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this r e g i ~ n . ' ~ - ~ ~  The resonances a t  -43.8 and -54.6 
ppm are in the regions associated with OSOzF and SOzF 
groups, respectively. 1 5 , 2 2 , 2 3  Under high resolution each 
of these singlets was split into a pair of doublets arising 
from coupling of the two nonequivalent F atoms with 
the third one. Although no nitrogen coupling was 
observed, the resonance attributed to the -C(O)F 
group was broadened indicating that quadrupole in- 
teractions may be important. Broadening of nmr 
signals for F on -C(O)F have been observed in com- 
pounds containing -C(O)F groups bonded to nitro- 
gen.Z4 The larger J value observed for coupling of F 
on -OSOzF with F on --C(0)F suggests that through- 
space interactions may be important since F on OSOzF 
is four atoms removed from F on -C(O)F. Such 
through-space interactions have been found to be im- 
portant in the perfluoroalkyl derivatives of sulfur 
hexaf lu~r ide .~~ In the case of FSOzN(OCF3)C(0)F, 
three resonances were also observed at  'r68.3,  +6.6, 
and -50.4 pprn relative to CC13F. The areas were 
in the ratio of 3 : 1 : 1 and are in the regions associated 
with the -0CF3, -C(O)F, and -SOzF groups, 
respectively. The high-resolution spectrum showed a 
high-field pair of doublets arising from coupling of two 
nonequivalent F atoms with those of the -0CF3 
group. The resonance a t  6.6 ppm was observed as a 
broadened quintet in the ratio 1 : 4 : G : 4 : 1 arising 
from two overlapping quartets due to coupling of the 
-C(O)F fluorine atom with those of the -0CF3 and 
-SO2F groups. The lorn-field resonance appeared as 
two partially superimposed quartets due to coupling 
of the F atom on the -SO,F group with those on the 

(19) NFzC(0)F: G. W. Fraser and J. M. Shreeve, Iwovg. Chem., 4, 1497 

(20) (CFs)gNC(O)F: F. S. Fawcett, C. W. Tullock. and D. D. Coffman, 

(21) SF%=NC(O)F: A. F. Clifford and C. Kohayashi, I?zoi.g. Chem., 4, 

(22) F. A. Hohorst and J. b1. Shreeve. ibid., 6, 2069 (1966). 
(23) J. K. Ruff, ibid., 4,  1446 (1965). 
(24) J. K Ruff, ihid.. 5 ,  1787 (1966). 
(25) M. T. Rogers and J. D. Graham, J .  Am. Chem. Soc., 84, 3666 (1962). 

(1965). 

J .  Am Chem. Soc., 84, 4275 (1962) .  

571 (1966). 

-C(O)F and -0CF3 groups. (FSOsNC(0)F)e ex- 
hibited two resonances of equal intensity located a t  
+9.08 and -57.4 ppm attributed to F atoms in the 
-C(O)F and -S02F groups, respectively. No fine 
structure was observed. Although the results of in- 
frared, nmr, and chemical analyses indicate that the 
empirical formula is (FSO,YC(O)F),, they do not 
show that n equals 2 .  The conclusion that n equals 
2 follows after a consideration of rules of chemical 
valence, comparison of observed with expected vola- 
tility, and the fact that the material is uncolored in- 
dicating that it is probably not a free r a d i d z 6  

It is interesting to note that apparently only one 
isomeric form of each new compound reported here is 
formed in isolable quantities. The fact that the car- 
bonyl stretching frequency is invariant a t  1888 cm-' 
lends support to the argument that this must arise 
from a -C(O)F group since in perfluoracyl fluoro- 
sulfatesz7 the C=O stretch is found a t  1845-1850 
cm-I. However, in fluoroformyl fluorosulfate this 
stretch is shifted to 1910 cm-'.13 The nmr spectra 
leave essentially no doubt as to the absence of >NF in 
these compounds since > N F  resonances in general 
occur a t  higher fields than the resonances assigned here 
to -C(O)F, e.g., for CzFbN(F)C(O)F, C F R N ( F ) S F ~ , ~ ~  
and FN(SO2F)2,l6 >NF resonances occur a t  C$ 49.4, 
48.2, and 28.5, respectively. 

