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Abstract

Beckmann rearrangements of benzaldehyde and 2-hydroxyacetophenone were largely improved by performing
solvent-free reactions in the presence of one equivalent of anhydrous zinc chloride. When compared to conventional
heating under the same conditions, yields are significantly enhanced under microwave activation. © 1999 Elsevier
Science Ltd. All rights reserved.

Although other conditions have been used for the Beckmann rearrangement of oximes,! it traditionally
requires conc. sulfuric or polyphosphoric acids, methods which suffer from serious drawbacks. More
recently, clays (solid recyclable non-polluting and non-corrosive acids) such as montmorillonites K-10
and KSF have been used with advantages.2 For example, KSF clay has been used in toluene under reflux
with, however, rather long reaction times (e.g. 8 h for acetophenone oxime to afford 71% of acetanilide).
A reduction in reaction time was possible with the use of FeClz impregnated on K-10 (56% after 5
min in refluxing toluene).* Further improvements were developed using solid acidic supports coupled
with microwave irradiation as an efficient, clean, safe and economic technology.> These supports were
shown to be very useful in the microwave-assisted Beckmann rearrangement of ketoximes using K-
10° or alumina’ in dry media. However, these conditions could not to be adapted to aldoximes which
are dehydrated into nitriles when irradiated in dry media on alumina’ or giving a mixture of products
on montmorillonite (Table 1, Entries 3 and 4). In this case, hydrogen very seldom migrates to give
unsubstituted amides RCONH,. This conversion can be accomplished by treatment of the aldoxime with
nickel acetate under neutral conditions® or by heating the aldoxime for a long time in xylene after it has
been adsorbed onto silica gel® (benzaldehyde oxime is thus isomerized into benzamide in 92% yield after
69 h in refluxing xylene).

In order to explore the scope of conditions for the Beckmann rearrangement to more difficult cases
needing rather harsh conditions under classical procedures, two significant cases were selected: the
rearrangements of benzaldehyde and of o-acylphenol oximes. We investigated improvements which
would include the absence of solvents and microwave irradiation.!?
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Table 1
Reaction of benzaldehyde oxime 1 in the presence of different acidic catalysts supports under
microwave irradiation'?

Entry Catalyst Ratio 1 to Time Temperature 1 2* 3t 4"
or Support Catalyst (min) O (%) (%) %) (%)

1 Sio, 1:8 60 140 100 0 0 0

2 AlLO, 1:8 30 134 57 2 19 10
3 K-10 1:8 10 134 14 34 50 2
4 KSF 1:8 15 134 59 21 4 9

5 TsOH 3:1 60 140 0 0 100 0

6 ZnCl/K-10 1:1 20 140 3 57 6 20

7 ZnCl, 1:1 20 140 0 94 (92) 6 0

8 SnCl, 1:1 20 140 0 30 57 0

a) g.c. yields with internal standard and in isolated product in brackets

Benzaldehyde oxime 1 (syn or E) was first examined as a typical substrate which in acidic medium
is prone to proceed via three competitive pathways: (a) Beckmann rearrangement to benzamide (2); (b)
dehydration into benzonitrile (3); and (c) hydrolysis to regenerate benzaldehyde (4).
H+
PhCH=NOH ———> PhCONH, + PhC=N + PhCHO

1 2 3 4

Several acidic conditions were tested under focused microwave irradiation in dry media, including
mineral oxides as supports and some Lewis or Bronsted acids as catalysts. The most significant results
are given in Table 1. It is obvious that the best result is by far the one using zinc chloride as the acidic
agent whereby a 92% yield of Beckmann rearranged product was obtained within 20 min (Entry 7).
Very recently, we have also shown ZnCl, to be the best reagent to promote glycosylation of some
carbohydrates under microwave in a solvent-free procedure.!! This result constitutes a spectacular
improvement (91% yield) when compared to reaction using silica gel in anhydrous xylene (140°C, 69 h).

