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PREFACE

This volume of INORGANIC SYNTHESES has a large section
(Chapter Four) devoted to solid-state syntheses. Many of the
previous volumes have contained solid-state preparations, and it is
our hope that this volume will encourage chemists working in this
area to contribute manuscripts suitable for the series. An
important aspect of Chapter Four is the inclusion of several
syntheses which deal with the preparation and characterization of
single crystals. The preparation of well-characterized single crys-
tals, suitable for physical measurements, is essential if the results
of such measurements are to be of interest either from an
industrial or academic point of view. In addition to chemical
analyses and spectral data, other physical measurements may be
used to identify the nature of the products formed from
solid-state reactions. These include microscopic identification,
x-ray analyses, density determination, and magnetic, electrical,
and optical measurements. These are chosen in sufficient combina-
tion to provide ample evidence that the product is single-phase,
stoichiometric, and homogeneous.

The arrangement of the syntheses in the first part of Volume
XIV is divided into three chapters, namely, Phosphorus Com-
pounds, Non-Transition-Metal Compounds, and Transition-Metal
Compounds. The reader is advised to seek particular compounds in
the subject or formula indexes. The indexes at the end of this
volume are cumulative from Volume XI through Volume XIV.
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Inorganic Syntheses, Inc. is a nonprofit organization whose goals
are to further interest in synthetic inorganic chemistry. Since the
preparations are detailed and checked, they can probably be
carried out even by uninitiated workers in a new field. The
generous cooperation of inorganic chemists is necessary for the
continued success of this series.

We should like to thank many of the members of Inorganic
Syntheses, Inc. for their generous help in making this volume
possible. In particular, we thank Professors W. C. Fernelius, S.
Kirschner, T. Moeller, S. Y. Tyree, Dr. G. Parshall, and Dr. W. H.
Powell for the many hours they have spent helping us with the
perplexing problems concerning the checking difficulties. We
should like to thank Dr. D. B. Rogers and his associates at E. I. du
Pont de Nemours & Company, and our own students as well, who
have helped us prepare this volume. Finally, we would like to
thank Janet W. Cherry for her contributions in preparing the
manuscript.

A. Wold
J. Ruff



NOTICE TO CONTRIBUTORS

The INORGANIC SYNTHESES series is published to provide all
users of inorganic substances with detailed and foolproof proce-
dures for the preparation of important and timely compounds.
Thus the series is the concern of the entire scientific community.
Inorganic Syntheses, Inc. hopes that all chemists will share in the
responsibility of producing INORGANIC SYNTHESES by offering
their advice and assistance both in the formulation and labora-
tory evaluation of outstanding syntheses. Help of this type
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. An ideal synthesis is
one which presents a new or revised experimental procedure
applicable to a variety of related compounds, at least one of which
is critically important in current research. However, syntheses of
individual compounds that are of interest or importance are also
acceptable.

Inorganic Syntheses, Inc. lists the following criteria of content for
submitted manuscripts. Style should conform with that of
previous volumes of INORGANIC SYNTHESES. The Introduction
should include a concise and critical summary of the available
procedures for synthesis of the product in question. It should also
include an estimate of the time required for the synthesis, and

axs



xiv  Notice to Contributors

indication 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 unam-
biguous laboratory directions and be written so that it anticipates
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
clearly stated. 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 clearly
delineated. The section on Properties should list and discuss those
physical and chemical characteristics that are relevant to judging
the purity of the product and to permitting its handling and use in
an intelligent manner. Under References, all pertinent literature
citattons should be listed in order.

Inorganic Syntheses, Inc. determines whether submitted syntheses
meet the general specifications outlined above. Every synthesis
must be satisfactorily reproduced in a different laboratory other
than that from which it was submitted.

Each manuscript should be submitted in duplicate to the
Editorial Secretary, Professor Stanley Kirschner, Department
of Chemistry, Wayne State University, Detroit, Michigan 48202,
U.S.A. The manuscript should be typewritten in English. No-
menclature should be consistent and should follow the rec-
ommendations presented in ‘“The Definitive Rules for Nomen-
clature of Inorganic Chemistry,” J. Am. Chem. Soc., 82, 5523
(1960). Abbreviations should conform to those used in publica-
tions of the American Chemical Society, particularly Inorganic
Chemistry.
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Chapter One
PHOSPHORUS COMPOUNDS

1. PHOSPHINE

2AlP + 3H2 SO4 e 2PH3 + Alz (804 )3

Submitted by ROBERT C. MARRIOTT,* JEROME D. ODOM,*
and CURTIS T. SEARS, JR.* ¥
Checked by V. D. BIANCOf and S. DORONZOt

Phosphine has been prepared by the action of either water! or
hydrochloric acid?> on calcium phosphide or zinc phosphide;® the
reaction of hot basic solutions on elemental phosphorus;* the
pyrolysis of phosphorus acid;® and the action of sulfuric acid on
aluminum phosphide.® The last method is the most convenient for
the laboratory preparation of phosphine.

The method illustrated below is useful for the production of
phosphine in quantities up to 5 g. It can be used to introduce the
phosphine in the gas phase directly into a subsequent reaction. It
is also adaptable to the synthesis of PD; by reaction of AIP with
D,S0,-D, 0.

*University of South Carolina, Columbia, S.C. 29208.
{Presentaddress: Department of Chemistry,Georgia State University, Atlanta,Ga, 30303,
tIstituto di Chimica Generale ed Inorganica, Universita di Bari, Bari, Italy.
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8 Caution. Phosphine is an extremely toxic gas. Maximum safe
concentration for constant exposure is 0.3 p.p.m. of vapor in air.
The crude reaction product is spontaneously flammable in atr’
because of the presence of trace amounts of P,H,. The reaction
and the cleaning of the reaction vessel should be carried out in an
efficient fume hood.

Procedure

A 500-ml., three-necked, round-bottomed flask is equipped with
a magnetic stirrer, a Claisen adapter in which are inserted two
pressure-equalizing addition funnels, a nitrogen source, and an
outlet to a series of traps (Fig. 1). Trap 1 is cooled to —78°C. (Dry
Ice-acetone mixture) and is attached to a drying tube filled with
potassium hydroxide. Traps 2 and 3, equipped with stopcocks, are
cooled to —196°C. (liquid nitrogen*). All connections are made of

*If it is desired to have the phosphine as it is gencrated in the gas phase introduced
into a subsequent reaction mixture, then replace traps 2 and 3 with the appropriate
reaction vessels. The phosphine may contain a small trace of P, H, at this point.

Addition funnels
(pressure equalizing)

Stopcocks

Ny inlet
500-ml.,
three - necked,
(¥ 24/40)
round -bottomed
flask
U:
stirring bar
20% Cu504
solution

Fig. 1



Phosphine 3

Tygon tubing. The tubing exiting from trap 3 is immersed in a
20% solution of CuSO,4 to remove any traces of phosphine which
are not condensed. The round-bottomed flask is charged with 1.18
g. (6.02 mole) of aluminum phosphide,* 10 ml. of water is placed
in one funnel, and 50 ml. of 6 M sulfuric acid is placed in the
other funnel. The entire system is flushed with nitrogen for 10
minutes. The nitrogen flow is reduced to a very slow flow rate T
(one bubble per second from the CuSO,4 solution). Enough water
(5-7 ml.) to cover the aluminum phosphide is added quickly to
the reaction flask without stirring. Evolution of the phosphine
begins immediately. After the initially vigorous reaction has
subsided (approximately 5 minutes), stirring is started, and 5 ml.
of 6 M sulfuric acid is added dropwise over a period of 15 minutes.
The rate of addition of sulfuric acid is increased so that the
remainder is added during a period of 10 minutes. After the
addition is complete, the reaction mixture is stirred an additional
20 minutes to ensure complete reaction.

The nitrogen flow is stopped, and the two liquid-nitrogen traps
are isolated. The phosphine is purified by evacuating the traps
(still at —196°C.) and distilling into a vacuum line through a
—131°C. trap (n-CsH;, slush) into a —196°C. trap. Typical yields
by this method are 75-77%.

Properties

Phosphine prepared by this method exhibits a vapor pressure of
170 = 1 mm. at —111.6°C. (CS, slush). The literature value is 171
mm.® Infrared® and mass spectral!® data have been reported. The
infrared spectrum shows vpy at 2327 cm.”! and also peaks at
1121 and 900 cm.”!. In the gas phase, all these bands show
complex fine structure.

*Ventron Corporation, P.O. Box 159, Beverly, Mass. 01915.
+If the flow rate of nitrogen is too fast, a significant amount of phosphine is swept
through the liquid-nitrogen traps.
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2. tert-BUTYLDICHLOROPHOSPHINE AND
DI-tert-BUTYLCHLOROPHOSPHINE

(CH;);CMgCl + PCl; — (CH,); CPCl, + MgCl,
2(CH; )3 CMgCl + PCl; —= [(CH,);C],PCl + 2MgCl,

Submitted by M. FILD,* O. STELZER,* and R. SCHMUTZLER*
Checked by G. 0. DOAK+

The reaction of Grignard reagents with phosphorus trichloride
usually proceeds all the way to the tertiary phosphine, R3P.!
Stepwise alkylation is rarely observed. Examples of the latter
include the formation of small amounts of the monochloro-
phosphines, (n-CgH;; ), PCI? and (C¢H,, ), PCl,? in the reaction of
the appropriate Grignard reagents with phosphorus trichloride. In

*Lehrstuhl B fiir Anorganische Chemie der Technischen Universitit, Pockelsstrasse 4,
D 33, Braunschweig, Germany.
tDepartment of Chemistry, North Carolina State University, Raleigh, N.C. 27607.



tert-Butyldichlorophosphine and Di-tert-butylchlorophosphine 5

these cases, there is evidence that introduction of the third
hydrocarbon group is difficult for steric reasons.

The nonformation of tertiary phosphines is particularly evident
in the reaction of phosphorus trichloride with the Grignard re-
agents obtained from alkyl halides containing a branched primary,
secondary, or tertiary alkyl group.*>:7:® Thus, by using the ap-
propriate molar ratio, PCl;/RMgX, a convenient preparation of
the chlorophosphines, (CH; )3 CPCl, and [(CH;)3C],PC), is pos-
sible from phosphorus trichloride and tert-butylmagnesium chlo-
ride (tert-butylchloromagnesium).

Procedure

A. tert-BUTYLDICHLOROPHOSPHINE

1. Preparation of the Grignard Reagent

In a 1-1., three-necked flask, 100 ml. of absolute diethyl ether
and 9.2 g. (0.1 mole) of freshly distilled tert-butyl chloride are
added to 24.3 g. (1 g. atom) of magnesium turnings. The flask is
equipped with a mechanical stirrer, reflux condenser, and a
250-ml. dropping funnel. The reaction is initiated by adding a few
drops of bromine. The rest of the tert-butyl chloride (83.3 g., 0.9
mole), which has been dissolved in 200 ml. of ether, is added
through the dropping funnel at such a rate that the reaction
mixture remains at its boiling point. After the chemicals have been
added, the mixture is maintained at reflux for an additional hour.
The Grignard solution is then poured, under a nitrogen
atmosphere, through a bent tapped adapter into a 500-ml
dropping funnel with a pressure-equalizing side arm. A small
amount of glass wool is placed in the bottom of the dropping
funnel in order to prevent clogging of the stopcock.

2. Preparation of tert-Butyldichlorophosphine

The reaction is conducted in an apparatus identical with that
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used in the preparation of the Grignard reagent. Phosphorus

trichloride (137 g., 1 mole), dissolved in 600 ml. of ether, is placed
in a 2-1., three-necked flask. The Grignard solution, contained in

the 500-ml. dropping funnel, is added dropwise with stirring to the
phosphorus trichloride over a period of 3 hours. A stream of
nitrogen is slowly passed through a T tube on top of the reflux
condenser, while a bath temperature between —20 and —10°C. is
maintained during the addition period.

The temperature of the reaction mixture is allowed to rise to
room temperature. The mixture is then refluxed for 1 hour. Solids
are removed by filtration through a coarse sintered-glass, fritted
funnel.* The residue is washed with two 100-ml. portions of ether.
Ether and other volatile products are removed by distillation,
first at atmospheric pressure, then in vacuo until a pressure of 40
mm. has been reached. The residual ether solution is added in
portions to a 100-ml. flask assembled for distillation through a
12-in. Vigreux column. Distillation of the higher-boiling residue
gives tert-butyldichlorophosphine as a colorless liquid of b.p.
142-145°C., which solidifies on standing. The yieldT is 70-80 g.
(44-50%), based on tert-BuMgCl.

B. DI-tert-BUTYLCHLOROPHOSPHINE

1. Preparation of the Grignard Reagent

The Grignard reagent is prepared in a 2-l., three-necked flask,
fitted with a 500-ml. pressure-equalizing dropping funnel, a reflux
condenser with a drying tube, and a mechanical stirrer. Magnesium
turnings (24.3 g., 1 g. atom) and tert-butyl chloride (92.5 g., 1
mole) contained in a total 1300 ml. of dry ether are employed.
After the initial addition of 400 ml. of ether, the magnesium

*See, e.g., D. F. Shriver, “The Manipulation of Air-sensitive Compounds,” p. 147, Figs.
7, 9; McGraw-Hill Book Company, New York, 1969.
1The checker suggests a second distillation in order to obtain a very pure product.
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turnings are etched with a trace of iodine. The reaction is then
started by the addition of tert-butyl chloride. Subsequently, the
ether solution of tert-butyl chloride is added gradually so that the
ether solvent is kept at its boiling point (ca. 3 hours). To complete
the reaction, the mixture is allowed to reflux for another hour.

