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Reductive Cleavage of Succinic Esters.
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A Method for the Introduction

of Acetic Acid Fragments

By PauL G. GassMaN* and XAVIER CREARY
(Depariment of Chemistry, The Ohio State University, Columbus, Ohio 43210)

Summary Diels—Alder addition of maleic or fumaric esters
to 1,3-dienes, followed by catalytic reduction and
treatment with sodium in liquid ammonia at —78°,
which promotes a solvent dependent reductive cleavage
of the carbon—carbon ¢ bond of the succinic ester fragment,
provides a general method for the preparation of deri-
vatives of suberic acid.

AcyLoiN condensations have been carried out both in
refluxing aromatic solvents with sodium or sodium-
potassium alloy and in liquid ammonia with sodium. In
an attempt to convert (1) into (2) wvia such acyloin
condensations, we found that the products obtained were
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extremely dependent upon reaction conditions. Sodium
in refluxing toluene in the presence of chlorotrimethyl-
silane gave an 889, yield of (3). Since (3) is an apparent
thermal isomerization product of (2),! we reran the con-
densation at 25°, with sodium—potassium alloy in benzene.
Again (3) was obtained as the only product. In contrast,
when (1) was treated with sodium in liquid ammonia at
—178°, neither (2) nor (3) was detected; instead, (4) was
isolated in 549, yield. The formation of this product
requires the reductive cleavage of the carbon—carbon ¢
bond of the succinic ester function. Although a few
isolated examples of such a reductive cleavage are known,?
the solvent dependency, generality, and synthetic utility of
this reduction have not been appreciated.
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In principle, the reduction with sodium in liquid ammonia
of succinic esters represents a method of introducing two
acetic acid groups. Since succinic esters are readily
prepared via addition of maleic esters or fumaric esters to
1,3-dienes, the process is one of adding acetic acid groups
to the 1- and 4-positions of the conjugated diene (see
Scheme). The Diels-Alder adduct formed from cyclo-
pentadiene and dimethyl maleate yields 72%, of (6) on
reduction (Na-lig.NH,;) at —78°. Similarly, reduction
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(Na-liq.NH;) of the saturated diester (7) gave (8) (529%).
The same cis-diester (8) was obtained from similar reduction
of the tramns-diester (9).

Mechanistically, the cleavage appears to proceed via a
two-electron addition to give a dianion diradical which
cleaves to yield a bis-alkoxy-enolate. Evidence for this
premise was provided by the trapping of such an enolate
from the reductive cleavage of (10) by sodium in refluxing
toluene containing chlorotrimethylsilane. Under these
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conditions (10) gave (11), presumably vie (12) and (13).
On addition of methanol, (11) gave (14). The diester (14)
was also obtained as the only volatile product on reduction
(Na-liq.NH,) of either (10) or (15) at —78°.
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