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Synthesis of an oxa-lipoic acidI
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Abstract—The synthesis of an oxa-lipoic acid is reported here for the first time. We have achieved the synthesis of the title com-
pound starting from commercially available acrolein using a Michael addition and Knoevenagel condensation as key reactions.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Protection from b-oxidation: replacement of b-methylene
group with an oxygen atom.
Lipoic acid (LA) 1, a naturally occurring octanoic acid
derivative, has a critical role in energy metabolism as
an essential co-factor for mitochondrial a-keto-acid
dehydrogenases.1 Besides its enzymatic role, LA has
been shown to act as a micronutrient with a range of
antioxidant and pharmacological properties.2 More
importantly, LA has been used for the treatment of dia-
betic complications and a recent study showed that LA
can be used as an anti-obesity drug.3 Despite its very
attractive biological properties, it suffers from poor bio-
availability. One of the reasons for its metabolic instabil-
ity is b-oxidation.4 Previous studies on metabolism have
shown that LA is subject to extensive b-oxidation and
major metabolites like bisnorlipoic acid and tetranorli-
poic acids were identified.4c Recently, 3-keto-lipoic acid,
an intermediate resulting from b-oxidation was detected
in human plasma after oral dosing in a healthy volun-
teer.4d To address this issue, the b-methylene unit can
be replaced with a group such as –CF2, N-alkyl, or an
oxygen atom. We have designed the title compound in
which we replaced the b-methylene group with an oxy-
gen atom (Fig. 1). Although, there are several reports
in the literature on the synthesis of 1 and its deriva-
tives,5,6 no reports on the synthesis of the oxa-lipoic acid
2 are documented. In this Letter, we disclose the first
synthesis of oxa-lipoic acid 2 starting from commercially
available acrolein and benzylmercaptan.

We designed the synthesis of oxa-lipoic acid 2 such that
the dithiolane moiety was introduced at a later stage due
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to its sensitivity towards various reaction conditions; in
particular, it is prone to oxidation. Our synthesis began
with the reaction of acrolein 3 with benzylmercaptan to
give the aldehyde 4.7 Two-carbon homologation of com-
pound 4 was achieved by heating with malonic acid
monoethyl ester in the presence of piperidine and pyri-
dine mixture to furnish 5 in 62% yield.7 Addition of an-
other molecule of benzylmercaptan in a Michael fashion
resulted in compound 6.7 The alcohol 7, obtained by
LiAlH4 reduction of 6 was subjected to O-alkylation
with t-butyl bromoacetate under phase-transfer catalysis
to furnish the ether 8 in 81% isolated yield. Removal of
the t-butyl group in 8 by stirring with TFA in DCM
gave the corresponding acid 9 in quantitative yield.
The synthesis of oxa-lipoic acid 2 was achieved by con-
struction of the dithiolane ring using a known proce-
dure.6h,i Reductive removal of the benzyl groups with
sodium–ammonia followed by oxidation furnished the
oxa-lipoic acid as a viscous material in 50% isolated
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yield over two steps. The spectral data (IR, 1H NMR,
13C NMR and MS) of the 2 were in agreement with
structure 28 (see Scheme 1).

In conclusion, the first synthesis of oxa-lipoic acid 2 was
achieved starting from acrolein and benzylmercaptan.
Compound 2 was designed to resist from b-oxidation,
which may help in improving the bioavailability of lipoic
acid 1 by retaining its biological activity.
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