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Abstract: An efficient method for one-pot three-component sol-
vent-free cyanoaroylation of aldehydes using potassium hexacy-
anoferrate(Il) as an environmentally benign cyanide source and
triethylamine as a catalyst has been described. This method has ad-
vantages of not using strongly toxic cyanating agents and volatile
organic solvents. In addition, the product was obtained in high yield
using a simple workup procedure.
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Acylated cyanohydrins are important synthetic targets
due to their use as insecticides' and as precursors to many
useful classes of organic compounds.? Acylated cyanohy-
drins are generally synthesized by cyanoacylation of car-
bonyl compounds using HCN,®> NaCN,* TMSCN,’
(R,N),BCN,® cyanoformate,’” acetone cyanohydrin,® and
acyl cyanide’ as cyanide sources. However, these cyanat-
ing agents are strongly toxic and hazardous which render
the nucleophilic additions of carbonyl compounds unsafe
and environmentally unfriendly. Therefore, there is a need
to explore environmentally friendly cyanating agents for
the addition reactions of carbonyl compounds.

Potassium hexacyanoferrate(Il), K,[Fe(CN)¢], is nontoxic
and is even used in the food industry for metal precipita-
tion. In addition, it has been described as an antiaggluti-
nating auxiliary for table salt (NaCl). K,[Fe(CN)] is a by-
product of coal chemical industry, and commercially
available on a ton scale and is even cheaper than KCN.
Very recently, K,[Fe(CN),] has been shown to be an effi-
cient cyanide source for the cyanation of halogenated are-
nes and aroyl chlorides to prepare benzonitriles'® and
aroyl cyanides.!! However, these reported reactions for
the use of K,[Fe(CN),] as a cyanating agent were all sub-
stitution reactions. No examples have been reported for
addition reactions, especially for the cyanation addition of
carbonyl compounds.

In this paper, we would like to report an efficient method
for one-pot three-component cyanoaroylation of alde-
hydes using K,[Fe(CN)4] as an environmentally friendly
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cyanide source and as a nucleophilic addition reagent un-
der solvent-free conditions.

In order to explore the application of K,[Fe(CN)y] as an
environmentally friendly cyanating agent for the nucleo-
philic addition reactions, the three-component reaction of
benzoyl chloride, K,[Fe(CN),] and benzaldehyde was in-
vestigated. Various reaction conditions, including the cat-
alysts, solvents, reaction temperature and the reactant
mole ratios, were studied. Firstly, many catalytic systems
were tried out for the model reaction (Table 1). It was
found that some metal salts (Table 1, entries 3—11), Lewis
acids (Table 1, entries 12 and 13) and phase-transfer cata-
lysts (Table 1, entries 14-16) had no obvious activities for
the reaction. However, triethylamine was found to be an
efficient catalyst for the reaction (Table 1, entries 17-19).
The reaction was also tested using DMF, NMP, DMSO,
THF, CH,Cl,, CHCI;, or toluene as solvent, and it was
found that DMF and NMP could be used as solvent for the
reaction in the presence of triethylamine as a catalyst.
However, the best yield was obtained under solvent-free
conditions (Table 1, entry 19).

The temperature effect also is an important factor for the
reaction. A suitable temperature should be favored to the
decomposition of K,[Fe(CN),] and release of cyano
groups from the iron complex because it is quite stable.
Many tests showed that benzoyl chloride first reacted with
K4[Fe(CN),] at 160 °C, then the mixture further reacted
with benzaldehyde, catalyzed by triethylamine at room
temperature. These were the optimal conditions.

The effect of reactant ratios on the yield of cyanoaroyla-
tion of benzaldehyde was also examined. It was found that
when the mole ratio of benzoyl chloride, potassium
hexacyanoferrate(Il) and benzaldehyde was 5:1:5, the ad-
dition product could be obtained in high yield. This indi-
cated that all cyano groups in K,[Fe(CN)¢] could be
readily utilized in this reaction.

