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Abstract—A variety of cyanohydrin carbonates were readily prepared from aldehydes with cyanoformate in DMSO using no

catalyst in a convenient one-pot procedure.
© 2005 Elsevier Ltd. All rights reserved.

Cyanohydrins are known as a most versatile synthetic
intermediate.! O-protected cyanohydrin derivatives have
also attracted the interest of organic chemists and several
synthetic methods for their preparation have been
reported.>* Quite recently, we demonstrated a convenient
one-pot synthesis of cyanohydrin alkyl ethers directly
from aldehydes with trimethylsilyl cyanide and alkoxy-
trimethylsilane under the influence of a catalytic amount
of iron(Ill) chloride.’> For cyanation of aldehydes,
cyanotrimethylsilane (TMSCN) is a commonly used re-
agent, because it is safer and easier to handle than hydro-
gen cyanide. Alkyl cyanoformate is another candidate as
cyanating agent of aldehydes for preparation of cyano-
hydrin carbonates.®® Generally, carbonates are less sus-
ceptible to hydrolysis than esters because of the
resonance effect of the second oxygen, and they have use-
ful tunability of the cleaving procedure by the properties
of the second alkyl substituent moiety.® Although cyana-
tion with cyanoformate is a very efficient method to yield
cyanohydrin carbonates, base catalysts such as potas-
sium carbonate,®® diisopropylamine,®® 1,4-diazabicy-
clo[2.2.2]octane®® or tributyltin cyanide’ are required as
an activator. On the other hand, our previous investiga-
tions documented the silylation of alcohols with trialkyl-
silyl chloride in DMSO-hexane without a catalyst'® and
the cyanobenzoylation of aldehydes with benzoyl cya-
nide in DMSO using no catalyst.!! These reactions pro-
ceed via activation of the agents by coordination of the
DMSO oxygen atom to the silicon atom of trialkyl silyl
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chloride or the carbonyl carbon atom of acyl cyanide.
On the basis of this background, herein, we wish to re-
port cyanation of aldehydes using alkyl cyanoformates
in DMSO without a catalyst.

In the first place, we undertook to examine the prepara-
tion of cyanohydrin carbonates from aldehydes in
DMSO. A mixture of benzaldehyde and methyl cyano-
formate in DMSO was stirred at room temperature for
3 h, and the desired product 1, a-(methoxycarboxy)phen-
ylacetonitrile, was obtained in 43% yield (Table 1, Run

Table 1. The effect of dehydrating agents®

NCCO,Me 0OCO,Me OH
RCHO +
MS 4A, DMSO R™ 'CN R™ "CN
1 2
Run RCHO Dehydrating Yield of Yield of
agents 1° %) 2° %)

1 PhCHO None 43 17
2 MS 4A (150 mg) 73 0
3 MS 3A (150 mg) 72 0
4 MS SA (150 mg) 41 6
5 MgSO, (150 mg) 44 4
6 MS 4A (30mg) 70 0
7 MS 4A (10mg) 77 0
8 MS 4A (5mg) 43 0
9 PhCH,CH,CHO None 63 34
10 MS 4A (150 mg) 80 0
11 MS 4A (120mg) 96 0
12 MS 4A (60 mg) 91 3

# All reactions were performed using aldehyde (0.3 mmol) and methyl
cyanoformate (0.36 mmol) at rt for 3 h.
®Isolated yield of purified product.
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1). However, free cyanohydrin 2 was also obtained
in 17% yield simultaneously, because the intermediate
cyanohydrin alkoxide anion might be hydrolyzed by a
trace amount of water in the reaction mixture. There-
fore, to prevent the hydrolysis of the cyanation interme-
diate, the reaction was carried out in the presence of a
dehydrating agent. When the reaction (0.3 mmol scale)
was performed in the presence of 150 mg of molecular
sieves (MS) 4A, cyanation was achieved efficiently and
the formation of 2 was not observed (Run 2). Although
using MS 3A also yields the desired 1 (Run 3), MS 5A
and MgSO, were not effective for this transformation
(Runs 4 and 5), and a small amount of free cyanohydrin
2 was detected as a side product. Finally, we found that
using 10 mg of MS 4A for benzaldehyde (Run 6), and
using 120 mg of MS 4A for 3-phenylpropionaldehyde
gave the best result (Run 11).

Moreover, we ascertained the most suitable solvent for
this cyanohydrin carbonate synthesis to be DMSO.
DMF and CH;CN gave lower yield (57% and 40%,
respectively), and CH,Cl, and toluene gave none of
the desired cyanohydrin carbonate.

