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CONVERSION OF SHIKIMIC ACID
INTO 2-CROTONYLOXYMETHYL-

(4i^ 5i?, 6S>4 , 5 , 6-TRIHYDROXYCYCLOHEX-
2-ENE ANALOGOUS TO A
GLYOXALASE I INHIBITOR

Sir:

Shikimic acid1 was shown to occupy a major
position in the formation of the essential aro-

matic amino acids. In comparison to chemical
and biochemical studies of the shikimate path-

way, the bioactivity of shikimic acid-derivatives

has received considerably less attention to daten.
Recently Japanese researchers discovered a
glyoxalase I inhibitor, 2-crotonyloxymethyl-(4i?,

5R, 6jR)-4, 5, 6-trihydroxycyclohex-2-enone3) (1),
which showed a strong inhibition of growth of
HeLa cells and Ehrlich ascites carcinoma and

prolonged the survival period of mice inoculated
with leukemia L1210 with a relatively low toxi-

city3). It was also found that inhibition of

glyoxalase I is due to reaction at C-7 of 1 with
Fig. 1.

T For a comprehensive review1}.
tf Shikimic acid-derived dioxolamycin shows a moderate cytostatic activity against leukemia L1210 cells in

vitro2).
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sulfhydryl compounds4»5). Recently Vasella6)

and Koizumi70 have accomplished synthesis of
1. These findings prompted us to investigate
any possibility of shikimic acid-derived antitumor
agents. Thus we decided to make 8 to test its
anti-neoplastic activity.

(-)-Shikimic acid was chosen as a chiral
starting material. The conversion of (-)-
shikimic acid into a potential glyoxalase I in-

hibitor, 8, is outlined in Fig. 1. Thus treatment
of (-)-shikimic acid, 2, with saturated hydrogen
chloride in methanol afforded crystalline methyl
shikimate, 4 (reflux 1 hour, yield 91 %). Direct
reduction of 4 into shikimyl alcohol, 3a8), has

been failed under various conditions (diisobutyl-
aluminum hydride and lithium aluminum hy-
dride). It was found that the protection of two
hydroxyl groups at C-4 and C-5 of 4 is necessary
for successful reduction of a^-unsaturated
methyl ester of 48). Therefore, two hydroxyl
groups at C-4 and C-5 of 4 was selectively
protected as acetonide, 58) (2,2-dimethoxy-
propane, Dowexresin acidic form, acetone, 15
minutes, room temperature, yield 86%) and
the reduction of methyl isopropylidene shiki-

mate, 5, with diisobutylaluminum hydride (10
equiv of 1.0m diisobutylaluminum hydride
(DIBAL-H) in THF, 0°C, 1 hour) provided
cleanly the diol 68) in excellent yield (87%,
colorless oil). Selective crotonation of the

allylic alcohol of 6 with crotonic acid (1 equiv)
was achieved by dicyclohexylcarbodiimide (DCC)
in the presence of catalytic amount of 4-pyr-
rolidinopyridine (methylene chloride, room tem-
perature, 24 hours) to give 7 (yield 42%)f. It
is known that treatment of isopropylideneshi-
kimyl alcohol with dilute mineral acid, in an
attempt to remove the protecting group, yielded
only acetone and aromatics1}. We found that
final deprotection of the acetonide of 7 with
Dowex resin (acidic form, water, 70°C, 1.5

hours) afforded cleanly the water soluble product,
8 (88%, mp 76~77°C, M2D5 -122° (c 0.1, H2O),
Anal Calcd for CnH16O5: C 57.89, H 7.02, O
35.09. Found: C 57.98, H 7.20, O 35.00; IR
(KBr) cm"1 1710 (s, C=O); *H NMR (90 MHz,
D2O+DSS) d 7.20 (1H, dq, /=14and 6 Hz, trans-
H), 6.05 (1H, dq, /=14 and 2 Hz, trans-H), 5.86
(1H, br d, J=3 Hz, 3-H), 4.70 (2H, s, CH2O),
4.40 (1H, t, J=3Hz, 4-H), 4.10 (1H, m, 6-H),

The yield was not optimized.
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3.75 (1H, dd, J=3 and 9 Hz, 5-H), 2.40 (2H, ABq,
/AB=15 Hz, CH2), 1.92 (3H, dd, J=2 and 6Hz,
CH3). This compound 8 was further reacted
with sulfhydryl compounds, for example, glu-
tathione to afford 3b. The XHNMRspectrum
showed the presence of methylene proton at-
tached to the C-2 position of 3b as a doublet
(/=1.3Hz) at 3 3.79 and the absence of the
crotonate moiety. In conclusion, we obtained
the optically active target compound, 8 in 5
steps starting from shikimic acid in overall
yield 25%. Although this final compound, 8
showed no antibacterial and anti-neoplastic ac-
tivity against leukemia L1210 cell, this new
synthetic compound, 8 shows a moderate anti-
candidal activity against Trichophyton menta-
grophytes ATCC 9972 in vitro (MIC 51 ^g/ml).
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