The immediate use of the Grignard reagent thus obtained is
imperative. If it is allowed to stand for any period of time, the
yield in the subsequent reaction with phosphorus trichloride is
reduced drastically. Furthermore, if formation of larger amounts
of a white precipitate is observed at the end of the Grignard
reaction, the reaction mixture should be discarded.

2. Preparation of Di-tert-butylchlorophosphine

This preparation is conducted in the same flask as that in which
the Grignard reagent has been prepared. Phosphorus trichloride
(34.4 g, 0.25 mole, in 50 ml. of ether) is added at room
temperature with stirring to the Grignard reagent. A precipitate is
formed readily. The reaction mixture is boiled and is allowed to
reflux for 2 hours. Then the ether solution containing the product
is separated from the precipitate by careful decanting into a
500-ml. dropping funnel in which some glass wool has been
placed. This operation is conducted in a countercurrent of
nitrogen. The decanted product is then added in portions through
a 12-in. Vigreux column to a small flask set up for distillation at
atmospheric pressure. The oily, yellow product thus remaining is
distilled in vacuo. The product obtained is a colorless liquid of b.p.
70-72°C. (13 mm.); 100-102°C. (48 mm.). The yield ranges from
25 to 31.5 g. (565-70%).

Properties and Uses

Both chloro phosphines, tert-C4 Hg PCl; and (tert-C4Hg ), PCl, are
very sensitive to air and moisture and must be handled in a
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TABLE I Physical Data for tert-C,HoPCl, and (tert-C4H, ), PCl

Compound m.p., °C. b.p.,°C. | 6p,p.p.m.*t| §H, p.p.m. ¥ SJP—Hr Hz.
tert-C,H, PCl, 494 145-150 —-198.6" -1.07" 15.0°
(760 mm)* )
51.5-52.5% 140-145° 15.0"!
44-48'* 139" —200' —-1.22' 154
(60/12mm)**
(tert-C,H,),PCl|  2-3° 69-70 ~145.0''§ -1.19" 12.0°
(10 mm)*
70-72 12.2°
(13 mm)’
48 12.0"
(3 mm)?®
68-69
(9 mm)®

*Relative to an external H, PO, standard.

+!' Hand * P spectra recorded in benzene solution.
{Relative to internal Si(CH,),.

§ Neat liquid.

nitrogen atmosphere at all times. Distillation is the best method of
purification for both compounds, but it has been reported that
tert-C4HgPCl, may also be sublimed in wvacuo (unspecified
pressure) at 25°C.5

Physical data, such as melting and boiling points (m.p., b.p.),
and 'H and 3 P n.m.r. data, reported by various investigators, are
listed in Table 1.

The tert-butylchlorophosphines are of importance as versatile
synthesis intermediates. Thus, dehalogenation of (tert-C4Hg), PCl
and tert-C4HoPCl, with sodium in dioxane leads to tetra-
tert-butyldiphosphine and tetra-tert-butylcyclotetraphosphine
(tetra-tert-butyltetraphosphetane), respectively.® Reduction of
(tert-C4Hg ), PCl with lithium aluminum hydride [lithium tetra-
hydridoaluminate(1—)] gives the secondary phosphine, (tert-
C;Hy), PH.” The reaction of (tert-C4H,),PCl with Grignard
reagents gives tertiary phosphines, RP(tert-C;Hg ), . A better route
to tertiary phosphines, especially (tert-C4Hg )3 P, is available in the
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reaction of (tert-C4Hy); PCl with organolithium compounds.” 14
Tri-tert-butylphosphine is of current interest as a ligand.'?

Both chloro phosphines, (tert-C4Hy), PCls_, (n = 1,2), serve as
precursors to the fluoro phosphines, (tert-C4Hy ), PF; , , obtained
by fluorination of the former by using sodium fluoride in
tetrahydrothiophene 1,1-dioxide (sulfolane) or acetonitrile.!! The
addition of sulfur to (tert-C4H,),PCl;., furnished the corre-
sponding  sulfides, (tert-C4H, ), P(=S)Cly.,.2''  tert-Butyl-
phosphonothioic dichloride was also obtained by the reaction of
tert-C4 Ho P(=0)Cl, with P4S;o.!31* Hydrolysis of tert-C4 Hg PCl,
and (tert-C4Hy ), PCl furnished the acids, tert-C4HgP(=0)-
(H)(OH), and (tert-C4H,),P(=0)(H).!"* Reaction of tert-
CsHgPCl, with tert-C4HyCI-AlICl; gave the Kinnear-Perren
complex which was hydrolyzed to the phosphinic chloride
(tert-C4Hg ), P(=O)CL!* Amino derivatives have been obtained by
the reaction of both tert-C,HyPCl, and (tert-C4Hg),PCl with
ammonia and amines.® !> !¢ The dichlorophosphine, tert-C4 Hy PCl,,
served as an intermediate in the synthesis of the chloro phosphine,
(tert-C4H, ) (CH3)PCLI®
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3. 1,2-BIS(PHOSPHINO)ETHANE
2P(OCz Hs )3 + BI'CZ H4 Br —-A—>
] |
(C2H50), PC; Hy P(OC, Hs ), + 2C, HsBr

I | Et,0
2(C,H;5 0), PC, H, P(OC, H; ), + SLiAlH, ——
2H,PC,H4PH, + 2LiAl(OC,H;), + LiAl(OH),

Submitted by R. CRAIG TAYLOR* and DOUGLAS B. WALTERS#
Checked by E. R. WONCHOBA § and G. W, PARSHALL}

The importance of ethylenediamine as a chelating agent for metal
ions is well established.! The compound is an excellent example of
a simple bidentate hard base. The synthesis of the phosphorus
analog has been reported only recently by Maier.? Potentially,
1,2-bis(phosphino)ethane is an excellent example of a simple
bidentate soft base; however, very little of its chemistry has been
investigated. In particular, no reactions of the ligand with metal
ions have been reported. The following detailed procedure is
submitted with the hope of stimulating research into the derivative
chemistry of this ligand. The procedure outlined here is similar to
Maier’s, although more details and precautions have been included
in order to facilitate the synthesis.

® Caution. The lithtum aluminum hydride reduction step must
be carried out in a good hood because of the extreme toxic
nature of 1,2-bis(phosphino)ethane. The product is spontaneously

*Chemistry Department, Oakland University, Rochester, Mich. 480683.

{Chemistry Department, University of Georgia, Athens, Ga. 30601. This work was
supported by the National Science Foundation under grant GP-8512.

$Central Rescarch Department, E. I. du Pont de Nemours & Company, Wilmington,
Del. 19898.
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flammable in air; hence, manipulations must be carried out under
a nitrogen atmosphere.

Procedure

Although the starting material, tetraethylethylenebis (phospho-
nate) is commercially available,* its synthesis is reported here. It is
_ possible to prepare this intermediate by a number of different
methods;3* however, the Arbusov type of rearrangement? is less
time-consuming than the others which have been reported.

A mixture of 314 g. (1.89 moles) of triethyl phosphitet and 200
g. (1.05 moles) of 1,2-dibromoethane is placed in a two-necked,
500-ml., round-bottomed flask equipped with a thermometer well.
The flask is attached to a Nester-Faust 24-in. intermediate-model
spinning-band distillation column with a column bore of 8 mm.}
The pot temperature is maintained at 145-150°C. After its
contents are heated at this temperature for 13-2 hours, ethyl
bromide commences to distill. Approximately 130 ml. (180-190
g., 1.6-1.7 moles) of ethyl bromide is collected. After the removal
of ethyl bromide is completed, the reaction mixture is cooled to
ambient temperature and subsequently fractionated under re-
duced pressure. The following fractions are obtained:

O
|

(C2 Hs 0)2 PC2 Hs b-p., 55°C./mm. 100 g-
7

(C2Hs0); PC, H, Br b.p., 100-107°C./mm.  30g.

i i
(C:Hg0),PC;HyP(OC, Hg),  bup., 155-157°C./mm. 125 g., 44% yield §

*Strem Chemicals, Inc., 150 Andover St., Danvers, Mass. 01923,

tAlthough the checkers suggested freshly distilled triethyl phosphite, the authors have
found the material obtained from Aldrich is quite satisfactory.

tAny efficient fractionating column may be used in place of the described one.
However, the checkers found that the bore of the fractionating column was quite critical
for the success of the synthesis.

§ Checkers obtained 71.6 g. (25%).
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The product obtained in this fashion is suitable for the next step
in the synthesis.

The following reaction must be carried out under a nitrogen
atmosphere. Extreme caution should be exercised during the
collection of the product because of its toxic and flammable
nature.

A 3-1., three-necked, round-bottomed flask is equipped with an
air-driven mechanical stirrer, a 250-ml. pressure-equalizing
dropping funnel with a nitrogen inlet attached at the top, and a
Freiderich’s condenser. The gases emanating from the condenser
outlet are allowed to pass through an empty 1-1. flask and
subsequently through a series of two 250-ml. Drechsel gas-washing
bottles fitted with fritted disks and half-filled with bromine
water.* This precaution effectively traps the toxic vapors
produced during the reduction step.

The entire system is flushed thoroughly with dry nitrogen before
charging with reactants. A suspension of 40 g. (1.05 moles) of
lithium aluminum hydride in 1 1. of anhydrous diethyl ether is
introduced into the flask. The dropping funnel is charged with a
solution of 100 g. (0.33 mole) of tetraecthylethylenebis(phos-
phonate) in 180 ml. of diethyl ether. The flask and its contents
are cooled with an external petroleum ether (100-115°C.)-Dry Ice
bath maintained at 0°C. The solution containing the phosphonate
is added dropwise with stirring during the course of 3 hours.

(@ Caution. A cracked flask could be dangerous.) The reaction
mixture is allowed to stand overnight at ambient temperature,
after which it is hydrolyzed by the slow addition of 800 ml. of 6
N hydrochloric acid. The ether layer is separated and dried over
anhydrous sodium sulfate for 8 hours. The dried ether layer is
transferred, under nitrogen, to a 1-1., round-bottomed flask with
24/25 and 10/30 standard-taper (S.T.) outer joints. The mixture is
fractionated under a slight positive pressure of nitrogen with the
use of the still and traps previously described. The ether is

*The checkers found that full-strength Clorox is a satisfactory substitute for bromine
water.,
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removed by gentle heating. The temperature is raised gradually,
and ethyl alcohol (a product of the reduction) distills at 78°C.
Finally, the 1,2-bis(phosphino)ethane distills at 114-117°C. (in
literature,2 114-117°C./725 torr) as a colorless liquid. The yield
is 18 g. (57%).* It is convenient for future handling purposes to
collect the product in previously weighed glass ampuls which can
be sealed off rapidly with a gas-oxygen torch.The use of stopcocks
should be avoided, for the product attacks most commonly used
laboratory greases.

Properties

1,2-Bis(phosphino)ethane is a colorless, volatile liquid with the
very unpleasant odor characteristic of primary and secondary
phosphines. Its vapor pressure?
equation:

may be represented by the

1988
T

log P (mm.) = — +8.02813 T =kelvin

It is immiscible in water but is very soluble in common organic
solvents, e.g., ethanol, ether, tetrahydrofuran, and benzene. The
gaseous infrared spectrum? exhibits a strong P—H stretch at 2292
cm.” !, Other infrared bands occur at 2920, 1085, 930, 838, 820,
and 670 cm.”!. The 3P n.m.r. spectrum shows the expected
triplet centered at 131 p.p.m., with a J,_;; of 193 Hz.f The 'H
n.m.r. spectrum consists of a doublet centered at 3.3 p.p.m., with
Jp_y = 194 Hz. Each half of this doublet 1s further split into a
triplet as a result of the coupling of the phosphorus protons with
the methylene protons (J/ = 6 Hz.). The methylene protons exhibit
a complex pattern centered at 2.22 p.p.m.}

*The checkers obtained a yield of 16 g.

The 3'P n.m.r. spectrum was run at 24.288 MHz. on a Hitachi-Perkin Elmer R-20
with 85% H,PO, as an external standard.

$+The 'H n.m.r. was run at 60 MHz. on the same instrument with TMS as an internal
standard.
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4. TETRAMETHYLDIPHOSPHINE AND FLEXIBLE
ALIPHATIC (DIMETHYLPHOSPHINO) LIGANDS

Submitted by G. KORDOSKY,* B. R. COOK,* JOHN CLOYD, JR..*
and DEVON W, MEEK*
Checked by G. W. PARSHALLY and E. R, WONCHOBA

Simple trialkylphosphines, R3P, can be prepared relatively easily
by using excess Grignard or alkyllithium reagents.!"> However, the
synthesis of mixed R, R'P monophosphines or chelating aliphatic
ligands of the type of R, P(CH; ), A (where A = a donor group and
n = 2,3,4) have been almost prohibitively difficult, owing to the
toxicity, chemical reactivity, oxidation sensitivity, and commercial
unavailability of likely precursors.

