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Volatiles were removed under vacuum, and the solid was taken up in 50 
mL of petroleum ether, filtered, concentrated, and cooled to -78 OC. 
Cold filtering and drying under vacuum afforded 2.73 g (65.5%) of 
yellow crystalline 7. Anal. Calcd for C16H9F20M~N03P2: C, 23.99; H, 
1.13. Found: C, 24.05; H, 0.98. IR (KCI, cm-I): 1996 vs, 1937 s, 1881 

(benzene-d6, 25 "C): 8 101.3 (m). I9F NMR (benzene-&, 375.6 MHz, 
22 "C): 8 78.2 (s, CF,), 79.1 (s, CF,), 107.2 (ABX, u(A) - v(B) = 542 
Hz, 2JFF = 315 Hz, 2JFp = 105, 58 Hz, CF,P), 108.8 (ABX, v(A) = v(B), 
2JFp(av) = 68 Hz, CF2P). 
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vs, 1300 s, 1205 vs, 11 18 s, 1090 s, 958 s, 749 m. 'H NMR (benZene-d6, from the ~~~~~~~h carp. ~ ~ ~ ~ ~ l e d ~ ~ ~ ~ t  is made to the donors 22 "c) :  8 1.89 (m, 4 H, PCH2). 0.92 (q, 2 H, ,JHH = 7.7 Hz, NCCH2). 
0.19 (t ,  3 H, 3~~~ = 7.7 H ~ ,  CH,). i3c NMR (benzene-d6, 22 OC): 6 
21 1.9 (m, 2 CO), 21 1.1 (s, br, 1 CO), 128.9 (s, br, NC), 119.0 (qm, IJCF 
= 296 Hz, CF,), 20.4 (tt, lJCH = 138 Hz, Jcp = 15 Hz, PCH2), 12.1 (t, 
' J C H  = 135 Hz, NCCH,), 9.5 (q, lJCH = 133 Hz, CH,). 31P NMR 
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The formation and isolation of Na(CF3)2E (E = P, As) and of Cs(CF,),E (E = N, P, As) are reported. Whereas cesium 
bis(trifluoromethy1)amide is stable at room temperature and can be obtained from the reaction of cesium fluoride with CF,N=CF2 
or CF3N=CFN(CF,)2, the novel alkali-metal derivatives of (CF,),PH and (CF3)2AsH are obtained via the interaction of the 
phosphane or arsane with an alkali metal in liquid ammonia. The alkali-metal bis(trifluoromethy1)phosphides and -arsenides 
undergo decomposition above 215 K. All compounds are characterized by multinuclear (I3C, 14N, I9F, jlP) NMR techniques. 
The infrared and Raman spectra of CS(CF,)~N are presented and discussed. Several reactions, including the thermolysis of 
Na(CF3)2P and CS(CF,)~P to give CF3P=CF2, demonstrate the synthetic potential of these salts. 

Introduction 
Metalated derivatives of the compounds HER2 ( E  = N ,  P, As; 

R = alkyl, aryl substituent) have long been known and a r e  of 
widespread importance in inorganic and organic synthetic path- 
ways.' In spite of this and the increased interest in fluorine- 
containing compounds during the last decades, only very few 
salt-like bis(perfluoroorgano)element-metal compounds ME(RF)2 
(M = electropositive metal; RF = CF,, C6FS, etc.) have been 
reported in the l i t e r a t ~ r e . ~ - ~  These types of compounds a re  
considered to be very unstable because of the energetically favored 
formation of M F ,  especially in the case of small  cation^.^ Hence, 
for the purpose of transfering (CF3)2P groups, more difficult 
preparative routes to covalently bonded reagents such as  (C- 
H ,) ,Sip( C F,) and ( C  H,) ,SnP( C F3) have been developed. HI 

