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A simple and convenient method for the addition of TMSCN to carbonyl compounds is described. NbCls is
found to possess astrong Lewis acid property to transform carbonyl compounds smoothly to the corresponding
cyanosilylether in high yields (up to 99 %) in solvent- free conditions.
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Introduction

Cyanosilylation of carbonyl compounds is one of the most
efficient methods for the synthesis of silyated cyanohydrins.
It is well known that cyanohydrins are important inter-
mediates for the synthesis of a-hydroxy aldehydes, a-hy-
droxyacids, -aminoalcohlos, a-cyanoketones, etc.' Several
reagents including Lewis acids, Lewis bases, metal akoxides,
bifunctional catalysts, iodine, inorganic salts have been
found to effectively transfer the cyano group from TMSCN
to carbonyl compounds.? But in many of the reported results
presence of solvent and additives are essentia for the cyano-
silylation reactions.® In this connection we have developed
severa chira® and achiral® catalysts for cyanosilylation of
carbonyl compounds. There are various metal halides such
as A|C|3,68‘6b BiBI’3,6C BF3,6d MgBrg,G" SnCI4,6d TiC|4,6d
INBrs,? InF3,% LnClz (Ln = La, Ce, Sm),®" Znl,% FeCl3%"
and LiCl,% which are acting as Lewis acid catalysts for
cyanosilylation of adehydes. Recently, NbCls has emerged
as an efficient Lewis acid catalyst in promoting various
organic transformations.” However no report has described
so far the cataytic properties of NbCls for cyanosilylation
reactions. We wish to herein report a smple and efficient
method for the synthesis of silylcyanoethers in presence of
catalytic amount of NbCls at rt in solvent- free conditions.

Results and Discussion

The cataytic activity of NbCls has been tested for the
reaction of benzaldehyde and TMSCN at rt. As shown in
Table 1, NbCls exhibits excellent catalytic activity under
solvent- free conditions. 0.5 mol % of NbCls gives silylether
of 97% in 30 minutes (entry 2). With 1 mol % catalyst the
yield was increased to 99% with duration of 15 minutes. The
reaction time could be reduced from 15 min to 7 min by
increasing the catayst amount from 1 mol % to 3 mol%. In
presence of CH,Cl; as solvent, the reaction took 40 minutes
to complete and yield was reduced to 94%. Consequently 1
mol% catalytic loading is considered optimal for present
reactions. A series of carbonyl compounds react with
TMSCN in the presence of NbCls under solvent-free condi-
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Table 1. Cyanosilylation of benzal dehyde under various conditions®

o NbCI H OSiMe;

+ MesSiCN ————— N

CgHs H CgHs
Entry Catdyst (mol %) Time (min) Yield (%)P

1 0.1 50h 65
2 05 30 97
3 1 15 99
4 3 7 99
5° 05 40 94

aNbCls is added to a mixture of 1 mmole of the benzaldehyde and 1.2
equiv. TMSCN. Pisolated yield. ¢in presence of CH,Cl2

tions at rt to give the cyanation products by utilizing the
condition of entry 3 of Table 1.

Most of the aromatic and aiphatic aldehydes are con-
verted into the corresponding cyanohydrin trimethylsilyl-
ether for relatively short reaction time in good to excellent
isolated yields (entries 1-14) at rt. p-Tolualdehyde took less
reaction time than m-tolualdehyde with 94% yield (entry 2,
3). The reaction of p-methoxy benzaldehyde completed in
40 min with 65% yield. On the other hand the reaction of p-
tert-butyl benzaldehyde took 120 minutes to complete the
reaction with yield of 85%. We have aso noticed the
influence o-, p- and m-chlorosubstituted benzaldehyde on
cyanosilylation reaction (entry 6, 7, 8). o-Chloro benz-
aldehyde completed the reaction with 30 minutes with yield
of 70% whereas the p- and m-chloro benzaldehydes com-
pleted the reaction within 10 minutes but the yield is reduced
to 65% and 58% respectively. m-Phenoxybenzal dehyde took
15 minutes to obtain 83% yield [entry 9]. Acid sensitive 2-
fulfuraldehyde [entry 10] gives the product with 65% yield
a 40 min. This may indicate that the catalytic system
sdlectively activate the carbonyl function and keep the furan
ring intact. The reaction of naphthaldehyde with TMSCN
was completed within 40 min with yield of 92% (entry 11).
The slylcyanation of isobutryaldehyde was completed
within 60 minutes with TMSCN with yield of 84%. Croton-
aldehyde and cinnamadehyde [entry 13 & 14] were pre-
dominately converted into 1, 2 adducts leaving the olefinic
function intact. No conjugated addition product was
observed. Unsubstituted benzaldehyde takes 15 min (entry
1) for the cyanosilylation which is the best result of present
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Table 2. Cyanosilylation of various adehydes and ketones with
NbCI52