The compounds are hydrolyzed by traces of moisture. 
Hydrolytic attack probably occurs first a t  the fluoro- 
carbonyl group followed by very slow hydrolysis of 
the fluorosulfuryl group.23 
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The mass spectra of five fluoroalkylphosphorus compounds containing two or more phosphorus atoms have been obtained 
and partial fragmentation patterns deduced. Rearrangement to give ions with P-F bonds was detected in all of the spectra. 

Introduction migration of fluorine from carbon to arsenic or phos- 
It has been demonstrated that trifluoromethyl- Phorus. The mass spectra of Some fluoroalkyl corn- 

arsenic' and -phosphorus2 rearrange under ( I )  R. C. Ilobbie and R. G. Cavell, Inorq. Chem., 6, 1430 (1967). 
electron impact in the mass spectrometer, with the (2) R. G. cave11 and R. c. Dobbie, ihid., T ,  101 (1968). 
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m / e  Ion I, %b 

(CFa)zPP(CFs)z 
3385 CaFizPz 10.6 
319 C4FiiP2 5 . 8  
269' C~FPPZ 1 .o 
231" C ~ F ~ P S  0.8 
169" CzFsP 1 . 9  
150" CzF5P 1 .2  
131a CzF4P 5 . 0  
119a CFiP 10.9 
100a CFiP 6 . 8  
93 CFPz 0 .7  
81a CFzP 1.8 

30.1 
69" {;;: 16.5 I CFP 0.6 
62a 'IPZ 1.8 
505 CFt 1 . 0  
31a CF 4.2 

(CF3)2POP(CFa)z 
3548 CaFizPz0 3 . 8  
285a CsFsPz0 2 .4  
235a C Z F ~ P ~ O  3 . 1  

C2FsPO 0 . 4  
CFaPaO 0.5 185a { 

169 CtF6P 2 . 2  
150 CzFbP 1 . 5  

( CFaPO 1 . 4  135a 

131 CzF4P 0 .9  
119 CFiP 2.7 
116 PzFzO 1 .4  
loo5 C S P  4.9 
97 PzFO 0 .7  
81 CFzP 1 .6  

/ CK 13.5 
\PF2 17.1 

62 CFP 0 . 9  

\PsFiO 21.2 

TABLE I 
MASS SPECTRA OF TRIFLUOROMETHYLPHOSPHORCS COMPOUNDS 

m / e  Ion I ,  %b m/e Ion I, %b 

(CF3)zPOP( CF3)z (Conid) (CF3P)i 

50a {F: 0 .7  4OOa C4FizP4 14.2 
1.0 331a CaFsPa 4 .1  

47a PO 

CzFiPS 

CFiPS 

150 CzFsP 
131 CzFiP 
1190 CFiP 

CzFiS 
113" CFsPS 

100" CFiP 
[PzFS 

82 PFS 
81 CFzP 
75 CPS 

14 .1  
1 . 7  
2 . 2  

(CFs)nPSP(CFi)z 
37Oa C4FpzPzS 2 . 5  
351 C4FiiPzS 1 .0  
3018 CsFgPzS 16.5 
251a C2FTPzS 4 . 8  

CzFePS 0.8 
2010 {CFsPzS 2 .1  

0.8 
1 .5  
0.7 
1 .2  
0.8 
0.4 
4 .9  
0.3 
5 . 0  
1 . 3  
3.0 
0.7 
0.3 
0 .5  
1 . 5  
1 . 0  

15.4 
10.7 
1.8 

14.0 
0.7 
1 .o 
0 .7  
3 .6  
0.4 

281a 

231a 

193a 

1818 

143a 

131= 

1245 

119 
112a 
105 
low 
93Q 

81 
74 

69" 

62a 

55 
50a 

3 la 

432a 
413 
400 

1 . 5  
2.2 
1 . 1  
2 .2  
1.4 
2 . 0  
1 .0  
2 .9  
1 .1  
5 .5  
4 .4  
0 .8  
4 .5  
1 .4  
2 .0  
3 .5  
0.8 
1 . 4  
0 .9  
4.6 
7 . 3  
1.0 
0 .6  
7 .2  