However, the  synthetic potential of cesium bis(trifluor0- 
methyl)amide, Cs(CF3)*N, has already been described in the 
l i t e r a t ~ r e ; ~ . ~  it thus appeared necessary and worthwhile to try to 
obtain the  corresponding P and As derivatives. W e  have now 
succeeded in the preparation and spectroscopic characterization 
of pure C S ( C F , ) ~ N , ~ S  well as  the novel and  highly reactive ho- 
mologues M(CF3)2E ( M  = N a ,  Cs; E = P, As), alkali-metal 
bis(trifluoromethy1)phosphides and -arsenides. 
Experimental Section 

Materials and Apparatus. Literature methods were used for the syn- 
thesis of CF3N=CFN(CF,),,9 (CF3),PH,Io and (CF3)2AsH.10 CF,N= 
CF2 was received from the Bayer Co., Leverkusen, FRG, as a gift. 
Cesium fluoride (99.99 %, Aldrich Co.) was fused in a platinum crucible 

For reviews see: Allen, D. W.  Organophosphorus Chem. 1987, 18, 3. . .  
Refer to preceeding volumes also: 
Gontar, A. G.; Bykovskaya, E. G.; Knunyants, I. L. Zh. Vses. Khim. 
O v a .  im. D. I .  Mendeleeua 1975, 20, 232; Chem. Abstr. 1975,83,9063. 
Gontar, A. G.; Bykovskaya, E. G.; Knunyants, I. L. Izu. Akad. Nauk. 
SSSR, Ser. Khim. 1975, 20, 232; Chem. Abstr. 1976, 84, 121781. 
Fild, M. Dissertation 1966 Gottingen, FRG. 
Ansari, S.; Grobe, J.;  Schmid, P. J .  Fluorine Chem. 1972/73, 2, 281. 
Young, J. A.; Tsoukalas, S. N.; Dresdner, R. D. J .  Am. Chem. SOC. 
1958, 80, 3604. 
Emeltus, H. J.; Hurst, G. L. J .  Chem. SOC. 1964, 396. 
Grobe, J.; Demuth, R. Angew. Chem. 1972, 84, 1153. 
Minkwitz, R.; Kerbachi, R.; Nass, R.; Bernstein, D.; Preut, H. J .  
Fluorine Chem. 1987, 37, 259. 
Cavell, R. G.; Dobbie, R. C. J .  Chem. SOC. A 1967, 1308. 

and powdered in a drybox prior to use. Elemental sodium was doubly 
distilled before use; cesium was obtained in high purity from the Aldrich 
Co. (99.95+ %, Gold Label). Both alkali metals were loaded into and 
handled in sealed thin-walled glass vessels by techniques described in the 
literature." Solvents were purified by standard methods.I2 Standard 
high-vacuum techniques were employed throughout all preparative pro- 
cedures; nonvolatile compounds were handled in a dry N2 atmosphere by 
using Schlenk techniques. 

Differential thermal analysis was carried out on a Mettler Model TA 
1 instrument. Infrared spectra were recorded on a Perkin-Elmer Model 
580 B spectrometer; Raman spectra were run on a Coderg T 800 spec- 
trometer equipped with an Ar' laser (Spectra Physics) operating at X = 
488.0 nm. 

The NMR spectra were recorded on a Bruker Model AM 300 spec- 
trometer (I3C, 75.5 MHz; I4N, 21.7 MHz; I9F, 282.5 MHz; ,IP, 121.5 
MHz) with positive shifts being downfield from the external standards 
TMS (I3C), CH,N02 (I4N), CFCI, (I9F), and 85% orthophosphoric acid 

Preparation of CS(CF,)~N. Cesium fluoride (10 mmol), suspended in 
25 mL of acetonitrile, and 15 mmol of CF,N=CF2 or 7.5 mmol of 
CF3N=CFN(CF3)2, respectively, were combined in a 50-mL vessel 
equipped with a Young stopcock. The reaction mixture was magnetically 
stirred for 6 h at room temperature and eventually filtered off from 
undissolved cesium fluoride. When 25 mL of methylene chloride was 
added, CS(CF,)~N precipitated. After filtration, washing with methylene 
chloride and removal of the remaining solvent by pumping, colorless 
finely crystalline Cs(CFJ2N was obtained in a yield of 80%. Its purity 
was checked by I9F NMR spectroscopy and was better than 99%. 