Recent use of phosphine ligands in the areas of catalysis,®*
5:6 and oxidative-addition reactions” has
prompted investigations into variations of donor basicity, chelate

pentacoordination,

chain length, and mixed sets of donor atoms. Thus, relatively
accessible synthetic routes to chelating aliphatic phosphines are
needed. Removal of sulfur from a diphosphine disulfide® and
subsequent preparation of NaPR, in liquid ammonia provides a
useful laboratory route to aliphatic phosphines. For example,

*Ohio State University, Columbus, Ohio 43210.
tCentral Research Department, E. I. du Pont de Nemours & Company, Wilmington,
Del. 19898.
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tetramethyldiphosphine disulfide, (CH;), I"’—I]I(CH_; )2, and tetra-

S S
ethyldiphosphine disulfide, (C,Hs), I"’—I"’(Cz Hs),;, are commer-

cially available; in addition, the tetrapropyl-, tetrabutyl, and
bis(methylphenyl)diphosphine disulfides are available by a Grignard
reaction.’

Preparations of the following three aliphatic chelating (dimethyl-
phosphino) ligands illustrate the synthetic route and the procedure
that can lead to a large number of new phosphine ligands.

A. TETRAMETHYLDIPHOSPHINE
(CH3 )2 Ili—llT(CHa )2 + 2(n-C4 H9 )3 P ——

(CH3 ), P—P(CH; ), + 2(n-C4Hy); P=S

Procedure

® Caution. Tetramethyldiphosphine and dimethylphosphine
are toxic and spontaneously flammable in air. These reactions
should be carried out in a purified nitrogen atmosphere and in a
very good hood.

A carefully dried, 500-ml., three-necked, round-bottomed flask
is fitted with a compact distillation head and condenser, a
pressure-equalizing addition funnel, and a nitrogen gas inlet tube.
The nitrogen passes out through the distillation head. If conven-
tional stopcocks are used, they should be lubricated with
fluorocarbon or silicone grease.

Tetramethyldiphosphine disulfide (46.5 g., 0.25 mole) and 111 g.
(0.50 mole plus 10% excess) of tributylphosphine are added
directly to the three-necked flask.* The funnel is replaced with a

*Tetracthyl- and tetramethyldiphosphine disulfide (Orgmet, Inc., 300 Neck Rd.
Haverhill, Mass. 01880), tributylphosphine (Carlisle Chemical Works, Inc., Reading, Ohio
45215), and 1,3-dichloropropane (Eastman Kodak Company, Rochester, N.Y. 14600)
were obtained commercially and used without further purification. The first two

reactants are completely inert to one another at room temperature and can be placed
in the reaction vessel simultaneously.
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glass stopper, and the temperature is raised slowly with an oil bath
to 170°C. At this point, the tetramethyldiphosphine disulfide
dissolves and reaction commences, as indicated by a gentle
frothing of the solution. The reaction is essentially complete
within § hour, after which the frothing subsides. The reaction
mixture is cooled to room temperature, and the distillation head is
connected to a vacuum distillation setup. The three-necked flask is
heated in an oil bath to distill tetramethyldiphosphine at 61-63°C.
at 55 torr.* The yield is 24.4-26.8 g. (80-88%).t

Since tetramethyldiphosphine is so sensitive to air, the following
procedure is useful for detaching the collection flask from the
distillation head and for obtaining the weight of the sample. The
nitrogen flow is continued while the flask that contains the
tetramethyldiphosphine is cooled to —78°C. (At —78°C. the
diphosphine is a solid.) Concurrently, a glass, hollow stopper is
fitted with a septum cap that contains a small syringe needle (4 in
Fig. 2). The needle is attached by Tygon tubing, placed between
two gas bubblers, and connected to the dry nitrogen gas. This
arrangement ensures that a stream of dry nitrogen passes through
the needle when it is not attached to a flask; also it ensures a
positive nitrogen pressure inside the flask. The flask containing the
solid tetramethyldiphosphine is removed from the distillation
apparatus, and the syringe-needle glass stopper is quickly
attached. After the flask warms to room temperature, the needle is
removed from the septum, the flask is weighed, and the weight of
the tetramethyldiphosphine is determined by difference. The
needle and nitrogen stream are reinserted into the septum, and the
flask is cooled again to —78°C. The syringe-needle glass stopper is
removed, and the flask is attached by a curved glass adapter (B in
Fig. 2) to an addition funnel, preparatory to formation of sodium,
dimethylphosphide [(dimethylphosphino)sodium]. The material

*Tetramethyldiphosphine distills at 131°C. at ca. 750 torr. However, the vacuum
distillation is preferred for safety; also less frothing occurs at the lower temperature,

$Tributylphosphine sulfide, (n-C,H,), P=S, remains in the three-necked flask, since it
distills at 111°C./0.1 torr.
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that has been collected as above is used in the three syntheses
below without additional purification.

B. 1,3-BIS(DIMETHYLPHOSPHINO)PROPANE

[(CH;),P], + 2Na —= 2NaP(CH;),
2(CH, ), PNa + CICH, CH,CH,Cl —

(CH3 )2 PCH; CH2 CH2 P(CH3 )2 + 2N301

Procedure

A 500-ml., three-necked, round-bottomed flask is charged with
300 ml. of anhydrous liquid ammonia and equipped with a Dry
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Ice-acetone condenser, a mechanical stirrer, a nitrogen gas
inlet-outlet system, and the pressure-equalizing addition funnel
containing the tetramethyldiphosphine. The liquid ammonia is
maintained at —78°C. during the reactions. Freshly cut pieces of
sodium (8.4 g., 0.37 mole) are added to the liquid ammonia,
which produces a blue solution. The tetramethyldiphosphine (22.6
g., 0.185 mole) is added dropwise. A deep-green solution develops
as the diphosphine is added. The addition funnel is rinsed with 25
ml. of anhydrous diethyl ether to remove the remaining tetra-
methyldiphosphine, and it is then recharged with 20.7 g. (0.18
mole) of 1,3-dichloropropane in 50 ml. of ether. This solution is
added dropwise, whereupon the color of the liquid-ammonia
solution becomes bright red. Addition of the 1,3-dichloropropane
solution is stopped when the liquid ammonia-(CHj ), PNa solution
becomes colorless, since the excess would react with the product
to produce phosphonium salts. The cold bath and CO; condenser
are removed and the ammonia is allowed to evaporate into a hood.
When the flask reaches room temperature, 200 ml. of dry ether is
added. The resulting slurry, which contains the liquid bis(phosphine)
and the precipitated sodium chloride, is transferred to a closed
filtering flask containing 5-6 g. of anhydrous sodium sulfate (4 in
Fig. 3). The filtering flask is attached to a 50-ml., three-necked,
round-bottomed flask which is equipped with a micro distillation
head, short Vigreux column, and nitrogen inlet tube. The ether is
removed and the 1,3-bis(dimethylphosphino)propane is distilled at
62-63°C./4 torr. The yield is ca. 24.3 g. (80%).

Properties

1,3-Bis(dimethylphosphino)propane is a colorless liquid that is
very sensitive to air and other oxidizing agents. A proton n.m.r.
spectrum of the neat liquid has two doublets centered at 9.067
and 8.577 (Jp_xg = 2.9 Hz.), which are assigned to the methyl and
methylene protons, respectively, on the basis of the 2.0:1.0
integration.
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Fig. 3. Distillation apparatus for the ligands.

The disulfide derivative of the ligand is prepared by adding 0.23
g of recrystallized sulfur to 0.6 g. of the diphosphine in 50 ml. of
dry benzene. An exothermic reaction occurs, and a white solid is
deposited. The disulfide is recrystallized from dichloromethane;
m.p. =226-227.5°C. The infrared P=S stretching frequency occurs
at 575 cm.”!. Anal Calcd. for C;H;3P,S,: C, 36.83; H, 7.95; S,
28.09. Found: C, 36.25; H, 8.01; S, 28.74.

The bis(phosphine) forms stable complexes with a large numberof
transition metals. For example, the five-coordinate [ML, X]*(M =
Ni, Co) and the six-coordinate trans-[CoL,X;]* complexes have
been characterized.!?
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C. (J-DIMETHYLPHOSPHINO)(3-DIMETHYLARSINO)-
PROPANE

(CH, ), PNa + CICH,CH,CH, As(CH; ), —~
(CH, ), PCH, CH, CH, As(CH; ), + NaCl

Procedure

A sodium dimethylphosphide solution is prepared as in Sec. B
from 4.6 g. (0.20 mole) of sodium, 200 ml. of anhydrous liquid
ammonia, and 12.2 g. (0.10 mole) of tetramethyldiphosphine.
Then 36.5 g. (0.20 mole) of (3-chloropropyl)dimethylarsine!! is
added dropwise to the reaction mixture. The color of the reaction
mixture changes slowly from green to red and finally becomes
colorless when the addition is complete. The liquid ammonia is
allowed to evaporate into a hood at room temperature, and the
remaining oil is distilled under vacuum; b.p. 43-44°C./torr. The
yield is ca. 26 g. (0.125 mole, 63%).

Properties

(1-Dimethylphosphino)(3-dimethylarsino)propane is a colorless
liquid that is sensitive to air and other oxidizing agents. A proton
n.m.r. spectrum of the neat liquid exhibits a singlet at 9.127,
a doublet at 9.077 (Jp_yz = 3 Hz.), and a complex multiplet
centered at 8.527, which are assigned the As—CH;, P—CH;, and
methylene protons, respectively.

The disulfide of (CH;),PCH, CH, CH, As(CH; ), is prepared by
adding 0.005 mole of the ligand to 0.32 g. (0.01 mole)
recrystallized sulfur in 25 ml. of warm benzene. The crystals,
which begin to appear almost immediately, are recrystallized from
ethanol and dried in vacuo. The yield is 1.24 g. (91%); m.p.,
234-236°C. Anal. Calcd. for C;H,3AsPS,: C, 30.88; H, 6.62; S,
23.53. Found: C, 30.60; H, 6.68; S, 23.79. The mass spectrum of
the disulfide shows the parent ion peak at m/e = 272 and major
peaks at 225 (CgH, 5 PAsS™), 135 ((CHg), PCH,CH,CH,*) and 93
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((CH3)2 IIT') The infrared P=S and As=S stretching frequencies are

at 555 ax?d 466 cm.™!, respectively.

The bis(methyl iodide) quaternary salt of the arsenic phosphorus
ligand is prepared by adding the ligand (0.005 mole in 5 ml. of eth-
anol) to a 50-ml., round-bottomed flask containing 20 ml. of methyl
iodide. Immediately a white precipitate forms, which is stirred for
20 minutes at room temperature and then collected on a filter. The
white solid is recrystallized from hot ethanol by adding ether until
a slight turbidity is apparent. The mixture is then cooled slowly,
and the resulting crystals are collected and dried in vacuo. Yield,
2.4 g. (97%); m.p. 259-260°C. Anal. Calcd. for Co Hys Asl,P: C,
21.95; H, 4.88; I, 51.62. Found: C, 21.91;H, 4.84;1, 51.37. The
above salt exhibits a divalent electrolyte conductance behavior
in nitromethane.

(1-Dimethylphosphino)(3-dimethylarsino)propane forms stable
complexes with a large number of transition metals; the four-
coordinate NiLX,, the five-coordinate [CoL,X]*, and the six-
coordinate [RhL,X,]* complexes are illustrative of the types that
have been characterized.!?:13

D. (1-DIMETHYLPHOSPHINO)(3-DIMETHYLAMINO)-
PROPANE
2CICH, CH, CH, N(CH; ),'HCI + Na, CO; —
2CICH, CH,CH; N(CH;3), + H,O + CO, + 2NaCl
(CH3 )2 PNa + CICHz CI"Iz CH2 N(CH3 )2 —_—
(CH3 )2 PCH2 CH2 CHz N(CH3 )2 + NaCl
Procedure
® Caution. The free amine is related to nitrogen mustards and
must be handled carefully in an efficient hood.
Freshly distilled 3-chloro-N,N-dimethylpropylamine* (21.5 g.,
0.18 mole) is added dropwise to a sodium dimethylphosphide

*Commercial 3-chloro-N,N-dimcthylpropylamine hydrochloride (Michigan Chemical
Corporation, 851 E. Ohio St., Chicago, Ill. 60611) was added to cold (0°C.), saturated
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solution that is prepared as in Sec. B from 10.8 g. (0.09 mole) of
tetramethyldiphosphine. During the addition of 3-chloro-N,N-di-
methylpropylamine, the color of the reaction mixture changes
from green to red to orange to a white turbid suspension. The
liquid ammonia is allowed to evaporate into the hood, and the
resulting oil is extracted from the sodium chloride with the three
75-ml. portions of anhydrous deaerated ether.* The ether extract
is dried over anhydrous sodium sulfate for 2 hours, and then the
ether is removed by distillation. The oil that remains is vacuum-
distilled at 36°C./3 torr.} The yield is 16.7 g. (68%).

Properties

(1-Dimethylphosphino)(3-dimethylamino)propane is a colorless
liquid that is sensitive to air oxidation. The proton n.m.r.
spectrum of the neat compound has a six-proton doublet (Jp_yz =
2.5 Hz.) at 9.077, a four-proton multiplet centered at 8.607, a
six-proton singlet at 7.887< and a twg—proton multi\plet at 7.77t,
which are assigned to the /P—CH3 , /PCH2 CH, -, /N—CH3, and
N-CH, - protons, respectively. The mass spectrum of the ligand
shows the parent ion at m/e = 147 and major peaks at m/e = 132
(C¢H,;sNP*), 89 ((CH,;),PCH,CH,*), 75 ((CHj;),PCH,*), 61
((CH3), P*), 58 ((CH;), NCH,"), and 44 ((CH;), N*).

