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S-S Cleavage of Stable 1,2-Dithiolanes with
Carbon Nucleophiles as Model for Enzyme
Reductive Acylation of Lipoic Acid

MASATO TAZAKI

Department of Applied Chemistry, Kumamoto Institute of Technology
Tkeda 4-22-1, Kumamoto 860-0082, Japan

Coenzyme lipoic acid is bound covalently to pyruvate and 2-oxoglutarate
dehydrogenase complexes and reductively acylated by the "active
aldehydes” bound to thiamine diphosphate in Krebs cyclelll. The
mechanism for these acylations is controversial; redox and carbanion
mechanisms have been proposed!2). Owing to the intrinsic ring strain,
1,2-dithiolanes 2 have the polymerizability preventing the studies on their
reactivity towards carbon nucleophiles 1. We found substituents on the
dithiolane ring reduced the polymerizability; 4.4-diethyl- and 4,4-
pentamethylene-1,2-dithiolanes do not polymerize and are suitable to the
model study’l. The substituent effect was discussed in terms of the
ceiling temperature Tc.
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The stable 1,2-dithiolanes 2 reacted with simple Grignard and lithium
reagents to give the corresponding ring-opened products 3 in excellent
yields?®). Lithiated heterocycles such as thiophenes, furans, N-
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methylpyrroles, 1,3-azoles, and methylpyridines can cleave the S-S bond
in a quantitative manner!¥), The reaction provides a facile, chemoselective
synthesis of mono-S-substituted 1,3-propanedithiol derivatives 3.
Acetylides!®! and sulfonium ylides(®! reacted similarly but the products
further isomerized to cyclic compounds. The reactivity of 1,2-dithiolanes
towards EtMgBr was compared with that of linear disulfide BuSSBu.
The strain-assisted acceleration Ca. 10 was observed for the 1,2-
dithiolanes, and that of Ca 10 for 1,2-dithianel3]. Acetophenone enolates
and indenyl anions as resonance-stabilized carbanions can cleave the S-S
bond. No electron transfer process was detected so far except the case
that sterically hindered dithiolanes were reacted with sterically hindered
Grignard reagents. '

The results are summarized as follows; polymerization resistant 1,2-
dithiolanes are suitable to the simple models for the enzyme bound lipoic
acid, since they are highly reactive towards carbon nucleophiles as
expected for the lipoic acid. The reaction of polymerization resistant 1,2-
dithiolanes proceeds via a simple SN2 mechanism on the sulfur in many
cases in line with the carbanion mechanism proposed for the enzyme
process.
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