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New trifluoromethyldialkylaminophosphoranes (CF,),P[N(CH,),], , (CF ,),PCl[ N(CH,),], and (CF3),PC1, [N(CH,), 1 
were obtained from the trifluoromethylchlorophosphoranes and dimethylamine. The latter compound was also prepared 
by addition of C1, to  (CF,),PN(CH,), . Nmr spectroscopic behavior a t  low temperatures of the two tris(trifluoromethy1)- 
phosphoranes is consistent with two and one axial CF, substituents in a trigonal-bipyramidal framework, respectively. Axial 
substitution of CF groups appears to be characterized by unusually low ’ JPF (-50 Hz) couplings to phosphorus. The 
lack of temperature dependence in the I9F nmr spectrum of (CF,),PCl, [N(CH,),] and the large ’JPF coupling constant 
(156.9 Hz) in this compound suggest equatorial CF, substitution and the absence of positional averaging. I t  is suggested 
that the halogens occupy axial positions in preference to  CF, even if the halogen has a lower formal electronegativity than 
CF,. Acidic reagents such as methanol, methyl mercaptan, and H,S displace CF,H from (CF,),P[N(CH,),], to  form 
pentavalent, four-coordinate products in complicated reactions. Some reduction to phosphorus(II1) occurs in the sulfur 
system perhaps through intermediate, unstable thiophosphoranes. Alkaline hydrolysis liberates 2 mol of CF,H quantita- 
tively in all cases but  neutral and acidic hydrolyses which also liberate CF,H are less straightforward as a result of second- 
ary reactions in the medium. The new anion CF,PO,H- has been observed in acidic media. Nmr parameters for CF,P- 
(E)[N(CH,),], and CF,P(E)Cl[N(CH,),] (E = 0, S) are reported for the f i s t  time. 

Introduction 

interest in the location of substituents in the five-coordinate 
phosphorane framework.’ J Early studies by Muetterties 
and coworkers3 suggested that, for a limited range of substit- 
uents, the axial position of the assumed trigonal-bipyramidal 
framework was preferentially occupied by the most electro- 
negative group. Trifluoromethylfluorophosphoranes pre- 
sented some ambiguities which were resolved by assigning 
the CF3 substituent to either axial or equatorial positions3 
in different molecules suggesting that CF3 could replace F 
in axial position in some cases in spite of its lower electro- 
negativity. Recent calculations2c~4 have suggested that 
back-bonding into the “d” orbitals of the phosphorus atom 
is more effective from equatorial than from axial positions 
and this difference may well be responsible for the observed 
positional preferences. Thus, on phosphorus, groups with 
strong back-bonding tendencies would favor location in equa- 
torial positions and those with weak or nonexistent back- 
bonding requirements favor axial positioning. Each group 
therefore has a specific “apicophilic” character! We have 
been engaged in a systematic study of the chemistry of tri- 
fluoromethylphosphoranes with the aim of providing some 

Recent review articles demonstrate a continuing active 

(1) (a) E. L. Muetterties and R. A. Schunn, Quart. Rev., Chem. 
Soc., 245 (1966); (b) E. L. Muetterties, Accounts Chem. Res., 3, 266 
(1970). 

(2) (a) I. Ugi, D. Marquarding, H. Klusacek, P. Gillespie, and 
F. Ramirez,Accounts Chem. Res., 4, 288 (1971); (b) J. 9. Florey 
and L. C. Cosachs, J. Amer. Chem. SOC., 94, 3040 (1972); (c) R. 
Hoffmann, J.  M. Howell, and E. L. Muetterties, ibid., 94, 3047 (1972). 

(3) E. L. Muetterties, W. Mahler, and R. Schmutzler, Inorg. Chem., 
2 ,  613 (1963). 

(4) P. Gillespie, P. Hoffman, H. Klusacek, D. Marquarding, S .  
Pfohl, F. Ramirez, E. A. Tsolis, and I. Ugi, Angew. Chem., Int. Ed. 
Engl., 10, 687 (1971). 

insight into the substitutional preference of substituent 
groups on phosphorus. We report herein some studies of 
dimethylaminophosphoranes containing CF3 substituents. 

Experimental Section 
Materials, Apparatus, and Techniques. All manipulations were 

carried out using standard vacuum techniques in a system construc- 
ted with Pyrex glass with stopcorks lubricated with Apiezon N @ease. 
Involatile materials which remained in the reaction vessels were han- 
dled in a nitrogen atmosphere while aqueous solutions were handled 
in the air since it had been found by experience that such products 
were invariably air stable. 

Reactions were generally carried out in sealed Pyrex glass tubes 
of approximatevolumes 10,25, or 75 cm3 depending on thescale of tne 
reaction and the maximum calculated pressure expected. A reactor 
tube which allowed combination of reagents in gaseous form in spite of 
relatively low volatility (Figure 1) was used in most of the reactions. 

pared from the reaction of CF,I (Columbia Organic Chemical Co.) 
with red phosphorus at 220” for 48 hr.5 The remaining trifluoro- 
methylphosphorus compounds required in this study were prepared 
from these phosphines according to indicated literature methods. 
Commercially available chemicals of “reagent” grade were used with- 
out further purification. Gaseous reagents were usually fractionated 
before use to remove any moisture or gross impurites. 

using a 9-cm gas cell with potassium bromide windows. All spectra 
were recorded with a Perkin-Elmer 457 spectrophotometer. Mass 
spectra were recorded with an AEI MS-9 spectrometer operating at an 
ionizing voltage of 70 eV. Gaseous samples were introduced directly 
through a heated inlet, whereas liquids of low volatility were intro- 
duced via a heated capillary. Solid samples were introduced via the 
direct probe. All nmr spectra were recorded with either a Varian 
A56160, a Varian HA 100, or a Bruker HFX-90 spectrometer. Pro- 
ton spectra were recorded at 60.0 MHz and fluorine spectra at 56.4 
MHz using the A56/60 instrument. In the case of the HA 100 instru- 
ment, proton spectra were recorded at 100 MHz and fluorine spectra 

( 5 )  F. W. Bennett, H. J .  Emeleus, and R. N. Haszeldine, J .  Chem., 

Materials. Trifluoromethyliodophosphines and (CF,),P were pre- 

Instrumental Techniques. Infrared spectra of gases were obtained 

Soc., 1565 (1953). 
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Figure 1. Reaction vessel for gas-phase reaction with low-volatile 
materials. 

at 94.1 MHz while in the case of the Bruker instrument the proton 
spectra were recorded at 90 MHz and the fluorine spectra at 84.67 
MHz. Proton and fluorine spectra were routinely recorded on sam- 
ples containing an approximate 10% solution of the compound in 
CFCI, or CF,CI,. Nmr measurements for involatile products were 
obtained in solutions of CH,CI,, CHCl,, CD,CN, or H,O. Fluorine 
chemical shifts were measured relative to  internal CFCI, solvent. In 
cases where other solvents were employed an external CC1,F (capil- 
lary) reference was used. Proton chemical shifts were measured rela- 
tive to external tetramethylsilane (TMS) as a 5% solution in CCI,F in 
all cases. Each instrument was equipped with a variable-temperature 
controller which was established as accurate to within 25" of the tem- 
perature indicated on the controller by calibration. 

Preparation and Characterization of (CF,),P[N(CH,),], . Tris- 
(trifluoromethyl)dichlorophosphorane, (CF,),PCl, ' (1.390 g, 4.50 
mmol), and dimethylamine, (CH,),NH (0.825 g, 18.30 mmol), were 
allowed to react in a sealed tube at room temperature for 72 hr. 
Vacuum fractionation gave (CF,),P[N(CH,),], (1.312 g, 4.02 mmol) 
in 89.3% yield collected at -45". Other products were (CF,),PN- 
(CH,),6*7 (0.017 g, 0.08 mmol), dimethylamine (0.05 g, 1.00 mmol), 
and CF,H (0.027 g, 0.39 mmol). The (CH,),NH:Cl- salt remained 
as an involatile white solid in the reaction tube. In another reaction, 
when this salt was dissolved in a solution of 25% AgNO,, 96% of the 
chlorine in the original (CF,),PCl, was recovered as AgCl. 

The compound is a white solid at room temperature which de- 
composes upon melting at 94". Decomposition also occurs over 
long periods of time at room temperature and more rapidly at elevat- 
ed temperatures.* 

The mass spectrum of (CF,),P[N(CH,),], showed no parent ion, 
a result which is typical of pentacoordinate phosphorus c o m p o ~ n d s . ~  
The strong ions at m/e 257 and 282 were identified by  mass measure- 
ments (calcd for (CF,),P[N(CH,),],+ m/e 257.0644, found m/e 
257.0640, calcd for (CF,),PN(CH,),+ m/e 282.0095, found m/e 
282.0090) and have a composition which strongly suggests that they 
arise from the fragmentation of the unobserved parent phosphorane 
(CF,),P[N(CH,),], by loss of CF, or N(CH,),, respectively. The 
mass spectral results are given in Table I. Infrared data are found in 
Table I1 and nmr data in Table 111. 

