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An efficient, mild and environmentally friendly method has been developed for the Strecker reaction to
synthesize a-aminonitriles in the presence of K,PdCl, as a catalyst. The three-component one-pot con-
densation of an aldehyde, amine and trimethylsilyl cyanide proceeded smoothly in water to afford the
corresponding product in high yield with short reaction times.
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1. Introduction

In recent times organic reactions in aqueous media have re-
ceived high priority in view of green methodology.! The use of
water is also preferred due to its abundance, being economical
and also due to its highly polar nature. Sometimes it shows higher
reactivity and selectivity compared to other conventional organic
solvents due to its strong hydrogen bonding ability.? The use of
water in multicomponent organic reactions is also of great interest.
The Strecker reaction? is one of the most important multicompo-
nent reactions in organic chemistry for the one-pot synthesis of
o-aminonitriles. They serve as efficient precursors for the synthesis
of natural and unnatural o-amino acids and different nitrogen con-
taining heterocycles.? They are also very effective intermediates for
the preparation of different diamines, amides and pharmaceuti-
cals.’> The o-amino acids have gained immense importance due
to their significant biological activities.

The Strecker reaction provides an important method for the
synthesis of these a-amino acids and their analogues. One of the
popular methods involves the nucleophilic addition of cyanide an-
ions to imines.> A number of cyanating agents have been utilized
in this process, viz., alkaline cyanides,® Et,AICN,” BusSnCN, (EtO),.
POCN® and acetone cyanohydrin.!® However, most of them are found
to be hazardous and special caution has to be taken during their use.
It has been observed that the use of Me3SiCN could overcome all
those problems as it is safe to handle and is an effective cyanide
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source.!’ Many of the catalysts used as a promoter in this reaction
are either moisture sensitive or take longer reaction time, involve te-
dious work-up and generate toxic byproducts.'? In continuation of
our studies in developing simple methodologies following green
protocol,' we report herein the use of K,PdCl, for one-pot three-
component condensation of amine, aldehyde and trimethylsilyl
cyanide in water for the expeditious synthesis of a-aminonitriles
(Scheme 1). The synthetic use of K,PdCl, in multicomponent organic
reactions has not been very common. This has prompted us to apply
this catalyst in the Strecker synthesis. The reactions were observed
to be completed within several minutes with high yield of
o-aminonitriles.

2. Results and discussion

A very simple methodology has been followed in our protocol.
In this synthesis, a mixture of aryl aldehyde, aryl or aliphatic amine
and TMSCN was stirred in water in the presence of K,PdCls. The
progress of the reaction was checked by TLC and after work-up
the corresponding o-aminonitriles were obtained in excellent
yields. The reaction between benzaldehyde, aniline and TMSCN
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Scheme 1. Strecker synthesis of o-aminonitriles.
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Table 1
Standardization of the catalytic conditions in Strecker reaction®
Entry K;PdCl, (mol %) Time (h) Yield® (%)
1 0 12 <5
2 5 8 84
3 10 0.5 95
4 20 15 min 97
5 30 15 min 98

@ Reaction condition: 1.0 mmol benzaldehyde, 1.0 mmol aniline, 1.3 mmol TMSCN,
room temperature stirring in water.
b Isolated yield.

was chosen as a probe to evaluate the catalytic activity of K,PdCl,
(Table 1). An increase in the quantity of the catalyst up to 30 mol %
not only increased the yield but also reduced the reaction time.
Considerably, our studies clearly indicate that even 10 mol % of
K,PdCl, was sufficient to catalyze the reaction efficiently to pro-
duce high yield (95%) within very short reaction time. Therefore,
the catalyst loading was optimized to 10 mol % for further reac-
tions. It seems noteworthy to mention that the reaction was not
successful in the absence of the catalyst. A screening of the sol-
vents was also carried out under similar reaction conditions. Sol-
vents such as dichloromethane, toluene, THF, acetonitrile,
ethanol and water were used to study the reaction. The results
have been summarized in Table 2. The yields of the reactions in
ethanol and acetonitrile were comparable to that in water but in
an aqueous medium the reaction was much faster. This could be
due to the high polarizability and amphoteric nature of water.'