SiM
) NbClg Hof o es
+  MesSiCN ﬁ
solvent -free,
R” R, o N

Substrate Time(min) Yidd (%)°
CHO

1 © 15 99

CHO
2 /@( 60 94

Entry

HsC
CHO
3 Q 90 ®
CH,
CHO
4 O 40 65
HLCO
CHO
5 |9 120 &
(HsC)sC

CHO

6 C[ 30 70
Cl

CH

10 65

(o]
Cl
CHO
8 )(j 10 58

cl

CHO
9 @”’ U 15 83
10 BN 40 65

O ‘cHo

CHO
1 40 92
12 (CHg)2-CH-CHO 60 87
13 e 60 84

HaC

14 @—/’_\\o 210 78
15 fj 15 83

16 e 380 97

17 ©)\ 46h 90

21 mmole of the benzaldehyde, 1 mol % of NbCls, 1.2 equiv. TMSCN are
stirred together. Pisolated yield, (100% conversion according to *H NMR
analysis)

reactionsin terms of reaction time and yield.

We have aso examined the catalytic activity of NbCls for
several ketones (entries 15, 16 & 17). The 2-cyclohexen-1-
one compl eted the reaction within 15 minutes but theyiedis
83% (entry 15). 2-Octanone compl eted the reaction with 380
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NC, CN
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FCcH * a®s Nbol,
4 1
NC-. Ri
roee io. CN
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=l P
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2
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R = [phenyloralkyl] , Ry = alkyl. if ketone

Scheme 1. Mechanism of cyanosilylation of carbonyl compounds
catalyzed by NbCls.

minutes with yield of 97%. The aromatic acetophenone took
nearly 46 hours to complete the reaction with yield of 90%.
The reactions with the aldehydes may be facile than with
ketones due to the steric reason. The mechanism of cyano-
silylation of carbonyl compounds catalyzed by NbCls is
proposed as follows. NbCls can acts as a source of nucleo-
philes CI~. When NbCls acts a nucelophilic chloride ion, a
pentavalent silicon compound is formed (1), which is the
reactive species. The hypervalent silicon compound reacts
with carbonyl compound so as to give rise to the cyano-
slylether (2) (Scheme 1). There are various reports available
regarding the formation of hypervalent silicate ions due to
the presence of nuclephiles® The *H NMR and *C NMR
spectrum of both TMSCN and a mixture of TMSCN and
NbCls are monitored. The CH3 peak of TMSCN observed at
6 0.354 ppm was found to be shifted to 0.185 ppm in the *H
NMR spectrum of mixture of TMSCN and NbCls. The °C
spectrum of TMSCN is also shifted from 1.98 ppm to §2.90
ppm. The shift of TMSCN pesk in both *H NMR and °C
NMR spectra may be due to the formation of pentavalent
silicon compound as suggested in mechanism (Scheme 1).
In conclusion, we have developed a new, mild and effi-
cient catalyst for cyanosilylation of various carbonyl com-
pounds. The reported procedure clearly demonstrated that
NbCls is an excellent catalyst for the preparation of racemic
silylethersin relatively short reaction time with low catalyst
loading under solvent-free conditions. The important features
of our method are: mild reaction conditions, simple work up,
solvent-free condition, inexpensive and readily available
catalyst. The studies arein progress to confirm the mechani-
gtic pathway aswell as the reusability of the catalyst NbCls.