Preparation of Na(CF3)2P and CS(CF,)~P. In a typical run, 2.65 
mmol of Na or Cs, contained in a sealed thin-walled glass vessel, was 
placed into one section of a two-bulbed glass vessel connected to the 
vacuum line and equipped with a magnetic stirrer. The thin-walled glass 
vessel was broken in an inert N2 atmosphere and 2.5 mL of liquid am- 
monia was condensed at 77 K onto the alkali metal. The mixture was 
stirred at 200 K and again cooled to 77 K. (CF3)2PH (2.5 mmol) was 
then added in portions of approximate 0.25 mmol each; each addition was 
followed by stirring the mixture at 200 K for 10 min, cooling it to 77 K, 
and pumping off the evolved H1 In order to obtain pure Na(CF3)2P and 
Cs(CF,),P, ammonia was removed by pumping at 190 K. The residue 
was treated with 5 mL of liquid dimethyl ether and stirred at 190 K. 

(3'P). 

(1 1 )  Brauer, G. Handbuch der Praparativen Anorganischen Chemie; F. 
Enke: Stuttgart, FRG, 1978; Vol. 11, p 942. 

(12) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. Purification of Lab- 
oratory Chemicals; Pergamon Press: Oxford, England, 1980. 
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Eventually the solution was decanted and the solvent was removed by 
pumping at 190 K, leaving behind pale grey Na(CF3)2P and C S ( C F ~ ) ~ P .  
Their purity was checked by means of I3C, 19F, and ,IP NMR spec- 
troscopy and was better than 95%. Main impurities were CHF,, [(C- 
FJ2PI2NH, CHF2(CF3)PNH2, and CH2F(CF3)PNH2, as established by 
their NMR spectra.13 

The pale yellow solutions of the phosphides in liquid ammonia or 
dimethyl ether were stable for 2 weeks at 200 K or even up to 230 K for 
short periods. 

When solutions of Na(CF3)2P and Cs(CFJ2P in liquid ammonia were 
warmed further, the formation of CH,F was observed. Decomposition 
of the solid salts started at 215 K. 

Preparation of Na(CFJ2As and CS(CF,)~AS. These compounds could 
be obtained in high purity (298%, checked by means of "C and I9F 
NMR spectroscopy) by a procedure analogous to that described for the 
phosphides, starting from (CFJ2AsH. CHF, was found as a main con- 
taminant (due to hydrolysis or ammonolysis). Whereas the stability 
range of the alkali-metal bis(trifluoromethy1)arsenides is the same as that 
of the phosphides, their solutions are colorless. 
Results and Discussion 

Formation. In analogy to the formation of Hg[(CF,)2N]t from 
HgF2 and CF3N=CF2, Gontar et aL29, described the formation 
of CS(CF,)~N (eq 1) .  We found that this salt could also readily 

(1) 

be prepared at room temperature by starting from dimerized 
perfluoro(2-azapropene), CF,N=CFN(CF3)2 (eq 2). This re- 

CF,N=CFN(CF3)2 + 2CsF - 2Cs(CF3)2N (2) 
action (eq 2) is understandable only on the assumption that the 
dimer CF3N=CFN(CF3)2 is depolymerized under the catalytic 
action of CsF (eq 3). The monomer so formed reacts according 

(CH3CN) 
CF,N=CF2 + CsF - Cs(CF3)ZN 

( C H W )  