6} CN O

0}
J\ + Ky[Fe(CN)g] + RZJ\ EtaN (10 mol%) )\ )I\

R1 H cl  solvent-free =Y o) R2

Scheme 1 Cyanoaroylation of aldehydes using K,[Fe(CN)¢] as
cyanide source
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Table 1 The Effect of Catalysts and Solvents on the Yield of Cyanobenzoylation of Benzaldehyde*

CN O
(0] (0]
Ho o+ KdFeCN)K  + o =8 °

Entry Catalyst Solvent Yield (%)®

1 none none 0

2 none DMF 0

3 CuCl DMF 0

4 Cul DMF 10

5 ZnCl, DMF 26

6 Znl, DMF 32

7 NiCl, DMF 34

8 Nil, DMF 20

9 AgCl DMF 35
10 Agl DMF 40
11 Pd(OAc), DMF 55
12 BiCl, DMF 53
13 AlCl, NMP 47
14 18-crown-6 DMF 38
15 PEG-400 NMP 52
16 Et,NI DMF 33
17 EuN DMF 78
18 EN NMP 75
19 EtN none 89

* Reaction conditions: benzoyl chloride (15 mmol), potassium hexacyanoferrate(Il) (3 mmol) and benzaldehyde (15 mmol).

b Isolated yield.

To explore the generality and scope of this reaction, rep-
resentative aldehydes and acyl chlorides as substrates
were examined (Scheme 1, Table 2).'> Not only aromatic
aldehydes (Table 2, entries 1-14) but also aliphatic alde-
hydes (Table 2, entries 19-23) were smoothly reacted un-
der the reaction conditions to give the corresponding
products. Methoxy, methyl and chloro groups on aromatic
rings of various aromatic aldehydes were tolerated under
this condition. Aromatic heterocyclic aldehyde, furfural-
dehyde, was also active for the cyanoaroylation (Table 2,
entries 15-18). Various aroyl chlorides, such as chloro-,
bromo- and methyl-substituted benzoyl chlorides, were
good substrates for the reactions to give the corresponding
products in high yield. In addition, furoyl chloride was
also converted into the corresponding products without
difficulty.

A plausible mechanism, similar to that proposed by
Deng'3 and Shi,” is shown in Scheme 2. We suppose that

aroyl chloride first reacts with K,[Fe(CN)] to afford aroyl
cyanide, which could be isolated and identified,'* then
aroyl cyanide is activated by a nucleophilic attack by Et;N
to form the corresponding intermediate A, which reacts
with aldehyde to give the cyanoalkoxide intermediate B.
Then, intramolecular nucleophilic attack of the cy-
anoalkoxide on the carbonyl group in intermediate B pro-
duces the final O-aroyl cyanohydrin ester C and
regenerates the Et;N catalyst.

In conclusion, an efficient method for the one-pot three-
component cyanoaroylation of aldehydes using potassium
hexacyanoferrate(Il) as an environmentally friendly cya-
nide source and triethylamine as catalyst under solvent-
free conditions has been developed. The major advantages
of this method are no use of strongly toxic cyanating
agents, no use of volatile organic solvents, high yield, and
simple workup procedure.
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Table2 Cyanoaroylation of Aldehydes Using K,[Fe(CN),] as Cya-
nide Source®

0} (o} CN O

J\ EtsN (10 mol%)
K,[Fe(CN “soventires ¢
R g+ KdFe(CN)e] + H2J\C| solvent-free R O R

Entry Product?’ Time (h) Yield (%)°
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Table2 Cyanoaroylation of Aldehydes Using K,[Fe(CN),] as Cya-
nide Source? (continued)

o} [0} CN O

EtaN (10 mol%)
J Kq[Fe(CN “solventfree
g~ >y + KdFe(CN)gl + RZJ\CI solvent-free R O R?

Entry  Product' Time (h) Yield (%)°

MeO CN O

Cl CN O
14 ©)\O)© 5 72
CN O
15 x o 4 87
\ O
CN O
16 ~ o 5 75
\ O
CN O
17 = o 5 78
\ O
CN O
18 ~ 0 5 73
\ O
Br
CN O
19 \)\O 4 69
CN O
20 \)\O 5 66
Br
CN O
21 6 71
\)\OJ\(/E
O
CN O
22 /\)\O 5 68
CN O
B~ )K(/j’ 5 61

O

* All products were characterized by comparison of their melting
points or boiling points, IR, and 'H NMR spectra with those of au-
thentic samples.

® Yields refer to isolated products.
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Scheme 2 Proposed mechanism of Et;N-catalyzed cyanoaroylation
of aldehydes using K,[Fe(CN),] as cyanide source
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