Experimental Section

Silylcyanation of benzaldehyde; 2-phenyl-2-(trimethyl-
silyloxy)acetonitrle (Table 2, entry 1) A mixture of benz-
aldehyde (Immole), dispersed NbCls (1 mol%) and TMSCN
(1.2 equiv.) were stirred for 15 min at rt in a 10 mL round
bottom flask. Then 0.5 mL of CH.Cl, was added to the
mixture and stirred for 10 min. The reaction mixture was
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purified by silica gel flash chromatography by using EtOAc-
hexane (1:9) mixture as €luent. The desired 2-phenyl-2-
(trimethylsilyloxy)acetonitrile was obtained as colourless oil
(vield 99%). The yield determined by *H NMR was 100%.
H NMR (CDCl3, 200 MHz): §=0.257 (s, 9H), 5.52 (s, 1H),
7.42-7.47 (m, 5H). *C NMR (CDCl3, 100 MHz): §=-0.32,
63.59, 119.12, 126.29, 128.87, 129.27, 136.18. HRMS (El):
m/z caed. for C;1H1sNOS (M™): 205.0923; found: 205.0912.
The other substrates mentioned in Table 2 were aso
silylcyanted by using the same procedure.
2-(4-Methylphenyl)-2-trimethylsilyloxyacetonitrile (entry
2). 'H NMR (CDCl3, 200 MHz): 6= 0.142 (s, 9H), 2.29 (s,
3H), 5.49 (s, 1H), 7.18 (d, 2H) 7.25 (d, 2H) *C NMR
(CDCl3, 100 MHZz): §=-0.28, 55.78, 63.87, 114.66, 119.47,
12758, 128.78, 160.23. HRMS (El): m/z cdcd for
C12H17NOSI (M™): 219.1079; found: 219.1069.
2-(3-Methylphenyl)-2(trimethylslyloxy)acetonitrile (entry
3). 'H NMR (CDCl3, 200 MHz): 6= 0.232 (s, 9H), 5.45 (s,
1H), 2.38-2.42 (m, 3H) 7.26-7.28 (m, 4H) *C NMR (CDCl3,
100 MH2z): §=0.123, 21.46, 63.72, 119.21, 123.41, 126.93,
128.74, 130.02, 136.07, 138.74.
2-(4-Methoxyphenyl)-2-(trimethylsilyloxy)acetonitrile
(entry 4). *H NMR (CDCls, 200 MHz): § = 0.38 (s, 9H),
3.83 (s, 3H), 5.44 (s, 1H), 6.96 (d, 2H), 7.42 (d, 2H) *C
NMR (CDCl3, 100 MHz): § = -0.26, 55.34, 63.34, 114.25,
119.32, 127.93, 128.46, 160.33. HRMS (El): m/z calcd. for
C12H17NO,S (M*) : 235.1029; found : 235.1032.
2-(4-tert-Butylphenyl)-2-trimethylsilyloxy)acetonitrile
entry 5). *H NMR (CDCl3, 200 MHz): §=0.23 (s, 9H), 1.32
(s, 9H), 5.38 (s, 1H), 7.09-7.21 (m, 5H). *C NMR (CDCl3,
100 MHz): 6 =-0.39, 31.12, 34.52, 63.33, 119.28, 125.73,
126.04, 133.19, 152.47. HRMS (El): m/z calcd. for
CisH2sNOSI (M) : 261.1549; found: 261.1552.
2-(2-Chlorophenyl-)-2-(timethylsilyloxy)acetonitrile
(entry 6). 'H NMR (CDCl3, 200 MHz): &= 0.252 (s, 9H),
5.81 (s, 1H) 7.32-7.4 (m, 3H), 7.72 (d, 1H) *C NMR (CDCl3,
100 MHz): §=-0.206, 60.75, 127.46, 128.26, 129.64, 130.51.
2-(3-Chlor ophenyl-)-2-(timethylsilyloxy)acetonitrile
(entry 7). *H NMR (CDClz, 200 MHZ): 6=0.25 (s, 9H), 5.42
(s, 1H) 7.35-7.37 (m, 3H), 7.47 (s, 1H) *C NMR (CDCls,
100 MH2): 6=-0.176, 62.93, 124.256, 126.39, 129.45, 130.14.
2-(4-Chlor ophenyl-)-2-(timethylsilyloxy)acetonitrile
(entry 8). '"H NMR (CDCls, 200 MH2): § = 0.25 (s, 9H),
5.48 (s, 1H) 7.38-7.42 (m, 4H) *C NMR (CDCl3, 100 MH2):
0=0.161, 63.01, 118.71, 127.05, 127.59, 129.09, 134.74.
HRMS (El): m/z cdcd. for CuH1CINOS (M+): 239.0533;
found: 239.0539.
2-(3-Phenoxyphenyl)-2-(trimethylsilyloxy)acetonitrile