The bis(methyl iodide) derivative of (CH,),PCH,CH, CH,N-
(CH3), is prepared by adding 0.5 g. of the compound to a
50-ml. flask containing 20 ml. of stirred methyl iodide. The white
solid, which appears immediately, is stirred for 2 hours, collected
on a filter funnel, and recrystallized two times from absolute
ethanol, m.p., 270-271°C. Anal. Calcd. for CgH,4 1, NP: C, 25.08;
H,5.61;1,58.87. Found: C, 25.35; H, 5.49; 1, 58.67.

The white salt is a divalent electrolyte in nitromethane, and

sodium carbonate solution covered with ether. After stirring for 5 minutes, the ether
layer containing the free amine was scparated, dried over potassium carbonate, and
3-chloro-N,N-dimethylpropylamine distilled at 65°C. at 68 torr.

*The sodium chloride may also be removed by filtration with the filtering flask, as
shown in Fig. 8.

1The checkers report a b.p. of 75-76°C. at 26 torr.
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its proton n.m.r. spectrum in D, O has a doublet at 8.027 (Jp_y=
14 Hz.), a singlet at 6.787, a complicated multiplet centered at
7.807, and a complicated multiplet centered at 6.487. The doublet
and singlet are assigned easily to the (CHj)3;P* and (CH,);N*
groups, respectively.
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5. AMIDO(PHOSPHONITRILIC CHLORIDE—-CYCLIC TRIMER)
AND 1,1-DIAMIDO(PHOSPHONITRILIC CHLORIDE-
CYCLIC TRIMER)

Submitted by GERALD R. FEISTEL,* MARLENE K. FELDT.,}
RONALD L. DIECK,} and THERALD MOELLER }
Checked by GARY L. LUNDQUIST § and C. DAVID SCHMULBACH §

Only three amido derivatives of phosphonitrilic chloride—
cyclic trimer have been described, namely, the compounds

*Nalco Chemical Company, 6225 W. 66th Pl., Chicago, Iil. 60638.
tHighland Drive, Route 1, Belle Mead, N.J. 08502.

fArizona State University, Tempe, Ariz. 85281.

§ Southern Illinois University, Carbondale, 111. 62901.
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N;P;Cls (NH; ), 1,1-N3P;Cl4(NH;),, and N3P3(NH; ). The di-
amido compound has been prepared by the reaction of an
ethereal solution of phosphonitrilic chloride—cyclic trimer with
either gaseous' or aqueous!~? ammonia. No other ammonolysis
product has been isolated from either reaction. The aqueous-
ammonia procedure has the advantages of ease of handling and
larger yield. The monoamido compound was first obtained, but
only in small yield, as a pyrolysis product of the diamido
derivative.> However, the controlled removal of a single amido
group from the diamido compound by using gaseous hydrogen
chloride gives a larger yield of pure product.*’> The hexaamido
derivative is a product of the exhaustive ammonolysis of the

trimeric cyclic chloride with liquid ammonia.?+?

A. 1,1-DIAMIDO(PHOSPHONITRILIC CHLORIDE—
CYCLIC TRIMER)

N3 P3 Cl6 + 4NH3 — 1,1-N3 P3 Cl4 (NH2 )2 + 2NH4 Cl
Procedure

One hundred fifty grams (0.43 mole) of phosphonitrilic
chloride—cyclic trimer!® is placed in a single-necked, 2-1.,
round-bottomed flask which is equipped with a reflux condenser
and a magnetic stirrer. Diethyl ether (500 ml.) is added to dissolve
the solid. Four hundred and fifty grams of 15 M aqueous ammonia
is added slowly through the reflux condenser while the contents of
the flask are being stirred. After addition is complete, the mixture
is heated at reflux for one hour while stirring is continued. The
resulting two-phase system is transferred to a separatory funnel,
where the ether layer is removed and washed several times with
water. The ether solution is then dried over anhydrous calcium
chloride, which is followed by solvent removal with a rotary
evaporator. The resulting white solid is heated with 200 ml. of
n-heptane to dissolve unreacted phosphonitrilic chloride—cyclic
trimer. (The checkers report that the product at this stage melts at
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163-165°C.) The solid remaining after filtration of the cooled
suspension is recrystallized from diethyl ether by cooling the
saturated solution to —70°C. Yield, based upon phosphonitrilic
chloride—cyclic trimer, is 80-95 g. (60-72%); m.p., 163-165°C.
Anal. Calcd. for N3P3;Cly (NH; ),: N, 22.68; H, 1.31. Found: N,
22.94; H, 1.35. The checkers report equally good results, working
on one-third of the above scale.

Properties

1,1-Diamido(phosphonitrilic chloride—cyclic trimer) is a white,
crystalline substance that melts over the range of 163-165°C. The
compound is soluble in diethyl ether. Thermal decomposition is
appreciable at room temperature but slow at —10°C. That this
procedure yields only a single compound suggests that the
substance has the 1,1, or geminal, molecular structure, rather than
the 1,3 structure that allows for cis-trans isomerism.*:* Although
3P n.m.r. data for the compound itself do not distinguish
between the 1,1 and 1,3 configurations, comparable data for the
compound N3P;Cl,(N=PCl;),, formed as a product of the
reaction of the diamido compound with phosphorus(V) chlo-

-7 confirm the 1,1 arrangement of amido groups.*:5:!!

ride
Nuclear magnetic resonance data for phenylated derivatives of
N3 P3Cl4(N=PCl;),%7 and data for phenoxy derivatives of the
diamido compound!? also support the geminal molecular struc-
ture. Group chemical shifts in the 3'P n.m.r. spectrum are PCl,,
—18.3 p.p.m., and P(NH,);, —9.03 p.p.m. (both versus 85%
H;PO,4).**5 Important bands in the infrared spectrum are 3340
and 3240(vs) (N—H stretching), 1535(s) (N—H deformation), ca.
1200(vs) (P—N ring stretching), 825(s) (P—Cl, vibration), 650(m),
600(vs), and 518(vs) cm.™ .6

B. AMIDO(PHOSPHONITRILIC CHLORIDE—
CYCLIC TRIMER)

N3 P3 Cl4 (NH: )2 + 2HC1 —— N3 P3 Cls (NH2 ) + NH4 Cl
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Procedure

One hundred grams (0.32 mole) of 1,1-diamido(phosphonitrilic
chloride—cyclic trimer) is placed in a 500-ml., three-necked flask
and dissolved therein in 250 ml. of freshly distilled 1,4-dioxane.*
A reflux condenser and magnetic stirrer are attached. The flask is
equipped with a gas inlet tube, and the apparatus and its contents
are weighed. Hydrogen chloride gas is bubbled through the
solution. The flask, its contents, and the inlet tube are weighed
frequently, and the flow of hydrogen chloride is terminated when
a stoichiometric quantity has been added (total increase in weight
= 23.4 g.).t The solution is heated under reflux and with constant
stirring for 8 hours. (Checkers found 63 hours to be adequate.)
The hot suspension is filtered to remove ammonium chloride. The
yellow filtrate is freed of solvent with a rotary evaporator. The
resulting brown solid-oil mixture (checkers report off-white solid)
is treated with 250 ml. of boiling carbon tetrachloride. The
resulting solution decolorizes (imperfectly) under reflux with
activated charcoal. The charcoal is removed by filtration through
diatomaceous earth. The carbon tetrachloride is removed by
careful evaporation to yield the crystalline product. Yield, based
upon the diamido compound, is 70-76 g. (67-73%); m.p.,
138-139°C. Anal. Calcd. for N3P;Cls (NH, ): N, 17.06; P, 28.30;
Cl, 54.00; H, 0.61. Found: N, 17.01; P, 28.41;Cl, 53.08; H, 0.65.
(Checkers report excellent results on a 3 scale in quantity.)

Properties

Amido(phosphonitrilic chloride—cyclic trimer) is a white crys-
talline, slightly hygroscopic solid, which melts at 138-139°C. and
dissolves in both 1,4-dioxane and carbon tetrachloride. Slow

*The checkers found that removing peroxides by passing dioxane through an activated
alumina column prior to distillation greatly reduced discoloration of the reaction
solution which develops during reflux.

1An excess of hydrogen chloride decreases the yield markedly.
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decomposition on standing at room temperature releases hydrogen
chloride. It reacts readily with phosphorus(V) chloride to yield the
(trichlorophosphazo) derivative N3P;Cls (N=PCl;).*® Group
chemical shifts in the ' P n.m.r. spectrum are PCl,, —20.4 p.p.m.,
and PCI(NH,;), —19.0 p.p.m. (both versus 85% H;PQ4).**
Important bands in the infrared spectrum are 3200(vs) (N—H
stretching), 1535(vs) (N—H deformation), 1200(vs) (P—N ring
stretching), 979(s) (P—NH, stretching), 855(s) (P—Cl, vibration),
and 740(s) cm.”!.% (Checkers report 3350, 3250, 1542, 1200,
988, 860 and 848 doublet, 750, 600, 528 cm.™!.)
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Chapter Two
NON-TRANSITION-METAL COMPOUNDS

6. PERCHLORYL FLUORIDE

KCIO, + 2HF + SbF; — CIO4 F + KSbF, + H,0

Submitted by C. A. WAMSER,* B. SUKORNICK,} W. B. FOX,}
and D. GOULD §
Checked by A. F. CLIFFORDY and J. W. THOMPSON¢{

Perchloryl fluoride, CIO3F, has been prepared by the action of
elemental fluorine on potassium perchlorate,! by the electrolysis
of sodium perchlorate in anhydrous hydrogen fluoride,?> and by
reactions of various metal perchlorates with fluorosulfuric acid®
or antimony(V) fluoride.* Although the latest methods (with
HSO3 F or SbF; or both) are more convenient than the first ones,
they suffer the disadvantages that elevated temperatures are

*Allicd Chemical Corporation, Industrial Chemicals Division, Syracuse, N.Y. 13209.

tAllied Chemical Corporation, Specialty Chemicals Division, Buffalo, N.Y. 14200.

1US. Naval Research Laboratory, Washington, D.C. 20390,

§Allied Chemical Corporation, Corporate Chemical Research Laboratories, Morris-
town, N J. 07960.

§ Virginia Polytechnic Institute and State University, Blacksburg, Va. 24061.
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required, yields are poor, and secondary reactions give impure
products. A recent study of the solvolysis of perchlorates in
fluorinated solvents® has led to the development of a method
more conveniently suited to the laboratory preparation of
perchloryl fluoride. The method is based on the reaction of
potassium perchlorate with the highly acidic system HF-SbF;,
which produces perchloryl fluoride in good yield and reasonable
purity under mild conditions.

The new compound perbromyl fluoride, BrO3 F, was recently
successfully synthesized in high yield by an adaptation of this
procedure with potassium perbromate used in place of the
perchlorate.®

Procedure

® Caution. Perchloryl fluoride is moderately toxic and has
strong oxidant properties. Anhydrous hydrogen fluoride and
antimony pentafluoride are hazardous, and proper precautions
should be observed in their handling. The solution of antimony
pentafluoride in anhydrous hydrogen fluoride is one of the
strongest acids known. It is an extremely corrosive mixture, not
only because of its acidity but also because of its powerful
fluorinating action. In addition, the solution containing potassium
perchlorate is a very powerfully oxidizing mixture, and every care
should be taken to prevent contact with organic materials.
Precautions should be taken to avoid not only the liquid hydrogen
fluoride itself, but also jets of hydrogen fluoride vapor which may
escape through leaks in the equipment. Burned areas of skin
should be immersed in lukewarm running water immediately upon
detection and be kept completely immersed until any whitish
areas which have developed go away. The burns should then be
covered with a dry gauze bandage. Do not treat with lime water or
other bases, which merely aggravate the burn. Calcium gluconate
injections should be used only as a last resort.
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Vacuum _line I To
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vacuum
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Reactor Cold trap Cold trap NaF scrubber
(a) (b)

Fig. 4. Apparatus for the preparation of perchloryl fluoride.

The apparatus consists of a simple vacuum manifold similar to
that shown in Fig. 4. The vacuum manifold should be fabricated
from nickel or Monel metal, with silver-soldered or Swagelok
connections. Valves should be of Monel metal, and the traps and
scrubber, the function of which is to remove hydrogen fluoride
vapor from the ClO; F product, may be constructed conveniently
of poly(chlorotrifluoroethylene) (Kel-F) tubing. A nickel cylinder
of 500-ml. or 1-1. capacity serves as a reaction vessel, and a 500-ml.
Monel bulb or similar vessel may be used as a product receiver.
The scrubber* (about 1-in. o0.d.) is charged with pellets of sodium
fluoride prepared in a separate operation by heating sodium

*The checkers replaced the scrubber section with a 500-ml., 316 stainless-steel,
Whitney double-ended cylinder, which allowed the ClIO, F to pass through more slowly
and allowed it to be collected free of hydrogen fluoride. The cylinder was wrapped with
heating tape, which need not be used during reactions unless large amounts of hydrogen
fluoride are to pass through the cylinder. In this case the temperature should be kept at
about 95°C. The tape was used to heat the cylinder to 250-300°C. with nitrogen passing
through to regencrate the sodium fluoride for subsequent runs.
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hydrogen fluoride pellets* in an iron tube to 250-300°C. in a
stream of dry air or nitrogen until hydrogen fluoride ceases to be
evolved.

