2 X
10 mL) and diethyl ether (2 X 10 mL), and then dried at 135° for 8 hr to yield
the anhydrous salt, trans-[Ir(en),CL,]Cl.

Anal. Caled. for CH,(N,CLIr: C, 11.47; H, 3.85; N, 13.38. Found: C, 11.6;
H, 3.9; N, 13.3.

The cis isomer (second fraction) is recrystallized by dissolution in a boiling
solution of NaCl (0.5 g, 10 mL), followed by cooling for 2 hr at room temperature
and then for a day at ~3° in a refrigerator. The crystal cake is broken up, and
the mixture is cooled in ice for 3 hr before the crystals are collected on a medium-
porosity sintered-glass funnel. After being washed with ice water (2 X 1 mL),
the crystals are dried in air. Yield of cis-[Ir(en),CLICI-H,O: 2.6 g (39%).%

Anal. Calcd. for CH;N,OCLIr: C, 10.99; H, 4.15; N, 12.83. Found: C,
11.07; H, 4.29; N, 12.61.

The cis isomer may be resolved into its optical isomers using either ( + )-a-
bromocamphor-1r-sulfonic acid® or (+ )s..-(ethylenediaminetetracetato)cobaltate-
(IIn).°

B. trans-CHLOROBIS(1,2-ETHANEDIAMINE)-
(TRIFLUOROMETHANESULFONATO-0)IRIDIUM(III)
TRIFLUOROMETHANESULFONATE, trans-
[Ir(en),(OSO,CF,)CI)(CF,S0,)

trans-[Ir(en),Cl,]C1-HCI-2H,0 + 2CF,SO;H —
trans-[Ir(en),(OSO,CF,;)CI|(CF,SO;) + 3HC1T + 2H,0

Procedure

The reaction time is ~2 days. This compound is prepared in quantitative yield
by the method described for the Rh analog, using a reaction time of 24 hr and
a temperature of 120°.”

Anal. Caled. for CH,N,CIFOS,Ir: C, 11.16; H, 2.50; N, 8.67; S, 9.93;
Cl, 5.49. Found: C, 11.2; H, 2.3; N, 8.6, S, 9.8, Cl, 5.6.

TAt one-fifth scale, the checkers obtained a 35% yield.
LAt one-fifth scale, the checkers obtained 15% yield.
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C. cis-BIS(1,2-ETHANEDIAMINE)BIS-
(TRIFLUOROMETHANESULFONATO-O)IRIDIUM(III)
TRIFLUOROMETHANESULFONATE, cis-
[Ir(en),(OSO,CF,),l(CF;80,)

cis-[Ir(en),Cl,]CI-H,O + 3CF,SO;H —
cis-[Ir(en),(OSO,CF;),1(CF;S0,) + 3HC11T + H,0

Procedure

The reaction time is ~2 days. This compound is prepared (120° and 15 hr) as
described in Section 68-D as a quantitative yield of pale yellow powder.

Anal. Calcd. for C,H,(N,F,0O,S.Ir: C, 11.07; H, 2.12; N, 7.38; S, 12.66.
Found: C, 11.2; H, 2.0; N, 7.4; S, 12.8.

Properties

The dichloro species may be characterized from their UV/vis spectra (Table I),
their NMR spectra,*® and their chromatographic behavior. The presence of
molecules of water and hydrogen chloride of crystallization has been confirmed
by thermogravimetric analysis of these complexes* in addition to microanalytical
data.

Conversion into the triflato complexes proceeds with full retention of config-
uration, and the compounds undergo solvolysis reactions with retention of con-
figuration (as confirmed by 'H and '>C NMR spectroscopy).’ The triflato complexes
are white ([Ir(en),(OSO,CF,),]") to pale yellow ([Ir(en),(OSO,CF;)C1] ™) pow-
ders that are stable in air and react only very slowly with atmospheric moisture.
They are characterized by UV/vis (Table I) and 'H and '*C NMR spectroscopy.’

TABLE I UV/vis Spectroscopic Properties

Compound \ (nm)*

cis-{Ir(en),Cl,]* 377(19.4) (sh), 320(100) (sh), 292(145), 254(162) (sh),
227(642) (sh)®

trans-[{Ir(en),Cl,]"* 428(6.8), 345(45.9), 275 (sh) (30)°

trans-[Ir(en),(OSO,CF;)Cl] * 502 (sh) (16), 428 (sh) (25), 334(51), 275 (sh) (~60),
241(110)°

cis-[Ir(en),(OSO,CF;),]1* 469 (sh) (10), 368 (sh) (34), 296 (sh) (142), 272(184),
243(156)°

*(M~' cm™') in parentheses.
*H,0, Ref. 4.
‘Neat CF,SO;H, Ref. 5.
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The presence of coordinated triflate is also evident in the IR spectra, where all
the triflate bands are split due to the presence of ionic and coordinated trifiate.’
The complexes aquate relatively slowly for triflato complexes (0.1 M CF,SO,H)
and have half-lives of aquation of ~1 hr at 25°.° The stereospecificity of their
syntheses and subsequent reactions makes them useful intermediates in syntheses.

Reactions similar to those described within may be performed with other
diamine ligands, thus extending the synthetic utility of such reactions.
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78. cis-BIS(2,2'-BIPYRIDINE-N,N') COMPLEXES OF
RUTHENIUM(IIL)/(IT) AND OSMIUM(II)/(IT)
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Osmium and ruthenium polypyridine complexes initially received much attention
from Dwyer and coworkers because the M(II), M(III), and M(IV) oxidation
states are substitution inert.'™ Interest in them has been renewed because of their
photochemical reactions’® and the role they play in the study of reactions of
coordinated ligands®'' and of mixed valence ions'? and in the preparation of
electroactive polymer films."* The aqua complexes'* "' also have important poten-
tial applications in the selective oxidation of organic molecules'*'® and water.'”
We found that trifluoromethanesulfonato (triflato) complexes are convenient syn-
thetic intermediates in the preparation of aqua and oxo species,?® and we describe
the syntheses of the cis-bis(2,2’-bipyridine) complexes here.

*Research School of Chemistry, The Australian National University, GPO Box 4, Canberra, A.
C. T. 2601, Australia. !

tCSIRO Postdoctoral Fellow

iDepartment of Chemistry, Stanford University, Stanford, CA 94305.
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cis-Bis(2,2’-bipyridine-N,N")dichlororuthenium(II) was first prepared by the
pyrolysis of (bpyH)[Ru(bpy)Cl,]> and subsequently by the reaction of HCI with
[Ru(bpy),(0ox)]*' or cis-[Ru(bpy).(py),]Cl,.>> We here outline a more convenient
method that is based on the reaction of RuCl,-xH,0 and bpy in N,N-dimethyl-
formamide (DMF)** and, in addition, its oxidation to [Ru(bpy),CL,]CI by a
modification of the methods of Liu, Liu, and Bailar.?' cis-Bis(2,2'-bipyridine-
N,N")dichloroosmium(II) chloride was prepared by the reaction of K,[OsCl]
with bpy in DMF and was reduced with [S,0,]*” to give [Os(bpy),Cl,].® Mod-
ifications of both of these reactions are also described. The chloro ligands are
readily substituted in hot trifluoromethanesulfonic acid to give the required triflato
complexes.”® These in turn react with water to produce the aqua complexes,”
which are converted to a variety of oxo species. '® Previous methods for preparing
the aqua complexes include spontaneous and Ag™* -induced substitution of chloro
ligands, substitution of pyridine ligands, azide-induced aquations of nitrosyl
complexes, and acid-catalyzed aquation of carbonato complexes.*'**

A. cis-BIS(2,2'-BIPYRIDINE-N,N)DICHLORORUTHENIUM(II)
DIHYDRATE, cis-Ru(bpy),Cl,-2H,0

RuCl,-3H,0 + 2bpy + DMF — Ru(bpy),Cl,-2H,0 + H,0 + CI” + ?

Procedure

The total time required for the preparation and isolation of product is ~24 hr.
It is prepared essentially by the published method of Meyer and coworkers.”
Ruthenium(III) chloride trihydrate (10 g, 38.2 mmol), 2,2'-bipyridine (12.0 g,
76.9 mmol), and LiCl (11 g) are dissolved in reagent grade N,N-dimethylfor-
mamide (60 mL) contained in a 100-mL. round-bottomed flask fitted with a reflux
condenser. (W Caution. N,N-Dimethylformamide is toxic and flammable, and
2,2'-bipyridine is a skin irritant. Avoid contact with skin for both chemicals.
This reaction is best performed in a fume hood.) While the mixture is being
stirred magnetically, it is refluxed for 8 hr by heating in an oil bath. After it
cools to room temperature, the solution is poured into rapidly stirred acetone
(200mL). (m Caution. Acetone is toxic and highly flammable. This procedure
is best performed in a fume hood.) The round-bottomed flask is washed with
two further portions of acetone (2 X 50 mL), and the combined mixtures are
allowed to stand at 0° overnight. The resultant dark green microcrystalline mate-
rial is collected on a medium-porosity sintered-glass filter and is washed with
water (3 X 25 mL) and diethy!l ether (3 x 25 mL). (@ Caution. Diethyl
ether is toxic and highly flammable. Avoid breathing vapors.) Yield: 13.9 g
(70%).
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Anal. Calcd. for C,,Cl,H,N,O,Ru: C, 46.16; H, 3.87; N, 10.77. Found: C,
46.03; H, 3.76; N, 10.89.

On adding 1g NaClO, to the mother liquor remaining, the complex cis-
[Ru(bpy)(CO)CIJ[CIO,] can be obtained in up to 40% yield. It may form from
the reduction of formic acid, which is present as an impurity due to hydrolysis
of DMF.

B. cis-BIS(2,2'-BIPYRIDINE-N,N)DICHLORORUTHENIUM(III)
CHLORIDE DIHYDRATE, cis-[Ru(bpy),CL]CI-2H,0

2[Ru(bpy),CL,}-:2H,0 + Cl, — 2[Ru(bpy),Cl,]JCI1-:2H,0

Procedure

The total time required for the synthesis and isolation of the product is ~4--5
hr. It is prepared by a modification of the method of Liu, Liu, and Bailar.”' A
suspension of [Ru(bpy),Cl,}-2H,0 (0.5 g, 0.46 mmol) in 2 M HCI (50 mL)
contained in a 250-mL conical flask is warmed to 80° on a steam bath in a well-
ventilated fume hood. Chlorine gas is bubbled through the solution via a Pasteur
pipette. (@ Caution. Chlorine gas is toxic and corrosive. This operation must
be performed in a well-ventilated fume hood.) The bubbling is continued until
all the solid dissolves leaving a red solution. Concentrated aqueous HCI (36%,
15 mL) is added cautiously, and the solution is allowed to cool for 1 hr. (@ Cau-
tion. Hydrogen chloride is toxic and corrosive, and therefore the operation is
performed in a fume hood.) After further cooling in an ice bath for 2 hr, the
crystals are collected on a medium-porosity filter, washed with a little cold HCI
(5 M, 5 mL), dried under vacuum, and then washed with diethyl ether (3 x 10
mL). Yield: 0.48 g (90%).

Anal. Calcd. for C,,Cl;H,,N,O,Ru: C, 43.22; H, 3.63; N, 10.08. Found: C,
43.01; H, 3.73; N, 9.85.

C. cis-BIS(2,2’-BIPYRIDINE-N,N)DICHLOROOSMIUM(III)
CHLORIDE DIHYDRATE, cis-[Os(bpy).C1,JC1-2H,0 AND cis-
BIS(2,2’-BIPYRIDINE-N,N)DICHLOROOSMIUM(II)
CHLORIDE, cis-[Os(bpy),CL]CI

DMF .
K,[OsCls] + 2bpy + 2H,0 — [Os(bpy),CLICI-2H,0 + 2KCI + CI~ + ?

heat

[Os(bpy),CL]C1-2H,0 — [Os(bpy),CLIC! + 2H,0
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These are prepared by a modification of the method described previously.® Although
K,[OsCl4] is available commercially [Alfa Products] it may be prepared by the
method described by Dwyer and Hogarth® (except that KCl is used to precipitate
the complex).

Procedure

The total time required for the preparation and isolation of the product is 4-5
hr. Potassium hexachloroosmate(IV) [Alfa Products] (1.9 g, 3.95 mmol) and
2,2'-bipyridine (1.3 g, 8.3 mmol) are suspended in DMF (40 mL) contained in
a 100-mL round-bottomed flask fitted with a reflux condenser. Recently, it was
claimed that the use of ethylene glycol as solvent improves the yield,?® but no
experimental details have been given. (® Caution. N,N-Dimethylformamide
is toxic and flammable, and 2,2'-bipyridine is a skin irritant. Avoid contact with
skin for both chemicals. This reaction is best performed in a fume hood.) The
flask is immersed in an oil bath, and the mixture is heated to reflux for 1 hr
while the solution is stirred magnetically. After ~15 min, crystals of KCl begin
to form and the solution darkens. After heating at reflux, the solution is allowed
to cool to room temperature (1 hr). The KCl is removed from the solution by
filtration, and ethanol (20 mL) is added to the filtrate contained in a 1-L beaker.
The complex is precipitated by the slow addition of diethyl ether (500 mL) while
the solution is stirred rapidly. (8 Caution. Diethyl ether is toxic and highly
Sflammable. This procedure should be performed in a well-ventilated fume hood.)
After the oily precipitate crystallizes, it is collected on a medium-porosity sin-
tered-glass funnel and air-dried. During the crystallization process, the complexes
absorb two molecules of water from moisture in the solvents. Yield: 2.2-2.45
g (86-96%).

Anal. Calcd. for C,,Cl;H,,N,0,0s: C, 37.24; H, 3.13; N, 8.69. Found: C,
36.99; H, 3.27; N, 9.00.

If an oily precipitate remains on the frit, it is dried in a vacuum oven at 100°
to give the anhydrous salt.

Anal. Caled. for C,ClI,H,(N,Os: C, 39.45; H, 2.65; N, 9.20. Found: C,
39.19; H, 2.71; N, 9.12.

D. cis-BIS(2,2'-BIPYRIDINE-N,N')DICHLOROOSMIUM(II), cis-
[Os(bpy).Cl,]

2[Os(bpy),CLICl-2H,0 + Na,S,0, — 2{Os(bpy),Cl,] + 2H,SO, + 2H,0
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Procedure

The total time required for the synthesis and isolation of the product is ~2 hr.
Bis(2,2’-bipyridine-N,N')dichloroosmium(IIT) chloride dihydrate (1.0 g, 1.55
mmol) is dissolved in a mixture of DMF (20 mL) and MeOH (10 mL) contained
in a 500-mL beaker. A dilute aqueous solution of sodium dithionite (2.0 g, 1.1
mmol in 200 mL) is added slowly with stirring over 0.5 hr. The solution con-
taining the dark purple oily suspension of the complex is cooled in an ice bath,
and the walls of the beaker are scratched with a glass rod until the complex
crystallizes. It is then collected on a medium-porosity filter and washed with
water (2 X 10 mL), methanol (2 X 10 mL), and diethyl ether (2 X 10 mL).
Yield: 0.86 g (97%).

Anal. Caled. for C,,H,(N,CL,0s: C, 41.89; H, 2.81; N, 9.77. Found: C,
41.58; H, 3.07; N, 9.56.

E. cis-BIS(2,2’-BIPYRIDINE-N,N')BIS-
(TRIFLUOROMETHANESULFONATO-0)-
RUTHENIUM(III) TRIFLUOROMETHANESULFONATE, cis-
[Ru(bpy)(OSO,CF,).[(CF,S0,), AND cis-BIS(2,2'-
BIPYRIDINE-N,N’)BIS(TRIFLUOROMETHANESULFONATO-0)-
OSMIUM(II) TRIFLUOROMETHANESULFONATE, cis-
[Os(bpy):(OSO,CF,),I(CF;805)

(M(bpy),CLICI-2H,0 + 3CF,SOH —

[M(bpy),(OSO,CF;),](CF,S0,) + 3HCI1 + 2H,0
M = Ru, Os

Procedure

The time required for the synthesis, isolation, and drying of each of the complexes
is approximately 2 days. To [M(bpy),CL,]CI-2H,0 (1.0 g, 1.55 mmol for Os,
1.80 mmol for Ru) in a 50-mL two-necked round-bottomed flask, distilled tri-
fluoromethanesulfonic acid® (triflic) (7 mL, 80 mmol) is added carefully and
dropwise.

B Caution. Triflic acid is a powerful protic acid, and gaseous hydrogen
chloride is produced rapidly during the initial reaction. It is necessary to fake
adequate precautions to protect the skin and eyes from contact with both chem-
icals. Inhalation of the corrosive vapors should also be avoided, and the reaction
must be performed in a well-ventilated fume hood.

The reaction mixture is stirred and heated to 110° while a flow of N, is maintained
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through the solution, as outlined in Section 68-D. After 5 hr at 110°, the flask
is allowed to cool to room temperature, while the nitrogen stream is main-
tained. It is then cooled further to ~5° in an ice bath, whereupon anhydrous
diethyl ether (40 mL) is added cautiously and dropwise to the rapidly stirred
solution.

®  Caution. This addition leads to a very exothermic reaction, and due

care should be exercised not to add the diethyl ether too quickly. Diethyl ether
is toxic and highly flammable. The addition should be performed in a well-
ventilated fume hood.
An oily precipitate forms, and continued scratching of the inside of the reaction
flask with a glass rod, while maintaining a stream of nitrogen, results in the
formation of the microcrystalline solid.* The complex is filtered on a medium-
porosity sintered-glass funnel and is washed with anhydrous diethyl ether (4 X
20 mL). These complexes are more easily hydrolyzed than other triflato com-
plexes to form the aqua complexes. If pure triflato complexes are required, they
are generally heated under vacuum at 110° for 24 hr, as described in Section
68-E. Yields are 94% for Ru and 92% for Os.

Anal. Calcd. for C,3F,H, (N,O,S:Ru: C, 32.10; H, 1.87; N, 6.51. Found: C,
32.07; H, 1.99, N, 6.42. Calcd. for C,;F;H,(N,0,S,0s: C, 29.08; H, 1.70; N,
5.90. Found: C, 28.97; H, 1.81; N, 5.89.

These complexes may also be prepared by using O, as the carrier gas instead
of N, and using the [M(bpy),Cl,] complexes as starting materials.

F. ¢is-DIAQUABIS(2,2’-BIPYRIDINE-N,N'YOSMIUM(IID)
TRIFLUOROMETHANESULFONATE, cis-
[Os(bpy),(OH,),}(CF,S05),

[Os(bpy),(OSO,CF;),)(CF;80,) + 2H,0 — [Os(bpy),(OH,),](CF,S0,),

Procedure

The time required for the preparation of the diaqua complex from the reaction
mixture obtained in the previous section is ~2 hr. The complexes may be
prepared either from the solid triflato compounds or directly from the reaction
solution obtained from the previous section. Aquation via atmospheric moisture
occurs in two steps with the monoaqua complex [Os(bpy),(OH,)
(OSO,CF;)}(CE,S0,), being formed fairly readily.

*The checkers decanted the CF;SO;H/ether, added fresh ether, mixed it with the oil, and decanted
again. The process was continued until the oil broke. This resulted in yields of 82% and 55%,
respectively, for the Ru and Os compounds.
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Anal. Calcd. for C,,FH,sN,O,,S;0s: C, 28.54; H, 1.87; N, 5.79. Found:
C, 28.64; H, 1.96; N, 5.88.

Further aquation is slow. Water (7 mL) is added dropwise to the reaction
mixture containing CF,SO;H, diethyl ether, and the oily precipitate. The mixture
is cooled in an ice bath and stirred until the crystallization of the red diaqua
complexes is complete. The crystals are collected on a medium-porosity sintered-
glass filter, air-dried, and washed with anhydrous diethyl ether (5 X 10 mL).
Yields are quantitative.

Anal. Calcd. for C,;F,H,,N,O,,S,0s: C, 28.05; H, 1.98; N, 5.69; S, 9.76.
Found: C, 28.18; H, 1.84; N, 5.52; S, 9.37.

Properties

The triflato complexes are more sensitive to atmospheric moisture than their
aliphatic amine analogs. They must be stored over a suitable drying agent and
used quickly. The M(II) triflato complexes may be prepared by the reaction of
[M(bpy),Cl,] with CF,SO;H, but they are extremely sensitive to air oxidation
and must be handled in the absence of air. They are also extremely moisture-
sensitive in their impure state and therefore are difficult to prepare pure. The

TABLE I Electronic Spectral Properties of cis-[M(bpy).L,]”* Complexes

Complex A (nm)”

Ru(bpy),Cl, 293 (sh), 299 (170,000), 378 (9170), 409 (sh), 489 (sh), 555
(9200), 679 (sh)*<

Os(bpy).Cl, 299 (~10,000), 383 (11,500), 466 (10,000), 558 (12,000), 749
(sh), 842 (6700)

[Ru(bpy),Cl,]* 254 (23,250), 301 (26,400), 313 (28,100), 370 (4700), 425 (sh),
520 (sh) (340)*

[Ru(bpy)(OSO,CF5),]" 241 (19,200), 253 (sh), 302 (21,000) 311 (21,200), 345 (sh)
(330), 395 (sh), 610 (311), 645 (262)°

[Ru(bpy),(OH,),** 247 (13,500), 293 (sh) (11,000), 306 (12,700), 312 (sh)
(12,0009, 355 (1800), 478 (590), 510 (sh) (310Y.

[Os(bpy):Cl,}" 244 (32,000), 288 (28,800), 403 (5060), 450 (sh), 525 (sh)’

[Os(bpy)(OSO,CF,),1* 245 (31,300), 253 (sh), 294 (sh), 304 (26,100), 313 (26,460,
360 (sh), 418 (sh), 440 (sh), 460 (998)°

[Os(bpy)(OH,).)** 247 (29,300), 257 (sh), 270 (sh), 292 (22,800), 302 (sh), 312

(sh), 375 (3600), 470 (870), 505 (sh) (510Y

“Extinction coefficients in parentheses (M~ cm™').

*Reference 30, CHCI,.

“There is some dispute as to whether these are monochloro species in solution, reference 31.
“Reference 32.

“Neat CF,SO,H.

4M CF,SOH.
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diaqua complexes exist in a wide range of oxidation states, with every oxidation
state from M(II) (cis-[IM(bpy).(OH,),J**) to M(VI) (cis-[M(bpy),(0),)**) being
accessible by control of pH and potential.'® Spectrophotometric properties of the
aqua, triflato, and chloro complexes are summarized in Table I.

The same reactions can be performed with related complexes, such as the
bis(1,10-phenanthroline) series of complexes, and all these triflato complexes
are useful synthetic intermediates for the syntheses of a large variety of complexes.
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79. (2,2'-BIPYRIDINE-N,N')(2,2':6’,2"-TERPYRIDINE-N,N’ ,N")
COMPLEXES OF RUTHENIUMAII)/(II) AND OSMIUM(III)/(II)

Submitted by DAVID C. WARE,* PETER A. LAY,*{ and HENRY TAUBE*
Checked by MEI H. CHOU$ and CAROL CREUTZ}

The (2,2'-bipyridine-N,N')(2,2':6’:2"-terpyridine-N,N' ,N"), (bpy)(trpy) com-
plexes of ruthenium and osmium, like the bis(2,2’-bipyridine-N,N') series, were
first studied by Dwyer and coworkers'™ and are interesting because more than
one oxidation state is substitution inert. More recently, these (bpy)(trpy) species
have generated interest because the M(IV) oxo complexes are useful oxidants
of organic molecules.*® The (bpy)(trpy) series of complexes have also proved
useful in the study of the redox chemistry of coordinated ligands.” The (bpy)(trpy)
and bis(bpy)® complexes containing the coordinated trifluoromethanesulfonato
(triflato) ligands are useful precursors to a variety of complexes. The syntheses
of these species and the aqua complexes derived from them are reported here.

The complex ion [Ru(bpy)(trpy)Cl]* was first prepared as the perchlorate salt
by the reaction of Ru(bpy)Cl, with trpy in 25% aqueous ethanol,” and more
recently® in 75% aqueous ethanol. It has also been prepared from Ru(CO),(bpy)Cl,,
trpy, and trimethylamine oxide in 2-methoxyethanol.® A method in which the
readily prepared Ru(trpy)Cl, complex'® is used as an intermediate is more con-
venient, and it is this new method that is described here. (2,2'-Bipyridine-
N,N')chloro(2,2':6',2"-terpyridine-N,N',N"Yosmium(II) chloride has been
reported’ and is prepared from Os(bpy)Cl,"' and trpy in ethylene glycol. (2,2'-
Bipyridine-N,N")chloro(2,2':6’,2"-terpyridine-N,N',N"Josmium(I) chloride may
also be prepared by the reaction of Os(trpy)Cl,’> with bpy in ethylene glycol.
However, the insolubility of Os(trpy)Cl; in this solvent makes the procedure
used for the ruthenium analog less desirable, and the literature method has been
used without major modification. Reaction of the chloro complexes with hot

*Department of Chemistry, Stanford University, Stanford, CA 94305.
tCSIRO Postdoctoral Fellow.
$Department of Chemistry, Brookhaven National Laboratories, Upton, NY 11973.
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trifluoromethanesuifonic acid (CF;SO;H) leads to the evolution of HCI and pro-
duces the trifluoromethanesulfonato complexes in nearly quantitative yield. Water
readily displaces the triflate ion to produce the aqua complexes.® Aqua(2,2'-
bipyridine-N,N')(2,2":6',2"-terpyridine-N,N’,N")ruthenium(II) was first prepared
by the reaction of AgNO, with [Ru(bpy)(trpy)CI]CI.> This procedure does not
work for the preparation of [Os(bpy)(trpy)(OH,)}*" since osmium(ll) is rapidly
oxidized by Ag™", but recently this complex was prepared by an alternative route
similar to that reported here.® Aqua(2,2’-bipyridine-N,N’)(2,2":6',2-terpyridine-
N,N',N"ruthenium(III) has been reported,*-* but the synthesis was not described.

A. (2,2'-BIPYRIDINE-N,N')CHLORO-
(2,2":6',2"-TERPYRIDINE-N,N’,N")RUTHENIUM(II)
CHLORIDE HYDRATE, [Ru(bpy)(trpy)CIIC]-2.5H,0

2Ru(trpy)Cl, + 2bpy + HOCH,CH,OH + 2.5H,0
— 2[Ru(bpy)(trpy)CIICI1-2.5H,0 + HOCH,CHO + 2HCl

Procedure

The preparation of this complex requires ~1 day. Trichloro(2,2":6',2"-terpyri-
dine-N,N',N")ruthenium(II)'° (0.200 g, 0.454 mmol), 2,2’-bipyridine (0.0744
g, 0.476 mmol), and dry ethylene glycol (2.5 mL) are placed in a 10-mL round-
bottomed flask fitted with a reflux condenser. (® Caution. 2,2'-Bipyridine is
a skin irritant. Avoid contact with skin.) The mixture is stirred and heated at
reflux temperature for 2 hr using a silicone oil bath. The resulting deep red
solution is cooled to room temperature, and absolute ethanol (4.0 mL) is added.
Any unchanged Ru(trpy)Cl, is removed by filtration at this point. Diethyl ether
(8 mL) is added, and the solution is cooled to — 10° overnight in a freezer.
(m Caution. Diethyl ether is toxic and highly flammable.) The dark crystals
that form are removed by filtration and are washed with diethyl ether/ethanol
(2:1) (2 X 4 mL) and diethyl ether (3 X 8 mL). The washings are combined
with the filtrate and, after cooling and treatment as above, yield a second crop.
Both crops are dried under vacuum. Yield: 0.2134 g (78%).*

The product may be recrystallized by dissolving it in hot water (15 mL),
filtering the solution, and adding 12 M HCl (3 mL).

® Caution. 12 M HCI is extremely corrosive. Avoid contact with skin,
and avoid inhaling the vapor. The addition is very exothermic and should be
performed with caution. This procedure should be performed in a well-ventilated
fume hood.

*Checkers report a yield of 50% using a Dry Ice/acetone bath to crystallize the complex.
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The solution is cooled to 0°, and the crystals are removed by filtration, washed
with ice cold water (2 X 1 mL) and diethyl ether (3 X 5 ml), and dried under
vacuum over P,0,,. The product is hygroscopic. This sample analyzed for 2.5
water molecules of crystallization.

Anal. Calcd. for C,sH,,CLLNsO, sRu: C, 49.51; H, 3.99; N, 11.54. Found:
C, 49.34; H, 3.50, N, 11.47.

B. (2,2'-BIPYRIDINE-N,N')(2,2':6',2"-TERPYRIDINE-N,N',N")-
(TRIFLUOROMETHANESULFONATO-0O)RUTHENIUM(III),
TRIFLUOROMETHANESULFONATE,
[Ru(bpy)(trpy)(0OSO,CF,)}(CF,80;),, AND
(2,2’-BIPYRIDINE-N,¥')(2,2':6',2"-TERPYRIDINE-

N,N' N')(TRIFLUOROMETHANESULFONATO-
0)OSMIUMAII) TRIFLUOROMETHANESULFONATE,
[Os(bpy)(trpy)(OSO,CF3)(CF5S05),

2[M(bpy)(trpy)CIICl-xH,0 + 6CF,SOH + O, —
2{M(bpy)(trpy(OSO,CF,)[(CF,S0,), + 4HCl + 2xH,0 + ‘H,0,’

M=Ru,x=25M=0s,x =2)

Procedure

The time required for the synthesis and isolation of each of these complexes is
~1 day. To [M(bpyXtrpy)CI]Cl-xH,0 (M = Ru, x = 2.5,0.50 g, 0.824 mmol;
M = Os,x = 2.0,0.50 g, 0.728 mmol) in a 25-mL two-necked round-bottomed
flask is added cautiously, and in a dropwise manner, distilled trifluoromethanesul-
fonic acid (5 mL, 56 mmol).*

& Caution. Triflic acid is a very strong protic acid. Gaseous hydrogen
chloride is produced rapidly during the initial reaction. It is necessary to take
adequate precautions to protect the skin and eyes from contact with both chem-
icals. Inhalation of the corrosive vapors should be avoided. The reaction must
be performed in a well-ventilated fume hood.

The stirred reaction mixture is heated to 110° while a flow of dry air is maintained
through it, as outlined in Section 68-D. The air is dried by passing it throdgh a
prebubbler of concentrated H,SO, or neat CF,SO,H. After 5 hr at 110°, the gas
bubbler is replaced by a vacuum-distillation apparatus and most of the solvent
is removed by evaporation at reduced pressure.'” This step is necessary, Since
the triflato complex salts are rather soluble in CF,SO,H/diethyl ether mixtures.

*The checkers used triflic acid as received.
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The flask is allowed to cool to room temperature and is then cooled further in
an ice bath, a stream of dry air being maintained over the concentrated solution
to prevent contamination by atmospheric moisture. Diethyl ether (10 mL) is
added cautiously and in a dropwise manner to the constantly stirred solution.

m  Caution. This addition leads to a very exothermic reaction, and care
should be exercised not to add the diethyl ether too quickly. Diethyl ether is
toxic and highly flammable. The addition should be performed in a well-ventilated
fume hood.
If an oil forms, it can be induced to solidify by scratching the inner wall of the
flask with a glass rod. The complex is filtered on a medium-porosity sintered-
glass funnel and is washed with anhydrous diethyl ether. The complex is quite
hygroscopic. Water and any occluded Et,O-CF;SO;H are removed by heating
under vacuum at 110° for 8 hr. Yields: M = Ru, 0.690 g (89%); M = 0s,0.710
g (95%).*

Anal. Calcd. for C,3H,(NF;0,S;Ru: C, 35.86; H, 2.04; N, 7.47. Found: C,
35.73; H, 2.10; N, 7.30; Calcd. for C,3H,sN;F;0,8,0s: C, 32.75; H, 1.87; N,
6.82. Found: C, 32.65; H, 1.97; N, 6.70.

C. (2,2'-BIPYRIDINE-N,N')(2,2":6',2"-TERPYRIDINE-N,N’,N")-
(TRIFLUOROMETHANESULFONATO-O)RUTHENIUM(II)
TRIFLUOROMETHANESULFONATE,
(Ru(bpy)(trpy)(OSO,CF;)](CF,S0,)

(Ru(bpy)(trpy)CIICI-2.5H,0 + 2CF,SO,H —
[Ru(bpy)(trpy)(OSO,CF,)I(CF,80,) + 2.5H,0 + 2HCI

Procedure

The time required for this reaction is ~1.5 days. To [Ru(trpy)(bpy)Cl1]CI-2.5H,0
(0.30 g, 0.495 mmol) in a 25-mL two-necked round-bottomed flask is added
cautiously, and in a dropwise manner, distilled trifluoromethanesulfonic acid (3
mL, 33.6 mmol)."*t

® Caution. Triflic acid is a very strong protic acid. Gaseous hydrogen
chioride is produced rapidly during the initial reaction. It is necessary to take
adequate precautions to protect the skin and eyes from contact with both chem-
icals. Inhalation of the corrosive vapors should be avoided. The reaction must
be performed in a well-ventilated fume hood.

*The checkers report that the triflato complexes are obtained by evaporating all of the solvent
and then solidifying the oil by repeating trituration and decanting with diethyl ether. Yields: M =
Ru, 50%; M = Os, 70%.

TThe checkers used a freshly opened commercial sample.
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During the addition, a strong flow of dry, deoxygenated nitrogen is passed
through the solution. The product is very sensitive to oxidation in neat CF,SO;H.
The nitrogen is deoxygenated and dried by passing the gas successively through
a chromium(Il) scrubber and either a concentrated H,SO, or neat CF,SO,H
bubbler. While the nitrogen stream is maintained, the solution is heated to 100°
for 2 hr.¥

After the flask has cooled to room temperature, it is placed in an ice bath,
and a stream of dry argon is passed through the solution. Diethyl ether (~8 mL)
is added cautiously and in a dropwise manner to the constantly stirred solution.

B Caution. This addition leads to a very exothermic reaction. Care shauld
be exercised not to add the diethyl ether too quickly. Diethyl ether is toxic and
highly flammable. The addition should be performed in a well-ventilated fume
hood.

The reaction flask is stoppered and placed in the freezer overnight. The crystals
that form are collected by filtration and are washed with diethyl ether (2 X 5
mL). The solid is dried in a vacuum oven at 100° overnight. Yield: 0.373 g
(95.6%).

Anal. Calcd. for C;H sNsF,O¢S,Ru: C, 41.12; H, 2.43; N, 8.88. Found: C,
40.60; H, 2.50; N, 8.66.

Because of the difficulty of isolating this very air- and moisture-sensitive
complex, for synthesis the crude product is best used directly. The solvent is
removed using vacuum distillation, and the oily residue is dissolved in either
the neat ligand or a sulfolane or acetone solution of the ligand. The products
are much less sensitive to oxidation, which facilitates the purification procedure.

D. (2,2'-BIPYRIDINE-N,N’)(2,2":6’,2"-TERPYRIDINE-N,N’,N")-
(TRIFLUOROMETHANESULFONATO-
OYOSMIUM(ID)TRIFLUOROMETHANESULFONATE,
[Os(bpy)(trpy)(OSO,CF;))(CF;50,)

[Os(bpy)(trpy)(OH)(CF;50;),-H,0 —
[Os(bpy)(trpy)(OSO,CF,)](CF;580;) + 2H,0

Procedure

The time required for this procedure is ~11 hr. Due to the extreme oxygen
sensitivity of [Os(bpy)(trpy(OSO,CF;)}(CF,80;) in CF;SO;H solution, this
complex is best prepared in the solid state by the method outlined in Section

tThe checkers report that an oily product is obtained by distilling off all the CF,SOH. It is
crystallized by repeated trituration and decantation with diethyl ether. Yield: 45%.
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68-E. The compound [Os(bpy)(trpy)(OH,)](CF,;SO;), (0.100 g, 0.1094 mmol)
(prepared as in Section F) is ground to a fine powder and dehydrated by heating
at 180° under vacuum for 10 hr. The higher temperature is necessary, since at
lower temperatures starting material is recovered unchanged. Yield: 0.093 g
97%).

Anal. Caled. for C,;H,,NFOS,0s: C, 36.94; H, 2.18; N, 7.98. Found: C,
36.66; H, 2.18; N, 7.92.

E. AQUA(2,2’-BIPYRIDINE-N,N'}(2,2':6’,2"-TERPYRIDINE-N,N',N")-
RUTHENIUM(II) TRIFLUOROMETHANESULFONATE
TRIHYDRATE, [Ru(bpy)(trpy)(OH,))(CF,SO;);-3H,0, AND
AQUA(2,2'-BIPYRIDINE-N,N')(2,2':6’,2"-TERPYRIDINE-
N,N',NYOSMIUM(II) TRIFLUOROMETHANESULFONATE
DIHYDRATE, [Os(bpy)(trpy)(OH,)(CF,S0,;),-2H,0

[M(bpy)(trpy(OSO,CF3)[(CF;805), + (x+ 1)H,0 —
[M(bpy)(trpy)(OH,)](CF;80,),:xH,0
M=Ru,x=3;M=0s,x =2)

Procedure

These complexes are prepared by aquation of the corresponding triflato com-
plexes that are prepared in Section C. This is readily accomplished by allowing
the hygroscopic solids obtained from the triflic acid/diethyl ether solutions (before
vacuum oven drying) to fully aquate in air for ~1 day. Storage in a vacuum
desiccator over P,0,, permits the isolation of the trihydrate and dihydrate com-
plexes for ruthenium and osmium, respectively. The yields are the same as those
found for the production of the triflato complexes in Section C.

Anal. Calcd. for C,3H,,NF,0,,S;Ru: C, 33.31; H, 2.70; N, 6.94; S, 9.52.
Found: C, 33.28; H, 2.20; N, 6.89; S, 9.59. Calcd. for C,;H,;NF,0,,S,0s: C,
31.11; H, 2.33; N, 6.47. Found: C, 30.84; H, 2.25; N, 6.38.

The aqua complexes may also be prepared from the isolated triflato complexes,
by following a procedure similar to that given above.

F. AQUA(2,2-BIPYRIDINE-N,N’)(2,2':6',2"-TERPYRIDINE-
N,N’'NYOSMIUM(I) TRIFLUOROMETHANESULFONATE
HYDRATE, [Os(bpy)(trpy)(OH,)](CF;S0;),"H,0

2[Os(bpy)(trpy)(OH,)[(CF,80;);-2H,0 + Zn —
2{Os(bpy)(trpy)(OH)I(CF;80;),'H,0 + Zn(CF;80,), + 2H,0
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Procedure

The aqua osmium(Il) complex is prepared by reduction of the aqua osmium(IIl)
complex (prepared as in Section E). Aqua(2,2’-bipyridine-N,N’)(2,2':6',2"-ter-
pyridine-N,N’,N"yosmium(III) trifluoromethanesulfonate dihydrate (0.500 g,
4.063 mmol) is dissolved in 0.33 M CF;SO,H (30 mL), and the solution is
filtered. Two pieces of freshly prepared zinc amalgam are added. The solution
is stirred for 5 hr. The zinc is removed, and the solution is cooled in an ice
bath. The resulting black crystals are filtered off, washed with ice cold water
(2 X 2 mL), and dried under vacuum. Yield: 0.224 g (53%). A second crop
may be obtained by addition of fresh zinc amalgam to the filtrate.

Anal. Calcd. for C,,H,;N;F0,S,0s: C, 35.48; H, 2.54; N, 7.66. Found: C,
35.46; H, 2.42; N, 7.79.

Properties

The triflato complexes aquate in air in the solid state. To prevent this reaction
they must be stored over a suitable drying agent; failing this, they can be regen-
erated by dehydrating prior to use. The aquation rate for
[Os(bpy)(trpy (OSO,CF;)J** is 8.9 X 107 sec™' at 25° in 0.1 M CF,SO,H.
The M(II) triflato species are oxidized by air in neat CF,SO,H, but may be
handled in air in the solid state. The M(II) triflato species are characterized by
the absence of bands due to coordinated water in the IR spectra (~3400 cm ™).
Characteristic splitting of IR absorption bands shows the triflate to be both ionic

TABLE 1 Electronic Spectral Properties of [M(bpy)(trpy)L}***'* Complexes

Complex A(m) (e X 107, M "em™")

{Ru(bpy)(trpy)C1]** 231 (27.0), 269 (29.3), 279 (30.8), 289 (34.2), 312 (34.3),
483 (9.59). )

[Ru(bpy)(trpy (OH,)]>** 231 (26.2), 241 (sh), 253 (sh), 272 (32.5), 279 (34.0), 287
(37.4), 312 (36.7), 475 (9.8), 580 (sh), 605 (sh)

{Os(bpy)trpyXOH,)Y ** 232 (29.7), 276 (34.5), 290 (36.8), 318 (37.8), 408 (sh),
455 (6.71), 490 (6.93), 500 (9.63), 585 (sh), 752 (2.24)

{Ru(bpy)(trpy)(OSO,CF,))*** 244 (32.3), 273 (sh) (24.8), 283 (27.8), 303 (sh), 312
(32.9), 347 (sh), 610 (br) (0.37)

[Os(bpy)(trpy OSO,CF)} *¢ 246 (38.2), 256 (38.7), 270 (37.9), 279 (sh), 304 (sh), 313

(30.9), 333 (sh), 376 (sh), 420 (sh), 440 (sh), 475 (0.69),
507 (0.53), 575 (0.59), 605 (sh), 645 (sh)

[Os(bpy)(trpy)(OH,)**¢ 243 (32.8), 259 (32.4), 272 (33.5), 280 (sh) (31.7), 304
(22.5), 314 (24.3), 332 (sh), 376 (6.1), 390 (sh) (3.8), 440
(sh) (1.9), 510 (0.94)

“0.1 M HCL. *H,0. ‘Neat CF,80;H. ‘4 M CF,SO;H.
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and coordinated. The electronic absorption spectra of the chloro, aqua, and M(III)
triflato complexes are used for characterization and are reported in Table 1.
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SUBJECT INDEX

Names used in this Subject Index for Volumes 21-25 are based upon IUPAC Nomenclature of
Inorganic Chemistry, Second Edition (1970), Butterworths, London; IUPAC Nomenclature of
Organic Chemistry, Sections A, B, C, D, E, F, and H (1979), Pergamon Press, Oxford, UK .;
and the Chemical Abstracts Service Chemical Substance Name Selection Manual (1978),
Columbus, Ohio. For compounds whose nomenclature is not adequately treated in the above
references, American Chemical Society journal editorial practices are followed as applicable.

Inverted forms of the chemical names (parent index headings) are used for most entries in the
alphabetically ordered index. Organic names are listed at the *“parent” based on Rule C-10,
Nomenclature of Organic Chemistry, 1979 Edition. Coordination compounds, salts and ions are
listed once at each metal or central atom *parent” index heading. Simple salts and binary
compounds are entered in the usual uninverted way, e.g., Sulfur oxide (Sg0), Uranium(IV)
chloride (UCly).

All ligands receive a separate subject entry, e.g., 2, 4-Pentanedione, iron complex. The headings
Ammines, Carbonyl complexes, Hydride complexes, and Nitrosyl complexes are used for the

NH;, CO, H, and NO ligands.

