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Catalytic cyanosilylation of ketones using organic catalyst
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Abstract—1,1,3,3-Tetramethylguanidine acts as a highly effective catalyst for cyanosilylation of various ketones and aldehydes to
the corresponding cyanohydrin trimethylsilyl ethers in up to 99% yield. The reaction proceeds smoothly with 0.1 mol % catalyst
loading at 25 �C under solvent-free conditions.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1. Cyanosilylation of ketones.

Table 1. Optimization catalysta

Entry Catalyst Yield (%)b

1 Pyridine N.R.
2 2,6-Dimethylpyridine N.R.
3 N,N-Dimethylaniline N.R.
4 Et2NH N.R.
5 Et3N 5
6 Pri2NEt 15
7 N,N,N0,N0-Tetramethylethylenediamine 48
8 DMAP 44
9 DBU 77
10 1,3-Diphenylguanidine 94
11 1,1,3,3-Tetramethylguanidine 99
12 2-Benzoyl-1,1,3,3-tetramethylguanidine 49

a

Guanidines can be classified as organic bases, like
amines and amidines, which are regarded as the stron-
gest organic bases1 due to the resonance stability of their
conjugated acids.2 As a strong organic base catalyst,
1,1,3,3-tetramethylguanidine (TMG) has been used for
C–C bond formation,3–5 for instance Michael addition4

and aldol condensation.5 Some applications of modified
guanidines to asymmetric synthesis as chiral bases can
also be found in the literature.6–10

Cyanosilylation of ketones is one of the most powerful
procedure for the synthesis of cyanohydrins, which can
be readily converted to various important building
blocks.11 Many catalysts have been used to promote
the cyanosilylation.12 For example, acidic catalysts,13

inorganic solid bases,14 solubilized anionic species,15

neutral metal compounds,16 as well as diamino function-
alized polymers,17 and inorganic/organic salts.18

Recently, many chiral catalysts have been successfully
applied to this reaction.19,20 Amine has been employed
for the cyanosilylation of aldehyde,21 however it did
not work well for ketones. We consider that guanidines
with stronger basicity may both activate TMSCN and
catalyze the cyanosilylation of ketones.

Initially, several organic bases were examined with ace-
tophenone as a model substrate (Scheme 1). As shown in
Table 1, the effect of catalysts was related to the basicity
of these organic bases. The stronger the basicity of cat-
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alyst used, the better the yield obtained. Guanidines and
DBU catalysts could achieve good to excellent yields
(Table 1, entries 9–11). N,N,N 0,N 0-tetramethylethylen-
ediamine (Table 1, entry 7) and DMAP (Table 1, entry
8) could also catalyze cyanosilylation of ketones with
Reactions were carried out on a 0.4 mmol scale with 1.2 equiv of
TMSCN and 2 mol % catalyst loading at 25 �C in 8.5 h under sol-
vent-free condition without stirring.

b Isolated yield.
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moderate yields. On the other hand, tertiary amines such
as Et3N, Pri2NEt were detected to have catalytic effect on
this reaction with poor yields (Table 1, entries 5 and 6).
When pyrrolidine, Et2NH and other alkalescent amines
(Table 1, entries 1–4) were employed as catalysts, no
reaction was observed. In addition, when 2-benzoyl-
1,1,3,3-tetramethylguanidine was used, an obvious
decrease of the yield was observed compared with
TMG catalyst. This might be due to the decrease of
the basicity comparing with tetramethylguanidine
(Table 1, entry 12).

A mechanism of the cyanosilylation of ketones catalyzed
by TMG was proposed (Scheme 2). In this reaction,
electrophilic silicon atom was activated by a catalytic
amount of TMG. The TMG could be converted to reac-
tive, but resonance-stabilized, guanidinium salt A by
quarternization with TMSCN (when TMSCN and
TMG were mixed, colorless crystal was formed).22 The
key intermediate A readily reacted with ketone, via
six-membered ring transition states B and C, to give
the corresponding cyanohydrin trimethylsilyl ether
along with TMG.

The catalytic system was applicable for a wide range of
carbonyl compounds with excellent yield. The results are
summarized in Table 2.

The data illustrated in Table 2 demonstrates that a vari-
ety of aryl and alkyl ketones may be employed in the
TMG-catalyzed process and give the corresponding
trimethylsilyl ethers in 90–99% yields. Ketones bearing
electron-donating groups such as Me– or MeO– (Table
2, entries 6 and 7), were more active than those with
electron-withdrawing groups (Table 2, entries 8–12).
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Scheme 2. Proposed mechanism of the cyanosilylation of ketones catalyzed
The reaction with aliphatic ketones afforded the corre-
sponding products in very good yields in shorter time
compared with aromatic and heterocyclic ketones
(Table 2, entries 18 and 19). The reactions may also be
performed with lower catalyst loading (0.1 mol %)
by prolonging the reaction time (Table 2, entry 5).

