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Functionalized 4-nitro- and 4-aminophenols were regioselectively prepared based on [3+3] cyclizations
of 1,3-bis(trimethylsilyloxy)-1,3-butadienes with 3-ethoxy-2-nitro-2-en-1-ones.
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Functionalized 4-nitro- and 4-aminophenols are of considerable
pharmacological relevance and occur in several natural products.1

4-Nitrophenols show antiandrogenetic,2a vasodilative,2b and estro-
genic activities.2c A wide range of pharmacological activities have
been reported for functionalized 4-aminophenols and related mole-
cules.3–8 The synthesis of 4-nitrophenols by nitration of phenols
suffers from the low o/p-regioselectivity. In addition, several side-
reactions are possible for functionalized substrates, due to the harsh
reaction conditions. Hydroxy- and nitro-substituted biaryls have
been prepared by Ullmann-type reactions, by nucleophilic aromatic
substitutions9 and by nitration of appropriate biphenyls.10 However,
the scope of these reactions is limited by the harsh reaction condi-
tions and by steric effects. The synthesis of 4-aminophenols and
amino-substituted biaryls by palladium(0)-catalyzed coupling
reactions11 suffers from the fact that electron-rich arenes, in partic-
ular sterically encumbered substrates, sometimes react sluggishly
or not at all. Last but not the least, the synthesis of the required start-
ing materials, highly functionalized or sterically encumbered 4-bro-
mo- or 4-iodophenols or 4-bromo- or 4-iodoanilines, can be a
difficult and tedious task.

Our strategy to circumvent these problems is based on the
application of a ‘building block strategy’. Ashburn and co-workers
reported the synthesis of 2-nitro-20-alkoxycarbonyl-biphenyls
ll rights reserved.
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nger).
based on [4+2] cycloadditions.12 Chan and Brownbridge were the
first to report13 the synthesis of salicylates by formal [3+3] cycliza-
tions of 1,3-bis(silyloxy)-1,3-butadienes14 with 3-silyloxy-2-en-1-
ones. This reaction has been extensively studied in recent years.15

Herein, we report, for the first time, a convenient synthesis of 4-ni-
tro- and 4-aminophenols based on formal [3+3] cyclizations of 1,3-
bis(trimethylsilyloxy)-1,3-butadienes with 3-ethoxy-2-nitro-2-en-
1-ones. The products reported herein are not readily available by
other methods.

Aryl phenolates 2a–c were prepared from aroyl chlorides 1a–c
according to the literature.16 The reaction of 2a–c with nitrometh-
ane, following a known procedure,17 gave the a-nitroacetophenon-
es 3a–c (Scheme 1, Table 1). The reaction of the latter with triethyl
orthoformate and acetic anhydride afforded the 3-ethoxy-2-nitro-
2-en-1-ones 4a–c. 1,3-Bis(silyloxy)-1,3-butadienes 5a–e were pre-
pared as previously reported.13 The TiCl4-mediated cyclization of
4a with 5a afforded the 4-nitrophenol 6a with excellent regioselec-
tivity (Scheme 2). The best yield was obtained when the reaction
was carried out in a highly concentrated solution.18

The formation of 6a can be explained by reaction of 4a with
TiCl4 to give allylic cation A. The attack of the terminal carbon atom
of 5a onto A resulted in the formation of intermediate B (Scheme
2). The elimination of (methoxy)trimethylsilane (intermediate C)
and subsequent cyclization gave intermediate D. The elimination
of titanium hydroxide and aromatization resulted in the formation
of product 6a.



Table 1
Synthesis of 6a–i and 7a–i

4 5 6,7 Ar R1 R2 %a (6) %a (7)

a a a Ph Me H 56 86
a b b Ph Me Me 57 85
a c c Ph Et Et 65 95
a d d Ph Me nBu 58 92
a e e Ph Me nOct 62 90
b a f 2-MeC6H4 Me H 68 91
b b g 2-MeC6H4 Me Me 72 89
c a h 2-ClC6H4 Me H 56 88
c b i 2-ClC6H4 Me Me 70 90

a Yields of isolated products.
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Figure 1. Crystal structure of 6a (50% probability level).
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Scheme 1. Synthesis of 4a–c; (i) PhOH (1.0 equiv), 1a–c (1.03 equiv), 60 �C; (ii)
CH3NO2 (1.0 equiv), 2a–c (0.33 equiv), KOtBu (1.0 equiv), DMSO, 12 h, 0–10 �C; (iii)
3a–c (1.0 equiv), Ac2O (1.0 equiv), HC(OEt)3 (1.2 equiv), 120 �C, 6 h.
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The TiCl4-mediated cyclization of 3-ethoxy-2-nitro-2-en-1-ones
4a–c with 1,3-bis(trimethylsilyloxy)-1,3-butadienes 5a–e afforded
the 4-nitrophenols 6a–i in 56–72% yield (Scheme 3, Table 1).
The yields of the products derived from dienes 5b–e, containing
a substituent located at carbon atom C-4, were higher than those
derived from 5a. The hydrogenation of 4-nitrophenols 6a–i, in
the presence of catalytic amounts of Pd/C (10 mol %), afforded 4-
aminophenols 7a–i in excellent yields (Scheme 3, Table 1).19

The structures of all compounds were established by spectro-
scopic methods. The structure of 6a was independently confirmed
by X-ray crystal structure analysis (Fig. 1).20

In conclusion, we have reported the regioselective synthesis of
functionalized 4-nitro- and 4-aminophenols based on [3+3] cyclo-
condensation of 1,3-bis(trimethylsilyloxy)-1,3-butadienes with 3-
ethoxy-2-nitro-2-en-1-ones.
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