Acetic acid:
cobalt complexes, 23:112
mercury complex, 24:145
, (1,2-cyclohexanediyldinitrilo)tetra-,
iron complex, 24:210
, (1,2-ethanediyldinitrilo)tetra-, iron
complexes, 24:207, 208
, 2-mercapto-, cobalt complex, 21:21
Acetone:
compd. with carbonyltri-u-chloro-
chlorotetrakis(triphenyl-
phosphine)diruthenium (2:1), 21:30
compd. with tri-g-chloro-
chloro(thiocarbonyl)tetrakis (tri-
phenylphosphine)diruthenium (1:1),
21:29
Acetonitrile:
copper, iron, and zinc complexes, 22:108,
110, 111
iridium complex, 21:104
iron complex, 21:39
osmium complex, 24:275

Acetylenedicarboxylic acid, cobalt
complexes, 23:115

Acrylic acid, methyl ester, ruthenium
complex, 24:176

Actinides, 5,10,15,20-tetraphenylporphyrin
complexes, 22:156

Alkali metal alkyldihydroborates, 22:198

Alkali metal rare earth bromides and chlorides,
22:1, 10

Alkali metal transition metal oxides, 22:56

Aluminosilicates, mol, sieves, 22:61

Aluminum, bromobis|[(tri-
methylsilyl)methyl |-, 24:94

, tris[(trimethylsilyl)methyl]-, 24:92

Aluminum lanthanum nickel hydride
(AlLaNiyH,), 22:96

Aluminum potassium sodium tetramethyl-
ammonium silicate hydraté
(K,Na[(CH3) N]Al4(Si14036)}*
TH;0, 22:66

Aluminum sodium silicate hydratg
(NaAlSiO4-2-25H,0), 22:61
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Aluminum sodium silicate hydrate
(Na;_AleiSOH . XH:O), 22:64
Aluminum sodium tetrapropylammonium
silicate hydrate (Na,.4[(C3H)4N1;.¢-
AlZ'G(SiIMOZW))! 22:67
Amine, cobalt(III) trifluoromethylsulfonate
complexes, 22:103
Aminocarbyne complexes, of molybdenum
and tungsten, 23:9
Ammines:
cobalt, 23:78, 79, 107-115
cobalt carbonate complexes, 23:62-73
cobalt(IIT) trifluoromethanesulfonate
complexes, 22:104
metal complexes, 24:250-278
platinum, 22:124
rhodium, 24:222-226
Ammonia, intercalate with hydrogen
pentaoxoniobatetitanate{1 —), 22:89
Ammonium, alkyl-, tetrachlorochromate(II),
ferromagnets, 24:188
, ethyl-, tetrachlorochromate(II)
(2:1), ferromagnets, 24:188
, methyl-, tetrachlorochromate (IT)
(2:1), ferromagnets, 24:188
, tetrabutyl-:
hexafluoroarsenate, 24:138
hexafluorophosphate(1—), 24:141
octachlorodirhenate(III), 23:116
perchlorate, 24:135
tetrachlorooxotechnetate(V) (1:1),
21:160
tetrafluoroborate(1—), 24:139
tetrakis(benzenethiolato)tetra- y.-seleno-,
tetraferrate(2—) (2:1), 21:36
tetrakis(benzenethiolato)tetra- u-thio-
tetraferrate(2—) (2:1), 21:36
tetrakis(1,1-dimethylethanethiolato)tetra-
u-seleno-tetraferrate(2—)(2:1),21:37
, tetrafluoro-;
hexafluoroantimonate(V) (1:1), 24:41
hexafluoromanganate(IV) (2:1), 24:45
hexafluorosilicate(IV) (2:1), 24:46
(hydrogen difluoride), 24:43
pentafluorooxotungstate(VI) (1:1), 24:47
tetrafluoroborate (ITI) (1:1), 24:42
, tetramethyl-:
potassium sodium aluminum silicate
hydrate [K,Na[(CH;)N}-
Al4(Si 14036)] * 7H20, 22:66

tetrakis(1,1-dimethylethanethiolato)tetra-
p-thio-tetraferrate(2—) (2:1), 21:36
, tetrapropyl-:
bis(pentasulfido)platinate(IT) (2:1), 21:13
sodium aluminum silicate
(Na, (C3H7)4N];.6Al; .6
(Siloo0207)), 22:67
Ammonium bis(hexasulfido)palladate(II)
(2:1), nonstoichiometric, 21:14
Ammonium diphosphate ((NH4)4(P,04)),
21:157
Ammonium pentafluoromanganate(III)
(2:1), 24:51

'Ammonium pentasulfide((NH,),Ss, 21:12

Ammonium tris(pentasulfido)platinate(IV)
(2:1), 21:12, 13
Ammonium tris(pentasulfido)rhodate(III)
(3:1), 21:15
Antimonate(2 —), bis[taratrato(4 —)]di-,
dipotassium, as resolving agent,
23:76-81
Antimonate(V), hexafluoro-,
tetrafluoroammonium (1:1), 24:41
Antimony(V), trichlorodiphenyl-, 23:194
Antimonyl potassium tartrate, see
Antimonate(2 —), bis[taratrato(4—)],
di-, dipotassium, 23:76-81
Arginine, S-, cobalt complexes, 23:90
Arsenate, hexafluoro-:
bis(cyclo-octasulfur)silver(1+), 24:74
nitryl, 24:69
silver, 24.74
tetrabutylammonium, 24:138
4,4'5,5"-tetramethyl-2,2"-bi-1,3-
diselenolyldene radical ion(1+), (1:2),
24:138
tribromosulfur(IV), 24:76
Arsine, [2-[(dimethylarsino)methyl]-2-
methyl-1,3- .
propanediyl]bis(dimethyl-, niobium
complex, 21:18
, o-phenylenebis(dimethyl-:
niobium complex, 21:18
rhodium complex, 21:101
, triphenyl-, chromium complexes,
23:38
Azide, cesium tetracyanoplatinate (0.25:2:1)
hydrate, 21:149
methyl]-, 24:94
, tris[(trimethylsilyl)methyl]-, 24:92




Barium(II), bis(7,11:20,24-
dinitrilodibenzo(b,m]-
[1,4,12,15]tetrazacyclododocosine)-,
diperchlorate, 23:174

Benzaldehyde, 2,3-dimethoxy-,

5-(a-methylbenzyl)semioxamazone,

chromium complex, 23:88

, 3,4-dimethoxy-,

5-(a-methylbenzyl)semioxamazone,

chromium complex, 23:88

, 2-(diphenylphosphino)-, 21:176

—_, 2-methoxy-, 5-(a-
methylbenzyl)semioxamazone,
chromium complex, 23:88

, 2-methyl-,

5(a-methylbenzyl)semioxamazone,
chromium complex, 23:87

Benzenamine, rhenium and tungsten

complexes, 24:195, 196, 198

, N,4-dimethyl-, tungsten complexes,

23:14

Benzene, chromium complex, 21:1, 2

, 1-chloro-4-isocyano-, molybdenum

and tungsten complexes, 23:10

__, I,3-dichloro-2-isocyano-,
molybdenum and tungsten complexes,
23:10

____, ethynyl-, ruthenium complex,

21:82; 22:1717

, hexamethyl-, rutheniom complex,

21:74-77

, isocyano-, molybdenum and tungsten

complexes, 23:10

, 1-isocyano-4-methoxy-,

molybdenum and tungsten complexes,

23:10

, 1-isocyano-4-methyl-:

molybdenum and tungsten complexes,

23:10

tungsten complex, 24:198

, 1-isopropyl-4-methyl-, ruthenium

complex, 21:75

, pentafluoro-:

cobalt complexes, 23:23-25

lithium and thallium complexes, 21:71,

72

, 1,2,3,5-tetraflucro-, thallium

complex, 21:73

, 1,2,4,5-tetrafluoro-, thallium

complex, 21:73
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, 1, 3, S-trifluoro-, thallium
complex, 21:73
, vinyl-, 21:80
Benzenesulfonate, 4-methyl-, 4,4",4",4"-
porphyrin-5,10,15,20-
tetrayltetrakis( 1 -methylpyridinium),
23:57
Benzenethiol:
cadmium, cobalt, iron, manganese, and
zinc complexes, 21:24-27
iron complex, 21:35
, 4-ethyl-, gold complexes, 23:192
Benzoic acid, 2-(diphenylphosphino)-,
21:178
2,2'-Bi-1,3-diselenolylidene,
4,4'5 5 -tetramethyl-, 24:131, 134
radical ion(1+):
hexafluoroarsenate (2:1), 24:138
hexafluoroborate(1—) (2:1), 24:139
hexafluorophosphate(1 —) (2:1),
24:142
perchlorate(2:1), 24:136
2,2’-Bipyridine:
cobalt complex, 21:127
chromium complexes, 23:183
osmium and ruthenium complexes,
24:291-298
palladium complex, 22:170
[1,1"-commo-Bis(2,3-dicarba-1-ferra-
closo-heptaborane)}(12), 2,2',3,3"-
tetraethyl-1,1-dihydro-, 22:215
Bismuthide(2—), tetra-,
bis((4,7,13,16,21,24-hexaoxa-
1,10-diazabicyclo[8.8.8}hexa-
cosane)potassium](1+), 22:151
Borane, dichlorophenyl-, 22:207
, diethylhydroxy-, 22:193
, diethylmethoxy-, 22:190
__, (dimethylamino)diethyl-, 22:209
. [(2,2-
dimethylpropanoyl)oxy ]diethyl-,
22:185
, ethyldihydroxy, see Boronic acid,
ethyl-, 24:83
[pivaloyloxy)diethyl, see Borane,
[(2,2-dimethylpropanoyl)oxy Jdiethyl-,
22:185 ‘
(1°B]Borane, dibromomethyl-, 22:223
Borate(1--), cyanotri[(2 H)hydro]-, sodium,
21:167
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Borate(1—) (Continued )
, (cyclooctane-1,5-diyl)dihydro-:
lithium, 22:199
potassium, 22:200
sodium, 22:200
, dodecahydro-7,8-dicarba-nido-
undeca-, potassium, 22:231
, dodecahydro-6-thia-arachno-deca-,
cesium, 22:227
, hydrotris(pyrazolato)-, copper
complex, 21:108
, tetrafluoro-:
dicarbonyl(n5-cyclopentadienyl)(n2-
2-methyl- 1-propenyl)iron(1+),
24:166
pentaammine (pyrazine)ruthenium(II)
(2:1), 24:259
tetrabutylammonium, 24:139
4,4'5,5"-tetramethyl-2,2"bi-1,3-
diselenolylidene, radical ion(1+)
(1:2), 24:139
, tetrakis(pyrazolato)-, copper
complex, 21:110
, tetraphenyl-:
tetrakis(1-isocyano-
butane)bis[methylenebis(diphenyl-
phosphine)]dirhodium(I), 21:49
tetrakis( 1-isocyanobutane)rhodium(I),
21:50
, tris(3,5-dimethylpyrazolato)hydro-:
boron-copper complex, 21:109
molybdenum complexes, 23:4-9
Borate(2—), tris[u-[(1,2-cyclohexanedione
dioximato)-0:0’]diphenyldi-, iron
complex, 21:112
Borate(III), tetrafluoro-,
tetrafluoroammonium (1:1), 24:42
Borinic acid, diethyl, see Borane,
diethylhydroxy-, 22:193
—, diethyl, methy! ester, see Borane,
diethylmethoxy-, 22:190
Boron, bis-u-(2,2-dimethylpropanoato-0,0’)-
diethyl-p-oxo-di-, 22:196
, tris[pentafluorooxotellurate(VI)],
24:35
[19B] Boron bromide (!19BBr5), 22:219
Boron compounds, labeling of, with boron-10,
22:218
Boronic acid, ethyl-, 24:83
Boroxin, triethyl-, mixture with
tetraethyldiboroxane, (1:3), 24:85

Bromides, of rare earths and alkali metals,
22:1, 10
Bromoimidosulfurous difluoride, 24:20
1-Butanamine, intercalate with hydrogen
pentaoxoniobatetitanate(1—), 22:89
Butane:
cobalt, iridium, and rhodium complexes,
22:171, 173, 174
palladium complex, 22:167, 168, 169, 170
, isocyano-, rhodium complex, 21:49
1-Butanol, [(N,N-
diethylcarbamoyl)methyl Jphosphonate
ester, 24:101
2-Butanol, 3-oxo-,
dimethylcarbamodiselenoate ester,
24:132
tert-Butyl alcohol, perfluoro-, hypochlorite
ester, 24:61

Cadmate(II), tetrakis(benzenetholato)-,
bis(tetraphenylphosphonium), 21:26
Cadmium, bis(trifluoromethyl)-:
1,2-dimethoxyethane, 24:55
pyridine, 24:59
tetrahydrofuran, 24:57
Cadmium(II), aqua(7,11:20,24-
dinitrilodibenzo[b,m]-
[1,4,12,15]tetraazacyclo-
docosine)perchlorato-, perchlorate,
23:175
Cadmium chalcogenides, on metallic
substrates, 22:80
Cadmium selenide (CdSe), on titanium,
22:82
Cadmium selenide telluride, on molybdenum,
22:84
Cadmium selenide telluride (CdSeg. 45 Teg. 35),
22:81
Calcium manganese oxide (Ca,Mn;Oyg),
22:73
Carbamodiselenoic acid, dimethyl-,
1-methyl-2-oxopropyl ester, 24:132
Carbodiphosphorane, hexakis(di-
methylamino), see
Phosphoranetriamine, P,P'-
methanetetrayl-
bis[N,N,N',N',N",N"-hexamethyl-,
24:114
Carbonato complexes, of cobalt, optically
active, 23:61
Carbon dioxide, iridium complex, 21:100



Carbon diselenide, 21:6, 7
Carbonic acid:
cobalt complexes, 21:120; 23:107, 112
optically active, 23:62
platinum chain complex, 21:153, 154
Carbonyl complexes:
chromium, 21:1, 2; 23:38, 86
chromium, molybdenum, and tungsten,
22:81
chromium and tungsten, 23:27-29
cobalt, 23:15-17; 23:23-25
cobalt, iron, osmium, and ruthenium,
21:58-65
copper, 21:107-110
gold(I), 24:236
hafnium, titanium, and zirconium,
24:149-156
iridium, 21:97
iron, 21:66,68;24:157-160,161, 164, 166
iron and ruthenium, 22:163
manganese, 23:33
molybdenum, 23:4-9
niobium, 23:34
palladium, 21:49
thenium, 23:42-44
rhodium, 23:124
ruthenium, 21:30; 24:168, 176
Cerium, porphyrin complexes, 22:156
, bis(2,4-pentanedionato)|[5,10,15,20-
tetraphenylporphyrinato(2—)]-,
22:160
Cerium(II), hexakis(diphenylphosphinic
amide)-, tris(hexafluorophosphate),
23:180
, (1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-, 23:153
______, trinitrato(1,4,7,10,13-
pentaoxacyclopentadecane)-, 23:151
______, trinitrato(1,4,7,10-tetra-
oxacyclododecane)-, 23:151
_,tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155
Cerium(IV), tetrachlorobis(triphenyl-
phosphine oxide)-, 23:178
, tetrakis(2,2'-bipyridine 1,1-dioxide)-,
tetranitrate, 23:179
_____, tetrakis(2,2,7-trimethyl-3,4-
octanedionato)-, 23:147
, tetranitratobis(triphenylphosphine
oxide)-, 23:178
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Cesium azide tetracyanoplatinate (2:0.25:1),
hydrate, 21:149
Cerium chioride (CeCl;), 22:39
Cesium chloride tetracyanoplatinate
(2:0.30:1), 21:142
Cesium fluorine sulfate (CsF(SO,)), 24:22
Cesium fluoroxysulfate, see Cesium fluorine
sulfate (CsF(S0,)), 24:22
Cesium hexafluoromanganate(IV) (2:1),
24:48
Cesium [hydrogen bis(sulfate)] tetra-
cyanoplatinate (3:0.46:1), 21:151
Cesium lutetium chloride (Cs,LuCls), 22:6
Cesium lutetium chloride (Cs;LuClg), 22:6
Cesium lutetium chloride (Cs;Lu,Clg), 22:6
Cesium lithium thulium chloride
(Cs,LiTmClg), 20:10
Cesium praseodymium chloride (CsPr,Cl;),
22:2
Cesium scandium chloride (CsScCl;), 22:23
Cesium scandium chloride (Cs3Sc,Clg),
22:25
Chlorides, of rare earths and alkali metals,
22:1, 10
Chlorine fluoride (CIF), 24:1, 2
Chlorine fluorosulfate, 24:6
Chloroimidosulfurous difluoride, 24:18
Chlory! fluoride, 24:3
Chromate, u-hydrido-bis[pentacarbonyl-,
potassium, 23:27
Chromate(1—), pentacarbonylhydrido-,
p-nitrido-
bis(triphenylphosphorus)(1+), 22:183
Chromate(I), pentacyanonitrosyl-,
tripotassium, 23:184
Chromate(II), tetrachloro-:
bis(alkylammonium), ferromagnets, 24:188
bis(ethylammonium), ferromagnets, 24:188
bis(methylammonium), ferromagnets,
24:188
Chromate(IIl), (1,2-
ethanediamine)tetrafluoro-, cis-
bis(1,2-ethanediamine)difluoro-
chromium(III), 24:185
Chromatography, column, in resolutioh of
tris(2,4-pentanedionato)cobalt(IIT)
with A-(—)-cis(NO;),trans(N)-
bis(S-argenine)dinitrocobalt(II])
chloride, 23:94 '
Chromium, as substrate for cadmium
chalcogenides, 22:80
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Chromium, tetracarbonyl(tributylphos-

phine)(triphenylarsine)-, trans-, 23:38

, tetracarbonyl(tributylphos-
phine)(triphenylphosphine)-, trans-,
23:38

, tetracarbonyl (tributylphos-

phine)(triphenyl phosphite)-, trans-,

23:38

, tetracarbonyl(trimethyl

phosphite)(triphenylarsine)-, trans-,

23:38

, tetracarbonyl (trimethy]

phosphite)(triphenylphosphine)-,

trans-, 23:38

, tetracarbonyl(trimethyl
phosphite)(triphenyl phosphite)-,
trans-, 23:38

____, tetracarbonyl(tri-

phenylarsine)(triphenyl phosphite)-,

trans-, 23:38
, tetracarbonyl(triphenylphos-

phine)(triphenyl phosphite)-, trans-,

23:38

, tricarbonyl([n6-2,3-

dimethoxybenzaldehyde 5-(a-

methylbenzyl)semioxamazone]-,

23:88
, tricarbonyl[n6-3,4-
dimethoxybenzaldehyde 5-(a-
methylbenzyl)semioxamazone}]-,
23:88

____, tricarbonyl{n§-2-
methoxybenzaldehyde 5-(a-
methylbenzyl)semioxamazone]-,
23:88

____, tricarbonyl[n6-2-
methylbenzaldehyde 5-(a-
methylbenzyl)semioxamazone]-,
23:87

Chromium(0), thiourea complexes, 23:1

, (n5-benzene)dicarbonyl(seleno-

carbonyl), 21:1, 2

, pentacarbonyl(V,N'-di-tert-

butylthiourea)-, 23:3

, pentacarbonyl( N,N'-di-p-
tolylthiourea)-, 23:3

______, pentacarbonyl(selenocarbonyl)-,
21:1, 4

___, pentacarbonyl( N,N,N'N’-
tetramethylthiourea)-, 23:2

______, pentacarbonyl(thiourea)-, 23:2

Chromium(l), (2,2'-
bipyridine)nitrosylbis(thiocyanato)-,
23:183
, nitrosyl(1,10-
phenanthroline)bis(thiocyanato)-,
23:184
Chromium(II), ferromagnets, 24:188
Chromium(III), bis(1,2-
ethanediamine)bis (trifluoro-
methanesulfonato-0)-, cis-, tri-
fluoromethanesulfonate, 24:251
, bis(1,2-ethanediamine)difluoro-:
cis-, (1,2-ethanediamine )tetra-
fluorochromate(III), 24:185
(x)-cis-, iodide, 24:186
_____, pentaammine(trifluoro-
methanesulfonato-0)-,
bis(trifluoromethanesulfonate},
24:250
, pentakis(methanamine)(tri-
fluoromethanesulfonato-0)-,
bis (trifluoromethanesulfonate),
24:280
____, tris(2,2,6,6-tetramethyl-3,5-
heptanedionato)-, 24:181
Chromium fluoride oxide (CrO,F,), 24:67
Chromium potassium oxide (KCrO,), 22:59
Chromium potassium oxide (K,.5CrO,),
bronze, 22:59
Chromium potassium oxide (Kg.cCrO,),
bronze, 22:59
Chromium potassium oxide (Ky.7CrO,),
bronze, 22:59
Chromium potassium oxide (K;.77CrO,),
bronze, 22:59
Chromyl fluoride, see Chromium fluoride
oxide (CrO,F,), 24:67
Cluster compounds:
cobalt, iron, molybdenum, ruthenium,
and osmijum, 21:51-68
molybdenum-suifur, 23:118, 121
Cobalt, (1,4-butanediyl)(n5-cyclo-
pentadienyl)(triphenylphosphine)-,
22:171
Cobalt(1), bis(n2-ethene)(n5-
pentamethylcyclopentadienyl)-, 23:19
, dicarbonyl(pentafluoro-
phenyl)bis(triphenylphosphine)-,
23:25
, dicarbonyl(n3-penta-
methylcyclopentadienyl)-, 23:15




, tetracarbonyl(pentafluorophenyl)-,

23:23

, tricarbonyl(penta-
fluoropheny!)(triphenylphosphine)-,
23:24

Cobalt(II), aqua(methanol )(5,5a-dihydro-24-
methoxy-6,10:19,23-dinitrilo-24 H-
benzimidazo[2,1-k][19,17]benzo-
triazacyclononadecine)-,

diperchlorate, 23:176

, bis(1,3-dihydro-1-methyl-2H-

imidazole-2-thione)dinitrato-, 23:171

, bis(thiocyanato-N)-bis-u-(1 H-

1,2,4-triazole-N2:N4)-, poly-, 23:158

, tetraaqua(o-sulfobenzoimidato)-,

dihydrate, 23:49

, tetrakis(1,3-dihydro-1-methyl-2H-

imidazole-2-thione)dinitrato-, 23:171

Cobalt(III), w-acetato-di-p-

hydroxobis[triammine-, triperchlorate

dihydrate, 23:112

, u4-(acetylenedicarboxylato)tetra-

p-hydroxo-tetrakis[triammine-,

hexaperchlorate, pentahydrate,

23:115

Cobalt(III), (2-aminoethanethiolato-
N, 8)bis(1,2-ethanediamine)-,
diperchlorate, 21:19

__, [N~«(2-aminoethyl)-1,2-

ethanediamine Jtris(tri-

fluoromethylsulfonato)-, fac-, 22:106

, [2-[1-[(2-amino-

ethyl)iminolethyl |phenolato}(1,2-

ethanediamine)ethyl-:

bromide, 23:165

iodide, 23:167

perchlorate, 23:169

» [2-[1-[(3-amino-

propyl)imino)ethyl]phenol-

atojethyl(1,3-propanediamine)-,

iodide, 23:169

, [2-[1-[(3-amino-

propyl)imino]ethyl]phenol-

ato]methyl(,3-propanediamine)-,

iodide, 23:170

____, ammine(glycinato)(1,4,7-tri-

azacyclononane)-, iodide,

monohydrate, 23:78

, aquabromobis(1,2-ethanediamine)-:

dibromide, cis-, monohydrate, 21:123

dithionate, trans-, monohydrate, 21:124
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, aquachlorobis(1,2-ethanediamine)-,

dithionate, trans-, monohydrate,

21:125

_____, aqua(glycinato)(1,4,7-
triazacyclononane)-, perchlorate,

dihydrate, 23:76

, bis(S-arginine)dinitro-,

A-(—)-cis(NOy),trans(N)-, chloride,

as resolving agent for tris(2,4-

pentanedionato)cobait(III), 23:91, 94

, bis(1,2-ethanediamine)bis(tri-

fluoromethanesulfonato)-, cis-,

trifluoromethanesulfonate, 22:105

, bis(1,2-ethanediamine)(2-

mercaptoacetato(2—)-0,S)-,

perchlorate, 21:21

, bis(1,2-ethanediamine)oxalato-, as

resolving agent, 23:65, 68

, (carbonato)bis(1,2-ethanediamine)-,
bromide, 21:120

__, carbonyldiiodo(n5-
pentamethylcyclopentadienyl)-,

23:16

, u-(carboxylato)-di-u-hydroxo-

bis[triammine-, triperchlorate,

23:107, 112

__, diammine[N,N'-bis(2-

aminoethyl)1,2-ethanediamine]-,

trans-, 23:79

, diamminecarbonatobis(pyridine)-,

cis,cis-, chloride monohydrate, 23:73

___, dibromobis(1,2-ethanediamine)-,
bromide:

cis-, monohydrate, 21:121
trans-, 21:120

, di-u-hydroxo-bis[triammineaqua-,

tetraperchlorate, pentahydrate, 23:111

_____, di-u-hydroxo-pu-

(pyrazinecarboxylato)-bis [triammine-,

tetraperchiorate, monohydrate, 23:114

, di-u-hydroxo-pu-(4-pyridine-

carboxylato)-bis[triammine-,

tetraperchlorate, 23:113

, di-u-iodo-bis{iodo(n3-
pentamethylcyclopentadienyl)-, 23:17

— __, (glycinato)nitro(1,4,7-
triazacyclononane)-, chloride,
monochydrate, 23:77

, u-(hydrogenoxalato)di-u-hydroxo-

bis[triammine-, triperchlorate,

hemihydrate, 23:113
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Cobalt(II) (Continued)

, pentaammine(trifluoro-
methanesulfonato)-, trifluoro-
methanesulfonate, 22:104

______, pentakis(methanamine)(tri-
fluoromethanesulfonato-0)-,
bis(trifluoromethanesulfonate),

24281

, tetra-p-hydroxo-j4-

oxalatotetrakis[triammine-,

hexaperchlorate, tetrahydrate, 23:114

, triammineaquadichloro-, mer-,

chloride, 23:110

, triamminetrinitro-, mer-, 23:109

_, tri-p-hydroxo-bis[triammine-, fac-,
triperchlorate, dihydrate, 23:110

-, tris(1,2-ethanediamine)-, cis-
dicarbonatodicyanocobaltate (IIT)
dihydrate, 23:66

, tris(2,4-pentanedionato)-, resolution
of, with A-(—)-cis(NO,),-trans(N)-
bis(S-arginine )dinitrocobalt(IIT)
chloride, by column chromatography,
23:94

Cobaltate(1 —), tridecacarbonyltriruthenium-,
p-nitrido-bis(triphenylphos-
phorus)(1+), 21:61

Cobaltate(II), tetrakis(benzenethiolato)-,
bis(tetraphenylphosphonium), 21:24

Cobaltate(III), bis(glycinato)dinitro-,
cis(NO,),trans(N)-, sitver(I), 23:92

— , [N,N'-1,2-cyclohexanediylbis[ N-
(carboxymethyl)glycinato](4—)]-,

trans-, cesium, 23:96

» [[R.R{)]-N,N-1,2-

cyclohexanediylbis| V-
_ (carboxymethyl)glycinato(4—)]-:

[A-(+)-], cesium, 23:97

[A-(+)]-, potassium, 23:97

[A-(+)]-, rubidium, 23:97

, diamminecarbonatodicyano-,

cis, cis-, sodium, dihydrate, 23:67

—____, diamminecarbonatodinitro-,
cis, cis-, potassium hemihydrate,
23:70

—____, diamminedicarbonato-, cis-:

lithium, resolution of, 23:63

potassium, 23:62
, diamminedicyanooxalato-, cis,cis-,
sodium, dihydrate, 23:69

____, diamminedinitrooxalato-, cis,cis-,
potassium, hemihydrate, 23:71

, dicarbonatodicyano-, tris(1,2-

ethanediamine)cobalt(IIl), dihydrate,

23:66

, dicarbonato(1,2-ethanediamine)-,

potassium, 23:64

, (1,2-ethanediamine)bis(oxalato)-,

as resolving agent, 23:74

, [N,N'-1,2-ethanediylbis[ N-

carboxymethyl)glycinato](4—)]-:

potassium, 23:99

rubidium, 23:101

trans-, cessium, 23:99

, [N,N'-(1-methyl-1,2-

ethanediyl)bis[ N-

(carboxymethyl)glycinato](4—)]-,

cesium, 23:101

s [[R-(—)I-N,N'~(1-methyl-1,2-

ethanediyl)bis| N-

(carboxymethyl)glycinato](4—)}-:

[A-(+)]-, cesium, 23:101

[A-(+)]-, potassium, 23:101

[A-(+)]-, rubidium, 23:101

, [{S-(—)]-N,N’-(1-methyl-1,2-

ethanediyl)bis| N-

(carboxymethyl)glycinato](4—)]-,

[A-(—)]-, cesium, 23:101

, tricarbonato-, potassium, 23:62

Cobalt potassium oxide (KCo0,), 22:58

Cobalt potassium oxide (K;.5C00;), bronze,
22:57

Cobalt potassium oxide (Kq.47Cr0O,), bronze,
22:57

Cobalt sodium oxide (NaCoO,), 22:56

Cobalt sodium oxide (Nag.4C00,), 22:56

Cobalt sodium oxide (Nag.54C00;), 22:56

Cobalt sodium oxide (Nag.74C00,), 22:56

Cobalt sodium oxide (Nag.77C00,), 22:56

Containers, tantalum, as high-temp., for
reduced halides, 20:15

Copper(l), carbonyl[hydro-
tris(pyrazolato)borato]-, 21:108

, carbonyl[tetra-

kis(pyrazolato)borato}-, 21:110

, carbonyl|tris(3,5-
dimethylpyrazolato)hydroborato]-,
21:109 '

Copper(II), bis(thiocyanato)-bis-u-(1H-
1,2,4-triazole-N2:N4)-, poly-, 23:159




, bis(2,2,7-trimethyl-3,5-
octanedionato)-, 23:146
., {2,9-dimethyl-3,10-diphenyl-
1,4,8,11-tetraazacyclotetradeca-
1,3,8,10-tetraene)-,
bis[hexafluorophosphate(1 —)},
22:110
, {1,10-phenan-
throline)[serinato(1 —)]-, sulfate (2:1),
21:115
, [1,4,8,11-tetraazacyclotetradecane-
5,7-dionato(2—)]-, 23:83
Copper iodide (Cul), 22:101
Crystal growth:
of Li3N, 22:51
of oxides by skull melting, 22:43
of silver tungstate Agg(W40¢), 22:78
Cyanato complexes, silicon, 24:99
Cyanide complexes:
boron, 21:167
cabalt, 23:66-73
chromium, 23:184
platinum chain complexes, 21:142-156
1,3-Cycloheptadiene, ruthenium complex,
22:179
1,3-Cyclohexadiene, ruthenium complex,
21:77; 22:177
1,2-Cyclohexanedione, dioxime, boron-iron
complex, 21:112
1,5-Cyclooctadiene:
iridium complexes, 23:128
rhodium complexes, 23:127, 129
ruthenium complex, 22:178
Cyclooctane, boron complex, 22:199
1,3,5-Cyclooctatriene, ruthenium complex,
22:178
1,3-Cyclopentadiene:
cobalt complex, 22:171, 235
hafnium, titanium, and zirconium
complexes, 24:149-151
iron complexes, 21:37-46; 24:161, 164,
166, 170, 172
ruthenium complex, 21:78; 22:180
thallium complex, 24:97
titanium and vanadium complexes, 21:84,
85
, 1,2,3,4,5-pentamethyl-, 21:181
cobalt complexes, 23:15-19
hafnium, titanium, and zirconium
complexes, 24:152-156
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1,5-Cyclopentadiene, iridium complexes,
24:173, 174, 175

L-Cysteine, gold complex, 21:31

Cytidine, palladium(II) complexes, 23:54

DC510150, see Poly(dimethylsiloxane-co-
methylphenylsiloxane), 22:116
Decaborane(14), 22:202
diars, see Arsine, o-phenylenebis(dimethyl-,
21:18
1H,5H-[1,4,2,3|Diazadiphospholo(2,3-
b1[1,4,2,3]diazadiphosphole-2,6-
(3H, TH)-dione, 1,3,5,7-tetranethyl-,
24:122
molybdenum complex, 24:122
Diboroxane, tetraethyl-, 22:188
mixture with triethylboroxin (3:1), 24:85
1,2-Dicarba-3-cobalta-closo-
dodecaborane(11), 3-(n53-
cyclopentadienyl-, 22:235
1,2-Dicarba-closo-dodecarborane(12)-9-
thiol, 22:241
2,3-Dicarba-nido-hexaborane(8), 2,3-
diethyl-, 22:211
2,6-Dicarba-nido-nonaborane(11),
22:237
7,8-Dicarba-nido-undecaborane(11),
9-(dimethyl sulfide)-, 22:239
Dimethylamine, N-fluoro-, 24:66
Dimethyl sulfide:
boron complex, 22:239
niobium complex, 21:16
platinum(II) complexes, 22:126, 128
6,10:19,23-Dinitrilo-24H-benzimidazo[2,1-
hl{1,9,17]benzo-
triazacyclononadecine, 5,5a-dihydro-
24-methoxy-, 23:176
7,11:20,24-Dinitrilodi-
benzofb,m][1,4,12,15]tetra-
azacyclodocosine, barium and
cadmium complexes, 23:174
4,7-Dioxa-1,10-diphosphadecane,
1,1,10,10-tetraphenyl-, gold
complexes, 23:193
diphos, see Phosphine, 1,2-
ethanediylbis(diphenyl-, 22:167
Diphosphate, tetraammonium
((NH4)‘(P207), 21:157
Diphosphine, tetramethyl-disulfide, hazards
in preparation of, 23:199
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Diphosphorous acid, platinum complex,
24:211

Diselenocarbamic acid, N,N-diethyl-, nickel
complex, 21:9

1,3-Diselenole-2-selone, 4,5-dimethyl-,
24:133

Disilaselenane, see Disilyl selenide, 24:127

Disilyl selenide, 24:127

Disulfide complexes, molybdenum, 23:120,
121

Dithionate:

aquabis(1,2-ethanediamine)hydroxo-
rhodium(III), 24:230
cis-tetraamineaquahydroxorhodium(I1I),

24:225 .

Divanadium, polymer-stabilized, 22:116

dppe, see Phosphine, 1,2-
ethanediylbis(diphenyl-, 21:18

Dysprosium, porphyrin complexes, 22:156

, (2,4-pentanedionato){5,10,15,20-

tetraphenylporphyrinato(2—)]-,

22:160

—,(2,2,6,6-tetramethyl-
3,5-heptanedionato)[5,10,15,20-
tetraphenylporphyrinato(2—)]-,
22:160

Dysprosium(III),
dodecanitratotris(1,4,7,10,13-
pentaoxoacyclopentadecane)tetra-,

23:153

, hexakis(diphenylphosphinic amide)-,
tris (hexafluorophosphate), 23:180

—_(1,4,7,10,13,16-hexaoxacyclo~
octadecane )trinitrato-, 23:153

__, trinitrato(1,4,7,10,13-

pentaoxacyclopentadecane)-, 23:151

_____, trinitrato(1,4,7,10-
tetraoxacyclododecane)-, 23:151
, tris(1,4,7,10,13,16-
hexaoxacyclooctadecane)do-
decanitratotetra-, 23:155

Dysprosium chloride (DyCl;), 22:39

Dysprosium potassium chioride (KDy,Cl;),
22:2

Erbium, porphyrin complexes, 22:156

, (2,4-pentanedionato){5,10,15,20-
tetrakis(3-
fluorophenyl)porphyrinato(2—)]-,
22:160

, (2,4-pentanedionato)|5,10,15,20-
tetraphenylporphyrinato(2—)]-,
22:160
Erbium(III), dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-,
23:153
, hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
, (1,4,7,10,13,16-hexaoxacyclo-
octadecane )trinitrato-, 23:153
__.___, trinitrato(1,4,7,10,13-
pentaoxacyclopentadecane)-,
23:151
, trinitrato(1,4,7,10-tetra-
oxacyclododecane)-, 23:151
, tris(1,4,7,10,13,16~
hexaoxacyclooctadecane)do-
decanitratotetra-, 23:155
Erbium chloride (ErCl;), 22:39
Ethanamine:
intercalate with hydrogen penta-
oxoniobatetitanate(1 —), 22:89
molybdenum complexes, 23:8
Ethane, 1,2-bis(dichlorophosphino),
see 1,2-Ethanediylbis(dichloro-
phosphine), 23:141
, 1,2-dimethoxy-,
bis(trifluoromethyl)cadmium, 24:55
1,2-Ethanediamine:
chromium complexes, 24:185, 186
chromium, iridium, and rhodium complexes,
24:251, 283-290
cobalt complexes, 23:64, 165
cobalt(I1I) trifluoromethanesulfonate
complexes, 22:105
rhodium complex, 24:227, 229-231
, N-(2-aminoethyl)-:
cobalt complex, 21:19, 21, 120-126
cobait(III) trifluoromethanesulfonate
complexes, 22:106
, N,N'-bis(2-aminoethyl)-, cobalt
complexes, 23:79
, N,N-bis[2-(dimethylamino)ethyl-
N',N'-dimethyl-, palladium
complex, 21:129-132
, N,N’-bis[2-(dimethylamino)ethyl}-
N,N'-dimethyl-, palladium complex,
21:133
, N,N’-bis(1-methylethyl)-, platinum
complex, 21:87




s (5,8)-N,N’-bis(1-phenylethyl)-,
platinum complex, 21:87
. NN'-dimethyl-N,N'-bis(1-
methylethyl)-, platinum complex,
21:87
—, NN'-dimethyl-N,N’-bis(1-
phenylethyl)-, (R,R), platinum
complex, 21:87
———__, NNNN',N'-tetraethyl-, platinum
complexes, 21:86
, N,N,N',N'-tetramethyl-, palladium
complex, 22:168
1,2-Ethanediol, iron complex, 22:88
1,2-Ethanediylbis(dichlorophosphine),
23:141
Ethanethiol, iron complex, 21:39
, 2-amino-, cobalt complex, 21:19
-, 1,1-dimethyl-, iron complex, 21:36,
37
Ethanol:
[(N,N-diethylcarbamoy] )methyl]phos-
phonate ester, 24:101
phosphorofluoridate diester, 24:65
uranium complex, 21:165
, 1-methyl, {(N,N-diethyl-
carbamoyl)methyl]phosphonate
ester, 24:101
Ethene:
cobalt complexes, 23:19
iron complex, 21:91
platinum complexes, 21:86--89
platinum(0) complexes, 24:213-216
ruthenium complex, 21:76
Ethyl, cobalt complexes, 23:165
Ethylamine, see Ethanamine, molybdenum
complexes, 23:8
Ethylene glycol, see 1,2-Ethanediol,
iron complex, 22:88
Europium, porphyrin complexes,
22:156
, (2,4-pentanedionato)[5,10,15,20-
tetrakis (3,5 -dichloro-
phenyl)porphyrinato(2—)]-, 22:160
, (2,4-pentanedionato){5,10,15,20-
tetrakis(4-
methylphenyl)porphyrinato(2 —)}-,
22:160
, (2,4-pentanedionato){5,10,15,20-
tetraphenylporphyrinato(2)]-,
22:160
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Europium(III), hexakis(diphenylphosphinic
amide)-,
tris (hexafluorophosphate), 23:180
—,(1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-, 23:153
______, trinitrato(1,4,7,10,13-
pentaoxacyclopentadecane)-, 23:151
, trinitrato(1,4,7,10-tetra-
oxacyclododecane)-, 23:151
, tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane )dodecanitratotetra-,
23:155
Europium chloride (EuCl,), 22:39

Ferrate(1—), tricarbonylnitrosyl-,
p-nitrido-bis(tri-
phenylphosphorus)(1+), 22:163, 165
, tridecacarbonylhydridotriruthenium-,
u-nitrido-bis(tri-
phenylphosphorus)(1+), 21:60
Ferrate(2—), octacarbonyldi-, disodium,
24:157
, tetracarbonyl-, disodium, 24:157
___, tetrakis(benzenethiolato)tetra- u-
seleno-tetra-, bis(tetrabutyl-
ammonium), 21:36
, tetrakis(benzenethiolato)tetra-u-
thio-tetra-, bis(tetrabutylammonium),
21:35
, tetrakis(1,1-dimethyl-
ethanethiolato)tetra- u-seleno-tetra-,
bis(tetrabutylammonium), 21:37
, tetrakis(1,1-dimethyl-
ethanethiolato)tetra- u-thio-tetra-,
bis(tetramethylammonium), 21:36
, tridecacarbonyltetra-,
p-nitrido-bis(triphenyl-
phosphorus)(1+), 21:66, 68
, undecacarbonyitri-, bis[ u-nitrido-
bis(triphenylphosphorus)(1+)],
24:157
Ferrate(II), [[(1,2-cyclohexanediyl-
dinitrilo)tetraacetato }(4 —)](di-
nitrogen-, disodium, dihydrate,
24:210
, (dinitrogen){{(1,2-ethanediyl-
dinitrilo)tetraacetato](4 —)]-,
disodium, dihydrate, 24:208
, tetrakis(benzenethiolato)-,
bis(tetraphenylphosphonium), 21:24
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Ferrate(1I, III), tetrakis(benzene-
thiolato)tetra- p5-thio-tetra-,
bis(tetraphenylphosphonium), 21:27

Ferrate(III), tetrakis(benzenethiolato)di-
u-thio-di-, bis(tetraphenyl-
phosphonium), 21:26

Ferromagnets, of organic intercalated ionic
chromium(II), 24:188

Florine cesium sulfate (CsF(SO,)), 24:22

(Fluorocarbonyl)imidosuifurous
difluoride, 24:10

Fluorosulfate, chlorine, 24:6

Formic acid, (formyloxy)-, iridium
complex, 21:102

Furan, tetrahydro-:

bis(trifluoromethyl)cadmium, 24:57

hafnium, niobium, scandium, titanium,
vanadium, and zirconium complexes,
21:135-139

iron-magnesium complexes, 24:172

molybdenum complexes, 24:193

Gadolinium, porphyrin complexes, 22:156
, (2,4-pentanedionato){5,10,15,20-
tetraphenylporphyrinato]-, 22:160
Gadolinium(I1I), dodecanitrato-
tris(1,4,7,10,13-pentaoxacyclopenta-
decane)tetra-, 23:153
, hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
, trinitrato(1,4,7,10,13-
pentaoxacyclopentadecane)-, 23:151
______, trinitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151
___,tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155
Gadolinium chloride (GdCl;), 22:39
Gallate(1 —), tetrabromo-:
tetrabutylammonium, 22:139
tetraethylammonium, 22:141
, tetrachloro-, tetrabutylammonium,
22:139
, tetraiodo-, tetrabutylammonium,
22:140
Gallate(2—), hexabromodi-:
bis(tetraphenylphosphonium), 22:139
bis(triphenylphosphonium), 22:135, 138
_, hexachlorodi-, bis(triphenyl-
phosphonium), 22:135, 138

, hexaiododi-, bis(triphenyl-
phosphonium), 22:135, 138

Glycine, cobalt complexes, 23:75, 92

, N,N'-1,2-cyclohexanediylbis[ N-

(carboxymethyl)-, cobalt complexes,

23:96

, N,N'-1,2-ethanediylbis| N-

(carboxymethyl)-, cobalt complexes,

23:99

, N,N'-(1-methyi-1,2-

ethanediyl)bis[ N-(carboxymethyl)-,

cobalt complexes, 23:101

Gold(I), carbonylchloro-, 24:236

, (L-cysteinato)-, 21:31

, dichloro-u-(1,1,10,10-tetrapheny!-

4,7-dioxa-1,10-diphosphadecane)-di-,

23:193

, {(4-ethylbenzenethiolatoj-, 23:152

Guanidinium (hydrogen difluoride)tetra-
cyanoplatinate (2:0.27:1), hydrate
(1:1.8), 21:146

Guanosine, palladiam(II) complexes,
23:51-54

Hafnium, dicarbonylbis(n3-cyclo-
pentadienyl)-, 24:151
, dicarbonylbis(75-
pentamethylcyclopentadienyl)-,
24:155
, dichlorobis{#n>-pentamethylcyclo-
pentadienyl)-, 24:154
Hafnium(IV), tetrachlorobis(tetra-
hydrofuran)-, 21:137
Heptadecatungstodiphosphate,
(P2W1-,051 lO—)’ thorium and
uranium complexes, 23:188
3,5-Heptanedione, 2,2,6,6-tetramethyl-:
actinide and lanthanide complexes, 22:156
chromium complex, 24:181
1-Hexanol, [(N,N-diethyl-
carbamoyl)methyl]phosphonate ester,
24:101
1,4,7,10,13,16-Hexaoxacyclooctadecane,
lanthanoid complexes, 23:149
4,7,13,16,21,24-Hexaoxa-1,10-
diazabicyclo[8.8.8 Jhexacosane,
potassium complex, 22:151
Hexasulfide, palladium compiex, non-
stoichiometric, 21:14
Holmium, porphyrin complexes, 22:156




—, (2,4-pentanedionato)[5,10,15,20-
tetraphenylporphyrinato(2 —)}-, 22:160
— ,(2,2,6,6-tetramethyl-3,5-
heptanedionato)[5,10,15,20-
tetraphenylporphyrinato(2 —)]-,
22:160
Holmium(III), dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-,
23:153
, hexakis (diphenylphosphinic
amide)-, tris(hexafluorophosphate),
23:180
——,(1,4,7,10,13,16-hexaoxacyclo-
octadecane )trinitrato-, 23:153
, trinitrato(1,4,7,10,13-
pentaoxacyclopentadecane)-,
23:151
, trinitrato(1,4,7,10-
tetraoxacyclododecane)-, 23:151
, tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane )Jdodecanitratotetra-,
23:155
Holmium chloride (HoCl;), 22:39
Hydrido complexes:
chromium, molybdenum, and tungsten,
22:181
chromium and tungsten, 23:27-29
cobalt, iron, osmium, and ruthenium,
21:58-65
iron complexes, 21:92
ruthenium, 24:168
[hydrogen bis(suilfate)], cesium
tetracyanoplatinate (0.46:3:1),
21:151
Hydrogen difluoride, potassium tetra-
cyanoplatinate (0.30:2:1), trihydrate,
21:147
Hydrogen difluoride, tetrafluoroammonium,
24:43
Hydrogen pentafluorooxotellurate(VI),
24:34
Hydrogen pentaoxoniobatetitanate(1—),
22:89
Hydroxo complexes:
cobalt, 23:107, 111-115
molybdenum, 23:135-139
rhodium, 23:129
Hypochlorous acid, perfluoro-tert-butyl
ester, 24:61
, trifluoromethyl ester, 24:60
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2 H-Imidazole-2-thione, 1,3-dihydro-
1-methyl-, cobalt complexes,
23:171
Imidosulfurous difluoride:
bromo-, 24:20
chloro-, 24:18
(fluorocarbonyl)-, 24:10
mercury complex, 24:14
Indium(III), [[4,4,4",4"""-porphyrin-
5,10,15,20-tetrayltetrakis(1-
methylpyridiniumato)(2 —)]-,
pentaperchlorate, 23:55, 57
—_, tris{(trimethylsilyl )methyl],
24:89
Indium iodide (Inl,), 24:87
Inosine, palladium(II) complexes,
23:51-54
Insertion compounds, lithium, 24:200
Intercalation compounds, 22:86, 89
organic ionic containing chromium(II),
24:188
Iridium, (1,3-butanediyl)(n3-pentamethy!-
cyclopentadienyl)(triphenyl-
phosphine)-, 22:174
, chloro(n2-cyclooctene )tris(tri-
methylphosphine)-, 21:102
, chloro[(formyl-« C-oxy)formato-
xO(2 —)]thio(trimethylphosphine)-,
21:102
Iridium(1 +), bis[1,2-ethanediylbis(di-
methylphosphine)]-, chloride,
21:100
, (carbon dioxide)bis|[1,2-
ethanediylbis(dimethylphosphine)]-,
chloride, 21:100
Iridium(I), bis(n3-1,5-cyclooctadiene)-
di-p-methoxy-di-, 23:128
, carbonylchlorobis(dimethylphenyl-
phosphine)-, trans-, 21:97
, (1%-1,5-cyclo-
octadiene)bis(pyridine)-,
hexafluorophosphate(1—), 24:174
, (n%-1,5-cyclooctadiene)(pyri-
dine)(tricyclohexylphosphine)-,
hexafluorophosphate(1—),
24:173, 175
Iridium(III), bis(1,2-ethanediamine )bis (tri-
fluoromethanesulfonato-0)-,
cis-, trifluoromethanesulfonate,
24:290