( C W  
CF,N=CFN( CF3)2 2CF,N=CF2 (3) 

to eq 1 to give the amide. While the cesium fluoride catalyzed 
dimerization of CF3N=CF2 has already been described in the 
l i t e r a t ~ r e , ~  the reverse reaction has not. However, it was not 
possible to detect the monomer. I9F NMR spectra of solutions 
containing cesium fluoride and an excess of CF3N=CF2 or 
CF3N=CFN(CF3)2 in acetonitrile showed only signals due to 
CS(CF,)~N and CF3N=CFN(CFJ2. Among numerous synthetic 
routes to phosphides and arsenides, the reaction of the phosphane 
or arsane with butyllithium in organic solvents and the reaction 
with alkali metals in liquid ammonia seemed to be especially 
promising for the synthesis of bis(trifluoromethy1)phasphides. Both 
techniques permit the reactions to occur in homogeneous phase, 
even at reduced temperature. However, the first method did not 
result in detectable formation of (RF),E- s a h 5  The latter method 
requires some care in order to prevent side reactions of (CF3)2PH 
or (CF,)2AsH with ammonia. Experiments carried out by BurgL3 
and Haszeldine et al.I4 showed that, e.g., (CF,)2PH reacted with 
ammonia even at very low temperatures. We succeeded in reacting 
(CF3)2PH and (CF3)2AsH with alkali metals in liquid ammonia 
to give the pure salts. This was achieved by adding the phosphane 
or arsane in only small amounts to a solution containing an excess 
of the alkali metal (see Experimental Section). Due to the high 
acidity of (CF3)2PH and (CF3)2AsH, the salt formation occurred 
in a very fast reaction15J6 (eq 4) .  

WH3) 
2(CF,)2EH + 2M 2(CF3)2EM + H2 (4) 

M = Na, Cs; E = P, As 

Properties and Reactions. According to differential thermal 
analysis, CS(CF,)~N decomposes above 365 K according to the 
reverse of eq 2 in a slightly endothermic reaction. Like Hg[(C- 
F3)2N]2,'7 it turned out to behave as a mild fluorinating agent; 

Minkwitz and Liedtke 

(13) Burg, A. B. Inorg. Chem. 1981, 20, 2739. 
(14) Goldwhite, H.; Haszeldine, R. N.; Rowsell, D. G. J .  Chem. Soc. 1965, 

6875. 
(15) Joannis, A. C. R .  Hebd. Seances Acad. Sei. 1884, 119, 557. 
(16) Thompson, N. R. J .  Chem. Soc. 1965, 6288. 
(17) Ang, H. G.; Syn, Y .  C. Adu. Inorg. Chem. Radiochem. 1974, 16, 1 .  

Table I. Observed Infrared and Raman Frequencies (cm-I) of Solid 
Cs(CF,),N and Comparison with Those of Isoelectronic (CF,),O" 

Cs(CFd2N (CF3)20 
IRb*C Raman IR2] Raman2I assgnts2I and 
solid solid gas liq approx descripns 
n.m. 180 (9) n.m. 178 w U, (al) 6(CXC) 
n.0. 341 (25) n.0. n.0. VI0 (a2) P(CF3) 

366 (50) 368 (21) 358.4 355 W, sh vi6  (bi) p(CF3) 
383 (45) 384 (37) n.0. 368 s 0 (ad  d C F d  
512 sh 521 (12) 526.7 m 527 w u4 (al) 6,,(CF3) 
550 (65) 552 (18) 573.2 m 574 w ~ 1 5  (b,) 6,,(CF,) 

647 (45) 648 (12) 655 m 650 vw u20 (b2) p(CF,) 

716 sh 713 (45) 747 m 747 m u2 (al) 6,(CF3) 

n.0. 600 (4) n.0. n.0. 4 (a2) 6,ACFd 

663 (70) n.0. 696.3 s 690 vw ~ 1 )  (bl) 6,(CFg) 

816 (60) 818 (100) 854 vvw 852 vs u6 (a,) U(cx) 
876 (55) 876 (13) 971.0 s 970 ww ~ 1 7  (b1) u(CX) 

