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An Efficient Solvent Free and One-Pot Conversion of Aldehydes into Nitriles Using
NH,OH.HCI/CH3;COCI/Charcoal System
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The high yield conversion of aldehydes into their corresponding nitriles using hydroxylamine hydrochloride/ CH;COCI /charcoal
system is presented. We have clearly shown the effectiveness of charcoal in these reactions.

Keyword: Charcoal, Nitrile, Aldehyde, Hydroxylamine hydrochloride

INTRODUCTION

Synthetic chemists continue to explore new methods to
carry out chemical transformations. One of these new
methods is to run reactions on the surface of solids. As the
surfaces have properties that are not duplicated in the solution
or gas phase, entirely new chemistry may appear. 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.

Heterogenous reactions generally have the following
features; i) it is often easy to isolate the products from the
solid phase; ii) comparing the reaction conditions with those
of related homogeneous reactions, they are usually milder and
more specific; iii) selectivity and activity of the heterogeneous
system are often comparable to those of enzymes [1]. Several
classes of solids have commonly been used for surface
organic chemistry including alumina, silica gel, clays and
activated charcoal [2].

The conversion of aldehydes into nitriles is a useful
transformation [3] and a topic of current interest to organic
chemists. Among the plethora of available methods to prepare
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nitriles [4], the most simple and straightforward route are
those based on the dehydration of the aldoximes, formed in
situ by condensation of aldehydes and hydroxylamine
hydrochloride, with several kinds of catalysts such as HY-
Zeolite [5], silica gel supported NaHSO, [6], HCONH, [7],
Burgess reagent [8] and etc. However, in spite of their
inherent simplicity, these methods are not generally
applicable to alkyl, aryl as well as heterocyclic aldehydes
and often give unsatisfactory results. | in this report we have
presented a useful heterogeneous system for the one-pot
conversion of aldehydes into their corresponding nitriles.

EXPERIMENTAL

IR spectra were obtained on an Impact 400 D Nickolet
FTIR spectrophotometer. NMR spectra were recorded on a
Brucker Avance DPX-250 (90 MHz) in pure deuterated
solvents. The purity determination of the substrates and
reactions monitoring were accomplished by TLC on silica
gel polygram  SILG/UV 254  plates.  Column
chromatography was carried out on short columns of silica
gel 60 (230-400 mesh) in glass columns (2-3 cm diameter)
using 15-30 g of silica gel/g of crude mixture. Melting
points were determined in open capillary tubes in a Buchi-
510 circulating oil melting point apparatus and are
uncorrected. Liquid aldehydes were purified by distillation
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Table 1. Nitriles Prepared from their Corresponding Aldehydes Using NH,OH.HCI/Charcoal/CH;COCI System

Entry Reactant Product?® Mp or bp/torr ~ Time(min)  Yield (%)
°C(lit)
CHO CN
1 @M @ 205(205) [12] 15 90
e Me
CHO CN
2 Q/ Q/ 210(213) [12] 5 98

Me

Me
CHO CN
3 /©/ /©/ 216(218) [10] 10 95
Me Me
CHO CN
. /©/ /©/ 148(148) [10] 5 95
ON ON
CHO CN
. Q/ Q/ 117(117) [12] 7 98
NO, NO,
[::I:CHO [::I:CN
109(109) [13 10 87
6 O, NO, (109) [13]
7 CHO CN
/©/ /©/ 112(112) [9] 5 95
HO HO
CHO CN
8 /©/ /©/ 86(86) [12] 5 94
H,N H,N
CHO CN
9 /©/ /©/ 62(62) [10] 6 98
MeO MeO
CHO CN
10 /©/ 90(91) [10] 5 94
cl cl
" ﬂ_CHO ) . 190(192) [10] 10 90
S S
=z z
1 o (l 78(79) [13] 10 90
N CHO N CN
13 CH,CH,CH,CHO CH,CH,CH,CN 118(118) [10] 10 92

*Products were characterized by their melting points, IR, and NMR spectra. "Yields refer to pure isolated products.
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prior to use and other chemical materials were from Merck
and Fluka Chemical Companies. Activated charcoal 35-50
mesh ASTM was also from Merck.

