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Antimony trichloride (SbCl3) was demonstrated to be an effective catalyst for the cyanosilylation of a wide

variety of carbonyl compounds under solvent-free conditions. The reactions proceeded smoothly at room

temperature to afford the corresponding cyanosilylethers in good to excellent yields.
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Introduction

Cyanosilylation of carbonyl compounds is an efficient

procedure for the synthesis of silylated cyanohydrins, which

are readily converted to several significant building blocks

such as α-hydroxy acids, α-hydroxy aldehydes, 1, 2 diols,

α-amino alcohols etc.1 In view of the importance of cyano-

hydrins, much attention has been focused on the develop-

ment of practical methods for the synthesis of cyanohydrins.

Among them, the cyanosilylation of carbonyl compounds

using trimethylsilyl cyanide (TMSCN) is widely utilized for

the synthesis of cyanohydrins. Several reagents including

Lewis acids, Lewis bases, metal alkoxides, bifunctional cata-

lysts, iodine and inorganic salts have been found to effec-

tively transfer the cyano group from TMSCN to carbonyl

compounds.2 Various types of Lewis acids such as AlCl3,
3

BiBr3,
4 BF3,

5 InX3 (X = Br,
6 F,7 LnCl3 (Ln = La, Ce, Sm),

8

MgBr2,
5 SnCl4,

5 R2SnCl2 (R= n-C4H9, C6H5),
9 TiCl4,

5 ZnI2,
10

LiCl,11 and NbCl5
12 have been reported for cyanosilylation

of aldehydes. In many of the reported results presence of

solvent are essential for the cyanosilylation reactions.

Recently, antimony trichloride (SbCl3) has been used as an

efficient Lewis acid catalyst in promoting various organic

transformations such as Friedel-Crafts alkylation of nitrogen

heterocycles,13 reductions with NaBH4,
14,15 cleavage of trityl

ethers,16 and in the synthesis of some heterocycles.17 SbCl3
is commercially available, inexpensive and easier to handle

than other metal halides such as InCl3, GdCl3 and TiCl4.
18 To

the best of our knowledge, there is no report of the use of

SbCl3 as a mild catalyst for cyanosilylation reactions. In

continuation of our program to develop environmentally

benign methods under solvent free conditions,19 we wish to

herein report an efficient and facile procedure for cyano-

silylation of aldehydes and ketones catalyzed by SbCl3 at

room temperature under solvent-free conditions.

Results and Discussion

We started to study the cyanosilylation by examining the

conditions required for the reaction involving benzaldehyde

(1 mmol) and TMSCN (1.5 mmol) to give the corresponding

cyanosilylether in the presences of various solvent and also

under solvent free conditions. The results are summarized in

Table 1. 

The optimum amount of catalyst (17 mol %) was deter-

mined from experiments corresponding to entries 1-4. Entry

5 shows that no reaction was observed in the absence of

catalyst even after a long reaction time (24 h). Entries 6-11

show the effect of various solvents on the time of the

reaction and yield of the product. The best reaction

conditions require the presence of small amounts of SbCl3
(17 mol %) and 1.5 mmol of TMSCN with respect to the

benzaldehyde (1 mmol) at room temperature under solvent-

free conditions (Entry 5).

In order to understand the scope and limitations of SbCl3
catalyzed procedure for the cyanosilylation reaction, various

aldehydes were treated with TMSCN under solvent free

conditions. The results are shown in Table 2.

Table 1. Cyanosilylation of benzaldehyde under various conditions
at rt

Entry Solvent
Amounts of 

catalyst (mol %)

Time 

(min)
Yielda

1 - 4.4 240 30

2 - 13 60 80

3 - 17 30 90

4 - 26 30 90

5 - 24h 0

6 THF 17 300 40

7 Ethyl acetate 17 15 0

8 Ethanol 17 60 20

9 Acetonitrile 17 30 20

10 Dichloromethane 17 240 50

11 n-Hexane 17 60 40

aThe yields refer to isolated pure products. 
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As shown in Table 2, aromatic and aliphatic aldehydes

were converted into the corresponding cyanohydrin tri-

methylsilylether for relatively short reaction time in good to

excellent yields at room temperature. It should be noted that

α,β-unsaturated carbonyl such as cinnamaldehyde and α-

methyl-cinnamaldehyde were predominantly converted to

Table 2. Cyanosilylation of aldehydes (1 mmol) in the presences of
TMSCN (1.5 mmol) at rt by catalytic amounts of SbCl3 (0.17
mmol) under solvent free conditions

Entry Substrate product Time (min) Yielda

1 30 90

2 15 90

3 5 98

4 15 93

5 15 70

6 15 95

7 90 60

8 5 97

9 10 90

10 60 70

11 45 90

12 60 88

13 15 80

14 10 90

aConfirmed by comparison with authentic samples (IR, TLC and 1H-
NMR). bYield of isolated pure product after purification.