1183 (75) n.0. 1173.4 ws 1170 ww ~ 1 2  (b,) u,(CF,) 
1222 (100) n.0. 1255.6 ws 1250 ww (bl) u,,(CF,) 

n.0. n.0. n.0. 1279 w u I  (al) u,(CF,) 
1263 (65) n.0. 1328.9 w s  1329 w u3 (al) u,,(CF,) 

"Abbreviations used: n m . ,  not measured; n.o., not observed; sh, 
shoulder; v, very; s, strong; m, medium; w, weak. bThe following 
combination tones were observed: 434 w (va - u 5 ) ,  466 w (u20 - u,), 599 
w ( u 3  - ~ 1 3 ) .  616 w (u ,  - u ~ ~ ) ,  667 w (uI2 - u 4 ) .  cNujol mull, CsBr 
windows. 

e.g., hexachloroantimonates ((C6H5)&+SbCl6-, K+SbC16-) were 
converted in acetonitrile solution into the corresponding hexa- 
fluoroantimonates with liberation of CF3N=CFN(CF3)2. In a 
complicated and yet not quite understood reaction, CS(CF,)~N 
and (CF,S)2PH1s gave CsPF,. A precipitate of CsSbF6 was 
obtained from the interaction of the amide and (C6H5)4As+SbF; 
or (C2H5)4NfSbF6- in acetonitrile. I9F NMR spectra of the 
solutions proved the existence of (C6H5)4As+(CF3)2N- and 
(C2H5)4N+(CF3)2N- (6,  = -37.0 ppm), respectively. However, 
the pure salts could not be isolated. The reactions of CS(CF,)~N 
with organic compounds containing halogen have been reported 
by Gontar et aL2S3 

Contrary to the behavior of Hg[(CF3)2P]2, which yielded el- 
emental Hg and (CFJ4P2 on heatings, but in accordance with the 
behavior of Cs(CF&N, the thermolysis of Na(CF3)2P and Cs- 
(CF,)2P gave CF,P=CF2 and sodium or cesium fluoride. 
CF3P=CF2 was identified from its infrared s p e c t r ~ m . ' ~  The 
reactions of the phosphides with CHJ in liquid dimethyl ether 
lead to the formation of CH,P(CF,),, which was characterized 
by its 19F NMR spectrum.20 

Vibrational Spectra of CS(CF,)~N. Whereas with respect to 
its physical properties Hg[(CF3)2N]2 (mp 17.5 OC; bp 127 OC6v7) 
is a covalent compound, CS(CF,)~N did not melt without de- 
composition, indicating it to possess more of a salt character. The 
interpretation of its infrared and Raman spectra we therefore 
carried out by analogy with the vibrational spectra of isoelectronic 
(CFJ20  (Table I). Assuming C, symmetry for (CF3)20 and 
local C, symmetry for the CF3 groups, Burger and Pawelke2' found 
that there are 21 fundamental vibrations, distributed as 7 a,, 4 
a2, 6 b,, and 4 b2. With the exception of the a2 vibrations, which 
are only Raman active, all vibration modes should be infrared and 
Raman active. Calculations on a valence-shell electron-pair re- 
pulsion basis published in the literature22 support the assumption 
of the same symmetry for (CF,),N-. 

Figures 1 and 2 reproduce the infrared and Raman spectra of 
Cs(CF,),N; Table I summarizes the data and compares them with 
the frequencies of (CF3)20. CF, stretching modes are of low 
intensity in the Raman spectrum and were not observed for the 
amide, whereas they gave rise to intense absorptions in the infrared 

(18) EmelBus, H. J.; Nabi, S. N. J .  Chem. SOC. 1960, 1103. 
(19) Ohno, K.; Kurita, E.; Kawamura, M.; Matsuura, H. J .  Am. Chem. Soc. 

