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Introduction 

Compounds which contain the silicon-carbon-phosphorus 
linkage are versatile synthetic reagents for at least two reasons. 
First, the electropositive nature of silicon relative to carbon 
makes the Si-C bond susceptible to cleavage by nucleophilic 
attack at silicon. This feature is often manifested in elimination 
reactions leading, for example, to methylenephosphines (e.g., 
2, eq l).lsZ Second, the n-accepting ability of silicon increases 
the acidity of protons bound to carbon in groups such as Me3- 
Si-CH2-P. This can be used to synthetic advantage in a 
number of ways, such as base-induced dehydrohalogenation, 
again leading to methylenephosphines (e.g., 2, eq 2)3 
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These two useful effects of silyl substitution can be combined 
in some processes, the most notable of which is the Peterson 
olefination reaction." In this type of reaction, the anion derived 
from a Me3Si-CH2 moiety is treated with a carbonyl compound. 
After silyl migration to oxygen and elimination of Me3SiOLi 
or Me3SiOSiMe3, the result is formation of a C=C double bond. 
The process is illustrated in eq 3 for the conversion of 
(silylmethy1)phosphoranimines (e.g., 3) to P-vinyl-substituted 
N-silylphosphoranimines (4).5 

Me Me 
( I )  n-BuLi - Me3Si--N=!-OCHzCF3 (3) 

(2) RC(0)R 
(3) Me3SiCI R.C, \H 

Despite their synthetic utility, the known Si-C-P compounds 
are still relatively few in number. This is especially true of 
unsymmetrically substituted species and/or those that contain 
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reactive functional groups (e.g., P-C1) on phosphorus. Some 
important exceptions to this statement are the dichloro( silylm- 
ethyl)phosphines, Me3SiCH(R)PC12 [R = H,6 Ph,6 SiMe37 1, and 
the trisilylmethyl analog, (Me3Si)3CPC12,* which have been used 
extensively as precursors to methylenephosphines.2 Within the 
context of our continuing studies of the chemistry of novel low- 
coordinate phosphorus compounds and various types of phos- 
phorus-based polymer systems, we have had many occasions 
to prepare new silicon-carbon-phosphorus reagents. Many 
of these compounds may also be of use as novel ligands in 
organometallic complexes. We report here the synthesis and 
characterization of a series of new (silylmethy1)phosphines 
bearing varied combinations of potentially reactive groups (e.g., 
C1, OCH2CF3, NMe2, etc.) on phosphorus. 

Results and Discussion 

Synthesis. The new compounds in this study were generally 
prepared by treatment of the appropriate silylmethyl Grignard 
reagents [derived from Me3SiCHzCl or (Me3Si)zCHClI or the 
alkyllithium derivative of MesSiCHzPh, with either Pcl3 or 
PhPClz (eq 4). The remaining P-C1 bonds were then replaced 
by dimethylamino and/or trifluoroethoxy groups upon subse- 
quent addition of MesSiNMez andor LiOCH2CF3 (eq 5) .  These 
new mono- and bis(silylmethy1)phosphines were obtained in ca. 
40-80% yields as distillable liquids that were fully characterized 
by NMR spectroscopy and elemental analysis (Tables 1 and 
2). 

In the synthesis of the unsymmetrical derivatives that contain 
both OCH2CF3 and NMez groups (6, 11, and 14), it was 
necessary to introduce the dimethylamino group first by 
treatment of the dichlorophosphine (eq 4) with 1 equiv of the 
silylamine, Me3SiNMez (eq 5) .  As is usually the case, these 
Si-N bond cleavage reactions proceeded smoothly and selec- 
tively to give the monosubstituted products, Me3SiCH(E)P(Cl)- 
NMe2 (7: E = H, and 15, E = Ph). The other member of this 
series (E = SiMe3) has been previously prepared by a different 
pro~edure .~  In all cases, the P-C1 derivatives were readily 
converted to the P-OCH2CF3 analogs by reaction with lithium 
trifluoroethoxide. It was not possible, however, to cleanly obtain 
monosubstituted trifluoroethoxy compounds such as Me3- 
SiCH2P(OCH2CF3)Cl by using only 1 equiv of LiOCH2CF3 with 
a dichlorophosphine. 

In a somewhat different procedure, the silylmethyl Grignard 
reagent, Me3SiCHzMgC1, was also treated with chloro(di- 
methylamino)phosphines, RP(NMe2)Cl (R = Ph, t-Bu), to afford 
compounds 8 and 17 (eq 6) in over 80% yield. This reaction 
occurred smoothly even for the sterically congested tert- 
butylphosphine substrate. The unsymmetrical chlorophosphines 

and 19, are then obtained by subsequent reaction of the 
P-NMez intermediates with either PCl3 or anhydrous HC1 (eq 
7). In this reaction sequence, the dimethylamino group es- 
sentially serves a protecting role on route to the P-Cl species. 
Further reaction, for example with LiOCH2CF3 (eq 8), is 
possible and leads to the fully substituted derivatives 9 and 20, 
respectively. 
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Table 1. NMR Spectral Dataa for (Silylmethy1)phosphines 

Notes 
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Proton and 13C chemical shifts downfield from Measi; 31P shifts downfield from H3P04; CDCl3 solvent. Complex multiplet. JFH or JFC 
values in parentheses. Diastereotopic protons within CH2 group. e Jm values in brackets. f Diastereotopic Me& groups. Diastereotopic OCH2CF3 
groups. * Diastereomers. 