330 Subject Index

Iridium(III) (Continued)

, chlorobis(1,2-ethanediamine)(tri-

fluoromethanesulfonato-0)-, trans-,

trifluoromethanesulfonate, 24:289

, dichlorobis(1,2-ethanediamine)-:

cis-, chloride, monohydrate, 24:287

trans-, chloride, monohydrochloride,

dihydrate, 24:287

, hexaammine-:

trichloride, 24:267

tris(trifluoromethanesulfonate), 24:267

, pentaammineaqua-, tristri-
fluoromethanesulfonate), 24:265

_____, pentaammine(trifluoromethane-
sulfonato-0)-, bis(trifluoromethane-
sulfonate), 24:264

, tris(acetonitrile)nitro-
sylbis(triphenylphosphine)-,
bis[hexafluorophosphate], 21:104

Iron, bis(n3-cyclopentadieny!}- -
(disulfur)bis-u-(ethanethiolato)-di-,

21:40, 41

, bis[1,2-ethanediylbis(diphenyl-

phosphine)](ethene)-, 21:91

, bis[1,2-ethanediylbis(diphenyl-
phosphine)](trimethyl phosphite)-,
21:93

_____, bromo(n3-cyclo-

pentadienyl)[1,2-

ethanediylbis(diphenylphosphine)]-,

24:170

, bromo{n3-cyclopentadienyl){1,2-

ethanediylbis(diphenylphos-

phine)]bis(tetrahydrofuran)mag-

nesium-, (Fe-Mg), 24:172

, dicarbonyl(r3-cyclo-

pentadienyl )(2-methyl-1-

propenyl-«C1)-, 24:164

, {[2-[2-(diphenyl-

phosphino)ethyl [phenyl-

phosphinophenyl-C,P,P'](1,2-

ethanediylbis(diphenylphos-

phine)}hydrido-, 21:92

, [1,2-ethanediolato(2 —)]dioxodi-,

22:88

—_, [1,2-ethanediylbis(diphenylphos-
phine)]bis(2,4-pentanedionato)-,
21:94

___, methoxyoxo-, 22:87

___, tetrakis(n5-cyclopentadienyl)-ji3-
(disulfur)-di-u;-thiotetra-, 21:42

, tetrakis(n3-cyclopentadienyl)-u.3-
(disulfur)-tri- u3-thiotetra-, 21:42
——_, tridecacarbonyldihydridotriosmium-,
21:63
, tridecacarbonyldihydridotri-
ruthenium-, 21:58
Iron(1+), dicarbonyl(n3-cyclo-
pentadienyl)(n5-2-methyl-1-
propenyl)-, tetrafluoroborate(1 —),
24:166
____, tricarbonyl(n3-cyclopentadienyl)-,
trifluoromethanesulfonate, 24:161
Iron(2+), bis(acetonitrile)bis(n5-cyclo-
pentadienyl )bis-p~(ethanethiolato)-
di-, bis(hexafluorophosphate), 21:39
, tetrakis(n7°-cyclopentadienyl)- p3-(di-
sulfur)tri-u-thiotetra-,
bis(hexafluorophosphate), 21:44
Iron(II), bis(acetonitrile)(2,9-dimethyl-3,10-
diphenyl-1,4,8,11-tetrazacyclo-
tetradeca-1,3,8,10-tetraene)-,
bis[hexafluorophosphate(1—)],
22:108
, bis(thiocyanato- N}-bis-u-(1 H-
1,2,4-triazole-N2: N4)-, poly-, 23:158
, tetraaquabis(o-sulfobenzoimidato)-,
dihydrate, 23:49
Iron(III), aqua[{(1,2-ethanediyldi-
nitrilo)tetraaceto](3—)]-,
monohydrate, 24:207
__, {{tris[u-[(1,2-cyclohexanedione
dioximato)- 0:O’]|diphenyl-
diborato(2-)]-
NN ,N'N"N" N""-, 21:112
Iron chloride oxide (FeClO), intercalate:
with 4-aminopyridine (4:1), 22:86
with pyridine (4:1), 22:86
with 2,4,6-trimethylpyridine, 22:86
Iron oxide (Fe,0,4), magnetite, crystal growth
of, by skull melting, 22:43
Iron titanium hydride (FeTiH,.q4), 22:90

Labeling, of boron compounds, with boron-10,
22:218

Lanthanides, 5,10,15,20-tetraphenylporphyrin
complexes, 22:156

Lanthanium(III), hexakis(diphenylphosphinic
amide)-, tris(hexafluoro-
phosphate), 23:180

, (1,4,7,10,13,16-hexaoxacyclo-

octadecane)trinitrato-, 23:153




, trinitrato(1,4,7,10,13-penta-

oxacyclopentadecane)-, 23:151

, trinitrato(1,4,7,10-tetraoxa-

cyclododecane)-, 23:151

, tris(1,4,7,10,13,16-hexaoxa-
cyclooctadecane )Jdodecanitratotetra-,
23:155

Lanthanium iodide (Lal,), 22:36

Lanthanum, (2,4-
pentanedionato)[5,10,15,20-tetra-
phenylporphyrinato(2 —)]-, 22:160

, (2,2,6,6-tetramethyl-3,5-
heptanedionato)[5,10,15,20-
tetraphenylporphyrinato(2 —)]-,
22:160

Lanthanum aluminum nickel hydride
(AlLaNiH,), 22:96

Lanthanum chloride (LaCl;), 22:39

Lanthanum iodide (Lal,), 22:31

Lead oxide (PbO;), solid solns.
with ruthenium oxide (Ru,03),
pyrochlor, 22:69

Lead ruthenium oxide (Pb,.47Ru;.330¢.5),
pyrochlore, 22:69

Lithium, insertion compounds, 24:200

, (pentafluorophenyl)-, 21:72

, [(trimethylsilyl )methyl }-, 24:95

Lithium cesium thulium chloride
(Cs,LiTmClyg), 20:10

Lithium nitride (Li3N), 22:48

Lithium rhenium oxide (LiReO3), 24:205

Lithium rhenium oxide (Lij.,ReO3),
24:203, 206

Lithium rhenium oxide (Li;ReQ3), 24:203

Lithium vanadium oxide (LiV,05),
24:202

Lutetium, porphyrin complexes, 22:156

, (2,4-pentanedionato)[5,10,15,20-

tetraphenylporphyrinato(2 —)J-,

22:160 :

Lutetium(III), dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-,

23:153

, hexakis (diphenylphosphinicamide)-,
tris(hexafluorophosphate), 23:180

_ _ ,(1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-, 23:153

, trinitrato(1,4,7,10,13-pentaoxa-

cyclopentadecane)-, 23:151

, trinitrato(1,4,7,10-tetra-

oxacyclododecane)-, 23:151
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___ _,tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane Ydodecanitratotetra-,
23:155

Lutetium cesium chloride (Cs,LuCly), 22:6

Lutetium cesium chioride (Cs;LuClg), 22:6

Lutetium cesium chloride (Cs;Lu,Cly),
22:6

Lutetium chloride (LuCl,), 22:39

Macrocyclic complexes, crown ether,
lanthanoid, 23:149
Magnesium, bromo(n3cyclo-
pentadienyl)[1,2-ethanediylbis(di-
phenylphosphine)]bis(tetra-
hydrofuran)iron-, (Fe-Mg), 24:172
Magnetite (Fe,O,4), crystal growth of, by
skull melting, 22:43
Manganate(11), tetrakis(benzenethiolato)-,
bis(tetraphenylphosphonium), 21:25
Manganate(I11), pentafluoro-:
diammonium, 24:51
dipotassium, monohydrate, 24:51
Manganate(IV), hexafluoro-:
bis(tetrafluoroammonium), 24:45
dicesium, 24:48
Manganese, dibromooctacarbonyldi-, 23:33
, octacarbonyldiiododi-, 23:34
Manganese(II), bis(thiocyanato- V)-bis-u-
(1H-1,2,4-triazole-N2: N%)-, poly-,
23:158
Manganese(III), tris(2,2,7-trimethyl-3,5-
octanedionato)-, 23:148
Manganese calcium oxide (Ca;Mn;0yg),
22:73
Mercury, acetatomethyl-, 24:145
, bis(trifluoromethyl)-, 24:52
Mercury(Il), acetatomethyl-, 24:145
, bis(imidosulfurous difluoridato-N)-,

24:14
_____,iodomethyl-, 24:143
, methyl-:
acetate, see Mercury(II), acetatomethyl-,
24:145
iodide, see Mercury(Il), iodomethyi-,
24:143
nitrate, see Mercury (II), methylnitrato-,
24:144
, methylnitrato-, 24:144
Methanamine:
chromium, cobalt, and rhodium complexes,
24:280-281
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Methanamine (Continued)
intercalate with hydrogen penta-
oxoniobatetitanate(1 —), 22:89
, N-methyl-:
molybdenum complex, 21:54
molybdenum and tungsten complexes,
23:11-13
Methanaminium, N-(4,5-dimethyl-
1,3-diselenol-2-ylidene)- N-methyl-
iron(1+), 24:161, hexafluoro-
phosphate, 24:133
Metharne, fluorotriphenyl-, 24:66
, isocyano-, molybdenum and tungsten
complexes, 23:10-13
, trifluoro-:
cadmium complex, 24:55, 59
mercury complex, 24:52
Methanesulfonate, trifluoro-:
metal complexes and salts, 24:243-306
silver, reactions, 24:247
tricarbonyl(n3-cyclopentadienyl)iron(1+),
24:161
Methanesulfonic acid, trifluoro-, cobalt(III)
amine complexes, 22:104, 105
Methanol:
iridium complexes, 23:128
rhodium complex, 23:127, 129
» [(N,N-dimethyl-
carbamoyl)methyli]phosphonate ester,
24:101
—____, trifluoro-, hypochlorite ester,
24:60
Methyl:
cobalt complexes, 23:170
mercury complexes, 24:143-145
Methyl acrylate, ruthenium complex, 24:176
Microcrystals, of platinum, 24:238
Molecular sieves, 22:61
Molybdate(1 —), pentacarbonylhydrido-
p-nitrido-bis(triphenyl-
phosphorus)(1 +), 22:183
Molybdate(V), pentafluorooxo-dipotassium,
21:170
Molybdenum, as substrate for cadmium
chalcogenides, 22:80
, dicarbonylnitrosyl {tris(3,5-di-
methylpyrazolylYhydroborato)-,
23:4,5
, dichlorotetrakis(dimethylamido)di-,
(Mo=Mo), 21:56

, diodonitrosyl itris(3,5 -dimethyl-

pyrazolyl)hydroborato}-, 23:6

, ethoxyiodonitrosyl({tris(3,5-di-

methylpyrazolyl )hydroborato}-,

23:7

, (ethylamido)iodonitrosyl{tris(3,5-

dimethylpyrazolyl )hydroborato}-,

23:8

, hexacarbonyl-tris[u-1,3,5,7-

tetramethyl- 1 H,5 H-[1,4,2,3]di-

azadiphospholo(2,3-5][1,4,2,3]di-

azadiphosphole-2,6-(3 H,7 H)-dione}-

di-, 24:124

, hexakis(dimethylamido)di-,

(Mo=Mo), 21:54

Molybdenum(O), bis(1-chloro-4-isocyano-
benzene)bis[1,2-ethanediylbis(di-
phenylphosphine) |-, trans-,
23:10

, bis(1,3-dichloro-2-isocyano-

benzene)bis[1,2-ethanediylbis(di-

phenylphosphine)]-, trans-,

23:10

, bis]1,2-ethanediylbis(diphenyl-

phosphine)]bis(isocyanobenzene)-,

trans-, 23:10

, bis[1,2-ethanediylbis(diphenyl-

phosphine) Jbis(isocyanomethane)-,

trans-, 23:10

, bis[1,2-ethanediylbis(diphenyl-

phosphine)]bis( 1-isocyano-4-

methoxybenzene)-, trans-, 23:10

» bis[1,2-ethanediylbis(diphenyl-

phosphine)]bis(1-isocyano-3-

methylbenzene)-, trans-, 23:10

, bis[1,2-ethanediylbis(diphenyl-
phosphine)]bis(2-isocyano-2-methyl-
propane)-, trans-, 23:10

Molybdenum(II), octaaquadiion,
23:131

Molybdenum(IIT), di-u-hydroxo-di-, ion,
hydrate, 23:135

, hexaaqua-, ion, 23:133

____, trichlorotris(tetrahydrofuran)-,
24:193

Molybdenum(IV), bis[1,2-ethanediyl-
bis(diphenylphosphine))bis[(methyl-
amino)methylidyne]-, trans-,
bis(tetrafluoroborate(1—)},

23:14




, bis[1,2-ethanediylbis(diphenyl-

phosphine)](isocyano-

methane){(methylamino)methyli-

dyne]-, trans-, tetrafluoroborate(1 —),

23:12

, nonaaqua-tetra-u3;-oxo-tri-, ion,

23:135

, tetra-p3-oxo-tri-, ion, hydrate,

23:135

Molybdenum(V), u-(diethylphosphino-
dithioato)-tris(diethylphosphino-
dithioato)-tri- u-thio- p3-thio-
triangulo-tri-, 23:121

—, di-u-oxo-dioxodi-, ion, hydrate,
23:137

, hexaaqua-di-u-oxo-dioxodi-, ion,

23:137

, tris(diethylphosphinodithioato)tris-
p~(disulfido)-u5-thio- triangulo-
tri-, diethylphosphinodithioate, 23:120

Molybdenum(VI), dihydroxotetraoxodi-, ion,
23:139

, hydroxodioxo-, ion, 23:139

__ , hydroxopentaoxodi-, ion, 23:139

, trihydroxotrioxodi-, ion, 23:139

Molybdenum(VI) oxide (MoO;), dihydrate,
24:191

Molybdenum chloride oxide (MoCl,0),
23:195

Neodymate(IIl), tetranitrato-,
(1,4,7,10,13,16-hexaoxacycloocta-
decane)dinitratoneodymium(III),
(2:1), 23:150

Neodymium, (2,4-pentanedionato)
[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

—__,{2,2,6,6-tetramethyl-3,5-
heptanedionato){5,10, 15,20-tetra-
phenylporphyrinato(2—)]-, 22:160

Neodymium(III), hexakis(diphenylphos-
phinic amide)-, tris(hexafluorophos-
phate), 23:180

, (1,4,7,10,13,16-
hexaoxacyclooctadecane)dinitrato-,
bis[tetranitratoneodymate(III}],
23:150

_  ,(1,47,10,13,16-
hexaoxacyclooctadecane)trinitrato-,
23:153
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_____, trinitrato(1,4,7,10,13-
pentaoxacyclopentadecane)-, 23:151
—__, trinitrato(1,4,7,10-
tetraoxacyclododecane)-, 23:151
___,tris(1,4,7,10,13,16-
hexaoxacyclooctadecane)dodecani-
tratotetra-, 23:155
Neodymium chloride (NdCl;), 22:39
Nickel(II), bis(thiocyanato)-bis-u-
(1H-1,2,4-triazole-N2:N#)-, B-poly-,
23:159
, chloro( N, N-diethyldiseleno-
carbamato)(triethylphosphing)-, 21:9
, dibromobis(3,3’,3""-phosphini-
dynetripropionetrile)-, 22:113, 115
polymer, 22:115
, dichlorobis(3,3',3 “-phosphini-
dynetripropionitrile)-, 22:113
, hexakis(thiocyanato- N)-
hexakis-u-(4H-1,2,4-triazole-
NV:N2)Hri-, 23:160
, tetraaquabis(o-sulfobenzo-,
imidato)-, dihydrate, 23:48
Nickel aluminum lanthanum hydride
(AlLaNiH,), 22:96
Niobate(-I), hexacarbonyl-, sodium, 23:34
Niobium(III), di-u-chloro-tetrachloro-u-
(dimethyl sulfide)bis(dimethyl
sulfide)di-, 21:16
, hexachlorobis1,2-
ethanediylbis(diphenylphosphine)]di-,
21:18
, hexachlorobis| [2-{(dimethyl-
arsino)methyl}-2-methyl-1,3-
propanediyl]bis(dimethylarsine)]-,
21:18
, hexachlorobis[o-
phenylenebis(dimethylarsine)]di-,
21:18
Niobium(IV), tetrachlorobis(tetrahydrofuran)-,
21:138
Nitric acid;
cerium complexes, 23:178
cobalt complexes, 23:171
lanthanoid complexes, 23:151
Nitro complexes, cobalt, 23:70, 71, 77, 91,
109
Nitrogen, osmium complex, 24:270
Nitrogen (N), iron complexes, 24:208,
210
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Nitrogen fluoride sulfide (NSF), see Thiazyl
fluoride (NSF), 24:12
Nitrogen fluoride sulfide (NSF3), see Thiazyl
trifluoride (NSF ), 24:12
Nitrogen sulfide (NS), see Sulfur nitride (SN),
polymer, 22:143
Nitrosyl complexes:
chromium, 23:183
iridium, 21:104
iron and ruthenium, 22:163
molybdenum, 23:4-9
Nitrosyl hexachloroplatinate(IV), (2:1),
24:217
Nitryl hexafluoroarsenate, 24:69

3,5-Octanedione, 2,2,7-trimethyl-, cerium,
copper, and manganese complexes,
23:144

cyclo-Octasulfur monoxide, 21:172

Offretite, tetramethylammonium substituted
[K,Na[(CH,) N]AL(Si;(0;.¢)]-
TH,0, 22:66

Osmium, tridecacarbonyldihydridoirontri-,
21:63

____, tridecacarbonyldihydrido-
rutheniumtri-, 21:64

Osmium(II), aqua(2,2’-bipyridine-
N,N')(2,2":6',2"-terpyridine-
N,N',N")-, bis(trifluoromethane-
sulfonate), monohydrate, 24:304

, (2,2'-bipyridine-N,N')(2,2":6',2"-

terpyridine- N, N’, N"')(trifluoro-

methanesulfonato-0)-,

trifluoromethanesulfonate, 24:303

, bis(2,2'-bipyridine- N, N")dichloro-,

cis-, 24:294

, pentaamine(dinitrogen, dichloride,

24:270

Osmium(III), (acetonitrile)pentaammine-,
tris(trifluoromethanesulfonate),
24:275

_____, aqua(2,2’-bipyridine-
N,N')(2,2":6',2"-terpyridine-
N,N',N")-, tris(trifluoromethane-
sulfonate), dihydrate, 24:304

, (2,2'-bipyridine-N,N")(2,2":6',2"'-

terpyridine- N, N’, N"')(trifluoro-

methanesulfonato-0)-,

bis(trifluoromethanesulfonate),

24:301

, bis(2,2'-bipyridine-
N, N')bis(trifluoromethanesulfonato-
0)-, cis-, trifluoromethanesulfonate,
24:295
, bis(2,2'-bipyridine- N, N')dichloro-,
cis-, chloride, 24:293
dihydrate, 24:293
, diaquabis(2,2 -bipyridine-N,N')-,
cis-, tris(trifluoromethanesulfonate),
24:296
, hexaammine-:
trichloride, 24:273
tris(trifluoromethanesulfonate), 24:273
, pentaammineaqua-,
tris(trifluoromethanesulfonate),
24:273
, pentaamine(trifluoromethane-
sulfonato-0)-,
bis(trifluoromethanesuifonate), 24:271

Osmium fluoride (OsFy), 24:79
Oxalic acid:

cobalt complexes, 23:69, 113, 114

rhodium complex, 24:227

Palladate(I1), bis(hexasulfido)-, diammonium,
nonstoichiometric, 21:14

Palladium, (2,2’-bipyridine)(1,4-butanediyl)-,

22:170

, (1,4-butanediyl)bis(triphenyl-

phosphine)-, 22:169

» (1,4-butanediyl)(1,2-

ethanediylbis(diphenylphosphine)]-,

22:167

, (1,4-butanediyl)(N,N,N',N'-
tetramethyl-1,2-ethanediamine)-,
22:168

Palladium(I), u-carbonyl-dichloro-
bis[methylenebis(diphenylphos-
phine)]di-, 21:49

, dichlorobis- u-[methylenebis(di-
phenylphosphine)]-di-, (Pd-Pd),
21:48

Palladium(II), [ V,N’-bis[2-(dimethyl-
amino)ethyl}- N, N'-dimethyl-1,2-
ethanediamine]-, bis(hexafluorophos-
phate), 21:133

» [V,N-bis[2-(dimethylamino)ethyl]-

N',N'-dimethyl-1,2-

ethanediamine]bromo-, bromide,

21:131




— _, [ N,N-bis[2-dimethylamino)ethyl]-
N’ N'-dimethyl-1,2-
ethanediamine]chloro-, chloride,
21:129

—, [ N,N-bis[2-(dimethylamino)ethyl-
N',N'-dimethyl-1,2-
ethanediamineliodo-, iodide,
21:130

—, [/V,N-bis[2-(dimethylamino)ethyl]-
N',N'-dimethyl-1,2-
ethanediamine](thiocyanato-N-,
thiocyanate, 21:132

, bis(guanosinato)-, cis- and trans-,

23:52,53

, bis(inosinato)-, cis- and trans-,

23:52, 53

, chloro(N,N-

diethyldiselenocarbamato)(triphenyl-

phosphine)-, 21:10

, dichlorobis(guanosine)-, cis- and

trans-, 23:52, 53

, dichlorobis(inosine)-, cis- and trans-,
23:52, 53

2,4-Pentanedione:

actinide and lanthanide complexes,
22:156

cobalt complex, resolution of with cobalt
S-arginine complex by column
chromatography, 23:94

iron complex, 21:94

1,4,7,10,13-Pentaoxacyclopentadecane,

lanthanoid, 23:149

Pentasulfide, platinum and rhodium
complexes, 21:12

Perchloric acid, cadmium complexes,
23:175

1,10-Phenanthroline:

chromium complexes, 23:185
copper complex, 21:115

Phenol, 2-[1-[(2-aminoethyl)imino]-
ethyl)-, cobalt complexes, 23:165

, 2-[1-3- |

aminopropyl)imino]ethyl}-, cobalt
complexes, 23:169

Phenyl, antimony complexes, 23:194

Phosphane, difluorotris(2,2,2-
trifluoroethoxy)-, trans-, 24:63

Phosphate, hexafluoro-, N-(4,5-dimethyl-
1,3-diselenol-2-ylidene)-N-
methylmethanaminium, 24:133
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Phosphate(1 —), hexafluoro-:
bis(acetonitrile)bis(n3-cyclo-
pentadienyl)bis-u-(ethane-
thiolato)diiron(2+) (2:1), 21:39
(n%-1,5-cyclo-
octadiene)bis(pyridine)iridium(I),
24:174
(n4-1,5-cyclooctadiene }(pyridine)(tri-
cyclohexylphosphine)iridium, 24:173,
175
tetrabutylammonium, 24:141
4,4'5,5 -tetramethyl-2,2 "-bi-1,3-
diselenolylidene radical ion (1+) (]:2),
24:142
, (n3-cyclopentadienyl)(phenyl-
vinylene)bis(triphenylphos-
phine)ruthenium(II), 21:80
, tetrakis(nS-cyclopentadienyl)-pu,-
(disulfur)tri- py-thio-tetrairon(2+)
(2:1), 21:44
Phosphine, iridium complex, 21:104
——_, [bis(trimethylsilyl)methyl-
ene](chlorobis(trimethylsilyl)methyl]-,
24:119
, chloro[phenyl(trimethylsilyl)methyl-
ene, see Phosphinous chloride,
[phenyl(trimethylsilyl)methylene]-,
24:111
, diethylphenyl-, platinum(0) complex,
24:216
______,dimethyl-, 21:180
__, dimethylphenyl-, 22:133
iridium complex, 21:97
tungsten complexes, 24:196, 198
___, 1,2-ethanediylbis(dichloro-, 23:141
, 1,2-ethanediylbis(dimethyl-, iridium
complex, 21:100
, 1,2-ethanediylbis(diphenyl-:
iron complexes, 21:90-94; 24:170, 172
molybdenum and tungsten complexes,
23:10-13
niobium complex, 21:18
palladium complex, 22:167
platinum{0) complex, 24:216
, ethylenebis(dimethyl-, hazards in
preparation of, 23:199
, methyldiphenyl-, tungsten complex,
24:198 !
, methylenebis(diphenyl-, palladium
and rhodium complexes, 21:47-49
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Phosphine (Continued)
, oxide:
cerium complexes, 23:178
palladium complex, 22:169
ruthenium complexes, 21:29, 78
, tributyl-, chromium complexes,
23:38
, tricyclohexyl-, iridium complex,
24:173, 175
, triethyl-:
nickel complex, 21:9
platinum(0) complexes, 24:214
tungsten complexes, 24:196, 198
, trimethyl-:
iridium complex, 21:102
tungsten complexes, 24:196, 198
, triphenyl-:
chromium complexes, 23:38
cobalt complexes, 23:24-25
cobalt, iridium, and rhodium complexes,
22:171, 173,174
platinum(0) complex, 24:216
rhenium and tungsten complexes, 24:196
, tris(1-methylethyl)-, platinum(0)
complex, 24:215
Phosphines, triaryl, 21:175
Phosphinic amide, diphenyl-, lanthanoid
complexes, 23:180
Phosphinodithioic acid, diethylmolybdenum
complexes, 23:120, 121
Phosphinous chloride, [phenyl(trimethyl-
silyl)methylene]-, 24:111
Phosphonic acid, [(N,N-
diethylcarbamoyl)methyi]-:
bis(1-methylethyl) ester, 24:101
dibutyl ester, 24:101
diethyl ester, 24:101
dihexyl ester, 24:101
dimethyl ester, 24:101
Phosphonium, tetraphenyl-:

tetrakis(benzenethiolato)cadmate(IT) (2:1),

21:26
tetrakis(benzenethiolato)cobaltate(II)
(2:1), 21:24
tetrakis(benzenethiolato)di-u-thio-
diferrate(III) (2:1), 21:26
tetrakis(benzenethiolato)ferrate(II) (2:1),
21:24
tetrakis(benzenethiolato)manganate (IT)
(2:1), 21:25

tetrakis(benzenethiolato)tetra- u3-thio-
tetraferrate (11, IIT) (2:1), 21:27
tetrakis(benzenethiolato)zincate(II) (2:1),
21:25
Phosphonium, triphenyl(trichloromethyl)-,
chloride, 24:107
Phosphorane, bis[bis(trimethylsilyl)methyl-
ene]chloro-, 24:120
, (dichloromethylene)triphenyl-,
24:108
, methanetetraylbis[triphenyl-, 24:115
Phosphoranetriamine, P,P'-
methanetetraylbis[N,N,N'.N',N",N"'-
hexamethyl-, 24:114
Phosphorofluoridic acid, diethyl ester, 24:65
Phosphorotrithious acid, tributyl ester,
22:131 )
Phosphorus(1+), u-nitrido-bis(triphenyl-:
decacarbonyl- u-nitrosyl-triruthenate(1 —),
22:163, 165
hexafluorouranate(V), 21:166
nitrite, 22:164
pentacarbonylhydridochromate(1—),
22:183
pentacarbonylhydridomolybdate(1—),
22:183
pentacarbonylhydridotungstate(1—),
22:182
tricarbonylnitrosylferrate(1 —), 22:163,
165
tridecacarbonylcobalttriruthenate(1—),
21:61
tridecacarbonylhydridoirontriruthenate(1-),
21:60
tridecacarbonyltetraferrate (2—) (2:1),
21:66, 68
undecacarbonyltriferrate(2—) (2:1),
24:157
Phosphorous diamide, N,N,N’,N'-tetra-
methyl- P-[phenyi(trimethyl-
silyl)methyl]-, 24:110
Platinate, tetracyano-:
cesium azide (1:2:0.25), hydrate, 21:149
cesium chloride (1:2:0.30), 21:142
cesium [hydrogen bis(sulfate)](1:2:0.46),
21:151
guanidinium (hydrogen difluoride)(1:3:0.27),
hydrate (1:1.8), 21:146
potassium (hydrogen difluoride)(1:2:0.30),
trihydrate, 21:147




rubidium chloride (1:2:0.30), trihydrate,
21:145
Platinate(II), bis(pentasulfido)-,
bis(tetrapropylammonium)-, 20:13
_____, tetrakis[dihydrogen diphos-
phito(2—)]-, tetrapotassium,
24:211
_____, tetracyano-:
dithallium, 21:153
thallium carbonate (1:4:1), 21:153, 154
__, trichloro(dimethyl sulfide)-, tetra-
butylammonium, 22:128
Platinate(IV), hexachloro-, dinitrosyl,
24:217
___, tris(pentasulfido)-, diammonium,
21:12, 13
Platinum, microcrystals, 24:238
Platinum(0), bis(diethylphenylphos-
phine)(ethene)-, 24:216
, [1,2-ethanediylbis(diphenyiphos-
phine)(cthene)-, 24:216
, (ethene)bis(triethylphosphine)-,
24:214
, (ethene)bis(triphenylphosphine)-,
24:216
, (ethene)bis[tris(1-
methylethyl)phosphine]-, 24:215
Platinum(II), [N, N’-bis(1-methylethyl)-1,2-
ethanediamine]dichloro(ethane)-,
21:87
_ ,[(S,S)-N,N’-bis(1-phenylethyl)-
1,2-ethanediamine]dichioro{ethene)-,
21:87
, chloro(N,N-
diethyldiselenocarbamato)(triphenyl-
phosphine)-, 21:10
, chlorotris(diemethy! sulfide)-,
tetrafluoroborate(1—), 22:126
_____, diammineaquachloro-, trans-,
nitrate, 22:125
, diamminechloroiodo-, trans-,
chloride, 22:124
, di-u-chloro-, dichlorobis(dimethyl
sulfide)di-, 22:128
, dichloro{ N, N'-dimethyl-N,N'-
bis(1-methylethyl)-1,2-ethanedi-
amine](ethene)-, 21:87
, dichloro[(R,R)-N,N’-dimethyl-
N,N'-bis(1-phenylethyl)-1,2-
ethanediamine](ethene)-, 21:87
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, dichloro(ethene)(N,N,N',N'-
tetraethyl-1,2-ethanediamine)-,
21:86, 87
» (V,N-diethyldiseleno-
carbamato)methyl(triphenylphos-
phine)-, 20:10
., tetraaqua-, 21:92
, triamminechloro-, chloride, 22:124
Platinum(IV), pentaamminechloro-,
trichloride, 24:277
— ., pentaamine(trifluoromethanesul-
fonato- 0)-, tris(trifluoromethanesul-
fonate), 24:278
Plumbate(IV), hexachloro-, dipyridinimﬁ,
22:149
Poly(dimethylsiloxane- co-methylphenyl-
siloxane), in divanadium stabilization,
22:116
Polythiazyl, see Sulfur nitride(SN), polymer,
22:143
Porphyrin:
actimide and lanthanide complexes, 22:156
indium(IIT) complexes, 23:55
s 5,10,15,20-tetrakis(4-methylphenyl)-
actinide and lanthanide complexes,
22:156
___, 5,10,15,20-tetrakis(4-pyridinyl)-,
23:56
—, 5,10,15,20-tetraphenyl-, actinide
and lanthanide complexes, 22:156
Potassium(1+), (4,7,13,16,21,24-hexa-
oxa-1,10-diazabicyclo[8.8.8]hexa-
cosane)-, tetrabismuthide(2—) (2:1),
22:151
Potassium chromium oxide (KCrO,), 22:59
Potassium chromium oxide (Kq.5CrO,),
bronze, 22:59
Potassium chromium oxide (Kq ¢CrO,),
bronze, 22:59
Potassium chromium oxide (Ky.7CrO;),
bronze, 22:59
Potassium chromium oxide (K4.77CrO;),
bronze, 22:59
Potassium cobalt oxide (KCoO,), 22:58
Potassium cobait oxide (K,.sC00,), bronze,
22:57
Potassium cobalt oxide (K¢.g7C00,), bronze,
22:57
Potassium dysprosium chloride (KDy,Cly),
22:2
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Potassium hexafluorouranate(V), 21:166

Potassium (hydrogen difluoride)tetra-
cyanoplatinate (2:0.30:1), trihydrate,
21:147

Potassium pentafluoromaganate(III) (1:2),
monohydrate, 24:51

Potassium pentafluorooxomolybdate(V)
(2:1), 21:170

Potassium pentaoxoniobatetitanate(1—),
22:89

Potassium sodium tetramethylammonium
aluminum silicate hydrate
[K,Na[(CH3) N]Al(Si;40;.¢)]-
TH,0, 22:66

Praseodymium, porphyrin complexes, 22:156

» (2,4-pentanedionato)(5,10,15,20-

tetrakis(4-methyiphenyl)por-

phyrinato(2—)]-, 22:160

, (2,4-pentandionato)[5,10,15,20-
tetraphenylporphyrinato(2—)]-,
22:160

——,[5,10,15,20-tetrakis(4-methyl-
phenyl)porphyrinato(2—)]-, 22:160

Praseodymium(III), hexakis(diphenyl-
phosphinic amide)-, tris(hexafluoro-
phosphate), 23:180

, (1,4,7,10,13,16-hexaoxacyclo-

octadecane )trinitrato-, 23:153

, trinitrato{1,4,7,10,13-pentaoxa-

cyclopentadecane)-, 23:151

, trinitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151

_,tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane )dodecanitratotetra-,
23:155

Praseodymium cesium chloride (CsPr,Cly),
22:2

Praseodynium chloride (PrCl,), 22:39

1-Propanamine, intercalate with hydrogen
pentaoxoniobatetitanate(1—),
22:89

Propane, 2-isocyano-2-methyl-:

molybdenum and tungsten complexes,
23:10-12
tungsten complex, 24:198

1,3-Propanediamine, cobalt complexes,
23:169

2-Propanethiol, 2-methyl-, rhodium complex,
23:123, 124

1-Propene, 2-methyl-, iron complexes,
24:164

Propionitrile, 3,3’,3”-phosphinidynetri-,
nickel complexes, 22:113, 115
Pyrazine, ruthenium complexes, 24:259
Pyrazinecarboxylic acid, cobait complexes,
23:114
1 H-Pyrazole, boron-copper complex,
21:108, 110
— ., 3,5-dimethyl-, boron-copper
complex, 21:109
Pyridine:
bis(trifluoromethyl)cadmium, 24:57
cobalt complex, 23:73
intercalate with FeClO (1:4), 22:86
iridium complexes, 24:173, 174, 175
rhenium complex, 21:116, 117
, 4-amino-, intercalate with FeClO
(1:4), 22:86
—_, 2,4,6-trimethyl-, intercalate with
FeClO, 22:86
4-Pyridinecarboxylic acid, cobalt complexes,
23:113
Pyridinium, 4,4',4",4'"-porphyrin-
5,10,15,20-tetrayltetrakis(1-
methyl-:
indium(IIT) complexes, 23:55, 57
tetrakis(4-methylbenzenesulfonate), 23:57

Rare earth alkali metal bromides and chlorides,
22:1, 10
Rare earth trichlorides, 22:39
Rare earth triiodide, 22:31
Resolution:
of ammine(glucinato)(1,4,7-triazacyclono-
nane)cobalt(IIl), 23:75
of aqua(glucinato)(1,4,7-triazacyclo-
nonane)cobalt(Ill), 23:76
of trans-diammine N,N’-bis(2-amino-
ethyl)-1,2-ethanediamine]cobalt(III),
23:79
of cis,cis-diamminecarbonatobis(pyri-
dine)cobalt(IIT), 23:73
of cis, cis-diamminecarbonatodicyano-
cobaltate(I1I), 23:68
of cis, cis-diamminecarbonatodinitro-
cobaltate(II), 23:71
of cis, cis-diamminedicyanooxalato-
cobalt(IIT), 23:69
of cis,cis-diamminedinitrooxalato-
cobaltate(III), 23:73
of (glycinato)nitro(1,4,7-triazacyclo-
nonane)cobalt(III), 23:77



of lithium cis-diamminedicarbonato-
cobaltate(IIT) and cis-dicarbonato(1,2-
ethanediamine)cobaltate (TII),
23:63
of silver(I) cis(NO,), trans(N)-
bis(glycinato)nitrocobaltate (1II),
23:92
of tris(2,4-pentanedionato)cobalt with
A~(—)-cis(NO,), trans-(N)-
bis(S-argenine)dinitrocobalt(IIT)
chloride, by column chromatography,
23:.94
Rhenate(I1I), octachlorodi-, bis(tetra-
butylammonium), 23:116
Rhenium, bromopentacarbonyl-, 23:44
, pentacarbonylchloro-, 23:42, 43
—, pentacarbonyliodo-, 23:44
Rhenium(V), dioxotetrakis(pyridine)-:
chloride, trans-, 21:116
perchlorate, trans-, 21:117
——_, trichloro(phenylimino)bis(triphenyl-
phosphine)-, 24:196
Rhenium(VI), tetrachloro(phenylimiro)-,
24:195
Rhenium lithjum oxide (LiReO;), 24:205
Rhenium lithium oxide (Liy.,Re05), 24:203,
206
Rhenium lithium oxide (Li;ReO;),
24:203
Rhodate(I1T), tris{pentasulfido)-,
triammonium, 21:15
Rhodium, (1,4-butanediyl)(#n35-penta-
methylcyclopentadienyl)(triphenyl-
phosphine)-, 22:173
Rhodium(1+), bis[o-phenylenebis(di-
methylarsine)]-, chloride, 21:101
, (carbon dioxide)bis[o-phenylene-
bis(dimethylarsine)]-, chloride,
21:101
Rhodium(I), bis(n3-1,5-cyclooctadiene)-di-
u-hydroxo-di-, 23:129
, bis(n4-1,5-cyclooctadiene)-di- -
methoxy-di-, 23:127
, bis-u-(2-methyl-2-propanethiolato)-
tetrakis(trimethyl phosphite)di-,
23:123
, dicarbonyl-bis-u-(2-methyl-2-
propanethiolato)-bis(trimethyl-
phosphite)di-, 23:124
, tetrakis(1-isocyanobutane)-, tetra-
phenylborate(1—), 21:50
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—_, tetrakis(1-
isocyanobutane)bis{methylenebis (di-
phenylphosphine)]di-, bis[tetra-
phenylborate(1—)], 21:49

Rhodium(III), aquabis(1,2-ethanedi-
amine)hydroxo-, dithionate, 24:230

, bis(1,2-ethanediamine)bis(trifluoro-

methanesulfonato-0)-, cis-, trifluoro-

sulfonate, 24:285

, bis(1,2-ethanediamine )(oxalato)-,

perchlorate, 24:227

, chlorobis(1,2-ethanediamine)(tri-

fluoromethanesulfonato-0)-, trans-,

trifluoromethanesulfonate, 24:285

, dichlorobis(1,2-ethanediamine)-:

chloride perchlorate (2:1:1), 24:229

cis-, chloride, monohydrate, 24:283

trans-, chloride, monohydrochloride,
dihydrate, 24:283

— —_, di-p-hydroxo-bis[bis(1,2-ethane-
diamine)-, tetrabromide, 24:231

, di- u-hydroxobis({tetraammine-,

tetrabromide, 24:226

, hexammine-:

triperchlorate, 24:255

tris(triflucromethanesulfonate), 24:255

, pentaammineaqua-, triperchlorate,

24:254

, pentaamminechloro-, dichloride,

24:222

, pentaammine(trifluoromethane-

sulfonato-0)-, bis(trifluoromethane-

sulfonate), 24:253

, pentakis(methanamine )(trifluoro-

methanesulfonato- 0)-, bis(trifluoro-

methanesulfonate), 24:281

, tetraammineaquahydroxo-, cis-,
dithionate, 24:225

—__, tetraamminedichloro-, cis-, chloride,
24:223

Rubidium chloride tetracyanoplatinate
{2:0.30:1), trihydrate, 21:145

Ruthenate(1—), u-carbonyl-1xC:2xC-
decacarbonyl-113C,2¢3C,3k4G-

p-hydrido- 1x:2k-triangulo-tri-, tetra-

ethylammonium, 24:168

, decacarbonyl-u-nitrosyl-tri-, u-
nitrido-bis(triphenylphosphorus)(1+),
22:163, 165

——_, tridecacarbonylcobalttri-, u-nitrido-
bis(triphenylphosphorus)(1+), 21:61
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Ruthenate(1—) (Continued)

, tridecacarbonylhydridoirontri-, p-
nitrido-bis(triphenylphosphorus)(1+),
21:60

Ruthenium, (76-benzene)(n*-1,3-cyclo-
hexadiene)-, 22:177

, bis(n3-cycloheptanedienyl)-, 22:179

, bis(n3-cyclopentadienyl)-, 22:180

____, carbonyltri-u-chloro-chlorotetra-
kis(triphenylphosphine)di-, compd.
with acetone (1:2), 21:30

, (n*-1,5-cyclooctadiene)(n5-1,3,5-

cyclooctatriene)-, 22:178

, pentaammine(trifluoromethane-

sulfonato-0)-, bis(trifluoromethane-

sulfonate), 24:258

, tetracarbonyl(n2-methyl acrylate)-,

24:176

, tri-pt-chloro-chloro(thiocarbonyl)te-
trakis(triphenylphosphine)di-, compd.
with acetone (1:1), 21:29

___, tridecacarbonyldihydridoirontri-,

21:58

, tridecacarbonyldihydriodotri-
osmium-, 21:64

Ruthenium(0), bis(n2-ethene)(n5-hexa-
methylbenzene)-, 21:76

, (m%-1,3-cyclohexadiene)(nS-hexa-
methylbenzene)-, 21:77

Ruthenium(5-+), decaamine(u-pyrazine)-di-,
pentaiodide, 24:261

Ruthenium(II), (2,2’-bipyridine-N,N")-
chloro(2,2:6°,2"-terpyridine-
N,N',N")-, chloride, 2.5 hydrate,
24:300

_ ,(2,2’-bipyridine-N,N")2,2":6',2"-
terpyridine-N,N', N"')(trifluoro-
methanesulfonato-0)-, trifluoro-
methanesulfonate, 24:302

, bis(2,2'-bipyridine- N, N")dichloro-,

cis-, dihydrate, 24:292

, chloro(n5-cyclopentadienyl)bis(tri-

phenylphosphine)-, 21:78

, (n°-cyclopentadienyl)(phenyl-

ethynyl)bis(triphenylphosphine})-,

21:82

, (1°-cyclopentadienyl)(phenyl-
vinylidene)bis(triphenylphosphine)-,
hexafluorophosphate(1—), 21:80

___, di-p-chloro-bis[chloro(n5-hexa-
methylbenzene)-, 21:75

, pentaammine(pyrazine)-:

bis[tetrafluoroborate(1—)], 24:259

dichloride, 24:259

, tris(2,2"-bipyridine)-, dichloride,
hexahydrate, 21:127

Ruthenium(III), aqua(2,2'-bipyridine-

N,N")(2,2":6',2"-terpyridine-

N,N',N")-, tris(trifluoromethane-

sulfonate), trihydrate, 24:304

, (2,2’-bipyridine-N,N")(2,2":6",2"'-

terpyridine-N,N’, N"')(trifluoro-

methanesulfonato- 0)-, bis(trifluoro-

methanesulfonate), 24:301

, bis(2,2'-bipyridine- N, N')bis(tri-
fluoromethanesulfonato-0)-, cis-,
trifluoromethanesulfonate, 24:295

___,bis(2,2'-bipyridine-N, N')dichloro-,

cis-, chloride, dihydrate, 24:293

, pentaamminechloro-, dichloride,

24:258

Ruthenium lead oxide (Pb;.¢7Ru,.3304.5),
pyrochlore, 22:69

Ruthenium oxide (Ru;03), solid solns. with
lead oxide (PbO,), pyrochlor, 22:69

Ruthenocene, see Ruthenium, bis(775-cyclo-
pentadienyl)-, 22:180

Samarium, porphyrin complexes, 22:156
» (2,4-pentanedionato)[5,10,15,20-
tetraphenylporphyrinato(2—)}-,
22:160

, (2,2,6,6-tetramethyl-3,5-heptanedi-
onato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)}-, 22:160