1987, 109, 5614. 
(20) Appel, J.; Grobe, J. 2. Anorg. Allg. Chem. 1979, 453, 28. 
(21) Burger, H.; Pawelke, G. Spectrochim. Acta 1975, 31A, 1965. 
(22) Cuthbertson, A. F.; Glidewell, Ch.; Liles, D. C. THEOCHEM 1982, 

4, 213. 



M(CF3)T Compounds Inorganic Chemistry, Vol. 28, No. 9, 1989 1629 

325 - 

- I" 300- - 
0 

7 

275 - 

250 - 

Table 11. NMR Parameters of Alkali-Metal Bis(trifluoromethy1)amides. -phosphides, and -arsenides" 
compd solvent; temp, K 6 ( W )  6(I9F) W) lJFC 3JFC 4JFF ]Ab 

Cs(CF3)2NC DMF; 293 n.0. -34.8 s n.0. 237.2 n.0. 9.3 -0.1 20 
(CHI)@, 293 n.0. -36.8 s n.0. n.0. n.0. n.0. n.0. 
CH,CN; 293 +125.3 qq -37.8 s -286 s, brd 243.0 10.4 n.0. n.0. 

Na(CF,),PCJ NH,; 21 1 +144.4 qdq -28.7 d -3.1 sept 315.1 10.8 no. n.0. 
(CH,),O; 21 1 n.m. -29.3 d +0.6 sept n.m. n.m. n.0. n.0. 

Na(CF3)2Ad NH3; 21 1 +140.3 qq -27.0 s n.m. 340.8 7.7 7.2 -0.157 

O 6  in ppm, J in Hz. Abbreviations used: n m . ,  not measured; n.o., not observed; s, singlet; d, doublet; qq, quartet of quartets; sept, septet; br, 
Saturated solutions are employed. d6(14N); half-height width broad. 

= 300 Hz. " J ~ F  = 47.3 Hz, IJpc = 88.0 Hz. /The Cs salts gave identical data. 
IAl9F (12/13C),24 measured in ppm; the data satisfy Frankiss' re la t ion~hip.~~ 

I l l  I I I I I 

1200 1000 800 600 LOO 
c_ "1 

Figure 1. Infrared spectrum of CS(CF,)~N (Nujol mull, CsBr windows). 
The ordinate is in arbitrary units of absorption. Bands marked with an 
asteriks arise from Nujol. 

ILOO 1200 I000 BW 600 LOO 2m - cm-1 

Figure 2. Raman spectrum of solid Cs(CF&N. The ordinate is in 
arbitrary units of scattering intensity. 

spectrum at 1183, 1222, and 1263 cm-I. Five of the six expected 
CF3 deformations were observed. With the exception of 6,(CF3) 
a t  7 13 cm-l the measured frequencies correspond to typical lit- 
erature values. As was shown by a normal coordinate analysis 
of (CFJ2O:' 6,(CF3) in particular may be influenced by coupling 
effects. The intense Raman band a t  818 cm-' and a weak feature 
a t  876 cm-' are interpreted as C-N stretches; compared to the 
C-0 stretches in (CF3)2O, they are  shifted to lower frequencies. 
This may be caused by the negative charge of the amide anion.23 
The four p(CF3) modes as well as G(CNC) can be associated with 
proper frequencies corresponding to the analogous frequencies of 
(CF3)20. The remaining two torsional modes, ?(CF3), were not 
observed; they are expected to occur at frequencies below 100 cm-'. 

NMR Spectra of the Alkali-Metal Bis(trifluoromethyl)amides, 
-phosphides, and -arsenides. Table I1 summarizes the NMR 
parameters obtained from a multinuclear (I3C, 14N, 19F, 3'P) 
NMR investigation. The observed signal splittings and line widths 
agree with the presence of (CF3)2EM compounds. 

