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Abstract

An efficient method of addition of trimethylsilylcyanide to ketones by employing cesium fluoride as catalyst has been described.

A variety of aromatic, aliphatic, cyclic and heterocyclic ketones have been converted into their corresponding trimethylsilyl ethers in

excellent yield.

� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

It is well established that the addition of trim-

ethylsilylcyanide (TMSCN) to carbonyl compounds
affords silylated cyanohydrins. Both the hydroxy and

the nitrile part of the cyanohydrin functionality can

undergo transformation to a range of important syn-

thetic intermediates including a-hydroxy acids, a-ami-

no acids and b-amino alcohols [2]. They are also

components of commercially important compounds

such as the pyrethroid insecticides, cypermetrin and

fluvaliate [3]. Existing methods for the preparation of
cyanohydrins include both enzymatic and chemical

processes [4]. Several chiral titanium metal complexes

[5] have been widely used for the addition of TMSCN

to various types of ketones. Shibasaki [6] disclosed

enantioselective catalytic addition of TMSCN to car-

bonyl compounds by using carbohydrate based ligands

and Ti(OiPr)4. Chiral titanium reagents derived from

optically active sulfoximine/Ti(OiPr)4 [7] and chiral
sulfoxide/Ti(OiPr)4 [8] promote the asymmetric addi-

tion of TMSCN to carbonyl compounds affording the
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cyanohydrin. Enantioselective addition of TMSCN to

ketones is achieved by a catalytic double activation

method using chiral Lewis acid and achiral N -oxide

have been reported [9]. Several metal based catalysts
have been used both in stoichiometric and catalytic

amount for the silylcyanation of carbonyl compounds

to offer racemic cyanohydrins. Yb(CN)3 [10], Yb(OTf)3
[11], Cu(OTf)2 [12], ZnI2 [13], LiClO4 [14], R2SnCl2
[15], Zr(KPO4)2 [16] and InBr3 [17] proved to be the

efficient catalyst for the purpose. There have been re-

ports of the use of lanthanide salts of alkoxides, dial-

kylamides, chlorides, cyanides or triflates [18] in the
catalysis of silylcyanation and hydrocyanation of al-

dehydes and ketones. The in situ generated catalyst

containing achiral Lewis acid and N ,N -dimethyl-N -

oxide [19] have been used for the generation of racemic

cyanohydrins. CsF has been used as catalyst for several

organic transformations [20]. Recently it has been

widely used for trifluoromethylation of esters, alde-

hydes and ketones with (trifluoromethyl)trimethylsilane
[21]. The silylcyanation methods mentioned above re-

quired longer reaction time (refer to Table 1). We wish

to herein report the first example about the silylcya-

nation reaction of ketones by using a cheap, easy

handling and readily available chemical, CsF as cata-

lyst to offer racemic trimethylsilyl ethers in excellent

yields in relatively shorter reaction time.
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Table 1

Addition of TMSCN to ketones catalyzed by CsF

Entry Substrate Time (h) Yield (%)a

1 1

62 [19c]

20 [12]

45 [15]

8 [14]

95

82 [19c]

85 [12]

93 [15]

98 [14]

2 1

80 [19c]

21 [14]

95

86 [19c]

71 [14]

3 1

8 [14]

97

93 [14]

4 1 95

5 0.8 97

6 1

96 [19c]

5 [19a]

97

80 [19c]

91 [19a]

7 1

8 [16]

95

92 [16]

8 1 96

9 1

50 [12]

95

80 [12]

10 1 91
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Table 1(continued)

Entry Substrate Time (h) Yield (%)a

11 1.3 91

12 1.3 90

25 [19a] 94 [19a]

a Isolated yield.
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2. Results and discussion

Representative and successful examples for the syn-

thesis of various trimethylsilyl ethers from aromatic,

aliphatic and cyclic ketones are collected in Table 1.

Unsubstituted and substituted acetophenones (entries

1–4) undergo very smooth silylcyanation with over 90%

yield. The introduction of methylene group (entry 5)
increases the reaction rate and thereby reduces the re-

action time due to release of steric strain. Both aro-

matic (entry 6) and aliphatic (entry 7) a,b-unsaturated
ketones undergo silylcyanation in excellent yields. It

should be noted that 1-indanone and a-tetralone were

also proved as good substrates for silylcyanation re-

action (entries 8 and 9). Both the cyclic and open chain

aliphatic ketones (entries10 and 11) were converted
into the corresponding cyanohydrin silylethers with

excellent yield. 2-acetyl furan, a heterocyclic ketone

(entry 12) gives corresponding silylether in good yield.

