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Synthesrs and characterzatlon of the eplmenc 3,6-dldeoxy-D(and L)-hexulosomc 
acxds are described The configurauon of each epuner has been estabhshed by measure- 
ments of rate of penodate oxldatlon, and each assignment agrees with that determmed 
by enzyme-speclficlty studies The n.m_r. spectra of the eplmerlc 3,6-dldeoxy- 
hexulosomc acids and that of 3-deoxy-DL-glycero-pentulosomc acrd show that each 
compound exists m solutlon mamly as the 2,5-hermacetal. A convement preparation 
of the bacterml metabohte 3-deoxy-D-erythro-hexulosomc acid (“3-deoxy-2-keto-D- 
gIucon~c” acid) IS reported The stereospeclficlty of the aldol reactions employed m 
these syntheses IS dlscussed 

INTRODUCTION 

In the course of studies on the stereochermstry of the enzymrc conversIon of 
3-deoxy-L-glycero-pentulosonate mto 2,5-dloxopentanoate’, It was found necessary 
to have on hand all four stereolsomers of 3,6-drdeoxyhexulosorc aced Syntheses 
of the related compounds, N-acetylneuramnnc acid and 3-deoxy-D-octulosomc acids, 
have aiready been performed by Cornforth et al’ and Heath3, respectively Then 
method, which mvolves aIdol reaction of oxalacetic acid with the appropriate 
aldehyde (see Scheme I), has been extended and motied for the preparation of 
potassmm 3-deoxy-DL-glycero-pentulosonate4 at neutral pH The successful apphcation 
of this moddied procedure to the synthesis of the 3,6-dldeoxyhexulosomc acids IS 
now described. At the same txme, rt was noted that no snnple method IS at present 
avalable for the preparation of 3-deoxy-D-erythro-hexulosomc acid (“3-deoxy-2-keto- 
D-glucomc” acid), a well known, bactenal metabohte5. A convement synthesis of 
this compound, by a s~rmlar method, IS therefore reported here 
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It was also of general interest to determme the ratios of eplmers arlsmg in these 
reactions, and to attempt rationalization of the results by conslderatron of the relevant 
stenc and polar effects 

RESUL.TS AND DI!XXJSSION 

Oxalacetlc acid was condensed urlth D-, L-, or lX.&&.aldehyde under neutral, 
aqueous conditions’, and the resultant mixture, contaimng pyruvate (aansmg from the 
decarboxylation of oxalacetate) and a pan of eplmerxc 3,6-dldeoxyhexulosonates, was 
fractionated on Dowex-1 (formate) resm Under the condltxons used, pyruvic acid 

remamed adsorbed on the resm, whereas the eplmenc 3,6-dldeoxyhexulosonates were 
eluted as cIearly separated peaks The pure eplmers 1 and 2 were Isolated as the potas- 
sium salts, and were shown to be chromatograpEucalIy homogenous III four solvent 
systems (see Table I) Spectic rotations for both pairs of enantiomorphs are recorded 

TABLE I 

CHROMATOGRAPHIC DATA FOR POTASSIUM 3,6-DIDEOXYHEXUL OSGNATES 

RF= RF’ RF= RI@ 

Isomer 1 
(eryrhro) 
Isomer 2 
(three) 

025 0 53 072 078 

030 0 55 072 0 78 

46 4 3 (v/v) butyl alcohol-pyndmewater ‘3 1 (v/v) propyl alcohol-0 2~ NH40H CIO 15 1 (v/v) 

rert-butyl alcohol-fonmc acid-water d6 3 1 (v/v) propyl alcohol-fornuc acid-uater 

TABLE II 

OPTICAL ROTATORY DA-i-A= FOR POTASSIUM 3,6-DIDEOXYHEXULOSONATES 

Concentratton 
Wl~ ml) 

[a]:&, degrees [a]g& degrees 

1 a (eryrhro) 
lb 
2a (f/rreo) 
2b 

7 32 -21 4 -115 
542 f22 0 +113 
500 +41,4 +1s2 
4 10 +39 2 -17 1 

aLength = 1 dm, solvent, HzO; pH, 7 5 

m Table II Solutions of either isomer in 2~ hydrochlonc acid showed a slow develop- 
ment of a pH-dependent, u v absorption At low pH (< 7.19, the spectra showed a 
broad band at &,,, 232 nm (E - 4000), whxch, at bgh pH (> 7~9, shifted to 
J,_ = 265 nm (E - 3600). This behavior IS attmbuted to the presence of the chro- 
mophore C=C(OH)C=O ar~smg by lactonization of the otlgmal free acid, and 
IS sn-mlar to that of 4hydroxy-2-oxobutyro-1,4lactone, wEuch absorbs at 226 nm 
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PREPARATION OF 3-DEOXY-D-eryf~Zro-HExuLosovic ACID 203 

was determmed by paper electrophoresls of ahquots removed at this stage Eiectro- 
phoretograms (on Whatman No 3 paper) m 50mhf borate buffer showed two, clearly 
separated, keto acid spots, 4 and 5, m addltlon to pyruvate and unchanged D-glycer- 
aldehyde The compounds 4 and 5 were shown to be present in the ratio of ca 10 1, 
as determmed by elutlon of the spots with water, and assay by the senucarbavde 
method (The u v. spectra of the resultant sermcarbazone solutions were typical 
for cr-keto acids, showmg a broad maximum at 250 nm.) The resultant solution was 
adnutted to a column (3 8 x 75 cm) of Dowex-1 (formate), 200-400 mesh, and eluted 
with 230 to 460 rnhi formic acid (lmear gradient, 2 Miter reservous). Fractions 
(20-25 ml) were collected, and assayed for a-keto acid w&h senucarbazlde Fractions 
eluted after the void volume contamed unreacte-l D-glyceraldehyde, and fractions 
110-140 contamed the 3-deoxyhexulosomc acids as partly overlapping zones 
Fractions 110-121, contammg electrophoretlcally pure Isomer 4, and fractions 122- 
140, contammg Isomers 4 and 5, were pooled mdlvldually After removal of fornuc 
acid by several evaporations under dnmmshed pressure, the solutions were brought 
to pH 7 with 40% potassium hydroxide solution The potassmm salt of Isomer 4 was 
obtamed as a syrup by freeze-drymg From a total yield of 1 5 mmole of a-keto acid 
obtamed m tEus way, It was possible to isolate up to 1 mmole of pure Isomer 4 
Isomer 4 had [c& - 55.8”) [a]“,“,, -31 6” (c, 1 67, water at pH 6) A mu;ture of 4 
and 5, shown by electrophoresls to be about eqmmolar m both isomers, had [a]& 
-24 2”, [c&&, -7 8” (c, 0 97, water at pH 6) The I r spectrum of isomer 4 (freeze- 
dried potassmm salt) showed bands at 2 9 (OH) and 6 2 pm (CO,-), but no ketomc 
carbonyl(5 9 pm) The (2,4_dnutrophenyl)hydrazone of Isomer 4 was prepared by a 
method surular to that described for the hyctrazones of the 3,6-dldeoxyhexulosomc 
acids After recrystalhzatlon from ethyl acetate-heptane, the (2+drmtrophenyl)- 
hydrazone of 4 had m p 159-191” (dec) (Found C, 42 32, H, 3 67, N, 16 25 
ClzH1,N,O, (lactone) talc C, 42 37, H, 3 56, N, 16 47%) 
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