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Summary: The nitro group in allylic nitro compounds is replaced 

by cyano group on treatment with cyanotrimethylsilane in the 

presence of Lewis acid. 

Allylic nitro compounds are easily prepared by well established proce- 

dures with carbon-carbon bond forming reaction under mild conditions 1,2) 

and the nitro group of them can be replaced by various functional groups :,3, . 

Therefore, they are versatile intermediates inorganic synthesis. Now, we 

wish to describe a new and convenient method to replace a nitro group at an 

allylic position with cyano group by the reaction with cyanotrimethylsilane 

(1j4) - in the presence of Lewis acid catalyst. 

Cyanotrimethylsilane(l),which is readily available 4a) was very useful 

reagent for the synthesis of silyl ether of cyanohydrines 
4;) , tertiary 

nitriles 4c) , and isonitriles 4d) . Those reactions are often catalyzed by 

Lewis acids, such as SnC14, TiC14, and ZnCl 
2' 

R'\.NO2 
R2 R3 + (CH3J3SiCN 

SnC14 
> 

Rl,_+CN RlvR3 (1) 

R2 R3 + CN R2 

4 - 

When allylic nitro compounds(2) were treated with 1 in the presence of - - 
Lewis acid catalyst, the nitro group was replaced by cyano group, and corre- 

sponding B,y-unsaturated nitriles(2 and 4) were obtained (Eq.1). Of all the 

Lewis acids we used, SnC14 was the most effective catalyst for this reaction, 

and TiC14 was also effective. However, other Lewis acids such as ZnC12, AlCl 
3' 

and BF 
3 
l OEt 2 were not so effective as SnC14 and TiC14; the reaction proceeds 

much slower and the yield of the nitriles was lower. 

The results are summarized in Table. The nitro group of tertiary allylic 

nitro compounds was replaced by cyano group smoothly at room temperature in 

good yield without destruction of other functional groups, such as ester group 

and cyano group. 
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Table. Replacement of the Nitro Group by Cyano Group 

R-NO2 Products Yielda) 
Entry 

2 3 4b) - - (%) 3:4 - -- 

f;l” 
2 yCH20Ac 

N02 

u ‘: 3 
/ 

yCH2CH2CN 

N02 

‘: 
4 MeCH=CHCCH20Ac b) 

Me 

U' 

p: 75 

/ FH2CH2CooMe 
4 

CCH2CH2COOMe 54 

CN 
CN 

U 1 FH,OAC 

CN 

QEH20Ac 

CN 

U 

‘;” 
4 T 

/ YH2CH2CN CCH2CH2CN 

CN 
CN 

‘: Me 

MeCH=CHyCH20Ac MeyHCH=&H20Ac 

CN CN 

61 

Me 
y 

Me 
I 

5 Me2C=CH+CH2CH2COOMe Me2C=CHyCH2CH2COOMe Me2$XH=CCH2CH2COOMe 73 

69 

78 

NO2 

6 

7 

8 U /I CHCH2CH2COOMe 
N02 

“: 

Q 
Y 

~CH2CH2CooMe CCH2CH2COOMe 65 

CN CN 

U / yHMe 
CN 

CHMe 4 
CN 

39 

U / yHCH2CH2COOMe 
4 

CHCH2CH2COOMe 50 

CN 
CN 

3:7d) 

2.8c'd) 

5:5d) 

3:7e) 

5:5e) 

5:5e) 

2:8d) 

5:5f) 

5:sd) 

a) Isolated yield. b) E/Z ratio was not determined. c) TiC14 was used as 

catalyst. d) Determined by GLPC. e) Ratio of pure isolated compounds. 

f) Determined by 1H NMR. 
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The regio-selectivity of this reaction was low, and the mixture of the 

isomers (3 and 4) was obtained (entries l-6). The nitro group of secondary 

allylic nitro compounds was also replaced by cyano group under the same 

conditions. However, the yield of the nitriles was lower (entries 7 and 8). 

In all cases, regio-selectivity of the replacement was low. It is one of the 

most important unsolved problem, and we are under studying to improve the 

regio-selectivity. 

Benzylic nitro compound (5) also reacted with 1. in the presence of 

SnC14 to give the corresponding nitrile (a). However 5 was less reactive than 

allylic nitro compounds, and considerable amount of 2 remained under the same 

conditions. Therefore, we used 3 equivalents of 1 and 0.4 equivalent of SnC14 - 
to improve the yield of 6 (Eq.2). 

NO 
I 2 SnC14 (0.4eq) 7" 

PhC(cH2cH2CoOMe)2 + I. 
CH2C12 

~PhC(CH2CH2COOMe)2 (2) 

5 - r-t. 2 hours 6 27% 

When the nitro compounds were neither allylic nor benzylic, they were 

much less reactive. The nitro group of them was not replaced by cyano group 

under any conditions we studied, and most of the starting nitro compound 

was recovered. 

General procedure: Allylic nitro compounds were prepared according to the 

reported procedures 1,2) . Replacement of the nitro group with cyano group was 

carried out by the procedures as follows. To a solution of allylic nitro 

compound (2)(4.0 mmol) and cyanotrimethylsilane (1) (8.8 mmol) in 5 mL of di- - - 
chloromethane was added SnC14 (0.2 g, 0.8 mmol). The resulting solution was 

kept at room temperature for 30 minutes and the reaction mixture was poured 

into water (30 mL) and extracted with ether three times. The organic layer 

was washed with water, dried over anhydrous magnesium sulfate, and evaporated. 

The residue was purified by column chromatography on silica gel to give t3,y- 
5) unsaturated nitriles 3 and 4 . In the cases of entries 3-5, the nitriles 3 - - - 

and 2 were obtained independently. However, in other cases (entries 1,2, and 

6-8), the mixture of 3 and 4 was obtained. When TiC14(0.15g, 0.8 mmol) was - - 
used as catalyst, longer reaction time (2 hours) was necessary, and other 

procedures were carried out in the same way. Replacement of the nitro group of 

2 was also carried out by the resemble procedures. 
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All the products were identified with IR and 
1 
H NMR spectra. The IR spectra 

-1 
of 3 and 4 have the absorption of cyano group at 2220-2255 cm . The - - 
product 2 in entries l-3 and 5-7 has thecharacteristic signal of methyl 

protons (8-position of cyano group) at 1.4-1.5 ppm. The product 4 in 

entries l-7 has characteristic signal of allylic methyl protons at l-65- 

1.8 ppm. The products 2 and 4 were also confirmed by MS or elemental - 
analysis. 
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