The chemical shifts 6 and coupling constants "J are, however, 
influenced by different and often counteracting parameters. The 
13C nuclei in the series amide, phosphide, and arsenide should 
experience an increasing shielding with decreasing electronegativity 
and increasing polarizability of the central atom;26 the opposite 
trend is, however,'supported by decreasing C-E double-bonding 
effectsz7 The observed I3C chemical shifts show that  neither of 
these factors dominates in this series; compared to (CF,)2EH28v29 

(23) Weidlein, J.; Muller, U.; Dehnicke, K. Schwingungsspektroskopie; 

(24) Notation according to: Gombler, W. J .  Am. Chem. SOC. 1982, 104, 
6616. 

(25) Emsley, J. W.; Feeney, J.; Sutcliffe, L. H. High Resolution Nuclear 
Magneric Resonance; Pergamon Press: Oxford, England, 1968; Vol. 11, 

(26) Demarco, R. A,; Fox, W. B.; Moniz, W. B.; Sojka, S. A. J .  Magn. 
Reson. 1975, 18. 522. 

(27) Brant, P.; Hashmall; J. A.; Carter, F. L.; DeMarco, R.; Fox, W. B. J .  
Am. Chem. SOC. 1981, 103, 329. 

(28) Burg, A. B. Inorg. Nucl. Chem. Lett. 1971, 13; 199. 

, Thieme: Stuttgart, FRG, New York, 1982; p 48. 

p 1022. 

\ 

1 I I I I I I I I I I  
-26 -30 -32 -3L -3 6 

51'9Fl [ p p m l  

Figure 3. Plot of 'JFc vs bF of the alkali-metal bis(trifluoromethy1)- 
amides, -phosphides, and -arsenides. 

a considerable shift to low field occurs. It is known for some other 
classes of compounds tha t  lJFc is proportional to the size of the 
central atom;26*30,31 the chemical relationship of the salts is clearly 
evidenced by the  plot of 'JFC versus 6(I9F) (Figure 3). Figure 
4 points out the chemical relationship between the anions and the 
isoelectronic bis(trifluoromethy1)chalcogenides. Provided that the 
paramagnetic term remains nearly constant, electronegative ligands 

(29) S(I3C) of (CF,)*AsH = +128.09 ppm. ' J F C  = 340.2 Hz, ,JFC = 5.72 
Hz; the data were determined independently in our laboratories. 

(30) Harris, R. K. J. Mol. Spectrosc. 1963, 10, 309. 
(31) Muller, N., Carr, D. T. J. Phys. Chem. 1963, 67, 112. 
(32) Marsden, C. J.  J .  Fluorine Chem. 1975, 5, 401. 
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-30 -LO -50 -60 

d1”FI l p p m l  of (CF,I,O.ICF,I,S and  lCF,I,Se 

Figure 4. Plot of 6~ of the alkali-metal bis(trifluoromethyl)amides, - 
phosphides, and -arsenides vs 6F of bis(trifluoromethy1)chalcogenides. 
Values were taken from ref 26 and 32. 

cause deshielding of 14N nuclei.33 Compared to published 14N 
chemical shifts of (CH3)2NLi34 and [(CH3)3Si]2NNa,35 this effect 
is observed for C S ( C F ~ ) ~ N  (Table 11). 

Whereas alkali-metal amides are assumed to dissociate in 
ionizing solvents, alkali-metal phosphides apparently seldom do36*37 
(excluding complexation with crown ethers38). As an example, 
S(31P) shifts of diphenylphosphides depend on the cation.39 
Contrary to this, the 31P chemical shifts of the bis(trifluor0- 
methy1)phosphides are identical within the accuracy of mea- 
surement. The very small value of 2JpF (47.3 Hz) may serve as 
a further piece of evidence for ionic dissociation of the phosphides. 

(33) See ref 25; p 1034. 
(34) Webb, G. A. Annu. Rep. N M R  Spectrosc. 1986, 18, 285. 
(35) Webb, G. A. Annu. Rep. N M R  Spectrosc. 1981, I I B ,  177. 
(36) Fluck, E. Top. Phosphorus Chem. 1980, 10, 193. 
(37) Zschunke, A.; Rimer, M.; Krech, F.; Issleib, K. Phosphorus Sulfur 

1985, 22, 349. 
(38) Hope, H.; Olmstead, M. M.; Power, Ph. P.; Xu X. J .  Am.  Chem. Sot .  

