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Volumes on "Fluorine" (Syst. No. 5) and "Carbon" (Syst. No. 14) 
The perfluorohalogenoorgano compounds of main group elements are described in the foLlow
ing volumes and are apart of Syst. No. 5 "FLuorine". - On account of the close connection 
to carbon, the volumes of Syst. No. 14 "Carbon", are also Listed. 

F Fluorine 

Perfluorohalogenoorgano Compounds 01 Main Group Elements 

Tl. 1 (Erg.-Werk, Bd. 9): Verbindungen von Schwefel - 1973 

Tl. 2 (Erg.-Werk, Bd. 12): Verbindungen von Schwefel (Fortsetzung), Selen, Tellur - 1973 

Tl. 3 (Erg.-Werk, Bd. 24): Verbindungen von Phosphor, Arsen, Antimon und Wismut - 1975 

TL. 4 (Erg.-Werk, Bd. 25): Verbindungen mit Elementen der 1. bis 4. Hauptgruppe (außer 
KOhlenstoff) - 1975 

Tl. 5: Verbindungen mit Stickstoff (Heterocyclische Verbindungen) - 1978 

Tl. 6: Verbindungen mit Stickstoff (Heterocyclische Verbindungen) (Fortsetzung). Formel
register für Tl. 5 und 6 - 1978 

Tl. 7: Aliphatische und aromatische Stickstoff-Verbindungen - 1979 

Tl. 8: Aliphatische und aromatische Stickstoff-Verbindungen (Fortsetzung) - 1980 

Pt. 9: ALiphatic and Aromatic Nitrogen Compounds (Conclusion) - 1981 

Suppl. Vol. 1: Compounds with Elements of Main Groups 1 to 5 (excluding N) and with S 
(partiaLly) - 1984 (present volume) 

"Fluor" Hauptband - 1926 

"Fluor" Ergänzungsband 1 - 1959 

"Fluorine" Suppl. Vol. 2 (Element) - 1980 

"Fluorine" Suppl. Vol. 3 (Compounds with Hydrogen) - 1982 

C Carbon 

Tl. B 1: Isotope. Atom. Molekel. Einstoffsystem. Dampf. Diamant - 1967 

Tl. B2: Graphit - 1968 

Tl. B3: Chemisches Verhalten von Graphit. Graphitverbindungen. KoLloider Kohlenstoff -
1968 

Tl. C 1: Verbindungen mit Edelgasen, Wasserstoff und Sauerstoff - 1970 

Tl. C2: Chemisches Verhalten von CO und CO2 - 1972 

Tl. C3: GLeichgewicht C02/CO. Wasserhaltige Lösungen von Kohlensäure. Carbonat-Ionen. 
Peroxokohlensäuren - 1973 

Tl. C4: Ausgewählte C-H-O Radikale. HCOOH. CH3COOH. H2C20 4 - 1975 

Tl. D1: Kohlenstoff-Stickstoff-Verbindungen - 1971 

TL. D2 und D3: Kohlenstoff-Halogen-Verbindungen - 1974 bzw. 1976 

Tl. D4 und D5: Kohlenstoff-Schwefel-Verbindungen - 1977 

Tl. D6: Kohlenstoff-Schwefel-Verbindungen (Fortsetzung). Kohlenstoff-Selen- und Kohlen
stoff-Tellur-Verbindungen - 1978 
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Preface 

This is the first of three SuppLement VoLumes wh ich compLete (up to the end of 1981) the 
series "PerfLuorohaLogenoorgano Compounds of Main Group ELements", Part 1 to 9. 

SuppLement VoLume 1 describes the compounds of the Main Group ELements 1 to 4, as weLL 
as the compounds of phosphorus, arsenic, antimony, and bismuth, and is concLuded by 
chapters on suLfur(lI) compounds (thiocarbonyLs). SuppLement VoLume 2 continues the 
coverage of the suLfur(lI) compounds foLLowed by the description of suLtur(IV), suLfur(VI), 
seLenium, tellurium and haLogen compounds (in an oxidation state higher than 1) as weLL as a 
formuLa index for the SuppLement VoLumes 1 and 2. The third voLume surveys the nitrogen 
compounds and contains a formuLa index for this voLume. 

Concept, organization, and seLection as to the coverage of the materiaL are the same as 
in the Main VoLumes. TitLe compounds are newLy synthesized ones as weLL as those compounds 
aLready referenced in the Main VoLumes and for wh ich new facts have been pubLished. These 
Main VoLume compounds are aLways cited in the chapters on preparation.lf no new preparation 
is mentioned, a reference is given concerning the Main VoLume citation and to the chapters 
on physicaL and chemicaL properties in the SuppLement Volume. 

Conventions as to the presentation of the data are given in the prefaces of the Main 
VoLumes. In contrast to the convention for NMR chemical shifts used previously, the sign of 
the chemical shift is now designated as positive downfield from the reference standard 
according to: IUPAC Commission on Molecular Structure and Spectroscopy, Pure and AppLied 
Chemistry 29 [1972]625/8, 45 [1976]217/9. 

I wish to thank Prof. Dr. Dr. h.c. E. Fluck and his coworkers tor their exceLLent cooperation. 
I also wish to take the opportunity to express my appreciation to coLLeagues who assisted me 
by providing reprints and patents. 

Bochum, December 1983 A. Haas 
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1 PerfLuorohaLogenoorgano Compounds of Main Group 1 ELements 

1.1 PreLiminary Remarks 

The compounds of the Main Group 1 elements are covered to the end of 1973 in 
"Perfluorhalogenorgano-Verbindungen der Hauptgruppenelemente" Part 4, 1975 (cited here 
as Part 4), for further details see the preface of this Supplement Volume. 

1.2 PerfLuorohaLogenoorgano Compounds of Lithium and Sodium 

1.2.1 Preparation and PhysicaL Properties 

DifLuorodiLithiomethane CF2Li2 

TrifLuoromethyLLithium CF3Li 

ChLorodifLuoromethyLLithium ClCF2Li 

TrifLuorovinyLLithium F2C=CFLi 

DifLuorodiLithiumethyLene F2C=CLi2 

ChLorodifLuorovinyLLithium F2C=CClLi and ClFC=CFLi 

The molecular energies for plan ar and tetrahedral geometries of a number of molecules 
with a tetracoordinated carbon atom, among them CF2Li2 , have been surveyed by ab initio 
MO calculations. It was shown that in the ca se of CF2Li 2 , the energy of the form with C2 

symmetry, obtained by rotating the FCF plane in the cis planar form by 20° about the angle 
bisector, is 0.7 kcal/mollower than the energy of the plan ar structure, for details see [1]. 

For CF3Li and F2C=CFLi no new preparations are reported (see Part 4, p. 2), for chemical 
reactions see Chapter 1.2.2, p. 9. 

ClCF2Li is formed in the reaction of ClCF2C(O)OCH3 with LiCl in the solvent 
hexamethylphosphoric triamide and is stabilized by the interaction with the solvent forming 
a complex [2, 3]. 

F2C=CFLi is obtained in almost quantitative yield reacting F2C=CFCl and n-C4HgLi in a 
mixture of tetrahydrofuran, ether and pentane (5:3:3) at -135°C [4]. It also forms in more 
than 90% yield on adding CH3Li to a solution of F2C=CFBr in tetrahydrofuran, ether and pentane 
at -110°C [5]. 

When n-C4HgLi in ether is added to a solution of F2C=CCl2 in tetrahydrofuran (-120°C, 
10 min) and the temperature is then raised to -90°C (5 min), F2C=CClLi is formed in more 
than 85% yield [6]. In ether as the only solvent the yield lowers to 40% [7], for the dependance 
of the yield from the ratio of both solvents see [6]. In an ether solution F2C=CCl2 reacts with 
n-C4HgLi at - 70°C (0.5 h) to form F2C=CClLi [8]. FClC=CFLi is prepared by the reaction of 
ClFC=CFCl with n-C4HgLi at -115°C in ether/tetrahydrofuran [7]. 

The barriers of rotation around carbon-carbon double bonds and the relative stability of 
planar and perpendicular olefins, among them F2C=CLi2, were analysed within the framework 
of the ab initio unrestricted Hartree-Fock theory in terms 01 electrostatic, exchange repulsion, 
pOlarization, charge transfer, and their coupling interactions [54]. 
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2 Compounds of Main Group 1 ELements 

F2 

1-Lithium-2-chLorodifluorocycLopropene Cl ~ Li 

1-Lithiumperfluoro(2,2-dimelhyLpropane) (CF3bCCF2Li 

1-Lilhiumperfluoro(3-oxa-4-melhyLpentane) (CF 3bC FOC F 2C F 2L i 

1,6-DiLithiumdodecafluorohexane Li (CF2)SLi 

CNDO/2 caLcuLations with a partiaL-geometry optimation were carried out on 1-Lithium-2-
chLorodifluorocycLopropene [9]. 

The metaLation of (CF3bCCF2H with RLi [R = CH3, n-C4Hg , (CH3bC] gives (CF3bCCF2Li. 
The reaction is carried out with CH3Li in ether and with n-C4HgLi or (CH3bCLi in aLkane soLvents 
[10]. 

n-C4HgLi in ether reacts with (CF3)2CFOCF2CF21 at -78°C (1 h) to give (CF3bCFOCF2CF2Li 
[11]; repLacing n-C4HgLi by CsFsLi increases the yieLd [12]. 

Li(CF2)sLi forms on reacting Br(CF2)sBr or (CH3)2SiH(CF2)SSiH(CH3)2 in tetrahydrofuran with 
C2HsLi or (CH3bCLi at -190 to -78°C (15 min) or -95°C (12 min), respectiveLy [13]. 

5-Lithium-2,3,4-tris(trifluoromethyL)furan F3C Je Jl CF3 

F3C 0 Li 

On adding an ether soLution of C4HgLi at -35°C (1 h, N2 atmosphere) to a stirred ether 
soLution of 2,3,4-tris(trifluoromethyL)furan the Li-substituted furan forms with further stirring 
(1 h) [14]. 

PentafluorophenyLLithium CsFsLi 

CsFsLi is prepared by adding a hexane soLution of n-C4HgLi to an ether soLution of CsFsBr 
or CsFsH at - 78°C (1 h) [15]. 

The ion-pair equiLibrium between 9-t-butyLfluorene (R) and CsFsH in cycLohexyLamine 
according 

R-Li+ + CsFsH:;;:'o RH + CsFsLi+ 

is covered in [16]. 

Perfluoro(4-methyLphenyL)Lithium 4-CF3-CsF 4Li 

1,2-, 1,3- and 1,4-DiLithiumtetrafluorobenzene 1 ,2-Li2-CsF 4' 1 ,3-Li2-CsF 4' 1 ,4-Li2-CsF 4 

1,3,5-TriLithiumtrifluorobenzene 1,3,5-Li3-CsF3 

At -30°C (0.5 h) C4HgLi reacts with 4-Br-CsF4CF3 to form 4-CF3-CsFsLi [17]. On adding an 
ether soLution of 1,2-Br2-CsF4 to a stirred hexane soLution of C4HgLi over 50 min, foLLowed by 
stirring for further 35 min, 1,4-Li2-CsF4 is formed. 1,2-Li2-CsF4 is obtained on adding n-C4HgLi 
in hexane over 23 min to 1,2-Br2-CsF4 in ether, with further stirring (70 min) [18]. SimiLar 
reactions between n-C4HgLi and 1 ,3-H2-CsF 4' 1,3-Br2-CsF4 or 1,4-Br2-CsF4 in ether at - 70°C 
(about 2 h, stirring) form the corresponding titte compounds [19]. 

1,3,5-Trifluorobenzene was metalated with n-C4HgLi in ether forming 1,3,5-Li3-CsF3 [20]. 

References p. 14 GmeLin Handbook 
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Lithium and Sodium Compounds 

4-LithiumtetrafLuorophenyLperfLuoropoLyether 4-Li-C6F4CF2CF(CF3)OCF2CF(CF3)OC3F7 

4-LithiumtetrafLuorobenzoyLperfLuoropoLyethers 4-Li-C6F 4C( 0) RI , 

R, = CF(CF3)OC3F7, CF(CF3)OCF2CF(CF3)OC3F7, CF(CF3)[OCF2CF(CF3)]40C3F7, 
CF2(OC2F 4l20C2FS' CF2(OCF2bOCF3 

3 

The first compound forms by the reaction of a tetrahydrofuran/ether solution of 4-Br
CSF4CF2CF(CF3)OCF2CF(CF3)OC3F7 with a hexane solution of C4HgLi. The other compounds 
are obtained by similar reactions with 4-Br-benzoYl compounds as starting materials [21]. 

HeptafLuoro-2-naphthyLLithium F F 

F~Li 
F~F 

F F 

2-LithiumnonafLuorobiphenyL X = F F F F F 

Fi H ~F 
F Li X F 

2-Lithium-2'-bromooctafLuorobiphenyL X = Br 

2,2' -DiLithiumoctafLuorobiphenyL X = Li 

F F F F 

3,3'·.'''''''omocta ...... ,O'''''' 3.3'·U,-C,F.-C,F, F~ ~F 
Li F F Li 

In an ether-hexane mixture, 2-H-heptafluoronaphthalene was reacted with C4HgLi at -75°C 
(2 h) under N2 to yield heptafluoro-2-naphthyllithium [22, 23]. Lithiation of 2,2'
dibromooctafluorobiphenyl took place in ether at -78°C by adding a hexane solution of n
C4HgLi with stirring over aperiod of 40 min. After additional stirring for 1.5 h 2-lithium-2'
bromooctafluorobiphenyl is obtained. Similarly 2-lithiumnonafluorobiphenyl was prepared 
from 2-bromononafluorobiphenyl and n-C4HgLi, and 2,2'-dilithiumoctafluorobiphenyl by the 
reaction of 2,2'-dibromooctafluorobiphenyl and n-C4HgLi [24]. In tetrahydrofuran 3,3'-H2-C6F4-
C6F4 and n-C4HgLi, dissolved in hexane, reacted at -76°C (2.0 h) to give 3,3'-Li2-C6F4-C6F4 [19]. 

PerfLuoro(9-phenyLfLuorenyL)Lithium and -sodium 

Gmelin Handbook 
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4 Compounds of Main Group 1 ELements 

Perfluoro(4-alkylphenyl)pentafluorophenylcyanomelhyllilhium and -sodlum 

Perfluoro(4-alkylphenyl)perfluoro(4-melhylphenyl)cyanomelhylllihlum and -sodium 

9-HydroperfLuoro(9-phenyLfLuorene) reacts with LiH or NaH in 1,2-dimethyLether at 20 to 
25°C (1 h) to form the Lithium and sodium saLts. In the foLLowing is given the 19F NMR spectrum 
of the Lithium saLt, which is almost identicaL with that of the sodium compound (chemicaL shifts 
ö in ppm have a positive sign downfieLd from the internaL standard CsFs, dimethyLether as 
soLvent): ö(F3,Fs) = -17.3, ö(F2,F7) = -6.6, ö(F3',Fs,) = -3.8, ö(F4') = 0.0, 
ö(F1,F8) = 2.9, ö(F4,Fs) = 19.8, ö(F2',Fs,) = 23.2, J(F1_F2) = 20.5 Hz, J(F1_F3) = 9 Hz, J(F1-F4) ::::: 
9 Hz, J(F2_F3) = 20.5 Hz, J(F3_F4) = 19 Hz, J(F1-F2') ::::: 4 Hz, J(F3'-F4') = 21.5 Hz [25]. The 
difference of the chemical shifts of the perfLuoro(9-phenyLfLuorenyL)ion and of 9-hydroperfluoro
(9-phenyLfluorene) is given and discussed in [26]. 

The metaL compounds of the perfLuoro(diaryl)cyanomethanes were prepared [27] in 
dimethyLformamide according to 

4-R,-CsF4-CH(CN)-CsFs + MH ...... 4-R,CsF4-CM(CN)-CsFs 

and 

4-R,CsF4-CH(CN)-CsF4-CF3-4' + MH ...... 4-Rf"CSF4-CM(CN)-CsF4-CF3-4' 

R, = CF3, M = Li, Na; R, = C2Fs, M = Li, Na; R, = (CF3hCF, M = Li, Na; R, = (CF3hC, M 
= Li, Na 

The 19F NMR data of the compounds are compiLed in Table 1, p. 5, and Table 2, p. 5. 

References p. 14 Gmelin Handbook 
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Lithium and Sodium Compounds 5 

TabLe 1 
19F NMR Spectra ofthe Lithium and Sodium Compounds ofthe FoLlowing PerfLuoro(diaryL)cyano
methanes [27]: 

ChemicaL shift 0 in ppm (positive sign means LowfieLd from the internaL standard CeFe), spin
spin coupLing constant J in Hz, 10 moL% soLution in 1,2-dimethoxyethane, a) ±0.7 ppm, b) 

±0.2 ppm, c) ±0.5 ppm. 

M R, o(F2) o(F2') o(F3) o(F3') o(F4') o(CF3) o(CFn) AbsoLute J(F-F) cou-
pLing constants in Hz 

Na CF3 15.0c) 21.5 15.0 -4.3 b) -4.3 b) 110.2 
Li CF3 15.5c) 21.2 15.5 -3.6 b) -3.6 b) 110.3 
Na CF3CF2 15.2 21.6 16.1 -3.8 a) -3.8 a) 77.2 55.4 J(CF2-F3) = 29 
Li CF3CF2 15.6 21.4 16.6 -3.5a) -3.5a) 77.1 55.1 J(CF2-F3) = 29, 

J(CF3-CF2) = 3.3, 
J(CF3-F3) = 7 

Na (CF3)2CF 15.8 21.6 20.0 -4.0a) -4.0 a) 87.9 -11.4 
Na (CF3bC 16.2 21.6 27.1 -3.6 a) -3.6 101.5 
Li (CF3bC 16.9 21.8 27.7 -3.3 a) -3.3 102.0 J(CF3-F3) = 25.7, 

J(F2_F3) = 14.5 

TabLe 2 
19F NMRSpectra ofthe Lithium and Sodium Compoundsofthe FoLLowing PerfLuoro(diaryL)cyano
methanes [27]: F F F F 

R'~~~ tee, XCN 2, 3' 
F F F F 

For definitions see TabLe 1; a) ± 0.6 ppm, b) 0.6 ppm, c): because of poor resoLution of the 
signaLs the chemicaL shift vaLue couLd not be determined exactLy. 

M R, o(F2) o(F2') o(F3) o(F3') o(4'-CF3) o(CF3) o(CFn) AbsoLute J(F-F) cou-
pLing constants in Hz 

Na CF3 19.5 19.5 16.1 16.1 108.8 108.8 J(CF3-F3) = 21.2 

Li CF3 19.9 19.9 16.5 16.5 108.6 108.6 J(CF3-F3) = 21.5 

Na CF3CF2 19.9a) 19.9 17.5 16.8 108.9 77.3 54.7 

Li CF3CF2 20.0 a) 20.0 18.0 16.7 108.2 77.2 54.7 J(CF3-F3) = 29.5, 
J(4'-CF3-F3') = 20.5 

Na (CF3)2CF 20.1 b) 20.1 20.1 16.5 109.0 87.9 -12.5 

Li (CF3bCF 20.2 b) 20.2 21.1 16.8 109.1 88.0 -12.8 J(4'-CF3-F3') = 21.0, 
J(CF-F3) = 39.5, 
J(CF3-F3) = 12.5, 
J(CF3-CF) = 6 

GmeLin Handbook References p. 14 
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6 Compounds of Main Group 1 ELements 

TabLe 2 (continued) 

M 8(F2) 8(F2') 8(F3) 8(F3') 8(4' -CF3) 8(CF3) 8(CF n) AbsoLute J(F-F) cou
pLing constants in Hz 

Na 
Li 

20.4 c) 20.4 28.2 16.3 
20.9 20.6 28.9 16.8 

108.9 
109.0 

101.8 
102.4 

Tris(pentafluorophenyL)methyLsodium (C6FsbCNa and -Lithium (C6FshCLi 

Bis(pentafLuorophenyL)-4-chLorotetrafluorophenyLmethyLsodium 
M = Na, X = CL 

Bis(pentafluorophenyL)-4-bromoletrafLuorophenyLmethyLsodium 
M = Na, X = Sr 

Bis(pentafluorophenyL)-4-trifLuoromethyLtelrafluorophenyLmethyllithium 
and -sodium M = Li, Na; X = CF3 

J(4'-CF3-F3') = 21.5, 
J(CF3-F3) = 25.9, 
J(F2-n = 11.0 

Bis(pentafLuorophenyL)-3-chLorotelrafLuorophenyLmethyLLithium and -sodium 
(C6Fsh(3-CL-C6F4)CM (M = Li, Na) 

Bis(pentafLuorophenyL)-3,5-dichLorotrifLuorophenyLmethyLsodium (C6Fs)2(3,5-CL2-C6F3)CNa 

Bis(pentafLuorophenyL)pentachLorophenyLmethyLsodium (C6Fs)2(C6CLs)CNa 

Bis(pentafLuorophenyL)heptafLuoro-2-naphthyLmethyLLithium and -sodium (M = Li, Na) 

F F 

F~CM(C6FSh 

F~F 
F F 

To a soLution of (C6Fs)2CHR in hexamethyLphosphoric triamide, NaH was added and the 
soLution stirred at 20 to 25°C (5 to 10 h). The repLacement of H by Na takes pLace according 
to: 

R = C6Fs, 4-CL-C6F 4' 4-Sr-C6F 4' 4-CF3-C6F 4' 3-CL-C6F 4, 3,5-CL2-C6F3, C6CLs, heptafLuoro-2-naphthyL 
(C1QF7)· 

In a simiLar way, Lithium compounds were prepared using (C6FshCHR with R = C6Fs, 
4-CF3-C6F4 , 3-CL-C6F4 , heptafLuoro-2-naphthyL [17]. The 19F NMR data of these compounds are 
given in TabLe 3, p. 7. 

References p. 14 GmeLin Handbook 
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Lithium and Sodium Compounds 7 

TabLe 3 
19F NMR Spectra of the Compounds A, B, and C [17]. 

M F F 
6' CL F 

(R'l,L~ tR (RJ-Q-F' 
M 
I 

R'-C-R 
I F2 F3' F2' R R' 

A B C 

ChemicaL shift 0 in ppm, positive sign LowfieLd from the internaL standard C6F6, spin-spin 
coupLing constant J in Hz, concentration of the compounds 10 moL% in hexamethyLphospho
ric triamide. 

Com- M R o(R) o(F2) o(F2') o(F3) o(F3') o(F4) o(F4') 

pound 

A Na F 14.6 -17.5 -17.5 6.1 6.1 14.6 o(R) 
Aa) Li F 15.0 -17.3 -17.3 6.4 6.4 15.0 o(R) 
A Na CL -17.9 -17.9 6.0 -13.7 12.9 
A Na Br -18.3 -18.3 6.1 -21.0 12.9 
A Na CF3 -111.2 -19.8 -13.9 5.2 -13.9 8.2 o(R) 
Ab Li CF3 -111.8 -19.3 -14.0 5.2 -14.0 8.2 o(R) 
B Na F 4.8 -17.3 -23.3 6.1 o(R) 14.7 6.7 

-41.6(F6') 

B C) Li F 4.8 -17.3 -23.3 6.0 o(R) 14.7 6.8 
-41.5(F6') 

B d ) Na CL -16.8 -46.6 6.6 15.4 -28.5 
C Na C6CLs -17.5 6.4 15.4 
C Na C10F7 -18.6 5.8 10.9 
C Li C1QF7 -19.1 5.5 10.8 

a) J(F3_F4) = 21.8, J(F2_F4) = 7.0, J(F2_F3) = 19.0 Hz. - b) J(F3_F4) = 22.0, J(CF3-F3') = 3.8 Hz. 
- c) J(F3_F4 ) = 22.5, J(R-F6') = 6.0, J(F2'-F4') = 10, J(F2'-F6') = 4.0, J(F2-F2') = J(F4'-F6') = 0, J(R-
F2') = J(R-F4') = 23.8 Hz. - d) J(F3_F4) = 22.5, J(F2'_F4') = 4.5, J(F2_F4) = 7.5, J(F2_F2') = 0 Hz. 

HeptafLuoro-2-naphthyLdicyanomethyLsodium R = R' = CN; M = Na 

HeptafLuoro-2-naphthyLpentafLuorophenyLcyanomethyLLithium and -sodium 
R = C6Fs, R' = CN; M = Li, Na 

HeptafLuoro-2-naphthyL-4-tetrafLuoropyridyLcyanomethyLLithium and -sodium 
R = 4-CsF4 N, R' = CN; M = Li, Na 

Gmelin Handbook 
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8 Compounds of Main Group 1 Elements 

Bis(heptafLuoro-2-naphthyl)cyanomethylsodium 
R = ß-heptafluoronaphthyl, R' = CN; M = Na 

HeptafLuoro-2-naphthylbis(pentafLuorophenyl)methylsodium and -lithium 
R = R' = CSF5 ; M = Li, Na 

Heptafluoro-2-naphthyLmethanes react in 1,2-dimethoxyethane or hexamethyLphosphoric 
triamide under dry nitrogen with LiH or NaH at 20 to 25°C (4 h) to form the corresponding 
metalated compounds [28] according to 

lhe 19F NMR spectra are shown in Table 4. 

labte 4 
19F NMR Spectra ofthe Lithium and Sodium Compounds ofthe ß-Heptafluoronaphthylmethanes 
[28]. 

ChemicaL shift ö in ppm, positive sign LowfieLd from the internaL standard CsFs, spin-spin 
coupLing constant J in Hz, HPMA = hexaphosphoric triamide, DME = 1,2-dimethoxyethane, 
10 mol% soLution in HPMA or DME. 

M R R' SoLvent ö(F1} ö(F3} ö(F4} Ö(F5} ö(Fs} ö(F7} ö(F8} 

Na CN CN HMPA -34.8 -26.9 9.0 -12.4 3.2 -2.5 -12.4 
Na CSF5 CN DME -36.0 -27.0 9.3 -12.8 3.1 -2.3 -12.8 
Li a) CSF5 CN DME -36.9 -27.1 9.8 -13.6 2.0 -2.9 -13.6 
Na CSF5 CN HMPA -34.9 -28.0 9.0 -12.9 4.6 -2.1 -12.9 
Li b) CSF5 CN HMPA -35.1 -28.3 9.1 -13.2 4.6 -2.3 -13.2 
Na 4-CSF4N CN DME -41.8 -28.4 -10.1 -14.3 -2.3 -3.5 -15.3 
Li c) 4-CsF4N CN DME -43.0 -29.2 -10.6 -14.9 -2.8 -4.0 -15.8 
Na d) C10F7 CN DME -39.1 -28.3 9.7 -14.1 1.1 -2.9 -14.1 
Na C1QF7 CN HMPA -39.2 -29.6 9.6 -14.1 1.6 -3.0 -14.1 
Na CSF5 CSF5 HMPA -34.2 -27.5 8.3 -12.3 5.7 -1.2 -13.0 
Li CSF5 CSF5 HMPA -34.6 -27.9 8.3 -12.9 5.5 -1.6 -12.9 

a) J(F1_F8} = 68, J(F4-F5) = 60 Hz. - b) J(F1_F8) = 65, J(F4_F5) = 56 Hz. - c) J(F1-F8) = 67, 
J(F4_F5) = 56 Hz. - d) J(F1_F8) = 65, J(F4-F5} = 54 Hz. 
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Lithium and Sodium Compounds 

1-LithiumtridecafluorobicycLo[2.2.2]octane F 2~ F
2 

F2~F2 
F 

1-lodo-2-LithiumdodecafluorobicycLo[2.2.2]octane 

1-Lithium-undecafluoro-bicycLo[2.2.2]octa-2-ene F 20/Li, I F 

F2 F F 
F 

F 

9 

A stirred ether soLution of 1-hydrododecafluorobicycLo[2.2.2]octane reacted with CH3Li at 
18°C to give 1-LithiumtridecafLuorobicycLo[2.2.2]octane. Refluxing for 70 h Leads to a sLow Loss 
of LiF to give the transient dodecafLuorobicycLo[2.2.2]octa-2-ene. Back addition of Lil affords 
1-iodo-2-LithiumdodecafluorobicycLo[2.2.2]octane. 1-LithiumtridecafluorobicycLo[2.2.2]octane 
is, at reflux temperature, in equiLibrium with 1-LithiumundecafluorobicycLo[2.2.2]octa-2-ene 
and 1-iodotridecafluorobicycLo[2.2.2]octane [29]. 

1.2.2 Chemical Reactions 

1.2.2.1 Hydrolysis, Carboxylation and Reactions with S02 

PerfluorohaLogenoorgano compounds of the Main Group 1 eLements are sensitive to H20, 
acids and bases. They hydroLyse to the corresponding hydrogenated perfLuorochLorohydrocar
bons and M + according to: 

R,M + H+ --+ HR, + M+ (M = Li, Na) 

Another typicaL reaction is CO2 insertion forming R,C(O)OM; e.g., heptafluoro-2-naphthyL
Lithium reacts with CO2 at - 75°C (0.5 h) to yieLd the corresponding Lithium saLt which on 
treatment with 4 M HCL gives heptafluoro-2-naphthoic acid (meLting point 188 to 189°C) [22]. 
In a simiLar way 5-Lithium-2,3,4-tris(trifluoromethyL)furan gave 2,3,4-tris(trifluoromethyL)-5-
furancarboxyLic acid in 72.8% yieLd (meLting point 81°C) [14]. 

For the preparation of octafLuoro-9-fLuorenone and 2,2'-octafluorodiphenic acid using this 
method, see [24]. 

PerfLuorohaLogenoorganoLithium compounds are very reactive intermediates and are used 
in situ for further reactions. They are often used for the preparation of the titte compounds, 
e.g. [30]: 

F2C=CFLi + S02 --+ F2C=CFS02Li ~ F2C=CFS02H 

Therefore, these types of reactions are not recorded here. 
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10 Compounds of Main Group 1 ELements 

1.2.2.2 ThermaL StabiLity. Reactions with Br2 and 12 

The enthaLpy of the decomposition of LiCF3 according to 

LiCF3 -+ LiF + CF2 

has been caLcuLated by thermodynamic data to be 2 kcaL/moL. MINDO/3 and MINDO/2 
caLcuLations resuLted in 2 and 0 kcaL/moL, respectiveLy [31]. 

(CF3bCCF2Li decomposes in ether on standing overnight at -78°C. Under the same 
conditions it is much more stabLe in aLkane soLutions, which are the soLvents of choice for the 
investigation of the reaction of the carbene species generated by rJ. elimination of LiF [10]. 

Significant decomposition of Li(CF2)sLi occurs at - 78°C [13]. 

At - 78°C (CF3)2CFOCF2CF2Li formed from n-C4HgLi is at Least stabLe for 20 h. When the 
temperature is raised to -30°C (2 h) decomposition with the formation of (CF3hCFOCF=CF2 
is observed. When CsFsLi was used as starting materiaL (CF3hCFOCF2CF2Li was found to be 
unstabLe even at -78°C providing (CF3hCFOCF=CF2 [12]. 

HeptafLuoro-2-naphthyLLithium eLiminates LiF on warming from - 78 to 20°C to give hexa
fLuoro-1,2-naphthaLene, for condensation with excess furan or heptafLuoro-2-naphthyLLithium 
see the originaL paper [23]. 

1-lodo-2-LithiumdodecafLuorobicycLo[2.2.2]octane decomposes to give 1-iodoundecafLuoro
bicycLo[2.2.2]oct-2-ene. RefLuxi ng 1-Lithi u mtridecafLuorobicycLo[2.2.2]octane resuLts in the form
ation of dodecafLuorobicycLo[2.2.2]octa-2-ene [29]. 

Iodation of l-LithiotridecafLuorobicycLo[2.2.2]octane with 12 Leads to the corresponding iodo 
compound [29]. HeptafLuoro-2-naphthyLLithium reacts with Br2 to yieLd 2-bromoheptafLuoro
naphthaLene (meLting point 73 to 74°C) [22]. 

1.2.2.3 Reactions with OrganohaLogenosiLanes, -phosphines, -phosphineoxides, Benzene 
and HaLogenobenzenes 

Reactions of CsFsLi with the reagents CsFsX (X = H, F, CL, Br, I), CSF4X; (X' = H, CL), CSF3CL3, 
CsHs, (CsYsbP, (CsYslaPO, (CsYs)Si(CH3b (Y = H, F) and (CH3)4-nSiCLn (n = 1,2) in ether or 
in ether/n-hexane soLution were investigated by GC/MS techniques. For detaiLs and resuLts 
see originaL paper [15]. 

An ether soLution of CsFsLi condenses with (CH3)2(CHCL2)SiCL at -70°C then warming to 
20°C forming CsFsSi(CH3hCHCL2 (45% yieLd, boiLing point 122°C/50 Torr). IR bands and 1H 
NMR chemicaL shifts are presented. Five more compounds containing a CsFsSi(CH3)2 group 
were prepared and used as protecting groups for steroid aLcohoLs forming voLatiLe ethers, 
detectabLe at picogram LeveLs in gas chromatography [32].1 ,3,5-TrifLuorobenzene is metalated 
by CsFsLi in tetrahydrofuran at - 70°C and gives 2-Lithium-1 ,3,5-trifLuorobenzene, which reacts 
with (CH3bSiCL to form 2-(CH3bSi-1,3,5-CsF3H2 (16.1% yieLd) and (CH3bSiCsFs (52%) [20]. 

CsFsLi with (CsHslaB in a N2 atmosphere at -78°C (3 h) and then at 20°C (12 h) forms the 
compLex Li[B(CsHsbCsFs]' In a simiLar reaction Li[B(4-CH3-CsH4bCsFs] is prepared [33]. 

Li(CF2)sLi reacts with (CH3bSiCL at -95°C yieLding 72% (CH3bSi(CF2)SSi(CH3b [13]. 

LithiumtridecafLuorobicycLo[2.2.2]octane forms with (CH3hSiCL in ether at 18°C (16 h) 
1-(trimethyLsiLyL)tridecafLuorobicycLo[2.2.2]octane (meLting point 97°C) [29]. 
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Lithium and Sodium Compounds 11 

1.2.2.4 Reactions with ALcohoL, Ketones and ALdehydes 

The decomposition of CLCF2Li in hexamethyLphosphoric tri amide in the presence of 
CF3CH20H at reflux temperature (12 h) gives 100% CHF2CL. The Lithium compound reacts with 
ketones under simiLar conditions according to: 

R, R', boiLing point °C/Torr, yieLd (%): CsHs, CF3, 68 to 70/8; 63%; n-C4H9, CF3, 52 to 53/18,39%; 
CsHs, CF2CL, -,18%; additionaL product 50% CsHsCCL=CF2 [2, 3]. The reaction mechanisms and 
further reactions are described in [2]. 

When CsHsCHO is added to F2C=CFLi dissoLved in a mixture of tetrahydrofuran, ether and 
pentane (4: 1: 1) at -60°C (0.5 h), CsHsCH(OH)CF=CF2 (96% yieLd) is formed after treatment 
with 2 N HCL; 1H NMR data are presented [5]. In a mixture of tetrahydrofuran, ether and 
pentane (5: 3: 3), F2C=CFLi reacts with ketones and aLdehydes dissoLved in ether at -13°C 
(for acetophenone at -30°C) according to: 

F2C=CFLi + RCR' -> RC(OLi)R' 3 N H2S04 

11 I ° CF=CF2 

) RC(OH)R' 

I 
CF=CF2 

R, R', boiLing point in °C/Torr, n~o, yieLd: CsHs, CH3, 40/0.1,1.4875,88%; -(CH2k, 36/0.05, 1.4320, 
88%; CsHs, H, 51/0.1,1.4865,83%; CSH11 , H, 37/0.5,1.3985, 88%. IR bands [v(C=C)], 1H and 
19F NMR spectra are presented [4]. 

CycLohexanone adds CLCF=CFLi (at -110°C, then warmed to -80°C, 10 min) to yieLd after 
hydrolysis with 6 N H2S04 85% 1-(2-chLoro-1,2-difLuoroethenyL)-1-cycLohexanoL (boiLing point 
45°C/0.05 Torr). IR bands and 19F NMR data are provided. SimiLarLy F2C=CCLLi reacts with n
C3H7CHO to give 40% n-C3H7CH(OH)CCL=CF2 (boiLing point 60 to 62°C/13 Torr, n~o = 1.4185). 
IR bands and 19F NMR data are given [7]. F2C=CCLLi adds ketones and aLdehydes according 
to: 

R1, R2, boiLing point in °C/Torr, n~o and yieLds are as foLLowing: CsHs, H, 63 to 64/0.05, 
1.5110,82%; CH3, CH3, 37 to 40/13, 1.4160,70%; -(CH2k, 44 to 45/0.05, 1.4630,86%. 
IR[v(C=C)], 1H and 19F NMR vaLues are recorded [6]. With cycLohexanone dissoLved in ether, 
F2C=CCLLi forms on warming from - 70 to 17°C (1.7 h) 62% 1-(1-chLoro-2,2-difLuorovinyL)cycLo
hexanoL (boiLing point 68 to 72°C/8 Torr) [8]. 

In ether 4-CF3-CsF4Li reacts with (CSFS)2CO to yieLd after hydrolysis with concentrated HCL 
4-trifLuoromethyL-2,3,5,6-tetrafLuorophenyLbis(pentafLuorophenyL)carbinoL which sublimes at 
170°C/5 Torr. IR and 19F NMR spectra are given [17]. Addition of (CF3bCFOCF2CF2Li to (CF3bCO 
at -78°C (3 h) in hexane gives 94% (CF3)2CFOCF2CF2C(CF3bOLi (boiLing point 155 to 
157/0.3 Torr) [11]. 
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12 Compounds of Main Group 1 ELements 

1.2.2.5 Reactions with Olefins, Cyclopentadiene and C6H51Cl2 

Adding CF3CF=CF2 in the form of agas to an ether solution of C6F5Li in a stream of dry 
argon between -80 and 50°C, keeping the mixture at -70°C (3 h) and, afterwards acidifying 
with 10% HCL at 10°C, gives 8% cis-1-perfluoro(phenyLpropyLene), 40% trans-1-perfluoro
(phenylpropylene), 10% trans-perfLuoro[Il-(4-biphenyL)propyLene] and 5% pentafluorobrom
benzene [34]. With excess n-C4HgLi dissoLved in ether F2C=CCL2 forms at -40°C (0.5 h) 1-
hexyne via F2C=CCLLi [8]. An etheraL soLution of C6F5Li reacts at -78°C (1 h) with C6H51CL2 to 
give 23% C6F5(C6H5)ICL (decomposition point 174°C) [35]. 

C6F5Li reacts with cycLopentadiene in hexane on refluxing (2 h) to yieLd 5,6,7,8-tetrafluoro-
1 ,4-dihydro-1 ,4-methanonaphthaLene (boiLing point 93 to 94 °C/18 Torr, meLting point 44 to 
44.5°C) [36]. 

1.2.2.6 Reactions with Transition Metal Compounds 

When 1 ,3-Li2C6F 4 is treated with C2H5HgCL in ether at - 70°C (2 h) and then at -40°C (3 h), 
Low yieLds of 1,3-(C2H5H9kC6F4 are obtained (meLting point 75 to 76°C). Treatment of 1,3-Li2-
C6F 4 with C2H5HgCL gave impure 1-C2H5Hg-3-Br-C6F 4 in Low yieLds. In tetrahydrofuran 1,4-Li2-
C6F4 reacted with (CF3hCFHgCL at -70°C (0.3h), then at -40°C (3.5h) to give 9% 1,4-
[(CF3hCFH9b-C6F4 (meLting point about 142°C). Condensation of 3,3'-LirCsF4-CsF4 with 
C2H5HgCL in tetrahydrofuran/hexane at - 70°C (2.75 h) gave 39% 3,3'-(C2H5H9h-CsF 4-CsF 4 [19]. 
The preparation of perfluorobiphenyLmercury can be achieved either by the reaction of 2,2'
Li2-CsF4-CsF4 and HgCL2 in ether or heating 2,2'-Li2-C6F4-C6F4 with Hg at 300°C (meLting point 
>370°C) [37]. 

In ether (n-C5H5)Co(CO)12 and 2,2'-Li2-C6F4' C6F4 are mixed at -78°C. The soLution is 
warmed to 20°C (24 h) giving 49% 5-(n-cycLopentadienyL)-5-carbonyL-1 ,2,3,4,6,7,8,8-octafluoro
dibenzocobaLtoLe. The Rh and Ir compLex are made simiLarLy [38]. 

F 

F 

F 

F M= CO,Rh, Ir 

Norbornadieneplatinum dichLoride and 2,2' -Li2-C6F 4-C6F 4 form 3.6% 5,5-norbornadiene-
1,2,3,4,6,7,8,9-octafluorodibenzopLatinoLe. SimiLar 5,5-di (n-cycLopentadienyl)-1 ,2,3,4,6,7,8,9-
octafluorodibenzozirconoLe in 4% yieLd is obtained [38]. 

References p. 14 Gmelin Handbook 
CF Comp. Suppt. 1 



Lithium and Sodium Compounds 13 

Reactlons ot CSF5Li 

An ether solution of CSF5Li reacts with ZrCl4 at -78°C to yield Zr(CSF5k C2H50C2H5 
(73%) [39]. In an inert atmosphere CSF5Li and [1t-CP2TiClh (Cp = cyclopentadienyl) react at 
-78°C (4 h) to yield 75% lt-CP2Ti(CsF5), melting point 111 to 113°C, decomposition [40]. 

A solution of VCl4 in tetrahydrofuran was added under stirring at -80°C to a hexane 
solution of CSF5Li. The mixture was allowed to warm slowly to 20°C. In this procedure 70% 
(CSF5hVCl is formed as tetrahydrofuran adduct (melting point 10 to 15°C) [41]. Treatment of 
VCl3 · (tetrahydrofuranh with CSF5Li, dissolved in tetrahydrofuran, at -78°C followed by raising 
the temperature gradually to 20°C, gives 85% (CSF5hV· (tetrahydrofuran) (melting point 10°C) 
[42]. CSF5Li reacts with (1t-C5H5hUCl to form (1t-C5H5hUCsF5 [43] and with Cul at -78°C to give 
CuCSF5 which reacts with 12 in tetrahydrofuran/hexane to yield 75% CsF51 and 7% CSF5CsF5 
[44]. 

The salt Li[(CO)4FeC(O)CsF5] was prepared in ether at -78°C from CSF5Li and Fe(CO)5 
[45]. 

In an ether solution CSF5 Li reacts with trichlorogermaniumcyclopentadienyldicarbonyliron 
to form (CSF5hGeFe(COhCp. Additional compounds were prepared analogously [46] according 
to: 

x = Cl or Br, n = 1,2, M = Si, M' = Mn(CO)s 
X = Cl, Br, n = 1 t03, M = Ge, M' = Mn(CO)s 
X = Cl, Br, n = 1 to 3, M = Sn, M' = Fe(CObCp 
X = Cl, Br, n = 3, M = Si or Ge, M' = Fe(CObCp. 

In ether CSF5Li reacts with ClAu(tht) at -40°C to yield 84% CSF5Au(tht). The tht ligand (tht 
= tetrahydrothiophene) can be replaced by adding more CaF5Li (4: 1 excess). After hydrolysis 
of the intermediate, treatment with [(n-C4Hg)4N]Br gives 60% of [(n-C4Hg)4Nj[Au(CsF5)2] which 
is also obtained as a by-product in 44% yield from CSF5Li, K[AuCl4] and [(n-C4Hg)4N]Br. The 
desired product, [(n-C4Hg)4Nj[Au(CSF5)4], is formed in 12% yield. A higher yield (47%) of [(n
C4Hg)4Nj[Au(CsF5)4] is obtained from Cl3Au(tht) and CSF5Li in ether at -78°C. In this reaction 
30% [(n-C4Hg)4Nj[Au(CsF5h] are produced [47,48]. 

The complexes trans-lr(CO)(CsF5)L2 were prepared in 65% yield [49] via 

-78°C 
trans-lr(CO)ClL2 + CSF5Li· ) trans-lr(CO)(CaF5)L2 

CSF5-substituted complexes of Pd and Pt were made [50] according to: 

M = Pd, L2 = 2C5H5N, H2NCH2CH2NH2, 1,10-phenanthroline, 1,2-bis(diphenylphosphino)
ethane, N,N,N',N'-tetramethylenediamine 

M = Pt, L2 = 2 C5H5N(cis), 2 C5H5N (trans), 2,2'-bipyridine, 1,10-phenanthroline 
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14 Compounds of Main Group 1 ELements 

The CsFs substitution of cis and trans isomers of CL2PtL2 was carried out with CsFsLi in 
ether at -78°C. The soLution was stirred (12 h) whiLe aLLowing it to warm to room temperature. 
Reaction takes pLace according to 

CL2PtL2 + 2 LiCsFs ~ (CSFS)2PtL2 + 2 LiCL 

L = (CsHsbAsCH2CH2As(CsHsb, P(C4Hgh As(CsHsh 

If L = P(C4Hgh no isomerization was observed, where as both the cis- and the trans
CL2Pt[As(CsHshh Led onLy to cis-(CsFsbPt[As(CsHshh [51). 

When trans-PdCL2L2 [L = As(CsHsh H2NCH2CsHs) was added to a stirred soLution of CsFsLi 
dissoLved in ether at -78°C during 15 min and the mixture was aLLowed to warm to 20°C 
after 3 h, 70% of cis-, trans-Pd(CsFsMAs(CsHshh and 75% trans-Pd(CsFsb(NH2CH2CsHsb are 
produced [52). 

To a soLution of CsFsLi in ether, K2[PdCL4) was added at -78°C and the soLution was stirred 
at 20°C (21 h) to give 26% [(C4Hg)4Nh[Pd(CsFs)4) after addition of [(C4Hg)4N)Br. The reactions 
of [MCL2(tht)2) (tht = tetrahydrothiophene) with CsFsLi is dependent on the ratio CsFsLi: dichLoro 
compLex and the reaction time. Reaction takes pLace according to 

[MCL2(tht)2) + CsFsLi ~ [M(CsFsb(thtb) CsFsLi , [M(CsFsh(thtW CsFsLi , [M(CsFs)4f-

If the ratio is 2: 2: 1 the neutraL compounds are obtained in about 60% yieLd. For M = Pt both 
the cis- and trans-[Pt(CsFsb(thtb] are formed, whiLe with M = Pd onLy trans-[Pd(CsFsb(thtb) 
is avaiLabLe. The components were mixed at -78°C in ether and stirred at +20°C (4 h). If the 
ratio was increased to 3: 1 and the reaction time extended to 12 h, after addition of [(C4Hg)4N)Br 
the compLex [(C4Hg)4N)[M(CsFsh(tht)] is formed. The yieLds are 24% for M = Pd and 56% for 
M = Pt. With a 6: 1 ratio and 24 h of stirring 70% [(C4Hg)4Nh[Pd(CsFs)4) is formed. In the case 
of Pt it was not possibLe to isoLate [Pt(CSFS)4]2 - even with a Larger excess of LiCsFs. At O°C a very 
exothermic reaction takes pLace between PdCL2 and LiCsFs giving 15% of [(C4Hg)4Nh[Pd2{J.t
Brb(CsFs)4]. In the case of PtCL2 the reaction with LiCsFs is smooth and aLLows the isoLation of 
66% [(C4Hg)4Nh[Pt(CsFs)4). Mixing CsFsLi and [(C4Hg)4Nj[Pd2{J.t-Br)2Br4) in ether at -78°C 
and stirring the soLution at 20°C (20 h) Leads to 64% [(C4Hg)4Nb[Pd(CsFs)4] after addition of 
[(C4Hg)4N]Br [53]. 
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16 Compounds of Main Group 1 Elements 

1.3 Perfluorohalogenoorgano Compounds of Potassium and Caesium 

PerfLuoroisopropyLpotassium (CF3)2CFK 

1-Chloro-1 ,2,2,2-tetrafLuoroethylpotassium CF3CFClK 

KF in tetramethyLenesulfone reacts with CF3CF=CF2 or F2C=CFCl in the presence of smaLL 
amounts of CsF at 100°C overnight to form (CF3bCFK or CF3CFClK, respectively [1]. 80th 
substances react with organothiocyanates [1] according to: 

CF3C(X)FK + RSCN -+ CF3C(X)FSR + KCN 

In the foLLowing are presented X, R, yield in % and boiling point in °C/Torr: 

CF3, CeHsCH2, 37%, 85/20 
CF3, CH3, 51%, 53 to 55 
CF3, CeHs, 56%, 67 to 69/20 

CF3, 4-02N-CeH4 , 57%, 120/3 
Cl, CeHsCH2, 50%, 75 to 80/1 

1H and 19F NMR data for the sulfides are given in [1]. 

PerfLuoro{t-butyL)caesium (CF3bCCs 

In aprotic dipoLar solvents (CF3bC=CF2 reacts with CsF to form (CF3bCCs [2], 
19F NMR (external standard CF3COOH, positive sign downfield): 8 = 27 ppm [3]. With 
1-chloroacetylenes containing a sufficiently strong electron-acceptor substituent R the 
compound reacts [2] according to 

(CF3bCCs + ClC=CR -+ (CF3bCC=CR + CsCl 

R = CF3, 90% yield, boiLing point 47 to 49°C, v(C=C) = 2310 cm -1, 19F NMR (extern aL standard 
CF3COOH): 8(CF3) = 24 ppm, 8[C(CF3b] = 17 ppm. 

R = CeHs, 50% yield, boiling point 66 to 67°C/16 Torr, v(C=C) = 2245 cm-1, 8[C(CF3b] = 

10 ppm. 

In diglyme at -15°C (CF3bCCs and arylsulfenylchlorides dissolved in CH3CN were mixed, 
heated to 20°C (0.3 h) and then stirred at 40°C (2 h) to form (CF3bCSR (a) IR and 19F 
NMR spectrum is given) [9]: 

R CeHsa) 4-Cl-CeH4 3-02N-CeH4 4-02N-CeH4 

yieLd in %. 75 84 78 86 
80iling point in °C/Torr . 175 to 87 to 114 to (63 to 64) 

(melting point in °C) 176/750 88/16 115/10 
n20 

D 1.4210 1.4430 1.4574 

A chlorine replacement by the (CF3bC group is also observed with ClCH20CH2Cl, Cl2CHOCH3 
and N(CH2Clb. The reaction with ClCHPCH2Cl was carried out in diglyme at 35 to 40°C 
(0.5 h) to give 71 % (CF3bCCH20CH2C(CF3b (boiling point 156 to 157°C, IR, 1H and 19F NMR 
data are given). Similarly Cl2CHOCH3 and (CF3bCCs reacted in a sealed tube at 180°C (16 h) 
to give 35% (CF3bCCHCl(OCH3) (boiling point 112 to 113°C, nfio = 1.3620). Reacting 
(CF3bCCs in diglyme with a solution of N(CH2Clb in CCl4 at 60 to 70°C (1 h) forms 
N[CH2C(CF3bh (32%), boiling point 65 to 66°C, 1H and 19F NMR data are given for the two 
compounds) [10]. In the reaction between (CF3bC=CF2 and CHX3 (X = Cl, 8r, I) in the pres
ence of CsF in diglyme, giving 3,3-difLuoro-2-halogeno-4,4,5,5-tetrakis(trifLuoromethyl)cyclo
pent-1-ene, (CF3bCCs is postulated as an intermediate ; for details, see [11]. For further 
reactions see [3]. 
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Compounds of Potassium and Caesium 17 

[Bis(trifluoromethyL)heptafluoropropyL]methyLcaesium (CF3)2(C3F7)CCs 

(CF3hC=C(F)C2Fs adds CsF in digLyme to form (CF3b(C3F7)CCs. The compound reacts with 
C6HsCH2Br in digLyme at 50 to 60°C (2 h), then Left overnight to give 90% C3F7(CF3hCCH2C6Hs 
(boiLing point 66 to 68°C, 1H and 19F NMR data are given) [4]. 

Caesium Compounds 

e EIl 
[(CF3hCCFC(CF3h]Cs, 

l (cF''rC~~;t::::::: 1 c,· and [ 
FUCF3l2] cs<B 

F3C- C e 'c 
/ \ /\ 

F3C F CF3 CF3 

A B 

When a suspension of CsF and (CF3hC=C=C(CF3)2 in absoLute digLyme was stirred at 35°C 
e EIl 

(3 h) a homogeneous soLution of [(CF3)2CCFC(CF3h]Cs was formed, IR: v(C=C) = 1628 cm -1, 
19F NMR (externaL standard CF3COOH): ö(CF3) = 24.7 (doubLet), ö(CF) = 3.7 (muLtipLet) ppm, 
J(CF3-C-F) = 20 Hz. The compound is thermaLLy very stabLe. No decomposition occurs upon 
standing for severaL days at 20°C or on heating to 150°C. Hydrolysis of the saLt in digLyme with 
H20 Leads to (CF3hCHCF=C(CF3h and traces of (CF3hCHC(O)CH(CF3)2 [5, 6]. With C6HsCOCL 
no substitution takes pLace, but C6HsCOF, (CF3hC=C=C(CF3b and CsCL are formed. At eLevated 

e EIl 
temperatures [(CF3hCCFC(CF3)2]CS is aLkyLated by compounds containing a mobiLe haLogen 
atom [5], e.g., 

e EIl 
[(CF3)2CCFC(CF3)2]CS + RX ...... (CF3hCRCF=C(CF3)2 + CsX with 

R = CH3, X = I, 120°C (20 h), 44% yieLd, boiLing point 95 to 100°C/752 Torr 

R = CH2CH=CH2, X Br, 160°C (40 h), 52% yieLd, boiLing point 125°C/749 Torr, 
nöD = 1.3270 

R = CH20CH3, X = CL, 55°C (15 h), 56% yieLd, boiLing point 127 to 130°C/746 Torr, 
nöD = 1.3205 

IR, 19F NMR and mass spectroscopic data are provided in [5]. With HCL the compound gives 
(CF3)2CHCF=C(CF3h [6]. 

In absoLute digLyme freshLy caLcinated CsF reacts with the perfLuorinated 1l,Il-bis
(isobutenyL)isobutyLene to form compound A according to 
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18 Compounds of Main Group 1 Elements 

The 19F NMR spectrum of the anion shows four unresolved signals with a 12:6:2:1 ratio of 
intensities. The chemical shifts (extern al standard CF3COOH) are ö(1-CF3) = 2.1 (m), 
ö(4-,6-CF3) = 19.5 (m), ö(3-,5-CF) = 18.2 (m), ö(1-CF) = -91.0 (m) ppm. On standing at 
20°C for 6 d the salt rearranges forming a cycUc anion (B) according to: 

[ 
F2~:CF3)21 Cs~ 

F C-C~C4 
3 /'\ /\ 
F3C F CF3 CF3 

B 

19F NMR of the cycUc anion (extern al standard CF3COOH): ö(1-CF3) = 2.3 (m), ö(4-CF3) = 26.5 
(m), ö(6-CF3) = 12.5 (m), ö(5-CF) = -10.0 (m); ö(1-CF) = -99.0 (m) ppm. At -50°C the signal 
ö(4-CF3) is spUt into two signals appearing at -28.2 and -24.9 ppm due to retarded rotation 
around the C3_C4 bond and a partial double-bond character. The signal of one of the 4-CF3 

groups is close to the 1-CF signal and is spUt into a doublet with J(4-CF3-1-CF) = 41.5 Hz. The 
1-CF signal is spUt into a quartet also with J = 41.5 Hz [7]. 

Both compounds A and B react with Cl2 at -78°C to yield compound C and D, respectively: 

and 

C 
(boiUng point 157 to 159°C) 

F2r=l(CF3h 

(CF3)2C --- C(CF3h 
I I 
F Cl 

D 
(boiUng point 54 to 55°C/20 Torr) 

When the compound A is heated under vacuum or treated with H20, the original perlluorinated 
triene is regenerated. With HCl, compound A forms compound E. The compound B reacts with 
BF3 ' 0(C2Hsb to yield the cycUc compound F [7] : 

/CF=C( CF3h 
(CF3)2 C- C I ~CF-CH(CF3)2 

Cl 

E F 

IR, Raman, 19F NMR, and mass spectroscopical data are provided [7]. 

PenlafluorophenyLcaeslum C6F sCs 

The ion pair equiUbrium between 9-t-butylfluorene (RH) and C6FsH in cyclohexylamine has 
an almost zero entropy for C6FsCs [8]. 
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2 PerfLuorohaLogenoorgano Compounds of Main Group 2 ELements 

2.1 Preliminary Remarks 

The compounds 01 the Main Group 2 elements are covered to the end 01 1973 in 
"Perfluorhalogenorgano-Verbindungen der Hauptgruppenelemente", Part 4,1975 (cited here 
as Part 4), for further details see the preface of this Supplement Volume. 

2.2 PerfLuorohaLogenoorgano Compounds 01 Magnesium 

2.2.1 Preparation and PhysicaL Properties 

TrifLuoromethyLmagnesium bromide CF3MgBr 

PentafLuoroethyLmagnesium bromide C2F5MgBr 

Perfluoro-n-propylmagnesium bromide n-C3F7MgBr 

Perfluorobutylmagnesium bromide n-C4FsMgBr 

Perfluorohexylmagnesium bromide C6F13MgBr 

Perfluorooctylmagnesium bromide CaF17MgBr 

Perfluorodecylmagnesium bromide C1oF21 MgBr 

Perfluoro(3-oxa-4-methylpentane )-1-magnesium bromide (CF 3hCFOCF 2CF 2Mg B r 

For the thermal decomposition of n-C3F7MgBr and C1oF21 MgBr (Part 4, p. 61) see p. 22, for 
the reaction of a suspension of activated Mg in tetrahydrofuran with CF3Br to give 1 % CF3MgBr 
[1] see also Part 4, p. 61. In ether solution C6H5MgBr reacts with CnF2n +11 (n = 2,6,8) under 
N2 atmosphere at -40°C with stirring to form CnF2n +1MgBr. The temperature of the reaction 
should not exceed -30°C. Replacement of C6H5MgBr by C2H5MgBr shows advantages on 
separating the products [2]. Under similar conditions n-C4Fsl and C2H5MgBr form n-C4FsMgBr 
[3]. At -78°C (1 h, stirring) C6H5MgBr and (CF3hCFOCF2CF21 react to (CF3hCFOCF2CF2MgBr 
[4]. 

Perfluoro-1-octenylmagnesium bromide C6F13CF=CFMgBr 

Perfluoro-1-octynylmagnesium bromide C6F13C=CMgBr 

Perfluoro-1-decynylmagnesium iodide CaF17C=CMgl 

1,S-Bis(bromomagnesium)perfluorohexane BrMg(CF2)6MgBr 

1, 11-Bis(bromomagnesium)perfluoro(3,9-dioxaundecane) BrMg (CF 2hO( CF2)50( CF 2hMg B r 

The reaction between magnesium and C6F13CF=CFBr takes place at 20°C in tetrahydrofuran 
giving C6F13CF=CFMgBr [5]. The following exchange reaction is carried out in ether under 
reflux conditions according to 

R,C=CH + RMgX ..... R,C=CMgX + RH 

with R, = C6F13, R = C2H5, X = Br and with R, = CaF17, R = CH3, X = I [6]. At -95°C in 
tetrahydrofuran (CH3hSiH(CF2)6SiH(CH3h reacts with n-C4HsMgBr to form BrMg(CF2)6MgBr in 
low yield [7]. Better yields (see also Part 4, p.66) are obtained from C2H5MgBr and 

References p. 26 GmeLin Handboak 
CF Camp. Suppt. 1 



Magnesium Compounds 21 

Br(CF2)sBr in tetrahydrofuran at -70DC (0.5 h stirring) [21]. BrMg(CF2hO(CF2)50(CF2hMgBr 
can be prepared by the metaL-haLogen exchange reaction at -78DC in ether [4] according to: 

I(CF2)20(CF2)50(CF2hl + 2 C2H5MgBr -+ BrMg(CF2hO(CF2)50(CF2hMgBr + 2 C2H51 

PentafLuorophenyLmagnesium bromide CsF5MgBr 

4-BromotetrafLuorophenyLmagnesium bromide 4-Br-CsF 4MgBr 

TridecafLuorobicycLo[2.2.2]octan-1-yLmagnesium iodide 

F2~F2 
F2~F2 

F 

A suspension of Mg in tetrahydrofuran reacts with CSF5Br at -30DC to give 80% CsF5MgBr 
[1]. which is aLso formed on mixing ether solutions of Mg and of CSF5Br at -15DC and then 
aLLowing the resuLting stirred mixture, in a dry N2 atmosphere, to warm to ODC during 2 h [9], 
and on refLuxing the mixture for 1 h [32] and by an exchange reaction between C2H5MgBr and 
CSF5Br in ether at ODC (0.5 h). SimiLarLy 4-Br-CsF4MgBr was prepared from C2H5MgBr and 4-
Br-CsF4Br [8]. RefLuxing (2 h) a mixture of Mg and 1-iodotridecafLuorobicycLo[2.2.2]octane in 
dry ether in the presence of a crystaL of iodine, tridecafLuorobicycLo[2.2.2]octan-1-yLmagnesium 
iodide is obtained [10]. 19F NMR studies indicate that CsF5MgBr is the initiaLLy formed species 
in the reaction between CSF5Br and Mg. It is in an equiLibrium with (CSF5hMg [18] according 
to: 

2 CsF5MgBr ~ (CSF5hMg + MgBr2 

19F NMR spectra are presented (see aLso Part 4, pp. 67/8) [18]. 

2.2.2 ChemlcaL Reactions 

2.2.2.1 GeneraL Remarks 

PerfLuorohaLogenoorganomagnesium compounds are sensitive to moisture and shouLd 
therefore be prepared in anhydrous soLvents. Hydrolysis and acidoLysis give the corresponding 
aLkanes according to: 

RfMgX + HX' -+ RfH + MgXX' 

with X = haLogen and with X' = OH or an acidic group, e.g., F, CL, Br, I, HS04 

The hydrolysis of (CF3hCFOCF2CF2MgBr or of BrMg(CF2hO(CF2)50(CF2)2MgBr with 6 N HCL 
at -78DC gives (CF3hCFOCF2CF2H or HCF2CF20(CF2)50CF2CF2H, respectiveLy [4]. SimiLarLy, 
CSF13CF=CFMgBr gives with hydrous acids CSF3CF=CFH. It couLd be shown that 
the trans configuration of the vinyL F atoms of the starting bromooLefin was maintained in 
CSF3CF=CFH [5]. DiLute H2S04 reacts with tridecafLuorobicycLo[2.2.2]octan-1-yLmagnesium 
iodide to 1-H-tridecafLuoro[2.2.2]octane and its 1-iodo anaLogue [10]. Another overall reac
tion is the reaction with CO2 via 

H+ 
RfMgBr + C02~ RfCOOH 
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22 Compounds of Main Group 2 Elements 

At -78°C (CF3bCFO(CF2bMgBr (16 h) or BrMg(CF2hO(CF2)sO(CF2hMgBr (20 h) reacts 
with CO2 to give after treatment with concentrated H2S04 the acids (CF3bCFO(CF2bCOOH or 
HOC(O)(CF2hO(CF2)SO(CF2)2COOH [4]. In the analogous reaction C6F13CF=CFMgBr forms with 
CO2 the acid C6F13CF=CFCOOH [5]. In ether, C6FsMgBr and PCl3 react to form (C6FshPCl [9]. 

2.2.2.2 ThermaL Decomposition 

The decomposition of the compounds R,MgBr (prepared from C6HsMgBr and R,I) in ether 
on warming the mixture from -40 to +20°C leads to the formation of perhalogenated olefins, 
wh ich are characterized by their 19F NMR and mass spectroscopic data. The following 
decompositions have been investigated: 

C2FsMgBr --+ F2C=CFBr + F2C=CFI + F2C=CBr2 
n-C3F7MgBr --+ CF3CF=CFBr + C3F4Br2 
C6F13MgBr --+ CF3(CF2bCF=CFBr + CF3(CF2hCF=CFI + C12F24 
CsF17MgBr --+ CF3(CF2)sCF=CFBr + CF3(CF2)sCF=CFI + C14F32 

For the discussion of the mechanism of the decomposition see the original paper [2]. 

In a similar investigation it is shown that the decomposition of R,CF2CF2MgX in ether, 
pentane or tetrahydrofuran at 20°C (R, = C4F17, C6F13, CSF17, X = Cl, Br, I) yields the trans-1-
haloperfluorinated olefins R,CF=CFX. Coproducts are R,CF=CF2, an isomeric mixture of 
R,CF2CF2CF=CFR" and unidentified compounds. In the presence of RMgX (R = CH3, C2Hs) the 
decomposition leads additionally to the formation of the trans-1-alkylperfluorovinyl 
compounds. For the physical data of the reaction products and for the discussion of the 
possible reaction mechanism see [12]. 

In presence of C6HsMgBr the Grignard CsF17MgBr in ether decomposes forming a mixture 
of unsaturated perfluorinated compounds. The composition of this mixture depends strongly 
on the experimental conditions. The main products are C6F13CF=CFBr, C6F13CF=CFC6Hs, and 
C6F13C=CC6Hs [11]. 

A solution of BrMg(CF2)6MgBr in tetrahydrofuran decomposes to 60% of its original 
concentration at -78°C during 2 h; for further details see [7]. Another investigation shows 
that this compound (formed at - 70°C, see p. 20) decomposes after rapid warming to room 
temperature (0.15 min) to give 90% perfluorocyclohexene [21]. 

2.2.2.3 Reactions with HaLogens, CuBr, Cul, CdCL2, (CH3)nSiCL4-n (n = 1, 2), RPCL2, 

Thiocyanates, BenzaLacetophenones, Butene 

The halogenation with Cl2 converts C6F13C=CMgBr not to C6F13C=CCl but to C6F13C=CBr 
(55% yield, boiling point 123 to 126°C/760 Torr). C6F13C=CMgl reacts with Br2 forming 
C6F13C=CCI (boiling point 48 to 53°C/15 Torr, IR and 19F NMR data are provided) [6].' 

In etheral solution, C6FsMgBr reacts with CuBr at reflux temperature (1.5 h) under dry N2 
to give C6FsCu, which is isolated as a (C6FsCub'dioxane complex in 63 to 80% yield [13]. The 
reaction between C6FsMgCl and Cul at O°C mainly gives C6Fsi (72 to 84%) and some C6FsC6Fs 
(8 to 11 %) [16]. 

As a reactive intermediate (C6FsbCd is formed from C6FsMgBr and CdCl2 in refluxing ether 
during 75 min [15]. 
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The reactions of C6FsMgBr with (CH3)nSiCl4-n (n = 1,2) were studied by GC/MS techniques, 
for details see [32]. A solution of BrMg(CF2)6MgBr in tetrahydrofuran reacted with an excess 
(CH3bSiCl at - 70°C (72 h) to give (CH3bSi(CF2)6Si(CH3b [21], see also [1]. 

Below 20°C in ether, C6FsMgBr and C6HsPCl2 form after 13 h a mixture of C6Fs(C6Hs)PX (X 
= Cl, Br) (melting point 45 to 48°C) [9]. When a freshly prepared soLution of C6FsMgBr in ether 
is added dropwise to an ether soLution of RPCl2 [R = CH3, C2Hs, C(CH3b] at 20°C (2 h) and 
the mixture is stirred at 20°C for additional 2 h the following compounds [14] are formed: 

CH3P(C6Fs)2 (75% yieLd, boiling point 60 to 63°C/0.05 Torr), C2HsP(C6Fsh (77% yield, boiling 
point 86 to 89°C/0.05 Torr), (CH3bCP(C6Fs)X, X = CL, Br (mixture of 20% chLoride and 80% 
bromide, boiling point 55 to 70°C/1 Torr). 

In a similar manner (C2HshNP(R)C6Fs compounds are made from (C2HshNP(R)Cl and 
C6FsMgBr [14]: 

(C2Hs)2NP(C6Fs)CH3 (80% yield, boiling point 64°C/0.1 Torr), (C2Hs)2NP(C6Fs)C2Hs (81.5% yield, 
boiling point 75°C/0.1 Torr), (C2HshNP(C6Fs)C(CH3b (79% yieLd, boiling point 47°C/ 
0.05 Torr). 19F and 31p NMR data are provided [14]. 

At -15°C C4F9MgBr reacts with C6HsCH2SCN in ether to 50% C4F9SCH2C6Hs (boiLing point 
130 to 135°C/15 Torr) and with 4-Cl-C6H4-CH2SCN to 45% 4-CL-C6H4CH2SC4F9 (boiLing point 70 
to 75°C/1 Torr). 1H and 19F NMR data are presented [3]. 

On dropping an ether solution of benzalacetophenone to an ether solution of C6FsMgBr at 
20°C (18 h) under N2 C6Hs(C6Fs)CHCHC(0)C6Hs is formed (yieLd 36%, melting point 183 to 

I 
C6HsCHCH2C(0)C6Hs 

184°C). A similar reaction took pLace with C6FsCH=CHC(O)C6Hs and C6FsMgBr giving 42% 
(C6FshCHCHC(0)C6Hs (melting point 158 to 159°C). The reaction of C6HsCH=CHC(0)C6Fs and 

I 
C6FsCHCH2C(0)C6Hs 

C6FsMgBr gives 45% C6Hs(C6Fs)CHCH2C(0)C6Fs (meLting point 63 to 64.5°C). SimiLarly, 
(C6FshCHCH2C(0)C6Fs (meLting point 63.5 to 64.5°C) can be made from C6FsCH=CHC(0)C6Fs 
and C6FsMgBr [15]. 

Trans-1,4-dibromo-2-butene and C6FsMgBr react in anhydrous ether at reflux temperature 
(28 h, stirring) to form 68% C6FsCH2CH=CHCH2C6Fs (melting point 94 to 94.5°C) [17]. 

2.2.2.4 Reactions with ALdehydes, Ketones, CarboxyLic Acids, -Halides and -Anhydrides 

In anhydrous ether C2FsMgBr condenses with RCH=CHCHO at -40°C to form RCH= 
CHCH(OH)C2Fs; R = CH3• 60% yieLd, boiling point 116°C; R = C6Hs, 70% yield, melting point 
52°C. SimiLarly C2FsMgBr reacts with H2C=C(CH3)CHO to yield 60% H2C=C(CH3)CH(OH)C2Fs 
(boiling point 110°C). With R,MgBr and C6HsCH=CHCHO 60% C6HsCH=CHCH(OH)R, are 
obtained: R, = C6F13 (melting point 56°C), R, = CaF17 (melting point 58°C). IR, 1H and 19F 
data are provided [2]. When dry CH3CHO is added dropwise to a soLution of tridecafluorobi
cycLo[2.2.2]octan-1-ylmagnesium iodide dissoLved in ether 1-(1 '-hydroxyethyl)tridecafluoro
bicyclo[2.2.2]octane is formed (meLting point 89°C) [10]. FerrocenecarboxaLdehyde and 
C6FsMgBr react at 20°C in ether to form 98.5% (Cl pentafluorophenyL)ferrocenemethanol 
(meLting point 110°C) [19]. With aldehydes and ketones CF2=CFMgl forms secondary 
[RCH(OH)CF=CF2] and tertiary alcohoLs [RR'C(OH)CF=CF2] which rearrange rapidly to 

GmeLin Handbook 
CF Comp. Suppt. 1 

References p. 26 
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fluoroanhydrides of crotonic and cinnamic acids. The following compounds are made this way 
[20] : 

Compound Boiling point nD D (in g/cm3) 
(in °C/Torr) 

CSH5CH=CFC(O)F 83.5 to 85/10 1.5588 1.255 (19.5°C) 
(19.5°C) 

CH3CH=C(CFH2)C(O)F 98 to 99 1.3931 1.112 (23°C) 
(23°C) 

(CH3)2CHCH2CH=CFC(O)F 121 to 122 1.3932 1.036 (25°C) 
(25°C) 

CH3CH=CFCOOH 74.5/741 1.3688 1.125 (20°C) [20] 
(20°C) 

In anhydrous tetrahydrofuran (CF3hCFOCF2CF2MgBr reacts with (CF3hCO at -78°C (16 h) 
and 20°C (4.5 h) to form 50% (CF3hCFO(CF2hC(CF3hOH (boiling point 123 to 124°C) [4]. 
Cyclohexanone and BrMg(CF2)sMgBr react at - 70°C (5 h, stirring) to give some 1-cyclo
CSH1OOH(CF2)sH and 43% 1,6-(cyclo-CsH100Hh(CF2)s (melting point 151 to 152°C). Similarly 
BrMg(CF2)sMgBr and (CH3)2CO react at -70°C (18 h, stirring) to yield H(CF2)sC(CH3hOH (34% 
yield). The reaction of BrMg(CF2)sMgBr with (CF3hCO gives (CH3)2C(OH)(CF2)SC(CH3hOH 
(28% yield, melting point 88 to 89°C) and (CF3hC(OH)(CF2)sC(CF3hOH, 62% yield [21]. 

When CSF13C=CMgX is treated with [CH3C(O)bO at -30°C for X = Br 25% and for X = I 
50% CH3C(O)CX=C(CsF13)C(O)CH3 is isolated. If X = Br 17% of CH3C(O)C=CCsF13 is also 
obtained. Similarly CF3C(O)CH=C(OC3H7)CsF13 is formed in refluxing ether from CSF13C=CMgX 
and CF3COOC3H7. The yields are for X = 130% and for X = Br 40%. IR, 1H and 19F NMR data 
are provided [6]. In ether, CsF5MgBr and C3F70CF(CF3)C(O)F at O°C (9 d) form 45% CSF5H 
(from hydrolysis of CsF5MgBr) and the products CSF5C(O)CF(CF3)OC3F7 and 4-CsF5-CsF 4C(O)CF
(CF3)OC3F7 in the ratio 121 :3. After additional 7 d at 20°C only 12% CSF5H remained and the 
ratio was 80: 10. The same reaction carried out in tetrahydrofuran gave after 4 h CSF5C(O)CF
(CF3)OC3F7 (boiling point 94°C/36 Torr) and 4-CsFs-CsF 4C(O)CF(CF3)OC3F7 (boiling point 145 to 
146°C/10 Torr) in the ratio 41 :55. In a competitive reaction between C3F70CF(CF3)CF20CF
(CF3)C(O)F and C2F50(CF2CF2)2CF2C(O)F with CsFsMgBr at O°C in ether after 3.5 h, only 25% 
of CsF5MgBr reacted. The reaction mixture, allowed to warm to 20°C and stirred for another 
48 h, gave after hydrolysis 14.2% CSF5H, 71.7% C2F50(CF2CF20)2CF2C(O)CsFs (boiling point 
95 to 96°C), 5.4% C3F70CF(CF3)CF20CF(CF3)C(O)CsF5 and 8.7% (CsFshC(OH)CF2(OCF2CF2)2-
OC2F5. Analogously 4-Br-CsF4MgBr and C3F70CF(CF3)C(O)F reacted in ether at -20°C (12 d) 
to form 36% 4-Br-CsH4H, 47.5% 4-Br-CsF4C(O)CF(CF3)OC3F7 (boiling point 89°C/8.5 Torr), 8% 
4-Br-C6F 4Br and 7% 1 ,4-[C3F70CF(CF3)C(O)b-C6F 4. When the same reaction is carried out in 
tetrahydrofuran at O°C (2 h) the major products are 1 ,4-Br2-C6F 4 and 1,4-[C3F70CF(CF3)C(O)b
C6F4 in a 1: 1 ratio [8]. 

PerfluoroaLkyLmagnesium halides react with lX-haLogenocarbonyL compounds in ether to 
form diastereoisomeric haLohydrins which cyclisize to the corresponding perfLuoroalkyl 
epoxides according to: 

o OH 
11 1 R, H 

R,-C-CHR2+R,MgX -R,-C-CHR2--~ + 
1 1 1 R, 0 R2 
X ~ X 
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The configuration of the epoxides RS and RR could be determined by the value of the 
4J(H-F)spin-spin coupling constant between the proton of the epoxide and the Rf group. 
Since the cyclization of the halohydrines to form the epoxides is stereospecific, the configu
ration of the halohydrines could be determined from the configuration of the epoxides. The 
synthesized compounds are given in TabLe 5, for spectroscopic data see the original 
paper [22]. 

Table 5 
Reactions of Perfluoroalkylmagnesium Halides with ex-Halogenocarbonyl Compounds [22]. 

Carbonyl compounds RfMgX Relative amounts of halohydrine and of epoxide 
RS RR 

C2HsCHCHO C3F7MgBr H 63% H 37% 
I C3F7$OH H$OH 

Cl Cl C2HS Cl C2HS 
H C3F7 

C6HsCHCHO C2FsMgBr H 50% H 50% 
I C2FS$OH H$OH 
Cl Cl CsHs Cl CsHs 

H C2FS 

CH3COCH2Cl C7F1sMgBr C7F1S 
I 

CH3-C-CH2CI 
I 
OH 

C2HsCOCHCH3 C2FsMgBr 0 44% ,hcH3 

56% 
I ;f}CH3 Br 

C2FS C2~S C2 HS C2FS 

C2HsCOCHCH3 C3F7MgBr 0 31% 0 69% 
I ,fTCH3 . "fTCH3 CL ' H 

C3 F7 C2HS C2HS C3F7 

0 C2FsMgBr ~ 17% OH 83% 

6 el 

C2FS ~C2Fs 
Cl 

0 C3F7MgBr 0 30% OH 70% 

QCI 
&'-C3F7 d,C3F7 

Cl 
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2.2.2.5 Reactions with Transition MetaL Compounds 

Titanocenedichloride reacts with C6FsMgBr to form CpTi(C~)(C6Fs)Cl (Cp = cyclo
pentadienyl, C'p = n-2-(CH3bCH-CsH3CH3-' n(C6Hs)2CH-CsH3CH3 [23] and Cp = cyclopenta
dienyl, Cp' = n-t-butylcyclopentadienyl) [24]. In a similar reaction cyclopentadienyl
(1-phenylethylcyclopentadienyl)titanium dichloride and C6FsMgBr gave the corresponding 
diastereomers CpCp'Ti(C6Fs)Cl [25]. The reaction of ZrCl4 with C6FsMgBr (ratio 1 :4) in ether 
at -15°C and then at 20°C gave 94% Zr(C6Fs)4 [26]. Similar Ni(C6Fsb is made from NiBr2 
and C6FsMgBr [27]. A C6Fs/Br exchange takes place between C6FsMgBr and 
BrCo(acac)(en)p(C6Hsh After acid hydrolyses the complex C6FsCo(acac)(en)' H20 is obtained 
[28]. When MCl(CS)[P(C6Hsbb is added to a solution of C6FsMgBr in tetrahydrofuran and the 
mixture is left for 40 h at 20°C a yield of 60 to 62% M(C6Fs)(CS)[P(C6Hsbb with M = Rh, Ir is 
produced [29]. A tetrahydrofuran solution of C6FsMgCl was slowly added to a suspension of 
VCl3·(tetrahydrofuranh in ether at -10°C. The products formed here are C6FsH and VCl2' 
4 CsHsN after treatment of the mixture with pyridine. If the molar ratio of the starting materials 
are changed from 1:1 to 1:2 at -15°C (1 h) and warming up to 20°C 43% (C6Fs)4V, 
2 (tetrahydrofuran) were isolated besides 47% VCl2·4 CsHsN [30]. Treating TiCl4 with four 
moles of C6FsMgBr in ether at -20°C leads to (C6Fs)4Ti. Partial substitution is obtained with 
two moles C6FsMgBr giving (C6Fs)2TiCl2 [31]. For arylation of K2[PdCl4], MCl2, MCl2(thth, and 
[(C4Hg)4Nh[MkBr)2Br4] (M = Pd, Pt; tht = tetrahydrothiophene) with C6FsMgBr, see [33] and 
p.14. 
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Perfluoroalkyliodides react at 20°C with finely divided calcium in basic solvents such as 
tetrahydrofuran, dioxane or ether to form perfluoroalkylcalciumiodides as reactive 
intermediates. When pure calcium metal is used, the reaction starts vigorously at -20°C after 
an induction period of 0.5 h. Large proportions of undesired RfH are produced, the proportion 
increasing with higher temperature. This disadvantage was partially overcome using calcium 
amalgam. The reaction starts immediately, proceeds smoothly, and is complete after 2 h at 
20°C or 10 hat -20°C [1, 2]. In the presence of ketones or aldehydes at -20 to 40°C the 
reaction gives lower yields of RfH and a higher yield of the corresponding alcohol. When the 
aldehyde or ketone is added after RfCal is formed, high yields of RfH and lower yields of the 
alcohols are found. Reaction takes place in tetrahydrofuran [1, 2] according to: 

R1 R2 

~C/ 
R~ ~OH 

The alcohol is obtained after hydrolysis. 

