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Various aldoximes and ketoximes were efficiently reduced to their corresponding amines with NaBH3;CN in
the presence of MoCls/NaHSO4-H,O system. Reduction reactions were carried out in refluxing EtOH or DMF
within 0.3-3.8 h to afford the amines in high to excellent yields.
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Introduction

During the past decades, sodium borohydride has played
an important role for the reduction of functional groups in
modern organic synthesis.' This reagent is a relatively mild
reducing agent and mostly used for the reduction of
aldehydes and ketones in protic solvents. In order to control
the reducing power of NaBH., hundreds of substituted boron
hydrides have been made and introduced in chemical liter-
ature and many of them are now commercially available.”
In fact, advances in such field have been realized by
replacement of one or more hydride with other substituents,
change of sodium cation to other metal, quaternary am-
monium and phosphonium cations, a concurrent cation and
hydride exchange, ligand metal borohydrides and finally
combination of the hydride transferring agents with metals,
metal salts, Lewis acids and solid supports.® In this context,
NaBH;CN carrying an electron withdrawing cyanide group
is a remarkable stable and selective reducing agent and has
been found many applications in organic synthesis.* It is also
well known that the reducing capability of NaBH3;CN in
reduction reactions is greatly depended to use low pH values
(3-4). In spite of the great convenience of NaBH3;CN in
synthetic organic chemistry, however, this reagent suffers
from harsh reaction conditions (strongly acidic media),
limitation to use acid-sensitive functional groups and
formation of some side products.

In line of the outlined strategies and our research interest
to develop mild and efficient protocols for sodium cyano-
borohydride reduction of functional groups in the absence of
Bronsted acidic media, herein, we wish to introduce a new
and convenient method for reduction of various aldoximes
and ketoximes to their corresponding amines with NaBH3;CN/
MoCls/NaHSO4-H,O system in refluxing EtOH or DMF
(Scheme 1).

NaBH;CN/MoClsy/NaHSO,-H,0
EtOH or DMF, reflux

Scheme 1
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Results and Discussion

Amines are important synthetic materials in organic and
medicinal chemistry and they have been widely used for
manufacturing of a large majority of dyes, photographic,
pharmaceutical and agriculture chemicals, antioxidants and
corrosion inhibitors.® So, the particular immense interest has
been devoted to the preparation of amines by many ways.'*¢
In this context, reduction of oximes to amines by boron
hydrides is one of the most important and easiest ways for
the preparation of amines."> The literature review shows that
the reduction of oximes with NaBH3CN has been rarely
studied. One of the studies shows that under acidic condi-
tions (pH 4), the reduction of ketoximes proceeds smoothly
to the corresponding N-alkylhydroxylamine with no trace of
the amine which would result from over reduction. The
reduction of aldoximes is very pH-dependent. When the
reduction is carried out at pH 4, the major product is the
dialkylhydroxylamine, while at pH 3 the major product is
the monoalkylhydroxylamine.” The combination system of
NaBH;CN with Lewis acids such as TiCl; has been also
reported for the reduction of oximes to amines.® However,
using air sensitive titanium trichloride, harsh and acidic
reaction conditions, and limitation to use the oximes which
their intermediate imines can be easily hydrolyzed during
the reduction are the major shortcomings of this protocol.

Recently, the combination system of NaBH3;CN/wet SiO,
has been successfully reported by our research group for the
efficient reduction of carbonyl compounds to the corre-
sponding alcohols under neutral and solvent-free condi-
tions.” This success encouraged us to investigate reduction
of oximes with NaBH3;CN in the absence of any acidic
conditions.

We preliminary examined reduction of benzaldehyde
oxime with NaBH3;CN in refluxing EtOH under neutral
conditions. The result showed that over the prolonged reac-
tion time, the reduction did not take place and benzaldehyde
oxime was completely recovered from the reaction mixture
(Table 1, entry 1). Next, we turned our attention to modify
the reducing capacity of NaBH3;CN by the combination with
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Table 1. Optimization experiments for reduction of benzaldehyde oxime with NaBH3CN under different conditions®