Samarium(III), hexakis(diphenylphosphinic

amide)-, tris(hexafluorophosphate),

23:180

, trinitrato(1,4,7,10,13-pentaoxa-

cyclopentadecane)-, 23:151

, trinitrato(1,4,7,10-tetraoxacyclodo-

decane)-, 23:151

__,tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane Jdodecanitratotetra-,
23:155

Saramium chloride (SmCl;), 22:39

Scandium(JII), trichlorotris(tetrahydro-
furan)-, 21:139

Scandium cesium chloride (CsScCl;), 22:23

Scandijum cesium chloride (Cs;Sc,Clg),
22:25

Scandium chloride (ScCly), 22:39




Selenate(VI), pentafluorooxoxenon(2+)
(2:1), 24:29
Selenide, iron complex, 21:36, 37
Seleninyl fluoride, see Selenium fluoride
oxide (SeOF,), 24:28
Selenium, iron polynuclear complexes,
21:33-37
Selenium fluoride (SeF,), 24:28
Selenium fluoride oxide (SeOF,), 24:28
Selenocarbonyls, chromium, 21:1, 2
Semioxamazide, 5-(6-methylbenzyl)-,
(S)-(—)-, 23:86
Serine, copper complex, 21:115
Silane, (dichloromethylene)bis[trimethyl),
24:118
, tetraisocyanato-, 24:99
, tetramethyl-, 24:89
aluminum complex, 24:92, 94
indium complex, 24:89
lithium complex, 24:95
Silicate(IV), hexafluoro-, bis(tetrafluoro-
ammonium), 24:46
Siloxane, dimethyl-, copolymer with
methylphenylsiloxane, in divanadium
stabilization, 22:116
, methylphenyl-, copolymer with
dimethylsiloxane, in divanadium
stabilization, 22:116
Silver(1+), bis(cyclo-octasulfur)-, hexa-
fluoroarsenate, 24:74
, M3-thio-tri-, nitrate, 24:234
Silver hexafluoroarsenate, 24:74
Silver trifluoromethanesuifonate, reactions,
24:247
Silver tungstate (Agg(W40¢)), 22:76
Sodium aluminum silicate hydrate
(NaAlSiO4-2-25H,0), 22:61
Sodium aluminum silicate hydrate
(Na,Al,Sis0,4° XH,0), 22:64
Sodium cobalt oxide (NaCoQ,), 22:56
Sodium cobalt oxide (Nay.¢C00;), 22:56
Sodium cobalt oxide (Nag.54C00;), 22:56
Sodium cobalt oxide (Nagy.,4C00,),
22:56
Sodium cobalt oxide (Nag.17C005,),
22:56
Sodium cyanotri[ (2H )hydro]borate(1—),
21:67
Sodium [[1,2-cyclohexanediyldinitrilo)tetra-
acetato](4—)](dinitrogen)ferrate (II)
(2:1), dihydrate, 24:210
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Sodium (dinitrogen)[[1,2-ethanediyl-
dinitrilo)tetraacetato](4—)]ferrate(II)
(2:1), dihydrate, 24:208
Sodium hexafluorouranate(V), 21:166
Sodium octacarbonyldiferrate(2—), 24:157
Sodium potassium tetramethylammonium
aluminum silicate hydrate
[K,Na[(CH ;) ;JN]Al4(Si,4036)]-
TH,0, 22:66
Sodium tetracarbonylferrate(2—), 24:157
Sodium tetrapropylammonium aluminum
silicate (Naz .4[(C3H7)4N]3 -6"
A12.6(Sil000207)), 22:67
Sodium undecacarbonyltriferrate(2—),
24:157
Styrene, see Benzene, vinyl-, 21:80
Sulfur:
iron cyclopentadienyl complexes,
21:37-46
iron polynuclear complexes, 21:33-37
silver complex, 24:234
, chloropentafluoro, see Sulfur
chloride fluoride (SCIFs), 24:8
Sulfur(IV), tribromo-, hexafluoroarsenate,
24:76
Sulfur chloride fluoride (SCIF), 24:8
Sulfur dicyanide, 24:125
Sulfur nitride (SN), polymer, 22:143
Sulfur oxide (SgO), 21:172

Tantalum, as high-temp. container for
reduced halides, 20:15
Technetate(V), tetrachlorooxo-, tetrabutyl-
ammonium (1:1), 21:160
Tellurate(VI), pentafluorooxo-:
boron(3+) (3:1), 24:35
hydrogen, 24:34
xenon(2+) (2:1), 24:36
Tellurium chloride fluoride (TeCIF ), 24:31
Terbium, porphyrin complexes, 22:156
, (2,4-pentanedionato)|5,10,15,20-
tetraphenylporphyrinato(2—)]-,
22:160
, (2,2,6,6-tetramethyl-3,5-heptanedi-
onato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160
Terbium(III), dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-,
23:153
, hexakis(diphenylphosphinic amide)-,
tris (hexafluorophosphate), 23:180
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Terbium(III) (Continued)

, (1,4,7,10,13,16-hexaoxacycloocta-

decane)trinitrato-, 23:153

, trinitrato(1,4,7,10,13-pentaoxa-

cyclopentadecane)-, 23:151

, trinitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151

__ ,tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

Terbium chloride (TbCl3), 22:39

2,2":6',2"-Terpyridine, osmium and
ruthenium complexes, 24:291-298

1,4,8,11-Tetraazacyclotetradecane-
5,7-dione, copper complexes, 23:82

1,4,8,11-Tetraazacyclotetradeca-1,3,8,10-
tetraene, 2,9-dimethyl-3, 10-diphenyl-,
copper, iron, and zinc complexes,
22:107, 108, 110, 111

2,3,7,8-Tetracarbadodecaborane(12),
2,3,7,8-tetraethyl-, 22:217

1,4,7,10-Tetraoxacyclocyclododecane,
lanthanoid complexes, 23:149

Tetraselenafulvalene, tetramethyl, see
2,2'-Bi-1, 3-diselenolylidene,
4,4'5,5 -tetramethyl-, 24:131

Thallium(T), cyclopentadienyl-, 24:97

Thallium(III), chlorobis(pentafluorophenyl)-,

21:71, 72

, chlorobis(2,3,4,6-tetrafluoropheny!)-,

21:73

, chlorobis(2,3,5,6-tetrafluorophenyl)-,

21:73

, chlorobis(2,4,6-trifluorophenyl)-,
21:73

Thallium carbonate tetracyanoplatinate(II)
(4:1:1), 21:153, 154

Thallium chloride (TICl;), 21:72

Thallium tetracyanoplatinate(II) (2:1),
21:153

1-Thia-closo-decaborane(9), 22:229

6-Thia-nido-decaborane(11), 22:228

Thiazyl fluoride (NSF), 24:16

Thiazy! trifluoride (NSF;), 24:12

Thiocarbonyl complexes, ruthenium, 21:29

Thio complexes, molybdenum, 23:120, 121

Thiocyanate complexes, cobalt, copper, iron,
manganese, nickel, and zinc, 23:157

Thiocyanic acid:

chromium complexes, 23:183
palladium complex, 21:132
Thiourea, chromium(0) complexes, 23:2

— , N,N'-di-tert-butyl-, chromium(0)
complexes, 23:3
___, N.N'-di-p-tolyl-, chromium(0)
complexes, 23:3
, N,N,N',N'-tetramethyl-,
chromium(0) complexes, 23:2
Thorate(IV), bis(heptadecatungstodi-
phosphato)-, hexadecapotassium,
23:190
, bis(undecatungstoborato)-, tetra-
decapotassium, 23:189
, bis(undecatungstophosphato)-,
decapotassium, 23:189
Thorium, porphyrin complexes, 22:156
, bis(2,4-pentanedionato)[5,10,15,20-
tetraphenylporphyrinato(2—)]-,
22:160
s (2,2,6,6-tetramethyl-3,5-heptanedi-
onato){5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160
Thulium, hexakis{diphenylphosphinic
amide)-, tris(hexafluorophosphate),
23:180
Thulium(IIT), dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-,
23:153
—,(1,4,7,10,13,16-hexaoxacycloocta-
decane)trinitrato-, 23:153
, trinitrato(1,4,7,10,13-pentaoxa-
cyclopentadecane)-, 23:151
, trinitrato(1,4,7,10-tetraoxa-
cyclododecane)-, 23:151
, tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane )dodecanitratotetra-,
23:155
Thulium cesium lithium chloride
(Cs,LiTmClg), 20:10
Thulium chloride (TmCl;), 22:39
Tin, pentatitanium tetrasulfide preparation in
liquid, 23:161
, dibromodiphenyl-, 23:21
Titanate(1—), pentaoxoniobate-, hydrogen,
22:89
intercalate:
with 1-butanamine, 22:89
with ethanamine, 22:89
with methanamine, 22:89
with NH;, 22:89
with 1-propanamine, 22:89
potassium, 22:89
Titanium, as substrate for cadmium
chalcogenides, 22:80




, dicarbonylbis(n5-cyclopentadienyl)-,
24:149
_____, dicarbonylbis(#n5-pentamethylcyclo-
pentadienyl)-, 24:152
Titanium(III), chlorobis(75-cyclopenta-
dienyl)-, 21:84
_____, trichlorotris(tetrahydrofuran)-,
21:137
Titanium(IV), tetrachlorobis(tetrahydro-
furan)-, 21:135
Titanium chloride (TiCl,), 24:181
Titanium iron hydride (FeTiH,.q4), 22:90
Titanium sulfide (TisS4), preparation in liquid
tin, 23:161
TMTSF, see 2,2'-Bi-1,3-diselenolylidene,
4.4',5,5 -tetramethyl-, 24:131
Transition metal alkali metal oxides, 22:56
triars, see Arsine, [2-[(dimethyl-
arsino)methyl]-2-methyl-1,3-pro-
panediyl]bis(dimethyl-, 21:18
1,4,7-Triazacyclononane, cobalt complexes,
23:75
1H-Triazole, cobalt, copper, iron, manganese,
nickel, and zinc complexes,
23:157
Triflate, see Methanesulfonate, trifluoro-,
metal complexes and salts,
24:243-306
Trimethyl phosphite:
chromium complexes, 23:38
iron complex, 21:93
rhodium complex, 23:123, 124
Triphenyl phosphite, chromium complexes,
23:38
[1°B,]-1,2,4,3,5-Trithiadiborolane,
3,5-dimethyl-, 22:225
Tungstate, u-hydrido-bis[pentacarbonyl-,
potassium, 23:27
Tungstate(1—), pentacarbonylhydrido-,
u-nitrido-bis(triphenyl-
phosphorus)(1-+), 22:182
Tungstate(VI), pentafluorooxo-, tetrafluoro-
ammonium (1:1), 24:47
Tungsten(0), bis(1-chloro-4-isocyano-
benzene)bis|1,2-ethanediyl(diphenyl-
phosphine)}-, trans-, 23:10
, bis(1,3-dichloro-2-isocyano-
benzene)bis|1,2-ethanediyl(diphenyl-
phosphine)]-, trans-, 23:10
, bis[1,2-ethanediylbis(diphenylphos-
phine)]bis(isocyanobenzene)-, trans-,
23:10
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, bis(1,2-ethanediylbis(diphenylphos-

phine)]bis(isocyanomethane)-, trans-,

23:10

, bis[ 1,2-ethanediylbis(diphenylphos-

phine)]bis(1-isocyano-4-methoxy-

benzene)-, trans-, 23:10

, bis[1,2-ethanediylbis(diphenyliphos-

phine)]bis(1-isocyanc-4-methyl-

benzene)-, trans-, 23:10

, bis[1,2-ethanediylbis(diphenylphos-
phine)]bis(2-isocyano-2-methyl-
propane)-, trans-, 23:10

Tungsten(IV), bis[1,2-ethanediylbis(di;
phenylphosphine)]bis[(methyl-
amino)methylidyne}-, trans-,
bis(tetrafluoroborate(1—)}], 23:12

, bis{1,2-ethanediylbis(diphenylphos-

phine)]bis[[(4-

methylphenyl)amino]methylidyne]-,

trans-, bis(tetrafluoroborate(1—)],

23:14

, bis[1,2-ethanediylbis(diphenylphos-

phine)}(isocyanomethane)[ (methyl-

amino)methylidynel-, trans-, tetra-

fluoroborate(1—)], 23:11

, bis[1,2-ethanediylbis(diphenylphos-

phine)}(2-isocyano-2-methyl-

propane)[(methylamino)(methyl-

idyne]-, trans-, tetrafluoro-

borate(1—-)], 23:12

, dichloro(phenylimido)tris (triethyl-

phosphine)-, 24:198

, dichloro(phenylimido)tris(trimethyl-

phosphine)-, 24:198

, dichlorotris(dimethylphenylphos-

phine)(phenylimido)-, 24:198

, dichlorotris(1-isocyano-4-methyl-

benzene)(phenylimido)-, 24:198

, dichlorotris(2-isocyano-2-methyl-
propane)(phenylimido)-, 24:198

., dichlorotris(methyldiphenylphos-
phine)(phenylimido)-, 24:198

Tungsten(V), trichlorobis(dimethenphenyl-
phosphine)(phenylimino)-, 24:19¢

, trichloro(phenylimido)bis(triethyl-

phosphine)-, 24:196

, trichloro(phenylimido)bis(trimethyi-

phosphine)-, 24:196

, trichloro(phenylimino)bis(triphenyl-
phosphine)-, 24:196

Tungsten(VI), tetrachloro(phenylimido)-,

24:195
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Tungsten chloride oxide (WCI1,0), 23:195
Tungsten fluoride oxide (WF ,0), 24:37

Undecatungstoborate (BW;034%), thorium
complexes, 23:189
Undecatungstophosphate (PW,0457-),
thorium and uranium complexes,
23:186
Uranate(IV), bis(heptadecatungstodiphos-
phato)-, hexadecapotassium, 23:188
, bis(undecatungstophosphato)-,
decapotassium, 23:186
Uranate(V), hexafluoro-:
p-nitrido-bis(triphenylphosphorus)(1+),
21:166
potassium, 21:166
sodium, 21:166
Uranium(IV) chloride (UCly), 21:187
Uranium(V), pentaethoxy-, 21:165
Uranium(V}) fluoride (UFy), 21:163
Urea, N,N’-dimethyl-N,N’-bis(tri-
methylsylyl)-, 24:120

Vanadium(IIT), chlorobis(n3-cyclopenta-
dienyl)-, 21:85

——_, trichlorotris(tetrahydrofuran)-,
21:138

Vanadium chloride (VCl,), 21:185

Vanadium lithium oxide (LiV,05), 24:202

Vanadium sulfide (VS,), 24:201

Water:
cadmium and cobalt complexes, 23:175
cobalt complexes, 21:123-126; 23:76, 110
iridium, osmium, and rhodium compiexes,
24:254, 265
molybdenum complexes, 23:130~-139
platinum complex, 21:192; 22:125
Welding, of tantalum, 20:7

Xanthosine, pailadium(Il) complexes,
23:54

Xenon bis[pentafluorooxoselenate(VI1)],
24:29

Xenon bis[pentafluorooxotellurate(V1)],
24:36

Ytterbium, porphyrin complexes, 22:156

, (1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-, 23:153

—, (2,4-pentanedionato)(5,10,15,20-
tetraphenylporphyrinato(2—)J-,
22:156

_—_, [5,10,15,20-tetrakis(3-fluoro-
phenyl)porphyrinato(2-)](2,2,6,6-
tetramethyl- 3,5-heptanedionato)-,
22:160

_ ., [5,10,15,20-tetrakis(4-methyl-
phenyl)porphyrinato(2—)}(2,2,6,6-
tetramethyl- 3,5-heptanedionato)-,
22:156

Ytterbium(1II), dodecanitrato-
tris(1,4,7,10,13-pentaoxacyclo-
pentadecane)tetra-, 23:153

, hexakis(diphenylphosphinic amide)-,

tris(hexafluorophosphate),

23:180

, trinjtrato(1,4,7,10,13-pentaoxa-

cyclopentadecane)-, 23:151

, trinitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151

___,tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

Ytterbium chloride (YbCly), 22:39

Yttrium, porphyrin complexes, 22:156

, (2,4-pentanedionato)|5,10,15,20-
tetraphenylporphyrinato(2 —)}-,
22:160

Yttrium chloride (YCl;), 22:39

Zeolite, 22:61

Zeolite A (NaAlSiO,.2.25H,0), 22:63

Zeolite Y (Na,Al,Si;0,,.XH,0), 22:64

Zinc(II), bis(thiocyanato- N)-bis-u-(1H-

1,2,4-triazole-N2:N4)-, poly-,

23:160

, chloro(2,9-dimethyi-3,10-diphenyl-

1,4,8,11-tetraazacyclotetradeca-

1,3,8,10-tetraene)-, hexafluorophos-

phate(1-), 22:111

, tetraaquabis{o-sulfobenzoimidato)-,
dihydrate, 23:49

Zincate(I1), tetrakis(benzenethiolato)-,
bis(tetraphenylphosphonium),
21:25

Zirconium, dicarbonylbis(n°-cyclopenta-
dienyl)-, 24:150

, dicarbonylbis(3 -pentamethylcycio-
pentadienyl)-, 24:153

Zirconium(IV), tetrachlorobis(tetrahydro-
furan)-, 21:136

Zirconium bromide (Z1Br), 22:26

Zirconium chloride (ZrCl), 22:26

ZSM-5 (Nay.4[(C3H7)¢N];3.6Al; .6~
(8iy000207)), 22:67
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FORMULA INDEX

The Formuia Index, as well as the Subject Index, is a Cumulative Index for Volumes 21-25. The
Index is organized to allow the most efficient location of specific compounds and groups of
compounds related by central metal ion or ligand grouping.

The formulas entered in the Formula Index are for the total composition of the entered compound,
e.g., FgNaU for sodium hexafluorouranate(V). The formulas consist solely of atomic symbols
(abbreviations for atomic groupings are not used) and arranged in alphabetical order with carbon
and hydrogen always given last, e.g., BryCoN C4H 4. To enhance the utility of the Formula
Index, all formulas are permuted on the symbols for all metal atoms, e.g., FeO{3Ru;C3H,;is
also listed at Ru;Fe0,3C3H 3. Ligand groupings are also listed separately in the same order,
e.g., N,C,Hg, 1,2-Ethanediamine, cobalt complexes. Thus individual compounds are found at
their total formula in the alphabetical listing; compounds of any metal may be scalled at the
alphabetical position of the metal symbol; and compounds of a specific ligand are listed at the
formula of the ligand, e.g., NC for Cyano complexes.

Water of hydration, when so identified, is not added into the formulas of the reported compounds,

c.g., Clo 30N4P1'.Rb2C4 N 3H20

AgAsFg, Arsenate, hexafluoro-, silver, 24:74

AgAsFgS ¢, Silver(1+), bis(cyclo-
octasulfur)-, hexafluoroarsenate,
24:74

AgCoN404C 4Hg, Cobaltate(III),
bis(glycinato)dinitro-, cis-(NO,),
trans(N)-, silver(I), 23:92

AgF 3038C, Silver trifluoromethane-
sulfonate, reactions, 24:247

AgiNQO;S, Sitver(1+), us-thio-tri-,
nitrate, 24:234

Agg0,5W,4, Silver tungstate, 22:76

AIBrSi;,CgH,,, Aluminum,
bromobis|(trimethylsily )methyl]-,
24:94

AlH LaNi4, Aluminum lanthanum nickel
hydride, 22:96

AINaO,Si- 2.25H,0, Sodium aluminum

silicate, 22:61

, Zeolite A, 22:63

AlSi3C12H33, Alummum. tﬂS[(tﬁ-
methylsilyl)methyl]-, 24:92

Al;Na,0,,5i- XH;,0, Sodium aluminum

silicate hydrate, 22:64

, Zeolite Y, 22:64

Aly. 6N3.¢Nay. 4030751100Ca3H100,

Sodium tetrapropylammonium

aluminum silicate, 22:67

, ZSM-5, 22:67

A14K2NN803 6Si |4C4H 12° 7H20,

Offretite, tetramethylammonjum

substituted, 22:65

, Potassium sodium tetramethyl-

ammonium aluminum silicate hydrate,

22:65

AsAgF, Arsenate, hexafluoro-, silver
24:74

AsAgF ¢S ¢, Arsenate, hexafluoro-,
bis(cyclo-octasulfur)silver(1+),
24:74

AsBr;FgS, Arsenate, hexafluoro-,
tribromosulfur(IV), 24:76

AsC gH,s, Arsine, triphenylchromium
complexes, 23:38

345
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AsF¢NC ¢H1¢, Arsenate, hexafluoro-,
tetrabutylammonium, 24:138

AsF¢NO, Arsenate, hexafluoro-, nitryl,
24:69

AsFSegCooHyy, Arsenate, hexafluoro,
4.4',5,5'-tetramethyl-2,2"-bi-1,3-
diselenolyldene radical ion(1+) (1:2),
24:138

ASzclon, Arsine,
o-phenylenebis(dimethyl-, rhodium
complex, 21:101

AS4C102RhC21H32, Rhodmm( 1+),
(carbon dioxide)bisfo-
phenylenebis(dimethylarsine)]-,
chloride, 21:101

AS4C1R.hC20H32, Rhodlum( 1+), bis [0 -
phenylenebis(dimethylarsine)]-,
chloride, 21:101

As4CIgNb,C,0H 35, Niobium(III),
hexachlorobis|c-phenylenebis(di-
methylarsine)]di-, 21:18

A56C16Nb2C22H54, NlOblum(HI),
hexachlorobis[[2—[(di-
methylarsino)methyl]-2-methyl-1,3-
propanediyl]bis(dimethylarsine) |-,
21:18

AuClOC, Gold(I), carbonylchloro-, 24:236

AUC1202P2C30H32, GOld(I),
dichloro-u-(1,1,10,10-tetraphenyl-
4,7-dioxa-1,10-diphosphadecane)-
di-, 21:193

AuNO,SC;3;Hg, Gold(I), (L-cysteinato)-,
21:31

AuSCgHy, Gold(I), (4-ethyl-
benzenethiolato)-, 23:192

BBr,CHj,, [19B]Borane, dibromomethyl-,
22:223

BBr;, [ 19B]Boron bromide, 22:219

BCIF ,PtS3C¢H 3, Platinum(II),
chlorotris(dimethyl sulfide)-,
tetrafluoroborate(1—), 22:126

BC1,C¢H;, Borane, dichlorophenyi-, 22:207

BCuNgzOC,oH g, Copper(l),
carbonyl[hydrotris(pyra-
zolato)borato]-, 21:108

BCU.NGOCszz, Copper(I),
carbonyl[tris(3,5-dimethyl-
pyrazolato)hydroborato]-, 21:109

BCuNgOC,3H,,, Copper(l), carbonyl{tetra-
kis(pyrazolato)borato]-, 21:110

BF  FeO,C;H; 3, Borate(1—),
tetrafluorodicarbonyl(n3-
cyclopentadienyl)(#72-2-methyl-
1-propenyl(iron(1+), 24:166

BF 4MON 2P 4C 56H5 55 Molybdenum(III),
bis[1,2-ethanediylbis(1,2-diphenyl-
phosphine)](isocyano-
methane)[(methyl-
amino)methylidyne)-, trans-,
tetrafluoroborate(1—), 23:12

BF4NC 16H36s Borate( 1- ),
tetrafluoro-, tetrabutylammonium,
24:139

BF 4N 2P4WC 56 Hss N Tungsten(IV),
bis[1,2-ethanediylbis(diphenyl-
phosphine)](isocyano-
methane)|(methylamino)methyl-
idyne]-, trans-, tetra-fluoroborate(1-),
23:11

BF4N2P4WC59H61 s Tungsten(IV),
bis[1,2-ethanediylbis(diphenyl-
phosphine)}(2-isocyano-2-methyl-
propane)f(methylamino)methyl-
idyne]-, trans-, tetrafluoroborate(1—),
23:12

BF 4SegC,0054, Borate(1—), tetra-
fluoro-, 4,4’,5,5'-tetramethyl-2,2'-bi-
1,3-diselenolylidene, radical ion(1+)
(1:2), 24:139

BFN, Borate(Ill), tetrafluoro-,
tetrafluoroammonium (1:1), 24:42

BF,503Te;, Tellurate(VI), pentafluoro-
oxo-, boron(3+) (3:1), 24:35

BKCgH ¢, Borate(1—), (cyclooctane-1,5-
diyl)dihydro-, potassium, 22:200

BLiCgH ¢, Borate(1—), (cyclooctane-1,5-
diyl)dihydro-, lithium, 22:199

BNC¢H ¢, Borane, (dimethylamino)diethyl-,
22:209

BNNaC2H;, Borate(1—), cyanotri[(2H)hy-
dro]-, sodium, 21:167

BN,4RhC 44H 56, Rhodium(T), tetrakis(1-
isocyanobutane)-, tetraphenyl-
borate(1—), 21:50

BNGCQH 10» Borate( 1 _),
hydrotris(pyrazolato)-, copper
complex, 21:108

BNGC 15H22, Borate(l _), tIlS(3,5- ’
dimethylpyrazolato)hydro-, copper

complex, 21:109

, Borate(1—), tris(3,5-dimethyl-




pyrazolyl)hydro-, molybdenum
complexes, 23:4-9
BNsC 12H12, Borate( 1 "‘),
tetrakis (pyrazolato)-, copper complex,
21:110
BNaCgH ¢, Borate(1—), (cyclooctane-1,5-
diyl)dihydro-, sodium, 22:200
BOC;H,,, Borane, diethylhydroxy-, 22:193
BOC;H,3, Borane, diethylmethoxy-, 22:190
BOCgH ), Diboroxane, tetraethyl-, 22:188
BO,C,H,, Boronic acid, ethyl-, 24:83
BO,Cg4H,, Borane[(2,2-dimethyl-
propanoyl)oxy|diethyl-, 22:185
BO3yW,;, Undecatungstoborate(9~),
thorium complexes, 23:189
B,FgMoN, P C s¢H 55, Molybdenum(IV),
bis{1,2-ethanediylbis(diphenyl-
phosphine)]bis[(methylamino)methyl-
idyne}-, trans-, bis[tetra-
fluoroborate(1—)), 23:14
B,FgN,P,WC,sHsg, Tungsten(IV),
bis[1,2-ethanediylbis(diphenyl-
phosphine] |bis{(methyl-
amino)methylidyne]-, ¢trans-,
bis[tetrafluoroborate(1—)1, 23:12
B,FN,P,WC;Hg,, Tungsten(IV),
bis{1,2-ethanediylbis(diphenyl-
phosphine) Jbis[[(4-methyl-
phenyl)amino jmethylidyne |-, trans-,
bis[tetrafluoroborate(1—)], 23:14
B2F8N7RUC4ng, Borate( 1 "),
tetrafluoro-, pentaamine(pyra-
zine)ruthenium(II) (2:1), 24:259
BzFeN606C30H34, Iron(II), {[tns[p.-
{(1,2-cyclohexanedione
dioximato)O:0’]diphenyl-
diborato(2—)]-
NN ,N"N" N" N""}-, 21:112
B2K14078ThW22, Thorate(IV),
bis(undecatungstoborato)-,
tetradecapotassium, 23:189
B,N4P4RhyC,15H 59, Rhodium(T),
tetrakis( 1-isocyano-
butane)bis[methylenebis(dipheny]-
phosphine)]di-, bis[tetraphenyl-
borate(1—)], 21:49
B2N6O5C 30H34, Borate(2—), tris [p--[( 1,2-
cyclohexanedione dioximato)-
0,0'|diphenyldi- iron complex,
21:112
B,OCgH,y, Diboroxane, tetraethyl-, 24:85
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BzOsC 14H28 , Boron, bis-pt-(2,2-
dimethylpropanoato-0,0")-diethy!l-u.-
oxo-di-, 22:196

B,S,;C,Hg, [19B,]-1,2,4,3,5-
Trithiadiborolane, 3,5-dimethyl-,
22:225

B;03C¢H s, Boroxin, triethyl-, 24:85

B 4C6H 162 2,3-Dicarba-nid0-
hexaborane(8),2,3-diethyl-, 22:211

B4FeC,,H3g, [1,1'-commo-Bis(2,3-
dicarba-1-ferra-closo-hepta-
borane)}(12),2,2',3,3'-tetraethyl-1,1-

) dihydro-, 22:215 ;

B,C,H 4, 2,6-Dicarba-nido-nonaborane,
22:237

BgC,Hog, 2,3,7,8-
Tetracarbadodecarborane(12),
2,3,7,8-tetraethyl-, 22:217

ByCoC,H 4, 1,2-Dicarba-3-cobalta-
closo-dodecaborane(11),
3-(n3-cyclopentadienyl)-, 22:235

ByCsH ,8S, Borate(1—), dodecahydro-6-
thia-arachno-deca-, cesium,
22:2217

BgHgS, 1-Thia-closo-decaborane(9),
22:22

ByH,; 8, 6-Thia-nido-decaborane(11),
22:228

ByKC,H,,, Borate(1—}, dodecahydro-7,8-
dicarba-nido-undeca-, potassium,
22:231

BySC4H 7, 7,8-Dicarba-nido-
undecaborane(11), 9-(dimethyl
sulfide)-, 22:239

B oH 4, Decaborane(14), 22:202

B10SC,H 3, 1,2-Dicarba-closo-
dodecaborane(12)-9-thiol,

22:241

BaC12C26H 1808N6 s Banum(II),
bis(7,11:20,24-dinitrilodi-
benzo{b,m][1,4,12,15]tetra-
azacyclodocosine)-, diperchlorate,
23:174

Bi4K2N20 12C 36H72 , Potassium,
(4,7,13,16,21,24-hexaoxa-1,10-
diazabicyclo[ 8.8.8 |hexacosane)-,
tetrabismuthide(2—) (2:1),
22:151

BfAlSizCstz, Alummum,
bromobis|(trimethylsilyl)methyl -,
24:94
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Bl'CON4OC 14H26, CObalt(III),
[2-[1-[(2-amino-
ethyl)imino]ethyl Jphenolato](1,2-
ethanediamine)ethyl-, bromide,
23:165

BrCoN,0;CsHg, Cobalt(III),
(carbonato)bis(1,2-ethanediamine)-,
bromide, 21:120

BTC0N407SZC4H18 * Hzo,
Cobalt(I1I), aquabromobis(1,2-
ethanediamine)-, dithionate,
trans-, monohydrate, 21:124

BrF,NS, Imidosulfurous difluoride,
bromo-, 24:20

BrFeMgO,PC 39H 45, Magnesium, bromo(n5-
cyclopentadienyl)[1,2-
ethanediylbis (diphenyl-
phosphine)]bis(tetrahydrofuran)iron-,
(Fe-Mg), 24:172

BrFeP,C3;Hyg, Iron, bromo(n5-
cyclopentadienyl)[1,2-ethanediyl-
bis(diphenylphosphine)]-, 24:170

BrZr, Zirconium bromide, 22:26

BryMn,04Cg, Manganese,
dibromooctacarbonyldi-, 23:33

Br2N4PdC 12H30, Palladlum(II),
[N,N-bis[2-(dimethylamino)ethyl]-
N',N'-dimethyl-1,2-ethanedi-
amine ]bromo-, bromide, 21:131

BT2N6NiP2C18H24, Nleel(H),
dibromobis(3,3',3""-
phosphindynetripropionitrile)-,
22:113, 115

(BY2N6NiP2C 18H24)x’ Nlckel(II),
dibromobis(3,3',3"-
phosphindynetripropionitrile)-,
polymer, 22:115

Br3AsF¢S, Sulfur(IV), tribromo-,
hexafluoroarsenate, 24:76

Br3CoN4C4H ¢, Cobalt(III),
dibromobis(1,2-ethanediamine)-,
bromide, trans-, 21:120

BryCoN4C4H s - H,0, Cobalt(III),
dibromobis(1,2-ethanediamine)-,
bromide, cis-, monohydrate, 21:121

BryCoN4OC4H g - H,0, Cobalt(IIl),
aquabromobis(1,2-ethanediamine)-,
dibromide, cis-, monohydrate,
21:123

BrGaNCgH,,, Gallate(1—), tetrabromo-,
tetraethylammonium, 22:141

Br GaNC¢H 3¢, Gallate(1—), tetrabromo-,
tetrabutylammonium, 22:139

Br4H26N 8 Othz N Rhodium(III),
di-u-hydroxo-bis{tetraammine-,
tetrabromide, 24:226

BT4N802Rh2C8H34, Rhodium (III),
di-u-hydroxo-bis[bis(1,2-ethanedi-
amine)-, tetrabromide,
24:231

Bl'ﬁG&szC 36H32’ Gallate(2—),
hexabromodi-, bis(triphenyl-
phosphonium), 22:135, 138

Br6G82P2C48H40, Gallate(Z—),
hexabromodi-, bis(tetraphenyli-
phosphonium), 22:139

CF3;H, Methane, trifluoro-:
cadmium complex, 24:55
mercury complex, 24:52
CF;NOS, Imidosulfurous difluoride,
(fluorocarbonyl)-, 24:10
CHj, Methyl:
cobalt complexes, 23:170
mercury complexes, 24:143-145
CNO, Cyanato, silicon complex, 24:99
CO, Carbon monoxide:
chromium complexes, 21:1, 2; 23:87
cobalt, iron, osmium, and ruthenium
complexes, 21:58-65
copper complex, 21:107-110
gold(I), 24:236
hafnium, titanium, and zirconium,
24:149-156
iridium complex, 21:97
iron complex, 21:66, 68
iron complexes, 24:257-260
iron and ruthenium complexes, 22:163
palladium complex, 21:49
ruthenium complex, 21:30
C,H,, Ethene:
cobalt complexes, 23:19
iron complex, 21:91
platinum complexes, 21:86-89;
24:213-216
ruthenium complex, 21:76
C,Hj;, Ethyl, cobalt complexes,
23:165, 167
C,H¢FN, Dimethylamine, N-fluoro-,
24:66

C4H602, Acrylic acid, methyl
ester, ruthenium complex, 24:176



C,4Hjg, 1-Propene, 2-methyl-,
iron complexes, 24:161, 164, 166
C4H10, Butane:
cobalt, iridium, and rhodium
complexes, 22:171, 173, 174
palladium complex, 22:167, 168, 169, 170
C4N40,8i, Silane, tetraisocyanato-, 24:99
CsHg, 1,3-Cyclopentadiene:
cobalt complex, 22:171, 235
iron complexes, 21:39-46; 24:161,
164, 166, 170, 172
ruthenium complex, 21:78; 22:180
thallium complex, 24:97
titanium complexes, 24:149-151
titanium and vanadium complexes, 21:84,
85
Cg¢H, Phenyl, antimony complexes, 23:194
CsHg, Benzene:
chromium complex, 21:1, 2
ruthenium complex, 22:177
Cg¢Hg, 1,3-Cyclohexadiene, ruthenium
complex, 21:77; 22:177
C,H3sNO;S, o-Benzosulfimide
(saccharin), metal complexes, 23:47
C;H,y, 1,3-Cycloheptadiene,
ruthenium complex, 22:179
CgHyg, Benzene, ethynylruthenium
complex, 21:82
CgHg, Benzene, vinyl-, ruthenium
complex, 21:80
, Styrene, see
21:80
CgHjp, 1,3,5-Cyclooctatriene, ruthenium
complex, 22:178
CgH|,, 1,5-Cyclooctadiene:
iridium complexes, 23:127; 24:173, 174,
175
rhodium complex, 23:127, 129
ruthenium complex, 22:178
CgH,4, Cyclooctene, iridinm complex,
21:102
CgH ¢, Cyclooctane, boron complex,
22:199
CoH 4, Benzene, 1-isopropyl-4-methyl-,
ruthenium complex, 21:75 7
CyoH 4, 1,3-Cyclopentadiene, 1,2,3,4,5-
pentamethyl-, 21:181
cobalt complexes, 23:15-19
hafnium, titanium, and zirconium
complexes, 24:152-156
iridium and rhodium complex, 22:173, 174

, Benzene, vinyl-,
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Ci;H g, Benzene, hexamethyl-, ruthenium
complexes, 21:74-77

CgHsF, Methane, fluorotriphenyl-, 24:66

Ca,Mn; Oy, Calcium manganese oxide,
22:73

CdClstOngsto, Cadmmm(II),
aqua(7,11:20,24-dinitrilodi-
benzo[b,m][1,4,12,15]tetra-
azacyclododecosine )perchlorato-,
perchlorate, 23:175

CdF¢C,-NCsH;, Cadmium, bis(trifluoro-
methyl)-, —pyridine, 24:57

CdF4C,- OC4Hg, Cadmium, bis(trifluoro-
methyl)-, —tetrahydrofuran, 24:57

CdF¢C, - 0,C4H o, Cadmium, bis(trifluoro-
methyl)-, —1,2-dimethoxyethane,
24:55

CdP,84C4,Hgy, Cadmate(II),
tetrakis(benzenethiolato)-, bis(tetra-
phenylphosphonium), 21:26

CdSe, Cadmium selenide, 22:82

CdSe, Te;_,, Cadmium selenide telluride,
22:84

CdSeo.ﬁsTeo. 353 Cadmium selenide
telluride, 22:81

CeCl3, Cerium chloride, 22:39

C€C1402P2C36H30, Cenum(IV),
tetrachlorobis(triphenyl-
phosphine oxide)-, 23:178

CeF 18N606P 12C72H72, Cerium(III),
hexakis(diphenyl-
phosphinic amide)-,
tris(hexafluorophosphate}),
23:180

CeN303CgH ¢, Cerium(IIT),
trinitrato(1,4,7,10-
tetraoxacyclododecane)-,
23:151

CCN3014C 10H20, Cenum(III),
trinitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

CeN3O 15C12H24, Cenum(III),
(1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-, 23:153

CeN40,4Cs4Hy,, Cerium, bis(2,4-
pentanedionato)([5,10,15,20-tetra-
phenylporphyrinato(2—)]-,
22:160

C8N4O ‘4P2C 36H30’ Cenum(IV),
tetranitratobis (triphenylphosphine
oxide)-, 23:178
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CCN12020C40H32, Cenum(IV),
tetrakis(2,2’-bipyridine 1,1°'-
dioxide)-, tetranitrate, 23:179

CeOgC44Hq4, Cerium(IV), tetrakis(2,2,7-
trimethyl- 3,5-octanedionato)-,
23:147

CC4N12054C36H72, Cerlum(III),

tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane Jdodecanitratotetra-,
23:155

CICoNOC 4Hyg, Cobalt(III), [2-[1-[(2-
aminoethyl)imino Jethyl Jphenolato|-
(1,2-ethanediamine)ethyl-,
perchlorate, 23-169

CICoN40,5C¢H 5, Cobalt(III), bis(1,2-
ethanediamine)(2-mer-
captoacetato(2—)-0,5)-, perchlorate,
21:21

C]C0N403C11H16 * Hzo, Cobalt(III),
diammine(carbonato)bis(pyridine)-,
cis,cis-, chloride, monohydrate,
23:77

CICoN,40,CgH,; - 2H, 0, Cobaltate(III),
aqua(glycinato)(1,4,7-
triazacyclononane)-, perchlorate,
dihydrate, 23:76

CICoN,40,8,C4H 3" H,0, Cobalt(III),
aquachlorobis(1,2-ethanediamine)-,
dithionate, trans-, monohydrate,
21:125

C1C0N504C8H19 * H20, Cobalt(III),
(glycinato)nitro(1,4,7-triaza-
cyclononane)-, chloride, monohydrate,
23:77

CIF, Chlorine fluoride, 24:1, 2

CIFO,, Chloryl fluoride, 24:3

CIFO;S, Chlorine fluorosulfate, 24:6

CIF,NS, Imidosulfurous difluoride,
chloro-, 24:18

CIF ;0C, Hypochlorous acid, trifluoromethyl
ester, 24:60

CIF,S, Sulfur chloride pentafluoride, 24:8

CIFTe, Tellurium chloride pentafluoride,
24:31

CIFGITN4O6SZC6H16, Indlum(III),
chlorobis(1,2-ethanediamine)(tri-
fluoromethanesulfonato-0)-, trans-,
trifluoromethanesulfonate,

24:289

C1F6N4O6RhSzC6H16, Rhodxum(III),

chlorobis(1,2-ethanediamine)(tri-

fluoromethanesulfonato-O)-, trans-,
trifluoromethanesulfonate, 24:285
C1F6N4PZHC24H28, ch(II), chloro(2,9-
dimethyl-3,10-diphenyl-1,4,8,11-
tetraazacyclotetradeca-1,3,8,10-
tetraene)-, hexafluorophosphate(1—),
22:111
CIFgTIC,,H,, Thallium(III),
chiorobis(2,3,4,6-tetrafluorophenyl-),
21:73
CIF40C,, Hypochlorous acid, perfluoro-tert-
butyl ester, 24:61
CIF ¢ TIC,,, Thallium(IITI), chlorobis(penta-
fluorophenyl)-, 21:71, 72
CIFeO, Iron chloride oxide:
intercalate with 4-aminopyridine(4:1),
22:86
intercalate with pyridine (4:1), 22:86
intercalate with 2,4,6-trimethylpyridine
(6:1), 22:86
CIHgN;0,Pt, Platinum(II),
diammineaquachloro-, trans-, nitrate,
22:125
ClIrOPC;H,,, Iridium(I),
carbonylchlorobis (dimethylphenyl-
phosphine)-, trans-, 21:97
ClIr02P4Cl3H32, Il'ldlum( 1 +), (carbon
dioxide)bis[1,2-ethanediylbis(di-
methylphosphine)]-, chloride,
21:100
ClIrO4P;CH,4, Iridium, chloro[(formyl-
xC-oxy)formato-xO-(2—)Jtris(tri-
methylphosphine)-, 21:102
ClIrP;C;Hy,, Iridium, chloro(n2-cyclo-
octene)tris(trimethylphosphine)-,
21:102
ClIrP,C,H 3, Iridium(1+), bis[1,2-
ethandiylbis(dimethylphosphine)-,
chloride, 21:100
CINC,H,, Benzene, 1-chloro-4-isocyano-
molybdenum and tungsten complexes,
23:10
ClNNlPSCzC 11 st , Nlckel(II), chloro-
(N, N-diethyldiselenocarbamato)-
(triethylphosphine)-, 21:9
CINO4C16H36, Ammonium, tetrabutyl-,
perchlorate, 24:135
ClNPPdSCzC23H25, Palladium, chloro-
(N, N-diethyldiselenocarbamato)(tri-
phenylphosphine)-, 21:10
CINPPtSe,C,3H,s, Platinum(II), chloro-



(N, N-diethyldiselenocarbamato)-
(triphenylphosphine)-, 21:10

CIN4O,ReC,yH,g, Rhenium(V), dioxotetra-
kis(pyridine)-, chloride, trans-, 21:116

C1N406ReC20H20, Rhemum(V),
dioxotetrakis(pyridine)-, perchlorate,
trans-, 21:117

CIN4OgRhC¢H 5, Rhodium(III), bis(1,2-
ethanediamine)(oxalato)-, perchlorate,
24:227

CIO4H, Perchloric acid, cadmium complexes,
23:175

ClO48egCyoH4, 2,2"-Bi-1,3-
diselenolylidene, 4,4',5,5'-
tetramethyl-, radical ion(1+),
perchlorate (2:1), 24:136

CIPSiC,oH, 4, Phosphinous chloride,
[phenyl(trimethylsilyl)methylene]-,
24:111

CIPSi4C4H 34, Phosphine, bis(trimethyl-
silyl)methylene ] [chlorobis(tri-
methylsilyl)methyl-, 24:119

—, Phosphorane, bis[bis(tri-
methylsilyl)methylene Jchloro]-,
24:120

CIP,RuC4;H;5, Ruthenium(II), chloro-
(n3-cyclopentadienyl)bis(tri-
phenylphosphine)-, 21:78

CITiC,oH ¢, Titanium(III), chlorobis(n3-
cyclopentadienyl)-, 21:84

CIVC,oH g, Vanadium(III), chlorobis(n3-
cyclopentadienyl)-, 21:85

ClIZr, Zirconium chloride, 22:26

Clo.30CSzN4PtC4, Platinate, tetra-
cyano-, cesium chloride (1:2:0.30),
21:142

CIO‘ 30N4PLRb2C4 * 3H20, Platinate,
tetracyano-, rubidium chloride
(1:2:0.30), trihydrate, 21:145

C1,CoNOgSCgH,;, Cobalt(III), (2-
aminoethanethiolato-N, S )bis(1,2-
ethanediamine)-, diperchlorate, 21:19

C12C0N601 1C28H28! Cobalt(II),
aqua{methanol}(5,5a-dihydro-24-
methoxy-6,10:19,23-dinitrilo-24H-
benzimidazo[2,1-£][1,9,17]-
benzotriazacyclononadecine)-,
diperchlorate, 23:176

Cl,H,IN,Pt, Platinum(1I),
diamminechloroiodo-, trans-, chloride,
22:124
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Cl,HgNPt, Platinum(II), triamminechloro-,
chloride, 22:124

Cl;H;sN;Os, Osmium(II), pentaammine (di-
nitrogen)-, dichloride, 24:270

CLHfC ;oH 3y, Hafnium, dichlorobis(n3-
pentamethylcyclopentadienyl )-,
24:154

Cl;Mo,N,CgH,4, Molybdenum,
dichlorotetrakis(dimethylamido)di-,
(M-4-Mo), 21:56

C1,NC,H;, Benzene, 1,3-dichloro-2-
isocyano-, molybdenum and tungsten
complexes, 23:10 )

CI)NP;WC,sHj3,, Tungsten(IV), di-
chloro(phenylimido)tris (trimethyl-
phosphine)-, 24:198

ClzNP3WC 24H5°, Tungsten(IV), di-
chloro(phenylimido)tris (triethyl-
phosphine)-, 24:198

ClzNP3WC30H38, Tungsten(IV), di-
chlorotris(dimethylphenyl-
phosphine)(phenylimido)-, 24:198

ClzNP3WC45H“, Tungsten(IV), di-
chlorotris(methyldiphenylphos-
phine)(phenylimido)-, 24:198

ClzNthC ‘0H24, Plat.lnum(II), [N.N’-bls( 1-
methylethyl)-1,2-ethanediamine )di-
chloro(ethene)-, 21:87

ClzNthclezg, Plat.inum(ll), di-
chloro[ N, N'-dimethyl-N,N'-
bis(1-phenylethyl)-1,2-ethanedi-
aminejdichloro(ethene)-,
21:87

