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-The tctnwuxheride B-D~l-rQ)a-LRha_(l~3~DGal-(4cl~-DGk the repeat& unit of tbe 
O-specitic polysaccbaride chain of the lipopolysiduuidcs from Sainwndla mucnsler and S. minntqdis was 
obtakd by glywsylation of bcnxyl~i~nzyl~2~,~~~yl~~~-a-~~~syl~~-~ 
galactopyraddc with U)9celyl60_(2J,4,btelraaacetyl-B-Dmannopy /3-L-rhamnopymnosc-1,2- 
(metbybdmcetate), followed by removal of protecting groups. Tbc stndure of the synthetic tebasaccbaridc was 
coniirmcd by metbylation snalysis,‘C&AcOH oxidation ad ‘F-NMR 

‘I-he polysaccharide chains of the lipopolysaccharides of 
gram-negative bacteria which are responsible for O- 
antigen specificity are block polymers of regular struc- 
ture, with repeating oligosaccharide units. The structure 
of @ecifk polysaccharides is unique, for each serolo- 
&al group of bacteria securing a high degree of im- 
munological specilkity.’ Moreover, it has been shown 
quite recently,’ that O-speci6c polysaccharides of 
dilferent bacteria, possessing identical serological 
behavior have identical chemical structures. 

The synthesis of fragments of (Ispecilic polysac- 
charides and related structural analogs with subsequent 
biological and immunochemical study, would un- 
doubtedly be of importance for biochemical, im- 
munochemical and taxonomic studies of gram-negative 
bacteria. The synthetic programm of this laboratory in- 
cludes the synthesis of biol~ repeating units of O- 
specilic polysaccharides from Sahwndla species. 

Recently we described the synthesis of repeating units 
of O-specilic polysaccharides from S an&m’ and .S 
se.n&rr&?rg.’ Now we report the synthesis of tetrasac- 
charide repeating unit of the O-specific polysaccharides 
from S muenster and S minnurp&’ /MMan(1+4)_ 
a-LRha-(l + 3)-D-Gal-@+-a-D-Gk 1. 

The synthesis of tetrasaccharide 1 was carried out by a 
2 + 2 scheme, analogous to that used for the synthesis of 
tetrasaccharide from S scnftarberg’, i.e. through the 
preparation of the a-DGlc~l+4)-DGal fragment, fol- 
lowed by glycosylation of this disaccharide at OH-3 of 
the galactopyranose residue by an appropriate derivative 
of the second disaccharide /I-DMan~l~4)-LRha. The 
synthesis of the last disa&arkk was accomplished ear- 
lier by Kochetkov et al.’ A most complicated point of the 
synthetic scheme was synthesis of a a-DGlc-(l+4)-D 
Gal derivative bearing free hydroxyl group or ap- 
propriate protecting group at CJ of gala&se unit. For 
construction of a-glycosidic linkage for disaccharide, 
which also presents some additional ditIlculties, we 
tried to use glycosylation of galactose derivative by 
6-O-p-nitrobenxoate derivative of glucoses or glycosyl- 
ation in the presence of tetraethylammonium bromide 
(TEAB).’ Our lirst attempts to use for this syntbesis 
selective glycosylation of readily accessible galactopy- 
ranose derivative with two free OH-groups at C, and C4 
were unsuccessful. In contrast to our previous data 

showing on approximately equal reactivity of the Ca and 
C4 hydroxyl groups in benxyl2,6di-@acetyl-/3-D-galac- 
topyranoside 2 towards glycosylation with disaccharide 
bromide,’ the reaction of 2 with 2.3,~tri-@benxylaO-p- 
nitrobenxoyl-~Dglucopyranosyl bromide 4 in the 
presence of 2,4,6-colIidine6 gave I+3 linked disac- 
charide as the only product of glycosylation. The 
replacement of 2 with benxyl2$-di-Gbenxy1-&D-galac- 
topyranoside 3 produced the same result. The attempts 
of glycosylation of 2 or 3 with 23,4,6-tetra.Wenxyl-/I- 
D-ghrcopyranosyl bromide 5 in the presence of TEAB’ 
also~verisetothe1~3linkeddisaccharideasthemain 
product. 

It should be noted that our previous experiments3 were 
conducted in boii benzene, whereas in present 
experiments reactions were performed at room tem- 
perature. It seems possible that appearence of a portion 
of ‘C conformer of 2 due to shift of conformational 
equiIiium with increasing temperature may be respon- 
sible for enhanced reactivity of OH4 group under these 
conditions. 

As a result of these experiments the glycosylation of 
less accessr& gahtctopyranose derivative with a single 
free OH-group at C-4 remain as the only alternative. 

Such a derivative was obtained through selective ben- 
xoylation of 3 with 1 mole of benxoyl chloride. 