In the following are given Rf, R1, R2, reaction temperature in °C (time in h), yield, boiling 
point/Torr, (melting point) 

C2Fs, C6Hs, H, -40 (20), 69%, 214°C; 
C6F13, CH3, CH3, -40 (20), 37%, 47°C/15 Torr (38 to 40°C); [in addition 

CH3C(OH)(C6F13)CH2C(CH3hOH, boiling point 130°C/0.05 Torr is formed in 30% yield]; 
C6F13, CH3, C2Hs, -30 (18), 30%, 176°C [in addition 10% CH3C(OH)(C2Hs)CH2C(OH)(C2Hs)C6F3 

is obtained]; 
C6F13, C2Hs, C2Hs, -40 (8), 66%, 198°C; 
C6F13, (CH3)2CH, (CH3)2CH, -40 (18), 40%, 86 to 92°C/13 Torr; 
C6F13, C6Hs, H, -40 (20),56%, (52 to 54°C); 
C6F13, CH3, C6Hs, -35 (22), 30%, product not free from C6HsC(O)CH3; 
C6F13, -(CH2ls-, -20 (8), 58%, 222°C; 
C6F13, 2-HO-C6H4, H, -40 (20), 21 %, (75 to 79°C). 

1H, 19F NMR and mass spectroscopic data are given in [2]. 
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3 Perfluorohalogenoorgano Compounds 01 Main Group 3 Elements 

3.1 Preliminary Remarks 

The compounds of the Main Group 3 elements are covered to the end of 1973 in 
"Perfluorhalogenorgano-Verbindungen der Hauptgruppenelemente", Part 4,1975 (cited here 
as Part 4), for further details see the preface of this Supplement Volume. 

3.2 PerfLuorohaLogenoorgano Compounds 01 Boron 

PerfLuorovlnyldihalogenoboranes F2C=CFBX2 (X = F, Cl) 

Tris(trlfluorovlnyl)boranes (F 2C=CFhB 

No new syntheses and chemical reactions have been pubLished (see Part 4, p. 117). 

The IR spectra of gaseous and solid F2C=CFBF2 and of F2C=CFBCl2 have been recorded 
along with the Raman spectra of aLL three physical states. The wave numbers are given in [8]. 
The interpretation of the spectra, on assuming pLanar geometry for both molecules, gives the 
fundamental vibrations of the molecules in the gaseous state, see Table 6. 

Table 6 
Fundamental Vibrational Frequencies Vi (in cm -') for Gaseous F2C=CFBF2 and F2C=CFBCl2 [8]. 

F2C=CFBF2 F2C=CFBCl2 Approximate description 

A' V1 1725 V1 1694 C-C stretching 
v2 1410 v2 1290 C-F stretching 
v3 1390 V3 1392 antisymmetric CF2 stretching 
v4 1323 Vs 981 antisymmetric BX2 stretching 
Vs 1179 V4 1128 symmetric CF2 stretching 
Vs 1040 v5 1023 B-C stretching 
v7 709 V7 864 symmetric BX2 stretching 
v8 679 v8 532 CF2 rocking 
Vg 584 Vg 404 BX2 scissoring 
v10 370 v10 329 CF2 scissoring 
v11 351 V12 163 BX2 rocking 
V12 248 V11 217 CF bending 
v13 138 V13 135 C-C-B bending 

A" V14 682 v14 632 CF2 wagging 
v15 596 V1S 245 BX2 wagging 
V16 335 v15 323 CF bending 
V17 123 V17 90 CF2 twisting 
v18 (69) v18 (30) BX2 torsion 

The IR spectra of gaseous and solid (F2C=CFhB and the Raman spectra of this compound 
in aLL three physical states have been recorded. SpectraL changes that occur on soLidification 
indicate the presence of two conformers in the fluid phases. A detailed vibrational assignment 
is proposed for the more stable form on the basis of C3 molecular symmetry. The spectrum 
inclusive of assignment is given in the original paper [9]. 
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PotassiumtrifluoromethyLtrifluoroborate K[CF3BF3], CF3BFa Anion 

Bis(trifluoromethyL)difluoroboric acid H [( CF 3)2B F 2] 

Bis(trifluoromethyL)difluoroborates M[(CF3bBF2] (M = K, Cs), (CF3hBFi Anion 

29 

The reaction between (CH3hSnCF3 and BF3 (molar ratio 3: 1) at 60°C (12 h) in CCl4 yields 
as the main product [(CF3bBF2]- and [CF3BF3]-. By addition of KF, the corresponding salts 
were isolated. K[(CF3bBF2] is formed in 60% yield. The free acid H[(CF3)2BF2] is obtained by 
passing K[(CF3bBF2] through the acidic ion exchange coLumn (Riedel Permutit SC 102) and 
evaporation of the aqueous solution to dryness. By titration of H[(CF3bBF2] with an aqueous 
solution of CsOH the slightLy soLuble Cs[(CF3)2BF2] is precipitated [1]. 

PhysicaL Properties 

K[CF3BF3] crystaLLizes in the monoclinic system with space group P21/c-C~h (No. 14). The 
unit ceLL with dimensions a = 4.8453, b = 16.331, c = 6.348±0.002A, ß = 101° (±3°) 
contains four moLecules. The X-ray density is 2.378, the pycnometric density (in CH2CL2) is 
2.5 ± 0.1 g/cm3. The structure was refined to a R factor of 0.0058. The compound forms ionic 
crystaLs which impose no crystaLLographic symmetry on the ions. The CF3BF3 anion deviates 
somewhat from C3v symmetry, the CF3 and BF3 groups being rotated about 8° from the 
staggered conformation. The average C-F, B-F and B-C bond distances are 1.343(8) A 
(1.360 A), 1.391 (5) A (1.409 A) and 1.625(6) A (1.640 A), respectively. The values in parentheses 
are distances corrected for libration. The mean values of the angLes are Il(F-C-F) = 104.9(2) 0, 

Il(B-C-F) = 113.7(3)°, Il(F-B-F) = 109.9(5)° and Il(C-B-F) = 109.1(4)°. 

The IR spectra of KF and poLyethyLene pellets of K[CF3BF3] as weLL as Raman spectra of its 
aqueous soLution, of crystaL powder and of singLe crystaLs in the region of 50 to 2000 cm- 1 

were recorded and assigned for a staggered C3v model of the CF3BF3 anion, see TabLe 7 [7]. 
A normaL-coordinate anaLysis yieLded a harmonic force field. The foLLowing stretching force 
constants were obtained: fCF = 4.85, fBF = 4.19 and fBC = 3.63 mdyn/A. Bonding in CF3B
compounds is discussed on the basis of X-ray and spectroscopic data [7]. 

19F NMR (in aqueous solution, internaL standard CF3COONH4, chemicaL shifts I) refer to the 
standard CFCL3, negative vaLues of I) means highfield) [1]: 

[CF3BF3]-: I)(CF3) = - 77.3 ppm, I)(BF3) = -156.0 ppm, J(B-F) = 40.7 Hz, J(F-C-B) = 33.6 Hz. 

TabLe 7 
VibrationaL Spectra of K[CF3BF3] (in cm -1) [7]. 

IR 

80w 
120 s 
189 m 

308 } 
315 w 

331 w 

Gmelin Handbook 
CF Comp. Suppt. 1 

crystaL 

190 vw 

314 m 

331\ 334 m 
342 

Raman 
solution 

185 vw 

312 s, p 

329 m, dp 
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TabLe 7 (continued) 

IR Raman Assignment and approximate 
crystaL solution description 

465 } 
475 m 

465 } 
475 vw 466vw vg(e) ö(BF3) 

560vw 555 } 
559 s 556 m, dp vB(e) ö(CF3) 

625vw 625vw 2vs(A1) 
637.4 11B } 639 11B} 639 11B } 

v4(a1) 640.5 10B s 643 10B m 643 10B w, p ö(CF3) 

732.0 w 732 vs 731 vs, p v3(a1) v(BF) 
963 11B } 962 11B} 961 11B } 

v7(e) 986 10B vs 984 10B vw 985 10B vw v(BF) 

1054) "8 } 1063 11 B 

}w 1080 
1070 } 10B W 

v6(e) v(CF) 

1096 
1076 10B 

1066 11 B} 
1094 10B vs 

1023 11B } 
1054 10B vw v2(a1) v(CF) 

1191 } 
1203 w v3 + vg(E) 

1342 11 B} 
1358 10B w 

1343 11B} 
1359 10B m 

1339 11 B} 
1356 10B m, P v1(a1) v(BC) 

1518 11B } 
1541 10B vw V7 + vB(A1 + A2 + E) 

Cs[(CF3bBF2] crystaLlizes in the monocLinic system with space group P21/m-C~h (No. 11). 
The unit cell with dimensions 5.958(1), b = 7.628(1), c = 8.2997(9) A, ß = 100.50(1)° contains 
two molecuLes. The density is 2.863 g/cm3. The structure was refined to a R factor of 0.028. 
The average C-F, B-F and B-C bond distances are 1.353, 1.391 and 1.618 A, respectively. The 
mean vaLues of the angLes are IX(F-C-F) = 104.5°, IX(B-C-F) = 114.0°, IX(F-B-F) = 108.1 ° and 
IX(C-B-F) = 108.7°. Apparently because of Cs···F(B,C) interactions, one B-C bond has a 
staggered and the other an ecLipsed conformation in the solid state. The IR (KF and 
poLyethyLene pellets) and Raman spectra (aqueous solution) were recorded and assigned 
assuming C2v symmetry for the (CF3bBFi anion in solution, see TabLe 8 [6]. The analysis of 

Table 8 
VibrationaL Spectra of the (CF3bBFi Anion (in cm- 1) [6]. 
Assignment of the vibrations according to [14]. 

Raman 
(natural B) 

Assignment and approximate description 

~70(s) 

122(sh) 
180(m) 
234(m) 

LaUice vibration 
vB (a1) 

v26 (b2) 
V13' v21 (a2, b1) 

References p. 33 

ö(BC2) 
ö(CBX) 
ö(CBX) 
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Table 8 (continued) 

Raman IR Assignment and approximate description 
(naturaL B) 11B/1oB 

286(sp) 286(w) V6 (a1) ö(BC2) 
305(sh) V12 (a2) Q(CF3) 
311 (m) 310(vw) V19 (b1) Q(CF3) 
334(mp) 334(m) Vs (a1) Q(CF3) 
430(vw) 429(vw) V24 (b2) Q(CF3) 
515(mp) 514(m) V4 (a1) öas(CF3) 
553(sh) V18 (b1) öas(CF3) 

~560(vw) 

564(m) V23 (b2) öas(CF3) 
595(mp) 595(m) v9 (a1) ö(BF2) 
689(w) 689/691(s) V16 (b1) ös (CF3) 
725(vsp) 725(w) V2 (a1) ös (CF3) 

880/907(vs) V20, V2S (a1, b2) v(BC2), v(BF2) 
1010(vw) 1011/1038(vs) v7 (a1) v(BF2) 

~1 055(w) ~ 1 050(s) v17' v1Q (b1, a2) vas(CF3) 
~ 1 090(vs) v3 (a1) vas(CF3) 

~1095(m) ~ 1100/1120(vs) v22 (b2) vas(CF3) 
1319(mp) 1320/1334(s) V1S (b1) vs (CF3) 

the vibrationaL spectra of K[(CF3hBF2) yieLded very simiLar wave numbers for the fundamentals 
of the anion [1). A quadratic LocaL symmetry force fieLd via anormaL coordinate anaLysis has 
been caLcuLated. The most important force constants are f(B-C) = 3.68 x 102, f(B-F) 
= 417 x 102 and 4.85 x 102 N/m [6). 19F NMR of [(CF3)2BF2)- (in aqueous soLution, internaL 
standard CF3COONH4, chemicaL shifts ö refer to the standard CFCL3, negative vaLues 
of ö means highfieLd): ö(CF3) = -76.0 ppm, ö(BF2) = -181.3 ppm, J(B-F) = 58.3 Hz, 
J(F-C-B) = 29.6 Hz [1). 

Tris(pentafLuorophenyL)borane (C6F sbB 

PentafLuorophenyLdichLoroborane C6F sBCL2 

Lithiumtetrakis(pentafLuorophenyL)borate Li[B(C6Fs)4) 

No new syntheses are pubLished for these compounds (see Part 4, p. 118). 

During refLuxing (C6FsbB with (C6FsNHBNC6Fsb in toLuene for 19 h no reaction is observed 
[10). 

Reactions 01 C6FsBCL2 

The reaction between C6FsBCL2 and [(CH3bSibNH in n-hexane yieLds 67% 
[(CH3bSibNB(C6Fs)CL, boiLing point69°C/0.001 Torr, 11B NMR ((C2Hs)20· BF3 externaLstandard): 
ö(B) = 41.3 ppm. SimiLarLy (CH3bC[(CH3bSi)NB(C6Fs)CL was obtained from C6FsBCL2 and 
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32 Compounds of Main Group 3 Elements 

(CH3hCNHSi(CH3h in 68% yield, boiling point 64°C/0.001 Torr, 11B NMR: ö = 38.8 ppm. The 
substance 2,4,6-(CH3kCeH2[(CH3hSi]N-B(CeF5)Cl was made from CeF5BCl2 and 2,4,6-(CH3k 
CeH2-NHSi(CH3h in 82% yield, boiling point 110 to 112°C/0.001 Torr, 11B NMR: ö = 37.3 ppm. 
1H, 19F NMR and mass spectra were also provided [3]. 

Specific electric resistance Q of Li[B(CeF5)4] in dioxalane [13]: 

MoLaL concentration 
Q (Q·cm) ....... . 

1.39 
210 

0.91 
195 

0.69 
207 

0.45 
219 

0.23 
3215 

RefLuxing a mixture of CeF5BCl2 and bis[3-(3-thienyl)-2-thienyLammonium]hexachLoro
stannate(IV) in dry benzene for 36 h gave 4-(pentafLuorophenyL)-4,5-borazarobenzo[1 ,2-b; 
4,3-b']dithiophene [45%, meLting point 194.0 to 194.5°C (sublimation)] [11]. On adding a 
soLution of (E)-3-amino-2-[2-(2-thienyL)ethenyL]thiophene in CeHe to a soLution of CeF5BCL2 in 
benzene with stirring and cooling the mixture reacted after refLuxing for 32 h yielding about 
61 % 5-(pentafLuorophenyl)-6-(2-thienyl)-5,4-borazarobenzo[b]thiophene meLting range 161 to 
165°C. Similarly methyl (E)-4-amino-5-[2-(2-thienyl)ethenyl]-2-thiophenecarboxylate and 
CeF5BCl2 gave after 24 h an impure sampLe of methyL-5-(pentafLuorophenyl)-6-(2-thienyL)-5,4-
borazarobenzo[b ]thiophene-2-carboxylate [12]. 

Lithium-tris(pentafLuorophenyL)fLuoroborate Li [B (CeF 5hF] 

Tris(pentafLuorophenyL)boroxine 

2-PentafLuorophenyL-1,3,2-dioxaboroLan-4,5-dione CsF5 - rf °rO 
'0 0 

PoLy-o- and PoLy-m-carboranyLene-perfLuorophenyLene tCB10H1QC-CeF 4 tn 
A soLution of (CeF5hB in anhydrous dimethoxyethane reacts at reflux temperature (4 d) 

under an inert atmosphere to give Li[B(CeF5hF]. The specific eLectric resistance in a 1-moLaL 
solution in dimethoxyethane is 180 Q·cmj13]. 

The dioxaboroLandione is obtained in 95% yieLd on reacting CeF5BCL2 in toLuene with 
waterfree oxaLic acid (moLar ratio 1: 1) at 20°C (66 h stirring). IR: vs(C=O) = 1635, 
vas(C=O) = 1835 cm- 1 [2], 11B NMR [external standard: (C2H5hO' BF3]: ö = 26 ppm, MS: 
m/e = 266, M+ (23); 194, CeF5BO+ (100); 28, CO+ (23) [4]. The compound decomposes 
before reaching sublimation temperature at 130°C. It reacts with pyridine forming an adduct 
which meLts with decomposition at 139°C [2]. It aLso forms 1: 1 adducts with 3,4-dihydroiso
quinoLine-N-oxide, N-methylbenzaldimine-N-oxide, pyridine-N-oxide and N-phenylsydnone. 
For physicaL data, see [4]. 

The decomposition of the dioxaboroLandione (see beLow) at 130°C (1 h) in toLuene yieLds 
97% tris(pentafLuorophenyL)boroxine (meLting point 282°C). The compound can aLso be 
made from CeF5BCL2 and H20 in acetone at -78°C in 55% yieLd [2]. Reacting a mixture of 
CeF5B=NC(CH3h with (CeH5)2CO in CHCL3 at -30°C (24 h) yields (CeF5BOh [3]. 
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PoLy-o- and -m-carboranyLeneperfLuorophenyLenes were prepared by reaction of 0- or m
diLithiocarborane with CsFs in refLuxing xyLene according to: 

LiCB10H10CLi + CsFs ..... fCB10H10C-CsF4+n + 2 LiF 

In both cases ether soLubLe and insoLubLe materiaLs are obtained. The totaL yieLd for 
mfvCB1QH10C-CsF4+n is 93%. The insoLubLe part does not meLt before 300°C, the soLubLe 
between 180 to 240°C. The yieLd for the 0 isomer is 75% with the insoLubLe part not meLting 
before 340°C and the soLubLe meLting between 168 to 242°C. v(B-H) = 2610; v(C=C) = 1600 to 
1400; v(C-F) = 1400 to 1000; 723 cm-1 (BH skeLetaL vibration) [5]. 

References: 

[1] G. PaweLke, F. Heyder, H. Bürger (J. OrganometaL. Chem. 178 [1979] 1/4). - [2] P. I. 
PaetzoLd, W. Scheibitz, E. Scholl (Z. Naturforsch. 26b [1971] 646/9). - [3] P. PaetzoLd, A. 
Richter, T. Thijssen, S. Würtenberg (Chem. Ber. 112 [1979] 3811/27). - [4] P. PaetzoLd, P. 
Bohm, A. Richter, E. Scholl (Z. Naturforsch. 31 b [1976]754/64). - [5] C. ArnoLd (J. PoLym. Sci. 
PoLym. Chem. Ed. 13 [1975] 517/20). 

[6] D. J. Brauer, H. Bürger, G. PaweLke (J. Organometal. Chem. 192 [1980] 305/17). - [7] 
D. J. Brauer, H. Bürger, G. PaweLke (Inorg. Chem. 16 [1977] 2305/13). - [8] J. R. Durig, E. J. 
Stampf, J. D. Odom, V. F. KaLasinsky (Inorg. Chem. 16 [1977] 2895/900). - [9] J. D. Odom, E. 
J. Stampf, J. R. Durig, V. F. KaLasinsky, S. RiethmiLLer (J. Phys. Chem. 82 [1978] 308/11). -
[10] J. M. MiLLer, G. L. WiLson (J. FLuorine Chem. 4 [1974]207/12). 

[11] S. Gronowitz, I. Ander (Chem. Scr. 15 [1980] 23/6). - [12] S. Gronowitz, I. Ander 
(Chem. Scr. 15 [1980] 135/44). - [13] L. P. KLemann, G. H. Newman, E. L. Stogryn, Exxon 
Research and Engineering Co. (Ger. Offen. 2901367 [1979]; C.A. 92 [1980] No. 61799). - [14] 
H. Bürger, G. PaweLke (Spectrochim. Acta A 35 [1979] 525/40). 

3.3 Perfluorohalogenoorgano Compounds 01 Aluminium 

PentafluorophenyLaLane-elherale CSF5ALH2· [O(C2H5h]n, n = 1, 2 

PenlafluorophenyLaLane-lrimelhyLamine CSF5ALH2· [N(CH3ls]n' n = 1, 2 

Bis(penlafluorophenyL)aLane-elherale (CSF5hALH· [O(C2H5h]n, n = 1, 2 

Bis(penlafluorophenyL)aLane-lrimelhyLamine (CSF5hALH· [N(CH3ls]n' n = 1, 2 

PenlafluorophenyLbromoaLane-elherale CsF 5AL( Br) H . C2H50C2H5 

Bis(penlafLuorophenyL)chLoroaLane-elherale (CSF5)2ALCL· O(C2H5h 

Bis(pentafLuorophenyL)chLoroaLane-trimethyLamine (CSF5hALCL· N(CH3ls 

Tris(pentafLuorophenyL)aLane-etherale (CsF 5lsAL . O( C2H5)2 

Tris(pentafLuorophenyL)aLane-trimelhyLamine (CSF5lsAL· N(CH3ls 

Lithiumtelrakis(pentafLuorophenyL)aLanate-etherate Li[AL(CsF5)4]· O(C2H5h 

Lithiumlelrakis(pentafLuorophenyL)aLanale-lrimelhyLamine Li[AL(CsF5)4]· N(CH3ls 

The preparation of (CSF5)nALH3-n occurs according to: 

ALH3- nCLn + nCSF5Li ..... (CSF5)nALH3-n + nLiCL 
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StoichiometricaL amounts of CSF5Li and ALHa-nCLn were reacted at -30°C in ether to yieLd 
(CSF5)nALHa-n· [O(C2H5h]x with n = 1, 2 and x = 1, 2. When treating the adducts with (CHahN, 
ether is repLaced and (CSF5)nALHa-n ·x[N(CHah] is obtained. As a by-product 
CSF5ALHBr·O(C2H5h is formed from CSF5ALH2 and C4HgBr (obtained from CSF5Br + C4HgLi) in 
ether soLution [1]. Reacting stoichiometricaL amounts of ALCLa in ether with CSF5Li gives 
(CSF5hALCL·O(C2H5h, (CSF5hAL· O(C2H5h and Li[AL(CsF5)4]· O(C2H5h. In aLL compounds ether 
can be repLaced by (CHahN [2]. No physicaL data are presented. 

References: 

[1] R. Us6n, F. Iranzo (Rev. Acad. Cienc. Exact. Fis. Quim. Nat. Zaragoza [2]28 [1973]481/ 
7; C.A. 81 [1974] No. 91620). - [2] R. Us6n, F. Iranzo (Rev. Acad. Cienc. Exact. Fis. Quim. 
Nat. Zaragoza [2]29 [1974]107/11; C.A. 82 [1975] No. 98037). 

3.4 Perfluorohalogenoorgano Compounds 01 Gallium 

Since Part 4 (see p. 127) appeared, no new resuLts on these gaLLium compounds were 
pubLished. 

3.5 Perfluorohalogenoorgano Compounds 01 Indium 

PentafLuorodichLoroindane-1,4-dioxane CSF5InCL2 ·1 ,4-dioxane 

For preparation and physicaL properties see Part 4, p. 128/31. 

Ether soLutions of equimoLar amounts of CSF5InCL2 ·1 ,4-dioxane and the appropriate Ligand 
react at 20°C (5 to 10 min) to give in more than 80% yieLd the compLexes according to the 
foLLowing Ligand exchange reaction 

CSF5InCL2 · 1,4-dioxane + L ..... CSF51nCL2L + 1,4-dioxane 

In the foLLowing are given the reactant L, the meLting point and v(ln-CL) (in cm- 1) of the 
reaction product: N,N,N',N'-tetramethyLethyLenediamine, 128°C, 317 (m, br), 264 (m, br); 1,2-
bis(diphenyLphosphino)ethane, ~210°C, 313 (s, br), 304 (m, sh); 2,2'-bipyridyL, 166 to 167°C, 
303 (m, br), 277 (m, br); 1,10-phenanthroLine, ~145°C, 314 (m, br), 294 (s, br); 2,2':6',2"
terpyridyL, >200°C (decomposition), 311 (m, br), 265 (s, br), for the compLete List of IR bands 
see the originaL paper [1]. 

Reactions of CSF5lnCL2-dioxane with pyridine, (CSH5hP and (CHahSO cause quantitative 
rearrangement into InCLa and In(CsF5h Mixing soLutions of (CSF5hln-1,4-dioxane and quinoLin-
8-oL in ether and keeping the mixture at 20°C (48 h) pentafLuorophenyLbisquinoLin-8-
oLatoindium(lII) (65%) is obtained. The same product can be made aLso from CSF5InCL2-

1,4-dioxane and thaLLous quinoLin-8-oLate in CHCLa at 20°C (2 h) in a quantitative yieLd. The 
decomposition temperature is about 240°C. A soLution of equimoLar amounts of (CSF5hln·1 ,4-
dioxane and quinoLin-8-oL in ether gave impure bis(pentafLuorophenyL)quinoLin-8-oLato
indium(lII) with a decomposition temperature of ~240°C. IR absorptions are presented [1]. 

Reference: 

[1] G. B. Deacon, J. C. Parrot (AustraLian J. Chem. 27 [1974]2547/55). 
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3.6 PerfLuorohaLogenoorgano Compounds of Thallium 

3.6.1 Preparation and PhysicaL Properties 

Bis(pentafLuorophenyL)thaLLium hydroxide (CsFsb TLOH 

Bis(pentafLuorophenyL)thaLLium nitrate (CSFS)2 TLN03 

35 

No new syntheses have been published for these compounds (see Part 4, pp. 131/46). New 
details on chemical reactions are given in Chapter 3.6.2, p. 37. 

PentafLuorophenyLthaLLium(III)bis(trifLuoromethanesuLfonate) CsF S TL( OS02CF 3)2 

Bis(pentafLuorophenyL)thaLLium(III)pentafLuorophenyLbenzoate (CsF S)2 TLOC( 0) CsF S 

CsFsTl(OS02CF3b has been obtained in 67% yield on adding CsFs to a solution of 
[CF3C(O)ObTL and CF3S03H in CF3COOH containing a small amount of water. The reaction 
mixture was heated under reflux (4 h), then cooled, evaporated to half volume and allowed to 
stand at 20°C for 12 h. The white precipitate was dried and recrystallized. 19F NMR (negative 
shifts ö upfield from the internal standard CFCl3): ö(CF3S02) = - 77.8, ö(F2,Fs) = -121.6 (d 
of d), ö(F3,Fs) = -157.2 (d of tr), ö(F4) = -147.6 ppm (d of tr), J(F2,Fs_F4) = 20 Hz, J(F3,Fs_F2) 
= 20 Hz, J(Tl-F2,Fs) = 1385 Hz, J(TL-F3,Fs) = 787 Hz, J(TL-F4) = 179 Hz [1]. 

For preparation of (C6FsbTlOC(O)CsFs see Part 4, p. 131. The compound melts at 270 to 
271°C (decomposition). 19F NMR (internal standard CFCl3, F atoms attached to the benzoate 
ring are designated by primes) : ö(F2,Fs) = -120.6 (d of d), ö(F3,Fs) = -160.2 (d of tr), ö(F4) 

= -151.7 ppm (d of tr), J(TL-F2,F6) = 967 Hz, J(TL-F3,Fs) = 415 Hz, J(TL-F4) = 91 Hz, ö(F2',Fs') 
= -140.7 (d of d), ö(F3',Fs') = -163.1 (m), ö(F4') = -154.4 ppm (tr); mass spectrum: m/e = 
583, M+ -CsFs «1); 539, (C6Fs)2TL + (100); 334, C12F1~ (6) [2]. 

Bis(pentafLuorophenyl)thalLium chLoride (CSFS)2 TLCl 

Bis(pentafLuorophenyl)thallium bromide (CsFsb TLBr 

A solution of CsFsLi in ether was reacted with anhydrous TlCl3 at -78°C (0.5 h, stirring) to 
yield 83% (CSFS)2TlCl (see Part 4, p.131), melting point 220°C [3], 249 to 252°C; 
IR: v(TL-Cl) = 213, ö(TL-Cl) = 133 cm- 1 [10]. 19F NMR [internal standard CFCl3, solvent 
(CD3bCO]: ö(F2,Fs) = -119.4 (d of d), ö(F3,Fs) = -160.6 (d of tr), ö(F4) = -152.6 (d of 
tr) ppm, J(TL-F2,F6) = 812 Hz, J(TL-F3,Fs) = 360 Hz, J(TL-F4) = 84 Hz [10]. 

When a solution of C2HsMgBr in ether was filtered into a stirred ether solution of an 
equimolar amount of C6FsBr and heated under reflux for 1 h, CsFsMgBr is formed. It reacts 
with TlCl3 (molar ratio C6FsMgBr/TLCl3 = 8:3) to yield 74% (CsFshTLBr (see Part 4, p. 131) [2], 
melting point 224 to 228 [2, 10]; IR: v(TL-Br) = 150, ö(TL-Br) = 68 cm -1 [10]; 19F NMR [internal 
standard CFCl3, solvent (CD3bCO]: ö(F2,Fs) = -119.7, ö(F3,Fs) = -160.4, ö(F4) = -152.5 ppm, 
J(Tl-F2,Fs) = 780 Hz, J(TL-F3,Fs) = 339 Hz, J(TL-F4) = 82 Hz. The change of the 19F NMR 
spectrum of the bromide in the solvent sequence pyridine, perdeuteroacetone, methanol, and 
perdeuterodimethylsulfoxide has been discussed [4]. 

Tris(pentafLuorophenyl)thalLium (CsFsb Tl 

A solution of (C6FshTLOC(O)C6Fs in pyridine was heated in a stream of 02-free N2 under 
reflux (1 h) to give (CsFsb TL· pyridine as an intermediate. After heating, the pyridine was 
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removed under vaeuum and the residue was sublimed in vaeuo at 100 to 150°C. Treatment of 
the sublimate with 1 ,4-dioxane and reerystallization from 1 ,4-dioxane gave 60% (C6F5h Tl· 1,4-
dioxane (melting point 269 to 276°C) [2]. The deeomposition of neat (C6F5bTlOC(0)C6F5 under 
N2 in absenee of a solvent at 310°C (1 h) gave 40% (C6F5h Tl·1,4-dioxane after treatment as 
deseribed above, melting range 258 to 263°C [2, 5]. In boiling dry pyridine, (C6F5bTlBr and 
(C6F5S02bBa reaet after 50 min to give (C6F5hTl (66%) (see Part 4, p. 131) as a erude pyridine 
eomplex. After reerystallization from dioxane 38% (C6F5hTl·1,4-dioxane is obtained [6,9]. 
When (C6F5bTlBr was heated with Cu powder in refluxing 1,4-dioxane (2 h) about 50% 
(C6F5hTl·1,4-dioxane is formed, melting range 260 to 265°C (deeomposition) [7, 8]. In boiling 
ether (C6F5)2TlBr and Cu powder reaet during 4 h, followed by after addition of dioxane, to 
75% (C6F5h Tl·1 ,4-dioxane [8]; 19F NMR [internal standard CFCl3, solvent (CD3hCO]: ö(F2,F6) 
= -118.1 [4], -118.2 (d of d)[9], B(F3,F5) = -159.3 [4], -161.0 (d of tr)[9], ö(F4) = -151.5 
[4], -154.1 (d of tr) ppm [9], J(Tl-F2,F6) = 542 Hz [9], 546 ± 8 Hz (in dioxane) [4], J(Tl-F3,F5) = 
223 Hz [9], 217 ± 8 Hz (in dioxane) [4], J(F4-Tl) = 51 Hz [9], 58 ± 1 Hz (in dioxane) [4]; IR: 2990 
(w), 2922 (w), 2894 (sh), 2868 (w), 1638 (m), 1611 (w), 1512 (vs), 1471 (vs, br), 1443 (sh), 1376 
(sh), 1368 (m), 1360 (m), 1296 (w), 1269 (m), 1259 (m), 1137 (sh), 1126 (sh), 1108 (s), 1087 
(vs), 1076 (vs), 1070 (sh), 1055 (sh), 1044 (sh), 1007 (w, br), 960 (vs, br), 895 (m), 861 (vs), 779 
(m), 740 (w, br), 718 (w), 610 (m), 606 (m), 581 (w), 485 (w) em- 1 [8]. Mass speetrum: m/e = 
706, (C6F5hTl+; 539 (C6F5)2Tl+; 334, (C6F5)~; 265, C11Ft [8]. 

Tetrakis(pentafluorophenyl)thalliate(lII) M [Tl( C6F 5)4] 

Bis(pentafluorophenyl)-bis(pentachlorophenyl)thalliate(lII) M [Tl(C6F 5M C6Cl5)2] 

Pentafluorophenyltrichlorothalliate(lII) M [Tl(CeF 5)Cl3] 

Tris(pentafluorophenyl)chlorothalliate(lII) M [Tl( C6F 5hCl] 

Hexakis(pentafluorophenyl)thalliate(llI) M3[Tl(CeF 5)e] 

Chloro-bis[chlorobis(pentafluorophenyl)]dithalliate(lII) M [Cl(C6F 5h TlClTl( C6F5hCl] 

Chloro-bis[tris(pentafluorophenyl)]dithalliate(lII) M [( C6F 5h TlClTl( CsF 5h] 

For M see Table 9 and the following paragraph. 

In the presenee of tetraalkylammoniumbromide, (C6F5bTlBr or TlCl3 reaets with C6F5Li in 
ether to give [R4Nj[Tl(CeF5)4]. The reaetion is earried out at -78°C under dry N2. While stirring 
for 4 h the solution is allowed to warm up to 20°C. The yields are 70 to 90%. On adding 
(CSF5hTlBr to a stirred ether solution of C6Cl5Li at -15°C in dry N2 followed by the addition of 
[(n-C4Hg)4N]Br, [(n-C4Hg)4Nj[Tl(C6F5MC6Cl5h] is produeed. In ether solution [(n-C4Hg)4N]
[Tl(CSF5)4] reaets with TlCl3 at 20°C (40 h, stirring) to form [(n-C4Hg)4Nj[(C6F5hTlClTl(C6F5h] as 
a preeipitate as weil as [(n-C4Hg)4Nj[Tl(C6F5hCl] whieh was isolated from the filtrate [11, 12]. 
At -78°C (CeF5h TlBr, CSF5Li (molar ratio 1 :6) and (n-C4Hg)4NBr in ether reaet on stirring for 
1 h, followed by slow warming to OOC (2 h) to give [(n-C4Hg)4Nh[Tl(CeF5)s] (44% yield). The 
reaetion of an ether solution of [(n-C4Hg)4Nj[Tl(CsF5)4] and (CSF5)2TlCl (stirring at 20°C, 6 h) 
gave [(n-C4Hg)4Nj[(C6F5hTlClTl(CsF5h] (73% yield) [12]. Physieal Properties of the eomplexes 
are given in Table 9. 
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Table 9 
Physical Properties of the ThaLlium(lII) Complexes [11, 12). 
Melting point (m.p., dec. = decomposition), molar conductivity A (in n-1'cm2'mol-\ 
5 '10-4 M solutions, solvent acetone), IR stretching vibrations v(Tl-C) and v(Tl-Cl) (in cm -1). 

Compound 

[(n-C4Hg)4N] [Tl(C6F S)4) 
[(C2HS)4N)[Tl(C6F S)4) 
[(C6Hsls(C6HsCH2)N) [Tl(C6FS)4] 
[(n-C4Hg)4N] [Tl(C6FS)2(C6Clsh] 
[(n-C4Hg)4N] [Tl(C6FslsCl] 
[(C6HSlsC6HSCH2N] [Tl(C6Fs)Cl3] 

[(n-C4Hg)4N) [(C6F sb TlClTl(C6Fsls] 
[( n-C 4H9)4N)3[Tl( C6F S)6) 

3.6.2 ChemicaL Reaclions 

m.p. 
(in 0C) 

127 (dec.) 
132 (dec.) 
128 
142 (dec.) 
83 

127 

152 

107 
63 

A 

99 
117 
100 
85 
97 

127 

v(Tl-C) 

765(s) 
762(vs) 
765(s) 
760(m), 754(m) 
790(m), 770(m) 

114 790(s), 778(m) 

83 775(s), 768(sh) 
288 764(m) 
(in CH3N02) 

v(Tl-Cl) 

250(m) 
295(s), 
280(s) 
255(m), 
201(m) 
205(m) 

In aqueous solution (C6FshTl(OS02CF3h reacts with Nal to yield 67% C6FsI. The reaction 
with NaOC(O)CH3 gives 20% (C6FshTlOC(O)CH3, melting point 234°C (decomposition), 
19F NMR (negative shifts highfield from the internal standard CFCl3, solvent CDCl3): 
o(F2,F6) = -119.9 (d of m), o(F3,Fs) = -159.5 (d of m), o(F4) = -151.8 ppm (d of m), 
J(Tl-F2,F6) = 1385, J(Tl-F3,Fs) = 787, J(Tl-F4) = 179 Hz. For 1H NMR, IR and mass spectra 
see the original paper [1]. 

An equimolar mixture of (C6FshTlOH and ascorbic acid in pyridine forms 
[(C6FshTl)+[ascorbate)-. The ESR spectrum of the complex is provided [25]. Using this 
method, two other radical anions are formed with o-benzoquinone and 3-[(CH3bC)-5-
[(C6HsbC)-1,2-(HOb-C6H2. ESR data are provided [26]. 

Reactions of (C6FsbTl'1 ,4-dioxane with 1 ,3-diphenyltriazene (Hdpt) or 1-phenyl-3-(2'-pyri
dyl)triazene (Hppt) in refluxing benzene under N2 results in forming the corresponding 
tris(triazenido)thallium(lII) derivatives Tl(dptls or Tl(pptls, and C6FsH [27). Formation 
constants for the compounds formed from (C6FsbTlN03 and the neutral ligands 
ethylenediamine, hexamethylphosphortriamide, pyridine, (CH3hSO, (CH3bNC(O)H and 
CH3CN are given [28]. 
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3.6.2.2 Reactions of (CSF5hTLX (X = Cl, Br) 

3.6.2.2.1 Dimerization 

The compounds (CSF5hTlX (X = Cl, Br) are dimerized in benzene. The equilibrium constant 
K (in dm3/mol) for the dimerization reaction 

2 (CSF5hTlX ~ [(CSF5hTlXh 

is K = 1.5 X 104 (concentration c = 0.0116 mOlldm3, expressed in terms of the monomer 
concentration), K = 6.1 X 102 (c = 0.0113). In acetone, the compounds are nonelectrolytes 
and monomeric or very slightly associated [10]. For further information see Part 4, p. 152. 

3.6.2.2.2 Reactions with (CSH5hPO, (CSH5hP and 2,2' -Bipyridyl 

Stoichiometric amounts of (CSF5hTlX and (CSH5hPO (X = Cl, Br) react in a polar solvent 
to give the 1: 1 complexes [(CSF5)2(CsH5hPO]TlCl (melting point 221 to 222°C, decomposition) 
and [(CSF5)2(CsH5bPO]TlBr (melting point 202 to 203°C, decomposition). (CSF5)TlBr and (CSH5bP 
(molar ratio 1 : 1) react in a methanol-water mixture to yield 87% [(CSF5h(CsH5bP]TlBr (melting 
point 135 to 137°C, decomposition). Similarly (CSF5hTlX and 2,2'-bipyridyl form 1 : 1 complexes. 
For X = Cl: 89% yield, melting point 160 to 166°C, single crystals melt at 167 to 168°C; for X 
= Br 92% yield melting range 174 to 176°C. For equilibrium constants and specific conductivity 
see the original paper [10]. 

3.6.2.2.3 Oxidative Addition Reactions 

Reactions of (CSF5hTlX (X = Cl, Br) with metals in low oxidation states give TlX and an 
organometallic compound containing the metal, in two oxidation states higher. The following 
examples illustrate this type of reaction. Refluxing of an acetone solution of (CSF5)2TlCl with 
SnCl2 for 3 h leads to (CSF5hSnCl2 (see p. 68) [3, 13]. Under similar conditions Pt[P(CSH5b]4 
gave cis-(CsF5)2Pt[P(C6H5bh, and ClRh[P(CsH5bh yielded (CSF5)2RhCl[P(CsH5bh. As many 
as 15 pentafluorophenylmetal complexes were prepared in a similar manner [13]. Treating 
(CSH5bPAuX with (CSF5hTlX in benzene leads to (CSH5h(CsH5bPAuX. If X = Br the reaction is 
carried out at 20°C (2 h); for X = I refluxing for 3 h is necessary. Similarly (CSF5h(CsH5hAsAuCl 
was prepared by refluxing (CSF5)2TlBr and (CSH5bAsAuCl in benzene for 4 h [14]. Refluxing a 
soLution of CLAu(dpe)AuCL 1) and (CSF5)2TlBr in benze ne for 3 h Leads to 53% 
CL(CsF5hAu(dpe)Au(CsF5)2Cl [15]. SimilarLy XAuL and (CSF5hTlY reacted in boiling benzene 
under stirring to give XAu(CsF5hL. In the foLLowing X, Y, Land reaction conditions are given: 
Br, Br, As(CsH5b 2 h; I, I, As(CsH5b 20°C (1 h); CL, Br, P(CSH5b [16]. When to a soLution of [(n
C4Hg)4N][(CsF5)AuBr] in benzene (CSF5hTlBr was added and the mixture was stirred for 5 h at 
20°C 90% [(n-C4Hg)4N][(CsF5bAuBr] is obtained [17]. NickeL complexes were made [18] accord
ing to: 

2 XNiL3 + (CSF5)2TlBr -> 2 XNi(CsF5)L2 + TlBr + 2 L, 

X = CL, Br, I; L = P(CSH5b and As(CsH5h 

The same products can aLso be obtained from XNi(COh[P(CsH5bh (X = CL, Br) [18]. 

Mixtures of bi- and mononucLear paLLadium(lI) compounds were synthesized by 

X2PdL2 + (CSF5h TlBr --+ X2Pd2(CsF5)2L2 + XPd(CsF5)L2, 

X = CL, L = P(CSH5b P(CSH5hCH3 , As(CsH5h 

1) dpe = 1,2-bis(diphenylphosphino)ethane 

GmeLin Handbook 
CF Comp. Suppl. 1 



Thallium Cornpounds 39 

No Pd IV cornplex is forrned in this reaction [19]. The conversion of [Co(diars)2]Br2 into [trans
CSF5(Br)Co(diarsh]Br by (CSF5)2T1Br has been rnentioned without further information [diars = 
o-phenylenebis(dirnethylarsine)] [20, 21]. Cobalt(II)Schiff base cornplexes react with 
(CSF5hTlBr according to: 

2 CoL + (CSF5h TlBr ..... 2 (CSF5)CoL + TlBr, 

L = N,N'-ethylenebis(acetylacetonirnine) [22, 24], N,N'-ethylenebis(salicyl
aldimine), N,N'-o-phenylenebis(salicylaldirnine) [22]. 

Trans-Cl2Pt[P(C2H5hh and cis-Cl(CsF5)Pt[P(C2H5hh react with (CSF5)2T1Br to give 
[Cl2Pt[P(C2H5hh TI(CSF5hBr] and [Cl(CsF5)Pt[P(C2H5h]TI(CsF5hBr] [23]. 

3.6.2.2.4 PentafLuorophenyLation Reactlons 

A type of reactions different frorn those in the preceeding chapter is observed on reacting 
XAuP(CsH5h (X = CSH5, N03, CH3COO, SCN) with (CSF5)2T1Br. In all these cases no oxidative 
addition but only ligand exchange X for CSF5 takes place, according to: 

XAuP(CsH5h + (CSF5)2T1Br ..... CSF5AuP(CsH5h + CSF5T1(Br)X 

Refluxing XAuP(CsH5h and (CSF5h TlBr in benzene for 3 h (X = CSH5), respectively, 1 h (X = 
N03, CH3COO, SCN) gave CSF5AuP(CsH5h. In addition (CSF5hTlX (X = N03, CH3COO, SCN) 
and (CsH5h TlBr were obtained. No reaction occurred between CSF5AuP(CsH5h and (CSF5h TlBr. 
On reflux i ng [( CSH5hPhAuClO 4 with (CsF 5h TlBr in benze ne for 2.5 h, CsF 5Au P( CSH5h and TlCl04 

are forrned [16]. 
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4.1 PreLiminary Remarks 

41 

The compounds of the Main Group 4 eLements are covered to the end of 1973 in 
"PerfLuorhaLogenorgano-Verbindungen der Hauptgruppenelemente" , Part 4, 1975 (cited here 
as Part 4), for further detaiLs see the preface of this SuppLement VoLume. 

4.2 PerfLuorohaLogenoorgano Compounds of Silicon 

4.2.1 Preparation 

(Trifluoromethyl)iododifLuorosiLane CF3SiF21 

(PentafLuoroethyl)trifLuorosilane C2F 5S i F 3 

Tris(pentafLuorophenyL)siLane (CsF 5hSi H 

Tetrakis(pentafLuorophenyl)silane (CSF5)4Si 

Hexakis(pentafluorophenyl)disilane (CsF 5hS iSi (CsF 5h 

Hexakis(pentafLuorophenyL)disiLylmercury (CSF5bSiHgSi(CsF5)3 

Bis(octafLuorobiphenyl)silane (C12FshSi 

No new syntheses are pubLished for these compounds, for preparation see Part 4, pp. 146/ 
65. New detaiLs on physicaL properties and on chemicaL reactions are given in the foLLowing 
sections. 

2,2-Difluorosilaethylene F2C=SiH2 

1,1,2,2-TetrafLuorosiLaethylene F 2C=Si F 2 

CNDO/2 caLcuLations have been carried out on unknown compounds with a siLicon-carbon 
doubLe bond, among them F2C=SiH2 and F2C=SiF2. Geometries, charge densities, bond orders 
[1] and dipoLe moments are predicted [2]. 

3,3,3-Trifluoro-1-propynylsilane CF 3C=CSi H3 

The reaction between CF3C=CMgl and H3SiBr at 20°C (0.5 h) gives CF3C=CSiH3 in yieLds of 
40 to 60% [18]. 

Bis(trifLuoromethyl)tetrafLuorodisiloxane CFsSiF20SiF2CF3 

At 20°C (5 min) CF3SiF21 reacts with HgO in the presence of smaLL amounts of SbCL5 to 
give 38% CF3SiF20SiF2CF3 [3]. 

(TrifLuoromethyl)trifLuorosilane CF3SiF3 

(HeptafLuoropropyl)trifLuorosilane CF 3C F 2C F 2S i F3 

(2-Chloro-1,1,2,2-tetrafLuoroethyl)trifLuorosilane CLC F 2CF 2Si F 3 

(PentafLuorophenyl)trifLuorosilane CsF 5Si F 3 
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(ChlorotetrafLuorophenyl)trifLuorosilane CsF 4ClSi F 3 

The fluorination of CF3SiF21 with SbF3 gives CF3SiF3 (see Part 4, p. 148). It is also a by
product in the reaction of CF3SiF21 with SbCl3. Higher yields (~90%) are obtained by use of 
CF3SiF2Br. In the presence of Sb20 3 or A92C03 at 20°C CF3SiF21 decomposes to substantial 
quantities of CF3SiF3 [3]. n-C3F7SiF3 was synthesized from n-C3F7SiF21 [4]. 

Passing ClCF2CF2SiCl3 (see Part 4, p. 149) repeatedly in vacuo through a column (20 cm) 
containing SbF3 and SbCl5 (5% by weight) gave ClCF2CF2SiF3 in 92% yield. The chlorination 
of HCF2CF2SiF3 with Cl2 in a sealed silica am pule gives on irradiation at 20°C (24 h) the titte 
compound in a quantitative yield [5]. 

The interaction of C6F6 or C6F5Cl with HSiCl3, induced by accelerated electrons, at 130 to 
150°C gives a mixture ofcompounds from which CSF5SiF3 or CSF4ClSiF3 (unknown constitution) 
could be isolated [6]. 

(TrlfLuoromethyl)chloroclifluorosilane CF3Si F 2Cl 

(TrifLuoromethyl)bromodifLuorosilane CF3Si F 2B r 

The reaction of CF3SiF21 and SbCl5 produces CF3SiF2Cl in 52% yield. Similarly, SbBr3 gives 
CF3SiF2Br in a somewhat lower yield [3]. 

(PentafLuorophenyl)chlorodlfLuorosilane CsF 5Si F 2Cl 

(ChlorotetrafLuorophenyl)chLorodllLuoroslLane C6F 4ClSiF2Cl 

(PentafLuorophenyL)dichlorolLuorosilane CsF 5Si FCl2 

(2,5-Dichloro-3,4,6-trifLuorophenyL)chLorodifLuorosILane 

(4-ChLoro-2,3,5,6-tetralluorophenyL)dlchLorofLuorosILane and Isomers 

(2,4-DichLoro-3,5,6-trIILuorophenyL)dlchLorofLuorosiLane 

F~F 
FVF 

Cl 

(TetrafLuorophenyl)dilluorochLorosilyldichLorofLuorosilane CsF 4(Si F 2Cl)Si FCl2 

(TetrafLuorophenyl)bls(dichlorofLuorosllane) CsF 4(Si FCl2)2 

(TetrafLuorophenyL)dlchlorolluorosiLyLtrichLorosilane CsF 4(Si FCl2)SiCl3 
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(ChLorotrifLuorophenyL)fLuorodichLorosiLyLtrichLorosiLane C6F3CL(SiFCL2)SiCL3 

(DichLorodifLuorophenyL)bis(fLuorodichLorosiLane) C6F 2Cl2(Si FCl2h 

(PentafLuorophenyL)trichLorosiLane C6F sSi Cl3 

FJQcSiCl3 F 

~I 
F F 

(4-ChLoro-2,3,5,6-tetrafLuorophenyL)trichLorosiLane and Isomers 

Cl 

(2,5-DichLoro-3,6,6-trifLuorophenyL)trichLorosiLane 

(TetrafLuorophenyL)bis(trichLorosiLane) C6F 4(SiCl3)2 

43 

The fluorochlorosilanes, containing a perfluorinated phenyl group (C6Fs), are made at 130 
to 150°C in areaction, induced by accelerated electrons, of C6F6 with SiHCL3 . The yield of 
the individual products depends on temperature, molar ratio of the reactants and absorbed 
dose. Diagrams are pointing out these dependences. Under similar conditions C6FsCl reacts 
with HSiCL3 to form a mixture from wh ich C6F4ClSiF3-nCLn (n = 0,1,2,3) couLd be isoLated [6]. 

Silanes of known constitution and containing chlorofluorophenyl groups are synthesized 
by irradiating a mixture of 1,4-Cl2-C6F4 and HSiCl3 with electrons (1.5 MeV, 60 IlA) in a flow 
system. The yield of 2,5-Cl2-C6F3SiCl3 is 7%. The compounds 4-Cl-C6F4SiCl3 and 2,5-Cl2-
C6F3SiCl2F are obtained as a mixture in 40 to 44% yield and similarly 4-Cl-C6F4SiFCl2 together 
with 2,5-Cl2-C6F3SiF2Cl in 5% yield. An isomerie mixture of C6F3Cl(SiFCl2)SiCL3 pLus 
C6F2Cl2(SiFCl2h is formed in 10 to 13% yield. The yieLds of monosilyL- and disilyl products were 
35 and 8%. The constitution of the disilylated compounds are in all cases unknown [4]. 

(TrifLuoromethyL)pentafLuorodisiLane CF3SiF2SiF3 

(HexafLuorodisiLyL)difLuoromethane SiF3CF2SiF3 

Both compounds are obtained from iodosilane precursors wh ich are formed in the 
reaction of SiF2 with CF31 (see Part 4, p. 149) [4]. 

4.2.2 PhysicaL Properlies 

PhysicaL data for the silanes are collected in TabLe 10, p. 44. Additional investigations are 
reported below. 

CrystaL Structure of (C6Fs)4Si 

Single-crystal X-ray data show that the compound forms tetragonal crystals with space 
group 14/a-C~h (No. 88). The unit cell with the dimensions a = 17.165 ± 0.012 A, c = 
8.125 ± 0.008 A contains four moLecules, density Do = 2.90 g/cm3 . Bond distances and angles 
are presented in [8]. 
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Table 10 
Physical Data tor Perfluorohalogenoorganosilanes. 
Boiling point (b.p.) in °C/pressure in Torr, melting point (m.p.) in °C, retractive index nD, 

density D in g/cm3, NMR spectrum: chemical shift ö (positive values lowfield trom the 
standard), spin-spin coupling constant J (s = singlet, tr = triplet), IR spectrum in cm -1. 

Compound 

CF3C=CSiH3 [18] 

CF3SiF3 [3] 

b.p./Torr 
(m.p.) 
in °C 

21 5) 

( -127) 

37 

1H and 19F NMR (ö in ppm), IR spectrum (in cm-1), 
nD, D 

1H NMR 6): ö(SiH3) = 3.91; J(H-F) = 1.7 Hz 
19F NMR 7): ö(CF3) = -53.0 
IR (gas) 8): 2202 (ms), 1268 (vs), 1260 (vs), 1219 
(m), 1213 (m), 1176 (vs), 920 (m), 914 (s), 685 (m), 
613 (w), 346 (mw), 312 (w), 235 (w) 

19F NMR 1): ö(CF3) = -66.9, ö(SiF2) = -148.7, 
J(CF3-SiF2) = 10.9 Hz, Je9Si-F) = 270.9 Hz 
IR: 1269 (m), 1224 (m), 1180 (vs), 1129 (vs), 
1015 (s), 952 (m), 903 (m), 671 (w), 507 (m) 

19FNMR:ö(CF3) = -66.30,ö(SiF3) = -150.7,J(F
F) = 11.0 Hz, J(Si-F) = 273.2 
IR: 1251 (w), 1133 (vs), 1023 (s), 866 (m), 730 (vw), 
520 (vw), 495 (m), 354 (m) 

19F NMR 1): ö(CF3) = -86.5, ö(CF2) = -134.4, 
ö(SiF3) = -150.2, J(CF3-CF2) = -3.59 Hz, J(CF3-
SiF3) = -2.81 Hz, J(CF2-SiF3) = +4.92 Hz, J(Si
F) = + 275.3 Hz 

19F NMR 1): ö(CF3) = -83.0, ö(CF~) = -127.2, 
ö(CF~) = -131.3, ö(SiF3) = -148.8, J(CF3-CF~) = 

(+0.1 to +0.5) Hz, J(CF3-CF~) = +9.10 Hz, J(CF3-
SiF3) = -1.76 Hz, J(CF~-CF~) = 0.62 Hz, J(CF~
SiF3) = -357 Hz, J(CF~-SiF3) = +4.82 Hz, J(Si
F) = +275.7 Hz 

19F NMR 1): ö(CF3) = -67.9, ö(SiF2) = -134.3, 
J(CF3-SiF2) = 8.9 Hz, J(Si-F) = 303.7 Hz 
IR: 1245 (m), 1132 (vs), 1007 (s), 919 (s), 748 (w), 
624 (s), 443 (m) 

19F NMR 1): ö(CF3) = -68.3, ö(SiF2) = -127.8, 
J(CF3-SiF2) = 8.2 Hz, J(Si-F) = 321.7 Hz 
IR: 1234 (m), 1128 (vs), 997 (s), 906 (s), 740 (w), 
558 (s), 520 (w), 410 (m) 

19F NMR 1): ö(CF3) = -69.9, ö(SiF2) = -120.1, 
J(CF3-SiF2) = 6.9 Hz, J(Si-F) = 342.4 Hz 
IR: 1232 (s), 1127 (vs), 989 (m), 896 (s), 742 (w), 
539 (m), 505 (m), 403 (m) 

19F NMR 2): ö(CF2Cl) = + 7.5 (tr), ö(CF2) = -48.0 
(tr), ö(SiF3) = -68.8 (s), J(CF2Cl-CF2) = 8.7 Hz 
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Compound 

4-CL-C6F4-SiCL3 [7] 

2,5-CL2-C6F3SiCL3 [7] 

4-CL-C6F 4SiFCL2 [7] 
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b.p.lTorr 
(m.p.) 
in °C 

1H and 19F NMR (0 in ppm), IR spectrum (in cm-\ 
nD,D 

IR 3): 1650 (m), 1524 (s), 1486 (vs), 1400 (w), 1310 
(s), 1250 (w), 1110 (vs), 995 (vs), 988 (vs), 912 (s), 
518 (m), 444 (s), 408 (w) 
nßo = 1.3661, D~g = 1.6315 

IR 3): 1 655 (m), 1 529 (s), 1 487 (vs), 1400 (w), 
1310 (s), 1260 (w), 1110 (vs), 995 (s), 985 (vs), 
920 (s), 635 (m), 602 (s), 580 (m), 520 (w), 455 (w), 
445 (w), 413 (s) 
nßo = 1.3831, D~g = 1.6135 

IR 3): 1 651 (m), 1 527 (s), 1 487 (vs), 1 398 (w), 
1308 (w), 1256 (w), 1108 (vs), 986 (vs), 940 (s), 
640 (s), 612 (m), 590 (m), 560 (s) 
nßo = 1.4168, D~ = 1.6251 

IR 3): 1650 (m), 1528 (s), 1480 (vs), 1390 (w), 
1305 (m), 1250 (w), 1105 (vs), 985 (vs), 635 (s), 
610 to 600 (vs, br), 540 (s), 475 (m) 
nßo = 1.4663, D~ = 1.6427 

IR 3): 1632 (m), 1517 (s), 1490 (s), 1475 (s), 1460 
(vs), 1340 (w), 1270 (m), 1108 (s), 993 (vs), 967 
(w), 930 (m), 915 (m), 874 (m), 518 (w), 475 (m), 
445 (m), 423 (w) 
nßo = 1.4065, D~g = 1.6275 

IR 3): 1632 (m), 1520 (w), 1490 (vs), 1475 (s), 
1458 (vs), 1390 (w), 1360 (w), 1270 (m), 1110 
(vs), 982 (vs), 930 (s), 920 (w), 902 (s), 882 (m), 
620 (s), 597 (vs), 582 (m), 450 (w), 420 (m) 
nßo = 1.4223, D~g = 1.6685 

IR 3): 1632 (m), 1515 (w), 1490 (s), 1475 (vs), 
1457 (vs), 1390 (w), 1367 (w), 1270 (m), 1105 
(vs), 972 (s), 932 (s), 920 (s), 890 (m), 660 (w), 637 
(vs), 615 (s), 572 (s), 552 (s) 
nßo = 1.4495, D~g = 1.6812 

IR3): 1630 (s), 1610 (w), 1510 (w), 1490 (s), 1470 
(vs), 1455 (vs), 1390 (m), 1265 (s), 1100 (vs), 968 
(s), 923 (s), 890 (m), 655 (w), 637 (m), 623 (m), 607 
(vs, br), 550 (s), 523 (s) 
nßo = 1.4901, D~g = 1.7038 

nßo = 1.4920, D~g = 1.7362 

nßo = 1.5221, D~g = 1.7603 

nßo = 1.4690, D~g = 1.6534 
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TabLe 10 (continued) 

Compound 

2,5-CL2-C6F3SiFCL2 [7] 

2,5-CL2-C6F3SiF2CL [7] 

C6F3CL(SiFCL2)SiCL34) [7] 

C6F2CL2(SiFCL2h 4) [7] 

CF3SiF2SiF3 [4] 

Compounds of Main Group 4 ELements 

b.p.lTorr 
(m.p.) 
in °C 

1H and 19F NMR (8 in ppm), IR spectrum (in cm-\ 
no, D 

n6° = 1.4987, D~g = 1.7289 

n6° = 1.4756, D~g = 1.6980 

n6° = 1.5040, D~g = 1.7608 

n6° = 1.5108, D~g = 1.7667 

19F NMR 1): 8(CF3) = -69.8, 8(SiF2) = -142.4, 
8(SiF3) = -123.3, J(CF3-SiF2) = +6.09 Hz, J(CF3-

SiF3) = + 1.91 Hz, J(SiF2-SiF3) = + 13.27 Hz 

19F NMR: 8(SiF3) = -150.5, 8(CF2) = -146.6, 
J(SiF3-CF2) = + 2.97 Hz, J(SiF3-SiF3) = + 1.66 Hz 

1) Negative vaLues of chemicaL shifts upfieLd from CFCL3 . VaLues for CF3SiF21 are for a neat 
sampLe referenced to externaL CFCL3. VaLues for the other compounds correspond to sampLes 
incLuding some CF3SiF21, which was used as an internaL reference. - 2) ExternaL standard 
CF3COOH. - 3) Tentative partiaL assignments are given in the originaL paper. - 4) Mixture 
of isomers. - 5) ExtrapoLated from Log p(Torr) = 6.695-1 320fT, AHv = 25.2 ± 0.4 kJ . moL -1, 
AHJTs = 91.9 J . moL -1 . K- 1. - 6) InternaL standard Si(CH3)4. - 7) InternaL standard CFCL3 . 

- S) The IR spectrum in the solid state and assignments are aLso reported [18]. - 9) Constitution 
unknown. 

Mass Spectrum 01 (C12FshSi 

The partiaL mass spectrum is presented as a percentage 01 totaL ion current with aLL 
isotopic contributions to a particuLar species. Extensive metastabLe peaks permit the 
assignment 01 the foLLowing partiaL fragmentation scheme [9]. 
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Vibrational and Electronic Spectra. Molecular Constants 

In the IR spectrum of CF3C=CSiH3, the fine structure due to overaLL or unrestricted internaL 
rotation in perpendicuLar bands associated with motions of the SiH3 group has been 
investigated. The foLLowing vibrationaL bands are given: v = 2206.8 (Si-H stretching), 2v = 
4342.4, .s = 945.1 (SiH3 deformation), Q = 680.5 cm -1 (SiH3 rocking). The rotationaL constants 
for the symmetric-top moLecuLe are A" = 2.811 and B" = 0.030 cm- 1. For detaiLs see the 
originaL paper [10). 

From the integraL intensity of the Si-H stretching band, the Si-H bond dipoLe moment for 
(C6Fs)3SiH is caLcuLated to be 0.75 D. With a Si-H bond distance of 1.47 A a charge on the H 
atom of - 0.11 is obtained. SimiLar resuLts are found for further tris-substituted siLanes and 
are discussed in respect to the Si-C bond [11). SimiLarLy, the reLation between the integraL 
intensity and the (p-d)n interaction of groups attached to Si with the silicon atom is investigated 
for aseries of organosilicon compounds, among them (C6FshSiH [12), see aLso [13). 

The integraL intensities of the C-C vibrationaL bands were measured in the range of 1650 
to 1580 cm -1 for 15 compounds C6FsMX3 (M = Si, C; X = H, F, CL, OC2Hs) incLuding C6FsSiF3, 
C6FsSiFCL2 and C6FsSiCL3. The resuLts indicated a higher poLarity of the C6F5Si fragment 
compared with C6F5C [14). 

UV absorption spectra [waveLength A in nm (moLar absorptivity E . 10-3)): 

C6FsSiF3: Amax = 206 (6.20), 272 (1.70) [14) 
C6F5SiFCL2 : Amax = 209 (8.60), 274 (1.65) [14) 
C6F5SiCL3: Amax = 211 (11.70),274 (194) [14) 
(C6F5hSiH: Amax (in pentane) = 270; Amax (in CH2CL2) = 270 [15) 
(C6F5hSiSi(C6F5h: Amax (in pentane) = 239 (sh), 273; Amax (in CH2CL2) = 272 [15) 
(C6F5hSiHgSi(C6F5h: Amax (in pentane) = 250; Amax (CH2CL2) = 252 [15) 

The Longwave absorption bands are associated with the presence of the C6F5Si fragment 
and indicate for (C6F5bSiHgSi(C6F5b the presence of intramoLecuLar coordination of ortho
fLuorine atoms to the Hg atom [15). 

4.2.3 ChemicaL Reaclions 

Thermal Stability and Hydrolysis 

Heating CLCF2CF2SiF3 in a Carius tube at 175°C (17 h) gives a 98% decomposition forming 
equimoLar amounts of SiF4 and F2C=CFCL. The formation of Ihe carbene CLCF2CF was demon
strated by heating CLCF2CF2SiF3 at 175°C (24 h) in the presence of excess (CH3bSiH. The 
producls obtained were: 99% SiF4 , 6.5% F2C=CFCL and 92% CLCF2CHFSi(CH3)3 (boiLing point 
82°C) [5). Each of the compounds CF3SiF2X (X = F, Cl, Br) decomposes in the vapor phase at 
100°C rather rapidLy with a haLf-life time Less than 0.5 h to form a mixture of C2F4, cycLo-C3F6 
and SiF3X. No reaction was observed belween CF2 and SiF3CL or SiF3Br. PyroLysis of CF3SiF21 

at 100°C/250 Torr proceeds with a half-life time of 12 min. If Ihe pyroLysis is terminated before 
compLete destruction of CF3SiF21, the coLors of the solid products range from orange to brick 
red. In addition two Liquid substances of Low voLatiLity coLored ruby red and yeLLow are formed. 
Among the gaseous products, unreacted CF3SiF21, CF3SiF3, Si2F6, SiF31, and CF212 in order of 
decreasing amounts were identified. CompLete pyroLysis resuLts in the formation of coLored 
soLids and a yeLLow liquid wh ich were not characterized. AnaLysis of the gas phase shows the 
abundance of C2F4 and SiF4 which are decomposition products of CF3SiF3 [3]. 
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In the gas phase CF3SiF21 reacts with water vapor at 20°C to form in the first step 
CF3SiF20H and HI. In a secondary reaction CF3SiF20H condenses to CF3SiF20SiF2CF3 and 
H20. The disiLoxane is attacked by water vapor somewhat Less rapidLy than CF3SiF21 forming 
CF3SiF3 and invoLatiLe poLymeric materiaLs. In the presence of excess HI, CF3SiF3 reacts with 
water vapor to give CF2HI and SiF4. ALso, CF3SiF2CL and CF3SiF2Br behave simiLarLy to 
CF3SiF21 on exposure to water vapor. HydroLytic attack occurs at the heavier haLogen and 
generates CF3SiF3 through the intermediate (CF3SiF2)20. A secondary reaction of CF2 and 
HBr Leads to CF2HBr. No CF2HCL is formed at 25°C. The hydroLytic reactions studied suggest 
the rate of attack of water vapor on Si-X bonds foLLow the order I > Br > CL, ° > F. The Si-F 
bond in CF3SiF3 is apparentLy not directLy attacked [3]. 

Reaclions 01 (C6FshSiH with CH30Na and CH3Li 

The product isotope effect (PIE), kSiH/ksiD' was measured for nine trisubstituted siLanes. 
For the reaction (C6FshSiH pLus CH30Na in CH30H/CH30D at 21°C, PIE was 3.98. A vaLue of 
4.03 was obtained when CH30Na was repLaced by pyridine and a vaLue of 3.70 with a HCLI 
HDO/CH30H/CH30D medium was measured. For (C6FslsSiH the PIE vaLue is smaLLer than 
those found for the much Less reactive (p-CL-C6H4lsSiH and (P-CF3-C6H4hSiH [16]. In ether 
(C6FshSiH reacts with CH3Li at -50°C (1 h) to give, after treatment of the reaction products 
with CO2 in H20/H+, 90% C6FsCOOH [17]. 

Reactions 01 ClCF2CF2SiF3 with Olelins 

PyroLyses of CLCF2CF2SiF3 at 175°C (24 h) in the presence of trans-2-butene gave 99% SiF4, 

11 % F2C=CFCL and 86% A. The Latter is formed by stereospecific addition of the carbene 
(CF2CL)CF to the oLefin. However, under the same reaction conditions, reacting the siLane with 
cis-2-butene did not resuLt in a stereospecific addition. The products obtained were 99% SiF4, 

18% F2C=CFCL, 19% A, 48% B, and 15% C. 

H3C H 

H\;7CH3 

CF2Cl 

A 

H3C CH3 

H\;7H 

CF2Cl 

B 

H H 

H3CYH3 

CF2Cl 

C 

The characterization of the three isomers were carried out by means of 19F NMR 
spectroscopy. When the silane was heated with aLLene in a seaLed tube at 180°C (17 h) 93% 
SiF4, a trace of F2C=CFCL and 92% 1-chLorodifLuoromethyL-1-fLuoro-2-methyLenecycLopropene 
(boiLing point 71°C) are obtained. Heating with F2C=CF2 at 180°C (17 h), SiF4 and CF2=CFCL 
(contaminated with a trace of tetrafLuoroethyLene) are formed quantitativeLy with some (CF2)x 
aLso formed [5]. 
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Chem. 14 [1975] 1241/4). - [4] K. G. Sharp, S. Li, R. B. Johannesen (Inorg. Chem. 15 [1976] 
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J. M. Miller, S. C. Cohen, A. G. Massey (Org. Mass Spectrom. 8 [1974] 235/46). - [10] S. 
Cradock, A. R. Green, J. L. Duncan (J. Mol. Spectrosc. 77 [1979] 385/401). 

[11] A. N. Egorochin, N. S. Vyazankin, M. G. Voronkov (Dokl. Akad. Nauk SSSR 211 [1973] 
859/61; Dokl. Chem. Proc. Acad. Sci. USSR 208/213 [1973]616/8; C.A. 79 [1973] No. 114966). 
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99 [1975] 47/52). - [14] M. G. Voronkov, V. V. Dorokhova, E. I. Brodskaya, V. P. Baryshok, 
B. I. Vainshtein (Dokl. Akad. Nauk SSSR 250 [1980] 1410/2; Dokl. Chem. Proc. Acad. Sci. 
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A. N. Egorochkin, M. N. Bochkarev (Zh. Obshch. Khim. 49 [1979] 2257/63; J. Gen. Chem. 
[USSR] 49 [1979] 1983/7; C.A. 92 [1980] No. 93527). 

[16] C. Eaborn, I. D. Jenkins (J. Organometal. Chem. 69 [1974] 185/92). - [17] R. D. 
HoweUs, H. Gilman (J. Organometal. Chem. 77 [1974] 177/81). - [18] D. W. W. Anderson 
(Diss. Edinburgh 1973). 

4.3 PerfLuorohaLogenoorgano Compounds o' Germanium 

4.3.1 Preparation 

PentafLuorophenylgermane C6FsGeH3 

Bis( octafLuorobiphenyl)germane 

Bis(2,2' -thiobis-3,4,5-tetrafLuorophenyl)germane 

Bis[tris(pentafLuorophenyl)germanyl]cadmium (C6Fs)3GeCdGe(C6Fsls 

No new syntheses are published for these compounds, for preparation see Part 4, pp. 165/ 
81. New details on physical and on chemical reactions are given in the following sections. 
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2,2-DifluorogermaethyLene F2C=GeH2 

1,1,2,2-TetrafluorogermaethyLene F 2C=GeF 2 

CNDO/2 calculations have been carried out on the as yet unprepared compounds 
F2C=GeH2 and F2C=GeF2. Geometries, charge densities and bond orders are predicted [1]. 
In addition optimized bond lengths, electron densities, dipole moments, valence of atoms 
and bond indices are calculated [10]. 

TrifluoromethyLgermane CF3GeH3 

3,3,3-TrifluoropropynyLgermane CF3C=CGeH3 

Bis(trifluoromethyL)germane (CF3)2GeH2 

Tris(trifluoromethyL)germane (CF3bGeH 

Bis(pentafluorophenyL)germane (C6F 5)2GeH2 

Tris(pentafLuorophenyL)germane (C6F5bGeH 

Bis(pentafLuorophenyL)chLorogermane (C6F5)2GeHCl 

Bis(pentafLuorophenyL)bromogermane (C6F 5)2GeH B r 

1,1,2,2-Tetrakis(pentafLuorophenyL)digermane (C6F 5hGeHGeH(C6F 5h 

A twofold excess of CF3Br was reacted with KGeH3 in hexamethylphosphoramide at O°C 
(2 min) to give 5% CF3GeH3 [20]. At 20°C (0.5 h) GeH3Cl reacts with CF3C=CMgl in diglyme to 
give 40 to 60% CF3C=CGeH3 [41]. The reaction of (CF3bGel and of (CF3hGeI2' dissolved in 
aqueous HBr, with a solution of NaBH4 in H20 at OOC (0.5 h) in a N2 atmosphere gave 93% 
(CF3bGeH and 85% (CF3hGeH2, respectively [2]. 

The reaction of [(C2H5bGehGe(C6F5h with H20 at 100°C (1 h) in tetrahydrofuran gave 
quantitatively (C6F5hGeH2, which was also obtained from the tri germane and HCl in 
tetrahydrofuran at 50°C (2 h) in 87% yield. Some (C6F5hGeH2 is formed on heating 
the trigermane with CH30H in tetrahydrofuran at 50°C for 9 h [3]. In similar reactions, 
(C6F5bGeGe(C2H5b hydrolyzed in tetrahydrofuran at 20°C (15 min) to give 82% (C6H5bGeH, 
wh ich also is formed quantitatively in the reaction of the digermane with HCl at 20°C (20 min). 
Reaction of (C6F5bGeGe(C2H5b with CuCl2 at 50°C (0.5 h), with AgCl at 100°C (3 h) or with 
AuCl3 at 100°C (0.75 h) in tetrahydrofuran gave 50,56 or 46% yields of (C6F5bGeH, respectively 
[3]. UV irradiation of a degassed solution of (C6F5bGeHgPt[P(C6H5bhGe(C6F5b in toluene at 
40 to 50°C (4 h) gave 50% (C6F5bGeH [4], which is also obtained from this starting compound 
and HCl in C6H6 at 80°C (2 h) in 68% yield. When H2 is bubbled through a solution of the 
complex in C6H6 at 80°C some (C6F5bGeH is formed on standing at 20°C for 15 h [4]. 
(C6F5bGeGe(C6F5b reacts in tetrahydrofuran with water, methanol, HCl, CH3COOH, CF3COOH 
at temperatures of 70 to 100°C (0.25 to 1 h) to give 70 to 98% (C6F5bGeH [5,8]. With (C2H5bSnH, 
the digermane forms 84% (C6F5bGeH at 70°C (8 h) [8]. The compound [(C6F5bGehHg . M(C6F5b 
(M = Tl, Pr) reacts with HCl in tetrahydrofuran forming (C6F5bGeH quantitatively for M = Tl 
[6] and for M = Pr (20°C, 12 h). As a side product (C6F5bGeH forms in 47% yield in the reaction 
of the complex with (C6F5bGeBr in tetrahydrofuran at 20°C [7]. In boiling benzene (17 h), 
(C6F5bGePt[P(C6H5bhH is cleaved by HCl to give 64% (C6F5bGeH [9]. Dry HCl gas reacts with 
[(C6F5bGehBiC2H5 (dissolved in tetrahydrofuran) at 20°C (20 min) yielding 95% (C6F5bGeH 
[17]. 
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The heterocycLe [(CsFshGebBi2 is cLeaved by HCL in tetrahydrofuran at 20°C (72 h) to give 
95% (CsFshGeHCL, wh ich was aLso obtained by the foLLowing route [17]: 

ether HCL/THF 
(CsFshGeBr2 + Mg/Hg ) [(CsFshGe]n ) (CsFshGeHCL 

- 70 to + 20°C 50 °C 

A mixture of (CsFshGeBr2 and (CsFshGeH2 under Ar reacted at 160 to 165°C (6 h) to yieLd 
74% (CSFS)2GeHBr. In hexane (CSFS)2GeHBr and (CSFS)2Ge(H)Sn(C2Hsla reacted at 20°C 
(30 to 40 h) to give 81 % [(CSFS)2GeHh [10]. 

Tris(pentafLuorophenyL)germanoLe (CsF shGeOH 

Hexakis(trifLuoromethyL)digermoxane (CF3)3GeOGe(CF3la 

Hexakis(pentafLuorophenyL)digermoxane (CSFS)3GeOGe(CsFsh 

Tris(pentafLuorophenyL)trifLuoroacetyLoxygermane (CsF slaGeOC( 0 )CF 3 

In a seaLed tube (CF3hGel reacts with excess HgO at 20°C (24 h) to yieLd (CF3hGeOGe(CF3la 
quantitativeLy. Hydrolysis of (CF3hGel with 3 M hydrochLoric acid gave (CF3hGeOGe(CF3h in 
good yieLds [2]. A mixture of (CsFshGeGe(CsFsh and H20 in tetrahydrofuran react on heating 
to 70°C (0.25 h) to give 95% (CsFshGeOH [5, 8]. Heating of neat (CsFshGeOH at 140°C 
(11 h) forms 95% (CsFshGeOGe(CsFsh wh ich is aLso obtained from (CsFslaGeGe(CsFsh and 
(CH3hCOOH at 40°C (23 h) in tetrahydrofuran in 47% yieLd [8]. The reaction between CF3COOH 
and (CsFshGe~e(CsFsh in tetrahydrofuran at 100°C (1 h) gives 65% (CsFshGeOC(O)CF3 
[5,8]. 

TrifLuoromethyLtrihaLogenogermane CF3GeX3 (X = Br, I) 

PentafLuoroethyLtrihaLogenogermane C2FsGeX3 (X = Br, I) 

Bis(trifLuoromethyL)dihaLogenogermane (CF3)2GeX2 (X = Br, I) 

Tris(trifLuoromethyL)haLogenogermane (CF3laGeX (X = F, CL, Br, I) 

At 110°C (18 h) an almost equimoLar mixture of GeBr4 and (CF3hHg reacts in a seaLed 
tube to give 55% CF3GeBr3, 22% (CF3hGeBr2 and 18% (CF3hGeBr [12]. With a 2: 1 moLar 
ratio of (CF3)2Hg to GeBr4 at 150°C (24 h) 65% (CF3laGeBr and 10% (CF3hGeBr2 are obtained. 
The reaction of (CF3)2Hg and GeBr4 in ether at 50°C (7 d) gives onLy CF3GeBr3. Much higher 
temperatures (195°C) are required for the formation of C2FsGeBr3 (45% yieLd) from (C2FshHg 
and GeBr4. The reaction of Gel4 with (CF3)2Hg (moLar ratio based on Ge14) at 120°C (120 h) 
in a sealed tube gave the foLLowing product distribution (yieLds in %) [2] : 

MoLar ratio CF3Gel3 (CF3)2GeI2 (CF3hGel (CF3hGeF (CF3)4Ge b) 

0.55 
0.98 
1.72 
2.0 

90 
13 

5 
53 16 

72 
72 

22 
15 

a) The mechanism for the formation of (CF3hGeF has not been eLucidated. - b) For (CF3)4Ge, 
see p. 53. 

