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ABSTRACT

The obligosaccharide pB-b-Man-(l1—4)-2-L-Rba (I — 3)-D-Gal-(6 « 1)-2-D-Glc,
which 15 the repeating unmit of the O-specific polysacchanide chain of the lipopoly-
sacchande from Saimonella senftenberg, was obtained by glycosyvlation of benzyl
2.4-d1-O-benzyl-6-0-(2,3,4-tri- O-benzyl-6- O-p-niirobenzoyl-x-p-glucopy ranosy)-§-p-
galactopyranoside or benzyl 2-O-acetyl-6-0-(2,3.4-tri-O-benzyl-6-O-p-mitrobenzoyl-
o-D-glucopyranosyl)-8-p-galactopyranoside with 3-0-acetyl-4-0-(2,3,4,6-tetra- O-
acetyl-f-D-mannopyranosyl)-f-L-rhamnopyranose 1,2-(methyl orthoacetate) followed
by removal of protecting groups

INTRODUCTION

O-Specific chains of lhipopolysacchardes of Gram-negatuive bacteria are built
of repeating ohgosacchande uniis, the structures of which are umique for each
serological type' The synthesis of these oligosacchande units 1s of 1nterest in studies
of the biosynthests and immunochemustry of microbial polysacchandes, and as a first
stage 1o the chemical synthests of O-specific polysacchandes

Recently, we reported on the first synthesis of the repeating unit of the O-specific
polysaccharide from Sa/monella anatum and us analogues*'3, and the p-b-gluco-
pyranosyl analogue of the repeaung umt® of the polysacchande from S senficnberg

We now describe the synthesis of g-p-Maan-(1—4)-x-L-Rha-(1— 3)-p-Gal-(6—1)-
2-D-Glc, which 1s the repeating tetrasacchande umt® of the O-specific polysaccharide
of § senfienberg and 1ts u-D-1nanno analogue x-b-Man-(1—4)-z-L-Rha-(1—3)-bp-Gal-
(6+1)-2-D-Glc

RESULTS AND DISCUSEIO,
A route of synthesis involving consecutive addition of monosacchande residues

from the non-reducing end of the chain could not be developed due to lack of
appropnate protecting groups for the synthesis of the x-D-Glc-(1—6)-D-Gal bona An
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alternative route tncluded the formauon of the O-z-p-glucopyranosyl-(1—6)-D-
galcctopyranose fragment, followed by glycosylauton at posinon 3 of the galacto-
pyvranose mowily by a f-p-mannopyranosyl{l—4)-L-rhamnopyranose denvative
This scheme 1s analogous to that used for the synthesis of the glucose analogue of the
tetrasacchande®

Glycosylation of benzyl 2 4-di-O-benzyl-6-0-(2,3,3-tr1-O-benzyl-6-0-p-nitro-
benzoyl-z-p-glucopyranosy 1)-8-b-galictopyranoside® and benzyl  2-O-acetyl-6-0-
{2,3.4-t11-0-benzy 1-6- 0-p-nitrobenzoyl-a-p-glucopyranosyl)- f-p-galactopyranoside*
with 3-O-acetyl-4-0-(2.3,4.6-1etra- O-acetyl- -p-mannopyranosyl)-f-L-rhamno-
pyranose |.2-(methyl orthoaceiate) (1) was carried out with molecular sieve 4 A as
an acceptor of the methanol formed®, to yield the respective tetrasaccharide derivatives

2(27°%) and 3 (40%)
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The elemental-analysis and pmr data of 2 and 3 were m accord with the
expected structures Deacylation of 2 followed by hyvdrogenolysis gave the tetra-
sacchande B-D-Man-(l1—4)-a-L-Rha-(1—3)-D-Gal-(6+ 1)-2-D-Glc (4), which con-
tained rbamnose, mannose, galactose. and glucose restdues 1n the molar rauos 1-1.1.1
as indicated by sugar analysis
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The structure of 2, expected by the route of synthesis. was proved by ideati-
fication (glc-ms) of 3,6-di-(?-acetyl-i,2,4,5-teira-O-methylgalacuto!-/-d, which
was formed on reduction of 2 with NaBD, followed by methylation analysis