General Procedure for Conversion of Aldehydes into
Nitriles

Aldehyde (1 mmol), NH,OH.HCI (0.3 g, 0.4 mmol),
CH,COCI (0.08 ml, 1 mmol) and charcoal (0.5 g) were
thoroughly mixed with a mechanical stirrer. The resulting fine
powder was transferred to a round-bottom flask (50 ml) and
heated in an oil bath at 100 °C for appropriate time (Table 1).
Then diethyl ether (10 ml) was added to the reaction mixture
and charcoal was removed by filtration. The filtrate was
extracted with water (2 x 10 ml), dried over Na,SO, and the
solvent evaporated in vacuum to give the crude product.
Purification of solid products was achieved by crystallization
from EtOH and the liquid products by distillation.

Charcoal / NH,OH.HCI / CH,COCI
> RCN + CH,CO,H
2

RCHO
1 solvent free, 100 °C

Scheme 1

RESULTS AND DISCUSSION

We report here a novel and clean synthesis of nitriles
using hydroxylamine hydrochloride, charcoal and CH3;COCI
under solvent free condition as shown in the scheme 1.

In a typical experiment, charcoal, hydroxylamine
hydrochloride, acetyl chloride and aldehyde were mixed
thoroughly together. The mixture was heated in an oil bath

Table 2. Conversion of Aldehydes into their Nitriles and Amides in the Absence of Charcoal

Entry Reactant Products” Time(min)  Yield%®
(ratio)
CHO CN CONH,
1 ©/ ©/ ©/ 120 95 (1:1)
CHO CONH,
2 I ; 5 98 (1:1)
Me
CHO CONH,
3 Me/©/ /©/ /©/ 10 95 (1:1)
/@/CHO /@/ /@/CONH
4 O,N O,N 5 95 (1:1)
g L, QL
5 N> cHo > N CONH, 10 9 (1:1)
6 CH,CH,CH,CHO CH,CH,CH,CN + CH,CH,CH,CONH, 10 90 (1:1)

Yields refer to pure isolated products. "Products were characterized by their melting points,
IR, and NMR spectra and compared with the authentic samples in the literature.
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at 100 °C in the absence of the solvent for the appropriate These results are summarized in Table 2.

reaction times (Table 1). The products obtained were analyzed Therefore, we propose a mechanism for the reaction as
through melting points, IR and NMR spectroscopy through follows: the first step involves the formation of aldoxime 3
direct comparison with authentic samples [9-13]. followed by its reaction with CH;COCI/charcoal to generate

Charcoal was shown to have a remarkable activity for the 4 as the key intermediate. The compound 4 subsequently
high yield conversion of alkyl, aryl and heterocyclic aldehydes undergoes thermal elimination reaction to produce the nitrile
into nitriles. We tried the reaction of benzaldehyde with 2 with the liberation of acetic acid (Scheme 2).

NH,OH.HCI/CH3;COCI without using charcoal. This reaction We have also tried dehydration of various aldoximes
was proceeded well and the corresponding benzonitrile and into nitriles in the presence of charcoal with excellent
benzamide were produced in equal ratios with high yields. yields. The results are summarized in Table 3.
R
charcoal charcoal ;\; N\o
RCHO ——————RCHNOH ——— H \J —— ren s chcop
1 NH,OHHCI 3 CH,COCI )\ 2
07 “CcH, 2
4
Scheme 2

Table 3. Nitriles Prepared from their Corresponding Aldoximes Using
Charcoal/CH3Col System

Charcoal/CH,COCI
RCH=NOH > RCN
3 solvent free, 100 °C 2
Entry R Time(min) Yield (%)?
1 CH3;CH,CH,- 5 97
2 2-Thiophyl 3 95
3 2-Pyridyl 4 95
4 2,6-Cl,CgH,4 5 96
5 CeH,4 2 90
6 2-HOC¢H, 6 90
7 3-HOC¢H, 3 98
8 4-HOCgH, 5 98
9 2-NO,CgH, 8 90
10 3-NO,CsH, 2 93
11 4-NO,C¢H4 3 96
12 4-CICgH, 2 97

%isolated yields.
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CONCLUSION

We have presented here a simple, one-step and efficient
method for direct conversion of aldehydes into the
corresponding nitriles using NH,OH.HCI/CH3;COCl/charcoal,
as a heterogeneous system for the solvent-free and high yield
preparation of nitriles from aldehydes.
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