Entry Reaction components Molar ratio Solvent Time (h) Conversion (%)
1 Oxime/NaBH;CN 1:4 EtOH 3 0
2 Oxime/NaBH3CN/NaHSO4-H>O 1:4:3 EtOH 3 10
3 Oxime/NaBH3CN/MoCls 1:4:1 EtOH 10 80
4 Oxime/NaBH3CN/MoCls/NaHSO4-H,O 1:4:1:1 EtOH 2 90
5 Oxime/NaBH3CN/MoCls/NaHSO4-H,O 1:4:1:3 EtOH 0.3 100
6 Oxime/NaBH3CN/MoCls/NaHSO4-H,O 1:4:1:3 MeOH 0.3 100
7 Oxime/NaBH3CN/MoCls/NaHSO4-H,O 1:4:1:3 DMF 1.5 100
8 Oxime/NaBH3CN/MoCls/NaHSO4-H,O 1:4:1:3 CH;CN 5 50
9 Oxime/NaBH3CN/MoCls/NaHSO4-H,O 1:4:1:3 THF 5 70
10 Oxime/NaBH3CN/ZnCl,/NaHSO4-H,O 1:4:1:3 EtOH 5 0
11 Oxime/NaBH3CN/CoCl,:6H>O/NaHSO4-H,O 1:4:1:3 EtOH 5 10
12 Oxime/NaBH3;CN/SnCl>-2H,O/NaHSO4-H,O 1:4:1:3 EtOH 5 0
13 Oxime/NaBH3CN/MnCl,-4H,O/NaHSO4-H>O 1:4:1:3 EtOH 5 0
14 Oxime/NaBH3CN/NiCl,-6H>O/NaHSO4-H,O 1:4:1:3 EtOH 5 0
15 Oxime/NaBH3CN/CuCl/NaHSO4-H>O 1:4:1:3 EtOH 5 0
16 Oxime/NaBH3;CN/CeCl;-7H,0/NaHSO4-H.O 1:4:1:3 EtOH 5 0

“All reactions were carried out in 2 mL solvent under reflux conditions.

metal halides or solid inorganic weak acidic reagents such as
NaHSO4H,O. So, performing the reduction of benzaldehyde
oxime with NaBH3;CN in the presence of NaHSO4H>O or
MoCls showed that the efficiency of MoCls was higher than
NaHSO4-H,0O system. However, the reactions did not com-
plete and in contrast to the reported results,” benzylamine
was obtained as the sole product (Table 1, entries 2 and 3).

This fact and our serious demand to complete the reduc-
tion of benzaldehyde oxime with NaBH3;CN prompted us to
investigate the synergistic effect of MoCls and NaHSO4-H,O
as NaBH3;CN/MoCls/NaHSO4-H,O system on the titled
reaction. An examination showed that the later system was
dramatically accelerated the reduction of benzaldehyde
oxime to benzylamine in refluxing EtOH. Reaction condi-
tions were therefore optimized by performing a set of
experiments using various solvents, metal halides and molar
ratio of the reactants. The results of this investigation are
summarized in Table 1. As seen, using the molar ratio of
4:1:3 for NaBH3;CN, MoCls, and NaHSO4-H,O, respective-
ly, in refluxing MeOH, EtOH or DMF is the optimum
reaction conditions for the reduction of benzaldehyde oxime
(one molar equivalent) in a perfect efficiency (Table 1,
entries 5-7). We also found that the addition order of the
reaction components is very important. When a solution of
an oxime in ethanol or DMF was prepared, a solid mixture
of NaBH3;CN, MoCls and NaHSO4-H,O (prepared by simply
mixing of the physical form of the reagents) should be added
to the oxime solution. In this case the reaction afforded the
amine in excellent yield. However, in other cases the reac-
tion did not provide any satisfactory yield. In addition, an
examination with Litmus paper showed that the reaction
mixture had a little acidity character due to reaction
components. This condition in comparison to the normally
required strongly acidic conditions for NaBH;CN alone’ or
NaBH;CN/TiCl;* is very mild.

The utility of NaBH3CN/MoCls/NaHSO4H>O system

was further studied by reduction of structurally different
aldoximes to the corresponding primary amines at the
optimized conditions (Table 2). Reduction reactions were
carried out in refluxing EtOH or DMF to investigate the
effect of protic and aprotic solvents on the rate enhancement.
All reactions were carried out successfully under mild
conditions within 0.3-3.5 h in EtOH or 1-2.8 h in DMF to
afford the amines in excellent yields.

Reactivity of ketoximes to NaBH3;CN/MoCls/NaHSO4-H,O
system was also examined by reduction of acetophenone
oxime in refluxing EtOH or DMF. NaBH;CN in the pre-
sence of MoCls/NaHSO4H,O system and with the molar
ratio of 4:1:3, respectively, reduces one molar equivalent of
acetophenone oxime to a-methylbenzylamine in 92-93%
yield (Table 3, entry 1). The reducing capability of the
examined protocol was further explored by the reduction of
various ketoximes to the corresponding primary amines at
the optimized conditions (Table 3). All reactions were
carried out perfectly within 0.7-2.9 h to give the products in
high yields. More examinations resulted that the reduction of
o, B-unsaturated aldoximes and ketoximes with NaBH3;CN/
MoCls/NaHSO4H,O system was carried out regioselec-
tively in 1,2-reduction manner. Cinnamaldehyde, benzalace-
tone, benzalacetophenone, 2-hydroxybenzalacetophenone
and citral oximes are the oximes which were reduced
successfully to the corresponding allylic amines in refluxing
EtOH or DMF. The products were obtained in high to
excellent yields within 0.8-3.8 h (Table 4).