Deacylation of 3 followed by hydrogenolysis afforded a tetrasaccharide which
yizlded rhamnose, mannose, galactose, and glucose in the molar ratios 1 1 1 1 after
acid hydrolysis. and bad the same chromatographic mobiiity as the tetrasaccharide
obtamned from 2, but a different opucal rotation value The presence of the rhamno-
pyranosyl-(I—3}-galactopyranose bond in 3 was confirmed by methylation analysis
which gave 1,3,5,6-tetra-C-acetyl-2,4-di-C-methylgalactitol (tdenufied by glc-ms)

fon-exchange chromatography in borate buffer of the tetrasaccharndes derived
from 2 and 3 showed the former (0o be homogeneous and the latter to contain two
components (4 and 5) 1a the ratio 5 |, the former possessing the same retention ume
as 4 The components were 1solated by preparative ion-exchange chromatography on
Durrum DAXx4 resin with borate buffer’. on acid hiydrolysis, each yielded rhamnose,
mannose, galactose, and glucose in the motar ratios 1.1 1.1, but the [2]p values were 4
+27° (water) and § +56 (water)

When the acetates of the telrasacchandes 4 and 5 were subjected to onidation
with CrO; in AcOH. with subsequent hvdrolysis and sugar analysis®, the rhamnose
and mannose residues in the latter were destroyed, but only the mannose residue 1n
the former Thus, 515 1someric with 4 and has a f-t-rhamnopyranosy! bond

The high selectivity of glycosylation at position 3 1n the synthesis of 3 1s
probably due to the shielding of HO-4 by the glucopyranose residue at C-6, and the
formation of a minor proportion of §-glycoside in addition 1o the 2 anomer may be
atiributed to HO-

The «-D-mannoe analogue (8) of 4 was prepared ti/a glycosylauon of benzyl
2,4-di- G-benzyl-6-0-(2,3,4-tr1- O-benzy1-6- O-p-nitrobenzoyl-x-D-glucopyranosyl)-
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f-p-galactopyranoside with 3- Q-acetyl-4-0-(2.3 4.6-tetra- O-acetyl-a-D-manno-
pyranosyl)-£-L-rhamnopyranose 1.2-(methy | orthoacetate) (6), followed by removal of
protecting groups from the product 7 The structure of 7 and the configuration of the
glycosidic bonds were proved in a manner stmular to that used for the compounds
described above

EXNPERIMENTAL

Melting points were determined with a Kofler apparatus and are uncorrected
P mr spectra were recorded on a Vanan DA-60-IL spectrometer with Me;Si as the
interna. standa~d G 1 : was carned out with a LHM-8-MD chromatograph and
columns of 3%. of ECNSS-M on Chromosorb W (I m) and 3% of SE-30 on Chro-
maton N-AW (2 m) Mass spectra were obiained with Varian MAT CH-6 and MAT
111 Gnom spectrometers Optical rotattons were deteronined with a Perhin-Elmer
141 polarimeter Solutions were concentrated i1 tacuo at 40° lon-exchange chromato-
graphy of neutral carbohvdrates was carmed out with a Technicon carbohyarate
analyzer on a column (13 0 5 cm) of Durrum DAx4 resin with 0 3M sodium borate
buffer (pH 8 51) at 35 and 20 mi/h The orcinel-sulphuric acid reagent was used io
monitor separaucns T I ¢ was performed on silica gel *KSK ™, and p 1 ¢ on silica gel
contatning 5% of gypsum. p ¢ was carrted out by the ascending method on Filirak
FN 11 paper with (/) chloroform-acetona (955), (2V I-butanol-pyrndine-water
{6:1.3). (3) chloroform-aceione (9 1) Methylation analysis of oligosaccharide
derivauves was performed convenuonally®

Svuthests of orthoesters 1 and 6 — The literature procedure” was used. but with
Ivophyhisation of AcOH and HBr from ithe bromide reacuon misture instead of
washing with water® which gave increased yvields (2 3-3 fold) of the orthoesters

Thus, di-O-acenyl-4-0-(tetra- O-acetyl-f-p-mannopyranosyl)-a-L-rhamno-
pvranosyl bromide” {1 7g) gave 1 (1 2 g, 75%). {2]5° —4' (¢ 8, chloroform) Pmr
data (CDCl;) 632 (3 H, O-Me of orthoester), 22-18 (I5H, 5 Ac). 1 64 (3 H,
C-Me of orthoester). | 22 (d. 3 H. J 5 Hz, C-Me of rhamnose)