This result indicates that CsF can selectively activate

the carbonyl function of the ketone, keeping the furan

ring intact.

CsF is superior in activity to TMSCN when com-

pared with previously reported metal based achiral
Scheme 1.
catalytic system [10–16]. Present results are compared

with previously reported methods where metal salts

were used as catalysts (entries 1, 2, 3, 6, 7, 9 and 12).

Comparison of reaction conditions (time and yield)

indicates that our system affords greater yield with

shorter reaction time. CsF (being an inexpensive cat-

alyst) can be employed in the silylcyanation of ketones

which makes the method more practical. The possible
mechanism for the reaction is as follows. The forma-

tion of hypervalent silicate 1 is formed from the ad-

dition of F� ion to TMSCN. 1 reacts with the

aldehyde to generate complex 2 which on fragmenta-

tion provides the corresponding silylether 3 and F�

(Scheme 1).
3. Conclusion

An efficient catalytic system for silylcyanation of

various kinds of ketones with better yield has been de-

veloped. The mild experimental conditions of shorter

reaction time, inexpensive catalyst and the wide range of

substrate applicability represent the notable features of

this procedure.
4. Experimental

4.1. Silylcyanation of acetophenone

To stirred solution of acetophenone (1 mmol) and

CsF (10 mol%) in dry CH3CN (1 ml) was added
TMSCN (1.5 equiv.) dropwise. The resulting solution

was stirred continuously and progress of the reaction

was followed by TLC. After 1 h the reaction mixture

was purified by silica gel flash chromatography by using

EtOAc/hexanes (1:9) mixture as an eluent. 2-Trimeth-

ylsilyloxy-2-phenylpropanenitrile was obtained as col-

ourless oil (Yield: 95%). The other substrates (entries 2–

12) were also silylcyanated by using the same procedure.
The silylethers thus obtained gave excellent 1H and 13C

NMR, HRMS, IR and elemental analysis data which

are consistent with the structure.
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4.1.1. 2-Trimethylsilyloxy-2-phenylpropanenitrile (entry 1)
1H NMR (CDCl3, 200 MHz): d ¼ 0:17 (s, 9H), 1.86

(s, 3H), 7.36–7.53 (m, 5H).
13C NMR(CDCl3, 100 MHz): d ¼ 0:89, 33.40, 71.45,

121.43, 124.45, 128.49, 141.86.
HRMS (EI): m=z calcd. for C12H17NOSi (Mþ):

219.1079. Found: 219.1086.

IR (neat): m(CBN) 2362 cm�1.
4.1.2. 2-Trimethylsilyloxy-2-(40-nitrophenyl)phenylpro-

panenitrile (entry 2)
1H NMR (CDCl3, 200 MHz): d ¼ 0:25 (s, 9H), 1.88

(s, 3H), 7.77 (d, 2H, J ¼ 9:2 Hz), 8.30 (d, 2H, J ¼ 9:2
Hz).

13C NMR(CDCl3, 100 MHz): d ¼ 1:07, 29.31, 76.43,
120.98, 124.02, 127.26, 129.89, 142.54.

Anal.calcd. for C12H16N2O3Si: C, 54.52; H, 6.10; N,

10.60. Found: C, 54.44; H, 6.47; N, 10.50%.

IR (neat): m(CBN) 2360 cm�1.
4.1.3. 2-Trimethylsilyloxy-2-(40-cholorophenyl)phenyl-

propanenitrile (entry 3)
1H NMR (CDCl3, 200 MHz): d ¼ 0:21 (s, 9H), 1.85

(s, 3H), 7.41–7.48 (m, 4H).
13C NMR(CDCl3, 100 MHz): d ¼ 1:00, 33.45, 71.01,

121.18, 126.04, 128.79, 134.55, 140.68.