Although TMG was optimized for the reaction of
ketones, it was also found to be an efficient catalyst
for the cyanosilylation of aldehydes. Thus, both benzal-
dehyde and isobutylaldehyde underwent cyanosilylation
with TMG (0.1 mol %) within 4 h in 99% yields (Table 2,
entries 1 and 20). Less catalyst loading required longer
reaction time. The reaction can be carried out by simply
keeping the reaction mixture in a vial to stand in a 25 �C
water bath without stirring. Enlarging the reaction scale
to 10 mmol without stirring did not affect the cyanosilyl-
ation rate (Table 2, entry 3). After the first run, colorless
crystal guanidinium salt A, which was considered to be a
stable catalytic intermediate, was obtained by filtration.
It can be used directly for the second run (Table 2, entry
4) with nearly the same activities (up to 99% yield within
8.5 h).

In summary, we have identified a readily available
organic catalyst that effectively promoted the cyano-
silylation of carbonyl compounds with low catalyst
loading under mild conditions. This guanidine-catalyzed
reaction may contribute to the development of green
chemistry because of its possible application in sol-
vent-free condition. Moreover, it provided a feasible
direction of the asymmetric reaction by using the chiral
guanidine. Chiral guanidine-catalyzed enantioselective
cyanosilylation of carbonyl compounds is currently
under investigation.
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Table 2. Cyanosilylation of ketones catalyzed by 1,1,3,3-tetramethylguanidinea

Entry Carbonyl compounds Time (h) Yieldb (%)

1c

R

O
R = H 1a 4 99

2 R =Me 1b 8.5 99
3d R =Me 1b 8.5 99
4e R =Me 1b 8.5 99
5c R =Me 1b 13 99
6 R = p-Me 1c 10 97
7

R Me

O
R = p-OMe 1d 10 98

8 R = p-Cl 1e 10 91
9 R = p-F 1f 15 90
10 R = o-F 1g 15 99
11 R = p-NO2 1h 15 98
12 R = m-NO2 1i 15 95

13 Me

O

1j 10 99

14

F

O

1k 10 99

15
H
N Me

O

1l 13 93

16 S
Me

O

1m 11 98

17 Me

O

1n 11.5 97

18
O

1o 5 95

19
O

1p 5 95

20c
H

O
1q 4 99

21

O

1r 5 95

22

O

R

OEt

OEt

R = H 1s 4 98
23 R = OMe 1t 4 99

a Reactions were carried out on a 0.4 mmol scale with 1.2 equiv of TMSCN and 2 mol % catalyst loading at 25 �C, with solvent-free condition
without stirring.

b Isolated yield.
c The reaction was carried out with 0.1 mol % catalyst loading.
d Reactions were carried out on a 10 mmol scale with 1.2 equiv of TMSCN at 25 �C, with solvent-free condition without stirring.
e Recycling experiment was examined with 2 mol % catalyst loading under the same condition.

L. Wang et al. / Tetrahedron Letters 47 (2006) 1581–1584 1583



1584 L. Wang et al. / Tetrahedron Letters 47 (2006) 1581–1584
Acknowledgments

The authors thank the National Natural Science Foun-
dation of China (Nos. 20225206, 20390055, and
20372050), the Ministry of Education of China (No.
104209 and others) and Sichuan University (No.
2004CF07), for financial support.
References and notes

1. (a) Costa, M.; Chiusoli, G. P.; Taffurelli, D.; Dalmonego,
G. J. Chem. Soc., Perkin Trans. 1 1998, 1541; (b)
Kovacevic, B.; Maksic, Z. B. Org. Lett. 2001, 3, 1523.

2. Yamamoto, Y.; Kojima, S. In The Chemistry of Amidines
and Imidates; Patai, S., Rappoport, Z., Eds.; Wiley: New
York, 1991; Vol. 2, p 485.

3. Hentschel, K. H.; Juergens, E. Polym. Mater. Sci. Eng.
1990, 63, 921.

4. (a) Nysted, L. N.; Burtner, R. R. J. Org. Chem. 1962, 27,
3175; (b) Pollini, G. P.; Barco, A.; Giuli, G. Synthesis
1972, 44; (c) Forsyth, A. C.; Paton, R. M.; Watt, I.
Tetrahedron Lett. 1989, 30, 993.