(0.1 18 g, 0.36 mmol) with approximately 0.8 ml of degassed 10% 
NaOH at room temperature for 24 hr gave CF,H (0.052 g, 0.74 
mmol). Nmr spectra of the remaining aqueous solution indicated 
the presence of the CF,P0,2'ion.1n 

(b) Neutral Hydrolysis. Hydrolysis of (CF,),P[N(CH,), 1, 
(0.095 g, 0.29 mmol) with approximately 0.8 ml of degassed distilled 
H,O at room temperature for 24 hr gave CF,H (0.029 g, 0.41 mmol). 
Nmr spectra of the remaining aqueous solution indicated the presence 
of the (CF,),PO; and CF,PO,'-ions in the approximate ratio 2:l.I' 

(c) Acid Hydrolysis. Hydrolysis of (CF,),P[N(CH,),], (0.180 
g, 0.55 mmol) with approximately 0.8 ml of degassed distilled H,O 

(a) Alkaline Hydrolysis. Hydrolysis of (CF,),P[N(CH,),], 

(6) G. S .  Harris,J. Chem. Soc., 512 (1958). 
(7) K. J .  Packer, J. Chem. Soc,, 960 (1963). 
(8) D. D. Poulin and R. G. Cavell, Inorg. Chem., in press. 
(9) T. A. Blazer, R. Schmutzler, and I. K. Gregor, Z .  Naturforsch. 

(10) A. A. Pinkerton and R. G. Cavell, Znoug. Chem., 10, 2720  
E, 24, 1081 (1969). 

(1 97 1). 
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Table I. Mass Spectra of Phosphoranesa 

275 
273 
257 
250 
248 
24 3 
241 
239 
232 
229 
228 
213 
207 
206 
204 
I82 
178 
166 
160 
153. 
150 
144 
135 
132 
128 
119 
113 
112 
110 
101 
100 
99 
97 
94 
91 
90 
85 
81 
76 
70 
69 
64 
60 
57 
56 
51 
50 
47 
44 
43 
42 
41 
40 
38 
36 
32 
31 

0.2c 1.4d 

0.0Y 

0.7 

1.8 

0.9 

0.9 

3.9 

0.8 

1.9 
1.3 
I .7 
1 .O 

7.1 

0.6 
29.7 
0.9 
0.7 
3.0 
2.8 

17.5 
4.9 

0.6 
2.3 
3.3 
1.9 

9.0 

0.1 
0.4 

0.3 
l . l d  

3.8 
1.7 

0.8 

3.1 

0.9 
3.8 

1.0 

1.3 
3.7 
0.7 
6.2 

5.5 

3.8 

1 .o 
10.2 

1.1 

1 .o 

12.2 

1.3 

3.1 
2.4 
9.8 
2.4 
2.6 
7.5 

5.8 

0.01 
0.03e 
0.011 
0.069 
0.100 

4.0 
0.3 

0.02 
0.06 
0.5 
0.5 

6.9 
0.6 

0.4 
0.6 
0.8 
0.7 

9.9 
0.6 

0.7 

9.1 
0.6 
1.4 
3.8 
0.4 
0.6 

11.6 

0.6 
0.6 

0.7 
4.9 
2.0 
2.4 
8.4 
0.8 
1.2 
0.9 
3.3 

18.9 
1 .o 

Assignment 

C,F,Cl,P I 
C,F,H,NP 
C,F,H,NP 
C,F,H,NP 
C,F,H,NP 
C3F9 

IC, F,PCl 

C;F;H,NP 
CF, H, NP 
C,F,H,NP, C,F,H,N 

CF*P 
C2F3H2NP 

c,F,H,N 
C4F2H12N 
C,F,H,NP 
CF,HP 
CF,P 
CF;H,NP 
CF,H,NP 
C,FH,NP 
C,FH,NP 
C,FH,NP 
CF,H,P 

CFNP 
CF,H, HPF, 

C 2 F 3  

CF33 FzP 
C,F,H, 
CH,NP 
C,H,N. CNP 

CFH 
CF, P 

a Intensities are expressed relative to the total ionization defined 
as Z(intensity) for all ions with mass reater than 30 whose intensity 
is greater than 2% of the base peak. The parent ion was not ob- 
served. The identity of these peaks was established by mass meas- 
urement under high resolution and values are given in the text of the 
Experimental Section. The identity of these peaks was established 
by mass measurement under high resolution (C,F H,NP+ m/e:  calcd, 
282.0093; found, 282.0086. C,F, 3sC1H,NP+ m h :  calcd, 247.9830; 
found, 247.9824). e The identity of this peak was established by 
mass measurement under high resolution (C4F, "ClH,NP m/e:  calcd, 
247.9830; found, 247.9833). 

adjusted to a pH -1 at room temperature for 24 hr gave CF,H (0.0554 
g, 0.79 mmol). Nmr spectra of the remaining aqueous solution indi- 
cated the presence of the (CF,),PO; 
identified as the CF,PO,H- ion in the molar ratio 4:3. The latter ion 

and an ion which we have 
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3021 vw 3028vw 
2943 m 2945 w 
2922 w, sh 2877 w 
2878 w 2828 w 
2824 w 
1463 m 1464 w 
1375 w 1283 m 
1290 m 
1200 s 1205 s 
1150 vs 1182 s 
1129 m, sh 1152 ms 
1092 s 1131 s 

987 m 988 m 
741 w 709 m 
660 m 593 m 

562 m 578 mc 
541 w, sh 
499 w 508 me 

483 mc 

1204 m 
1185 s 

a All values in cm-'. Spectra were investigated over the range 
4000-300 cm-'. Abbreviations: v, stretching; 6 ,  deformation; s, 
strong; m, medium; w, weak; v, very; sh, shoulder; as, antisymmetric; 
s, symmetric. 
was heated to  60". One of these peaks is probably due f o  v(P-Cl), 
but we are not able to  make an unambiguous assignment at  this time. 

To increase the intensity of the peaks the ir cell 

at  -96"), (CH,),NH (0.036 g,  0.80 mmol, trapped at -116"), and 
CF,H (0.009 g, 0.13 mmol, trapped at  -196"). Pure (CF,),Cl,PN- 
(CH,), was obtajned by further careful refractionation of the crude 
mixture collected at -45". This procedure gave optimum yieldI2 of 
(C~,jzPCl,N(CB,), from this aminolysis route. 

In an alternate synthesis developed by Dr. K. I. The, (CF,),PN- 
(CH,j,697 (0.696 g, 3.27 mmol) and C1, (0.293 g, 4.13 mmol) were 
combined in a sealed tube at  -196" and allowed to warm slowly to  
room temperature. Separation of the volatile products gave unre- 
acted CI, (0.049 g, 0.69 mmol) and (CF,),PCl,[N(CH,),] (0.910 g, 
3.20 mmol). The reacting ratio (CF,),PN(CH,),:Cl, is therefore 
1.02:1.08 to  yield 1.0 mol (>98%) of the desired phosphorane. 

The compound (CF,),Cl,PN(CH,), is a relatively involatile 
white solid at room temperature and is stable for several weeks at 
room temperature. The compound was characterized by the chem- 
ical reactions described below and its spectroscopic properties (mass 
spectroscopy Table I, ir Table 11, and nmr Table HI). The identity 
of the ion at m/e 248 was established by accurate mass measurements 
[found m/e 247.9833, calcd mle 247.98303 to be the C,F,3sClH,- 
NP' ion. A parent ion was not observed. 

Alkaline Hydrolysis. (CF,),Cl,PN(CH,), (0.160 g, 0.56 mmol) 
was combined with 0.8 ml of 10% NaOH solution and allowed to  
react for 48 hr at room temperature. The only volatile product was 
CF,H (0.040 g, 0.57 mmol). Nmr spectra of the remaining aqueous 
solution indicated the presence of the CIF,PO,'- ion." 

Neutral Hydrolysis. Hydrolysis of (CF,),Cl,PN(CH,), (0.105 
g, 0.37 mmol) with approximately 0.8 ml of degassed distilled water 
at room temperature for 48  hr gave CF,H (0.001 g, 0.014 mmol). 
The nmr spectrum of the remaining aqueous solution indicated the 
presence of the (CF,),PO; ion." 

