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Efficient one pot synthesis of Nitriles from Aldehydes in
solid state using Peroxymonosulfate on Alumina

™ o 11 h ) als 1 A Xy _ .1 WY _____°* 1
D. dSubhas Bos€™ and A. vcnkat INarsaian
Organic Chemistry Division IlI, Indian Institute of Chemical Technology, Hyderabad, 500 007, India.
Abstract: Received 11 March 1998; accepted 30 June 1998

In an environmentally benign solvent-free system, aldehydes are rapidly transformed into nitriles using
peroxymonosuifate-aiumina under microwave irradiation. © 1998 Published by Elsevier Science Lid. All rights reserved.
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The remarkable synthetic properties of the nitrile group have ensured long standing
studies of their utilization in organic synthesis [1]. Several methods are available to
accomplish the conversion of alkyl or aryl aldehydes to their corresponding nitriles under a
variety of reaction conditions [2] Because of its role in synthetic chemistry, this reaction
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continues to receive attention from the chemists in search for newer methods. in the
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reagents [3]. There are only a few methods known for the conversion of aldehydes to mtnles
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hydroxylamine)[5], (hydroxylamine o-sulfonic acid) [6], hazardous (selemum dioxide) [7] or
corrosive (formic acid) [8] reagents and tedious work-up procedures. Consequently, there is
a need for the development of protocols using readily available and safer reagents which
lead to high yields of nitrile compounds.

In recent years, reagents impregnated on mineral solid supports [9], which are
efficient in ary media [10], and assisted by microwaves Ulj have galnea popularity in

orgdme symnems because of their enhanced selecuvuy, 1mprovea reaction rates and

asmcnated ease of manipulation. Even though Villemin et al reported [12] microwave
14 nF

+1 a NAno nn ig ag a o og nrary 1A

i 1 19 SULWER D) s v PU oyill O 1 wO 11Vlll Q. bll‘, wo, WIL aviual C\-PP AU VUl
microwave enerov is limited to the nrenaration of intermediate oximate. which in turn was
ncrowave energy 1s iimiteg o the preparation of intermegiate oximaile, wiich n turn was
reacted with ng fvr suf ,1c1ently 10-.g time (16—48 h) to get the CQ--espnn.dmg nitrile.

ramme to de velop environmentally benign
reactions [13], we now w:qh to re nrr facile conversion of a_lde_zh des to their
corresponding nitriles by alumina sum)orted potassium peroxymonosulfate that proceeds in
the solid state using microwaves. The reaction proceeds efficiently in hlgh yields at
ambient pressure within a few minutes. The role of peroxymonosulfate was confirmed
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~____  NH,OH.HCI; peroxymonosulfate-alumina _
R-CHO » R-C=N
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by conducting a blank experiment, where the formation of nitrile was not observed.
Potassium peroxymonosulfate is an inexpensive and readily accessible oxidising agent. Itis
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common;ly used as oxone® (ll&l‘lbUS, KHSOq4, biU4 ) and is a, versatile oxidant for the

transformation of a wide range of functional groups [14]. The resuits shown in Table 1
indicate that the reaction is successful for a variety of aromatic and aliphatic aldehydes*.

Table 1 conversion of aldehydes into nitriles under microwave irradiations

Entry Substrate 1 Time/min. Producta 2 yield (%)b
1 Benzaldehyde 15 Benzonitrile 77
2 4-Chlorobenzaldehyde 8.0 4-Chlorobenzonitrile 88
3 3,4,5-Trimethoxybenzaldehyde 7.0 3,4,5-Trimethoxybenzonitrile 95
4 2-Nitrobenzaidehyde 9.5 2-Nitrobenzoniirile 90
5 2.4-Dichlorobenzaldehyde 9.0 2.4-Dichlorobenzonitrile 85
6 3,4-Methylenedioxybenzaldehyde 8.5 3,4-Methylenedioxybenzonitrile 87
7 Caprylaldehyde 12.0 Caprylonitrile 73¢
8 Cyclohexane carboxaldehyde 115 Cyclohexane carbonitrile 70¢
9 Phenylacetaldehyde 10.0 Phenylacetonitrile 83
10 9-Anthraldehyde 8.0 9-Anthacene carbonitrile 93
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bUnoptimized yields of pure isolated products. ¢Further increasing the reaction time gave no significant improvement in yields but
rather decomposition occurred.

In conclusion, we have developed a convenient method for the solid state conversion of
aldehydes to nitriles using a solvent-free system, peroxymonosuifate-alumina, that is
accelerated by microwave irradiation.
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mmol) and peroxymonosulfate (0.61 g, 1.0 mmol) doped on a neutral alumina (1.0 g) were mixed thoroughly on a vortex mixer.
The reaction mixture was placed in an alumina bath inside an commercial microwave oven (operating at 2450 MHz frequency) and
trradiated for a period of 7 min. After completion of the reaction (monitored by TLC) and the inorganic support was separated by

filtration_ after p]llhnu the nroduct with dichloromethane (2 x 15 m). Remaoval of solvent and the residue on nurification by colu
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chromatography on slhca gel gave the corresponding trimethoxybenzonitrile 2 in 95% yield and there was no evidence for the
formation of any side products.

References:

m Sandler SR, Karo W. Nitriles (cyanides). In organic functional group preparations. San Diego : Academic press, Inc, 1983:
vol.12-T of organic chemistry, chapter 17.

[21 Larock RC, Comprehensive organic transformations, A guide to functional group preparations. New York: VCH

publishers, Inc: 1989,
[31 Katritzky AR, Zhang GF, Fan WQ, Org. Prep. Proc. Int, 1993; 25: 315-319.
[4] Karmarkar SN, Kelkar SL, Wadia MS. Synthesis. 1985; 510-512.
[5] Miller M, Loudon G. J. Org. Chem. 1975; 40: 126-127.
[6] Fizet C, Streith J. Tetrahedron Lett. 1974; 3187-3190.
7 Sosnovsky G, Krogh JA, Umhoefer SG, Synthesis. 1979; 722-724.
[8] Olah, GA, Keumi T, Synthesis. 1979; 112-113.

9] Smith K. Solid supports and catalyst in organic synthesis. Chichester: Ellis Horwood, 1992,
rnm Varma RS. Dahiva R Saini RK. Tetrahedron Lett 1QQ7 38 RR‘Q !R20

Liv] v aiiia i\, railiya o\, Sallll N 2 0UantliUn A, 177 2G. 838 17-804V,

[11] Caddick S. Tetrahedron. 1995; 51: 10403-10432.
[12] Villemin D, Lalaoui M, Ben Alloum A. Chem. Ind. (Lo

[(13] Bose DS, Srinivas P. Synth. Commun. i997; 27: 383 5
[14] Webh, KS, Levy, D. Tetrahedron Lett. 1995; 36: 5117-5

n), 1991; 176.

[ICT Communication No. 3995