4nal Calc for C.,H,;,0,, C.5060. H, 609 Found C, 49 17. H, 6 0$

Di- O-acetyl-4-0-(tetra- O-acetyl-x-D-mannopyranosylj-x-L-rhamnopyranosy !
bromide® (1 2 g) gave 6 (930 mz 90%0). [x]3" +50 (c Il, chloroform) Pmr data
(CDCl3) 032 (3 H, O-Me of orthoester), 22-1 8 (15 H, 5 Ac), | 61 (3 H, C-Me of
orthoester) 1 22 (d, 3 H, J 5 Hz, C-Me of rhamnose)

4nal! Found. C, 5020. H,613

Standard procedure fo- glvcosviation by orthoesters — A solution of 0 3-
0 6 mmol of orthoester and 0 2-0 4 mmol of aglycon in dry, freshly distilled CH,NQO,
(20 m!) was boiled under reflux for 1 h with exclusion of mossture. 1n a stream of
mitrogen and with an interposed molecular sieve (Linde 4 A) A soluuon of HgBr,
(01 g) in CH;NO, (10 ml) was added dropwise unul reaction was imuated (0 03 mol
of HgBr. per mol of orthaester) Boiling was conunued unul reaction was complete
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(~>5 h, negauve orthoester test, monitoring by 11 ¢ ) The nusture was then filtered.
and concenirated, and the product was 1solaied by plc

Svuthesis of terrasaccharide deritatives — (a) Benzivil 2,4-di-OQ-benzvi-3-Q-[2.3-
di-O-acetvl-4-0-(2,3.4,6-teni a-O-acetvi-B-D-mannopy ranosy I ) -a-L-rhamnopvranosvi -
6-0-(2,3.4-1r1-0O-ben=vI-6-O-p-nirroben-ovi-1-p-glucopyranosvi )-g-D-gala~topri anoside
(2) Benzyl 2.4-di-O-benzy1-6-0-(2 3 3-tri-O-benzyl-6-O-p-nitrobenzoy l-2-D-gluco-
pyranosvl)-f-p-galactopyranoside® 02g mp 125-127 . [2]3° +40° (¢ 2 chloro-
form)} was glvcosylated. as descnibed above, with orthoester 1 (02 g) 10 ene 2
(80 mg. 27%%), which was isolated by p1 ¢ (Ry 0 5. solvent /) as a syrup. {x]p —0 075"
(c 8. chloroform) P mr data (CDCI,). 6 80 (4 H. aromauic), 7 2 (30 H. aromatic).
20 (18 H, 6 Ac), 1 3(d. 3 H J 3 Hz, rhamnose C-Me) )

Aual Calc. for Cg,Hqy,NO,, C,6420, H, 58% Found C.6423, H,596

(Y Benzyl 2-O-acetvi-3-O-[2.3-di-O-acetvl-1-0O-(2,3 4 6-tetra-O-acervi-B-D-
masnopyranosvl y-af-L-rhamnop ranos<i1}-6-0-(2.3,4 -tri-O-benzr I-6-O-p-nutrobenzoy I-
«-p-glucopyranos\1)-B-p-galacroprranoside (3) Benzyl 2-O-acetyl-6-0-(2.2 4-tri-O-
benzyl-6-0-p-nitiobenzoyl-x-D-glucopyranosyl)-B-p-ealactopyranoside® {02g, m.p
173-175%, [2]p® +225° (¢ 2, chloroform)} was glycosylated as described above with
orthoester 1 (04 g) to zive 3 (022 g, 40%:), which was 1solated by plc (Rg05.
solvent J3) as a syrup, [2}3° —9 5° (¢ 2, chloroform) Pmr data (CDCl;): 680
{4 H. aromatic). 7 2 (20 H, aromaunc), 2 0(21 H, 7 Ac) | 3(d, 3 H. J 5 Hz. rhamnose
C-Me)

