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HIGHLY DIASTEREOSELECTIVE DIELS-ALDER REACTION OF OPTICALLY ACTIVE

ETHYL 2-p-TOLYLSULFINYLMETHYLENEPROPIONATE K WITH CYCLOPENTADIENE1)

*
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Summary Stereochemistry of the Diels-Alder reaction of ethyl Z- and E-2-p-
tolylsulfinylmethylenepropionate with cyclopentadiene has been studied. The

high diastereoselectivity was observed especially in the case of exo-cycloaddition.

We have previously reported that (+)—(R)S p-tolyl vinyl sulfoxide 1 is a
good chiral dipolarophile in the 1,3-dipolar cycloaddition reaction with acyclic

2)

nitrones. The observed high diastereoselectivity could be attributed to the
characteristic structure of the vinyl sulfoxide 1, that is, it has a chiral center
extremely close to the reaction site, C=C double bond. Very recently, Masamune

et al?) successfully designed a new dienophile 2 having a chiral auxiliary at

the position one atom closer to the reaction center than those acrylate esters
frequently used in the asymmetric Diels-Alder reactions. Here we would like to
report that a new chiral dienophile, ethyl p-tolylsulfinylmethylenepropionate 3,
which has a chiral auxiliary directly attached to the reaction center showed a
high diastereoselectivity in the asymmetric Diels-Alder reaction with cyclo-

pentadiene.
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The Emmons-Horner reaction

5)

of optically active diethyl p-tolylsulfinyl-

methanephosphonate with ethyl pyruvate gave optically active E- and Z—(R)Sjg

in 23 and 10 % yields respectivelyé) A mixture of E—(R)Sﬁg and 10 eq of cyclo-

pentadiene was heated at 90° for 5 hr in a sealed tube to give the endo sulfo-

7)

xides 4a and 4b and the exo sulfoxide §§8) in 63, 15, and 22 % yields respec-

. 9 . . .
tlvely.) The diastereoisomeric exo sulfoxide 5b could not be detected even by
the careful examination of the every chromatographic fraction(Chart 1).

Similarly, Z—(R)S-§ afforded the endo sulfoxides 6a and 6b, and the exo
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sulfoxide 7a in 63, 2, and 35 % yields respectively!o)

, the diastereomeric

exo sulfoxide 7b could not be detected. From the above results, the diastereo-
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selectivity of both reactions was calculated as follows.
exo addition of E—(R)S—; d.e. 100 %
exo addition of Z—(R)S—; d.e. 100 8

endo addition of E-(R)S1; d.e. 62 %
endo addition of Z—(R)S—i d.e. 94 %
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To elucidate the steric course of the above Diels-Alder reaction, the abso-
lute configurations of 4a and 7a were determined by chemical correlation as
follows (Chart 2)11) The cycloadduct 4a was catalytically hydrogenated to give in
69 % yield the dihydro derivative §§1%) which was then treated with TiCl., in AcOH-

3
13) in 77 % yield. The sulfide 9a was treated with

14)

AcONa to give the sulfide 9a
Raney Ni(W4) to afford ethyl 2-endo-methyl-2-exo-norbornanecarboxylate (-)-10,
f“];z -4.9° in 67 % yield. The cycloadduct 7a was subjected to the same
sequence of reactions1 to give ethyl 2-endo-methyl-2-exo-norbornanecarboxylate
(+)—lg,[d]§2 +4.8° in 23 % overall yield. The absolute configuration of (+)-10
was confirmed by the comparison with the authentic prepared from known (+)-2-endo-
methyl-2-exo-norbornane carboxylic ac1d16)
The most plausible mechanism for the above Diels-Alder reaction may be

described as shown below by the case of E—(R)Sjé assuming that, in the transition
state, the o,B-unsaturated sulfoxide takes the s-trans conformation with respect
to the $30 and C=C bonds as depicted in Chart 31/)
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The high diastereoselectivity observed could be explained in terms of the differe-
nce of steric bulkiness between the p-tolyl group and the lone-paired electrons.
In the case of endo cycloaddition, the steric interaction of p-electrons at C2
and C3 in cyclopentadiene with the lone-paired electrons should be much smaller
than that with the p-tolyl group, resulting in the predominant formation of 4a18)
The present investigation may provide a new entry to the asymmetric organic
synthesis using chiral ,B-unsaturated sulfoxides, since those compounds in
racemic form have been recently received much attention as versatile dienophile
in the Diels-Alder reaction?g)
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