Gmelin Handbook 
CF Comp. Suppt. 1 References p. 65 4' 



52 Compounds of Main Group 4 ELements 

(C2HsbHg and Gel4 gave at 135°C (21 d) as the onLy product C2FsGel3 in 53% yieLd. At 
155°C (CF3lsGel undergoes aredistribution reaction into (CF3bGeI2 and (CF3)4Ge [2]. During 
direct fluorination of Ge(CH3)4 (see p. 53) some (CF3lsGeF is formed [19]. When a Large excess 
of AgBr was reacted with (CF3lsGel at 20°C (24 h) 95% of (CF3lsGeBr was obtained. SimiLar 
reactions of (CF3lsGel with excess AgCL and AgF gave (CF3lsGeCL and (CF3lsGeF in 92 and 
73% yieLd [2]. 

PentafLuorophenyltrihaLogenogermane CSFSGeX3 (X = CL, Br) 

PentafLuorophenyLdichLorobromogermane CsFsGeCL2Br 

PentafLuorophenyLchLorodibromogermane CsF sGeCLB r 2 

Bis(pentafLuorophenyL)dihaLogenogermane (CsFsbGeX2 (X = CL, Br) 

Tris(pentafLuorophenyL)haLogenogermane (CsFslsGeX (X = F, CL, Br) 

1,1,1-Tris(pentafLuorophenyL)-2,2,2-trichLorodigermane (CsF slsGeGeCL3 

PoLy[tris(pentafLuorophenyL)germyLgermanium(lI) fluoride [( CsF s)3GeGeF] n 

1,1, 1 ,3,3,3-Hexakis(pentafluorophenyL)-2,2-difLuorotrigermane (CsFslsGeGeF2Ge(CsFsls 

(TrifLuoromethyl)fluorogermanates M2[(CF3)nGeFs-n] (n = 1, M' = Na, NH4; n = 2, 
M' = Na, K, NH4) and M[(CF3lsGeF2] (M = NH4 , Na) 

A soLution of GeCL4 in CsHs was added to an etheric soLution of CsFsMgBr. The ether was 
driven off and repLaced by more CsFs. The mixture was refLuxed for 10 h giving 14% CsFsGeCL3, 
18% CsFsGeCL2Br, 17% CsFsGeCLBr2 and 51 % CsFsGeBr3. AdditionaLLy, (CsFsbGeBr2 and 
(CsFslsGeBr were identified as weLL [13]. When Br2 was added to a soLution of (CsFslsGeBi(C2Hsb 
in benzene 94% (CsFsbGeBr are formed [17]. The reaction of [(CsFslsGebHg . (CsFsbGeTL 
and HgCL2 in tetrahydrofuran gives at 20°C (10 min) 90% (CsFsbGeCL [6]. SimiLarLy 
[(CsFslsGebPr· Hg [Ge(CsFslsb, dissoLved in tetrahydrofuran, reacted with HCL at 20°C 
(12 h) with subsequent heating at 70°C (2 h) to yieLd 95.8% (CsFslsGeCL [7]. The Ge-Ge bond 
in (CsFslsGeGe(C2Hsls is cLeaved by BiCL3 in tetrahydrofuran at 100°C (1 h) to produce 83% 
(CsFslsGeCL [5]. SimiLarLy, HgCL2 decomposes (CsFslsGeGe(CsFsls in tetrahydrofuran at 70°C 
(1 h) to form 99% (CsFslsGeCL [5, 8]. AnaLogous reactions are observed between 
(CsFslsGeGe(CsFsls and CuCL2 (100°C, 0.75 h), C2HsHgCL (70°C, 0.5 h), ZnCL2 + 12 (100°C, 6 h), 
GeCL4 (100°C, 1 h) to give (CsFslsGeCL in yieLds of 97, 63, 84 and 126%, respectiveLy. The 
reaction with GeCL4 aLso Leads to the formation of (CsFslsGeGeCL3 in 33% yieLd [8]. In benzene 
soLution, (CsFslsGeHgPt[P(CsHslsbGe(CsFsls forms with HCL at 80°C (2 h) 68% (CsFslsGeCL and 
with Br2 at 20°C (5 min) 98% (CsFsbGeBr [4]. In CsHs at 20°C (CsFsbGePt[P(CsHsbbH reacts 
with Br2 to yieLd 74% (CsFslsGeBr [9]. Heating a benze ne soLution of [(CsFslsGebHg with 12 at 
60°C (1.5 h) resuLts in the formation of 31 % (CsFslsGel [13]. 

In the reaction of GeF2 and (CsFslsGeGe(C2Hsb at 100°C (2 h) in tetrahydrofuran an 
amorphous solid (decomposing on fusion) was isoLated and shown to be [(CsFslsGeGeF]n (no 
physicaL data). SimiLarLy equimoLar amounts of GeF2 and (CsFslsGeGe(CsFsb in tetrahydrofuran 
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reacted at 100°C (5 h), then left at 20°C (10 h), to yield 37% (C6FshGeGeF2Ge(C6Fsh. The 
insoluble amorphous solid consisted of a mixture of (C6FshGeF and [(C6FshGeGeF)n in 43% 
yield [15). 

In aqueous solution (CF3)nGeX4-n reacts [14) with M'F according to: 

(CF3)nGeX4-n + M'F -+ M2[(CF3)nGeF6-n) 
(M' = Na, NH4 for n = 1; M' = Na, K, NH4 for n = 2) 

and with MF according to: 

(CF3hGeX + MF -+ M[(CF3hGeF2) (M = NH4, Na; X = F, Cl, Br, I) 

For n = 2 and M' = K the trans-isomer was shown by 19F NMR spectroscopy to have a yield 
of 90%. The cis-compound K2[(CF3hGeF4) is less soluble in water and was isolated. Its nature 
was characterized by an X-ray structure determination. When (CF3)4Ge is dissolved in a 
saturated NH4F solution mainly [(CF3hGeF2)NH4 is formed [14), for the 19F NMR data of the 
anions see Table 11, p. 61. 

Bis[lris(penlafluorophenyl)germyl] sulfide [(C6F shGe bS 

Bis[lris(pentafluorophenyl)germyl] selenlde [(C6F shGe bSe 

Shaking a mixture of (C6FshGeGe(C6Fsh and sulfur or selenium in tetrahydrofuran 
at 60°C (3 h) or 100°C (5 h) gives 52% [(C6FshGebS or 41 % [(C6FshGebSe, respectively 
[5,8). 

Telrakis(lrlfluoromelhyl)germane (CF3)4Ge 

A most convenient preparation of (CF3)4Ge (43% yield) at ambient temperature is the 
reaction of (CF3hCd'CH30CH2CH20CH3 with Gel4 in 1,2-dibromoethane [42). 

A small excess of GeBr4 reacted with Hg(CF3h at 110°C (18 h) forms 4% (CF3)4Ge.ln a 1:2 
molar ratio, GeBr4 and Hg(CF3h reacted at 150°C (24 h) to yield 20% (CF3)4Ge. On recycling 
the less substituted products with more Hg(CF3h the yield of (CF3)4Ge increases to 40%. For 
the reaction Gel4 and Hg(CF3h at 120°C (120 h) see p. 51 [2). For the preparation of (CF3)4Ge 
in the plasma-initiated reaction of CF3 radicals (from C2F6) with GeBr4, as already described 
in Part 4, p. 168, see also [21). The direct fluorination of Ge(CH3)4 by He-diluted F2 at -100 to 
-60°C gave only 1 to 6% Ge(CF3)4' When the temperature was raised from -100 to -20°C 
66% Ge(CF3)4 are obtained [19). 

Hexakis(lrifluoromelhyl)digermane (CF3)3GeGe(CF3)3 

Hexakis(pentafluorophenyl)digermane (C6Fs)3GeGe(C6Fsh 

Bis[lrls(penlafluorophenyL)germyl]mercury [(C6F shGe bHg 

Tris[lris(penlafluorophenyl)germyl]praseodymium
bls[lris(pentafluorophenyL)germyL]mercury [(C6FshGe )3Pr' Hg[Ge(C6F shb 

Bis[lris(penlafluorophenyl)germyl]praseodymlum halides [(C6FshGebPrX (X = Cl, Br) 

Tris(penlafluorophenyl)germylthallium-bis[lris(penlafluorophenyL)germyl]mercury 
(C6Fsh GeTl . Hg[Ge(C6Fshh 
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Tris[bis{pentafluorophenyl)germyl]dibismulane [( CsF shGe hBi2 

The reaetion between (CF3bGel and sodium amaLgam (0.5% Na) at 20°C (72 h) gave 60% 
(CF3bGeGe(CF3b [2]. Photolysis of (CsFsbGeHgPt[P(CsHsbhGe(CsFsh, dissoLved in toLuene, at 
40 to 50°C (4 h) gave onLy a yieLd of 3% [4]. The eondensation of (CsFsbGeBr in ether with 
Lithium amaLgam at 20°C (50 min) provided 89% (CsFsbGeGe(CsFsb [8]. In tetrahydrofuran 
(CsFshGeGe(C2Hsh reaeted at 20°C (2 to 3 min) with (CsFshGeBr to form 66% digermane. 
WhiLe (CsFshGeGe(C2Hsh in tetrahydrofuran reaets with CuCL2 at 20°C (0.5 h) to give 20% 
(CsFshGeGe(CsFsh, the reaetion with HgCL2 at 20°C (3 h) Leads to the formation of 72% 
[(CsFshGehHg [3]. At 130°C (3.5 h) (CsFsbGeBr reaets with Bi(C2Hsh to form 54% 
(CsFsbGeGe(CsFsh [7]. 

A mixture of [(CsFshGehHg and fineLy divided praseodymium was shaken at 20°C (50 h). 
From the resuLting green soLution 85.8% [(CsFshGehHg· Pr[Ge(CsFshh was isoLated. Treating 
this eompLex in tetrahydrofuran at 20°C (12 or 1 h) with HCL or with (CsFshGeBr gives 70% 
[(CsFsbGehPrCL or 70% [(CsFshGehPrBr together with 83.5% (CsFshGeGe(CsFsh [7]. 

A soLution of [(CsFshGehHg in dimethoxyethane was added to fineLy divided thallium. After 
shaking the mixture at 90°C for 5 h 84.5% (CsFshGeTL· Hg[Ge(CsFsbh is obtained. The thallium 
eompLex reaets in tetrahydrofuran with HCL at 20°C (immediateLy) and with HgCL2 at 20°C 
(10 min) to give (CsFshGeHgGe(CsFsh (about 95% yieLd). The reaetion of the eompLex with 
(CsFshGeBr at 20°C (12 h) yieLds 81 % (CsFshGeGe(CsFsh [6]. When (CsFshGeBr was heated 
with Bi(C2Hsh at 130°C (3.5 h) 54% (CsFshGeGe(CsFsh was obtained [17]. A mixture of Hg and 
(CsFshGeBi(C2Hsh in tetrahydrofuran was shaken at 20°C (6 d) to form 61% [(CsFshGehHg 
[17]. The reaetion of (CsFshGeH2 with Bi(C2Hsh in toLuene at 110°C (4 h) Leads not to the 
formation of [(CsFshGeBi(C2Hsbh [17] but forms 59% [(CsFsbGehBi2 with the foLLowing 
structure as was shown by X-ray anaLysis [18]: 

4.3.2 Physical Properties 

PhysieaL data for the germanium compounds are eoLLected in Table 16, p. 60. AdditionaL 
investigations are reported beLow. 

4.3.2.1 Crystal Structure 

SingLe erystaL X-ray investigations gave the foLLowing resuLts: 

K2[eis-(CF3hGeF4] forms orthorhombic crystaLs with space group Ibca-D~~ (No. 73). The 
unit ceLL with the dimensions a = 17.815(2) A, b = 11.474(1) A, c = 8.4782(6) A contains eight 
moLeeuLes, density 0 = 2.80 g. em- 3. Bond distanees and angLes are presented in [14]. 
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Table 11 
Fundamental Vibrations vi of (CF3bGeX (X = F, Cl, Br, I) [27]. 
Symmetry group Al' A2 and E, with activity of the vibration in the IR and Raman spectrum in 
parentheses, v, Ö, Q and 1: are stretching, deformation, roeking and torsion vibrations, sand 
as mean symmetrie and antisymmetrie, respeetively. 

(CF3bGeF (CF3bGeCl (CF3b GeBr (CF3bGel Approximate 
description 

Al Vl 1160 1) 1153 1) 1150 1) 1143 1) vas(CF3) 
(RaIIR) V2 1198 1196 1192 1189 vs(CF3) 

V3 528 527 528 528 öas(CF3) 

V4 725 736 736 735 ös(CF3) 

Vs 302 289 255 1) 245 1) Q(CF3) 
Vs 237 1) 238 1) 232 1) 344 v(GeC3) 
V7 741 465 367 206 1) v(GeX) 

va 80 2) 82 1) 82 2) 80 1) ö(GeC3) 

A2 Vg 11452) 1138 1137 2) 11352) vas(CF3) 
(-) vl0 525 2) 522 2) 522 2) 522 2) öas(CF3) 

vll 223 2) 223 2) 223 2) 223 2) Q(CF3) 
V12 1: 

E v13 1132 1131 1129 1128 vas(CF3) 

(RaIIR) V14 1176 1178 1) 1167 1164 vas(CF3) 

V1S 1180 1) 1178 1175 1) 1170 1) vs(CF3) 

vlS 528 527 528 528 öas(CF3) 

V17 528 527 528 528 öas(CF3) 

vla 736 2) 736 736 735 ös(CF3) 

v19 232 224 1) 222 1) 218 1) Q(CF3) 

V20 250 251 1) 255 1) 254 1) Q(CF3) 

V21 360 353 351 347 1) v(GeC3) 

v22 70 1) 70 1) 68 1) 65 1) ö(GeC3) 

v23 143 1) 110 1) 89 1) 80 1) ö(XGeC) 

v24 1: 

1) Liquid phase. - 2) Calculated values. 

(CsFsbGeHgGe(CsF5b forms orthorhombic crystals with space group Pbcn-D~~ (No. 60). 
The unit cell with the dimensions a = 17.77(2) A, b = 12.653(7) A, c = 16.897(8) A contains 
four molecules, density D = 2.36 9 . cm- 3. Bond distanees and angles are given in [24]. 

[(CsF5hGehBi2 forms (at -120°C) monoclinic crystals with space group C2/c-C~h (No. 15). 
The unit cell with the dimensions a = 41.561(7) A, b = 8.492(2) A, c = 23.320(8) A contains 
eight molecules, density Do = 2.63 9 . em -3, pyenometric density D = 2.55 9 . cm -3. Bond 
distances and angles of the heteroelement framework are given in the original paper [18]. 

4.3.2.2 Mass Spectrum of (C12Fal2Ge and (C12FaS)2Ge 

Fragmentation and rearrangement processes found in the mass spectra of (C12FahGe 
and (C12FaS)2Ge are presented in [25]. The partial mass spectra of these compounds are 
shown in tables in the original reference [25]. Extensive metastable peaks for (C12FahGe 
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56 Compounds of Main Group 4 Elements 

permit this assignment of partiaL fragmentation schemes, see beLow. ALthough no metastabLe 
ions were observed for (C,2F8ShGe, a tentative fragmentation scheme, see beLow, was suggest
ed [25). 

[C23F13Ge f 
*535.5 r -CF; 

~ ~ ~FI ~I 
[c F ]+ ~ Ge+" ~ [C F ]+" ~ 

24 15 -GeF" -GeF2 24 14 -CF" 

628.1' -F" ,,,.,"]-,,., 

[C24Fnf 

o461.9!-F2 

[C24Fllf 

-F2 '480.9 
"516.5 

'498.0 --F 

4.3.2.3 Molecular Structures, Rotational and Vibrational Spectra 

Hydrides 

In the IR spectrum of CF3C=CGeH3 (03 symmetry), the fine structure, due to overaLL or 
unrestricted internaL rotation in perpendicuLar bonds associated with motions of the GeH3 
group, has been investigated. The IR bands were assigned as foLLows: v = 2131.6 (Ge-H 
stretching), 2v = 4195.3, 0 = 882.0 (GeH3 deformation), 0 = 622.7 (Ge03 deformation), Q = 
626.6 (GeH3 rocking). The rotationaL constants (in cm- 1) for the symmetric top moLecuLes in 
the vibrationaL ground state are A" = 2.750, B" = 0.018 for CF3C=CGeH3 and A" = 1.375, B" = 
0.016 for CF3C=CGe03. For detaiLs see the originaL paper [31). 

References p. 65 GmeLin Handbook 
CF Comp. Suppt. 1 



Germanium Compounds 57 

Microwave spectra of five isotopic species of CF3GeH3 have been investigated in the 
region 15000 to 31 000 MHz. The height of the potential barrier hindering the internal rotation 
equals 1250 ± 150 cal· mol-1 [20]. 

From the integral intensity (A) of the Si-H stretching band in IR spectra of 30 R3GeH and 
20 R2GeH2 compounds a correlation between A"2 and the sum of inductive Taft (1:cr *) 
constants of the substituents R was established. As stretching frequency is taken for 
(CSF5laGeH v(Ge-H) = 2150 cm -1 [33], and for (CSF5bGeH2 v(Ge-H) = 2140 cm -1 [34]. In an 
earlier work the equation v = 23 1:cr * + 2015 was found for R3GeH compounds [35]. 

Halides 

The vibrational spectra of CF3GeX3 and (CF3bGeX2 (X = F, Cl, Sr, I) were published in 
Part 4, pp. 171/3 as private communications. The full papers have appeared by now [27, 28]. 

The gase phase IR and liquid phase Raman spectra of (CF3laGeX (X = F, Cl, Sr, I) are 
reported in [27]. The solid phase Raman spectrum of (CF3laGeF is interpreted assuming a 
dimeric structure with Ge-F-Ge bonds. The assignment of the bands to the molecular 
vibrations bases on the assumption of C3v molecular symmetry. Anormal coordinate analysis 
has been performed, tor details see the original reference [27]. In Table 11, p. 55, are reported 
the observed and calculated frequencies, in Table 13, p. 58, the force constants for these 
molecules. 

Table 12 
Observed Fundamental Vibrations of (CF3)4Ge (in cm-1) [30]. 
For abbreviations see Table 11, p. 55. 

IR (gas) Raman (liquid) Assignment and approximate description 

66m va (e) v(Ge-C4) 
78 w-m V19 (f2) ö(Ge-C4) 

v11 (f1) '" 225a) Q(CF3) 
232 vs, p v3 (a1) v(Ge-C) 

244w 247 m-s V17 (f2) Q(CF3) 

225 m v7 (e) Q(CF3) 

359 vs 359 V18 (f2) v(Ge-C) 
528 m 528w Vs (e), V15 (f2) öas(CF3) 

733 s, p v2 (a1) ös(CF3) 
737 s V1S (t2) ös(CF3) 

1125 m-s v9 (t1) vas(CF3) 

1144 w v5(e) vas(CF3) 
1174 vs 1158 w v15 (f2) öas(CF3) 

1190 W V14 (f2) vs(CF3) 
1208 vw p v1 (a1) vs(CF3) 

a) Derived trom combination band. 
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Table 13 
Force Constants (in N' cm-1) of (CF3)4Ge, (CF3)sGe2 and (CF3hGeX (X F, Cl, Br, I). 
Internuclear distances r = r(C-F), s = r(Ge-C), t = Ge-X. 

Compound fr frr fs fss ft fit fst Ref. 

(CF3)4Ge 5.86 0.96 2.30 0.11 [30] 
(CF3)sGe2 5.83 0.93 2.29 0.16 1.62 0.00 [30] 
(CF3hGeF 5.84 0.88 2.40 0.10 4.73 0.12 [29] 
(CF3hGeCl 5.80 0.88 2.31 0.13 2.90 0.09 [29] 
(CF3hGeBr 5.78 0.87 2.29 0.14 2.21 0.08 [29] 
(CF3hGel 5.75 0.86 2.23 0.15 1.83 0.07 [29] 

(CFa)4Ge and (CF3hGeGe(CF3h 

Electron diffraction investigations of (CF3)4Ge yield the following internuclear distances 
r (in A) and angles (X: r(C-F) = 1.330 ± 0.002, r(Ge-C) = 1.989 ± 0.005, (X(FCF) = 
108.9° ± 0.3°. CNDO/2 calculations agree very well with these results [26]. The gas phase 
IR and liquid phase Raman spectra of (CF3)4Ge and (CF3)sGe2 (additionally the solid phase 
Raman spectrum) are reported and assigned to Td and D3d symmetry, respectively. Anormal 
coordinate analysis has been performed and force constants as well as frequencies of 
inactive vibrations have been obtained [30]. The observed fundamental bands and their 
assignment to the molecular vibrations are given in TabLe 12, p. 57, and TabLe 14. For observed 
overtones and combination bands as well as for a full set of the fundamentals and the potential 
energy distribution, see the original paper [30]. The calculated force constants are covered 
in Table 13. 

Table 14 
Observed Fundamental Vibrations of (CF3)sGe2 (in cm-1) [30]. 
For abbreviations see Table 11, p. 55. 

IR (gas) Raman (liquid) Raman (solid) Assignment and approximate 
description 

67 p? 66 m-s V7 (a1g), V22 (eg) ö(Ge-C3) 
80 s V47 (eu) Q(Ge-C3) 

80 81 m-s V23 (eg) Q(Ge-C3) 
178 p 178 vs Vs (a1g) v(Ge-Ge) 
228 228 m V19 (eg) Q(CF3) 
244 P 245 s Vs (a1g) Q(CF3) 
255 255 m V20 (eg) Q(CF3) 

302 s V34 (a2u) Q(CF3) 
342 s V45 (eu) v(Ge-C) 

348 348 w V21 (eg) v(Ge-C) 
373 p 373 w Vs (a1g) v(Ge-C) 
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TabLe 14 (continued) 

IR (gas) Raman (Liquid) Raman (solid) Assignment and approximate 
description 

527 w 

734.5 s 

529 

732 P 

526 w 
530 w 
732 s 

V32 (a2u)' V40 (eu)' V41 (eu) 
v3 (a1g), V1S (eg), V17 (eg) 

V4 (a1g) 
v33 (a2U)' V42 (eu) 

1ias(CF3) 

1ias(CF3) 

1135 s 
[V9 (a2g), v30 (a2u)' -1122] a) 

v37 (eu) 

1is (CF3) 

1is (CF3) 

vas (CF3) 

vas(CF3) 

vas(CF3) 

vas(CF3) 

vas(CF3), 

vs (CF3) 

vas(CF3), 

vs (CF3) 

vs(CF3) 

1136 1137 w 
1169 vvs 
1178 vs 

1168 1165 vw 

1203 1204 vw 

a) Derived from combination band. 

TabLe 15 

V13 (eg) 
v30 (a2U)' v38 (eu) 
v2S (a1u)' v39 (eu) 

UV Absorption Spectra of Germanium Compounds in Pentane [32]. 
WaveLength A in nm. 

Compound A Compound 

(CsFshGeH 267 (CSFS)2GeHGeH(CsFsb 
(CSFS)4Ge 267 (CsFshGeOGe(CsFsh 
CsFsGeH3 268 (CsFshGeSGe(CsFsh 
(CsFshGeCL 269 (CsFshGeSeGe(CsFsh 
(CsFshGeBr 270 (CsFshGeCdGe(CsFsh 
(CsFshGeOC(O)CF3 268 (CsF shGeHgGe( CsF sh 
(CsFshGeGe(CsFsh 239(sh), 268 [(CsFshGeHg(CsFsbGeh 

4.3.2.4 ELeclronic Speclra 

The eLectronic spectra are covered in fable 15. 

f... 

267 
268 
268 
270 
260 
250, 257(sh) 
256, 287, 317 

The Longwave absorption bands are assigned to the CsFsGe group and indicate in 
(CsFshGeXGe(CsFsh (X = Hg, Cd) the presence of intramoLecuLar coordination of ortho
fluorine atoms and the X atom [32]. 

By means of eLectronic emission spectroscopy it was shown that at 77 K the quenching of 
the Luminescence of (CsFs)nGeH4-n (n = 1,2,3,4) and (CsFsbGeHGeH(CsFsb conforms to the 
Stern-VoLmer reLation. For detaiLs see [36]. 
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Table 16 
Physical Data of PerfLuorohalogenoorgano Germanium Compounds. 
BoiLing point (b.p.) in °C/pressure in Torr, melting point (m.p.) in °c, NMR spectra (chemical 
shifts 0 in ppm are positive lowfield from the standard, spin-spin coupLing constant J); IR 
spectrum in cm-1, mass spectra (m/e, ion, relative intensity). 

Compound 

CF3GeH3 [20] 

(CF3hGeH [2] 

(CSF5hGeHCl [17] 

(CSF5hGeHBr [10] 

(CSF5)2GeHGeH(CsF5h [10] 

(CF3hGeOGe(CF3h [2] 

(CSF5hGeOH [8] 

(CSF5hGeOGe(CsF5h [8] 

CF3GeBr3 [12] 

(CF3hGeBr2 [12] 

b.p./Torr 
(m.p.) in °c 

31.6 
(-102) 

93 to 94/1 
(41 to 42) 

109 to 1101 
1.53) 

(149 to 150) 

98 

(112 to 113) 

(269 to 270) 

1H, 19F and 13C NMR, IR and mass spectra 

1H NMR 21): 0 = 3.91 (qu), J(F-H) = 1.8 Hz 
IR(gas) : 2218(m), 2126(s), 1255(vs), 
1218(m), 1167(vs), 888(m), 822(s), 627(m), 
320(w), 268(m), 235(w) 

19F NMR : J(H-F) = 8.6 Hz 
1H NMR 2): 0 = 4.13(qu), J(F-H) = 8.7 Hz 

19F NMR 1): o(CF3) = 26.2 
1H NMR 2): 0 = 4.55; J(H-F) = 7.8 Hz 
IR: 2155(s), 1168(vs), 1137(vvs), 722(s) 
MS: CF3(CF2)GeH~; CF3GeFH~ 

19F NMR 1): o(CF3) = 26.4 
1H NMR2): 0 = 5.23; J(H-F) = 6.7 Hz 
IR: 2155(s), 1167(vvs), 734(s) 
MS: (CF3h(CF2)GeH+; (CF3hGeH+ 

IR: v(Ge-H) = 2165 

19F NMR 1): o(CF3) = 21.8 
IR: 1175(vs), 1155(vs), 735(vs) 
MS: (CF3)5Ge20+, (CF3)4Ge20F+ 

19F NMR 1): o(CF3) = 13.3 
IR: v(C-F) = 1165(vs), o(CF3) = 735(vs) 
MS: CF3GeBr;; GeFBr;, CF3GeBr; 

19F NMR 1): o(CF3) = 1.0, o(CF2) = -38.8, 
J(CF3-CF2) = 2.9 Hz 

19F NMR4).12): ö(CF3) = 0.9(tr), ö(CF2) = 
-41.3(qu), J(CF3-CF2) = 2.2 Hz 
MS: C2F5GeJ;, FGel~, Gel~ 

19F NMR 1): o(CF3) = 19.1 
IR: v(C-F) = 1165(vs), o(CF3) = 735(vs) 
MS: (CF3hGeBr~, CF3GeCF2Br~, CF3GeBr 2 
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Compound 

(CF3hGeF [2] 

(CF3hGeCL [2] 

(CF3hGeBr [2] 

(CF3hGel [2] 

(C6FshGeCL [8] 

(C6FshGel [13] 

(C6FshGeGeCL3 [8] 

(C6FshGeGeF2Ge(C6Fsh [15] 

[ F'L~F]2- 10) [14] 

F ....... ' 'F CF3 

[ F3c_L~CF3]- [14] 

, CF3 
F 

(C6FshGeSGe(C6Fsh 
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b.p./lorr 
(m.p.) in °C 

19.1 S) 

(27 to 30) 6) 

37 (-98) 

49 (-63) 

72 (-39.8) 

(104 to 107) 

(118 to 120) 

(81 to 83)8) 

(174 to 176) 

1H, 19F and 13C NMR, IR and mass spectra 

19F NMR 1): ö(CF3) = 22.1, ö(GeF) = -142.6; 
J(CF3-GeF) = 3.7 Hz 
IR: 1263(s), 1176(vs), 725(s), for a compLete 
assignment see p. 55 
MS: (CF3bGe+, (CF3hGeF+ 

19F NMR 1): ö(CF3) = 22.6 
IR: 1193(s), 1168(vs), 736(s), for a compLete 
assignment see p. 55 
MS: (CF3hGe(CF2)CL +, (CF3hGe + 

19F NMR 1): ö(CF3) = 23.1 
IR: 1256(s), 1164(vs), 737(s), for a compLete 
assignment see p. 55 
MS 7): (CF3hGeBr +, (CF3)2GeBrC~ 

19F NMR 1): ö(CF3) = 23.9 
IR: 1258(s), 1165(vs), 735(s), for a compLete 
assignment see p. 55 
MS: (CF3)3Gel +, (CF3hGeICF; 

19F NMR 9): ö(CF3) = 14.05, ö(GeF) = -45.4, 
ö(GeF') = -42.1; J(CF3-GeF) = 14.6 Hz, 
J(CF3-GeF') <0.3 Hz, J(GeF-GeF') = 23.7 Hz 

19F NMR 9): ö(CF3) = 14.13, ö(GeF) = -47.1, 
J(CF3-GeF) = 14.5 Hz 

19F NMR 9)11): ö(CF3) = 15.10, ö(GeF) 
-60.5; J(CF3-GeF) = 9.5 Hz 

(165 to 168) [5] -
(167 to 169) [8] 

(158 to 161) 
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TabLe 16 (continued) 

Compound 

(CF3bGeGe(CF3h [2] 

b.p.lTorr 
(m.p.) in °C 

31.7 (-19.7) 
[2] 

20/20 
(72 to 74) 

22010.1 14) 

(308 to 315) [4] 
210 to 2301 
0.02 14) 
(312 to 318) [8] 
210 to 2301 
0.01 14) 
(312 to 318) [3] 

(229 to 231) 

[(C6FsbGebPr· Hg[Ge(C6FsbUS) (270 to 280) 8) 
[7] 

X = CL (255 to 260) 8) 

X = Br (240 to 245) 8) 

(C6FsbGeTL· Hg[Ge(C6Fsbh [6] (129 to 131) 8) 

~Bi~ 16) 

(CsFS)2Ge Ge(CsFsh Ge(CsFsh 

~/ 
Bi 

(>160)8) 
[17, 18] 

1H, 19F and 13C NMR, IR and mass spectra 

19F NMR: ö(CF3) = 27.0 12) [19], 27.6 12) [12], 
27.4 12) [42], _46 17) [22], -49.2 19) [26] 
13C NMR 18): ö(C) = 126.1, JC 3C-F) = 330.7 Hz 
[23] 
IR: For the anaLysis of the vibrationaL 
spectrum see p. 57 
MS: m/e = 331, (CF3bGeCF~ (8); 281, 
(CF3hGe+ (44) [42], see aLso [2,12] 

19F NMR 1): ö(CF3) = 22.1 13) 
IR: 1170(vs), 1135(s), 737(s), for a compLete 
assignment see p. 58 
MS: (CF3)SGe2C~; (CF3)SGe~ 

IR: v(C-Bi) = 630(w) [18] 

IR: v(C6Fs-Ge) = 812 

1) Neat compounds, CF3COOH as externaL standard. - 2) ExternaL standard (CH3)4Si. - 3) The 
sampLe contained 22% (C6FshGeH2 and 4% (C6FshGeBr2. - 4) DissoLved in diethyLether. -
S) ExtrapoLated. 

6) SeaLed capiLLary. - 7) AdditionaL ions: (CF3hGeBr+, (CF3bGe +. - 8) Decomposition. -
9) InternaL standard CF3COONH4. - 10) The dianion exists in soLution in more than 90% as the 
trans isomer. 
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11) Measured in a saturated NH4F soLution. - 12) ExternaL standard CF3COOH. 
13) SoLution in C2HsOC2Hs. - 14) Sublimation. - 1S) PaLe green solid. 
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16) Light orange crystaLLine product. - 17) ExternaL standard CFCL3. - 18) ExternaL standard 
Si(CH3)4. - 19) Standard CFCL3. - 20) ExtrapoLated from the equation Log p(Torr) = 7.705-
1710/T (between 213 and 253 K), fitting measured vapor pressures, evaporation enthaLpy 
~Hv = 32.7 ± 0.6 kJ . moL -" i1HyfTs = 111.2 J. moL -1. K-1. 

21) InternaL standard Si(CH3)4. 

4.3.3 Chemical Reactions 

Thermal StabiLity, Solvolysis Reactions 

No decomposition occurred when each of the compounds (CF3)4Ge, (CF3bGel, (CF3bGeCL, 
and (CF3bGeI2 was heated at 145°C (7 d). At 190°C (7 d) slow decomposition to perfluorocycLo
propane and the expected germanium fluoride, e.g., (CF3bGeF from (CF3)4Ge, occurs. The 
trifluoromethylgermaniumhaLides are stable towards C3F6 formation but redistribution 
reactions occur sLowLy. When (CF3bGel is heated at 155°C in a seaLed tube, (CF3)4Ge and 
(CF3bGeI2 are formed. The foLLowing relative amounts are obtained starting from 1.00 
(CF3bGel: After 15 h 0.06 and 0.08; after 30 h 0.11 and 0.12; after 90 h 0.19 (CF3)4Ge and 0.19 
(CF3)2GeI2 [2]. 

(C6FsbGeGeCL3 is thermaLly unstable. It decomposes sLowly even at O°C forming 
(C6FsbGeCl and the polymer [GeCl2]n [8]. SOlvoLysis of (C6FsbGeGe(C6Fsb with CH30H at 60°C 
(0.25 h) or CH3COOH at 100°C (1 h) yieLds 85% (C6FsbGeOCH3 or 69% of (C6FsbGeOC(O)CH3 [5, 
8]. 

Reactions with OrganometaLLic Compounds 

At 20°C a mixture of (C6FsbGeH and Bi(C2Hsb was prepared and heated to 70°C. FinaLLy 
the temperature was raised graduaLLy to 110°C (1 h), and 75% (C6FsbGeBi(C2Hsl2 was formed 
(meLting point 92 to 94°C). When the mixture with a molar ratio of 2: 1 was heated from 70 to 
120°C (0.5 h) and then to 170°C (1 h), 72% [(C6FsbGebBiC2Hs is obtained (meLting point 148 to 
150°C) [17]. Reactions of (CsFsbGeH or (C6Fsl2GeH2 with (C2HsbGeN(C2Hsl2 in hexane at 100°C 
(1 h) lead respectiveLy to 73% (C6FsbGeGe(C2Hsb (boiLing point 144 to 151 °C/1.5 Torr; meLting 
point 98 to 102°C) and 66% (C2HsbGeGe(CsFs)2Ge(C2Hsb (boiLing point 164 to 
166°C/1.5 Torr; melting point 41 to 44°C) [3]. 

A twofoLd excess of Cd(CH3b reacts with (CF3bGel at 20°C (24 h) to give 90% (CF3bGeCH3 
(boiLing point 57.5°C; meLting point -48.5°C). AnaLogously, (CF3bGeI2 gives 92% 
(CF3bGe(CH3b (boiLing point 78°C) and C2FsGel3 yields 100% C2FsGe(CH3b. For NMR and 
IR spectra see [2]. (C6Fs)GeCl3 reacts in boiLing C6H6 (10 h) with C2HsMgBr to form 
C6FsGe(C2Hsb (boiLing point 108 to 114°C, nßo = 1.4683, D~o = 1.3954 9 . cm -3). Analogously, 
(C6FsbGeBr2 gave 67% (C6FsbGe(C2Hsb (boiLing point 134°C/5 Torr, nöo = 1.4805). 
The reaction of (C6FsbGeBr and C2HsMgBr yields 60% (C6FsbGeC2Hs (boiLing point 156°C/ 
1 Torr, meLting point 89 to 92°C) [13]. In 19% yieLd (C6FsbGeGe(C2Hsb is formed from 
(C2HsbGeBr and [(C6FsbGehHg . TlGe(C6Fsb in tetrahydrofuran [6]. 

The reaction of a mixture of (C6FsbGeGe(C6Fsb and GeF2 with 100% excess of C6HsMgBr 
in ether gave (C6FsbGeGe(C6Hs)2Ge(C6Fsh A mixture of (C6FsbGeGe(CsFsb reacted with 
CsHsGeCl at 100°C (2 h) to yieLd 24% of (C6F3bGeGe(C6Hs)ClGe(C6Fsb [8]. 
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64 Compounds of Main Group 4 Elements 

Reactions with (CsHsP)s, CsHsPLi2, DimethyLbutadiene and 

A suspension of (CsFsbGeGe(CsFsb and (CsHsP)s in benzene was heated at 180°C (15 h) 
in a carius tube forming 39% of (CsFslaGeP(CsHs)Ge(CsFsla (melting point 90 to 92°C). The 
same product can also be made from CsHsPLi2 and (CsFslaGeCl in 45% yield. When (CsFsbGeH 
was mixed with the heterocycle A in tetrahydrofuran, crude 

was formed, which exploded during an attempted distillation. The germaheterocycle was 
also made from (CsFsbGeGe(CsFsla, GeF2, CsHsMgBr and dimethylbutadiene at 130°C (2 h) 
in 27% yield [15]. 

CompLexlng Reactions 

A solution of Pt[P(CsHsbb in benzene and [(CsFsbGebBi2 gave 98% 
[(CsFsbGebBi2Pt[P(CsHsbb- A X-ray structure of the complex is provided [18]. Insertion 
reactions are shown between Ge-H bonds and Pt[P(CsHsbh- This is demonstrated by the 
foUowing examples : A mixture of (CsFsbGeH and Pt[P(CsHsbb reacted at 20°C (1 h) to yield 
(CsFsbGePt[P(CsHsbbH (62%). Similarly (CsFsbGeH2 and Pt[P(CsHslab gave on standing at 
20°C after 1 h (CSFS)2GeHPt[P(CsHsbbH. Depending on the molar ratio of (CSFS)2GeHGeH(CsFsb 
to Pt[P(CsHsbb, the reaction in benzene takes place according to: 

The complex (CsFsbGeSPt[P(CsHsbbH is obtained from (CsFsbGeSH and Pt[P(CsHslab in 
benzene at 20°C (1 h) [9]. Similar insertions are given in the following examples [4]: 

(M = Hg, Cd, Zn) 

The platinum complex can be replaced by Pd[P(CsHsbb to form (CsFsbGeHgPd
[P(CsHsbbGe(CsFsb [4], see also [37, 40]. At 20°C (1 h) [(CsFslaGebHg and Cr(CSHS)2 
react to [(CsHsbCr+b{[(CsFsbGe]4Hg}2- [38]. Several complexes of [(CsFslaGebCd were 
synthesized with donor ligands L. AU together eighteen substances of the formula 
[(CsFslaGe]Cd-xL were made [39]. 
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Polymerization Reactions 

When a mixture of (CsFsbGeHGeH(CsFsb was heated with (CsFslaGeHgC2Hs in toLuene at 
80°C (1 h) and then heated to 110°C, an oligomer (77% yieLd) forms with the empiricaL formuLa 
CSOFSOGe4Hg2 (meLting point 221 to 223°C). When Pt[P(CSH5lah in benzene or Hg{N[Si(CH3labh 
in toLuene is added to this digermane at 20°C (1 or 20 h) the poLymers C1soH7SFsoGe4Hg2P4Pt2 
and (C24F10Ge2Hg)4 (86% yieLd) are produced, respectiveLy [10]. 
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4.4 Perfluorohalogenoorgano Cornpounds of Tin 

4.4.1 Preparation and Physical Properties 

Tris(pentafluorophenyl)stannane (CsF sbSn H 

Bls(pentafluorophenyl)dichLorostannane (CsF s)2SnCl2 

Tetrakis(pentafluorophenyl)stannane (CSFS)4Sn 

Hexakis(pentafluorophenyl)distannane (CsFsbSnSn (CsF sb 

[Hexakis(pentafluorophenyl)dlstannyl]mercury (CsF sbSnHgSn(CsF sb 

[Trls(pentafluorophenyl)stannyl-trls(pentafluorophenyl)germyl]mercury (CSFS)3SnHgGe(CsFs)3 

In benzene SnCl2 reaets with (CsFsbTLBr to give (CsFsbSnCl2 [4]; see also Part 4, p. 182. 

No new syntheses have been pubLished for the other eornpounds, sinee Part 4, pp. 181/92, 
has appeared. New details on physieal properties are given below, for ehernieal reaetions see 
Chapter 4.4.2, p. 69. 

UV absorption speetra (1. in nrn) [11] : 

(CsFsbSnH: A.max (in pentane) = 267, A.max (in CH2Cl2) = 267 

(CsFsbSnSn(CsFsb: A.max (in pentane) = 243 (sh), 268 (sh) ; A.max (in CH2Cl2) = 268 (sh) 

[(CsFsbSnbHg: A.max (in pentane) = 260, 276 (sh); A.max (in CH2Cl2) = 260 (sh), 278 

199Hg NMR of saturated solutions of [(CsFsbSnbHg in toluene (a) and in CH2Cl2 (b): Chernieal 
shift [standard (CH3bHg] Ö = -644.5 (a) and -682 pprn (b), J(Hg_1171119Sn) = 18380/17550 
(±10) Hz (a), J(Hg_117/119Sn) = 18690/17862 (±5) Hz (b) [19]. 
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TabLe 17 
FundamentaL Vibrations of (CF3)4Sn according Td symmetry [12]. 
For abbreviations see TabLe 11, p. 55. 
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Al (Raman, p) A2 (-) E (Raman, dp) Fl (-) F2 (Raman, dp; IR) 

vas(CF3) v5 
vs(CF3) Vl 
°as(CF3) V6 
°s(CF3) V2 
Q(CF3) V7 
v(SnC4) v3 
o(SnC4) VB 
1: V4 

TabLe 18 
IR and Raman Spectra of (CF3)4Sn [12]. 

IR (gas) Raman (Liquid) Assignment 

52 } VB 
58 m V19 

211.5 vs, P v3 
223 m V7' V17 

284 s 284 w vlB 
520 W VB' V15 

723.7 s 722.0 s, P V2' v16 
895 V13- V17 
905 v13- v3 
936 vw v3 + V16 
968 ? 

1005 V16 + V1B 

1033) 2V16 
1058 V13- V19 
1068 w V13- VB 
1091 v14- v19 

TrlfLuoromethyLstannane CF3SnH3 

TrifLuoromethyLtribromostannane CF3SnBr 3 

Bis(trifLuoromethyL)dibromostannane (CF3hSn Br 2 

Trls(trlfLuoromethyL)bromostannane (CF3hSn Br 

Tetrakis(trifLuoromethyL)stannane (CF3)4Sn 

V9 V13 
V14 

Vl0 V15 
V16 

Vll V17 
V1B 
V19 

V12 

IR (gas) Raman (Liquid) Assignment 

1115vs 1108w 
1147 vvs -1135 vw, sh 

1190 w, sh 
1238 
1286 
1393 
1832 
1865 
2214 vw 

2240 
2258 
2283 
2319 

1178 w, P 

V5' v13 
v14 
V1 
V14 + vB 
V15 + V16 
impurity 

V13 + V1B 
V13 + V16 
V14 + V16 
2V9 
v9 + v14 
v13 + v14 
2v14 
v1 + v14 

The reduction 6f CF3SnBr3 with LiALH4 in dry diethyL ether at - 78°C (1.5 h) gave a mixture 
of compounds, which contains about 10% CF3SnH3. The rather unstabLe compound was 
characterized by 1H NMR at -40°C [externaL standard Si(CH3)4, positive sign downfieLd: 
o = 7.00 ppm (quartet), J(F-H) = 2 to 3 Hz (not unambiguousLy resoLved)j and by the mass 
spectrum. The most intense ions are CF3120SnH; (m/e = 191) and aseries of ions CF3SnH~, 
FSnH~ and SnH~ [1]. 
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On heating a mixture of SnBr4 and Hg(CF3b in a seaLed tube at 125°C (67 h), 54% CF3SnBr3 
and 19% (CF3bSnBr2 were obtained [2, 3]. When SnBr4 and Hg(CF3b were reacted at 112°C 
(42 h) 46% CF3SnBr3 and 3% (CF3bSnBr2 were isoLated. The yieLds of CF3SnBr3 and 
(CF3bSnBr2 as a function of time and temperature are presented in [1]. The reaction of 
(CF3bCd . CH30CH2CH20CH3 with SnBr 4 in 1,6-dibromohexane yieLds, aLong with the main 
product (CF3)4Sn, the compounds CF3SnBr3 and (CF3bSnBr in yieLds of 10 and 5%, respectiveLy 
[18]. 

CF3SnBr3: 19F NMR (neat sampLes, positive shifts are LowfieLd from extern aL standard 
CF3COOH): o(CF3) = 31.2 ppm, 2J(Sn-F) = 875/831 Hz [1], o(CF3) = 29.8 ppm, J(Sn-F) = 868, 
822 Hz, o(CF3) = 30.8 ppm, J(Sn-F) = 871/835 Hz; IR: 1212 (w), 1142 (s), 1130 (vs), 1091 (w), 
1070 (sh), 1040 (w), 730 (w) cm -1 [2,3]. Mass spectrum at 70 eV [m/e, ion (reLative intensity)]: 
413, CF2SnBr; (11); 363, SnBr; (100); 282, SnBr~ (11); 201, SnBr+ (77); 139, SnF+ (33); 120, 
Sn + (88) [1]. ALso observed were SnBr;, CF3SnBr~, CF3SnBr+ and CF3Sn + ; the first two ions 
were the most intense [3]. 

(CF3bSnBr2: 19F NMR: o(CF3) = 33.3 ppm, J(Sn-F) = 721/689 Hz [1]; o(CF3) = 34.7 ppm, J(Sn
F) = 717/689 Hz. IR:1180 (sh), 1140 (vs), 1114 (m), 1095 (sh), 1040 (vw), 730 (w) cm- 1 [2,3]. 
Mass spectrum [m/e, ion (reLative intensity)]: 399, CF3(CF2)SnBr~ (2); 351, CF3SnBr~ (81); 337, 
(CF3bSnBr+ (32); 299, FSnBr~ (23); 280, SnBr~ (27); 201, SnBr+ (100); 139, SnF+ (68); 120, 
Sn + (64) [1]. see aLso [18]. ALso observed were CF3SnBr~ (base peak), (CF3bSnBr+, SnBr~, 
SnBr [3]. 

(CF3bSnBr: 19F NMR (externaL standard CF3COOH): 0 = 36.3 ppm, J(Sn-F) = 678, 656 Hz. 
Mass spectrum: m/e = 337, (CF3bCF2SnBrF+ (20); 287, CF3SnF2Br+ (20) [18]. 

A most convenient method of preparing (CF3)4Sn is the reaction of 
(CF3)2Cd· CH30CH2CH20CH3 with SnBr 4 [18]. (CF3)4Sn is aLso formed by reacting Snl4 with CF3 
radicaLs (e.g., from C2F6), formed in a Low-energy pLasma [5]. 19F NMR (externaL standard 
CFCL3): o(CF3) = -43 ppm, 13C NMR [externaL standard Si(CH3)4]: o(C) = 132.7 ppm, JC3C
F) = 349.2 Hz [7], 19F NMR (externaL standard CF3COOH): 0 = 38.8 ppm, J(Sn-F) = 537, 
514 Hz. Mass spectrum: m/e = 377, (CF3bSnCF; (5); 327, (CF3bSn+ (51) [18]. 

The moLecuLar structure of (CF3)4Sn has been determined by eLectron diffraction yieLding 
the geometric parameters r a(C-F) = 1.338 ± 0.002 A, r a(Sn-C) = 2.201 ± 0.005 A and cr(F-C
F) = 108.2°. The moLecuLe has Td symmetry [12]. The IR spectrum in the gas phase and the 
Raman spectrum in the Liquid phase have been recorded (see labte 18, p. 67). The assignment 
is supported by means of anormaL coordinate anaLysis. Distribution and notation of the 
fundamentaL vibrations are given in labLe 17, p. 67). 

letrakis(3,3,3-trifLuoropropynyL)stannane (CF3C=C)4Sn 

letrakis(pentafLuorophenyLethynyL)stannane (C6FsC=C)4Sn 

(CF3C=C)4Sn was prepared by reaction of CF3C=CMgl with SnBr4 in ether soLution [8]. A 
gas-phase eLectron diffraction study of (CF3C=C)4Sn yieLds the foLLowing internucLear distances 
r (in A) and angLes 0(, based on Td symmetry for the C-Sn skeLeton and on C3v symmetry for 
the CF3 groups: r(Sn-C) = 2.070 ± 0.007 A, r(C=C) = 1.215 ± 0.006 A, r(C-C) = 
1.460 ± 0.007 A, v(C-F) = 1.343 ± 0.002 A, O«CCF) = 111.3 ° ± 0.2 ° [8]. These vaLues are 
confirmed by a further diffraction study [9]. 

In 60 to 80% yieLd (C6FsC=C)4Sn forms in the reaction of [(C2HsbN]4Sn with C6FsC=CH. The 
meLting point is 186 to 188°C; 19F NMR (internaL standard C6F6, vaLues recaLcuLated to the 
standard CFCL3) : o(F2, F6) = -135.05, o(F3, FS) = -162.01, o(F4) = -150.40 ppm, J(F2_F4) = 
3.0 Hz, J(F3_F4) = - 20.0 Hz [10]. 
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4.4.2 Chemical Reactions 

For an improved quantitative determination of fluorine in CsFs and CF3 compounds, among 
them (CSFS)4Sn, by combustion of the sampLe in a cLosed tube fiLLed with 02' foLLowed by titration 
of F- with Th(N03)4 soLution in the presence of Alizarine Red S, see [6). 

Thermal Stability. Reactions with Cd(CH3h, CH3Li, (CH3hCCaCSn(CH3h 

CF3SnH3 which is thermaLLy Less stabLe than SnH4 decomposes rapidLy at -40°C to yieLd a 
brown unidentified solid [1). A neat sampLe of (CF3hSnBr2 decomposed totaLLy in 72 hat 125°C 
in an evacuated seaLed tube [1). CompLete decomposition is aLso observed when (CF3)4Sn was 
heated to 100°C (24 h) in a seaLed tube. The decomposition products consist of one equivaLent 
cycLo-C3Fs, a smaLL amount of SiF 4 and a nonvoLatiLe residue. At 66°C (24 h) onLy 58% of (CF3)4Sn 
was decomposed to yieLd the same products. CF3SnBr3 was onLy sLightLy decomposed at 
125°C (24 h), since traces of (CF3hSnBr2 were observed [3). 

CF3SnBr3 reacts with a smaLL excess Cd(CH3h at 20°C (15 min) to give 92% CF3Sn(CH3b
With a tenfoLd excess Cd(CH3h under the same conditions CF3Sn(CH3b is formed immediateLy 
and quantitativeLy. The reaction of CF3SnBr3 with substoichiometric amounts of Cd(CH3h 
yieLded 58% CF3Sn(CH3b, 8% CF3(CH3hSnBr and 11% CF3(CH3)SnBr2, aLong with unreacted 
CF3SnBr3. At 20°C (15 min) (CF3)2SnBr2 reacted with Cd(CH3)2 to give 91% (CF3hSn(CH3h. In 
an ether soLution CH3Li and CF3SnBr3 reacted at 20°C (3 min) to give 71 % CF3Sn(CH3b. With 
a Large excess of CH3Li, 31 % CF3Sn(CH3b and 70% (CH3)4Sn were isoLated. lH, 19F NMR and 
mass spectra of the methyLated tin compounds are given in [1). 

When (CF3CaC)4Sn is heated with (CH3bCCaCSn(CH3h to 140°C, CF3CaCSn(CH3b is 
formed [13). 

Complex Formation 

Insertion reactions between [(CsFshSnbHg or (CsFshSnHgGe(CsFsh with Pt[P(CsHshh 
take pLace in benzene at 20°C (2 h) according to (CsFshSnHgM(CsFsh + Pt[P(CsHshh 
-+ (CsFshSnHgPt[P(CsHshbM(CsFsh + P(CsHsh (M = Sn, Ge) [14, 15). The reaction be
tween (CsFshSnHgGe(C6Fsh and Pt[P(CsHshh gives the two isomers (CsFsbSnPt[P(CsHsb)
HgGe(CsFsh and (CsFshGePt[P(C6HshbHgSn(CsFsh in 90 and 10% yieLd. An X-ray structure 
of (CsFshSnPt[P(CsHshbHgGe(C6Fsh is provided [16]. The compLex (CsFsbSnHgPt
[P(CsHshbSn(CsFsh was separated by chromatography [17). 
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4.5 PerfLuorohaLogenoorgano Compounds 0' Lead 

Since the appearance of Part 4 in 1975, no new papers on Lead cornpounds have been 
pubLished. 
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5 PerfLuorohaLogenoorgano Compounds of Main Group 5 ELements 

5.1 Preliminary Remarks 

71 

The compounds of the Main Group 5 elements phosphorus, arsenic, antimony, and bismuth, 
are covered to the end of 1973 in "Perfluorhalogenorgano-Verbindungen der 
Hauptgruppenelemente" , Part 3, 1975 (cited here as Part 3), for further details see the preface 
of this Supplement Volume. The compounds with nitrogen will be reported separately. 

5.2 PerfLuorohaLogenoorgano Compounds 01 Phosphorus 

5.2.1 Cyclic PerfLuorohaLogenoorgano Compounds 01 Phosphorus 

5.2.1.1 Homocyclic Phosphorus Compounds 

5.2.1.1.1 Preparation and PhysicaL Propertles 

Tetrakis(trifLuoromethyL)cycLotetraphosphine (CF 3P)4 

Pentakis(trifLuoromethyL)cycLopentaphosphine (CF 3P)S 

On dropping R4Pb (R = CH3, C2Hs) into stirred CF3PI2 under inert-gas atmosphere (CF3P)4 
is formed according: 

CF3PI2 + R4Pb -->(CF3P)4 + RI + R3Pbl 

R3Pbl forms a deposit. After the end of the reaction the mixture is heated to 100 to 120°C 
for 3 to 8 hand distilled in vacuo [1]. Mixtures of (CF3P)4 and (CF3P)s are obtained by reaction 
of CF3PHI and AgCN (20°C, 2 h) [2] and by reduction of CF3PI2 with Hg in presence of less 
than stoichiometric amounts of HI [3]. 

z 

y 

Fig. 1. Ring shape characterization of (CF3Pk The phosphorus atoms are designated by 
numbers. 
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72 Compounds of Main Group 5 ELements 

31p NMR Spectra. MoLecuLar Structure 

(CF3P)4 shows in benzene the chemicaL shift /)e1p) = -76.4 ppm [4] or -76.71 ppm at 
30°C [5], referred to 85% H3P04 (negative sign means highfieLd from the standard). The 19F_ 
decoupLed 31p NMR spectra were investigated in nematic soLvents [4, 5]. Measurements in 
"Merck Phase 4" give /) vaLues between -67.08 (at 9.5°C) and - 70.21 ppm (at 40°C) at 
different ordering parameters Szz of the moleeule in the Liquid-crystaL phase (obtained by 
varying the temperature). These vaLues are corrected for the temperature dependence of the 
phosphorus chemicaL shift, .M/At = 0.052 ppm/oC. From a reLation between the shifts in the 
isotropie phase (benze ne soLution, see above) and in the nematic phase (for Szz -+ 0) the 
chemicaL shift anisotropy Acr = crll- cr.L = 129 ± 15 ppm resuLts (crll = crzz' cr.L = (crxx + cryy)/ 

2, forthe coordinate system see Fig. 1, p. 71). Thespin-spin coupLing constantJ1,2 = + 100.6 Hz 
is obtained from the 31p NMR in a 60:40 mixture of N-(4-methoxybenzyLidene-4-n-butyLaniLine) 
and butyL-4-(4-ethoxyphenoxycarbonyL)phenyLcarbonate. Assuming that the J1,2 coupLing is 
isotropie, the dependence of the dipoLe-dipoLe coupLing constants °1,2 and °1,3 from Szz gives 
a ring foLding angLe ot = 24.8° ± 0.7° [4, 5]. The P-P-P angLe is 84.5° [5]. The 19F-decoupLed 
40 MHz-31 p spectrum of (CF3P)s at 40°C shows a weLL-resoLved AA'BB'C system spread over 
1000 Hz. The shifts /) (in ppm, extern aL standard 85% H3P04) and coupLing constants J (in Hz) 
are given in the foLLowing [6] : 

/)(P1) /)(P2) = /)(P3) = CF3 

/)(Ps) /)(P4) V 
7.5 10.0 -1.1 /p'",-

~ P\JF3 ciS';) 
CF3 V V CF3 

P3-P, 

J1,2= J1,3= J2,S J2,4= J2,3= J3,4 

J1,S J1,4 J3,S J4,8 

+214.5 ±36.9 ±0.8 +5.3 +223.3 +343.2 

The anaLysis of the spectrum shows that the phosphine has a rigid Cs symmetry or that a 
conformationaL change, fast on the NMR time scaLe, occurs to produce an average Cs 
symmetry. According to X-ray structuraL data (see Part 3, p. 4) the Latter hypothesis seems 
more LikeLy [6]. 

PhotoeLectron Spectra 

The anaLysis of the He(l) photoeLectron spectra of (CF3P)4 gives the verticaL ionization 
energies Ei = 10.18 and 10.58 eV, wh ich are assigned to ionization from the phosphorus Lone
pair MO's of symmetry a1 and e, respectiveLy, further Ei = 12.38 eV (ionization from crpp MO, 
symmetry e), and Ei = 12.89 eV (overLap of ionizations from the b2 phosphorus Lone pair MO 
and the a1 and b1 crpp MO's). The assignment used in an earLier anaLysis, see Part 3, p. 3, is 
changed in this investigation in the Light of MO caLcuLations [7]. For (CF3P)s, the five peaks at 
9.79, 10.13, 10.71, 11.21, and 12.1 eV are assigned to the ionization of the phosphorus Lone 
pair MO's of the symmetries a", a', a', a", and a' (in order of increasing energy) [7]. 

References p. 74 GmeLin Handbook 
CF Comp. Suppt. 1 



Phosphorus Compounds 73 

Tris{pentafLuorophenyL)cycLotriphosphine (C2F sPb 

Tetrakis{pentafLuorophenyL)cycLotetrakisphosphine (C2FSP)4 

Pentakis{pentafLuorophenyL)cycLopentaphosphine (C2FSP)S 

For preparation and properties, see Part 3, p. 1. - The question of the existence of the 
trimer and pentamer is investigated by 19F-decoupled 31p NMR spectroscopy [8]. The reaction 
of C2FsPI2 and Hg (see Part 3, p. 1) forms mixtures which are said to contain (CF3Pb and 
(CF5P)4 according to [9] or (CF3P)5 and (CF3P 4)4 according to [10]. In freshly prepared mixtures 
the 31 PNMRshowsasingletatö = -72.9andamultipletatö = -145.1 (Jp_p = 168 HZ,externaL 
standard 85% H3P04). The singlet is assigned to the tetramer, the multiplet corresponds to 
the AB2 spin system of a trimer [8]. This fact confirms the assignment of the - 71.9 ppm [10] 
signal, but contradicts the interpretation [10] of a shift of -144.2 ppm as the signaL of the 
pentamer [8]. On standing for several weeks at room temperature there is observed a 100% 
conversion of the trimer to the tetramer [8, 10], see also the investigation of this conversion 
in [11], which is corrected and discussed in [8]. 

The analysis of the He(l) photoeLectron spectrum of (C2F5P)4 gives the verticaL ionization 
energies Ei = 9.9 and 10.48 eV (ionization from the phosphorus lone-pair MO's of symmetry 
a1 and e, respectively), further Ei = 11.95 (ionization from O"pp MO, symmetry e) and Ei = 

12.65 eV (overLap of ionization from the b2 phosphorus lone-pair MO and the a1 and b1 O"pp 

MO's). For (C2F5Pb the peaks at 10.39,10.83 and 11.69 eV are assigned to the ionization from 
the Lone-pair MO's of symmetry a', a" and a', respectively. The ionization from O"pp MO's leads 
to Ei = 12.76 (a") and 14.42 eV (a') [7]. 

Tris{heptafLuoropropyL)cycLotriphosphine (C3F7P)3 

Tetrakis{heptafLuoropropyL)cycLotetrakisphosphine (C3F7P)4 

Pentakis{heptafLuoropropyL)cycLopentakisphosphine (C3F7P)5 

(i-C3F7Pb forms in quantitative yield by reaction of i-C3F7P12 with Hg. The stabLe and 
transparent Liquid soLidifies at 20°C. The vapor pressure at 25°C is 0.75 Torr. The 31p NMR 
spectrum shows a chemicaL shift ö = -130 ppm (standard H3P04); UV: broad absorption 
band at 200 to 260 nm, IR: 1270 (s), 1240 (s), 1160 (m), 950 (w), 900 (w) cm- 1 [12]. The 
reaction of n-C3F7P12 with an excess of mercury in a closed ampule overnight gives (n-C3F7P)4 
which was identified by its 31PC9F} NMR spectrum, a sharp singLet at ö = -62.6 ppm (85% 
H3P04 as external standard, C6D6 as sOlvent) [8]. The second resonance at ö = -141.4 ppm, 
wh ich was earLier observed in such areaction mixture and assigned to the pentamer [10, 
13] couLd not be found [8]. Similar to the interpretation of the perfluoromethyl system (see 
above), this signal should have been assigned to the three-membered ring [8]. 

Tetrakis(pentafLuorophenyL)cycLotetraphosphine (C6F5P)4 

For preparation and physical properties, see Part 3, p. 2; additionaL reactions are given 
on p. 74. 
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5.2.1.1.2 Chemlcal Reactlons 

CycLic phosphines react with fLuoroiodoalkanes at temperatures between 160 to 220°C in 
4 to 10 h forming secondary unsymmetricaLLy substituted iodophosphines (see pp. 106/7) [14, 
15, 16] according to: 

1/4 (RP)4 + R'I --+ R(R')PI R = CF3, C2Fs, R' = n-C3F7, i-C3F7, CHFCF2Cl 

The kinetics of the reaction were studied in the temperature range from 145 to 185°C. The 
kinetic curves for conversion of the phosphine from 0 to 0.6 to 0.8 are represented by first
order equations. The reaction constants k and activation energies Ea (in kcal/mol) in the case 
of R = CF3 are given in the foLLowing [14] : 

R' = n-C3F7, k = 26 X 102 h-1, Ea = 31, R' = i-C3F7, k = 10 X 102 h-1, Ea = 36, R' = CHFCF2Cl, 
k = 17x102 h-1, Ea = 33 

The determination of the reaction order with respect to the phosphine for the reaction with 
excess C3F71 gave n = 1. This fact, together with the overaLL first-order behavior of the reaction, 
leads to suppose that the reaction passes through the intermediate formation of a molecular 
complex, the rate of breakdown of which determines the rate of the whole process [17]. (CF3P)5 
also forms secondary unsymmetrically substituted iodophosphines. The reaction proceeds 
not directLy but with intermediate conversion of the pentamer to the tetramer which reacts 
with the fLuoroiodophosphines [18]. 

On condensing (CH3hP into a solution of (CF3P)4, of (CF3P)5 or of a mixture of both 
phosphines in CSH5CF3, a phosphine-phosphinidene (CH3hPPCF3' an analogue of a Wittig 
reagent, is formed. The NMR spectra are measured in presence of (CH3hP under slow
exchange conditions. 19F NMR (external standard CFCl3): ö(CF3) = -26.7 ± 1.4 (doublet 
of doublets, position solvent-dependent), J(CF3-P) = 37.2 Hz, J(CF3P-P) = 23.6 Hz, 
31p NMR (external standard 85% H3P04): ö(CF3P) = -81.0 ppm (doublet of quartets) and 
ö[P(CH3h] = 12.7 ppm (doublet of quartets), J(P-P) = 436.5 and 436.3 Hz, respectively, 
J(P-CF3) = 37.4 Hz, J(P-PCF3) = 23.3 Hz. Positive signs mean downfield values. 1H and 
13C NMR data are also presented [19]. 

(CF3P)4 reacts with (CH3hSiH and with (CH3hGeH to a negLigible extent at 20°C in nine 
weeks. The reaction with (CH3hSnH is complete within 15 min [20] according to: 

(CF3P)4 + (CH3hSnH ...... (CH3hSnPHCF3 + (CH3SnhPCF3 + CF3PH2 

(C6F5P)4 cleaves on reaction with Pt[P(CsHshla in boiLing benzene in N2 atmosphere. The 
fragments act as Ligands forming Pt[P(CSH5hb[PCsF5h [21]. 
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5.2.1.2 HeterocycLic Phosphorus Compounds 

2,2,4,4-Tetrafluoro-1,3-bis{trifluoromethyL)-1,3-diphosphetane F3C-p- CF 2 

I I 
F2C- P- CF3 

3,3,4,4-Tetrafluoro-1,2-bis{trifluoromethyL)-1,2-diphosphetane F 3C - P-CF2 

I I 
F3C-P-CF2 

A mixture of 80% 1,3-diphosphetane and 20% 1,2-diphosphetane forms in 40 to 50% yield 
in the BF3-catalyzed decomposition of (CF3bPSiH3 at 60°C in 20 to 40 h. The reaction time 
decreases with increasing BF3 concentration. The diphosphetanes are obtained in 40% yield 
on decomposing (CF3bPSi(CH3b at 20°C (5 h) in the presence of BF3 (molar ratio phosphine/ 
BF3 1 : 2). The 19F NMR spectrum of the 1,2-diphosphetane (the 19F NMR spectrum of the 1,3-
diphosphetane is covered in Part 3, p. 11) shows the signals of the CF3 groups as doublet of 
triplets, /) = -47 ppm (standard CFCl3), spin-spin coupling constants 2J = 92 Hz, 3J = 12.2 
and 3.4 Hz. The CF2 groups give a spectrum of second order,/) = -81 ppm. This pattern 
was bounded by two major multiplets whose centers were 278 Hz apart [1]. 

2,3,5,6-Tetrakis{trifluoromethyL)-1,4-diphosphabenzene F3C xP X CF 3 

F3C P CF3 

The compound forms on refluxing 2,3,5,6,7,8-hexakis(trifluoromethyl)-7-methoxy-1,4-di
phosphabicyclo[2.2.2]octa-2,5-diene (see compound C, p.77) in an oxygen-free stream of 
argon for 40 h [2, 3] or pyrolyzing 4,5,9,10,11, 12-hexakis(trifluoromethyl)-1 ,8-diphospha
tetracyclo- [6.2.2.02.7.03.6]-dodeca-4,9,12-triene (see compound F, p. 78) at 180°C for 3 h [4]. 

The phosphabenzene is very sensitive to oxygen and base, but it is thermally stable (no 
change on heating at 180°C for 3 h). The UV spectrum in hexane shows a strong absorption 
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band at 282 nm (moLar absorptivity > 4000 to 5000). 19F NMR (benzotrifLuoride as internaL 
standard): 0 = 11.6 ppm [doubLet, J(P-F) = 66 Hz]. 31p NMR (externaL standard 50% soLution 
of H3P04 in D20): 0 = 287.1 ppm. 13C NMR [extern aL standard (CH3)4Si, in CDCL3, decoupLed 
by 19F]: ö(-C=P-) = 163.9 ppm [quartet, J(PC2) = 80.5 Hz, J(PC3) = 5.0 Hz], ö(CF3) = 123.5 ppm 
(muLtipLet) [3]. (DownfieLd shifts are shown as positive.) In the mass spectrum a reLativeLy 
weak moLecuLar ion peak appears at m/e = 386 and a strong peak at m/e = 317 (M+ -CF3) 

[2,3]. 

The reaction of the diphosphabenzene with hexafLuoro-2-butyne [2, 3], the photolysis [5, 
6] and the thermolysis in presence of sulfur [7] yieLd new titLe compounds, see pp. 77, 79. 

The phosphabenzene reacts with cycLohexene thioxide forming the foLLowing cycLoadduct 
in addition to the 7-thia-1,4-diphosphanorbornadiene (see p. 80) [7]: 

The diphosphabenzene reacts with acetyLenic compounds to give 1 : 1 DieLs-ALder adducts. 
The reactions with dimethyLacetyLene [3] and methyLacetyLenedicarboxyLate [2, 3] in n-pentane 
as soLvent in a seaLed stainLess-steeL tube at 90 to 95°C (14 h) yieLd the compounds A and B, 
respectiveLy : 

A: X = CH3 

B: X = C02CH3 

A: 78.7% yieLd, coLorLess needLes, meLting point 152 to 153°C, IR: v(C=C) = 1600 cm -1, UV 
(in CH30H): Amax = 272 nm (Log E = 2.96), 326 nm (Log E = 2.79), 19F NMR [standard 
benzotrifLuoride, in (CD3)2CO]; 0 6.30 ppm [doubLet, 1/AJpF + JpF') = 37 Hz], MS: 
m/e = 440 (M+), 1H NMR see [3]. 

B: 51.2% yieLd, paLe yeLLow pLates, meLting point 108 to 110°C, Amax = 317 nm (shouLder), 19F 
NMR (in CDCL3): 0 = 6.60 ppm [doubLet, 1/2(JJP + JpF') = 40 Hz], MS: m/e = 528 (M+), 1H 
NMR see [2, 3]. 

The reaction with hexamethyL-Dewar-benzene at 80°C (1 h) in a seaLed tube gives the 
foLLowing 1 : 1 DieLs-ALder adduct [3] : 
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YieLd 56%, yeLLow pLates, meLting point 182 to 184°C, IR: v(C-H) = 2960, 2920, 2860 cm-1, 
v(C=C) = 1610,1585 cm-1, 19F NMR: 8 = 5.76 ppm [6F, doubLet, 1/2(JpF + JpF') = 49.6 Hz, 
CF3], 6.36 ppm [6F, doubLet, 1/2(JpF + JpF') = 54.1 Hz, CF3]; MS: m/e = 548 (M+), 1H NMR 
see [3]. 

2,3,5,6,7 ,8-Hexakis(trifluoromethyL)-1 ,4-diphospha-bicycLo[2.2.2]-octa-2,5, 7 -triene F 3C CF3 

F C --.J 
3/tZCF3 

F3C CF3 

The compound (see aLso Part 3, p. 10) forms on reacting 2,3,5,6-tetrakis(trifLuoromethyL)-
1,4-diphosphabenzene with hexafLuoro-2-butyne in a seaLed stainLess-steeL tube in pentane 
at 90 to 95°C for 14 h [3], see aLso [2]. It is aLso obtained in quantitative yieLd by the thermolysis 
of 2,3,5,6,7 ,8-hexakis(trifLuoromethyL)-7 -methoxy-1 ,4-d iphosphabicycLo[2.2.2]octa-2,5-diene 
(compound C, see beLow) with 0.5 moLar equivaLent of suLfur [7]. 

PhysicaL Properties are given in Part 3, p. 12. 

Stirring the octatriene in CH30H in presence of RhCL3 gave the three products C, 0 and 
E [2, 3]. 

C o E 

Compound C is the main product of the reaction (55% yieLd), meLting point 68 to 70°C, 19F 
NMR (internaL standard benzotrifLuoride, soLvent CDCL3): 8 = -3.36 ppm (3 F, muLtipLet, CF3), 

6.80 ppm (15 F, muLtipLet, CF3), UV (in CH30H) : Amax = 243 nm (Log I: = 3.29), 332 nm (Log I: = 
3.00), IR (in KBr): v(C=C) = 1600 cm-1, 1H NMR see [3]. Compound D is obtained in 3.8% 
yieLd, meLting point 85 to 86°C, 19F NMR: 8 = -3.88 ppm (3 F, muLtipLet, CF3), 6.40 ppm (12 F, 
muLtipLet, 4 x CF3), v(C=O) = 1740, v(C=C) = 1710 cm-1, 1H NMR see [3]. Compound E (5.3% 
yieLd) meLts at 81 to 82°C, 19F NMR: 8 = -2.20 ppm (3 F, muLtipLet, CF3), 5.80 ppm [13 F, 
muLtipLet, 4 x CF3 + C=CF(OCH3)], v(C=C) = 1645, 1620 cm-1, 1H NMR see [3]. 

The reaction with diazomethane yieLds quantitativeLy at 20°C 3,4-bis(trifLuoromethyL)
pyrazoLe [4, 8] (after sublimation at 90°C/6 Torr coLorLess needLes, meLting point 122°C [8]). 
The reaction with phenylazide (seaLed Pyrex tube, heating at 80°C for 50 h in a soLution of 
CsHs and CH3CN) gives quantitativeLy 1-phenyL-4,5-bis(trifLuoromethyL)-1,2,3-triazoLe [4, 8], a 
paLe yeLLow oiL, 19F NMR: 8 = 8.0 and 3.8 ppm [both doubLets, J(F-F) = 6.8 Hz] [4]. With furan, 
2,5-dimethyLfuran and tetraphenyLcycLopentadienenone no reaction of the octatriene occurs. 
The reaction with cycLobutadiene (generated from cycLobutadiene ironthiocarbonyL) gives the 
foLLowing compounds, which are separated by Si02-coLumn chromatography [4, 9]. 
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exo adduct F ende adduct G 

Exo adduct: Yield 23.7%; melting point 97 to 98°C; 19F NMR (standard benzotrifluoride): 
o = 5.40 ppm [6 F, doublet, 1/2(JpF + JPF') = 40.6 Hz, CF3], 6.06 ppm [6 F, doublet, 1/2(JpF 

+ JpF) = 38.4 Hz, CF3), 6.16 ppm [6 F, doublet, 1/2(JpF + JpF') = 38.8 Hz, CF3]. 

Endo adduct: Yield 33.2%, melting point 111 to 112°C, 19F NMR: 0 = 2.84 ppm [6 F, doublet, 
1/2(JpF + JpF') = 41.7 Hz, CF3], 6.04 ppm [6 F, doublet, 1/2(JpF + JpF') = 39.5 Hz, CF3], 6.08 ppm 
[6 F, doublet, 1/2(JpF + JpF') = 39.5 Hz, CF3] [4, 9]. 

The reaction with 2,3-dimethylbutadiene (stainless-steel tube, 100°C, 5 h) does not give 
the expected primary adduct but 1 ,2-dimethyL-4,5-bis(trifluoromethyL)-1 ,4-cyclohexadiene as a 
decomposition product and additionaLly an unidentified compound (for the physical properties 
of both compounds, see the originaL reference) [4]. The reaction with butadiene is mentioned, 
but no details are given [4]. 

DodecafLuoro-13, 14-diphosphatriptycene ~~ 
Ip~ 

~~ 
The compound is obtained in 15% yieLd on heating red phosphorus with 1,2-diiodotetra

fLuorobenzene for 3 d at 250°C. In the mass spectrum the moLecuLar ion peak appears at 
m/e = 506. A strong metastabiLe peak is found for the reaction C1sF12P; --> C1sF10P+ + PF2 
[10]. 

2,3,5,6-Tetrakis(trifLuoromethyl)-7, 7 -dichloro-1 ,4-diphosphabicyclo[2.2.1 ]hepta-2,5-diene 

The compound is obtained in 54% yield by heating 2,3,5,6,7,8-hexakis(trifluoromethyL)-
7-methoxy-1,4-diphosphabicyclo[2.2.2]octa-2,5-diene in CCl4 in an evacuated Pyrex tube [3]. 
The compound forms yellow needles (sublimation at 30°C/760 Torr) [3], melting point 39 to 
39.5°C, IR (KBr) v(C=C) = 1600 cm-1, 19F NMR (standard benzotrifluoride): 0 = 8.00 ppm 
[doublet, 1/2(JpF + JpF') = 22.6 Hz], mass spectrum m/e = 468 (M+) [3,11]. 
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1,3,4,6-Tetrakls(trifluoromelhyl)-2,5-diphosphatrlcyclo[3.1.0.02''!hex-3-ene CF3 

~ CF3 

F3C~:-Z:: 
CF3 

Irradiation (high-pressure lamp) of a solution 2,3,5,6,7,8-hexakis(trifLuoromethyl)-7-meth
oxy-1 ,4-diphosphabicyclo [2.2.2]octa-2,5-diene in perfluoropentane sealed in vacuo in a Pyrex 
tube for 72 h at room temperature yields the compound after trap-to-trap distiLLation. It is a 
colorless volatile oil wh ich soLidified at -78°C. The yield is 41 %, based on octa-2,5-
diene. The compound is also obtained by irradiation of 2,3,5,6-tetrakis(trifLuoromethyl)-1,4-
diphosphabenzene (formed in situ by thermolysis of the diphosphabicyclooctadiene in n
hexane) in perfLuoropentane at 20°C (72 h, Ar atmosphere) [6]. IR (in n-pentane): v(C=C) 
= 1620 [10, 11], 1300 to 1100 cm- l [6]. 19F NMR (in n-pentane, internal standard 
benzotrifLuoride): /) = 10.2 ppm [6F, doublet, l/2(JpF + JpF) = 22.6 Hz], 6.0 ppm (6F, triplet, 
J pF = 5.2 Hz). l3C NMR (CDCl3): /) = 71.71 ppm (triplet, Jpc = 47.5 Hz), 191.1 to 123.0 ppm 
(muLtiplet, CF3) [6] e9F-decoupled spectrum pictured in [10)). 3lp NMR (CDCl3, externalstandard 
85% H3P04): /) = 17.96 ppm [5, 6]. Mass spectrum m/e = 386 (M+) [5, 6]. 

The compound is stable at room temperature and is not attacked by oxygen. On heating 
it isomerizes to 2,3,5,6-tetrakis(trifLuoromethyl)-1 ,4-diphosphabenzene. The haLf-Life of the 
diphosphacyclohexene in perfLuorobenzene at 198°C is found to be 75 min, Irradiation of the 
compound with a low pressure mercury lamp also yields the 1,4-diphosphabenzene (see 
p. 75) [6]. 

The Diels-Alder reaction with 2,3-dimethyl-1,3-butadiene gave the stable 8,9-dimethyl-
1 ,3,4,6-tetrakis(trifLuoromethyl)-2,5-diphosphatetracyclo[4.4.0.02.4.03,5]dec-8-ene, meLting point 
55 to 56°C. 19F NMR (CDCl3, internal standard benzotrifLuoride) /) = 9.2 ppm (6F, muLtiplet), 
3.2 ppm (6F, doublet, JpF = 22.6 Hz), lH NMR see [6]. 

The reaction with furan in n-pentane at 20°C (5d) under stirring yields the adduct (colorless 
crystals) 

MeLting point 66 to 70°C. 19F NMR (CDCl3, internal standard benzotrifLuoride): /) = 
10.8 ppm (6 F, doublet, JpF = 31.6 Hz), 8.8 ppm (6 F, muLtiplet), for lH NMR, see the original 
[6]. 

