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Synthesis of functionalized acetophenones by [3 + 3] cyclizations
of 1,3-bis-silyl enol ethers with 2-acetyl-3-silyloxyalk-2-en-1-ones
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Abstract—The TiCl4 mediated cyclization of 1,3-bis-silyl enol ethers with 2-acetyl-1-silyloxybut-1-en-3-one and 3-acetyl-4-silyloxy-
pent-3-en-2-one, readily prepared from 3-formyl(acetylacetone) and triacetylmethane, afforded a variety of functionalized
acetophenones.
� 2004 Published by Elsevier Ltd.
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Scheme 1. Synthesis and silylation of 1.
Functionalized acetophenones are of considerable inter-
est as synthetic building blocks and occur in a number of
natural product analogues.1 Some years ago, Chan and
co-workers reported an elegant synthesis of salicylates
by [3 + 3] cyclization of 1,3-bis-silyl enol ethers—
electrneutral 1,3-dicarbonyl dianion equivalents2,3—
with 1,1,3,3-tetramethoxypropane or 3-silyloxyalk-2-
en-1-ones.4 Herein, we wish to report the application
of this methodology to the synthesis of functionalized
acetophenones by [3 + 3] cyclizations of 1,3-bis-silyl enol
ethers with 2-acetyl-3-silyloxyalk-2-en-1-ones.

3-Formylacetylacetone (1) was prepared according to a
literature procedure by reaction of acetylacetone with
triethyl orthoformate and acetic anhydride.5 It was as-
sumed for a long time that 1 exists as 3-(hydroxymethyl-
idene)acetylacetone.5,6 However, it was later shown that
1 mainly resides as 3-formyl-2-hydroxypent-2-en-4-
one.7,8 Reactions of 1 have only scarcely been reported
in the literature.5,8 Our first experiments related to the
silylation of 1 were unsuccessful as the reaction of 1 with
Me3SiCl/NEt3 resulted in the formation of a complex
mixture. In contrast, treatment of an ether solution of
1 with Me3SiOTf/NEt3

9 afforded the 2-acetyl-1-silyloxy-
but-1-en-3-one 2 in 85% yield (Scheme 1). The synthesis
of 2 has, to the best of our knowledge, not yet been re-
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ported and proceeded by regioselective silylation of the
formyl rather than the acetyl group.

The TiCl4 mediated [3 + 3] cyclization of 3-(silyloxyme-
thylidene)acetylacetone (2) with 1,3-bis-silyl enol ether
3a, readily available from methyl acetoacetate, afforded
the functionalized acetophenone 4a in reasonable yield
(Scheme 2).10 The regioselective formation of the prod-
uct can be explained based on general observations re-
ported by Chan:3,4 conjugate addition of the terminal
carbon atom of 3a onto 2 gave intermediate A and sub-
sequent cyclization and aromatization afforded the final
product. The regioselective conjugate addition can be
explained by coordination of the 1,3-diketo moiety of
2 with TiCl4, which enhances the electrophilicity of the
carbon atom attached to the silyloxy group.4 Transmet-
allation and formation of a titanium enolate cannot be
excluded.
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Scheme 4. Synthesis of salicylate 6.
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Scheme 2. Synthesis of salicylate 4a.
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The preparative scope was studied by systematic varia-
tion of the substituents of the 1,3-bis-silyl enol ether
(Scheme 3, Table 1). The cyclization of 2 with 3b and
3c, derived from ethyl and benzyl acetoacetate, afforded
the acetophenones 4b and 4c (Scheme 2). The cyclization
of 2 with 2,4-bis(trimethylsilyloxy)-1,3-pentadiene (3d)
afforded 4d. Starting with 1,3-bis-silyl enol ethers 3e–h,
containing a substituent at the terminal carbon atom,
afforded the methyl-, ethyl-, butyl- and allyl-substituted
acetophenones 4e–h, respectively. The cyclization of 2
with 3i–j afforded the methoxy- and ethoxy-substituted
acetophenones 4i–j, respectively.

The cyclization of 1,3-bis-silyl enol ether 3a with
known11 3-acetyl-4-silyloxypent-3-en-2-one (5), pre-
pared by treatment of triacetylmethane with
Me3SiOTf, afforded the functionalized acetophenone 6
(Scheme 4).
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Scheme 3. Synthesis of salicylates 4a–j.

Table 1. Products and yields

4 R1 R2 %a

a H OMe 55

b H OEt 40

c H OBn 33

d H Me 35

e Me OMe 72

f Et OEt 60

g Bu OMe 77

h Allyl OEt 74

i OMe OMe 35

j OEt OEt 30

a Yields of isolated products.
Acknowledgements

Financial support from the Deutsche Forschungsgeme-
inschaft is gratefully acknowledged.
References and notes

1. Römpp Lexikon Naturstoffe; Fugmann, B., Lane-Fug-
mann, S., Steglich, W., Eds.; Thieme: Stuttgart, 1997.

2. (a) Chan, T.-H.; Brownbridge, P. J. Chem. Soc., Chem.
Commun. 1979, 578; (b) Molander, G. A.; Cameron, K. O.
J. Am. Chem. Soc. 1993, 115, 830.

3. For a review of 1,3-bis-silyl enol ethers, see: Langer, P.
Synthesis 2002, 441.

4. (a) Chan, T.-H.; Brownbridge, P. J. Am. Chem. Soc. 1980,
102, 3534; (b) Brownbridge, P.; Chan, T.-H.; Brook, M.
A.; Kang, G. J. Can. J. Chem. 1983, 61, 688; (c) Kang, G.
J.; Chan, T. H. J. Org. Chem. 1985, 50, 452; for reactions
of 1,3,5-tris-silyl enol ethers, see: (d) Chan, T. H.; Stössel,
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