15.2 
2 .4  
0 . 5  
0.4 
0.9 
0 . 8  
0 . 3  

12.6 
0.4 
0 .5  

Ion 

(CFaP)iS ( C ~ n t d )  
363a CaFgPaS 
313O CzF7P4S 
281' CaFsPa 
262 C3F7P3 
232a CsFePzS 
231a C2FeP3 
225 CzFaPaS 

CzFJ'zS 
213a ICFiPiS 

131 CFaPz 
125 CFPzS 
119 CFIP 

(CFzPS 
\FP& 

112 CFzPn 
100' CF3P 

94a {;zys 
/ CFPz 

93n \P3 
81 CFzP 
75 CPS 

63a PS 
62 CFP 

505 

32 S 

/ CFz 
\ P F  

I, % 

i 

3.8 
0 .9  
1 .4  
0.5 
2.6 
1.1 
0.5 
0 .9  
2 .3  
1 .o 
0 .5  
8.0 
0 . 4  
0.8 
0 .3  
2 .8  
0 .8  
1.6 
0 . 9  
8 . 9  
0.5 
0 . 7  
3 . 0  
2 . 1  
2 .4  
3 . 8  
0 . 7  
3 . 6  
3 . 6  
7 . 3  

13.6 
1 . 3  
0 . 3  
0 . 7  
0 .7  
0 .5  
0 . 3  

0 The identity of these peaks was established by mass measurement under high resolution. Intensities are expressed relative to the 
total ionization, defined as XIn, where n refers to all ions with mass greater than 30 whose intensity is greater than 2% of the base 
peak. 

pounds containing more than one phosphorus atom 
have now been studied. 

sure, and molecular weight measurements and by precise mass 
measurement of the parent ion in the mass spectrum. 

Experimental Section 
All of the mainpulations were carried out in a Pyrex vacuum 

system. Mass spectra were recorded on an AEI MS-9 instrument 
operating a t  an ionizing voltage of 70 ev, samples being introduced 
as vapors through a heated inlet system at 185'. Perfluorotri- 
butylamine was used as a standard for mass measurement. 
The diphosphine, (CFs)2PP(CFa)z,a the diphosphine oxide,4 di- 
phosphine sulfide: and tetrakistrifluoromethylphosphine, (CF3- 
P)4,6 were prepared by the literature methods. The cyclic 
polyphosphine sulfide, (CFaP)4S, recently reported by Burg,7 
was prepared by the action of silver sulfide on diiodotrifluoro- 
methylphosphine a t  100' or by the reaction of dichlorotrifluoro- 
methylphosphine with hydrogen sulfide, assisted by trimethyl- 
amine. The compounds were identified by infrared, vapor pres- 

(3) F. W. Bennett, H. J. Emelbus, and R. N. Haszeldine, J .  Chem. Soc.. 

(4) J. E. Griffiths and A. B. Burg, J .  Amer. Chem. SOC.. 84, 1507 (1960); 

(5) R. G. Cave11 and H. J. Emelbus. J .  Chem. Soc., 5825 (1964). 
(6) W. Mahler and A. B. Burg, J .  Amer. Chem. Soc., 80, 6181, (1958). 
(7) A. B. Burg, ibid., 88, 4298 (1966). 

1565 (1953). 

84, 3442 (1962). 

Results and Discussion 
The compounds studied were the diphosphine, 

(CF3)2PP(CF3)2, the diphosphine oxide and sulfide, 
(CF&POP (CF3)2 and (CF3)2PSP (CF& the cyclic 
tetramer, (CFSP)~, and the cyclic phosphine sulfide, 
(CF3P)S. The mass spectra, together with the re- 
sults of high-resolution studies, are shown in Table 
I. Some metastable ions observed in the spectra are 
listed in Table 11. As in the study of trifluoromethyl 
phosphorus halides and hydrides, rearranged ions 
were found which contributed between 23 and 49y0 
to the total ionization. 