The reaction was carried out under optimal reaction
conditions with various aromatic and aliphatic alde-
hydes as shown in Table 2.!? Substituted benzaldehyde
with an electron-donating group, tolualdehydes, the cor-
responding cyanohydrin carbonates could be obtained
in good yields (Runs 2-4). In the case of substituted
benzaldehyde with an electron-withdrawing group, 4-
bromobenzaldehyde and 4-methoxycarbonylbenzalde-
hyde also gave the corresponding carbonates in 88%
and 77% yield, respectively (Runs 5 and 6), and the ester
function is tolerated under these reaction conditions
(Run 6). Starting from 1- and 2-naphthaldehyde, the
desired products were obtained quantitatively. Simi-
larly, aliphatic aldehydes afforded the desired products

Table 2. Synthesis of cyanohydrin carbonates from various aldehydes®

NCCO,Me 0CO,Me
RCHO
MS 4A, DMSO R™ CN
Run RCHO Temp  Time (h)  Yield® (%)
1 PhCHO rt 6 80
2 2-MeCgH,CHO 60 °C 9 83
3 3-MeC¢H,CHO 60 °C 5 62
4 4-MeCgH4CHO 60 °C 12 71
5 4-BrC¢H,CHO rt 3 88
6 4-MeO,CC¢H,CHO 1t 2 77
7 1-Naphthaldehyde rt 120 97
8 2-Naphthaldehyde rt 2 97
9 PhCH,CH,CHO rt 1 96
10 n-BuCHO rt 1 80
11 PhCH(CH;)CHO 60 °C 19 87
12 cyclo-CgH;;CHO It 1 90
13 -BuCHO rt 3 83

# All reactions were performed using aldehyde (0.3 mmol) and methyl
cyanoformate (0.36 mmol) in the presence of 10 mg of MS 4A for
aromatic aldehydes (Runs 1-8) and 120 mg for aliphatic aldehydes
(Runs 9-13).

®Isolated yield of purified product.

Table 3. Synthesis of cyanohydrin carbonates from various cyanofor-
mates®

NCCO,R’ OCO,R’
RCHO
MS 4A, DMSO R™ "CN

Run RCHO NCCO,R’ Time Yield®
hy (%)

1 PhCHO NCCO,Bn 12 91

2 NCCO,CH,CH=CH, 3 100

3 NCCO,CH,CCl; 3 0°

4 PhCH,CH,CHO NCCO,Bn 1 73

5 NCCO,CH,CH=CH, 2 98

6 NCCO,CH,CCly 3 619

# All reactions were performed using aldehyde (0.3 mmol) and cyano-
formate (0.36 mmol) at rt in the presence of 10 mg of MS 4A for
benzaldehyde (Runs 1-3) and 120 mg for 3-phenylpropionaldehyde
(Runs 4-6).

®Isolated yield of purified product.

©No reaction was occurred.

939% of free cyanohydrin was obtained.

in good to high yields (Runs 9-13). Especially, sterically
hindered pivalaldehyde gave successfully the corre-
sponding product in 83% yield (Run 13).

Furthermore, this reaction was similarly effective for
various cyanoformates'® to give the corresponding car-
bonates as illustrated in Table 3. Particularly, allyl
cyanoformate gave the corresponding allyloxycarbonyl
derivative quantitatively (Runs 2 and 5).

A proposed mechanism of the present reaction is illus-
trated in Scheme 1. In the first step, DMSO would coor-
dinate to the carbonyl carbon atom of cyanoformate 3
to form a cationic species 4 and a cyanide anion. Next,
an aldehyde would be cyanated to afford a cyanohydrin
alkoxide anion 5. And then, attack of an anion 5 to the
carbonyl carbon of 4 would lead to the formation of the
desired cyanohydrin carbonate 6 and the regeneration of
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Scheme 1. Proposed reaction mechanism.
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NCCO,Me (1.2 equiv.)

Ph/\/CHO
DMSO-water (5:1)

t,7h

Scheme 2. Cyanation performed in the presence of water.

NCCO,Me (1.2 equiv.) OCO;Me
ph MO Ph CN
MS 4A (10 mg)
DMSO (0.5 equiv.) 83%
hexane, rt, 3 h

Scheme 3. Cyanation using 0.5 equiv of DMSO.

DMSO. In contrast, when the reaction was performed
without a dehydrating agent, an alkoxide 4 would be
hydrolyzed to form a free cyanohydrin (Table 1, Runs
1 and 9). When the reaction was performed in
DMSO-water (5:1), the corresponding free cyanohydrin
was produced in 72% yield (Scheme 2). In addition, to
clarify the regeneration of DMSO, we examined the
reaction of 3-phenylpropionaldehyde with methyl
cyanoformate in the presence of 0.5 equiv of DMSO in
hexane. And the expected product was obtained in
83% yield, as shown in Scheme 3.

In conclusion, we have developed an efficient and conve-
nient method for the synthesis of cyanohydrin carbonate
starting from a variety of aldehydes in DMSO. This
reaction has the following synthetic advantages: (1) in
contrast to the known cyanation of aldehydes using
cyanoformate, the present procedure needs neither a
base nor a metal catalyst, (2) various carbonate types
of a protecting group for the hydroxyl function are
obtained by using the corresponding cyanoformate, (3)
the atom economy is extremely high as almost all of
the reagent is consumed, (4) extremely mild reaction
conditions, and (5) experimental convenience. Further
investigations to broaden the scope and synthetic appli-
cations of this efficient and convenient cyanation are
under way in our laboratory.
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