_____, dichloro(ethene)(N,N,N',N'-
tetraethyl-1,2-ethanediamine)-,
21:86, 87

CI;N,PtC,oH,g, Platinum(II), [(S,S)N,N'-
bis(1-phenylethyl)-1,-ethanedi-
amine Jdichloro(ethene)-,
21:87

ClzNthC22H32, Plat.mum(II),
dichloro[(R,R )-N,N'-dimethyl-N,N'-
bis(1-phenylethyl )-1,2-ethanedi-
amine J(ethene)-, 21:87

C12N4OSC20H16, Osmlum(II),
bis(2,2'-bipyridine-N,N' )dichloro-,
cis-, 24:294

CI3N4PdC,,H 3¢, Palladium(II), [M N-bis[2-
(dimethylamino)ethyl]-N',N'-
dimethyl-1,2-ethanediamine]chloro-,
chloride, 21:129
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CI;N4RuCyoH, 4 - 2H,0, Ruthenium(II),
bis(2,2"-bipyridine-N,N'dichloro-,
cis-, dihydrate, 24:292
CI,N 4 WC3H3,, Tungsten(IV), di-
chlorotris(2-isocyano-2-methyl-
propane)(phenylimido)-, 24:198
C1;N WC3,H 6, Tungsten(IV),
dichlorotris(1-isocyano-4-methyi-
benzene)(phenylimido)-, 24:198
C12N5RBC25H19 ‘ 25H20, RuthEDium(II),
(2,2'-bipyridine-N,N')-
chloro(2,2":6',2"-terpyridine-
N,N',N"")-, chloride, 2.5 hydrate,
24:300
C1,NgNiP,CgH,4, Nickel(II),
dichlorobis(3,3',3"-
phosphinidynetripropionitrile)-,
22:113
C|2N6RUC 30H24 ° 6H20, Ruthenium(II),
tris(2,2'-bipyridine)-, dichioride,
hexahyudrate, 21:127
C1,N;RuC4H, o, Ruthenium(II),
pentaammine{pyrazine)-, dichloride,
24:259
C1,0P 4Pd,Cs5  Hyg, Pailadium(l),
p-carbonyli-dichlorobis{methylene-
bis(diphenylphosphine)]di-, 21:49
C1,PCoH 5, Phosphorane, (dichloro-
methylene)triphenyl-, 24:108
C1,P4Pd,CsoH 44, Palladium(l), di-
chlorobis-pu-[methylenebis(diphenyl-
phosphine)]-di-, (Pd-Pd), 21:48
Clzsi2C7Hm, Silane, (dicbloro—
methylene)bis|trimethyl-, 24:118
C1,Ti, Titanium dichloride, 24:181
CL,V, Vanadium chioride, 21:185
ClgCONgOHu , Cobalt(III),
triammineaquadichloro-, mer-,
chloride, 23:110
Cl,CozNGO“Cﬂzo, Cobalt(III),
p-(carboxylato)di-u-hydroxo-
bis[triammine-, triperchlorate,
23:107, 112
CIJCOZNGOISHZI : 2H20, Cobalt(IlI),
tri-p-hydroxo-bis|triammine-,
Jac-, triperchlorate, dihydrate,
23:100
C13C02N6015C2H23 . 2H20, Cobalt(III),
(u-acetato)di-p-hydroxo-
bis[triammine-, triperchlorate,
dihydrate, 23:112

C13C02N6018H2) . 05“20, Cobalt(III),
u-(hydrogenoxalato)di-u-hydroxo-
bis[triammine-, triperchlorate,
hemihydrate, 23:113

C13CsSc, Cesium scandium chioride, 22:23

Cl3Dy, Dyprosium chloride, 22:39

CL3Er, Erbium chloride, 22:39

Cl;3Eu, Europium chloride, 22:39

Cl3Gd, Gadolinium chloride, 22:39

Cl3H, ;N Rh, Rhodium(IlI),
tetraamminedichloro-, cis-, chloride,
24:223

C13HsNsRh, Rhodium(III), penta-
amminechloro-, dichloride, 24:222

Ci3H, sNsRu, Ruthenium(III), penta-
amminechloro-, dichloride, 24:255

Cl;H]-]NsO”Rh, Rhodium(lll), penta-
ammineaqua-, triperchlorate, 24:254

Cl3HgIrNg, Iridium(III), hexaammine-,
trichloride, 24:267

C13H 1 8N60 1 ZRh’ Rhodlum(III),
hexaammine-, triperchlorate, 24:255

Ci3H,5Os, Osmium(IIl), hexaammine-,
trichloride, 24:273

Cl3Ho, Holmium chloride, 22:39

CI3IrN ,C4H i - HCI 2H,0, Iridium(III),
dichlorobis(1,2-ethanediamine)-,
trans-, chloride, monohydrochloride,
dihydrate, 24:287

Cl3IrN4C4H 16° Hzo, Indium(III),
dichlorobis(1,2-ethanediamine)-, cis-,
chloride, monohydrate, 24:287

Cl3La, Lanthanum chloride, 22:39

Cl;Lu, Lutetium chloride, 22:39

C13M00;C,Hy,, Molybdenum(III),
trichlorotris(tetrahydrofuran)-, 24:193

C]3NP2R¢C42H35, Rhenium(V),
trichloro(phenylimido)bis(triphenyl-
phosphine)-, 24:196

CI3NP,WC,,;Hj;, Tungsten(V),
trichloro(phenylimido)bis(trimethyl-
phosphine)-, 24:196

CI;NPzWC 18H35’ Tungsten(V), tri-
chloro(phenylimido)bis(triethylphos-
phine)-, 24:196

Cl3NP2WC22H27, Tuﬂgswﬂ(v), tri-
chiorobis(dimethyiphenylphos-
phine)(phenylimido)-, 24:196

C13NP2WC 42“35, T\mgsten(V), tri-
chloro(phenylimido)bis(triphenyl-
phosphine)-, 24:196



CI3NPtSCgH,,, Platinate(II), trichloro(di-
methy] sulfide)-, tetrabutylammonium,
22:128

CI3N ,0sC,oH 14, Osmium(III), bis(2,2'-
bipyridine-N, N )dichloro-, cis-,
chloride, 24:293

CI3N40sC,oH 1 2H,0, Osmium(III),
bis(2,2’-bipyridine-N,N' )dichloro-,
cis-, chloride, dihydrate, 24:293

CI3N4RhC H 4+ HCI-2H,0, Rhodium(I1I),
dichlorobis(1,2-ethanediamine)-,
trans-, chloride, monohydrochloride,
dihydrate, 24:283

CI3N4RhC H - H,0, Rhodium(III),
dichlorobis(1,2-ethanediamine)-, cis-,
chloride, monohydrate, 24:283

Cl3N4RuC 20H16 . 2H20, Ruthenium(III),
bis(2,2’-bipyridine-N, N")dichloro-,
cis-, chloride, dihydrate, 24:293

CI3Nd, Neodymium chloride, 22:39

C130;38¢C,H,,, Scandium(III), trichloro-
tris(tetrahydrofuran)-, 21:139

C130,TiC,,H,,, Titanium(I1I), trichloro-
tris(tetrahydrofuran)-, 21:137

C1,0;VC,H,,, Vanadium(III), trichloro-
tris(tetrahydrofuran}-, 21:138

Cl3Pr, Praseodynium chloride, 22:39

C1,8bC |,H 4, Antimony(V), trichloro-
diphenyl-, 23:194

Cl;Sc, Scandium chloride, 22:39

C13Sm, Saramium chloride, 22:39

Cl3Tb, Terbium chloride, 22:39

CI3Tl, Thallium chloride, 21:72

Cl13;Tm, Thulium chloride, 22:39

Cl5Y, Yttrium chloride, 22:39

Cl3YDb, Ytterbium chloride, 22:39

C1,Co,N¢O,0H 4 - SH,O, Cobalt(III), di-u-
hydroxo-bis[triammineaqua-, tetra-
perchlorate, pentahydrate, 23:111

C14,Co;N;0,,CsH,s, Cobalt(III), di-u-
hydroxo-u-(4-pyridinecarboxy-
lato)bis[triammine-, tetraperchlorate,
23:113

C]4C02N8020C5H24 : Hzo, Cobalt(lll), di-
p-hydroxo- u-(pyrazinecarboxy-
lato)bis[triammine-, tetraperchlorate,
monohydrate, 23:114

Cl,CrN,C,H,,, Chromate(II), tetrachloro-,
bis(methylammonium), ferromagnets,
24:188

Cl,CrN,C 4H |4, Chromate(II), tetrachloro-,
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bis(ethylammonium), ferromagnets,
24:188

Cl4H | sN;Pt, Platinum(IV), pentaammine-
chloro-, trichloride, 24:277

C1,HfO,CgH s, Hafnium(IV), tetrachloro-
bis(tetrahydrofuran)-, 21:137

Cl1,GaNC ¢H 34, Gallate(1—), tetrachloro-,
tetrabutylammonium, 22:139

C1,M00, Molybdenum chloride oxide,
23:195

CI,NOTcC ¢H 34, Technetate(V), tetra-
chlorooxo-, tetrabutylammonium
(1:1), 21:160

CI4NReC¢H 5, Rhenium(VI), tetra-
chloro(phenylimido)-, 24:195

CI,NWCH, Tungsten(VI), tetra-
chloro(phenylimido)-, 24:195

C14Nb0 22C 4H 160 Niobium(IV), tetrachloro-
bis(tetrahydrofuran)-, 21:138

Cl40P4Ru2C 73H30, Ruthenium, carbonyltri-
pu-chloro-chlorotetrakis(triphenyl-
phosphine)di-, compd. with acetone
(1:2), 21:30

C1,0W, Tungsten chloride oxide, 23:195

Cl40,TiCgH 4, Titanium(IV}), tetrachloro-
bis(tetrahydrofuran)-, 21:135

Cl140,ZrCgH ¢, Zirchonium(IV), tetra-
chlorobis(tetrahydrofuran)-, 21:136

C1,PC,gH s, Phosphonium, triphenyl(tri-
chloromethyl)-, chloride, 24:107

Cl4P,C,H,, Phosphine, 1,2-ethanediyl-
bis(dichloro-, 23:141

C1,4P4Ru,SC ;3Hg, Ruthenium, tri- u-~chloro-
chloro(thiocarbony!)tetrakis(tri-
phenylphosphine)di-, compd. with
acetone, 21:39

C1,Pt,S,CH,, Platinum(II), di-u-chloro-
dichlorobis(dimethylsulfide)di-,
22:128

Cl4Ru,C 5oH 58, Ruthenium(1I), di-u-chloro-
bis[chloro(n$- 1-isopropyl-4-methyl-
benzene)-, 21:75

C14Ru,C 5 H 55, Ruthenium(II), di-p-chloro-
bis[chloro(n6-hexamethylbenzene)-,
21:75

Cl,U, Uranium(IV) chloride, 21:187

Cl5Cs,Lu, Cesium Lutetium chloride, 22:6

C16C04N12032C2H40 ‘ 4H20, Cobalt(III),
tetra-u-hydroxo(u4-oxalato)-tetra-
kis [triammine-, hexaperchlorate, tetra-
hydrate, 23:114
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C16C04N12032H40 . 5H20, Cobalt(III),
14-(acetylenedicarboxylato)tetra- -
hydroxo-tetrakis[triammine-,
hexaperchlorate, pentahydrate, 23:115

Cl¢Cs,LiTm, Cesium lithium thulium
chloride, 21:10

Cl¢Cs;Lu, Cesium lutetium chloride, 22:6

ClgGa,P,C34H3,, Gallate(2—), hexachloro-
di-, bis(triphenylphosphoniumy},
22:135, 138

CIgN,0,Pt, Platinate(IV), hexachloro-,
dinitrosyl, 24:217

CIgN,PbC,oH,, Plumbate(IV), hexachloro-
dipyridinium, 22:149

ClgNgO,Rh,CgH 35, Rhodium(III), dichloro-
bis(1,2-ethanediamine)-, chloride
perchlorate (2:1:1), 24:229

ClIgNb,P,C 3oH 54, Niobium(I1I), hexachloro-
bis[1,2-ethanediylbis(diphenylphos-
phine)]di-, 21:18

ClIgNb,S ;C¢H g, Niobium(III), di- u-chloro-
tetrachloro-u-(dimethylsulfide)-
bis(dimethy] sulfide)di-, 21:16

C1,CsPr,, Cesium praseodymium chloride,
22:2

Cl1;Dy;K, Potassium dyprosium chloride,
22:2

ClsEuN402C49H27, Eutopxum, (2,4-
pentanedionato)(5,10,15,20-tetra-
kis(3,5-dichlorophenyl)por-
phyrinato(2—)]-, 22:160

C18N2R32C32H72, Rhenate(III), octa-
chiorodi-, bis(tetrabutylammonium),
12:116

ClyCs;Lu,, Cesium lutetium chloride, 22:6

ClyCs38c,, Cesium scandium chloride, 22:25

CoAgN O¢C H;, Cobaltate(III),
bis(glycinato)dinitro-, cis(NO),
trans(N)-, silver(I), 23:92

CoByC;H 4, 1,2-Dicarba-3-cobalta-closo-
dodecaborane(11), 3-(n5-cyclo-
pentadienyl)-, 22:235

CoBrN,OC4H 4, Cobalt(III), [2-[1-[(2-
aminoethyl)imino]ethyl]pheno-
lato](1,2-ethanediamine)ethyl-,
bromide, 23:165

CoBrNO;CH ¢4, Cobalt(1Il),
(carbonato)bis(1,2-ethanediamine)-,
bromide, 21:120

COBI'N40752C4H18 : Hzo, Cobalt(III),
aquabromobis(1,2-ethanediamine)-,

dithionate, trans-, monohydrate,
21:124

CoBr;N4C4H ¢, Cobalt(III), dibromo-
bis(1,2-ethanediamine)-, bromide,
trans-, 21:120

CoBr;N,CH ¢ -H,0, Cobalt(III), dibromo-
bis(1,2-ethanediamine)-, bromide,
cis-, monohydrate, 21:121

CoBr;N,OCH g H,0, Cobalt(IlI}, aqua-
bromobis(1,2-ethanediamine)-, di-
bromide, cis-, monohydrate, 21:123

CoC, 4H,3, Cobalt(I), bis(n2-ethene)(n3-
pentamethylcyclopentadienyl)-, 23:19

CoCIN 40,SC¢H 5, Cobalt(III), bis(1,2-
ethandiamine)(2-mercaptoace-
tato(2—)-0,S)-, perchlorate, 21:21

COC].N4O3C 1 1H16 'Hzo, Cobalt(III),
diammine(carbonato)bis(pyridine)-,
cis, cis-, chloride, monohydrate, 23:77

CoCIN40,Cg¢H,, * 2H,0, Cobalt(III),
aqua(glycinato)(1,4,7-triazacyclo-
nonane)-, perchlorate, dihydrate,
23:76

CoCIN,0,5,CH,3-H,0, Cobalt(III),
aquachlorobis(1,2-ethanediamine)-,
dithionate, trans-, monohydrate,
21:125

CoCIN0,CgqH y-H,0, Cobalt(Ill),
(glycinato)nitro(1,4,7-triazacyclo-
nonane)-, chloride, monohydrate,
23:77

CoCIN IOOSClZHZS’ Cobalt(III), bls(S-
arginine)dinitro-, A-(—)-cis(NO,),
trans(N)-, chloride, 23:91

CoClI,N;04C4¢H,,, Cobalt(III), (2-amino-
ethanethiolato-N, S )bis(1,2-ethane-
diamine)-, diperchlorate, 21:19

COC12N6011C28H28, Cobalt(II),
aqua(methanol)(5,5a-dihydro-24-
methoxy-6,10:l9,23-dinit.rily-24H—
benzimidazo[2,2-4][1,9,17]-benzo-
triazacyclononadecine)-, 23:176

CoCl;N;0H,(, Cobalt(IIl), triammineaqua-
dichloro-, mer-, chloride, 23:110

COCSNzogc IOHIZ’ Cobaltate(III), [N,N’-
ethanediylbis[N-(carboxymethyl) gly-
cinato}(4—)]-, trans-, cesium, 23:99

CoCsN,04C,H 4, Cobaltate(II), [N,N'-
(1-methyl-1,2-ethanediyl)bis[N-
(carboxymethyl)glycinato](4—)]-,
cesium, 23:101



___,[[R-(—)])-N.N'-(1-methyl-1,2-
ethanediyl)bis[N-(carboxymethyl)gly-
cinato](4—)]-, [A-(+)]-, cesium,
23:101

., [[S-(+)-N,N'-(1-methyl-1,2-
ethanediyl)bis[ V- (carboxymethyl )gly-
cinato](4—)-, (A-(—)]-, cesium,
23:101

CoCsN,04C 4H, g, Cobaltate(III), [N,N'-
1,2-cyclohexanediylbis[V-(carboxy-
methyl)glycinato](4—)]-, trans-,
cesium, 23:96

-, [[R,R-(—)]-N,N’-1,2-cyclohexane-
diylbis|[N-(carboxymethyl)glycin-
ato](4-)], [A-(+)]-, cesium, 23:97

C0F502P2C44H 30 Cobalt(l), dicarbonyl-
(pentafluorophenyl)bis(triphenyl-
phosphine)-, 23:25

CoF ;O0;PC,;H 4, Cobalt(I), tricarbonyl-
pentafluorophenyl)(triphenylphos-
phine)-, 23:24

CoF ;0,C g, Cobalt(I), tetracarbonyl(penta-
fluorophenyl)-, 23:23

CoF¢N3;0483C,H 4, Cobalt(II), [N-(2-
aminoethyl)-1,2-ethanedi-
amine]jtris(trifiuoromethane-
sulfonato)-, fac-, 22:106

C0F9N4098 3C 7H 19> Cobalt(III), blS( 1 ,2-
ethanediamine)bis(trifluoromethane-
sulfonato)-, cis-, trifluoromethane-
sulfonate, 22:105

COF9N50983C 3H 15> COba.lt(III), penta-
ammine(trifluoromethanesulfonato)-,
trifluoromethanesulfonate, 22:104

CoF¢N;04S3;CgH,s, Cobalt(IIT), penta-
kis(methanamine)(trifluoromethane-
sulfonato-0)-, bis(trifluoromethane-
sulfonate), 24:281

COIN4OC 14H26 s Cobalt(IIl), [2‘[ 1 —[(2—
aminoethyl )imino]ethyl]-
phenolato](1,2-ethanediamine)ethyl-,
iodide, 23:167

COIN40C 15H28’ CObalt(III), [2-[ 1 -[(3‘
aminopropyl)iminoJethyl Jphenol-
ato]methyl](1,3-propanediamine)-,
iodide, 23:170

CoIN 40C 1 6H 30 Cobalt(lﬂ),
[2-[1-[(3-aminopropyl)iminoethyl]-
phenolato Jethyl(1,3-propanediamine)-,
iodide, 23:169

CoIN;0,CgH;;-H,0, Cobalt(III),
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ammine(glycinato)(1,4,7-triazacyclo-
nonane)-, iodide, monohydrate,
23:78 -

Col,0C, H,s, Cobalt(III), carbonyldi-
iodo(n3-pentamethylcyclopenta-
dienyl]-, 23:16

CoKN,04C,H, Cobaltate(III),
diamminebis(carbonato)-, cis-,
potassium, 23:62

CoKN,04C4Hg, Cobaltate(III),
bis(carbonato)(1,2-ethanediamine)-,
potassium, 23:64

CoKN,05C,oH,,, Cobaltate(III), [,N'-
1,2-ethanediylbis[N-
carboxymethyl)glycinato}(4—)]-,
potassium, 23:99

COKNzogc 1 lH 145 Cobaltate(III),
[IR-(—)]-N,N’-(1-methyl-

1,2-ethanediyl)bis[V-(carboxy-
methyl)glycinato](4—)-,
[A-(+)]-, potassium, 23:101

COKNzogc l4H 18 Cobaltate(IIl),
[[R.R-(—)}-N,N-1,2-
cyclohexanediylbis(carboxy-
methyl)glycinato](4—)]-, [A-(+)]-,
potassium, 23:97

CoKN,O,CHg - 0.5H,0, Cobaltate(III),
diammine(carbonato)dinitro-, cis,¢is-,
potassium, hemihydrate, 23:70

COKN408C2H6 N OSHZO, Cobaltate(lll),
diamminedinitro{oxalato)-, cis,cis-,
potassium, hemihydrate, 23:71

CoKO,, Potassium cobalt oxide, 22:58

CoKy.50,, Potassium cobalt oxide, 22:57

CoKy.470,, Potassium cobalt oxide,

22:57

CoK;304Cj3, Cobaltate(III), tris(carbonato)-,
potassium, 23:62

CoLiN,0O¢C,Hg, Cobaitate(III),
diamminebis(carbonato)-, cis-, lithium,
resolution of, 23:63

CoNO 1 3P2R113C49H30, Ruthenate( 1- ),
tridecacarbonylcobalttri-, u-nitrido-
bis(triphenylphosphorus)(1+), 21:61

CoN,04C,4, Cobaltate(II),
bis(carbonato)dicyano-, cis-, tris(1,2-
ethanediamine)cobalt(III), dihydrate,

23:66

CoN,03C4Hjg, Cobaltate(III), (1,2-

ethanediamine)bis(oxalato)-, as
resolving agent, 23:74
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CoN,03RbCH;,, Cobaltate(III),
[V, N'-1,2-ethanediylbis [N-(carboxy-
methyl)glycinato](4—)]-, rubidium,
23:100

CoN,04RbC, H, 4, Cobaltate(III),
[[R-(—)]-N,N’~(1-methyl-1,2-
ethanediyl)bis[ V-(carboxy-
methyl)glycinato](4-—)]-, [A-(+)]-,
rubidium, 23:101

C0N208Rbc 14H]8» COba.ltate(III),
[[RR-(—)]-N,N-1,2-
cyclohexanediylbis[ V-
(carboxymethyl)glycinato)(4—)]-,
[A-(+)]-, rubidium, 23:97

CoN4Na0O;C;3Hg- 2H,0, Cobaltate(III),
diammine(carbonato)dicyano-,
cis,cis-, sodium, dihydrate,
23:67

CoN4NaQ4C4Hg - 2H,0, Cobaltate(III),
diamminedicyano(oxalato)-, cis,cis-,
sodium, dihydrate, 23:69

CoN40,4C¢H ¢4, Cobalt(III),
bis(1,2-ethanediamine)(oxalato)-, as
resolving agent, 23:65

CON4O IOSZC14HI6 o 2H20, CObﬂlt(III),
tetraaquabis(o-sulfobenzoimidato)-,
dihydrate, 23:49

CoNgCgsH,4, Cobalt(III),
diammine[N,N’-bis(2-aminoethyl )-
1,2-ethanediamine]-, trans-, 23:79

—___, tris(1,2-ethanediamine)-, cis-
bis(carbonato)dicyanocobaltate (III),
dihydrate, 23:66

CoN¢OgHg, Cobalt(III), triamminetrinitro-,
mer-, 23:109

CoNg0O¢S,CsH;;, Cobalt{II), bis(1,3-
dihydro-1-methyl-2H-imidazole-
2-thione)dinitrato-, 23:171

CoNgS,C¢Hjg, Cobalt(Il), bis(thiocyanato-
N)-bis-(p-1H-1,2,4-triazole-
N2:N4)-, poly-, 23:159

CON1006S4C16H24, Cobalt(II),
tetrakis(1,3-dihydro-1-methyl-2H-
imidazole-2-thione)dinitrato-, 23:171

CoNaO,, Sodium cobalt oxide, 22:56

CoNay.40,, Sodium cobalt oxide, 22:56

CoNay.640,, Sodium cobalt oxide, 22:56

CoNay.140,, Sodium cobalt oxide, 22:56

CoNag.770,, Sodium cobalt oxide, 22:56

Co0,C,H 5, Cobalt(I), dicarbonyl(n5-

pentamethyicyclopentadienyl )-,
23:15

COOGC 15H2l , Cobalt(III), tris(2,4-
pentanedionato)-, 23:94

COPC28H27, COb&lt, (1 ,4-
butanediyl)(n5-cyclopenta-
dienyl )(triphenylphosphine),
22:171

CoP,S,4C,Hgp, Cobaltate(II),
tetrakis{benzenethiolato)-, bis(tetra-
phenylphosphonium), 21:24

Co0,C13N404CH;, Cobalt(I1I),
pn-(carboxylato)di-u-hydroxo-
bis[triammine-, triperchlorate,
23:107, 112

C02C13N6015H21 M 2H20, CObalt(III),
tri-p.-hydroxo-bis|triammine, fac-,
triperchlorate, dihydrate, 23:110

C02C13N6016C2H23 N 2H20, Cobalt(III),
(u~acetato)di-u-hydroxo-
bis[triammine-, triperchlorate,
dihydrate, 23:112

Co,CI3N¢OgH;, - 0.5H,0, Cobalt(III),
{ u-hydrogenoxalato)di-u-
hydroxobis{triammine-, triperchlorate,
hemihydrate, 23:113

Co0,C14N¢O9oH 4 - SH,0, Cobalt(IIT),
di-u-hydroxo-bis{triammineaqua-,
tetraperchlorate, pentahydrate, 23:111

C02C14N7020C6H25, Cobalt(III),
di-u-hydroxo-u-(4-pyridine-
carboxylato)bis[triammine-,
tetraperchlorate, 23:113

C02C14N30 20C5H24 - Hzo, Cobalt(ﬂl),
di-p-hydroxo-u-(pyrazine-
carboxylato)bis[triammine-,
tetraperchlorate, monohydrate,
23:114

Co,314CyoH 3y, Cobalt(IlI), di-u-iodo-
bis[iodo(n5-pentamethylcyclopenta-
dienyl)-, 23:17

C02N306C 10H24, CObalt(III),
tris(1,2-ethanediamine)-, cis-
bis(carbonato)dicyanocobaltate (IIT),
23:66

Co4ClgN |,03,C,H " 4H,0, Cobalt(III),
tetra-p-hydroxo-(j14-oxalato)-
tetrakisftriammine-, hexaperchlorate,
tetrahydrate, 23:114

C04C16N|2032C4H40 ‘ SHZO, Cobalt(III),



p4-(acetylenedicarboxylato)tetra-
p-hydroxo-tetrakisftriammine-,
hexaperchlorate, pentahydrate, 23:115

CI'ASO4PC 34H32, Chromium , tetra-
carbonyl(tributylphosphine )(tri-
phenylarsine)-, trans-, 23:38

CrAsO,PC,5sHy4, Chromium, tetra-
carbonyl(trimethyl phosphite)(tri-
phenylarsine)-, trans-, 23:38

CrAsO;PC 4H 35, Chromium, tetra-
carbonyl(triphenylarsine)(triphenyl-
phosphite)-, trans-, 23:38

CFC14N2C2H12, Chromate(II),
tetrachloro-, bis(methylammonium),
ferromagnets, 24:188

CrCI4N,C4H ¢, Chromate(II),
tetrachloro-, bis(ethylammonium),
ferromagnets, 24:188

CrF,IN,C4H s, Chromium(III), bis(1,2-
ethanediamine)difluoro-, (£)-cis-,
iodide, 24:186

CrF;0,, Chromium fluoride oxide, 24:67

CTF9N4OQS3C7H 163 Chromlum(III), bis-
(1,2-ethanediamine)-bis(trifluoro-
methanesulfonato-0)-, cis-,
trifluoromethanesuifonate, 24:251

CTF9N50983C3H 159 Chromlum(lll),
pentaammine(trifluoromethane-
sulfonato-0)-, bis(trifluoro-
methanesulfonate), 24:250

CrFgN;50,8;CgH;5, Chromium(III),
pentakis(methanamine)(trifluoro-
methanesulfonato-O )-, bis(trifluoro-
methanesulfonate), 24:280

CrKO,, Potassium chromium oxide, 22:59

CrKy.50O,, Potassium chromjum oxide,
22:59

CrK,.40,, Potassium chromium oxide,
22:59

CrKg.70,, Potassium chromium oxide,
22:59

CrKg.770,, Potassium chromium oxide,
22:59

CrK;3N¢OC s, Chromate(I), penta-
cyanonitrosyl-, tripotassium, 23:184

CINOsP,C4;H3;, Chromate(1—), penta-
carbonylhydrido-, p-nitrido-bis(tri-
phenylphosphorus)(1+), 22:183

CiN,05SC¢H,, Chromium(0), penta-
carbonyl(thiourea)-, 23:2

Formula Index 357

Cl'NzOs SC |4H20, Chl’omxum(O), penta-
carbonyl(N, N'-di-tert-butylthiourea)-,
23:3

CrN205 SC20H16, Chronuum(O), penta-
carbonyl(NV,N'-di-p-tolylthiourea)-,
23:3

______, pentacarbonyl(N,N,N',N'-tetra-
methylthiourea)-, 23:2

CrN305C21H19, Chromlum, tri-
carbonyl[n6-2-methylbenzaldehyde
5-(a-methylbenzyl)semioxamazone)-,
23:87

CiN;04C;,H, g, Chromium, tricarbonyl{n6-
2-methoxybenzaldehyde 5-(a-
methylbenzyl }semioxamazone]-,
23:88

CiN;0,C,,H;,, Chromium, tricarbonyl[n6-
2,3-dimethoxybenzaldehyde
5-(a-methylbenzyl)semi-
oxamazone)-, 23:88

___, tricarbonyl[n6-3,4-dimethoxy-
benzaldehyde 5-(a-methyl-
benzyl )semioxamazone|-, 23:88

Cl'NsOSzCleg, Chromxum(I), (2,2'-
bipyridine)nitrosylbis(thiocyanato)-,
23:183

CYN5082C14H8, Chromium(l),
nitrosyl(1,10-phenanthroline)bis(thio-
cyanato)-, 23:185

C@zSCC9H6, Chromlum(O), ("6_
benzene)dicarbonyl(selenocarbonyl)-,
21:1,2

CI'O4P2C 34H32, Chrorruum, tetra-
carbonyl(tributylphosphine )(tri-
phenylphosphine)-, trans-,
23:38

C1'05$€c6, Chronuu.m(O), pent'a-
carbonyl(selenocarbonyl)-, 21:1, 4

CrO¢C33H3,, Chromium(III), tris(2,2,6,6-
tetramethyl-3,5-heptanedionato)-,
24:183

CrO,P,C,5H,4, Chromium, tetra-
carbonyl(trimethyl phosphite)(tri-
phenylphosphine)-, trans-, 23:38,

CIO7P2C34H32, Chromlum, tetra-
carbonyl(tributylphosphine)(tripheny!
phosphite)-, trans-, 23:38

CI'O7P2C40H30, Chromium, tetra-
carbonyl(triphenylphosphine)(tri-
phenyl phosphite)-, trans-, 23:38
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CrO loP2C25H24, Chromium, tetra-
carbonyi(trimethyl phosphite)(tri-
phenylphosphite)-, trans-, 23:38

CryFgNgCgH,4, Chromium(III), bis(1,2-
ethanediamine)difluoro-, cis-,
(1,2-ethanediamine )tetrafluoro-
chromate(III), 24:185

Cr,HKO,C g, Chromate, u-hydrido-
bis[pentacarbonyl-, potassium, 23:27

CsCl;Sc, Cesium scandium chloride, 22:23

CsCl,Pr,, Cesium praseodymium chloride,
22:2

CsFO,S, Cesium fluorine sulfate, 24:22

Cs,Clg. 30N 4PtC,, Platinate, tetra-
cyano-, cesium chloride (1:2:0.30),
21:142

Cs,ClsLu, Cesium lutetium chloride, 22:6

Cs,ClgLiTm, Cesium lithium thulium
chloride, 20:10

Cs,F¢Mn, Manganate(IV), hexafluoro-,
dicesium, 24:48

Cs;N,4.750PtC, - XH, 0, Platinate, tetra-
cyano, cesium azide (1:2:0.25),
hydrate, 21:149

Cs3ClgLu, Cesium lutetium chloride,

22:6

Cs3ClgLu,, Cesium lutetium chloride,
22:6

Cs3ClgSc,; Cesium scandium chioride,
22:25

CSCONzOBC 10H129 Cobaltate(III), [N,N'-
1,2-ethanediylbis[ N-(carboxy-
methy!)glycinato](4—)-, trans-,
cesium, 23:99

CSCONzosc 1 1H 14s Cobaltate(III),

[N N'(1-methyl-1,2-
ethanediyl)bis[ NV-(carboxy-
methyl)glycinato](4—)]-, cesium,
23:101

—, [[R-(—)]-N.N'-(1-methyl-1,2-
ethanediyl)bis[ N-(carboxy-
methyl)glycinato](4—)]-, [A-(+)])-,
cesium, 23:101

—, [[S-(})]-N,N’'~(1-methyl-1,2-
ethanediyl )bis[N-(carboxy-
methyl)glycinato}(4—)]-, [A-(—)]-,
cesium, 23:101

CSCONzosc 14H 18» Cobaltate(III),
[N,N’-1,2-cyclohexanediylbis[N-
(carboxymethyl)glycinato](4—)]-,
trans-, cesium, 23:96

s [[R.R-(—)]-N,N'-1,2-cyclo-
hexanediylbis[ N-(carboxy -
methyl)glycinato}(4—)]-, [A~(+)]-,
cesium, 23:97
CS3N403 . 68P"SO' 92C4H0.46, Plaﬁnate,
tetracyano-, cesium [hydrogen-
bis(sulfate)] (1:3:0.46),
21:151
CuBN¢OC oH o, Copper(I), carbonyl[hy-
drotris(pyrazolato)borato}-,
21:108
CuBNgOC 6H ,, Copper(I),
carbonyl[hydro-tris(3,5-dimethyl-
pyrazolato)borato]-, 21:109
CuBN{OC,;3H,,, Copper(I), carbonyl[tetra-
kis(pyrazolato)borato}-, 21:110
CuF 12N4P2C24H28, Copper(l]), (2,9-
dimethyl-3,10-diphenyl-
1,4,8,11-tetraazacyclotetradeca-
1,3,8,10-tetraene)-, bis|hexafluoro-
phosphate(1—)], 22:10
Cul, Copper iodide, 22:101
CUN307SC 15H 14> Copper(ll), ( 1 ,10-
phenanthroline)[serinato(1—)]-,
sulfate, 21:115
CuN,0,CoH,g, Copper(Il), [1,4,8,11-
tetrazacyclotetradecane-5,7-
dionato(2—)]-, 23:83
CuNgS,C¢Hg, Copper(II), bis(thiocyanato-
N)-bis-p-(1H-1,2,4-triazole-N2:N4)-,
poly-, 23:159
Cu0,C,,H 3, Copper(Il), bis(2,2,7-
trimethyl- 3,5-octanedionato)-,
23:146

DyCl;, Dyprosium chloride, 22:39

DyF 3sN§O¢P,,C7,H7,, Dyprosium(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180

DyN3O 13C 8H 16s Dyprosium(III), tri-
nitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151

DyN;0,,CgH,q, Dysprosium(III),
trinitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

DyN30 15C ]2H24 s Dysprosium (III),
(1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-,
23:153

DyN40,C4gH3s, Dyprosium, (2,4-
pentanedionato)[5,10,15,10-



tetraphenylporphyrinato(2—)]-,
22:166

DyN40,C5sH47, Dysprosium, (2,2,6,6-
tetramethyl-3,5-heptane-
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

Dy,CI;K, Potassium dysprosium chloride,
22:2

Dy4N;,05,C39Hgg, Dysprosium(III),
dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-,
23:153

Dy4N,054C35H 72, Dysprosium(III),
tris(1,4,7,10,13,16-hexa-
oxacyclooctadecane )dodecanitrato-
tetra-, 23:155

ErCl;, Erbium chloride, 22:39

ETF4N402C49H31 s Erbium N (2,4-
pentanedionato)[5,10,15,20-tetra-
kis(3-fluorophenyl)-
porphyrinato(2—)]-, 22:160

ErF 1 8N606P 1 2C 72H72 y Erblllm(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180

ErN3;0,3CgH 4, Erbium(III), tri-
nitrato(1,4,7,10-tetraoxacyclodode-
cane)-, 23:151

EI'N30|4C 10H209 Erbnum(III),
trinitrato( 1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

ETN30 |5C 12H24, Erblum(III),
(1,4,7,10,13,16-hexaoxacyclo-
octadecane trinitrato-, 23:153

EI'N402C49H 359 Erbium , (2,4-
pentanedionato)[5,10,15,20-tetra-
phenylporphyrinato(2—)]-,
22:160

El’N4N 1 2051 C 30H60’ Erbium (III),
dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-,
23:153

ET4N 1 2054C 36H72 , Erblum(III),
tris(1,4,7,10,13,16-hexa-
oxacyclooctadecane)dodecanitrato-
tetra-, 23:155

EuCl;, Europium chloride, 22:39

EUC18N402C 49H2-1, Europium R (2,4-
pentanedionato)|$,10,15,20-tetra-
kis(3,5-dichlorophenyl)por-
phyrinato(2—)]-, 22:160

Formula Index

EuF 1 SNGOGP 12C72H72 N Europmm(lll),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180

EuN 30 1 3C BH 161 Europium(III), tri-
niitrato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

EuN:; 0 1 4C 10H20! Europium(III), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

EUN3 (o) 1 5C 1 2H24, Europlum(III),
(1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-, 23:153

EuN,0,C 4yH 35, Europium, (2,4-pentane-
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

EuN,0,C;3H,3, Europium, (2,4-pentane-
dionato)[5,10,15,20-tetrakis(4-
methylphenyl)porphyrinato(2—)}-,
22:160

EU4N 12054C36H72 N Europium(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane )dodecanitratotetra-,
23:155

FC,gH s, Methane, fluorotriphenyl-, 24:66

FCl, Chlorine fluoride, 24:1, 2

FCl0,, Chloryl fluoride, 24:3

FClO;8, Chlorine fluorosulfate, 24:6

FCs0,S, Cesium fluorine sulfate, 24:22

FNC,Hg, Dimethylamine, N-fluoro-, 24:66

FNS, Thiazy! fluoride, 24:16

FO;PC,H ,, Phosphorofluoridic acid,
diethyl ester, 24:65

F0.54N10P1C6H12.27 . 1.8H20, Platinate,
tetracyano-, guanidinium (hydrogen
difluoride) (1:2:0.27), hydrate
(1:1:8), 21:146

F0.60K2N4PtC4H0.30' 3H20, Plaﬁnate,
tetracyano-, potassium (hydrogen di-
fluoride) (1:2:0.30), 21:147

F,BrNS, Imidosulfurous difiuoride, bromo-,
24:20

F,CINS, Imidosulfurous difluoride, chloro-,
24:18

F,CrIN,C4H ¢4, Chromium(III), bis(1,2-
ethanediamine)difluoro-, (x)-cis-,
iodide, 24:186

F,CrO,, Chromium difluoride dioxide,
24:67

F,HNS, Imidosulfurous difluoride, mercury
complex, 24:14

359
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F,0Se, Selenium difluoride oxide, 24:28
F;CH, Methane, trifluoro-:
cadmium complex, 24:55, 59
mercury complex, 24:52
F;C¢H,, Benzene, 1,3,5-trifluoro-, thallium
complex, 21:73
F;ClOC, Hypochlorous acid, trifluoromethyl
ester, 24:60
F,Fe04SCoH, Methanesulfonate, trifluoro-
tricarbonyl(n3-cyclopenta-
dienyl)iron(1+), 24:161
F;NOSC, Imidosulfurous difluoride,
(fluorocarbonyl)-, 24:10
F;NS, Thiazyl trifluoride, 24:12
F;0;SC, Methanesulfonate, trifluoro-, metal
complexes and salts, 24:243-306
F ;0,SCH, Methranesuifonic acid, trifluoro-,
cobalt(I1,1), amine complexes, 22:104,
105
FSBFeOZC 1 1H13, Borate( 1 _), tetraﬂuoro-,
dicarbonyl(n3-cyclopentadienyl)(n2-
2-methyl-1-propenyl)iron(1+),
24:166
F ,BNC,H 4, Borate(1—), tetrafluoro-,
tetrabutylammonium, 24:139
F ;BSegC,,0,4, Borate(1—), tetrafluoro-,
4,4',5,5'-tetramethyl-2,2'-bi-1,3-
diselenolylidene, radical ion(1+) (1:2),
24:139
'F,C¢Hj, Benzene, 1,2,3,5-tetrafluoro-,
thallium complex, 21:73
___,1,2,4 5-tetrafluoro-, thalium
complex, 21:73
F4HgN,S,, Mercury(II), bis(imidosulfurous
difluoridato-N)-, 24:14
F 4N ,O,YbC 5sH 3, Yiterbium, [5,10,15,20-
tetrakis(3-fluorophenyl)por-
phyrinato(2—)](2,2,6,6-tetramethyl-
3,5-heptanedionato)-, 22:160
F ,OW, Tungsten fluoride oxide, 24:37
F,Se, Selenium tetrafluoride, 24:28
F;C¢H, Benzene, pentafluoro-:
cobalt complexes, 23:23-25
lithium and thallium complex, 21:71, 72
F ;CIS, Sulfur chloride pentafluoride, 24:8
FCITe, Tellurium chloride pentafluoride,
24:31
FsHOTe, Tellurate{VI), pentafluorooxo-,
hydrogen, 24:34
FHgN,Mn, Manganate(III), pentafluoro-,
diammonium, 24:51

FK,Mn-H,0, Manganate(III), penta-
fluoro-, dipotassium, monohydrate,
24:51

F;LiCg, Lithium, (pentafluorophenyl)-,
21:72

FMoOK,, Molybdate(V), pentafluorooxo-,
dipotassium, 21:170

F U, Uranium(V) fluoride, -, 21:163

F4AgAs, Arsenate, hexafluoro-, silver,

24:74

FsAgAsS ¢, Arsenate, hexafluoro-,
bis{cyclo-octasulfur)silver(1+),
24:74

F¢AsBr,S, Arsenate, hexafluoro-, tribromo-
sulfur(IV), 24:76

F¢AsNC,sH 4, Arsenate, hexafluoro-, tetra-
butylammonium, 24:138

F¢AsNO, Arsenate, hexafluoro-, nitryl,
24:69

FAsSegC,oH,4, Arsenate, hexafluoro-,
4,4' 5,5 -tetramethyl-2,2'-bi-1,3-
diselenolyldene radical ion(1+) (1:2),
24:138

FCdC,-NC,;H;, Cadmium, bis(trifluoro-
methyl)-, —pyridine, 24:57

F4CdC,-OC4Hg, Cadmium, bis(trifluoro-
methyl)-, —tetrahydrofuran, 24:57

F6CdC2 * 02C4H 10» Cadmillm, bis(tﬁﬂuoro—
methyl)-, —1,2-dimethoxyethane,
24.55

F¢CryNCH,4, Chromium(IIl), bis(1,2-
ethanediamine)difluoro-, cis-, (1,2-
ethanediamine)tetrafluoro-
chromate(III), 24:185

F ¢Cs,Mn, Manganate(IV), hexafluoro-,
dicesium, 24:48

F¢HN, Ammonium, tetrafluoro-, (hydrogen
difluoride), 24:43

F¢HgC,, Mercury, bis(trifluoromethyl)-,
24:52

F(IrNP,C 3, Hsy, Iridium(I), (74-1,5-cyclo-
octadiene)(pyridine)(tricyclohexyl-
phosphine)-, hexafluorophos-
phate(1—), 24:173, 175

F¢IrN,PC 3H,,, Phosphate(1—), hexa-
fluoro-, (n4-1,5-cycloocta-
diene)bis(pyridine)iridium(I), 24:174

F¢KU, Uranate(V), hexafluoro-, potassium,
21:166

F¢NPC(H ¢, Phosphate(1—), hexafluoro-,
tetrabutylammonium, 24:141



F¢(NPSe,C,H,,, Methanaminium, N-(4,5-
dimethy!-1,3-diselenol-2-ylidene)-N-
methyl-, hexafluorophosphate, 24:133

F(NP,UC 34H 3, Uranate(V), hexafluoro-,
u-nitrido-bis(triphenylphos-
phorus)(1+), 21:166

F6NSOGOSSZC27H 19» Osmlum(ll), (2,2’-
bipyridine-N,N")(2,2":6,2"-
terpyridine-N, N‘, N"*)(trifluoro-
methanesulfonato-0)-, trifluoro-
methanesulfonate, 24:303

F¢N;OgRuS,Cy7H 4, Ruthenium(II),
(2,2'-bipyridine-N,N")(2,2":6',2"-
terpyridine-N,N', N* )(trifluoro-
methanesulfonato-0)-, trifluoro-
methanesulfonate, 24:302

F¢N;0,0s5,C,;H,, -H,0, Osmium(II),

aqua(2,2’-bipyridine-
N,N"X2,2":6',2" -terpyridine-
N,N',N")-, bis(trifluoromethane-
sulfonate), monohydrate, 24:304

F¢NaU, Uranate(V), hexafluoro-, sodium,
21:166

F ¢Os, Osmium(VI) fluoride, 24:79

FsPSegC,oH 4, Phosphate(1—), hexafluoro-
4,4' 5,5 -tetramethyl-2,2'-bi-1,3-
diselenolylidene radical ion(1+) (1:2),
24:142

F¢P;RuC 4H,,, Ruthenium(II), (n5-cyclo-
pentadienyl)(phenylvinylene)bis(tri-
phenylphosphine)-, hexafluorophos-
phate{1—), 21:80

F¢BN, Borate(IIl), tetrafluoro-, tetrafluoro-
ammonium (1:1), 24:42

FgB,N,;RuC H,q, Borate(1—), tetrafluoro-,
pentaammine(pyrazine)ruthenium(II)
(2:1), 24:259