The cracking pattern of the diphosphine, deduced 
from exact mass measurements and observation of the 
appropriate metastable peaks, is shown in Figure 1. 
The parent ion, which had a relative intensity com- 
parable to that observed in the spectra of the halogeno- 
and hydridophosphines,2 fragmented with loss of F or 
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TABLE I1 
METASTABLE IONS IN THE MASS SPECTRA OF 

TRIFLUOROMETHYLPHOSPHORUS COMPOUXDS 
--m,fe-- 

Compound Obsd Calcd ------Transition----- 
(CFsjzPP(CF3)z 2 1 4 . 0  2 1 4 . 1  CaFizPz+ + CaFsPz' f CFa 

1 6 7 . 5  1 6 7 . 3  CaFnPn+ + CaF?Pa+ f CFI 
8 9 . 3  8 9 . 5  CiFiiPa+ -+ CzFeP- 4- CzFsP 
8 4 . 4  8 4 . 5  CaFizPz+ + CzFfiP+ f CzF6P 
6 6 . 6  6 6 . 6  CaFizPzT 4 CzFsP+ f CzF7P 
6 3 . 8  6 3 . 8  CaFsPz+ - CzFaP' f CFaP 
5 3 . 9  5 3 . 8  CIFIIPZ' + CzFaP+ 4- CzFlP 
5 2 . 6  5 2 . 6  CsFsPz+ -+ CFaP+ f CzFsP 

(CF3)zPSP(CF3)2 2 5 8 . 0  2 5 8 . 1  C<FiiPzS+ * C~FBPZS-  f CFz 
2 4 5 . 0  2 4 4 . 9  CiFizPzS + -+ C3FsPnS + f CF3 
2 0 9 . 3  2 0 9 . 3  CaFsPzS+ 4 CzF7PzSt f CFz 
179 .6  1 7 9 . 5  CIFnPzS' -+ C2F7PgS' f CZFa 
1 6 1 . 0  1 6 1 . 0  CzF,PzS+ + 201+  4- 50 
5 6 , 5  5 6 . 4  CzF7PzSi + CFaP+ 4- CFaPS 
4 7 . 1  4 7 . 0  C ~ F B P Z S +  + CFaP- f CzFsPS 

(CFs)zPOP(CFs)z 2 2 9 . 3  2 2 9 . 4  CdFmPzO+ + CaFsPzO' f CFa 
1 9 3 . 5  1 9 3 . 8  CsFoPzO+ + CzF7Pz0- f CFz 
1 2 1 . 5  1 2 1 . 5  CzFvPzO+ -+ CtF6Pt -4- POF 
7 7 . 5  7 7 . 6  CzF7PzO+ -+ 135+  f 100 
6 0 . 3  6 0 . 3  CzF7PzO+ 4 CFdP+ f CFsPO 
1 6 . 4  1 6 . 4  135' - P O +  f 88 

2 7 3 . 7  2 7 3 . 9  CaFizPaT -+ CaFgPa' f CF3 
2 3 8 . 6  2 3 8 . 6  CaFsPa' + 2 8 1 +  f 50 
3 1 9 . 0  3 1 9 . 0  CaFiiPaS+ + CZFBP&+ f CFz 
3 0 4 . 8  3 0 5 . 0  CcFirPaS' 4 C3FsPiS' f CF3 
2 6 9 . 8  2 7 0 . 0  CaFsPiS+ 4 CzF7PaS' f CFz 
2 1 7 . 8  2 1 7 . 5  CaFsPaS+ + CsFaP3' f PSF 
1 9 0 . 1  1 8 9 . 9  CaFsPa+ -+ CzFsPa' f CFz 
1 1 4 . 5  1 1 4 . 5  CzFePzS+ + CFaPzS+ -k CF3 
7 3 . 3  7 3 . 2  CsFsPiS+ + CFaPzS' f CzFsP2 
6 1 . 2  6 1 . 1  C~FGPZS+ CFaP+ f CFzPS 
3 4 . 5  3 4 . 5  CFiPiS' + CPS' -I- PF3 

(CF&P. P (CF3)CF; 

CF, PCF' CF3PF' 

Figure 1.-Fragmentation pattern of tetrakistrifluoromethyl- 
diphosphine, (CFa)gPP(CFa)2. 