Reactions of Tris(rtrinuoromethy~)bis(dime(hylarninos- 
phorane. (a) With Dimethylamine. A sample of (CF,),P[N(C- 
H,),]' (0.092 g, 0.28 mmol) and (CH,),NH (0.214 g, 4.76 mmol) 
did not react over a period of 84 hr at room temperature and un- 

Table In. Summary of Nmr Parameters 
Ppm HZ 

~~ 

Compd @Fa .Hb UPC 'IF, 3JHP sJFH 4JFF Notes 

CF,P(S) [N(CH,),I, 67.7 7.49 93.7 12.11 0.75 d, e 
CF , P(S)Cl INCH 3 )  , I 13.2 7.19 121.5 13.65 0.75 d, f 
CF3P(0) [N(CH,),I, 67.7 7.50 96.3 9.95 0.73 d, g 
CF,P(O)Cl[N(CH,),] 73.7 7.32 125.5 11.8 0.72 d, f 
CF,PO,H- 73.5 107 In H,O 
(CF,),P[N(CH,),I, 56.7 7.05 h 11.6 0.95 At 40" 

57,O 158.0' 50.5j 16'5 1 At-30" in CF,Cl, 55.6 108" 
-58.2 -71 At 45" in C,F, 

(CF,),PC1[N(cH,),I 59.1 7.20 156SZ 105.5 13.9 0.68 At 40" 1 At - 120" in CF,CI, 59.3 1 30m 
57.7 -53n 

(CF,),PCl, [N(CH,),] 67.8 7.17 143.5 156.9 12.5 1.09 

a Spectra were recorded on dilute solutions in CFC1, at  normal temperatures unless otherwise stated. Chemical shifts are given in ppm 
upfield from CFCI,, in solvents other than (CFCl,; the chemical shifts were recorded relative to  external CFCI,. Positive values indicate reso- 
nances to  high field of standard. Chemical 
shifts are given relative to  P,O, (capillary) with positive values indicating resonance to  high field of standard. The chemical shift of 85% H,- 
PO, is +112 vs. P,O, [A.  C. Chapman, J .  Homer, D. J. Mowthorpe, and K. T. Jones, Chem. Cornmun., 121 (1965)). 
let of quartets. e 19F spectrum consists of a doublet of 1 1 lines each with an intensity distribution in good agreement with that expected for 
the 11 inner lines of a 13-line multiplet due t o  coupling of 12 equivalent protons with F. f I9F spectrum consists of a,doublet of septets. g I9F 
spectrum consists of a doublet of asymmetric multiplets containing a t  least 10 lines. 
diation the spectrum is a quartet of septets; 
ratio 1 ,  assigned to  equatorial CF, group. 

Shifts are given on the 7 scale (T(CH3)4Si = 10.0) relative to  an external capillary of 5% TMS. 

'H spectrum is a doub- 

Signals are broad multiplets. At -40". With 'H h a -  
Intensity 

Intensity ratio 2,  assigned to equatorial CP, groups. 
= 110 Hz, 2 J p ~ a x  = 52 Hz." J Intensity ratio 2 ,  assigned to axial CF, groups. 

With "irradiation 'Jpp(av) = 106 Hz.', 
Intensity ratio 1 ,  assigned to axial CF, group. 

gave 19F parameters (@ 73.5 ppm and ' J F P  = 107 Hz in H,O) which are 
comparable to  those" of CF,PS,OH- and CF,PSO,H-, and adding 
strong base to  the solution results in the formation of CF,PO,*', 
identified by its nmr parameters." 

aminodichiorophosphorane, (CQ,),CI, PN(CH,), . Using the appara- 
tus shown in Figure 1 (CH,),NH (0.132 g, 2.93 mmol) was allowed 
to react with gaseous (CF,),Wl,ll (0.274 g, 0.99 mmol) at room 
temperature for 30 min. Separation of the volatile products gave a 
mixture (0.139 g) of (CF,),Cl,PN(CH,), (0.133 g, 0.47 mmol) and 
(CF,),PCl, (0.006 g, 0.02 mmol) which was trapped at  -45". Also 
obtained was unreacted (CP9),PCl,7 (0.059 g, 0.21 mmol, trapped 

Preparation and Characterization of Bis(trifluoromethy1)dimethyl- 

changed (CF,),P[N(CH,),], (0.080 g, 0.24 mmol, identity con- 
fumed by nmr) and (CH,),NH (0.215 g, 4.78 mmol) were recovered. 

(b) With Hydrogen Chloride. No reaction took place when 
(CF,),P[N(CH,),], (0.100 g, 0.31 mmol) was treated with HCl 
(0.048 g, 1.33 mmol) for 2 days at  room temperature. Excess hy- 
drogen chloride (0.633 g, 17.3 mmol) and (CF,),P[N(CH,),], (0.193 
g, 0.59 mmol) for 48  hr in a small (-10 cm3) tube a t  room tempera- 
ture gave (CF,),PCl, (0.099 g, 0.32 mmol) and a mixture (0.550 g) 
of HCl and very small amounts of at  least two as yet unidentified 
compounds (indicated by ir) which trapped at -196". Nmr spectra 
of CD,CN solutions of the involatile white solid which remained in 
the reaction vessel indicated that it was principally (CH,),NH,*Cl- 

(11)  H. J. Emeleus, R. N. Haszeldine, and R. C. Paul, J. Chem. (12) D. D. Poulin, A. J .  Tomlirmson, K. I .  The, and R. G. Cavell, 
SOC., 5 6 3  (1955). unpublished results. 



Phosphoranes 

with very small amounts of two unidentified CF,P-containing com- 
pounds [ J =  114 Hz, $F 65.7 p p m ; J =  168 Hz, $F 64.3 ppm]. 

(c) With Methanol. The reaction of (CF,),P[N(CH,),l, (0.134 
g, 0.41 mmol) with CH,OH (0.027 g, 0.85 mmol) for 10 min at room 
temperature gave (CH,),NH (0.006 g, 0.13 mmol) and CF,H 
(0.030 g, 0.43 mmol) as the only volatile products. The clear liquid 
of low volatility which remained in the reaction tube was dissolved 
in CD,CN and identified by nmr as principally CF,P(O)[N(CH,),], 
(vide infra) plus two as yet unidentified CF,P-containing compounds 
( I$F 74.1 ppm, J = 94 Hz; I$F 72.7 ppm, J = 97 Hz) in small amounts. 

(d) With Methyl Mercaptan. Reaction of (CF,),P[N(CH,), 1, 
(0.096 g, 0.30 mmol) with CH,SH (0.028 g, 0.58 mmol) in a sealed 
tube at room temperature after 48 hr gave an unseparated mixture 
(0.084 g) trapped at  -116" consisting of CF,P[N(CH,),],'3 (0.039 
g, 0.21 mmol), (CF,),PSCH,'4 (0.010 g, 0.05 mmol), (CF,),P5i' 
(0.003 g, 0.01 mmol), and CH,SSCH," (0.032 g, 0.34 mmol), to- 
gether with a small amount of (CH,)," (as determined by nmr 
spectroscopy). CF,H (0.035 g, 0.50 mmol) was collected in the 
-196" trap. 

(e) With Hydrogen Sulfide. The reaction of (CF,),P[N(CH,),I, 
(0.252 g, 0.77 mmol) and H,S (0.053 g, 1.56 mmol) proceeded rapid- 
ly and exothermally at room temperature. After 10 min the reaction 
subsided and subsequent vacuum fractionation afforded CF,P(S)[N- 
(CH3)2]216 (0.020 g, 0.09 mmol) (vide infra), (CF,),P(S)N(CH,)," 
(0.025 g, 0.10 mmol), (CH,),NH (0.012 g, 0.27 mmol), and CF,H 
(0.056 g, 0.80 mmol) which was purified by washing with a degassed 
solution of lead acetate to remove H,S. The nmr spectra of the in- 
volatile liquid which remained in the reaction tube indicated the 
presence of the (CF,),PS; ion." 

Repatation and Characterization of Tris(trifluo1omethyl)chloro- 
dirnethylaminoghosphoaorane. Using the apparatus shown in Figure 1 
tris(trifluoromethy1)dichlorophosphorane (CF,),PCl, (0.757 g, 
2.45 mmol) and gaseous (CH,)," (0.227 g, 5.04 mmol) were 
allowed to react for only 5 min at room temperature. The volatile 
products collected at  -45" were a mixture (0.528 g) of (CF,),P(Cl)- 
N(CH,), (0.401 g, 1.26 mmol) and (CF,),P[N(CH,),], (0.127 g, 
0.39 mmol) (analyzed by  nmr spectroscopy). Pure (CF,),P(Cl)N- 
(CH,), was obtained by further careful fractionation of this mixture. 
(CF,),PCl, (0.198 g, 0.64 mmol) was found in the -96" trap and 
unreacted (CH,),NH (0.456 g, 1.01 mmol) was collected at -196". 