Anal.calcd. for C12H16ClNOSi: C, 56.79; H, 6.35; N,

5.52. Found: C, 56.86; H, 6.69; N, 5.51%.

IR (neat): m(CBN) 2366 cm�1.
4.1.4. 2-Trimethylsilyloxy-2-(40-methoxyphenyl)phenyl-

propanenitrile (entry 4)
1H NMR (CDCl3, 200 MHz): d ¼ 0:17 (s, 9H), 1.86

(s, 3H), 3.84 (s, 3H), 6.95 (d, 2H, J ¼ 8:8 Hz), 7.50 (d,

2H, J ¼ 8:8 Hz ).
13C NMR(CDCl3, 100 MHz): d ¼ 0:98, 33.31, 55.21,

71.18, 113.80, 121.70, 125.96, 133.95, 159.72.
HRMS (EI): m=z calcd. for C13H19NO2Si (Mþ):

249.1185. Found: 249.1183.

IR (neat): m(CBN) 2362 cm�1.

4.1.5. 2-Trimethylsilyloxy-3-(40-methoxyphenyl)-2-meth-

ylphenylpropanenitrile (entry 5)
1H NMR (CDCl3, 200 MHz): d ¼ 0:15 (s, 9H), 1.51

(s, 3H), 2.92(d, 2H, J ¼ 3:4 Hz), 3.80 (s, 3H), 6.88 (d,

2H, J ¼ 8:8 Hz), 7.22 (d, 2H, J ¼ 8:4 Hz ).
13C NMR(CDCl3, 100 MHz): d ¼ 1:06, 28.64, 48.21,

55.21, 69.98, 113.57, 121.76, 126.76, 131.66, 158.98.

IR (neat): m(CBN) 2368 cm�1.
4.1.6. 2-Trimethylsilyloxy-2-methyl-4-phenyl-3-butenenit-

rile (entry 6)
1H NMR (CDCl3, 200 MHz): d ¼ 0:27 (s, 9H), 1.77

(s, 3H), 6.20 (d, 1H, J ¼ 15:83 Hz), 6.95 (d, 1H, J ¼ 15:8
Hz), 7.34–7.44 (m, 5H ).
13C NMR(CDCl3, 100 MHz): d ¼ 1:30, 30.79, 69.89,
120.60, 126.82, 128.53, 128.70, 129.47, 130.89, 135.06.

IR (neat): m(CBN) 2360 cm�1.
4.1.7. 1-Trimethylsilyloxy-2-cyclohexenecarbonitrile (en-

try 7)
1H NMR (CDCl3, 200 MHz): d ¼ 0:25 (s, 9H), 1.81–

1.84 (m, 2H), 2.08–2.13 (m, 4H), 5.77 (m, 1H), 5.94–5.99

(m, 1H).
13C NMR(CDCl3, 100 MHz): d ¼ 1:40, 18.26, 24.20,

36.86, 66.71, 121.75, 127.53, 132.49.

HRMS (EI): m=z calcd. for C10H17NOSi (Mþ):
195.1079. Found: 195.1073.

IR (neat): m(CBN) 2355 cm�1.
4.1.8. 1-Trimethylsilyloxy-1-indancarbonitrile (entry 8)
1H NMR (CDCl3, 200 MHz): d ¼ 0:12 (s, 9H), 2.29–

2.42 (m, 1H), 2.57–2.70(m, 1H), 2.82–3.08 (m, 2 H),

7.24–7.55 (m, 4H).
13C NMR(CDCl3, 100 MHz): d ¼ 1:12, 29.37, 42.79,

76.46, 121.04, 124.08, 125.44, 127.71, 129.94, 142.08,
142.58.

HRMS (EI): m=z calcd. for C13H17NOSi (Mþ):
231.1079. Found: 231.1079.

IR (neat): m(CBN) 2360 cm�1.
4.1.9. 1-Trimethylsilyloxy-1,2,3,4-tetrahydronaphthalene-

1- carbonitrile (entry 9)
1H NMR (CDCl3, 200 MHz): d ¼ 0:24 (s, 9H), 1.85–

2.41 (m, 4H), 2.83 (t, 2H, 7.00 Hz), 7.07–7.28 (m, 3H),

7.60–7.67 (m, 1H).
13C NMR(CDCl3, 100 MHz): d ¼ 1:33, 18.69, 28.32,

37.73, 69.87, 122.11, 126.63, 128.02, 129.06, 129.26,

135.68, 136.11.

