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ABSTRACT

Synthesis of the unique trisaccharide repeating unit of the O-polysaccharide of the lipopolysaccharide from Danish Helicobacter pylori ~ strains
has been accomplished. Key steps include the coupling of three monosaccharide moieties by glycosylations employing the 2 "-carboxybenzyl
glycoside method. Also presented is a method for the synthesis of the novel branched sugar, 3- C-methyl- b-mannose, which is one of three
monosaccharide components.

Since the first isolation ofelicobacter pylorit extensive the LPS, which interacts with the bacterial microenvironment
studies have led to recognition of this bacterium as the majorand the infected host. Structural studies on the LPS of a
cause of chronic gastritis and gastric and duodenal ufcers. number ofH. pylori strains have shown that ti@-antigen
Moreover, persistent infection withl. pylori is strongly polysaccharide exhibits mimicry of Lewis blood group
associated with the risk of development of gastric cafcer. antigens by expression of the corresponding determinants
H. pylori is estimated to infect over one-half of the world’s in the O-chain or at the nonreducing end of tkechain
population and thus has been classified as a category Ilpolysaccharidé.Consequently, a number of studies have
(definite) human carcinogetl.ike the cell envelope of other  peen performed to account for the pathogenic relevance of
gram-negative bacteria, thatidf pylori contains lipopolysac-  Lewis antigen mimicry byH. pylori.® There have also been
charides (LPS). Th@©-antigen polysaccharide is a part of immunization studies with inactivateHl. pylori whole-

cell vaccines having homologous and heterologous LPS
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O-antigens expressing different Lewis antigeasd withH.
pylori outer membrane vesicles, which are enriched with
LPS’ Recently, however, an atypic@-antigen polysaccha-
ride of LPS was isolated from Danist Pylori strains D1,
D3, and D6, and the following repeat trisaccharide structure
was established:=3)-a-L-Rhap-(+>3)-a-p-Rhap-(3-2)-o-
p-Manp3CMe-(1—(A).2 An unusual feature of thi©-

polysaccharide is the occurrence of the novel branched sugar,

3-C-methylb-mannose, which has not been found in Nature
before. The simultaneous occurrence o&indb-rhamnose
is also unusual.

Due to its structural uniqueness and biomedical potential,
the repeat uniA is an attractive synthetic target. Although
a number of methods for the synthesis of Lewis antigens
have been reportétthe synthesis of the repeating uAitor

compounds with the similar structure has not been reported.

Herein we report the synthesis of trisaccharde a suitably
protected form of the repeating urit
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Scheme 1. Retrosynthesis of Trisaccharide
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protective groups in the target trisaccharidevere chosen
after consideration of the future synthesis of a hexasaccharide
or a nonasaccharide by dimerization or trimerizatiorlof

Key problems needing to be addressed in the synthesis ofrhyg, the latent’2benzyloxycarbonyl)benzyl (BCB) grotfs

1 are the synthesis of the uniqueC3methylo-mannose

at C-1 in the reducing end of trisaccharitlerould be readily

moiety and the coupling of three monosaccharide moieties conyerted into the active CB group to give the trisaccharide

by efficient glycosylation methods. We have recently de-
veloped a glycosylation method that employs a new type of
glycosyl donor, 2carboxybenzyl (CB) glycosides, and have
used these extensively for the stereoselegfiveannopy-
ranosylatiof and 2-deoxyglycosylation of various acceptors.

donor, while thep-methoxybenzyl (PMB) group at C-3 in
the nonreducing end df would be selectively cleaved to
provide the trisaccharide acceptor. Retrosynthesisleads

to disaccharide dond and accepto8, and further analysis
of 2 provides.-rhamnosyl dono# andp-rhamnosyl acceptor

We have also used this method in the synthesis of arg g5 shown in Scheme 1.

tetrasaccharid®&.
The CB glycosylation method would be here used for the
coupling of all three monosaccharide components.dfhe
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Before commencing the synthesis of the BQGBD-
mannopyranoside3, we carried out a model study on
elaboration of the 3&-methyl group in the mannoside with
simpler methylo-p-mannopyranoside as shown in Scheme
2. The model study began with a selective protection of the
C-2 axial hydroxyl group of methyl 4,8&-benzylidenes-
mannoside6 with PMBCI and oxidation of the resulting
PMB ether7 with PDC to obtain ketosugad. Axial attack
of dimethylsulfonium methylid€ to the C-3 carbonyl carbon
of 8 afforded only the spiroepoxid®, which was reduced
with LiAIH 4 to desired 3c-methylmannosidel0. The
stereochemistry at C-3 ol0 was confirmed by NOE
experiments and by comparison with the correspondiQy 3-
methylaltroside, the C-3 epimer @D, which was obtained
by direct addition of methyllithium to the ketosugdr

The sequence developed in the model study with methyl
4,6-O-benzylidenemannosidi&was then applied to BCB 4,6-