The compound (CF,),PCl[N(CH,),] is a white solid which de- 
composes quite rapidly over a period of days under vacuum at room 
temperature. In CC1,F solution (CF,),P(Cl)N(CH,), decomposes 
over 48 hr at room temperature to give a small amount of (CF,),P 
and smaller amounts of other CF,P species (by nmr) soluble in CC1,F 
plus unidentified solid materials. 

The compound was characterized by its spectroscopic properties 
(ir Table 11, n m  Table 111) by mass spectrometry (Table I) and by 
chemical reactions described below. 

Alkaline Hydrolysis. Hydrolysis of (CF,),P(Cl)N(CH,), (0.069 
g, 0.22 mmol) with approximately 0.8 ml of degassed 10% NaOH at  
room temperature for 24 hr gave CF,H (0.029 g, 0.42 mmol). Nmr 
spectra of the remaining aqueous solution showed the presence of 
the CF,PO,Z-ion.lo 

Neutral Hydrolysis. Reaction of (CF,),P(Cl)N(CH,), (0.223 g, 
0.70 mmol) with approximately 0.8 ml of degassed distilled H,O at 
room temperature for 48 hr gave CF,H (0.049 g, 0.70 mmol). Nmr 
spectra of the remaining aqueous solution showed the presence of 
the (CF,),PO; ion." 

0.39 mmol) was allowed to react with 0.8 ml of degassed distilled 
water adjusted to a pH -1 by the addition of HC1. After 24 hr at 
room temperature vacuum fractionation afforded CF,H (0.028 g, 
0.40 mmol). Nmr spectra of the remaining aqueous solution indi- 
cated the presence of the (CF,),PO,- ion.l0 

Reaction of Tris(trifluorome%hyl)chlorodimethylaminophos- 
phorane with Dimethylamine. The reaction of (CF,),P(Cl)N(CH,), 
(0.133 g, 0.42 mmol) with (CH,),NH (0.107 g, 2.38 mmol) at room 
temperature for 24 hi gave (CF,),P[N(CH,),], (0.130 g, 0.40 mmol). 
Unreacted (CH,),NH (0.073 g, 1.62 mmol) was the only other vola- 

Acid Hydrolysis. The compound (CF,),P(Cl)N(CH,), (0.124 g, 

11167s 1147vs 1168vs 1186vs 

1148 vs 1153 vs 
1125 vs, br 1127 vs 1153 vs 1166 s 
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(13)  J. F. Nixon and R. G. Cavel1,J. Chem. Soc., 5983 (1964). 
(14) R. G. Cave11 and H. J .  Emeleus, J .  Chem. SOC., 5825 (1964). 
(15) G. R. Petit, I .  B. Irwin, and R. A. Hill, Can. J. Chem., 42, 

(16) I(. Gosling and A. B. Burg, J .  Amer. Chem. Soc., 90, 2011 

(17) R. C. Dobbie, L. F. Doty, and R. G. Cavel1,J. Amer. Chem. 

2357 (1964). 

( 1 9 68). 

b'oc., 30, 2015 (1968). 

Table IV. Infrared Spectra of 
Trifluoromethyldimethylaminophosphorus Oxides and Sulfidesa 

formula (found m/e 220.0404, calcd for C5H,,F,N,P3zS rn/e 
220.04091. 

(b) Hydrogen chloride (0.0845 g, 2.32 mmol) and CF,P(S)[N- 
(CH,),], (0.240 g, 1.1 mmol) were allowed to  react for 5 days at  
65". The volatile products were CF,P(S)Cl[N(CH,),] (0.096 g, 0.45 
mmol, 41% yield) together with unreacted CF,P(S)[ N(CH,), 1, 
(0.0495 g, 0.22 mmol, 20% yield by nmr) and CF ,P(S)C1,16 (0.069 
g, 0.34 mmol, 31% yield). No HC1 was recovered. Spectroscopic 
parameters of purified CF,P(S)Cl[N(CH,),] are given in Table 111 
(nmr) and Table IV (it). Mass measurement of the parent molecular 
ion confirmed the formula (found m/e 210.9605; calcd for C,H,F,- 
N32SP35C1 m/e 210.9599). The quantity of dimethylammonium 
chloride remaining in the reaction vessel (0.092 g, 1.1 3 mmol) was 
consistent with the stoichiometry. 

In another experiment HCl(O.0735 g, 2.01 mmol) was treated 
with CF,P(S)[N(CH,),], (0.219 g, 1.0 mmol) for 1 day at room 
temperature followed by 1 day at 65". Unreacted HCl was recovered 
(0.0117 g, 0.47 mmol) along with CF,P(S)C1, (0.039 g, 0.19 mmol, 
19% yield), CF,P(S)Cl[N(CH,),] (0.143 g, 0.67 mmol, 67% yield), 
as well as unreacted CF,P(S)[N(CH,),I, (0.325 g, 0.15 mmol, 15% 
yield). Thus longer reaction times and higher temperatures (vide 
supra) result in complete consumption of HC1; however, the slow 
reaction of HC1 with the diamino compound appears to prevent spe- 
cific synthesis of the monochloro compound. 

(a) The reaction of CF,P(O)Cl, I *  (0.322 g, 1.72 mmol) and dimeth- 

(18) J. E. Griffiths, Spectrochim. Acta, Par tA,  24, 303 (1968). 

Reparation of CF,P(O) [N(CH,),], and CF,P(O)Cl[N(CH,),]. 
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ylamine (0.414 g? 9.20 mmol) proceeded smoothly at  room tempera- 
ture. After 24 hr volatile products were CF,P(O)[N(CH,),], (0.267 
g, 1.31 mmol, 76% yield) and unreacted dimethylamine (0.107 g, 
2.38 mmol). Dimethylammonium chloride (0.264 g, 3.24 mmol) 
remained in the reaction vessel. The reacting ratio (CH,),NH:CF,- 
P(O)Cl, was 3.97:l. The low yield of dialkylamino product is prob- 
ably due to  its rather low volatility and the consequent difficulty of 
removing it from the solid salt. Spectroscopic parameters of CF,- 
P(0)[N(CH3)2]2 are given in Tables 111 (nmr) and IV (ir). 

CF,P(O)[N(CH,),], (0.112 g, 0.55 mmol) at room temperature for 
2 days to give a mixture of unreacted CF,P(O)[N(CH3),],(O.OO3 g,  
0.015 mmol, 3%) and CF,P(O)Cl[N(CH,),] (0.088 g, 0.44 mmol, 
80%). Another fraction contained a small amount of CF,P(O)Cl, 
(0.0104 g, 0.06 mmol, 10%). No HC1 was recovered. The yield of 
dimethylammonium chloride (0.039 g,  0.48 mmol) is consistent with 
the stoichiometry. Spectroscopic parameters of CF,P(O)Cl[N(C- 
H,),] are given in Tables III (nmr) and IV (ir). Mass measurement 
of the parent molecular ion confums the formula (found m/e 
195.9832, calcd for C,H,F3PON3'Cl m/e 195.9827). 

(b) Hydrogen chloride (0.0402 g, 1.10 mmol) reacted with 

Synthesis and ~ h a r a c t e r ~ a t ~ o n  of Phosphoranes. Aminol- 
ysis of the chlorophosphorane yields both the diaminophos- 
phorane (CF3)3P [N(CH3),12 and the monochloro intermedi- 
ate (CF313PC1 [N(cH3>2] 
(CF,),PC1, + 2(CH,),NH -+ (CF3),PC1[W(CH,),I + 

CH,)  , NH, C1 (1) 

(CH3)2 "2 c1 (2) 

The reaction typically produces both products and the mono- 
chlorophosphorane is readily converted to the diaminophos- 
phorane by dimethylamine suggesting that the reaction pro- 
ceeds stepwise. The use of limited quantities of dimethyl- 
amine results in incomplete reaction rather than preferential 
formation of the monochloro derivative, implying that the 
rates of (1) and (2) are competitive. For example, reaction 
of 2 mol of dimethylamine with (CF3)3PC12 gave a 25% yield 
of (CF3)3P[N(CH3)2]2 and 75% yield of (CF3)3PCl [N(CH3)2] 
(relative to consumed dichlorophosphorane); with 4 molar 
equiv of dimethylamine the yield of the diaminophosphorane 
increased to 89% and no unconverted chlorophosphorane 
was detected. Small amounts of (CF3)2PN(CH3)2 and CF3- 
H were however recovered, perhaps from a substitution reac- 
tion on a small amount of (CF3)3P which might have been 
present in the starting material or, possibly, an unknown 
decomposition reaction. The monochlorophosphorane 
(CF3)3P(Cl)N(CH3)2 was rather less stable and consequently 
more difficult to characterize. It appeared to decompose 
with reduction since small amounts of (CF3)3P formed dur- 
ing decomposition; however all products of the decomposi- 
tion have not been identified. 