CF3. In addition, however, the ion was also found to 
cleave a t  the P-P bond, symmetrically to give (CF3)zP+ 
(m/e 169, 1,9%), or with the transfer of a fluorine 
atom to the remote phosphorus atom to give CF3- 
PCFz+ (m/e 150, l.27,), ejecting a molecule of fluoro- 
bis(trifluoromethyl)phosphine, (CF3)zPF. The latter 
process was demonstrated by the observation of a 
metastable peak a t  66.6 amu (calcd 66.6). 

Elimination of CF3PF2 from the diphosphorus ion 
(CF3)2PP(CF3) + was observed in the transition 

(CF3)gPP(CF3)' + CFJPCF2' + CFaPF2 (1) 

demonstrated by the appropriate metastable peak. 
The principal rearrangement ions were CF3PF+ 
(m/e 119, 10.9%) and PF2+ (m/e 89, 16.5%). The 
former arose from C ~ F ~ P Z +  by loss of C2FbP, pos- 
sibly as the molecule CF3P=CF2, which has been postu- 
lated to be a reaction intermediate in the hydrolysis 
of some bis(trifluoromethy1)phosphino derivatives.8 

The mass spectrum of the diphosphine sulfide, 
(CF&PSP(CF3)2, was more complex, several of the 
ions of higher m/e value being doublets. A complete 
breakdown pattern could not be obtained as some of 
the metastable ions did not define the transition unam- 
biguously. A partial fragmentation scheme is shown 
in Figure 2. The parent ion, which was of low 

* I -C* Fs PS C2 F7 P2 S' 

c: 
Figure 8.-Fragmentation pattern of tetrakistrifluoroniethyl- 

diphosphine sulfide, (CF~)~PSP(CFP)P.  

intensity, lost CF3, followed by CF2 to give the ion 
CzF,PzS+ (m/e 251, 4.8Yc), for which two structures, 
A and B, may be proposed 

(CF3)zPSPF' CFaPSP( CF3)F' 
-4 B 

Since the peak in the mass spectrum at  m/e 201, formed 
from CzF,P&S+ by loss of a fragment of 50 amu, was 
a doublet containing both CzFsPS+ and CFbPzS-, 
it is suggested that ions of both structures A and B 
were present, for A could readily lose PF, while both 
A and B could eliminate CF2 from one of the CF3 
groups in the manner proposed for the trifluoromethyl- 
phosphines 

(CF3)zPS' 4- P F  (2) 

FPSP(CFs)F+ + CFz (3) 

B---C CF3PSPF;t + CFs (4) 

As in the mass spectrum of the diphosphine, there 
was an intense rearrangement ion a t  m/e 119 (CF3PF+, 
4.9%) which was shown by observation of the appro- 
priate metastable ion to be produced as 

CgF,PzS' + CFsPF + + CF3PS ( 5 )  

Structure B was preferred to A for the parent ion of 
this transition, since no abnormal fragmentation would 
then be required. The elimination of "CFIPS," 
which is not a known compound, is analogous to the 
elimination of the phosphoalkene, CF3P=CF2, ob- 
served in the mass spectrum of the diphosphine (eq 1). 
Although P2S- (m/e 94, 0.37,) was only of low intens- 
ity, PS+ (m/e 63, 14.0y0) was one of the more in- 
tense peaks in the spectrum. Examination of the ion 
at  m/e 63 under high resolution showed it to be a 

(8) H. Goldwhite, R. N. Haszeldine, and R. G. Rowsell, Chem. Commun., 
8 3  (1965). 
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doublet, also containing CFS+ (1.8%). The origin 
of this novel rearrangement ion is not known. 

A partial fragmentation scheme for the diphosphine 
oxide is shown in Figure 3. About half of the total 
ionization was made up of rearranged ions. The 
parent ion lost CF3 followed by CF2 to give C2F7P2Of 
(m/e 235, 3.1v0). A metastable peak indicated that 
this ion in turn lost 100 amu to give a doublet a t  m/e 
135, shown to consist of CF4PO+ (1.4%) and PzF30+ 
(21.273, both rearranged ions, with the latter forming 
the base peak of the spectrum. As in the correspond- 
ing sulfide, this pointed to two structures, C and D, for 
the parent ion (m/e 235) of the transition. 