F4CIl0OC,, Hypochlorous acid, perfluoro-tert-
butyl ester, 24:61

FoIrN 4048 C,H 4, Iridium(III), bis(1,2-
ethanediamine)bis(trifluoromethane-
sulfonato-0)-, cis-, trifluoromethane-
sulfonate, 24:290

FoIrN;048,C3H 5, Iridium(III), penta-
ammine(trifluoromethanesulfonato-
0)-, bis(trifluoromethanesulfonate),
24:264

FyIrNO (S3C3H 4, Iridium(III), penta-
ammineaqua-, tris(trifluoromethane-
sulfonate), 24:265

FoIrN(O4S;C,H 3, Iridium(II), hexa-
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ammine-, tris(trifluoromethane-
sulfonate), 24:267

FgNOW, Tungstate(VI), pentafluoro-
oxo-, tetrafluoroammonium (1:),
24:47

FoN4040s8,C,3H 6, Osmium(IIT),
bis(2,2'-bipyridine-N, N’ )bis(tri-
fluoromethanesulfonato-0)-, cis-,
trifluoromethanesulfonate, 24:295

FoN,O¢RhS;C;H ¢, Rhodium(III),
bis(1,2-ethanediamine)bis(trifluoro-
methanesulfonato-0)-, cis-, trifluor
sulfonate, 24:285 :

FoN4OgRuS;C,;H 4, Ruthenium(III),
bis(2,2’-bipyridine-N, N")bis(tri-
fluoromethanesulfonato-O)-, cis-,
trifluoromethanesulfonate, 24:295

FoN,0,,0s8;C,3H,o, Osmium(IIl), di-
aquabis(2,2'-bipyridine-N,N’)-, cis-,
tris(trifluoromethanesulfonate),
24:296

FgN040s5;C,5H g, Osmium(III), (2,2~
bipyridine-N,N')(2,2°:6',2" -terpyri-
dine-N,N',N"")(trifluoromethane-
sulfonato-Q)-, bis(trifluoromethane-
sulfonate), 24:301

F¢N;O4RhS;C3H,;, Rhodium(III), penta-
ammine(trifluoromethanesulfonato-
0)-, bis(trifluoromethanesulfonate),
24:253

FoN;OgRhS ;CgH,s, Rhodium(III), penta-
kis(methanamine)(trifluoromethane-
sulfonato-0)-, bis(trifluoromethane-
sulfonate), 24:281

FyNOgRuS;C,4H g, Ruthenium(III),
(2,2'-bipyridine-N,N')(2,2':6',2"-
terpyridine-N,N', N**)(trifluoro-
methanesulfonato-O)-, bis(trifluoro-
methanesulfonate), 24:301

F4N¢0gS;0sC;3H 5, Osmium(III), penta-
ammine(trifluoromethanesulfonato-
0)-, bis(trifluoromethanesulfonate),
24:271

FgN;0,,0sS;C,H,;, Osmium(III), penta~
ammineaqua-, tris(trifluoromethane-
sulfonate), 24:273

FgN;0,40s5;C,5H,, - ZH,0, Osmium(111),
aqua(2,2’-bipyridine-
N,N')(2,2':6’,2" -terpyridine-
N,N',N")-, tris(trifluoromethane-
sulfonate), dihydrate, 24:304
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FgNsOoRuS;C,3H,, - 3H,0,
Ruthenium(III), aqua(2,2’-bipyridine-
N,N")(2,2':6',2" -terpyridine-
N,N',N")-, tris(trifluoromethane-
sulfonate), trihydrate, 24:304
F¢NsRuS;C;H s, Ruthenium(III), penta-
ammine(trifluoromethanesulfonato-
O}-, bis(trifluoromethanesulfonate),
24:258
FgNgO40sS;C3H g, Osmium(IH), hexa-
ammine-, tris(trifluoromethane-
sulfonate), 24:273
FyNgO¢0sS;CsH, 5, Osmium(III), (aceto-
nitrile)pentaammine-, tris(trifluoro-
methanesulfonate), 24:275 )
FgNgOgRhS;C 3H, 5, Rhodium(III), hexa-
ammine-, tris(trifluoromethane-
sulfonate), 24:255
F (NSb, Antimonate(V), hexafluoro-, tetra-
fluoroammonium (1:1), 24:41
F00,8e,Xe, Selenate( V1), pentafluorooxo-,
xenon(2+) (2:1), 24:29
F 40, Te,Xe, Tellurate(VI), pentafluorooxo-
xenon(2+) (2:1), 24:36
F,,03;PC¢H, Phosphane, difluorotris(2,2,2-
trifluoroethoxy)-, trans-, 24:63
F,FeNgPC,3H 4, Iron(1l), bis(aceto-
nitrile)(2,9-dimethyl-3,10-diphenyl-
1,4,8,11-tetraazacyclotetradeca-
1,3,8,10-tetraene)-, bis[hexafluoro-
phosphate(1—)], 22:108
F,Fe;N,P,8,C gH 34, Iron(2+), bis(aceto-
nitrile)bis(n3-cyclopentadienyl)bis- u-
(ethanethiolato)-di-, bis(hexafluoro-
phosphate), 21:39
F,Fe P,5;C50H,, Iron(2+), tetrakis(ns-
cyclopentadienyl)- p3-(disulfur)tri-p,-
thio-tetra-, bis(hexafluorophosphate),
21:44
Flzer4oP4C4oH46, Iridium(III), ms(aceto—
nitrile)nitrosylbis(triphenylphos-
phine)-, bis{hexafluorophosphate],
\21:104
F{;N,P,PdC;H;,, Palladium(1l), [N,N'-
bis[2-(dimethylamino)ethyl)-N,N'-
dimethyl-1,2-ethanediamine]-,
bis(hexafluorophosphate), 21:133
F|;N50,,S,PtC,H,, Platinum(IV), penta-
ammine(trifluoromethanesulfonato-
0)-, tris(trifluoromethanesulfonate),
24:278

F4;MnN,, Manganate(IV), hexafluoro-,
bis(tetrafluoroammonium), 24:45

F,4N,8i, Silicate(IV), hexafluoro-, bis(tetra-
fluoroammonium), 24:46

FsBO;Te;, Tellurate(VI), pentafluorooxo-,
boron(3+) (3:1), 24:35

) F lSGdN 60 GP 12C 72H72, Gadohmum(lll),

hexakis(diphenylphosphinic amide)-,
tris (hexafluorophosphate), 23:180
F 18H°N606P 1 2C72H72, Hoh'mum(lII),
hexakis(diphenylphosphinic amide)-,
tris (hexafluorophosphate), 23:180
F lBLaNGO GP 1 2C 72H72, Lanthamum(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
F ]8N606P12PI'C72H72, Praseodymlum(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
F 18NﬁNd05P12C72H72, Neodymlum(III),
hexakis(diphenylphosphinic
amide)-, tris(hexafluorophosphate),
23:180
F lgLuN606P12C72H72, Lutetium(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
F 18N606P 1 ZSmC 72H72, Sﬂ.ﬂlal'lum(III),
hexakis{diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
F i 3N606P12TbC 72H72, Terblum(III), hexa-
kis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
F 1 8N60 6P lszC 72H72, Thulium(III), hexa-
kis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
F 1 8N6O6P lebC-]zH']z, Ytterbium(IIl),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180
FGBF402C 1 1H13, Iron(1 +), di-
carbonyl(n3-cyclopentadienyl)(n2-
2-methyl- 1-propenyl)-, tetrafluoro-
borate(1—), 24:166
FeB,NO4C3oH 1y, {{tris[u-[(1,2-cyclo-
hexanedione dioximato)-0:0']di-
phenyldiborato(2—)]-N,N',N"',
N, N"" N""}-, 21:112
FeB,C,H, [1,1’-commo-Bis(2,3-dicarba-
1-ferra-closo-heptaborane)](12),
2,2',3,3'-tetraethyl- 1,1 -dihydro-,
22:215
FeBrMgO,PC 35H 45, Magnesium, bromo(3-
cyclopentadienyl)[1,2-ethanediyl-



bis(diphenylphosphine)]bis(tetra-
hydrofuran)iron-, (Fe-Mg), 24:172
FeBrP,C 3, H g, Iron, bromo(n5-cyclopenta-
dienyl)[1,2-ethanediylbis(diphenyl-
phosphine)}-, 24:170
FeClO, Iron chloride oxide:
intercalate with 4-aminopyridine (4:1),
22:86
intercalate with pyridine (4:1), 22:86
intercalate with 2,4,6-trimethylpyridine
(6:1), 22:86
FeF 3;04SCyHj, Iron(1+), tricarbonyl(n3-
cyclopentadienyl)-, trifluoromethane-
sulfonate, 24:161
FeF {;N¢PC,3H 4,4, Iron(Il), bis(aceto-
nitrile)(2,9-dimethyl-3,10-diphenyl-
1,4,8,11-tetraazacyclotetradi-
1,3,8,10-tetraene)-, bis[hexafluoro-
phosphate(1—)], 22:107, 108
FeH.q4Ti, Iron titanium hydride, 22:90
FeNO 1 3P2RU3C49H3 1s Ruthenate( 1_), tri-
decacarbonylhydridoirontri-, u-
nitrido-bis(triphenylphosphorus)(1+),
21:60
FCN204P2C39H30, Ferrate( 1 _'), tricarbonyl—
nitrosyl-, u-nitrido-bis-(triphenyl-
phosphorus)(1+), 22:163, 165
FeN20 9C 10}'1 15° Hzo, Ifon(u[), aq“&[ [ 1 ,2‘
ethanediyldinitrilo)tetraacetato](3—)]-,
monohydrate, 24:207
FeN Na,04CoH,,2H,0, Ferrate(II),
(dinitrogen)[[1,2-ethanediyldini-
trilo)tetraacetato](4—)]-, disodium,
dihydrate, 24:208
FCN4NBZOSC 14H 18" 2H20, Fen’ate(ll),
[[1,2-cyclohexanediyldinitrilo)tetra-
acetato}(4—)}(dinitrogen)-, disodium,
dihydrate, 24:210
FeN40 loszc ]4H 16" 2H20, Iron(II), tetra-
aquabis(o-sulfonbenzoimidato)-,
dihydrate, 23:49
FeNgS,C¢Hg, Iron(1I), bis(thiocyanato-N)-
bis-u-(1H-1,2,4-triazole-N2:N 4)-,
poly-, 23:185
FeNa,0,C,, Ferrate(2—), tetracarbonyl-,
disodium, 24:157
FeO,CH,, Iron, methoxyoxo-, 22:87
Fe0,C, H,,, Iron, dicarbonyl(n3-cyclo-
pentadienyl)(2-methyl- 1 -propenyl-
kC1)-, 24:164
FeO P ,C34H 3q, Iron, [1,2-ethanediyl-
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bis(diphenylphosphine)]bis(2,4-
pentanedionato)-, 21:94

F305P5C55H57, Iron, bis[l,z-ethaned.iyl-
bis(diphenylphosphine)}(trimethyl-
phosphito)-, 21:93

FeO,;0s,C,3H,, Osmium, tridecacarbonyl-
dihydridoirontri-, 21:63

FeO3Ru;C,3H,, Iron, tridecacarbonyldi-
hydridotriruthenium-, 21:58

FeP,8,C4,Hgq, Bis(tetraphenylphos-
phonium) tetrakis(benzene-
thiolato )ferrate(II), 21:24

FeP ,C,H 4q, Iron, [[2-[2-(diphenylphos-
phino)ethyl] phenylphosphino]phenyl-
C,P,P|[1,2-ethanediylbis(diphenyl-
phosphine) |hydrido-, 21:92

FeP,Cs,Hs,, Iron, bis[1,2-ethanediylbis(di-
phenylphosphine)](ethene)-, 21:91

FeS ,C 4H g, Iron, bis(n5-cyclopentadienyl)-
p-(disulfur)bis-u-(ethanethiolato)-di-,
21:40, 41

Fe,F,N,P,8,C gHj34, Iron(2+), bis(aceto-
nitrile)bis(n>-cyclopentadienyl)bis- -
(ethanethiolato)-di-, bis(hexafluoro-
phosphate), 21:39

Fe,Na,04Cg, Ferrate(2—), octacarbonyldi-,
disodium, 24:157

Fe,04, Iron oxide, 22:43

, Magnetite, 22:43

FC204C2H‘, Iroﬂ, [1,2-
ethanediolato(2—)]dioxodi-, 22:88

Fe,P,S4C,Hgo, Ferrate(III), tetrakis(ben-
zenethiolato)di-u-thio-di-, bis(tetra-
phenylphosphonium), 21:26

Fe3N,0,,P,Cy3Hy, Ferrate(2—), undeca-
carbonyltri-, bis[u-nitrido-bis(tri-
phenylphosphorus)(1+)}, 24:157

Fe;Na,0,,C,, Ferrate(2—), undeca-
carbonyltri-, disodium, 24:157

FC4F12P285C20H20, Iron(2+), tetrakis(n5-
cyclopentadienyl)-p;-(disulfur)tri-p ;-
thio-tetra-, bis(hexafluorophosphate),
21:44

Fe,N,0,;P,CgsHgo, Ferrate(1—), trideca-
carbonyltetra-, p-nitrido-bis(tri-
phenylphosphorus)(1+) (1:2), 21:66,
68

Fe4N,S,Se C43H,0s. Ferrate(2—), tetra-
kis(1,1-dimethylethanethiolato)tetra-
p-selenotetra-, bis(tetrabutyl-
ammonium), 21:37
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Fe4st4se4C56H92, Ferrate(Z—), tetra-
kis(benzenethiolato)tetra- u1-seleno-
tetra-, bis(tetrabutylammonium),
21:36

FC4N288C24H60, Fen'ate(Z—), tetfakis(l,l'
dimethylethanethiolato)tetra-u-thio-
tetra-, bis(tetramethylammonium),
21:30

Fe4stgC56H92, Ferrate(Z—), tetra-
kis(benzenethiolato)tetra-u. -thiotetra-,
bis(tetrabutylammonium), 21:35

Fe P,S3C7,Hgg, Ferrate(Il, III), tetra-
kis(benzenethiolato)-u,-thiotetra-,
bis(tetraphenylphosphonium), 21:27

Fe4S5CyoHyg, Iron, tetrakis(nS-cyclopenta-
dienyl)-u 3-(disulfur)tri-u , -thio-
tetra-, 21:45

Fe,S¢CaoHyg, Iron, tetrakis(nS-cyclopenta-
dienyl)bis- u-(disulfur)-di- y,-thio-
tetra-, 21:42

GaBr/NCgH,;, Gallate(1—), tetrabromo-,
tetraethylammonium, 22:141

GaBr,NC,¢H ¢, Gallate(1—), tetrabromo-,
tetrabutylammonium, 22:139

GaCINC¢H 3, Gallate(1+), tetrachloro-,
tetrabutylammonium, 22:139

GaC14NC 16H36’ Gallate(l—), tetrachloro-,
tetrabutylammonium, 22:140

Ga,Br,P,C34H3,, Gallate(2—), hexabromo-
di-, bis(triphenylphosphonium),
22:135, 138

Ga,Br¢P,C3H,, Gallate(2—), hexabromo-
di-, bis(tetraphenylphosphonium),
22:139

G82C16P2C36H32, Gallate(Z—), hexachloro-
di-, bis(triphenyiphosphonium),
22:135, 138

68216P2C36H32, Gallate(Z—), hexaiododi-,
bis(triphenylphosphonium), 22:135,
138

GdCl,, Gadolinium chloride, 22:39

GdF 1gNgOgP,,C12Hy;, Gadolinium(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180

GdN3013C8H 169 Gadolinium(m), trinitr-
ato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

GdN3014C10H20, Gadolinium(m), trinitr-
ato(1,4,7,10,13-pentaoxacyclopenta-
decane)-, 23:151

GdN4OzC49H35, Gadolmmm, (2,4-penta.ne—
dianato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

Gd4N 12051C30H60, Gadolinium(III), dode-
canitratotris(1,4,7,10,13-pentaoca-
cyclopentadecane)tetra-, 23:151

Gd4N 12054C36H12’ Gadollmum(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

HCINOsP,C4,H;p, Chromate(1—), penta-
carbonylhydrido-, u-nitrido-bis(tri-
phenylphosphorus)(1+), 22:183

HCTzKOloC 10> Chromate, [.L-hydrido-
bis[pentacarbonyl)-, potassium, 23:27

HF,;NS, Imidosulfurous difluoride, mercury
complex, 24:14

HF ;OTe, Tellurate(VI), pentafluorooxo-,
hydrogen, 24:34

HF¢N, Ammonium, tetrafluoro-, (hydrogen
difluoride), 24:43

HFeNO 1 3P2R\13C49H30, Ruthenate( 1- ),
tridecacarbonylhydridoirontri-,
p-nitrido-(triphenylphosphorus)(1+),
21:60

HFePC5;H 43, Iron, [[2-[2-(diphenyl-
phosphino)ethyl]phenylphos-
phino]pheny!-C,P,P'][1,2-ethanediyl-
bis(diphenylphosphine)]hydrido-,
21:92

HK010W2C10, Tungstate, ;z-hydrido-
bis[pentacarbonyl-, potassium,

23:27

HMONOstCﬂHw, Molybdate(l—), penta-
carbonylhydrido-, u-nitrido-bis(tri-
phenylphosphorus)(1+), 22:183

Im05P2WC41H30, Tungstate(l—), penta-
carbonylhydrido-, u-nitrido-bis(tri-
phenylphosphorus)(1+), 22:182

HNO,;Ru;C;gHj,p, Ruthenate(1—), u-
carbonyl-1«C:2«xC-decacarbonyl-
1x3C, 2¢3C, 3k4C-u-hydrido-1x:2«-
triangulo-tri-, tetraethylammonium,
24:168

HNbO,Ti, Hydrogen pentaoxoniobatenio-
batetitanate(1—), 22:89

intercalate with 1-butanamine, 22:89
intercalate with ethanamine, 22:89
intercalate with methanamine, 22:89
intercalate with NH;, 22:89
intercalate with 1-propanamine, 22:89



HO, Hydroxo, cobalt complexes, 23:107,
111-115

HOgS,, [hydrogen bis(sulfate)],
platinum chain complexes, 21:151

H,.94FeTi, Iron titanium hydride, 22:90

H,Fe0,308;C,3, Osmium, tridecacarbonyl-
dihydridoirontri-, 21:63

H,FeO3Ru;3C,3, Iron, tridecacarbonyl-
dihydridotriruthenium-, 21:58

H,0, Water, iridium, osmium, and
rhodium complexes, 24:254, 265

H,0,30s3RuC,3, Osmium, trideca-
carbonyldihydridorutheniumtri-,
21:64

H;3N, Ammonia, intercalate with
HNbTiOs, 22:89

H,AlLaNi,4, Aluminum lanthanum nickel
hydride, 22:96

H4OsP,, Diphosphorous acid, platinum
complex, 24:211

HgF sN,Mn, Manganate(III), pentafluoro-,
diammonium, 24:51

H3K402°P3Pt, Platinate(II), tetra-
kis[dihydrogen diphosphito(2—)-],
tetrapotassium, 24:211

H;O04Pt, Platinum(Il), tetraaqua-, 21:192

H,;sN404S,Rh, Rhodium(III}, tetraammine-
aquahydroxo-, cis-, dithionate, 24:225

H 16N4O7P 2 Ammonium diphosphate,
21:157

2H,BNNaC, Borate(1—), cyanotri[(2H )hy-
dro]-, sodium, 21:167

HfCl1,C,oH 39, Hafnium, dichlorobis(n3-
pentamethylcyclopentadienyl)-,
24:154

HfC1,0,CgH,¢, Hafnium(IV), tetra-
chlorobis(tetrahydrofuran)-, 21:137

HfO,C,H 0, Hafnium, dicarbonylbis(n5-
cyclopentadienyl)-, 24:151

Hﬁ)zszHy}, Haﬁuum, diC&l'bOnyl-
bis(n3-pentamethylcyclopentadienyl)-,
24:151

HgF 4N,S,, Mercury(II), bis(imidosulfurous
difluoridato-N)-, 24:14

HgF ¢C,, Mercury, bis(trifluoromethy1)-,
24:52

HgICH;, Mercury(1l), iodomethyl-, 24:143

HgNO;CHj;, Mercury(Il), methylnitrato-,
24:144

HgO,;C;Hg¢, Mercury(II), acetatomethyl-,
24:145
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HoCl;, Holmium chloride, 22:39

HoF 1gN¢O6P;C7,H7;, Holmium(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180

HoN 30 13C8H]6g Holmium(III),
trinitrato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

HON3O 14C IOH 10> Holm:um(III), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

HONgO lSC leu, Holmium(III),
(1,4,7,10,13,16-hexacyclo-
octadecane)trinitrato-, 23:152'

HON402C49H35 s Holmium, (2,4-
pentanedionato){5,10,15,20-tetra-
phenyliporphyrinato(2—)], 22:160

HoN 40,CssH 47, Holmium, (2,2,6,6-tetra-
methyl-3,5-heptane-
dionato)(5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

HoyN 05, C 30H 39, Holmium(III),
dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-.
23:153

HogN ,054C 35H 7,, Holmium(II),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane Jdodecanitratotetra-,
23:155

IBMON702C ”H27 s Molybdenum,
ethoxyiodonitrosyl{tris(3,5-dimethyl-
pyrazolyl)hydroborato}-, 23:7

IBMoNgOC 7H 3, Molybdenum,
(ethylamido)iodonitrosyl{tris(3,5-
dimethylpyrazolyl )hydroborato}-,
23:8

ICTF2N4C4H16, Chronuum(III),
bis(1,2-ethanediamine)difluoro-,
(L)-cis-, iodide, 24:186

IHgCH 3, Mercury(II), iodomethyl-, 24:143

1,BMoN,0CsH,,, Molybdenum, diiodo-
nitrosyl{tris(3,5-dimethyl-
pyrazolyl )hydroborato}-, 23:6

ILa, Lanthanium iodide, 22:36

1,Mn,04C3, Manganese, octacarbonyldi-
iododi-, 23:34

I,N4PdC,,H3,, Palladium(II), [N, N-bis[2-
(dimethylamino)ethyl]-N',N’-
dimethyl-1,2-ethanediaminejiodo-,
iodide, 21:130

I3In, Indium iodide, 24:87
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I3La, Lanthanium iodide, 22:31

IlezRuZC4H349 Ruthemum(S +),
decammine(u-pyrazine)-di-,
pentaiodide, 24:261

InClsNgO4,C44H 36, Indium(III),
([4,4',4",4""'-porphyrin-5,10,15,20-
tetrayltetrakis(1-methyl-
pyridiniumato)}(2—-)1-,
pentaperchlorate, 23:55, 57

Inl 3, Indium iodide, 24:87

InSi3Cy,H33, Indium(III),
tris[ (trimethylsilyl )methyl}-, 24:89

IrCIF6N40682C6H16, Indium(III),
chlorobis(1,2-ethanediamine)(tri-
fluoromethanesulfonato-0 )-, trans-,
trifluoromethanesulfonate, 24:289

IrCIOPC,;H3,, Iridium(I),
carbonylchlorobis(dimethylphenyl-
phosphine)-, trans-, 21:97

IrC10,P4C3H3,, Iridium(1+), (carbon-
dioxide)bis{1,2-ethanediylbis(di-
methylphosphine)]-, chloride, 21:100

IrCiO,P;C,Hj4, Iridium, chioro[(formy!-
xC-oxy)formato-«0-(2—)]tris(tri-
methylphosphine)-, 21:102

IrCIP;C;H,,, Iridium, chloro(n2-cyclo-
octene)tris(trimethylphosphine)-,
21:102

IrCIP,C,H3;, Iidium(1+), bis[1,2-
ethanediylbis(dimethylphosphine)]-,
chloride, 21:100

IrCl3H, gN, Iridium(III), hexaammine-,
trichloride, 24:267

II'C13N4C4H16 -HCl1- 2H20, Iridium(III),
dichlorobis(1,2-ethanediamine)-,
trans-, chloride, monohydrochloride,
dihydrate, 24:287

II'C13N4C4H16 . Hzo, Iridium(III),
dichlorobis(1,2-ethanediamine)-,
cis-, chloride, monohydrate,
24:287

IrF¢NP,C3; Hsg, Iridium(I), (n4-1,5-
cyclooctadiene)(pyridine)(tricyclo-
hexylphosphine)-, hexafluoro-
phosphate(1—), 24:173, 175

IIF6PN2C18H22, Indium(l), (7]4-1,5-
cyclooctadiene)bis(pyridine)-,
hexafluorophosphate(1—), 24:174

IrFgN,40983C7H g, Iridium(III),
bis(1,2-ethanediamine }bis(tri-

fluoromethanesulfonato-0 )-,
cis-, trifluoromethanesulfonate,
24:290

IrF9N50983C 3H 15» Irldlul'ﬂ(ln),
pentaammine(trifluoromethane-
sulfonato-Q )-, bis(trifluoromethane-
sulfonate), 24:264

IngNso 1083C3H 175 Irldium(III),
pentaammineaqua-, tris(trifluoro-
methanesulfonate), 24:265

IrFgNgOgS,C3H,3g, Iridium(III),
hexaammine-, tris(trifluoro-
methanesulfonate), 24:267

IrF 12N40P4C40H36 , Iridium(III),
tris (acetonitrile )nitrosylbis(triphenyl-
phosphine)-, bis[hexafluorophos-
phate], 21:104

IrPC3,H 34, Iridium, (1,3-butanediyl)(n5-
pentamethylcyclopentadienyl )(tri-
phenylphosphine), 22:174

Ir20 2C 18H30’ Xridinm(l), bis(ﬂ‘-l -
cyclooctadiene)-di--methoxy-di-,
23:128

KCONzOsc 10H12, Cobaltate(III),
[N,N'-1,2-ethanediylbis[N-
(carboxymethyl)glycinato](4—)]-,
potassium, 23:99

KCONzOsCl 1H14, Cobaltate(III),
{{R-(—)]-N,N'~(1-methy}-1,2-
ethanediyl)bis[N-(carboxy-
methyl)glycinato}(4—)]-, [A-(+)-,
23:101

KCoN208C 14H,3, Cobaltate(III),
[[R,R-(—)]-N,N-1,2-cyclo-~
hexanediylbis(carboxy-
methyl)glycinato](4—)]-, [A-(+)]-,
23:101

KCoN,O,CHg-0.5H,0, Cobaltate(III),
diammine(carbonato)dinitro-, cis, cis-,
potassium, hemihydrate, 23:70

KCoN4OgC,Hg- 0.5H,0, Cobaltate(III),
diamminedinitro(oxalato)-, ¢is, cis-,
potassium, hemihydrate, 23:71

KCo00,, Potassium cobalt oxide, 22:58

KCl;Dy,, Potassium dysprosium chloride,
22:2

KCrO,, Potassium chromium oxide, 22:59

KCryHO,4C ¢, Chromate, p1-hydrido-bis-
[pentacarbonyl-, potassium, 23:27



KF U, Uranate(V), hexafluoro-,
potassium, 21:166

KHO(W,C,(, Tungstate, u-hydrido-
bis[pentacarbonyl-, potassium, 23:27

KNbOTi, Potassium,
pentaoxoniobatetitanate(1—), 22:89

Ky.5C00;,, Potassium cobalt oxide, 22:57

Kp.sCrO,, Potassium chromium oxide,
22:59

Ky.67C00;,, Potassium cobalt oxide,
22:57

K,.6CrO,, Potassium chromium oxide,
22:59

Ky.7CrO,, Potassium chromium oxide,
22:59

Ky.77CrO,, Potassium chromium oxide,

K2A14NN3036sil4C4H12 * 7H20,
Potassium sodium tetramethyl-
ammonium aluminum silicate hydrate,
22:65

KzBi4N20 1 2C 36H72’ Potassium ,
(4,7,13,16,21,24-hexaoxa-1,10-
diazabicyclo[8.8.8]hexacosane)-,
tetrabismuthide, 22:151

KzFo.wN4ptC4Ho. 30° 3H20, Platinate,
tetracyano-, potassium (hydrogen
difluoride) (1:2:0.30), trihydrate,
21:147

K,F<Mn- Hzo, Manganate(III),
pentafluoro-, dipotassium,
monohydrate, 24:51

K,F sMoO, Molybdate(V), pentafluorooxo,
dipotassium, 21:170

KZSb20 12C8H4, Antimonate(Z—),
bis[taratrato(4—)]di-, dipotassium,
as resolving agent, 23:76—81

K HgO5PgPt, Platinate(IT), tetra-
kis[dihydrogen diphosphito(2—)]-,
tetrapotassium, 24:211

K10078P2ThW22, Thorate(IV), bis(undeca-
tungstophosphato)-, decapotassium,
23:189

K10018P2UW22, Urauate(IV), bis(undeca-
tungstophosphato)-, decapotassium,
23:186

Kl4Bzo7sThw22, Thorate(IV), bls(undeca
tungstoborato)-, tetradecapotassium,
23:189

K|60122P411IW34, Thorate(IV), bis(hepta-
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decatungstodiphosphato)-, hexa-
decapotassium, 23:190
K160122P4UW34’ Uranate(IV), bis
(heptadecatungstodiphosphato)-,
hexadecapotassium, 23:188

LaAlH/Ni,, Aluminum lanthanum nickel
hydride, 22:96

LaCl;, Lanthanum chloride, 22:39

LaF 1gNgOgP;,C7,H7;, Lanthanium(III),
hexakis(diphenylphosphinic
amide)-, tris(hexafluorophosphate),
23:180

Lal,, Lanthanum iodide, 22:36

Lal3, Lanthanum iodide, 22:31

LaN3013C8H16’ Lanﬂlamum(III),
trinitrato(1,4,7,10-
tetraoxacyclododecane)-, 23:151

I.4ﬂN3014C ]oﬂzo, Lanthamum(III),
trinitrato(1,4,7,10,13-penta-
oxacyclopentadecane)-, 23:151

LaN3015C 12H24, Lant.hanium(HI),
(1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitro-, 23:153

LaN402C49H35, Lam.hanum, (2,4-
pentanedionato)[5,10,15,20-tetra-
phenylporphyrinato(2—)], 22:160

L8N402C55H47, Lant.hanum,
(2,2,6,6-tetraphenyl-
porphyrinato(2—)]-, 22:160

LayN;;054C35H7;, Lanthanium(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

LiClCs, Tm, Cesium lithium thulium
chloride, 22:10

LiF ;Cg, Lithium, (pentafluorophenyl)-,
21:72

LiOj3Re, Lithium rhenium trioxide, 24:205

LiOsV,, Lithium divanadium pentaoxide,
24:202

LiSiC4H,,, Lithium, [(trimethyl-
silyl)methyl}-, 24:95

Liy.,O3Re, Lithium rhenium trioxide,
24:203, 206

Li;O3Re, Dilithium, rhenium trioxide, |
24:203

Li3;N, Lithium nitride, 22:48

LuCl,, Lutetium chloride, 22:39
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LuCl;5Cs,, Cesium lutetium chloride,
22:6

LuCl4Cs;, Cesium lutetium chloride,
22:6

LuF 1 8N6O6P 12C72H72 s Lutetlum(III),
hexakis(diphenylphosphinic amide)-,
tris (hexafluorophosphate),
23:180

LuN;OnCus, Yttcrblum(lll),
trinitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151

LuN 30 1 4C IOHZO’ Lutetium(ﬂl),
trinitrato(1,4,7,10,13-
pentaoxacyclopentadecane)-, 23:151

IJUNJOUClezb Lutetium(III),
(1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-, 23:153

LuN402C49H35 ] Lutetium, (2,4-
pentanedionato)[5,10,15,20-
tetraphenylporphyrinato(2—)]-,
22:160

Lu,ClgCs, Cesium lutetium chloride, 22:6

LU4N 12 05 1 C 30H60 , Lutetium (III),
dodecanitratotris(1,4,7,10,13-
pentaoxacyclopentadecane)tetra-,
23:153

Lu4N13054C36H7;, Lutetium(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane )dodecanitratotetra-,
23:155

Me,Ph,[14]-1,3,8,10-tetraeneN 4, see
1,4,8,11-Tetraazacyclotetradeca-
1,3,8,10-tetracne, 2,9-dimethyl-
3,10-diphenyl-, 22:107

MgBrFeOzPC 39H45 , Magnesium,
bromo(n3-cyclopentadienyl)[1,2-
ethanediylbis(diphenylphos-
phine)]bis(tetrahydrofuran)iron-,
(Fe-Mg), 24:172

MnCs, Fg, Manganate(IV), hexafluoro-,
dicesium, 24:48

MnF ;HgN,, Manganate(III), pentafluoro-,
diammonium, 24:51

MnF (K, - H,O, Manganate(III), penta-
fluoro-, dipotassium, monohydrate,
24:51

MnF 4N ,, Manganate(IV), hexafluoro-,
bis(tetrafluoroammonium),

24:45

MnNgS,CcHg, Manganese(II),
bis(thiocyanato-N)-bis-u-(1H-1,2,4-
triazole-N2:N4)-, poly-, 23:158

MnO¢C33Hs;, Manganese(III), tris(2,2,7-
trimethyl-3,5-octanedionato)-,
23:148

MnP 2S 4C 7 2H60 , Bis(tetraphenylphos-
phonium) tetrakis(benzene-
thiolato)manganate(IT), 21:25

Mn;Br;O04Cy, Manganese, dibromo-
octacarbonyldi-, 23:33

MIIzlesCB, Manganese,
octacarbonyldiiododi-, 23:34

Mn;Ca,Oyg, Calcium manganese oxide,
22:73

MoBF N, P4CsH 5, Molybdenum(III),
bis{1,2-ethanediylbis(1,2-
diphenylphosphine)](isocyano-
methane)[(methylamino)methylidyne]-,
trans-, tetrafluoroborate(1—), 23:12

MoBIN,0,C,,H37, Molybdenum,
ethoxyiodonitrosyl{tris(3,5-dimethyl-
pyrazolyl)hydroborato}-, 23:7

MoBIN sOC nuzg N Molybdenum A
(ethylamido)iodonitrosyl{tris(3,5-
dimethylpyrazolyl)hydroborato}-,
23:8

MOBIzN7OC |5H22, Molybdenum,
diiodonitrosyl({tris(3,5-dimethyl-
pyrazolyl)hydroborato}-, 23:6

MoBN,0;C;;Hj,,, Molybdenum, di-
carbonylnitrosyl{tris(3,5-dimethyl-
pyrazolyl)hydroborato}-, 23:4

MoB 2F 8N2P4C 56“ 565 Molybdenum(IV),
bis[1,2-ethanediylbis(diphenylphos-
phine)]bis[(methylamino)methyl-
idyne]-, trans-, bis[tetrafluoro-
borate(1—)], 23:14

M0C12N2P4C66H56 N Molybdenum(O),
bis(1-chloro-4-isocyanoben-
zene)bis{1,2-ethanediylbis(di-
phenylphosphine)}-, trrans-, 23:10

MoCl;05C,,H;,4, Molybdenum(III),
trichlorotris(tetrahydrofuran)-,
24:193

M0C14N2P4C66H 545 Molybdenum(O),
bis(1,3-dichloro-2-isocyano-
benzene)bis[1,2-ethanediyl-
bis(diphenylphosphine)]-, trans-,
23:10



MoCl1,0, Molybdenum, chloride oxide,
23:195

MoF sOK ,, Molybdate(V), pentafluorooxo,
dipotassium, 21:170

MON05P2C4|H31, Molybdate( 1 —), penta-
carbonylhydrido-, u-nitrido-bis(tri-

_ phenylphosphorus)(1+), 22:183

MON202P4C68H62, Molybdenum(O),
bis{ 1,2-ethanediylbis(diphenyl-
phosphine)]bis(1-isocyano-4-
methoxybenzene)-, trans-, 23:10

MoN,P,CssH;s,4, Molybdenum(0), bis[1,2-
ethanediylbis(diphenylphos-
phine)]bis(isocyanomethane)-, trans-,
23:10

MON2P4C62H66, Molybdenum(O),
bis[1,2-ethanediylbis(diphenylphos-
phine)]bis(2-isocyano-2-methyl-
propane)-, trans-, 23:10

MoN,P4CgsHsg, Molybdenum(0),

" bis[1,2-ethanediylbis(diphenylphos-
phine)]bis(isocyanobenzene)-,
trans-, 23:10

MOsz 4C 68H62 s Molybdenu.in (0),
bis[1,2-ethanediylbis(diphenylphos-
phine) bis( 1-isocyano-4-methyl-
benzene)-, trans-, 23:10

MoO;H, Molybdenum(VI), hydroxodioxo-,
ion, 23:139

Mo0O; - 2H,0, Molybdenum(VT) oxide,
dihydrate, 24:191

MoOgH, ;, Molybdenum(III), hexaaqua-,
ion, 23:133

MoO,oH;;, Molybdenum(V), hexaaqua-di-
p-oxo-dioxodi-, 23:137

Mo,C1,N,CgHy4, Molybdenum, dichloro-
tetrakis(dimethylamido)di-,
(Mo=Mo), 21:56

Mo,NsC;;Hyg, Molybdenum, hexakis(di-
methylamido)di-, (Mo=Mo),

21:43

M02N12012P6C24H36, Molybdenum,
hexacarbonyl-tris[u-1,3,5,7-tetra-
methyl-1H,5H-{1,4,2,3]diazadi-
phospholo[2,3-5][1,4,2,3]diaza-
diphosphole-2,6-(3H, 7H )dione }di-,
24:124

Mo,0,H, - XH,0, Molybdenum(III),
di-p-hydroxo-di-, ion, hydrate,
23:135
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Mo,0, - XH,0, Molybdenum(V), di-u-oxo-
dioxodi-, ion, hydrate, 23:137
Mo,0¢H, Molybdenum(VI), hydroxopenta-
oxodi-, ion, 23:139

Mo,04H,, Molybdenum(VI),
dihydroxotetraoxodi-, ion, 23:139

Mo,0sH 3, Molybdenum(VI), trihydroxo-
trioxodi-, ion, 23:139

Mo,OgH ¢, Molybdenum(II), octaaquadi-,
ion, 23:131

Mo;0, - XH,0, Molybdenum(IV), tetra-ji3-
oxo-tri-, ion, hydrate, 23:135

Mo3;0;3H,g, Molybdenum(IV), nonapqua-
tetra-u3-oxo-tri-, ion, 23:135

MOJP‘S lZC 16H40’ Molybdenum(V), H-
(diethylphosphinodithioato)-
tris (diethylphosphinodithioato)-tri-pu.-
thio-u3-thio-triangulo-tri-, 23:121

Mo3PS,5CsH4g, Molybdenum(V),
tris(diethylphosphinodithioato)tris-u-
(disulfido)-p3-thio-triangulo-tri-,
diethylphosphinodithioate, 23:120

NASsF 6C16H36’ Ammonium, tetrabutyl-,
hexafluoroarsenate, 24:138
NAsF¢O, Arsenate, hexafluoro-,
nitryl, 24:69
NBF4C 16H369 Ammonium, tetrabutyl-,
tetrafluoroborate(1—), 24:139
NBF g, Borate(III), tetrafluoro-,
tetrafluoroammonium (1:1), 24:42
NBrF,S, Imidosulfurous difluoride, bromo-,
24:20
NC, Cyanide, cobalt complexes, 23:66-69
, Cyano:
boron complex, 21:167
chromium complexes, 23:184
platinurn chain complexes, 21:142-156
NCHg, Methanamine:
chromium, cobalt, and rhodium complexes,
24:280-281
intercalate with HNbTiO, 22:89
NC;Hj3, Acetonitrile:
copper, iron, and zinc complexes, 22:108,
110, 111
iridium complex, 21:104
iron complexes, 21:39-46
osmium complex, 24:275
, Methane, isocyano-, molybdenum
and tungsten complexes, 23:10-13
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NC,H,, Ethanamine:
intercalate with HNbTiOs, 22:89
molybdenum complexes, 23:8
, Methaneamine, N-methyl-,
molybdenum complex, 21:54
NC,H,o, Methanamine, N-methyl-,
molybdenum and tungsten complexes,
23:11-13
NC3Hgq, 1-Propanamine, intercalate
with HNbTiOg, 22:89
NCHjy, Propane, 2-isocyano-2-methyl-,
tungsten complex, 24:198
NC4H;,, 1-Butanamine, intercalate with
HNbTIO;, 22:89
NCsHjg, Pyridine:
cobalt complexes, 23:73
intercalate with FeClO (1:4), 22:86
iridium complexes, 24:173, 174, 175
rhenium complex, 21:116, 117
NCsH4 - CdF ¢C,, Pyridine,
—bis(trifluoromethyl ycadmium,
24:57
NCsHgy, Butane, 1-isocyano-,
rhodium complex, 21:49
, Propane, 2-isocyano-2-methyl-,
molybdenum and tungsten complexes,
23:10-12
NC¢H-, Benzenamine, rhenium and
tungsten complexes, 24:195, 196, 198
NC,Hs, Benzene, isocyano-:
molybdenum and tungsten complexes,
23:10
tungsten complex, 24:198
NCgH, Benzene, 1-isocyano-4-methyl-:
molybdenum and tungsten complexes,
23:10
tungsten complex, 24:198
NCgH,;, Benzenamine, N, 4-dimethyl-,
tungsten complexes, 23:14
______, Pyridine, 2,4,6-trimethyl-,
intercalate with FeClO (1:6),
22:86
NCIF,S, Imidosulfurous difluoride,
chloro-, 24:18
NCIO4C6H36, Ammonium, tetrabutyl—,
perchiorate, 24:135
NFC,Hg, Dimethylamine, N-fluoro-,
24:66
NFS, Thiazyl fluoride, 24:16
NF,HS, Imidosulfurous difluoride,
mercury complex, 24:14

NF;0S8C, Imidosulfurons difluoride,
(fluorocarbonyl)-, 24:10
NF,S, Thiazyl trifluoride, 24:12
NFgH, Ammonium, tetrafluoro-,
(hydrogen difluoride), 24:43
NF¢PC ¢H3, Ammonium, tetrabutyl-,
hexafluoroammonium, 24:141
NF¢PSe,C,H;;, Methanaminium, N-(4,5-
dimethyl-1,3-diselenol-2-ylidene)-N-
methyl-, hexafluorophosphate, 24:133
NF,OW, Tungstate(VI), pentafluorooxo-,
tetrafluoroammonium (1:1), 24:47
NF,Sb, Antimonate(V), hexafluoro-,
tetrafluoroammonium (1:1), 24:41
NHgO;CHj, Mercury(Il), methylnitrato-,
24:144
NO, Nitrogen oxide:
chromium complexes, 23:183
iridium complex, 21:104
iron and ruthenium, 22:163
molybdenum complexes, 23:4-9
NOC, Cyanato, silicon complex,
24:99
NOCgH,, Benzene, 1-isocyano-4-methoxy-,
molybdenum and tungsten complexes,
23:10
NOPC|,H,,;, Phosphinic amide, diphenyl-,
lanthanoid complexes, 23:180
NOSe,C,H 3, Carbamodiselenoic acid,
dimethyl-, 1-methyl-2-oxopropyl
ester, 24:132
NO,, Nitrite, cobalt complexes, 23:70-71,
77, 91, 109
NO,C,H;, Glycine, cobalt complexes,
23:75, 92
NO,C¢H;, 4-Pyridinecarboxylic
acid, cobalt complexes, 23:113
NO,SC;H,, L-Cysteine, gold complex,
21:31
NO;C3H,, Serine, copper complex, 21:115
NO;H, Nitric acid:
cerium complexes, 23:178
cobalt complexes, 23:171
NO;SC,Hj, o-Benzosulfimide (saccharin),
metal complexes, 23:47
NO4PCgH 3, Phosphonic acid, [(N,N-di-
diethylcarbamoyl)methyl]-, dimethyl
ester, 24:101
NO4PC10H22, Phosphonic 8Cid, [(N,N—dl-
diethylcarbamoy!)methyl-),
diethyl ester, 24:101



NO,PC,,H,¢, Phosphonic acid, [(N,N-di-
ethylcarbamoyl)methyl]-, bis(1-
methylethyl) ester, 24:101

NO,PC,4H;,, Phosphonic acid, [(N,N-di-
ethylcarbamoyl )methyl]-, dibutyl
ester, 24:101

NO4PCl6H34, Phosphonic acid, [(MN'dl-
diethylcarbamoyl)methyl-],
dihexyl ester, 24:101

NOstWC41H3] s Tungstate( 1 —), penta-
carbonylhydrido-, p-nitrido-bis
(triphenylphosphorus)(1+),

22:182

NO,;Ru;C¢H,;, Ammonium, tetraethyl-,
u-carbonyl-1xC:2x C-decarbonyl-
1x3C, 263C, 3k4C -u-hydrido-1x:2k-
triangulo-triruthenate(1—), 24:168

NPPtSCzC24H28, Plat.mumal), (MN-
diethyldiselenocarbamato)methyl(tri-
phenylphosphine)-, 21:10

(NS),, Sulfur nitride, polymer,

22:143

NSC, Thiocyanate, cobalt, copper, iron,
manganese, nickel, and zinc
complexes, 23:157

NSCH, Thiocyanic acid:

chromium complexes, 23:183
palladium complex, 21:132

NSC,H;, Ethanethiol, 2-amino-
cobalt complex, 21:19

NSe,C;sH,,, Diselenocarbamic acid,

N, N-diethyl-, nickel, palladium,
and platinum complexes, 21:9
N,, Dinitrogen:
iron complexes, 24:208, 210
osmium complex, 24:270
N,C,Hjg, 1,2-Ethanediamine:
chromium complexes, 24:185, 186
chromium, iridium, and rhodium
complexes, 24:251, 283-290
cobalt complexes, 21:19, 21, 120-126;
23:64, 165
cobalt(IIT) trifluvoromethanesulfonate
complexes, 22:105
rhodium complex, 24:227, 229-231