(12) Corey, E. J.; Chaykovsky, M. J. Am. Chem. S04965,87, 1353—
1364.
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Scheme 2. Model Study for the Synthesis of Scheme 4. Synthesis of CB.-Rhamnosidet
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O-benzylidenemannosidel'a(Scheme 3). Treatment afl PivO <PVCLDMAP — HO
ith Bu,SnO in refluxing methanol followed by reaction of HCR=0%)  TCHC, 0°CT  HCT0
with BupSnO in refluxing methanol followed by reaction o BCBO 3 b 02% BCBO
the resulting crud©-stannylene acet&lwith PMB chloride 23 22

in the presence of BMI in DMF afforded the C-3 PMB
ether 12 in 78% vyield for the two steps with complete

regioselectivity. Reaction df2with TBS chloride gave the  OBCB group. Reaction of the same sulfur ylide with other
fully protected sugat3, and deprotection of the PMB group  etosugars having different C-2 protective groups such as
of 13with DDQ provided the C-3 hydroxyl sugd#in high PMB and acetyl groups did not occur. Ketosugks,
y|e|d Oxidation ofl4 with Dess-Martin periodiﬂanél gaVe therefore, was converted into methy|ene Sugﬁnn 92%
ketosugarl5 in 93% yield. yield by Wittig reaction with triphenylphosphonium meth-
HOWeVer, unlike the model Study with the ketosu@ar y“de The TBS group ofL6 was removed by BﬂNF, and
reaCtion Of the ketO SUgaﬂ.S W|th dimethy|su|f0nium epoxidation Of the resulting hydroxy methylene Sug_ar
methylide did not proceed, possibly due to steric congestion afforded spiroepoxidel8 in 80% yield with complete
between the incoming sulfur ylide and the bulky C-1 axial stereoselectivity. Chemoselective reduction of spiroepoxy
sugar18 with BusSnH in the presence of Nal and AIBN
under reflux in DMES afforded the desired BCB G-

Scheme 3. Synthesis of BCB 3-Methylmannoside methylmannosid8. The stereochemistry at C-3 of compound
OH OH 3 was confirmed on the basis of NOE experiments. Thus,
PR o P2 o NOE was observed between the methyl protons at C-3 and
HO HO the proton at C-5 in compoun@l
44 BCEO 3 CHs OBCB Synthesis of the-rhamnose moiety started with conver-
, sion of triacetylrhamnosyl bromid&9 into BCB triacetyl-
) gg%g”?HMeOH xlaé}\l”'gk‘ﬂf”;o oc rhamnoside20 by coupling of19 with benzyl 2-(hydroxy-
i) PMBOCI, Bu,NI 4h,82%. methyl)benzoaté?in the presence of Hg(ll) salts (Scheme
DMF, 90°C, 1.5h Ph—0 OH 4). Sodium methoxide converted triacet@@into triol 21
83% o 0 in 91% yield without affecting the BCB moiety. Compound
Ph—~0 OR o 21 was treated with Bs#SnO in methanol at 60C and
o o) BCBO ! N
PMBO 18 subsequently reacted with PMB chloride in the presence of
BCBO BuNI in DMF to afford exclusively the C-3 PMB eth@?2

m-GPBA, NaHCO; in 83% yield. Pivaloylation of the did®22 and hydrogenolysis

12 R=H TBSCI, imidazole CH,Cl,, 0°C, 4 h ot OF ;

13 R=TBS= DMF, t, 5 h, 83% 80% of resultant BCB glycosid23in the presence of ammonium
DDQ, CH,Cl,/H,0 (18/1) Ph—o0—\ OR acetate gave the desired CBhamnosidet in 85% yield.
0°C, 40 min, 88% o% The p-rhamnose unib was prepared starting from the

Ph—0 OTBS BCBO BCB mannosidd 2 (Scheme 5). Pivaloylation df2 followed

H8 0 TBAF. THF 16 R=TBS by reductive cleavage of the benzylidene group in the
BCBO m 1h 95% 47 R=H resulting pivaloate24 with borane in the presence of Bu
OTBS BOT{6 afforded the C-4 benzyl ethe25 having a free
D Martin /VO 0
essd @ PhsPCH,Br, n-Buli (13) For a review on stannylene acetals of carbohydrates, see: Grindley,
SHocinane o T. B. Adv. Carbohydr. Chem. Biocherh998,53, 17-142.
CH,Cl,, 4 h, 93% BCBO 92% (14) Dess, D. B.; Martin, J. Cl. Org. Chem1983,48, 4155—4156.
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Scheme 5. Synthesis of BCBb>-Rhamnosidés
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Scheme 6. Completion of the Synthesis of Trisaccharitle
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disaccharide28 and2 and trisaccharidd were unequivo-
cally determined on the basis of théid and *C NMR
spectral data, especially one-bond'€#1' coupling con-
stants: 31—y = 171.1 Hz in compoun@ andJcy—n1 =
in compoundl.

alcohol25 with 1, PhsP, and imidazole provided the iodide
26 without difficulty. Reduction of the iodid@6 with Bus-
SnH in the presence of AIBN and subsequent removal of

In summary, we have described the synthesis of the
suitably protected trisaccharide repeating @rof an unusual

PMB group of the rhamnosid&7 with DDQ gave the desired
BCB p-rhamnosideés in high yield.

Coupling of CBL-rhamnosidet and BCBb-rhamnoside
5 was achieved by the addition of ;i to the mixture o#4
and 5 in the presence of DTBMP (2,6-di-tert-butyl-4-
methylpyridine) and 4 A MS in CkCl, at —78 °C followed
by warming to 0°C; the desiredo-disaccharide28 was

O-antigen polysaccharide of the lipopolysaccharide from
DanishH. pylori strains. The 2carboxybenzyl glycosides
method proved to be effective in the coupling of three
monosaccharide components of the trisacchafddy. We
also presented the first synthesis of a novel branched sugar,
3-C-methylp-mannose.
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