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ABSTRACT.

A one-pot Beckmann rearrangement for the preparation of amides from ketones is described using the

silica sulfuric acid under Microwave iradiation. Advantages of this mnethod are regioselectivity with bhigh vields in a sim-
ple operation and short reaction time, in which the mole ratio of acid and ketone was 1:2 and it should be greener than

the currently used systemns.
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INTRODUCTION

The rearrangement ot ketoximes to the amides,
known as the Beckmann reaction, is a ¢comimon
method in organic chemustry, and is a topic of current
interest."* The classical Beckmann rearrangement’
requires excess or stoichiometric amounts of strong
protic acids such as concentrated sulturic acid or
phosphoric acid which cause a large amount of by-
products and serious corrosion problems.' The reac-
tion generally requires relatively high reaction tem-
perature for long reaction times. On these bases,
milder conditions were tried and investigations on
clean, simple, environmentally benign, and highly

efticient processes became the chemists interesting
undertaking™* Several improved procedures have
been reported using moditied reagents® and solid
acids like clay’ and zeolites.’ ITowever, most of
these procedures involve vapor phase reactions’.
Low selectivity of the migrating group and rapid
decay of catalyst activity, generally resulted because
of high reaction temperature,”® Furthermore, the
reactions are sluggish when they are performed in
the liquid phase.™” Relatively few solid phase
methods have been developed" and fewer methods
are available for one-pot Beckmann rearrangement
of ketones."™"*

We now wish to report a simple and efticient pro-
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Scheme 1.

cess tor one-pot Beckmann rearrangement of ketones
to amides using silica sulturic acid in solvent-free
conditions, in which the mole ratio of acid and
ketone was 1:2 and it should be greener than the
sulturic acid and chlorosulfonic acid systems which
currently used'® in organic solvents (Scheme 1).

RESULTS AND DISCUSSION

Silica sulturic acid is an excellent candidate tor
sulturic acid or chlorosultonic acid replacement in
organic reactions without any limitation such as
destruction of acid sensitive functional groups, use
of rather toxic solvents and expensive reagents or
solvents. Silica sulfuric acid can be easily prepared
from commercially available starting materials.”
Chlorosultonic acid was used as a catalyst in the
Beckmann rearrangement'® of ketoximes to the ¢or-
responding amides in solvents such as DMF and
toluene. Ilowever, a relatively large amount of
these solvents was needed which are expensive and
would cause environmental problems, Moreover, in
the cases of aliphatic and cyelic ketones selectivity
was decreased.

In order to prepare amides, various types of ketones
were mixed with hydroxylamine hydrochloride and
0.5 equivalent ot silica sulturic acid n a mortar and
pestle. The reaction mixture was irradiated in micro-
wave oven tor 5-10 minutes. The corresponding
amide was obtained in high yields. The experimen-
tal results are summarized in 7oble 1.

As shown in the Tuble | several structurally var-
ied ketones undergo clean, remarkably fast and direct
nitrogen insertion reactions by a one-pot Beckmann-
type reaction to the corresponding amides, This
mild and versatile method can also be applied for
both aromatic and aliphatic ketones. The Beck-
mann rearrangement of cyclic ketones proceeds
etfectively to atford the corresponding lactams in
good to excellent yields (entries la-e and 2). In the

cases of unsymmetrical ketones the reaction was
selective and one of the two possible amides pro-
duced (entries 3-5). Generally, migration of an aryl
group predominates over that of an alkyl group. In
the other cases, the major product being the one
where the more bulky group has migrated (entries 6
and 7). Products were characterized by their physi-
cal constants, comparison with guthentic samples,
and IR and NMR spectra.*'*™*'**! In all 'TI.NMR
speetra (CDCl,, 25°C) the NIT group of amides
appeared around 6-8 as a broad singlet and the 'II
chemical shifts and respective relatve integrations
of a-hydrogens are given in Zuble |. In IR spectra
the NH and C=0 groups were observed around
3250-3350 and 1640-1680 cm’™ respectively.

In conclusion, an environmentally benign method
tor synthesis of amides and lactams has been devel-
oped. which involves the one-pot Beckmann rear-
rangement of ketones using silica sulfuric acid as a
reusable catalyst. In addition, it offers high yields,
ease of work-up and high selectivity without forma-
tion of by-products such as tetrazoles, amino tetra-
zoles, nitriles and ureas.

EXPERIMENTAL SECTION

All melting points recorded are uncorrected open
capillary measurements. IR spectra were recorded
on a Shimadzu -IR 470 spectrophotometer. 'H-NMR
spectra were recorded on a Bruker-80 and 100 MHz
instrument using tetramethylsilane (TMS) as an
internal standard. Silica gel 60 (230-400 mesh) was
purchased from Fluka and was dried in an oven at
120°C for 2 h. DIrradiation was carried out in 4
domestic microwave oven (Electra, 2450 Mz, 400 W)
tor optimized time. Silica sulfuric acid was obtained
according to literature.'”

Conversion of Ketones to Amides

General procedure; A mixture of ketone (2 mmol),
hydroxylamine hydrochloride (4 mmol) and silica
sulfuric acid (0.4 g, lmmol) was grounded thor-
oughly in a mortar. The mortar was covered with a
watch glass and put inside a domestic Microwave
oven (2450 Mllz, 400 W). The mixture was irradi-
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Table 1. Oue-pot Preparation of Amides and Lactams trom Ketones by Using Silica Sulfuric Acid. *

Time  Yield B.p. °C (Torr) or M.p. °C Selected I chemical shifit
Entey Substrat Products .. R
e ubstrate uets {min) (%)*  Tound Reported[ret] NH TN 11,-CO
o an=o . O 72 389 38.5395[18] 65(1)  3.3(2) 2302
- an= - « ~ ~ - .
T S S 75 689 68-9[14] 65(1)  322) 2342
1 on=2 NH gn=2 7 726970 69 [134] 63110 33(2) 242
" 323 dn=3 7 68 19517600 138(4)[19] 6611 33(2) 242
mooe9nET 4 75 1489 148-9[19] 61(1)  3.22) 242
o] o]
2 ¢ @H 7 78 68 68-9[20] 6401 32 252
0 H
3 N s 92 115 115 [14] 82 (1) ; 21(3)
o]
1 §
|
4 /©/]\ /@/T( 10 8 179 179 [21] 74 (1) . 22(3)
2 0
Ct Cl
o H
N.
5 /OJ\ Qﬁ( 8 88 151 154 [21] 7.6(1) - 22(3)
HsC HC ©
”
O
6 j@)k 10 73 213 216 21] 6.2(1) - 22(3)
O,N
o
AN 3 9% 1012 1013 [14] 79(1) - 2342)

i,

5 e
I B 1

=4

*Products were characterized by their physical constants, comparison with authentic samples and IR and 'H-NMR
spectea®™ % 2Isolated vields, “The numbers within the parentheses are the respective relative areas, “Ratio of the products

were deternined from 'H-NMR spectea of the crude product.

ated tor the tune indicated in Zable 1. The progress
of the reaction was monitored by TLC. Atfter the
reaction was complete, ethyl acetate (15 cm’) was
added to the reaction mixture and silica sulturic
acid was removed by filtration, It was then washed
with water (10cm®) and dried over anhydrous
CaCl.and the solvent evaporated in vacuum to give
the crude product. Purification of solid products
was achieved by crystallization from suitable sol-
vent such EtOIL Products are known compounds
and were characterized by comparison of their
spectral data (IR, 'TI-NMR) and physical properties
with those reported in the literature 15!
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