
Robust and Efficient, Yet Uncatalyzed, Synthesis
of Trialkylsilyl-Protected Cyanohydrins from

Ketones

Fabien L. Cabirol,†,‡ Angela E. C. Lim,† Ulf Hanefeld,‡
Roger A. Sheldon,‡ and Ilya M. Lyapkalo*,§

Institute of Chemical and Engineering Sciences, 1 Pesek Road,
Jurong Island, S(627833), Singapore, Institute of Organic

Chemistry and Biochemistry, FlemingoVo n. 2., 166 10 Prague
6, Czech Republic, and Biocatalysis and Organic Chemistry,

Delft UniVersity of Technology, Julianalaan 136, 2628 BL Delft,
The Netherlands

ilya.lyapkalo@uochb.cas.cz

ReceiVed December 4, 2007

High-yielding cyanosilylation of ketones with NaCN and
various chlorotrialkylsilanes in DMSO proceeds smoothly
without catalysis to give silyl-protected ketone cyanohydrins.
The unique role of DMSO consists in rendering naked
cyanide anions that reversibly add to the CdO bond at the
rate-determining step followed by fast trapping of the
transient tertiary sodium cyanoalcoholates with chlorotri-
alkylsilanes or in situ generated cyanotrialkylsilanes. Pre-
paratively, the reaction matches the best known catalytic
cyanosilylation systems applying expensive Me3SiCN and
demonstrates unprecedented efficiency in the synthesis of
sterically congested trialkylsilyl-protected cyanohydrins.

Introduction

For our study of enzyme-catalyzed enantioselective cyano-
hydrin syntheses,1 we required a wide range of racemic ketone
cyanohydrins, both as reference material and as starting material
for enzymatic kinetic resolutions. The direct synthesis from
ketones and HCN proved difficult owing to inherent thermo-

dynamic instability of the ketone derivatives.2 To circumvent
this, cyanohydrins from ketones are generally prepared in
O-protected form.3 The cyanosilylation of ketones is particularly
suitable since the silyl protecting groups can be removed under
very mild reaction conditions. A fast, efficient, general, and cost-
effective cyanosilylation of ketones is therefore required in order
to develop the kinetic resolution of racemic cyanohydrins into
a viable strategy.1b,4 Careful examination of the existing
literature procedures revealed that nearly all existing methods
for both racemic3a,5 and enantioselective3b,6 cyanosilylation of
ketones employ expensive and potentially hazardous Me3SiCN,
with Lewis acid or base catalysts being required.7 Syntheses of
ketone cyanohydrins containing silyl-protecting groups higher
than trimethylsilyl are only scarcely described. Therefore, we
aimed at developing a general and robust cyanosilylation method
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which would encompass a wide range of ketones and com-
mercially available trialkylsilyl protecting groups.

Since chlorotrialkylsilanes are the most common and inex-
pensive trialkylsilyl protecting agents, we decided to use the
respective chlorosilanes in combination with stable and inex-
pensive NaCN. However, the latter salt has negligible solubility
in most aprotic solvents. For this reason, we turned our attention
to DMSO which features the highest polarity among common
dipolar aprotic solvents8 combined with enhanced solvating
ability toward hard metal cations. Conversely, anions in such
media are poorly solvated and hence highly reactive. For this
reason, inorganic salts with sodium or potassium cations soluble
in DMSO are often referred to as “naked” anions9 for their
enhanced nucleophilicity. We first noticed that NaCN is
appreciably soluble in DMSO especially at 60°C (g2 mmol/
mL). Under these conditions, a cyanosilylation of the model
substrate, acetophenone1a using TBDMSCl required only 5
min to attain conversions greater than 90% into the desired
TBDMS-protected cyanohydrin4a.10 Much to our satisfaction,
high-yielding facile syntheses of a wide range of ketone
cyanohydrins bearing various trialkysilyl protecting groups were
possible (Scheme 1, Tables 1 and 2) under these conditions
(method A, Experimental Section).

