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Total Synthesis of a Glyoxalase I Inhibitor and Its Precursor, (-)-KD16-U1
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Abstract: A glyoxalase I inhibitor and (-)-KD16-U1 have been synthesized from D-ribonic acid -
lactone through SnClg-promoted cyclization of a phenylsulfonyl enol sﬂyl ether and regmselectwe
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iniroduction of a hydroxymeihyi group. © 1997 Elsevier Science Ltd. All rights reserved.

A glyoxalase I inhibitor (9) was isolated in 1975 from the cuiture broth of Streptomyces griseosporeus by
Umezawa and co-workers.1) The absolute structure was determined by chemical studies and X-ray analysis.2)
Its precursor, (-)-KD16-U1 (8), had been already isolated in 1974 from the culture broth of Strepromyces
filipinensis by a chemical screening method developed in our laboratories,3) and converted to the
aforementioned glyoxalase I inhibitor by treatment with crotonic acid and BF3-Et20.4) The glyoxalase system,
which consists of glyoxalase I, glyoxalase II and reduced glutathione, catalyzes the conversion of a-keto
aldehydes to a-hydroxy acids. 1) The glyoxalase T inhibitor (9) has also been reported to exhibit antitumor
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carbohydrates.s’é) The first synthesis was achieved by Vaselia's group in which methyl o-D-glucopyranoside
was effectively used as a starting material.7) Recently, the SnCl4-promoted aldol-like cyclization of
phenylsulfonyl enol silyl ethers containing a dimethyl acetal has been explored extensively in our laboratories.6)
This transformation is ideally suited to the synthesis of carbocycle-containing natural products and carba-
sugars, since the core skeleton arises after appropriate replacement of the phenylsulfonyl group. As an
illustration of these strategies, we recently disclosed the total synthesis of ( -)-PF1092s.3) Herein, we describe
the novel synthesis of (-)-glyoxalase I inhibitor (9) and its precursor, (-)-KD16-U1 (8).
h

In nnr retencynthatic analyvcice it wae nraonoce at ( \ KDI1A-T11T (8) conld he anhtained from the
A1 vul lUuUD_’lll—llU!—l\/ QLIIdilYyOioy ik YY UO Pl\)y\l\)\/ AAEAL ARLAAUT U A \(VU)J VUMM Ut UJURARIIWL LIVJRIE MR
MeO MeO
MeO MeO
T 8) 82% HO 9% o %% o OH 7%
0 i 0 — O —» y —_—
N—1 1) TBSOT —1 1)DCC, Py *TFA YT MeSO PR — L TBSOTS
2,6-lutidine u-Buli / THF SO,Ph 2,6-lutidive
OH OH 2 Hy/PaC TBSO OTBS PM0<'= TRSO OTBS TBSO OTBS
2) HC(OMe)y
1 2 CSA/MeOH 3 4

o} o}
MeQ TBSD  QTBS s TBSONANs0Ph L TBOC A~ “°~.j\fon

Meo” Y N S0zPh /l\) /K) 0% TFA ,m/l\)

SnCle Then 1} BuSuli THF  rpen
TBSO OTBS o e Pt 1 then HCHO gas e 1 il 1
OTBS  »S0:/PaH OoTBS OH
5 6 7 Me 5~ COH l: 8:R=H
BF;3-E1,0
Wz'-'N ’ 9: R:L\

% .

0040-4039/98/$19.00 © 1997 Elsevier Science Ltd. All rights reserved.

PII: $0040-4039(97)10559-7



402

corresponding o-phenylsulfony] cyclohexenone 6 through the Michael type addition of tributylstannyl-lithium
followed by trapping with formaldehyde and desulfonylation 8) The cvclohexenone 6 would arise from the anol
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silyl ether containing the dimethyl acetal §, which originates from one -step opening of the phenylsulfonylmethyl
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In practice, the O-rityl derivative 1%) was silylated, followed by reductive de-O- tritylation to give the
aicohol Z (mp 116°C, {ojD +46%)10). Pfitzner-Moffatt oxidation and acetal formation gave 3 (mp 93°C, [alD
+14°). Reaction of 3 with lithiated methyl phenyl sulfone afforded the furanose 4 (mp 136°C, [a]p +22°). This
was silylated to produce, as expected,’) the labile enol silyl ether § having a simultaneously silylated hydroxy
group (mp 108°C, [a]D +37°). The SnClg-promoted cyclization of 5 resulted in the formation of the
cyclohexenone 6 (mp 197°C, [a]D -120°). Addition of tributylstannyl-lithium8) to 6 was followed by trapping
of the intermediary (-tributylstannyl sulfone with formaldehyde. This reaction gave an adduct which, upon

treatment with silica gel, was converted throu h B-elimination of the tributvlstannvl eroun to the decired cr—
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-166°(H20)], which was identical with the natural (-)-KD16-U1 (8) in all respects.3)

res

The synthetic (-)-KD16-U1 (8) was treated with crotonic acid and BF3-Et20, as previously reported in
our laboratories,4) to give the selectively acylated product 9 [mp 181°C, [a]D -111°(MeOH)] identical with the
natural glyoxalase I inhibitor (9).1)

Adaptation of this synthetic strategy for the construction of other cyclohexenones is under investigation.
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10.  Optical rotations were measured in CHCI3 using a 0.5 dm tube at 22°C, unless otherwise noted.
Significant 1H-NMR spectral data (in CDCI3; 270, 400 and 500 MHz, 8; TMS=0, unless otherwise
noted) are the following. 2: 1.90(1H, t, J=5.6Hz), 3.51(1H, ABq, J=3.0, 4.5, 5.6Hz), 3.96(1H,
ABq, J=3.0, 4.0, 5.6Hz), 4.45(1H, dd, J=3.0, 4.5Hz), 3: 3.47(3H, s), 3.50 (3H .8), 4.23(1H, d,
J=3.0Hz), 437(1H, d, J=3.0Hz), 4: 3. 46(1H d, J=15. 4Hz) 4.26(1H, d, J=15.4Hz), 7. 56(3H m)

7.98(2H, m), 5: 3.59(1H, d, j=5.0Hz), 3.79(iH, d, J=7.4Hz), 4.32(iH, d, /=9.0Hz), 4.45(1H, d,
I—-7 ALI-Y §T77(1H c\ K AIQ{’)H m\ A’7AIH—I Add 7—’)’) ')ﬂI—Iw\ ’7’7(\1]“ Ad T—')’) IKI-I,\

JELNAL ), ST T\, OS), SiS LD, GG, V= VIiL) 2122,

7: 2.28(1H, br), 4.24(2H, m), 646(1H m) 8 (D20): 425(1H d, J-14Hz) 432(1H d, J-14Hz)

4.47(2H, m), 4.82(1H, m), 6.78(1H, m), 9(DMSO): & 1.86(3H, dd, J=6.9, 1.8Hz), 4.17(2H, m),
4.55(1H, m), 4.63(1H, dt, J=13.5, 1.5Hz), 4.75(1H, dt, J=13.5, 1.5Hz), 5.07(1H, d, J=3.3Hz),
5.19(1H, d, J=5.5Hz), 5.37(1H, d, J=7.0Hz), 5.92(1H, dq, J=15.6, 1.8Hz), 6.62(1H, m),
6.93(1H, dg, J=15.6, 6.9Hz).



