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Abstract—Ionic liquid [omim][PF6] has been demonstrated as an efficient and environmentally friendly reaction media as well as a
promoter for the cyanosilylation of aldehydes under mild conditions. In addition, the recovered ionic liquid could be reused for
subsequent runs with only a gradual decrease in activity.
� 2005 Elsevier Ltd. All rights reserved.
Cyanohydrins are versatile compounds, which can
be easily converted into a wide variety of important
building blocks such as a-hydroxy carbonyl compounds,
b-hydroxy amines and a-amino acid derivatives.1 There-
fore, much effort has been directed towards the develop-
ment of novel, versatile and practical methods for the
synthesis of cyanohydrins. Among them, the addition
of trimethylsilyl cyanide (TMSCN) to aldehydes pro-
moted by Lewis acids2 or Lewis bases3 is the most
widely used procedure for the preparation of cyanohy-
drins. Although the cyanation reaction of aldehydes
has been extensively studied, the cyanation reaction at
ambient temperature in the absence of Lewis acid (or
Lewis base) or any special activation continues to pose
a great challenge to organic chemists. In view of the
emerging importance of imidazolium based ionic liq-
uids4,5 as novel reaction media, we wish to explore the
use of ionic liquids as promoters and recyclable solvent
systems for the synthesis of cyanohydrins under mild
conditions. We envisage that the polar nature of the
ionic liquid containing a stable anion will effect the
addition of TMSCN to aldehydes without Lewis acid
catalyst or any special activation. In this paper, we
would like to report cyanosilylation of aldehydes in
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ionic liquids, which proceeded smoothly with various
aldehydes at ambient temperature without Lewis acid
(or base) or any special activation to afford the corre-
sponding products in good yields (Scheme 1).

An initial experiment on the reaction of benzaldehyde
and TMSCN was carried out in different ionic liquids
at room temperature. As shown in Table 1, in all cases,
the reaction proceeded smoothly to afford the product in
moderate to excellent yield without Lewis acid (or base)
or any special activation. It is interesting to note that
ionic liquids with longer cation carbon chain length
afforded the products in higher yield (Table 1, entries
1 and 2; entries 5 and 6). Especially noteworthy, ionic
liquid [omim][PF6] was found to afford the product in
highest yield (99% yield; Table 1, entry 6).

It has been reported that HF might be present in
[omim][PF6] due to the relatively facile decomposition
of PF6 anion in the presence of a trace amount of
water.6 Therefore, HF generated from the ionic liquid
might have promoted the reaction. However, in our
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Table 2. The cyanosilylation of various aldehydes in ionic liquid
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a All the reactions have been carried out at room temperature for 24 h

using aldehyde (1 mmol), TMSCN (2 mmol) and ionic liquid

[omim][PF6] (0.5 mL). All the ionic liquids used were pretreated by

drying under reduced pressure before use.
b Isolated yield.

Table 3. Recycling of [omim][PF6] in the cyanosilylation reaction of

benzaldehyde with TMSCN

Run Yielda (%)

1 99

2 88

3 92

4 84

5 79

a Isolated yield.

Table 1. Investigation of cyanosilylation of benzaldehyde employing

various ionic liquids

Entry Ionic liquid Yielda (%)

1 [hmim][Cl] (n = 5) 75

2 [omim][Cl] (n = 7) 80

3 [bmim][BF4] (n = 3) 84

4 [omim][BF4] (n = 7) 84

5 [bmim][PF6] (n = 3) 86

6 [omim][PF6] (n = 7) 99

a Isolated yield.

3138 Z.-L. Shen et al. / Tetrahedron Letters 46 (2005) 3137–3139
experiment utilizing [omim][PF6] as a reaction media,
after the completion of the reaction only OTMS pro-
tected product was observed according to crude 1H
NMR analysis. Furthermore, the fact that the reaction
also proceeded smoothly in [omim][Cl] (Table 1, entry
2) showed that HF (derived from PF6

�) is not crucial
for the success of this reaction. When we carried out
the reaction of benzaldehyde (1 mmol) with TMSCN
(2 mmol) in the presence of ionic liquid [omim][PF6]
(0.5 mL) and water (0.25 mL) at room temperature for
24 h, after the completion of the reaction, only the cor-
responding desilylated product (cyanohydrin) was ob-
tained and isolated in 81% yield (the HF generated
from ionic liquid and water caused desilylation of
OTMS protected product, which was derived from the
reaction of benzaldehyde and TMSCN). Therefore, in
all cases, the reactions must have proceeded through a
totally different pathway.

Next, we investigated the cyanation reaction of TMSCN
with various aldehydes employing ionic liquid
[omim][PF6]. The results are summarized in Table 2.
In all cases, the products were obtained in good to excel-
lent yields. It is important to note that even unreactive
aldehydes such as aliphatic aldehydes (Table 2, entries
11 and 12) could react with TMSCN to afford the cya-
nohydrins in good yields. In addition, the reaction of
TMSCN with a,b-unsaturated aldehyde (Table 2, entry
10) afforded only the 1,2-addition product in 94% yield.
No 1,4-adduct was observed. For acetophenone, no de-
sired product was obtained under the same condition.

With the success of the above reactions, we continued
our study by exploring the recyclability of the ionic li-
quid. The remaining ionic liquid [omim][PF6] was recov-
ered and recycled in subsequent reactions with only a
gradual decrease in activity being observed (Table 3).
For instance, the recycling procedure using benzalde-
hyde was found to afford the product in 99% (1st run),
88% (2nd run), 92% (3rd run), 84% (4th run) and 79%
(5th run).