(CFa)zPOPF+ CFIPOP( CFa)F ' 
C D 

An ion of structure C could eliminate a molecule of 
C2F4 from the adjacent trifluoromethyl groups, as ob- 
served in the halogenobis(trifluoromethyl)phosphines2 

(6) 

This would be unlikely for an ion of structure D, al- 
though loss of CF3P would now be possible 

CFaPOP( CF8)F + + C S P (  F)O+ 4- CFIP (7)  

The ion of structure D would then give rise to the re- 
arranged ion CF3PF+ (m/e 119, 2.7%), formed from 
CzF7PzOf by loss of CFgPO in a manner analogous to 
that of eq 5 .  It is interesting to note that PO+ (m/e 
47, 14.1y0) was an intense peak probably formed by 
elimination of CF4 from CF3P(F)Of rather than by 
elimination of PF3 from PzF30+; no detectable 
amount of CFO+ (m/e 47) was present. 

(CF3)2POPF+ + FzPOPF' 4- CzF4 

(CF3)2 P.O.P(CF3); 
* 1 -CF, 

(CF3)2 P. 0. P (CF3)' 

P2 F3 0' OR CF4 PO' 

* 1 -PF3 OR -CF4 

PO+ 
Figure 3.-Fragmentation pattern of tetrakistrifluoromethyl- 

diphosphine oxide, (CF&POP(CFa)z. 

Notably the mass spectra of the diphosphine sul- 
fide and oxide showed no ions corresponding to the 
loss of sulfur or oxygen atoms with retention of the 
diphosphine unit. Thus the mass spectra confirm 
the original formulation of these compounds as triva- 
lent phosphorus derivatives with sulfur or oxygen 
bridging4p5 rather than the isomeric structure with a 
phosphorus-phosphorus bond 

O(S) 
ll 

(CF3)J'P(CFu)a 

The cyclic tetramer, (CF3P)4, showed a parent ion 
(m/e 400, 14.2y0) only slightly less intense than the 
rearrangement ion PF2f (m/e 69, 15.2y0) which formed 
the base peak of the spectrum. Although over 20 
metastable ions were observed, precise identification 
of the corresponding transitions could not be made 
as many of the ions in the spectrum were doublets or 
triplets. It was clear, however, that primary loss of 
CF3 from the parent ion was followed by elimination 
of either CF2 or PF to give the doublet a t  m/e 281. 
Fragmentation a t  the C-P bonds took place before 
extensive breakdown of the polyphosphine skeleton, 
and species such as CFbP4f (m/e 231, 2.2%), CF3P4+ 
(m/e 193, 2.073, FP4+ (m/e 143, 4.473, and P4+ 
(m/e 124, 2.0%) were observed. 

The base peak in the mass spectrum of the tetra- 
phosphine sulfide, (CF3P)4S1 was PS+ (m/e 63, 13.6%) 
although the parent ion (m/e 432, l2.6yO) was only 
slightly less intense. A partial fragmentation pat- 
tern, shown in Figure 4, demonstrates that the first 
step in the breakdown under electron bombardment 
was loss of CF3 followed by elimination of CF2 to give 
C2F,PdS+ (m/e 313, 0.9%), or of PFS to give C3FsP3+ 
(m/e 281, 1.4y0). A number of ions and metastable 
peaks were common to the tetraphosphine sulfide 
and the cyclic tetramer, produced mainly by break- 
down of C3FsP3+ in each case. However, the cyclic 
sulfur compound also showed fragment ions in which 
the P-S bond was retained so that there appeared to 
be two parallel breakdown pathways. 

+ 

CF~'PF+ c;s+ 
Figure 4.-Fragmentation pattern of the cyclic tetraphosphine 

sulfide, (CFaP)dS. 

The low intensity of the parent ion in the diphos- 
phine oxide and sulfide compared to that of the other 
three compounds may indicate a stabilization of the 
parent ion by a P-P bond. 

With the exception of the diphosphine, initial loss 
of CF3 was followed by elimination of CF2 to  give a 
rearranged ion with a P-F bond. This is in contrast 
to the halogenobis(trifluoromethyl)phosphines2 which 
gave the analogous rearranged ions (PFX+) by loss 
of a fluorine atom followed by elimination of CzF4. 