1984, 106, 819. 
(39) Fluck, E.; Issleib, K. Z .  Nuturforsch. 1965, 20B. 1123. 
(40) Dyer, J.; Lee, J. J .  Chem. SOC. E .  1970, 409. 
(41) Packer, K. J. J .  Chem. SOC. 1963, 960. 

In comparison with phosphines of the type (CF3)2PY (Y = H, 
F, C1, Br, I), which give rise to considerably greater values of 2JpF, 
substantial changes in bonding must be assumed. Burg28 has 
published values for lJPc of the phosphanes (CF3)zPY. lJPc 
increases with increasing polarizability of the Y ligand and reaches 
a maximum value of 42.8 Hz for Y = iodine. With respect to 
the value of 88.0 Hz exhibited by Na(CF3),P and CS(CF~)~P,  we 
conclude that the alkali-metal bis(trifluoromethy1)phosphides 
dissociate in solution. 

Conclusion 
In this paper we have shown that the alkali-metal bis(tri- 

fluoromethyl)amides, -phophides, and -arsenides are available in 
a pure form by a one-step reaction. Initial experiments demon- 
strate their high nucleophilic reactivity. These salts exhibit 
consistent spectroscopic data not only within the homologues but 
also in comparison with the isoelectronic bis(trifluoromethy1)- 
chalcogenides. 

Addendum 
The reaction of (CF3S)2PH with Na or Cs metal in liquid 

ammonia, carried out as described in the preparation of alkali- 
metal bis(trifluoromethyl)phosphides, did not result in the for- 
mation of (CF3S)2PNa but gave high yields of a yellow precipitate 
that contained all the phosphorus used. It is thought to be highly 
polymeric. 
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The trans influence of X ligands on the spectroscopic properties of the Ni-H bond is reported for the series of square-planar nickel 
hydrides trans-HNi(X)(PCy,), (X = Me, Ph, CN, SCN, I, Br, CI, SPh, S(p-tol), SH, OAc, O,CH, 02CPh, O2CCF,, OPh) 
prepared by oxidative addition of HX to [Ni(PCy,),],N, or derivatives of subsequent products. The infrared-derived parameter 
u(Ni-H) shows a similar ligand dependence as the proton chemical shift of the hydride ligand, with more covalently bound ligands 
such as methyl or phenyl producing lower u(Ni-H) and smaller upfield chemical shifts as compared to those ligands that bind 
to Ni(I1) with more electrostatic character such as anionic 0-donor ligands. Comparisons with other ligand influenced, spectroscopic 
scales are made. Carbon dioxide and iodomethane were used as chemical probes of reactivity at the Ni-X or Ni-H bond. The 
derivatives with stronger Ni-H bonds (S and 0 donors) show no reactivity at the hydride while the C-bond derivatives exhibit 
C 0 2  insertion at the hydride. The Ni-H functionality is active toward iodomethane in the C-donor derivatives. A mechanism 
of hydrogen atom abstraction by methyl radicals is consistent with literature precedents as well as the Ni-H bond strengths 
determined by spectroscopies. 

Introduction 
A broad series of square-planar nickel(I1) hydrides, trans- 

HNi(X)P(C,H, 1)3)2, is accessible from the &nitrogen complex’ 
(eq 1 )  or  derivatives of subsequent products (eq 2 and 3) as 

reported2q3 for X = CH3, C6H5, OAc, CN, SCN, I, Br, C1, OC6H5, 
S@-C6H&H3), and S C ~ H S  and extended in our laboratories to 
include SH, 02CH, O ~ C C ~ H S ,  and OZCCF,. This series provides 
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