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SYNTHETIC APPROACH TO BACTERIAL LIPOPOLYSACCHARIDE,
PREPARATION OF TRISACCHARIDE PART STRUCTURES CONTAINING KDO AND 1-DEPHOSPHO LIPID A

Masahiro Imoto, Naoto Kusunose, Shoichi Kusumoto, and Tetsuo Shiba*
Department of chemistry, Faculty of Science, Osaka University, Toyonaka, Osaka 560, Japan

Summary: Title compounds (la,b) and an analogous disaccharide (2a) were synthesized via a
reaction of a ketosidic fluoride of 3-deoxy-D-manno-2-octulosonic acid (KDO) (3) with phos-
phorylated acyl glucosamine di- and monosaccharides.
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negative bacteria, consists of covalently bound polysaccharide part and 1ipid part called
lipid A. LPS not only is a cell wall component indispensable for survival of the bacteria
themselves but also exhibits against higher animals potent toxic and other various biological
activities related to immunostimulation. One of the main themes of LPS research to identify
the chemical entity of its biological activity was finally solved by our total chemical syn-
thesis of lipid A.1) Thus, polyacylated B(1-6) disacchéride of D-glucosamine 1,4'-
bisphosphate synthesized according to the proposed structure of Escherichia coli lipid A

showed all expected typical activity of LPS mentioned above.1) Recently, however, new
evidences are accumulated suggesting that a polysaccharide region of LPS linked close to lipid
A influences the biological activity of the 1atter.2'3) The unique sugar component, 3-deoxy-D-
manno-2-octulosonic acid (previously called 2-keto-3-deoxy-D-manno-octonic acid, KDO), which
locates at the innermost position of the polysaccharide and hence is directly bound to lipid
A, is assumed to be particularly important. This situation prompted us to start a new syn-
thetic work on LPS in order to study the significance of KDO moieties on the biological activ-
ity of LPS.
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According to our previous structural determination of LPS of E. coli Re mutant,4) KDO
6'-

In this communication we describe a synthesis of trisaccharide

residues in LPS exist in the o-ketopyranosidic form and the first one is bound to the
hydroxyl group of lipid A.
part structures of LPS (la and b) containing one KDO and 1-dephospho lipid A.s) Its disac-
charide analog 2a lacking the reducing glucosamine residue of 1a was also prepared.

For the construction of the structure of 1 and 2, a protected KDO fluoride 3 prepared pre-

6)

viously was employed. Coupling conditions of 3 and the subsequent deprotection procedures

of the product were first examined using a monosaccharide acceptor 4. This compound 4 cor-
responding to the non-reducing half of lipid A was prepared from a known synthetic inter-
mediate 5') by conventional procedures [i) Zn powder - AcOH, i) Et3N, iii) (R)-3-dodecanoyl-
oxytetradecanoic acid - DCC, 597 as syrup].7) The fluoride 3 and the acceptor 4 were treated
with boron trifluoride etherate in the presence of ethyldiisopropylamine (in CH2C12 at
0°C).6'8'9) to give the desired 6 (68%, syrup).7'10) whose disaccharide structure and the

m TLC analysis of the reaction mixture

o~ketosidic configuration were confirmed by T4 NMR.
indicated that the undesired corresponding pg-anomer was formed only in a trace amount.a)
Therefore it could not be characterized.

The allyl group was
removed in two steps [i) isomerization to 1-propenyl group with an Ir complex, [Ir(COD)-
(PCH3(CgHE)»)21PFg, 1) cleavage with I, in aqueous THF]1'12'13) to give 8 (937, syrup).7)
The isopropylidene groups were then cleaved by treating 8 with a mixture (1:30) of 957 aqueous

Deprotection of 6 was carried out in the following sequence.

trifluoroacetic acid (TFA) and CHyCl, at room temperature for 10 min. Deisopropylidenation
proceeded smoothly without effecting the acid-labile ketosidic linkage to afford 9 in a quan-
titative yie]d.7)

hydrogenolysis in THF first with palladium and then with platinum,

The benzyl and phenyl groups in 9 were then removed by stepwise
The final

product was purified successively by electrodialysis and precipitation with cold hydrochloric

respectively.
acid from an aqueous solution of the triethylammonium sa]t.14) Lyophilization from water af-
forded the free acid form of 2a as colorless powder.15) The structure of 2a was confirmed by
Th MR after conversion into the trimethyl ester with diazomethane.16)
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On the basis of above successful preparation of 2a, the synthesis of 1a and b was then
undertaken by using two disaccharide acceptors 10a and b for the coupling with the KDO
fluoride 3. The acylation patterns of these disaccharides correspond to those of E. coli-type
1ipid A and a biosynthetic precursor of lipid A (precursor Ia)17) respectively.18) The former
acceptor (10a) was already available as an intermediate of our total synthesis of lipid A.1)
The latter (10b) was obtained from another early intermediate 11 in a manner similar to the

preparation of 10a as illustrated in the scheme.7)
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a) 90% AcOH, b) 2,2,2-trichloroethoxycarbonyl chloride (TrocCl) - pyridine,
¢} (Ph0O),POC1 - DMAP, d) [Ir(COD)(PCH;Ph,),]PFs, d) I, - aq.THF,
f) SOBr, - DMF, g) Zn - AcOH, h) R*CO.H - dicyclohexylcarbodiimide

Condensation of 3 with 10a was effected as above (with ethyldiisopropylamine and boron
trifluoride etherate in CH2(312 under Ar at 0°C)., Purification by silica—gel column chromatog—
raphy (CHC13—Me0H, 20:1) after removal of the isopropylidene groups gave the trisaccharide 13a
(567, syrup).7) Cleavage of the allyl protecting group as above followed by chromatographic
purification (silica gel, CHCl3-acetone 1:1) gave 14a.7) which was then hydrogenolyzed in two
steps to afford 1la. It was purified by precipitation with cold hydrochloric acid from an
aqueous solution of the triethylammonium salt (517 from 14a, colorless powder after
lyophilization from water).w) Compound 1b was prepared similarly as shown in the scheme.
Purification as above gave 1b as colorless powder.zo)
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The compounds la,b and 2a obtained by the present work are being tested for their an-
tigenic and other biological activities by our collaborative group in order to elucidate the
role of KDO moiety. The result will be published separately elsewhere.
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