On establishing optimum conditions, a series of a-aminonitriles
were synthesized by using different aldehydes and amines using
TMSCN in the presence of K;PdCl, in water in order to prove the
scope and generality of our method.'® Most of the aldehydes re-
acted efficiently with aniline and TMSCN in water in the presence
of the catalyst to furnish the corresponding product in good to
excellent yield (73-95%). The results are summarized in Table 3.
A variety of substituted aromatic aldehydes were used and all of
them furnished good results. Acid sensitive heterocycles like furfu-
ral and pyridine-2-carboxaldehyde and unsaturated aldehyde like
cinnamaldehyde also produced excellent yields without affecting
any other functionality.

Encouraged by the above-mentioned results we continued our
exploration of the Strecker synthesis by treating various amines
with benzaldehyde and TMSCN under similar reaction conditions.
Different aromatic and aliphatic amines were used in the reaction
and they underwent efficient coupling with benzaldehyde and
TMSCN as shown in Table 4. We observed that the reaction rates
were comparable for both aromatic and aliphatic amines. Cyclic
amines like pyrrolidine and piperidine also produced high yields
in short time.

The protocol devised by us did not require any other additives
to promote the reaction. The reactions were carried out at ambient
condition in open atmosphere. K,PdCl, acts as efficient Lewis acid
to furnish the formation of imines by condensation of aldehyde

Table 2
Screening of solvents using 10 mol % K,PdCl,*
Entry Solvent Time (h) Yield® (%)
1 Dichloromethane 8 68
2 Toluene 12 52
3 THF 8 47
4 Acetonitrile 2 88
5 Ethanol 2 91
6 Water 0.5 95

2 Reaction condition: 1.0 mmol benzaldehyde, 1.0 mmol aniline, 1.3 mmol TMSCN,
room temperature stirring.
b Isolated yield.

Table 3
One-pot synthesis of o-aminonitriles with various aromatic aldehydes in water®
Ar CN
ArCHO + PhNH2 + TMSCN
NHPh
la-n 2a 3a-n
Entry Aldehyde Product Time (h) Yield® (%)
CHO
1 ©/ 3a 0.2 95
CHO
2 /©/ 3b 0.5 92
O,N
CHO
3 ©/ 3c 05 86
NO,
CHO
4 /©/ 3d 0.5 91
Cl
CHO
5 /©/ 3e 1.0 88
Me’
CHO
6 /©/ 3f 0.7 89
MeO
CHO
7 ©/ 3g 1.0 86
OMe
CHO
8 /©/ 3h 1.0 83
HO
CHO
9 3i 1.5 75
HO
OMe
CHO
10 3j 0.7 89
MeO
OMe
MeO CHO
11 3k 0.5 90
MeO
OMe
12 Q\CHO 31 0.5 96
| X
13 = 3m 1.0 88
N CHO
X _~CHO
14 3n 1.0 80

2 Reaction condition: 1.0 mmol aldehyde, 1.0 mmol aniline, 1.3 mmol TMSCN,
10 mol % K,PdCl,, room temperature stirring.
b Isolated yield.

and amine. The activated imine reacts with TMSCN to generate
the desired product. No silylated cyanohydrins were observed to
be formed. So, this methodology could be regarded as one of the
better methods for Strecker reaction in a single step.
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Table 4
One-pot synthesis of a-aminonitriles with various amines in water?
Ph CN
PhCHO + RNH2 + TMSCN
NHR
la 2a-i 4a-i
Entry Amines Product Time (h) Yield® (%)
NH,
1 ©/ 4a 0.5 95
NH,
2 ©: 4b 0.5 84

NH,
5 4e 1.0 88
Br
NH,
6 O/ af 12 80
7 [N] ag 1.0 85
H
8 O 4n 1.0 88
N
H
9 N 4i 0.75 78

¢ Reaction condition: 1.0 mmol benzaldehyde, 1.0 mmol amine, 1.3 mmol
TMSCN, 10 mol % K,PdCly, room temperature stirring.
b Isolated yield.

3. Conclusion

In summary, we have developed an efficient and clean protocol
employing catalytic amount of K,PdCl, for the one-pot synthesis of
o-aminonitriles. The reaction is completed within a very short time
with excellent yields of the product. This methodology does not in-
volve the use of hazardous chemicals and it is carried out in an
aqueous medium satisfying the green chemistry criteria.
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