Since most of the compounds2-6 are known to be 
stable a t  1S5" (the temperature of the heated inlet 
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system) the possibility that the rearrangements were 
caused by pyrolysis can be dismissed. It is probable 
that, as suggested earlier, the rearrangements proceed 
through the interaction of the nonbonding p-orbital 
electrons on the fluorine atom with vacant d orbitals 
on the phosphorus. In the present case the transfer 
of fluorine to a distant phosphorus atom also appears 
to occur in transitions such as 

(CFa),PP(CFs)z+ --f CFaPCFz' 4- (CF3)2PF 

which may indicate that the fluorine atoms of a CF3 
group attached to one phosphorus can interact with 
the d orbitals of the distant phosphorus atom. 

Finally, this work should act as a warning that 
fluorocarbon derivatives are not solely characterized 
by normal bond breaking in the mass spectrometer 
since rearrangement of fluorine atoms can occur readily 
in phosphorus and arsenic compounds. Similar re- 
arrangements may be anticipated in other fluoro- 
carbon nonmetal and metal derivatives. 
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The compounds CH3PF3H and C2H6PFaH have been prepared by the reaction of the respective alkyltetrafluorophosphorane 
with trimethyltin hydride. These compounds are considerably more stable than HPF4 and H B P F ~  and may be manipulated 
and stored in Pyrex apparatus without decomposition. Infrared spectra and 1H and 19F ninr spectra a t  low temperatures 
confirm an equatorial-substituted trigonal-bipyramidal geometry for both alkylhydridofluorophosphoranes. At room 
temperature the nmr spectra indicate a substantial averaging of axial and equatorial fluorine atom environments owing to  
intramolecular exchange processes. 

Ivanova and Kirsanov reported in 1961 the syn- 
thesis of three arylhydridotrifluorophosphoranes, 
ArPF3H (Ar = fi-chlorophenyl, p-tolyl, and phenyl), by 
the oxidative reaction of KHFz with the respective aryl- 
dichlorophosphine. The same reaction with alkyldi- 
chlorophosphines is reported in a patent3 to yield al- 
kylhydridotrifluorophosphoranes in situ. These prod- 
ucts were not characterized, however, but were allowed 
to react with secondary amines giving a series of com- 
pounds of the general formula RPF2(NR'%)H (R = 
CH3, C2Hj; R' = CH3, CzHb, n-C4H9). We wish now to 
report the synthesis and characterization of CH3PF3H 
and C2HjPF3H as relatively stable entities from the ex- 
change reactions of CH3PF4 and C2HSPF4, respec- 
tively, with (CH3)3SnH. These reactions are analo- 
gous to the reaction which we have recently reported 
for the preparation of HPF4 and HzPF3.4 

Evidence is also presented for the formation of 
(CH3)2NPF3H from the exchange reaction between 
(CH3)2NPF4 and (CH3)3SnH. This compound could 
not be obtained in pure form, however. 
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Synthesis 
A Pyrex-glass vacuum system of standard construction was 

used in this work. Stopcocks were greased with Apiezon-N 
grease. Quantities of volatile materials were measured in a 
calibrated volume on the line. Substances of low volatility were 
weighed in an ampoule and then transferred to  the line. 

Methyl- and ethyltetrafluorophosphoranes were prepared by 
the reaction of PFs and the respective tetraalkyltin c0mpounds.j 
These starting materials were shown to  be pure by comparison 
of observed vapor pressures with similar data for samples known 
to  be pure. The vapor pressure data for pure CH3PF4 and C2Hj- 
PF4, previously unreported, are given in Table I. Dimethyl- 
aminotetrafluorophosphorane was prepared by the method re- 
ported by Demitras, Kent, and M a ~ D i a r m i d ; ~ ~ ~  purity was 
verified by vapor pressure measurements (obsd, 40 mm a t  0"; 
lit.,* 40 mm). 

Trimethyltin hydride and triethyltin hydride were prepared 
from lithium aluminum hydride and the respective trialkyltin 
chloride or br~mide.~JO Purity was ascertained by comparison 
of vapor pressures of samples with known values ((CH3)aSnH: 
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