The treatment with phenylazide in n-pentane in a sealed Pyrex tube (50°C, 2 d) gave 
9-phenyl-1,3,4,6-tetrakis(trifLuoromethyl)-2,5-diphosphatriazatetracyclo [4.3.0.02.4.03,5]non-7-
ene as a pale yeLLow oiL, boiLing point 70 °C/7 Torr. 19F NMR (internal standard benzotrifLuoride, 
CDCl3): /) = 10.8 ppm (3 F, muLtiplet), 10.0 ppm (3 F, muLtiplet), 5.2 to -2.8 ppm (CF, muLtiplet), 
lH NMR see [6]. 
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s 

F,::z:rcCF, 
F3C CF3 

2,3,5,6-Tetrakls(trifluoromethyl)-7-thla-1,4-dlphosphanorbornadlene 

The thermolysis of 2,3,5,6,7 ,8-hexakis(trifLuoromethyl)-7 -methoxy-1,4-diphosphabicyclo
[2.2.2]octa-2,5-diene with excess sulfur in pentane in a sealed tube at 100°C (48 h) gave the 
titLe compound as an air-stable yellow oiL. It is also obtained in almost quantitative yield 
in the reaction of 2,3,5,6-tetrakis(trifLuoromethyl)-1,4-diphosphabenzene with cyclohexene 
thioxide. The compound shows the C=C stretching band at 1610 cm-1, 19F NMR (in pentane, 
external standard benzotrifLuoride) : ö = 6.8 ppm (JpF = 24.8 Hz). The desuLfurization of the 
norbornadiene with (CsHsbP leads to the 1,4-diphosphabenzene [7]. 

3,4-Bis(trifluoromethyl)thiadiphosphole s 
p"'" 'p 
11 11 

The compound forms on the thermolysis of 2,3,5,6,7,8-hexakis(trifLuoromethyl)-7-methoxy-
1 ,4-diphosphabicyclo[2.2.2]octa-2,5-diene with 0.5 molar equivalent of sulfur in almostquantita
tive yield as a very air-sensitive oiL. IR: v (C-F) = 1238, 1175 cm -1, 19F NMR (in pentane, 
external standard benzotrifLuoride): ö = 12.8 ppm (JpF = 51 Hz), UV (in hexane): A.max = 248 
(e> 1100), 322 nm (e> 850). The compound is a good diene for Diels-Alder reactions. With 
hexafLuoro-2-butyne it reacts forming 2,3,5,6-tetrakis(trifLuoromethyl)-7-thia-1,4-diphospha
norbornadiene quantitatively. Treatment with maleic anhydride in pentane gave the adduct 

s 
I
, 0 

F37"/)!i 

F3C ~u 
o 

in 57% yield, meLting point 135 to 136°C, 19F NMR (in CDCl3): ö = 9.6 ppm (JPF = 27.1 Hz) 
[7]. 

5-Pentafluorophenyloctafluorodibenzophosphole 
F F 

F F 

F F 

The phosphole (meLting point 151 to 153°C) is prepared [12] using the method given 
in [13] for the preparation of 5-phenyloctafLuorodibenzophosphole from octafLuoro-2,2'
diLithiobiphenyl and phenyldichlorophosphine. The mass spectrum of the compound is 
discussed in [12]. It gives rise to a large variety of fLuoroaromatic fragments, many of which 
result from PFn losses (n = 1, 2, 3) [12]. 
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5.2.2 PerfLuoroorganophosphines 

5.2.2.1 Preparation and Formation 

2,2-DifluorophosphaethyLene F2C=PH 

F2C=PH was postulated as an intermediate in the reaction of phosphines containing the 
group ;CFPH- with aqueous bases [1] and its ion was found in the mass spectra of 
so me trifluoromethylphosphines [2]. The short-lived compound has been detected by MW 
spectroscopy in the flow-system pyrolysis of CF3PH2 at 1000 ac at pressures in the range 
from 10 to 30 ~m, as half-live 1.3 min were determined [3]. It forms also on passing of a 
CF3PH2 stream at 30 Torr at room temperature through a tube filled with broken KOH pellets 
[4,5]. 

TrifluoromethyLphosphine CF3PH2 

The phosphine is formed in quantitative yield by the reaction of CF3PI2 with Hg and excess 
HI (>2 mol) [6]; for this reaction see also Part 3, p. 14. CF3PH2 is obtained on decomposition 
of CF3PHCl or CF3PHBr and on decomposition of CF3PHI in presence of AgCl, AgBr, AgCN, 
HgCl2 and SbF3 (all reactions at room temperature) [7]. Cleavage of CF3PHPHCF3 by HCl [7] 
or HI [6] at room temperature as well as the reaction of (CF3P)4 with (CH3hSnH (15 min at 
room temperature) [8] gives CF3PH2 . It aLso forms in a Low-pressure siLent discharge of 
CF3PHPHCF3 and of (CF3hPH [30]. Very high yieLds of the phosphine are found in the reaction 
of CF3PI2 with (CH3hSnH in sealed tube at room temperature within a few minutes [9]. CF3PH2 

forms quantitativelyon reacting [(CH3hMbPCF3 or (CH3bMPHCF3 (M = Si, Ge, Sn) with HBr 
and by decomposition of (CH3hMPHCF3' 
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Bis(trifLuoromethyl)phosphine (CF 3bPH 

The phospine lorms in the reaction 01 (CH3hSnH with (CF3hPI at 20°C in a lew minutes 
in >95% yield [9] and with (CF3)4P2at20°C in one hour [8]. CF3AsH2 or (CH3hMAsHCF3cleaves 
off (CF3bPH Irom compounds 01 the type (CH3hMP(CF3h (M = Si, Ge, Sn) [13]. The phosphine 
is obtained quantitatively by decomposition 01 (CF3bPAsH2 above -40°C or by the reaction 
01 (CF3bPAsH2 with Br2' HBr, (CH3bAsH, (CH3hSiH and (CH3)4As2 [11]. The cleavage 01 
R(CF3)PP(CF3b by HCL at 20°C gives the phosphine in yields increasing in the order R = 

CH3, CH2F, CHF2; it is also obtained by the reaction 01 (CF3)2PCH2P(CF3)P(CF3)2 with HCl 
[12]. 

Cleavage reactions 01 (CF3)2PP(CF3b with (CH3hGeH at 150°C or with (CHhSnH at 20°C 
lorm (CF3bPH, which is also obtained Irom (CF3)2PAs(CH3b and (CH3hSnH at 20°C. 
(CF3bPXCF3 (X = S, Se) reacts with (CH3)GeH at 100°C and with (CH3hSnH at -10°C lor 
X = S, and at O°C for X = Se, quantitatively to yield the phosphine. The formation 01 
(CF3bPH is also observed in the reaction 01 (CF3bPYCH3 (Y = Se, Te) with HI, 01 (CF3)2PTeCH3 
with HBr at 20°C, of (CF3bPXCH3 (X = S, Se) with (CH3hSnH (at O°C and 0.4 h lor X = S 
and -40°C and 0.4 h lor X = Se) and with (CsHshSnH (at 20°C and 1 d lor X = S, Se), 
lurthermore in the reaction 01 (CF3bPSn(CH3h with CH3XH (X = S, Se) at -40°C (0.2 h) and 
with (CH3bAsH at 20°C (1 d) [13]. The phosphine lorms in the reaction 01 (CF3)2PSn(CH3h with 
Cr(CO)s(CH3bAsH at 20°C [14] and in the hydrolysis 01 (CF3)2PSeP(CF3b with hydrochloric 
acid [15]. 

(CF3bPH lorms in a low-pressure silent discharge 01 CF3PH2 [30]. 

Trlfluoromethylcyanophosphine CF3PHCN 

The compound has been detected by NMR spectroscopy in solutions of CF3P(CN)2 and 
CF3PH2 after standing lor several weeks [7]. 

1,1-Bis(trifLuoromethyl)diphosphine (CF3bPPH2 

1,2-Bis(trifLuoromethyl)diphosphlne CF3PHPHCF 3 

(CF3bPPH2 is obtained by the reaction 01 F3SiPH2 with (CFbPI in a sealed tube at 20°C 
(5 d) [16]. 

On reacting CF3PI2 with a Lass than stoichiometric amount 01 anhydrous HI in the presence 
01 mercury, CF3PHPHCF3 is lormed and can be separated easiLy Irom the by-products [CF3PH2, 
(CF3P)n, n = 4,5] by fractional distiLLation [6]. Shaking CF3PHI with dry mercury for 20 min 
yields the diphosphine in 96% yield. CF3PHPHCF3 is also lormed in the reaction of CF3PHI 
with HgCl2, AgCl, SbF3 CdF2, and with NaF in acetonitriLe, also in the reaction of CF3PH2 with 
Cl2 and with CF3P(CNhas weLL as in the thermal decomposition 01 CF3PHBr [7]. The diphosphine 
is obtained bya low-pressure silent discharge 01 CF3PH2 [30]. 

5.2.2.2 Physlcal Propertles 

F2C.PH 

The analysis 01 the microwave spectrum gives the experimental rotational constants Ao = 
11107.33, Ba = 4766.33 and Co = 3330.79 MHz. Rotational constants have been calculated 
Irom preLiminary structural data; r(C-F) = 1.315 A and (X(F-C-F) = 107° have been translerred 

References p. 86 Gmelin Handbook 
CF Comp. Suppt. 1 



Phosphorus Compounds 83 

from F2CS, r(P-H) = 1.420 A from (CH3bPH. The distance r(C=P) = 1.671 A and the angle cx(C
P-H) = 100 0 have been obtained by variation to give the best agreement between the 
experimental and calculated rotational constants [3]. Ab initio MO-SCF calculations with the 
bases STO-3G and STO 4-31G resulted in the following values for the molecular energy ET, the 
geometry parameters and the dipole moment 11 [17] : 

Basis 

STO-3G 
STO 4-31G 

-570.91108 a.u. 
-570.25194 a.u. 

r(C=P) 

1.67 A 
1.74 A 

r(P-H) 

1.39 A 
1.67 A 

cx(C-P-H) 

92.6 0 

94.4 0 

2.60 D 
1.024 D 

The calculation of the charge distribution shows that there is a substantial positive charge 
on the phosphorus atom. The barrier to in-plane inversion is calculated (STO-3G basis) to 
be 315 kJ/mol and the barrier for the out-of-plane rotation of the C-P-H fragment to be 570 kJ/ 
mol [17]. 

The lH, 19F and 3lp NMR spectra show the following chemical shifts I) (in ppm) and spin
spin coupling constants J (in Hz), lowfield shifts are positive from the standards (CH3)4Si, 
CFCl3 and P(OCH3b [5, 18]: 

I)(Fl ) = 4.2, I)(F2) = 24.6, I)(P) = -201.4, I)(H) = 3.55, J(P-H) = 166.6, J(Fl-H) = 19.2, J(F2-

H) = 40.0, J(P-Fl ) = 213.6, J(P-F2) = 82.3, J(Fl _F2) = 25.4 

The investigation of the He(l) photoelectron spectra of both phosphines gives the following 
vertical ionization potentials (in eV) which are tentatively assigned to localized molecular 
orbitals assuming Cs skeletal symmetry [19]. 

Assignment Lone electron pair P-C P-H F nonbonding orbitals 
on phosphorus er bond er bond on CF3 groups 

symmetry A' A" A' A2 E E 
CF3PH2 11.50 13.21 13.86 15.34 16.16 16.93 

symmetry A/(n) A' A" A2 E E 
(CF3b PH 11.18 13.24 14.08 15.06 15.83 16.69 

The analysis of the IR and Raman spectra of (CF3bPH in [20] agrees well with the results 
of investigations covered in Part 3, p. 17. NMR spectra of (CF3hPH: The chemical shifts (in 
ppm, negative sign mean upfield to the standard) and the spin-spin coupling constants J (in 
Hz) are given in the following [21]. 

l3C NMR (standard C6D6): I) = -0.09, J(C-F) = 314, J(C-P) 
J(C-PH) = 4.7 
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31p NMR (standard 15% H3P04 in D20, caLibration against 85% H3P04): 0 = -49.6, J(P-CF) = 
69.4, J(P-H) = 216 

19F NMR (standard CFCL3, measured in D20 soLution of CF3COOH): 0 = -48.9, J(FC-P) 
70, J(FC-PH) = 10 

1H NMR [standard (CH3)4Si, soLvent CHCL3): 0 = 4.06, J(H-P) = 214, J(HC-PF) = 9.86 

The diphosphine can exist in two diastereomeric forms [22): 

meso form (a) 

yb/CF3 

F3C/i'H 
H 

d, L diastereomer (b) 

The 19F NMR spectrum shows for each diastereomer a doubLet (with Large spacing) of 
doubLets (with smaLL spacing) pLus weaker peaks as expected for the M part of a MM' AA'XX' 
system. The vaLues observed (internaL standard CFCL3) are as foLLows: for the Low fjeLd 
diastereomer 0 = -40.7 ppm [J(P-CF) + J(P-P-CF) = 69 Hz, J(HP-CF) + J(HP-P-CF) = 
12.5 Hz). for the highfieLd diastereomer 0 = -41.5 ppm (61 Hz, 11.5 Hz) [30). 80th isomers 
couLd be distinguished by further NMR experiments. The temperature-dependent 1H{19F} and 
31PC9F} spectra show the expected AA'XX' spin systems. The spin-spin coupLing constants J 
were obtained by tripLe resonance experiments C9F decoupLing, 31p tickLing, 1H reso
nance). The foLLowing chemicaL shifts (0 in ppm, positive sign LowfieLd to the standards (CH3)4Si 
and 85% H3P04) and coupLing constants J (in Hz) have been evaLuated [22): 

Temperature Isomer oCH) oe1p) J(P-P) J(P-H) J(P-PH) J(HP-PH) 

35°C a 3.68 -90.3 -135.2 +205.6 +3.2 +9.2 
b 3.82 -92.0 -183.7 +213.9 +15.2 +3.0 

100°C a -91.5 -114.8 +213.7 +1.8 +7.4 
b -95.1 -203.4 +223.2 +15.5 ±0.5 

5.2.2.3 ChemicaL Reaclions 

5.2.2.3.1 PyroLysis 

On the pyroLysis of CF3PH2 at 1 OOO°C, F2C=PH is detected by MoN spectroscopy [3). On 
passing gaseous CF3PH2 sLowLy at 20°C over solid KOH two HF units are eLiminated to give 
FC=P. Increasing the rate of the CF3PH2 stream or Lowering the quantity of reacting KOH 
gives F2C=PH [4, 5, 23). The pyroLysis of (CF3bPH on flowing over KOH peLLets gives the 
compound CF3P=CF2 [18). 
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5.2.2.3.2 Reaclions 01 CF3PH2 and (CF3hPH 

CF3PH2 reacts at 20°C with a deficiency of iodine forming CF3PHI wh ich reacts further 
with iodine to give CF3PI2 [7). Equimolar mixtures of CF3PH2 and CF3PI2 react with sizeable 
rates above 40°C or on irradiation by an Hg lamp forming CF3PHI. The same reaction is 
observed for CF3PD2. Reactions with CF3PBr2 and with CF3PCl2 forming CF3PHX, X = Br, Cl, 
occur only on irradiation, no reaction is found for CF3PF2. A mixture of CF3PH2 and Cl2 on 
standing for 7 d at 20°C yields CF3PHCl, CF3PCl2 and HCI. Subsequent reaction of CF3PHCl 
with CF3PH2 yields CF3PHPHCF3. Smaller amounts of the diphosphine are formed in the 
reaction of CF3PH2 with CF3PHBr, no reaction occurs between CF3PH2 and CF3PHI to form 
the diphosphine. At room temperature, CF3PH2 forms with CF3P(CNb, after some weeks, 
CF3PHCN, wh ich reacts with excess CF3PH2 to give CF3PHPHCF3, (CF3P)4 and HCN. These 
products are also found on heating the reaction mixture for 14 d at 50°C [7). 

The reaction of the phosphine with Fe2(CO)9 (6 d, 21°C, sealed tube) gives Fe(CO)4[CF3PH2], 
which is an orange-brown liquid with a vapor pressure of about 1 Torr at 20°C [24). 

(CF3hPH. On warming a mixture of (CF3bPH and NH3 in a glass tube (sealed by a stopcock) 
from -196 or -130°C to -50 or 0 or 25°C, areaction mixture forms in wh ich (CF3bPNH2, 
CH2F(CF3)PNH2, CHF2(CF3)PNH2 and HN[P(CF3bh are detected by NMR spectroscopy. The 
yield of the products depends on the manner of raising the temperature [25). 

On elevation of the temperature from - 78 to OOC (CH3hN dehydrofluorinates (CF3)2PH 
forming (CH3hNH2F2 and presumably CF3P=CF2 as primary compounds and initiating a 
series of further reactions yielding (CF3)2P4, R(CF3)PP(CF3b (R = CHF2, CH2F or CH3), 
(CF3)2PCH2P(CF3)P(CF3b and less volatile products. With (CH3hSiCl as a further added 
reactant leading to the formation of (CH3hNHCl and (CH3hSiF, the same volatile phosphines 
as above are formed, but the yields are higher. (CH3hSiP(CF3b is also found. For 
(CF3bPCH2P(CF3)P(CF3b, the vapor pressure p (in Torr) is given by log p = 6.627 + 
1.75 T -0.005 T - 2 546fT, boiling point 164°C, Trouton constant 27.7 cal· mol- 1 . K-1 [12). In 
the presence of (CH3hN the phosphine (CF3bPH reacts with CH3(CF3)PCl (sealed tube, 
warming to -78°C, then to 25°C) yielding the chiral diphosphine CH3(CF3)PP(CF3)2, wh ich 
is characterized by NMR data [29). (CF3bPH reacts with IM(CO)s in C6H6 at 25°C to give 
(CF3bPM(CO)s, for M = Mn (30 h) and for M = Re (8 h) [26). 

Under UV irradiation (240 h, in vacuo), (CF3bPH reacts with F2C=CCl2 to form CF3H, (CF3hP, 
(CF3)4P2 and, along with other compounds, HCCl2CF2P(CF3b, melting point 115 to 118 °Cf731 
Torr, 19F NMR (external standard CF3COOH): ö(CF3) = 27.8 ppm (doublet of triplets), ö(CF2) = 

- 21.2 ppm (doublet of octets). The irradiation of the phosphine and HClC=CFH gives a 
complex product mixture, from wh ich two compounds could be isolated and tentatively 
characterized by their 19F NMR spectra to be H2CClCFHP(CF3b and HCFClCH2P(CF3b. The 
phosphine underwent no reaction with F2C=CCl2 at 50°C (120°C), with FHC=CHCl at 100°C 
(120 h), with hexafluoropropene on UV irradiation (20°C, 22 h) or on heating for 120 hat 100°C 
[27). 

Condensation Reaclions 01 CF3PH2 and 01 (CF3hPH 

Both phosphines react with [(CH3hMbP and (CH3hMPH2 (M = Si, Ge, Sn) at room 
temperature to form mixtures of products, whose composition depends on the ratio of the 
starting compounds, see TabLe 19. The rate of formation is greater for [(CH3hMbP than for 
(CH3hMPH2and decreases intheorderSn > Ge > Si [10). 
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Table 19 
Condensation Reactions of CF3PH2 and (CF3hPH2 [10]. 

Reaction components 
(quantities in mmol), conditions 

(CF3hPH 

(15) 

(15) 

CF3PH2 

(8.5) 

(16.8) 

(8.0) 

(6.0) 

(2.0) 

(3.5) 

(7.0) 

[(CH3hSibP 
(1.0) 20°C, 16 d 
[(CH3hSnbP 
(1.0) 20°C, 0.4 d 

[(CH3hSibP 
(2.0) 20°C, 21 d 
[(CH3hGebP 
(2.5) 20°C, 63 d 
[(CH3hSnbP 
(2.0) 20°C, 7 d 
(CH3hSiPH2 

(3.0) 50°C, 35 d 
(CH3hSiPH2 

(2.0) 50°C, 21 d 
(CH3hGePH2 

(2.0) 20°C, 150 d 
(CH3hSnPH2 

(7.0) 20°C, 7 d 

5.2.2.3.3 Reactions 01 CF3PHPHCF3 

Products (yields) 

(CH3hSiP(CF3h 
(77%) 
(CH3hSnP(CF3h 
(12%) 

(CH3laGeP(H)CF3 

(80%) 
(CH3laSnP(H)CF3 
(30%) 
no reaction 

no reaction 

(CH3laSiF 
(23%) 
(CH3laSnF 
(88%) 

[(CH3laGebPCF3 
(15%) 
[(CH3laSnb PCF3 
(10%) 

(CH3laGeP(H)CF3 [(CH3laGebPCF3 
(2 to 3% as mixture) 

(CH3laSnP(H)CF3 [(CH3laSnb PCF3 
(20% as mixture) 

Excess HI cleaves the P-P bond in the diphosphine [6,7] according to the reactions 
CF3PHPHCF3 + HI -+ CF3PH2 + CF3PHI, 2 CF3PHI -+ CF3PH2 + CF3PI2. 

5.2.2.3.4 Reactions 01 (CSF5l2PH 

The phosphine reacts in organic solvents with the stable radicals diphenylpicrylhydrazyl, 
triphenylverdazyl, indophenoxyl and their leuco compounds. The phosphorus-containing 
nitroxide (CsFshPN(O·)C(CH3h which is relatively stable (the ESR spectrum is observable for 
several days) is obtained in the reaction of the diphenylpycrylhydrazyl radical with the 
phosphine in benzene in air in presence of 2-methyl-2-nitrosopropane [28]. 
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5.2.3 Perfluorohalogenoorganophosphorus Oxygen Compounds 

5.2.3.1 Preparation and Formation 

Tris(perfluoroalkyl)phosphine oxides (R,bPO 

R, = CF3, C2Fs, n-C3F7, n-C4Fg , n-CSF11 , i-CsF11 , n-CSF13, n-C7F1S' n-CaF17, C9F19 

Tris(pentafluorophenyl)phosphine oxide (CsF sbPO 

Pentafluorophenylbis(pentafluorophenylethynyl)phosphine oxide CsFs(CsFsC=CbPO 

(CF3bPO (see Part 3, p. 31) forrns on the decornposition of (CF3bP(F)OSi(CH3b at roorn 
ternperature in 4 h in quantitative yield [1]. 

The phosphine oxides (R,hPO, R, = C2Fs to CaF17, have been prepared frorn the 
corresponding alkylphosphine oxides R3PO by the electrochernical fluorination of a 10 to 25% 
alkylphosphine oxide solution in anhydrous HF. The preferable conditions for the electrolysis 
are current densities frorn 0.02 to 0.05 A/crn2 and voltages ac ross the electrodes of 5.0 to 6.0 V. 
In order to obtain oxides of higher tris(perfluoroalkyl)phosphines (~Cs) their hydrocarbon 
analogues are first brorninated to avoid the cleavage of the C-P bond on electrolysis. The 
brornination is carried out on introducing brornine into a mixture consisting of 15 to 20% 
hydrogen fluoride and 85 to 75% trialkylphosphine oxide and stirring the mixture for 3 to 4 h 
at roorn ternperature [2]. For (C9F19bPO no detaiLs for preparation are given. 
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(CsFsbPO is prepared in 93% yield by the reaction of (C6FsbP with (CF3bNO in Cl2CFCF2Cl 
as solvent (sealed tube, -70°C for one day, shaking at room temperature tor 20 min, left 
standing for another day). The recrystallization from petroleum ether gives white needles 
[3]. The oxide forms on dissolving (CsFsbP in a SbFs-HS03F mixture (1: 1) or in pure HS03F 
followed by addition of H20 [20]. 

CSFS(C6FsC=C)2PO (yield 67%) is obtained by dissolving CsFs(CsFsC=CbP in HS03F tollowed 
by addition of H20 [20]. 

Bis(trifLuoromethyL)phosphinous trifLuoroacetic anhydride (CF3bPOC(O)CF3 

Bis(trifLuoromethyL)phosphinous pentafLuoropropionic anhydride (CF3bPOC(O)C2F5 

Bis(trifLuoromethyL)phosphinous heptafLuorobutyric anhydride (CF3bPOC(O)C3F7 

The compounds have been obtained by the reaction ot the silver salts AgOC(O)Rt 

(Rt = CF3, C2Fs, C3F7) with (CF3bPCl or (CF3bPI. The reaction components are mixed at low 
temperature and then broughtto room temperature within 10 min. Aftertractionalcondensation 
the yields are as follows [4]. 

(CF3b POC(O)CF3 
(CF3)2POC(O)C2Fs 
(CF3)2POC(O)C3F7 

(CF3b PCl 

43.6% 
60.5% 
18.6% 

(CF3bPI 

82.1% 
80.0% 
92.9% 

2-Cyano-2(T\-oxo-bis(trifLuoromethyL)phosphine)hexafLuoropropane (CF3bPOC( CF 3bCN 

Tetrakis(trifLuoromethyL)phosphinous acid anhydride (CF3bPOP(CF3)2 

Tetrakis(trifLuoromethyL)phosphinic acid anhydride (CF 3)2P( 0 )OP( 0)( CF 3b 

Bis(trifLuoromethyL)phosphoryL-~-oxo-bis(trifLuoromethyL)phosphine (CF3)2POP(O)(CF3)2 

(CF3hPOC(CF3hCN torms in 97% yield when (CF3hPI is trozen into a reactor containing 
NaOC(CF3hCN at -196°C and allowed to warm to room temperature over aperiod ot 30 min. 
After trap-to-trap rectitication the compound is held in the -95°C trap. The results were 
unchanged when (CF3hPCl was substituted tor the iodo derivative [4]. 

(CF3bPOP(CF3b (see Part 3, p. 32) is obtained by the decomposition ot the compounds 
(CF3h POC(O)Rt with Rt = CF3, C2Fs, C3F7 [4]. 

A new route tor preparing (CF3)2P(O)OP(O)(CF3h (see Part 3, p. 32) is the reaction ot 
(CF3bPOP(CF3)2 with (CF3)2P(O)Cl at 25°C (18 h). One other way is the oxidation of 
(CF3hPOP(CF3)2 with NO to give the compound in high yield (83%, 113°C, 65 h, sealed tube). 
The oxidation of (CF3)4P2 with NO by raising the temperature trom -78 to +25°C within 
5 min yields the compound in 90% yield [5]. 

(CF3bPOP(O)(CF3b has been obtained by the reaction ot (CF3hPOP(CF3h with (CF3bP(O)Cl 
(sealed glass tube, 25°C, 11 d), or with (CF3bP(O)OP(O)(CF3b (yield 94%, 25°C, 26 h) and by 
oxidation of (CF3bPP(CF3b with NO (sealed bUlb, 50°C, 84% yield) [5]. 
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Bis(trifLuoromethyL)aminooxy-bis(trifLuoromethyL)phosphine (CF3)2PON(CF3)2 

Bis[bis(trifLuoromethyL)aminooxy]-tris(trifLuoromethyL)phosphorane (CF3)3P[ON(CF3h]2 

Bis[bls{trifLuoromethyL)aminooxy]-bis(trlfLuoromethyL)fLuorophosphorane F (CF3hP[ON( CF 3)2b 

Bis[bis(trifLuoromethyL)aminooxy]-bis(trifLuoromethyL)chLorophosphorane CL(CF3hP[ON(CF3)2]2 

Bis[bis(trifLuoromethyL)aminooxy]-bis(trifLuoromethyL)bromophosphorane Br(CF3)2P[ON(CF3)2]2 

Bis[bis(trifLuoromethyL)aminooxy]-bis(trifLuoromethyL)cyanophosphorane CN(CF3)2P[ON(CF3)2]2 

Tetrakis[bis(trifLuoromethyL)aminooxy]-trifLuoromethyLphosphorane CF3P[ON(CF3)2]4 

The preparation of (CF3hPON(CF3h, CL(CF3hP[ON(CF3bb and (CF3hP[ON(CF3bb is 
mentioned in Part 7, p. 100. 

(CF3bPON(CF3b is obtained in 74% yieLd on reacting (CF3bPI and CF3NO for 3 d at -74°C 
in a seaLed gLass ampuLe. Traces of iodine formed in the reaction are removed by shaking 
the mixture with mercury. The compound is purified by fractionaL condensation [6]. The 
reaction of (CF3hNON(CF3b with (CF3hP (moLar ratio 1: 1) in a seaLed tube (15 hat -78°C, 
then 3 to 4 h at room temperature) foLLowed by fractionationaL trapping at -88°C gives the 
compound in about 100% yieLd [7]. With a moLar ratio of 2: 1 CF3P[ON(CF3hb was obtained in 
a yieLd of about 61 % (70°C, 46 h, trapping at -60°C) [7]. 

On reacting (CF3bPON(CF3)2 with (CF3bPF, (CF3hPCL, (CF3bPBr or (CF3bPCN one obtains 
F(CF3)2P[ON(CF3hb (24 h, 20°C, 93.5% yieLd), CL(CF3hP[ON(CF3bb (24 h, 20°C, 93.5% yieLd), 
Br(CF3bP[ON(CF3hb (3 d, 20°C, 76.8% yieLd) and CN(CF3hP[ON(CF3bb (16 h, - 74°C, 98% 
yieLd) [6]. 

The reaction of (CF3hP with (CF3hNO in a Pyrex tube on standing overnight at room 
temperature foLLowed by fractionaL condensation gives at - 20°C (CF3hP(ON(CF3hh in 96.1 % 
yieLd. The pyroLysis of the phosphorane at 80°C for 30 h in a cLosed vesseL yieLds after vacuum 
distiLLation CF3P[ON(CF3h]4 in 67% yieLd [8]. 

5.2.3.2 PhysicaL Properties 

Phosphine Oxides 

(C6F5hPO meLts at 168 to 169°C. The P-O stretching vibration is observed at 1230 cm- 1 

[3]. The 31p and 19F NMR spectra of (C6F5hPO in acetonitriLe (standards 85% H3P04 and C6F6) 
show the chemicaL shifts Ii(P) = - 7.2 ppm, Ii(F2,F6) = 33.8, Ii(F3,F5) = 2.4, Ii(F4) = 15.6 ppm 
[20]. 

C6F5(C6F5C=ChPO meLts at 125 to 127°C. The 31p and 19F NMR spectra (standards 85% 
H3P04 and CSF6) show the chemicaL shifts Ii(P) = -11.7 ppm, Ii(F2,F6) = 32.2 and 29.8 ppm, 
Ii(F3,F5) = 3.7 and 0.5 ppm, Ii(F4) = 17.2 and 19.4 ppm. The UV maxima (moLar absorptivity 
E) are observed at 219 (Log E = 4.25) and 260 nm (Log E = 4.49) [20]. 

(CF3hPO. Density Di5 = 1.661 g/cm3, D = 1.649-2.7x10-3 (-10°C<t>20°C) [9]. 13C 
NMR (internaL standard CDCL3, converted to (CH3)4Si): Ii = 119.50 ± 0.003 ppm [quartet of 
doubLets of septets, J(C-P) = 163.3 ± 0.7 Hz, J(C-F) = 316.9 ± 0.7 Hz, J(C-P-C-F) = 
3 ± 0.7 Hz] [10]. 31p NMR (externaL standard P40 S, CDCL3 soLution): Ii = -110 ppm. Faraday 
effect PM = 316 (-5 and O°C), 317 (10°C), 3141lr (14 and 20°C) [11]. 
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BoiLing points, densities, refractive indices as weLL as dieLectric constants and dipoLe 
moments of the tris(perfLuoroaLkyL)phosphine oxides (CnF2n +1laPO, n > 1 are given in TabLe 20. 
The dipoLe moments are directed toward the perfluoroalkyl groups. In the solid phase at 
-190°C the Limiting vaLues for the dieLectric constant (c oo )' poLarization (P (0) and the density 
D (in g/cm3) for (C4F9laPO and for (i-CsF11laPO has been found to be Coo = 2.12 and 2.09, P 00 = 
102 and 119, D = 2.11 and 2.16, respectiveLy [12]. 

TabLe 20 
PhysicaL Properties ofTris(perfLuoroaLkyL)phosphine Oxides (CnF2n + 1laPO, n > 1. 
BoiLing point (b.p.) in °C/pressure in Torr, density D, refractive index, dieLectric constant c, 

dipole moment ~l. 

Compound b.p.lTorr D20 4 n20 
D c [12] j.! in D 

in °C [2] (g/cm 3) [2] [2] [12] 

(C2Fs)3PO 96 to 98/760 1.774 1.2859 2.34 (at 40°C) 0.86 
2.20 (at 80 0c) 

(n-C3F7bPO 150 to 151/760 1.8598 1.2948 
(n-C4FglaPO 185 to 187/760 1.8930 1.3038 2.21 (at 20°C) 0.86 

82 to 84/18 
(i-CsF11 bPO 120 to 122/18 1.9052 1.3102 2.12 (at 20°C) 0.86 

107 to 109/14 
(n-CsF11 laPO 102 to 104/14 1.9050 1.3080 

(n-C6F13laPO 142 to 144/14 1.9240 1.3126 
(n-C7F1slaPO 121 to 123/0.4 1.9450 1.3146 
(n-CsF17laPO 138 to 140/0.3 1.948 1.3184 

MeLting points and NMR data are covered in TabLe 21, a presentation of IR data is given in 
TabLe 22. The mass spectra of the compounds are characterized by the moLecuLe-ion peak 
(M +), by the fragments M + - Fand M + -CF3 as weLL as by fLuorocarbon and fLuorophosphorus 
fragments [4]. 

TabLe 21 
MeLting Point (m.p.) in °C and 19F NMR 1) Spectra of (CF3hPOC(O)R, (R, = CF3, C2Fs, C3F7) and 
(CF3hPOC(CF3hCN [4]. 
ChemicaL shift ö in ppm (negative vaLues means highfieLd from the standard), spin-spin 
coupLing constant in Hz. 

Compound 

(CF~)2POC(O)CF8) 

(CF~)2POC(O)CF2CF8 

m.p. 

-56.1 

-89.1 

19F NMR 1) 

ö(CF~) = -60.8, ö(CF8) = -74.7, J(P-F) = 87.5 

ö(CF~) = - 58.2, ö(CF8) = - 79.4, 
ö(CF2) = -115.0, J(P-F) = 90.0 

References p. 95 Gmelin Handbook 
CF Comp. Suppl. 1 



Phosphorus Compounds 91 

Table 21 (continued) 

Compound m.p. 

-117.3 

-84.0 

19F NMR 1) 

ö(CF~) = -61.5, ö(CF~) = -81.3, 
ö(CF2) = -118.3 (IX), 126.2 (ß), J(P-F) = 92.0, 
J(CF3-CF~' ß) = 8.8 (IX), 8.8 (ß) 

ö(CF~) = -66.5, ö(CF~) = -79.0, J(P-F) = 96.8 

1) Internal standard CFCl3. - 2) 31p NMR spectrum: ö = 78.60 ppm (internal standard 40% 
H3P04), J(P-F) = 91.7 Hz. 

Table 22 
IR Spectra (in cm-1) and Tentative Assignments for (CF3)2POC(O)Rf (Rf = CF3, C2Fs, C3F7) and 
(CF3l2POC(CF3)2CN [4]. 
(v, ö are stretching or deformation vibrations, s or as means symmetric or antisymmetric,) 

(CF3)2POC(O)CF3 (CF3h POC(O)C2Fs (CF3h POC(O)C3F7 (CF3hPOC(CF3hCN 

3573 (w) 3568 (w) 3567 (w) 2v(C=O) 

2260 (w) v(C=N) 

1815 (s) 1800 (s) 1808 (s) 
v(C=O) 

1774 (m) 1776 (w) 

1341 (m) 1346 (m) 1350 (m) 1307 (s) 
1287 (vs) 1293 (m) 

1246 (vs) 1247 (vs) 1255 (vs) 
1225 (vs) 1223 (vs) 1223 (vs) 1225 (vs) vas and Vs 
1196 (sh) 1206 (vs) 1203 (sh) of the CF3 
1176 (vs) 1172 (vs) 1176 (vs) 1179 (vs) group 
1133 (vs) 1129 (vs) 1135 (vs) 1132 (s) 
1103 (vs) 1015 (vs) 1069 (m) 1073 (s) 

962 (m) 980 (ms) 

850 (vs) 825 (m) 836 (m) v(P-O-C) 

779 (m), 778 (m) 776 (m) 
764 (sh) 
749 (sh) 748 (sh) 748 (m) 748 (w) ö(CF3) 

726 (w) 732 (w) 716 (w) 733 (w) vas(P-C) 

Phosphorus Acid Anhydrides 

(CF3hPOP(CF3)2' Density 0 = 1.6082 g/cm3 [11]. 19F NMR (standard CFCl3) : ö = -66.5 ppm, 
J(F-P) = 98.8 Hz (second-order spectra), 31p NMR (standard H3P04): ö = 99.3 (complex F-P 
coupling) [5], (standard P40 S) : ö = -13 ppm [9]. The Raman spectrum of the liquid and the 
IR spectrum of the gaseous compound have been recorded and analyzed under the 
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assumption of the highest possible symmetry for a nonlinear bridged structure resulting in 
point group C2v, see Table 23 [13]. Though strong p-d interactions could lead to a linear or 
nearly Linear P-O-P bridge, the occurrence of two IR active v(P-O-P) vibrations shows that the 
skeleton is be nt. No evidence is given for the existence of more than one rotamer [13]. The 
unassigned IR spectrum is also given in [5]. The magnetooptical rotation of (CFghPOP(CFg)2 
has been determined: IPIM(exp.) = 626 and compared with the value calculated from additivity 
band rotations IPMI(cal.) = 688 [11, 14]. 

Table 23 
VibrationaL Frequencies v (in cm- 1) and Assignments for (CFg)2POP(CF3h from the Analysis 
of the IR and Raman Spectrum 1) [13]. 
w = weak; m = medium; s = strong; sh = shouLder; p = polarized; dp = depoLarized; 
v = very. 

Raman IR Assignment Raman IR Assignment 
(Liquid) (gas) (Liquid) (gas) 

94 mdp } PC2 twisting 566 w dp 563 m s POP sym-
120 w sh + scissoring 716 m s p 712 m s metric 

} 
stretching 

158 wsh PC2 deforma- 748 vs p 748 m CF3 sym-
164 w tion metric 

deformation 
200 s p POP bending 930 vw 923 vs POP asym-
238 mdp CF3 wagging; metric 

I 
PC2 wagging stretching 

263 m sh dp 1142 vw 1140 v vs 
279 vs P 276w CF3 rocking 1171 w 1177 v vs CF3 
301 w sh 1229 vw 1221 v vs sh stretching 

1230 vs 
452 s p? I PC2 
458 s sh 458 vs stretching 
468 mp 466 ssh + POP 

I 
stretching 

529 wsh CF3 anti-
538 m dp 540 m symmetric 

deformation 

1) Overtone and combination bands 372 m, 380 m (s), 639 (w), 854 (w, s), 884 (s), 944 (s), 961 
(ms, s), 987 (m, s), 1278 (w), 1292 (w, s) cm- 1. 

(CF3)2P(O)OP(O)(CF3h. White crystals, melting point -42°C. 19F NMR (standard CFCl3): 
Ö = -72.03 ppm [doubLet, J(F-P) = 137.5 Hz]. 31p NMR (standard H3P04): Ö = -5.4 ppm 
[septet, J(F-P) = 137.5 Hz]. IR (in cm- 1; relative intensities in parentheses): 1360 (14), 
1342 (24),1204 (164),1161 (11),993 sh (9),965 (39),769 (1.4),752 (1.6),584 (30),555 (5),508 (7), 
454 (7), 385 (4) [5]. 

(CFghPOP(O)(CFgh. Crystalline at -60°C, melting point at -41.7 to -41.4°C, vapor 
pressure p (in Torr) fits the equation log p = 7.7805 + 1.75 Log T -0.007 T -2518/T, boiLing 
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point 97°C, Trouton constant 22.7 cal . mol- 1 . K- 1. 19F NMR (standard CFCl3): 8 = -65.6 ppm 
[J(F-P) = 93.1 Hz], 72.5 ppm [J(F-P) = 131.9 Hz]. 31p NMR (standard H3P04): 8 = 91.4 ppm 
[J(P-F) = 92.9 Hz], -0.3 ppm [J(P-F) = 131.8 Hz]. IR (in cm -1, relative intensities in 
parentheses): 1340 (13), 1221 (63), 1202 (73), 1182 (95), 1154 (25), 1138 (46), 959 (44), 921 (7), 
764 (0.3), 750 (1.7), 697 (0.9), 582 (13), 503 (6), 443 (5), 380 (6) [5]. 

Aminooxy Derivatives 01 Phosphorus 

The physical properties of (CF3)2PON(CF3b, (CF3)3P[ON(CF3)2h and 01 X(CF3)2P[ON
(CF3bb X = F, Cl, Br, CN are covered in TabLe 24 and 25. 

Table 24 
Vapor Pressure p (in Torr), Extrapolated Boiling Points (b.p.), Enthalpy 01 Vaporization ~Hv 
(in kcal/mol) and 19F NMR Data (8 in ppm, standard CFCl3, upfield shifts have negative sign) 
of the Compounds X(CF3bP[ON(CF3bb (X = F, Cl, Br, CN), (CF3bPON(CF3b [6] and 
(CF3hP[ON(CF3bh [8]. 

Compound log p = Temperature b.p. ~Hv 19F NMR 
A-BIT range in °C 

8(CF3N) 8(CF3P) 
A B (in °C) 

(CF3bPON(CF3b 7.940 1800 -7 to 40 83 8.250 
(CF3h P[ON(CF3)2h 7.44 1930 34 to 65 149 8.83 
F(CF3b P[ON(CF3bh 6.270 1390 24 to 55 138 6.380 -68.1 -55.4 

(J pF = 
114 Hz) 

Cl(CF3)2P[ON(CF3bh 8.120 2125 24 to 77 132 9.750 -68.2 -59.0 
Br(CF3b P[ON(CF3)2h 6.340 1600 26 to 53 190 7.350 
CN(CF3b P[ON(CF3)2h 7.600 1950 26 to 68 140 8.940 

Table 25 
Vibrational Spectra (in cm -1) and Tentative Assignment for X(CF3)2P[ON(CF3bh (X = F, Cl, 
Br, CN) and (CF3hP[ON(CF3)2h [6]. 
In the headings Y stands for ON(CF3b. 

(Y)2(CF3b PF (Yb(CF3b PCl (Yb(CF3)2PBr (YMCF3)2PCN (YbP(CF3h Tentative 
assignment 

2200 w CN stretch 
1314 vs 1310 vs 1319 vs 1320 vs 1324 vs 
1205 vs 1268 vs 1275 vs 1270 vs 1265 vs C-F stretch 
1235 vs 1234 vs 1235 s 1240 vs 1235 vs (of CF3N) 
1215 vs 1215 vs 1220 s 1220 vs 1220 vs 
1182 s 1173 s 1175 s 1190 s 1209 vs C-F stretch 
1150 sh 1154 s 1151 sh 1160 m 1150 m (ot CF3P) 

1134 1120 sh 
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Table 25 (continued) 

(Yh(CF3h PF (Y)2(CF3h PCl (Yb(CF3h PBr (Yh(CF3h PCN (YhP(CF3b Tentative 
assignment 

1030 s 1032 s 1025 m 1035 s 1026 m N-O stretch 
974 s 972 s 972 m 975 s 972 m C-N stretch 
893 s P-F stretch 
850 s 858 s 853 m 865 s 860 m P-ON 

stretch 
832 sh 823 m 825 w 820 w 834 w C-N-C 

815 sh 790 w 820 w stretch 
786 w 760 w 800 w 

730 w 735 w 
716 s 717 s 718 m 716 s 715 m 
625 m 638 s 652 w 665 s 

614 m 610 w 600 m 615 w CF3 
590 m 590 m deformation 

575 w 555 w 580 m 
497 w 512 m 500 w 510 w 505 w 
473 m 408 m 470 w 490 w 

5.2.3.3 ChemicaL Reactions 

Phosphine Oxides 

The decomposition of (CF3bPO in a sealed glass tube has been studied [15] : 

On standing at 25°C for two years in an NMR tube the compound forms (CF3bPF2, CF3PF4, 
(CF3bP, (CF3hPF3' PFs, CO, COF2. At 100°C after two hours 10% (CF3bPO had decomposed 
giving (CF3bP, OCF2, (CF3hP(O)F, after six hours 50% to (CF3bP, (CF3hP(O)F, (CF3hPF, 
CF3P(O)F2, CF3PF2, OPF3, PF3, OCF2, after 29 h the decomposition is complete giving OCF2, 
(CF3bP, (CF3)2PF, CF3PF2, OPF3, PF3, CO, C2F4. At 130°C after 20 h in presence of C2F4, the 
compounds (CF3bP and OPF3 are obtained [15]. 

Tris(perfluoroalkyl)phosphine oxides are proton acceptors. This property is investigated 
in a system of solvents consisting of perfluoroheptane (as solvent) and of n-decanol (proton 
donor). The formation of 1 : 1 associates of phosphine oxides and decanol is investigated by 
IR and NMR spectroscopy in order to obtain information on the thermodynamics of 
association. For details see the original paper [16]. 

Tris(perfluoroalkyl)phosphine oxides react with aliphatic alcohols ROH at room 
temperature to form adducts of the type RFPO· 3 ROH which are coLorLess oiLs and can be 
vacuum-distiLLed. One aLcohoL moLecuLe is coordinated to each fluorocarbon group of the 
phosphine oxide, in which the OH group is the proton donor and the r:1. dimethyLene group is 
the proton acceptor. Boiling points, refractive indices and densities of the adducts with Rf = 
C3F7 and R = CF3, C2Hs, C3H7, C4Hg, CSH11 as weLL as with Rf = C4Hg and R = CH3, C2Hs, 
C3H7, CSH11 are given in the originaL paper [17]. The phosphine oxides aLso react with water 
(10 to 15°C, 30 to 40 min) to give the adducts RfPO' n H20, n >3. After vacuum distiLLation 
coLorLess oils are obtained with the foLLowing physicaL properties: for (C3F7bPO an adduct with 
a boiling point of 33 to 34°C (0.05 Torr), nft = 1.3200, and for (C4FgbPO an adduct with a boiling 
point of 44°C (0.05 Torr), n6° = 1.3062, D = 1.8750 g/cm3 [17]. 
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(CsFshPO reacts with CsFsLi (6 h at 25°C) in an ether/hexane 1 : 1 solution to produce C12Fa, 
C6nF4n+1H (n = 1 to 4), (C6FshP and C12F9(C6FsbP; and in the presence of BrC6Fs, CsnF4n+1Br 
(n = 1 to 4) and C12FaHBr were also forrned [19]. The NMR spectra of (C6FshPO in an SbFs-
HS03F mixture (1: 1) and in pure HS03F are investigated in [20]. 

(CF3hP(O)C(O)R, 

The cornpounds (CF3bPOC(0)R" R, = CF3, C2Fs and C3F7, undergo a partial decornposition 
within 24 h according to: 

2 (CF3)2POC(0)R, -+ (CF3)2POP(CF3b + R,C(O)OC(O)R, 

Under these conditions the cornpound (CF3bPOC(CF3bCN is therrnally stable [4]. 

Phosphorus Acid Anhydrides 

Reactions of (CF3bPOP(CF3b yielding titte cornpounds are given on p. 88. 

(CF3)2POP(CF3b can be used as a rnonofunctional non-chelating ligand in the reaction 
with iron carbonyl cornpounds. 19F NMR investigations show that only one P atom goes into 
a donor bond to the iron. The reaction with Fe(COb(NOb (16 d, 20°C, 64% yield) gives 
Fe(CO)(NOh[(CF3)2POP(CF3b], with Fe2(CO)9 (19 d, 84% yield) Fe(CO)4[(CF3bPOP(CF3b] and 
with [(1t-CsHsbFe(CObh (1 d, 40°C, 63% yield) (1t-CsHsbFe2(COh[(CF3)2PO(CF3bJ. for 19F NMR 
and IR data see the original paper [18]. 

(CF3bPOP(0)(CF3)2 disproportionates at 60 to 70°C partially to (CF3bPOP(CF3b and 
(CF3bP(0)OP(0)(CF3b. The reaction with HCl at 25°C gives (CF3bPCl and (CF3bP(0)OH, with 
KCl at 25°C (CF3bPCl and (CF3bP(0)OK, with NO at 113°C (65 h) (CF3bP(0)OP(0)(CF3b, and 
with Ni(CO)4 at 25°C after 16 h a colorless liquid, which is assurned to be 
(CF3bPOP(0)(CF3)2Ni(COh [18]. 

Aminooxy Derivatives 01 Phosphorus 

Hydrolysis of (CF3)2PON(CF3)2 with 20% NaOH at 100°C for 15 h gives fluoroform. On 
reacting CF3P[ON(CF3bh with (CF3)2NON(CF3)2 no reaction occurs at 70°C (70 h), but at 100°C 
tor another 70 h [(CF3bN0laP (colorless liquid in the -45°C trap) was obtained [7]. 

On prolonged standing (three rnonths) only the cornpounds X(CF3bP[ON(CF3bh with X= F 
and CN are stable. The least stable cornpound is that with X = Br which becarne yellow. 
The order of stability folio ws the sequence F ~ CN > Cl > Br. All tour cornpounds as weil as 
(CF3bPON(CF3)2 hydrolyze in contact with moist air. The reaction with 20% NaOH tor 30 to 
96 h hydrolyzes the cornpounds alm ost cornpletely forming CF3SH [6]. The reaction ot 
(CF3bP[ON(CF3)2h with 20% NaOH at 120°C yields fluoroform as a product [8]. 

Relerences : 

[1] K. J. The, R. G. Cavell (Inorg. Chern. 15 [1976]2118/25). - [2] L. M. Yagupolsky, V. N. 
Zavatsky, V. N. Semeny, K. N. Bildinov, P. V. Serebrov, A. A. Goncharenko, A. V. Kirsanov, 
M. J. Lyapunov, N. G. Feschenko (Brit. 1498593 [1978]; CA 89 [1978] No. 43766). - [3] H. 
G. Ang, W. S. Lien (J. Fluorine Chern. 9 [1977] 73/80). - [4] D. W. McKennon, M. Lustig (J. 
Fluorine Chern. 7 [1976] 321/32). - [5] A. B. Burg (Inorg. Chern. 17 [1978] 2322/4). 

[6] H. G. Ang, K. F. Ho (J. Fluorine Chern. 8 [1976] 497/504). - [7] H. G. Ang, W. S. Lien 
(J. FLuorine Chern. 11 [1978] 419/32). - [8] H. G. Ang, Y. C. Syn (J. Fluorine Chern. 8 [1976] 

Gmelin Handbook 
CF Comp. Suppt. 1 



96 Compounds of Main Group 5 ELements 

481/96). [9] J.-L. VirLichie, P. Dagnac (Rev. Chim. MineraLe 14 [1977] 355/8). - [10] P. 
Dagnac, J.-L. VirLichie, G. Jugie (J. Chem. Soc. DaLton Trans. 1979 155/8). 

[11] P. Dagnac, R. Turpin, J.-L. VirLichie, D. Voigt (Rev. Chim. MineraLe 14 [1977] 370/80). 
- [12] S. I. Vdovenko, V. Va. Semenii, Vu. P. Egorov, Vu. Va. Borovikov, V. N. Zavatskii (Zh. 
Obshch. Khim. 46 [1976] 2613/9; J. Gen. Chem. [USSR] 46 [1976] 2491/7; C.A. 86 [1977] No. 
71753). - [13] R. C. Dobbie, M. J. Hopkinson, B. P. Straughan (J. Mol. Struct. 23 [1974]141/ 
3). - [14] R. Turpin, P. Dagnac, D. Voigt (BuLL. Soc. Chim. France 1977999/1003). - [15] W. 
MahLer (Inorg. Chem. 18 [1979] 352/4). 

[16] E. V. RyL'tsev, V. G. KovaL, V. Va. Semenii, V. A. Zavatskii, N. N. KaLibabchuk, D. J. 
KurLyand, Vu. F. Egorov (Teor. Eksperim. Khim. 11 [1975] 770/80; Theor. Exptl. Chem. [USSR] 
11 [1975] 639/48). - [17] V. Va. Semenii, V. N. Zavatskii, N. N. KaLibabchuk, E. V. RyL'tsev, 
V. V. MaLovik (Zh. Obshch. Khim. 48 [1978] 1325/31 ; J. Gen. Chem. [USSR] 48 [1978] 1213/ 
8; C.A. 89 [1978] No. 129597). - [18] R. C. Dobbie, M. J. Hopkinson (J. Chem. Soc. DaLton 
Trans. 1974 1290/3). - [19] S. Lin, J. M. MiLLer (J. FLuorine Chem. 9 [1977] 161/9). - [20] O. 
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5.2.4 PerfLuoroorganophosphorus Acids, Their Ions and SaUs 

TrifLuoromethyLphosphonic acid CF3P(O)(OHb 

Bis(trifLuoromethyL)phosphinic acid (CF3bP(O)OH 

TrifLuoromethyLphosphonous acid CF3P(OHb 

Bis(trifLuoromethyL)phosphinous acid (CF3bPOH 

The hydrolysis of phosphoranes in 10% aqueous NaOH produces quantitativeLy CF3PO~
ions according the foLLowing equations [1]: 

(CF3hPXV + 3 H20 ---> CF3PO~- + 2 CF3H + 2 H+ + HX + HV, 
X = F, V = OCH3, SCH3, N(CH3b [H2N(CH3)t formation]; X = V = OCH3 

SimiLarLy these ions form in the aLkali ne hydrolysis (2 d, 20°C) of the compounds 
(CF3bP(O)OCH2CH3, (CF3bP(O)OCH(CH3b, (CF3bP(O)SCH3, (CF3)2P(O)SCH2CH3 [2], 
CF3PF3(SCH3) and (CF3bPF2(SCH3) [17]. Equationsdescribing reLationships between phosphon
ic acids and the corresponding carboxyLic acids, among them CF3P(O)(OHb and CF3COOH, 
are given in [3]. 

The hydrolysis of phosphoranes in water yieLds quantitativeLy (CF3bP02" ions [1] according 
to: 

(CF3hPXY + 2 H20 ---> (CF3bP02" + CF3H + H + + HX + HY 
X = F, Y = OCH3, SCH3, N(CH3)2 [H2N(CH3); formation]; X = Y = OCH3 

The anion aLso torms by neutraL and by aLkali ne (NaOH) hydrolysis of (CF3bPFBr2 (5 d at 
room temperature) [4] and on reacting the esters (CF3bP(O)OCH2CH3 or (CF3bP(O)OCH(CH3b 
with (CH3hN at 20°C (24 h) [2]. The cLeavage of (CF3bPOP(O)(CF3)2 with HCL at 25°C gives 
(CF3bP(O)OH. The foLLowing signaLs (negative shifts ö to higher fieLds) are observed in the 
NMR spectra: 19F NMR (standard CFCL3): ö = -73.7 ppm (doubLet, J = 130.1 Hz), 3lp NMR 
(standard H3P04): ö = 0.3 ppm (septet, J = 129.8 Hz), lH NMR (standard (CH3)4Si): ö = 
13.63 ppm [5]. 

CF3P(OHb forms in the hydrolysis of (CF3bPOH with water. 19F NMR (standard CF3COOH): 
ö = 10.4 ppm [doubLet, J(F-P) = 83 Hz]. lH NMR [standard (CH3)4Si]: ö = 4.30 ppm [6]. 
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(CF3bPOH is produced in the reaction of (CF3)2POC(CH3b with HCL at 70°C (20 h), on 
reacting (CF3bPCL with (CH3bCOH (70°C, 18 h), or with C6H5CH20H (70°C, 4 h), on reacting 
(CF3bPOCH3 with (CH3bN [2] and by hydrolysis of (CF3hPOP(CF3)2 with water [6]. PhysicaL 
properties: Density D~o = 1.5682 g/cm3. 19F NMR (standard CF3COOH): 8 = 10.4 ppm (doubLet, 
J(F-P) = 83 Hz), 1H NMR [standard (CH3)4Si]: ö = 4.30 ppm [6]. ~lp NMR (external standard 
P406): Ö = -35 ppm. Faraday effect IPIM = 351 W (at 20°C) [7]. Heating of (CF3bPOH with 
(CH3bCCl at 70°C (64 d) yields (CF3bPOC(CH3b [2]. 

Bis(heptafLuoropropyL)phosphinic acid (C3F7)2P(O)OH 

PerfLuoroaLkyLphosphonic acids RjP(O)(OH)2 and SaLts (Rj = CnF2n + 1, n = 4 to 24) 

Bis(perfLuoroaLkyL)phosphinic acids (RjhP(O)OH and SaLts (Rj = CnF2n + 1, n = 4 to 24) 

(C3F7bP(O)OH (melting point 34°C) forms in 83% yield on heating a solution of (C3F7bPO 
and C2H50H (for preparation see [7]) for 5 h to 125°C, followed by treatment of the reac
tion mixture with SOCl2 at 80°C (30 min) and subsequent distillation at 102 to 104°C 
(0.04 Torr) [8]. 

Explicit methods of preparation of the acids RjP(O)(OHb and (RjbP(O)OH, Rj = CnF2n +1, 
are only given for the compounds with n = 4, 6, 8 and 10 in Part 3, p. 43. 

The formation of micelIes is observed in aqueous solutions of ammonium salts of 
C3F7P(O)(OHb [9] and (C3F7)2P(O)OH [10, 11], of sodium salts of (C3F7bP(O)OH [10, 11, 12], 
of (C4F9bP(O)OH and (C5F11)2P(O)OH [9, 12], of (C6F13hP(O)OH [11] and of the calcium salt 
of (C3F7bP(O)OH [10]. The 19F NMR spectra of the solutions at different concentrations of the 
acids and at different temperatures give information on the number of aggregated particles, 
the critical concentration of the micelle formation and the thermodynamics of this self
association wh ich depend on the acid and on the chain length of the perfluorinated alkyl 
group, for details see the original papers [9 to 12]. For the investigation of the self-association 
of (CSF13bP(O)ONa in acetonitrile and for the association reaction of the salt with substituted 
benzotrifluorides see [13]. 

The compounds RjP(O)(OHb and (RjbP(O)OH with Rj = CnF2n +1 (n = 4 to 24) were used 
as antifoaming agents for detergent solutions and for solutions containing surfactants [14]. 

PentafLuorophenyLphosphonic acid CSF5P(O)(OH)2 

Bis(pentafLuorophenyL)phosphinic acid (CSF5bP(O)OH 

The phosphonic acid forms in 88% yield by the hydrolysis of CSF5PF4 in water at 20°C 
[6], by the reaction of CSF5PF2 with HS03F followed by addition of H20 [9] and by the hydrolysis 
of CSF5PF4 at 20°C (10 h) (melting point of the acid: 141 to 142°C) [16]. 

The separation of mixtures of organic phosphorus acids by paper chromatography, among 
them CSF5P(O)(OH)2 and (CSF5)2P(O)OH, is described in [15]. The best solvent systems for 
the separation of the phosphonic acids from each other and from other components are 
mixtures of acetone-pyridine-25% ammonia-H20 and isoamyl alcohol-pyridine-25% ammonia
H20. The phosphinic acids are separated most effectively using an acetone-25% ammonia
H20 mixture [15]. 
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5.2.5 PerfLuoroorganophosphonic and -phosphinic Halides 

TrifLuorovinyLphosphonic difLuoride F2C=CFP(O)F2 

Routine handling of F2C=CFPF4 invariabLy generated smaLL amounts of the difluoride. It is 
aLso formed on deli berate exposure of F2C=CFPF4 to smaLL amounts of air or on attempts to 
chromatograph the compound. fable 26 gives the physicaL data of the difluoride [1]. 

TabLe 26 
IR and 19F NMR Data of F2C=CFP(O)F2 [1]. 
ChemicaL shift ö (in ppm, negative vaLues highfieLd from the internaL 
standard CFCL3), spin-spin coupLing constant J (in Hz). 

IR (gas) in cm- 1 19F NMR 

1745 s 1025 (?) w 8(F1) = -71.6 J(F1_F2) = 16.1 
1388 s 945 s 8(F2) = -92.9 J(F1-F3) = 29.5 
1348 m 888 s J(F1-F4) = 11.9 
1217 s 685 w 8(F3) = -199.8 J(F1-P) not determined 
1170 w 545 s 8(F4) = -65.2 J(F2-F3) = 121.3 

PentafLuorophenyLphosphonic difLuoride CsFsP(O)F2 

J(F2_F4) = 4.2 
J(F2-P) = 20.1 
J(F3-F4) = 8.1 
J(F3_p) = < 1 
J(F4-P) = 1090 

The difluoride (see Part 3, p. 52) forms on heating CsFsPF4 with (CH3bSiOC2Hs at 70 DC for 
one hour. The boiLing point is 60 DC/8 Torr [10]. It is aLso obtained by the reaction of CsFsPF2 
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with HS03F and converts on addition of water to C6FsP(0)(OHh [12]. The fragmentation 
processes in the mass spectrum are investigated in [9]. 

The 31p and 19F NMR spectra of the Liquid difluoride (see Part 3, p. 52) show the chemical 
shifts (external standards 85% H3P04 and CFCl3) ö(P) = -5.5 ppm [J(P-F) = 1140 Hz], 
ö(PF2) = 110, ö(F2,F6) = 37.3, ö(F3,Fs) = 6.4, ö(F4) = 26.5 ppm [J(F-P) = 1150 Hz]. The NMR 
spectra of a solution of the difluoride in SbFs indicate the formation of a donor-acceptor 
complex between the difluoride and SbFs [2]. The NMR data for a solution of the difluoride 
in HS03F and in SbFs-HS03F are given in [12]. 

Bls{pentafLuorophenyL)phosphinic fluoride (C6F S)2P( 0) F 

The monofluoride (see Part 3, p. 52) is obtained by heating (C6FshPF3 with (CH3laSiOC2Hs 
at 100°C for 10 h (yield 75%), boiLing point 100 to 105°C/0.01 Torr, melting point 82°C [10]. 
The fragmentation processes in the mass spectrum are investigated in [9]. 

PentafLuorophenyLphosphonic dichLoride C6FsP(0)Cl2 

The dichloride forms as by-product (10% yield) in the reaction of C6FsPCl2 with SbF3 at 
150°C (2 h) in an atmosphere of air; boiLing point 195°C, refractive index no = 1.6752, UV 
spectrum: A.max = 214 (log e = 3.52),264 nm (log e = 2.83) [11]. 

TrifLuoromethyLphosphonic difLuorlde CF3P(0)F2 

A new preparation of the difluoride (see Part 3, p. 51) is the reaction of CF3PF2 with N20 4 

[3]. CF3P(0)F2 is also formed by thermal decomposition of (CF3laPO (6 h, 100°C) and of 
(CF3hP(0)F (for 1 hat 125°C or more than 4 d at 25°C) [3]. 

The thermal decomposition of CF3P(0)F2 at 100°C is completed after 16 h (50% decomposi
tion in 3.5 h) and gives as products OPF2, OCF2, CO, PF3, CF3PF2, CF3PF4, PFs, (CF3laPF2, and 
(CF3hPF3 [3]. 

TrifLuoromethyLphosphonic dichLoride CF3P(0)Cl2 

For preparation and properties see Part 3, p. 51. 31p NMR (external standard P40 6, CDCl3 
solution) : ö = -101 ppm [7]. 13C NMR [internal standard CDCl3, value converted to TMS by 
ö(TMS) = ö(CDCl3) + 77.06]: ö = 118.84 ± 0.03 ppm [quartet of doublets, J(C-P) = 
272.1 ± 0.7 Hz, J(C-F} = 314.7 ± 0.7 Hz]. The 3sCl nuclear quadrupole resonance at 77 K was 
observed at 28.054 MHz. The temperature dependence of the spectrum is pictured in the 
original pubLication [8]. 

Bls{trifLuoromethyL)phosphinic fluoride (CF3hP(0)F 

The best preparation (see also Part 3, p. 51) is very slow mixing (to avoid ignition) of 
3 mmol (CF3hPF with 1/2 atm of air in a 1-L flask. After 16 hat 25°C the reaction is complete 
[3]. The compound (boiLing point 5°C/760 Torr, melting point -110°C) is also formed during 
the oxidation of (CF3laP with oxygen at 25°C and during the thermal decomposition of (CF3laPO 
(100°C, 2 to 6 h) [3]. Thermal decomposition of (CF3hP(0)F in a glass tube at 125°C for 1 h 
gave OCF2, (CF3hPF (main products), CF3PF2, OPF3, CF3P(0)F2, (CF3laPF2, and CO; on standing 
at 25°C for 4 d CF3P(0)F2 and (CF3hPF3 were formed, and after 10 d at 25°C the decomposition 
of (CF3hPOF was complete yielding CO, CF3POF2 (main products) and (CF3hPF3, CF3PF4, 

CF3PF2, (CF3laPF2, OPF3, and (CF3hPF [3]. 
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Bis(trifluoromethyl)phosphinic chloride (CF3bP(O)CL 

The compound is prepared in a yieLd of 70% by the oxidation of (CF3hPCL with N02 [6). 

19F NMR (internaL standard CFCL3): /) = -72.3 ppm [J(F-C-P) = 129.8 Hz); 31p NMR 
(standard H3P04): /) = 10.8 ppm [J(P-C-F) = 129.4 Hz) [4); 31p NMR (externaL standard P40 S, 

CDCL3 soLution): /) = -102 ppm [7). 13C NMR (internaL standard CDCL3, vaLue converted to 
TMS by /)(TMS) = /)(CDCL3) + 77.06): /) = 119.29 ± 0.03 ppm [quartet of doubLets of quartets, 
J(C-P) = 205.2 ± 0.7 Hz, J(C-F) = 316.2 ± 0.7 Hz, J(C-P-C-F) = 4 ± 0.7 Hz). The 35CL nucLear 
quadrupoLe resonance was observed at 27.16 MHz at 77 K [8). 

About the reaction of (CF3bP(O)CL with (CF3)POP(CF3b [4), see p. 88. 

The reaction of (CF3hP(O)CL with (CH3bCOH (seaLed Pyrex tube, room temperature, 3 d) 
yieLds (CH3bCCL (39%) and unidentified products. Reacting (CH3bCH under the same 
conditions onLy invoLatiLe products are formed, which have not been characterized. The 
reaction of (CH3bCH with (CF3hP(O)CL in the presence of N(CH3b resuLts in the consumption 
of 2 moL (CH3bN but with the evoLution of isobutene aLong with the formation of 
[(CH3bNH)[(CF3bPSO) (sLowLy warming from - 78°C to room temperature within 2 d). 

In the presence of (CH3bNH, (CH3bCSH gave with (CF3bP(O)CL onLy (CF3hP(O)N(CH3h 
[5). 

(CF3hP(O)CL reacts in the presence of an equaL moLar quantity of tri methyLamine with 
ethanoL, 2-propanoL, ethylmercaptan, and 2-propyLmercaptan to give (CF3hP(O)OC2Hs (65%), 
(CF3hP(O)OCH(CH3h (94%) (open vessel, warming from -78°C to room temperature), 
(CF3hP(O)SCH3 (55%), (CF3hP(O)SC2Hs (86%), and (CF3hP(O)SCH(CH3h (75%) (same 
conditions as before, but seaLed Pyrex tube), respectiveLy [5). PhysicaL properties of the 
phosphorus acid esters are given in lable 27, for 1H NMR and IR data see the original 
pubLication [5). 

TabLe 27 
19F NMR and ThermaL Data of Phosphorus Acid Esters [5). 
ChemicaL shift /) reLative to CFCL3 as internaL standard, negative vaLues to high fieLd, spin-spin 
coupLing constants J, vapor pressure p in Torr, boiLing point (b.p.), enthalpy of evaporization 
AHv in kcaL/moL, Trouton constant AHyfTb in caL· moL-1 . K- 1. 

Compound 19F NMR Log P = A-B/T (range b.p. AHv AHyfTb 

/) in ppm J in Hz A B 
in °C) in °C 

(CF3bP(O)OCH2CH3 -73.5 121.8 
(CF3h P(O)OCH(CH3b -72.4 118.3 
(CF3b P(O)SCH3 -70.6 109.0 
(CF3bP(O)SCH2CH3 -71.1 108.5 6.99 1767 (20 to 157 8.080 18.8 

70°C) 
(CF3bP(O)SCH(CH3b -71.3 107.8 7.65 2042 (15 to 155 9.340 21.8 

70°C) 
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5.2.6 PerfLuorohaLogenoorganophosphorus Nitrogen Compounds 

Bis(pentafLuorophenyL)azidophosphine (CsFshPN3 

The azide forms in the reaction of (CsFshPBr with NaN3 at -2 to -1Q°C within 12 to 
36 h. It is a yeLLow oiL wh ich decomposes above -2°C. The 31p NMR chemicaL shift (standard 
85% H3P04) is ö = 38.2 ppm [J(P-Fortho) = 44.6 Hz]. The symmetric and the antisym
metric stretching vibrations of the N-N-N group are found in the IR spectrum (Liquid fiLm) at 
1254 and 2138 cm -1, respectiveLy. Mass spectrum (reLative intensities in parentheses): M + 
(30.4), (CsFshPN+ (12.1), (CsFshP+ (9.1), CsFsPN+ (100), CsFsP+ (8.1), C6F~ (2.1), cF! (74.2). 
The azide reacts with (CsHslaP forming the Kirsanov product (CsFshPN=P(CsHsla, 31p 
NMR (externaL standard 85% H3P04): Ö = 31.8 ppm [doubLet of triplets (quintets)], J(P-P) = 
120 Hz, J(P-Fortho) = 36.0 Hz. Mass spectrum: M+(3), CsFsPNP(CsHs)t (1), CsFsP(40), (CsHsb
PNP+ (6), (CSHS)2P+ (9), (CsHshPN+ (84), CsHsPNP+ (36), CsHsP+ (98), (CSHS)3PN+ (91), 
(CsHslaP+ (98) [1]. 

Bis(trifLuoromethyl)aminophosphine (CF3)2PNH2 

Bis[bis(trifLuoromethyL)phosphino]amine [(CF3)2P]2NH 

Both compounds are formed in the reaction of (CF3)2PH with NH3, as shown by 19F NMR 
spectroscopy. (CF3hPNH2 is prepared on sLow warming of the reaction mixture from -130 
to -110°C during 60 min, then quickLy to -70°C, and to -50°C in 5 min. The other compound 
is obtained on warming the mixture rapidLy from -196 to - 78°C (5 s), then to O°C (15 s) and 
to 25°C (10 s) [2]. (CF3hPNH2 (95% yieLd) aLso forms on reacting (CF3hPCL and NH3 (standing 
overnight) [6]. The 19F NMR spectra (standard CFCL3) show for (CF3hPNH2 the chemicaL shift 
Ö = -66.87 ppm [J(FC-P) = 81.1 Hz] and for [(CF3hP12NH the shift ö = -65.5 ppm (second
order spectrum) with mutuaLLy symmetricaL peaks separated by 90.4, 53.0, 37.4 and 14.0 Hz 
[2]. 

For a discussion of sign changes of 1JesN_31 p) coupLing constants for three compounds, 
among them (CF3)2PNH2, see [3], compare aLso Part 3, p. 63. 

Bis(trifLuoromethyL)aminobis(trifLuoromethyL)phosphine (CF3)2PN(CF3)2 

Bis[bis(trifLuoromethyl)amino]trifLuoromethylphosphine CF3P[N(CF3)2]2 

The reaction of (CF3hNON(CF3)2 with (CF3laP in 1: 1 moLar ratio at room temperature gives 
the first compound; with 2: 1 moLar ratio the reaction yieLds at 60°C the second compound [7]. 
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Perfluoroalkylbls(trifluoromethyl)amino-halogenophosphoranes 
R,PF2XN(CF3h, X = CL, Sr; R, = CF3, CF3CF2, (CF3)2CF, CLCF2CF2, CF3CF2CF2 

The first compounds were prepared by the reaction of the difLuorophosphine R,PF2 with 
a bis(trifLuoromethyL)haLogenoamine XN(CF3h [4]. For NMR data see Tables 28 and 29. 

TabLe 28 
1sF and 31p NMR ChemicaL Shifts 8 (in ppm) of PerfLuoroaLkyLbis(trifLuoromethyL)amino-
haLogenophosphoranes R,PF~XN(CFgh. 
The chemicaL shift of 31p is with respect to 85% H3P04 soLution, that of 1sF with respect to 
CFCL3 [4] or F2 [5]. 

X R, Ö(P) ö(Fa) ö(Fb) ö(CF3) ö(F") ö(Fß) 
[4] [4] [5] [4] [4] [4] [4] 

CL CF3CF~CFg -34.9 11.8 -418.3 -52.4 -82.5 -111.9 -124.6 
Sr CF3CF~CFg -56.4 25.4 -404.7 -52.5 -82.2 -111.5 -124.0 
CL CLCF~CFg -34.5 13.4 -52.2 -109.6 67.9 
Sr CLCF~CFg -56.6 27.6 -51.6 -109.1 67.0 
CL CF3CF2 a) 11.1 -419.0 -52.8 -82.4 -116.4 
Sr CF3CF2 -57.2 25.4 -404.7 -52.2 -81.6 -115.7 
CL (CF3hCF" -32.6 17.6 -412.5 -52.2 -71.5 -170.6 
CL CF3 -38.0 7.3 -422.8 -53.5 -70.0 
Sr CF3 -58.9 21.3 -408.8 -53.1 -70.2 

8) SampLe so smaLL that a 31p spectrum couLd not be obtained. 

TabLe 29 
Spin-Spin CoupLing Constants J (in Hz) from the 1sF and 31p NMR Spectra of PerfLuoroaLkyLbis(tri-
fLuoromethyL)aminohalogenophosphoranes R,PF~XN(CF~h [4]. 
Abbreviations : d, tr, qu, qui, sept mean doubLet, triplet, quartet, quintet, septet, respectiveLy. 

X R, P_Fa P-F" F8_P F8_FN F8-CF3 F8-F" F8_Fß 

CL CF3CF~CFg 1 007 tr 130 tr 1017 d 15.1 sept 1.0 qu b) b) 

Sr CF3CF~CF~ 1026 tr 132 tr 1041 d 14.9 sept 0.9 qu 14.6 tr 13.4 tr 
CL CLCF~CFg 1005 tr 132 tr 1016 d 15.3 sept 15.3 tr 12.4 tr 
Sr CLCF~CFg 1029 tr 132 tr 1041 d 14.3 sept b) b) 

CL CF3CF2 a) 8) 1004 d 15.5 sept 9.75 qu 13.5 tr 
Sr CF3CF2 1014 tr 128 tr 1028 d 15.3 sept 9.4 qu 12.6 tr 
CL (CF3hCF" 991 tr 96d 996 d 15.0 sept 7.4 sept 0 
CL CF3 992 tr 190 qu 990 d 14.8 sept 18.2 qu 
Sr CF3 1005 tr 186 qu 1013 d 14.5 sept 17.5 qu 
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TabLe 29 (continued) 

X R, Fb_P Fb_Fa Fb-CF3 Fb-F'" Fb-FP CF3-P CF3-Fp 

CL CF3CF~CF~ 1.4 d 15.3 tr 0 3.4 tr 2.1 tr 6.2 d 1.0 tr 
Br CF3CF~CF~ 1.3 d 15.2 tr 0 3.6 tr 2.4 tr 6.0 d 0.9 tr 
CL CLCF~CF~ 1.6 d 15.4 tr 3.5 tr 1.7 tr 
Br CLCF~CF~ b) 15.1 tr b) b) 

CL CF3CF2 0 15.6 tr 1.6 qu 1.6 tr 2.4 d 9.7 tr 
Br CF3CF2 0 15.2 tr 1.6 qu 1.6 tr 2.4 d 9.5 tr 
CL (CF3bCF'" 1.1 d 15.4 tr b) 7.6 d 7.2 tr 

CL CF3 0 15.0 tr 1.8 qu 188 d 18.5 tr 
Br CF3 0 14.5 tr 1.8 qu 183 d b) 

X R' CF3-Fb CF3-F'" CF3-Fß F"'-P F"'-Fa F"'-Fb F"'-CF3 

CL CF3CF~CF~ 0 11.2 tr 0 132 d b) b) b) 

Br CF3CF~CF~ 0 11.0 tr 0 134 d 14.6 tr 3.6 sept 11.0 qu 
CL CLCF~CF~ 132.4 d 14.8 tr 3.6 sept 
Br CLCF~CF~ 134 d b) a) 

CL CF3CF2 1.5 sept 1.6 tr 131 d 13.4 tr 1.6 sept 1.6 qu 
Br CF3CF2 1.6 sept 0 135 d 12.6 tr 1.8 sept 0 
CL (CF3bCF'" b) b) 102 d b) b) b) 

CL CF3 1.9 sept 
Br CF3 b) 

X R, F"'-Fß FP-P FP-Fb FP-Fb FP-CF3 FP-F'" 

CL CF3CF~CF~ b) b) b) b) b) b) 

Br CF3CF~CF~ 3.6 tr 4.8 d 13.4 tr 2.4 0 3.6 tr 
CL CLCF~CF~ 3.6 tr 0 12.3 tr 1.7 3.4 tr 
Br CLCF~CF~ b) b) 11.4 tr b) b) 

CL CF3CF2 

Br CF3CF2 

CL (CF3)2CF'" 
CL CF3 
Br CF3 

a) SampLe so smaLL that a 31p spectrum couLd not be obtained. - b) SignaL couLd not be 
resoLved. 

Silylamlnobis(trlfluoromethyl)phosphine (CF3bPN(H)SiH3 

The compound forms in 89% yieLd on warming a mixture of H3SiBr and (CF3bPNH2 from 
-196°C to room temperature (standing overnight). It is a coLorLess Liquid. lH NMR [externaL 
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standard (CH3)4Si, solvent CHFCl2]: I) = 4.30 ppm [doublet of doublets, J(P-N-Si-H) = 12.0 Hz, 
J(HN-SiH) = 3.0 Hz], I)(NH) = 2.1 ppm (broad peak), 19F NMR (extern al standard CFCl3): I) = 

-66.5 ppm [doublet, J(P-F) = 80.5 Hz] [6]. 
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5.2.7 PerfLuorohalogenoorganophosphorus Halides and Their Anions 

5.2.7.1 PerfLuorohalogenoalkyl- and Perfluorovinylhalogenophosphines and 
-phosphoranes 

5.2.7.1.1 Preparation 

5.2.7.1.1.1 Perfluoroalkyl- and PerfLuorovinylfluorophosphines and -phosphoranes 

TrifluoromethyLdifluorophosphine CF3PF2 

Bis(trifLuoromethyL)fLuorophosphine (CF3)2PF 

PentafLuoroethyLdifLuorophosphine C2FsPF2 

TrifLuoromethyLfLuorophosphoranes (CF 3) n PF s - n (n 

CF3PF2 is produced from CF3PI2 and AgF [1]. 

For preparation of (CF3bPF, see Part 3, p. 70. 

1 to 3) 

C2FsPF2 is obtained by fluorination of C2FsPI2 with excess SbF3 at 58°C overnight and 
subsequent fractional condensation of the product mixture. The estimated yield is 11 % based 
on consumed C2FsI wh ich along with red phosphorus and iodine was used to synthesize 
C2FsPI2 [3]. 