Characterization. In addition to satisfactory elemental part, all of the chemical shifts, coupling constants, and integrated 
analysis (Table 2), compounds 5-20 were fully characterized intensities were readily interpreted on the basis of the assigned 
by multinuclear NMR spectral data (Table 1). For the most structures. Several points about the NMR spectral data, 
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compounds leads to the observation of diastereotopic 1H NMR 
signals (for example, the CH2 protons in 8 and 9 and the Me3Si 
protons in 11 and 12). Fourth, the unsymmetrical substitution 
pattern at carbon in 13 is reflected in the presence of two sets 
of signals in the 'H and I3C NMR spectra for the nonequivalent 
POCH2CF3 groups. 

Table 2. Preparative and Analytical Data for 
(Silylmethy1)phosphines 

analysis" 

compd yield, % bp, "C/mmHg C H 

5 46 32-35/0.02 29.72 (30.11) 4.96 (4.78) 
6 46 35-4UO.02 37.12 (36.77) 7.58 (7.33) 
7 50 41-44/0.02 36.28 (36.45) 8.74 (8.67) 
8 83 44-45/0.01 60.24 (60.25) 9.17 (9.20) 
9 56 55-60/0.02 49.00 (48.97) 6.12 (6.16) 
10 59 51-52/0.03 34.25 (34.01) 6.05 (5.97) 
11 63 52-55/0.02 39.04 (39.62) 8.32 (8.16) 
12 36 85-90/0.10 49.38 (49.18) 7.64 (7.15) 
13 50 75-76/0.02 43.02 (42.86) 4.91 (4.84) 
14 61 85-88/0.02 49.86 (49.84) 7.02 (6.87) 
15 69 90-92/0.02 52.49 (52.64) 7.64 (7.73) 
16 36 135-140/0.02 68.33 (68.53) 8.11 (8.31) 
17 85 52-53/1.7 54.54 (54.75) 11.98 (11.95) 
19 87 53-54/2.1 45.44 (45.59) 9.53 (9.57) 
20 79 49-50/2.1 43.60 (43.78) 8.00 (8.08) 

(I Calculated values in parentheses. 

Me3Si Ph(") 
P h F q  \ /  

MejSi  

E 
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H-C-P 

E/ \ and/or LiCHzCF3 

NO. E R X 

5 H OCHzCF3 OCH2CF3 

6 H OCH2CFj  *e2 
7 n CI m e 2  
8 H Ph m e 2  
9 H Ph OCH2CF3 

10 SiMe3 OCH2CF3 OCHzCF3 

11 SiMej  OCH2CF) m e 2  
12 SiMe3 Ph OCHzCFj  

13 Ph OCHzCF3 OCH2CF3 

14 Ph OCH2CF3 m e 2  

16 Ph Ph *e2 

15 Ph CI NMe2 

R R 
Me3SiCHzMgC1 + CI-P ' - MejSiCHz-P (6) 

h e 2  
8:  R = P h  

17: R = t - B u  

h e 2  
R = Ph,f-Bu 

( R = P h )  ( R = f - B u )  (') 1 OrHCL 
R 

(8) 
LiOCH2CF3 / 

R 
/ 

Me3 Si CH2-P Me3SiCH2-P 
'OCH2CF3 'CI 

9 R = P h  
20 R = f - B u  

18 R = P h  
19 R = / - B u  

however, are noteworthy. First, the 31P chemical shifts of these 
compounds span a very wide range due to the variety of 
substituents present. Other things being equal, the 31P signal 
shifts downfield in the order: OCH2CF3 > C1 > NMe2 [e.g., 
20 (OCH2CF3) d 161; 19 (Cl) d 129; 18 (NMe2) d 701. Second, 
the C-phenyl compounds 14-16 exist as mixtures of diaster- 
eomers due to the presence of chiral centers at both phosphorus 
and carbon. This is evidenced by the observation of two signals 
in the 31P NMR spectra of these compounds and a doubling of 
the number of Me&, CH, and NMe2 signals in some 'H and 
13C NMR spectra, especially for 15 and 16 (Table 1). Third, 
the unsymmetrical substitution pattern ut phosphorus in several 

