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IMPROVED SYNTHESES OF TWO 3-DEOXYALD-2-ULOSONIC ACIDS(KDN,KDO) BY CONDENSATION
OF OXALACETIC ACID WITH ALDOSES FOLLOWED BY Ni2'CATALYZED DECARBOXYLATIONY

Ryuichi Shirai and Haruo Ogura¥*

School of Pharmaceutical Sciences, Kitasato University,
Shirokane, Minato-ku, Tokyo 108, Japan

ABSTRACT : Condensation of oxalacetic aci¢ with D-mannose and D-arabinose followed by
Ni%‘catalyzed decarboxylation gave 3-deoxy-D-glycero-D-galacto-2-nonulosonic
acid(KDN) and 3-deoxy-D-manno-2-octulosonic acid(KDQ) respectively in high
chemical yield and high diastereoselectivity.

3-Deoxy-D-glycero-D-galacto-2-nonulosonic acid(KDN,1) was isolated from polysialo-
glycoprotein(PSGP} of rainbow trout eggs.?’ Terminal capping of oligo{poly})sialylchains
by the KDN residues protects these chains from exosialidases, thereby helping them to
perform some required, but as yet unidentified function during egg activation or early
development. 3-Deoxy-D-manno-2-octulosonic acid(KD0O,2) is a characteristic sugar compo-
nent of lipopolysaccharides(LPS) and capsular polysaccharides which occur in the cell
surface of Gram negative bacteria and carry important biological actions.?®
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Syntheses of 3-deoxyald-2-~ulosonic acids, especially 2 and its derivatives, have
been reported by many groups.' & It is evident that the most concise synthetic method
of 2 is condensation of oxalacetic acid with D-arabinose under aqueous basic condition
followed by decarboxylation.® 7 However, the chemical yield of 2 by this reaction is
low and is not reproducible because the decarboxylation condition has not so far been
optimized. By the reported procedure,?® 7 spontaneous decarboxylation of aldol aduct is
very slow. Actually, Ungar reported that dicarboxylic aldol aduct was obtained by anion
exchange chromatography.?®’ On the other hand, Redmond et al. reported that treatment of
2 « NH; with dilute acid gave 2,T-anhydro-3-deoxy- g -D-manno-2-octulofuranosonic acid
because of its instability to acid.?®’ These results strongly indicate that decarboxyla-
tion of aldol aduct must be performed completely under mild conditions.

The polyvalent metal ion catalyzed decarboxylation of oxalacetic acid has been
studied in detail and has served as a model system for the elucidation of an enzyme
mechanism. !’ We wish to report the improved syntheses of 1 and 2 by condensation of
oxalacetic acid with aldoses followed by Ni?°catalyzed decarboxylation of aldel aduct
in one pot reaction. The reaction condition was optimized on the synthesis of 1. Con-
densation was performed essentially by reported procedure(Table).3 7’ Decarboxylation
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was performed in the presence of NiCl.

(pH 5-6,60°C,1 hour)

In the absence of NiCl,,

decarboxylation of aldol aduct required more drastic conditions (pH 5-6,80°C, 4 hours).

Ho on ] 1. base Ll o HR F
" o {0 NCL e e e o
CH. 2. 50-60C Ho
CO:H pH 5-6 1
Run Condensation condition NiClz**~ Yield (%) epi-1
1* pH 10 (aq.NaOH) 10 mol% 11 4.3 1
2% pH 10 (aq.NaOH-NiCl.) 10 mol% 13 1
3+ pH 11 (aq.NaDH) 1 mol¥% 69 4.3 1
4* pH 11 (aq.NaOH-Na.C0,) 1 mol% 70 4.2 1

* NiCl, was added to
** NiCl,; was added to
*** Relative amount to

the reaction mixture in decarboxylation step
the reaction mixture in condensation step
oxalacetic acid

In runs 1 and 2 (condensation pH 10), chemical yield was very low in each case. In
run 1, diastereoselectivity was high to give the desired 1 predominantly. In run 2, on

the other hand, diastereoselectivity was completely lost. Ratio of 1 / epi-1 was deter-

mined by 300MHz 'H-NMR spectra as an ammonium salt in D;0. In runs 3 and 4 (condensa-

tion pH 11), 1 was obtained in high chemical yield and high diastereoselectivity.
By the same procedure as run 3, 2 was synthesized from D-arabinose in 66% chemical

yield as known ammonium salt(2 . NH;). The diastereoselectivity of this reaction at C-4

chiral center was determined to be very high(>10:1) by 300MHz 'H-NMR spectrum in D.0.
2,7-anhydro-deriavtive of 2 was not formed by this decarboxylation condition.?®’

In conclusion, 1 and 2 were synthesized practically in high chemical yield and
in high diastereoselectivity by improved condensation-decarboxylation procedure.
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