For the preparation of about 1-l. of gaseous perchloryl fluoride
(1 atmosphere, ambient temperature), 6 g. (0.045 mole) of
potassium perchlorate is introduced into the reactor. The reactor
is connected to the apparatus as shown and provided with a
poly(chlorotrifluoroethylene) (Kel-F) reservoir containing about
4-5 ml. of liquid antimony(V) fluoride. The reactor is evacuated
and cooled to about —40°C. Then about 50 g. of anhydrous
hydrogen fluoride is condensed onto the potassium perchlorate in
the vessel by conventional vacuum-line techniques. After closing
the reactor valve, the KClO4~HF mixture is allowed to warm to
room temperature with occasional agitation to promote dissolu-
tion of most of the potassium perchlorate (solubility of potassium
perchlorate in hydrogen fluoride is 9.7% by weight at 0°C.). The
reactor is cooled to —40°C., and about 4 ml. of the liquid
antimony(V) fluoride is drawn into the vessel. With the reactor
inlet and outlet valves both closed, the reaction mixture is warmed
to room temperature for one hour. Yields of 60-70% perchloryl
fluoride (based on potassium perchlorate) are normally obtained;
increases in yield to 85-90% perchloryl fluoride may be realized if
the reaction mixture is warmed to 40-50°C. After reaction, the
mixture is cooled to —30°C. to reduce the vapor pressure of
hydrogen fluoride prior to transferring the product perchloryl
fluoride into the product receiver. The traps are cooled to —40°C.,
and the trap-scrubber column and product receiver evacuated.
(The sodium fluoride scrubber is operated at ambient tempera-
ture.) The product-receiver valve is opened fully, which is followed
by the slow opening of the reactor outlet valve to initiate the
transfer of perchloryl fluoride into the product receiver. The bulk
of the accompanying hydrogen fluoride vapor will condense in the
cold traps, while the remainder will be absorbed by the sodium
fluoride in the scrubber. When the reactor outlet valve is fully

*Harshaw Chemical Company, 1933 E. 97th St., Cleveland, Ohio 44100.
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opened, the lower portion of the product receiver is cooled with
liquid nitrogen and the valve closed in 1-2 minutes.*

The product yield may be established by pressure measurements
on the receiver of known volume or by weighing. The purity of
the product may be confirmed by infrared spectrophotometry’ or
mass spectrometry. The only significant impurity found was
hydrogen fluoride in trace amounts. This may be determined
acidimetrically by passing a measured quantity of the product
through water.

Properties

Perchloryl fluoride is thermally stable up to 500°C. and very
resistant to hydrolysis. It is a colorless gas in ordinary conditions
with b.p., —46.7°C., and m.p., —147.8°C. Itis a powerful oxidant
at elevated temperatures. It exhibits selective fluorination prop-
erties and has been used as a perchlorylation reagent for
introducing the ClO; group on carbon in organic compounds. It is
moderately toxic (maximum allowable concentration, 3 p.p.m.%).
A comprehensive review of the production, physical properties,
and reactions of perchloryl fluoride is available.®
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*This operation ensures the transfer of the bulk of the perchloryl fluoride from the
reaction vessel and associated lines. Concurrently, some anhydrous hydrogen fluoride
from the —40°C. traps will tend to transfer also (vapor pressure of hydrogen fluoride at
—40°C. = ca. 50 mm.) but will be absorbed in the sodium fluoride scrubber.
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7. CHLORODIFLUOROAMINE AND
DIFLUORODIAZENE

Submitted by LEON M. ZABOROWSKI,* RONALD A. DE MARCO,*
and JEAN'NE M. SHREEVE*
Checked by MAX LUSTIGt

Chlorodifluoroamine has been prepared by reaction of difluoro-
amine with boron trichloride,! phosgene (carbonyl chloride),? or
hydrogen chloride;? treating a mixture of sodium azide and
sodium chloride with fluorine;® reaction of chlorine trifluoride
with ammonium fluoride;* reaction of chlorine with difluoro-
amine in the presence of potassium fluoride;® and photolysis of
tetrafluorohydrazine and sulfinyl! chloride (thionyl chloride).®

Difluorodiazene has been prepared by the thermal decomposi-
tion of fluorine azide,” electrolysis of ammonium hydrogen
fluoride,® reaction of nitrogen trifluoride with mercury vapor in
an electric discharge,’ dehydrofluorination of difluoroamine,!®
treatment of a solution of 1,1-difluorourea with a concentrated
potassium hydroxide solution,!! reaction of sodium azide with
fluorine,'? decomposition of N, F3Sb,F;;,” and reaction of
tetrafluorohydrazine with excess aluminum chloride at —78°.1
However, each of these methods suffers from one or more
disadvantages, including low*®2:11:12.1%  or erratic?:3 yields,
tendency to explode,>*%’7 use of a very hazardous reagent!-2-5-10
(difluoroamine is extremely shock sensitive as a solid), and
indirect method of preparation.!3

The following are convenient methods for the preparation of
chlorodifluoroamine and difluorodiazene in reproducibly good
yields by the reaction of N,N-difluorohydroxylamine-O-sulfonyl
fluoride with sodium chloride and the photolysis of a tetrafluoro-
hydrazine with bromine.

*University of Idaho, Moscow, Idaho 83843.
+Memphis State University, Memphis, Tenn. 38111.
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® Caution. Care should be exercised in handling tetrafluoro-
hydrazine, chlorodifluoroamine, and difluorodiazene because
N-halogen compounds are known to exhibit explosive properties;
safety shielding and gloves should be used. Any apparatus used
should be clean and free of organic materials. Liquid nitrogen
should be used for condensing reagents.

In the following procedures a standard glass vacuum line with
high-vacuum stopcocks (lubricated with Kel-F-90 grease*) is used.
Because of the reactivity of many of the compounds with
mercury, it is convenient to use a null-point pressure device, such
as a Booth-Cromer!® pressure gage or spiral gage. A mercury
manometer covered with Kel-F-3 oil* can be used.

Procedure

A. CHLORODIFLUOROAMINE

(Nitrogen Chloride Difluoride)
9N, F, + 250, —~ = 2NF,080,F +N,F,
CH,CN
NF,0S0, F + NaCl NF,Cl + NaOSO, F

N,N-Difluorohydroxylamine-O-sulfonyl fluoride is prepared by
the photolysis of tetrafluorohydrazine and sulfur trioxide (55%
yield)!? or essentially quantitatively by the reaction of N; F4 and
peroxodisulfuryl difluoride (S, Og F, )."®

A 300-ml. Pyrex glass vessel fitted with a Teflon resin stopcock¥
and containing a Teflon resin-coated stirring bar is charged with
excess reagent-grade sodium chloride (0.052 mole). After evacua-
tion on the vacuum line, 3 ml. of dry acetonitrile and then
N,N-difluorohydroxylamine-O-sulfonyl fluoride (0.010 mole) are
distilled into the vessel, which is at —195°C. The mixture is
warmed to room temperature and is stirred with a magnetic
stirring device for 2 hours (behind a safety shield). The volatile
compounds are removed under static vacuum from the reaction

*3M, Minnesota Mining and Manufacturing Company, St. Paul, Minn, 55119.
tFischer and Porter Company, Warminster, Pa. 18974.
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vessel, which is held at —78°C. (to retain acetonitrile), to a trap at
—195°C. Then as the latter warms from —195°C., the material is
separated by passing through traps at —135 and —195°C. The first
trap will contain acetonitrile and small amounts of unreacted
starting material, whereas the trap at —195°C. will contain pure
chlorodifluoroamine (0.0094 mole, >90%).'°* Chlorodifluoroamine
passes the trap at —135°C. slowly under good vacuum. Although
chlorodifluoroamine can be stored for long periods in Pyrex glass
at —195°C., for reasons of safety it is suggested that only small
amounts (<0.01 mole) be retained.

B. DIFLUORODIAZENE
(Dinitrogen Difluoride)

A
N, F, T:—— N, F, + complex products

Reagent-grade bromine is used without further purification. It
can be stored under static vacuum for long periods at room
temperature in an ordinary Pyrex glass tube equipped with a
Teflon resin* stopcock. Tetrafluorohydrazinet is used without
further purification.

Photolysis is carried out in an 850-ml. Pyrex glass vessel equipped
with a water-cooled quartz probe. The ultraviolet light source is a
450-watt lampf with a Vycor filterf. To reduce the dangers from a
possible explosion or eye damage from ultraviolet radiation, the
reaction vessel shown in Fig. 5 is contained in a wooden box.

The photolysis bulb is connected to the vacuum line by a 10/30
S.T. joint and is evacuated. Bromine (0.004 mole) and tetrafluoro-
hydrazine (0.002 mole) are condensed into the cold finger, 4 in
Fig. 5, at —195°C. The mixture expands into the bulb as it warms
to room temperature. The lamp is turned on only after the Vycor

*Fischer and Porter Company, Warminster, Pa. 18974.

tAir Products and Chemicals, Box 538, Allentown, Pa. 18100.

tHanovia L-679A36 and filter 7910, Hanovia Lamp Division, Engelhard Industries,
100 Chestnut St., Newark, N.J. 07100.
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Fig. 5. Pyrex glass photolysis ves-
sel withwater-cooled quartz probe.

filter is in place, the cold tap water is passing through the water
jacket, and the reagents are at room temperature. Photolysis time
for an 850-ml. bulb is about 90 minutes.

After the photolysis is completed, the reaction mixture is
transferred under dynamic vacuum to a trap at —195°C. The small
amount of nitrogen formed in the reaction is expelled by the
pumping system. The mixture is allowed to warm slowly to room
temperature (an empty Dewar flask cooled to —195°C. with liquid
nitrogen is convenient), and a trap-to-trap separation is performed
by using traps at —140 and —195°C. The first trap contains N, Oy,
and Br,. The photolysis vessel contains a white solid, probably
(NO), SiFs.

Difluorodiazene contaminated with SiF, and NF; is held at
—195°C. This mixture is passed through a sodium fluoride trap to
remove SiF, by the formation of Na, SiF¢. Difluorodiazene may
be separated from nitrogen trifluoride by gas chromatography
with the use of a 25-ft. X 0.25-in. aluminum or copper column
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packed with 20% FC-43* on acid-washed Chromasorb P. A helium
flow rate of 0.5 cc./second is used, and the column is held at
—63°C. Nitrogen trifluoride, trans-difluorodiazene, and cis-
difluorodiazene elute in that order. The yield is 70% difluoro-
diazene (53% trans). With a 5-1. bulb, and with 0.015 mole
bromine and 0.009 mole tetrafluorohydrazine, the same yield
results after 90 minutes of photolysis.

Although difluorodiazene can be stored for long periods in
Pyrex glass at —195°C. or in metal at room temperature, for
reasons of safety it is suggested that only small amounts (<0.01
mole) be retained.

Properties

Chlorodifluoroamine is a white solid at —195°C. and a colorless
liquid at —184°C. Its normal boiling point is —67°C. The
vapor-pressure curve is given by the equation log P, =—-950/T
+ 7.478. The infrared spectrum consists of the following peaks:
1853(w), 1755(w), 1695(w), 1372(w), 926(s), 855(s), 746(m),
694(s) cm.”!.! The ' F n.m.r. shows a broad triplet centered at
—141.5 p.p.m. relative to an internal reference of CCl3 F.

cis-Difluorodiazene is a colorless liquid at —195°C. with a
boiling point of —105.7°C. The vapor-pressure curve follows the
equation log P, = 803.0/T + 7.675. The infrared spectrum con-
sists of the following peaks: 1538(w), 1513(w), 954(s), 904(s),
883(s), 738(vs) cm.”!.2° The ! F n.m.r. shows a broad triplet cen-
tered at —136.1 p.p.m., relative to an internal reference of CC1; F.

trans-Difluorodiazene is a white solid, melting at —172°C. to a
liquid that boils at —111.4°C. The vapor-pressure curve is given by
the equation log Py, = —742/T + 7.470. The infrared spectrum
is a strong band at 995 cm.”'.?° The *F n.m.r. spectrum is a
broad triplet centered at —94.4 p.p.m. relative to an internal
reference of CCI; F.

*3M, Minnesota Mining and Manufacturing Company, St. Paul, Minn. 55119. The

checker reports substantially identical results with perfluorotri-tert-butylamine on
Chromasorb P.
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8. DIOXYGENYL SALTS

02 ?Fz +ASF5 —_— 02 ASF6

0, + %Fz +SbFs —— O,*SbF,"

Submitted by JACOB SHAMIR* and JEHUDA BINENBOYM*t
Checked by J. G. MALMt and C. W. WILLIAMS#

The few dioxygenyl salts described in the literature require the
preparation of some highly unstable fluorinating agents, such as

*Department of Inorganic and Analytical Chemistry, The Hebrew University,
Jerusalem, Israel.

{Present Address: Department of Inorganic Chemistry, Soreq Nuclear Research
Center, Yavne, Israel.

1Chemistry Division, Argonne National Laboratory, Argonne, Ill. 60439.
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platinum(VI) fluoride! or O, F,.2> The synthesis of either of
these requires special equipment and is rather difficult to handle.
The platinum(VI) fluoride is very easily reduced, and the O, F, is
stable only at low temperatures.