For the formation of CF3PF2, (CF3bPF, (CF3hPF2, (CF3bPF3 and CF3PF 4 during thermolysis 
01 (CF3hPO, (CF3bP(O)F and CF3P(O)F2, see pp. 94, 99/100 [34]. The formation of (CF3)2PF 
during the reaction of (CF3bPI with F atoms in a fast-flow reactor is described in [63]; see 
also p. 120. 

CF3PF4 (among other products) forms in the reaction of CF3PF2 with Br2 [45]. 

1,2-Bis(difLuorophosphino)tetrafLuoroethane F2PCF2CF 2PF 2 

1 ,2-Bis(difLuorophosphino )hexafLuoropropane F 2PCF 2C F (C F 3) PF 2 

The compounds are produced by irradiation (A = 300 nm) of a mixture of P2F4 and the 
appropriate olefin: C2F4 (4 to 6 h, ~ 10% yield) and C3F6 (7 h, ~6% yieLd). The products are 
purified by fractional condensation. With 2-C4Fa (cis, trans) or C6F1Q comparable products 
were not obtained [4]. 
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Trifluorovinylletrafluorophosphorane F2C=CFPF 4 

PyroLysis of a mixture of C2FsSiF3 and PF3 at 200°C and ca. 0.5 atm for 1 hand subsequent 
fractionaL condensation produce F2C=CFPF4 in 54% yieLd [3]. 

5.2.7.1.1.2 Perfluoroalkylchlorophosphines 

TrifLuoromethyLdichLorophosphine CF 3PCL2 

Bis(trifLuoromethyL)chLorophosphine (CF 3bPCL 

PentafLuoroethyLdichLorophosphine C2F sPCL2 

HeptafluoropropyLdichLorophosphine C3F7PCL2 

HeptafLuoroisopropyLdichLorophosphine i-C3F7PCL2 

Bls(heptafLuoroisopropyL)chLorophosphine (i-C3F7)2PCL 

CF3PCL2 has been prepared in high yieLd (80 to 90%) by reaction of CF3PI2 with SbCL3 and 
by condensing the product in a -65°C trap [39]. CF3PH2 and CL2 react in 7 d at room 
temperature in a seaLed tube giving CF3PCL2 aLong with CF3PHCL and HCl. When HCL is 
removed, the amount of CF3PCL2 increases over aperiod of severaL months. After 10 months 
0.56 mmoL CF3PH2 yieLds 0.21 mmoL CF3PCL2 [5]. 

(CF3bPCL is formed in the reaction of (CF3bPH with NH3 (warming from -130°C to 
+50°C, treating the voLatiLe product, among others (CF3bPNH2, with excess HCL, see aLso 
p. 101) [35]. 

C2FsPCL2 and C3F7PCL2 are produced in high yieLd (80 to 90%) by the reaction of the 
corresponding diiodophosphines with SbCL3 and isoLated by condensation in a -65°C trap 
[39]. 

i-C3F7PCL2 and (i-C3F7bPCL are prepared in aLm ost quantitative yieLd (99%) by reaction of 
the corresponding iodophosphines with Ag CL in a seaLed ampuLe kept in the dark for 7 d [38]. 

5.2.7.1.1.3 Perfluoroalkylbromophosphines and -phosphoranes 

TrifLuoromethyLdlbromophosphine CF3PBr2 

Bis(trifluoromelhyL)bromophosphine (CF3)2PBr 

Trifluoromelhylletrabromophosphorane CF3PBr 4 

Bis(trifluoromelhyL)lribromophosphorane (CF3b PBr 3 

Tris(lrlfluoromelhyL)dibromophosphorane (CF3bPBr 2 

When BrCF2CHFI and (CF3P)4 are heated at 106 to 110°C for 25.5 h, CF3PBr2 is formed 
according to the scheme 

4 BrCF2CHFI + (CF3P)4 --+ 4 CF2CHF + 2 CF3PBr2 + 2 CF3Pi2 

CF3PBr2 can be coLLected in a trap at -78°C [40]. CF3PBr2 torms aLong with other products 
when CF3PIH is shaken with AgBr [5]. CF3PBr2 and (CF3)2PBr3 (aLong with CF3PF4) are 
postuLated to be the main products of the bromination of CF3PF2 [45]. 
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(CF3bPBr aLong with (CF3bPH forms as voLatiLe product in the reaction of (CF3bPAsH2 with 
the equimoLar amount of Br2. Excess Br2 Leads to the formation of (CF3hPBr3 [8]. 

For preparation of CF3PBr4 and (CF3bPBr3, see Part 3, p. 74. 

(CF3lsPBr2 is formed via the equiLibrium (CF3lsP + Br2 ~ (CF3lsPBr2 with K -2 L- 1 at 
260 K, but was not isolated [45]. 

5.2.7.1.1.4 PerfluorohalogenoalkyLiodophosphines 

PerfluorohalogenoalkyLiodophosphoranes have not been described so far. 

Trifluoromethyldiiodophosphine CF3PI2 

Bis(trifluoromethyl)iodophosphine (CF 3bPI 

Pentafluoroethyldiiodophosphine C2FsPI2 

Heptafluoroisopropyldiiodophosphine i-C3F7P12 

Bis(heptafluoroisopropyL)iodophosphine (i-C3F7 )2PI 

When BrCF2CHFI and (CF3P)4 are heated at 106 to 11 0 °C for 25.5 h, CF3PI2 (aLong with 
CF3PBr2 and CF2CHF) is formed. For the reaction scheme, see the preparation of CF3PBr2. 
CF3PI2 remains in the stilL after separation of the other products by distilLation [40]. 

Treatment of PI3 with (CF3bCd· CH30CH2CH20CH3 in 1,6-dibromohexane at room 
temperature yields (CF3bPI (up to 30% after 30 min) [43]. 

The preparation 01 C2FsPI2 can be carried out by heating C2Fsl, red phosphorus and 12 in 
a sealed ampuLe at 220°C for 70 hand subsequent fractional condensation where C2FsPI2 is 
retained in the trap at -24°C [3]. 

i-C3F7P12 and (i-C3F7bPI form in moderate yield in the reaction between (CF3bCFI and red 
phosphorous at 220°C for 8 h. The iodophosphines can be separated by sLow trap-to-trap 
condensation. A mixture produced in a stainless steeL autoclave gave 70% iodophosphine 
and 30% diiodophosphine [38]. 

Trifluoromethyl(pentafluoroethyL)iodophosphine CF3(C2Fs)PI 

TrifluoromethyL(heptafluoro-n-propyL)iodophosphine CF 3( n-C3F7) PI 

TrifluoromethyL(heptafluoro-i-propyL)iodophosphine CF 3( i-C3F7) PI 

PentafluoroethyL(heptaILuoro-i-propyL)iodophosphine C2F s( i-C3F7) PI 

TrifluoromethyL(1-chLorotetrafluoroethyL)iodophosphine CF 3( ClCF 2CF 2) PI 

TrifLuoromethyL(1-bromotetrafluoroethyL)iodophosphine CF 3( B rCF 2CF 2) PI 

The compounds are prepared in reactions of perfluoroaLkyliodides with appropriateLy 
substituted cycLotetraphosphines in seaLed tubes according: 

Y4(RP)4 + R'I-. R(R')PI 

with R = CF3, R' = n-C3F7, i-C3F7 [14], R = C2Fs, R' = i-C3F7 [12] and R = CF3, R' = C2Fs, 
CLCF2CF2, BrCF2CF2 [40]. 
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CF3(n-C3F7)PI was obtained in 4 hat 200°C with a yield of 69% [13, 14]. CF3(i-C3F7)PI was 
obtained in 6 h at 190°C with a yield of 65% [14]. C2Fs(i-C3F7)P1 was obtained after 10 h at 
160°C with a yield of 59% [12]. The conversion curves of these cleavage reactions are 
represented by a first-order equation in the investigated temperature region 145 to 185°C 
[14]. and the reaction order with respect to (CF3P)4 has been proven to be 1 [42]. (CF3P)s 
instead of (CF3P)4 does not react directly with C3F71 but at first rearranges to (CF3Pk This 
rearrangement occurs in the presence of fluoroiodoalkanes below 200°C [(CF3P)s alone 
rearranges to (CF3P)4 at 255°C; see Part 3, p. 6]. The reactivity of (C2FsP)s toward 
fluoroiodoaLkanes is lower than that of (CF3P)s [41]. 

The reactivity of fLuoroiodoaLkanes in the reaction with (CF3P)4 has been determined by 
measuring the rate constants for the reaction 

XCF2CF21 + V4 (CF3P)4 --> XCF2CF2(CF3P)1 

with X = Br, CL, Fand CF3. The rate constants (in 10-2 h- 1) at 166°C are: 49 ± 2, 26 ± 2, 
21 ± 1, and 20.1 ± 0.3 for X = Br, CL, Fand CF3, respectiveLy. These data show that the 
rate of reaction decreases witH increasing eLectronegativity of the substituents X [40]. 

5.2.7.1.1.5 TrifLuoromethyLhaLogenophosphines (mixed haLogens) 

TrifLuoromethylfluorochlorophosphine CF3PFCL 

TrifLuoromethylfluorobromophosphine CF3PFBr 

Trifluoromethylchlorophosphine CF3PCLH 

TrifLuoromethylchlorobromophosphine CF3PCLBr 

TrifLuoromethylchloroiodophosphine CF3PCLI 

TrifLuoromethylchlorocyanophosphine CF3PCLCN 

TrifLuoromethylbromophosphine CF 3P B rH 

Trifluoromethylbromodeuterophosphine CF3PBrD 

Trifluoromethylbromoiodophosphine CF3PBri 

TrifLuoromethylbromocyanophosphine CF 3PB rCN 

Trifluoromethyliodophosphine CF3PIH 

TrifLuoromethyliododeuterophosphine CF3PID 

TrifLuoromethyliodocyanophosphine CF3PICN 

The mixed phosphines form when mixtures of CF3PX2 and CF3PY2 (X, Y = H, 0, F, CL, 
Br, I, CN) are heated to 70°C for 10 d or are irradiated with a medium-pressure Hg Lamp in 
a seaLed tube. In the case of thermaL reaction the equiLibrium is reached after 10 d and does 
not shift during six months (one exception: half of CF3PFBr has decomposed after 40 d). No 
exchange reaction couLd be detected in mixtures of CF3PF2 with CF3PH2, CF3PI2 and CF3P(CNb 
under thermaL or photochemicaL initiation [5]. 

CF3PIH and CF3PID can be prepared 
(1) by shaking a mixture of CF3PH2 and 12 for 1 hat O°C (yieLd 41%), 
(2) by warming an equimoLar mixture of CF3PI2 and CF3PH2 (CF3PD2) in CCL3F soLution for 2 h 
at 40°C (yieLd 23%), 
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(3) by photolysis (8 h) of excess of CF3PH2 (CF3PD2) with CF3PI2 in the liquid phase (yield 
32%) [5]. 

CF3PIH also forms upon cleavage of (CF3PHh by HI [57]. 

CF3PClH forms along with HCl and CF3PCl2 in the reaction of CF3PH2 and Cl2 (7 d at room 
temperature in an ampule). It also forms in small quantities by shaking CF3PIH with AgCl or 
HgCl2. (CF3PHh is cleaved by HCl to a small extent also giving CF3PClH [5]. 

CF3PBrH and CF3PBrD are obtained in 96% yield by shaking (45 min) CF3PIH or CF3PID 
with HgBr2 at 20°C. CF3PBrH and CF3PBri (and other products) were identified when CF3PIH 
was shaken with AgBr [5]. 

For the exchange reactions CF3PX2 + CF3PY2 ~ 2 CF3PXY the equilibrium constants 
K = [CF3PXy]2/[CF3PX2][CF3PY2] have been approximately determined by means of 19F 
NMR spectroscopy [5]: 

XY FCl 
K . . . .. 0.1 

ClBr 
2.5 

CU 
0.5 

ClCN 
0.01 

Brl 
2.2 

BrCN 
0.9 

5.2.7.1.1.6 PerfLuoroaLkyLhaLogenophosphoranes (Halogen: F, Cl, Br) 

TrifLuoromethyLdifluorodlchLorophosphorane CF3PF2Cl2 

PentafLuoroethyLdifLuorodichLorophosphorane C2F 5PF 2Cl2 

HeptafLuoro-n-propyLdifLuorodichlorophosphorane C3F7PF2Cl2 

Bis(trifLuoromethyL)fLuorodichLorophosphorane (CF3)2PFCl2 

Bis(trifLuoromethyl)fLuorodlbromophosphorane (CF3)2PFBr 2 

IH 
0.7 

ICN 
3.2 

Since Part 3 (see p. 72) has been edited, no new methods of preparation for RPF2Cl2 
(R = CF3, C2F5, n-C3F7) and (CF3hPFCl2 have been published. 

(CF3hPF, Br2 and CH3Cl in a sealed tube were allowed to warm slowly from -196°C to 
-78°C. At - 78°C the tube was shaken whereupon a dark transparent solution was produced 
which became colorless in 20 s. The crude product, (CF3hPFBr2, was trapped at -45°C and 
-78°C and purified by trap-to-trap condensation (93% yield) [45]. 

5.2.7.1.2 PhysicaL Properties 

Physical data especially NMR, IR and mass spectral data, are summarized in Table 35, 
p. 115. Additional data from structure determinations and spectra are given in the following 
sections. 

5.2.7.1.2.1 Ground State Structures 01 TrifLuoromethyLhaLogenophosphoranes by Means 01 
NMR Spectroscopy and TheoreticaL ResuLts 

From 13C NMR spectra of aseries of phosphoranes containing one or more CF3 groups 
it was concluded that large values (> 170 Hz) of the coupling constant J(P-C) are related to 
equatorial CF3 groups and smaller values «90 Hz) are associated with axial CF3 groups. 
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The J(P-CF) coupling constants show the same trend as weil [45]. All trifluoromethyLhaLogeno
phosphoranes invoLving two or more haLogen atoms that are listed in TabLe 30 (from [45]) 
have Large J(P-C) vaLues suggesting excLusive equatoriaL CF3 substitution. However, these 
predictions may be at variance with structures proposed by other spectroscopic methods; 
see aLso, for instance, Part 3, p. 79. 

TabLe 30 
NMR Parameters of TrifLuoromethyLhaLogenophosphoranes. Measured in CD2CL2 soLution at 
22.6 MHz unLess otherwise specified. 

MoLecuLe tin °C öe3C)a) J(P-C) J(P-C-F) b) 

in ppm in Hz in Hz 

CF3PF4 -40 121.3 448 170 
CF3PCL4 0 123.6 288 151 
CF3PBr4 +10 116.7 138 142 
CF3PF2CL2 0 123.5 327 155 
(CF3h PF3C) 0 121.3 418 176 
(CF3h PFCL2 0 123.0 389 183 
(CF3h PCL3 0 122.3 379 190 
(CF3hPBr3 0 115.5 379 182 
(CF3hPFBr2 0 120.2 336 179 
(CF3hPF2 +31 120.8 315 167 
(CF3h PCL2 -20 122.6 232 139 
(CF3hPBr2d) -13 120.6 201 127 

a) Positive vaLues indicating shifts to Low fieLd of standard (CH3)45 i. - b) Obtained from 19F 
and 31p spectra. - c) 40% CFCL3, 60% CD2CL2. - d) 30% CDCL3, 70% CD2CL2; compound was 
immiscibLe in pure CD2CL2. 

To study the influence of fast intramoLecuLar exchange processes invoLving F atoms on 
the vaLue of the coupling constants the 19F NMR spectrum of CF3PF4 has been examined to 
temperatures as Low as -150°C (CFCL3/CF2CL2 soLution) but no changes consistent with 
stopping of intramoLecuLar Fexchange have been observed. So Berry pseudorotation with 
an equatoriaL CF3 pivot is compatibLe with the proposed ground state structure of this 
moLecuLe. ALso in (CF3hPF3 no distinct axiaL-equatoriaL environments have been found even 
when examined at very Low temperatures e1p NMR to -160°C, 19F NMR to -125°C, 13C to 
-125°C). This Lack ofaxiaL-equatoriaL F atom distinction is thought to arise from "a fast 
permutationaL process with an undefined mechanism" [45]. 

In the series (CH3hPF3, CF3(CH3)PF3, (CF3hPF3, extrapoLation of the known barriers for 
permutationaL F atom exchange in the first two moLecuLes (17.8 and 8.8 kcaL/moL, respectiveLy) 
predicts a barrier of approximateLy zero for the permutationaL exchange in (CF3hPF3' 
ExtrapoLation within the series H2PF3, CF3(H)PF3, (CF3hPF3 yieLds a predicted barrier of 
-2.4 kcaL for (CF3hPF3' Thus, a barrier, ranging from 1 to 3 kcaL has been proposed, which 
is unobservabLe by avaiLabLe NMR techniques [46]. 

An eLectron diffraction study of (CF3hPCL3 and (CF3hPCL2 in the gas phase suggests axiaL 
substitution of CF3 groups [16]; aLso see pp. 11011. To detect the different CF3 environments in 
the case of (CF3hPCL2 (one equatoriaL, two axiaL CF3 groups) 13C (to -130°C), 19F (to -160°C) 
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and 31p NMR (to -160°C) experiments have been carried out, but without success. The 
resonance Lines did not broaden significantLy. If the structure in gas phase and solution is the 
same, the barrier to CF3 permutational exchange must be unusually small or the solution 
structure may involve axial Cl atoms and equivalent equatorial CF3 groups [45]. Previous 
vibrational spectra of (CF3bPCl3 were also interpreted in terms ofaxial CF3 groups, see 
Part 3, pp. 79/80. 

(CF3bPBr2 shows a similar behavior as (CF3bPCl2; the 19F NMR spectrum was unchanged 
to -140°C suggesting that the CF3 groups are in equivalent equatorial positions [45]. For 
CF3PBr4 the J(P-C) value is unexpectedly small and does not correlate with J(P-CF), cf. 
Table 30, p. 109. This anomaly has been interpreted by assuming CF3PBr4 to be better 
described as a phosphonium salt CF3PBr3" Br-. This interpretation is supported by the low 
value of the phosphorus chemical shift wh ich is consistent with a phosphonium salt formulation 
[45]. 

In a theoretical work the interconversion of the equatorial and the axial configurations of 
CF3PF4 due to various permutational (from axial to axial and from equatorial to equatorial) 
and polytopal (from axial to equatorial and vice versal pathways have been studied. 
Theoretical modifications of the rotation-vibration spectra have been obtained wh ich are 
characteristic of the pathways and could be used to discriminate between them [47]. 

5.2.7.1.2.2 Electron Diffraction 

The structures of the molecules (CF3bPCl3 and (CF3bPCl2 have been determined by electron 
diffraction of the gases [16]. (CF3bPCl3 has the structure of a regular trigonal bipyramid with 
both CF3 groups in axial positions (D3h symmetry). The F atoms are staggered to the equatorial 
positions of the Cl atoms; see Fig.2. The structure of (CF3bPCl2 is a distorted trigonal 

Fig. 2 

Structure of (CF3bPCl3 and of (CF3bPCl2. 

bipyramid with two CF3 groups in axial and one CF3 group in equatorial positions. The F atoms 
of the axial groups are staggered to the equatorial atoms. There is a high potential barrier in 
both molecules to internal rotation of CF3 groups around the P-C bond direction. fable 31 
reproduces the interatomic distances and angles of both molecules; for the mean square 
amplitudes, see the original [16]. 
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TabLe 31 
Interatomic Distances ra (in A) and AngLes of (CF3hPCL3 and (CF3hPCL2 from ELectron 
Diffraction Data. 

C-F 
P-C 
P-CL 
F1 ··· F2 

P···F 
C···CL 

1.331(2) 
1.950(11) 
2.036(2) 
2.158(6) 
2.721(3) 
2.836(8) 
3.001(6) 
3.508(10) 

CL1 ··· F1 
C ... F 
F1 ··· F; 
F1 ·· ·F2 

1:FCF 
1:PCF 

4.063(7) 
4.510(21) 
4.812(101) 
5.272(20) 

108.3(4)° 
110.7(6)° 

C-F 1.329(2) 
(P-C)eq 1.938(31) 
(P-C)ax 1.946(14) 
(p-C)ava) 1.943(5) 
P-CL 2.053(6) 
1:FCF 108.5(3)° 
1:CLPCL 133.0(17)° 
1:CaxPCaq 95.5(19)° 
t b) 7.9(35)0 

a) Average (P-C) bond distance. - b) AngLe for rotation of the equatoriaL CF3 group around 
the P-C axis. 

5.2.7.1.2.3 35CL NucLear QuadrupoLe Resonance 

CF3PCL2 and (CF3hPCL show a singLe 35CL Une at 27.650 and 30.090 MHz, respectiveLy, in 
the quadrupoLe resonance spectrum at 77 K. It is concLuded that the ionic character of the 
P-CL bond decreases in the series PCL3, CF3PCL2, and (CF3)2PCL when the number of 
eLectronwithdrawing CF3 groups increases [50]. 

5.2.7.1.2.4 PhotoeLectron Spectra 

CF3PCL2, (CF3hPCL 

Assuming Cs skeLetaL symmetry of the moLecuLes the He(l) photoeLectron spectra are 
interpreted by assigning the observed bands to LocaUzed moLecuLar orbitaLs [17], see TabLe 32. 

TabLe 32 
lonization PotentiaLs Ei (in eV) from PhotoeLectron Spectra and Assignments for CF3PCL2 and 
(CF3h PCl. 

P Lone P-C P-CL F nonbonding CL nonbonding 
pair CI bond CI bond orbitaLs a) orbitaLs 

CF3PCL2 

Symmetry of A'(n) A' A" A2 E E (2A' + 2A") 
orbitaLs 

Ei 10.70 13.88 12.21 15.13 15.91 16.96 12.21, 12.62, 14.18 

(CF3hPCL 

Symmetry of A'(n) A" A' A2 E E (A' + A") 
orbitaLs 

Ei 11.13 13.61 12.42 15.43 16.38 17.05 12.42 14.38 

a) CF3 groups are considered as isoLated species of C3v symmetry. 
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CF3PBr2 

The verticaL ionization energies (in eV) due to an He(l) photoeLectron spectrum are [51] : 

10.23,11.01,11.52,11.64,12.81,13.55, 14.07, 15.20, 15.90, 16.94 

The first ionization energy is assigned to the phosphorus "Lone pair" orbital. The energy 
region 15 to 17 eV is associated with fLuorine nonbonding orbitaLs [51]. 

CF3PI2, (CF3hPI 

The first verticaL (P "Lone pair") ionization energies of CF3PI2 and (CF3bPI are 9.50 and 
10.10 eV, respectiveLy [52]. 

5.2.7.1.2.5 VibrationaL Spectra 

CF3PX2, X = F, CL, Sr, I 

The IR and Raman spectra and the normaL coordinate anaLyses as welL have been 
reported in Part 3, p. 80. In the meantime, these data (originaLLy from a private communication) 
have been published, see [1]. In addition, internaL force constants (in 102 N/m) for the 
moLecuLes CF3PX2 are listed in the foLLowing tabLe [1] : 

f(CF) f(CF/CF') f(CP) f(PX) f(PX/PX') f(XPX) f(CPX) 

CF3PF2 5.96 0.86 2.68 4.99 0.33 0.55 0.36 
CF3PCL2 5.87 0.85 2.35 2.53 0.19 0.29 0.30 
CF3PSr2 5.77 0.85 2.17 1.87 0.07 0.22 0.29 
CF3PI2 5.64 0.82 2.06 1.49 0.10 0.17 0.27 

(CF3hPX, X = F, CL, Sr, I 

IR spectra (400 to 4000 cm- 1) and Raman spectra reported in [9] have been described 
in Part 3, pp. 82/3. These data are compLeted by IR measurements in the region 200 to 
400 cm -1 [15]. The interpretation of the vibrationaL spectra is performed on the basis of a 
normaL coordinate anaLysis using a transferred force fieLd [15]. Point group Cs is assumed 
for the (CF3)2PX moLecuLes ; for the assignment of the 24 fundamentals on the cLasses A' and 
A", see Part 3, p. 17. labte 33 (from [15]) gives the potentiaL energy distribution and lists the 
caLcuLated and observed frequencies (the torsionaL vibrations V13 and V24 are not incLuded). 

TabLe 33 
Observed (obs.) and CaLcuLated (caL.) Frequencies of the (CF3)2PX MoLecuLes and Their 
PotentiaL Energy Distribution. 

(CF3bPF (CF3bPCL (CF3bPSr (CF3b PI PotentiaL energy 
obs.a) caL. obs.a) caL. obs.a) caL. obs.a) caL. distribution 

1227 1226 1215 1215 1209 1212 1200 1201 94(1), 22(5) 
1149 1152 1160 1149 1156 1147 1150 1142 62(3), 50(4), 27(9) 
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Table 32 (continued) 

(CF3hPF (CF3hPCl (CF3hPBr (CF3hPI Potential energy 
obs.a) cal. obs.a) cal. obs.a) cal. obs.a) cal. distribution 

749 744 746 743 743 742 745 740 38(4), 40(3), 14(9) 
568 565 560 564 561 562 68(5), 12(1) 

570 571 46(5), 10(1),20(11) 
269 265 66(7), 35(10), 12(12) 

275 273 65(7), 20(10) 
282 283 55(7), 12(9), 16(10) 

242 244 69(7), 27(11) 
465 458 443 441 50(9), 14(4), 12(12) 

441 439 22(9),23(7),21(11),24(12) 
442 440 39(9),21(7), 10(11),23(12) 

189 186 43(10), 12(7), 17(12) 
136 133 49(10), 45(12), 12(7) 

112 116 46(12), 41 (10), 19(7) 
104 104 61 (12), 59(10) 

850 850 94(11 ) 
533 539 55(11), 25(5) 

467 457 37(11), 30(9), 15(10) 
419 419 31(11), 24(9), 16(10), 18(12) 

350 350 53(12), 15(7), 14(10) 
136 134 45(12),49(10),11(7) 

112 116 46(12),41(10),19(7) 
104 104 61 (12), 59(10) 

1217 1220 1215 1210 1206 1204 1200 1204 96(14), 22(18) 
1125 1116 1120 1120 1115 1106 1115 1110 70(16), 50(17), 19(22) 

733 733 719 722 727 728 725 725 50(17), 33(16), 12(22) 
553 556 559 558 558 557 558 557 75(18), 12(14) 
237 237 40(20), 19(22), 38(23) 

268 266 262 262 262 262 94(20) 
455 465 53(22), 24(23) 

443 444 441 438 440 435 66(22) 
275 275 36(23), 58(20) 

167 167 148 149 143 142 90(23) 

a) Due to measurements reported in [9, 15]; see also text. 

Internal force constants (in 102 N/m) for the molecules (CF3hPX are summarized in the 
following table [15]: 

Compound f(CF) f(CF/CF') f(CP) f(CP/CP') f(PX) f(CPX) f(osCF3) f(oasCF3) f(QCF3) 

(CF3hPF 6.07 0.72 2.55 0.45 4.79 0.37 1.73 1.75 0.84 
(CF3h PCl 6.03 0.73 2.53 0.43 2.45 0.25 1.73 1.75 0.85 
(CF3)2PBr 6.02 0.74 2.48 0.43 1.95 0.23 1.73 1.75 0.83 
(CF3h PI 6.00 0.73 2.45 0.40 1.70 0.22 1.73 1.75 0.81 
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114 Compounds of Main Group 5 Elements 

Gas-phase IR spectra and Raman spectra of the liquids have been measured [5]. The 
molecules have point group Cl (no symmetry element) so all 15 fundamental modes will be 
IR and Raman active. TabLe 34 lists the observed frequencies and an approximate description 
of the vibrations for the CF3PXH molecules. 

Table 34 
Observed Frequencies (in cm- l ) and Proposed Assignment for CF3PXH Molecules (X = Br, I). 
Relative Raman intensities in parentheses. IR bands: v = very, s = strong, w = weak, br = 
broad, and sh = shoulder. 

CF3PBrH CF3PIH Approximate 
description 

Raman IR Raman IR 

117(4) 107(4) CF3 rock 
242(10) CPI deformation 

260(10) CPBr deformation 

275(0.5) 276(0.5) PCF3 deformation 
383(10) 394m PI stretch 

416(10) 425m, br 414(3) 415m PC stretch 

429(10) PBr stretch 
458vw (sh) 467(0.5) 2 x 242? 

539(0.5) 522vw 536(0.5) 532w CF3 deformation 

740(6) 741mw 739(3) 739mw CF3 deformation 

803(0.5) 804m 748(2) 754 (sh) Br(I)PH deformation 

853(0.5) 851m 844(1) 844m CPH deformation 
1010vw 1022vw 
1103 (sh) 1102w (sh) 
1132vs 1124vs CF3 stretch 
1174vs 1167vs CF3 stretch 
1240vw 1228vw 
1278vw 1278vw 
2232vw 2242w 2 x CF3 stretch 
2300vw (sh) 2300vw (sh) 2 x CF3 stretch 

2320(4) 2318m 2317(1) 2327m PH stretch 
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TabLe 35 
PhysicaL Properties of PerfLuoroaLkyLphosphines and -phosphoranes. 
NMR spectra: coupLing constants J in Hz; chemicaL shifts /) in ppm (positive vaLues of /) 
indicate resonance to Low fieLd of the standard); 19F externaL standard CFCL3 and 31p externaL 
standard 85% H3P04, unLess other specified; d = doubLet, tr = triplet, qu = quartet, dec = 
decet. 
IR spectra: v in cm -1; V = very, w = weak, s = strong, m = medium, br = broad, sh = 
shouLder. 
Mass spectra: m/e (reLative intensity) ion. 
m. p. = meLting point, b. p. = boiLing point, D = density. 

Compound 

Gmelin Handbook 
CF Comp. Suppl. 1 

PhysicaL properties 

19F NMR: öa)(CF3) = -84.3, ö(PF) = -106.7, J(P-F) 1240, 
J(P-CF3) = 88.4, J(F3C-PF) = 5.92 [44); J(P-CF3) = 87 [45). 
31p NMR: /)b) = 160, J(P-CF3) = 88.6, J(P-F) = 1242 [44). 
13C NMR: /)c) = -5.23, J(C-F) = 318.4, J(C-P) = 42.8, J(C-PF) = 21.8 
[44) ; /) d) = 123.2, J(C-P) = 48 [45). 

19F NMR: öa)(CF3) = -68.3, ö(PF) = -221.6, J(P-F) = 1002, 
J(P-CF3) = 89.9, J(CF3-PF) = 3.4 [44]; J(P-F) = 89.5 [45). 
31p NMR: Öb) = 124.6, J(P-CF3) = 89.8, J(P-F) = 1007 [44). 
13C NMR: oC) = -2.92, J(C-F) = 318.9, J(C-P) = 29.0, J(C-PF) = 18.4, 
J(CPCF3) = 6.23 [44); Od) = 125.5, J(C-P) = 30 [45). 

19F NMR: ö(CF3) = -83.4, ö(CF2) = -139.4, ö(PF) = -106.4, 
J(CF2-PF2) = 9.0, J(CF3-PF2) = 6.4, J(CF3-CF2) = 2.0 [3). 
31 P NMR: 0 e) = 28.7, J(P-F) = 1 259.3, J(P-CF2) = 101.0, J(P-CF3) = 
7.4 [3). 
IR (gas phase): 1745 (vw, br), 1725 (vw, br), 1322 (s), 1225 (vs), 1167 
(s), 1130 (s), 1087 (m, sh), 1009 (m), 978 (m), 864 (vs), 754 (m, sh), 749 
(m), 746 (m), 630 (m), 627 (m), 623 (m, sh), 590 (vw, br), 540 (vw, br), 487 
(m), 433 (w), 410 (w), 404 (w), 376 (w), 370 (w) [3). 
Mass spectrum: m/e = 188 «12) M+; 119 (12 to 50) C2F;, CF4P+, 
100 (>50) C2Ft, CF3P+; 88 «12) CFt, F3P+; 81 (>50) C2F;, CF2P+; 
69 (100) CF;, F2P+; 62 (12 to 50) C2F;, CFP+; 50 (>50) CF2, FP+; 43 
(12to 50) C2F+, CP+; 31 (> 50) CF+, p+ [3). 

19F NMR (-60°C): doubLet with a compLex pattern, o(PF2) = -106, 
o(CF2) = -132,J(P-F) = 1252,J(P-F~) = 86[4). 
31p NMR (- 50°C) : 0 = 227 [tr of tr of tr), J(P-F) = 1258, J(P-F~) = 91, 
J(P-F~) = 20 [4). 
IR (gas phase): 1710 (vw), 1225 (w, br), 1129 (s), 1106 (s), 844 (vvs, 
v(PF)), 778 (w), 660 (vvw) , 570 (m), 527 (vvw) , 462 (m), 450 (m) ; solid 
phase (-196°C), 1300 (w), 1260 (vw), 985 (vw), 947 (vw), 904 (vw), 825 
(w, sh), 798 (m), 785 (sh), 762 (w), 495 (w) [4). 
Mass spectrum: m/e = 238 (16.4) M+; 169 (5.9) C2F4PF;; 150 (59) 
C2FsP+; 138 (4.1) P2Ft; 131 (26) C2F4P+; 119 (4.7) P2F;, C2F;, 
C2F4P+; 100 (10) C2Ft, P2F;; 88 (0.6) PF;, CF4 ; 81 (4.7) CF2P+, 
C2F;; 69 (100) PF;, CF; [4). 
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TabLe 35 (continued) 

Compound PhysicaL properties 

F2PCF2CF(CF3)PF2 IR (gas phase): 1635 (vw), 1350 (w), 1270 (w), 1240 (m), 1195 (m), 
1100 (w), 1090 (w), 1015 (m), 915 (s), 830 (s, sh, v(PF)), 820 (vvs), 720 
(vw), 650 (vw), 475 (m) [4]. 
Mass spectrum: m/e = 288 (0.2) M+; 231 (0.1) C3F7Pt; 219 (0.7) 
C2F7Pt; 200 (0.3) C3F7P+, C2Fspt; 193 (0.1) C3Fspt; 181 (1.7) C3FsP+; 
169 (1.7) C2FaP+; 150 (0.2) C3F;, C2FsP+; 138 (2.3) P2Ft, CFsP+; 119 
(0.8) C2F;, CF4P+; 100 (0.8) C2Ft, CF3P+; 93 (0.4) C3F;, C2F2P+; 88 
(42.2) PF;, CFt; 81 (3.0) C2F;, CF2P+; 69 (100) PFt, CF; [4]. 

(CF3)nPFS-n' For NMR data see TabLe 30, p. 109. 
(n = 1,2,3) 

CF3PCL2 D~o = 1.5351 g/cm3 [55]. 
19F NMR: 8 a) = -72.8, J(F-P) = 79.5 [44]. 
31p NMR: 8b) = 131 [44], ( 1) = 133 [54], J(P-F) = 79.5 [44], 75 [45]. 
13C NMR: 8 c) = -1.65 [44], 8 d) = 126.1 [45], 8 g) = 126.49 [50], 
J(C-F) = 323.0 [44], 322.8 [50], J(C-P) = 60.5 [44], 75 [45], 60.3 [50]. 
Faraday effect: magnetic rotation IQIM = 568 W at 20°C [54]. 

(CF3hPCL D4s = 1.610 g/cm3 ; 1.599-2.1 x 10-3 t for -15°C< t < 5°C [55]. 
19F NMR: 8 a) = -62 [44], 8 = -62 [35], -63.3 [37], J(F-P) = 86 [44], 
85 [35, 45], 85.1 [37]. 
31p NMR: 8 b) = 51.2 [44], 8 f) = 51 [54], 8 = 50.2 [37], J(P-F) = 87 [44], 
85.0 [37]. 
13C NMR: 8 c) = -1.93 [44], 8 d) = 126.3 [45], 8 g) = 126.25 [50], 
J(C-F) = 320.1 [44],320.6 [50], J(C-P) = 35.5 [44], 38 [45], 36.8 [50], 
J(C-P-CF) = 5.8 [44], 6 [50]. 
Faraday effect: magnetic rotation IQIM = 421 W between -15 and 
+5°C [54]. 

i-C3F7PCL2 b.p. 88°C 
IR (gas phase): 1410 (w), 1285 (m), 1280 (vs), 1235 (vs), 1170 (m), 
1145 (w), 1090 (w), 980 (w), 955 (w), 930 (m), 810 (m), 750 (m), 720 (m) 
[38]. 

(i-C3F7hPCL b.p. 116°C 
IR (gas phase): 2360 (w), 1765 (w), 1390 (w), 1285 (vs), 1240 (vs), 
1185 (w), 1160 (m), 1125 (m), 990 (m), 932 (w), 852 (w), 815 (w), 745 
(m), 710 (m) [38]. 

(CF3)nPCLS-n' For NMR data see TabLe 30, p. 109. 
(n = 1,2,3) 

CF3PBr2 19F NMR: 8a) = -67.0 [44], J(F-P) = 67.9 [44], 68 [45]. 
31p NMR: 8 b) = 118, J(P-F) = 68.3 [44]. 
13C NMR: öc) = -4.39 [44], Öd) = 122.9 [45], J(C-F) = 323.6 [44], 
J(C-P) = 73.6 [44], 77 [45]. 
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Physical properties 

19F NMR: oa) = -59.8, J(F-P) = 80.7 [44]. 
31p NMR: 0 b) = 34.1 [44], J(P-F) = 80.7 [44], 78 [45]. 
13C NMR: öe) = -3.40 [44], Öd) = 124.6 [45], J(C-F) 320.5 [44], 
J(C-P) = 40.0 [44], 43 [45], J(C-P-CF) = 5.74 [44]. 

rn.p. 27°C [45] 
19F NMR: 0 = -66.8 [45]. 
31p NMR: 0 i) = -86, J(P-F) = 142 [45]. 
13C NMR: see Table 30, p. 109. 

rn.p.7°C 
19F NMR: 0 = -81.4 [45]. 
31p NMR: 0 i) = -163, J(P-F) = 182 [45]. 
13C NMR: see Table 30, p. 109. 

19F NMR: 0 = -65.6, J(F-P) = 127 (d) [45]. 
31PNMR:oi) = -177,J(P-F) = 127 (dec) [45]. 
13C NMR: see Table 30, p. 109. 

D~O = 2.8075 g/crn3 [55]. 
19F NMR: oa) = -57.9 [44], J(F-P) = 48.4 [44], 52 [45]. 
31p NMR: Ob) = 61.7 [44], ( 1) = 61 [54], J(P-F) = 48.6 [44]. 
13C NMR: 0 e) = -8.03 [44], 0 d) = 118.7 [45], J(C-F) = 324.5 [44], 
J(C-P) = 85.3 [44], 87 [45]. 
Faraday effect: rnagnetic rotation IQIM = 2138 W at 20°C [54]. 

D~O = 2.0433 g/crn3 [55]. 
19F NMR: oa) = -55.0 [44], oi) = 22.9 [43], J(F-P) = 72 [44], 73 [45], 
76 [43]. 
31p NMR: Ob) = 0.4 [44], ( 1) = 0 [54], J(P-F) = 73.5 [44]. 
13C NMR: oe) = -4.63 [44], Od) = 122.6 [45], J(C-P) = 42.8 [44], 45 
[45], J(C-F) = 320.5, J(C-P-CF) = 5.5 [44]. 
Mass spectrurn: rn/e = 296 (9%) (CF3bPI+, 277 (5%) (CF3)CF2PI+ [43]. 
Faraday effect: rnagnetic rotation IglM = 855 W at 20°C [54]. 

b.p. 195°C [38], vapor pressure at 25°C ~3 Torr [58], rn.p. ~O°C [58]. 
31p NMR: 0 = 76.5, J(P-CF) = 58, J(P-C-CF) = 17 [58]. 
IR (gas phase): 1400 (w), 1290 (w), 1280 (vs), 1240 (vs), 1165 (w), 
1148 (w), 1090 (w), 990 (w), 960 (rn), 925 (rn), 815 (w), 750 (rn), 715 (w) 
[38]. 

b.p. 138°C [38] 
IR (gas phase): 2370 (w), 1760 (w), 1390 (w), 1292 (vs), 1240 (vs), 
1190 (w), 985 (rn), 932 (w), 852 (w), 820 (w), 755 (rn), 702 (rn) [38]. 

b.p. 104 to 106°C [13,14] 
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TabLe 35 (continued) 

Compound 

CF3PF2CL2 
(CF3)2PFCL2 

CF3CF2CF2PF2CL2 
Y ß Cl 

CLCF2CF2PF2CL2 
ß Cl 

Compounds of Main Group 5 ELements 

PhysicaL properties 

b.p. 30 to 32°C (12 Torr) [12). 

For NMR data see TabLe 30, p. 109. 

19F NMR: o(PF) = +39.4, o(FIl) = -111.5, o(Fß) = -80.4, J(P-F) = 
1065 (d), J(PF-Fß) = 8.6 (qu), J(PF-F Il) = 11.3 (tr), J(Fß-P) = 1.2 (d), 
J(Fß-PF) = 8.6 (tr), J(Fß-FIl) = 1.4 (tr), J(FIl-P) = 129 (d), J(FIl-PF) = 11.3 
(tr) [48) ; 0 k)(PF) = - 390.7 [49). 

19F NMR: o(PF) = +37.8,o(Fll) = -111.5, o(Fß) = -123.3,o(Fy) = 
-82.4, J(P-F) = 1082 (d), J(PF-Fy) = 1.0 (qu), J(PF-FIl) = 12.4 (tr), 
J(PF-Fß) = 11.7 (tr), J(F y-P) = 5.5 (d), J(F y-PF) = 1.0 (tr), J(F y-F Il) = 
10.6 (tr), J(Fy-Fß) = 0, J(FIl-P) = 131 (d), J(FIl-PF) = 12.5 (tr), J(FIl-Fy) = 
10.4 (qu), J(F Il-Fß) = 3.0 (tr), J(Fß-P) = 5.8 (d), J(Fß-PF) = 11.6 (tr), 
J(Fß-Fy) = 0, J(Fß-FIl) = 2.9 (tr) [48); ok)(PF) = -392.3 [49). 
31p NMR: 0 = 13.5, J(P-PF) = 1069 (tr), J(p-FIl) = 129 (tr) [48). 

19F NMR: ö(PF) = +51.5, ö(FIl) = -108.9, Ö(Fß) = -66.8, J(P-F) = 
1073 (d), J(PF-FIl) = 14.2 (tr), J(PF-Fß) = 10.7 (tr), J(FIl-P) = 134 (d), 
J(FIl-PF) = 14.2 (tr), J(FIl-Fß) = 3.7 (tr), J(Fß-P) = 3.4 (d), J(Fß-PF) = 10.6 
(tr), J(Fß-FIl) = 3.7 (tr) [48). 
31p NMR: 0 = 11.5, J(P-PF) = 1060 (tr), J(P-F Il) = 132 (tr) [48). 

19F NMR: ol)(CF3) = -76.1, J(CF-P) = 84, J(F-F) = 0.6 [5). 

19F NMR: ol)(CF3) = - 73.9, J(CF-P) = 80, J(F-F) = 1.8 [5). 

19F NMR: ( 1) = -58.6, J(F-P) = 68, J(F-H) = 10.4 [5). 
1H NMR: 0 m) = 5.71, J(H-P) = 190 [5). 

19F NMR: ( 1) = -70.0, J(F-P) = 75 [5). 

19F NMR: ( 1) = -66.3, J(F-P) = 66 [5). 

19F NMR: ( 1) = -62.4, J(F-P) = 85 [5). 

19F NMR: ( 1) = -56.0, J(F-P) = 65, J(F-H) = 10.6 [5). 
1H NMR: om) = 4.94, J(H-P) = 189 [5). 

19F NMR: ( 1) = -64.5, J(F-P) = 62 [5). 

19F NMR: ( 1) = -60.1, J(F-P) = 81 [5). 

19F NMR: ( 1) = -51.6, J(F-P) = 56, J(F-H) = 10.2 [5). 
1H NMR: om) = 4.17, J(H-P) = 186 [5). 
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Compound 

CF3PI(CN) 

Phosphorus Compounds 119 

PhysicaL properties 

19F NMR: Öl) = -55.9, J(F-P) = 71 [5]. 

m.p. -8± 1°C 
19F NMR: ö(PF) = -101.5, ö(CF3) = -78.6, J(P-F) = 1255, J(P-CF3) = 
179, J(PF-CF3) = 13.0 [45]. 
31p NMR: öi) = -153 [45]. 
13C NMR: for data see TabLe 30, p. 109. 
IR (gas phase): 1292 (vw), 1191 (vs), 1177 (vs), 1156 (vs), 1117 (vw), 
828 (m), 581 (m), 565 (m), 547 (m), 515 (m), 396 (vw) [45]. 
Mass spectrum (intensity as % of base peak (m/e 69) = 100): m/e = 
277,279,281 (44.6) CF4PBr;; 267, 269 (31.6) C2F7PBr+; 227, 229, 231 
(3.1) PF2Br;; 217,219 (11.0) CF5PBr+; 198,200 (3.1) CF4PBr+; 188 
(2.3) C2F7P+; 179, 181, (2.5) CF3PBr+; 129, 131 (36.2) CF2Br+, PFBr+; 
119 (7.0) CF3PF+; 100 (3.1) CF3P+; 79, 81 (22.0) Br+ [45]. 

a) ExternaL standard CF3COOH, caLibrated against CFCL3. - b) ExternaL standard 15% H3P04, 
caLibrated against 85% H3P04. - c) ExternaL standard CsDs. - d) Intern aL standard (CH3)4Si in 
CD2CL2 soLution. - e) ExternaL standard (CH30hP. - f) ExternaL standard P40 S' caLibrated 
against 85% H3P04. - g) InternaL standard CDCL3, caLibrated against (CH3)4Si. - h) Seems to 
be a phosphonium saLt; aLso see p. 110. - i) Standard P40 S' - j) ExternaL standard CF3COOH. 
- k) ExternaL standard F2. - I) InternaL standard CFCL3. - m) InternaL standard (CH3)4Si. 

5.2.7.1.3 Chemlcal Reactions 

5.2.7.1.3.1 Thermolysis and Photolysis 

C2F5PF2 can be heated to 200°C for 1 h without decomposition as indicated by IR anaLysis 
[3]. 

On heating to 200°C at 0.6 atm and for 2 h, F2C=CFPF 4 partiaLLy decomposes into PF5, POF3 
and F2C=CFP(0)F2; 91 moL% of the product mixture is unreacted F2C=CFPF4 [3]. 

Less than 30% of (CF3hPFBr2 had decomposed mainLy into (CF3)2PF2Br and (CF3)2PBr3 
after 40 hat 45°C [45]. 

Various perfluoroaLkyLiodophosphines such as (CF3)2PI, CF3(C2F5)PI, CF3(C3F7)P1, (C2F5h PI, 
(C3F7hPI have been investigated with respect to their ability to produce excited iodine atoms 
in photolysis processes. This property is of interest in connection with photodissociation 
iodide Lasers, see, for instance [19, 53]. 

5.2.7.1.3.2 Hydrolysis 

PartiaL hydrolysis of CF3PF4 Leads to CF3P(0)F2 [34]. 

(i-C3F7hPI and i-C3F7P12 both give (CF3hCFH as the voLatiLe product by hydrolysis with 
15% aqueous NaOH (overnight at room temperature) [38]. 
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120 Compounds of Main Group 5 Elements 

Neutral (water) and alkatine hydrolysis (10% NaOH) of (CF3bPFBr2 for 5 d yields 
(CF3bPOi (according to 19F NMR) and a tittle CF3H [45]. 

5.2.7.1.3.3 Reactions with HaLogens, HI, Hg, Air, N20 4, (CF3hNO, NH3, and B4HaCO 

The reaction of (CF3bPI with atomic fluorine has been studied by fast flow ESR methods. 
The initial stage of the reaction is the abstraction of I by F, to form IF and (CF3bP with a 
bimolecular rate constant of (1.0 ± 0.3) x 1014 cm3 . mol- 1 . s -1 at 297 K. In the presence of 
excess F, stepwise addition to the phosphoranes occurs. In the presence of excess (CF3bPI 
the reaction (CF3)2P + IF --+ (CF3bPF + lappears to take place. This reaction rate is slow 
relative to (CF3bP + F -> (CF3bPF [63]. 

(CF3bPF, (CF3bPBr and CF3PBr2 are oxidized by Br2 to give the corresponding 
phosphoranes (CF3)2PFBr2, (CF3bPBr3 and CF3PBr4, respectively. The bromination of CF3PF2 
yields CF3PF4, CF3PBr2, and (CF3)2PBr3 as principal products [45]. 

CF3PI2 reacts with an excess of anhydrous HI and Hg to give CF3PH2 in almost quantitative 
yield. However, with a deficiency of HI, CF3PH2 is formed along with (CF3P)n (n = 4, 5) and 
CF3PHPHCF3 (20 to 40%) [7]. 

On shaking with Hg for 2 to 3 h, CF3PI2 reacts alm ost completely to (CF3P)4 [32]. Reaction 
of Hg with i-C3F7P12 gives (i-C3F7Pb in quantitative yield [58]. 

(CF3bPF is oxidized by air to form (CF3bP(0)F. During 30 min at 25°C and 0.5 atm, there 
was a 5% conversion to (CF3bP(0)F, after 16 h the reaction was essentially complete [34]. 

N20 4 oxidizes CF3PF2 to give CF3P(0)F2 [34]. 

The phosphines (CF3)2PX (X = F, Cl, and Br) react with bis(trifluoromethyl)nitroxyl, 
(CF3bNO, at room temperature to give the oxidative addition products of the type 
[(CF3bNObP(CF3bX. However, with (CF3bPI the substituted phosphine (CF3bNOP(CF3b is 
formed [26]. For the properties of these products, see p. 93. 

The reaction of (CF3hPCl with NH3 at room temperature yields (CF3)2PNH2 (95% yield) [67] ; 
see also p. 101. 

In B4HaCO the CO group can be exchanged by CF3PF2 to give the complex CF3PF2· 
B4Ha [59], see also p. 148. 

5.2.7.1.3.4 Reactions with SbX3, AgX (X = F, CL), AgOC(O)R" NaOC(CF3)2CN, LiOCH(CF3)2, 
R(CF3)PH, and ALkyL Iodides 

With SbF3 and SbCl3 perfluoroalkyldiiodophosphines are transformed into the correspond
ing difluoro- and dichlorophosphines. For the reactions between C2FsPI2 and SbF3, see [3] 
and p. 104, for the reactions between RPI2 (R = CF3, C2Fs, C3F7) and SbCl3, see [39] and p. 105. 

Perfluoroalkytiodophosphines and AgX salts (X = F, Cl) may react to give the correspond
ing perfluoroalkylhalogenophosphines; see for CF3PI2 and AgF [1] and for i-C3F7P12 and AgCl 
[38] and p. 105. 

(CF3bPCl and (CF3bPI readily react with silver perfluorocarboxylato salts at room 
temperature to form the carboxylatobis(perfluoroalkyl)phosphine-mixed anhydrides, (CF3bPX 
+ AgOC(O)R, --+ R,C(0)OP(CF3b + AgX, where X = Cl, land R, = CF3, C2Fs, C3F7 [25] ; see 
also p. 88. With sodium salts no reaction occurs [25]. 
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(CF3)2PCl and (CF3)2PI react with the sodium cyanohydrin salt of hexafluoroacetone in 
high yield according to the following scheme, 

(CF3bPX + NaOC(CF3bCN --> (CF3bC(CN)OP(CF3b + NaX, X = Cl and I [25] ; see also p. 88. 

By reaction of (CF3bPI with LiOCH(CF3b the (CF3bCHO group can be linked to 
phosphorous yielding (CF3hPOCH(CF3b (warming the mixture from -196°C to room 
temperature over 1 h, yield 85%). Boiling point 71°C; 19F NMR (internal standard CFCl3): 
o[OCH(CF3)2] = -78.8,o(CF3P) = 65.2 ppm, J(F-C-P) = 100 Hz; 31p NMR (external standard 
85% H3P04): 0 = 107 ppm; 1H NMR [internal standard (CH3)4Si]: 0 = 4.4 ppm, J(P-H) = 10.5, 
J(FC-CH) = 4.5 Hz [61]. 

Chiral diphosphines R(CF3)PP(CF3b have been made by reaction of (CF3hPCl with 
R(CF3)PH (R = CH2F, CHF2) in presence of (CH3hN to remove HCl (-110 to -78°C, yield 
below 50% for R = CH2F and 83% for R = CHF2) [56]. 
CH2F(CF3)PP(CF3h: vapor pressure equation log (p/Torr) = 6.9037 + 1.75 log T -0.005 T 
-2734/T, boiling point (extrapolated) 111°C, Trouton constant 21.2cal·mol- 1·K-1. 
19F NMR (standard CFCl3): AB pattern,o(CF3-A) = -46.5 ppm,J(F-C-P) = 67,J(F-C-P-P) = 9(?), 
J(F-C-P-C-F) = 8.0, J(F-C-P-P-C-F) = 2.0 Hz; o(CF3-B) = -49 ppm, J(F-C-P) = 67 Hz; C(CF3)P 
group, 0 = -50 ppm, J(F-C-P) = 64, J(F-C-P-P) = 18 Hz; CH2F group, 0 = -226 ppm, 
J(F-C-P) = 81 Hz, J(F-C-P-C-F) = 2.1, J(F-C-P-P-C-F) = 6(?), J(F-C-H) = 47.7 Hz. 1H NMR 
[standard (CH3)4Si]: AB pattern, 0A = 4.945 ppm, J(H-C-F) = 47.5, J(H-C-P) = 11.3 Hz; 
Os = 5.015 ppm, J(H-C-F) = 47.7, J(H-C-P) = 10.8 Hz. 
CHF2(CF3)PP(CF3b: p = 10 Torr at OOC and 43 Torr at 26.2°C, boiling point (extrapolated) 
100°C. 19F NMR (standard CFCl3): AB pattern, o(CF3-A) = -46.2, o(CF3-B) = -48.1 ppm, 
J(F-C-P) = 71 Hz for both; C(CF3)P group, 0 = -51 ppm, J(F-C-P) = 60 Hz; CHF2 group, 
0= -112 ppm, J(F-C-P) = 117; J(F-C-H) = 52 Hz (by proton decoupling). 1H NMR [standard 
(CH3)4Si]: 0 = 3.58 ppm, J(H-C-F) = 50.2, J(H-C-P) = 17.5, J(H-C-P-P) = 3.2 Hz [56]. 

(CF3)2PCl reacts with i-C3F71 in dry ether in the presence of Li metal (-78°C for 0.5 h, 
then 2 h at -50°C, finally stirring 2 h at room temperature) giving i-C3F7(CF3)2P in 60% yield 
[38]. 

The reaction of (CF3hPI with (CF3hCFI and Li metal dispersed in diglyme leads (-45°C 
for 4 h, then keeping at room temperature overnight) to (CF3hPCF(CF3h in 56.3% yield along 
with [(CF3hCFh and [(CF3)2Ph [3]. For properties of (CF3bPCF(CF3b, see p. 154. 

5.2.7.1.3.5 Reactions with ALcohoLs and Mercaptans 

The reaction of (CF3hPCl with alcohols and mercaptans in the presence of (CH3bN yields 
phosphinous esters, (CF3)2POR, and thioesters, (CF3hPSR, with R = CH3, C2H5 , CH(CH3b 
[36]. The general procedure is to slowly warm a mixture of equal molar quantities of the 
reactant and (CH3hN in a sealed am pule from - 78°C to room temperature. The yields are 
about 90%. In the absence of (CH3bN, t-butyl alcohol gives (CF3)2POH, (CF3hP(O)C(CH3h 
(1 : 1 molar ratio), (CH3hCCl and HCI. Separate reactions showed that the ester reacted with 
HCl to yield (CF3hPOH and (CH3hCCI. With benzylalcohol, (CF3hPCl gives after 4 h at 70°C 
(CF3)2POH and unidentified products [36]. Vapor pressure measurements (p in Torr) yield for 
(CF3bPOCH(CH3h log p = 7.98-1840/T in the range 0 to 50°C with a boiling point of 8°C; 
for (CF3)2PSCH(CH3h log p = 8.10-2079/T in the range 15 to 60°C with a boiling point of 
125°C. NMR data of the synthesized esters and thioesters are summarized in TabLe 36, p. 122. 
For IR spectral data, see the original [36]. 
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TabLe 36 
NMR Data of Phosphinous Esters and Thioesters [36]. 
The chemicaL shifts ö (in ppm) are reLative to internaL CFCL3 or reLative to (CH3)4Si ; positive 
vaLues denote resonance to Low fieLd of standard. CoupLing constants J in Hz. 

Compound ö(F) J(F-P) ö(CH3) ö (other J(P-CHx) J(HC-CH) J(F-H) 
protons) 

(CF3b POCH3 -64.4 86.1 3.92 12.4 0.5 
(CF3b POC2HS -65.0 87.2 1.44 4.15 (CH2) 9.8 a) 7.0 0.3 
(CF3bPOCH(CH3b -65.6 88.0 1.43 4.36 (CH) 7.8 b) 6.2 0.2 
(CF3)2POC(CH3b -65.9 88.3 1.36 0.2 
(CF3)2PSCH2CH3 -57.1 79.4 1.50 2.97 (CH2) 14.6 a), 0.5 7.3 
(CF3b PSCH(CH3b -57.0 80.3 1.49 3.39 (CH) 6.7 b) 6.7 
(CF3)2PSC(CH3b -56.7 81.2 1.59 1.1 

a) J(P-CH2). _ b) J(P-CH). 

With CLCH2CH20H, (CF3bPCL reacts (21°C, 25 h) giving (CF3bPOCH2CH2CL in 91 % yieLd. 
CoLorLess Liquid, vapor pressure ca. 11 Torr at 21°C. 1sF NMR (internaL standard CFCL3): 

ö = -64.6 ppm, J(F-P) = 86 Hz; 1H NMR [standard (CH3)4Si]: ö = 4.25 and 3.70 ppm, 
J(P-O-C-H) = 9 Hz, J(H-H) = 6 Hz; IR spectrum (gas phase): P-O stretch at 1 042 cm- 1 [64]. 

The treatment of diiodophosphines with aLcohoLs gives the phosphinous esters onLy with 
35 to 40% yieLd. More convenient is the use of dichLorophosphines (adding aLcohoL at -10°C 
to CF3PCL2, sLowLy warming to room temperature with shaking and then Leaving the mixture 
for 20 h): 

RjPCL2 + 2 ROH -+ RjP(ORb + 2 HCL 

Under these conditions, with isopropyLaLcohoL, mainLy perfLuoroaLkyLphosphonites 
RjPH(O)OC3Hy-iso (Rj = CF3, C2Fs, C3F7) were obtained [39]. Some data of compounds with 
various substituents are given in Table 37. 

TabLe 37 
Some Data of RjP(OR)2 and RjPH(O)OR Compounds [39]. 

Rj R YieLd BoiLing point in °C ö(p)a) J(P-CF) J(P-H) 
in % (pressure in Torr) in ppm in Hz in Hz 

RjP(OR)2 

CF3 C2Hs 63 23 to 25 (10) 133.0 84 
CF3 C3H7 82 42 to 44 (10) 133.4 80 
CF3 iso-C4Hs 84 60 to 63 (10) 132.7 79 
C2Fs CH3 79 40 to 42 (75) 145.3 86 
C2Fs C2Hs 59 24 (8) 
C2Fs C4Hg 68 74 to 76 (8) 
C2Fs iso-C4Hg 90 64 (8) 143.9 96 
C3F7 iso-C4Hs 91 85 (12) 143.9 89 
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Table 37 (continued) 

R, R Yield Boiling point in °C I)(p)a) J(P-CF) J(P-H) 
in % (pressure in Torr) in ppm in Hz in Hz 

R,PH(O)OR 

CF3 iso-C3H7 62 43 to 45 (12) 5.4 116 642 
C2Fs iso-C3H7 83 43 to 44 (10) 8.9 89 638 
C3F7 iso-C3H7 61 57 to 59 (11) 9.2 88 636 

a) 31p NMR, extern al standard 85% H3P04; positive 1) values indicate resonance downfield of 
standard. 

The reaction of CF3PCl2 with deficient CH30H and frequent rem oval of the HCl during the 
reaction time of 2 d at 25°C yields CH30(CF3)PCl along with (CH30bPCF3 [66]. CH30(CF3)PCl 
is also obtained from the reaction of CF3PCl2 with (CH30)2PCF3 in the presence of (CH3hN 
(50% yield after 21 h at 25°C, 91 % yield after brief heating to 100°C in a sealed tube) [66]. 
CH30(CF3)PCl: vapor pressure 52 Torr at 0 °C; 19F NMR (external standard CFCl3): I) = 

- 72.3 ppm, J(F-P) = 73.3, J(F-H) = 1 Hz; 31p NMR (external standard H3P04) : 1) = 133 ppm, 
J(P-F) = 75, J(P-H) = 10.3 Hz; 13C NMR (external standard C6D6): ö(CF3) = -1.15, 
1)(CH3) = -72.2 ppm, J(C-F) = 325.6, J(C-P) = 66.0, J(CH) = 148.7 Hz; 1H NMR [external 
standard (CH3)4Si] : 1) = 3.53 ppm, J(H-P) = 11.0, J(H-F) = 0.9 Hz; for the infrared spectrum, 
see the original [66]. 

5.2.7.1.3.6 Reaclions wilh Melal Alkyls 

Perfluoromethylfluorophosphoranes and -chlorophosphoranes are methylated with 
(CH3)4Sn or (CH3)4Pb [46] according to the reaction scheme 

n = 1, 2, 3, X = F, Cl and Y = Sn or Pb. 

With (CH3)4Pb in toluene, CF3PCl4 gives CH3(CF3)PCl3 as a white solid in ~30% yield 
(sealed vessel, agitation at room temperature for several days). In the same manner (CH3)4Sn 
and CF3PF4 gave CH3(CF3)PF3 (in 17 h 18% yield) as a white solid. Both compounds were 
characterized by 1H, 19F, 31p NMR (see Table 38, p. 124) and IR spectra (see the original) [46]. 

Methylation of (CF3)2PF3 is achieved with (CH3)4Sn (sealed tube, room temperature, 18 h) 
giving CH3(CF3bPF2 with a yield of 85%. As a by-product [(CH3hSn][(CF3bPF4] was formed. 
For NMR data of CH3(CF3bPF2, see Table 38; for infrared and mass spectral data, see the 
original [68]. 

(CF3bPCl3 and (CH3)4Pb in toLuene react (shaking for two days at room temperature) to 
give (CH3b(CF3bPCl (yield 47%) along with CH3(CF3bPCl2. For NMR data, see Table 38; for 
infrared and mass spectral data, see the original [11]. 
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(CF3hPF2 reacts with (CH3)4Sn or (CH3)4Pb (sealed tube, graduaLly warming to room 
temperature and shaking at room temperature for 2 days) giving CH3(CF3hPF [in 82% yield 
for (CH3)4Sn]. (CF3hPCl2 reacts only with (CH3)4Pb (sealed tube, immediatelyon warming to 
room temperature a white solid is formed, further agitation for 1.5 h) to form CH3(CF3hPCl in 
72% yield. With (CH3)nSn no reaction had occurred after one week at room temperature. 
CH3(CF3hPF (meLting point 20 to 21°C) and CH3(CF3hPCl (meLting point 56 to 57°C) were 
characterized by their NMR spectra (see Table 38); for infrared and mass spectral data, see 
the original [22, 62]. 

With (CH3)4Pb at room temperature in a sealed tube (CF3hPCl2 and (CF3hPCl3 yield 
(CH3hP(CF3h (yield 75%, meLting point 64 to 65°C) and (CH3hP(CF3h (yield 44%, meLting point 
44 to 46°C), respectively. According to NMR data (given in TabLe 39) these 
pentaalkylphosphoranes have a trigonal bipyramidal structure in which CF3 groups are prefer
entiaLly located in the axial positions [23]. 

Table 39 
19F, 1H and 13C NMR Data of (CF3hP(CH3h and (CF3)2P(CH3h at 33°C [23]. 
Chemical shifts Ii in ppm and coupLing constants J in Hz. Positive Ii values indicate resonance 
downfield of standard. 

Compound Group Chemical shifts CoupLing constants J 
Ii(F)a) Ii(H) b) 1i(C)C) J(P-C) J(P-H) J(P-F) J(F-F) d) J(F-H) 

(CF3h P(CH3h CF3(eq) -59.6 127 206 114.0 14.0 
CF3(ax) -70.7 132 ~8 23.5 14.0 
CH3 1.93 7 88 13.4 

(CF3hP(CH3h CF3(ax) -74.4 131 29 6.3 0.7 
CH3 1.66 8 102 14.0 

a) Relative to CFCl3. - b) Relative to (CH3)4Si. - c) Measured relative to CD2Cl2, converted 
to (CH3)4Si reference scale. - d) CoupLing between axial and equatorial CF3 groups. 

CF3PI2 and (CF3)2PI readily react with an excess of (CH3hSnH at room temperature to 
form CF3PH2 and (CF3hPH in alm ost quantitative yield [6]. For the properties of these 
phosphines, see Part 3, p. 14ft. 

The reaction of CF3PI2 with R4Pb (R = CH3, C2Hs) at 100 to 120°C yields (CF3P)4 along 
with RI and R3Pbl within 3 to 8 h [33]. 

5.2.7.1.3.7 Reaelions wilh TrimelhyLsiLyL Compounds, F3SiPH2 and (CH3hEAsH2 
(E = Si,Sn) 

(CF3hPI reacts with ISiH3 and ISi(CH3h in the presence of Hg at room temperature to 
form (CF3hPSiH3 and (CF3)2PSi(CH3h, respectively [31]. 

Properties of both compounds are described on p. 126 and in Part 3, p. 24, respectively. 
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(CF3hPF2 reacts with trimethylmethoxysilane and -methyLthiosilane, (CH3hSiOCH3 and 
(CH3hSiSCH3' under mild reaction conditions (e. g., room temperature or below) to give the 
corresponding methoxy or methyLthio derivatives of tris(perlluoromethyl)phosphorane [2]. 
With excess (CH3hSiOCH3, (CF3hP(OCH3)2 and (CH3hSiF form; deficient (CH3hSiOCH3 gives 
(CF3hP(F)OCH3 and (CH3hSiF. In a simiLar reaction, deficient (CH3hSiOCH3 plus a trace of 
iodine produce (CF3hP(OCH3b and (CF3hP(F)OCH3 along with (CH3hSiF. The reaction of 
(CF3hPF2 with [(CH3hSihO yields (CF3hP(F)OSi(CH3h as was foLLowed by NMR spectroscopy. 
The product decomposes after 4 h. 

The reaction of (CF3hPCl2 with (CH3hSiOCH3 (excess or deficient) leads to (CF3hP(OCH3b. 
The methoxy- and siloxyphosphoranes were characterized by their NMR, IR and mass spectra. 
For NMR data, see Table 40; for the other spectra, see the original [2]. 

Table 40 
1H, 19F and 31p NMR Data of Tris(trifLuoromethyl)phosphoranes with OCH3 or OSi(CH3h 
Substituents [2]. 

Compound tin °C 

(CF3hP(OCH3b +30 
-80 

(CF3h P(F)OCH3 +30 
-80 

(CF3hP(F)OSi- +30 
(CH3h 

Compound tin °C 

O(H)b) 

3.81 

3.97 

0.44 

Chemical shifts in ppm a) 

o(F) c) o(CF3) c) o(P) d) 

(reL. intens.) 

-63.4 -187.0 
-61.7 (1)8) 
-63.6 (2)1) 

-50.2 -64.4 -169.0 
-51.4 -63.0 (2)8) -170.9 

-67.0 (1)1) 
-45.5 -66.7 

CoupLing constants in Hz 

J(P-F) J(P-CF) J(P-H) J(FP-CH) J(FP-CF) J(FC-CF) 

(CF3h P(OCH3b +30 96.0 13.6 0.8 
-80 108.08) 

881) 
(CF3hP(F)OCH3 +30 912 112.5 13.9 1.2 

-80 909 133.08) 
72.01) 

(CF3h P(F)OSi- +30 979 120.5 
(CH3h 

a) Positive values indicate resonance downfield of standard. 
b) Relative to internal (CH3)4Si. 
c) Relative to internal (solvent) CFCl3. 
d) Versus P40 S as external standard. 
e) CF3 equatoriaL. 
I) CF3axiaL. 
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TabLe 41 
1H, 19F and 31p NMR Oata for (TrifLuoromethyL)fLuoro(methyLthio)phosphoranes [57]. 

Compound tin °C ChemicaL shifts in ppm r) 

o(H)a) O(F)b) o(CF3) b) o(P)c) 

CF3PF3(SCH3) 0 2.35 -69.2 -140.0 

{ 
-16.1 e) 

90 -24.8 1) 

-76.2 g) 

(CF3hPF2(SCH3) + 33 2.28 -41.0 -67.4 -142.4 

-100 { -38.7 
-45.1 

(CF3hPF(SCH3) + 30 2.08 - 1.0 -61.7 -161.5 

70 { -60.3 P) -161.5 
-59.9 q) 

Compound CoupLing constants in Hz t in 
°C J(P-F eq) J(P-Fax) J(P-CF) J(P-H) J(FP-CH) J(F ax-F eq) J(FP-CF) 

0 1028.8 d) 168.0 23.2 1.8 
927 h) 168.8 

90 { 1057;) 
1081.5 

+ 33 924 d) 130.5 22.2 1.7 

-100 
867 h) 

986;) 
(CF3hPF(SCH3) + 30 980 103.7 19.2 2.5 

6 975 107.5 d) 

- 70 33.8 P) 

134 q) 

a) ReLative to internaL (CH3)4Si. 
b) ReLative to internaL CFCL3. 

c) ReLative to externaL P 406. 

d) AveragevaLue. 
e) Unique axiaL environment of one F (type A), designated Fax. 
t) Unique axiaL environment of one F (type B), designated F~x. 
g) EquatoriaL fLuorine atom environments. 
h) Phosphorus coupLing with type A axiaL fLuorine. 
;) Phosphorus coupLing with type B axiaL fLuorine. 
il F~x-F eq coupLi ng constant. 
k) Fax-Feq coupLing constant. 
l) Trans Fax-F~x coupLi ng constant. 
m) CoupLing between CF3 group and the type A axiaL fLuorines. 
n) CoupLing between the CF3 group and the equatoriaL fLuorine. 
0) CoupLing between the CF3 group and the type B axiaL fLuorine. 
p) AxiaL CF3 group. 
q) EquatoriaL CF3 group. 
r) Positive vaLues indicate resonance downfieLd of standard. 
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CF3PF 4 and (CH3bSiSCH3 (1: 1 molar ratio, sealed tube, - 23°C for 1 h) reacts to yield 
CF3PF3(SCH3)· With (CF3bPF3, (CH3bSiSCH3 gives (CF3bPF2(SCH3) (sealed tube, 1 h at room 
temperature) in 80% yield, and with (CF3bPF2 (sealed tube, warming from -78°C to -15°C 
over a one day period) (CF3bPF(SCH3) in 82% yield is obtained. The products were 
characterized by their NMR spectra [57]; see fable 41, p. 127. 

The cleavage of the Si-P bond in F3SiPH2 by (CF3bPI requires 5 d at room temperature 
yielding F3Sil and (CF3bPPH2 [30]. 

The cleavage of the Si-As and Sn-As bonds in (CH3bSiAsH2 and (CH3bSnAsH2 by (CF3bPI 
occurs near -78°C giving (CH3bSil and (CH3bSnl, respectively, and (CF3)2PAsH2' The laUer 
one (for properties, see p. 161) decomposes when the temperature is higher than -40°C [8]. 

5.2.7.1.3.8 Reactions with Amines 

The reaction of dimethylamine with (CF3bPF2 in the gas phase at room temperature 
readily proceeds giving (CF3bP(F)N(CH3)2 [2]. For NMR data, see fable 42; for infrared and 
mass spectral data, see the original [2]. 

(CF3bPF cleaves the Si-N bond in silylamines such as (CH3bSiNR2 (R = CH3, C2Hs, 
n-C3H7), forming aminophosphines, 

(CH3bSiNR2 + (CF3hPF --> (CH3bSiF + (CF3hPNR2 

The reaction occurs in benzene solution at 80°C for 30 h [20]. 

(CF3bPCl2 and (CH3bSiN(CH3)2 react to give only the monosubstituted chlorophosphorane 
(CF3bP(Cl)N(CH3b regardless of ratio of reactants (warming slowly from -196°C to -10°C). 
The product is not stable at room temperature [2]. For NMR data, see Table 42. 

Table 42 
1H, 19F and 31p NMR Data of Tris(trifluoromethyl)aminophosphoranes [2]. 

Compound tin °C Chemical shifts in ppm a) 

ö(H) b) Ö(F) c) ö(CF3) c) öe1p) d) 

(rel. intens.) 

(CF3b P(F)N(CH3h +30 3.00 -30.5 -61.1 -174.7 
-40 -32.3 -62.3 (2) I) -175.9 

-59.6 (1) g) 

(CF3b P(Cl)N(CH3h +30 2.80 -59.0 -156.5 

Compound tin Coupling constants in Hz 
°C J(P-F) J(P-CF) J(P-H) J(FP-CH) J(FP-CF) J(FC-CF) 

(CF3b P(F)N(CH3h +30 857 109.0 10.6 2.8 (0.4) e) 16.0 
-40 849 130.0 1) 16.0 16.0 

54.0 g) 

(CF3bP(Cl)N(CH3b +30 107.0 14.0 0.7 

a) Positive values indicate resonance downfield 01 standard. - b) Relative to internal (CH3)4Si. 
- c) Relative to internal CFCl3 as solvent. - d) Versus P40 S as external standard. -
e) J(FC-CH). - I) CF3 equatorial. - g) CF3 axial. 
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(CH3hNH reacts with (CF3hPCl3 to form in a stepwise process (CF3hPCl2[N(CH3h] and the 
salt CF3P[N(CH3h]tCl-. The reaction proceeds in the fast initial displacement of one Cl 
substituted by (CH3hNH followed by slower replacement of Cl and one CF3 group by (CH3hNH. 
Different ratios of reactants (0.8 to 12.4) and reaction times (30 min, 4 d) at room temperature 
yield similar results. With CF3PCl4 and gaseous (CH3hNH in large excess, CF3P[N(CH3)2];Cl
is easily obtained at room temperature within 24 h. By-products are mainly CF3H and 
(CH3hNHtCl- and isolation of the phosphonium ion occurs as PFs salt by precipitation with 
aqueous KPFs solution. 

CF3P[N(CH3h]t in CD3CN solution. 1sF NMR (extern al standard CFCl3): Ö = -59.8 ppm, 
J(P-F) = 108 Hz. 31p NMR (external standard P40 S): Ö = -69 ppm, J(P-F) = 107.5, 
J(P-H) = 10.3 Hz. 1H NMR [external standard (CH3)4Sij: Ö = 2.76 ppm, J(P-H) = 10.5, 
J(F-H) = 0.75 Hz. For an infrared spectrum, see the original [18]. 

(C3F7)2PCl3 reacts with p-phenylenediamine and 1,1-diamino-3,3,5,5-tetrakis(heptafluoro
butoxy)cyclotriphosphazine in the presence of (C2H5bN at -30 to 20°C in tetrahydrofuran 
[21] according to: 

and 

p-H2NCsH4NH2 + 2 R2PCl3 -+ R2(Cl)PNCsH4NP(Cl)R2 + 4 HCl 

R = C3F7; yield 45%, boiling point 93 to 95°C (0.01 Torr) 

Yield 57%, boiling point 141 to 143°C (0.05 Torr). 

(CF3hPCl reacts readily with lithium trimethylsilylamides, (CH3bSiN(R)Li, to give the 
N-trimethylsilyl substituted aminophosphines (CH3hSi(R)NP(CF3h with R = (CH3hSi (yield 
91%), R = (CH3hC (yield 37%) and R = CH3 (yield 73%). The lithium trimethylsilylamides 
were prepared from n-C4HsLi and [(CH3hSibNH in hexane by warming the mixture to room 
temperature. After cooling to -196°C, (CF3hPCl was condensed into the bulb and the mixture 
was allowed to warm slowly to room temperature with occasional shaking [67]. 

[(CH3hSibNP(CF3b: colorless liquid, boiling point 56 to 57°C (4 Torr). 1H NMR [external 
standard (CH3)4Si]: ö = 0.18 ppm; 1sF NMR (external standard CFCl3): Ö = -59.2 ppm, 
J(P-F) = 93.1 Hz. 

[(CH3hSi][(CH3hC]NP(CF3h: colorless liquid; 1H NMR [external standard (CH3)4Si]: ö = 
1.51 ppm, J(P-N-C-C-H) = 1.2 Hz; ö = 1.44 ppm (t-C4Hs), Ö = 0.46 ppm [(CH3hSi], 
J(P-N-Si-C-H) = 3.2 Hz, Ö = 0.39 ppm [(CH3h Si], J(FC-P-N-Si-C-H) = 0.7 Hz. 1sF NMR (external 
standard CFCl3): Ö = -54.9 ppm, J(P-F) = 100.0 Hz, Ö = -55.4 ppm, J(P-F) = 101.0 Hz; 
31p NMR (external standard 85% H3P04): Ö = 49.7,34.7 ppm. 

CH3[(CH3hSi]NP(CF3)2: colorless liquid; 1H NMR [external standard (CH3)4Si]: Ö = 
0.05 ppm [(CH3hSi], J(P-N-Si-C-H] = 1.5 Hz, Ö = 2.6 ppm (CH3N), J(P-N-C-H) = 5.6, 
J(F-C-P-N-C-H) = 1.0 Hz. 1sF NMR (external standard CFCl3): Ö = -65.2 ppm, J(P-F) = 83.8, 
J(F-C-P-N-C-H) = 1.0 Hz [24, 67]. 
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No reaction was observed between (H3SihN and (CF3hPCl even at 100°C for 1 h [67]. 

The reaction between the urea derivative [(CH3hSi](3-CF3-CeH4)NC(0)N(CH3)[Si(CH3h] 
and C2FsPCl2 (CCl4 solution, stirring for 2 d at room temperature) leads to the four-membered 
heterocycle 

in 72% yield. Boiling point 106 to 107°C at 12 Torr. 19F NMR (internal standard CFCl3): 
ö(CF3) = -81.1, ö(CF2) = -126.3, -126.9, ö(CF3CeH4) = -63.4 ppm, J(F-P) = 9,69,74 Hz. 
31p NMR (external standard 85% H3P04): ö = 84.6 ppm, J(P-F) = 69 and 74 Hz. 1H NMR 
[internal standard (CH3)4Si]: ö(CH3) = 3.18, ö(CeH4) = 7.4 to 7.8 ppm, J(H-P) = 8 Hz. The CO 
stretching vibration is assigned to 1790 cm- 1. Additional infrared and mass spectral data 
are given in the original [65]. 

5.2.7.1.3.9 Reactions 01 Perfluoroalkylhalogenophosphlnes wlth Transition Metal 
Complexes 

Reaction of (CF3hPI with MnCo(CO)9 in pentane solution (20°C, 24 h, sealed NMR tube) 
gives Mn(CO)sl and [Co(COhP(CF3hh. On heating to 110°C for 72 h, MnCo(COh[P(CF3hb 
was obtained in 75% yield. IR and NMR data are given in the original [60]. 

