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Recently, some chemists found that many reactions
proceed efficiently in the solid surfaces. Indeed, in many
cases, surfaces of solids have properties that are not
duplicated in the solution or gas phase, entirely new
chemistry may occur. Even in the absence of new chemistry,
a surface reaction may be more desirable than a solution
counterpart, because the reaction is more convenient to run,
or a high yield of product is attained. For these reasons,
synthetic surface organic chemistry is a rapidly growing
field of study.

Experiments using these solid phase catalysts generally
have the following features; (i) it is often easy to isolate the
products and to separate the catalyst; (ii) comparing the
reaction conditions with those of related homogeneous
reactions, they are so mild that a high yield of specific
products and suppression of by-product formation are
expected; (iii) selectivity and activity of the catalysts are
often comparable to those of enzymes.! Several classes of
solids have commonly been used for surface organic
chemistry including aluminas, silica gels, and clays.” Basic
alumina, the material used commonly for column
chromatography, is certainly one of the most interesting of
these solids because it has surface properties that suggest a
very rich organic chemistry may occur there.

This report describes the efficient application of basic
alumina and PCls in synthesis of nitriles directly from
aldehydes.

Nitriles are of particular interest in preparative organic
chemistry due to their rich chemistry.® They serve as useful
precursors for the synthesis of amines, carboxylic acids,
amides, ketones, and hetrocyclic compounds such as
tetrazoles,* thiazoles,” oxazoles,® 2-oxazolines’ and 1,2-
diarylimidazoles.® It has also been well documented that the
cyano group itself is present in HIV protease inhibitors, 5-
lipoxygenase inhibitors, and many other bioactive
significant molecules.>*® They are usually prepared by
nucleophilic substitution with the cyanide anion or by
regenerating the cyano group via oxidation, rearrangement,
or elimination.* The conversion of aldehydes into nitriles is
a useful transformation’ and a topic of current interest to
organic chemists. As a result, a number of reagents have
been emerged for this purpose, such as triethylamine

sulfurdioxide,'® sulphuryl chloride fluoride,'! montmorillonite
KSF,'"? formaldehyde,' etc.!* However some of these methods
suffer from disadvantages such as, preparation of triethylamine
sulf uryldioxide and sulphuryl chloride fluoride is inconvenient
(=70 °C), dehydration with KSF, zeolite,*>'*® and envirocat
EPZG'" requires high temperature or long reaction times.

Therefore, we reasoned that use of an immobilized
system, via the application of solid phase reagents, could
lead to a more efficient and cleaner route to these important
materials.

Here, we decided to apply an inexpensive and
environmentally friendly catalyst, basic alumina, for the
preparation of nitriles from aldehydes in one pot without
solvents (Scheme 1).

Alumina / PCls was shown to have a remarkably high
activity for the conversion of alkyl, aryl and heterocyclic
aldehydes into nitriles in high yields, without any of the
environmental disadvantages of using toxic solvents. In a
typical experiment, aldehyde, alumina, hydroxylamine
hydrochloride and phosphorus pentachloride (PCls) were
mixed thoroughly. The mixture was heated in an oil bath at
120 °C without use of any solvents for the appropriate time
(Table 1). The products obtained were analyzed by IR, and
NMR spectroscopy, and by direct comparison with authentic
samples.'*16

The mechanism of the reaction could be briefly proposed

NH,OH.HCI/ PClg/ Alumina

RCHO >  R-CN
120°C/ Solvent Free
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Alumina Alumina
-HCI
RYN\O -HCl
2N CcI ——> R<CN
\ClI
Cl
Scheme 2



976  Bull. Korean Chem. Soc. 2005, Vol. 26, No. 6

Table 1. One-pot conversion of aldehydes into corresponding nitriles
in the presence of basic alumina with PCls at 120 °C in an oil bath,

Product Time Yield Ref.

Substrate (min.) (%)

Entry

1 80 90 14h

67 96 15

100 92 14h

Tron O
Cl—@—CHO CI@—C

OH OH
> Groo O
MeO—@—
o)

P4

N
4 CHO MeO@CN 60 89 15
CHO OZN—Q—CN 60 91 15

N
(e

NO

i
@—CH=CH~CH OCH:CH'CN 75 96 15
Do O

&~ ~CHO & ON

10 @ @ 60 85 15
o ~CHO o ~CN :

11 NC@—CHO NC-@CN 75 89 16

12 CH3CH,CH,CHO

13 OHC@CHO NC‘@CN

“Yields refer to isolated products. “Products were characterized by
comparison of their physical data, IR, NMR spectra with known
samples.

(0]

O2N
NO,

N 75 92 14h
2
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60 87 14h

CH3CH,CH,CN 60 85 14h

95 82 16

as follows: the aldehydes were at first converted to
aldoximes by reaction with hydroxylamine hydrochloride/
alumina. The aldoximes subsequently undergo rapid
dehydration in the presence of alumina/ PCls to produce

Notes

PCls/ Alumina
120 °C
Scheme 3

R-CH=NOH

R-CN

Table 2. Conversion of aldoximes into corresponding nitriles in the
presence of basic alumina with PCls at 120 °C in an oil bath.**

Time Yield
(min.) (%)

Entry Substrate Product

1 @—CH=NOH @CN 35 93

2 CI@CH=NOH C“@-CN 3389
OH OH

s Cpomon Cpron 308

4 MeO@CH=NOH MeOOCN 35 89

5 ozN—OCH=N0H ozw—@CN 30 91

ON O,N

6 QCH:NOH OCN 40 94

7 QCH=NOH QCN 0 9
NO, NO,

CH=CH-CH=NOH CH=CH-CN 30 91

<
<

9 Z/ \X - @ 30 85
s CH=NOH S CN

10 @\ - @ 30 85
0 CH=NOH o CN

11 NC@CH=NOH NC@CN 35 93

12 CH3CH,CH,CHO CH3CH,CH,CN 35 84

“Yields refer to isolated products. “Products were characterized by
comparison of their physical data, IR, NMR spectra with known samples.

nitriles (Scheme 2).