Experimental Section 

Materials and General Procedures. The following reagents were 
obtained from commercial sources and used without further purifica- 
tion: Pc13, PhPCl2, Me3SiC1, MesSiCHzCl, MerSiNMez, n-BuLi 
(hexane solution), t-BuLi (pentane solution), and CF3CH20H. Hexane, 
ether, and CHzClz were distilled from CaH2 and stored over molecular 
sieves. THF was distilled from sodium benzophenone immediately 
prior to use. The following starting materials were prepared according 
to published procedures: (Me3Si)2CHC1,I0 Me&CH(R)PC12 (R = H,6 
Ph,6 Me3Si8). The dichlorophosphine, t-BuPC12," was prepared by slow 
addition of t-BuLi (pentane solution) to an excess of PC13 (1.5 equiv) 
in Et20 (ca. 1 M solution) at -78 "C. The amino(chloro)phosphines, 
Me2NP(R)C1 (R = Ph,I2 t-Bd3 ), were prepared by addition of Me3- 
SiNMez to an equimolar amount of RPClz in CHzClz at 0 OC. Proton, 
I3C, and 31P NMR spectra were recorded on a Varian XL-300 
spectrometer. Elemental analyses were performed by Schwarzkopf 
Microanalytical Laboratory, Woodside, NY. All reactions and other 
manipulations were carried out under an atmosphere of dry nitrogen 
or under vacuum. The following procedures are typical of those used 
for the preparation of the new compounds in this study. The physical, 
analytical, and NMR spectroscopic data for the new compounds are 
summarized in Tables 1 and 2. 

Chloro(dimethylamino)[(trimethykilyl)methyl]phosphine (7). A 
100-mL, three-neck flask, equipped with a magnetic stirrer, a septum, 
and N2 inlet adapter, was charged with CH2Clz (40 mL) and Me3SiCH2- 
PCl2 (5.7 g, 30 "01). The solution was cooled to 0 "C, and Me3- 
SiNMe2 (3.5 g, 30 m o l )  was added via syringe. The mixture was 
allowed to warm to room temperature and was stirred for 30 min. The 
mixture was filtered under NZ to remove a small amount of unidentified 
white solid. After the solvent was removed under reduced pressure, 
distillation afforded 7 as a colorless liquid. 

(Dmethylamino)(2,2,2-trifluoroethoxy)[ (trimethylsilyl)methyl]- 
phosphine (6). A lOO-mL, three-neck flask, equipped with a magnetic 
stirrer, a septum, and N2 inlet adapter, was charged with Et20 (25 mL) 
and CF3CH20H (1.5 g, 15 "01). The solution was cooled to 0 "C, 
and n-BuLi (5.6 mL, 2.6 M, 15 "01) was added slowly via syringe. 
The mixture was allowed to stir for 30 min and was then cooled to 
-78 "C. The chlorophosphine 7 (2.9 g, 15 "01) was added via 
syringe to the stirred solution of CF3CH20Li at -78 "C. The mixture 
was then allowed to warm to room temperature and was stirred 
overnight. Following filtration and solvent removal, distillation gave 
6 as a colorless liquid. 

fert-Butyl(dimethylamino)[(trimethylsilyl)methyl]phosphine (17). 
A 1-L, three-neck flask, equipped with a large addition funnel, magnetic 
stirrer, and NZ inlet adapter, was charged with Et20 (300 mL) and the 
chlorophosphine, t-BuP(NMe2)C1 (46.3 g, 255 "01). In a separate 
flask, a solution of the Grignard reagent, Me3SiCHzMgCl (ca. 255 
mmol), in Et20 (300 mL) was prepared according to the published 
pr0~edure.l~ The Grignard solution was transferred to the addition 
funnel under N2 and was then added slowly to the stirred solution of 
t-BuP(NMe2)Cl at 0 "C. The mixture was allowed to warm to room 
temperature and was stirred for 48 h to complete the reaction. 
Following filtration and solvent removal, distillation gave 17 as a 
colorless liquid. 

ferf-Butyl(chloro)[(trimethylsilyl)methyl]phosphine (18). A 1 -L, 
three-neck flask, equipped with a magnetic stirrer, a septum, and N2 

(10) Cowley, A. H.; Kemp, R. A. Synth. React. Inorg. Met.-Org. Chem. 

(11) Crofts, P. C.; Parker, D. M. J .  Chem. SOC. C 1970, 332. 
(12) Cowley, A. H.; Dewar, M. J. S.; Jackson, W. R.; Jennings, W. B. J .  

(13) DiStefano, S.; Goldwhite, H.; Mazzola, E. Org. Mugn. Reson. 1974, 

(14) Anderson, R. A,; Wilkinson, G. Inorg. Synth. 1979, 19, 262. 

1981, 11, 591. 

Am. Chem. SOC. 1970, 92, 5206. 
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atmosphere, was charged with hexane (300 mL) and the (dimethyl- to warm to room temperature while stirring. Following filtration and 
amino)phosphine 17 (25.0 g, 114 "01). The mixture was cooled to solvent removal, distillation afforded 18 as a colorless liquid. 
0 "C, and a svringe needle attached to a cvlinder of anhvdrous HCI 
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