NaCN also acted as a base9b leading to partialR-C epimer-
ization of the ketone1f (entry 6, Table 1) or conversion of the
ketone1i to the corresponding silyl enol ether (entry 9, Table
1). The formation of the latter side product could be minimized
using a two-phase hexane-DMSO system (method B, Experi-
mental Section). Under these conditions, the yield of2a
improved significantly (entry 1, Table 1). However, with this
protocol 1,4 addition of the cyanide ion to carvone1j was
observed (entry 10, Table 1).11 When the reaction was performed

at room temperature and greater dilution (method C, Experi-
mental section), the addition of the cyanide anion to conjugated
enones proceeded in favor of the 1,2-cyanosilylation product
with limited undesirable 1,4-addition to1j or polymerization
(Table 1). The TMS derivatives2 were isolated in at least 98%
purity (GC) by nonaqueous extraction of the products from
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SCHEME 1. Synthesis of Trialkylsilyl-Protected
Cyanohydrins in DMSO

TABLE 1. Isolated Yields (%) for the Preparation of TMS
Derivatives 2

a Experimental procedure as given in the Experimental Section.b Dis-
tribution of diastereoisomers [%:%].c Contains at least 3% of another
diastereoisomer according to GC.d The ratio of peaks as they appear on
GC. e Formation of another pair of diastereoisomers is presumably due to
partial epimerization of the starting ketone1f at 60°C. f Contains 8% TMS-
enol. g Contains4% TMS-enol.h Contains14% of 1-4 addition product.
i Contains 5% of 1-4 addition product.

TABLE 2. Isolated Yields (%) for the Preparation of Trilakylsilyl
Derivatives 3-5a

a Experimental procedure as given in the Experimental Section.b Dis-
tribution of diastereoisomers [%:%].c Reaction performed on 1 mmol scale
and purified by semipreparative HPLC.
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DMSO with hexane followed by filtration through a short pad
of silica gel. The trialkylsilyl derivatives3-5 were further
purified by column chromatography or distillation to obtain this
grade of purity.

The parent ketone cyanohydrins are smoothly liberated from
the TMS derivatives2 using aqueous HF in MeOH (Scheme
2).

DMSO proved to be crucial for activating our Lewis acid/
base free cyanosilylation system. The reaction was extremely
slow when performed in another dipolar aprotic solvent, DMF.12

To account for the unique role of DMSO and shed light on the
reaction mechanism, we carried out a comparative kinetic study
on the conversion of acetophenone1a into the TBDMS
derivative4a.

When TBDMSCN was used as a sole cyanide source (no
NaCN added) no reaction could be observed, even in combina-
tion with TBDMSCl. This result demonstrates the crucial
importance of free cyanide in inducing the observed cyanosi-
lylation in DMSO.13 TBDMSCl is found to react with NaCN
to form TBDMSCN, the reaction rate being comparable with
that of the cyanosilylation of the ketone1a. Parallel formation
of TBDMSCN effectively reduces the concentration of free
cyanide anions in the reaction medium. For this reason, a
significant decrease in the reaction rate was observed when
NaCN was used in equimolar amount with reference to
TBDMSCl (1.2:1.2 ratio) when compared to the original ratio
of TBDMSCl to NaCN of 1.2:2. The pivotal role of the free
CN- was further substantiated by the fact that the reaction rate
increased when TBDMSCN was used as the trapping agent for
the putative cyanoalcoholate (TBDMSCN to NaCN ratio of 1.2:
2). Indeed, upon silylation with TBDMSCN, the concentration
of free cyanide is maintained throughout the course of the
reaction.

Thus, to account for the above observations, we suggest a
two-step reaction pathway including addition of highly nucleo-
philic CN- in DMSO across the CdO bond of the ketone at a
rate-determining step followed by silylation of the intermediate
tertiary sodium cyanoalcoholate with chlorotrialkylsilane or in
situ formed cyanotrialkylsilane.

Despite the above kinetic evidence, we were unable to detect
the putative tetrahedral intermediate, the cyanoalcoholate anion,
in the mixture of acetophenone and NaCN by NMR in DMSO-
d6 at 60 °C (Scheme 3, see also Figure 1 in Supporting
Information).

This result confirms that despite significantly enhanced
nucleophilicity of naked cyanide in DMSO, the equilibrium

between ketones and the tertiary cyanoalcoholates anions
remains essentially unaltered. It lies to such an extent on the
side of the starting material (Scheme 3) that the intermediate
cannot be detected by standard NMR techniques. However,
although thermodynamically only minute quantities of alcoholate
are formed, the kinetics of the uncatalyzed equilibrium are such
that they do not limit the synthesis of the protected cyanohydrins.