As summary, in this paper we have shown the perfect
capability of NaBH3;CN/MoCls/NaHSO4-H,O system for the
reduction of various aldoximes and ketoximes to the corre-
sponding amine. The reactions were carried out in refluxing
EtOH or DMF to give the products in high yields. Regio-
selective 1,2-reduction of o,B-unsaturated aldoximes and
ketoximes was carried out successfully with this reducing
system. Therefore, the enhanced reducing capacity of
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Table 2. Reduction of aldoximes with NaBH3CN/MoCls/NaHSO4H,O
system*
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Table 3. Reduction of ketoximes with NaBH3;CN/MoCls/NaHSO,-H,O
system*

DMF EtOH

Time Yield Time Yield
() (%)’ () (%)

Entry Substrate Product

DMF EtOH

Time Yield Time Yield
) %) () (%)

Entry Substrate Product

1 @CH=NOH ©CH2NH2 15 9 03 95
2 o(D)-crenon cr{(O)rcram, 24 94 2296

3 Cl CH=NOH CI CH,NH, 28 96 26 98

Cl
4 Me@CH=NOH Me@CHZNHZ 14 94 12 9%

5 MeO@CHzNOH Me CHNH, 13 94 L1 95

O

CHNH, 1 98 08 98

(@]
T
P4
o
I
T
o

=<
@
O.
<
I

CHNH, 1.1 95 09 94

of

CH=NOH

O

1l
P4
o
T
0
I

I
Z

97

-
Ore
8

CH=NOH CH,NH, - 9 3 93

@
O

2
4
2

H=NOH O,N CHNH, 1.7 93 35 93

;
Q

12 1.5 98 12 97

.
.

CH=NOH CH,NH,

“All reactions were carried out with the molar ratio of Subs./NaBH3;CN/
MoCls/NaHSO4+-H>O (1:4:1:3) under reflux conditions. *Yields refer to
isolated pure products.
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“All reactions were carried out with the molar ratio of Subs./NaBH3;CN/
MoCls/NaHSO4H,0 (1:4:1:3) under reflux conditions. *Yields refer to
isolated pure products.

Table 4. Reduction of conjugated oximes with NaBH3CN/MoCls/NaHSO4-H»O system”

DMF EtOH
Entry Substrate Product - - - -
Time (h) Yield (%)° Time (h) Yield (%)°
NOH
1 ph/\)J\H Ph&/CHzNHZ 2.5 94 2 93
NOH NH
2 2 29 95 2.7 93
pr e, P e,
NOH NH
3 2 3.8 98 3 98
pr P p
NOH NH,
4 @\/\/‘\W th 3.3 96 28 97
OH OH
1 89 0.8 90
~oCH,NH,

> )\/\MOH
X X H X

“All reactions were carried out with the molar ratio of Subs./NaBH3CN/MoCls/NaHSO4H,O (1:4:1:3) under reflux conditions. ?Yields refer to isolated

pure products.
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NaBH;CN in the absence of Brensted acidic conditions,
reduction of oximes to amines, the perfect regioselectivity in
the preparation of allylic amines, high yield of the products
are the main advantages which make this protocol a useful
addition to the present methodologies.

Experimental

All reagents and solvents were purchased from commer-
cial sources with the best quality and they were used without
further purification. Oximes are prepared in high purity
according to the reported procedure in literature.!” IR and
'H/"C NMR spectra were recorded on Thermo Nicolet Nexus
670 FT-IR and 300 MHz Bruker spectrometers, respectively.
All products are known and were characterized by their
spectral data. All yields refer to isolated pure products. TLC
was applied for the purity determination of substrates,
products and reaction monitoring over silica gel 60 Fosy
aluminium sheet.

A Typical Procedure for Reduction of Benzaldehyde
Oxime to Benzylamine with NaBH3;CN/MoCls/NaHSO4H,O
System. In a round-bottomed flask (10 mL) equipped with a
magnetic stirrer and condenser, a solution of benzaldehyde
oxime (1 mmol, 0.121 g) in EtOH (2 mL) was prepared. A
mixture of NaBH3;CN (4 mmol, 0.251 g), MoCls (1 mmol,
0.273 g) and NaHSO4-H,O (3 mmol, 0.414 g) in solid state
was prepared and then added to the oxime solution. The
resulting mixture was continued to stirring under reflux
condition for 20 min. TLC monitored the progress of the
reaction. After completion of the reaction, aqueous NaHCO;
(5%, 10 mL) was added and the mixture was extracted with
CHCl; (3 x 10 mL). The extracts were combined and dried
over anhydrous Na,SO,. Evaporation of the solvent under
reduced pressure and thereafter short column chromato-
graphy of the resulting crude product over silica gel afforded
the pure liquid benzylamine (0.102 g, 95% yield) (Table 2).
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