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Abstract

Reaction of 1,3-bis-(trimethylsiloxy)-1,3-butadienes with a-allenylesters resulted in regioselective formation
of functionalized homophthalates which represent useful building blocks for natural product syntheses.
© 2000 Elsevier Science Ltd. All rights reserved.

Despite numerous reports of cycloaddition reactions of alkynes there is a relative paucity of
work on the use of allenes as dienophiles in Diels—Alder reactions.! This is presumably due to
the instability of many allenes under the increased temperatures required for cycloaddition reactions.
In the course of our interest in cyclization reactions of dianion synthons we have recently reported?
cyclizations of 1,3-bis-(trimethylsiloxy)-1,3-butadienes, synthons of 1,3-dicarbonyl dianions,?
with oxalic acid dielectrophiles to give y-alkylidenebutenolides. Herein, we wish to report, to the
best of our knowledge, the first cycloaddition reactions of allenes with 1,3-bis-(trimethylsiloxy)-
1,3-butadienes.* These reactions provide a convenient and regioselective access to a variety of
functionalized homophthalates which are of interest as building blocks in the synthesis of natural
products.?

Our first attempts to induce a cyclization reaction of dimethyl allenedicarboxylate 2> with 1,3-
bis-(trimethylsiloxy)-1,3-diene 1a were unsuccessful: when the reaction was carried out in toluene,
no conversion was observed at 20°C. In contrast, at elevated temperatures, decomposition was
observed. Equally disappointing results were observed, when the reaction was carried out in
CH,Cl, in the presence of Lewis acids. In contrast, a clean cyclization could be induced when the
neat starting materials were stirred at 20°C for 1 h to give homophthalate 3a.*¢ Optimal yields
(up to 75%) were obtained for 3a when the reaction mixture was worked up using triethyl
ammonium fluoride” in 95% ethanol. Formation of 3a can be explained by regioselective cyclization
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and subsequent aromatization by fluoride-induced cleavage of the trimethylsilyl groups and
elimination of ethanol (Table 1).

Table 1
. . 1) neat R
MezSiO  OSiMe 0o
P coMe _ 20-80°C o com
= OR3 + = 2) HNEt3F Hvie
R' R? MeO,C H R? CO,Me
OH
1a-h 2 3a-h
3 R R? R® TI[°CL(t[h]) % 3 R! R? R® TI[°C],(t[h]) %
a H H  OEt 20 (1) 75 e Bn H  OEt 70 (10) 42
b Me H OMe 20 (5) 55 f  Allyl H  OEt 20 (14) 60
¢ Et H  OEt 20 (14) 43 g OMe H OMe 20 (18) 40
d Bu H  OEt 20 (14) 33 h H Me  OEt 20 (14) 32

In order to study the preparative scope of the cyclization reaction the substituents of the 1,3-
bis-(trimethylsiloxy)-1,3-butadienes were systematically varied. Reaction of allene 2 with 1,3-bis-
(trimethylsiloxy)-1,3-dienes 1b—f, containing a methyl-, ethyl-, butyl-, benzyl-, and allyl group at
the terminal carbon atom, afforded the homophthalates 3b—f in good yields and with very good
regioselectivities. Reaction of 2 with 4-methoxy-1,3-bis-(trimethylsiloxy)-1,3-diene 1g afforded the
highly functionalized homophthalate 3g. Starting with the 1,3-bis-(trimethylsiloxy)-1,3-diene 1h,
containing a methyl group at the central carbon atom, the homophthalate 3h was isolated (Table 2).

Table 2
1) neat, R!
Me3zSiO  OSiMes 20-80 °C Ho
H CO,M
A3, 2VI€ 2y HNEt;F CO,Me
R' R? MeO,C H R? CO,Me
R3
1l 2 3i-l
3 R R? R® T[°C],(t[h]) % 3 R R? R* T[C)(t[h]) %
i H H Me 20 (1) 55k H COMe Me 70 (10) 20
i H Me  Me 20 (14) 44 H H Ph 70 (10) 40

Reaction of allene 2 with the diketone derived 1,3-bis-(trimethylsiloxy)-1,3-dienes 1i-l resulted
in regioselective cyclization and elimination of water upon treatment with HNEt;F to give the
homophthalates 3i-1. These products contain an alkyl or an aryl group (R?) rather than a
hydroxy group at carbon C-5. Starting with the dienes derived from acetylacetone, 2-methyl-
acetylacetone, methyl 2-acetyl-acetoacetate and benzoylacetone, the homophthalates 3i-1 were
prepared in good yields.
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