5. Forsyth, A. C.; Gould, R. O.; Paton, R. M.; Sadler, I. H.;
Watt, I. J. Chem. Soc., Perkin Trans. 1 1993, 2737.

6. Ishikawa, T.; Isobe, T. Chem. Eur. J. 2002, 8, 552.
7. For nitroaldol (Henry) reaction, see: Chinchilla, R.;

Najera, C.; Sanchez-Agullo, P. Tetrahedron: Asymmetry
1994, 5, 1393.

8. For Strecker reaction, see: (a) Iyer, M. S.; Gigstad, K. M.;
Namdev, N. D.; Lipton, M. J. Am. Chem. Soc. 1996, 118,
4910; (b) Corey, E. J.; Grogan, M. J. Org. Lett. 1999, 1,
157.

9. For Michael reaction, see: (a) Alcazar, V.; Moran, J. R.;
de Mendoza, J. Tetrahedron Lett. 1995, 36, 3941; (b)
Howard-Jones, A.; Murphy, P. J.; Thomas, D. A.;
Caulkett, P. W. R. J. Org. Chem. 1999, 64, 1039; (c)
Ma, D.; Cheng, K. Tetrahedron: Asymmetry 1999, 10, 713.

10. For kinetic resolutions, see: (a) Isobe, T.; Fukuda, K.;
Araki, Y.; Ishikawa, T. Chem. Commun. 2001, 243; (b)
Isobe, T.; Fukuda, K.; Ishikawa, T. Tetrahedron: Asym-
metry 1998, 9, 1729.

11. (a) Matthews, B. R.; Gountzos, H.; Jackson, W. R.;
Watson, K. G. Tetrahedron Lett. 1989, 30, 5157; (b)
Ziegler, T.; Horsch, B.; Effenberger, F. Synthesis 1990,
575; (c) Jackson, W. R.; Jacobs, H. A.; Jayatilake, G. S.;
Matthews, B. R.; Watson, K. G. Aust. J. Chem. 1990, 43,
2045; (d) Jackson, W. R.; Jacobs, H. A.; Matthews, B. R.;
Jayatilake, G. S.; Watson, K. G. Tetrahedron Lett. 1990,
31, 1447; (e) Effenberger, F.; Stelzer, U. Angew. Chem.,
Int. Ed. Engl. 1991, 30, 873.

12. (a) Komatsu, N.; Uda, M.; Suzuki, H.; Takahashi, T.;
Domae, T.; Wada, M. Tetrahedron Lett. 1997, 38, 7215;
(b) Kaur, H.; Kaur, G.; Trehan, S. Synth. Commun. 1996,
26, 1925; (c) Golinski, M.; Brock, C. P.; Watt, D. S. J.
Org. Chem. 1993, 58, 159; (d) Matsubara, S.; Takai, T.;
Utimoto, K. Chem. Lett. 1991, 1447; (e) Vougiouskas, A.
E.; Kagan, H. B. Tetrahedron Lett. 1987, 28, 5513; (f)
Greenlee, W. J.; Hangauer, D. G. Tetrahedron Lett. 1983,
24, 4559; (g) Noyori, R.; Murata, S.; Suzuki, M. Tetra-
hedron 1981, 37, 3899; (h) Gasmann, P. G.; Talley, J. J.
Org. Synth. 1981, 60, 14; (i) Evans, D. A.; Truesdale, L.
K.; Carroll, G. L. J. Chem. Soc., Chem. Commun. 1973,
55.
13. (a) Evans, D. A.; Carroll, G. L.; Truesdale, L. K. J. Org.
Chem. 1974, 39, 914; (b) Gassman, P. G.; Talley, J. J. Org.
Synth. Coll. 1990, 2, 20; (c) Lidy, W.; Sundermeyer, W.
Chem. Ber. 1973, 106, 587; (d) Noyori, R.; Murata, S.;
Suzuki, M. Tetrahedron 1981, 37, 3899; (e) Utimoto, K.;
Wakabayashi, Y.; Shishiyama, Y.; Inoue, M.; Nozaki, H.
Tetrahedron Lett. 1981, 22, 4279; (f) Utimoto, K.; Waka-
bayashi, Y.; Horiie, M.; Inoue, M.; Shishiyama, Y.;
Obayashi, M.; Nozaki, H. Tetrahedron 1983, 39, 967; (g)
Kirchmeyer, S.; Mertens, A.; Arvanaghi, M.; Olah, G. A.
Synthesis 1983, 498; (h) Reet, M. T.; Kesseler, K.; Jung, A.
Angew. Chem., Int. Ed. Engl. 1985, 24, 989; (i) Reet, M. T.;
Drewes, M. W.; Harms, K.; Reif, W. Tetrahedron Lett.
1988, 29, 3295.