IR (neat): m(CBN) 2356 cm�1.
4.1.10. 1-Trimethylsilyloxy-1-cyclohexanecarbonitrile

(entry 10)
1H NMR (CDCl3, 200 MHz): d ¼ 0:23 (s, 9H), 1.51–

1.68 (m, 8H), 2.02–2.08 (m, 2H).
13C NMR(CHCl3, 100 MHz): d ¼ 1:37, 22.59, 24.48,

39.31, 70.59, 121.91.

IR (neat): m(CBN) 2352 cm�1.

4.1.11. 2-Trimethylsilyloxy-2-methyloctanenitrile (entry

11)
1H NMR (CDCl3, 200 MHz): d ¼ 0:22 (s, 9H), 0.91

(t, 3H, 6.60 Hz), 1.31–1.74 (m, 8H), 1.57 (s, 3H), 1.68–

1.74 (m, 2H).
13C NMR(CDCl3, 100 MHz): d ¼ 1:15, 13.88, 22.38,

24.09, 28.76, 28.84, 31.47, 43.25, 69.56, 121.91.

HRMS (EI): m=z calcd. for C12H25NOSi (Mþ):
227.1705. Found: 227.1710.

IR (neat): m(CBN) 2350 cm�1.
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4.1.12. 2-Trimethylsilyloxy-2-furan-2-yl-propanenitrile

(entry 12)
1H NMR (CDCl3, 200 MHz): d ¼ 0:09 (s, 9H), 1.93

(s, 3H), 6.37–6.40 (m, 1H), 6.49–6.51 (m, 1H), 7.42–7.44

(m, 1 H).
13C NMR(CDCl3, 100 MHz): d ¼ 0:49, 28.37, 65.89,

108.14, 110.68, 120.23, 143.09, 151.63.

HRMS (EI): m=z calcd. for C10H15NO2Si(M
þ):

209.0872. Found: 209.0888.

IR (neat): m(CBN) 2355 cm�1.
Acknowledgements

The authors warmly thank Korea Science and Engi-

neering Foundation for the financial support (F01-2000-

6-123-01-2). One of us (G.R.) thanks the Management,

Correspondent, Principal and HOD, Chemistry of

Crescent Engineering College, Chennai, India for per-
mitting him to do PDF research [1].
References

[1] Dr. G. Rajagopal is a Brain Pool Scientist from Department of

Chemistry, Crescent Engineering College, Chennai 600 048, India

and he was assisted by a Grant from the Korean Federation of

Science and Technology Societies and Korea Science and Engi-

neering Foundation.

[2] H. Griengel, A. Hickel, D.V. Johnson, C. Kratky, M. Schmidt, H.

Schwab, Chem. Commun. (1997) 1933, and references therein.

[3] (a) R.J.H. Gregory, Chem. Rev. 99 (1999) 3649;

(b) G.M. Shan, R.P. Hammer, J.A. Ottea, J. Agric. Food Chem.

45 (1997) 4466.

[4] (a) M. North, Synlett (1993) 807;

(b) H. Deng, M.P. Ister, M.L. Snapper, A.H. Hoveyda, Angew.

Chem. Int. Ed. 41 (2002) 1009;

(c) K. Tanaka, A. Mori, S. Inoue, J. Org. Chem. 55 (1990) 181;

(d) M. Hayashi, Y. Miyamoto, S. Inoue, N. Oguni, J. Org. Chem.

58 (1993) 1515;

(e) S. Kobayashi, Y. Tsuchiya, T. Mukaiyama, Chem. Lett.

(1991) 537;

(f) Y. Hanashima, D. Sawada, H. Nogami, M. Kanai, M.

Shibasaki, Tetrahedron 57 (2001) 805;
(g) S.K. Tian, R. Hong, L. Deng, J. Am. Chem. Soc. 125 (2003)

9900.

[5] (a) V.I. Tararov, D.E. Hibbs, M.B. Hursthouse, N.S. Ikonnikov,

K.M. Abdul Malik, M. North, C. Orizu, Y. Belokon, Chem.

Commun. (1998) 387;

(b) Y. Belokon, B. Green, N.S. Ikonnikov, M. North, V.I.

Tararov, Tetrahedron Lett. 40 (1999) 8147;

(c) Y. Belokon, B. Green, V. Ikonnikov, M. North, T.

Parsons, V.I. Tararov, Tetrahedron 57 (2001) 771.