(CF3)nPX3-n molecules as ligands L (n = 1 or 2, X = F, Cl, Br or I) can partly or completely 
substitute the CO molecules in the tricarbonylnitrosylcobalt complex [Co(COh(NO)]. The main 
product in the reaction at room temperature is [Co(COh(NO)L] for all ligands (CF3hPX and 
CF3PX2 with the exception of CF3PI2. (CF3)2PX and CF3PX2 (X = F or Cl) additionally form 
[Co(CO)(NO)L2l. and (CF3hPF and CF3PF2 give additionally [Co(NO)L3] at 60 and 120°C, 
respectively. An approximately equimolar mixture of CF3PCl2 and CF3PBr2 reacts with 
[Co(COh(NO)] to give [Co(COh(NO)(CF3P(Cl)Br)] as weil. IR and NMR data are given in the 
original [27]. 

Dichloro(2, 7 -dimethylocta-2,6-diene-1 ,8-diyl)ruthenium(IV), [RuCl2C10H1eb, reacts with 
CF3PCl2 at room temperature to give the orange-brown solid complex RuCl2(C1oH1e)CF3PCl2 
(yield 76%). Melting point 92 to 98°C, NMR data see [28]. 

Re2(CO)10 and (CF3bPI form at 120°C after 139 h or at 130°C after 48 h the complex 
Re2(CO)a(CF3hPI (yield 66%), NMR data see [29]. 
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[1978] 124/8; Soviet Phys.-Tech. Phys. 23 [1978] 73/5). - [54] P. Dagnac, R. Turpin, J.-L. 
Virlichie, D. Voigt (Rev. Chirn. MineraLe 14 [1977] 370/80). - [55] J.-L. Virlichie, P. Dagnac 
(Rev. Chirn. MineraLe 14 [1977] 355/8). 

[56] A. B. Burg (Inorg. Chern. 20 [1981] 3731/3). - [57] R. G. CaveLL, K. I. The, J. A. 
Gibson, N. T. Yap (Inorg. Chern. 18 [1979] 3400/7). - [58] R. A. WoLcott, J. L. MiLLs (Inorg. 
Chirn. Acta 30 [1978] L 331/L 333). - [59] J. D. Odorn, A. J. Zozulin (Inorg. Chern. 20 [1981] 
3740/5). - [60] G. BeyseL, J. Grobe, W. Mohr (J. Organornetal. Chern. 170 [1979] 319/36). 

[61] D. Dakternieks, G.-V. RöschenthaLer, R. SchrnutzLer (Z. Naturforsch. 33 b [1978] 507/ 
10). - [62] K. I. The, R. G. CaveLL (Inorg. Chern. 16 [1977] 2887/94). - [63] I. B. Goldberg, 
H. R. Crowe, D. Pilipovich, G. R. Schneider, C. J. Schack (Chern. Phys. Letters 50 [1977] 
301/4). - [64] W. CLegg, S. Morton (J. Chern. Soc. DaLton Trans. 1978 1452/4). - [65] 
H. W. Roesky, K. Arnbrosius, H. Banek, W. S. SheLdrick (Chern. Ber. 113 [1980] 1847/54). 

[66] A. B. Burg (Inorg. Chern. 16 [1977] 379/84). - [67] R. H. NeiLson, R. Chung-Yi Lee, 
A. H. CowLey (Inorg. Chern. 16 [1977] 1455/9). - [68] K. I. The, R. G. CaveLL (Inorg. Chern. 
16 [1977] 1463/70). 

5.2.7.2 PerfLuorohaLogenophenyLhaLogenophosphines and -phosphoranes 

5.2.7.2.1 Formation and Preparation 

PentafLuorophenyLdifLuorophosphine C6F5PF2 

Perfluoro(4-methylphenyl)difLuorophosphine 4-CF3-C6F 4PF 2 

Bis(pentafLuorophenyl)fLuorophosphine (C6F5)2PF 

PentafLuorophenyldichlorophosphine C6F5PCL2 

Perfluoro(4-methylphenyl)dichlorophosphine 4-CF3-C6F4PCl2 

4-ChlorotetrafLuorophenyldichlorophosphine 4-Cl-C6F 4PCL2 

PentafLuorophenyldibromophosphine C6F5PBr 2 

Bis(pentafLuorophenyl)bromophosphine (C6F5)2PBr 

No new rnethod of preparation is reported for the cornpounds C6F5PF2, (C6F5)2PF, and 
(C6F5bPBr (see Part 3, pp. 123/4); new physicaL data and chernical reactions are given in the 
foLLowing sections. 

C6F5PCL2 (53% yieLd) is obtained on heating a mixture of C6F5H, PCL3 and ALCL3 at 80°C 
for 3 h, then at 50°C for 1 h, foLLowed by addition of POCL3, extraction with petroLeum ether 
and distiLLation. RepLacing C6F5H by 4-CF3-C6F 4H, the anaLogous reaction gives 4-CF3-C6F4PCL2 
(37% yieLd). A higher yieLd of 59% resuLts on heating 4-CF3-C6F4MgBr and SbF3 at 150°C 
(2 h) in an atrnosphere of dry nitrogen. The phosphine 4-CL-C6F4PCL2 (63% yieLd) is prepared 
by adding 4-Cl-C6F4MgBr in ether to PCL3 in ether at -25°C and keeping the mixture for 1 h 
at this ternperature. 4-CF3-C6F4PF2 is obtained by heating a mixture of 4-CF3-C6F4PCL2 and 
SbF3 at 150°C (2 h, N2 atrnosphere) [1]. 

References p. 137 Gmelin Handbook 
CF Comp. Suppt. 1 



Phosphorus Compounds 

PentafLuorophenyLtetrafluorophosphorane CsF sPF 4 

Perfluoro(4-methylphenyl)tetrafLuorophosphorane 4-CF 3-CSF 4PF 4 

PentafLuorophenyl(pentafLuorophenoxy)trifLuorophosphorane C6F s( CsF sO) PF3 

PentafLuorophenyLtrifLuorochlorophosphorane CsF sPF 3CL 

PentafLuorophenyldifLuorodichlorophosphorane CsFsPF2CL2 

PentafLuorophenylfLuorotrlchlorophosphorane C6FsPFCL3 

PentafLuorophenyLtetrachlorophosphorane CsFsPCL4 

Bis(pentafluorophenyl)trifLuorophosphorane (CsF S)2PF 3 

Bis(pentafLuorophenyl)difLuorochlorophosphorane (CeF S)2PF 2CL 

Bis(pentafLuorophenyl)fLuorodichlorophosphorane (CSFS)2PFCL2 

Bis(pentafLuorophenyl)trichlorophosphorane (CeF shPCL3 

Tris(pentafLuorophenyl)difLuorophosphorane (C6F shPF 2 

133 

No new method of preparation is reported for (CeFshPF3' (CeFs)2PCL3, and (C6FshPF2 (see 
Part 3, pp. 123/4), for new physicaL data and chemicaL reactions see the foLLowing sections. 

CsFsPF 4 has been obtained by fLuorination of CeFsPF2 with SbFs (1 h, 130°C; 57% yieLd). 
Higher yieLds (75%) are obtained by fLuorination of CeFsPF2 with SbF3 in presence of CL2 
(shaking the mixture 4 hat room temperature, then heating it at 80°C for 2 h) [2]. The LaUer 
method is aLso reported in [1]. In the same way, on repLacing CsFsPF2 by 4-CF3-CeF4PF2, the 
tetrafLuorophosphorane 4-CF3-CsF4PF4 is formed (82% yieLd) [1]. CeFsPF4 is obtained in 10% 
yieLd in the reaction of C6FsMgBr with PFs in ether at -130°C (2 h), foLLowed by warming to 
20°C and adding PCL3 [1]. Heating a soLution of CeFsPF4 and CsFsOSi(CH3h in CCL4 at 50°C for 
1 h resuLts in the formation of CsFs(CsFsO)PF3 (73% yieLd) [3]. 

CeFsPF3CL and (CsFshPF2CL have been synthesized by the reaction of hydrogen chLoride 
with an ether soLution of CsFsPF3N(C2Hsh and (CsFsbPF2N(C2Hsb, respectiveLy. CsFsPF2CL2 is 
formed in the reaction of Liquid CL2 and CeFsPF2 in a seaLed tube at room temperature (with 
short cooLing periods during the reaction). ALso, C6FsPCL4 has been obtained by the reaction 
of CL2 with CsFsPCL2 (soLvent CDCL3, seaLed tube, -40°C), further (CsFshPFCL2 by the reaction 
of (CsFshPF in toLuene/C6F6 (50/50) with CL2, warming immediateLy to 50°C, foLLowed by cooLing 
to -30°C. CeFsPFCL3 forms aLong with CeFsPF3CL on heating CeFsPF2CL2 above room 
temperature. The instabLe phosphoranes are characterized by 19F NMR spectroscopy (see 
p. 134) [2]. 

5.2.7.2.2 Physical Propertles 

Phosphines 

BoiLing points (b.p.) in °C/pressure in Torr, refractive indices n, UV spectrum. 

4-CF3-CsF4PF2: b.p. 144to 146°C, nßo = 1.4052 [1] 
4-CF3-CsF4PF2: b.p.132to 134°C [3] 
CeFsPCL2: b.p. 118 to 122°C/18 Torr [1] 
4-CF3-CeF4PCL2: b.p. 125 to 127 °C/18 Torr, nßo = 1.4915 [1] 
4-CL-CsF4PCL2: b.p. 99 to 101°C, nßo = 1.4975 [1] 
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NMR data (positive sign of the shifts ö in ppm mean lowfield from the external standards 
85% H3P04 and CsFs) [3]: 

Compound 31p NMR 19F NMR 

ö(P) J(P-F) ö(PF2) ö(F2) ö(F3) ö(F4) J(F-P) 

CSF5PF2 193.0 1210 Hz 70.8 26.0 2.7 17.3 1220 Hz 
4-CF3-CsF 4PF2 189.5 1220 Hz 70.8 25.0 27.7 107.3 1220 Hz 

The mass spectrum of CSF5PF2 shows a very intense peak at m/e = 69 wh ich is analyzed 
to be PF; (90%) and CF; (10%). The fragmentation of the compound occurs by loss of an 
F atom, but mainly by loss of PF3. Both CSF5PBr2 and (CSF5hPBr undergo rearrangement and 
gave peaks corresponding to (CSF5hPBr+ and (CSF5bP+ [4]. 

Phosphoranes 

CSF5PF4: boiling point 67°C (100 Torr), 124°C/760 Torr [2]. 
CSF5(C6F50)PF3: boiling point 90 to 91 °C/10 Torr, wavelengths of the UV maxima in heptane 

(molar absorptivity e) Amax = 218 (log e = 2.57),268 nm (log e = 2.19) [3]. 

NMR Oata 

The 19F NMR and 31p NMR data of the phosphoranes are covered in TabLe 43. 

Table 43 
NMR Oata of the Phosphoranes. 
31p and 19F NMR chemical shifts ö (in ppm) and spin-spin coupling constants J in Hz (85% 
H3P04 as external standard, CFCl3 as internal standard, positive shifts lowfield), spectra 
recorded with neat substances or diluted with tOluene, if not otherwise stated. 

Compound Ö(P) 

CSF5PF4 -51.0 
-51.4 

4-CF3-CsF 4PF 4 -52.2 
CSFS(C6FsO)PF3 -57.1 
CsFsPF3Cl -27.0 
CsFsPF2Cl2 -14.3 
CSF5PFCl3 -37.5 
CSF5PCl/) -70.9 
(CsFshPF3 -30.0 

(C6Fs)2PF2Cl -25.0 
(C6F5hPFCl2 -49.0 
(CSF5h PCl3 -80.0 

80.0 
90.2 

-38.5 

6.0 

7.0 
6.7 -77.5 

50.2 
56.0 

J(Fax-P) 

d),e) 
d).e) 
d),e) 

960 
892 

844 
835 
794 

J(Feq-P) Ref. 

958 [2] 
[3] 
[3] 
[3] 

981 [2] 
[2] 
[2] 
[2] 

912 [2] 
1011 c) [5] 

[2] 
[2] 

a) ax = axial, eq = equatorial. - b) Spectrum recorded at -80°C, J(Fax-Feq) = 79 Hz. -
c) Spectrum recorded at -10°C, J(Fax-FeQ) = 46 Hz, J(Fax-ForthO) = 15 Hz. - d) Solvent not 
provided. - e) 19F NMR (external standard CsFs): For CSF5PF4 ö(PF) = 126.5, ö(F2) = 32.6, 
Ö(F3) = 4.1, ö(F4) = 20.0, J(F-P) = 1 000, J(P-F) = 990. For 4-CF3-CsF 4PF 4 ö(PF) = 127.5, Ö(F2) 
= 38.2, ö(F3) = 32.2, ö(F4) = 108.4, J(F-P) . = 1000, J(P-F) = 980. For CsFs(CsFsO)PF2 ö(PF) = 
130.0, Ö(F2) = 32.4, Ö(F3) = 8.1, ö(F4) = 17.7, J(F-P) = 920, J(P-F) = 925. 
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In the temperature range -150 and +30°C, CsFsPF4 shows a doubLet in the 19F NMR spectrum 
and a quintet in the 31p NMR spectrum. These facts are interpreted by equiLibration of 
fLuorine atoms in axiaL and equatoriaL positions. In contrast, the 19F NMR doubLet of CsFsPF3CL 
disappears on cooLing the soLution from room temperature to OOC. At -80°C the splitting 
pattern of a trifLuorophosphorane with one equatoriaL and two axiaL F atoms is observed [2]. 
This pattern is aLso found for (CSFS)2PF3 at -10°C and is assigned to a structure with a trigonaL
pyramidal arrangement of the Ligands [5]. CsFsPF2CL2 shows a doubLet in the 19F NMR spectrum 
and a triplet in the 31p NMR spectrum. WhiLe the anaLysis of the NMR data of the 
fLuorophosphoranes definiteLy gives the evidence for the preference of F atoms for axiaL 
positions, additionaL investigations are necessary to find the positions of the CL atoms for 
the chLorophosphoranes. By measurements of the intensity of the 35CL nucLear quadrupoLe 
resonance it is shown that in CsFsPCL4 three CL atoms are in equatoriaL positions and one is 
in an axiaL position. So the CsFs group is axiaLLy bonded. This agrees with the resuLt that, in 
CsFsPF2CL2 and (CsFshPCL3, the CL atoms are in equatoriaL positions [2]. 

In a saturated soLution of (CsFsbPF2 in hexane (toLuene) the 1J(P-F) coupLing constants 
are 702 (697) Hz, the constants J(F-F)orthO = 16 Hz (for both soLvents) [6]. 

IR Oata and CrystaL Structure 

(CsFsbPF2: The antisymmetric PF2 vaLence vibration is found at 765 cm- 1 in nujoL and at 
773 cm- 1 in cycLohexane [6]. The phosphorane crystaLLizes in the orthorhombic system with 
a = 8.903(1), b = 11.152(1), c = 11.269(2) Ä. There are four moLecuLes per unit ceLL, density 
2.08 g/cm3. The space group is Pbcn-D~~ (No. 60). TrigonaL-pyramidaL geometry is observed 
for the moLecuLe, in which the F atoms occupy the axiaL positions and the CsFs groups Lie in 
a "propeLLer-Like" arrangement about the equatoriaL pLane. A crystaLLographic diad axis 
passes through the P atom and one of the CsFs groups. The two independent benzene rings 
make dihedraL angLes of 33.5 ° and 36.5 ° with the equatoriaL pLane. The bond Lengths 
(LibrationaLLy corrected) are r(P-F) = 1.638(2), r(P-C) = 1.823(4) and 1.815 Ä [7]. 

Mass Spectra 

In the mass spectra of (CsFshPCL3 and (CsFsbPCL2 no parent ion was observed. The Lost 
of a chLorine moLecuLe gives the highest mass peaks (CsFshPCL + and (CsFsbP+ [4]. Contrary 
to this fact the spectra of the phosphoranes (CsFs)nPFs-n (n = 1, 2, 3) show the moLecuLar 
ion peak and onLy one (n = 2) was of very Low abundance. The breakdown process appears 
to favor stepwise Loss of fLuorine atoms. For further detaiLs see the originaL paper [8]. 

5.2.7.2.3 ChemicaL Reactions 

Phosphines 

CsFsPF2 reacts in HS03F on warming from -60 to -20°C to give the protonated cation 
[CsFsPF2H] +, which reacts to CsFsP(O)F2 and after addition of H20 to CsFsP(O)(OHh [9]. In 
SbFs-S02 at -80 to -40°C the difLuoride forms compounds of a donor-acceptor type, as 
shown by NMR spectroscopy. At 20°C or higher an oxidative fLuorination is indicated forming 
fLuorophosphonium ions, wh ich are aLso observed in the reaction of 4-CF3-CsF4PF2 with SbFs 
at 20°C [3]. 
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CsFsPCL2 in CCL4 reacts at room temperature with [Si(CH3bH3-CF3CsH4)NC(O)NCH3-
[Si(CH3b] to yieLd the ,,3 P_"S P-coordinated compound (87%), wh ich is obtained as coLorLess 

crystaLs, meLting point 153°C, lH NMR [externaL standard (CH3)4Si]: I)(CH3) = 3.35 and 
3.52 ppm [J(H-P) = 6.4 Hz], I)(CSH4) = 7.73 and 8.07 ppm, [J(H-P) = 16 Hz], 31p NMR (externaL 
standard 85% H3P04) : 0 = -8.6 and -72.6 ppm [J(P-P) = 184.5 Hz, J(P-F) = 87 and 68 Hz]. 
For IR, mass spectrum and X ray anaLysis see the originaL paper [10]. CsFsPCL2 reacts with 
Li[OCH(CF3h] under nitrogen to give CsFsP[OCH(CF3hh (60°C, 2 h, 60% yieLd). The coLor
Less Liquid boiLs at 48°C/10- 3 Torr. lH NMR [internaL standard (CH3)4Si]: I) = 4.8 ppm 
[J(P-H) = 6.5 Hz, J(CF3-H) = 6.0 Hz]. 19F NMR (internaL standard CFCL3) : I)(CF3) = - 78.3 ppm, 
I)(F2,Fs) = -139 ppm, o(F3,Fs) = 167 ppm, I)(F4) = -153 ppm. 31p NMR (externaL standard 
85% H3P04): I) = 185 ppm [11]. 

(CSFS)2PF and CL2 (moLar ratio 1: 1) react to yieLd (CsFshPF2CL and (CsFshPCL3. The 
difLuorochLoro compound decomposes forming (CsFshPF3 and (CsFshPFCL2 [2]. 

(CsFshPBr reacts with NaN3 at -2 to -10°C (2 to 36 h) to give (CsFshPN3 (see p. 101) [12]. 
On stirring an ether soLution of CsFsPBr2 and pyrocatechoL for 2 h at room temperature 2-
pentafLuorophenyL-1 ,3,2-benzodioxaphosphoLe forms in 59% yieLd. The compound boiLs at 117 
to 119°C/0.1 Torr and meLts at 86°C. lH NMR [internaL standard (CH3)4Si, soLvent CS2]: 1)(CSH4) 
= 6.9 ppm. 31p NMR (internaL standard CsHs as soLvent): 1) = 162.0 ppm [triplet of triplets, J(P
F2) = 21.0 Hz, J(P-F3) = 5.6 Hz] [13]. 

Phosphoranes 

CsFsPF4 reacts with (CH3bSiNR2 (R = CH3, C2Hs) at 60°C (10 h) yieLding CsFsPF3NR2, R = 

CH3, 88% yieLd, boiLing point (b.p.) 51°C/1 Torr, R = C2Hs, 67% yieLd, b.p. 65°C/1 Torr [6]. 
Heating of (CsFshPF3 with (CH3bSiN(C2Hsh at 100°C (12 h) resuLts in the formation of 
(CsFshPF2N(C2Hsh, 73% yieLd, meLting point 75°C [2]. The diazadiphosphetidine 
[CsFsPF2NCH3h is obtained by the reaction of CsFsPF4 with [(CH3bSihNCH3 at 90°C (2 h), 93% 
yieLd, meLting point 168°C, for crystaL structure see [14]. The anaLogous reaction of (CSFS)2PF3 
(90°C, 0.5 h, then 130°C, 4 h) gives the diazaphosphetidine [(CsFshPFNCH3b, 50% yieLd, 
meLting point 199 to 201°C. Heating CsFsPF4 and (CH3bSiSC2Hs at 80°C (2 h) yieLds 
CsFsPF3SC2Hs, 63% yieLd, b.p. 70 to 72°C/1.5 Torr. The anaLogous reaction of (CSFS)2PF3 (140°C, 
25 h) gives (CsFshPF2SC2Hs, yieLd 90%, b.p. 90°CIO.05 Torr, meLting point 85 to 86°C [2]. In 
TabLe 44 the NMR data of these substituted fLuorophosphoranes are gathered. 

CsFsPF2CL2 is stabLe at room temperature for severaL hours. It decomposes on heating to 
50°C forming CsFsPF3CL and CsFsPFCL3. These two compounds are aLso unstabLe. CsFsPF3CL 
decomposes yieLding CsFsPF4 and CsFsPF2CL2, CsFsPFCL3 gives CsFsPCL4 and CsFsPF2CL2 [2]. 

CsFsPF4, 4-CF3-CsF4PF4 and CsFs(CsFsO)PF3 form cations in SbFs or SbFs-S02 soLutions 
(see p. 138). The formation of cations is indicated by changes of the eLectricaL conductivity 
and in the 19F and 31p NMR spectra observed on dissoLving the compounds in the soLvents. 
For details see the originaL paper [3]. 
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TabLe 44 
NMR Data of Substituted FLuorophosphoranes. 
31p and 19F NMR chernicaL shifts ö in pprn, positive sign means downfieLd frorn the externaL 
standard 85% H3P04 and frorn the internaL standard CFCL3, spin-spin coupLing constant J in 
Hz. ax and eq rnean axiaL and equatoriaL positions of the F atoms. 

Cornpound ö(P) ö(Fax) ö(Feq) J(Fax-P) J(Fax-P) J(Fax-Feq) Ref. 

CSF5PF3N(CH3h -57.4 -26.1 -61.5 805 966 64 [2] 
CSF5PF3N(C2H5)2 -57.3 -28.3 -59.0 808 970 63 [2] 
(CSF5hPF2N(C2H5h -60.3 -16.0 720 [2] 
[CSF5PF2NCH3b -65.5 -54,5 891 a) [14] 
[(CSF5hPFNCH3b -80.0 6.8 772 a) [2] 
CSF5PF3SC2H5 -18.0 + 3.1 -66.0 909 1046 63 [2] 

+ 3.0, +0.2 b) 845, 971 
(CSF5)2PF2SC2H5 -35.8 + 1.0 760 [2] 

+ 2.5, -4.1 c) 695, 808 

a) In CDCL3, 1J(F-P) + 3J(F-P). - b) At -10°C. - c) At OOC. 
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5.2.7.3 PartiaLly Protonated and Unprotonated Perfluoroorganophosphorus Halide Ions 

[(CF3hPF3r. On adrnitting gaseous (CH3hNH to gaseous (CF3laPF2 at roorn ternperature 
a white solid forrns aLong with (CF3hPFN(CH3h. The 19F NMR spectrurn of a soLution of this 
solid in acetonitriLe shows four rnuLtipLets, three of which are centered at -67.0, -90.8 and 
-99.9 pprn (negative sign means highfieLd frorn the externaL standard CFCL3). The coupLing 
constant J(P-F) is found to be 860 Hz. The spectrurn is assigned to the anion [(CF3laPF3]- [1], 
see aLso Part 3, p. 137. 
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[CsFsPFsr. 19F NMR investigations show that the reaction of CsFsPF4 with CsF in suL
folane (50°C, 1 h) yields the salt [Cs] + [CsFsPFs]-' The spectrum taken in acetonitrile (CsFs as 
internal standard) shows five signals: o(Fe) = 119 ppm [doublet of triplets of quartets, J(P
Fe) = 800 Hz, J(Fe-F2) = 20 Hz, J(Fe_Fa) = 20 Hz], o(P) = 101.1 ppm [doublet of multipLets, 
J(P-Fa) = 710 Hz, J(P-Fe) = 43 Hz], o(F2) = 30.2 ppm [doublet of muLtipLets, J(F2_Fe) = 20 Hz, 
J(F2_F3) = 13 Hz], o(F4) = 4.4 ppm [triplet, J(F4_F3) = 20 Hz], o(F3) = -1.8 ppm [doubLet of 
doubLets, J(F3-F2) = 13 Hz, J(F3-F4) = 20 Hz] [2]. 

The cations [CsFsPF:Jl+, [4-CF3-CsF4PF:Jl+ and [CsFs(CsFsO)PF2]+ form in SbFs solutions of 
the pa re nt compounds CsFsPF4 , 4-CF3-CsF4PF4 and CsFs(CsFsO)PF3' respectively. The ions 
are characterized by their NMR spectra (positive shifts 0 in ppm lowfieLd from the externaL 
standards 85% H3P04 and CFCL3) [5]: 

31p 19F 

Ion O(P) J(P-F) ö(PF2) ö(F2) ö(F3) ö(F4) J(P-F) 

[CsFsPF3]+ 25.9 1240 Hz 105.0 47.8 16.8 52.5 1250 Hz 
[4-CF 3-CSF 4PF 3] + 23.5 1260 Hz 101.5 48.8 37.8 107.5 1250 Hz 
[CsFs(CsFsO)PF2] + 20.9 1210 Hz 102.0 45.0 13.8 49.0 1220 Hz 

The cations (CsFshPF2H+ and (CsFshPF20H+ (as welL as (CsFshPH+) which are formed 
in SbFs-HS03F solutions of CsFsPF2 and CsFsP(O)F2 (as welL as (CsFshP), respectively, are 
investigated by NMR spectroscopy, for detaiLs see the originaL paper [4]. 

References : 

[1] K. J. The, R. G. CaveLL (Inorg. Chem. 15 [1976] 2518/25). - [2] G. G. Yakobson, G. G. 
Furin, T. V. Terent'eva (Zh. Org. Khim. 9 [1973]1707/13; J. Org. Chem. [USSR] 9 [1973]1729/ 
34). - [3] G. G. Furin, T. V. Terent'eva, A. I. Rezvukhin, G. G. Yakobson (Zh. Obshch. Khim. 
45 [1975] 1473/9; J. Gen. Chem. [USSR] 45 [1975] 1441/6). - [4] 0. I. Andreevskaya, S. A. 
Krupoder, G. G. Furin, G. G. Yakobson (Izv. Sibirsk. Otd. Akad. Nauk SSSR Sero Khim. Nauk 
1980 97/104; C.A. 94 [1981] No. 191447). 
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5.2.8 PerfluoroaLkyl- and Perfluorophenylphosphorus Sulfur Compounds 

5.2.8.1 Preparatlon and Formation 

Tris(trifLuoromethyL)phosphine sulfide (CF3laPS 

Bis[bis(trifLuoromethyL)phosphoryL]disuLfane (CF3)2P(S)SSP(S)(CF3)2 

Bis[bis(trifLuoromethyL)phosphino]suLfane (CF3)2PSP(CF3h 

[Bis(trifLuoromethyL)thiophosphoryL]thio-bis(trlfLuoromethyL)phosphine (CF3)2P(S)SP(CF3)2 

Mercury-bis[bis(trifLuoromethyL)dlthiophosphinate] Hg[SP(S)( CF 3)2b 

139 

(CF3bPS (see Part 3, p. 137) forms in the thermal decomposition of (CF3bP(F)SCH3 along 
with other compounds [1]. The reaction of (CF3hP(S)SPF2 with chlorine for 24 h at room 
temperature gives a product mixture containing 28 mol% (CF3)2P(S)SSP(S)(CF3h (see Part 3, 
p. 137) [2]. On heating (CF3hPSeP(CF3h with excess of flowers of sulfur for 2 d at 100°C, 
(CF3hPSP(CF3h (see Part 3, p. 137) is obtained as the main produci. This compound is 
converted to (CF3hP(S)SP(CF3)2 on heating for 6 d at 150°C (see Part 3, p.137) [5]. 
Hg[SP(S)(CF3)2b (see Part 3, p. 138) is obtained in low yield on shaking (CF3hP(S)SPF2 with 
metallic Hg for several days at room temperature [2]. 

[FLuoro(trifLuoromethyL)thiophosphoryL]thlo-bis(trisfLuoromethyL)phosphine F(CF3)P(S)SP(CF3)2 

[FLuoro(trifLuoromethyL)thiophosphoryL]thlo-difLuorophosphIne F (CF3)P(S)SPF 2 

[Bls(trifLuoromethyL)thlophosphoryL]thio-fLuoro(trifLuoromethyL)phosphine (CF3)2P(S)SP(CF3)F 

(DifLuorothlophosphoryL)thlo-fLuoro(trlfluoromethyL)phosphine F2P(S)SP(CF3)F 

[FLuoro(trifLuoromethyL)thiophosphoryL]thio-fLuoro(trifluoromethyL)phosphlne F (CF 3) P(S)SP( CF3)F 

[Bls(trlfLuoromethyL)thiophosphoryL]thio-difLuorophosphlne (CF3)2P(S)SPF2 

(DifluorothiophosphoryL)thlo-bls(trifLuoromethyL)phosphine F2P(S)SP(CF3)2 

The preparation of the compounds is performed by reactions in sealed Pyrex tubes at 20 
to 25°C [2, 6]. A sample of F(CF3)P(S)SH, contaminated with F2P(S)SH, was reacted with 
(CF3hPN(CH3)2' The fractionation of the product mixture yielded F(CF3)P(S)SP(CF3h along 
with other products. F(CF3hP(S)SH, contaminated with a small amount of F2P(S)SH and a 
trace of SiF4, reacts with F2PN(CH3h yielding F(CF3)P(S)SPF2. The reaction of F(CF3)PN(CH3h 
and (CF3hP(S)SH gives (CF3hP(S)SP(CF3)F, a volatile liquid, which decomposes slowly at 
room temperature (yield after purification 42%) [6]. On reacting F2P(S)SH and F(CF3)PN(CH3h, 
pure F2P(S)SP(CF3)F is formed. F(CF3)P(S)SH and F(CF3)PN(CH3h yield an undetermined 
amount of F(CF3)P(S)SP(CF3)F as the major volatile product (identified by its NMR spectrum), 
a viscous oil of the composition [(CH3hNH2][CF3PS2], and a small amount of [(CH3hNH2][F2PS2] 
[6]. F2P(S)SH and (CF3hPN(CH3h give 99% yield of F2P(S)SP(CF3h; F2PN(CH3h and 
(CF3hP(S)SH form (CF3hP(S)SPF2 only in low yield [2]. All compounds can be purified by 
fractional condensation [2,6]. 

TrlfLuoromethyLthiophosphonlc dlfLuorlde CF3P(S)F2 

FLuoro(trifLuoromethyL)dlthiophosphonic acid F(CF3)P(S)SH 

Bls(trlfluoromethyL)dithiophosphlnic acid (CF3hP(S)SH 
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140 Compounds of Main Group 5 Elements 

Bis(trifLuoromethyL)thiophosphinic acid (CF3hP(S)OH 

TrifLuoromethylthiophosphonate Ion CF3P(S)O~

TrifLuoromethyLdithiophosphonate Ion CF3P(S)S02-

Bis(trifLuoromethyL)thiophosphinic chLoride (CF3hP(S)Cl 

Bis(trifLuoromethyL)thiophosphinic iodide (CF3hP(S)1 

CF3P(S)F2 is prepared by the reaction of CF3PFN(CH3h with excess sulfur at 150°C (3 d) 
in a sealed tube. The pure compound is obtained by fractional condensation (-196°C 
fraction) of the reaction mixture [6]. F(CF3)P(S)SH (72%) along with F2P(S)SH (28%) forms 
on adding a great excess of concentrated H2S04 to [(CH3hNH2][F(CF3)PS2] in vacuo. The 
mixture was found to be unseparable by fractional distillation [6]. 

The anions of the thioacids and of the oxothioacids are detected on hydrolyzing the 
corresponding ester or reacting the esters with (CH3bN: 

(CF3hPS2" is found in the reaction of (CF3hP(S)SCH3, (CF3hP(S)SC2Hs, (CF3)P(S)SCH(CH3)2' 
(CF3hP(S)C(CH3b with excess of (CH3bN in a sealed tube at 24 h [7]. 

(CF3)PSO~- is detected in the alkali ne hydrolysis (10% NaOH, sealed tube, room 
temperature, 2 d) of (CF3)2P(S)SCH(CH3h, (CF3hP(S)SC2Hs, (CF3)2P(S)SCH3, (CF3hP(S)OCH
(CH3h, (CF3hP(S)OC2Hs, and (CF3hP(S)OCH3 [7]. Similarly CF3PS20 2- forms from (CF3hP(S)
SC(CH3b [7]. 

(CF3hPSO- is formed on hydrolyzing the esters (CF3hP(O)SCH3, (CF3hP(O)SC2Hs, 
(CF3hP(O)SCH(CH3h, (CF3hP(S)OCH3, (CF3hP(S)OC2Hs, and (CF3hP(S)OCH(CH3)2 with 
(CH3lsN under the same conditions like above. The ion also results from the alkali ne hydrolysis 
of (CF3hP(S)OCH(CH3h (10% NaOH, sealed tube, room temperature, 2 d) [7]. 

The thiophosphinic halides (CF3hP(S)X (X = Cl, I) are described in Part 3, p. 140. For new 
chemical reactions see p. 145. 

PentafLuorophenylthiophosphonic halides C6FsP(S)X2 (X = F, Cl, Br) 

Bis(pentafLuorophenyL)lhiophosphinic halides (C6FshP(S)X (X = F, Cl, Br) 

The compounds are covered in Part 3, p. 141. In addition, mass spectral fragmentation 
processes are investigated and discussed in [8]. 

5.2.8.2 PhysicaL Properties 

The IR spectra have been recorded for gaseous and solid samples and the Raman spectra 
for the liquid and solid phases. Detailed assignments have been proposed in terms of a 
nonlinear P-S-P skeleton. The positions and intensities of the skeletal modes discount the 
possibility of a linear bridge P-S-P bridge. No evidence is found for the existence of more than 
one conformer [3]. The results of the vibrational analysis are given in TabLe 45. 
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TabLe 45 
VibrationaL Frequencies 1) and Assignments for (CF3bPSP(CF3b from the AnaLysis of the IR 
and Raman Spectrum [3]. 
w = weak, m = medium, s = strong, sh = shouLder, poL = poLarized, dp = depoLarized, 
v = very. 

Raman IR Assignment Raman IR Assignment 
(Liquid) (gas) (Liquid) (gas) 

91 m dp PC2 twisting 547 w 543 mw I CF, ao';'ym-
106 w sh + scissoring 564 w sh 557 m metric 

577 m poL 576 mw deformation 

520 m poL? 524 m w sh 
PSP symmetric 
stretching 

160 vs poL PSP bending 
726 vw 

721 w I CF, 'ymme";' 
244 m dp 

CF3 wagging; 
748 vs poL 

750 m 
deformation 

PC2 wagging 753 m sh 

268 m dp l 509 s PSP anti-
283 s poL CF3 rocking 507 m dp? symmetric 
293 m sh stretching 

446 m dp 444 s ) PC2 stretch- 1111 s sh 

461 m poL 462 m 
ing + PSP 1131 vs 

CF3 stretching 1142 vvs 
stretching 

1173 vvs 
1202 vs 

1) Overtone and combination bands: 341 mw, 825 w, 1028 w, 1272 w, 1289 w. 

F(CF3)P(S)SH 

19F NMR (internaL standard CFCL3) : ö = -75.0 ppm [doubLet of doubLets, J(F-P) = 132 Hz, 
J(F-F) = 3.1 Hz, CF3], ö = - 54.1 ppm [doubLet of quartets, J(F-P) = 1169 Hz, J(F-F) = 3.1 Hz, 
F], 1H NMR [standard (CH3)4Si]: ° = 3.33 ppm, IR (in cm -1): 2600 (w), 2580 (vw) (VSH); 1190 
(vs, br) (VCF); 910 (s), 830 (m, br) (VPF, 0SH); 765 (m), 725 (s) (Osym CFa' vp~s); 570 (s), 535 (m), 
415 (m) (OantisymCFa, vp~s, vpcl, mass spectrum: M+ = 183.9 [6]. 

lhiophosphoryLthiophosphines 

fable 46 covers the NMR spectra. The data show that pill as weLL as pV are found in these 
compounds. The variation of the NMR spectra with temperature shows the different extent of 
exchange processes in these compounds which have chiraL phosphorus centers 
Leading to magnetic nonequivaLence in the moLecuLes. For detaiLs see the originaL papers 
[2,6]. 

Gmelin Handbaak 
CF Camp. Suppt. 1 

References p. 145 



142 Compounds of Main Group 5 Elements 

Table 46 
NMR Parameters for the Thiophosphorylthiophosphines. 
Numbering scheme A: (CF3)2P(S)SPF2 E: (CF3bP(S)SP(CF3)F 

5 B: F2P(S)SP(CF3b F: F2P(S)SP(CF3b 
Xl,- 1I ..... h C: F(CF3)P(S)SP(CF3b G: F(CF3)P(S)P(CF3)F 

Ps-S-Ps 0: F(CF3)P(S)SPF2 ./ '-
X2 X, 

A 

A [2] B [2] C [6] 0[6] E [6] F [6] G g) [6] 

65% 35% 

Position number of the substituent 

CF3 1, 2 3, 4 1,2,3 3 1,3,4 2 1, 3 2, 3 
F 3, 4 1, 2 4 1,2,4 2 1,3,4 2, 4 1,4 

19F and 31p chemical shiftsa)b) 

°1 -55.0 -61.2 -54.2 -59.3 -62.0 -167.1 -63.6 -166.4 

°2 -54.5 -63.7 -164.7 -64.1 -164.8 -63.6 

°3 -17.9 -71.2 -74.0 -80.1 -68.5 -16.1 -74.1 -74.5 

°4 -59.2 -56.3 -68.7 -18.0 -59.1 -58.9 

°5 -107.2 +81.4 -100.5 +76.5 +34.6 +37.2 +38.0 +38 

°6 -42.1 -80.5 -34.8 -39.0 -67.3 -31.3 -28.6 -30.6 

Major coupling constants J 

1-5 78 d) 1331 e) 78.5 d) 1370.0 e) 77.8 d) 1154.0 e) 74 d) 1148 e) 
2-5 78.5 d) 1291.0 e) 1161.2 e) 72.6 d) 1156 e) 75 d) 
3-6 1223 e) 113 d 134.5 d) 136.0 d) 112.5 d) 1224.0 e) 134 d) 134 d) 
4-6 1173.4 e) 1174.0 e) 112.5 d) 1203.0 e) 1165 e) 1180 e) 
5-6 96.5 1) 73 1) 100.0 1) 63.0 1) 92.4 1) 104.7 1) 86 1) 103 1) 

Minor coupling constants J 

1-2 9.0 92.5 3.4 4.2 5.0 4.3 
1-3 0.0 0.0 0.0 8.8 0 <0.5 
1-4 1.2 6.0 0.0 1.3 0 c) 

1-6 18 0.0 9.0 0.0 1.2 0 <0.5 
2-3 0.0 0.0 1.4 0.0 1.2 0 
2-4 0.0 7.0 0.0 1.3 c) 0 
2-6 0.0 23.0 3.8 0.0 5 0 
3-4 0.0 2.6 7.2 82.5 2.8 2.8 
3-5 >2 c) 1.8 c) 7.0 0.0 6.0 0.5 5.2 2.8 
4-5 10.5 22.0 2.5 16.3 c) c) 

a) 19F chemical shifts (01 to (4) are given in ppm relative to CFCl3. Except for compound A, B, 
and C wh ich were measured directly against CFCl3, all values were measured with respect to 
CF2Cl2 and converted 10 the CFCl3 scaLe by the addition of the measured difference between 
the two scales (5.9 ppm). Negative values indicate resonance to high field of standard. -
b) 31p chemicaL shifts (85, 86) measured in ppm from P 406 at 36.4 MHz. Negative vaLues indicate 
resonance to high field of standard. The chemicaL shift of H3P04 is + 112 ppm on the P 406 
scale. - c) Not resolved. - d) 2JpF in Hz. - e) 1JPH in Hz. - I) 2Jpp in Hz. - g) Mixture of two 
racemates. 
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5.2.8.3 ChemicaL Reactlons 

The reactions of the phosphorus-suLfur compounds are covered in Table 47. AdditionaL 
investigations are reported beLow. 

(CF3hPSP(CF3h acts as non-cheLating bifunctionaL Ligand towards iron carbonyL 
compounds. 19F NMR investigations show that onLy one P atom forms a donor bond with the 
iron. (CF3hPSP(CF3h reacts with Fe(COb(NOh (16 d, 20°C, 51 % yieLd) forming Fe(CO)(NOk 
[(CF3hPSP(CF3h], with Fe2(CO)9 (19 d, 93% yieLd) forming Fe(CO)4[(CF3)2PSP(CF3h] and with 
[Fe(COb(n-CsHs)b (6 d, 20°C, CFCL3 as soLvent, 96% yieLd) forming Fe(COh(n-CsHs)[P(S)(CF3)2] 
[4]. 

Thiophosphorylthiophosphines 

The reaction of these mixed-vaLence compounds with protic species appears to proceed 
generaLLy with the cLeavage of the P-S bond on the tri vaLent P atom to form phosphines and 
dithiophosphinic acids or their saLts. The reaction with (CH3)2NH often yieLds the ammonium 
saLts of the dithiophosphinic acid [2, 6], see TabLe 47. 

On heating F2P(S)SP(CF3h at 200°C for 3 d, onLy 1 % of the compound is found to be 
decomposed. Much Less thermaLLy stabLe is (CF3)2P(S)SPF2, which decomposes on heating at 
70°C (24 h) and then at 100°C (2 h) forming PF3, further a mixture of (CF3hP(S)SP(CF3h (38%), 
F2P(S)SP(CF3h(51 %) and (CF3hP(S)SP(CF3h (11 %) as weLL as a white solid residue. For the 
investigation of the possibiLity of exchange of trivalent P and pentavalent P fragments with 
unique substituents, the equiLibrium 

F2P(S)SP(CF3h + (CF3hP(S)SPF2 ~ F2P(S)SPF2 + (CF3hP(S)SP(CF3h 
ABC 0 

was investigated by 19F NMR spectroscopy. On mixing A and B in CFCL3 at room temperature 
aLL four compounds are observed. The equiLibrium constant is found to be K = Cc . CD/CA' Ca = 
1.6 ± 0.7 (40°C), 2.1 ± 0.7 (-80°C). The reaction is exothermic by no more than 500 caL/mol. 
The reverse reaction by mixing equaL proportions of C and 0 wh ich equiLibrated at room 
temperature gives K = 1.1 at 40°C. This LabiLe equiLibration shows no change in the vaLence 
of the P atom associated with a particuLar substituent [2]. 

TabLe 47 
Reactions of PerfLuoroaLkyLphosphorus Sulfur Compounds. 
If not otherwise stated, the reactions are investigated at room temperature. 

Compound 

GmeLin Handbook 
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Reactant (conditions 
of reaction) 

10% aqueous NaOH (3 h) 
anhydrous HCL (10 d) 
anhydrous (CH3hNH (2 d) 
CH3SH (about 12 h) 
Hg (7 d) 
anhydrous CH30H (-) 
CL2 (-) 

References p. 145 

Main products (yieLd in %) 

CF3H 
SPF2SH, (CF3hPCL 
(CF3h PN(CH3h, [(CH3)2NH2][F2PS2] 
(CF3hPSCH3, SPF2SH 
(CF3hPP(CF3)2 (10%), Hg(S2PF2)2 
(CF3)2PSH, (CF3hPOCH3, SPF2SH 
(CF3hPCL (25%), (CF3hPCL3 (27.5%), 
(SPF2)2S2 (45%), SPF2CL (1.5%) 
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Table 47 (continued) 

Compound Reactant (conditions Main products (yield in %) 
of reaction) 

(CF3bP(S)SPF2 [2] 10% aqueous NaOH (12 h) CF3H 
anhydrous HCl (6 d) (CF3bP(S)SH, PF2Cl, PF3 
anhydrous (CH3)2NH PF2N(CH3h, PF3, 

[(CH3hNH2] [(CF3bPS2] 
CH3SH (30 min) (CF3bP(S)SH, (CF3)2PSH, PF3 
Hg (so me days) (CF3)4P2S, (CF3)4P2, PF3, 

Hg[S2P(CF3bh 
anhydrous CH30H (6 d) (CF3b P(S)SCH3, (CF3b P(S)SH, PF3 
Cl2 (1 d) (CF3)2P(S)SSP(S)(CF3)2 (28%), 

(CF3)2P(S)Cl (15%), PF2Cl (52%), 
SPF2Cl (4%) 

(CF3bP(S)SP(CF3b [2] anhydrous (CH3)2NH (-) [H2N(CH3b][(CF3bPS2], 
(CF3b PN(CH3b 

F(CF3)P(S)SP(CF3)2 [6] (CH3)NH (CF3)2PN(CH3b 
20% aqueous NaOH CF3H 

F(CF3)P(S)SPF2 [6] (CH3b NH PF2N(CH3b, PF3 
20% aqueous NaOH no volatile products 

(CF3bP(S)SP(CF3)F [6] (CH3bNH [(CH3bNH2][(CF3bPS2], 
F(CF3)PN(CH3)2 

20% aqueous NaOH CF3H 

F2P(S)SP(CF3)F [6] (CH3b NH [(CH3hNH2][F2PS2], F(CF3)PN(CH3b 
20% aqueous NaOH CF3H, F 

F(CF3)P(S)SH [6] (CF3)2PN(CH3b F(CF3)P(S)SP(CF3b, 
[(CH3)2NH2][F(CF3)PS2] 

F(CF3)P(S)S - [6] H2S04 F2P(S)SH, F(CF3)P(S)SH 
(as dimethyl 
ammonium salt) 

(CF3bP(S)SH CH30Na, (CH3bCl [6] (CF3b P(S)SC(CH3b 
(18 h) [7] 
F(CF3)PN(CH3)2 [6] [(CH3bNH2][(CF3bPS2], 

(CF3b P(S)SP(CF3)F 
anhydrous CH30H (12 h) [2] (CF3bP(S)SCH3 

(CF3bP(S)SH [6] CH30Na, (CH3bCl (18 h) [7] (CF3b P(S)C(CH3b 
F(CF3)PN(CH3b [6] [(CH3b NH2][(CF3b PS2]' 

(CF3)2P(S)SP(CF3)F 
anhydrous CH30H (12 h) [2] (CF3bP(S)SCH3 
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TabLe 47 (continued) 

Cornpound Reactant (conditions Main products (yieLd in %) 
of reaction) 

(CF3hP(S)CL [7] CH3CH20H, (CH3hN (CF3bP(S)OCH2CH3 (80%) 
(CH3hCHOH, (CH3hN (CF3bP(S)OCH(CH3h (88%) 
CH3CH2SH, (CH3hN (CF3bP(S)SCH2CH3 (66%), 

(CF3bPSCH2CH3 
(CH3hCHSH, (CH3h N (CF3)P(S)SCH(CH3)2 (76%) 
CH30H (CF3b P(S)OCH3 
(CH3h COH, (CH3hN (CH3hNH(CF3h PSO, 

(CF3)2P(S)N(CH3)2 

(CF3hP(S)1 [5] (CF3hPSeP(CF3b Se, (CF3bPI, (CF3bPSP(CF3b 

(CF3hP(S)ONa [7] (CH3hCL (pentane) (CF3bP(S)OC(CH3h (66%) 

(CF3hP(S)OH [7] NaOCH3 (pentane) (20 h) (CF3)PSONa 

References: 

[1] K. J. The, R. G. CaveLL (Inorg. Chern. 15 [1976] 2518/25). - [2] L. F. Doty, R. G. CaveLL 
(Inorg. Chern. 13 [1974]2722/9). - [3] R. C. Dobbie, M. J. Hopkinson, B. P. Straughan (J. Mol. 
Struct. 23 [1974]141/3). - [4] R. C. Dobbie, M. J. Hopkinson (J. Chern. Soc. DaLton Trans. 1974 
1290/3). - [5] R. C. Dobbie, M. J. Hopkinson (J. FLuorine Chern. 3 [1973]367/74). 

[6] R. G. CaveLL, L. F. Doty (Inorg. Chern. 17 [1978] 3086/93). - [7] R. G. CaveLL, A. A. 
Pinkerton, W. Sirn, A. J. TornLinson (Inorg. Chern. 18 [1979] 2901/8). - [8] T. R. B. Jones, J. M. 
MiLLer, M. FiLd (Org. Mass Spectrorn. 12 [1977]317/25). 

5.2.9 Perfluoroalkylphosphorus Selenium Compounds 

Trifluoromethylselenobis(trifluoromethyl)phosphine (CF3)2PSeCF3 

Bis[bis(trifluoromethyl)phosphino]selane (CF3bPSeP(CF3b 

The first cornpound will be incorporated into the Chapter on PerfluoroorganoseLeniurn 
Cornpounds, see SuppL. VoL. 2 and the rernark in Part 3, p. 160. 

For preparation and chernicaL reactions of (CF3bPSeP(CF3b see Part 3, p. 160. The IR 
spectra have been recorded for gaseous and solid sarnpLes and Rarnan spectra for the Liquid 
solid phases. DetaiLed assignrnents have been proposed in terms of a nonlinear P-Se-P 
skeLeton. The positions and intensities of the skeLetaL modes discount the possibiLity of a Linear 
bridge P-Se-P bridge. No evidence is found for the existence of more than one conforrner [1]. 
The resuLts of the vibrationaL anaLysis are given in Table 48, p. 146. 
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Table 48 
Vibrational Frequencies 1) (in cm -1) and Assignments for (CF3)2PSeP(CF3)2 from the Analysis 
of the IR and the Raman Spectrum [1]. 
w = weak, m = medium, s = strong, sh = shoulder, pol = pOlarized, dp = depolarized, 
v = very. 

Raman IR Assignment Raman IR Assignment 
(liquid) (gas) (liquid) (gas) 

91 m dp I PC2 553 w dp 545 w sh I CF3 anti-

118 w sh 
twisting 

563 w dp 556 m 
symmetric 

+ scissoring deformation 

153 s pol PSeP bending 
724w I 

CF3 sym-

246 w sh dp 
CF3 wagging; 

750 s pol 747 s 
metric 

PC2 wagging deformation 

260 s pol I CF3 269 m dp 
rocking 

1110.sh I 288 m dp? 
1127 vs 

424 w dp 
422 m I PC2 1122 vw 

1140 VVS CF3 

446 m dp 445 vs 
stretching 1150 vs sh stretching 
+ PSeP 1170 vvs 

456 m pol 456 m sh 
stretching 1195 vs 

1) Overtone and combination bands: 1010 vw, 1026 vw, 1095 w sh, 1278 w, 1290 w. 

The compound reacts with Fe(COh(NOh (16 d at 20°C) to form Fe(CO)(NOb
[(CF3hPSeP(CF3h]. By 19F NMR spectroscopy, it is shown, that one P atom is coordinated 
directly to the Fe atom. The reaction with Fe2(CO)9 gave Fe2(CO)SP2(CF3)4Se (black crystals, 
melting point 139°C) for which spectroscopic investigations indicate a cyclic structure with 
Fe-Fe- and P-Se-Fe bonding. The reaction with [n-(C5H5)Fe(COhh (in CFCl3, 6 d, 20°C) gave 
orange-colored crystals of the composition (n-C5H5)Fe(COhP(Se)(CF3h [2], for spectroscopic 
data of the compounds see the original paper. 

Reference: 

[1] R. C. Dobbie, M. J. Hopkinson, B. P. Straughan (J. Mol. Struct. 23 [1974]141/3). - [2] 
R. C. Dobbie, M. J. Hopkinson (J. Chem. Soc. Dalton Trans. 1974 1290/3). 

5.2.10 Perfluoroalkylphosphorus Boron Compounds 

1- and 2-Bis(trifluoromelhyl)phosphinopentaborane(9) 1-(CF3hPB5HS and 2-(CF3hPB5HS 

On repeating the synthesis of 1-(CF3hPB5HS (described in Part 3, p. 161, cited there as 
preparation of (CF3)2PB5HS), now the 2-isomer has been isolated. The best yield has been 
obtained using fairly pure LiC2H5 and B5H9. After standing for 2 hat -50°C (formation of C2Hs), 
(CF3hPCl is added at -125°C and is reacted during a 12 h warming period to - 78°C. The 
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ether and the excess BsH9 were distiLled off and the phosphinoboranes were delivered during 
slow warming, finally to 50°C. The isomers were separated by repeated fractional condensa
tion at -20 to -30°C. The yields are 30% and 15% for the 1- and 2-isomer, respectively (the 
report of 57% yield of the 1-isomer in Part 3, p. 161, is based on the consumption of LiBsHa; 
when based on consumed (CF3bPCl, the original yield is only 36%) [1]. 

The equilibrium pressures p (in Torr) of the 2-isomer fit the equation log p = 6.312 + 
1.75 x log T - 0.005 T - 2486/T (T in K), yielding the extrapolated boiling point 147°C and the 
Trouton constant of 21 cal . mol- 1 . K -1. The 1H NMR spectrum [standard (CH3)4Si] shows the 
chemical shifts 8 = 1.33 ppm (quartet, J = 178 Hz, 3-BH, 5-BH units) and 8 = -3.18 ppm 
(spectrum pictured in [1]). 11B NMR (negative values upfield from methylborate) : 8 = 

-29.6 ppm (doublet, J = 178 Hz; 3,4,5-BH units), 8 = -34 ppm (singlet, since coupling B-P 
is not resolved), -71.0 ppm (doublet, J = 182 Hz, 1 B) [1]. 31p NMR (negative values upfield 
from the standard H3P04): 8 = -36 ppm (ragged peak); 19F NMR (negative values upfield 
from CFCl3): 8 = -48.6 ppm (doublet, J = 68 Hz) [1]. 

IR spectrum (in cm-1, relative intensities in parentheses) [1]: 

1-(CF3bPBsHa: 2626 (6.7), 1865 (2.5), 1470 (2.5), 1434 (2.8), 1395? (1.7), 1292? (0.4), 1189 
(28), 1153 (40), 1141 (42), 1105 (22), 1060 (0.2), 1033? (0.2), 993? (0.1), 903? (2.3), 883 (2.9), 
805 (0.3), 741 (0.6),678 (2.7), 558 (0.6), 458 (4.5), 435 (1.1). 

2-(CF3bPBsHa: 2627 (14), 2618 (12), 1930? (0.1),1882 (0.3),1842 (1.3), 1500? (0.5),1455 
(2.3), 1403 (8), 1319 (0.4), 1288 (0.7), 1190 (48), 1158 (53), 1136 (54), 1109 (25), 1038 (1.6), 976 
(0.5),923 (3.4), 888 (4.6), 847 (1.3), 747 (1.2), 697 (1.0), 670 (3.4), 612 (1.7), 570 (1.4), 545 (0.5), 
498? (0.4), 453 (7), 419 (1.4). 

Pure 2-(CF3bPBsHa remains stable for at least 24 h in a sealed tube at 25°C. In presence 
of a catalytic trace of hexamethylenetetramine a complete isomerization is observed on 
standing at 25 h after 36 h [1]. With Ni(CO)4 in a sealed tube at O°C (1 h) the complex 
2-(CF3bPBsHaNi(COb is formed, which is characterized by 11B, 31p and 19F NMR data [1]. 

Tris[bis(trifLuoromethyL)phosphinoborane] [(CF3bPBH2h 

Boraniumbis(phosphinide) Anion [(CF3bPBH2P(CF3b]

Boraniumtris(phosphinide) Anion [(CF3bPBH2P(CF3bBH2P(CF3b]-

The synthesis of the phosphinoborane is described in Part 3, p. 161. A more direct proce
dure is to heat a mixture of diborane and (CF3bPI in a sealed tube at 100°C and to remove 
the BI3 by action of water or by brief treatment with (CH3hN at 25°C. However, this method 
could be hazardous, when one attempts to sublime out the last traces of the desired trimer 
by heating the residue in vacuo, a very shattering detonation can occur. 11B NMR (in CsDs, 
standard B(OCH3Ja, positive value upfield) 0 = 60.1 ppm [triplet (J = 105 Hz, BH2) of triplets 
(J = 52 Hz, BP2)] [2]. 

ChemicaL Reactions, Formation and Properties 01 the Anions 

The ring trimer [(CF3)2PBH2la is easily cleaved by excess tri methylamine to give nearly 
equal yields of the sublimable monomer complex (CH3bN . BH2P(CF3b (melting point 81°C) 
and the ionic oil [(CH3laNbBH~ (CF3)2PBH2P(CF3)2. The similar but faster trimethylphosphine 
reaction yields a more vOlatile monomer complex (melting point 48°C) and an analogous ionic 
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oiL. With deficient base, the ion (CF3)2PBH2P(CF3hBH2P(CF3)2" persists as major product; less 
persistent, especially in the amine reaction, is the dimer complex base' BH2-
P(CF3)2 . BH2P(CF3)2' Yet longer chains are obscure but see m to be favored in the phosphine 
reaction. In all of these ring-cleavage products, any three-bonded P atom easily forms a BH3 
complex of the non polar, nonhydridic type, wh ich HCl attacks at a central BH2 group rather 
than at an end BH3 group. TabLe 49 gives the boron and fluorine NMR spectra of the anions 
and their BH3 complexes; for further details of reaction and for physical data of the base 
complexes see [2]. 

Table 49 
"B and '9F NMR Spectra of the Phosphinide Anions and Their BH3 Complexes [2]. 
Chemical shifts Ö are negative upfield from the standards B(OCH3b and CFCl3, respectively. 

Compound "B NMR 

Ö(BH2) = -51.4 
(J = 104 Hz) 
ö(BH2) = - 55.0, 
Ö(BH3) = -58.7 
ö(BH2) = - 55.0 

Ö(BH2) = - 55.4, 
ö(BH3) = - 59.0 

Ö = -52.7 (J = 65 Hz) 

Ö = -62.8 (J = 58.5 Hz) 

Ö = -53.5 (J = 64.5 Hz), 
Ö = -60.0 a) (J = 57.0,11.0 Hz) 
Ö = -59.2 b) (J = 67 Hz), 
Ö = -62.5 c) (J = 59 Hz) 

a) Doublet of triplets, of total intensity half that of the Ö = - 53.3 doublet. - b) Doublet for 
central P(CF3)2 unit; half-height width 18 Hz. - c) Doublet for end (CF3hPBH3 units; half-height 
width 16 Hz. 

TrifLuoromethyLdifLuorophosphinetetraborane CF3PF2 . B4Hs Adduct 

CF3PF2 . B4Hs has been obtained by the reaction of B4HsCO and CF3PF2 at O°C until CO 
evolution ceased. (For removing CO the reaction tube was several times frozen at -196°C.) 
The volatile reaction products were purified on a low temperature distillation column. Phys
ical data: Melting point -153 to -149°C; "B NMR [extern al standard BF3 · O(C2Hsh]: 
Ö = -58.0 ppm [doublet, J(P-B) = 125 Hz, B,]; +0.2 ppm (singlet, B3), -5.6 ppm (singlet, 
B2. B4): 3'p NMR (external standard 85% H3P04) at -27°C: Ö = 125.1 ppm [triplet of septets, 
J(P-F) = 1177 Hz, J(P-B) = 125 Hz, J(F-C-P) = 108 Hz, the septet results from the overlap
ping of two quartets]; 19F NMR (external standard CF3COOH) at -21°C: 8 = -6.3 ppm 
[doublet, J(P-F) = 1177 Hz, PF2], 10.2 ppm [doublet, J(F-C-P) = 108 Hz, CF3]. 

At -125°C two new doublets have appeared beside the CF3 resonance. The two new 
doublets are attributed to the presence of two nonequivalent fluorine atoms, each of which is 
spin-spin coupled to a phosphorous atom, Ö = -24.6 ppm [doublet, J(P-F) = 1170 Hz], 
5.1 ppm [doublet, J(P-F) = 1180 Hz]. For the CF3 resonance at -135°C 8 = 8.2 ppm [doublet, 
J(F-C-P) = 110 Hz] is found. Based on the low temperature spectrum it is concluded that the 
CF3PF2· B4Hs molecule exists only in one geometrical isomer (in contrast to other molecules 
of the type P2FX' B4Hs, X = OCH3, SCH3, CH3, t-C4H9). The low temperature spectrum arises 
from one rotational isomer at low temperature [3]. 

References: 

[1] A. B. Burg (Inorg. Chem. 12 [1973] 3017/9). - [2] A. B. Burg (Inorg. Chem. 17 [1978] 
593/9). - [3] J. D. Odom, A. J. Zozulin (Inorg. Chem. 20 [1981]3740/5). 
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5.2.11 Tris(perfluorohalogenoorgano)phosphines. Perfluorophosphapropene. 
Fluorophosphaethyne 

5.2.11.1 Preparation and Formation 

1,1,3,3,3-Pentafluoro-2-phospha-1-propene CF 3P=CF 2 

149 

CF3P=CF2 was postulated as an intermediate in the basic hydrolysis of (CF3bPH at room 
temperature [1], in the reaction of (CF3bPH with ammonia [2], in the conversion of (CF3bPH 
with dimethylzinc to the ring dimer (CF3PCF2b [3], and in the reaction of (CF3bPH with 
tri methylamine [4]. The compound was detected by its 31p and 19F NMR spectrum when 
gaseous (CF3)2PH passes in a vacuum line several times in a U trap, containing KOH pellets 
[5]. 

FLuorophosphaethyne FC=P 

The compound was first detected by WPN spectroscopy during the flow pyrolysis of CF3PH2. 
In this system it appears to be unstable [6]. The compound is produced in a very high yield 
by passing CF3PH2 slowly at room temperature and low pressure (about 30 J.1m Hg) over solid 
KOH pellets [7], see also [8, 9]. The compound obtained in this way seems quite stable (1 h 
or more) at low pressures «50 J.1m Hg) and at room temperature [4]. 

Tris(trifluoromethyL)phosphine (CF3hP 

The phosphine (see Part 3, p. 163) forms in the photolysis of a mixture of (CF3bPH and 
Cl2C=CF2 (240 h, mercury medium pressure lamp) [10], in a low-pressure silent discharge of 
CF3PH2 and of (CF3bPH [45], by ligand exchange between PI3 and (CF3bCd . CH3CH2CH20CH3 
(room temperature, 30 min, 20% yield) [11] and in the pyrolysis of (CF3hPO (see p. 94) [12]. 

Bis(trifluoromethyL)heptafluoro-n-propyLphosphine (CF 3)2PC3F7 

TrifluoromethyLbis(heptafluoro-n-propyL)phosphine CF3P(C3F7)2 

Trls(heptafluoro-n-propyL)phosphine (C3F7 hP 

The propyl compounds can be prepared by the reaction of C3F71 with the corresponding 
diphosphine according to: 

RR'PPR'R + C3F71 -> RR'PC3F7 + RR'PI 
(R = R' = CF3; R = CF3, R' = C3F7; R = R' = C3F7) 

Detailed conditions for these reactions are not given. Photolysis of the mixture accelerates 
the reaction giving higher yields. For example, CF3P(C3F7h is obtained in 93% yield at 16°C 
within 1 h on irradiation, while the same mixture on heating at 167°C in the dark only gives a 
yield of 50% [13]. 

Bis(trifLuoromethyL)hexafluoroisopropyLphosphlne (CF3b PCF(CF 3)2 

On heating a mixture of (CF3hP and C2FsSiFs at 0.5 atm for 1 h at 200°C, the reaction of 
the carbene CF3CF (formed from C2FsSiFs) with the phosphine gives the isopropylphos
phine. The compound is obtained in 44% yield after fractional condensation and gas 
chromatographic separation [14]. 
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Tris(trifLuorovinyL)phosphine (F 2C=C FbP 

Bis(trifLuorovinyL)pentafLuorobutadienyLphosphine (F2C=CF)2P(FC=CFCF=CF2) 

Both compounds are prepared in a yieLd of 7% [15] and 2.5% [16], respectiveLy, in the 
reaction of F2C=CFLi (obtained from F2C=CFBr and CH3Li in situ) with PCL3 in ether at -78°C 
foLLowed by gas chromatographic separation [15, 16], for the first compound see aLso Part 3, 
p.163. 

Tris(1 ,1, 1-trifLuoropropynyL)phosphine (CF 3C=CbP 

The compound is formed in 50% yieLd (as aLready described according a private 
communication in Part 3, p. 163) in a two-step process via the preparation of CF3C=CLi foLLowed 
by the reaction of the Lithium compound with PCL3 in (C2HsbO [17]. Lower yieLds are obtained 
by the reaction of CF3C=CZnCL with PCL3 in dimethylformamide or pyridine [17]. 

TrifLuoromethyLdlcyanophosphlne CF3P(CN)2 

Bis(trifLuoromethyL)cyanophosphine (CF 3bPCN 

The cyanophosphine (see Part 3, p. 164) and the dicyanophosphine are prepared by con
densing (CF3)2PI and CF3PI, respectiveLy, on excess Hg(CNb in a high vacuum [18]. CF3P(CNb 
aLso forms in the reaction of CF3PHI with Hg(CNb at 110 to 120°C in 24 h [19]. 

Tris(pentafLuorophenyL)phosphine (CsF sbP 

PentafLuorophenyLbis(2-pentafLuorophenyLethynyL)phosphine CsF s( CsF SC=C)2P 

NonafLuorobiphenyLyLbis(pentafLuorophenyL)phosphine C12Fg(CsFs)2P 

Bis(nonafLuorobiphenyLyL)pentafLuorophenyLphosphine (C12Fg)2CsFsP 

For (CsFsbP (see Part 3, p. 164) onLy new chemicaL reactions (see p. 157) are reported. 

CsFs(CsFsC=CbP forms on reacting CsFsC=CH with pentafLuorophenyLchLorophosphine, yieLd 
50% [44]. 

The other two compounds form in the reactions of CeFsLi (from CsFsH and n-C4HgLi in 
hexane/ether at -78°C in 2 h) with (CsFsbP or (CsFsbPO at 25°C (6 h, moLar ratio 1: 1) as weLL 
in the reaction of CsFsLi (from CsFsBr and n-C4FgLi in hexane/ether at -78°C in 1 h) with 
(CsHsbP [20]. 

Tris(4-perfLuorooxaaLkyLphenyL)phosphines [4-(RPRfCF 2)-CsF 4bP 

In the foLLowing are given the synthesized compounds, characterized by the groups 
RfORf-, the yieLds and the boiLing points [21]: 

RfORf- YieLd b.p. RfOR, YieLd b.p. 
in °C/Torr in °C/Torr 

CF(CF3)OC3F7 78% 189/0.01 CF(CF3)[OCF2CF(CF3)]40C3F7 30% 178/0.003 
CF(CF3)OCF2CF- 70% 201/0.005 CF2(OC2F4bOC2Fs 69% 157/0.005 

(CF3)OC3F7 CF2(OCF2bOCF3 59% 157/0.005 
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These compounds have been synthesized by the reaction of PCL3 with the corresponding 
Lithium compounds of the 4-perfLuoroaLkyLphenyLether. To 4-BrC6F4CF2RPR, in an anhydrous 
tetrahydrofuran-diethyLether soLution at -78°C a hexane soLution of n-butyLLithium was added. 
After 1 h the soLution of PCL3 in diethyLether at -78°C was added. After warming the soLution 
to room temperature (15 h), it is stirred for 15 h, then hydroLyzed with 6 N HCL and the products 
are separated by distiLLation. The compounds are viscous Liquids at room temperature, have 
a Low voLatiLity, soLubLe in fLuorinated soLvents, and are resistant to oxidation, much Like (C6F5hP 
[21]. They are used as protecting agents in the oxidative high-temperature treatment of 
perfLuoroaLkyL-terminated perfLuoropoLymethyLenepoLyethyLene gLycoLs (contained in vesseLs 
of various aLLoys) [22]. 

5.2.11.2 PhysicaL Properties 

CSF6(CsF5C=ChP meLts at 127 to 128°C. The 31p and 19F NMR spectra (standard 85% H3P04 
and CsFs) show the chemicaL shifts ö(P) = -93.7 ppm, Ö(F2,Fs) = 34.7 and 27.0 ppm, ö(F3,F5) 
= 2.6 and 1.4 ppm, ö(F4) = 15.4 and 13.0 ppm [44]. 

The meLting points of the compounds [4-(R,ORfCF2)-CsF4hP are given in context with the 
preparation of the compounds. 

CF3P=CF2 

The 31p spectrum (recorded at -78°G) consists of an overLapping doubLet of doubLets of 
quartets from spin coupLing to Fa, Fb, and the CF3 group. 

The chemicaL shifts [positive shifts are LowfieLd reLative to the standards P(OCH3h and 
CFCL3] are Ö(P) = -121.4, ö(Fa) = 3.9, ö(Fb) = -38.7 ppm, J(P-Fa) = 213.6, J(P-Fb) = 82.3, 
J(Fa-Fb) = 29.3 Hz [5]. 

FC.P 

The Linear moLecuLe has 16 vaLence eLectrons and is expected to have the ground state 
eLectron configuration (60)2(70)2(8oi(21t)4(90)2(31t)4. The photoeLectron spectrum shows three 
bands, see Table 50. The first band at 10.75 eV is assigned to the ionization from the 31t orbitaL, 
the second band at 13.55 eV to the ionization from the 90 orbitaL LocaLized mainLy at the 
phosphorus atom. The third band corresponds to the ionization of the fLuorine Lone pair 
eLectrons (21t). CaLcuLations are performed to minimum energy assuming Koopmans theorem, 
r(C-F) = 1.2995, r(C=P) = 1.5365 A, totaL energy Er = 12988.748 eV. The caLcuLation indicates 
that the 1t orbitaL has a smaLL amount of C-F antibonding character, whereas the 0 orbitaL is 
sLightLy C-F bonding, as expected, though it consists mainLy of a phosphorus 0 Lone pair atomic 
orbital. The charge distribution indicates a Large positive charge on the P atom (+0.48), a 
smaLL negative charge on the C atom (-0.09), and a Large negative gharge on the F atom 
(-0.39) [7]. 
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Table 50 
Experimental and Calculated lonization Energies Ei of FC=P and Vibrations of the FC=P+ Ion 
[7]. 

Electronic state Ei(exp.) Ei(calc.) Vibrational structure 
of the ion (in eV) (in eV) (incm- 1) 

2rr 10.57 ± 0.01 10.53 1725 ± 30 [v(C=P)] 
760 ± 40 [v(C-F)] 

2~+ 13.55 ± 0.01 13.94 860 
2rr 17.63 ± 0.03 20.08 
2~+ 22.31 

The 31p and the 19F NMR spectrum show the chemical shifts oe1p) = -346.4 ppm and 
O( 19F) = -96.6 ppm [negative shifts are highfield from the standards P(OCH3b and CFCl3]; 
the spin-spin coupling constant is J = 182.0 Hz. In the IR spectrum the CoP stretching vibration 
is observed at 1660 cm -1 [8]. In the microwave spectrum, transitions belonging to the two 
isotopic species 19F12C31p and 19F13C31p have been observed and analyzed. The resulting 
structural parameters are r(C-F) = 1.285 ± 0.005 and r(C=P) = 1.541 ± 0.005 A. For 19F12C31 P 
the rotational constants Bo = 5257.80 MHz and DJ = 1.0 ± 1.7 kHz are evaluated. The analysis 
of the vibrational satellites of the J = 3<- 2 ground-state transition yields the bending vibration 
v2 = 390 ± 10 cm- 1 and the antisymmetric stretching vibration v3 = 790 ± 60 cm- 1. From the 
Stark eftect the dipole moment 11 = 0.279 ± 0.001 D was obtained. The comparison with the 
dipole moment of HC=P indicates that the F-C bond moment opposes that of the CoP group [9]. 

The structure of the phosphine has been reinvestigated (see Part 3, p. 165) by gas-phase 
electron diffraction and liquid-phase Raman spectroscopy assuming C3V symmetry for the PC3 
skeleton and also for the CF3 groups. The principal structural parameters are rg = 1.904(7) A, 
r g(C-F) = 1.340(3) A, cx(C-P-C) = 97.2(0.7) 0, cx(F-C-F) = 107.5(0.3) 0. A striking result is that the 
P-C bond is 0.058 A longer than in (CH3bP. Trifluoromethyl groups, in or close to staggered 
conformations, are tilted by 5.3(0.9)°. This indicates that the threefold axes of the CF3 groups 
are not collinear with the P-C bonds but lie in planes defined by P, C and FaxiaL, so that a 
positive value the P-C-FaXiaL angles increases by the amount of the angle of tilt. The angle of 
twist 5.5(6.0) ° for a given CF3 group implies that the group is twisted about its threefold axis 
away from the all-staggered conformation. The Raman spectrum of liquid (CF3bP is given in 
fable 51 together with the IR gas-phase spectrum (from [24], see Part 3, p. 165). In comparison 
to [24] a revised assignment of the skeletal PC3 bending modes was found to be necessary 
(for distribution to the symmetry of the fundamental vibrations to the symmetry groups see 
Part 3, p. 165). Shrinkage corrections and amplitudes of vibration, wh ich agree well with 
the measured vibrational amplitudes, were calculated from a plausible set of valence force 
constants constructed to reproduce the vibrational frequencies. From the estimated barrier 
to rotation (2.8 kcal/mol), the torsional frequencies V22 = 43 and V11 = 40 cm- 1 have been 
calculated. An indirect evidence of these torsional modes 't is given as combination bands 
(see Table 51) [23]. 
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Table 51 
Liquid-phase Raman Spectra [23), Gas-phase IR Spectra [24]. 
For the numbering of the vibrations v, see the Part 3, p. 165, I = relative intensities, 
s, m, w = strang, medium, weak, v = very, br = broad, sh = shoulder, p = pOlarized, dp 
= depolarized. 

Raman [23] IR [24] Calculated Assignment 
(in cm- l ) (incm- l ) frequencies and symmetry 

(incm- l ) 

1234 br 1235 vvs 1219 V12 (e) 
1215 br, sh ~1 1213 Vl (al) 
1180 dp 2 1189 vvs 1172 V13 (e) 
1158 sh ~1 1157 vvs 1158 V2 (al) 
1119dp 3 1129, 1134 vvs 1131 V14 (e) 

786 p 6 V4 + 't 
747 P 73 757 s 747 V4 (al) 
609 p <1 v3 + 't 
571 P 5 573 m 587 v3 + 't 
562 sh <1 559 s 552 vlS (e) 
532dp 1 535w 535 V1S (e) 
503dp <1 v20 + 't 

489 P 2 Vs + 't 
465 dp 20 464vs 481 V20 (e) 
451 p 38 455s 464 Vs (al) 
324dp 1 V18 + 't 

308 P 8 Vs + 't 
286 dp 20 280 vvw 274 V18 (e) 
270 p 100 269vw 274 Vs (al) 
250 dp 9 250w 259 V19 (e) 
190 ~1 v7 + 't 
151 P 4 151 V7 (al) 
110 dp 7 110 V2l (e) 

43 v22 (e) 
40 Vll (a2) 

The investigation of the He(l) photoelectron spectrum of (CF3laP gives the following vertical 
ionization potentials Ei which are assigned to localized molecular orbitals assuming C3v 
skeletal symmetry [25] : 

Assignment 

Symmetry 

Ei in eV 

Lone electron pair 
on phosphorus 

11.70 

P-C 
bond 

E 

13.52 

F nonbonding orbitals 
on CF3 groups 

E 

15.63 16.54 

E 

17.18 

For a correlation between the phosphorus core binding energies and the phosphorus lone
pair ionization energies of trivalent phosphorus compounds, among them (CF3laP, see [26]. 
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NMR spectra (positive shifts downfield from the standards) : 

19F NMR (external standard CF3COOH, shifts converted to CFCl3): Ö = -50.7 ppm [J{P-F) = 
85.7 Hz] [27]; 19F NMR (external standard CF3COOH) : Ö = 24.4 ppm [J{F-P) = 83 Hz] [11]. 

31p NMR (external standard 15% H3P04 in D20, converted to 85% H3P04): 1) = -2.5 ppm 
[J{P-F) = 85 Hz] [27]; 31p NMR (extern al standard P 40S' hexane solution): 1) = -117 ppm 
[28]. 

13C NMR (external standard CsDs): ö = -2.16 ppm [J{C-F) = 318 Hz, J(C-P) = 10.7 Hz, 
J{C-P-C-F) = 5.35 Hz] [27]. 13C {19F} NMR [internal standard (CH3)4Si, solvent CDCl3, at 31°C]: 
ö = 126.4 ppm [J{P-C) = 14 Hz] [29]. 13C NMR [converted to ö{CH3bSi = ö{CDCl3) 
+ 77.06 ppm]: ö = 125.97 ± 0.03 ppm [quartet of doublets of septets, J{C-P) = 11.5 ± 0.7 Hz, 
J{C-F) = 318.0 ± 0.7 Hz, J{C-P-C-F) = 5 ± 0.7 Hz] [30]. 

The Faraday effect has been studied between -10 and + 10°C to give a mean value of 
350 ~r. The density is found to be D:;s = 1.675 g/cm3, between -20 and +5°C the density is 
represented by D = 1.646-2.4x 10-3 t. The boiling point is 17°C [31]. 

(n-C3F7hP 

31p NMR: low-field shift ö = 20.6 ppm (standard 85% H3P04) [32]. 

(CF3hPCF(CF3h 

IR gas-phase spectrum (in cm -1): 1285 es), 1255 (sh), 1245 es), 1172 (s), 1145 es), 1102 
(m), 1085 (sh), 963 (w), 950 (w), 930 (m), 750 (m), 712 (m), 618 (vw), 555 (vw), 535 (w), 480 (vw), 
448 (m), 413 (w) [1]. 

NMR spectra of {CF~bPCFb{CFgb (negative shifts 1) mean upfield from the standard). 

31p NMR [external standard P{OCH3b]: 1) = -129.1 ppm, coupling constants J{P-Fa) = 88.8, 
J{P-Fb) = 56.0, J{P-Fc) = 15.8 Hz. 19F NMR (extern al standard CFCl3): 1) = -49.2 (Fa), -187.2 
(Fb), -75.0 (FC) ppm, J{Fa_Fc) = 6.1, J{Fa-Fb) = 8.7, J{Fb_FC) = 10.1 Hz [14]. 

Mass spectrum (fragment, m/e, intensities in parentheses, w: intensity <12%, m: 12 to 
50%, s: >50%, referred to the peak m/e = 69): M+, 338 (w); C4F12P+, 319 (w); C3F1OP+, 269 
(w); C3F9P+, 250 (w); C3FsP+, 231 (w); C3FsP+, 181 (w); C2FsP+, C3Ft, 169 (w); C3FsP+, 
162 (w); C2FsP+, C3Fft, 150 (w); C3F4P+, 143 (m); C2F4P+, C3Ft, 131 (m); CF4P+, 
119 (m); C2F3P+, 112 (m); F4P+, 107 (w); CF3P+, C2Ft, 100 es); C2F2P+, C3F:t, 93 (m); 
CF2P+, C2F:t, 81 (m); C2FP+, 74 (m); F2P+, CF:t, 69 (100%); CFP+, C2F{, 62 (m); 
FP+, CF{, 50 (m); C2F+, CP+, 43 (w); CF+, P+, 31 es) [14]. 