Under similar conditions (CF3)2PC13 was about 50% con- 
verted to (CF3)2C12PN(CH3)2, and CF3H was observed in 
the product. Intermediate substitution products such as 
(CF3)2PCI [N(CW3)2]2 which might have been expected were 
not observed. The yield of CF3H increases with the propor- 
tion of dimethylamine used and the solid product contains 
increasing proportions of CF3P [N(CH3)2]:C1- which can 
only arise from removal of a CF3 substituent from phos- 
phorus by dimethylamine. This new phosphonium salt can 
also be obtained from the reaction 
CF3PCI, t 6(CW,),NH-+ CF,PIN(CH,),I,tC1' + 

3(CH,),NH2+Cl- (3) 

and details of its characterization will be given elsewhere.12 
Other trifluoromethylphosphonium salts which might be 
expected from thermal decompositions, rearrangments, 

(CF,),PCl[N(CK,)zl + 2(CH,),NH -+ (CF,),P[N(CH,),Iz + 

Daniel D. Poulin and Ronald G. Cave11 

halide loss, or other processes remain unidentified at pres- 
ent, although further investigations are in progress. 

More detailed investigation of the aminolysis of (CF3)Z- 
PC1312 showed that both (CF3)2PC12N(CH3)2 and the phos- 
phonium salt are formed at all a r n i ~ ~ e : ( C F ~ ) ~ P C l ~  reaction 
ratios with maximum yield of (CF3)2PC12N(CH3)2 being 
obtained at a reacting ratio of 3: 1 .  Unreacted (CF3)2PC13 
is found in the products until the reaction ratio exceeds 5: 1. 
The process can be described as the sum of two major reac- 
tions with comparable rates 

(CF,),PCl, + 2(CH,),NH --> (CF,),PCl,N(CH,), f 

(CF,),PCl,N(CH,), + 3(CH,),NH + CF,H + 

involving initially simple chloride substitution and a more 
complex process involving removal of C1 and CF3 to form 
the phosphonium salt. Equation 5 has been established by 
an independent experiment . I2  

Alkaline hydrolysis of (CF3I3P [N(CH3)2]2 gave 2 molar 
equiv of CF3H, 1 molar equiv of cF3P032-, and 2 molar 
equiv of (CH,);?NH (eq 6, x = 0). Similarly (CF&PCl[N- 

(CF,),PClx[N(CH,),I,I, + 3H,O - CF,PO,'- t 2CF,H + 

(CH,),] gave 2 mol of CF3H and the CF3P03'- ion (eq 6, x = 
l), and (CF3)2C12PN(CH3)2 gave 1 molar equiv of CF3H (eq 
7). Such behavior is typical of pentavalent CF3P com- 

(CF,),Cl,PN(CH,), t 2H,O-+  CF,PO,'- t CF,H 4 

(CH,), NH:Cl- (4) 

CF,PIN(CH,),],tC1- + (CH,),NH,Cl (5) 

OH- 

(2 -x)(CH,),NH + (2 t x)H+ + xC1- (6) 

(CH,),NH,+ t 2C1- + 3H' 

 pound^,^>'^ and these alkaline hydrolysis reactions were used 
for characterization purposes. 

Neutral and acid hydrolysis of (CF3)3PC1N(CH3)2 gave 1 
mol of CF3H and neutral hydrolysis of (CF3)2PC12N(CH3)2 
gave only a trace of CF3H forming in all cases the (CF3)2- 
PO; ion in solution (eq 8; x = 1,2). 

(7 1 

(CF,),-xPClxN(CH,), + 2H,O+ (2 -x)CF3H +- (CF,),PO; + 
(CH,),NH,' t xHCl (8) 

Both the neutral and acid hydrolyses of (CF3)3P [N(C- 
H3)2]2 were complex yielding 1.3 and 1.44 mol of CF3H and 
forming two ions, (CF3)2P0; and the new ion tentatively 
identified as CF3P03H- in the solution. This new species 
was characterized by comparing its nmr parameters with the 
known" related species CF3PS20H- and CF3PS02H- and 
by conversion to the known anion CF3P032- in basic solu- 
tion. The complexity undoubtedly arises from the libera- 
tion of dimethylamine which converts the neutral medium 
to a basic one which then causes further hydrolysis of (CF3)2- 
POz- to yield additional CF3H and CF3P03'-. This does not 
occur with the C1-containing compounds because HC1 is also 
liberated which neutralizes the amine. In the strong acid 
solution further hydrolysis of (CF,)2P02- also occurred leading 
to the new anion CF3P03H- and additional CF3H. The non- 
stoichiometric results obtained from acid hydrolysis reactions 
are probably due to their slower reaction rates. 

were recovered from the reaction of (CF3)3P [N(CH&]2 
with a large excess of (CH3)2NH over a period of days at 
room temperature although in view of the behavior of 
(CF3)2PC13 with dimethylamine12 some CF3H formation 
might have been expected. Quantitative conversion of 

Some Reactions of the Phosphoranes. Starting materials 
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Table V. Reaction Products of (CF,),P[N(CH,),], and CH,SH 

Expected quantities according to 
E q 1 1  Eq12  E q 1 3  Total Obsd These results can be summarized by eq 14-17 although again 

( C H ~ ) Z , ~ ~ , ~ '  respectively, and a 67.5% yield of the (CF3)z- 
PS2- ion'' as deduced from the amount of CF3H evolved. 

CF,H 0.42 0.05 0.47 0.50 (CF,),P[N(CH,),I, + 2H,S -+ (CF,),PS~[(CH,),NH,l* + 
CH,SSCH, 0.21 0.05 0.01 0.27 0.34a 
(CH3)zNH 0.10 0.02 0.12 b CF,H + (CH,),NH (14) 

Contained some (CH,),NH. Present in CH,SSCH, fraction. (CF,),P[N(CH,),I, + H,S -+ CF,P(S)[N(CH,),I, + 2CF,H (15) 

(CF3)3PC1[N(CH3)2] to (CF3)3P [N(CH3),lZ was achieved (CF3),P[N(CH,)zIz + HzS -+ (CF3),P(S)N(CH,)Z + CF3H + 
with excess dimethylamine; thus, as expected, C1 is readily (CH,)," (16) 
replaced by N(CH& but CF3 is not. The relatively unus- 
ual systems in which CF3H can be easily eliminated from 
CF3P compounds by dimethylamine (for example (CF3),- 
PO,'' (CF3)2POSi(CH3)3?0 and the aminolysis of (CF3)2- 
PC1312) must have particular mechanistic pathways available 
to them. It is interesting to note (vide infra) that more acid- 
ic reagents such as methanol, methyl mercaptan, and H2S 
can apparently liberate CF3H from the phosphorane with 
different degrees of facility. 

No reaction occurred between (CF,),P[N(CH,),], and 
anhydrous HC1 at low partial pressures. However (CF3)3- 
PC12 was obtained in 54% yield when (CF3)3P[N(CH3)2]2 
was allowed to react with excess HCl at high partial pressures 
according to eq 9.  

(CF,),P[N(CH,),], + 4HC1-+ (CF,),PCI, + 2(CH,),NH:Cl- (9) 

The only identified phosphorus-containing product result- 
ing from the reaction of (CF3)3P [N(CH3)2]2 and CH30H was 
CF3P(0) [N(CH3),12 along with 1 mol of CF3H and 0.3 mol 
of dimethylamine plus smaller amounts of at least two other 
unidentified CF,P-containing compounds which were detec- 
ted among the products by nmr spectroscopy. The phos- 
phine oxide CF3P(0) [N(CH3),], was characterized by com- 
parison of its nmr parameters with those of an authentic s am 
ple prepared from CF3P(0)C12 and dimethylamine (eq 10, 
E = 0). 

CF,P(E)CI, + 4(CH3),NH -+ CF,P(E)[N(CH,),], + 
2(CH3),NH,C1 (10) 

The reaction of (CF3)3P[N(CH3)2]2 with CH3SH appeared 
to proceed along three pathways leading to CF3P [N(CH3),]2, 
(CF3),PSCH3, and (CF3)3P as the major phosphorus-con- 
taining products in 68.5, 15.5, and 4.5% yield, respectively. 
Simplified routes leading to these three compounds are repre- 
sented in eq 11-13 although the overall reaction mechanism 

2CF3H + CH,SSCH, (11) 

CH,SSCH, + 2(CH3),NH (12) 

CH,SSCH, (13) 

(CF,),P[N(CH,)zIz + 2CH,SH -+ CF,P[N(CH,)zlz + 

(CF,),P[N(CH,),], + 3CH,SH -+ (CF,),PSCH, + CF,H + 

(CF,),P[N(CH,),], + 2CH3SH -+ (CF,),P + 2(CH3),NH + 

is quite possibly more complicated. Other products identified 
were CF3H, CH,SSCH3, and (CH3),NH produced in amounts 
consistent with the above stoichiometries (Table V). The 
yield of unique P compound was used to estimate the con- 
tribution of each reaction to the total. 

