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Abstract—A synthesis of methyl 2-oxo-5-vinyl-tetrahydrofuran-3-carboxylate involving five synthetic steps from commercially

available 3,4-dihydroxybutene is reported.
© 2006 Elsevier Ltd. All rights reserved.

As part of an ongoing total synthesis project, we
required a reliable and scaleable procedure for the prepa-
ration of methyl 2-oxo-5-vinyl-tetrahydrofuran-3-car-
boxylate (1a).! Initial attempts to prepare la centered
on a reported one-step procedure for the synthesis of
ethyl ester analog 1b involving the condensation of
diethyl malonate with butadiene monoxide.> However,
repeated attempts to condense malonate ester with buta-
diene monoxide following the reported protocol led to
the formation of undesired regioisomers 2 as the major
products (Scheme 1).3 These data suggest that the struc-
ture of the lactone product described in earlier reports
were incorrectly assigned.* In this letter, we describe
our attempts to develop an alternative approach to the
synthesis of 1a.

We initially envisioned a two-step approach for the
preparation of la beginning with the addition of vinyl
Grignard to commercially available aldehyde ester 3 to
give lactone 4 following a related procedure.’ Subse-
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Scheme 1. Condensation of butadiene monoxide with dimethyl and
diethyl malonate.
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quent methoxycarbonylation would be expected to yield
la (Scheme 2).° Although the addition of Grignard
reagents to 3 has been previously described,>® we were
not able to obtain the desired lactone in reasonable
yields even after extensive optimization.

We next attempted a three-step synthesis of 1a starting
from 3,4-dihydroxybutene, which is commercially
available as the racemate and non-racemic forms.
Mono-tosylation of 3,4-dihydroxybutene’ to give 5
was followed by the formation of malonate ester 6.3
The addition of sodium hydride to 6 failed to give intra-
molecular C-C bond formation leading to 1a. Instead,
malonic esters 8 and 9 were isolated as a mixture (1:1)
after aqueous workup of the reaction. We hypothesize
that these two regioisomers arise from ketene acetal
intermediate 7 formed by O-alkylation, which is rapidly
hydrolyzed to afford observed products 8 and 9 (Scheme
3). Alternatively, intermediate 7 may be hydrolyzed
under workup conditions to afford either product 8 or
9, which are subsequently equilibrated to the observed
1:1 mixture via an acyl migration mechanism. In an
attempt to increase the likelihood of C-alkylation, the
tosylate leaving group of malonate 6 was converted to
the softer iodide in intermediate 10.° However, attempts
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Scheme 2. Two-step synthesis of 1a.
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Scheme 3. Attempted intramolecular synthesis of la from 3,4-
dihydroxybutene.
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Scheme 4. Intermolecular synthesis of 1a.

to cyclize iodide 10 under basic conditions also led to the
exclusive formation of 8 and 9 (1:1) in similar yields.

To accomplish an intermolecular malonate addition to 5
the secondary hydroxyl group of 5 was protected using
TBSCI to give ether 11 using standard conditions
(Scheme 4).'° An attempt to condense the tosylate 11
with dimethylmalonate using sodium hydride as a base
in DMF at 90 °C failed to yield the desired condensation
product. Further alkylation attempts involving the use
of a variety of solvents and added crown ether catalysts
also failed to yield the desired alkylation product. How-
ever, conversion to iodide 12 followed by condensation
with dimethyl malonate (9 equiv) using sodium hydride
as a base in DMF successfully yielded coupling product
13 in 76% yield.!! This intermediate was then converted
to the desired lactone 1a as a 1:1 mixture of diastereo-
mers in 70% yield in the presence of TBAF.!2

In conclusion, we have explored alternative synthetic ap-
proaches and identified a reliable synthesis of 1a starting
from 3,4-dihydroxybutene. Given the accessibility of
non-racemic 1,2-diols through highly selective catalytic
asymmetric dihydroxylation, we anticipate that the opti-
mized procedure described in this letter can be used to
obtain a variety of y-butyrolactones containing n-conju-
gating substituents at the y-position. Finally, the present
work provides a correction to earlier reports involving
malonate additions to vinyl oxirane.
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