(F2C=CFhP 

NMR (positive sign of ö means downfield) according to the designation of the nuclei given 
below (A): 

A B 
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S1p NMR (standard 85% HsP04): 0 = -76.9 ± 0.9 ppm. 

19F NMR (standard CFCls): o(Fa) = -81.9 ppm [J(Fa-P) = 13.6 Hz, J(Fa-Fc) = 34.6 Hz, 
J(Fa-Fb) = 43.0 Hz], o(Fb) = 105.4 ppm [J(Fb-P) = 55 Hz, J(Fb-Fc) = 120.5 Hz], o(Fc) 
= 175.0 ppm [J(Fc-P) = 10 to 13 Hz]. 

13C NMR [standard (CHs)4Si]: o(C1) = 124.6 ppm [J(C1-Fc) = 292 Hz, J(C1-Fa) = 8.5 Hz, 
J(CrP) = 49 Hz], o(C2) = 160.2 ppm [J(C2-Fa) = 288.1 Hz, J(C2-Fb) = 207.6 Hz, J(C2-Fc) 
= 40 Hz, J(C2-P) = 40 Hz] [15]. 

IR: 1725 (vs) (vc=cl, 1330 (vs) (VC-F), 1180 (vs) (VC-F), 1040 (vs) (vC-F)' 

Mass spectrum: 274, M + (59.4); 131, FPC2F3+ (34.4); 124, CPC2Fs+ (30.4); 112, PC2Fs+ (79.2); 
105, PC3Fl (52.8); 93, PC2Fl (83.3); 69, PFl, CF3+ (100%) [18]. 

(F2C.CFh (F2C=CF-CF=CF)P 

Colorless oil. 31p NMR (external standard 85% H3P04): 0 = - 71.3 ppm (multiplet). 19F NMR 
(external standard CFCls, designation of the atoms see compound S, above: o(Fa) = -80.4, 
o(F~) = -92.5, o(Fb) = -104.9, o(Fb) = -104.9, o(Fc) = -174.3, o(F~) = -148.8, o(Fd) = 
-135.0, o(F~) = -183.9 ppm. IR (film): 1778 (vs) (vc=cl, 1750 (vs) (vc=cl, 1725 (vs) (vc=cl, 1330 
(vs) (VC-F), 1180 (vs) (VC-F); 1070 (vs) (VC-F), 1043 (VC-F)' 

Mass spectrum: m/e = 336, M+ (21.5); 117, PC4Fl (28.1); 112, PC2Fs+ (81.1); 93, PC2Fl 
(4.6); 69, PF2+, CFs+ (100%) [16]. 

(CFSC5ChP 

The mass spectrum which is al ready covered in Part 3, p. 167, according to a private 
communication, has now been published; for the fragmentation scheme see the original [17]. 

CFsP(CNh and (CFshPCN 

From He(l) photoelectron spectra the following ionization energies (in eV) result: 

CFsP(CN)2 11.81 13.43 13.53 14.05 14.25? 14.48 15.30 15.98 16.62 17.68 
(CFsbPCN 11.72 13.1 13.59 14.02 15.8 17.48 

For interpretation byan MO model see [18]. 

5.2.11.3 Chemical Reactions 

The chemical properties of the compounds [4-(R;OR,CF2)-CsF 4bP are covered in the section 
on preparation, see p. 150. 

Reactlon 01 CF3P=CF2 

Addition of water to the double bond of the phosphaalkene followed by alkali cleavage of 
the fluorocarbon substituents of the resulting phosphine, gives CFsH and CF2H2 which are 
identified by NMR spectroscopy [5]. 
Gmelin Handbook 
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Reactions 01 (CF3hP 

On heating (CF3hP to 320°C for 20 h (sealed glass tube, 1 atm), 70% of the phosphine 
decomposed yielding PF3, SiF4, and C2F6. On heating for 16 h at 320°C, the phosphine was 
recovered essentially unchanged (only 2% PF3 were found) [12]. 

Oxygen reacts with (CF3hP in a chain reaction involving the trifluoromethyl radical and its 
autooxidation. Under the conditions of spontaneou$ ignition (0.5 atm 02' 25°C) a yellow flame 
front passes the gas mixture. OCF2, OPF3, CF4, C2F6, (CF30hPO, CO2 and PF3 are the products. 
Higher concentrations of (CF30hPO beside the other products, OCF2, OPF3, CF4, C2F6, PF3, 
CO2, and a trace of CF3P(O)(OHh, are obtained by warming the reaction mixture in a sealed 
glass tube from -196°C to room temperature. The presence of toluene inhibits this reaction. 
Without ignition the oxidation of (CF3hP yields (CF30hPO as the main product besides OCF2 
and (CF3bP(0)F; for details, especially the reaction mechanism, see the original paper [12]. 
Physical properties of (CF30bPO: boiling point 52°C (extrapolated), melting point -86°C, 
vapor pressure p (in Torr): log p = 7330-1445/T, 19F NMR (standard CFCl3): Ö = -55.6 ppm 
[doublet, J(P-F) = 6 Hz]; IR: (strong absorption bands only are given): 1390, 1380, 1280, 1260, 
1250, 1163, 1036,815 cm- 1 [12]. 

(CF3hP reacts with bromine in CD2Cl2/CFCl3 solution forming an oxidation equilibrium 
(equilibrium constant K = 2l-1 at 260 K) (CF3hP + Br2 ~ (CF3hPBr2 (see p. 105) which was 
investigated by 19F, 31p and 13C NMR spectroscopy [29]. 

With the carbene-precursor CHF2CF2SiF3 (giving the carbene CHF2CF), the phosphine 
(1: 10 molar ratio) reacts at 150°C (5 h) giving unchanged (CF3hPSiF4 (9~'Yo), trifluoroethylene 
(15%), 1 ,2,2-trifluoroethylidenetris(trifluoromethyl)phosphorane (CF3hPC~C_HF2' a high-boil
ing unidentified yellow oil and taro The physical properties of (CF3hPCFCHF2 are: IR: 
vmax = 1661 cm-1; lH NMR (external standard benzene) : ö = -0.46 ppm; mass spectrum: 
m/e = 263, M+ -CF4 (5); 262, M+ -CHF4 (4); 69, CFt (100) [33]. With the carbene CF3CF at 
200°C (CF3bPCF(CF3b is formed [14]. 

No reaction occurs with HM(CH3h (M = Si, Ge, Sn) below 200°C [34]. The reaction of 
(CF3hP with CF3NO at room temperature yields (CF3hP[ON(CF3bb (see p. 89) [35]. The reaction 
with (CF3bNON(CF3b gives (CF3h-nP[N(CF3b]n (see p. 101) and (CF3bNOCF3 [43]. 

In contrast to (CH3)nP(CF3h-n (n = 1 to 3) the reactions of (CF3hP with the Lewis acids 
BX3 (X = H, CH3, F, Cl, Br) form no donor-acceptor compounds [36]. But this compound acts as 
a good ligand yielding the transition-metal complexes M(CO)5P(CF3h and cis-M(CO)4[P(CF3hb 
(M = Cr, Mo, W) [37], see TabLe 52. From this it is concluded that (CF3hP is the weakest donor 
within the series (CH3)nP(CF3h-n (n = 0 to 3). On the other hand, the increase of the wave 
number of the CO stretching bands of the complexes from (CH3hP to (CF3hP shows that 
(CF3hP has the strongest acceptor strength [38]. 

Reactions 01 (CF3hPCF(CF3h 

The pyrolysis at 420 Torr and 200°C (1 h) in presence of C2F5SiF3 yields (CF3bCFCF(CF3b, 
cis- and trans-CF3CF=CFCF3, (CF3hP and SiF4. The hydrolysis with 5% aqueous NaOH at 24°C 
(2 h) forms almost quantitatively CF3H and (CF3bCFH (molar ratio 2: 1) [14]. 

Reactions 01 CF3P(CN)2 and (CF3hPCN 

CF3P(CNb reacts with CF3PH2 at 50°C (14 d) in a sealed tube via the non-isolated compound 
CF3PH(CN) to form (CF3P)4, HCN and (CF3PHh [19]. 
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Table 52 
Reactions of (CF3hP with Metal Carbonyls [37]. 

Compound Conditions Product 
of reaction 

Cr(CO)sa) 25°C (15 h) Cr(CO)sP(CF3h 
Mo(CO)sa) 25°C (24 h) Mo(CO)sP(CF3h 
W(CO)sa) 25°C (20 h) W(CO)sP(CF3h 
Cr(CO)s 110 to 180°C Cr(CO)sP(CF3h, 

(1 to 135 h) trans-Cr(CO)4[P(CF3hb 
Mo(CO)s 70 to 140°C Mo(CO)sP(CF3h. 

(72 to 160 h) trans-Mo(CO)4[P(CF3hb 
W(CO)s 85to 80°C W(CO)sP(CF3h 

(2 to 18 h) 
C7HaCr(CO)l) 50°C (11 d) C7HaCr(COhP(CF3h, 

trans-Cr(CO)4[P(CF3hb 
C7HaMo(CO)l) 25°C (14 d) cis-Mo(CO)4[P(CF3hb 
C7HaW(CO)l) 50°C (15 h) ciS-W(CO)4[P(CF3hb 
C7HaCr(COhC) 60 to 80°C/3 d Cr(CO)sP(CF3)g, 

trans-Cr(CO)4[P(CF3b]2 
C7HaMo(COhC) 5 to 40 oC/4 to 1 d Mo(CO)sP(CF3h. 

trans-Mo(CO)4[P(CF3hb 

a) The products are formed by UV irradiation of M(CO)6 in tetrahydrofuran (THF) forming 
the M(CO)s(THF) complexes, followed by an exchange reaction with (CF3hP. - b) C7Ha: 
norbornadiene. - c) C7Ha: cycloheptatriene. 

(CF3hPCN reacts with (CF3hNO at -74°C in 16 h to give [(CF3hNObP(CF3hCN (see p. 89) 
[39]. On standing at 25°C for 28 h, (CF3hPCN reacts with (CF3hP8iH3 forming (CF3)4P 4' 8iH3CN 
and (CF3hPH [40]. 

Reactions 01 (CsFshP 

In solution (Cl2CFCF2Cl as solvent) (C6FshP is oxidized by (CF3hNO (sealed ampule at 
-70°C for one day, shaking at room temperature for 20 min and left standing for another day) 
to form (CsFshPO (see p. 87) and (CF3hNON(CF3h [41]. 

With CsFsLi (from CsFsH and n-C4HgLi in a solution of hexane and ether at -78°C, 2 h), 
(CsFshP reacts at 25°C (6 h, 1: 1 mole equivalents) yielding CSnF4nH2 (n = 2,3), CsnF4n+1H (n = 
1 to 4), (C12Fg)(CsFshP, and (C12Fgh(CsFs)P. If CsFsLi is prepared fram CsFsBr and C4FgLi in 
hexane/ether at -78°C (1 h) additionally CSnF4n (n = 2,3), CSnF4nBr2 (n = 1 to 3), CSnF4n+1Br 
(n = 1 to 4), and C12FaHBr are found [20]. 

(CsFshP reacts with the 7-norbornadienyl and AgBF4 in liquid 802 to yield the substituted 
norbornadienylphosphonium compound, for lH NMR see the original publication [42]. 
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5.2.12 Bis(trlfluoromethyL)phosphinoslLane (CF3bPSiH3 

The compound forms on shaking (CF3bPI and ISiH3 with Hg at 25°C (ISiH3 has been 
produced in the reaction vesseL from CsHsSiH3 and HI). 

The vapor-pressure equation is represented by Log p = 7.767 -1532/T (p in Torr, T in K), 
evaLuated from the experimentaL equiLibrium pressures p = 3.0 at -63°C, 44 at -23°C 
and 144 Torr at O°C. The 1H NMR spectrum shows a doubLet of septets, centered 3.76 ppm 
downfieLd from (CH3)4Si, coupLing constants J(P-H) = 19.5 Hz, J(H-F) = 1.35 Hz, J(29Si-H) = 
229 Hz. The 19F NMR spectrum shows a doubLet of quartets at ö = -46.7 ppm (standard 
CFCL3), J(F-P) = 68.5 Hz, J(F-H) = 1.35 Hz. The 31p NMR spectrum shows a septet of quartets, 
centered at ö = -42.4 ppm (upfieLd from H3P04) and confirms the coupLing constants 68.5 
and 19.5 Hz. IR (in cm- 1, reLative intensities in parentheses): 2203 (6.3), 1192 (19), 1157 (21), 
1118 (21), 930 (2.6), 896 (9), 745 (1.2), 595 (0.3), 417 (2.5). 

The reactions of the siLane are summarized in Table 53. In almost aLL reactions a cLeavage 
of the P-Si bond occurs. 

TabLe 53 
Reactions of (CF3bPSiH3' 
EquimoLar mixtures, quantities in mmoL (in parentheses). 

Reactant Conditions Products 

BF3 (0.85) 64 h/25°C, (CF3PCF2b (0.20), BF3, H2SiF2, B2Hs, HSiF3 (1.37), H2, 
26 h/60°C (CF3b PH, P2(CF3)4 

BCL3 (0.75) 20 h/25°C BF3 (0.4), SiH3CL (0.02), H2SiCL2 (0.73), (CF3bPH (0.13), 
P2(CF3)4 (0.125), (H2PBF2)x (empiricaL formuLa ofthe resi-
due) 

B(OCH3h (0.15 24 h/50°C SiH4 (0.2), (CF3bPH (0.24), (CF3bPCH3 (0.26), nonvoLatiLe 
used of 0.50) products 

CH30BCL2 (0.45) rapid/ < 25°C (CF3bPCH3 (0.36), SiH3CL (0.3), H2SiCL2 (0.2), (CF3bPH 
( <0.05) 

(CH3bPCL (0.46) rapid/ <25°C (CH3bPP(CF3b (0.12), H2SiCL2 (0.45), (CF3)2PH (0.07), 
(CF3)4P2 (0.02) 

(CF3bPCN (0.5) 28 h/25°C P2(CF3)4 (0.22), SiH3CN (0.34), (CF3bPH (0.17) 
PF3 1 h/105°C no reaction 
PFs rapid/ <25°C (CF3bPH, (CF3bPF, H2SiF2 
CH3CN (0.5) 3 h/65°C P2(CF3)4, SiH4 

CH3NC (0.45) rapid/ < 25°C SiH4 (0.1), (CF3)2PH (0.03), P2(CF3)4 (0.06), brown soLids 
BrSiF3 (0.07 16 h/50°C, BrSiH3, (CF3bPH, SiF4 (totaL 0.13) 

used of 0.5) 24 h/120°C 

Reference: 

L. Maya, A. B. Burg (Inorg. Chem. 14 [1975] 698/700). 
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5.2.13 PerfLuoroaLkyLdiphosphines. Bis(trlfLuoromethyL) phosphinoarsine 
The diphosphines (CF3bPH2 and CF3PHPHCF3 are eovered on p. 82. 

Tetrakis(trifLuoromethyL)diphosphine (CF 3)2PP(CF 3h 

1 , 1-Bis(heptafLuoropropyl)-2,2-bis(trifLuoromethyL)diphosphine (C3F7 hPP(CF 3h 

1 ,2-Bis(heptafLuoropropyl)-1 ,2-bis(trifLuoromethyL)diphosphine (C3F7 )CF3PPCF 3( C3F7) 

Preparation and Formation, Physlcal Properties 

(CF3hPP(CF3)2 (see Part 3, p. 127) forms by dehydrofluorination of (CF3hPH with (CH3bN. 
The highest yield (46%) is obtained when, in presenee of (CH3bSiCl, the reaetion mixture is 
stored at -78°C for 18 h, then for many hours at -60 to -70°C, followed by rapid warming 
with subsequent standing at OOC for 16 h or at 40°C for 5 min [1]. The diphosphine is also 
formed by deeomposition (25°C, 6 weeks) and by aeidolysis (with hydroehlorie acid) of 
(CF3hPCH2P(CF3)P(CF3h [1], by the reaetion of (CF3hPSP(CF3h with Hg (shaking for 7 d, 10% 
yieLd) [2], in a low-pressure silent discharge of CF3PH2 [18], and as a by-produet during the 
preparation of R(CF3)PP(CF3h (R = CH3, CHF2, CH2F) from R(CF3)PH and (CF3hPCl in the 
presenee of (CH3bN [3]. 19F NMR: 1) = -47 ppm (standard CFCl3), J(P-F) = 84.9 Hz [4], see 
also [3, 5]. The IR speetrum is given in [4], for assignment see Part 3, p. 177. The 31p NMR 
ehemieal shift is 1) = -127 ppm (upfield from P40 S as external standard) [6]. Faraday effeet 
IPIM = 697 W at 20°C [6]. Density D~ = 1.665g g/em3 [7]. 

(C3F7hPP(CF3h (yield 48%, boiling point 40 to 42°C) and (C3F7)CF3PPCF3(C3F7h (yield 66%, 
95 to 100°C/12 Torr) form on reaeting the eorresponding iodophosphines with antimony at 150 
to 200°C [8]. 

ChemicaL Reactlons 

All three diphosphines are eleaved in the reaetion with C3F71 yielding the mixed tris
substituted phosphines aeeording: 

R1R2PPR2R1 + C3F71 ..... R1R2PC3F7 + R1R2PI (R1, R2 = CF3, C3F7) 

The reaetivity deereases in the order (CF3)4P2 > (C3F7)2(CF3hP2 > (C3F7)4P2, the aetivation 
energy (fi rst order) is 17,26, and 40 keaUmol, respeetively. Visible light aeeelerates the reaetion 
[8]. 

(CF3hPP(CF3h reaets with selenium at 100°C (4 d) alm ost quantitatively forming 
(CF3hPSeP(CF3h [9]. About the vapor-phase oxidation of the diphosphine by NO yielding 
(CF3hPOP(O)(CF3h and [(CF3hPOhO [4] see Chapter 5.2.3. The diphosphine reaets with 
trimethylstannane and a number of metal earbonyls under eleavage of the pop bond. These 
reaetions are surveyed in Table 54, for 19F NMR and IR data see the original papers. The 
reaetion with (CH3hCHOH (room temperature for 4 d, then 70°C for 7 h) gives 
(CF3hPOCH(CH3h and, among the volatile produets, (CF3hPH [16]. In the presenee of 
R(CF3)PP(CF3h (R = CHa, CHF2, CH2F) the diphosphine is eleaved by HCl at 65°C giving 
(CF3hPH and (CF3hPCl (if the phosphine is pure, it resists toward HCl even at 300°C) [1]. 

Bis(trifluoromethyL)phosphinoarsine (CF3hPAsH2 

The eompounds forms in yields between 30 and 60% by reaeting (CH3bSnAsH2 and (CFa)2PI 
at -78°C for 24 h [solvent (CH3)4Si, sealed and evaeuated tube]. It is purified by fraetional 
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TabLe 54 
Reactions of (CF3hPP(CF3h with HSn(CH3h and with MetaL CarbonyLs. 

Compound Conditions Products (yieLd in %) 

HSn(CH3h [10] 20 oC/1 h Sn(CH3hP(CF3h (quantitativeLy) 
HMn(CO)5 [11, 12] 20°C/1 h [11] Mn(CO)5P(CF3h (85%) yeLLow oiL 

35°C/2.5 min [12] 
Re2(CO)10 [13] 120/150/175/ Re2(CO)S[P(CF3hb (64%) 

190°C 
115/25/20/32 h 

Re(CO)5CL [14] 70°C/82 h Re2(CO)sP(CF3hCL (65%) 
Re(CO)5Br [14] 70°C/85 h Re2(CO)sP(CF3hBr (70%) 
Re(CO)51 [14] 90°C/40 h Re2(CO)sP(CF3hl (75%) 
Mn(CO)5CL [14] 70°C/40 h Mn2(CO)sP(CF3hCL (89%) 
Mn(CO)5Br [14] 60°C/40 h Mn2(CO)sP(CF3hBr (82%) 
Mn(CO)51 [14] 60°C/104 h Mn2(CO)eP(CF3hl (73%) 
HRe(CO)5 [12] 35°C/2.5 min Re(CO)5P(CF3)2 (82%) 
cis-HMn(CO)4P(CH3h [12] 35°C/2.5 min (CF3bPMn(CO)4P(CH3h (74%) 
cis-HMn(CO)4As(CH3h [12] 35°C/2.5 min (CF3)2PMn(CO)4As(CH3h (70%) 
MnCo(CO)9 [17] 90 oC/20 h MnCo(COh[P(CF3hb (90%) 

condensation and is found in the -63°C-trap. The pure compound decomposes at room 
temperature within severaL minutes. A 10% soLution of the arsinophosphine in toLuene is at 
- 40°C stabLe enough to aLLow the investigation of reactions without noticeabLe decomposition 
of the compound. At temperatures above -40°C a sLow decomposition starts [15] according 

n (CF3hAsH2 --> n (CF3hPH + (AsH)n 

yieLding dark brown soLids. 1H NMR [extern aL standard (CH3)4Si]: ö = 2.42 ppm [doubLet (JpH = 
10 Hz) of septets (F-H coupLing not resoLvabLe)], 19F NMR (externaL standard CFCL3): ö = 
-50.4 ppm [doubLet (JPF = 65.0 Hz) of triplets (JHF = 0.5 Hz)], 31p NMR (extern aL standard 
85% H3P04): Ö = -16.0 ppm [septet (JpF = 65 Hz) of triplets (JpH = 9.9 Hz)]. 

The reactions with poLar and nonpolar reagents which proceed by cLeavage of the P-As 
bond are described in TabLe 55 [15]. 

TabLe 55 
CLeavage Reactions of (CF3hPAsH2 [15]. 
EquimoLar reaction mixtures if not otherwise stated, soLvent:toLuene. 

Compound 

HBr (smaLL excess) 
(CH3h AsH 
(CH3hSiH 
(CH3)4As2 

(CH3h PN(CH3h 
(smaLL excess) 
Br2 
Gmelin Handbook 
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Conditions 

20oC/5 min 

Main products 

(CF3b PH, AsH3, (CF3h PBr 
(CF3bPH, (CH3hAsH 
(CF3hPH 
(CF3bPAs(CH3h, (CF3h PH, (CH3hAsH 
(CF3h PN(CH3h, (CF3h PP(CH3b, (CH3hNH 
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5.3 Perfluorohalogenoorgano Compounds 01 Arsenic 

5.3.1 Homocyclic and Heterocyclic Perfluoroorgano Compounds 01 Arsenic 

Tetrakis(trifLuoromethyl)cyclotetraarsine (CF 3As)4 

Pentakis(trifLuoromethyL)cyclopentaarsine (CF3As)s 

A mixture of (CF3As)n (n = 4, 5) is formed along with CF3AsH2 by decomposition of 
CF3AsHAsHCF3 in the liquid phase at room temperature, and along with CF3AsH2 and 
CF3AsHAsHCF3 in the reaction of CF3Asl2 with Hg and anhydrous HI (in less than stoichiometric 
quantity) [1]. A mixture of the cycloarsines reacts with (CF3bSnH at room temperature (19 d) 
forming (CH3bSnAsHCF3 (95%) and [(CH3bSnhAsCF3 [2]. 

Tetrakis(pentafluorophenyl)cycLotetraarsine (CsF SAS)4 

The tetraarsine (see Part 3, p. 187) reacts with Pt(PCsHsb in benzene (reflux, 4 h) to yield 
the platinum compound Pt[P(CsHsbMAs(CsFs)h [3]. With Fe(CO)s (in benzene, 120°C/15 h or 
UV irridiation at 60°C/4 h), Fe(CO)4(AsCsFsh is formed [4]. 

DodecafLuoro-13, 14-diarsatriptycene ~ 

*5~ r8tA5~ 
The compound is obtained in 13% yield from elemental arsine and 1,2-diiodotetrafluoroben

zene when the reactants are heated at 300°C (3 d) in an evacuated bomb. The colorless 
compound is purified by vacuum sublimation [5]. The triptycene is formed in 70% yield by the 
reaction of 1,2-diLithiumtetrafluorobenzene and AsCl3 at -78°C in tetrahydrofuran. Upon 
completion of the reaction the mixture was allowed to warm to room temperature. The obtained 
white solid was recrystallized from hexane [7]. Another way to prepare the triptycene is 
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the reaction of arsenic powder with dodecafLuorotribenzo[b,e,h][1.4.7)-trimercuronin [6). 
(CeF4hAs2 meLts at 210 to 211°C [5) or 200°C [7). The '9F NMR spectrum (AA'XX', negative 
shifts upfieLd from the internaL standard CFCL3) shows two signaLs, at -122.8 [6) (corrected 
vaLue of [5)) or -122.4 [7) (F3,Fe) and at -152.6 [6) or -153.0 ppm [7) (F4,F4). The pa re nt ion 
in the mass spectrum occurs at m/e = 594. Strong peaks were observed for the ions AsC,sF;t, 
C,sFt, As(CeF 4)f, C'2Ft, C'2Ft, AsCeFt, and AsFf. PrincipaL IR peaks (nujoL muLL) were 1296 
(m), 1260 (m), 1101 (s), 1026 (s), 830 (m), 771 (m), 730 (m), and 389 (m) cm-' [6). 

OctafLuoro-5,1 O-epoxy-5, 1 O-dihydroarsanthrene 

The compound is obtained by heating partiaLLy oxidized arsenic powder and 1,2-
diiodotetrafluorobenzene at 250°C for 18 h in a seaLed evacuated tube, foLLowed by extraction 
with 60 to 80° petroleum ether and fractionaL crystaLLization. The coLorLess compound is soLubLe 
in aLL common organic soLvents but is insoLubLe in water. The mass spectrum shows the parent 
ion at m/e = 462; further significant ions are C'2Ft, C'2Ft, AsCeFt, AsFf, AsO+. A peak in 
the IR spectrum at about 950 cm-' is assigned to the ortho-Linked CeF4 groups. An X-ray study 
of singLe crystaLs shows that the moLecuLe has a butterfly conformation. The compound forms 
monocLinic crystals, space group P2,/2 (standard setting P2,/C)-C~h (No. 14) with a = 26.660(5), 
b = 19.220(5), c = 4.990(5) A, ß = 90.3(1) 0, Z = 8,0 = 2.04 g/cm3. The unit ceLL contains two 
types of crystaLLographicaLLy nonequivaLent moLecuLes. The average of the eight measured As
C bond Lengths is 1.97 ± 0.002 A, and the average of the four As-O bonds is 1.81 ± 0.01 A. As
As intramoLecuLar distances are 2.973(3) and 2.979(3) A. Bond angLes invoLving As are cLose 
to 90° [8). 
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5.3.2 PerfLuoroaLkyLarsines 

TrifLuoromethyLarsine CF3AsH2 

Bis(trifLuoromethyL)arsine (CF3)2AsH 

The synthesis of the two arsines by reaction of CF3Asl2 or (CF3hAsl, respectiveLy, with Hg 
and anhydrous HI is described in Part 3, p. 191. It is useful for the preparation of smaLL 
quantities (1 to 2 mmoL). On a Larger scaLe (10 mmoL), the arsines are prepared in almost 
quantitative yieLd at room temperature in few minutes by the reaction of CF3Asl2 or (CF3)2Asl 
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with (CH3bSnH. The (CH3bSnl aLso formed in the reaction can be returned to the process after 
reduction with LiALH4. Thus the net reaction is the conversion of the iodine compounds into 
the hydrogen compounds by LiALH4 . The direct reaction with LiALH4 gives onLy smaLL yieLds 
since LiALH4 aLso attacks the CF3 groups [1]. CF3AsH2 is formed by decomposition of 
CF3AsHAsHCF3 at room temperature, in the reaction of CF3Asl2 with Hg and anhydrous HI (in 
Less than stoichiometric quantity) [2], and by decomposition of (CF3bAsAsH2 above -78°C 
[3]. 

In the foLLowing reactions (CF3bAsH is formed: 

(CF3bAsTeCH3 + HBr or HI at 20°C; 
(CF3)2AsSn(CH3b + CH3SH or CHsSeH at O°C (24 h); 
(CF3)2AsAs(CF3b + (CH3bMH (M = Sn, Ge) at 20°C; 
(CF3)2AsXCF3 (X = S, Se) + (CH3bGeH at 80°C; 
(CF3)2AsXCF3 + (CH3bSnH, for X = S at -20°C, for X = Se at -10°C; in both cases the 
formation of (CF3bAsH is quantitative [8]. 

In benzene, (CF3bAsMn(CO)s reacts with HI at 25°C (600 h) to form (CF3bAsH [9]. 

ChemicaL Reactions 

CF3AsH2 reacts with (CF3As)n (n = 4 and 5) to form (CF3AsH)2 [2]. The reaction with 
compounds of the types [(CH3lsMbP and (CH3bMPH2 (M = Si, Ge, Sn) at room temperature 
forms (CH3bMAs(CF3)2, (CH3bMAsHCF3, and [(CH3bMbAsCF3, see TabLe 56. Within these 
reaction systems two trends concerning the reactivity are observed [4]: 

a) Si < Ge < Sn and b) (CH3bMPH2 < [(CH3bMbPH < [(CH3bMbP 
CF3AsH2 can be used to repLace the (CF3)2P group in compounds of the type (CH3bMP(CF3)2 
[4]: 

(CH3bMP(CF3b + CF3AsH2 --> (CH3bMAsHCF3 + (CF3)2PH 
(CH3bMP(CF3b + (CH3lsMAsHCF3 --> [(CH3)3MbAsCF3 + (CF3b PH 

TabLe 56 
Reactions of CF3AsH2 with [(CH3bMbP and (CH3bMPH2 [4]. 

Compound MoLar ratio 
of phosphine 
to arsine 

Me3SiPH2 2:2.5 

(Me3SibP 2:8.5 

Me3GePH2 4:7.2 

Me3SnPH2 2:6.0 

(Me3Snb P 2: 10.0 

Reaction time Product 
in weeks 

6 Me3SiAsHCF3 
(Me3Si)2AsCF3 

3 Me3SiAsHCF3 
(Me3SibAsCF3 

8 Me3GeAsHCF3 
(Me3Ge)2AsCF3 

3 Me3SnAsHCF3 
(Me3SnbAsCF3 

3 Me3SnAsHCF3 
(MesSnbAsCF3 

YieLd in % 

40 
25 
50 
35 
80 
20 
70 
20 
60 
30 
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Similarly, the CF3P group and the (CH3bSn group can be replaced as foLLows [4]: 

(CH3bGePHCF3 + CF3AsH2 --+ (CH3bGeAsHCF3 + CF3PH2 
[(CH3bSnhAsCF3 + CF3AsH2 --+ 2(CH3bSnAsHCF3 

165 

The mixture of (CF3bAsH and (CH3bSnAs(CF3)2 formed from (CF3)4As2 and (CH3bSnH at 
20°C (1 h) reacts with excess (CH3)ßnH on standing for four weeks at room temperature to 
yieLd CF3AsH2, (CH3bSnAsHCF3, [(CH3bSnhAsCF3, (CH3bSnAs(CF3b, and CF3H [5]. 

(CF3bAsH reacts with CO2(CO)s in pentane at 100°C in two days [6] according: 

CO2(CO)s + (CF3bAsH --+ HCO(CO)4 + (CF3)2AsCo(CO)4 
HCO(CO)4 + (CF3)2AsH --+ (CF3bAsCo(CO)4 + H2 

The reaction with MnCo(CO)9 starts above 80°C producing Mn(CO)sAs(CF3)2 and 
[Co(CObAs(CF3b]n- On raising the temperature to 100°C, MnCo(COh[As(CF3bh is formed [7]. 
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5.3.3 PerfLuoroorganoarsenic Oxygen Compounds 

Tris[bis(trifLuoromethyL)aminooxy]arsine As[ON(CF3)2]3 

Bis[bis(trifLuoromethyL)aminooxy]trifLuoromethyLarsine CF3As[ON(CF3)2]2 

Bis(trifLuoromethyL)aminooxy-bis(trifLuoromethyL)arsine (CF3)2AsON(CF3)2 

As[ON(CF3bb was prepared in about 75% yieLd by the reaction of Hg[ON(CF3bb with AsCL3 
in CLCF2CFCL2 at room temperature in two days (seaLed ampuLe, occasionaL shaking). The 
compound is a coLorLess crystaLLi ne solid, wh ich meLts at 29.5°C. The yieLd of the arsine resuLting 
from the reaction of (CF3)2NO with (CF3bAs or As or from the interaction of Hg[ON(CF3bh with 
As is usuaLLy Low [1]. For the other two compounds no new preparation is given (see Part 3, 
p. 197). 

ALL three compounds remained unchanged on heating for two days at 120°C. They are 
sensitive to moisture. They react at 100°C (1 d) in a seaLed tube with anhydrous HCL, whereby 
the As-O bond is cleaved [1]: 

(n = 1, 2, 3) 

Hydrolysis of the mono- and disubstituted compounds gives fluoroform. [(CF3bNObAs 
reacts with (CH3bSiH at 80°C (7 d) to form smaLL amounts of (CF3b NOH; the reaction with 
methanoL gives [(CF3)2NOhAsOCH3 and (CF3bNOH [1]. 

Tetrakis(pentafLuoroethyL)arsinous anhydride (C2Fs)2AsOAs(C2Fs)2 

The 19F NMR of the compound (see Part 3, p. 197) shows two signaLs, 8(CF3) = -4.83 ppm 
and 8(CF2) = -40.30 ppm, highfield from CF3COOH as externaL standard [2]. 
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Bis[bis(trifluoromethyL)aminooxy]-tris(pentafluorophenyL)arsine [(CF3)2NO]2As(CsFs)3 

The compound is formed by the reaction of (CF3hNO and (CsFsbAs in a sealed ampule 
containing Cl2CFCF2Cl as solvent at room temperature within seven days. The arsenic deriva
tive, when freshly prepared, is a nonvolatile, colorless, highly viscous liquid, which is stable 
in air. Upon standing in air over aperiod of half an hour it slowly converts to a white paste. 
The IR spectrum shows strong absorptions at 1640, 1515, 1380, 1285, 1085, and 966 cm-\ 
which are characteristic of the CsFs groups, further bands at 1310, 1255, and 1205 cm -1 (C-F 
stretching vibrations of the CF3 groups) and at 1030 and 980 cm -1 (N-O and C-N stretching, 
respectively) [2]. 

References: 

[1] H. G. Ang, Y. C. Syn (J. Fluorine Chem. 8 [1976]481/96). - [2] H. G. Ang, W. S. Lien (J. 
Fluorine Chem. 9 [1979] 73/80). - [3] Yu. l. Kopaevich, Z. A. Stumbrevichute, l. A. Fedorov, 
l. S. German (Zh. Obshch. Khim. 43 [1973]1140/7; J. Gen. Chem. [USSR]43 [1973]1132/7). 

5.3.4 PerfLuoroaLkyLarsenic Nitrogen Compounds 

Bis(trifluoromethyL)amlnobis(trifluoromethyL)arsine (CF3)2AsN(CF3)2 

Bis[bis(trifluoromethyL)amino]trifluoromethyLarsine CF3As[N(CF3)2]2 

The reaction of (CF3hNON(CF3h with (CF3bAs in 1: 1 molar ratio in a sealed evacuated 
ampule gives on heating at 98°C (60 h, then trapped at -89°C) (CF3)2AsN(CF3)2 in a yield of 
82.5%, based on (CF3)2NON(CF3h consumed. Similarly, in a molar ratio of 2: 1, the reaction at 
70°C (42 h, then trapped at -60°C) yields CF3As[N(CF3hb (89.5%). On heating CF3As[N(CF3)2] 
with (CF3hNON(CF3h at 100°C for 72 h only (CF3hNOCF3, and no [(CF3hNhAs is formed. It is 
also a by-product in the other two reactions. 

Reference: 

H. G. Ang, W. S. Lien (J. Fluorine Chem. 11 [1978] 419/32). 

5.3.5 Perfluorohalogenoorganohalogenoarsines 

5.3.5.1 Preparation and Physical Properties 

TrifluoromethyLdihaLogenoarsines CF3AsX2 (X = F, Cl, Br, I) 

Bis(trlfluoromethyl)halogenoarsines (CF3hAsX (X = F, Cl, Br, I) 

TrifluoromethyLiodoarsine CF3AsHI 

CF3AsF2 is obtained by the reaction of CF3Asl2 with AgF [1]. CF3AsHI is formed from 
CF3AsHAsHCF3 and HI [2]. New methods of preparation for some of the other compounds (see 
Part 3, p. 203) are given in the following. The reaction of CF3As[ON(CF3hb or (CF3hAsON(CF3h 
with hydrogen chloride at 100°C (1 d, then trapped at -60°C) gives CF3AsCl2 and (CF3hAsCl, 
respectively [3]. CF3AsBr2 is obtained from CF3Asl2 and HgBr2 [1], (CF3hAsBr from (CF3)2Asl 
and HgBr2 [4]. 
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Moleeules and VibrationaL Spectra 

CF3ASX2 (X = F, CL, Sr, I) 

Assuming a symmetricaLly staggered conformation with respect to the AsX2 groups, the 
molecules beLong to the Cs point group. The 15 fundamental modes comprise nine vibrations 
of the species A' and six vibrations of the species A". The fundamentaL modes obtained from 
the anaLysis of the IR spectra of the gases (and partiaLly of the liquids) and of the Raman 
spectra of the liquids are given in TabLe 57. Anormal coordinate anaLysis was performed to 
support the assignment and to limit the force constants (see fable 58). An extensive discussion 
of the assignment and of the potentiaL energy distribution is given in the originaL paper [1]. 

TabLe 57 
Fundamental Vibrations of the Molecules CF3AsX2 from the Analysis of the Vibrational Spectra 
and Approximate Assignment to Vibrations [1]. 
*) Values from liquid-phase spectra. v, Ö, Q, 't: valence, deformation, rocking, torsion vibration; 
s, as: symmetrie, antisymmetrie. 

vi in cm- 1 Vl v2 v3 v4 v5 va V7 

X =F 1207 1146 532 737 246*) 343 714 
X = CL 1197 1135 534 734 254*) 316 417*) 
X = Sr 1185 1126 528 733 238*) 312 295*) 
X = I 1174 1117 530*) 729*) 270*) 302*) 207*) 
species A' A' A' A' A' A' N 
assignment vas(CF3) vs(CF3) öas(CF3) ös(CF3) Q(CF3) v(AsC) v(AsX) 

Vi in cm- 1 va Vg Vl0 Vll v12 v13 V14 v15 

X=F 286*) 523 273*) 698 175*) 
X = Cl 167*) 136*) 1145 527 412 117*) 
X = Sr 99*) 124*) 1141 526*) 243 305 
X = I 76*) 107*) 1139 526*) 279*) 213*) 
species A' A' A" A" A" A" A" A" 
assignment ö(XAsX) ö(CAsX) vas(CF3) öas(CF3) Q(CF3) v(AsX) ö(CAsX) 't 

TabLe 58 
Internal Force Constants of CF3AsX2 (X = F, CL, Sr, I). 
Values in 102 N/m. a) Normalized to d.sx. b) Normalized to r AsX· r AsC. 

fCF fCF/CF' fcAS fAsx fAsXlAsX' f~Asx f~Asx 

CF3AsF2 6.03 0.88 2.42 4.47 0.23 0.33 0.32 
CF3AsCL2 5.88 0.88 2.20 2.40 0.16 0.23 0.24 
CF3AsSr2 5.79 0.84 2.13 1.77 0.09 0.19 0.23 
CF3Asl2 5.71 0.83 1.97 1.45 0.07 0.15 0.22 
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(CF3hAsX (X = F, CL, Sr, I) 

The moLecuLes beLong to the Cs point group on the assumption of a symmetric orientation 
of the CF3 groups. The fundamentaL modes of vibration comprise 13 vibration of the species 
A' and 11 of the species A", see Table 59. The vibrationaL spectra are given in Table 60. A 
normaL coordinate anaLysis was performed to support the assignment and to Limit the force 
constants, see TabLe 61. For detaiLs see the originaL paper [4]. 

TabLe 59 
FundamentaL Vibrations of Vi (i = 1 to 24) (CF3hAsX (X = F, CL, Sr, I) [4]. 
V, 0, Q, 't mean vaLence, deformation, rocking and torsion vibration, A' and A" are symmetry 
cLasses. 

A' A" Assignment A' A" Assignment 

V1' V2 V14' V15 vas(CF3) Vg V22 v(AsC2) 
v3 V16 vs(CF3) v1Q ö(AsC2) 
v4 v17 ös(CF3) V1 1 v(AsX) 

v5' V6 V1B, V19 öas(CF3) v12 v23 ö(CAsX) 

V7' vB V20, V21 Q(CF3) V13 V24 't 

TabLe 60 
IR Spectra (Gas Phase) and Raman Spectra (Liquid Phase) of (CF3hAsX (X = F, CL, Br, I). 
For overtone and combination bands see the originaL paper [4]. 

(CF3)2AsF (CF3hAsCL Assignment 
IR Raman IR Raman 

293 290 w(p) 103 w(dp?) V12 
216 w 219 w(dp) 120 vw v23 

149 w 232 w 230 m V10 
253w 250 vs(p) 248 w 249 vs(p) V7' V20 
325 s 321 m(dp) 337 s 334 m(dp) V22 
347 s 343 m(p) 348 s 347 m(p) Vg 
693 s 679 m(p) 428 m 424vw V11 
535w 535 w(dp?) 523w 528 vw V5' V1B 

530 m 
736 s 734 s(p) 737 s 736 s(p) V4' V17 

1137 vs 1120 vw 1110 vs 1100 vw(dp) V16 
1158 vs 1152 vs v3 
1186 vs 1195 vw 1179 vs 1162 vw V14 
1233 vs 1219 vs 1210 vw V1 

(CF3)2AsBr (CF3h Asl Assignment 
IR Raman IR Raman 

94 w(dp?) 86 m(p) V12 
124 w(p) 118 vw(dp?) V23 

225w 222 w 256w 254 w(p) v10 
243w 243 vs(p) 243w 242 w V7' V20 
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TabLe 60 (continued) 

(CF3l2AsBr (CF3bAsl 
IR Raman IR Raman 

260 m 260 m(dp) 305 m 301 m 
312 ms 312 m(dp) 311 s 310 w(dp?) 
333 s 333 m(p) 332 s 330 w(p) 
325 s 324 m(p) 216 w 215 vs(p) 
521 w 522 vw 523vw 530 vw(dp?) 
533 m 533vw 534 w 
734 s 732 s(p) 734 s 730 s(p) 

1104 vs 1095 vw 1104 vs 1094 vw(dp) 
1137 vs 1139 vw 1135 vs 1136 vw 
1160 vs 1159 vs 
1203 vs 1195 vw 1197 vs 

TabLe 61 
InternaL Force Constants of (CF3bAsX (X = F, CL, Br, I). 
VaLues in 102 N/m2. a) NormaLized to r AsX' r AsC [4]. 

MoLecuLe f(CF) f(CF/CF') f(CAs) f(CAs/CAs') 

(CF3l2AsF 6.22 0.86 2.34 0.46 
(CF3bAsCL 6.11 0.80 2.32 0.43 
(CF3l2AsBr 5.95 0.80 2.25 0.45 
(CF3l2Asl 5.90 0.79 2.23 0.43 

MoLecuLe f(os(CF3)) f(oas(CF3)) f(Q(CF3)) 

(CF3)2AsF 1.70 1.54 0.80 
(CF3)2AsCL 1.69 1.53 0.77 
(CF3l2AsBr 1.70 1.55 0.77 
(CF3bAsl 1.72 1.56 0.77 

Bis{pentafLuoroethyL)haLogenoarsines (C2FsbAsX (X = F, CL, Br, I) 

PentafLuoroethyLtrifLuoromethyLiodoarsine C2Fs(CF3)Asl 

f(AsX) 

4.27 
2.45 
1.85 
1.65 

Assignment 

V4, V17 
v16 

V3 
V14 
V1 

f(CAsX)a) 

0.29 
0.16 
0.15 
0.14 

169 

For the Last compound no preparation is given. For photolysis of the iodide see p.172. The 
preparation of the other compounds, (C2FsbAsX, is described in Part 3, p. 204. 

The 7sAs, 79Br, and 81Br nucLear quadrupoLe resonance spectra of (C2Fs)2AsF and of 
(C2FsbAsBr at 77 K showed foLLowing frequencies [5]: 

NucLeus 7sAs 
NucLeus 81Br 
NucLeus 79Br 

GmeLin Handbook 
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148.77 MHz 170.06 MHz 
200.12 MHz 
239.55 MHz 
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The 75As frequencies are substantially higher than those for symmetrically substituted As 
compounds as (C2F5hAs (see p.174). This shows a remarkable distortion of the trigonal 
pyramid around the trivalent As atom. Also, the 81Br signal is at higher frequencies than that 
of AsBr3. Evidently, arearrangement of the electron system of the molecule du ring the 
unsymmetric substitution leads to an increase in the covalent nature of the As-Br bond [5]. 

The chemical shifts ö (in ppm) in the 19F NMR spectra (negative shifts mean highfield from 
the external standard CF3COOH) are given in the following [6]: 

(C2F5h AsF (C2F5h AsCl (C2F5hAsBr (C2F5hAsl 

ö(CF3) -5.58 -4.16 -3.47 -2.76 
ö(CF2) -42.47 -36.32 -32.0, -34.5 -24.7, -31.2 
ö(AsF) -150.47 

The chemical shifts and the multiplicities of the CF2 signals depend considerably on X. 
When X = Br or I the spectrum consists of an AB quartet with the parameters ,MAB = 6.5 ppm 
for X = land 2.5 ppm for X = Br. The spin-spin coupling constant J(F-F) is found to be 283 Hz 
(I) and 287 Hz (Br). In the other compounds there are only weak signs of a fine structure of 

the CF2 signals. In the bromine and iodine compounds, the F nuclei of the CF2 groups are 
diastereotopic. The cause of this lies in the different configurational environment of the Fa and 
Fb nuclei on averaging over the three rotational isomers A, B, and C under condition of rapid 
rotation around the As-C bond (structure I) [6]. 

Bis(1-chLorotetrafLuoroethyL)haLogenoarsines (CF3CFClhAsX, X = F, Cl, Br, I 

(CF3CFClhAsCl is formed in 14% yield as a by-product when (CF3CFClhAsF (58% yield) is 
prepared by reaction of AsF3 with F2C=CFCl in presence of SbF5 at 20°C (6 h) [7], see also Part 
3, p. 204. The compounds (CF3CFClhAsX are formed by nucleophilic replacement reactions 
of the fluoride according to [6]: 

X-
(CF3CFCl)2AsF ----> (CF3CFClhAsX 
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Physical properties: 

(CF3CFCLbAsF: Boiling point 117°C. Mass spectrum: m/e = 344,366,368, M + (0.25); 229, 231, 
CF3CFCLAsF+; 135, 137, C2F4Cl+; 116, 118, C2F3Cl+ (100) [7]. 
(CF3CFClbAsCL: Boiling point 142°C. Mass spectrum: m/e = 380, 382, 384, 386, M + (0.15); 
245, 247,249, CF3CFClAsCL+; 135, 137, C2F4Cl+ (31.3); 129, 131, AsFCl+ (100); 116, 118, 
C2F3CL + (67.8) [7]. 

The compounds (CF3CFClbAsX have two chiral and one prochiral centers. As a resuLt, 
they may exist as three diastereoisomeric forms, the symmetric forms A and Band the 
unsymmetrical form C, see beLow [6]. 

F ~.x F F,).Q' ,F 

X' y *= "x r-. cl CF3 CF3 'cl cl CF3 CF3 'CL 

F,. ~/ "F == F:. x~ / X' Y ,~)<, 
CL CF3 CL CF3 CL CF3 CL CF3 

A B C 

In the isomers A and B both CFCl groups, as welt as both CF3 groups are enantiotopic. In 
form C, both CFCl and both CF3 groups are diastereotopic. This is shown by the investigation 
of 19F NMR spectra. The resulting four signals of the CFCl groups as welt as the CF3 signaL for 
the three compounds with X = F, Cl, I are given below (0 in ppm, external standard CF3COOH) 
[6]: 

X 8(CF3) 8(CFCl) 
forms A and B form C 

F*l 0.3 - 58.83, - 63.6 -60.7, -62.3 
Cl 1.6 - 52.55, - 56.3 -54.2, -55.2 
I 3.0 -44.0, -49.0 -45.4, -46.9 

*l 8(AsF) = 108.78 

Bis(heptafluoropropyl)iodoarsine (C3F7 bAsl 

Heptafluoropropyltrifluoromethyliodoarsine (C3F7) (CF 3)Asl 

No preparation is given in the literature. For chemicaL reactions see p. 172. 

Tris(pentafluorophenyl)dichloroarsorane (CsF sbAsCL2 

Tris(pentafluorophenyl)chloronitratoarsorane (CsF sbAsCl(N03) 

Tris(pentafluorophenyl)chloroperchloratoarsorane (CsF S)3AsCl( ClO 4) 

Dropwise addition of a solution of Cl2 in CCl4 to a solution of (CsFsbAs in chloroform and 
stirring for 5 h at room temperature produces (CsFsbAsCl2 (yield 92%). The compound can 
aLso be obtained, in 80% yieLd, by adding diethyL ether to a mixture of (CsFsbAs and TlCL3 and 
stirring at room temperature for 12 h under nitrogen. The nitrato and perchlorato compounds 
are formed by addition of the corresponding silver salts (AgN03 or AgCl04 in benzene) to 
(CsFs)AsCl2 in benzene. The yield is about 50 to 60% [8]. 
Gmelin Handbook 
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Physical Properties [8]. 

(C6FshAsCl2: Melting point 190°C. Conductivity (in 0-1 . cm2 . mOl-1, 5x 104M acetone 
sOlutions) A = 1.64. 

(C6FshAsCl (N03): melting point 205°C; A = 5.12; IR: v(As-Cl) = 300 (s), vas(N02) = 
1450 to 1500 (vs), vs(N02) = 1260 (s), ö(N03) = 800 cm -1 (s). 

(C6FshAsCl (Cl04): melting point 225°C; A = 160.08; IR: v (As-Cl) = 300 (s), Cl04 vibrations 
V1 = 1150 (vs), V3 = 625 (m), Vs = 635 cm- 1 (m). 

5.3.5.2 ChemicaL Reactions 

(CF3bAsF2 reacts in benze ne with (CH3hSiNR2 (R = CH3, C2Hs, n-C3H7) at 80°C (30 h, 
sealed ampule) forming (CF3)2AsNR2 and (CH3hSIF [9]. The reaction of (CF3bAsCl2 with 
Re2(CO)10 at 130°C (18 h) or at 185°C (10 h) yields Re2(CO)s[As(CF3)2b, Re2(CO)sAs(CF3bCl 
and an unidentified polynuclear complex [10]. Heating of (CF3CFClbAsF with a 50% solution 
of (C2HshN in methanol gives only CF3CFClH in quantitative yield [7]. 

Reactions 01 PerfLuoroaLkyliodoarsines 

The photolysis of the iodides (CF3bAsl, C2Fs(CF3)Asl, C3F7(CF3)Asl, (C2FsbAsl, and 
(C3F7bAsl was investigated in view of the iodine photodissociation laser. The absorption band 
near 290 nm (for all compounds) is responsible for the laser action of the iodine atoms 
according to the transition 52P1/2-52P3/2' Above a certain pumping energy the compounds 
decompose thermally, for details see [11, 12]. Kinetic investigations of the quenching of the 
excited I atoms (52P 1/2) according 

I + (CF3bAsl ~ (CF3)2As + 12 
k 

I + (CF3bAsl ---4 (CF3)2Asl + I 

gave k2 = 1.7x10-13 cm3 . molecule' S-1 and k1 ~ k2 [13]. The recombination ofl(2P3/2) 
atoms in presence of (CF3bAsl has been investigated by [14]. 

The iodides CF3Asl2 and (CF3bAsl are excellent starting compounds for the synthesis of 
CF3AsH2 and (CF3bAsH, respectively. The reaction, especially with (CH3hSnH [15] is described 
on p.163. The reaction of CF3Asl2 with Hg and HI gives CF3AsHAsHCF3 (p. 176), CF3AsH2 
(p. 163) and (CF3As)n, n = 4,5 (p. 162). (CF3bAsl reacts with (CH3bSnAsH2 at -78°C in toluene 
forming (CF3bAsAsH2 [16] (p. 176) and with F3SiPH2 at room temperature in 5d forming 
(CF3bAsPH2 (p. 177) and SiF31 [17]. 

The reaction of (CF3bAsl with CoMn(CO)g proceeds at O°C (24 h, sealed ampule, with or 
without pentane as solvent) according to [18]: 

CoMn(CO)g + (CF3bAsl -+ Mn(CO)sl + (CF3)2AsCo(CO)4 

The laUer compound decomposes according [18]: 

n{CF3)2AsCo(CO)4 -+ [Co(CObAs(CF3)2]n + nCO 

On raising the temperature to 110°C Mn2(CO)sAs(CF3b, (CF3bAsl, and As2(CF3)4 are 
formed. Heating for several days at 100°C produces the heteronuclear compound 
MnCo(COh[As(CF3bb [19]. Heating of (CF3bAsl with Re2(CO)10 at 120°C to 170°C for 27 to 
57 h in a sealed ampule results in the formation of a mixture of Re2(CO)sAs(CF3bl, 
Re2(COls[As(CF3bb, Re{CO)sl and an unidentified polynuclear complex [10]. 
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Reactions of (CsFshAsCL2 

RefLuxing (5 h) a solution of (CsFsbAsCl2 and CH3COOAg in acetone containing a few drops 
of anhydrous acetic acid gives (CsFsbAsClOCOCH3' Stirring of (CsFsbAsCl2 in methanol or in 
ethanol at room temperature for 12 h results in the formation of (CsFsbAsClOR (R = CH3, 

C2Hs)' With phenol, using acetone as solvent, (CsFsbAsClOCsHs is obtained. The physical 
properties of the compounds are given in labte 62 [8]. 

Table 62 
Physical Properties of the Products of Reactions of (CsFsbAsCl2 [8]. 

Compound Melting Conductivitya) IR 
point in n- 1 ·cm2. in cm- 1 

inoC mol- 1 

(CsFsbAsClOCOCH3 210 5.74 v(As-Cl) = 300, vas(OCO) = 2635 (s), 
vs(OCO) = 1290 (s) 

(CsFsbAsClOCH3 215 2.81 
v(As-Cl) = 300, v(C-H) = 2920 (m) 

(CsHsbAsClOC2Hs 210 2.52 
(CsFsbAsClOCsHs 220 0.54 v(As-Cl) = 300 

a) Measured in 5 x 10-4 M solution, solvent acetone. 

(CsFsbAsCl2 oxidizes ClAuP(CsHsb to Cl3AuP(CsHsb and is reduced to (CsFsbAs. On heating 
(CsFsbAsCl2 with a suspension of an excess of LiBr or Nal in acetone the following reaction 
takes place [8] : 

(X = Br, I) 
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5.3.6 Tris(perfluorohalogenoorgano)arsines 

Tris(trifLuoromethyl)arsine (CF3bAs 

Tris(pentafLuoroethyl)arsine (C2F sbAs 

Tris(pentafLuorophenyl)arsine (C6F sbAs 

The compounds have been already described in Part 3, p. 213. 

The vibrationaL spectra of gaseous, liquid and solid (CF3bAs were recorded and assigned 
to the molecular vibrations [1]. The result is in fair agreement with the investigation reported 
in Part 3, p.214. The arsine reacts with (CH3bSnH at room temperature forming 
(CH3bSnAs(CF3h and CF3H. No reactions occur with (CH3bSiH and (CH3bGeH. The reason is 
the H-M bond strength wh ich increases with decreasing H-M distance (M = Sn, Ge, Si) [2]. 
Unlike (CH3bAs, (CF3bAs forms no addition compounds with B2H6 [3]. 

The 19F NMR spectrum of (C2FsbAs shows the chemical shifts ö = -5.85 (CF3) and 
-27.46 ppm (CF2) with reference to the external standard CF3COOH. The haloform decomposi
tion reaction (with a 50% solution of (C2HsbN in CH30H) leads to CF3CF2H [4]. The 7sAs signal 
in the NQR spectrum is found to be at 108.92 MHz [5]. 

(C6FsbAs reacts with AgCl04 in benzene producing (C6FsbAsAgOCl03 (p. 177) and 
Ag+[As(C6FshhCl04" (p. 177). The reduction of ethanol solutions of NiCl2 with a stoichiometric 
amount of NaBH4 in the presence of the arsine gives metallic nickel, indicating that the arsine 
is unable to stabilize nickeL(I) under these conditions [6]. For the reaction of (CF3bAs with 
(CF3hNON(CF3h see p. 166. 

Bis(pentafLuoroethyl) (1-chlorotetrafLuoroethyl)arsine (C2Fs)2AsCFClCF3 

Bis(pentafLuoroethyl) (2-chlorotetrafLuoroethyl)arsine (C2F S)2AsCF 2CF 2Cl 

A mixture ofthe isomers (C2Fs)2AsCFClCF3 (70%) and (C2FshAsCF2CF2Cl (30%) is obtained 
in an overall yield of 63% by reacting (C2Fs)AsF with F2C=CFCl in presence of SbFs for 6 h at 
20°C in a steel ampule, followed by fractional distillation. The mixture boils at 115 to 116°C. 
The mass spectrum shows peaks at m/e = 448/450, M + (13); 329/331, M + - C2Fs (13.0); 135, 
137, C2F4Cl + (100); 119, C2Ft (50) [7]. The 19F NMR spectrum (negative shifts upfield from 
external standard CF3COOH) shows the shifts ö = -5.31 (CF3) and -27.10 (CF2) for the C2Fs 
groups and ö = -1.10 (CF3) and - 46.35 (CF2) for the first and - 21.06 (CF2) and 9.56 (CF2Cl) 
for the second compound [4]. The treatment of the mixture with a 50% solution of (C2HsbN in 
CH30H gave CF3CF2H, CF3CFClH, and F2C=CF2 in quantitative yields [7]. 

Tris(3,3,3-trifLuoro-1-propynyl)arsine (CF3C=ChAs 

The preparation of the compound by the reaction of CF3C=CLi and AsCl3 as al ready 
described on the basis of a private communication, see Part 3, p. 214, has now been published 
[8]. The mass spectrum and the fragmentation scheme are also given in [8]. 
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5.3.7 Perfluoroorganodiarslnes, Bis(trlfLuoromethyl)phosphlnoarslne, 
(C6Fs)3AS-Ag Complexes 

letrakls(trlfluoromethyl)diarsine (CF3)2AsAs(CF3)2 

For preparation and properties see Part 3, p. 222. - The IR spectra of the gaseous and 
solid compound between 1400 and 33 cm -1 and the Raman spectra of the Liquid and the solid 
arsine have been recorded and anaLyzed [1]. A comparison of the IR and Raman bands shows 
that the mutuaL excLusion principLe is operative, and it is concLuded that (CF3)4As2 exists in 
onLy the trans-structure(C2h) in all three physicaL states. The moLecuLe has 48 fundamentaL 
vibrations; 36 of these are motions due to the CF3 groups. The remaining 12 skeLetaL vibrations 
are represented under C2h symmetry by 4Ag + 3Au + 2Bg + 3Bu and are assigned as follows 
from the Raman (Ra) and IR spectra of the solid, see labte 63 [1]. The tweLve CF3 stretching 
modes give rise to extremeLy intensive IR absorption and rather weak Raman scattering 
between 1075 and 1175 cm- 1. The in-phase (Ag) componentofthe CF3 symmetric deformation 
is a strong poLarized Raman band at 733 cm -1, the out-of-phase component (Au or Bu) appears 
as an intense IR band at 733 cm- 1. The antisymmetric deformations are Located at 533 (Ra), 
536,527 (IR), the rocking vibrations at 258,226 (Ra), 277, 257, 246, and 227 (IR) cm- 1 [1]. 

TabLe 63 
SkeLetaL Vibrations of (CF3)2AsAs(CF3h [1]. 

Sym
metry 

Approximate 
description 

AsC2 stretching 
AsAs stretching 
AsC2 wagging 
AsC2 deformation 
AsC2 stretching 
AsC2 twisting 
torsion 

v (in cm- 1) 

337 (Ra) 
203 (Ra) 
124 (Ra) 
99 (Ra) 

313 (IR) 
105 (IR) 

Sym- Approximate v (in cm- 1) 

metry description 

Bg AsC2 stretching 324 (Ra) 
AsC2 twisting 99 (Ra) 

Bu AsC2 stretching 335 (IR) 
AsC2 wagging 
AsC2 deformation 86 (IR) 

(CF3)4As2 reacts with metaL carbonyLs and with compounds of the type HMR3 (M = eLement 
of the main group 4, R = aLkyL group). fable 64, p. 176, gives a survey of these reactions. 
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TabLe 64 
Reactions of (CF3)4As2 with HM(CH3b (M = Ge, Sn) and MetaL CarbonyLs. 

Starting Conditions 
compound 

HGe(CH3b 20°C (98d) 
HSn(CH3b 20°C (1 h) 
HMn(CO)5 20°C (10 min) 
HRe(CO)5 20°C 
CoMn(CO)9 O°C (4 d) 

100°C (4d) 

MnRe(CO)10 160 to 190°C 

CO2(CO)s 
Re2(CO)10 120/150/175/190°C 

(90/25/20/45 h) 
Re(CO)5CL 90°C (62 h) 
Re(CO)5Br 90°C (88 h) 
Re(CO)51 90°C (108 h) 
Mn(CO)5CL 70°C (60 h) 

Mn(C°lsBr 60°C (108 h) 

Mn(CO)51 50°C(110h) 

1,1-Bis(trifLuoromethyL)diarsine (CF3)2AsAsH2 

1,2-Bis(trifLuoromethyL)diarsine CF3AsHAsHCF3 

Product 

Ge(CH3bAs(CF3b, (CF3)2AsH 
Sn(CH3bAs(CF3), (CF3)2AsH 
Mn(CO)5As(CF3b 
Re(CO)5As(CF3b 
Mn(CO)5As(CF3b, 
[Co(CObAs(CF3h]n 
MnCo(COh[As(CF3hb 
[Co(CObAs(CF3h]n 
Mn2(CO)s[As(CF3hh, 
Re2(CO)s[As(CF3)2h, 
MnRe(CO)s[As(CF3)2h 
CO(CO)4As(CF3)2 
Re2(CO)s[As(CF3hh 

Re2(CO)sAs(CF3hCL 
Re2(CO)sAs(CF3hBr 
Re2(CO)sAs(CF3h l 
Mn2(CO)sAs(CF3hCL, 
Mn2(CO)s[As(CF3)2h, 
Mn(CO)5As(CF3h 
Mn2(CO)sAs(CF3h Br, 
Mn2(CO)s[As(CF3hh 
Mn2(CO)sAs(CF3)21 

Ref. 

[2] 
[2] 
[3,4] 
[4] 
[5] 

[6] 

[6] 

[5] 
[7] 

[8] 
[8] 
[8] 
[8] 

[8] 

[8] 

On sLowLy warming (from -198 to -78°G) a mixture of (CF3hAsl and (CH3bSnAsH2 in a 
seaLed gLas ampuLe under nitrogen, a broad 19F NMR signaL with a chemicaL shift 0 = 
-48.5 ppm (standard CFCL3) is observed, which is assigned to (CF3hAsAsH2. The isoLation of 
the compound was not successfuL [9]. 

CF3AsHAsHCF3 forms in 20 to 40% yieLd by the reaction of CF3Asl2 with Hg in presence of 
HI (moLar ratio of 1: 1 for CF3Asl2 to HI). The 19F NMR spectrum of the diarsine in CH3CN 
(negative shifts upfieLd from the internaL standard CFCL3) shows two (AX3h systems (A = 1H, 
X = 19F) of unequal intensity with 1i = -39.26 (J = 11 Hz) and -39.45 ppm (J = 10.5 Hz), 
wh ich are assigned to the two diastereomers shown beLow in ecLipsed configuration [10] . 

meso form 

.......... As-- CF 
H \ 3 

F3C .......... AS --H 

± form 
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The arsine decomposes in the Liquid phase beLow room temperature to give CF3AsH2 and 
(CF3As)n, n = 4 and 5. The reaction with HI yieLds CF3AsH2 and CF3Asl2 [10]. 

Bis(trifluoromethyL)phosphinoarsine (CF3)2AsPH2 

The compound (Part 3, p. 222) forms quantitativeLy by the reaction of (CF3bAsH and F3SiPH2 
at room temperature in 5d in a seaLed ampuLe [11]. 

The CompLexes (C6F5hAsAgOCL03 and Ag+[As(C6F5h12CLOi 

Addition of (C6F5bAs to a benzene soLution of AgCL04 (moLar ratio 1: 1) under nitrogen at 
room temperature resuLts after 2 h in the formation of the neutral compLex, eLectric conductivity 
(in n- 1·cm2·moL- 1) A = 175.59 in acetone, 0.14 in benzene. On changing the moLar ratio to 
1: 2 the cationic compLex forms in 75% yieLd, meLting point 213°C, A = 187.4 in acetone [12]. 

Relerences: 

[1] J. W. Thompson, J. D. Witt, J. R. Durig (Inorg. Chem. 12 [1973]2124/8). - [2] S. Ansari, 
J. Grobe (Z. Naturforsch. 30b [1975] 531/4). - [3] J. Grobe, R. Rau (Z. Anorg. ALLgem. Chem. 
414 [1975]19/29). - [4] J. Grobe, R. Rau (J. FLuorine Chem. 11 [1978]265/90). - [5] G. BeyseL, 
J. Grobe, W. Mohr (Z. Anorg. ALLgern. Chem. 418 [1975]121/31). 

[6] G. BeyseL, J. Grobe, W. Mohr (J. OrganometaL. Chem. 170 [1979]319/36). - [7] J. Grobe, 
W. Mohr (J. FLuorine Chem. 8 [1976] 145/64). - [8] J. Grobe, W. Mohr (J. FLuorine Chem. 8 
[1976] 341/52). - [9] A. Breckner, J. Grobe (Z. Anorg. ALLgern. Chem. 414 [1975] 269/76). -
[10] R. C. Dobbie, P. O. GosLing (J. Chem. Soc. Chem. Commun. 1975585/6). 

[11] G. Fritz, H. Schäfer, R. Demuth, J. Grobe (Z. Anorg. ALLgern. Chem. 407 [1974]287/94). 
- [12] A. Otero, P. Royo (J. OrganometaL. Chem. 149 [1978] 315/20). 

5.4 PerfLuorohaLogenoorgano Compounds 01 Antimony 

5.4.1 Preparation and PhysicaL Properties 

Dodecafluoro-13,14-distibatriptycene 

The triptycene forms in 12% yield on heating antimony powder with 1,2-diiodotetrafLuoro
benzene in an evacuated sealed tube at 300°C for three days [1] or at 250°C overnight; it can 
aLso be made by heating (HgC6F4b and Sb [2]. The compound was recrystaLLized from 60 to 80 
petroleum ether. The meLting point is 258 to 259°C [2] (245 to 246°C is given in [1]). The 
19F NMR spectrum shows signals at 0 (F3,F6) = -114.5 and 0 (F4,F5) = -153.8 ppm (internaL 
standard CFCL3, THF soLution) [2] (corrected values compared with those in [1]). The mass 
spectrum shows the pa re nt peak at m/e 685.7890; further main peaks due to the ions 

GmeLin Handbook 
CF Comp. Suppt. 1 

12 



178 Compounds of Main Group 5 Elements 

SbC12F;, SbCsFt, SbF;, SbF+, and Sb + are observed [1,2]. X-ray powder diffraction studies 
show that the distibatriptycene is isostructural with the diarsatriptycene [1]. IR spectra confirm 
this structure [1, 2]. 

The reaction of 1,2-dilithiumtetrafluorobenzene of SbCl3 in THF at - 78°C, followed by 
warming to 20°C after reaction had ceased, gives a product wh ich is regarded to be the 
triptycene, melting point 155°C, 19F NMR: Ö = -112.8 and -150.0 ppm [3]. The difference of 
these values from those in [2] is considered as an indication, that the compound prepared in 
[3] is not the triptycene [2]. 

Bis(trifLuoromethyl)stibine (CF3hSbH 

Bis(trifLuoromethyl)chlorostibine (CF 3hSbCl 

Bis(trifLuoromethyl)bromostibine (CF 3hSb B r 

Bis(trifLuoromethyl)iodostibine (CF3hSbl 

(CF3hSbH is formed by reaction of (CF3)4Sb2 with (CH3bSnH [4]. Excess anhydrous HCl 
was reacted with (CF3)2SbON(CF3b yielding crude (CF3hSbCl. Attempts to purify the compound 
were unsuccessful, since it disproportionated rapidly to (CF3bSb and SbCl3 at room 
temperature [5], for further details see Part 3, p. 226. (CF3hSbBr is formed by reacting (CF3)2Sbl 
with HgCl [4]. Beside chemical reactions, no new preparative and physical investigations on 
(CF3hSbl, see Part 3, p. 226, are known. 

Moleeules and Spectra 

The molecules (CF3bSbX, X = H, Cl, Br, I belong to the Cs point group on the assumption 
of a symmetric orientation of the CF3 groups. The fundamental modes of vibration comprise 
13 vibrations of the species A' and 11 of the species A", see Table 59 (p. 168) for the analogous 
arsenic compounds. The vibrational spectra of the stibines are given in labte 65. Anormal 
coordinate analysis was performed to support the assignment and to limit the force constants 
(see labte 66). For details see the original paper [6]. 

Table 65 
Observed Vibrational Frequences and Approximate Assignment for (CF3hSbX, X = H, Cl, 
Br, I [6]. 
The values (in cm- 1) are averages of IR and Raman measurements. The first quotation within 
the parentheses gives the IR intensity, the second one the Raman intensity (for abbreviations 
see p. 153). v, Ö, Q: valence, deformation, rocking vibration; s, as: symmetric, antisymmetric. 

(CF3hSbH (CF3hSbCl (CF3hSbBr (CF3hSbl Assignment 

A' 1154 (vs, vw) 1175 (vs, vw) 1177 (vs, vw) 1170 (vs, vw) vas(CF3) 
1094 (vs, vw) 1093 (vs, vw) 1089 (vs, vw) 1087 (vs, vw) vs(CF3) 
714 (s, s, p) 719 (s, s, p) 719 (s, s, p) 717 (s, s, p) 8s(CF3) 
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Table 65 (continued) 

(CF3hSbH (CF3hSbCl (CF3hSbBr (CF3hSbl 

A' 515 (w, w, dp) 523 (w, w, dp) 528 (w, w, dp) 524 (w, w, dp) 
245 (m, ms, p?) 226 (w, vs, p) 255 (w, s, p) 241 (w, ms, p) 
273 (ms, m, p) 274 (ms, s, p) 276 (s, s, p) 272 (s, ms, p) 
? 192(-,w,p?) 195(-,w) 182(-,w) 

1845 (s, s, p) 380 (s, s, p) 217 (m, VS, p) 189 (-, VS, p) 
532 (m, w) 97 (-, w) 80(-,w) 70(-, w) 

A" 1145 (vs, vw) 1111 (vs, vw) 1112 (vs, vw) 1112 (vs, vw) 
1083 (vs, vw) 1093 (vs, vw) 1089 (vs, vw) 1087 (vs, vw) 
714 (s, s, p) 719 (s, s, p) 719 (s, s, p) 717 (s, s, p) 
515 (w, w, dp) 523 (w, w, dp) 528 (w, w, dp) 524 (w, w, dp) 
221 (w, w, dp) 226 (w, vs, p) 217 (m, vs, p) 226 (m, w, dp) 
253 (m, w) 256 (m, m, dp) 250 (m, m) 252 (m, m, dp) 
617 (m, b, w) 113(-,m,dp) 99 (-, w, dp) 81 (-, w) 

Table 66 
Internal Force Constants 01 (CF3hSbX, X = H, Cl, Br, I [6]. 
Values in 102 N/m. *) Normalized to rSbX' rSbC' 

Molecule ICF ICF/CF' ICSb 'CSb/CSb' ISbX 

(CF3hSbH 5.76 0.76 1.84 0.24 2.10 
(CF3hSbCL 5.82 0.87 1.80 0.25 2.30 
(CF3hSbBr 5.82 0.87 1.67 0.22 1.55 
(CF3hSbl 5.80 0.90 1.60 0.25 1.00 

Bis(trifLuoroaminooxy)bis(trifLuoromethyL)stiblne (CF3hSbON(CF3h 

Bis[bis(pentafLuorophenyL)stibine]oxide (C6F shSbOSb( C6F S)2 

Tris(trifLuoromethyL)stibine (CF 3hSb 

Tris(3,3,3-trifLuoro-1-propynyL)stibine (CF 3C=ChSb 

Tris(pentafLuorophenyL)stibine (C6F shSb 

179 

Assignment 

öas(CF3) 
Q(CF3) 
v(SbC2) 
ö(SbC2) 
v(SbX) 
ö(CSbX) 

vas(CF3) 
vs(CF3) 
ös(CF3) 
öas(CF3) 
Q(CF3) 
v(SbC2) 
ö(CSbX) 

ICSbX*) 

0.15 
0.11 
0.09 
0.07 

(CF3)2SbON(CF3h was prepared by the reaction 01 (CF3laSb with (CF3hNO (molar ratio 1 : 2) 
at -74°C (1 h) and trapped at -30°C. The vapor IR spectrum shows bands characteristic 01 
the CF3 and (CF3hNO groups at 1885 (w), 1808 (s), 1466 (w), 1370 (s), 1325 (vs), 1280 (vs), 
1240 (vs), 1190 (vs), 1145 (vs), 1125 (vs), 1095 (vs), 1070 (s), 970 (s), 
800 (m), 710 (s) cm- 1 [5]. 
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180 Compounds of Main Group 5 Elements 

[(CsFsbSbbO is formed by addition of small amounts of H20 to a solution of (CsFsbSb in 
petroleum ether. After stirring at room temperature for a few minutes, evaporation of the 
solvent gives the compound as a crystalline solid in 80% yield, melting point 142°C, electrical 
conductivity 1.26 n- 1 . cm2. mol- 1 for a 5 x 10-4M solution in acetone [7]. The compound shows 
IR absorptions found for (CsFsbSb by [8] and an additional absorption at 870 to 790 cm- 1 

which is assigned as Sb-O-Sb vibration [7]. 

The preparation and the properties of the stibines (CF3bSb and (CsFsbSb are described 
in Part 3, p. 227. The preparation of (CF3C=CbSb given in Part 3, p. 227, as private communica
tion has now been published [9]. The mass spectrum of the propynyl compound together with 
its fragmentation scheme is given in [9]. Solid-state IR and Raman spectra (400 to 40 cm-\ 
including a discussion of the vibrational assignments, are given in [8]. For reactions of (CF3bSb 
see p. 181. 

Tris(pentafLuorophenyL)dichLorostiborane (CSFS)3SbCl2 

Tris(pentafLuorophenyL)dibromostiborane (CsFsbSbBr 2 

Tris(pentafLuorophenyL)-bis[bis(trifLuoromethyL)aminooxy]stiborane (CsFsbSb[ON(CF3)212 

Tris(pentafLuorophenyL)dinitratostiborane (CSFS)3Sb(N03l2 

Tris(pentafLuorophenyL)diperchLoratostiborane (CsFsbSb(Cl04)2 

Bis[tris(pentafLuorophenyL)chLorostiborane]oxide Cl(CsFs)3SbOSb(CsFs)3Cl 

Bis[tris(pentafLuorophenyL)nitratostiborane]oxide N03(CsFsbSbOSb(CsFs)3N03 

Bis[tris(pentafluorophenyL)perchLoratostiborane]oxide Cl04(CsFsbSbOSb(CsFs)3Cl04 

(CsFsbSbCl2 forms by direct chlorination of (CsFsbSb in ethanol [8] or by slowly adding a 
solution of Cl2 in CCl4 to a solution of (CsFsbSb in petroleum ether and stirring at room 
temperature for a few minutes [7]. The white crystals wh ich precipitated were recrystallized 
from light petroleum ether, yield 78%. The dichloride is also formed on adding diethyl ether 
to asolid mixture of (CsFsbSb and TlCl3 and stirring at 20°C for 48 h (yield 70%) or on adding 
(CsFsbSb to a solution of CuCl2 . 2 H20 in acetone and stirring at 20°C for 1 h (80% yield) [7]. 
The melting point (m.p.) is 255 [7] or 255 to 257°C [8], the electrical conductivity of the dichloride 
(5x 10-4M sOlution) is found to be A = 40.08 in acetone and 16.06 n- 1 . cm2 
. mol- 1 in nitromethane [7]. Direct bromination of (CsFsbSb in CCl4 solution leads to the 
precipitation of (CsFsbSbBr2, m.p. 207 to 209°C [8]. The solid-state IR and Raman spectra, 
including a discussion of the vibrational assignments, are given for the dichloride and for the 
dibromide [8]. 

(CsFsbSb[ON(CF3)2b is prepared by reaction of (CF3)2NO and (CsFsbSb in Cl2CFCF2Cl as 
solvent in a sealed am pule within a few minutes at room temperature, yield 87%, m.p. 143 to 
144°C, IR: 1643 (s), 1515 (s), 1495 (vs), 1395 (s), 1290 (vs), 1250 (vs), 1220 (s), 1205 (vs), 1192 
(s), 1150 (vw), 1095 (vs), 1040 (vs), 980 (vs), 965 (vs), 801 (m), 735 (vw), 722 (vw), 
710 (s), 680 (vw), 619 (vw), 540 (w) cm- 1 [10]. 

Adding a solution of (CsFsbSbCl2 in benzene to a solution of AgN03 in benzene and stirring 
under reflux for 2 h yield (CsFsbSb(N03)2, yield 40%, A = 0.09 n- 1 . cm2 . mol- 1 in benzene, 
IR: vas (N02) = 1450 to 1500cm-1, VS (NO) = 1010 to 1040cm- 1 [7]. The same procedure 
using AgCl04 gives (CsFsbSb(Cl04), m.p. 95°C, A = 260.43 in acetone, and 178.35 in 
nitromethane, IR: 1140 (s), 925 (vw), 625 (m), 1010 to 1020 (vs), 635 (m) cm -1 (Cl04 modes) 
[7]. 
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[(C6FsbSbClhO forms on stirring (C6FsbSbCl2, dissolved in hot aqueous ethanol, at 20°C 
for 1 h, yield 42%, m.p. 105°C, A = 38.32 0- 1 . cm2 . mol- 1 in acetone, IR: v (Cl-Sb) 
= 330 cm- 1 [7]. 

[(C6FsbSb(N03)hO is obtained in 43% yield on stirring a suspension of (C6FsbSb(N03l2 in 
water for 1 h at room temperature, m.p. 130°C, A = 30.21 in acetone and 12.86 0- 1 . cm2 

. mol- 1 in nitromethane. 

