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A novel method for synthesizing 3-acetoxyaniline deriva-
tives from substituted cyclohexane-1,3-diones is described.
This synthetic process includes regioselective formation of
cyclohexane-1,3-dione monooximes 2 and their Semmler–
Wolff-type aromatization under very simple reaction conditions.

Aniline derivatives are very significant synthetic intermedi-
ates for pharmaceuticals and agrochemicals, and development of
new methods for aniline synthesis is still important in organic
synthesis, particularly in industrial disciplines because of their
broad applicability. In general, substituted anilines have been
synthesized by the reduction of nitroarenes given through the
nitration of aromatic rings.1 Although this method has been used
most commonly, there emerge some problems when applied to
selective organic synthesis: the regioselectivity of nitration of
substituted benzenes is not so high, and the desired introduction
of a nitro group is sometimes deteriorated owing to unwanted
orientation dictated by the nature of ring substituents.1 The
Friedel–Crafts acylation or alkylation of simple anilines is also
a method for synthesizing substituted anilines, which, however,
often suffers from disadvantage that Lewis acid catalysts are
deactivated by their coordination to an amino group.1

The Semmler–Wolff aromatization reaction (SWAR)2,3 has
also been known for anilines synthesis, which involves the iso-
merization reaction of �; �-unsaturated cyclohexanone oximes
to aromatic amines under acidic conditions. This method was
previously improved by Kita et al.,3b,3c and partially utilized as
a key step in natural product synthesis.4 However, SWAR has
not been established as a versatile and standard method for
aniline synthesis because of small availability of substituted
cyclohexenones and their oxime derivatives.

During the course of our studies on the synthetic potential of
cyclohexane-1,3-diones,5 we have discovered a novel method
for synthesizing aniline derivatives via direct aromatization of
cyclohexane-1,3-dione oximes, which is outlined in Scheme 1,
in which extremely simple reagents and conditions are used.
For instance, cyclohexane-1,3-diones 1 are commercially avail-

able or easily synthesized by the chemoselective Michael–
Claisen cascade reaction of simple ketones and �; �-unsaturated
esters.5a The diones can be converted to mono-oximes 2 in a
conventional way (NH2OH–HCl, NaHCO3/THF, rt). Treating
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Scheme 1. Synthesis of 3-acetoxyacetanilides from cyclohex-
ane-1,3-dione via its monooxime.

Table 1. Results for 3-acetoxyacetanilide synthesis from cyclo-
hexane-1,3-dionesa
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aConditions: NH2OH–HCl (1.5 equiv), NaHCO3 (1.5
equiv), THF–H2O (5:1), rt, 12 h for 1 ! 2; MeSO3H (3
equiv), Ac2O, 50

�C, 12 h for 2 ! 3. bFor product isolat-
ed by SiO2 column chromatography. cYield for 2 ! 3.
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thus-obtained oximes 2 with acetylating reagent such as acetic
anhydride in the presence of methanesulfonic acid (3.0 equiv)
led to 3-acetoxyacetanilides 3 in an acceptable yield and purity.
Successful results for the synthesis of 3 from 1 are summarized
in Table 1.

The regioselective formation of monooxime from dissym-
metrical diones was effected under the given reaction conditions
to afford the one of sterically less congested carbonyl group
(Entries 4–8). Subsequent SWAR-type reactions smoothly pro-
ceeded to obtain substituted 3-acetoxyacetanilides 3 in an ac-
ceptable yield.6 Only two steps were required for the conversion
of 1 to 3. For every entry, seven-membered lactam expected via
possible Beckmann rearrangement was not detected at all. While
previous SWAR of cyclohexenone oximes generally required
high temperature (over 100 �C) in the presence of excessive
strong acid such as hydrogen chloride, concd hydrochloric acid,
polyphosphoric acid (PPA), concd sulfuric acid, and so forth,2

the present aromatization reaction proceeds under much milder
conditions (50 �C) by using acetic anhydride and methanesulfon-
ic acid. In addition, the present synthesis of 3-acetoxyacetani-
lides should be highly profitable to organic synthesis because
meta-oriented introduction of a nitro group to phenols or a
hydroxy group to anilines are well known to be energetically
highly unfavorable reaction pathway.

Plausible route from 1 to 3 can be described by modifying
previous SWAR mechanism as shown in Scheme 2.3d Both enol
and oxime functions of 2 could be acetylated under the em-
ployed reaction conditions to afford 3-acetoxycyclohexanone
oxime acetate such as 2-1, which could lead to enamine inter-
mediate 2-2. On protonation of N-acetoxy group (2-3), an acetic
acid unit would depart via 1,4-elimination to end up with the
formation of iminodiene 2-4.5b The final aromatization process
from 2-4 may be triggered by N-protonation and thus-generated
amino group would be acetylated by acetic anhydride to afford
the acetoanilide 3 although direct acetylation of imine cannot
be ruled out.

In Scheme 3 is outlined the further aromatic ring functional-
izations of 3-acetoxyacetanilide such as 3e or 3h obtained by the
present method. For example, nitration of 3e with ammonium
nitrate in the presence of trifluoroacetic anhydride afforded the
separable mixture of 4e and 4e0 in moderate yield. On the
other hand, highly regioselective nitration of aromatic ring for
3h was effected to obtain 4h in moderate yield (54%), which
was converted to 5 sequentially through reduction followed by

acetylation because of the structure similarity of 5 to anilines
derivatives of biological interest such as a potent influenza
neuraminidase inhibitor and its analogue.7

In conclusion, we have developed the novel chemical
process for converting cyclohexan-1,3-dione-based mono-ox-
imes 2 to 3-acetoxyaniline derivatives 3 by the Semmler–
Wolff-type aromatization protocol operated under mild condi-
tions.9 Since we can easily prepare diverse cyclohexane-1,3-di-
ones relying on Michael–Claisen cascade reactions,5 the present
synthesis would become highly attractive in diversity-oriented
organic synthesis.8
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OAcAcHN

C5H11

CO2Me

R

OAc

NHAc

H11C5

NO2

OAc

NHAc

H11C5 NO2

OX

CO2H

NHAc

4e (39%) 4e' (22%)

3e

influenza neuraminidase
inhibitors

X = NH2 or guanidyl

a

a

5: R= NHAc  (91 %)

3h

+

4h: R= NO2 (54 %)
b

Scheme 3. Nitrations of acetoxyacetanilide 3: (a) NH4NO3,
(CF3CO)2O/CHCl3; (b) Zn–6M HCl/THF then Ac2O and
NaHCO3.

Chemistry Letters Vol.37, No.10 (2008) 1067

Published on the web (Advance View) September 13, 2008; doi:10.1246/cl.2008.1066


