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Abstract—Functionalized diaryl ethers were prepared by [3+3] cyclization of 3-aryloxy-1-siloxy-1,3-butadienes with 3-(silyloxy)alk-
2-en-1-ones.
� 2006 Elsevier Ltd. All rights reserved.
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Diaryl ethers occur in a great variety of pharmacologi-
cally important natural products, such as the prominent
antibiotic vancomycin.1 Diaryl ethers containing an
ester or carboxylic acid function next to the ether linkage
constitute an important subgroup of naturally occurring
diaryl ethers.2 Classic syntheses of diaryl ethers rely on
the Ullmann ether synthesis and related methods.3 More
recently, diaryl ethers have been prepared by various
transition metal catalysed C–O coupling reactions.4 De-
spite their great synthetic usefulness, the scope of these
methods can be limited by the availability of the arene
starting materials and by problems related to the synthe-
sis of diaryl ethers containing a sterically encumbered
ether linkage. Some years ago, Chan and co-workers re-
ported5 the synthesis of salicylates based on [3+3] cycli-
zations of 1,3-bis(silyl enol ethers) with 3-(siloxy)alk-2-
en-1-ones.6 We have recently reported the application
of this methodology to the synthesis of a variety of func-
tionalized arenes.7 Chan and Prasad reported the syn-
thesis of 2-(phenylthio)benzoates by [3+3] cyclization
of 3-(silyloxy)alk-2-en-1-ones with 1-silyloxy-1-meth-
oxy-3-phenylthio-1,3-butadiene.8 Herein, we report
[3+3] cyclizations of 3-alkoxy- and 3-aryloxy-1-siloxy-
1,3-butadienes. These reactions provide a convenient
approach to arylalkyl and diaryl ethers containing an
ester function next to the ether linkage. In contrast to
transition metal catalysed C–O coupling reactions, our
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method relies on the assembly of one of the two arene
moieties.

3-Alkoxy-1-siloxy-1,3-butadienes 1a–c9 were prepared
by phosphorus(V)chloride mediated chlorination of the
respective b-ketoester, substitution of the chloride by
an alkoxy group and subsequent silylation. The TiCl4
mediated cyclization of 3-methoxy-1-methoxy-1-siloxy-
1,3-butadiene (1a, Brassard’s diene) with 1,1,3,3-tetra-
methoxypropane (2) afforded methyl 2-methoxybenzo-
ate (3), albeit, in only low yield (Scheme 1).

The TiCl4 mediated cyclization of 1a with 3-(siloxy)alk-
2-en-1-one 4a, readily available from 3-methylacetylace-
tone, afforded methyl 2-methoxy-4,5,6-trimethylbenzo-
ate (5a). The formation of 5a can be explained, in
analogy to the corresponding reaction of 1,3-bis(silyl
enol ethers), by conjugate addition of the terminal car-
bon atom of 1a onto 4a, cyclization and aromatization
MeO OMe
2
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Scheme 1. Synthesis of 3. Reagents and conditions: (i) TiCl4, CH2Cl2,
�78!20 �C.
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Scheme 2. Synthesis of 5a. Reagents and conditions: (i) TiCl4, CH2Cl2,
�78!20 �C.
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Scheme 3. Synthesis of 5a–f. Reagents and conditions: (i) TiCl4,
CH2Cl2, �78!20 �C.

Table 1. Products and yields

1 4 5 R1 R2 R3 R4 R5 R6 % (5)a

a a a H Me Me Me Me Me 40
b b b H Et Et Me H Me 48
b a c H Et Et Me Me Me 34
c a d Et Et Et Me Me Me 36b

a c e H Me Me Ph H Me 43
a d f H Me Me –(CH2)4– Me 28

a Yields of isolated products.
b A small amount of ethyl 3-ethyl-4,5,6-trimethylsalicylate could not be

separated.
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(Scheme 2). During the optimization, the amount of the
Lewis acid, the concentration, the temperature and the
work-up procedure proved to be important parameters.
As a side-product, methyl 2-hydroxy-4,5,6-trimethyl-
benzoate was formed by partial hydrolytic cleavage of
the methoxy group. The byproduct could be removed
by washing the reaction mixture with an aqueous solu-
tion of sodium hydroxide.

The preparative scope was next studied. The cyclization
of 1-alkoxy-3-siloxy-1,3-butadienes 1a–c with 3-(sil-
oxy)alk-2-en-1-ones 4a–d afforded the 2-alkoxybenzo-
ates 5a–f (Scheme 3).10 The formation of 5e and 5f
proceeded with very good regioselectivity, which can
be explained as previously reported for the reactions
of 1,3-bis(silyl enol ethers) (Table 1).5,7

The preparation of 1-aryloxy-3-alkoxy-3-siloxy-1,3-buta-
dienes has, to the best of our knowledge, not yet been
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Scheme 4. Synthesis of 8a–h. Reagents and conditions: (i) K2CO3, acetone, re
(iii) TiCl4, CH2Cl2, �78!20 �C.
reported. 1-Aryloxy-3-siloxy-1,3-butadienes 7a–d were
prepared by reaction of the corresponding 3-chlorocrot-
onates and phenols to give the 3-(aryloxy)crotonates
6a–d and subsequent deprotonation (LDA) and silylation
of the latter. The cyclization of 7a–d with 3-(siloxy)alk-2-
en-1-ones 4a–c,e,f afforded diaryl ethers 8a–h (Scheme
4). The best yields were obtained in the reactions of
the alkyl-substituted 3-(siloxy)alk-2-en-1-ones 4a and
4b (Table 2).

In conclusion, functionalized arylalkyl and diaryl ethers
were prepared by [3+3] cyclizations of 3-alkoxy- and 3-
aryloxy-1-siloxy-1,3-butadienes with 3-(silyloxy)alk-2-
en-1-ones.
R3

OSiMe3O

OR2

R1

OO

OR2

R1

6a-d

ii

7a-d

flux, 8 h; (ii) (1) LDA, THF, �78 �C, 30 min, (2) Me3SiCl, �78!20 �C;



Table 2. Products and yields

4 7 8 R1 R2 R3 R4 R5 % (8)a

b a a H Et Me H Me 45
a a b H Et Me Me Me 44
c a c H Et Ph H Me 37b

a b d Me Me Me Me Me 56
c b e Me Me Ph H Me 22
a c f Cl Me Me Me Me 47
e d g OMe Me Me OArc Me 18
f d h OMe Me Et H Et 15

a Yields of isolated products.
b A small amount of ethyl 4-methyl-6-phenylsalicylate could not be

separated.
c Ar = 4-EtC6H4.
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75.58; H, 6.58.
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