13.0% yields of CF3P(S) [N(CH3)2]216 and (CF&P(S)N- 
Treatment of (CF3)3P[N(CH3)2]2 with H2S gave 11.7 and 

(19) A. B. Burg and A. J.  Sarkis, J. Amer. Chem. Soc., 87,  238 

(20) R. G. Cavell, R. D. Leary, A. R. Sanger, and A. J. Tomlinson, 
(1965). 

Znorg. Chem., 12, 1374(1973) .  

the overall reaction mechanism may be more complicated. 
The yields of (CH3),NH and CF3H were again consistent with 
the stoichiometries described by these equations allowing for 
the reaction of (CH3),NH with excess HzS. The identity of 
CF,P(S)[N(CH3),],'6 was established by comparison of its 
nmr parameters with those obtained on an authentic sample 
prepared from CF3P(S)C1z18 and dimethylamine (eq 10, E = 
S). Authentic nmr parameters are given in Table 111. 

Nmr Spectroscopic Studies and Stereochemistry of the 
Phosphoranes. Much information has been obtained on the 
stereochemistry of pentacoordinate phosphorus compounds 
from nmr studies although in the case of CF3P phosphoranes 
the results have been somewhat ambiguou~.~  The behavior 
of the new aminophosphoranes however provides further in- 
formation which resolves some of these ambiguities. 

There are three possible combinations of locations of CF3 
groups within the trigonal-bipyramidal f r a m e ~ o r k l - ~  of the 
compound (CF3)3P[N(CH3)z]2: (1) a structure with two 
equatorial N(CH3), groups (I), (2) one with two axial N- 
(CH3)Z groups (11), and (3) a third alternative with one N- 
(CH3)2 group in the equatorial position and the other N- 
(CH3)Z group in the axial position (111). 

r,:FH:, 

(CH,), 

CF -P T,CF3 CF3-P 
r;(cH3)2 

CF 3 -P I 'NCH,), / \CF3 I \N(CH3), 

CF 3 N(CH3)2 CF 3 

I I1 I11 

The room temperature 'H nmr spectrum of (CF3)3P[N- 
(CH,),], shows an apparent doublet of either octets or decets 
(Figure 2 )  with an intensity distribution in good agreement 
with that expected for the central eight lines of a ten-line 
pattern. This spectrum arises from coupling to a phosphorus 
nucleus and nine equivalent fluorine atoms thus confirming 
the presence of three CF, groups on phosphorus. On cool- 
ing of the sample to -80" the doublet observed in the 'H 
spectrum remained unchanged indicating that the N(CH3), 
groups are equivalent at this temperature suggesting that 
structure I11 probably does not occur although it cannot be 
conclusively excluded by this evidence. 

At room temperature the "F nmr spectrum was a broad 
multiplet (Figure 3). Upon cooling to -40" the multiplets 
were completely resolved into two overlapping chemically 
shifted regions with a 2 : l  intensity ratio. These consisted 
of a doublet of quartets and a doublet of septets, respective- 
ly (Figure 2 ) .  At -90" the higher intensity peaks had lost 
their fine structure (Figure 3) and were replaced by further 
unresolved complex multiplets appearing in detail at - 140" 
(Figure 3). The lower intensity peaks lost their fine struc- 
ture at -1 15" (Figure 3) and did not resolve again within 
the temperature range studied. These features are under- 
standable on the basis of structure I, the two different en- 
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Figure 2. Nmr spectra of (CF,),P[N(CH,),],. The upper portion 
of the figure shows the calculated (stick diagram) and observed (lower 
trace) 100-MHz ' H  nmr spectra of (CF,),P[N(CH,),], obtained at 
40". "he frequency scale is measured relative to TMS with a positive 
sign denoting lower field. The lower portion of the figure shows the 
calculated (stick diagram) and observed 94.1-MHz "F nrnr spectra of 
(CF,),P[N(CHS),], at -40'. The frequency scale is measured rela- 
tive to CFC1, with a positive sign denoting high field. 

vironments of CF3 groups giving rise to well-resolved multi- 
plets observed at -30". The quartets and septets in this 
spectrum result from the coupling (4JFF = 16.5 Hz) between 
the two types of CF3 groups, thus eliminating structure TI 
which contains three equivalent CF3 groups. At tempera- 
tures below -90" additional piocesses (most probably those 
involving restricted rotation around the P-N bonds) occur 
which destroy the equivalences within the CF3 group such 
that a complex second-order 19F nmr spectrum results be- 
cause the different environments of the F atoms can then be 
distinguished. These features are very similar to  those ob- 
served in the "F nmr spectrum of (&1F3)3P[OSi(@H3)31221 
and are at present poorly understood because of the difficul- 

(21) R. G. Cavell, R. D. Leary, and A. J .  Tornlirmson, Inorg. Chem., 
1 1 ,  2578  (1972). 

5000 4900 4803 4 70 0 4600 i i r  

Figure 3. Temperature dependelice of the 19F ninr spectrum of 
(CF,),P[N(CH,),],. The spectrum obtained at 75" was measured 
at 56.4 MHz on a C6Fb solution of the compound. while those ob- 
tained at 24,--40,-90,-115, and-lrZO" were rneasured at 84.7 
MHz on a @F,Gl, solution of the compound. The frequency scales 
are measured relative to CPCI, with a positive sign denoting reso- 
r ~ n c e  to high field of the stairdard. 

ty of making unam'biguorxs spectral awignii-rents~ Further ~ 

there is no clear method of separaling the interactions of 
two N(CH3)Z (or OSi(CH333) groups with each other from 
the interactions of these groups with the CF3 groups. Addi- 
tional studies now in progress on simpler corqpoundP wifl 
hopefully allow detailed elucidation o F [he averaging proces- 
ses involved in these molecules. 

The preferred structure (E) therefore is in 
the structure predicted by the rule propose 
et al., in which the most electronegative nnlxlituent (in this 

3>23 is considered to  occupy pieferen-tia!I.y the axial 
position of a trigonal bipyramid. At relatively high tempera 
tures the disti~ction bet,ween axial and. eqoatorial sui?s'citn- 
ents is usually obscured. b y  envjrorisriental averaging of the 
substituents due to a pseutloiolalion type of process. 'The 
room-temperature spectrum o F (W&P [N(CM3>2Ja repre- 
sents an intermediate state between the distinction of axial 
and equatorial environments observed below - 30" and the 
fast exchange which is approached upon heating to -i-75" 
(see Figwe 3). Increased teqxra t r i res  were not investigated 
because the compound. is thermally unstable.8 

Similar studies were applied to (CF3)&Y [N(CH3)2J in the 
hope of distinguishing the @IF3 environmen1.s therein. The 
room-temperature 'E-1 spectrum shows an apparent doriblet 
of either octets 01 decets, witin an interisiiy distribution in 

(24) R. G. Cave11 and 
( 2 3 )  J~ 1. Lagowski, Q 

'The, unpublished data, 
Rev., (.'hem. Soc., J 3,  2 3 3  (1959). 
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good agreement with that expected for the central eight lines 
of a ten-line pattern. This spectrum arises from coupling to 
the phosphorus nucleus and nine equivalent fluorine atoms 
thus confirming the presence of the three trifluoromethyl 
groups on phosphorus. The "F nmr spectrum showed a 
doublet of septets arising from coupling to the phosphorus 
nucleus and six equivalent hydrogen atoms, thus confirming 
the presence of a single dimethylamine group. Low-tem- 
perature "F nmr studies of (CF3)3PCl [N(CH3),] showed a 
similar behavior to that of (CF3)3P [N(CH3),lZ; however on- 
ly partial resolution of the CF3 signal into two chemically 
shifted regions of relative intensity 2:l with large and small 
' J p F  coupling constants suggestive of equatorial and axial 
CF3 groups, respectively, was achieved for (CF3)3P(Cl)N- 
(CH3)z at -120" (the lowest feasible temperature in this 
case) whereas in (CF3)3P [N(CH3)& these same features 
were clearly visible in the -30" spectrum (Figure 3). As a 
result reliable conclusions regarding the stereochemistry of 
(CF3)3P(C1)N(CH3)z could not be obtained but it seems 
clear that C1 preferentially occupies an axial site in this corn- 
pound even though it is thought. to possess a lower electro- 
negativity than CF3z3 suggesting that factors other than sim- 
ple electronegativity considerations are involved in determin- 
ing locational preferences. 