The effect of alumina was also evaluated in this reaction.
We tried the reaction of benzaldehyde, as a model
compound, with NH,OH - HCI/PCls without using alumina.
The reaction was only partly successful while benzaldehyde
was converted into benzonitrile, and also to benzamide as a
side product."" Also, it's important to mention that, the
effect of PCls was evaluated in this reaction. When the
reaction of benzaldehyde with NH,OH.HCl/alumina without
using PCls was accomplished in the same way, a mixture of
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benzonitrile and benzaldoxime respectively 1 : 3 was obtained.
Our new method is also useful for the dehydration of
various aldoximes to the corresponding nitriles in the presence
of alumina/ PCls in excellent yields (Scheme 3). The results
are summarized in Table 2.
In support of proposed mechanism, we examined the

NH,OH-HCI
R-CHO >
Alumina/ 80°C

Sheme 4

R-CH=NOH

Table 3. Conversion of aldehydes into corresponding aldoximes in
the presence of basic alumina with NH,OH.HCI at 80 °C in an oil
bath.*®

Time Yield

Entry Substrate Product (min) (%)

1 Q—CHO @—0H=NOH 30 90

2 Cl@—CHO Cl‘@'CH=NOH 30 95
OH OH

s (oo Cpommon 30 o

4 MeO@CHO MeO@—CH:NOH 30 92

5 OZN@CHO OZNGCH=NOH 35 92

02N 02N

6 OCHO @CH:NOH 30 91

7 QCHO CH=NOH 30 84
NO, NO,

o]
Il

8 @CH=CH-CH @—CH=CH-CH=NOH 30 93
@\CHO QCH=NOH 45 89

10 QCHO QCH=NOH 45 g7
11 NC—@CHO NC—@CH:NOH 75 89

12 CH3CH,CH,CHO — CHaCH,CH,CH=NOH 60 85

o)

“Yields refer to isolated products. *Products were characterized by
comparison of their physical data, IR, NMR spectra with known
samples.
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reaction of aldehydes with hydroxylamine hydrochloride in
the presence of basic alumina to obtain corresponding
aldoximes in an oil bath at 80C (Scheme 4). The results are
summarized in Table 3.

In summary, we believe that the present procedure for
direct dehydration of aldehydes and also, aldoximes
provides an easy, mild, efficient, versatile and general
methodology for the preparation of nitriles from different
classes of aldehydes or aldoximes, and we feel that it may be
a suitable addition to methodologies already present in the
literature.

Experimental Section

General. Basic alumina (Merck, type 150x), PCls and
other chemicals were purchased from Fluka, Merck and
Aldrich chemicals companies. The products were characterized
by comparing of their spectral (IR, '"H NMR), TLC and
physical data with authentic samples.

Conversion of Aldehydes into Nitriles; General
Procedure (Table 1). Aldehyde (1 mmol), NH,OH.HCI
(0.22 g, 3 mmol), PCls (1 mmol, 0.21 g) and alumina (0.2 g)
were thoroughly mixed. The resulting fine powder was
transferred to a 5 mL round-bottom flask and stirred
vigorously in an oil bath at 120 °C for the appropriate time
(Table 1). Then ethyl acetate (10 mL) was added to the
mixture and the alumina was removed by filtration. The
filtrate was washed with water (210 mL), dried (Na,SOs)
and concentrated under reduced pressure to give the crude
product, which solids were purified by recrystallization from
ethanol and liquids by distillation.

Conversion of Aldoximes into Nitriles; General
Procedure (Table 2). A mixture of aldoxime (1 mmol), PCls
(1 mmol, 0.21 g) and alumina (0.2 g) was heated in an oil
bath at 120 °C. The progress of the reaction was monitored
by TLC. After the reaction was complete, EtOAc was added
to the mixture and the alumina was removed by filtration. It
was then washed with water (2x 10 mL), dried (Na;SOy).
After removal of the solvent, the crude product was
obtained, which solids were purified by recrystallization
from ethanol and liquids by distillation.

Conversion of Aldehydes into Aldoximes; General
Procedure (Table 3). Aldehyde (1 mmol), NH,OH.HCI
(0.22 g, 3 mmol) and alumina (0.2 g) were thoroughly
mixed. The mixture was heated in an oil bath at 80 °C. The
progress of the reaction was monitored by TLC. After the
reaction was complete, ethyl acetate was added to the
mixture and the alumina was removed by filtration. It was
then washed with HyO (2x10 mL), dried (Na;SOs). The
solvent was removed in vaccuo and the crude product was
obtained, which was purified by recrystallization from
ethanol.
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