In conclusion, the cyanosilylation protocol described herein
enables the most general synthesis of racemic silyl protected
cyanohydrins known to date, applicable to a wide range of
ketones and trialkylsilyl protecting groups. The method is
simple, robust, cost-effective, and safe since it requires neither
catalysis nor expensive and potentially hazardous silyl cyanides.

Experimental Section

General Method A. To a solution of sodium cyanide (20 mmol)
in dry DMSO (10 mL) at 60°C under inert atmosphere was added
the carbonyl compound (10 mmol). The mixture was stirred for 5
min at this temperature, and the trialkylsilyl chloride (12 mmol)
was added dropwise at 60°C. The reaction mixture was then stirred
at 60°C under inert atmosphere for 5 min (TMS, TES, and TBDMS
derivatives) or 10 min (TIPS derivatives). The DMSO phase was
extracted with hexane (3× 15 mL), and the combined hexane
phases were cooled in an ice bath to separate residual DMSO. After
evaporation of the solvent the residue was filtered through a short
pad of silica using hexane as eluent. The solvent was then removed
under reduced pressure to give the TMS derivatives in good purity
(>98%). Other derivatives were further purified by column
chromatography or distillation.

General Method B.To a solution of sodium cyanide (20 mmol)
in dry DMSO (10 mL) at 60°C under inert atmosphere was added
dry hexane (10 mL). An initial amount of trialkylsilyl chloride (3
mmol) was added to the stirred mixture at 60°C under inert
atmosphere followed immediately by dropwise addition of a solution
of the carbonyl compound (10 mmol) and trialkylsilyl chloride (12
mmol) in hexane (5 mL). The reaction was allowed to proceed for
5 min at this temperature. The reaction mixture was then treated
as described in general method A.

General Method C. A solution of sodium cyanide (30 mmol)
in dry DMSO (15 mL) under inert atmosphere was heated gently
with a heat gun to ensure saturation and the mixture was allowed
to cool to rt. The respective trialkylsilyl chloride (20 mmol) was
added to the thick mixture at rt, and stirring was continued for 1
min (TMS and TES derivatives) or 15 min (TBDMS and TIPS
derivatives). The carbonyl compound (10 mmol) was then added
slowly at rt under inert atmosphere and the mixture was stirred for
30 min under these conditions. The reaction mixture was then
treated as described in general method A.

General Method for the Deprotection of TMS Derivatives 2.
To a solution of TMS-protected cyanohydrin in methanol (1 mmol/
mL) was added commercial 48% aqueous solution of HF (2 equiv)
and the reaction was stirred at ambient temperature. Toward the
end of the reaction (NMR monitoring), the mixture was diluted
with water and extracted with CH2Cl2. The combined organic layers
were dried over MgSO4, and the solvent was removed under
reduced pressure to give the corresponding cyanohydrin. TMS-
acetophenone cyanohydrin2a was deprotected according to this

(12) The reaction did not gain appreciable acceleration when DMSO was
used as an additive in DMF/DMSO 9:1 mixture.

(13) It rules out an alternative mechanism that would involve nucleophilic
catalysis by DMSO. The activation of a silyl group or a cyanoformate by
coordination with the DMSO-oxygen was indeed suggested for the
silylation of alcohols, and the cyanocarboxylation of aldehydes in DMSO
respectively, see: (a) Watahiki, T.; Matsuzaki, M.; Oriyama, T.Green Chem.
2003, 5, 82-84. (b) Watahiki, T.; Ohba, S.; Oriyama, T.Org. Lett.2003,
5, 2679-2681. (c) Iwanami, K.; Hinakubo, Y.; Oriyama, T.Tetrahedron
Lett. 2005, 46, 5881-5883. However,O-nucleophilic tertiary amine
N-oxides are well-known to catalyze addition of TMSCN to both aldehydes
and ketones.3a

SCHEME 2. Ketone Cyanohydrins by Deprotection of the
TMS Derivatives 2

SCHEME 3. Equilibrium between the Parent Carbonyl
Compound and the Tetrahedral Cyanoalcoholate in the
Presence of NaCN in DMSO-d6
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procedure within 2 h, and acetophenone cyanohydrin was obtained
in 99% yield and excellent purity (NMR) without further purifica-
tion.
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