We have also to note the selective dehydration to the nitrile observed quantitatively, using p-
toluenesulfonic acid as a catalyst under microwave irradiation (Entry 5). This reaction could be favorably
compared with recent results using KSF clay under reflux of toluene (yield 70% within 15 h),!3 Envirocat
EPZG support in a solvent-free procedure (yield 75% within 12 h).!* Under microwaves, two cases were
published using H>S04/SiO; in dry medium (yield 76% in a domestic oven within 4 min)'3 and DBU on
alumina (yield 92% within 2 min).!6

In our case, oxime hydrolysis to benzaldehyde is an insignificant side-product (Entry 6). Under
microwaves several supported systems were advocated, in order to optimize this reaction (regeneration of
carbonyl compounds), such as silica supported bismuth trichloride in THF,!? supported sodium periodate
on wet silica gel,'® ammonium persulfate on silicagel'® or finally silica supported chromium trioxide.2

To show the interest of both solvent-free method and microwave activation, we compared the results
obtained by classical heating (in an oil bath thermostated at 140°C) and under microwave irradiation
(Table 2), every condition being the same otherwise (time, pressure, profiles of raising in temperature). It
is clear that both specific effects of microwaves and solvent absence are operating to induce enhancements
in yields as yet evidenced in several other cases in our laboratory.!
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Table 2
Comparison between classical heating (A) and microwave irradiation (MW) in the absence or presence
of xylene: 1+ZnCl; (1:1) 20 min at 140°C

Mode of activation Solvent 1 2 3 4
(%) (%) (%) (%)

MW none 0 924 6 0

A none 3 59 7 3

MW xylene 18 78 1 1

A xylene 50 50 0 0

We extended this process to the synthesis of benzoxazoles, due to their importance as intermediates
for the preparation of polyether antibiotics, of fluorescent whitening agents and of dye releases in instant
color photography.?? One of the most efficient synthesis of these compounds involves the Beckmann
rearrangement of o-acylphenol oximes 5, followed by an intramolecular ring closure to 6. This reaction
has been reported using a combination of phosphoryl chloride and N,N-dimethylacetamide?? and, more
recently using zeolite catalysts but unfortunately after long time (7 h) in benzene at 160°C in a Parr reactor
in excellent yields (95%).23 We thus checked as above the behavior of anhydrous ZnCl, towards the 2-
hydroxyacetophenone oxime 5 (molar ratio 1:1) (Table 3). The best result was obtained for solvent-free
assisted procedure as previously observed with benzaldehyde oxime. It constitutes a major improvement
when compared to the previous method advocating zeolite in benzene for 7 h at 160°C.

o o]
ZnC}
Gl = QO
Microwave N
C=N_
ch, ou
5 6
Table 3

Comparison between classical heating (A) and microwave irradiation (MW) in the absence or presence
of xylene: 5+ZnCl,; (1:1) 20 min at 140°C

Mode of activation Solvent Conversion 6
%) (%)

MW none 100 86

A none 82 68

MW xylene 78 68

4 xylene 30 18

The method herein?*25 described constitutes an attractive alternative and improvement (when compa-
red to classical ones) which avoids the use of toxic and expensive reactants and solvents.
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Typical procedure. A mixture of syn-benzaldoxime (10 mmoles, 1.21 g) or 2-hydroxyacetophenone oxime? (10 mmoles,
1.52 g) and one equivalent of 98% anhydrous zinc chloride (10 mmoles, 1.36 g) was introduced in a Pyrex tube and
submitted to microwave irradiation for 20 min in the Synthewave S402 monomode reactor'® at 140°C. The mixture
was cooled to room temperature and dissolved in methanol and then filtered through silica gel. Products were analyzed by
capillary gas chromatography (column OV1 12 m, temperature programmation from 80 to 200°C with 10°C/min, retention
times 1: 3.7, 2: 5.6, 3: 2.0, 4: 3.9, 5: 4.5, 6: 3.0 min) using methyl benzoate (2.7 min) as an internal standard and compared
by 'H NMR (250 MHz, DMSO di) with authentic samples. Occasionally (see Table 2 and Table 3), the reactions were
performed in the presence of 2.5 mL xylene or in a thermostated oil bath at 140°C.

Prepared from o-hydroxyacetophenone and hydroxylamine hydrochloride in aqueous ethanol according to: A. Lachman,
Org. Synth. 1943, Coll. Vol. 2, 70.