A simple synthesis of these salts became available with the
recognition that oxygen, fluorine, and arsenic or antimony-
(V) fluoride, at pressures near atmospheric, react to form the
appropriate dioxygenyl salts when exposed to ordinary sunlight
filtered by Pyrex glass.* Thus, the atmospheric-pressure, photo-
chemical synthesis is the safest and most convenient one to date.

Procedure

A 500-ml. Pyrex bulb, equipped with a male joint, is connected
through a female joint to a glass, vacuum stopcock, and this, in
turn, is connected with a proper joint to a vacuum line. The
stopcock and the joints are lubricated with Kel-F grease. It is best
to use an all-metal, vacuum line for the handling of fluorine and its
reactive compounds. Such lines have been described in this series.®
The reaction vessel should be cleaned of all organic material, dried
thoroughly by flaming or baking under vacuum, and treated once
or twice with fluorine at about 100-mm. pressure in sunlight for
about an hour.

® Caution. Fluorine must be handled with great care and with
special apparatus. See descriptions of apparatus and precautions
for such handling in other contributions to this series.®

Arsenic(V) fluoride is introduced into the Pyrex bulb to a
pressure of 250 mm.* The stopcock is closed and the bulb
immersed in Dry Ice or liquid nitrogen. [Antimony(V) fluoride
has only a few millimeters of vapor pressure at 25°C., but it can
easily be distilled into the bulb and the quantity determined by

*A suitable quantity of material for the preparation in a Pyrex vessel is about 250-mm.
pressure of each gas.
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weighing.] Equal amounts of fluorine and oxygen are mixed in the
metal line in sufficient amount to give the desired pressure when
expanded into the glass bulb. The stopcock is then closed, and the
vessel is warmed to 25°C., detached from the line, and placed in
daylight for direct exposure. The reaction takes place in a very
short time. On a bright day the reaction is completed in a matter
of minutes. An initial mixture of 1:1:1 of O, [F, [AsF (SbF;) will
leave some unreacted fluorine, which is removed by pumping. The
solid formed is decomposed by moisture and must be handled in
an inert-atmosphere dry-box. The yields are greater than 95%.
Anal. Calcd. for O,*SbF¢™ : Sb, 45.47; F, 42.58. Found: Sb, 48.11;
F, 44.58.

Properties

Dioxygenyl hexafluoroarsenate(V) or antimonate(V) is a white
solid.2** It can be stored in predried nickel, glass, Kel-F, or Teflon
vessels. It hydrolyzes in water or moist air, which produces equal
amounts of oxygen and ozone (20,*AsFs” + H,O0 > O, + O3 +
2HAsFg). The compounds can be easily identified by their
Raman spectra, which show, in addition to the three MF4™ bands
(¥1, V2, and vg), a strong line at 1858-1862 cm.”’ .6 X-ray data?'?
indicate that both compounds are cubic; g = 8.10 A. for
dioxygenyl hexafluoroarsenate(V), and ey = 10.30 A. for di-
oxygenyl hexafluoroantimonate(V). The paramagnetic susceptibil-
ity has been determined’ and obeys the equation:

_ _0.309
X=T2007
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9. BIS(TRIFLUOROMETHYL) SULFOXIDE

CF;SCl + AgOCOCF; —= CF;SOCOCF; + AgCl
CF,SOCOCF,; —2+ CF,SCF; + CO,

--78°C. to 25°C.
——

o CF,SF,CF, +Cl,

CF3SCF, + 2CIF

CF;SF,CF, + HCl 2% [CF,SCl,CF,] + 2HF
4HF + 8102 —_— 2H2 O + SIF4
[CF3SCI,CF;] + H,O —= CF,S(0)CF; + 2HCI

Submitted by DENNIS T. SAUER* and JEAN'NE M. SHREEVE*
Checked by MAX LUSTIG}

Bis(trifluoromethyl) sulfoxide has been prepared! previously by
the direct fluorination of bis(trifluocromethyl) sulfide at —78°C. in
hexafluoroethane followed by hydrolysis of the bis(trifluoro-
methyl)sulfur difluoride (difluorobis(trifluoromethyl)sulfur). This
method suffers because elemental fluorine must be used, and the
yields are low.

Oxidation of bis(trifluoromethyl) sulfide with commercially
obtainable chlorine monofluoride in the absence of solvent yields
bis(trifluoromethyl)sulfur difluoride in >90% yield.2'* Pure bis-
(trifluoromethyl)sulfur difluoride is resistant to hydrolysis and is
stable in Pyrex glass at 25°C. for extended periods of time.
Reaction of bis(trifluoromethyl)sulfur difluoride with anhydrous

*University of Idaho, Moscow, Idaho 83843.
tMemphis State University, Memphis, Tenn. 38111.
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hydrogen chloride in a clean Pyrex bulb results in the formation of
bis(trifluoromethyl) sulfoxide in good yield. This preparative
method has been extended and results in the preparation of
CF3S(0)C, F5, CF38(0)C3F,, and C, FsS(0O)C, F5.2+3

Bis(trifluoromethyl) sulfide was prepared by the photolysis of
S-trifluoromethyl trifluoromonothioperoxyacetate (trifluoroacetic
trifluorosulfenic anhydride).* Other preparative methods®*¢ have
been difficult to reproduce, or they produce the monosulfide in
small yield. Oxidation of bis(trifluoromethyl) sulfide with chlorine
monofluoride proceeds smoothly when the metal reactor contain-
ing the mixture is slowly warmed from —78 to 25°C. over 10
hours. No cleavage products are formed, and the desired bis(tri-
fluoromethyl)sulfur difluoride is isolated in >90% yield. The
reaction of the sulfur difluoride with anhydrous hydrogen chloride
to produce bis(trifluoromethyl) sulfoxide is presumed to proceed
through the bis(trifluoromethyl)sulfur dichloride intermediate.
Since hydrogen fluoride is produced when hydrogen chloride reacts
with bis(trifluoromethyl)sulfur difluoride in Pyrex glass, water is
formed, which results in hydrolysis of the bis(trifluoromethyl)-
sulfur dichloride intermediate. Attempts to isolate the sulfur
dichloride intermediate by reaction of hydrogen chloride and
bis(trifluoromethyl)sulfur difluoride in the presence of sodium
fluoride in a nickel bomb resulted in the formation of bis(tri-
fluoromethyl) sulfide and chlorine quantitatively.

A. S-TRIFLUOROMETHYL

TRIFLUOROMONOTHIOPEROXYACETATE
(Trifluoroacetic Trifluorosulfenic Anhydride)

Procedure

Ten mmoles of trifluoromethanesulfenyl chloride,* CF5SCl, is
allowed to react with excess silver trifluoroacetate* at 25°C. for

*Peninsular Chemical Products CGompany, 6801 E. 9 Mike at Weiner, Warren, Mich.
48089.
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10 minutes in a 1-l. Pyrex vessel to produce S-trifluoromethyl
trifluoromonothioperoxyacetate, CF3;SOCOCF;. The reaction is
quantitative. The CF3 SOCOCF; may be freed from trace amounts
of trifluoromethanesulfenyl chloride, CF;SCI, by passage through
a —78°C. Dry Ice-acetone bath, which retains the pure CF;-
SOCOCF;.

Properties

S-Trifluoromethyl trifluoromonothioperoxyacetate is a colorless
liquid at 25°C. The '*F n.m.r. resonances occur at 47.3 p.p.m.
(CF38) and 76.5 p.p.m. (CF3;C(O)O) relative to CCI3F. No
coupling is observed between the trifluoromethyl groups.* The
infrared spectrum consists of bands at 1835(m), 1805(w,sh),
1317(w), 1246(m-s), 1202(vs), 1190(s,sh), 1120(m-s), 1069(s),
835(w), 765(w-m), and 720(w) cm™!.

B. BIS(TRIFLUOROMETHYL) SULFIDE

B Caution. The volatile reactants and products are toxic and
contact with these reagents should be avoided.

Procedure

Ten mmoles of S-trifluoromethyl trifluoromonothioperoxy-
acetate are photolyzed for 2 hour through Pyrex glass with a
Hanovia Utility ultraviolet quartz lamp (140 watts), which
produces bis(trifluoromethyl) sulfide and carbon dioxide quan-
titatively. Pure bis(trifluoromethyl) sulfide is retained in a
—120°C. slush bath’ (diethyl ether) while carbon dioxide slowly
sublimes into a —183°C. bath during trap-to-trap distillation.

Properties

Bis(trifluoromethyl) sulfide exists as a colorless gas at room
temperature and condenses to a colorless liquid. The vapor
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pressure of bis(trifluoromethyl) sulfide is given by the equation
log Pnm. = 7.82 — 1239.1/T, from which the b.p. is calculated as
—22.2°C.5 The F n.m.r. spectrum consists of a single resonance
at 38.6 p.p.m. relative to CCly F. The infrared spectrum contains
bands at 1220(s), 1198(vs), 1160(s), 1078(vs), 758(m), and
475(w) cm™!.

C. BIS(TRIFLUOROMETHYL)SULFUR DIFLUORIDE

® Caution. Chlorine monofluoride is toxic and exceedingly
damaging to the skin.

Procedure

Reaction of bis(trifluoromethyl) sulfide with chlorine mono-
fluoride* is carried out in a 75-ml. stainless-steel Hoke bomb. The
bomb is evacuated, and in a typical preparation, 10 mmoles of
bis(trifluoromethyl) sulfide and 22 mmoles of chlorine monofluo-
ride are added at —183°C. The vessel is warmed to —78°C. and
allowed to warm slowly to 25°C. over a 10-hour period. The
product mixture is first separated by fractional condensation. The
bis(trifluoromethyl)sulfur difluoride (CF3;SF, CF3) is retained in a
—98°C. slush bath, while any unreacted CF;SCF3, CIF, and Cl,
pass into a —183°C. bath. The CF3SF,CF; may be purified
further by gas chromatography utilizing a 17-ft., 20% Kel-F oil}
on Chromasorb P column. Final purification gives CF3SF,CF; in
>90% yield based on the amount of monosulfide used.

Properties

At 25°C. bis(trifluoromethyl)sulfur difluoride is a colorless gas
which condenses, on cooling, to a colorless liquid. A boiling point of

*Ozark-Mahoning Company, 1870 S. Boulder Ave., Tulsa, Okla. 74119.
43M, Minnesota Mining and Manufacturing Company, St. Paul, Minn. 55119.
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21°C. is calculated from the Clausius-Clapeyron equation log P,
=8.00 — 1507/T. The '’ F n.m.r. resonances at 58.0 (CF3 ) and 14.2
p.p-m. (SF,) relative to CCI3F integrate to the proper 6:2 ratio
with Jsr,—cF, = 19.5 Hz. The infrared spectrum contains bands
at 1281(vs), 1260(s), 1215(m-s), 1144(m), 1081(vs), 766(m),
677(s), and 507(m) cm™'.

D. BIS(TRIFLUOROMETHYL) SULFOXIDE

Procedure

Four mmoles of bis(trifluoromethyl)sulfur difluoride react with
16 mmoles of anhydrous hydrogen chloride* in a clean, 1-1. Pyrex
vessel for 24 hours to give bis(trifluoromethyl) sulfoxide in 70%
yield. The bis(trifluoromethyl) sulfoxide is purified by fractional
condensation. The desired sulfoxide is retained in a —78°C. bath
while unreacted hydrogen chloride and bis(trifluoromethyl)sulfur
difluoride pass into a —183°C. bath. Further purification by gas
chromatography, utilizing a 17-ft., 20% Kel-F oil on Chromasorb P
column, enables isolation of pure CF3S(O)CF;. When the reaction
is carried out in a metal bomb, no sulfoxide is formed. The
products isolated were identified as CF3;SCF;, chlorine, and
unreacted hydrogen chloride.

Properties

Bis(trifluoromethyl) sulfoxide is a colorless liquid at 25°C. A
normal boiling point of 37.3°C. is calculated from the Clausius-
Clapeyron equation log Pnm, = 7.66 — 1483/T. Confirmatory
spectral properties include a molecular ion in the mass spectrum
(2.1%) and a single '° F resonance at 64.5 p.p.m. relative to CCl; F.
The infrared spectrum contains bands at 1244(vs), 1191, 1187
(doublet, s), 1121(m-s), 1105(vs), 752(w), and 468(w) cm™!.

*Matheson Gas Products, East Rutherford, N.J. 07073.
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10. ALUMINUM TRIHYDRIDE-DIETHYL ETHERATE
{Etherated Alane)

diethyl ether
——— e e

3LiAlH, + AICl, 4[AlH, -0.3(C, Hs ), 0] + 3LiCl

Submitted by D. L. SCHMIDT,* C. B. ROBERTS,* and P. F. REIGLER*
Checked by M. F. LEMANSKI, JR.,} and E. P. SCHRAM}

Methods for the preparation of aluminum trihydride-diethyl
etherate, AlH;0.3[(C,Hs),O],} have been published,!*? but the
absence of complete experimental details makes duplication
difficult. The following procedure is a modification of that
reported by Finholt, Bond, and Schlesinger.! Problems inherent
in previous methods, such as premature precipitation, decomposi-
tion of the alane, and lithium chloride contamination, are avoided.

Premature precipitation is controlled by maintaining a low
temperature (—5°C.) in the reaction mixture. Purified reactants, as
well as minimal exposure to light and higher temperatures,

*The Dow Chemical Company, Midland, Mich. 48640. This work was supported by
ARPA and the Air Force under contracts AF 33(616)-6149 and AF 04(611)-7554.