4nal Calc for C,3Hg-NO,;4, C, 6003, H. 5 89 Found C, 6035, H. 580

The acetaies of 2,3-di-O-methylrbamunitol. 2,3,4,6-tetra-0O-methylmannitol. and
3,4-di-O-methy lealactitol were 1dentified (g | ¢ -m.s ) after deacetylation and methyl-
ation analysis of 3

{¢) Benzvl 2,4-di-O-benzy i-3-0-[2 3-d1-O-cceny I-4-0-{ 2,3 4,6-1cira-O-acet) [- £-D-
mannopyranosyl)-z-L-rhamnop) ranosi1]-6-0-(2,3 4-tr1-O-benzvl-6 -O- p - murrobenzoyl-
z-D-glucopyranosy i )-f-p-galactop) ranoside (7} Benzyl 2,4-d1-O-benzv]-6-0-(2 3.4-ir1-
O-benzyl-6-0-p-rutrobenzoyl-z-p-glucopyranosyl)-g-p-galactopyranoside® (0 2 ¢) was
alycosylated, as descnbed above, with orthoester 6 (02 g) to give 7 (8C mg, 27%)
which was 1solated by t 1 ¢ (Rg 0 3, solvent /) as a syrup, [x]3° + 24~ (¢ . chloroform)
Pmr daia (CDCl;) 680 (4 H. aromatuc). 72 (30 H. aromauc), 20 (IS F., 6 Ac).
13(d, 3H, J 5 Hz, rhamnose C-Me)

inal Calc for C3,Ho3NO;, C. 6420 H 584 Found C.6430.H.0602

Synthesis of retrasaccharides — (a) A methanohc solution of 2 (60 mg) was
deacetylated contentionatly with O It methanolic sodium methowude, and then
deomszed with KU-2 (H7) resin, filtered. and concentrated The product was
debenzylated over palladium-on-charcoal to give 6-0-x-p-glucopyranosyi-3-0-[4-0-
(f-D-mannopyranosylj-x-L-thamnopyranosyi]-p-galaciose (4. 18 mg. 80%), Ry \crose
034 (pc, solvent 2), [«]3° +27 (c 2. water)

{b) By a procedure similar io that descnibed 'n (a), 7 (60 mg) was converted nto
6-0-x-p-glucopy ranosyi-3- 0-[4- O-(a-D-mannopyranosyl)-x-L-rhamnopyranosyi]-p-
galactose (8, 18 mg. 80%). Ry \crose 0 34 (p ¢, solvent 2), [¢]d’ +39° (¢ 2, water)
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The tetrasacchandes 4 and 8 were homogenecus on assay with the Technicon
carbohydrate analyzer, with retenuon umes of 73 and 125 mn, respectively, and gave
rhamnose. mannose, galactose, and glucose n the molar ratios I:1:1:1 after acid
hydrolysts (€ 5m HCL, 16 h, 100°) The acetates of 2,3-di-O-methylrbamuitol,
2,3,4,6-tetra-O-methylglucitol, and 1,2,4,5-tetra- O-methylgalactitol-/-d were identiied
(g1 c—-ms) after the reduction of 4 and 8 by NaBD, in borate buffer'® followed by
methylation analysis

{¢} By a procedure stmular to that descnibed in (a), 3 (0 2 g) was converied into
a minture of 4 and 5 (R, ycrosr 0 34, pc, solvent 2), which was fractionated on
Durrum DAs4 resin with a borate buffer to give 6-0O-x-D-glucopyranosyl-3-C-[4-0-
(B-D-mannopyrar osyl)-f-L-rhamnopyranosyl)-D-galactose (5, 101ng), [z];’ +56°
(c 1, water), and 4 (50 mg), [a]2® + 27" (¢ 5, water), with retenuon times of 54 and
73 min, respecunely

Acid hyvdrolysis of 4 and § as in (b) gave rhamnose, mannose, galactose, and
glucose in the molar ratios 1 1:1-{.

Cidation of the acerates of tetrasaccharides 4, 5, and 8 — Each tetrasacchande
was conventonally acetylated with acetic anhydnde-pyridine and then owdised'!
with CrO,-AcOH The producis were hvdrolysed (2 HCL 16 h, 100°) By thus
procedure, the following sugar units were destroyed: mannose 1n 4, mannose and
rhamnose 1n 5, none 1n 8
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