[6] (a) Y. Hanashima, M. Kanai, M. Shibasaki, J. Am. Chem. Soc.

122 (2000) 7412;

(b) Y. Hanashima, M. Kanai, M. Shibasaki, Tetrahedron Lett. 42

(2001) 691;

(c) K. Yabu, S. Masumoto, S. Yamasaki, Y. Hamashima, M.

Kanai, W. Du, D.P. Curran, M. Shibasaki, J. Am. Chem. Soc. 123

(2001) 9908.

[7] C. Bolm, P. Muller, Tetrahedron Lett. 36 (1995) 1625.

[8] G.J. Rowlands, Synlett (2003) 236.

[9] F. Chen, X. Feng, B. Qin, G. Zhang, Y. Jiang, Org. Lett. 5 (2003)

949.

[10] S. Matsubara, T. Takai, K. Utimoto, Chem. Lett. (1991) 1447.

[11] Y. Yang, D. Wang, Synlett (1997) 1379.

[12] P. Saravanan, R. Vijaya Anand, V.K. Singh, Tetrahedron Lett. 39

(1998) 3823.

[13] P.G. Gassman, J.J. Talley, Tetrahedron Lett. 19 (1978)

3773.

[14] G. Jenner, Tetrahedron Lett. 40 (1999) 491.

[15] K.K. Whitesell, R. Apodaca, Tetrahedron Lett. 37 (1996)

2525.

[16] M. Curini, F. Epifanio, M.C. Marcotullio, O. Rosati, M. Rossi,

Synlett (1999) 315.

[17] M. Bandini, P.G. Cozzi, A. Garelli, P. Mwlchiorre, A.U. Ronchi,

Eur. J. Org. Chem. (2002) 3243.

[18] H.C. Aspinall, N. Greeves, P.M. Smith, Tetrahedron Lett. 40

(1999) 1763.

[19] (a) F. Chen, X. Feng, B. Qin, G. Zhang, Y. Jiang, Synlett (2003)

558;

(b) Y. Shen, X. Feng, Y. Li, G. Zhang, Y. Jiang, Tetrahedron 59

(2003) 5667;

(c) F. Chen, X. Feng, Y. Li, G. Zhang, Y. Jiang, Synlett (2002)

793.

[20] (a) J. Otera, K. Nakazawa, K. Sekoguchi, A. Orita, Tetrahedron

Lett. 53 (1997) 13,633;

(b) S. Tasadque, A. Shah, K.M. Khan, M. Fecker, W. Voelter,

Tetrahedron Lett. 44 (2003) 6789.

[21] (a) R.P. Singh, R.L. Kirchmeier, J.M. Shreeve, Org. Lett. 1 (1999)

1047;

(b) R.P. Singh, G. Cao, R.L. Kirchmeier, J.M. Shreeve, J. Org.

Chem. 64 (1999) 2873.


	Mild and efficient silylcyanation of ketones catalyzed by cesium fluoride
	Introduction
	Results and discussion
	Conclusion
	Experimental
	Silylcyanation of acetophenone
	2-Trimethylsilyloxy-2-phenylpropanenitrile (entry 1)
	2-Trimethylsilyloxy-2-(4prime-nitrophenyl)phenylpropanenitrile (entry 2)
	2-Trimethylsilyloxy-2-(4prime-cholorophenyl)phenylpropanenitrile (entry 3)
	2-Trimethylsilyloxy-2-(4prime-methoxyphenyl)phenylpropanenitrile (entry 4)
	2-Trimethylsilyloxy-3-(4prime-methoxyphenyl)-2-methylphenylpropanenitrile (entry 5)
	2-Trimethylsilyloxy-2-methyl-4-phenyl-3-butenenitrile (entry 6)
	1-Trimethylsilyloxy-2-cyclohexenecarbonitrile (entry 7)
	1-Trimethylsilyloxy-1-indancarbonitrile (entry 8)
	1-Trimethylsilyloxy-1,2,3,4-tetrahydronaphthalene-1- carbonitrile (entry 9)
	1-Trimethylsilyloxy-1-cyclohexanecarbonitrile (entry 10)
	2-Trimethylsilyloxy-2-methyloctanenitrile (entry 11)
	2-Trimethylsilyloxy-2-furan-2-yl-propanenitrile (entry 12)


	Acknowledgements
	References