$Ohio State University, Columbus, Ohio 43210.

{Ebulliometric molecular weight determinations obtained in diethyl ether (concentra-
tion range, 0.25-1.0 M) indicates molecular weights only slightly higher than 30. This is
consistent with studies reported by Wiberg and Uson.> It must be assumed that in
solution, AIH, exists essentially as the monomeric form.
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decrease the decomposition of aluminum trihydride. Lithium
chloride contamination is avoided by a subsequent treatment of
the solvated aluminum trihydride solution with sodium tetra-
hydroborate.

Procedure

All operations must be performed in the absence of water,
oxygen, and other species reactive with the starting materials or
products. The reactions are carried out in a nitrogen- or
argon-filled dry-box, with the concentration of oxygen and water
no higher than 3-4 p.p.m.* Commercially available diethyl ether,
LiAlH,;, and AICl; require further purification. Since small
amounts of impurities cause decompositiont of the aluminum
trihydride, all reagents must be anhydrous and contamination
minimized. Glass apparatus should be washed with red fuming
nitric acid or hydrofluoric acid and rinsed copiously with distilled
water. The apparatus is dried at 110-120°C. before being placed in
the dry-box.

Diethyl ether (analytical reagent) is purified by distillation,
under either a nitrogen atmosphere or vacuum, from lithium
tetrahydroaluminate (lithium aluminum hydride), LiAlH,4, and is
then collected in the additional funnel. The ether may also be
dried by passing it through a 40-cm. column of molecular sieves
(type 13X, 3-in. pellets, Linde}). Because diethyl ether is highly
flammable, its purification should be carried out in a hood. The
LiAlH, is recrystallized by dissolving it in diethyl ether, filtering
through a medium-porosity glass frit, and removing the solvent
under reduced pressure. Aluminum chloride§ is obtained by

*Water can be determined by a Gilbarco sorption hygrometer model SHL-100. Oxygen
can be monitored by means of an analytic system analyzer. Dry-boxes should be vented
into a hood.

tTransition metals are especially harmful. See reference 4.

$J. T. Baker Co., Phillipsburg, N.J.

§ A solvent-free dry-box should be used to handle AlCI,.
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high-vacuum sublimation at 110-120°C. of reagent-grade material.
At this temperature a sublimation of 50 g. requires about
24 hours. Passing the vapor through about 1-2 cm. of activated
coconut charcoal (50-200 mesh*) increases the purity of AlCl;
and the stability of the resulting aluminum trihydride. A con-
venient sublimation apparatus which can easily be taken through a
dry-box vacuum interchange is shown in Fig. 6.

Chloride is removed from the ether solution of aluminum
trihydride by the addition of sodium tetrahydroborate. The
LiBH, remains in solution, while the sodium chloride precipitates
and is removed by filtration. Best results are obtained when
NaBH,t is dried under vacuum at 60°C. for 8 hours and ground
to 1 um. or smaller. This last step is particularly important since
both the reaction rate and efficiency of chloride removal are a
function of NaBH, particle size.

In a dry-box, a magnetic stirring bar and 32.3 g. (0.242 mole) of
aluminum chloride, AICl;, are placed in a 500-ml.,, round-
bottomed flask fitted with a 35/25 ball joint. The capped flask is
removed from the dry-box and quickly attached to an addition
funnel containing ether under low nitrogen pressure (3-1 p.s.i.).

The 500-ml. flask and magnetically stirred contents are cooled in
a Dry Ice-methylene chloride bath, which is followed by slow

*Fisher Scientific Co., Pittsburgh, Pa. 15219,
+Sodium tetrahydroaluminate (NaAlH, ) may be substituted.

Connection

to vocuum
U
Sublimed 1-Ory Ice
AICI5 \‘ rg?\ P
Heating
Fig. 6. Apparatus for purifica- both ™| E:;.w /Sgsgls
tion of AlCI,. (Heat 1o [~ Azl iy
above glos)s
wool plug
L—] ~Charcoal
AICy~| —'-75mm.L~

659.
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addition of 300 ml. of distilled ether from the addition funnel.
After the ether has been cooled, the bath is removed. If the
ensuing exothermic aluminum chloride solvation reaction causes
bubbling of the ether, the flask is cooled again. After dissolution
of the AICl;, the solution is allowed to warm to room tempera-
ture, tightly capped, and placed in a dry-box.

The LiAlH4 solution is prepared by dissolving 28.2 g. (0.743
mole) of purified LiAlH, in about 750 ml. of distilled ether in a
1500-ml. Florence flask. Ether solutions of both LiAlH; and
AICl; are cooled to —5°C. by exposing them to a nitrogen purge
which cools by evaporation.* Ether must be added during this
period to keep the volume of the solutions reasonably constant.

The AICI; solution is added slowly to the magnetically stirred,
cold LiAlH, solution. After addition is complete, the reaction
mixture is filtered by means of 3-5 p.s.i. nitrogen pressure through
a medium-porosity glass frit into a 1500-ml. Florence flask
containing 10 g. of NaBH, (particle size, 1 pum. or less) and a
magnetic stirring bar. After being stirred for 3-4 minutes under a
nitrogen purge, the solution is filtered again into a second
1500-ml. Florence flask, which removes excess NaBH, and
precipitated sodium chloride.

The volume of clear aluminum trihydride solution is reduced to
about 600 ml. by nitrogen-stream evaporation and then allowed to
warm to room temperature. After 6 to 8 hours, the aluminum
trihydride-diethyl etherate precipitates, which leaves the small
amount of soluble LiBH; and aluminum trihydride-diethyl ether-
ate in the ether solution. The product is filtered, washed
twice with 100 ml. of anhydrous ether, and dried under high
vacuum for 10 to 12 hours. A yield of approximately 30 g. (58%)
is obtained. Anal. Calcd. for AlH;+0.3[(C,H;), 0] f: Al, 50.78;C,
28.21; H, 11.61; Hydrolytic H,, 5.69. Found: Al, 50.60; C, 28.08;
H, 11.62; Hydrolytic H,, 5.68.

*The cold solution is necessary to prevent premature precipitation of the aluminum
trihydride.

tCalculated for 0.312{(C, H,),0].
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Properties

The aluminum trihydride-diethyl etherate is a
colorless solid which reacts violently with water
or in a damp atmosphere. (@ Caution. Some-
times this reaction is explosive!) The material is
unstable to prolonged exposure to light at
ambient temperatures, but can be stored at
—10°C. in a sealed container up to one year. The
ratio of aluminum trihydride to ether (C,; H, ), O
in the solid varies between 0.29 and 0.33,
depending upon the time under vacuum. The
solubility of aluminum trihydride-diethyl ether-
ate in diethyl ether is 0.2M; it is very soluble in

TABLEI XRay

Powder Diffrac-
tion Pattern—
1443 Phase
d, A uyr
12.0 100
4.62 17
3.89 17
2.88 17
2.85 4
2.31 4
1.54 2.7
1.495 33

tetrahydrofuran.* Its infrared spectrum has broad bands in the

*a Caution. Solid aluminum trihydride tetrahydrofuran often decomposes explo-

sively when exposed to a high vacuum.
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Fig. 7. Infrared spectra of etherate 1443 and 1444 of aluminum hydride. Top:
Taken sometime in 1961. Bottom: Example of other phase.
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regions of 1650-1850 and 600-800 cm.”! (Fig. 7). It can be
identified by its x-ray powder pattern given in Table I. The
principal impurities are Li, Cl, and B; in a typical example, <0.1%
Li, <0.01% Cl, and <0.02% B were found.
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11. TRIMETHYLAMMONIUM TETRAPHENYLBORATE
(A Ready Source of Triphenylborane')

4‘LiC6 Hs + BC13 ‘ether — LiB(06 Hs )4 + ether + 3LiCl
LIB(C6 HS )4 + (CH3 )3 NHC] ——— (CH3 )3 NHB(C6 HS )4 + LiCl

Submitted by K. E. REYNARD,* R. E. SHERMAN,* HAMPTON D. SMITH, JR.,*
and L. F. HOHNSTEDT*
Checked by G. GASSENHEIMER{ and T. WARTIK}

Wittig and co-workers? have shown that triphenylborane can be
readily synthesized in high yield by simple thermal decomposition
of trimethylammonium tetraphenylborate. They obtained the
latter compound by collecting the precipitate which was formed
on mixing aqueous solutions of trimethylammonium chloride and
lithium tetraphenylborate. The lithium salt was isolated from the
products of the reaction of boron trifluoride-etherate with

*St. Louis University, St. Louis, Mo. 63103.
{Pennsylvania State University, University Park, Pa. 16802.
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phenyllithium analogous to the above equation. A modification of
the Wittig procedure? is described. The procedure requires about 4
hours, and the product obtained is a stable salt which does not
demand the special handling and storage required for triphenyl-
borane. As a dry solid, samples may be stored in screw-cap bottles
exposed to the atmosphere, and the compound appears to be
stable indefinitely at room temperature.

Samples of triphenylborane are obtained readily by thermal
decomposition of trimethylammonium tetraphenylborate pre-
pared by the method described. Preparation of triphenylborane by
this method eliminates the tedious and somewhat hazardous
treatment of the reactive residues produced during the formation
of the triphenylborane by the Grignard method.3

Procedure

Phenyllithium* (0.586 mole in 296 ml.) in a 7:3 volume mixture
of benzene and ether is placed in a reaction flask fitted with a
pressure-equalizing dropping funnel containing boron trichloride
in excess ether (54.8 ml. of solution containing approximately
0.143 mole BCl;) and with a reflux condenser equipped to
provide a dry nitrogen atmosphere. The solution of boron
trichloride-etherate is prepared with vacuum-line procedures simi-
lar to those reported for the preparation of boron trifluoride-
etherate,Y but measured amounts of excess ether and boron
trichloride are mixed. The resulting solution is allowed to warm to
room temperature and is used without further purification. Boron
trichloride-etherate is added at a rate sufficient to maintain gentle
reflux, which is prolonged by external heating for 30 minutes after
addition. The reaction mixture is allowed to cool to room
temperature, and the solvent is removed by distillation at
atmospheric pressure. The residue retains some solvent and has an
appearance similar to a clay mud. Addition of 500 ml. of water

*Alfa Inorganics, Ventron Corporation, P.O. Box 159, Beverly, Mass. 01915.
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produces no evidence of reaction, and the residue dissolves upon
vigorous stirring. A less-dense liquid phase separates from the
mixture and is discarded. A solution of trimethylammonium
chloride (16.0 g. in 100 ml. of water) is added slowly to the stirred
aqueous phase. Immediately, trimethylammonium tetraphenyl-
borate precipitates as a siltlike, white solid. It is recovered by
filtration. The solid is washed with water and dried in a vacuum
desiccator over phosphorus pentoxide. The product, obtained in
72% yield, melts over a range of several degrees around 160°C.3*
and gives good yields of triphenylborane. It has an infrared
spectrum indistinguishable from that of the white solid obtained
by mixing aqueous solutions of trimethylammonium chloride and
sodium tetraphenylborate. A purified sample may be prepared by
dissolving some of the crude product in dichloromethane, reducing
the volume of solvent by evaporation under reduced pressure, and
drying the recovered solid in a vacuum desiccator until a constant
melting point, 165-166°C.,° is obtained. Anal. (purified sample)
Calcd. for C,,H,;,BN: C, 85.50; H, 7.96; B, 2.85; N, 3.69. Found:
C, 84.86; H, 8.01; B, 2.87; N, 3.88 (boron analyzed by atomic
absorption spectrophotometry with tetraethylammonium tetra-
hydroborate as a standard).

The procedure gives satisfactory results on reduced scales, e.g.,
one-fourth or one-sixth the quantities given above. In addition, a
saturated solution of boron trichloride in ether may be used in
place of the solution described. A saturated solution may be
prepared by allowing boron trichloride gas to bubble into ether at
room temperature until excess boron trichloride-etherate settles
out of the liquid phase.

Properties

Trimethylammonium tetraphenylborate is a white, crystalline
solid. It is very soluble in acetone and moderately soluble in
dichloromethane. It is difficult to dry at room temperature.

*Wendlant and Dunham observed that the melting point of the samples depended on
the rate of heating.
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12. TETRAKIS(ACETATO)DI-u-AMIDO-DIBORANE

2(BCINH); + 12CH;COOH — 3[(CH;COO), BNH, ], + 6HCl

Submitted by D. T. HAWORTH*
Checked by L. A. MELCHERY and K. NIEDENZU}

The procedure described represents the conversion, through a
change in the coordination number of boron and nitrogen, of a
six-membered boron nitrogen ring to a four-membered boron
nitrogen ring.! The absence of other reaction products in the
direct union simplifies the purification problem.

Procedure

A 250-ml., three-necked flask is fitted with a reflux condenser
topped with a calcium chloride drying tube, a dropping funnel,
and a nitrogen gas inlet tube. Under a blanket of nitrogen, the
reaction flask is charged with 5 g. (0.027 mole) of
2,4,6-trichloroborazine},>™ and the dropping funnel with 75 ml.
of glacial acetic acid. The gas inlet tube is removed, a magnetic
stirring bar is added to the flask, and this neck of the flask is
stoppered. While its contents are being stirred, the glacial acetic

*Marquette University, Milwaukee, Wis. 53233.
1University of Kentucky, Lexington, Ky. 40506.
$U.S. Borax Research Corp., Anaheim, Calif.
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acid is added to the flask over a 15-minute period. The solution is
heated to gentle reflux for 30 minutes, which is followed by
filtration while still warm through a coarse filter into a 500-ml.
flask. The clear filtrate is cooled to room temperature, and the
excess solvent is removed by vacuum distillation on a rotary
evaporator. The resulting white crystals (7.2 g.) are washed with
small portions of ether, filtered, and dried under vacuum
overnight. The yield of the product is 61.5%; m.p. 140-142°C. If
an oily paste is obtained on removal of the solvent, this paste
should be washed several times with ether, filtered through a frit,
and dried in vacuum.

