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Abstract: A new uncatalyzed method for the preparation of cyano-
hydrin O-alkyl ethers was developed using the high-pressure-
promoted reaction of acetals with trimethylsilyl cyanide in nitro-
methane.
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Cyanohydrins and their trimethylsilyl ether derivatives
are known to be versatile intermediates in organic synthe-
sis because they are convenient precursors for the prepa-
ration of a-hydroxy acids, b-amino alcohols, and related
molecules.2 In general, these compounds are prepared by
the reaction of trimethylsilyl cyanide (TMSCN) or its
analogues with carbonyl compounds in the presence of
various Lewis acid or Lewis base catalysts. On the other
hand, cyanohydrin O-alkyl ethers are obtained from ace-
tals and TMSCN with the assistance of Lewis acids such
as TiCl4, SnCl4, BF3·OEt2, and TMSOTf,3 since acetals
are normally inert toward nucleophilic substitution under
basic or neutral conditions. However, in view of the im-
portance of an environment-friendly non-metal-catalyzed
synthesis, there is a growing need for the development of
new catalyst-free approaches to the transformation of
acetals into the corresponding cyanohydrin O-alkyl ether
derivatives.4

In connection with our ongoing projects to incorporate
high pressure reactions into new synthesis protocols,5 we
anticipated that acetals could react with a cyanide nucleo-
phile without the use of any catalysts or additives. This
stems from the fact that bond formation and ionization
both have a large negative activation volume.6 Herein we
describe the realization of this expectation in the addition
reaction of TMSCN to acetals.

To test the feasibility of the above strategy, we first exam-
ined the reaction of benzaldehyde dimethyl acetal (1a)
with TMSCN (1.2 equiv) at 0.8 GPa and 60 °C in various
organic solvents. As shown in Table 1, there is a strong
solvent effect. While the use of common less-polar sol-
vents including THF, Et2O, and CH2Cl2 gave no product
(entries 1–3), in acetonitrile the desired phenylacetonitrile
2a was formed in 54% yield (entry 4).7 To our delight,
when nitromethane was used as the solvent, the reaction

went to completion with a nearly quantitative yield (entry
6). On the other hand, when the reaction was conducted in
DMF or DMSO, considerable decomposition of 1a was
observed (entries 11 and 12).

As expected, the reaction was highly dependent on both
pressure and temperature: pressures above 0.8 GPa and
temperatures above 60 °C are both necessary to achieve
synthetically useful results (entries 5–10).

The basis of the dramatic effect of nitromethane in this
cyanation is unclear at present. However, it is conceivable
that an increase in pressure may strongly intensify the
charge density at the oxygen atoms of nitromethane,
which acts as a dual anchor to assemble each component
via coordination with the silicon atom, thereby increasing

Table 1 Cyanation of Benzaldehyde Dimethyl Acetal 1 under 
Various Conditionsa

Entry Solvent Pressure 
(GPa)

Temp 
(°C)

Yield 
(%)b

Recovery 
of 1a (%)b

1 THF 0.8 60 0 93

2 Et2O 0.8 60 0 90

3 CH2Cl2 0.8 60 0 90

4 MeCN 0.8 60 54 39

5 MeNO2 0.8 60 94 0

6 MeNO2 0.6 60 48 50

7 MeNO2 0.4 60 23 74

8 MeNO2 0.2 60 0 95

9 MeNO2 0.8 50 56 42

10 MeNO2 0.8 40 38 60

11c DMF 0.8 60 22 34

12c DMSO 0.8 60 0 77

a All reactions were conducted in the listed solvent (ca. 1.2 mL) using 
1a (1.0 mmol) and TMSCN (1.2 mmol).
b Determined by GC analysis of the crude reaction mixture using 
n-pentadecane as an internal standard.
c Considerable amount of unidentified by-products was formed.
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the nucleophilicity of TMSCN8,9 and stabilizing an oxo-
carbenium ion intermediate through electrostatic inter-
action (Scheme 1).

With the optimal conditions in hand, we then examined a
variety of acetals to establish the general utility of this
transformation (Table 2).10 All reactions were performed
at 0.8 GPa in nitromethane. Cyclic acetals 1b and 1c re-
acted smoothly with TMSCN to afford 2b and 2c in high
yields (entries 1 and 2). The difference in the reactivity of
several para-substituted benzaldehyde acetals 1d–f
clearly reflects the relative stability of the intermediate
oxocarbenium ions (entries 3–5).11 Acetals 1g and 1h also
showed adequate reactivity, and provided 2g and 2h,

Table 2 Cyanation of Acetals with TMSCN under High Pressurea

Entry Substrate Temp (°C) Time (h) Product Yield (%)b

1

1b

60 24

2b

85

2

1c

60 24

2c

89

3

1d

60 9

2d

100

4

1e

60 20

2e

99

5

1f

80 24

2f

80

6

1g

60 20

2g

97

7

1h

60 20

2h

96

8c

1i

80 24

2i

39

9c

1j

80 24

2j

46

a All reactions were performed at 0.8 GPa in MeNO2 (ca. 1.2 mL) using acetal 1 (1.0 mmol) and TMSCN (1.2 mmol).
b Isolated yield.
c Considerable decomposition of the starting material was observed.
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respectively, in excellent yields (entries 6 and 7). Com-
pared with these substrates, aliphatic acetals such as 1i
and 1j were resistant to cyanation under these conditions,
and 2i and 2j were produced in somewhat lower yields
(entries 8 and 9).

The present method was also effective for the cyanation of
ortho esters (Scheme 2).12 When 3 and 5 were each treated
with TMSCN in nitromethane at high pressure, the corre-
sponding monocyanides 4 and 6 were obtained in essen-
tially quantitative yields. These products were quite stable
under these conditions, and no bis-cyanation occurred
even with the use of excess TMSCN.

Scheme 2

In conclusion, we have developed a new direct method for
the cyanation of acetals to cyanohydrin O-alkyl ethers us-
ing a TMSCN/nitromethane system under high pressure.
Notably, this reaction can be performed under completely
uncatalyzed and essentially neutral conditions, and should
be useful for preparing cyanohydrin derivatives in a quite
simple manner. Further studies to extend the scope of this
reaction are now in progress.
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TMSCN (1.2 equiv)

0.8 GPa, 60 °C, 24 h
MeNO2

OMe

OMe
OMe

TMSCN (1.2 equiv)

0.8 GPa, 60 °C, 24 h
MeNO2
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OMe
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3 4 (96%)

5 6 (94%)
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