N,C;H,, 1H-Pyrazole, boron-copper
complex, 21:108, 110

N,C;H,¢, 1,3-Propanediamine, cobalt
complexes, 23:169

N,C4H,, Pyrazine, ruthenium complexes,
24:259

Formula Index 3N

N,CsHg, Pyridine, 4-amino-,
intercalate with FeClO, 22:86
N,CsHg, 1H-Pyrazole, 3,5-dimethy!-,
boron-copper complex,
21:109
N,Cg¢H ¢, 1,2-Ethanediamine, N,N,N',N'-
tetramethyl-, palladium complex,
22:168
N,CgHjg, 1,2-Ethanediamine, N,N'-bis(1-
methylethyl)-, platinum complex,
21:87
N,C,oHg, 2,2'-Bipyridine:
osmium and ruthenium complexes,
24:291-298
palladium complex, 22:170
ruthenium complex, 21:127
N,CyoH,3, 2,2"-Bipyridine,
chromium complexes, 23:180
N,CgH34, 1,2-Ethanediamine, N,N'-
dimethyl-N,N’-bis(1-methylethyl),
platinum complex, 21:88
, N,N,N',N'-tetraethyl-, platinum
complex, 21:86, 87
Nzc IZHB’ I,IO-Phenathroline:
chromium complexes, 23:185
copper complex, 21:115
N,C,gHj4, 1,2-Ethanediamine, N,N-bis(1-
phenylethyl)-, (S, S)-, platinum
complex, 21:87
NzConzs, 1,2—Ethanediamine, MN’-di-
methyl-N,N'-bis(1-phenylethyl)-,
(R,R)-, platinum complex, 21:87
N2Cl‘CrC 2H12, Chromate(II), tetra-
chloro-, bis(methylammonium),
ferromagnets, 24:188
N,C1,CrC H 5, Ammonjum, ethyl-, tetra-
chlorochromate(II) (2:1),
ferromagnets, 24:188
N, ClgO,Pt, Nitrosyl hexachloroplatinate(I'V)
(2:1), 24:217
N2C0K06C2H6, Coba.ltate(III),
diamminedicarbonato-, cis-,
potassium, 23:62
N,CoKO4C4Hg, Cobaltate(III),
dicarbonato( 1,2-ethanediamine)-,
potassium, 23:64
N,CoLiO¢C,Hg, Cobaltate(III),
diamminebis(carbonato)-, cis-,
lithium, resolution of, 23:62
N,FHgS,, Mercury(II), bis(imidosul-
furous difluoridato-N)-, 24:14
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N,F ;HgMn, Manganate(III), pentafluoro-,
diammonium, 24:51

N,F 4Mn, Manganate(IV), hexafluoro-,
bis(tetrafluoroammonium), 24:45

N,F4Si, Silicate(IV), hexafluoro-,
bis(tetrafluoroammonium), 24:46

N2FC3O 11 P4C 33H60’ Phosphoms( 1 +),
p-nitrido-bis(triphenyl-,
undecacarbonyltriferrate(2—)
(2:1), 24:157

N,0C,oH 4, Phenol, 2-[1-[(2-amino-
ethyl)imino]ethyl]-, cobalt complexes,
23:165

N20C 11 H 16+ Phenol, 2-[ 1 -[(3-amino-
propyl)imino]ethyl-, cobalt
complexes, 23:169

N205i2C9H24, Urea, N,N'-dimet.hyl-N,N'-
bis(trimethylsylyl)-, 24:120

N,0,C4H,, Pyrazinecarboxylic acid,
cobalt complexes, 23:114

N,0,C¢H g, 1,2-Cyclohexanedione,
dioxime, boron-iron complex,
21:112

NzOszC36H30, PhOSphOnlS( 1 +),
p-nitrido-bis(triphenyl-,
nitrite, 22:164

NzOgC 10H16’ Acetic acid, (1,2-

ethanediyldinitrilo)tetra-, iron

complex, 24:204, 208

, Glycine, N,N'-1,2-ethanediyl-

bis[N-(carboxymethyl)-,

cobalt complexes, 23:99

N,04C,,H,3, Glycine, N,N'-(1-methyl-
1,2-ethanediyl)bis[N-(carboxy-
methyl)-, cobalt complexes, 23:101

N,04C4H;,, Acetic acid, (1,2-cyclo-
hexanediyldinitrilo)tetra-, iron
complex, 24:210

_____, Glycine, N,N'-1,2-cyclohexanediyl-
bis[NV-(carboxymethyl)-, cobalt
complexes, 23:96

Nzo ”P2RU3C46H30, Ruthenate( 1 —),
decacarbonyl-pu-nitrosyl-tri-,
p-nitrido-bis(triphenyl-
phosphorus)(1+), 22:163, 165

N,PSiC,4Hy7, Phosphonous diamide,
N,N,N',N'-tetramethyl-p-[phenyl(tri-
methylsilyl)methyl-], 24:110

N,PdC,oH,4, Palladium, (1,4-
butanediyl)(N,N,N’,N'-tetramethyl-
1,2-ethanediamine)-, 22:168

N,PdC,H ¢, Palladium, (2,2-
bipyridine)(1,4-butanediyl)-, 22:170

N,PdS,Hg, Palladate(II), bis(hexa-
sulfido)-, diammonium, non-
stoichiometric, 21:14

N,PtS oHg, Platinate(II), bis(pentasul-
fido)-, bis(tetrapropylammonium),
21:13

N,PtSsHg, Platinate(IV), tris(penta-
sulfido)-, diammonium, 21:12, 13

N,SCHy, Urea, thio-, chromium(0)
complexes, 23:2

N,SC,, Sulfur dicyanide, 24:125

N,SC4Hg, 2H-Imidazole-2-thione,
1,3-dihydro- 1-methyl-, cobalt
complexes, 23:171

N,SCH,,, Thiourea, N,N,N',N'-tetra-
methyl-, chromium(Q), complexes,
23:2

NSCgH 4, Thiourea, N, N'-di-tert-
butylchromium(0) complexes, 23:3

NzSC 15H 163 Thiourea, N,N’-di-p-tolyl-
chromium(0) complexes, 23:3

N,SsHg, Ammonium pentasulfide, 21:12

N3, Azido, platinum chain complexes,
21:149

N3;C,H;, 1H-Triazole, cobalt, copper,
iron, manganese, nickel, and zinc
complexes, 23:157

N;C4H,3, 1,2-Ethanediamine, N-(2-
aminoethyl)-, cobalt(III) trifluoro-
methanesulfonate complexes, 22:106

N3Cg¢H,;s, 1,4,7-Triazacyclononane, cobalt
complexes, 23:75

N;C,5H,, 2,2":6’, 2"-Terpyridine, osmium
and ruthenium complexes,
24:291-298

N3Nd0 13C SHIG' Neodymium(III), tri-
nitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151

N3Nd0 I4C louw, Neodymium(m), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

N3Nd0 lSC leu, Ne(ﬂymium(m),
(1,4,7,10,13,16-hexaoxacycloocta-
decane)trinitrato-, 23:153

N;0,C,3H,o, Benzaldehyde, 2-methyl-, 5-
(a-methylbenzyl)semioxamazone,
chromium complexes, 23:87

N;0,C,sH,q, Benzaldehyde, 2-methoxy-, 5-
(a-methylbenzyl)semioxamazone,



chromium complexes, 23:87

N3;0,C,¢H,,, Benzaldehyde, 2,3-
dimethoxy-, 5-(a-methylbenzyl)sem:
oxamazone, chromium complexes,
23:88

N;04C,9H,,, Benzaldehyde, 3,4-dimeth-
0Xy-, 5-(a-methylbenzyl)semioxam-
azone, chromium complexes,
23:88

N305CoH;3, Cytidine, palladium(II)
complexes, 23:54

N30,3PrCgH ¢, Praseodymium(III), tri-
nitrato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:152

N3;0,,SmCgH ¢, Samarium(III), tri-
nitrato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

N;0,3TbCgH ¢, Terbium(III),
trinitrato( 1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

N;03;TmCgH 4, Thulium(III),
trinitrato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

N30 13ch sH] 6 Ytterbmm(III), tri-
nitrato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

N 30 1 4PTC 10H20, Praseodymium(lll), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

N;0,4SmC,,H;,, Samarium(III), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

N30,,TbC oH,,, Terbium(III),
trinitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

N;0,4,TmC,,H,,, Thulium(III),
trinitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

N3O 14ch lOHZO’ Ytterblum(III),
trinitrato(1,4,7,10,1 3-pentaoxacyclo-
pentadecane)-, 23:151

N3015PrC12H24, Praseodymlum(III),
(1,4,7,10,13,16-hexacycloocta-
decane)trinitrato-, 23:153

N30 lsTbC 12H24 ’ Terblum(III),
(1,4,7,10,13,16-hexaoxacycloocta-
decane)trinitrato-, 23:153

N30 15TmC 12H24, Thulium N
(1,4,7,10,13,16-hexaoxacycloocta-
decane)trinitrato-, 23:153

N;30,5YbC ,H,,, Ytterbium(III),
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(1,4,7,10,13,16-hexaoxacycioocta-
decane)trinitrato-, 23:153
N,;PCgH,,, Propionitrile, 3,3',3"-phos-
phinidynetri-, nickel complex, 22:113,
115
N3RhS15H12, Rhodate(HI), tris(penta—
sulfido)-, triammonium, 21:15
N4C6H 18 1,2-Ethanediamine, N,N'-bis(2-
aminoethyl)-, cobalt complexes, 23:79
N4C;Hjg, 1,2-Ethanediamine, N,N-bis[2-
(dimethylamino)ethyl}-N', N’ -di-
methyl-, palladium complex,
21:129-132
——__, N,N'-bis[2-(dimethylamino)ethyl]-
N,N'-dimethyl-, palladium complex,
21:133
N4CyoH 4, Porphyrin:
actinide and lanthanide complexes, 22:156
indium(III) complexes, 23:55
—,5,10,15,20-tetraphenyl-, actinide and
lanthanide complexes, 22:156
N,C,4H,s, 1,4,8,11-Tetraazacyclotetra-
deca-1,3,8,10-tetraene, 2,9-dimethyl-
3,10-diphenyl-, copper, iron, and zinc
complexes, 22:108, 110, 111
N 4C,gH 34, Porphyrine, 5,10,15,20-tetra-
kis(4-methylphenyl)-, actinide and
lanthanide complexes, 22:156
N,4Cl;H ,Rh, Rhodium(III), tetraammine-
dichloro-, cis-, chloride, 24:223
N4CoKO;CHg - 0.5H,0, Cobaltate(III),
diamminecarbonatodinitro-, cis,cis-,
potassium, hemihydrate, 23:70
N4CoKOgC,Hg - 0.5H,0, Cobaltate(III),
diamminedinitro(oxalato)-, cis,cis-,
potassium, hemihydrate, 23:71
N4Co04C¢H 4, Cobalt(III), bis(1,2-
ethanediamine)(oxalato)-, as resolving
agent, 23:65
N4H150882Rh, Rhodium(ll'l), tetraammine-
aquahydroxo-, cis-, dithionate, 24:225
N4NdOZClsH47, Neodymi\lm, (2,2,6,6'
tetramethyl- 3,5-heptane-
dionato){$5,10,15,20-tetrapheny!
porphyrinato(2—)]-, 22:160
NNdO,C H;s, Neodymium, (2,4-
pentanedionato){5,10,15,20-tetra-
phenylporphyrinato(2—)]-,
22:160
N,4O,C¢H 4, Arginine, S-, cobalt complexes,
23:91
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N,0,C oHj;p, 1,4,8,11-Tetrazacyclotetra-
decane-5,7-dione, copper complexes,
23:82

N,O,P,C¢H,,, 1H,5H-[1,4,2,3]|Diaza-
diphospholo[2,3-b][1,4,2,3])diazadi-
phosphole-2,6-(3H, 7TH )dione,
1,3,5,7-tetramethyl-, 24:122

N402PIC49H35, Praseodymium, (2,4-
pentanedionato)[5,10,15,20-tetra-
phenylporphyrinato(2—)]-, 22:160

N402PIC53H43, Praseodymium, (2,4-
pentanedionato)[5,10,15,20-tetra-
kis(4-methylphenyl)por-
phyrinato(2—)}-, 22:160

N4O,SmC 4gH 35, Samarium, (2,4-pentane-
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

N4OZSmC55H47, Samal'ium, (2,2,6,6-&&&-
methyl-3,5-heptane-
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

N 402TbC 49H 35> Terbium, (2,4-pentane-
dionato)[5,10,15,20-tetraphenylpor-
phyrinato(2—)]-, 22:160

N402TbC55H47, Terbium, (2,2,6,6-tetl‘a-
methyl-3,5-heptane-
dionato)[5,20,25,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

N402TmC55H47, Thulium, (2,2,6,6-&“8-
methyl-3,5-heptane-
dionato)(5,10,15,20-tetraphenyl-
porphyrinato{2—)]-, 22:160

N402YC49H35, Yttnum, (2,4-pentane—
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

N4O,YbCs3H,;3, Ytterbium, (2,4-pentane-

‘ dionato)(5,10,15,20-tetrakis—(4-

methylphenyl)porphyrinato(2—)]-,
22:156

N,O,YbCqH s, Yiterbium, (5,10,15,20-
tetrakis(4-methyiphenyl)por-
phyrinato(2—)](2,2,6,6-tetramethyl-
3,5-heptanedionato)-, 22:156

N4O;PtT1,C;, Platinate(II), tetracyano-,
thallium carbonate (1:4:1), 21:153,
154

N,0,SiC,, Silane, tetraisocyanato-, 24:99

N404Thc 54H42, Thorium, bis(2,4-pentane-
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

N405C10H12, Inosine, palladlm'n(II)
complexes, 23:51-54

N,O4CoH,,, Xanthosine, palladium(II)
complexes, 23:54

N,;O3RhS,C4H o, Rhodium(III), aqua-
bis(1,2-ethanediamine)hydroxo-,
dithionate, 24:230

N,PrC ;4H 54, Praseodymium, [5,10,15,20-
tetrakis(4-methylphenyl)por-
phyrinato(2—)]-, 22:160

N PtT1,C,, Platinate(II), tetracyano-,
dithallium, 21:153

NCl3H,sRh, Rhodium(III), pentaammine-
chloro-, dichloride, 24:222

N;0;C,oH 3, Guanosine, palladium(II)
complexes, 22:51-54

N¢C,6H ;s 7,11:20,24-Dinitrilodi-
benzo[b,m][1,4,12,15]tetraazacyclo-
docosine, barium and cadmium
complexes, 23:174

N¢OC,7Hy,, 6,10:19,23-Dinitrilo-24H-
benzimidazo[2,1-4][1,9,17]benzotri-
azacyclononadecine, 5,5a-dihydro-
24-methoxy-, 23:176

N¢P,C3H 34, Phosphoranetriamine, P,P’'-
methanetetraylbis[NV,N,N',N',N",N"' -
hexamethyl-, 24:114

N¢PdS,C4H 3, Palladium(II), [N,N-bis[2-
(dimethylamino)ethyl]-N',N'-di-
methyl-1,2-ethanediamine](thio-
cyanato-N)-, thiocyanate, 21:132

NgBr4H,40,Rh,, Rhodium(III), di- u-
hydroxo-bis[tetraammine-, tetra-
bromide, 24:226

NgCaoHsg, Porphyrin, 5,10,15,20-tetra-
kis(4-pyridinyl)-, 23:56

NNd;03(C,,H;4, Neodymium(III),
(1,4,7,10,13,16-hexaoxacycloocta-
decane)dinitrato-, bis[trinitrato-
neodymate(III)], 23:150

NgNiS,CHg, Nickel(III), bis(thiocynate-
N)-bis-u-(1H-1,2,4-triazole-
N2:N4%)-, B-poly-, 23:159

N8012C72H66’ Pyﬁdinium, 4,4’,4”,4’”-‘)0]'—
phyrin-5,10,15,20-tetrayltetrakis(1-
methyl-, tetrakis(4-methylbenzene-
sulfonate), indium complexes, 23:55

NgS,ZnC¢Hyg, Zinc(I), bis(thiocyanato-
N)-bis-u-(1H-1,2,4-triazole-
N2:N9%)-, poly-, 23:160



N 1 2M020 1 2P6C24H369 Molybdenum, hexa-
carbonyl-tris[u-1,3,5,7-tetramethyl-
1H,5H-[1,4,2,3]diazadi-
phospholo(2,3-51{1,4,2,3]diazadi-
phosphole-2,6-(3H, TH)dione]di-,
24:124

N,Nd 05,C;5H,, Neodymium(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

N,05,TbyC39Hgp, Terbium(IIT), dodecani-
tratotris(1,4,7,10,13-pentaoxacyclo-
pentadecane)tetra-, 23:153

N,05,Tm ,C;H o, Thulium(IIT), dodecani-
tratotris(1,4,7,10,13-pentaoxacyclo-
pentadecane)tetra-, 23:153

N,,04,Yb,C30Hgq, Ytterbium(III), dode-
canitratotris(1,4,7,10,13-pentacxa-
cyclopentadecane)tetra-, 23:153

N ‘20 54Pr4C 36H72’ Praseodymium(lll),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

N 1 20 54Sm4C 36H 72s sﬂmaﬁ“m(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitrato-
tetra-, 23:155

N ,ZO 54Tb4C 36H 723 Terbium(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

N 305, Tm,C 36H 7;, Thulium(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

N 120 54Yb4C 36H72’ Ytterbium(HI),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

N,4Ni384CgH g, Nickel(II), hexakis{thio-
cyanato-N )-hexakis-u-(4H-1,2,4-
triazole-N1:N2)-tri-, 23:160

NaAlO,Si- 2.25H,0, Sodium aluminum
silicate, 22:61

NaAl4K2N036Si 14C4H 12° 7H20,
Potassium sodium tetramethyl-
ammonium aluminum silicate
hydrate, 22:65

NaBNC2H,, Borate(1—), cyanotri
[(3H)hydro]-, sodium, 21:167
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NaCoN,O;H, - 2H,0, Cobaltate(III), di-
ammine(carbonato)dicyano-, cis, cis-,
sodium, dihydrate, 23:67

NaCoN,0,4C H¢-2H,0, Cobaltate(1II), di-
amminedicyano(oxalato)-, cis, cis-,
sodium, dihydrate, 23:69

NaCoQ,, Sodium cobalt oxide, 22:56

NaF¢U, Uranate(V), hexafluoro-, sodium,
21:166

NaNbCsOg4, Nobate(—I), hexacarbonyl-,
sodium, 23:34

Na,.sC00,, Sodium cobalt oxide, 22:56

Nag.4C00,, Sodium cobalt oxide, 22:56

Nay.74C00,, Sodium cobalt oxide, 22:56

Nag.77C00;, Sodium cobalt oxide, 22:56

Na,AlL0,4Si- XH,0, Sodium aluminum
silicate hydrate, 22:64

N&zFeN4OBC 10H12 M 2H20, Ferrate(ll),
(dinitrogen)|[[1,2-ethanediyldini-
trilo)tetraacetato}(4—)]-, disodium,
dihydrate, 24:208

Na,FeN,04C | H,5°2H,0, Ferrate(Il),
[[1,2-cyclohexanediyldinitrilo)tetra-
acetato](4—)}(dinitrogen)-, disodium,
dihydrate, 24:210

N32F804C4, Fen‘ate(z—), tetracarbonyl-,
disodium, 24:157

Na,Fe,04Cg, Ferrate(2—), octacarbonyldi-,
disodium, 24:157

NayFe;0,,C,,, Ferrate(2—), undeca-
carbonyltri-, disodium, 24:157

Nﬂz.4A12.6N3.60207Si1wC43H100, Sodium
tetrapropylammonium aluminum
silicate, 22:67

NbC1,0,C H 4, Niobium(IV), tetrachloro-
bis(tetrahydrofuran)-, 21:138

NbHO;Ti, Hydrogen, pentaoxoniobate-
titanate(1—), 22:89

NbKOTi, Potassium, pentaoxoniobate-
titanate(1—), 22:89

NbNaCgOg4, Niobate(—I), hexacarbonyl-,
sodium, 23:34

Nb,As,ClCoH;,, Niobium(III), hexa-
chlorobis{o-phenylenebis(dimethyl-,
arsine)]di-, 21:18

Nb,As4Cl1C,,H,,, Niobium(IIT}, hexa-
chlorobis[[2-[(dimethyl-
arsino)methyl]-2-methyl-1,3-
propanediyl]bis(dimethylarsine)]-,

21:18
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Nb,ClgP,C 30H 54, Niobium(III), hexachloro-
bis[1,2-ethanediylbis(diphenylphos-
phine)}di-, 21:18

Nb,ClgS;C (¢H 5, Niobium(IIl), di-u-
chloro-tetrachloro-u-(dimethyl
sulfide)-bis(dimethyl sulfide)di-,
21:16

NdCl;, Neodymium chloride, 22:39

NdF ISNGOGP 1 2C 72H72, Neodymium(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180

NdN;0,;CH,s, Neodymium(III), tri-
nitrato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

NdN ;0,,CoH3, Neodymium(III}), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

NdN3O xsc ]2H 24> Neodymium(lll),
(1,4,7,10,13,16-hexaoxacycloocta-
decane)trinitrato-, 23:153

NdN,0,C,sH;, Neodymium, (2,2,6,6-
tetramethyl-3,5-heptane-
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

NdN,0,C44H;5, Neodymium, (2,4-pentane-
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)}-, 22:160

Nd3;Ng030C,H;,4, Neodymium(III),
(1,4,7,10,13,16-hexaoxacycloocta-
decane)dinitrato-, bis[trinitrato-
neodymate(III)], 23:150

Nd4N 120540 36H 125 Neodynuum(lll),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

NiBryNgP¢C,gH,4, Nickel(II), dibromo-
bis(3,3’,3" -phosphinidynetripropio-
nitrile)-, 22:113, 115

(NiBryN¢P,C,H,4)x, Nickel(II), dibromo-
bis(3,3’,3"” -phosphinidyne(tripropio-
nitrile)-, 22:115

NiCINPSe,C;H,s, Nickel(II), chloro(N,N-
diethyldiselenocarbamato)(triethyl-
phosphine)-, 21:9

NiCl,N¢P,C,gH,4, Nickel(II), dichloro-
bis(3,3',3"-phosphinidynetripropio-
nitrile)-, 22:113

NiN,40,0S,C4H ¢ 2H,0, Nickel(II), tetra-
aquabis(O-sulfobenzoimidato)-,
dihydrate, 23:48

NiNgS,C¢Hg, Nickel(II), bis(thiocyanato-
N)-bis-u-(1H-1,2,4-triazole-
N2:N4)-, B-poly-, 23:159

Ni3N24S6C18H18, Nxckel(II), hexakis(thio-
cyanato-N)-hexakis-u-(4H-1,2,4-
triazole-N'! :N4)-tri-, 23:160

NijAlH,La, Aluminum lanthanum nickel
hydride, 22:96

OASsF¢N, Arsenate, hexafluoro-, nitryl,
24:69
OB,CgH,, Diboroxane, tetraethyl-, 24:85
OC, Carbon monoxide:
chromium complex, 21:1, 2
chromium and tungsten complexes, 23:27
cobalt complexes, 23:15-17, 23-25
cobalt, iron, osmium, and ruthenium
complexes, 21:58-65
iron complex, 21:66, 68
iron complexes, 24:161, 164, 166
manganese complexes, 23:34
molybdenum complexes, 23:4-9
niobium complexes, 23:34
palladium complex, 21:49
rhodium complexes, 23:124
ruthenium complex, 21:30
ruthenium complexes, 24:168, 176
OCH 4, Methanol:
iridium complexes, 23:127
rhodium complexes, 23:127, 129
OC,Hg, Acetone, compd. with carbonyltri-
p~chloro-chlorotetrakis(triphenyl-
phosphine)diruthenium (1:2), 21:30
, compd. with tri-u-chloro(thio-
carbonyl)tetrakis(triphenylphos-
phine)diruthenium (1:1), 21:29
OC4Hg, Furan, tetrahydro-:
hafnium, niobium, scandium, titanium,
vanadium, and zirconium complexes,
21:135-139
iron-magnesium complexes, 24:172
molybdenum complex, 24:193
OC4H8 * CdFGCZ’ Furan, mu‘ahydro‘,
—bis(trifluoromethyl)cadmium,
24:57
OCIF;C, Hypochlorous acid, trifluoromethyl
ester, 24:60
OCIF¢C,4, Hypochlorous acid, perfluoro-
tert-butyl ester, 24:61
OF,Se, Selenium difluoride oxide, 24:28




OF ;NSC, Imidosulfurous difluoride,
(fluorocarbonyl)-, 24:10
OF 4W, Tungsten fluoride oxide, 24:37
OF ;HTe, Tellurate(VI), pentafluorcoxo-,
hydrogen, 24:34
OF ¢NW, Tungstate(VI), pentaflucrooxo-,
tetrafluoroammonium (1:1), 24:47
OH, Hydroxide:
molybdenum complexes, 23:135-139
rhodium complexes, 23:129
OH,, Water:
cadmium and cobalt complexes, 23:175
cobalt complexes, 21:123-126; 23:76,
110
iridium, osmium, and rhodium complexes,
24:254, 265
molybdenum complexes, 23:130-139
platinum complex, 21:192
ONC, Cyanato, silicon complex, 24:99
ONPC,H,, Phosphinic amide, diphenyl-
lanthanoid complexes, 23:180
ONSe,C,H;,, Carbamodiselenoic acid
dimethyl-, 1-methyl-2-oxopropyl
ester, 24:132
ON,8i,CoHyy, Urea, N,N'-dimethyl-N,N'-
bis(trimethyisylyl)-, 24:120
OPC gH s, Phosphine, triphenyl-, oxide,
cerium complexes, 23:178
OPC ¢H s, Benzaldehyde, 2-(diphenylphos-
phino)-, 21:176
0Sg, cyclo-Octasulfur monoxide, 21:172
0,BC,H, Boronic acid, ethyl-, 24:83
O,BF FeC, H 3, Iron(1+), dicarbonyl(n5-
cyclopentadienyl)(7n2-2-methyl-1-
propenyl)-, tetrafluoroborate(1—),
24:166
OZBr4H26N8Rh2’ Rhodium(lll), di‘ﬂ.‘
hydroxo-bis{tetraammine-, tetra-
bromide, 24:226
0,C,H,, Acetic acid, mercury complex,
24:145
0,C,Hg, 1,2-Ethandiol, 22:86
0,C Hg, Acrylic acid, methy! ester,
ruthenium complex, 24:176
0,C4H,o* CdF¢C,, Ethane, 1,2-dimethoxy-,
bis(trifluoromethyl)cadmium, 24:55
0O,C;Hg, 2,3-Pentanedione:
actinide and lanthanide complexes, 22:156
cobalt complexes, 23:94
iron complex, 21:94

Formula Index 3717

0,C,Hyg, 3,5-Heptanedione, 2,2,6,6-tetra-
methyl-:

actinide and lanthanide complexes,
22:156
chromium complex, 24:181

, 3,5-Octanedione, 2,2,7-trimethyl-

cerium, copper, and manganese,

complexes, 23:144

O,CIF, Chloryl fluoride, 24:3

0,C1;N,Pt, Nitrosyl hexachloro-
platinate(IV) (2:1), 24:217

0,CrF,, Chromium fluoride oxide, 24:67

0,F oS¢, Xe, Selenate(VI), pentafluorooxo-,
xenon(2+) (2:1), 24:29

O,F (Te,Xe, Tellurate(VI), pentafluoro-
oxo-, xenon(2+) (2:1), 24:36

0,FeC,H,,, Iron, dicarbonyl(n3-cyclo-
pentadienyl)(2-methyl- 1-propenyl-
xC!)-, 24:164

O,HfC,,H o, Hafnium, dicarbonylbis(n3-
cyclopentadienyl)-, 24:151

O,HfC,,H 34, Hafnium, dicarbonylbis(n5-
pentamethylcyclopentadienyl)-,
24:155

0,HgC,Hg, Mercury(Il), acetatomethyl-,
24:145

O,N,P,C¢H ,, 1H,5H-[1,4,2,3|Diazadi-
phospholo[2,3-b][1,4,2,3]diazadi-
phosphole-2,6-(3H, 7H)-dione,
1,3,5,7-tetramethyl-, 24:122

0,PC¢H,;, Benzoic acid, 2-(diphenyl-
phosphino)-, 21:178

0,P,C;¢H3,, 4,7-Dioxa-1,10-diphospha-
decane, 1,1,10,10-tetraphenyl-, gold
complexes, 23:193

OZRh2C16HZ6’ Rhodmm(l), bis(n‘-l,S-
cyclooctadiene)-di- u-hydroxo-di-,
23:129

O,Rh,C3H 39, Rhodium(l), bis(n4-1,5-
cyclooctadiene)-di- u-methoxy-di-,
23:127

0,SC,H,, Acetic acid, 2-mercapto-, cobalt
complex, 21:21

OzTiClzﬂ 10 Titanium, dicarbonylbis(ﬂs‘
cyclopentadienyl)-, 24:149

0,TiC,,H 3, Titanium, dicarbonylbis(n5-
pentamethylcyclopentadienyl ),
24:152

0,ZrC,Hj, Zirconium, dicarbonylbis(r3-
cyclopentadienyl)-, 24:150
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0,ZrC,,H,0, Zirconium, dicarbonylbis(zn3-
pentamethylcyclopentadienyl)-,
24:153
O;BF 5Te;, Tellurate(VI), pentafluorooxo-,
boron(3+) (3:1), 24:35
03B3;CgH s, Boroxin, triethyl-, 24:85
0O;CH,, Carbonic acid:
cobalt complexes, 21:120; 23:107, 112
platinum chain complex, 21:153, 154
O,4CIFS, Chlorine fluorosulfate, 24:6
O3;FPC,H ,, Phosphorofluoridic acid,
diethyl ester, 24:65
O;F 3;SC, Methanesulfonate, trifluoro-, metal
complexes and salts, 24:243-306
O;F, PC4H,, Phosphane, difluoro-
tris(2,2,2-trifluoroethoxy)-, trans-,
24:63
O;HgNCH ;, Mercury(II), methylnitrato-,
24:144
O;LiRe, Lithium rhenium trioxide, 24:205
Oj;Lig.;Re, Lithium rhenjum trioxide,
24:203, 206
O;Li,Re, Dilithium, rhenium trioxide,
24:203
O;Mo- 2H,0, Molybdenum(VI) oxide,
dihydrate, 24:191
O3;NSC,Hj, o-Benzosulfinide (saccharin),
metal complexes, 23:47
O3;PC;Hg, Trimethyl phosphite:
chromium complexes, 23:38
iron complex, 21:93
rhodium complexes, 23:123, 124
O3;PC3H, s, Triphenyl phosphite, chromium
complexes, 23:38
0,C,H,, Formic acid, (formyloxy)-, iridium
complex, 21:102
, Oxalic acid:
cobalt complex, as resolving agent, 23:65
cobalt complexes, 23:69, 113, 114
rhodium complex, 24:227
04C,4H,, Acetylenedicarboxylic acid, cobalt
complexes, 23:115
04CgH 4, 1,4,7,10-Tetraoxacyclododecane,
lanthanoid complexes, 23:149
04CINC,(H 35, Ammonium, tetrabutyl-,
perchlorate, 24:135
04C‘838020H24, 2,2'-Bi-1,3-diselen01-
ylidene, 4,4',5,5'-tetramethyl-, radical
ion(1+), perchlorate (2:1), 24:136
04CsFS, Cesium fluorine sulfate, 24:22

O,FeNa,C,, Ferrate(2—), tetracarbonyl-,
disodium, 24:157

O,NPC3H,4, Phosphonic acid, [(V,N-di-
diethylcarbamoyl )methyl}-, dimethyl
ester, 24:101

O4NPC]0H22, Phosphonic acid, [(N,N-dl-
diethylcarbamoyl)methyl]-, bis(1-
methylethyl) ester, 24:101

O4NPC,,H,¢, Phosphonic acid, [(N,N-
diethylcarbamoyl)methyl]-, bis(1-
methylethyl) ester, 24:101

04NPC}4H30, Phosphonic aci.d, [(N,N-
diethylcarbamoyl)methyl]-, dibutyl
ester, 24:101

O,4NPCgH 4, Phosphonic acid, [(N,N-di-
diethylcarbamoyl )methyl]-, dihexyl
ester, 24:101

O,N,SiC,, Silane, tetraisocyanato-, 24:99

0C oHjp, 1,4,7,10,13-Pentaoxacyclo-
pentadecane, lanthanoid complexes,
23:149

O;H,P,, Diphosphorous acid, platinum
complex, 24:211

O;LiV,, Lithium divanadium pentaoxide,
24:202

05N3C9H|3, Cytidine, palladium(II)
complexes, 23:54

05N4C IOH 125 Inosine, palladium(II)
complexes, 23:51-54

OsHC,oH,3, Guanosine, palladium(II)
complexes, 23:51-54

O;UCoH;s, Uranium(V), pentaethoxy-,
21:165

0¢C,,H,4, 1,4,7,10,13,16-Hexaoxacyclo-
octadecane, lanthanoid complexes,
23:149

O¢F ;FeSCoHj, Iron(1+), tricarbonyl-(n3-
cyclopentadienyl)-, trifluoromethane-
sulfonate, 24:161

ON4CoH ,, Xanthosine, palladium{II)
complexes, 23:54

O,P,, Diphosphate, 21:157

OgFe,NaC;, Ferrate(2—), octacarbonyldi-,
disodium, 24:157

OgH 5N 4S,Rh, Rhodium(III), tetraammine-
aquahydroxo-, cis-, dithionate, 24:225

OgN,CoH 4, Acetic acid, (1,2-ethane-
diyldinitrilo)tetra-, iron complexes,
24:204, 208

OgN,C4H,,, Acetic acid, (1,2-cyclohexane-



diyldinitrilo)tetra-, iron complex,
24:210

08P2Rh2SZC lGH 369 Rhodlum(l), dicarbonyl-
bis- u-(2-methyl-2-propanethio-
lato)bis(trimethyl phosphite)di-,
23:124

0O,,FesN,P,Cy3Hg, Ferrate(2—), undeca-
carbonyltri-, bis[u-nitrido-bis(tri-
phenylphosphorus)(1+)], 24:157

0O,,Fe;Na,C,;, Ferrate(2—), undeca-
carbonyltri-, disodium, 24:157

O;;NRu;C ¢H,,, Ruthenate(1—),
carbonyl-1xC:2kC -decacarbonyl-
1x3C, 2x3C, 3x4C-u-hydrido-
1x:2x-triangulo-tri-, tetraethyl-
ammonium, 24:168

0,;Mo,N ,PC,4H 34, Molybdenum, hexa-
carbonyl-tris[u-1,3,5,7-tetramethyl-
1H,5H-[1,4,2,3]diazadi-
phospholo[2,3-b][1,4,2,3)diazadi-
phosphole-2,6-(3H, 7TH )dione]-di-,
24:124

0,,N¢C4,Hgg, Pyridinium, 4,4',4”,4'"-por-
phyrin-5,10,15,20-tetrayltetrakis(1-
methyl-, tetrakis(4-methylbenzene-
sulfonate), 23:57

012P4Rh252C20H54, R.hodium(l), bis-ﬂ.-(2’
methyl-2-propanethiolato)-tetra-
kis(trimethy] phosphite)di-, 23:123

0,30s;RuC3H;, Osmium, tridecacar-
bonyldihydridorutheniumtri-, 21:64

039PW,,, Undecatungstophosphate(7—),
thorium and uranium complexes,
23:186

04, P, W, Heptadecatungstodiphos-
phate(10—), thorium and uranium
complexes, 23:188

OsCl,H (N, Osmium(II), penta-
ammine(dinitrogen)-, dichloride,
24:270

OsCl,N,CyoH 14, Osmium(II), bis(2,2’-
bipyridien-N, N’)dichloro-, cis-,
24:294

OsCl3HgN¢, Osmium(III), hexaammine-,
trichloride, 24:273

OsCl;N 4CyH |4, Osmium(II), bis(2,2'-
bipyridine-N, N’ )dichloro-, cis-,
chloride, 24:293

OsCI3N,C,oH |4 2H,0, Osmium(III),
bis(2,2'-bipyridine-N, N )dichloro-,
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¢is-, chloride, dihydrate,
24:293

OsF ¢, Osmium fluoride(VI), 24:79

OsF¢N;04S,C,;H g, Osmium(II), (2,2'-
bipyridine-N,N")(2,2':6,2" -
terpyridine-N,N',N" )(trifluoro-
methanesuifonato-0)-, trifluoro-
methanesulfonate, 24:303

OSF6N50752C27H21 N Hzo, Osmlum(II),
aqua(2,2’-bipyridine-
N,N’)(2,2':6',2"-terpyridine-
N,N',N")-, bis(trifluoromethane-
sulfonate), monohydrate, '
24:304

OSF9N4OQS3C23H 16> Osnuum(III),
bis(2,2’-bipyridine-N, N')bis(tri-
fluoromethanesulfonato-0)-, cis-,
trifluoromethanesulfonate,
24:295

OsF¢N,0,,5;C,3H,4, Osmium(III), di-
aquabis(2,2’-bipyridine-N,N')-,
cis-, tris(trifluvoromethane-
sulfonate), 24:296

OSF9N509SJC3H15, Osmlum(III), penta-
ammine(trifluoromethanesulfonato-
0)-, bis(trifluoromethanesulfonate),
24:271

OSF9N50983C28H19, Osmlum(III), (2,2'-
bipyridine-N,N’)(2,2':6',2" -
terpyridine-N, N', N" )(trifluoro-
methanesulfonato-0)-, bis(trifluoro-
methanesulfonate), 24:301

OsF gNso los 3C 3H 17 Osmium(IH), penta-
ammineaqua-, tris(trifluoromethane-
sulfonate), 24:273

OsFgN0(8,C,gH3, - 2H,0, Osmium(III),
aqua(2,2’-bipyridine-
N,N')(2,2":6',2"-terpyridine-
N,N',N")-, trifluoromethane-
sulfonate), dihydrate, 24:304

OsFgN¢O4S;CH g, Osmium(II), hexa-
ammine-, tris(trifluoromethane-
sulfonate), 24:273

OsFgNg04S;CsH g, Osmium(III), (aceto-
nitrile)nentaammine-, tris(trifluoro-
methanesulfonate), 24:275

Os;3Fe0,3C,3H;, Osmium, tridecacarbonyl-
dihydridoirontri-, 21:63

0Os30,3RuC 3H;, Osmium, tridecacarbonyl-
dihydridorutheniumtri-, 21:64
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PC,H,, Phosphine, dimethyl-, 21:180
PC;H,, Phosphine, trimethyl-:
iridium complex, 21:102
tungsten complexes, 24:196, 198
PC¢H 5, Phosphine, triethyl-:
nickel complex, 21:9
platinum(0) complex, 24:214
tungsten complexes, 24:196, 198
PCgH,,, Phosphine, dimethylphenyl-,
22:133
iridium complex, 21:97
tungsten complexes, 24:196, 198
PCgH,;, Phosphine, tris(1-methylethyl)-,
platinum(0) complex, 24:215
PC oH,;, Phosphine, diethylphenyl-,
platinum(0) complex, 24:216
PC,,H,;, Phosphine, tributyl-, chromium
complexes, 23:38
PC;H,;, Phosphine, methyldiphenyl-,
tungsten complex, 24:198
PCgH,;, Phosphine, triphenyl-, 21:78;
23:38; 24:216
cobalt complexes, 23:34-25
cobalt, iridium, and rhodium complexes,
22:171, 173, 174
iridium complex, 21:104
palladium complex, 22:169
palladium and platinum complexes, 21:10
rhenium and tungsten complexes, 24:196
ruthenium complex, 21:29
PCgH;;, Phosphine, tricyclohexyl-, iridium
complex, 24:173, 175
PCISiC,oH 4, Phosphinous chloride,
[phenyl(trimethylsilyl)methylene]-,
24:111
PCISi4C4H g, Phosphine, [bis(trimethyl-
siyl)methylene][chlorobis(trimethyl-
silyl)methyl]-, 24:119
—_, Phosphorane, bis[bis(trimethyl-
silyl)methylene]chloro-, 24:120
PCl1,C,4H,;, Phosphorane, (dichloro-
methylene)triphenyl-, 24:108
PC1,C oH 5, Phosphonium, triphenyl(tri-
chloromethyl)-, chloride, 24:107
PFO;C H 4, Phosphorofluoridic acid,
diethyl ester, 24:65
PF(IrC,gH,,, Phosphate(1—), hexafluoro-,
{n4-1,5-cyclooctadiene)bis(pyri-
dine)iridium(I), 24:174
PF¢NC cH 4, Phosphate(1—), hexafluoro-,
tetrabutylammonium, 24:141

PF¢NSe,C,H,,, Methanaminium, N-(4,5-
dimethyl-1,3-diselenol-2-ylidene)-N-
methyl-, hexafluorophosphate, 24:133

PF ¢SeC,oH 5,4, Phosphate(1—), hexafluoro-,
4,4',5,5' -tetramethyl-2,2’-bi-1,3-
diselenolylidene radical ion(1+) (1:2),
24:142

PF,03C¢Hg, Phosphane, difluorotris(2,2,2-
trifluoroethoxy)-, trans-, 24:63

PNOC ,H,,, Phosphinic amide, diphenyl-,
lanthanoid complexes, 23:180

PNO,CgH ;, Phosphonic acid, [(V,N-di-
diethylcarbamoyl)methyl)-, dimethyl
ester, 24:101

PNO,C,oH,,, Phosphonic acid, [(N,N-di-
diethylcarbamoyl)methyl]-, diethyl
ester, 24:101

PNO,C,H4, Phosphonic acid, [(N,N-di-
ethylcarbamoyl)methyl]-, bis(1-
methylethyl) ester, 24:101

PNO,C H;,, Phosphonic acid, [(N,N-di-
diethylcarbamoyl)ymethyl]-:

dibutyl ester, 24:101
dihexyl ester, 24:101

PN,S8iC4H,,, Phosphonous diamide,
N.,N,N',N'-tetramethyl-P-
[phenyl(trimethylsilyl)methyl-]-,
24:110

PN,;CyH,,, Propionitrile, 3,3’,3"-phos-
phinidynetri-, nickel complex, 22:113,
115

POC gH 5, Phosphine, triphenyl-, oxide,
cerium complexes, 23:178

PO;C;Hg, Trimethyl phosphite:

chromium complexes, 23:38
rhodium complexes, 23:123, 124

PO,C3H s, Triphenyl phosphite, chromium
complexes, 23:38

PO33W,, Undecatungstophosphate(7—),
thorium and uranium complexes,
23:186

PRhC ;,H 34, Rhodium, (1,4-butanediyl)(n5-
pentamethylcyclopentadienyl)(tri-
phenylphosphine)-, 22:173

PS,C,H,,, Phosphinodithioic acid, diethyl-,

' molybdenum complexes, 23:120, 121

PS;C,,H,;, Phosphorotrithious acid tributyl
ester, 22:131

P,C,H,¢, Phosphine, 1,2-ethanediyl-
bis(dimethyl-, iridium complex,
21:100



P,C¢H ¢, Phosphine, ethylenebis(di-
methyl-, hazards in preparation
of, 23:199
P,C;sH,,, Phosphine, methylenebis(di-
phenyl-, palladium and rhodium
complexes, 21:47-49
P,C,6H,4, Phosphine, 1,2-ethanediyl-
bis(diphenyl-:
iron complexes, 21:91-94; 24:170, 172
molybdenum and tungsten complexes,
23:10-13
palladium complex, 22:167
platinum(0) complex, 24:216
P,C37H3¢, Phosphorane, methanetetrayl-
bis|triphenyl-, 24:115
P,Cl14,C,H,, Phosphine, 1,2-ethanediyl-
bis(dichloro-, 23:141
P,F¢IrNC 3, Hjyy, Phosphate(1—), hexa-
fluoro-, (n4-1,5-cyclooctadiene)(pyri-
dine)(tricyclohexylphos-
phine)iridium(I), 24:173, 175
P,H 4O, Diphosphorous acid, platinum
complex, 24:211
P,K 00,3 ThW,, Thorate(1V), bis(undeca-
tungstophosphato)-, decapotassium,
23:189
P,K0073UW,,;, Uranate(IV), bis(undeca-
tungstophosphato)-, decapotassium,
23:186
P,N,0,C¢H,,, 1H,5H-{1,4,2,3)Diazadi-
phospholo[2,3-b][1,4,2,3]diaza-
diphosphole-2,6-(3H,7H )-dione,
1,3,5,7-tetramethyl-, 24:122
P,;N4C3H36, Phosphoranetriamine, P,P’-
methanetetraylbis[N,N,N'N',-N",N"-
hexamethyl-, 24:114
P,0¢, W7, Heptadecatungstodiphosphate
(10-), thorium and uranium
complexes, 23:188
P,PdC;33H ;,, Palladium, (1,4-butane-
diyl)[1,2-ethanediylbis(diphenyl-
phosphine)}-, 22:167
P,PdC 4oH 3¢, Palladium, (1,4-butane-
diyl)bis(triphenylphosphine)-,
22:169
PZPtCMH“, Platlnum(O), (ethene)bis(tri-
ethylphosphine)-, 24:214
P,PtCyoH 44, Platinum(0), (ethene)bis{tris(1-
methylethyl)phosphine]-, 24:215
PthszH:u, P]atinum(O), bis(dlethyl-
phenylphosphine)(ethene)-, 24:216
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P,PtC,3H 34, Platinum(0), [1,2-ethanediyl-
bis(diphenylphosphine)](ethene)-,
24:216