Properties

Tetrakis(acetato)di-u-amido-diborane is a white crystalline com-
pound which is not too sensitive to moisture. It can be stored in a
nitrogen atmosphere in a refrigerator for long periods without
decomposition. It is sparingly soluble in most organic solvents and
slowly dissolves in glacial acetic acid and acetic anhydride.
Monoclinic and triclinic crystalline forms were obtained by
recrystallization from acetic anhydride and glacial acetic acid,
respectively.! The infrared spectrum recorded (Beckman ir.-12)
by the KBr pellet technique contains major absorption bands (at
frequencies cm.™') 3280(s), 3230(s), 3100(s), 1740(w,sh),
1715(m), 1430(sh), 1390(vs), 1300(m), 1240(m), 1125(m),
1050(m), 1035(m), 900(w,sh), 775(w), and 700(w). The 'H
n.m.r. spectrum of the compound in CDCl; has a broad
absorption at —4.9 p.p.m. (NH;) and a singlet at —2.1 p.p.m.
(CH,4). TMS is used as an internal standard.
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Chapter Three
TRANSITION-METAL COMPLEXES

13. A GENERAL NONAQUEOUS PREPARATION OF
COBALT(III) AND NICKEL(1I) DIAMINE
AND TRIAMINE COMPLEXES

Submitted by KARL H. PEARSON,* WILLIAM R. HOWELL, JR.
PAUL E. REINBOLD,} and STANLEY KIRSCHNER

Checked by J. W. HART, JR.,§ J. KIM,§ R. PARKER,§

S. YASSINZADEH, § and C. DAVID SCHMULBACH§

Previous syntheses of cobalt(IlI) and nickel(II) diamine and
triamine complexes that have been carried out in aqueous solution
require several hours, and can give products with varying quan-
tities of water of hydration, depending on the drying techniques
employed. For example, J¢rgensen' prepared [Co(en);]Cl; by
heating [Co(NHj )5 CI] Cl, with ethylenediamine (which involves a
separate synthesis of the pentaammine complex), and Grossman
and Schuck,? Werner,> Mann,* Work,’ Jenkins and Monk,®
State,” and Schlessinger® all used aqueous techniques, with air,
oxygen, or peroxide oxidations for the cobalt(III) complexes. By

*Cleveland State University, Cleveland, Ohio 44115.
1+Texas A and M University, College Station, Tex. 77843,
$Wayne State University, Detroit, Mich. 48202.

§ Southern Illinois University, Carbondale, I, 62901.
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using nonaqueous techniques and different oxidants, the authors
have found it possible to synthesize these complexes in a relatively
short time (ca. 15-45 minutes), in relatively high yield (ca.
85-95%), with a very high degree of purity (see Tables I and II),
and with no solvation problems.

For the cobalt(III) complexes this method offers the additional
advantage of rapid, controlled oxidation of the cobalt(II) inter-
mediate complex to the cobalt(IIl) complex through the direct use
of the elemental halogen corresponding to the anion of the desired
salt, which eliminates the long air oxidation and the possible
undesirable side reactions.

A. COBALT COMPLEXES

Procedure
1. Cobalt(ill) Bromides

COCO3 + 2HBI' —_ CoBr2 + H20 + C02

2CoBr, + 6(amine) + Br, CHon 2[Co(amine); | Bry

Reagent-grade cobalt(II) carbonate (2.38 g., 0.02 mole) is
dissolved in 6.7 ml. of concentrated hydrobromic acid in a 1-1,,
three-necked, round-bottomed flask on a heating mantle. The flask
is fitted with a dropping funnel and reflux condenser, and its
contents are stirred with a magnetic stirrer. After complete
dissolution of the salt, 500 ml. of absolute ethanol is added, and
the mixture is allowed to reflux for 10-15 minutes. To the reflux-
ing solution the desired redistilled, reagent-grade amine is added
dropwise. Table I shows the volume of the amine to be used in all
preparations of the cobalt complexes. Then 1.6 g. (0.52 ml.) of
reagent-grade bromine, dissolved in 100 ml. of absolute ethanol, is
added dropwise (over 20-30 minutes) to the refluxing solution.
After the addition of the bromine is complete, the hot solution is
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filtered through a sintered-glass Biichner funnel. The crystals are
then washed with absolute ethanol and then acetone, and dried at
50°C.

2. Cobalt(IIl) lodides

COCO3 + ZHI ——— COIz + Hzo + COZ

2Col, + 2x(amine)* + I, CHon 2[Co(amine), 113

Reagent-grade cobalt(Il) carbonate (2.38 g., 0.02 mole) is
dissolved in 11 ml. of concentrated hydriodic acid in an 800-ml.
beaker placed in a steam bath. Then 250 ml. of absolute ethanol is
added. While the hot solution in the steam bath is being stirred
with a magnetic stirrer, the desired redistilled, reagent-grade amine
is added, which is followed immediately by the addition of 2.54 g.
of reagent-grade iodine previously dissolved in 100 ml. of hot,
absolute ethanol. Table I shows the volume of amine to be used.
After standing with stirring for 10 minutes in the steam bath, the
solution is cooled and filtered through a sintered-glass Biichner
funnel. The collected product is washed with absolute ethanol and
then acetone, and dried in an oven at 50°C.

Properties, Analyses, and Yields

All the cobalt(Ill) complexes mentioned in Table I are obtained
as fine golden crystals. They are sparingly soluble in the light
alcohols, and are essentially insoluble in most other organic
solvents. They are all quite soluble in water, except for [Co(chxn);]-
I3,1 which is sparingly soluble.
~ The spectral properties, microanalyses, and yields obtained for
the various complexes are reported in Table I.

*For the bidentate chelating agents, x is 3; for the tridentate, x is 2.
fchxn = trans-1,2-cyclohexanediamine.



Cobali(Ill) and Nickel(Il) Complexes 61

B. NICKEL COMPLEXES

Procedure
1. Nickel(Il) Bromides

NiCO; + 2HBr — NiBr, + H, 0 + CO,
NiBr, + x(amine)* [Ni(amine), ] Br,

C,H,OH

Reagent-grade nickel(II) carbonate (1.19 g., 0.01 mole) is added
slowly to 3.8 ml. (0.03 mole) of reagent-grade concentrated
hydrobromic acid in a 250-ml. beaker. After complete dissolution
of the first mixture, 100 ml. of reagent-grade absolute ethanol is
added, and any spattering is rinsed down carefully. The solution is
stirred magnetically. The specified volume given in Table II of the
desired, redistilled, reagent-grade amine is added slowly, and the
mixture continues to be stirred until precipitation is complete
(absence of the blue color of the nickel ethanol complex in the
supernate). In some instances it may be necessary to chill the
solution to ensure complete precipitation. The propylenediamine
and cyclohexanediamine complexes have been found to be soluble
in the absolute ethanol. The precipitated product is filtered,
washed with reagent-grade ethanol, and dried in an oven at 50°C.

2. Nickel(I1) Iodides

NiCO3 + 2HI — NlIz + Hgo + COz
Nil, + x(amine)* {Ni(amine), }1,

C,H,OH

The direct preparation of the iodides may be accomplished in
the same manner as the bromides, with the use of 5.5 ml. of
reagent-grade hydriodic acid (47-50%) in place of the hydro-
bromic acid. The diethylenetriamine complex was found to be

*For the bidentate chelating agents, x is 3; for the tridentate, x is 2.
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soluble in the absolute ethanol and required chilling before
filtering.

Properties, Analyses, and Yields

All the nickel(II) complexes are obtained as fine violet crystals.
They are insoluble in acetone, and all but the [Ni(chxn);]I,*
complex are water-soluble. The spectral properties, elemental
analyses, and vyields obtained for the various complexes are
reported in Table II.
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14. DIANIONOBIS(ETHYLENEDIAMINE)
COBALT(I1I) COMPLEXES

Submitted by J. SPRINGBORG# and C. E. SCHAFFER%
Checked by JOHN M. PRESTON i and BODIE DOUGLAS

A great majority of the hitherto known dianionobis(ethylene-
diamine)cobalt(Ill) complexes have traditionally been prepared by

*chxn = trans-1,2-cyclohexanediamine.

+Chemistry Department I, The H. C. Qrsted Institute, University of Copenhagen,
DK-2100 Denmark.

fUniversity of Pittsburgh, Pittsburgh, Pa. 15213.
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syntheses with trans-dichlorobis(ethylenediamine)cobalt(III) chlo-
ride as the initial starting material. The main reason for using this
particular compound is that it has until recently been one of the
most available dianionobis(ethylenediamine)cobalt(IIl) com-
pounds. However, trans-dichlorobis(ethylenediamine)cobalt(III)
chloride is, by the traditional method, only obtained in a yield of
about 50% of a crude product that often contains an impurity of
cobalt(Il) which is used in excess.! Consequently, preparations of
dianionobis(ethylenediamine)cobalt(III) complexes that use the
trans-dichloro salt as the starting material are bound to give low
yields based upon original cobalt(II) salt and ethylenediamine.

In the following, a series of preparations of dianionobis(ethyl-
enediamine)cobalt(III) compounds, all starting with (carbonato)-
bis(ethylenediamine)cobalt(lIl) chloride are given. (Carbonato)bis-
(ethylenediamine)cobalt(IIl) chloride has been prepared with a
high yield (80%) by a new method based upon the use of
cobalt(II) chloride and the equivalent amount of (2-aminoethyl)-
carbamic acid. The carbonato compound is easily converted into
a number of dianionobis(ethylenediamine)cobalt(Ill) compounds
with high vyields. In some of the following procedures it was
possible to use the carbon dioxide-ethylenediamine reaction
mixture directly.

Besides (carbonato)bis(ethylenediamine)cobalt(IIl) chloride and
the corresponding bromide salt, the following complexes are
described: cis- and trans-dichlorobis(ethylenediamine)cobalt(III)
chloride, cis-aquachlorobis(ethylenediamine)cobalt(III) sulfate, cis-
bis(ethylenediamine)dinitrocobalt(IIl} nitrite, cis-aquabis-
(ethylenediamine)hydroxocobalt(IIl) dithionate, and cis-diaqua-
bis(ethylenediamine)cobalt(IIl) bromide.

A. (CARBONATO)BIS(ETHYLENEDIAMINE)COBALT(III)
CHLORIDE AND BROMIDE

H,NCH, CH, NH, + CO, — H, NCH, CH, NHCOOH
2CoCl, + 2LiOH + 4H, N-CH, CH, ‘NH-COOH + H,0, —
2[Co(en), CO; ] Cl + 2CO, + 2LiCl + 2H, 0
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The following procedure is based on the reaction of an aqueous
solution of cobalt(Il) chloride with the equivalent amount of
(2-aminoethyl)carbamic acid, followed by oxidation with hydro-
gen peroxide and the subsequent formation of bis(ethylene-
diamine)cobalt(III) ions. The bis(ethylenediamine)cobalt(1II)
species are converted to the carbonato complex by reaction with
lithium hydroxide and carbon dioxide. During the entire prepara-
tion a vigorous stream of carbon dioxide is bubbled through the
reaction mixture. This procedure appears to be essential in order
to minimize the formation of tris(ethylenediamine)cobalt(III)
chloride as a by-product. However, the formation of a negligible
amount of the tris salt cannot be avoided. The crude salts have a
purity suitable for preparative purposes. The pure salts are
obtained by recrystallization from aqueous solution.

The optical antipodes have been obtained recently by resolution
using the (+)p-(ethylenediamine)bis(oxalato)cobalt(III) anion, and
have been isolated as the iodide salt.? The exchange reaction with
carbonate and the racemization reaction in aqueous solution have
been investigated kinetically.3

Procedure

A stream of carbon dioxide is bubbled through a mixture of 133
ml. (1.64 moles) of ethylenediamine monohydrate and 133 ml. of
water* cooled in ice. The stream of carbon dioxide is maintained
during the entire preparation. A solution of 195 g. (0.82 mole) of
cobalt(II) chloride hexahydrate in 175 ml. of water at room
temperature is added to the cold solution, which is continually
stirred. The addition of the cobalt(Il) salt causes a violent
evolution of carbon dioxide gas, and the solution becomes
red-violet. (Sometimes the mixture coagulates and becomes
gel-like.) The cooling and the stirring are continued, and the
mixture is oxidized by dropwise addition of 200 ml. of 30%

*Alternatively, 112 ml. of 98% ethylenediamine (1.64 moles) and 160 ml of
water may be utilized.
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hydrogen peroxide for approximately 45 minutes. (If a gel has
been formed, manual stirring is necessary during the addition of
approximately the first 50 ml. of hydrogen peroxide, until the
mixture again appears to be homogeneous.) During the addition of
hydrogen peroxide the temperature increases to about 35°C., and
the solution becomes a deeper red. The mixture is heated for
about 15 minutes to a temperature range o