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It has been shown that over-all conversions of carbonyl compounds to 

olefins, similar to the well known "Wittig" reaction, could be effected using 

silicon-substituted carbanions 
1 . Recently, an alkyl lithiomethylacetate was 

reported to be an excellent reagent for the synthesis of a,%-unsaturated 

carboxylic esters‘, which was generated by the action of lithium dialkylamide 

on alkyl trimethylsilylacetate. However, none has been known about the reac- 

tivity of the silicon-substituted carbanions having nitrile functionalities, as 

far as we concerned. Herein we wish to describe a novel synthesis of u,%-un- 

saturated nitriles using a-silylpropionitriles. 

We found that a-silylpropionitriles are easily prepared by the rhodium(I) 

complex catalyzed hydrosilylation of a,%-unsaturated nitriles such as acrylo- 

nitrile, 
3 

crotononitrile and cinnamonitrile in high yields . 

RICH=CHCN + R2R3SiH 
(Ph3P)+&C1 RlCH CRCN 

2 
l 

2!i~2~3 

a) R2 

b) R2 

= Cl, R3 = CH3 

2 
c) R2 

= Et, R3 = CH3 

R1 = H, CH3, Ph 
= Ph. R3 = CH3 

kq. 1) 

The hydrosilylation of a,%-unsaturated nitriles was performed in a sealed 

tube using dimethylphenylsilane, dimethylethylsilane and chlorodimethylsilane 
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in the presence of 0.05-0.1 mol% (Ph3PJ3RhCl. The reaction proceeded in a 

manner of 1,2-addition and afforded only an a-adduct. In the case of chloro- 

dimethylsilane, the reaction proceeded under much milder conditions, and the 

resulting a-adduct was ethylated with ethylmagnesiumbromide to give the corre- 

sponding a-ethyldimethylsilylpropionitrile. Results are listed in Table 1. 

Table 1. Hydrosilylation of Acrylonitrile, Crotononitrile and 

Cinnamonitrile Catalyzed by (Ph3P13RhCl 

Nitrile Hydrosilane Conditions Product 
b-p. 
OC/mmHg 

Yield( 

CH2=CHCN PhMe2SiH 100°, 3 h CH3?HCN 91/0.5 87 (72) 
SiPhMe 

2 

EtMe2SiH 100°, 24 h CH3CHCN 84-85/20 72 (55 
SiEtMe2 

Me2C1SiH 50°, 2 h 
CH3CHCN 

&Me2C1 
58/5 93 (70 ) 

CH3CH=CHCN PhMe2SiH 60°, 4 h CH3CH2?HCN 113/2.5 82 (651 
SiPhMe2 

PhCH=CHCN PhMe2SiH 100°, 12 h PhCH2SHCN 145/0.5 72 (65) 
SiPhMe2 

a Glpc yield. Isolated yield in parentheses. 

a-Silylpropionitrile thus obtained were converted to lithio-a-silylpropio- 

nitriles by the action of lithium diisopropylamide. The lithio-a-silylpropio- 

nitrile was allowed to react with a variety of aldehydes and ketones to give 

excellent yields of the corresponding a,B-unsaturated nitriles as shown in 

Table 2. Conjugated carbonyl compounds react with the lithio-a-silylpropio- 

nitrile in a manner of 1,2-addition without any side reactions, and thus provide 

a synthesis of nitriles with extended conjugation, as shown by the entries for 

crotonaldehyde and $-ionone. All a,6-unsaturated nitriles obtained by this 

method were found to be a mixture of E and Z isomer (ca. 1:l). 

When n-butyl lithium was used as a base, the yield of the a,&unsaturated 

nitriles decreased markedly. Thus, lithium diisopropylamide seems to be a 
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suitable base for the reaction. 

In a typical procedure, n-hexane solution of n-butyl lithium was added to a 

THF solution of diisopropylamine at -78" with stirring under nitrogen. To this 

solution, a-silylpropionitrile was added dropwise over 5 min. After addi- 

tional 10 min. a carbonyl compound was injected into the solution and stirred 

@Li CH2Rl 

R'CH CHCN 
2l 1) IPr2NH 

R'CH %CN R2R3C-C-CN 
R2R3C=C(CN)CH R1 

2 

Sis > 21 R2R3C=CJ 
Sit 

11 + 
+ 

2) n-BuLi 
OLi Siz 

tSiOLi 

(eq. 2) 

Table 2. Reaction of a-Silylpropionitriles with Carbonyl Compounds 

a-Silylnitrile 
Carbonyl 
compound 

Product 
b.p. 
"C/mmHg 

Yield( 

CH CHCN 
31 
SiPhMe2 

PhCHO 

CH3COCH3 

CH3CH2COCH3 

D 0 

Ph‘C=C(CN)CH3 
H' 

111/4.5 

CH?C=C(C~)~~3 
CH( 

49/20 

CH3CH2;C=C(CN)CH3 69/20 

CH3 

G 
C(CN)CH3 107/20 

CH3k=C(CN)CH 
Ph' 3 

75-80/0.4 

CH3CH=CH,C=C(CN)CH3 
H' 

45-50/1-o 

PhCOCH3 

CH3CH=CHCH0 

cc , CH=CHCOCH3 

CH3CH2FHCN PhCHO 
SiPhMe2 

PhCH CHCN 
21 PhCHO 
SiPhMe2 

CH3YHCN PhCHO 
SiEtMe2 

CH=CH‘C=C(CN)CH3 
CH3' 

150/0.3 

Ph‘C=C(CN)CH2CH3 
H' 

go/o.5 

';;C=C(CN)CH2Ph 

Ph‘C=C(CN)CH3 
H' 

132/0.5 

111/4.5 

98 

92 

95 

96 

98 

91 

93 

97 

92 

98 

a GLPC yields. - 
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for one hour. The reaction mixture was then gradually warmed to 

ture and stirred for additional two hours. The reaction mixture 

room tempera- 

was hydrolyzed 

by the action of aqueous ammonium chloride solution, and extracted with di- 

chloromethane. After the solvent was evaporated , the residue was distilled 

under reduced pressure or chromatographed on silica gel, and the resulting a,6- 

unsaturated nitrile was obtained in high yield. 
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AS for the hydrosilylation of acrylonitrile using HBh(CO)(PPh3)3rsee A. J. 

Chalk, J. Organometal. Chem., 21, 207 (1970). A detailed descripfion of 

the selective hydrosilylation of a,B-unsaturated nitriles will be presented 

separately. 