The room-temperature 'H spectrum of (CF3)zPC1z [N- 
(CH3)zI (Figure 4) shows a doublet of septets arising from 
coupling of the protons to the phosphorus atom ( 3 J p ~  = 
12.5 Hi) and to six equivalent F atoms (5JFH = 1.05 Hz) 
thus confirming the presence of two CF3 groups on phos- 
phorus. The room-temperature "F spectrum (also shown 
in Figure 4) shows a doublet of septets arising from coupling 
of the fluorine atoms to a phosphorus atom ('JPF = 156.9 
Hi) and also to six equivalent protons ('JFH = 1.09 Hz), 
thus confirming the presence of one N(CH3)z group attached 
to a phosphorus atom. The temperature independence 
(down to -120") of the "F and 'H nmr spectra and the 
large value of 'JFP strongly suggest that both C1 atoms oc- 
cupy axial positions and the equatorial positions are occu- 
pied by CF3 and N(CH3)z groups. The 31P chemical shift 
of +143.5 ppm v,s'. P406 and the spin-spin splitting pattern 
(septet, '.IpF 1 9  Hz) confirm the identity of the molecule 
as a phosphorane and the presence of two CF3 groups on P. 

If the interpretation is correct, the spectral data indicate 
that both (CF:3)3PClN(CH3)z and (CF3)3P[N(CH3)z]z under- 
go positional exchange of CF3 groups with the former pos- 
sessing a lower barrier than the latter. The relative barriers 
are understandable if a Berryza or permutationally equivalent 
mechanism is responsible since in the latter compound this 
rearrangement mechanism requires one N(CH3)z group to 
occupy an axial position which is likely a highly unfavorable 
configuration. In contrast both chloro-substituted com- 
pounds c,an undergo a pseudorotational rearrangement in 
which N(CH3)z groups remain in the equatorial position. 
The high 'JpF value and the temperature independence of 
the "1: spectral parameters of (CF3)zPC1zN(CH3)z lead us 
to believe that this molecule possesses a structure at ordinary 
temperatures in which C1 groups preferentially occupy the 
axial positions. Thus we have in this case a high barrier to 
permutational exchange arising from the destabilization 
which would result upon replacing axial C1 groups by CF3 
groups. This suggests that rearrangement barriers are de- 
pendent upon relative axial preferences which may predic- 
table as discussed below. 

Many other factors must however be considered which 
could undermine the above interpretation. First we recog- 
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3735 3740 3895 3900 Hz 
Figure 4. Proton and I9F nmr spectra of (CF,),Cl,PN(CH,),. The 

H spectrum was measured at 60 MHz on a solution in CFCl, at 40". 
The frequency scale is measured relative to TMS with a positive sign 
denoting resonance to lower field of standard. The 19F spectrum 
was measured at  56.4 MHz on a solution in CFC1, at 40". In this 
case the frequency scale is measured relative to CFCl, with a positive 
sign denoting resonance to high field of the standard. The calculated 
'H spectrum, using the parameters given in Table 111, is shown as a 
stick diagram above the observed spectrum. 

nize that the lack of distinction between CF3 group environ- 
ments in (CF3)zPC1zN(CH3)z does not prove that both CF3 
groups occupy equivalent equatorial positions since a fast re- 
arrangement with a low barrier, a dissociative, or a catalyzed 
bimolecular exchangez4 process may prevent the experimen- 
tal resolution within the temperature range available. We 
think that all this is unlikely however because the different 
CF3 environments can be resolved in (CF3)3PC1N(CH3)z al- 
though with some difficulty. Additional complications a- 
rise in the spectra as a result of the possibility of restricted 
rotation about P-N bonds, the possibility of inversion at 
nonplanar nitrogen atoms, and the further complication 

Chem. Sac., 92 ,  5 7 5 9  (1970). 
(24) T. Furtsch, D. S. Dierdorf, and A. H. Cowley, J. Amer. 
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arising from the presence of two N(CH3)2 groups in (CF&P- 
[N(CH,),] which may interact with each other as well as 
with the CF, groups. It is not clear whether the planarity of 
nitrogen observed in the fluor~phosphine~’ F2PN(CH3)2 will 
persist in trifluoromethyl-substituted aminophosphines or 
aminophosphoranes where the phosphorus is five-coordinated. 

It is worth noting at this point that temperature reduc- 
tion causes a broadening of resonances assigned to axial CF3 
groups in the syectra of (CF3)3P[N(CH3)2]2 (Figure 3 ) ,  
whereas the line widths of equatorial CF3 groups are relative- 
ly constant at similar low temperatures. This could be asso- 
ciated with the stabilization of a preferred conformation in 
which the CH3 groups on N interact more strongly with axial 
CF3 groups than with the equatorial CF3 groups as a result 
of restricted rotation about P-N bonds or some similar pro- 
cess. The complexity of the “F  spectra and the lack of 
resolution of any features in the ‘H spectra (down to -90”) 
which could be ascribed to the existence of preferential con- 
formations of N(CH3)2 groups in the molecule suggest that 
such interpretations are premature. This interpretation is 
however consistent with the unchanged spectra of (CF3)2- 
PC1zN(CH3)2 within the temperature range investigated 
since the proposed exclusive equatorial positioning of both 
CF3 groups would render their interaction with the CH3 
groups so small as to be probably unobservable. Further 
the symmetry of this molecule when both C1 groups are 
fixed in axial positions precludes observation of the effects 
of “stopped” P-N bond rotation. We hope to apply line 
shape analysis to the simpler systemsz2 now under investiga- 
tion with the aim of clarifying the averaging processes in- 
volved in these molecules. 

Substitutional Preference of CF3 Groups-a Suggestion. 
The nmr results obtained herein and elsewhere26 consistent- 
ly suggest that CF3 groups preferentially occupy equatorial 
positions in halogenophosphoranes e r w  when the CF3 group 
has a lower electronegativity than the halogen. Halogens 
are thus more “api~ophilic,”~ perhaps because axial bonding 
is more ionic than e q ~ a t o r i a l ? ~ , ~  %le calculations sugges- 
ted4 that n-bonding groups would favor the equatorial posi- 
tions as seems to be the case, a superior rationalization of 
substituent preferences is provided by the association26 of 
the relative “apicophilicity” of substituents with the induc- 
tive parameter2’ q. Halogens, with large uI, prefer axial 
locations and the NR2 group, with a low uI, prefers an equa- 
torial location (or avoids axial locations). CF3, with an 
intermediate uI value, shows no strong substitutional prefer- 
ences and its location is apparently determined by the prop- 
erties of the other substituents. 

Compounds containing N(CH3)2 groups and less than two 
halogens are characterized by a low value of 2JpF.  In the 
case of (CF&P [N(CH3),12, low-temperature 19F spectra in- 
dicate the existence of two CF3 environments, one with a 
large (>IO0 Hz) and one with a small ( G O  Hz) coupling to 
phosphorus. Relative intensity distribution suggests that 
the former is associated with an equatorial CF3 group and 
the latter with the axial CF3 groups and the room-tempera- 
ture value is the weighted average of the two values associ- 
ated with specific environments. Similar behavior is illustrat- 
ed by (CF3),PC1 [N(CH,),] and (CF&P [OSi(CH3)3]22’ 922 

where, although the spectra are complex and as yet incom- 

( 2 5 )  E. D. Morris and C. E. Nordman, Inorg. Chem., 8 ,  1673 

(26) R. G. Cavell, D. D. Poulin, IC. I. The, and A. J .  Tomlinson, 

(27) P. R. Wells, S. Ehrensen, and R. W. Taft, Progr. Phys. Org. 

(1969). 

J. Chem. SOC., Chem. Commun., 19 (1974). 

Chem., 6, 147 (1968). 

Table VI. Coupling Constants of ‘Trifluoromethylfluoro- 
and chlorophosphoranes 

“JP C F 3 2JPCF I 
Hz Ref Hz Ref 

CF,PF, 172 28 CF,PCl,F 149 31 
(CF,),PF, 175 3,28 CF,PCl,F, 165 32 
(CF,),PF, 1\57 28 (CF,),PCl, 193‘ 12,31 
CF,PCl, 154 31 (CF,),PCl, 152‘ 12 

a This value of the coupling constant remains essentially un- 
changed down to -140” suggesting that the CF, groups remain chem- 
ically equivalent.’* 

pletely assigned, it is possible to see larger and smaller coup- 
lings of CF3 to P. Further confirmation is provided by the 
behavior of (CF3)2PC121\I(CH3)2 where, according to our 

C1 should occupy axial sites preferentially and 
the N(CH3)Z group should occupy one of the equatorial 
sites. In this case the ”F’ spectrum was essentially tempera- 
ture invariant and the 2 J p c ~  coupling had a value of 156.9 
Hz which we think is characteristic of an equatorial CF3 
substituent. 