Scheme 1

Table 3. Cyanosilylation of ketones (1 mmol) in the presences of
TMSCN (1.5 mmol) at rt by catalytic amounts of SbCl3 (0.26
mmol) under solvent free conditions

Entry  substrate product
Time 

(min)
Yielda

1 15 98

2 10 98

3 150 50

4 45 80

5 60 70

6 30 90

7 120 98

8 240 95

9 15 95

10 60 50

11 90 80

12 10 98

aConfirmed by comparison with authentic samples (IR, TLC and 1H-
NMR). bYield of isolated pure product after purification.
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the 1,2-adducts, leaving the olefinic function intact (Table 2

entries 6, 9). No conjugated addition product was observed.

In addition, pyridyl 2-carbaldehyde as a heteroaromatic

aldehyde has undergone the reaction within 5 minutes with

97% yield.

Although SbCl3 was optimized for the reaction of al-

dehydes, it was also found to be an efficient catalyst for the

cyanosilylation of ketones. Thus, acetophenone underwent

cyanosilylation with SbCl3 (26 mol %) within 15 min in

98% yield (Scheme 1). 

The catalytic system was applicable for a wide range of

ketones with excellent yield. The results are summarized in

Table 3. According to the result in Table 3 various ketones

were converted to the corresponding cyanosilylether in the

presences of TMSCN (1.5 mmol) by a catalytic amount of

SbCl3 (26 mol %) at room temperature under solvent free

conditions in good to excellent yields. 

The data illustrated in Table 3 demonstrates that a variety

of aryl and alkyl ketones may be employed in the SbCl3
catalyzed process and give the corresponding trimethylsilyl

ethers in 50-98% yields. 

To illustrate the efficiency of the proposed method, Table

4 compares the cyanosilylation of acetophenone by SbCl3
with some of those reported in the literature.

As shown in Table 4 although some improvements like

using smaller amount of catalyst have been observed in

some of the reported method but there are still some

limitations such as longer reaction time (Table 4 Entry 3-10)

and using CH2Cl2 and CH3CN as toxic and volatile organic

solvents (Table 4 Entry 3, 4, 7 and 10). On the other hand in

the case of Fe(Cp)2PF6 (Table 4 Entry 2) although the

reaction time is smaller than the present method under

solvent free condition but this catalyst is very expensive, so

our method will be superior to these reported methods.

Conclusion

In summary, antimony trichloride was identified as a high-

ly effective Lewis acid to promote the cyanosilylation of a

wide variety of unconjugated and conjugated aldehydes and

ketones. The relatively short reaction times, good to high

yields of the products, the simple and clean work-up, and the

mild reaction conditions make this method a useful addition

to the present methodologies for the cyanosilylation of

carbonyl compounds. On the other hand this method may

contribute to the development of green chemistry because of

its possible application under solvent-free condition.

Experimental

General. Yields refer to isolated pure products. The pro-

ducts were characterized by their spectral (1H-NMR, IR).

All 1H-NMR spectra were recorded at Bruker avance 500

MHz NMR in CDCl3 relative to TMS (0.00 ppm). IR spectra

were recorded on a Perkin-Elmer 781 spectrophotometer.

TLC was performed on Silica-gel polygram SIL G/UV 254

plates.

Cyanosilylation of Carbonyl Compound. To a stirred

mixture of aldehyde (1 mmol) and TMSCN (1.5 mmol) was

added SbCl3 (17 mol % for aldehydes and 26 mol % for

ketones) at room temperature in a 10 mL round bottom

flask. The reaction mixture was stirred continuously and

progress of the reaction was followed by TLC using Cyclo-

hexane/Ethylacetate (9:1) as eluent. After completion of the

reaction, the mixture was washed with n-hexane (3 × 5 mL)

and filtered off. The combined organic layers were washed

with distillated water (3 × 5 mL) and then dried over MgSO4

and evaporated under vacuum to give almost pure cyano-

silylether. Further purification, if necessary, was preceded

using preparative TLC by an appropriate solvent. 

Caution. TMSCN must be used in a well ventilated hood

due to its high toxicity and moisture sensitive nature.

Spectral Data of Some Selected Compounds.

2-Trimethylsilyloxy-2-phenylacetonitrile (Table 2, Entry

1):12 FTIR (KBr, neat): ν 2229 cm−1 1H NMR (500 MHz,

CDCl3): δ 0.29 (s, 9H), 5.55 (s, 1H), 7.43-7.53 (m, 5H), ppm.

2-Trimethylsilyloxy-2-phenylpropanenitrile (Table 3,

Entry 1):26 FTIR (KBr, neat): ν 2229 cm−1, 1H NMR (500

MHz, CDCl3): δ 0.22 (s, 9H), 1.91 (s, 3H), 7.36-7.60 (m,

5H), ppm.

2-Trimethylsilyloxy-2-(4-methoxyphenyl)propanenitrile

(Table 3, Entry 2):26 FTIR (KBr, neat): ν 2228 cm−1 1H

NMR (500 MHz, CDCl3): δ 0.21 (s, 9H), 1.89 (s, 3H), 3.85

(s, 3H), 6.94-6.96 (m, 2H), 7.50-7.52 (m, 2H) ppm.
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