P,PtC35H 34, Platinum(0), (ethene)bis(tri-
phenylphosphine)-, 24:216

P,RuC 49H 49, Ruthenium(Il), (n3-cyclo-
pentadienyl }(phenylethynyl )bis{tri-
phenylphosphine)-, 21:82

P,S,C4H,;, Diphosphine, tetramethyl-,
disulfide, hazards in preparation of,
23:199

P,54ZnC,Hgp, Zincate(II), tetrakis(ben-
zenethiolato)-, bis(tetraphenyiphos-
phonium), 21:25

P4F63N20 1 ]C53H50, Ferrate(2—),
undecacarbonyltri-, bis[u-nitrido-
bis(triphenylphosphorus)(1+)],
24:157

P4K160 lzzTth‘, Thorate(IV), bis(hepta—
decatungstodiphosphato)-, hexa-
decapotassium, 23:190

P4Kl60 122UW 34 Uranate(IV), bis(hepta-
decatungstodiphosphato)-,
hexadecapotassium, 23:188

P6M0 2N ‘20 lzC24H 36> Molybdenum,
hexacarbonyl-tris[u-1,3,5,7-tetra-
methyl-1H,5H-[1,4,2,3]diazadi-
phospholo[2,3-5](1,4,2,3]diaza-
diphosphole-2,6-(3H,7H )dione]di-,
24:124

PbC16N1C 10H 12 Plumhate(IV), hexa-
chloro-, dipyridinium, 22:149

PbO,, Lead oxide, solid solns, with ruthenium
oxide (Ru,03), pyrochlore,

22:69

Pb,.67Ru;. 33045, Lead ruthenium oxide,
pyrochlore, 22:69

PdBr2N4C12H3o, Palladlum(n). [MN'-bls[Z-
(dimethylamino)ethyl }-N',N'-di-
methyl-1,2-ethanediamine]bromo-,
bromide, 21:131

PdCINPSe,C,3H,s, Palladium, chloro-
(N, N-diethyldiselenocarbamato)(tri-
phenylphosphine)-, 21:10

PdC1,;N,C,H 35, Palladium(II), [N,N-bis{2-
(dimethylamino)ethyl}-N',N’-di-
methyl-1,2-ethanediamine]chlaro-,
chloride, 21:129

PdC12N4010C20H24, Palladium(II),
dichlorobis(inosine)-, cis-, and
trans-, 23:52, 53
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PdclzN ]00 loc 20H26 N Palladlum(H),
dichlorobis(guanosine)-, cis-, and
trans-, 23:52, 53

PdC12P4C50H“, Palladium(I), dichloro-
bis-u-[methylenebis(diphenylphos-
phine)}-di -, (Pd-Pd), 21:48

PdF 12N4P2C 1 2H 30 Palladium (II),
[N,N’-bis[2«(dimethylamino)ethyl]-

N,N'-dimethyl-1,2-ethanediamine}]-,
bis(hexafluorophosphate), 21:133

PdIzN4C ]2H30, Palladlum(II), [MN-
bis{2-{dimethylamino)ethyl-N',N'-
dimethyl-1,2-ethanediamine]iodo-,
iodide, 21:130

PszC)0H24, Palladmm, (1,4-
butanediyl)}(N,N,N', N'-tetramethyl-
1,2-ethanediamine)-, 22:168

PszC 14H16! Palladlum, (2,2’-
bipyridine)(1,4-butanediyl)-,
22:170

PdN,S,,Hjy, Palladate(II), bis(hexa-
sulfido)-, diammonium,
nonstoichiometric, 21:14

PdN40 lOC 20H22 » Palladium(II),
bis(inosinato)-, cis- and trans-,
23:52, 53

PdN682C |4H30, Palladlum(II),

[N, N-bis[2-(dimethyl-
amino)ethyl]-N',N'-dimethyl-1,2-
ethanediamine](thiocyanato-N)-,
thiocyanate, 21:132

PdN loo IOC 20H 243 Palladlum(ll),
bis(guanosinato)-, cis- and rrans-,
23:52, 53

PdP,C;oH;,, Palladium, (1,4-
butanediyl)[1,2-ethanediylbis(di-
phenylphosphine)]-, 22:167

PdP,C 4oH 35, Palladium, (1,4-
butanediyl )bis(triphenylphos-
phine)-, 22:169

Pd2Cl 2P4C 5 IHM » Palladium (I), p.—carbonyl-
dichlorobis[methylenebis(diphenyl-
phosphine)]di-, 21:49

PrCl;, Praseodymium chloride, 22:39

PrF13N606P12C72H72, Praseodymmm(III),
hexakis(diphenylphosphinic amide)-,
tris (hexafluorophosphate),

23:180

PN ;0,3CgH ¢, Praseodymium(III),
trinitrato( 1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

PI'N3014C lOHZO’ Praseodymlum(III), tri-
nitrato(1,4,7,10,1 3-pentaoxacyclo-
pentadecane)-, 23:151

Pl’N30 1 5C |2H24, Praseodymlum(ﬂl),
(1,4,7,10,13,16-hexaoxacycloocta-
decane)trinitrato-, 23:153

PrN4C43H 36, Praseodymium, [5,10,15,20-
tetrakis(4-methylphenyl )porphy-
rinato(2—)]-, 22:160

Pl‘N402C49H35 N Praseodymmm . (2,4-
pentanedionato)[5,10,15,20-tetra-
phenylporphyrinato(2—)}-, 22:160

Pl’N402C53H43 . Praseodymium, (2,4-
pentanedionato)[5,10,15,20-tetra-
kis(4-methyiphenyl)porphy-
rinato(2—)]-, 22:160

Pr,Cl1,Cs, Cesium praseodymium chloride,
22:2

PT4N 12054C 36H72 N Praseodymlum(III) ,
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane)dodecanitratotetra-,
23:155

Pt, Platinum, microcrystals, 24:238

PtBClF4S 3C6H 18» Platmum(II),
chlorotris(dimethyl sulfide)-,
tetrafluoroborate(1—), 22:126

PtCngN304, Plat.lnum(II), diammine-
aquachloro-, trans-, nitrate,

22:125

PtClo 30C52N4C4, Platinate, tetra-
cyano-, cesium chloride (1:2:0.30),
21:142

Ptclo 30N4Rb2C4 * 3H20, Platinate,
tetracyano-, rubidium chloride
(1:2:0.30), trihydrate, 21:145

PtCINPSe,C,3H,s, Platinum(II), chloro-
(N, N-diethyldiselenocarbamato)(tri-
phenylphosphine}-, 21:10

PtCl,H¢IN, Pt, Platinum(1I),
diamminechloroiodo-, trans-, chloride,
22:124

PtCl1,HgN 3, Platinum(II), tri-
amminechloro-, chloride, 22:124

Ptc12N2C10H24, Platinum(II), [MN’-
bis(1-methylethyl)-1,2-ethanedi-
amine)dichloro(ethene)-, 21:87

PtC1,N,C,H g, Platinum(II), dichloro-
(ethene)(N,N,N',N'-tetraethyl-

1,2-ethanediamine)-, 21:86, 87

Ptcl2N2C 20H28 s Platmum(II), [(S, S )-

N, N'-bis(phenylethyl)-1,2-



ethanediamine]dichloro(ethene)-,
21:87

HC12N2C22H32, PIatmum(II), dichloro-
[(R,R)-N,N'-dimethyl-N,N'-bis(1-
phenylethyl)-1,2-ethane-
diamine](ethene)-, 21:87

PtC1,N,PtC ,H 3, Platinum(1I), dichloro-
[N, N'-dimethyl-N,N'-bis(1-methyl-
ethyl)-1,2-ethanediamine)(ethene)-,
21:87

PtCI;NSC,gHy,, Platinate(II), trichloro-
dimethy! sulfide)-, tetrabutyl-
ammonium, 22:128

PIC14H15N5, Platmum(IV), pentaa.mmine-
chloro-, trichloride, 24:277

PtClgN,0,, Platinate(IV), hexachloro-,
dinitrosyl, 24:217

PtCSZN4.75C4 . XH20, Platinate, tetra-
cyano-, cesium azide (1:2:0.25),
hydrate, 21:149

PtCS3N4O3 '6850' 92C4H0.46, Platinate,
tetracyano-, cesium [hydrogen
bis(sulfate)] (1:3:0.46), 21:151

P(Fo. 54N‘0C6H12,27 - 1.8H20, Platinate,
tetracyano-, guanidinium (hydrogen
difluoride) (1:1:0.27), hydrate
(1:1.8), 21:146

PIFOAGOKzN4PtC4H0‘ 30° 3H20, Platinate,
tetracyano-, potassium (hydrogen
difluoride) (1:2:0.30), trihydrate,
21:147

PtF ,N50,,84C4H 5, Platinum(IV), penta-
ammine(trifluoromethanesulfonato-
0)-, tris(trifluoromethanesulfonate),
24:278

PtHgK ;O,4Pg, Platinate(I), tetra-
kis[dihydrogen diphosphito(2—)-1,
tetrapotassium, 24:211

PtH;O,, Platinum(II), tetraaqua-,

21:192

PtINPSeC ,4H g, Platinum(II), (N, N-diethyl-
diselenocarbamato)methy!(triphenyl-
phosphine)-, 20:10

PtN,S oHj, Platinate(II), bis(pentasul-
fido)-, bis(tetrapropylammonium),
20:13

PtN,S,5sHg, Platinate(IV), tris(penta-
sulfido)-, diammonium, 21:12, 13

PtN‘O:;Tl“CS, Platinate(ll), tetracyano-,
thallium carbonate (1:4:1), 21:153,
154

Formula Index 383

PtN,T1,C,, Platinate(1I), tetracyano-,
dithallium, 21:153 )

PthC 14H34, Platinum(O), (ethene)bis(tri-
ethylphosphine)-, 24:214

PtP,C,pH 44, Platinum(0),
(ethene)bis{tris(1-methylethyl)phos-
phine}-, 24:215

PtP,C,,H 14, Platinum(0), bis(diethyl-
phenylphosphine)(ethene)-,
24:216

PtP,C,3H 4, Platinum(0), {1,2-
ethanediylbis(diphenylphos-
phine)](ethene)-, 24:216

PtP,C3gH 34, Platinum(0), (ethene)bis(tri-
phenylphosphine)-, 24:216

Pt,Cl148,C4H;, Platinum(lI), di- -chloro-
dichlorobis(dimethy! sulfide)di-,
22:128

RbCONzogc lOH 125 Cobaltate(III),
[N,N’-1,2-ethanediylbis V-
(carboxymethyl)glycinato](4—)]-,
rubidium, 23:100

RbCoN,03CyH,4, Cobaltate(II), [[R-
{(—)}-N.N'<(1-methyi-1,2-
ethanediyl)bis[N-(carboxy-
methyl)glycinato}(4—)]-, [A-(+)]-,
rubidium, 23:101

RbCON208C 14H 18> Cobaltate (IH ),
[[R.R-(—)}-N,N'-1,2-cyclo-
hexanediylbis{N-(carboxy-
methyl)glycinato}(4—)}-, [A-(+)]-,
rubidium, 23:97

szclo. 30N4PtC4 . 3H20, Platinatz,
tetracyano-, rubidium chloride
(1:2:0.30), trihydrate, 21:145

ReBrOC5, Rhenium, bromopentacarbonyl-,
23:44

ReCIN,0,C,0H,9, Rhenium(V), dioxotetra-
kis(pyridine)-, chloride, trans-,
21:116

ReClN406C 20H20, Rhenium(V), dioxotetra-
kis(pyridine)-, perchlorate, trans-,
21:117

ReCl0;Cs5, Rhenium, pentacarbonylchloro-,
23:42,43

ReCl;NP2C42H35, Rhenium(V), tri-
chloro(phenylimido)bis(triphenyl-
phosphine)-, 24:196

RCCl4NC6H5, Rhenium(VI), tetra-
chloro(phenylimido)-, 24:195
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RelO;C, Rhenium, pentacarbonyliodo-,
23:44

ReLiOj, Lithium rhenium trioxide, 24:205

ReLig.;03, Lithium rhenium trioxide,
24:203, 206

ReLi; O3, Dilithium rhenium trioxide, 24:203

Re,CIgN,C1;Hq,, Rhenate(III),
octachlorodi-, bis(tetrabutyl-
ammonium), 23:116

RhAs,CIC,oH 35, Rhodium(1+), bis[o-
phenylenebis(dimethylarsine)]-,
chloride, 21:101

Rh.AS4C102C21H32, Rhodlum( 1 +), (carbon
dioxide)bis[o -phenylenebis(di-
methylarsine)]-, chloride, 21:101

RhBN4C“H56, Rhodlum(l), tetrakis( 1-
isocyanobutane)-, tetraphenyl-
borate(1—), 21:50

RhClF6N4OGSZC6Hl6’ Rhodlum(III),
chlorobis(1,2-ethanediamine)(tri-
fluoromethanesulfonato-0 )-,
trans-, trifluoromethanesulfonate,
24:285

RhCIN,O3C¢H ¢, Rhodium(III), bis(1,2-
ethanediamine)(oxalato)-, perchlorate,
24:227

RhCl;H,N4, Rhodium(III), tetra-
amminedichloro-, cis-, chloride,
24:223

RhCl3H,;N5, Rhodium(II1), pentaammine-
chloro-, dichloride, 24:222

RhCI3H 7N O, 3, Rhodium(III), penta-
ammineaqua-, triperchlorate, 24:254

RhCl3HgNgO 5, Rhodium(III), hexa-
ammine-, triperchlorate, 24:255

RhC13N,C H;¢ - HCI- 2H,0, Rhodium(III),
dichlorobis(1,2-ethanediamine)-,
trans-, chloride, monohydrochloride,
dihydrate, 24:283

RhCI;N,CH 6 - H,0, Rhodium(IIT),
dichlorobis(1,2-ethanediamine)-,
cis-, chloride, monohydrate, 24:283

RthN40gS3C7H 16 Rhodmm(III), bis( 1 ,2-
ethanediamine)bis(trifluoromethane-
sulfonato-0)-, cis-,
trifluorosulfonate, 24:285

RhF9N50933C3H15, Rhodium(III), penta-
ammine(trifluoromethanesulfonato-
0)-, bis(trifluoromethanesulfonate),
24:253

RthN50953CgH25, Rhodlum(III), penta-
kis(methanamine)(trifluoromethane-
sulfonato-0)-, bis(trifluoromethane-
sulfonate), 24:281

RhF9N609S3C3H18, Rhodlum(III), hexa-
ammine-, tris(trifluoromethane-
sulfonate), 24:255

RhH,sN,O48S,, Rhodium(III), tetra-
ammineaquahydroxo-, cis-, dithionate,
24:225

RhN;S,5H,,, Rhodate(1IT), tris(penta-
sulfido)-, triammonium, 21:15

RhN4045,C4H 9, Rhodium(III), aqua-
bis(1,2-ethanediamine )hydroxo-,
dithionate, 24:230

RhPC32H33, Rhodium, (1,4-
butanediyl X -pentamethylcyclo-
pentadieny!)(triphenylphosphine)-,
22:173

Rh2B2N4P4C118H120 Rhodlum(l), tetra-
kis(1-isocyanobutane)bis{methyl-
ene(diphenylphosphine)]di-,
bis[tetraphenylborate(1—)],

21:49

haBl'4H26N802, RhOdl\lm(III), di-[l,—
hydroxo-bis[tetraammine-, tetra-
bromide, 24:226

haBl’4NstCsH34, Rhodlum(III), di-“-
hydroxo-bis[bis(1,2-ethanediamine)-,
tetrabromide, 24:231

hacl6NBO4CsH32y Rhodlum(III), di-
chlorobis(1,2-ethanediamine)-,
chloride perchlorate (2:1:1), 24:229

Rh,0,C ¢H 3¢, Rhodium(1), bis(n4-
1,5-cyclooctadiene)-di-pu-hydroxo-
di-, 23:129

Rh,0,CgH 3o, Rhodium(I), bis(n4-1,5-
cyclooctadiene)-di-u-methoxy-di-,
23:127

Rh;03P;5,CH 35, Rhodium(I),
dicarbonylbis-p-(2-methyl-2-
propanethiolato)-bis(trimethyl
phosphite)di-, 23:124

hao 12P482H54, Rhodlum(I), bis-u-(2—
methyl-2-propanethiolato)-tetra-
kis(trimethyl phosphite)di-,

23:123

RuB;FgN,;C4H g, Ruthenium(II), penta-
ammine(pyrazine)-, bistetra-
fluoroborate(1—)], 24:259



RuC ¢H (, Ruthenium, bis(73-cyclopenta-
dienyl)-, 22:180

RuC,H 4, Ruthenium, (n%-benzene)(n4-
1,3-cyclohexadiene)-, 22:177

RuC,4H g, Ruthenium, bis(#3-cyclohepta-
dienyl)-, 22:179

RuC ¢H3,, Ruthenium, (n4-1,5-cycloocta-
diene)(n5-1,3,5-cyclooctatriene)-,
22:178

RuC ¢H 5, Ruthenium(0), bis(n2-
ethylene)(n5-hexamethylbenzene)-,
21:76

RuC gH ¢, Ruthenium(0), (n4-1,3-cyclo-
hexadiene)(7n6-hexamethylbenzene)-,
21:77

RuCIP,C 4, H;s, Ruthenium(II), chloro-
(n3-cyclopentadienyl )bis(triphenyl-
phosphine)-, 21:78

RuCl;N4C,oH ¢ 2H;,0, Ruthenium(II),
bis(2,2’-bipyridine-N, N")dichloro-,
cis-, dihydrate, 24:292

RuCl;NsC,5H g 2.5H,0, Ruthenium(II),
(2,2'-bipyridine-N,N")chloro-
(2,2':6',2"-terpyridine-N,N',N")-,
chloride, 2.5 hydrate, 24:300

RuCl;N¢C30H,4 - 6H, 0, Ruthenium(II),
tris(2,2'-bipyridine)-, dichloride,
hexahydrate, 21:127

RuCl,N,C4H g, Ruthenium(II}), penta-
ammine (pyrazine)-, dichloride,
24:259

RuCl3H 5N, Ruthenium(III), penta-
amminechloro-, dichloride,
24:255

RuCl3;N,C5oH 6 - 2H,0, Ruthenium(III),
bis(2,2’-bipyridine-N, N')dichloro-,
cis-, chloride, dihydrate, 24:293

RHF6N50682C27H19, Ruthenium(ll),
(2,2'-bipyridine-N,N")(2,2':6',2"-
terpyridine-N,N',N" Y(trifluoro-
methanesulfonato-0)-, trifluoro-
methanesulfonate, 24:302

RuF¢P3C 49Hy, , Ruthenium(II), (n3-cyclo-
pentadienyl )(phenylvinylene)bis(tri-
phenylphosphine)-, hexafluorophos-
phate(1—), 21:80

RUF9N4OQS3C23H16, Ruthemum(III),
bis(2,2’-bipyridine-N, N )bis(tri-
fluoromethanesulfonato-O )-, cis-,
trifluoromethanesulfonate, 24:295
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RuF9N509S3C23H 19> Ruthenium(III),
(2,2'-bipyridine-N,N')(2,2':-6',2"-
terpyridine-N,N',N"' )(trifluoro-
methanesulfonato-O )-, bis(tri-
fluoromethanesulfonate), 24:301

RquNso 10S3C28H2‘ M 3H20,
Ruthenium(III), aqua(2,2’-bipyridine-
N,N')(2,2':6', 2" -terpyridine-
N,N',N" )tris(trifluoromethane-
sulfonate), trihydrate, 24:304

RuFgN;S;C;H, s, Ruthenium(III), penta-
ammine(trifluoromethanesulfonato-
0)-, bis(trifluoromethanesulfonate),
24:258

RuO4C3Hg, Ruthenium, tetracarbonyl(n2-
methyl acrylate)-, 24:176

Ru0;30s53C,3H;, Osmium, tridecacarbonyl-
dihydridorutheniumtri-, 21:64

R11P2C49H40, Ruthemum(II), (r]5-cyclo-
pentadienyl )(phenylethynyl)bis(tri-
phenylphosphine)-, 21:82

Rul '33Pb2'6706-59 Lead ruthenium
oxide, pyrochlore, 22:69

RU2CI4C20H28, Ruthenium(ll), di-ﬂ.-
chloro-bis[chloro(n$- 1 -isopropyl-
4-methylbenzene)-, 21:75

RUZC14C24H36, Ruthemum(II), di'ﬂ.-
chloro-bis[chloro(n5-hexamethyl-
benzene)-, 21:75

Ru,IsN,;,C4H3y, Ruthenium(5+), deca-
ammine(u-pyrazine)-di-, penta-
iodide, 24:261

Ru;03, Ruthenium oxide, solid solns. with
lead oxide PbO,, pyrochlore,

22:69

RU3CON013P2C49H30, Ruthenate( 1 _), tri-
decacarbonylcobalttri-, u-nitrido-
bis(triphenylphosphorus)(1+),

21:63

RU3FENO ;3P2C49H31 N Ruthenate( 1 _), tri-
decacarbonylhydridoirontri-, ut-
nitrido-bis(triphenylphosphorus)(1+),
21:60

Ru;3Fe0;3C,;3H,, Iron, tridecacarbonyldi-
hydridotriruthenium-, 21:58

Ru3NO,,C9Hj,;, Ruthenate(1—), p-
carbonyl-1xC:2xC-decacarbonyl-
1x3C,2x3C, 3k4C-p~hydrido- 1x:2x-
triangulo-tri-, tetraethylammonium,
24:168
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RU3N20 11 ch “Hao, Ruthenate ( 1- ), deca-
carbonyl-u-nitrosyl-tri-, u-nitrido-
bis(triphenylphosphorus)(1+),
22:163, 165

S, Sulfide, molybdenum complexes, 23:120,
121
, Sulfur:
iron cyclopentadienyl complexes, 21:42
silver complex, 24:234
SAsBr;Fg, Sulfur(IV), tribromo-, hexa-
fluoroarsenate, 24:76
SBrF;N, Imidosulfurous difluoride,
bromo-, 24:20
SC, Carbon monosulfide, ruthenium complex,
21:29
SC,Hg, Dimethyl sulfide:
boron complex, 22:239
niobium complex, 21:16
platinum(IT) complexes, 22:126, 128
, Ethanethiol, iron complexes,
21:39-46
SC4H 4, Ethanethiol, 1,1-dimethyl-,
iron complex, 21:30, 37
______, 2-Propanethiol, 2-methyl-, rhodium
complexes, 23:123
SC4Hjg, Benzenethiol:
iron complex, 21:35, 36
cadmium, cobalt, iron, manganese, and
zinc complexes, 21:24-27
SCgH ¢, Benzenethiol, 4-ethyl-, gold
complexes, 23:192
SCIFOQ;, Chlorine fluorosulfate, 24:6
SCIF;N, Imidosulfurous difluoride chloro-,
24:18
SCIF 5, Sulfur chloride pentafluoride, 24:8
SCsFOQ,, Cesium fluorine sulfate, 24:22
SFN, Thiazyl fluoride, 24:16
SF,HN, Imidosulfurous difluoride, mercury
complex, 24:14
SF;3;FeO4CyHjs, Methanesnifonate, tri-
fluoro-, tricarbonyl(n3-cyclo-
pentadienyl)iron(1+), 24:161
SF 3N, Thiazyl trifluoride, 24:12
SF3;NOC, Imidosulfurous difluoride,
fluorocarbonyl)-, 24:10
SF303;C, Methanesulfonate, trifluoro-,
metal complexes and salts, 24:243-
306
(SN),, Sulfur nitride, polymer, 22:143

SNC, Thiocyanate, cobalt, copper, iron,
manganese, nickel, and zinc complexes,
23:157

SNC,H,, Ethanethiol, 2-amino-, cobalt
complex, 21:19

SNO;C,Hjg, 0-Benzosulfimide (saccharin),
metal complexes, 23:47

SN,CH,, Urea, thiochromium(0) complexes,
23:2

SN,C,, Sulfur dicyanide, 24:125

SN,C4Hg, 2H-Imidazole-2-thione, 1,3-
dihydro- 1-methyl-, cobalt complexes,
23:171

SN,CsH,,, Thiourea, N,N,N',N'-tetra-
methyl-, chromium(0) complexes,
23:2

SN,CyHy, Thiourea, N,N'-di-tertbutyl-,
chromium(0) complexes, 23:3

SN,C,sH,¢, Thiourea, N,N'-di-p-tolyl-,
chromium(0) complexes, 23:3

S0,C,H,, Acetic acid, 2-mercapto-,
cobalt complex, 21:21

S,, Disulfide, molybdenum complexes,

23:120, 121

, Sulfur, iron cyclopentadienyl

complexes, 21:40-46

S,F 4HgN,, Mercury(II), bis(imidosul-
furous difluoridato-N)-, 24:14

S,H,sN,OgRh, Rhodium(III}), tetra-
ammineaquahydroxo-, cis-,
dithionate, 24:225

S,N4OgRhC4H g, Dithionate, aquabis(1,2-
ethanediamine)hydroxorhodium(III),
24:230

S,V, Vanadium disulfide, 24:201

S;PC,H 4, Phosphorotrithious acid,
tributyl ester, 22:131

S4Tis, Titanium sulfide, preparation in
liquid tin, 23:161

Ss, Pentasulfide, platinum and rhodium
complexes, 21:12, 13

S¢, Hexasulfide, palladium complex,
21:172

S50, cyclo-Octasulfur monoxide, 21:172

S,6AgAsFg, Silver(1+), bis(cyclo-octa-
sulfur)-, hexafluoroarsenate, 24:74

SbCl1;C ;H g, Antimony(V), trichloro-
diphenyl-, 23:194

SbF y)N, Antimonate(V), hexafluoro-,
tetrafluoroammonium (1:1), 24:41



Sb2K2012C8H4, Antimonate(Z—),
bis{taratrato(4—)]di-, dipotassium,
as resolving agent, 23:76-81
ScCl;, Scandium chloride, 22:39
ScCl4Cs, Cesium scandium chloride, 22:23
ScCl303C,,H 4, Scandium(III), trichloro-
tris(tetrahydrofuran)-, 21:139
Sc,ClyCs;, Cesium scandium chloride,
22:25
SeC, Carbon selenide, chromium complex,
21:1,2
SeF,0, Selenium difluoride oxide, 24:28
SeF 4, Selenium tetrafluoride, 24:28
SeNOC;H 5, Carbamodiselenoic acid,
dimethyl-, 1-methyl-2-oxopropyl
ester, 24:132
SeSi,Hg, Disilyl selenide, 24:127
Se,C, Carbon diselenide, 21:6, 7
SezFGNPC7H12, Methanaminium, N—(4,5-
dimethyl-1,3-diselenol-2-ylidene)-
N-methyl-, hexafluorophosphate,
24:133
Se,F90;,Xe, Selenate(VI), pentafluorooxo-,
xenon(2+) (2:1), 24:29
Se,NCsH,,, Diselenocarbamic acid, N.N-
diethyl-, nickel, palladium, and
platinum complexes, 21:9
Se3C;sHg, 1,3-Diselenole-2-selone,
4,5-dimethyl-, 24:133
Se, CoH,,, 2,2'-Bi-1,3-diselenolylidene,
4,4',5,5-tetramethyl-, 24:131, 134
SegAsF6C20H24, 2,2"Bi- 1,3-diselenol -
ylidene, 4,4',5,5'-tetramethyl-, radical
ion(1+), hexafluoroarsenate
(2:1), 24:138
SegBF4C20H24, 2,2'-Bi-l,3-diselenolyli-
dene, 4,4',5,5'-tetramethyl-, radical
ion(1+), tetrafluoroborate(1—) (2:1),
24:139
SegCl0,4CoH,y, 2,2'-Bi-1,3-diselenolyli-
dene, 4,4',5,5 -tetramethyl-, radical
ion(1+), perchlorate (2:1), 24:136
Se 8F6PC 20H24, 2,2'—Bi—1,3-diselenolyli-
dene, 4,4',5,5'-tetramethyl-, radical
ion(1+), hexafluorophosphate(1—)
(2:1), 24:142
SiC4H,,, Silane, tetramethyl-:
aluminum complex, 24:92, 94
indium complex, 24:89
lithium complex, 24:95
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SiCIPC,oH 4, Phosphinous chloride,
[phenyl(trimethylsilyl )methylene]-,
24:111

SiF 4N, Silicate(IV), hexafluoro-,
bis(tetrafluoroammonium), 24:46

SiLiC4H,, Lithium, [(trimethyl-
silyl)methyl]-, 24:95

SiN,PC4H,;, Phosphonous diamide,
N,N,N',N’-tetramethyl-P-[phenyl(tri-
methylsilyl)methyl-], 24:110

SiN,0,C,, Silane, tetraisocyanato-,

24:99

Si,AIBrCgH ,,, Aluminum, bromobis((tri-
methylsilyl )methyl}-, 24:94

Si,Cl,C4H g, Silane, (dichloro-
methylene)bis[trimethyl]-, 24:118

Si2N20C9H24, Urea, N,N'-dimethyl-N,N'-
bis(trimethylsilyl)-, 24:120

Si,SeH, Disilyl selenide, 24:127

Si3AlC ;H 33, Aluminum, tris[(trimethyl-
silyl)methyl]-, 24:92

Si3InC,H 33, Indium(III), tris{(tri-
methylsilyl)methyl]-, 24:89

Si,CIPC,4H 34, Phosphine, bis(trimethyl-
silyl)methylene]{chlorobis(tri-
methylsilyl)methyl}-, 24:119

______, Phosphorane, bis[bis(tri-
methylsilyl )methylene]chloro-,
24:120

SmCl;, Saramium chloride, 22:39

SﬂlF18N606P12C72H72, Samarium(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180

SmN3013CgH16, Samanum(III), tri-
nitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151

SmN3O,4C IOHZO’ Samanum(lll), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-

) pentadecane)-, 23:151

SmN,0,C 49N 35, Samarium, (2,4-pentane-
dionato){5,10,15,20-tetrapheny!-
porphyrinato(2—)]-, 22:160

SmN40,CssHy4y, Samarium, (2,2,6,6-tetra-
methyl-3,5-heptane-
dionato)[5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

Sm,,N 1 2054C 36H72 , Samarium(III),
tris(1,4,7,10,13,16-hexaoxacyclo-
octadecane Jdodecanitratotetra-,
23:155



388 Formula Index

Sn, Tin, pentatitanium tetrasulfide,
preparation in liquid, 23:161
SnBr,C,H,, Tin, dibromodiphenyl-, 23:21

TbCl;, Terbium chloride, 22:39

TbF 18N606P12C72H72’ Terblum(III),
hexakis (diphenylphosphinic amide})-,
tris(hexafluorophosphate), 23:188

TbN;0,3CgH ¢, Terbium(III), tri-
nitrato(1,4,7,10-tetraoxacyclo-
dodecane)-, 23:151

TbN3014C 10H20, Terblum(III), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

TbNgo 15C 12H24, Terblum(III),
(1,4,7,10,13,16-hexaoxacyclo-
octadecane)trinitrato-, 23:153

TbN402C49H35, Terbium, (2,4-
pentanedionato)[5,10,15,20-tetra-
phenylporphyrinato(2—)]-, 22:160

TbN402C55H47, Terbium, (2,2,6,6-&“‘8-
methyl-3,5-heptane-
dionato)(5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

Tb4N 1 205 1 C 30H60! Terblum(III),
dodecanitratotris(1,4,7,10,13-penta-
oxacyclopentadecane)tetra-, 23:153

“4N 12054C 36H72 » Terbium(III),
tris(1,4,7,10,13,16-hexa-
oxacyclooctadecane)dodecanitrato-
tetra-, 23:155

TcCl4NOC ¢H 3¢, Technetate(V), tetra-
chlorooxo-, tetrabutylammonium
(1:1), 21:160

TeCIF 5, Tellurium chloride penta-
fluoride, 24:31

TeF {HO, Tellurate(VI), pentafluorooxo-,
hydrogen, 24:34

Te,F g0, Xe, Tellurate(VI), penta-
fluorooxo-, xenon(2+) (2:1), 24:36

Te;BF 503, Tellurate(VI), pentafluorooxo-,
boron(3+) (3:1), 24:35

-thzKl4O7sw22, ThOI‘&'.C(IV),
bis{undecatungstoborato)-, tetra-
decapotassium, 23:189

TthO'mP2W22, Thorate(IV),
bis(undecatungstophosphato)-,
decapotassium, 23:189

ThK02)P4W 34, Thorate(IV), bis(hepta-
decatungstodiphosphato)-, hexa-
decapotassium, 23:190

ThN404C 54H42, Thorium N biS(2,4-
pentanedionato)[5,10,15,20-tetra-
phenylporphyrinato(2—)]-,

22:160

TiCIC oH 4, Titanium(III), chloro-
bis(n5-cyclopentadienyl)-, 21:84

TiCl,, Titanium chloride, 24:181

TiCl303C,H,4, Titanium(III), trichloro-
tris (tetrahydrofuran), 21:137

TiCl140,CgH ¢, Titanium(IV), tetrachloro-
bis(tetrahydrofuran)-, 21:135

TiFeH .4, Iron titanium hydride, 22:90

TiHNbos, Hydrogen, pentaoxoniobate-
titanate(1—), 22:89

TiKNbOs, Potassium, pentaoxoniobate-
titanate(1—), 22:89

TiO,C,H g, Titanium, dicarbonylbis(n3-
cyclopentadienyl)-, 24:149

TiO,C3,Hjg, Titanium, dicarbonylbis(15-
pentamethylcyclopentadienyl )-,
24:152

TisSn, Titanium sulfide, preparation in
liquid tin, 23:161

TIC¢H s, Thallium(I), cyclopentadienyl-,
2497

TICIF 4C¢Hs, Thallium(III),

chlorobis(2,3,4,6-tetrafluorophenyl )-,

21:73

, chlorobis(2,3,5,6-tetrafluoro-

phenyl)-, 21:73

TICIF 4C,,, Thallium(III), chlorobis(penta-
fluorophenyl)-, 21:71, 72

TICl;, Thallium chloride, 21:72

T1,N4PtC,, Platinate(II), tetracyano-,
dithallium, 21:153

TI4N4O;3PtCs, Platinate(II), tetracyano-,
thallium carbonate (1:4:1),
21:153, 154

TmCl;, Thulium chloride, 22:39

TmClgCs,Li, Cesium lithium thulium
chloride, 22:10

TmF18N606P12C72H12, Thullum(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate),

23:180

TmN3013CsH16, Thullum(III), tri-
nitrato(1,4,7,10-tetraoxacyclo-
dodecane)-,23:151

TmN3O MC lOHZO' Thulium(HI), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151




TmN3015C 12H24, Thulium, ( 1 ,4,7,1 0, 1 3,16-
hexaoxacyclooctadecane Jtrinitrato-,
34:153

TmN 40,CssHy4y, Thulium, (2,2,6,6-
tetramethyl- 3,5-heptane-
dionato){5,10,15,20-tetraphenyl-
porphyrinato(2—)]-, 22:160

Tm,,N 1205 1 C 30H60’ Thulium(III), dodeca-
nitratotris(1,4,7,10,13-pentaoxa-
cyclopentadecane)tetra-, 23:153

Tm4N 12054C 36H 72 Thulium(III),
tris(1,4,7,10,13,16-hexaoxa-
cyclooctadecane)dodecanitratotetra-,
23:155

UCly, Uranium(IV) chloride, 21:187

UF s, Uranium(V) fluoride, g-, 21:163

UF¢4K, Uranate(V), hexafluoro-, potassium,
21:166

UF¢NP,C34H3q, Uranate(V), hexafluoro-,
nitrido-bis(triphenylphosphorus)(1+),
21:166

UF¢Na, Uranate(V), hexafluoro-, sodium,
21:166

UK,0073P,W,,, Uranate(IV), bis(un-
decatungstophosphato)-, deca-
potassium, 23:186

UK160122P4W34, Uranate(IV), bis(hepta-
decatungstodiphosphato)-, hexa-
decapotassium, 23:188

UO;C,oH s, Uranium(V), pentaethoxy-,
21:166

VCICoH g, Vanadium(III), chlorobis(#5-
cyclopentadienyl)-, 21:85

VCl,, Vanadium chloride, 21:185

VCl13,0;C,,H;4, Vanadium(III), trichloro-
tris(tetrahydrofuran)-, 21:138

VS,, Vanadium disulfide, 24:201

V,, Divanadium, 22:116

V,LiOg, Lithium divanadium pentaoxide,
24:202

WBF4N2P4C 56H55 s Tungsten(IV), bis[ 1 ,2—
ethanediylbis(diphenylphosphine) iso-
cyanomethane){ (methylamino)methyl-
idyne]-, trans-, tetrafluoro-
borate(1—), 23:11

WBF4N 2P4C64H61 , Tungsten(IV), bis[ 1 ,2-
ethanediylbis{diphenylphos-
phine)](2-isocyano-2-methyl-
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propane)[(methylamino)meth-
ylidyne}-, trans-, tetrafluoro-
borate(1—), 23:12

szF 8N 2P4c56H56’ Tungsten(lV), bls[ 1 ,2—
ethanediylbis(diphenylphos-
phine)]bis[(methylamino)methyl-
idyne]-, trans-, bis{tetrafluoro-
borate(1—)], 23:2

WB 2F 8N2P4C 68H 64> Tungsten(IV),
bis{1,2-ethanediylbis(diphenylphos-
phine)]bis{(4-methyl-
phenyl)amino]methylidynel;, trans-,
bis[tetrafluoroborate(1—)]},
23:14

WCI,NP,C,sH;,, Tungsten(IV), dichloro-
(phenylimido)tris(trimethylphos-
phine)-, 24:198

WCILNP,C,4H sy, Tungsten(IV), dichloro-
{phenylimido)tris(triethylphosphine)-,
24:198

WC]zNP3C 30H 38 Tlmgsten(IV), dichloro-
tris(dimethylphenylphos-
phine)(phenylimido)-, 24:198

WCILNP,C H , Tungsten(IV),
dichlorotris(methyldiphenylphos-
phine)(phenylimido)-, 24:198

WclzN 2P4C 66H56’ Tungsten(O), bls( 1-
chloro-4-isocyanobenzene)bis[1,2-
ethanediyl(diphenylphosphine)]-,
trans-, 23:10

WCI,N,4C3H,, Tungsten(IV), dichloro-
tris(2-isocyano-2-methyl-
propane)(phenylimido)-,
24:198

WwWCli 2N 4C 30H 269 T\lngsten ( IV) N dichloro-
tris(1-isocyano-4-methyl-
benzene)(phenylimido)-, 24:198

WCI;NP,C,;H;,, Tungsten(V), trichloro-
{phenylimido)bis(trimethylphos-
phine)-, 24:196

WCI3;NP,C gH 35, Tungsten(V), trichloro-
{phenylimido)bis(triethylphosphine)-,
24:196

WCI;NP,C,,H,,, Tungsten(V), trichloro-
bis(dimethylphenylphos-
phine){phenylimido)-, 24:196

WCI3;NP,C 4,H 5, Tungsten(V), trictiloro-
(phenylimido)bis(triphenylphos-
phine)-, 24:196

WCINC4H;, Tungsten(VI), tetrachloro-
(phenylimido)-, 24:195
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WCI4N2P4C66H54, Tungsten(O), bls(l ,3-
dichloro-2-isocyanobenzene)bis[1,2-
ethanediylbis(diphenylphosphine)]-,
trans-, 23:10

WC1,0, Tungsten chioride oxide, 23:195

WF 40, Tungsten fluoride oxide, 24:37

WF,NO, Tungstate(VI), pentafluorooxo-,
tetrafluoroammonium (1:1), 24:47

WNOP,C4 Hj;,, Tungstate(1—), penta-
carbonylhydrido-, p-nitrido-bis(tri-
phenylphosphorus)(1+), 22:182

WN202P4C68H62’ Tungsten(O), bis[l,Z-
ethanediylbis(diphenylphos-
phine)]bis(1-isocyano-4-methoxy-
benzene)-, trans-, 23:10

WN,,P,4C 56Hsy, Tungsten(0),
bis[1,2-ethanediylbis(diphenylphos-
phine)]bis(isocyanomethane)-, trans-,
23:10

WN2P 4C 62H66’ Tungsten(O),
bis[1,2-ethanediylbis(diphenylphos-
phine)]bis(2-isocyano-2-methy!-
propane)-, trans-, 23:10

WN,P,C¢sH g, Tungsten(0),
bis[1,2-ethanediylbis(diphenylphos-
phine)}bis(isocyanobenzene)-, trans-,
23:10

WN2P4C63H62, Tungsten(O),
bis[1,2-ethanediylbis(diphenylphos-
phine)]bis(1-iocyano-4-methyl-
benzene)-, trans-, 23:10

W,4AgeOq¢, Silver tungstate, 22:76

W,HKO,,C o, Tungstate(1—), u-hydrido-
bis-[pentacarbonyl-, potassium, 23:27

W ,,BO,4, Undecatungstoborate(9—),
thorium complexes, 23:189

W,,01,P, Undecatungstophosphate(7—),
thorium and uranium complexes,
23:186

W ,,04,P,, Heptadecatungstodiphos-
phate(10—), thorium and uranium
complexes, 23:188

W,,B,K 40,5Th, Thorate(IV), bis(undeca-
tungstoborato)-, tetradecapotassium,
23:189

W,,K¢075P,Th, Thorate(IV), bis(undeca-
tungstophosphato)-, decapotassium,
23:189

WZZK 10078P2U, Uranate(IV), bis(undeca—
tungstophosphato)-, decapotassium,
23:180

W34K 160 1 22P4Th , Thorate(IV), bls(hepta—
decatungstodiphosphato)-, hexadeca-
potassium, 23:190

W34K60122P4U, Uranate(IV), bis(hepta-
decatungstodiphosphato)-, hexadeca-
potassium, 23:188

XeF 1;0,8¢,, Selenate(VI), pentafluorooxo-,
xenon(2+) (2:1), 24:29

XeF ,0,Te,, Tellurate(VI), pentafluoro-
oxo-, xenon(2+) (2:1), 24:36

YCl,, Yttrium chloride, 22:39

YN ,0,C 4oH 35, Yitrium, (2,4-pentane-
dionato)[5,10,15,20-tetraphenylpor-
phyrinato(2—)]-, 22:160

YbCl;, Ytterbium chloride, 22:39

YbF4N4O 2C 55H43 N Ytterbium, [5 N 1 0, 15 ,20-
tetrakis(3-fluorophenyl)porphyrin-
ato(2—)1(2,2,6,6-tetramethyl-3,5-
heptanedionato)-, 22:160

YbF 18N606P 12C 72H72, Yttel‘bium(III),
hexakis(diphenylphosphinic amide)-,
tris(hexafluorophosphate), 23:180

YbN3 (0] 1 3C sH 16> thrbium(lll), tri-
nitrato(1,4,7,10-tetraoxacyclodo-
decane)-, 23:151

YbN3O 14C 10H 200 Ytterblum(III), tri-
nitrato(1,4,7,10,13-pentaoxacyclo-
pentadecane)-, 23:151

YbN3O 1 5C 12H 24s Ytterblum(HI),
(1,4,7,10,13,16-hexaoxacycloocta-
decane)trinitrato-, 23:153

YbN O,C53H,;, Ytterbium, (2,4-pentane-
dionato)[5,10,15,20-tetrakis(4-
methylphenyl)porphyrinato(2—)]-,
22:156

YbN ,0,CsoHss, Yiterbium, [5,10,15,20-
tetrakis(4-methylphenyl)porphyrin-
ato(2—)](2,2,6,6-tetramethyl-3,5-
heptanedionato)-, 22:156

YbyN;,05,C3oHgg, Ytterbium(III), dode-
canitratotris(1,4,7,10,13-pentaoxa-
cyclopentadecane)tetra-,
23:152



Yb4N 12054C 36H72’ Ytterbium(III),
tris(1,4,7,10,13,16-hexacycloocta-
decane)dodecanitratotetra-, 23:155

ZnClF5N 4PC 24H 283 ZIHC(II), chloro(2,9-di-
methyl-3,10-diphenyl-1,4,8,11-tetra-
azacyclotetradeca-1,3,8,10-
tetraene)-, hexafluorophosphate(1—),
22:111

ZﬂN4O IOSZC 14H 1 62H20 s Zinc(II), tetra-
aquabis(o-sulfobenzoimidato)-,
dihydrate, 23:49

ZnNgS,C¢Hg, Zinc(II), bis(thiocyanato-N)-
bis-p-(1H-1,2,4-triazole-N:N)-,

Formula Index 391

poly-, 23:160

ZnP284C72H60, Zincate(ll), tetra- )
kis(benzenethiolato)-, bis(tetraphenyl-
phosphonium), 21:25

Z1Br, Zirconium bromide, 22:26

ZrCl, Zirconium chloride, 22:26

ZrCl1,0,C3H ¢, Zirconium(IV), tetrachloro-
bis(tetrahydrofuran)-, 21:136

ZrO,C,H,(, Zirconium, dicarbonyl-
bis(n5-cyclopentadienyl)-,
24:150

Zr0,C,,H 3, Zirconium, dicarbony}-
bis(n3-pentamethylcyclopenta-
dienyl)-, 24:153
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