The compound [(C6FsbSbhO(Cl04l2 in 58% yield forms on adding dropwise a solution of 
[(C6FsbSbClhO in ethanol to a solution of AgCl04 in benzene and stirring at 20°C for 2 h. 
Another procedure is to stir a solution of (C6FsbSb(Cl04l2 in aqueous acetone for 1 hat 20°C, 
yield 76%, m.p. 110°C, A = 257.34 in acetone, 167.890- 1 . cm2 . mol- 1 in nitromethane, IR 
(Sb-O-Sb) = 730 to 650 cm- 1 [7]. 

5.4.2 ChemlcaL Reactions 

The distibatriptycene (C6F4bSb2 decomposes slowly at 400°C. After 15 h more than half of 
the compound is recovered [2]. 

The photolysis of (CF3l2Sbl with a xenon flash lamp yields excited iodine atoms. Thus this 
compound is discussed for use as photodissociation-iodine laser [11]. 

(CF3l2SbON(CF3l2 is thermally stable up to -30°C. At higher temperatures it decomposes 
forming perfluoroazapropene, trifluoromethylisocyanate and a white unidentified substance. 
The reaction with a 20% NaOH forms 2 mol CHF3; with anhydrous HCI the reaction yields 
(CF3l2NOH quantitatively [5]. 

(CF3bSb reacts at -74°C with (CF3l2NO in a molar ratio 1:2 forming (CF3l2SbON(CF3l2. 
Molar ratios of 1 : 4 and 1: 6 yield perfluoro-2-azapropene, trifluoromethylisocyanate and white 
unidentified solids [5]. (CF3bSb reacts with (CF3l2NON(CF3h on warming from - 60°C to room 
temperature within 10 h forming SbF3, CF3N=CF2 and (CF3)2NOCF3 quantitatively [12]. Contrary 
to (CF3bP, the stibine does not react in benze ne with 82Hs forming an donor-acceptor complex 
[13]. 

(C6FslaSb[ON(CF3bh is thermally stable up to 120°C. Heating at 160°C (18 h) leads to 
decomposition forming (C6FslaSb, (CF3)2NO and F2C=NCF3. It is not hydrolyzed by moist air 
and not decomposed at room temperature by anhydrous HCl. The reaction with HCl at 100°C 
(6d) leads to the decomposition of the compound giving (CF3bNOH and (C6FsbSbCI2 [10]. 

(CsFslaSbC12 behaves as a halogenating agent. Thus, on reaction with (C6HsbPAuCl both 
chlorine atoms are transfixed forming (CsHsbPAuCI3 and (CsFsbSb. It also oxidizes bromide 
and iodide ions in acetone to give free halogen. The dichLoride reacts with NaOCH3 at 20°C 
(4 h) forming (CsFsbSb(OCH3b, melting point 60°C. In chloroform the reaction with sodium 
acetylacetonate (acac) and sodium 8-hydroxyquinolinate (L) yields the monosubstituted 
octahedral compounds (CsFsbSbCI (acac) and (CsFsbSbCI (L), melting points 160 and 200°C, 
respectively [7]. 

References: 

[1] C. M. Woodard, G. Hughes, A. G. Massey (J. Organometal. Chem. 112 [1976] 9/19). -
[2] T. K. Mistry, A. G. Massey (J. Organometal. Chem. 209 [1981]45/7). - [3] W. R. Cullen, A. 
W. Wu (J. Fluorine Chem. 8 [1976]183/7). - [4] P. Dehnert, J. Grobe (private communication 
in [6]). - [5] H. G. Ang, Y. C. Syn (J. Fluorine Chem. 8 [1976] 481/96). 
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[6] P. Dehnert, R. Demuth, J.Grobe (Spectrochim. Acta A 34 [1978]857/62). - [7] A. Otero, 
P. Royo (J. Organometal. Chem. 154 [1978]13/9). - [8] B. A. Nevett, A. Perry (Spectrochim. 
Acta A 31 [1975]101/6). - [9] D. H. Lemmon, J. A. Jackson (J. Fluorine Chem. 8 [1976]23/42). 
- [10] H. G. Ang, W. S. Lien (J. Fluorine Chem. 9 [1977]73/80). 

[11] G. N. Birich, G. J. Drozd, V. N. Sorokin, J. J. Struck (Pis'ma Zh. Experim. Teor. Fis. 19 
[1974] 44/7; C.A. 80 [1974] No. 102117). - [12] H. G. Ang, W. S. Lien (J. Fluorine Chem. 11 
[1978]419/32). - [13] J. Apel, J. Grobe (Z. Anorg. Allgem. Chem. 453 [1979]28/38). 

5.5 PerfLuoroorgano Compounds 01 Bismuth 

Dode ... uo .... 13.1.kUb' ..... t"._ne ~ 

@',=0 
The triptycene is formed in 65% yield by the reaction of 1, 1-dilithiumtetrafluorobenzene 

and BiCl3 at -78°C in tetrahydrofuran. After reaction had ceased, the mixture was allowed to 
warm to room temperature. The obtained white solid was recrystallized from hexane. The 
compound decomposes above 300°C without melting. The 19F NMR spectrum shows two 
signals at 8 = -109.4 and -154.0 ppm (negative shift upfield from the internal standard 
CFCl3) [1]. 

Tris(trifluoromethyL)bismuthine (CF 3bB i 

The unsuccessful attempts to synthesize this bismuthine are reported in Part 3, p. 233. A 
successful route of preparation is the reaction of Bil3 and C2F6 using the plasma technique. 
For this purpose, Bil3 is converted bya radio frequency generator at 1 Torr into a plasma and 
then C2F6 is admitted continuously. After 100 h the contents of the -78°C trap and of the 
-196°C trap, in which the products are cOllected, are combined and the bismuthine purified 
by distillation at -55°C (yield 32%). The bismuthine is a colorless liquid, which fumes when 
exposed to air. At room temperature, it is hydrolyzed by base with the evolution of three 
equivalents of fluoroform. In sealed tubes, decomposition to metallic Bi occurs at 100°C with 
a half life of about 15 min, at 180°C in seconds. The 19F NMR spectrum shows a singlet at 8 = 
-45.9 ppm (external standard CF3COOH). The IR spectrum contains absorptions at 2135 (vw), 
1235 (m), 1180 (vs), 1140 (s), 1120 (s), 1060 (vs), 1032 (w), and 718 (m). Peaks in the mass 
spectrum occur at m/e = 416, M + (6.8); 397, Bi(CF3bCFt (1.6); 347, Bi(CF3)t (62.0); 328, 
Bi(CF3)CFt (0.7); 297, BiCFt (17.1); 278, BiCFt (14.5); 259, BiCFt (4.8); 247, BiFt (28.5); 228, 
BiF+ (11.6); 209, Bi+ (100); 69, CFt (32.5); 50, CFt (2.7) [2]. 

Tris(pentafluorophenyl)bismuthine (C6F 5)3B i 

In the presence of ytterbium, the bismuthine (see Part 3, p. 233) decomposes in tetrahydro
furan at 55°C (168 h) to low percentage yields of Bi and C6F5H [3]. 

References: 

[1] W. R. Cullen, A. W. Wu (J. Fluorine Chem. 8 [1976] 183/7). - [2] J. A. Morrison, R. J. 
Lagow (Inorg. Chem. 16 [1977] 1823/4). - [3] G. B. Deacon, A. J. Koplick, W. D. Raverty, D. 
G. Vince (J. Organometal. Chem. 182 [1979]121/41). 
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6 PerfLuorohaLogenoorgano Compounds of Main Group 6 ELements 

6.1 PreLiminary Remarks 

This chapter begins the treatment of the compounds of the Main Group 6 eLements (without 
oxygen) and will be continued in the SuppLement VoLume 2. Up to the end of 1971, these 
compounds were covered in "PerfLuorhaLogenorgano-Verbindungen der HauptgruppeneLe
mente" , Part 1 and 2, 1973. For further detaiLs see the preface of this SuppLement VoLume. 

6.2 PerfLuorohaLogenoorgano Compounds 01 Sulfur 

6.2.1 PerfLuorohaLogenosulfur(lI) Compounds 

6.2.1.1 FLuorothiocarbonyL Halides, Isothyocyanate and Amide FC(S)X 
(X = F, CL, Sr, NCS, NH2) 

6.2.1.1.1 ThiocarbonyL difLuoride F2CS 

GeneraL Reference: 

W. H. Sharkey, H. W. Jacobson, Preparation and PoLymerization of ThiocarbonyL FLuoride, 
Macromol. Syn. 5 [1974] 25/33. 

6.2.1.1.1.1 Preparation and Formation. Toxicity 

The compound is prepared, as aLready described in Part 1, p. 1, in good yieLd by pyroLysis 
of tetrafLuorothiirane or tetrafLuoro-1,2,3-trithioLane at about 600°C. It is aLso formed as the 
onLy by-product in the preparation of the cycLic poLysuLfane [1]. The reaction of sulfur with 
tetrafLuoroethyLene at higher temperatures [1] as weLL as heating CS2 with C2F 4 at 700 to 900°C 
gives the thiocarbonyL fluoride [2]. DetaiLs for the preparation of F2CS on a preparative scaLe 
from tetrafLuoro-1 ,2-dithietane are described in [3]. 

F2CS is formed on reacting C6HsC(CL)=NC6Hs with AgSCF3 at 50°C (5 h) [4] and in the 
reaction of SF6 with carbon in a Knudsen ceLL at 1500 K [5]. It is aLso presumabLy formed as 
an intermediate in the reaction of SF6 with CS2 [6, 7]. 

The enthaLpy of formation of F2CS has been determined by mass-spectrometric 
investigations of the reactions of gaseous SF6 with carbon in a heated Knudsen ceLL to be 
ÖH,,298K = -75.0 ± 3.0 kcaL/moL [5]. 

Toxicity. Thiophosgene is very toxic. Since it can cause permanent injury by contact, 
ingestion, or inhaLation, it shouLd be used onLy in a forced-draft hood. If it comes into contact 
with skin, it shouLd be immediateLy neutraLized with ammonia, and affected areas washed with 
soap and water. If eyes are affected, they shouLd be washed with sodium bicarbonate soLution 
[3]. The acute toxicity on inhaLation for 240 min is characterized by the vaLue 
LCso = 2.5 ppm VIV. F2CS is three times as toxic as F2CO [41]. 
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6.2.1.1.1.2 The Moleeule. Spectra 

In the eLectronic ground state ()< 1A1), F2CS is pLanar and has C2v symmetry. From 
photoeLectron spectra the folLowing adiabatic and (in parentheses) verticaL ionization energies 
Ei (in eV) are evaLuated [8, 9]: 

MO 
Ei 
Ei 

4b2 

10.52(10.69) 
10.45 

2b1 

11.39(11.72) 
11.34 

5a1 

14.91(15.06) 
14.87 

3b2 

(16.48) 
1a2 

17.67(17.85) 
17.65 

Ref. 
[8] 
[9] 

For assignments see Part 1, p. 2. The Lowest ionization energy (10.53 eV) has been found 
in a mass spectrometric investigation of the reaction of SF6 with C atoms wh ich shows the 
appearance of F2CS+ [5]. Most of the photoeLectron bands show a vibrationaL fine structure 
which enabLes one to identify the frequencies of the C=S stretch, C-F stretch and CF2 deforma
tion vibrations of F2CS + ions [8, 9]. CaLcuLations and the anaLysis of the spectra show that the 
F2CS + ion has a greater C-S distance and F-C-F angLe compared with the neutraL moLecuLe, 
independent from which orbitaL ionization occurs [9]. New investigations wh ich confirm the 
earLier resuLts permit comparisons between F2CS and other thioketones which demonstrate 
the pronounced perfluoro effect of F2CS. FLuorine acts as a cr acceptor and 7t donator (cr/7t 
poLarization) [10]. For CNDO/2 caLcuLations of net charges see [38]. 

The vaLue for the dipoLe moment, !.l = 0.080 ± 0.001 D, resuLts from the measurements of 
the Stark effect on two rotation aL Lines of F2CS [11]. Ab initio MO-SCF caLcuLations give !.l = 

+ 0.09 D (S atom on the positive end of the dipoLe). ALso reported are gross atomic charges, 
as weIL as 0, 7t, and overaLL eLectron densities [12]. CNDO caLcuLations gave !.l ~ -0.95 D 
(S on the negative end of the dipoLe) [13]. Infra red intensity anaLysis reveaLs the dipoLe moment 
of the C-S and the C-F bond separateLy: !.lc-s = 0.2473, !.lC-F = 0.2669 D [14]. Using measured 
IR intensities, derivatives of the dipoLe moment with respect to the internaL coordinates and 
bond moments have been caLcuLated by CNDO caLcuLations [13] and by a modified first-order 
approximation [15]. For the interpretation of IR intensities by poLar tensors and on the resuLting 
effective charges, mean dipoLe moment, derivatives, and anisotropies see [16, 17, 18]. The 
rotationaL contributions to the dipoLe moment derivatives are computed in [19]. 

The 13C NMR chemicaL shift has been determined to be 8 = 170.2 ppm (-50°C; CFCL3 as 
an internaL standard, vaLues recaLcuLated to (CH3)4Si). The 13C_19F coupLing constant was found 
to be 367 Hz [21]. The 19F NMR chemicaL shift is 107.8 ppm (positive sign downfieLd from the 
standard CFCL3) [22]. This vaLue is not in Line with previousLy pubLished resuLts (cf. Part 1, p. 3). 

The anaLysis of the tvrN spectrum of F2CS (11 rotationaL transitions of 19F212C32S, 6 of 
19F212C34S) using the modeL of the rigid rotator yieLds the foLLowing constants [11] given in 
TabLe 67. 

TabLe 67 
RotationaL Constants and Moments of Inertia of F2CS [11]. 

MoLecuLe F212C32S 19F212C34S 

RotationaL Ao (MHz) 11892.57 ±0.5 11891.94 ± 1.0 
constants Bo (MHz) 5133.034 ±0.03 4959.011 ±0.05 

Co (MHz) 3580.316 ±0.03 3494.899 ±0.05 

Asymmetry x -0.62640 ± 0.00003 -0.65128 ± 0.00008 
parameter 
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Table 67 (continued) 

Molecule F212C32S 19F212C34S 

Moments of I~ (J..I"N) 42.4950 ± 0.002 42.4973 ±0.004 
inertia I~ (J..I"N) 98.4554 ± 0.0006 101.9104 ± 0.0010 

I~ (J..I" A2) 141.1537 ± 0.0012 144.6036 ± 0.0021 
Defect of inertia ;10 (J..I" A2) 0.203 ± 0.004 0.196 ± 0.007 

TabLe 68 summarizes the geometric parameters (r and IX) and the vibrational amplitudes (l) 
from microwave spectroscopy [11] and from an investigation of electron diffraction [23]. The 
last column shows the values of a joint analysis for both methods [23]. 

Table 68 
Geometric Parameters (r, IX) and Vibrational Amplitudes (l) of F2CS obtained from WPN Spectrum 
[11], from Electron Diffraction [23] and from a Joint Analysis of both Methods [23]. 
Error limits in columns 2 and 3 are three times the standard deviations. 

Method Microwave Electron Joi nt analysis 
spectrum diffraction for both methods 

r(C-F) 1.315 (10) A 1.3155 (27) A 1.3165 (1 1)A 
r(C=S) 1.589 (10) A 1.5858 (48) A 1.5894 (1 7) A 
IX(FCF) 107.1 (1.0)° 106.94 (0.55)° 107.05 (0.1 6)° 
l(C-F) 0.047 (5) A 0.049 (2) A 
l(C=S) 0.043 (6) A 0.040 (3) A 
l(F ... F) 0.054 (8) A 0.057 (4) A 
l(S ... F) 0.056 (5) A 0.059 (2) A 

Ab initio MO-SCF calculations of the geometric parameters are given in [12, 24], results of 
calculations by semiempirical methods are presented in [25, 26]. 

F2CS has six fundamental vibrations, the symmetric C-F stretching v1(a1), the C-S stretching 
v2(a1), the symmetric CF2 deformation v3(a1), the antisymmetric C-F stretching v4(b1), the 
antisymmetric SCF deformation vs(b1) and the out-of-plane deformation v6(b2). The analysis of 
the liquid-phase Raman spectrum and of the IR spectrum of a thin film at 77 K confirms the 
assignment of the molecular vibrations already reported in Part 1, p. 2 [27]. The gas-phase IR 
and liquid-phase Raman spectra have been reinvestigated in order to obtain exact gas 
frequencies for the fundamentals, the overtones, and the combination bands. Also matrix IR 
spectra in Ne and Ar at 4 and 15 K have been recorded and 13C and 14S satellites at natural 
abundance have been observed. Additionally anormal coordinate analysis has been 
performed [28]. In the following the fundamental vibrations Vi and the anharmonicity constants 
Xij (in cm- 1) are given [28] (*) = disturbed by Fermi resonance, not corrected): 

v1 = 789.3, V2 = 1365.2, V3 = 526.2, v4 = 1190, Vs = 418, v6 = 623.2, X11 = -3.3, 
X12 = -2.3,x13 = +1.8, X14 = -8*), x1S = -3.2, X22 = -1.1, X23 = -4.4, X24 = -9*), 
X25 = +10.7*), X26 = -2.2, X33 ~ 0, x34 = -1.8, x3S ~ 0, x44 = +2.2*), x4S = -9*), 
xss = +1.4*), X66 = -1 
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CNDO/2 calculations give V2 = 1418 cm- 1 [40]. 

The symmetry force constants (in 10-2 N/m) [28] are given together with those of [29] in 
the following: 

F11 

6.625 
6.085 

F22 

7.332 
8.489 

F33 
1.408 
1.393 

F44 
5.750 
6.896 

F55 

0.868 
0.910 

F66 

0.637 
0.575 

F12 

1.225 
1.131 

F13 

-0.315 
-0.318 

F23 

+0.430 
+0.325 

F45 

0.650 
1.269 

[28] 
[29] 

Experimentally determined Urey-Bradley force constants KC_F = 5.93 and Ke-s = 7.82 have 
been evaluated, and these values were compared with Ke-F = 5.93 and Kc-s = 7.93, calculated 
by CNDO/2 methods. It is shown that this method does not reproduce quantitatively the 
experimental values but realizes the qualitative trend within the series of the homologous 
molecules X2C=Y (X = H, F, Cl, Y = 0, S) [25]. Using the concept of kinetic constants, the 
potential constants for the general quadratic valence force field have been evaluated. From 
these constants vibrational mean amplitudes, Coriolis coupling constants, and centrifugal 
distortion constants have been calculated [30, 31]. Force constants and mean vibrational 
amplitudes calculated by use of the valence coordinate method are given in [32]. Mean 
amplitudes of vibration tor molecules of the type ZXY 2' among them F2CS, have been calculated 
by the method of characteristic vibrations [33]. 

Calculation of bond asymmetry parameters 11 connecting force constants along and per
pendicular to a bond wilhin a molecule for F2CS leads to 11C-F = 0.7529 and 11c-s = 0.3357 [20]. 

ElectronlcaLLy Exclted States. Electronlc Spectra 

The weak absorption which extends from about 4500 A to shorter wavelengths in aseries 
of well-defined bands has been assigned as 1t* +- n excitation of F2CS from the ground state 
5(l A1 to the A1A2 and ä3A2 excited states, see Part 1, p. 3. 

A new electronic transition in the near UV region has been photographed in the vapor 
phase at 25 and -78°C. The spectrum has a maximum at 49020 cm- 1 and an oscillator 
strength of f = 0.24. Progressions of several intervals in the vibrations Vl = 729 [vs(C-Fll, 
v3 = 400 [os(FCF)] and Vs = 544 cm- 1 (out-of-plane wagging mode) were identified in the 
vibrational fine structure. The electronic transition is identified as a transition between the 
planar ground state 5(l A1 to the non plan ar excited state 91A1 [34]. 

The intensities of low-energy electronic transitions for some carbonyls and thiocarbonyls, 
among them F2CS, has been calculated from CNDO wave functions [35]. 

Experimental values tor the geometry of the F2CS molecule in the lowest excited triplet 
state ä3A2 are not available. Ab initio SCF-MO calculations (STO-3G basis) of the equilibrium 
geometry and of portions of the potential energy surface for the triplet state yield r(C-F) = 
1.355 A, r(C-S) = 1.28 A, cx.(FCF) = 109.1 0. The deviation of the S atom from the F-C-F plane 
amounts to 42°. The height of the barrier for the inversion is predicted to be E = 2707 cm- 1 

in reasonable agreement with the experimental value of more than 3100 cm- 1 (see Part 1, 
p.3) [24, 36]. E = 7.74 kcal/mol is cited in [37]. A comparative study on the suitability of 
the CNDO/2 method for the calculation of geometries, planar inversion barriers, excitation 
energies, electron densities of singlet and triplet excited states demonstrate pronounced 
deviations from the few experimental results [38]. Some photophysical parameters of sm all 
thioketones pertaining to excited singlet states are presented in [38]. 

Gmelin Handbook 
CF Comp. Suppl. 1 



ThiocarbonylDifluoride 187 

6.2.1.1.1.3 ChemicaL Reactions 

F2CS adds HF forming CF3SH [42]. Gaseous F2CS reacts with sulfur atoms according to 
F2CS + S ~ CF2 + S2' The third-law heat is found to be -4.0 kcal/mol [5]. 

The Diels-Alder reaction of the thiophosgene with cyclopentadiene was already described 
in Part 1, p. 5. Recently, the lH NMR spectrum of the reaction product has been published [43]. 

Irradiation of a liquid mixture of F2CS and CF30F (volume ratio 1: 10) with a 100 W-Hg/Xe 
lamp at -96°C shows the occurrence of the radical (CF30hSF wh ich is identified by its ESR 
spectrum. Similarly, the reaction of F2CS and SF50F gives the radical (SF50hSF (ESR values 
see the originalliterature) [44]. The reaction of F2CS with (CF3S)2CFSCl [45], FC(S)NCS [46] 
and XC(O)SCl (X = F, Cl) [47] gives by addition to the C-S double bond the title compounds 
(CF3ShCFSSCF2Cl, CF3SC(S)NCS and XC(O)SSCF2Cl (X = F, Cl). 

PoLymerization processes.lnstructions for handling F2CS in these reactions are reported in 
[3]. - F2CS polymerizes in pentane at -78°C in presence of catalysts consisting of mixtures 
of Ti(OR4) and AlR2X with R = iso-C4Hg, X = Cl, H or iso-C4Hg [48]. The yield and the viscosity 
of the polymer can be influenced by varyingthe ligands on the Al atom and the ratio of the 
components of the catalyst. The polymer (CF2S)x is characterized by the 19F NMR signal at 
-38.6 ppm (standard CF3COOH, 30% solution in CCl4) and the nonresolved C-F IR absorptions 
at 1000 to 1300 cm-1 and the C-S stretching vibration at 849 cm-1. Viscosity measurements 
on the material, which is soluble in chloroform and tetrahydrofuran, yield an average mole 
mass of 500 000 to 1 000000. For differential thermoanalysis, elasticity curves and X-ray analysis 
see the original paper [3]. The polymer is resistant against acids, but it is degraded on contact 
with amines [1]. Tris(N-methyl-N-octadecylamino)suLfonium-difluorotrimethylsilicate can be 
used also as a catalyst. After 2 h at -78°C the yield of the polymer amounts to 95% [32]. 

The radical-induced polymerization of F2CS by UV irradiation in presence of C2F51, 
CF300CF3 or CF3SSCF3 gives on addition of C2F4 colorless solid co polymers [50, 51]. They 
are insoluble in all usual solvents except hot Kel-F oil and perfluorokerosine and melt in the 
range between 240 and 325°C. They are used for coating razor blades .[50, 52, 53]. The 
thermolysis gives the starting compounds and perfluorinated cyclic suLfanes [51]. The 
pOlymerization of F2CS in an inert solvent at -78°C in the presence of perfluoroacetaldehyde 
or perfluoropropionalaldehyde forms an acid-resistant, low-molecular weight copolymer. A 
mixture of organoaluminiumhydride and complexes of phosphorous with rhodium and plati
num is used as catalyst [28]. 

Relerences: 

[1] C. G. Krespan, W. R. Brasen, H. N. Cripps (Advan. Chem. Sero No. 110 [1972]179/89, 
181). - [2]1. L. Knunyants, S. R. Sterlin (U.S.S.R. 697504 [1978/79] from C.A. 92 [1980] No. 
75885). - [3] W. H. Sharkey, H. W. Jacobson (Macromol. Syn. 5 [1974] 25/33). - [4] YU. L. 
Yagupol'skii, N. V. Kondratenko, L. M. Yagupol'skii (Zh. Org. Khim. 8 [1972] 1253/6; J. Org. 
Chem. [USSR]8 [1972]1268/71). - [5] D. L. Hildenbrand (J. Phys. Chem. n [1973]897/908). 

[6] A. P. Hagen, B. W. Callaway (Inorg. Chem. 14 [1975] 282517). - [7] J. Pola, H. Horäk, 
P. Engst (J. Fluorine Chem. 18 [1981] 37/44). - [8] H. W. Kroto, R. J. Suffolk (Chem. Phys. 
Letters 17 [1972] 213/6). - [9] G. W. Mines, R. K. Thomas, H. Thompson (Proc. Roy. Soc. 
[London] A 333 [1973] 171/81). - [10] H. Bock, K. Wittel, A. Haas (Z. Anorg. Allgem. Chem. 
408 [1974]107/14). 

[11] A. J. Careless, H. W. Kroto, B. M. Landsberg (Chem. Phys. 1 [1973] 371/5). - [12] H. 
Oberhammer, J. E. Boggs (J. Mol. Struct. 55 [1979]283/94). - [13] R. E. Bruns (J. Chem. Phys. 
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58 [1973] 1855/60). - [14] P. Naik, N. R. Rao (Pramana 10 [1978] 207/12; C.A. 89 [1978] No. 
33637). - [15] P. L. Prasad, S. Singh (Can. J. Chem. 54 [1976]1550/7). 

[16] A. B. M. S. Bassi, R. E. Bruns (J. Chem. Phys. 62 [1975] 3235/9). - [17] R. E. Bruns 
(J. Chem. Phys. 64 [1976] 3084/5). - [18] A. B. M. S. Bassi, R. E. Bruns (J. Phys. Chem. 79 
[1975] 1880/2). - [19] A. J. van Straten, W. M. A. Smit (J. Mol. Spectrosc. 56 [1975] 484/93). 
- [20] J. S. P. Ebenezer, R. Srinivasamoorthy, G. A. Savariraj (Indian J. Pure AppL. Phys. 19 
[1981] 249/53). 

[21] W. Gombler (Spectrochim. Acta A 37 [1981] 57/61). - [22] K. Barlos, J. Kroner, H. 
Nöth, B. Wrackmeyer (Chem. Ber. 110 [1977] 2774/82). - [23] D. Christen, H. Oberhammer, 
W. Zeil, A. Haas, A. Darmadi (J. Mol. Struct. 66 [1980]203/10). - [24] A. Kapur, R. P. Steer, P. 
G. Mezey (J. Chem. Phys. 69 [1978] 968/75). - [25] J. L. Brema, D. C. Moule (Spectrochim. 
Acta A 28 [1972]809/16). 

[26] F. J. Marsh, M. S. Gordon (J. Mol. Struct. 31 [1976] 345/57). - [27] A. Haas, B. Koch, 
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(Vignana Bharathi 1 [1975]80/5; C.A. 85 [1976] No. 11713). - [33] E. J. Baran (Z. Naturforsch. 
25a [1970]1292/5). - [34] C. R. Lassard, D. C. Moule (Spectrochim. Acta A 29 [1973]1085/9). 
- [35] E. R. Farnworth, G. W. King, D. C. Moule (Chem. Phys. 1 [1973] 82/8). 

[36] A. Kapur, R. P. Steer, P. G. Mezey (J. Chem. Phys. 70 [1979]745/8). - [37] P. G. Mezey, 
R. P. Steer, A. Kapur (J. Photochem. 9 [1978]130/1). - [38] M. Banerjee, S. P. Bhattacharyya 
(J. Phys. Chem. 84 [1980]2843/7). - [39] D. J. Clouthier, A. R. Knight, R. P. Steer, P. A. Hackett 
(J. Chem. Phys. 71 [1979] 5022/9). - [40] H. S. Randhawa (J. Mol. Struct. 56 [1979]143/6). 

[41] H. Liebig, K. Ulm (Chemiker-Ztg. 100 [1976]3/14). - [42] W. A. Sheppard, C. M. Sharts 
(Organic Fluorine Chemistry, Benjamin, New York 1969, p. 389). - [43] M. S. Raasch (J. Org. 
Chem. 40 [1975]161/72). - [44] J. R. Morton, K. F. Preston (J. Phys. Chem. 77 [1973] 2645/8). 
- [45] A. Haas, M. Yazdanbakhch (Chem. Ber. 109 [1976]1976/83). 

[46] G. Diderrich, A. Haas (Chem. Ber. 109 [1976]3432/40). - [47] A. Haas, J. Helmbrecht, 
W. Klug, B. Koch, H. Reinke, J. Sommerhoff (J. Fluorine Chem. 3 [1973/74] 383/95). - [48] V. 
A. Gubanov, I. M. Dolgopol'skii, I. D. A. Afanas'ev, L. B. Brettske, L. Parshina (VysokomoL. 
Soedin. A 15 [1973]1191/6; C.A. 79 [1973] No. 92634). - [49] W. J. Middleton, E. I. du Pont de 
Nemours & Co. (U.S. 3940402 [1974/76]; C.A. 85 [1976] No. 6388). - [50] H. R. Watson, 
Wilkinson Sword Ud. (S. African 70-0307 [1970]; C.A. 76 [1972] No. 5025). 

[51] H. R. Watson, Wilkinson Sword Ud. (Brit. 1257161 [1967/71]; C.A. 76 [1972] No. 100329). 
- [52] F. O. Jones, Wilkinson Sword Ud. (Can. 989690 [1976]; C.A. 85 [1976] No. 147227). -
[53] W. L. Cole, Wilkinson Sword Ud. (U.S. 3960608 [1975/76]; C.A. 85 [1976] No. 164775). -
[54] V. A. Gubanov, I. M. Dolgopol'skii, E. B. Brettske, Yu. S. Varshavskii, N. N. Kiseleva 
(U.S.S.R. 304270 [1970171]; C.A. 76 [1972] No. 15168). 

6.2.1.1.2 Fluorothiocarbonyl chloride FC(S)Cl 

6.2.1.1.2.1 Preparation 

Since Part 1 (see p.8) has been edited, no new methods of· preparation have been 
published. 
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6.2.1.1.2.2 Moleeule and Speclra 

In the eLectronic ground state (X 1 A') the moLecuLe is planar, symmetry group Cs as reveaLed 
from spectroscopic investigations (aLso see Part 1, p. 8) and from the eLectron diffraction 
measurements. 

The NMR spectrum shows the chemicaL shifts (positive sign means downfieLd trom the 
standard) oC9F) = 98.8 ppm (internaL standard CFCL3) and oC3C) = 174.4 ppm [internaL stan
dard (CH3)4Si)], coupLing constant J(13C_19F) = 389 Hz [1]. 

The anaLysis ot the MN spectrum gives tor F12C32S35CL (tor constants ot the other isotopic 
moLecuLes see [2]) the foLlowing rotationaL constants A, S, C, moments of inertia I (in u . N), 
centritugaL distortion constants ~ and 0 (in MHz), CL quadrupoLe coupLing constants X (in Mz) 
[2], tor coordinate system see Fig. 3: 

A = 7984.462(2) 
S = 3437.61(1) 
C = 2400.047(1) 

IA = 63.29484(1) 
18 = 147.02413(3) 
Ic = 210.56879(6) 

5 

~J = 0.6924 
~JK = -0.5933(58) 
~K = 10.991(6) 
oJ = 0.2641(3) 
0K = 1.6766(4) 

Fig.3 

C a 

--i~ 
I 
I 
I 
I 

Xaa = -51.298(42) 
Xbb = 23.587(58) 
Xcc = 27.711(52) 

Position ot the axes ot the principaL moments ot FC(S)CL. 

The asymmetry parameter, a quantity tor the deviation ot the charge distribution around the 
C-CL axis trom cyLinder symmetry, is Tl = 0.24, this is interpreted in terms of aC-CL doubLe 
bond character of 10.8% [2]. For CNDO caLcuLations of net charges see [3]. For the anaLysis 
ot the MN spectrum in terms of the Watson's tormuLa tor the rotationaL energy, see [4]. 

The anaLysis of the MN spectrum of vibrationaLLy excited F12C32S35CL yieLds rotationaL 
constants and centritugaL distortion constants, tor detaiLs see [5]. 
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The foLlowing internucLear distances r (in A) and angLes are determined from tvfoN measure
ments (ro and re structures) [2, 6] and from eLectron diftraction measurements (rg structures) 
[7], the average vaLues (r av) obtained from both methods are incLuded [7]. 

r(C-S) r(C-CL) r(C-F) r(S-CL) cx(SCCL) cx(SCF) 

r 0 structure 1.5951(11) 1.7156(11) 1.3267(8) 2.9650 127.13° 123.84° 
re structure 1.5927(11 ) 1.7133(11) 1.3216(11) 127.00° 123.99° 
r 9 structure 1.5940(12) 1.7162(15) 1.3385(19) 
r av structu re 1.5915(7) 1.7159(8) 1.3357(13) 127.50° 123.85° 

An ab initio MO-SCF calcuLation of the equiLibrium geometry is given in [8]. 

Reinvestigation of the gas-phase IR spectrum reveaLed the missing fundamentaL vibration 
v6 (see Part 1, p. 8) to be at 538.4 cm -1. It was possibLe to obtain a fuLl set of anharmonicity 
constants by expLoring combination and overtone bands. In the foLlowing, data are given the 
measured fundamentaL vibrations Vi (in cm- 1) and the harmonic frequencies (Oi (in cm-\ 
caLcuLated by use of the anharmonicity constants [9]. 

i = 1 i = 2 i=3 i = 4 i = 5 i = 6 

Vi 1257.4 1014.9 612.4 472.2 323.1 538.4 
(Oi 1293.4 1049.4 632.7 419.4 323.1 570.4 
assignment . v(C-S) v(C-F) v(C-CL) ö(SCF) ö(SCCL) ö( out-of-pLane) 

CNDO/2 caLcuLations give 1301 cm- 1 for the C-S stretching vibration [10]. Vibrational 
ampLitudes are obtained by spectroscopic [9] and eLectron diftraction measurements [7]. 

The calculation of the general vaLence force fieLd (in internaL displacement coordinates) 
with the harmonic frequencies (see above) gives the foLlowing force constants (in mdyn/A, 
mdyn . A/rad2 and mdyn/rad, respectiveLy) [9], see aLso [5] : 

CS CF CCL SCF SCCl out-of-pLane 

CS 6.838 0.845 0.197 0.726 0.365 0 
CF 6.082 0.429 0.513 -0.378 0 
CCL 4.141 -0.701 -0.250 0 
SCF 2.136 1.144 0 
SCCL 1.976 0 
out-of-pLane a) 0.632 

a) Out-of-pLane is characterized by the angLe between r(C-CL) and the pLane SCF. 

The diagonaL eLements of a force fieLd given in [7] are (in mdyn/A, fout-of-pLane in mdyn/rad): 

fcs 
7.064 

fCF 
5.642 

fCCL 
3.612 

fSCF 
0.610 

fSCCL 
0.272 

Electronically Excited States. Electronic Spectra 

fout-of-pLane 
0.441 

The visibLe and UV spectra of the moLecuLe show three band systems: A band between 
5000 and 4300 A of weak intensity assigned to the forbidden transition Ä 1A" (n, 7t*) ..... 5( 1A'. 
The origin of the system is determined to be at voo = 21657.4 cm -1 [11] (in correction of the 
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older value of 21 096 cm -', quoted in Part 1, p. 8). The fundamentaL vibrations in this state are 
given in labte 69. The moLecuLe is nonplanar, from the splitting of the out-of-plane vibration 
an inversion barrier of 1556.0 ± 45 cm-' and an out-of-pLane angle of 37° [11,14],38° [14] are 
determined. A comparative study of moLecuLar properties of some carbonyls, among them 
FC(S)CL, in excited singlet (and triplet) states by CNDO/2 caLculations gives moLecular 
geometries, inversion barriers, net charges and term energies [3]. 

TabLe 69 
Fundamental Vibrations of FC(S)Cl in Electronically Excited States. 

Term v,(a') v2(a') v3(a') v4(a') v5(a') ve(aH ) Ref. 

Ä 745(913) 960 578 346 426 [12] 
ä 877.3 964.0 583.0 348.3 233.8 409.3 [11 ] 
a 566 590 311 448 [13] 

The absorption band system in the 495 nm region is assigned to the ä 3N (n, n*) <- j( 'A' 
electronic transition with a band origin voo = 20191 cm-' [14]. The fundamentals are given 
in TabLe 69. The inversion barrier is estimated to be 1622 cm-' [14], respectiveLy, 5.80 kcaL/ 
moL [15]. An experimental value of 2675 cm-' is given by [16]. Ab initio SCF-MO caLculations 
result in a barrier height of 2041 cm-' and in ve = 466.8 cm-'; the geometry parameters are 
caLculated to be r(C-S) = 1.7805, r(C-F) = 1.3481, r(C-Cl) = 1.8126A, cx(FCCl) = 112.1°, 
cx(FCS) = 124.5°, and cx(out-of-plane) = 38.4° [8]. For the results of CNDO/2 calculations see 
[3]. 

A third intensive absorption system starts at about 220 nm via Longer waveLengths. It is 
assigned to the transition a ' A' (n, 1t *) <- j( , A' [11, 14, 26]. The origin is voo = 35277 cm -', the 
inversion barrier for the non plan ar molecule in the astate is about 2000 cm-' or more [13]. 
ALong with the reduction of the C-S bond order from 2 (in the ground state) to 1 in the astate 
[17] an increase of the C-S bond Length of 0.60 ± 0.05 Ais predicted from the Franck-Condon 
profiles on 1t --> 1t* eLectron promotion [16]. Using the frequencies of v, in the j( and astates 
a vaLue of 0.48 A is obtained from CLark's empirical relationship [13, 18]. 

The molecule in the astate shows appreciable fluorescence. Pumping single vibronic 
Levels of this state with a tunable dye laser of narrow bandwidth, four well-resoLved bands are 
observed and documented [18]. Life-times of excited states are measured [17, 19]. Excitation 
of low-Lying vibrationalleveLs of the astate leads to fluorescent emission with high quantum 
yieLd (<p --> 1), whereas at higher energies of the LeveLs a nonradiative decay, probably followed 
by dissociation, is the predominantly observed process [20]. 

6.2.1.1.2.3 Chemical Reactions 

The reactivity of fluorothiocarbonylchloride is characterized by addition to the C-S double 
bond. The reactions of Cl2C=NSCL [21], (CF3S)2CFSCL [22] and XC(O)SCl (X = F, Cl) [23] forming 
the title compounds Cl2C=NSSR" (CF=ShCFSSR, and X(CO)SR, (X = F, Cl; R, = CF2CL) are 
described in Supplement Volume 2. 

For the CL --> Br metathesis on FC(S)Cl with PBr3 resulting in the formation of FC(S)Br [24], 
see p. 192. 
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6.2.1.1.3 FLuorothiocarbonyL bromide FC(S)Br 

The reaction of FC(S)CL with PBr3 at 125 to 130°C (26 h) Leads to a product which condenses 
at -90°C. FractionaL distiLLation gives 34% of a yeLLow Liquid boiLing at 4 to 8°C/100 Torr which 
is 90% pure FC(S)Br. 19F NMR (internaL standard CsFs, vaLue recaLcuLated to CFCL3, positive 
sign means LowfieLd): 8 = 119.2 ppm, massspectrum m/e = 142, M+, 123, BrCS+, 91, CBr+, 
63, FCS+, A. Haas, J. MikoLajczak (Chem. Ber.114 [1981)829/31). 

6.2.1.1.4 FLuorothiocarbonyL isocyanate FC(S)NCS, FLuorothiocarbonyL amide FC(S)NH2 

For preparation and physicaL properties of the isocyanate see Part 1, p. 9. - In the 
presence of cataLytic amounts of CsF the compound reacts with F2CS forming CF3SC(S)NCS 
(see p. 198) [1, 2]. 

The amide is postuLated as intermediate in the reaction 

C(S) NH 2 

KSCN+R-Q ~ Re 

The formation is expLained as HF addition to the C-N bond. But no direct proof is given [3]. 
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6.2.1.2 PerfLuorohaLogenoorganothiocarbonyL Compounds 

The compounds CF3SC(S)X, X = F, CL, SCF3, are described on p. 198. 

6.2.1.2.1 Preparation and PhysicaL Properties 

TrifLuoromethylthiocarbonyL amide CF3C(S)NH2 

The in-situ preparation is described in context with the reaction of the compound on p. 194. 

TrifLuoromethylthiocarbonyL fluoride CF3C(S)F 

PentafLuoroethylthiocarbonyL fluoride C2F5C(S)F 

For preparation and properties see Part 1, p. 10. ChemicaL reactions are covered on p. 194. 

TetrafLuorodithiosuccinyL difLuoride FC(S)CF2CF2C(S)F 

The compound forms on reaction of F2C=CFI with sulfur at 45°C in the gas phase. The yield 
is 60%. The foLLowing intermediate steps are postulated [1, 2]: 

F,CoCR - [F2?;] _ ICF,C(S)F _ [r + U,C(S)F] _ FC(S)CF,CF,C(S) + I, 

The compound is a red-brown liquid, boiling point 84 to 85.5°C. The 19F NMR spectrum in 
CFCL3 shows the chemicaL shifts ö(CF) = 66.2 and ö(CF2) = -109.1 ppm (both muLtipLets). UV 
maxima are observed at 428 (I: = 46.5),294 (I: = 171) and 220 nm (I: = 11300) [1]. 

HexafLuorothioacetone (CF3hCS, RadicaL Anion 

HexafLuorocycLobutanethione F2n F2 

F2L-kS 

(CF3hCS is formed in the reaction of (CF3hC(OH)SH or of (CF3hC(OH)SnC(OH)(CF3h 
(n = 2, 3) with SF4 at -78°C. In case of the pOlysulfanes as reactants this formation is 
accompanied by precipitation of sulfur [3]. The compound is aLso formed in a side reaction 
on reacting CF3Re(CO)5 with CS2 at 130°C according to [4]: 

CF3Re(CO)5 ~ CFi + Re(CO)t 
4 CFi + 2 CS2 -+ 2 (CF3hCS + 2 S2-
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The reaction of perfluoropropene with sulfur and KF in tetramethylenesuLfone at 120°C in an 
autoclave yields as intermediate (CF3bCS [5] according to: 

The catalytic effect of F- ions on the equilibrium between (CF3bCS and its dimer, the 
tetrakis(trifluoromethyl)-1,3-dithietane, is used for the in-situ generation of the instable 
monomer from the stable dimer. Since unsolvated fluoride is useful for the reaction, aprotic, 
polar solvents like dimethylformamide are recommended [6 to 12]. The mechanism of the 
reaction is described by a nucleophilic attack of the fluoride anion on a sulfur atom of the 
dithietane followed by ionic fragmentation [6]. 

13C NMR of (CF3bCS [standard (CH3)4Si]: ö = 194.4 ppm [14]. 

The radical anion forms from (CF3bCS and lithium in a 1:3 mixture of hexamethyphosphoric 
amide and tetrahydrofuran at -95°C. The ESR spectrum shows the hyperfine coupling 
constants (in G) aF = 22.56, ags = 18.6 and agF3 = 8.9 [13]. 

A similar role, like (CF3)2CS in the reaction system CF3CF=CF2/KF and sulfur, is found for 
hexafluorocyclobutanethione as an intermediate in the reaction of perfluorocyclobutene with 
KF and sulfur [5]. 

6.2.1.2.2 Chemical Reaclions 

Trifluoromethylthiocarbonylamide reacts with hexamethyldisilazene according to [14] : 

2 CF3C(S)NH2 + [(CH3hSibNH --> 2 CF3C(S)NHSi(CH3h + NH3 

The product is characterized by IR and 1H NMR data [14]. Several 2-bromo-1,2-
diphenylethanone derivatives are reacted with CF3C(S)NH2 in CH3CN as a solvent (reflux, 20 h) 
to form thiazole compounds [15, 16]: 

4-R-CeH4-CHBrC(O)-CeH4-4-R + CF3C(S)NH2 --> 4-R -CSH4---r/----"""""T,-CSH4 - R-4 

NyS 
CF3 

R = H (28% yield after chromatography on silica gel, melting point (m.p.) 94 to 97°C) [15, 16]; 
R = Cl (m.p. 101 to 104°C) [15], (m.p. 101 to 102°C) [16], R = CH30 (m.p. 51 to 54°C) [15, 16]. 
Further derivatives (R = F, Br, (CH3bCHO) are claimed but no characterization is reported 
[16]. Alternatively the thiazole (R = CH30) has been prepared by generating CF3C(S)NH2 "in 
situ" from CF3C(O)NH2 and freshly pulverized P4S10 in benzene solution (reflux, 96 h) and 
adding the respective diphenylethanone (yield: 34%) [15, 16]. This method is extended to 
several other substituents R without presentation of any experimental details [16]. The result
ing thiazole derivatives exhibit considerable activity as inhibitors of blood platelet aggregation 
[15,16]. 

CF3C(S)F reacts with the following hydrazone compound according [17]: 
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SimiLarLy the reaction with (CeH5hC=NNH2 gives (CeH5hC=CFCF3, boiLing point 80 oC/1.7 mmHg, 
19F NMR (negative sign means upfieLd from the standard CFCL3): ö = -67.3 (quartet, J = 
10 Hz), and -64.4 ppm (doubLet, J = 64.7 Hz), 1H NMR see originaL [18]. 

CF3CF2C(S)F reacts with (CeH5hCN2 [18] forming a mixture of 

and 

A 

19F NMR (standard CFCL3) [18]: 

For compound A: ö(CF3) = -83.6 ppm [doubLet of triplets (J = 9 Hz) of muLtipLets (J = 2.5 Hz) 
of quartetsj, ö(CF2) = -113 ppm [doubLet of quartets (J = 13 Hz) of muLtipLets], ö(CF) = 
-127 ppm (muLtipLet). Forcompound B: ö(CF3) = -8.1 ppm [doubLet (J = 13 Hz) of muLtipLets], 
ö(CF2) = -117 ppm [ABX pattern: ö(FA) = -114, ö(FB) = -119 ppm, JAX = 9.5 Hz, JBX = 
12.5 Hz, JAB = 277 Hz], ö(CF) = -148 ppm (muLtipLet). 

TetrafLuorodithiosuccinyLdifLuoride reacts with CH30H Like an organic acid fluoride forming 
the diester and the dithioLactone [1] according: 

FC(S) - (CF2h - C(S)F 

The Lactone wh ich is formed by elimination of HF from an intermediate can onLy be isoLated 
at Low temperatures ( - 20°C). The reaction ofthe succinyLdifLuoride with ethanoL or isopropanoL 
gives onLy the corresponding diester. With CH3SH the compound reacts as foLLows [1]: 

The conditions of the reactions and the physicaL properties of the products are gathered in 
TabLe 70, p. 196. 

FC(S)(CF2hC(S)F can be poLymerized in wide ranges of pressure and temperature (-120°C 
to O°C [2], for instance, by warming up from -78°C to O°C [1]). Preferred conditions are 
temperatures between - 50°C and -100°C and atmospheric pressure. In ethereaL soLvents 
with ionic initiators (amines, amides, quaternary ammonium saLts, phosphines, CsF or 
metaLaLkyLs) a pink poLymer forms with the structure 
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The poLymer is insoLubLe in aLL common soLvents and resistant against acids. At 242 to 267°C 
the solid meLts forming a viscous Liquid [1, 2]. 

Hexafluorothioacetone reacts with oLefins in an Ene fashion yieLding excLusiveLy products 
with C-S bonds. 

This stereospecific reaction, wh ich is in contrast to the behavior of the normaL ketones 
(formation of an O-H bond), is interpreted on the basis of the HOMO-LU MO theory under 
consideration of the participation of the sulfur d orbitaLs [19]. 

(CF3)2CS reacts with phenyL-4-methoxyphenyLdiazomethane in CH2CL2 according 

The product (purity 87% after distiLLation) boiLs at 102 to 103°C/0.2 Torr.lt is used as antifertiLity 
drug [20,21]. 

To avoid the quite difficuLt handling of (CF3bCS (tendencyfor dimerization, toxicity) prepara
tive work performed with this compound is faciLitated by capitaLizing on the "in situ" generation 
from the cycLic dimer tetrakis(trifluoromethyL)-1 ,3-dithietane via fluoride ion cataLysis. For such 
kinds of reactions therefore refer to the LaUer compound, see SuppL. VoL. 2. 

Hexafluorothioacetone generated from its cycLic dimer by thermolysis (600°C) has been 
reacted with diketene at 500 ± 10°C to yieLd hexafluoroisobutyLene (48%). SimiLar resuLts, but 
varying yieLds, are obtained by substituting diketene by its monomer or by generating (CF3)2CS 
from CF3CF=CF2 and sulfur at 380 to 425°C and feeding it directLy together with ketene or a 
ketene generating compound (diketene, acetone, acetic acid, isopropenyL acetate, or acetyL 
acetone) to a second reactor (reaction temperatures ranging from 300 to 800°C) [22]. 

The 1H NMR spectrum of thianorbornene, the product of the DieLs-ALder reaction of (CF3)2CS 
with cycLopentadiene (see the third compound in TabLe 4 in Part 1, p. 18) is given in [18]. 

The addition of CLF to (CF3bCS forming (CF3hCFSCL and the reaction of 
perfluorodiaLkyLthiocarbonyLs with HN3 are covered in SuppL. VoL. 2. 
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Ann. Chern. 1975 1808/21). - [15] R. H. Rynbrandt, E.- E. Nishizawa, D. P. BaLogoyen, A. R. 
Mendoza, U. A. Annis (J. Med. Chern. 24 [1981]1507/10). 
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(Ger. Offen. 2514809 [1975]; CA 84 [1976] No. 73854). - [18] W. J. MiddLeton, E. I. Du Pont 
de Nernours & Co. (U.S. 3712929 [1973]; CA 78 [1973] No. 124246). - [19] S. Inagaki, H. 
Fujirnoto, K. Fukui (J. Am. Chem. Soc. 98 [1976]4054/61). - [20] W. J. MiddLeton, E. I. Du Po nt 
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[21] W. J. MiddLeton, E. I. Du Po nt de Nemours & Co. (U.S. 3678117 [1972]; CA 77 [1972] 
No. 101125). - [22] M. van der Puy, L. G. AneLLo, B. Sukornick, R. F. Sweeney, R. A. WiLes, 
ALLied Chern. Corp. (U.S. 4244891 [1979/81]; CA 94 [1981] No. 208337). - [23] M. S. Raasch 
(J. Org. Chern. 40 [1975]161/72). - [24] W. GornbLer (Spectrochirn. Acta A 37 [1981]57/61). 

6.2.1.3 TrifluorornethyLmercaptothiocarbonyL Compounds CF3SC(S)X 

(X = NH2, NCS, F, CL, Br, SCF3) 

6.2.1.3.1 Preparation and Formation 

TrifLuoromethyLmercaptothiocarbonyL amide CF aSC( S) N H2 

CFaSCN reacts with excess H2S at 30 to 35°C (24 h) in a seaLed tube forrning CF3SC(S)NH2 

(20% yieLd). The compound is thermaLLy stabLe at 20°C onLy for about 24 h. The formation of 
the cornpound in the reaction of CF3SH and NH3 [1] couLd not be verified [2]. 

TrifLuoromethyLmercaptothiocarbonyL isothiocyanate CF 3SC(S) NCS 

The cornpound (in 28% yieLd) forms by reacting F2CS and FC(S)NCS in the presence of 
cataLytic arnounts of CsF at 20°C (shaking for 2 to 3 h). It is obtained as a by-product in the 
preparation of FC(S)NCS from FC(S)CL and KSCN [2]. 

TrifLuoromethyLmercaptothiocarbonyL fLuoride CF3SC(S) F 

The Linear dimer of F2CS is formed in smaLL arnounts during the addition of CLF to (CF3hCS 
[3]. 

DifLuoro(isothiocyanato)methyLmercaptothiocarbonyL fLuoride CF2(NCS)C(S)F 

The compound is formed as by-product on reacting FC(S)CL with KSCN at -25°C. It has 
been isoLated as pure substance from sorne distiUation residues [2]. 
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Trifluoromelhylmercaplolhlocarbonyl chloride and bromide CF3SC(S)X, X = Cl, Br 

The chloride is obtained in 87% yield by reacting CF3SC(S)F with BCl3 at 20°C for 20 h in 
a bomb tube [3]. The bromide (83% yield) forms similarly by F-Br exchange from CF3SC(S)F 
and BBr3 at 35 to 40°C (0.5 h, open system), followed by warming to 60°C for some minutes 
[2]. 

Bis(trifluoromethylmercapto)lhiocarbonyl CF3SC(S)SCF3 

The compound forms as a by-product on reacting FC(0)SCF3 with CsF, presumably accord
ing [4]: 

CsF 
FC(O)SCF ~ (CF3SCF20) -Cs+ -F2CO, (F3CS)-CS+ ~ F2CS + CsF + 2F2CS, (CF3SbCS 

Small amounts of (CF3SbCS are obtained in the reaction of (CF3SlaCSN(C2Hs)2 with HCl 
[3]. 

Bis(trifluoromethyl)pentathiodiperoxycarbonate (CF3SS)2CS 

On slowly introducing CF3SCl into a rapidly stirred suspension of Na2CS3 . 3 H20 in pe
troleum ether at -30°C, 15% (CF3S)2CS are formed [2, 5]. On replacing Na2CS3 by Tl2CS3 the 
yield is lowered to 10% [5]. 

1,2,3,4-Tetrakis(trifluoromethylmercapto)-2-butene-1 ,4-dlthione 
CF3SC(S)C(SCF3)=C(SCF3)C(S)SCF3 

For details of this compound see Suppl. Vol. 2. 

6.2.1.3.2 Physical Propertles 

Physical data of the compounds are compiled in Table 71. Additional information is pre
sented below. 

Table 71 
Physical Data of Trifluoromethylmercaptothiocarbonyl Compounds, of CF2(NCS)C(S)F and of 
(CF3SSbCS. 
Boiling point (b.p.) in °C/pressure in Torr, melting point (m.p.) in °C (in parentheses), 19F NMR 
spectrum (chemical shift ö in ppm, spin-spin coupling constant J in Hz, s, d, tr = singlet, 
doublet, triplet, internal standard CsFs, values refer to CFCl3). UV spectrum (wavelength 1.., 
molar absorptivity E). 

Compound 

CF3SC(S)NH2 

colorless needles [2] 
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b.p./Torr 
(m.p.) in °C 

(63, 
decomposition) 

19F NMR (ö in ppm), IR spectrum (in cm-1), 
UV spectrum (I.. in nm) 

19F NMR: ö = -43.1 (s) 
IR: 3400 (s), 3260 (m), 3150 (s), 1604 (vs), 1417 
(vs), 1218 (vs), 1177 (vs), 1166 (vs), 1138 (vs), 1098 
(vs), 824 (vs), 751 (s) 
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Table 71 (continued) 

Compound 

CF3SC(S)NCS 
red [2] 

CF2(NCS)C(S)F 
orange [2] 

CF3SC(S)Br 
red [2] 

b.p./Torr 
(m.p.) in °c 

45/10 

40/10 

87 

67/150 

44/1 

19F NMR (0 in ppm), IR spectrum (in cm- 1), 
UV spectrum (A in nm) 

19F NMR: I) = -44.5 (5) 

IR: 1928 (vs, br). 1250 (5), 1220 (5), 1160 (5), 1105 
(5), 1030 (5), 753 (m) 

19F NMR: I)(CF2) = -45 (d), I)(CF) = -88.7 (tr), 
J(F-F) = 19 Hz 
IR: 1964 (vs, br), 1228 (vs), 1210 (vs), 1181 (vs), 
1105 (vs), 1074 (5) 

19F NMR: I) = -47.7 (5) 
IR: 1061 (5), 1038 (5), 1007 (5), 983 (5), 865 (5, br), 
625 (m) 
UV (in isooctane): Amax = 212 (I: = 8750), 237.5 
(I: = 10250), 269 (I: = 5250),288 (E = 5560) 

19F NMR: I) = -47.7 (s) 

IR: 1181 (vs), 1131 (vs), 1082 (vs), 757 (5), 752 (m), 
716 (5), 700 (5) 

19F NMR: I) = -44.7 (5) 
IR: 1176 (vs), 1166 (vs), 1108 (vs), 1098 (vs), 1082 
(vs), 815 (m), 755 (5) 
UV (in isooctane): Amax = 203 (E = 14130), 215 
(E = 12870),258 (E = 12200),317 (I: = 3800) 

The analysis of the photoelectron spectra of CF3SC(S)X (X = F, Cl, SCF3) resulted in the 
following vertical ionization energies (in eV) and assignments [6]: 

Peak 2 3 4 5 6 7 8 9 

CF3SC(S)F 10.12 10.45 12.45 13.3 13.8 15.8 17.3 
ns TC1 TC2 O"cs 

CF3SC(S)Cl 9.57 10.25 11.45 10.03 12.95 13.8 14.9 15.3 17.2 
ns TC1 nCl TC2(Cl) O"cs 

(CFß)CS 9.25 10.00 10.50 12.7 13.2 14.6 15.4 16.4 17.2 
nS (b2) TC1(b1) TC2(a2) O"cs(a1) 

The assignments are based on comparisons with other sulfur compounds and on the order 
of the orbitals calculated by the CNDO method. 

A population analysis for the C=S group in (CF3S)2CS shows no polarization [6]. 

6.2.1.3.3 ChemicaL Reactions 

The chemical behavior of the CF3S-thiocarbonyl compounds is characterized by the reac
tion of the C=S group. Electrophilic additions of halogens give sulfenyl chlorides. These 

Gmelin Handbaak 
CF Camp. Suppt. 1 



Bis(trifluoromethyL)thioketene 201 

chLorides react with the thiocarbonyL compounds on UV irradiation forming disuLfanes; the 
reaction rate increases with the degree of the fluorination of the reaction components. For 
detaiLs see the Chapters on the suLfenyL chLorides and on the disuLfanes in SuppL. VoL. 2. 

The oxidation of the thiocarbonyL compounds by 3-chLoroperbenzoic acid in absoLute ether 
at O°C yieLds the corresponding S oxides [2] : 

XYC=S + 3-CLC6H4C(0)00H --+ XYC=SO + 3-CL-C6H4COOH 

In the foLLowing it is given for the investigated reactions the moLar ratio perbenzoic acid/ 
thiocarbonyL and the yieLd of the products [2]: 

x 
Y 
MoLar ratio 
YieLd ... 

CFß 
CF3S 
1 : 1 
76% 

CF3SS 
CF3SS 
1 : 1 
37% 

In this reaction compLeteLy fluorine-substituted thiocarbonyLs couLd not be oxidized, bromine
fluorine derivatives reacted onLy partiaLLy. The photochemicaLLy induced dimerization of the 
thiocarbonyLs forming dithietanes is treated in SuppL. VoL. 2. 

The compounds CF3SC(S)NH2 and CF3SC(S)Br hydroLyze on contact with water [2]. 
(CF3SbCS reacts with HgO forming (CF3SbCO and HgS, see SuppL. VoL. 2. 

References: 
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1976/83). - [4] A. Haas, J. HeLm brecht, E. KLug, B. Koch, H. Reinke, J. Sommerhoff (J. FLuorine 
Chem. 3 [1973/74]383/95). - [5] F. Bur-Bur (Diss. Univ. Bochum 1973). 

[6] H. Bock, K. WiUeL, A. Haas (Z. Anorg. ALLgem. Chem. 408 [1974]107/14). 

6.2.1.4 Bis(lrifluoromelhyl)lhiokelene (CF3bC=C=S 

6.2.1.4.1 Preparalion and Physical Properlies 

The ketene forms presumabLy as intermediate in the reaction of imidazoLidinethiones with 
(CF3bCS, which resuLts by O-S exchange in the formation of the cycLic dimer of the ketene [1, 
7], for preparation by pyroLysis of the dimer (1,3-dithietane) and for physicaL properties see 
Part 1, p. 30. 

6.2.1.4.2 Chemical Reaclions 

Bis(trifluoromethyL)thioketene yieLds both mono- and diadducts as a resuLt of cycLoaddition 
with Schiff bases depending on the type of the LaUer [6] (see Table 72, p. 203). 
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R = H, R' = CH3; R = H, R' = CH(CH3b, 
R = Cl, R' = CH3; R = N02, R' = CH3, 
R = CH30, R' = 4-CH30-C6H4 

With CH3NCS the result of the reaction is a triadduct [6] (see Table 72). 

Aryl azides add to (CF3hC=C=S forming L\3-1,2,3,4-thiatriazolines [6] (see Table 72). 

H 
H 

OCH3 

H 
Cl 
H 

Cl 
Cl 

Performing the same reaction with 2,4,6-trimethylphenylazide a similar product results [6] : 

Beside these 1 : 1 (CF3bC=C=S/azide adducts the formation of orange 2: 1 adducts is observed, 
also accessible by adding excess thioketene to the 1: 1 adducts. The structure of these 
compounds has not been established [6]. 

With (CH30bP, two molecules of thioketene react to form a water-sensitive product with 
structure (A). With (C6H50bP the reaction takes a similar course, but due to hydrolysis a 
different product (B) is isolated [6]: 

A 
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TabLe 72 
PhysicaL Data 1) for the Products of the Reaction of (CF3hC=C=S with Schiff Bases, MethyL 
Isocyanate, AryL Azides, Phosphite Esters, MethyLbenzenes and Thiothiophthene [6]. 
YieLd in %, bOiLing point (b.p.) in °C/pressure in Torr, meLting point (m.p.) in °C, 19F NMR 
(positive vaLues of the chemicaL shift 8 mean downfieLd from the standard, spin-spin coupLing 
constant J), s, d, tr, qu, m = singLet, doubLet, triplet, quartet, muLtipLet. 

Compound (yieLd) b.p./Torr 19F NMR3) 

reaction conditions (m.p.) in °C (8 in ppm, J in Hz) 

H 5 (66.7 to 67.5)2) Ö = 11.54 (qu of d of qu), 17.90 x: >=CCCF3)2 (qu of qu of d), J(CF3-CF3) = 9.1, 
C6FS N J(CF~-CH) = 1.2, J(CF~-CH3) = 0.5, 

I J(CF~-CH) = 1.3, J(CF~-CH3) = 2.6 CH3 

(79%), in hexane 

H ........ CFj 
-rS C 4-R-C6H4 'f ....... cFi 

8 = 9.30 (qu, CF!), 10.3 (qu, CF~), 
R· ...... NyS 11.4 (qu, CF~), 13.5 (qu, CF~), 
4F3C-C-CF] J(CF~-CF~) = 8, J(CF~-CF~) = 9, 

R = H, R' = CH3 (162 to 162.8)4) J(CFP-CF~,4) = 4.5, J(CF~-CH3) = 
(78%), petroLeum ether, O°C 1.3 (x = 1, 2, 3 or 4) 

R = H, R' = CH(CH3b (138 to 139) Ö = 10.13 (qu, 1 CF3), 10.88 (qu, 1 CF3), 
(52%), petroLeum ether, O°C 11.47 (m, 1 CF3), 14.44 (m, 1 CF3) 

R = CL, R' = CH3 (143 to 144) 
(60%), petroLeum ether, O°C 

R = N02, R' = CH3 (150 to 151) 
CH2CL2,0°C 

R = CH30, R' = 4-CH3O-CsH4 (122 to 123)S) Ö = 8.50 (qu, 1 CF3), 10.7 (qu, 1 CF3), 
(62%), CH2CL2 11.9 (m, 1 CF3), 13.1 (m, 1 CF3) 

=<S~S'fCCCF3h (121.5 to 122.5) Ö = 7.94 (qu of qu, CF~), 8.92 (s, 
(CF3hC 

(CF3bC=), 9.79 (qu, CF~), 11.1 (CF~)7), 5 
...... NyS 12.5 (CF~)7), J(CF~-CF~) = 8.7, 

H3C J(CF~-CF~) = 9.3, J(CF~-CH3) = 1.2 C(CF3)2 

(52%), occasionaL cooLing 

(CF,J,C9":S'~-1 ~Rl 
N-N 

R2 

R1, R2 = H (125 to 125.5) 8).9) ö = 10.20 (qu, 1 CF3), 11.08 (qu, 1 CF3) 
(26.5%), petroLeum ether, 6 d 

adduct thioketene/azide (80 to 81)9).10) Ö = 0.21 (s, 2 CF3), 9.54 and 9.98 (qu, 
(2: 1), R1, R2 = H (CF3bC=) 
(22%)12) 
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TabLe 72 (continued) 

Compound (yieLd) 
reaction conditions 

R1 = CH3, R2 = H 
(35%), petroLeum ether, 6 d 

adduct thioketene/azide 
(2: 1), R1 = CH3 , R2 = H 
(6%) 

b.p./Torr 
(m.p.) in °C 

(124.5 to 125) 8) 

(77.5 to 78.5) 10) 

R1 = OCH3, R2 = H (113 to 113.7)8).9) 
(56%), hexane, 16 h 

adductthioketene/azide (117.5to 118)9) 
(2:1), R1 = OCH3, R2 = H, 
(55%) 12) 

R1 = CL, R2 = H (119 to 119.5) 6).8) 
(14.4%), hexene, 4 d 

adduct thioketene/azide (102.5 to 103) 9).10) 
(2:1), R1 = CL, R2 = H 
(25%)12) 

R1, R2 = CL (116.5 to 117)8).9) 
(4), hexane, 4 d 

adduct th ioketene/azide (96.5 to 97) 9). 10) 
(2:1), R1 , R2 = CL 
(29%) 12) 

CH3 (126.7 to 127.2)8),9) 

(CF#=('r{}CH, 
CH3 

(41 %), hexane, 1 d 

(98 to 98.5)6) 

(62%), <30°C, moist air 

19F NMR3) 

(0 in ppm, J in Hz) 

1) = 9.66 (qu, 1 CF3), 10.57 (qu, 1 CF3) 

1) = 10.21, 10.92 (A3B3 type) 11) 

1) = 0.25 (5, 2 CF3). 8.42 and 8.63 (qu, 
(CF3)2C=) 

1) = 10.25 (qu, 1 CF3), 10.57 (qu, 1 CF3) 

1) = 0.39 (5, 2 CF3) 11), 9.52, and 9.89 
(qu, (CF3bC=) 

1) = 10.25 (A3B3 type, 2 CF3)5),13), 10.76 
(qu, 1 CF3)14),11.65 (qu, 1 CF3) 14) 

1) = 0.62 (5, 2 CF3) 11), 9.75, and 10.07 
(qu's, (CF3bC=) 

1) = 10.28 (qu, 1 CF3) 11), 10.78 (qu, 
1 CF3) 

1) = 0.89 [d, 5-(CF3)2' J(F-P) = 1.3]. 
9.68 (m, 2-(CF3b) 

1) = 2.56 and 4.47 (qu, 5-(CF3b), 9.95 
(A3B3 type, 2-(CF3bC=) 
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Table 72 (continued) 

Cornpound (yield) 
reaction conditions 

R3 

R4*R2 

~I 
Rs R1 

CH2 
I 5 

( CF3)2C>< >=C(CF ) 
H 5 32 

b.p.lTorr 
(rn.p.) in °C 

R1 to Rs = CH3 (120 to 120.2)9) 
(45%). benzene. 100°C 16). 15 h 

R2• Rs = H; R1• R3• R4 = CH3 (67 to 68)9) 
(54%). 150°C 16). 6 h 

R1. R2. R4 • Rs = H; R3 = OCH3 (31.2 to 31.8) 9) 
(20%). 150°C 16). 8 h 

R1. R2. R4• Rs = H; R3 = OH (102 to 104)6) 
(1.7%). 100°C 16). 15 h 
(by-product) 

4-CH3C6H40C(S)CH(CF3)2 (80 to 81) 7) 
(35%). see above 
(rnain product) 

4-CH3-CsH40XS>= (76 to 77)6) 
C( CF3)2 

(CF3)2HC 5 

(18%). see above 
(rnain product) 

( CF3)2C 
I 
H 

(77%). CH2Cl2• 40 h 
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(151 to 152)6),17) 

(134 to 135) 18) 

19F NMR 3) 

(8 in pprn. J in Hz) 

8 = 1.29(d.J = 6) 

8 = 6.27 [d. (CF3bCH. J(F.H) = 7]. 8.87 
(5. (CF3bC=) 

8 = 4.49 [d. (CF3bCH. J(F.H) = 7]. 9.84 
(5. (CF3)2C=) 

8 = 3.03 [d. (CF3)2CH). J(F.H) = 6]. 9.73 
(5. (CF3bC=CS2). 9.84 (5. (CF3bC=CS2). 
9.66 (A3B3• (CF3bC=) 
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Table 72 (continued) 

Compound (yield) 
reaction conditions 

SuLfur(lI) Compounds 

b.p./Torr 
(m.p.) in °C 

(101 to 103)6) 

19F NMR3) 
(Ii in ppm, J in Hz) 

Ii = 2.30 [d, J(F,H) = 6] 

1) For further data (no, 1H NMR, IR, mass spectrum) refer to the original publication [6]. 
2) Recrystallized from hexane/CCl4. - 3) External standard CFCl2CFCl2. - 4) From CCl4. 

5) In DCl3. - 6) From hexane. - 7) Ten-line pattern. - 8) Yellow crystals. - 9) Recrystallized. 
- 10) Orange crystals. - 11) In CCl4. - 12) Isolated from the filtrate of the 1: 1 adduct. -
13) Room temperature. - 14) O°C. - 15) Pale yellow oil. - 16) Sealed tube. - 17) Deep orange. 
- 18) White product from CH3N02. 

Hexamethylbenzene reacts with (CF3bC=C=S to form the following dithietane [6]: 

With 1 ,2,4,5-tetramethylbenzene and 4-methylanisole the analogous products are isolated. 
The same type of compound results from the reaction with 4-methylphenol; the yield is very 
smalI. Dominant are two other products, the ester 4-CH3-C6H40C(S)CH(CF3b and another 
dithietane [6]. 

With toluene or xylene no reaction occurs. (CF3bC=C=S and thiothiophthene (A) yield in a 
reaction sequence first the 2: 1 adduct (8), which can be isolated as an orange substance, and 
as a result of further thioketene addition the white 4: 1 adduct (C). With 2-aminobenzenethiol 
the benzothiazole derivative (D) is formed [6]. 

A 8 
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C D 

Bis(trifLuoromethyl)thioketene reacts as dienophile in Diels-Alder reactions. The products 
with some of their physical properties are covered in Table 73 [2, 5, 6]. It is remarkable that 
the reaction with 1,3-cyclohexadiene gives the Diels-Alder product and also the product of 
the Ene reaction (ratio 54.5:45.5). Many other compounds are formed in the reaction with 
cyclopentadiene derivatives (no physical properties are given) according [5] 

Several cyclohexadiene adducts are produced from the thioketene and 1,3-cyclohexadiene 
[5]: 

Dialkylsulfur diimides react with the thioketene forming N-alkylbis(trifLuoromethyl)
keteneimines [3] : 

2 (CF3hC=C=S + RN-S-NR ~ 2 (CF3)2C=C=NR + 3 S 

This procedure is applied to compounds with R = alkyl (Cl to C18, also branched) and with 
R = cycloalkyl (C4 to C7), see Part 1, p. 44. A characterization isgiven onlyforthe keteneimines 
with R = CH3, n-C4H9, t-C4H9. The reaction with diphenylsulfur diimide gives a compound, 
which is sensitive to UV irradiation. All substances can be used as antistatic agents for wool 
[3]. 

Table 73 
Diels-Alder Reaction Products of (CF3bC=C=S. 
Yield in %, boiling point (b.p.) in °C/pressure in Torr, melting point (m.p.) in °C, 19F NMR (values 
of the chemical shift ö are downfield from the external standard CFCl2CFCl2), spin-spin coupling 
constant J, (d, tr, qu mean doublet, triplet, quartet); for further properties (no, IR, lH NMR) see 
the original publications. 

Reactant 
(conditions) 

o 

Product 
yield in % 

(15 to 20°C, CH2Cl2) 96% [2]. 89% [5] 
[2,5] 

Gmelin Handbook 
CF Comp. Suppt. 1 

b.p.lTorr 
(m.p.) in °C 

69.7/7 [5], 1961760 
(10) [2] 

19F NMR 
(0 in ppm) 

7.64 (qu) 1),11.6 (q of d) 
[2,5] 
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Table 73 (continued) 

Reactant Product b.p./Torr 19F NMR 
(conditions) yield in % (m.p.) in °G (8 in ppm) 

rr;? h 
45/0.4 [2], 45/0.05 [5] 11.75 (qu), 15.9 (qu of 

d, J = 1.8 Hz) [2] 

C (CF3)2 

91% [2] 

CH3 [5] "iti' 60 to 67/5 

Ö 'I. 5 

C( CF3)2 

H3C:Q'CH3 ~~C"2 76/0.5 [6], 74/0.5 [5[ 9.65 (qu), 17.9 [qu of tr, 
H3C CH3 (mixture of isomers) J(F-H) = 2.6 Hz], pure 

H3C CH3 'I. 5 (50 to 52) for pure isomer [6] 
H3C CH=CH2 isomer 3) [5, 6] 

H3C CH3 C(CF3h 

2 isomers, 81 % 

8 ~ 
6010.2 [5, 6] 8.13 (qu), 12.4 (qu) [6] 

C( CF3h 

(ooG, GH2Gl2) 72% [5], 83% [6] 

0 [5] 

~ 
79 to 80/1.4 10.4 (qu), 14.1 (qu) 

(ooG, 16 h) 
C( CF3)2 

0 ~ 78/5 9.65 (qu), 13.2 (qu) 

C( CF3)2 

+ (CF'J,~C""d' ~ 3.41 (qu ofd), 6.33 (qu), 
J(F-F) = 6.4 Hz, 
J(F-H) = 1.5 Hz 

D[2] 4=J5 (101, decomposition) 5) 7.91 (qU)6), 13.6 (qu) 

HSC6 C6 HS 'I. 5 

C6HS C(CF3l2 

(hexane, refluxing 86% 
for 16 h) 

GmeLin Handbook 
CF Comp. Suppt. 1 
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TabLe 73 (continued) 

Reactant Product b.p./Torr 19F NMR 
(conditions) yieLd in % (m.p.) in °C (0 in ppm) 

( Y,61 t6 (49 to 50) 10.3 (qu), 13.8 (qu) 

C( CF3)2 

(100°C, bomb tube, 78% 
16 h) (CH3h 

~H,).J 
U[5] ~ 5 55/1.8 

CH3 (CH3)bl C(CF (CH3h 

isomers a) or b) 

//\. [6] CL 72 to 73/8 9.79 (qu), 12.5 (qu) 

C(CF3h 
(O°C, 20 h, CH2CL2) 91% 

Cl Cl [6] CL 64/0.25 9.70 (qu of tr), 12.60 

K D (qu) 

Cl C(CF3)2 

(100°C, 2 h, bomb 72% 
tube) 

9 
[6] C(CSHS)2 (118.3 to 119)7) 8.70 (qu), 12.6 (qu) 

~C(CF')Z C(C6HSh 

(hexane) 73% on [6] (CF3)2C (118.5 to 119)8) 9.79 (qu), 14.9 (qu) 

~I.o.o ::7, 
~ 

(18 h, 20%, C6H6, 59% 
reflux) 

0;1 C,H,[61 ~ (123) 6.84 (qu) 1), 13.9 (qu) 

~ ~O ~!J 5 

CsHs C( CF3)2 

(O°C, CH2CL2) 83% [6] 

Gmelin Handbook References p. 210 14 
CF Comp. Suppt. 1 
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Table 73 (continued) 

Reactant 
(conditions) 

Sulfur(lI) Compounds 

Product 
yield in % 

b.p./Torr 
(m.p.) in °C 

ÖJ 88/0.025 

I 5 

C(CF3h 

19F NMR 
(8 in ppm) 

10.3 (qu), 13.5 [qu, 
J(F-F) = 11 Hz] 

1) Neat substance. - 2) CH3 groups in position 1, 4, 5, 6 or 7. - 3) Fractional crystallization 
from CH30H gives a pure isomer. - 4) Not isolated, spectra from the mixture with the Diels
Alder product. - 5) Decomposition on reversal of the formation reaction. - 6) In CDCl3• -

7) From hexane. - 8) From CH30H. 
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System 
Number 

1 

f 
2 
3 
4 
5 

6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

zn~ 26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 , 

Key to the Gmelin System 
of Elements and Compounds 

Symbol Element System 
Number 

Noble Gases 37 
H Hydrogen 38 
0 Oxygen 39 
N Nitrogen 
F Fluorine 40 

CI Chlorine 41 

Br Bromine 
I lodine 
At Astatine 
S Sulfur 
Se Selenium 
Te Tellurium 
Po Polonium 
B Boron 
C Carbon 
Si Silicon 
P Phosphorus 

CrCI2 42 
43 
44 
45 

IZnCr04 46 
47 
48 
49 
50 
51 , 
52 

As Arsenic 
Sb Antimony 
Bi Bismuth 
Li Lithium 
Na Sodium 
K Potassium 
NH4 Ammonium 
Rb Rubidium 
Cs Caesium 
Fr Francium 
Be Beryllium 
Mg Magnesium 
Ca Calcium 
Sr Strontium 
Ba Barium 
Ra Radium 

53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

Zn Zinc 69 
Cd Cadmium 70 
Hg Mercury 71 
AI Aluminium 
Ga Gallium 

Symbol Element 

In Indium 
TI Thallium 
Sc, Y Rare Earth 
La-Lu Elements 
Ac Actinium 
Ti Titanium 
Zr Zirconium 
Hf Hafnium 
Th Thorium 
Ge Germaniu"m 
Sn Tin 
Pb Lead 
V Vanadium 
Nb Niobium 
Ta Tantalum 
Pa Protactinium 

Cr Chromium 

Mo Molybdenum 
W Tungsten 
U Uranium 
Mn Manganese 
Ni Nickel 
Co Cobalt 
Fe lron 
Cu Copper 
Ag Silver 
Au Gold 
Ru Ruthenium 
Rh Rhodium 
Pd Palladium 
Os Osmium 
Ir Iridium 
Pt Platinum 
Tc Technetium' 
Re Rhenium 

Np,Pu ... Transuranium 
Elements 

Material presented under each Gmelin System Number includes al/ information concerning the element(s) 
listed for that number plus the compounds with elements of lower System Number. 

For example, zinc (System Number 32) as weil as al/ zinc compounds with elements numberedfrom 1 to 31 
are classified under number 32. 

, A Gmelin volume titled "Masurium" was published with this System Number in 1941. 

A Periodic Table of the Elements with the Gmelin System Numbers is given on the Inside 
Front Cover 