14. (a) Onaka, M.; Higuchi, K.; Sugita, K.; Izumi, Y. Chem.
Lett. 1989, 1393; (b) Higuchi, K.; Onaka, M.; Izumi, Y.
Bull. Chem. Soc. Jpn. 1993, 66, 2016; (c) Somanathan, R.;
Rivero, I. A.; Gama, A.; Ochoa, A.; Aguirre, G. Synth.
Commun. 1998, 28, 2043.

15. (a) Evans, D. A.; Truesdale, L. K. Tetrahedron Lett. 1973,
4929; (b) Evans, D. A.; Hoffman, J. M.; Truesdale, L. K.
J. Am. Chem. Soc. 1973, 95, 5822; (c) Livinghouse, T. Org.
Synth. Coll. 1990, 2, 517.

16. Soga, T.; Takenoshita, H.; Yamada, M.; Mukayama, T.
Bull. Chem. Soc. Jpn. 1990, 63, 3122.

17. Kantam, M. L.; Sreekanth, P.; Santhi, P. L. Green Chem.
2000, 47.

18. (a) He, B.; Li, Y.; Feng, X. M.; Zhang, G. L. Synlett 2004,
1776; (b) Chen, F. X.; Feng, X. M. Synlett 2005, 892; (c)
Zhou, H.; Chen, F. X.; Qin, B.; Feng, X. M.; Zhang, G. L.
Synlett 2004, 1077; (d) Kurono, N.; Yamaguchi, M.;
Suzuki, K.; Ohkuma, T. J. Org. Chem. 2005, 70, 6530.

19. For reviews on enantioselective synthesis of cyanohydrins
and their derivatives, see: (a) Gregory, R. J. H. Chem. Rev.
1999, 99, 3649; (b) Shibasaki, M.; Kanai, M.; Funabashi,
K. J. Chem. Soc., Chem. Commun. 2002, 1989; (c) North,
M. Tetrahedron: Asymmetry 2003, 14, 147; (d) Brunel, J.
M.; Holmes, I. P. Angew. Chem., Int. Ed. 2004, 43, 2752;
(e) Special symposium for the synthesis of non-racemic
cyanohydrins, see: Tetrahedron 2004, 60, 10371.

20. (a) Belokon, Y. N.; Green, B.; Ikonnikov, N. S.; North,
M.; Tararov, V. I. Tetrahedron Lett. 1999, 40, 8147; (b)
Hamashima, Y.; Kanai, M.; Shibasaki, M. J. Am. Chem.
Soc. 2000, 122, 7412; (c) Chen, F. X.; Feng, X. M.; Qin,
B.; Zhang, G. L.; Jiang, Y. Z. Org. Lett. 2003, 5, 949; (d)
Shen, Y. C.; Feng, X. M.; Li, Y.; Zhang, G. L.; Jiang, Y.
Z. Eur. J. Org. Chem. 2004, 129; (e) Deng, H.; Isler, M. P.;
Snapper, M. L.; Hoveyda, A. H. Angew. Chem., Int. Ed.
2002, 41, 1009; (f) Yabu, K.; Masumoto, S.; Yamasaki, S.;
Hamashima, Y.; Kanai, M.; Du, W.; Curran, D. P.;
Shibasaki, M. J. Am. Chem. Soc. 2001, 123, 9908; (g) Tian,
S. K.; Hong, R.; Deng, L. J. Am. Chem. Soc. 2003, 125,
9900; (h) Ryu, D. H.; Corey, E. J. J. Am. Chem. Soc. 2005,
127, 5384; (i) Fuerst, D. E.; Jacobsen, E. N. J. Am. Chem.
Soc. 2005, 127, 8964; (j) Chen, F. X.; Zhou, H.; Liu, X. H.;
Qin, B.; Feng, X. M. Chem. Eur. J. 2004, 10, 4790; (k) He,
B.; Chen, F. X.; Li, Y.; Feng, X. M.; Zhang, G. L. Eur. J.
Org. Chem. 2004, 4657; (l) Liu, X.; Qin, B.; Zhou, X.; He,
B.; Feng, X. J. Am. Chem. Soc. 2005, 127, 12224.

21. Kobayashi, S.; Tsuchiya, Y.; Mukaiyama, T. Chem. Lett.
1991, 537.

22. IR spectra shows that when TMSCN and TMG
was mixed, the N–H and C@N peak of TMG were shifted
from 3334.0 and 1596 cm�1 to 3282 and 1562 cm�1,
respectively.


	Catalytic cyanosilylation of ketones using organic catalyst 1,1,3,3-tetramethylguanidine
	Acknowledgments
	References and notes