(entry 9). '"H NMR (CDCl3, 200 MHz): § = 0.218 (s, 9H),
542 (s, 1H), 7.01-7.20 (m, 5H), 7.34-7.38 (m, 4H). **C
NMR (CDCl3, 100 MHz): 6=-0.16, 63.28, 116.37, 118.85,
119.17, 119.30, 120.64, 123.75, 129.81, 130.22, 138.08,
156.39, 157.88.
2-Furanyl (trimethylsilyloxy)acetonitrile (entry 10). *H
NMR (CDCls, 200 MHz2): 6 = 0.21 (s, 9H), 5.58 (s, 1H),
6.41-6.43 (m, 1H), 6.57-6.6 (M, 1H), 7.4-7.52 (m, 1H). **C
NMR (CDCls, 100 MHz): -0.42, 57.42, 109.71, 110.76,
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117.12, 143.87, 148.23. HRMS (El): m/z cdcd. for
CoH13NO.Si (M™): 195.0715; found: 195.0712.
2-(Naphthalene-1-yl)-2-(trimethylsilyloxy)acetonitrile
(entry 11). *H NMR (200 MHz, CDCl3): 6= 0.226 (s, 9H),
6.05 (s, 1H), 7.45-7.7 (m, 3H) 7.85-7.95 (m, 3H), 8.23 (d,
1H) °C NMR (CDCls, 100 MHz): 6= -0.285, 63.4, 118.45,
122.37, 125.62, 125.01, 126.3, 128.3, 131.01, 133.45, 136.12.
3-Methyl-2-trimethylsilyloxybutanenitrile (entry 12).
H NMR (200 MHz, CDCl3): §= 0.2 (s, 9H), 0.88-1.05 (m,
6H), 1.94-1.96 (m, 1H), 4.16 (d, 1H) *C NMR (CDCl3, 100
MHz): 6=-0.335, 17.68, 33.921, 67.28, 119.94.
2-(Trimethylsilyloxy) pent-3-enenitrile) (entry 13). 'H
NMR (CDCl3, 200 MH2): §=0.24 (s, 9H), 1.74 (d, 3H), 4.90
(d, 1H), 5.51-5.62 (m, 1H), 5.93-6.04 (m, 1H). *C NMR
(CDCl3, 100 MHz): §=-0.40, 17.17, 61.92, 118.45, 126.06,
130.88. HRMS (El): m/z cdcd. for CgHisNOS (M7):
169.0922; found: 169.0917.
(E)-4-Phenyl-2-(trimethylsilyloxy)but-3-enenitrile (entry
14). '"H NMR (CDCl3, 200 MHz) §=10.32 (s, 9H), 5.18-5.19
(d, 1H), 6.18-6.23 (m, 1H), 6.78-6.81 (d, 1H) 7.28-7.42 (m,
5H) °C NMR (CDCls, 100 MHz): & = -0.26, 64.2, 118.3,
127.5, 127.8, 128.3, 128.4, 128.6, 136.2. HRMS (El): m/z
calcd for Ci3H17NOSI (M™): 231.1079; found: 231.1082.
1-(Trimethylsilyloxy)-2-cyclohexenecarbonitrile (entry
15). 'H NMR (CDCl3, 200 MHz): 6= 0.24 (s, 9H), 1.74-1.86
(m, 2H), 1.91-1.98 (m, 2H), 2.04-2.18 (m, 2H) 5.72- 5.8 (m,
1H) 5.97-5.99 (d, 1H). *C NMR (CDCls, 100 MHz): & =
1.62, 18.45, 24.39, 37.00, 66.50, 121.80, 127.5, and 132.5
HRMS (El): m/z calcd. for CioHi7NOSI (M*): 195.1079;
found: 195.1072.
2-(Trimethylsilyloxy)-2-methyloctanenitrile (entry 16).
H NMR (CDCl3, 200 MHz): §=0.22 (s, 9H), 0.87-0.91 (t,
3H) 1.29-1.32 (m, 8H), 1.56 (s, 3H) 1.68-1.71 (m, 2H) *C
NMR (CDCl;, 100 MHz): § = 1.42, 14.12, 22.62, 24.32,
28.98, 29.05, 31.69, 43.44, 69.70, and 122.16. HRMS (El):
m/z calcd for CioHsNOSH (M+): 227.1705; found: 227.1710.
2-Trimethylsilyloxy-2-phenylpropanenitrile (entry 17).
'H NMR (CDCl3, 200 MHZ): §=0.16 (s, 9H), 1.84 (s, 3H),
7.36-7.55 (m, 5H) *C NMR (CDCls, 100 MHz): § = 0.89,
33.42, 71.46, 121.45, 124.46, 128.48, 141.87 HRMS (El):
m/z caled. for Ci2H17NOSi (M): 219.1079; found: 219.1072.
Trimethyl silanecar bonitrile (TM SCN). *H NMR (CDCls,
200 MHz): 6= 0.3%4.
3C NMR (CDCl3, 100 MHz): §=1.98, 126.97.
A mixture of Trimethyl silanecarbonitrile and NbCls.
'H NMR (CDCl3, 200 MHZ): §=0.185.
3C NMR (CDCl3, 100 MHz): §=2.90, 127.23.
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