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ENANTIOSELECTIVE TOTAL SYNTHESIS OF GLYOXALASE I INHIBITOR
USING ASYMMETRIC DIELS—-ALDER REACTION OF A NEW CHIRAL DIENOPHILE,
(S) S—3- ({3-TRIFLUOROMETHYLPYRID—-2-YLSULFINYL)ACRYLATE.
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Summary Highly enantioselective total synthesis of Glyoxalase I inhibitor (1) was achieved
utilizing the asymmetric Diels-Alder reaction of a new chiral dienophile, (§)g-menthyl 3-(3-
trifluorcomethylpyrid-2-ylsulfinyl)acrylate (3) with 2-methoxyfuran.

Glyoxalase I inhibitor(COTC) (1), iscolated first from the culture broth of Streptomyces
griseosporeus by Umezawa et al.l, has attracted considerable interest because of its
cytotoxic and cancerostatic activity.2 The chiral synthesis of this enzyme inhibitor
possessing a unique 48, 53, 6p-trihydroxycyclohex-2-enone system has been recently
accomplished by Vasella et al3 starting from D-mannose and the absolute configuration of 1
was confirmed unequivocally by this chemical conversion, However, the asymmetric total
synthesis of this biologically important compound has not been reported so Z“ar. In this
communication, we describe the first efficient enanticselective total synthesis of (-)-1 by

4 In

the asymmetric Diels-Alder reaction using chiral arylsulfinylacrylate as a dienophile,
the synthetic strateqy which we designed by the retrosynthetic analysis , the crucial step
was the asymmetric Diels-Alder reaction of optically active 3-arylsulfinylacrylate to
afford l-methoxy-3-arylsulfinyl-~7-oxabicyclol2.2.1lhept-5-ene-~2-carboxylate system, which
was transformed highly stereoselectively to compound 9. The deprotection-ring opening -

desulfenylation reactions of 9 in one step would provide the target compound, COTC 1 (see

Scheme 1),
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The Diels-Alder reaction of (§)S—3 with 5 equiv. of 2-methoxyfuran was carried out in
toluene at 0°C for 6 days to afford the endo cycloadducts 5 almost exclusively. The crude

11

cycloadducts were subjected to 0s0y4 oxidation( catalytic amount of 0s0y and MeBNO)

followed by the ketalization(2,2-dimethoxypropane and p-TsOH)to give exclusively the exo

diol derivative 6 in 72% overall yield from the dienophile 3, HPLC analysi512

of the crude
acetonide 6 showed the presence of diastereoisomers in a ratio of 98:2, indicating that the
Diels~Alder reaction of (§)S—3 with 2-methoxyfuran and the subsequent vicinal hydroxylation
proceeded with high stereo- and diastereoselectivity. The diastereomerically pure
sulfoxide 6 which was obtained by the recrystallization of the crude sulfox;des13 was
reduced with TiCl3 in ethanol and then with LiA1H4 in THF to provide the primary alcohol 714
in 78% yield. The enantiomeric excess of 7 was proved to be no less than 98% as checked by

15 The sulfide 81, [al, +40.5°(c

the NMR spectrum of the corresponding (-)-MTPA ester
1.33), obtained by esterification of the alcohol 7 with crotonic anhydride and pyridine in
guantitative yield, was oxidized with mCPBA in CH2C12—aq. NaHCO3 to afford a
diastereoisomeric mixture(l0:1) of sulfoxides 917 in 85% yield, Next is the final stage of
our synthetic plan which is the direct conversion of 9 to the objective natural product by
deketalization-ring opening-desulfenylation reaction., After various unsuccessful attempts
due to the instability of COTC toward alkali and silica gel, we finally succeeded to obtain
(-)-COTC 1 in 62% yield from 9, Thus, treatment of 9 with 80% aqg. CF3C02H at -20°C for 5 hr,
and subsequent purification by use of Sephadex LH-20 chromatography with methancol afforded
crystalline (-)-COTC 1, The spectral data(IR and NMR)of the synthetic COTC 1 (mp 179-181
¢, laly -108"(c 0,23, MeOH), 1it,.l mp 181°, lalp ~109°(c 1.5, MeOH) ) were identical with
those of natural compound.

The successful enantioselective synthesis of (-)-COTC presented here demonstrates that
optically active 3-trifluoromethylpyrid-2-ylsulfinyl group has the potential to be an
efficient chiral auxiliary. Furthermore, the methodology developed in this work should
provide an expedient route to the naturally occurring highly functionalized cyclohexane

derivatives having biological activities.18
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