PF2 all have large 2JpF coupling constants3’2s (Table VI) 
and, in keeping with the preferential location of F to the 
axial position, we would consistently assign CF3 to equator- 
ial substitutional positions in all these molecules. The orig- 
inal tentative assignments, based mainly on chemical shift 
and coupling constant (excluding ‘JpF) arguments, are in 
agreement with equatorial positioning of the CF3 group with 
the exception of the case of (CF3I2P1F3 which was assigned3 
a structure containing two axial CFiY groups. We suggest 
however that equatorial CF3 groups are also indicated by 
the 2 J p ~  value in (CF3)2PF3. Vibrational ~pec t roscopy~~  
indicates a C2, (an equatorial CF3 group) structure for CF3- 
PF4 in keeping with the original3 and present nmr assign- 
ments; however a microwave study3’ of CF3PF4 indicates 
C3, (axial CF3 structure) symmetry. The reason for this 
discrepancy is not clear since both vibrational and microwave 
spectra were obtained on the vapor state of the compound 
whereas nmr data are obtained from (admittedly dilute) so- 
lutions. 

It also seems reasonable to suggest that the known triflu- 
oromethylchlorophosphoranes, all of which have large 2JpF 
coupling  constant^'^^^'^^ ,32 (Table VI), possess only equa- 
torial CF3 substituents in solution consistent with the pref- 
erential axial location of the C1 suggested herein and else- 
where26 even though CF3 has the higher electronegativity. 
This is further supported by the fact that CF3PC12F2,32 
which undoubtedly possesses an equatorial CF3 substituent 
and axial F substituents, has a 2JppcF coupling constant in 
good agreement with the other chlorophosphoranes in 
Table VI. We suggest that 2JpF values are a better indicator 
of CF3 location than chemical shift values3 which are more 
readily influenced by external perturbations. They may 
also be a better indicator than directly bound coupling con- 
stants which can be dramatically altered by rehydridization 
of either atom whereas in the case of the indirect coupling 
constant, the hybridization of one atom (in this case F on 
C) probably remains relatively unchanged even with large 
changes in substitution on phosphorus. 

In seems reasonable to associate large 2JpF values with 

The fluorophosphoranes CF3PF4, (CF3)2PF3, and (el?,),- 

(28) R. Schmutzler, Angew Chem., Int.  Ed. Engl., 4,496 (1965). 
(29) J. E. Griffiths,J. Chem. Phys., 49, 1307 (1968). 
(30) E. A. Cohen and C. D. Cornwell, Inorg. Chem., 7, 398 (196tl). 
(31) J .  E. Griffiths, Inorg. Chim. Acta, 1, 127 (1967). 
(32) J. F. Nixon,J. Inorg. Nucl. Chem., 31, 1615 (1969). 
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equatorial substitution where the "s" contribution to the 
bonding is likely to be much greater than in the axial 
b0nds .4 ,~~  Precise values have not yet been obtained for 
all possible axial CF3 coupling constants because of the dif- 
ficulty of analysis of the nmr spectra of substituted phos- 
phoranes which become very complex at low temperatures; 
however it seems clear that axial CF3 groups tend to have 
a smaller 'JPF value than equatorial CF3 groups?6 The 
equatorial coupling constants may be well established by 
the large values of ' J P ~  demonstrated by the chlorophos- 
phoranes and by (CF3)2PC12 [N(CH3)']. 

The proposed exclusive equatorial CF3 substitution in 
chlorophosphoranes arising from the present nmr studies is 
unfortunately at variance with vibrational studies on these 
molecules. Both CF3PC14* and (CF3)2PC1335 appear to 

(33) J .  A. Pople, W. G. Schneider, and H. I. Bernstein, "High 
Resolution Nuclear Magnetic Resonance," McGraw-Hill, New York, 
N. Y., 1959. 

(34) J. E. Griffiths, J. Chem. Phys., 41, 3510 (1964). 
(35) I. E. Griffiths, J.  Chem. Phys., 44, 2686 (1966). 
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have CJ,, symmetry (axial CF3 groups). The reason for this 
inconsistency is not known but may arise from the difference 
in physical state since vibrational studies were done on gas- 
eous samples (except for some Raman data on the neat liq- 
u i d ~ ) ~ ~ ~ ~  whereas nmr studies involve dilute solutions. 
Further inquiry into this problem is warranted. 
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The investigation of the reaction of P,F, with F,PCH,CH=CH, and H,NCH,CH=CH, has resulted in the formation of 
the new compounds F,PCH,CHPF,CH,PF, and F,PNHCH,CH=CH,. (CH,),NCH,CH=CH, reacts in the dark with 
PzF, to give unidentified solid products. The formation of PF,CH,CHPF,CH,PF, proceeds by a free-radical path. The 
tribasic character of this compound has been demonstrated by the formation of a triadduct with B,H,. The relative Lewis 
basicities of the two kinds of phosphorus in F,PCH,CHPF,CH,PF, have been investigated by an nmr study of a 1: 1 mix- 
ture of B,H, and F,PCH,CHPF,CH,PF,. 

Introduction 
The free-radical addition of PzF4 to the double bond of 

ethene has been recently reported.' In this investigation, 
the generality of the free-radical behavior of P2F4 toward 
double bonds has been tested in three propene derivatives 
with phosphorus or nitrogen in the 3 position. 

Experimental Section 
General Techniques. Standard high-vacuum techniques were 

used throughout. A uv wavelength of 3000 A was employed in all 
irradiations. N,N-Dimethylallylamine (Eastman) and allylamine 
(Aldrich) were dried over Linde 3A molecular sieves and were dis- 
tilled prior to use. All nmr data were obtained on a Varian XL- 
100-12 spectrometer. Nmr chemical shifts were obtained by the 
tube-interchange technique. Ir data were obtained on a Beckman 
IR-20A spectrometer. Solid-phase ir spectra were obtained at 
-196' using a low-temperature cell.' Mass spectral data were ob- 
tained on a Hitachi Perkin-Elmer RMU6E spectrometer operating 
at 70 eV. Expected isotope peaks were observed but are omitted 
for brevity in the data following, as are peaks of mass number 30 or 
less and others not essential to characterization. 

Preparation and Properties of 1,2,3-Tris(difluorophosphino)- 

(1) Presented in part at the 167th National Meeting of the 

(2) J .  G. Morse and K. W. Morse, J. Amer. Chem. SOC., 95 ,  

( 3 )  D. F. Shriver, "The Manipulation of Air Sensitive Compounds," 

American Chemical Society, Los Angeles, Calif., 1974. 

8469 (1973). 

McGraw-Hill, New York, N. Y., 1969, p 95. 

propane. In a typical reaction, 1.27 mmol of P,F,4 and 0.65 mmol 
of PF,CH,CH=CH,' were condensed at -196" into a 100-ml quartz 
reaction tube and allowed to warm to room temperature (both re- 
actants were completely vaporized). The reaction mixture was then 
irradiated for 20  min. During the course of the irradiation, forma- 
tion of a green-yellow solid on the sides of the reaction vessel was 
observed as well as the formation of a liquid in the bottom of the 
reaction tube. The reaction mixture was condensed to  -196" and 
then distilled through traps held at 0, -45, and -196". No material 
was apparent in the trap held at 0'. The trap held at -196" held 
0.73 mmol of material which was identified (ir) as a mixture of PF, 
and P,F,. The trap held at -45" contained 0.48 mmol (mass) of a 
colorless liquid of low volatility (vp = 1 mm at 25.9") which was 
subsequently identified as PF,CH,CHPF,CH,PF,. The yield of 
PF,CH,CHPF,CH,PF, based on the amount of PF,CH,CH=CH, 
used was 73.5%. The liquid slowly decomposes to  a yellow solid if 
allowed to stand at room temperature as indicated by the presence 
of a solid, yellow residue after transfer. In the absence of uv irradia- 
tion, no F,PCH,CHPF,CH,PF, was obtained from the reaction 
mixture. After extended irradiation (1.5 hr) no product was ob- 
tained, presumably a result of decomposition. The gas-phase ir of 
PF,CH,CHPF,CH,PF, shows the following absorption bands (rela- 
tive intensity and tentative assignment in parentheses) (cm-'): 2880 

1022 (m), 990 (w), 811 (s, u(F'-F)), 663 (m, u(P-C)). The solid- 
phase ir shows absorption bands at 2890 (m, u(C-H)), 2823 (w, 

(4) R. W. Rudolph, R. C. Taylor, and R. W. Parry, J.  Amer. 
Chem. SOC., 88 ,  3729 (1966). 

(5) G. N. Bokerman, Doctoral Dissertation, University of 
Michigan, 1968. 

(m, v(C-H)), 1395 (w, G,(PCH,)), 1373 (w), 1350 (w, G(HCH)), 