In summary, we have developed an efficient and envi-
ronmentally friendly method for cyanosilylation reac-
tion of aldehydes using recyclable ionic liquid
[omim][PF6] as reaction media. Furthermore, this reac-
tion works at room temperature in the absence of Lewis
acid (or Lewis base) or any special activation. This
method is quite general and it works with a wide variety
of aldehydes. The mild reaction conditions, good yields,
the simplicity of the reaction procedure, and ease of
recovery and reuse of this reaction medium makes this
method attractive for scale-up purposes.
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Org. Lett. 2002, 4, 2589–2592; (h) Chen, F.-X.; Feng,
X.-M.; Qin, B.; Zhang, G.-L.; Jiang, Y.-Z. Org. Lett. 2003,
5, 949–952; (i) Shen, Y.-C.; Feng, X.-M.; Zhang, G.-L.;
Jiang, Y.-Z. Synlett 2002, 8, 1353–1355; (j) Shen, Y.-C.;
Feng, X.-M.; Li, Y.; Zhang, G.-L.; Jiang, Y.-Z. Eur. J. Org.
Chem. 2004, 1, 129–137; (k) Ryu, D. H.; Corey, E. J. J. Am.
Chem. Soc. 2004, 126, 8106–8107; (l) Tian, S. K.; Hong, R.;
Deng, L. J. Am. Chem. Soc. 2003, 125, 9900–9901, and
references cited therein.

4. Review articles: (a) Sheldon, R. A. Chem. Commun. 2001,
2399–2407; (b) Gordon, C. M. Appl. Catal. A: Gen. 2001,
222, 101–117; (c) Wasserscheid, P.; Keim, W. Angew.
Chem., Int. Ed. 2000, 39, 3772–3789; (d) Holbrey, J. D.;
Seddon, K. R. Clean Prod. Processes 1999, 1, 223–236; (e)
Welton, T. Chem. Rev. 1999, 99, 2071–2084; (f) Zhao, H.;
Malhotra, S. V. Aldrichim. Acta 2002, 35, 75–83; (g) Song,
C. E. Chem. Commun. 2004, 9, 1033–1043.

5. For example, see: (a) Blanchard, L. A.; Hancu, D.;
Beckman, E. J.; Brennecke, J. F. Nature 1999, 399, 28–29;
(b) Brown, R. A.; Pollet, P.; Mckoon, E.; Eckert, C. A.;
Liotta, C. L.; Jessop, P. G. J. Am. Chem. Soc. 2001, 123,
1254–1255; (c) Leitner, W. Nature 2003, 423, 930–931; (d)
Yang, X.-F.; Wang, M.-W.; Li, C.-J. Org. Lett. 2003, 5,
657–660; (e) Loh, T.-P.; Feng, L.-C.; Yang, H.-Y.; Yang,
J.-Y. Tetrahedron Lett. 2002, 43, 8741–8743; (f) Chen, S.-L.;
Ji, S.-J.; Loh, T.-P. Tetrahedron Lett. 2004, 45, 375–377; (g)
Chen, S.-L.; Ji, S.-J.; Loh, T.-P. Tetrahedron Lett. 2003, 44,
2405–2408; (h) Ji, S.-J.; Zhou, M.-F.; Gu, D.-G.; Wang,
S.-Y.; Loh, T.-P. Synlett 2003, 13, 2077–2079; (i) Lu, J.; Ji,
S.-J.; Qian, R.; Chen, J.-P.; Liu, Y.; Loh, T.-P. Synlett
2004, 3, 534–536; (j) Ji, S.-J.; Zhou, M.-F.; Gu, D.-G.;
Jiang, Z.-Q.; Loh, T.-P. Eur. J. Org. Chem. 2004, 1584–
1587; (k) Ji, S.-J.; Jiang, Z.-Q.; Lu, J.; Loh, T.-P. Synlett
2004, 5, 831–835.

6. (a) Kabalka, G. W.; Dong, G.; Venkataiah, B. Org. Lett.
2003, 5(6), 893–895; (b) Dupont, J.; Silva, S. M.; De Souza,
R. F. Catal. Lett. 2001, 77, 131–133; (c) Yadav, J. S.;
Reddy, B. V. S.; Reddy, C. S.; Rajasekhar, K. J. Org.
Chem. 2003, 68, 2525–2527.

7. Representative experimental procedure: To a dried 10 mL
round-bottomed flask charged with [omim][PF6] (0.5 mL)
was added benzaldehyde (1 mmol) followed by TMSCN
(1 mmol) at room temperature. After stirring for 12 h,
another 1 mmol TMSCN was added subsequently and
stirred for another 12 h before extracting with ether
(3 · 15 mL). The combined ether layers were concentrated
in vacuo, then desilylated using 2 mL THF and 2 mL 1 M
aqueous HCl. Further extraction with ether and passage
through a column of silica gel gave the desired product. The
residual ionic liquid should be dried at 60 �C under reduced
pressure before reusing in further reactions. Benzaldehyde
cyanohydrin: Rf = 0.6 (hexane–ethyl acetate 2:1); FTIR
(NaCl, neat): m 3416, 2250 cm�1; 1H NMR (300 MHz,
CDCl3): 3.74 (br s, 1H, OH), 5.50 (s, 1H, CH(OH)), 7.41–
7.52 (m, 5H, C6H5);

13C NMR (75.4 MHz, CDCl3): 63.4,
118.8, 126.6, 129.1, 129.7, 135.2; HRMS (EI, m/z): [M]+,
calcd for C8H7NO 133.0528, found 133.0554.


	Ionic liquid [omim][PF6] as an efficient and recyclable reaction media for the cyanosilylation of aldehydes without Lewis acid or any special activation
	Acknowledgements
	References and notes