The monobenxoylated product, benxyl 2,6di_Oben- 
xyl-3-O-benxoyl-/MSgalactopyranoside 6 was obtained 
after chromatography as a crystalline form in 60% yield. 
The structure of 6 was conlhmed by methylation with 
CH& in the presence of Et20.BK’ followed by remo- 
val of benxoate and benxyl groups, reduction with 
NaBD4, acetylation and identitkation of acetate 4-O- 
methylgalactitol- 1-d by GLC-MS9 Glycosylation of 6 with 
bromide 4 under conditions descrii in Ref. 6 and with 
bromide 5 by methods mentioned in Ref. 7 was not 
successful. Only glycosylation of 6 by bromide 4 in the 
presence of CFSO&r” gave the desired disaccharide 
derivative 7 in 60% yield. (Bromide 4 was used as a 
glycosylating agent as it may be expected that the 
presence of p-nitrobenxoyl group at C6 should increase 
the stereoselectivity, probably due to 1.6.participation.” 
The experience of this work allows to suggest, that this 
method can be recommended as one of the most con. 
venient routes for a-ghrcositle synthesis.) 
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IMenxoyMion of 7 gave 8 in high yield, which was 
converted after hydrogenolysis to a-DGlc~l+4)-DGal 
10. This disaccharide was found to be homogeneous and 
diiered from a-D-Glc_(l-*3~D-Gal 11, as shown by 
ion-exchange chromatography in borate buffer.‘2 

The structure of 10 was congrmed by “C NMR spec- 
trum (see Table 1). Selective benxoylation of 8 produced 
high yield of monobenxoate 9 with free hydroxyl group 
at position 3 of galactopyranose moiety. Its structure was 
proved by methylation with CHzN2 in the presence of 
Et20-BK, followed by removal of benxoate and benxyl 
groups, NaBD, reduction, hydrolysis and identi6cation 
of acetates of 3-@methylgalactitol-l-d and ghu~ in a 
ratio 1: 1 by GLC-MS. 

The condensation of two disaccharides to complete 
synthesis of tetrasaccharide 1 could be achieved most 
successfuIly by orthoester method of glycosylation.’ 

Glycosylation of mowbenxoate 9 by disaccharide 
orthoester 12 in the presence of 4A molecular sieve’ 
gave tetrasaccharide derivative I3 with 35% yield. PMR 
data of W were in accord with the expected structme. 
After removal of protecting groups from 13 the free 
tetrasaccharide 1 was obtained. 

Ion-exchange chromatography in borate buffer of the 
Ltrasaccharide showed homogeneity of the product. 
This fact proves anomeric purity of the tetrasaccharide, 
as ioncxchange chromatography is known to permit 
separation of isomeric tetrasaccharides with a- and /3- 
rhamnosyl-galactose glycosidic bonds.’ Reduction of the 
tetrasaccharide by NaB& in borate buBer” gave rise to 
glycosylgalactitoll6, the latter was also homogeneous in 
ioncxchange chromatography. Methyhrtion analysis of 
16 followed by GLC-MS gave the acetates of 2,3,4,6tetra- 
O-methyhnatitol, 2$-di-GmethyhhamnitoI, 23,4,6 
tetra-O-methylghrcitol, I2~,6tetra-Gmethylgalactitol in 
a l:l:l:l-ratio. 

When the acetate of the tetrasaccharide 1 was sub 
jetted to oxidation with CrQ in AcOH,” with sub 
sequent hydrolysis and sugar analysis, only the mannose 
residue was destroyed. The result congrms the 
co&uration of g-mannose, a-rhamnose and aghlcose 
glycosidic hncages. The additional confimmtion of the 
tetrasaccharide structure was obtained by “C NMR 
spectrum (see Table 1). 

The assignments of @uannopyranose. 4-O-substituted 

a-Lrhamnopyranose and a-ghrcopyranose ring carbon 
atom signals were found unequivoudly through com- 
parison with “C NMR spectra of the model compounds 
10 and 14. The most complicated problem was the 
assignment of the signals in 3,4di-O-substituted galac- 
topyranose residue of 1, due to ditliculties of 
identitIcatiin of the C-3 and C4 signals in 1 using the 
disaccharides 10 and 11 spectra only, explained by 
mutual i&ence of substituents on chemical shifts of 
substituted carbon atoms, when galactose residue is 
simuhaneously substituted at C-3 and C4. 

In order to overcome this ditUculty 3,4di-Gmethyl- 
gala&~ I!! has been specially synthesized, and its “C 
I+JMR spectrum was recorded and interpreted. It became 
clear from this spectrum, that signals of carbon atoms, 
participated in glycosydic bonds in galactopyranose 
residue of 1, may be arranged as C, = Cb < Ck < C3# 
(in the order of increasing of chemical shifts). 

Certainly, the absolute vahms of chemical shifts C4 
and C-3 carbon atoms of galactopyrauose in 1 and 15 will 
diier due to different a-e&& of methylation and gly- 
cosylation.‘s 

Thus, the physicochemical, and espesially 13C NMR 
data completely corroborate both the structures of the 
key intermediate compounds, and of the tetrasaccharide 
1. 

-AL 

McltingpointswercdctaminaiwithaKolkrapparatusaad 
rucuacomdedPMRspaztrawerercco&dwithaVarian 
DAUML apcctrumeta using Me& as inted standad “C 
NMRqcctrawcrcobtai&uai~~oBruLerWPdOqMrometer 
witbttlefreqWcyof15.05MHzCnlauboo.Tbepulsewidtbwaa 
3 pllec (W, the 0umbcX of rramieots - 10,am for disrccharides 
(conc4m~tioo-8O~ml) and 90,000 for - 
(conccatr&m~#)mg/ml). spectra were IWxdal with a spec- 
bal width 37SOHz aad dig&&a into 8/4K data points. Sub 
StaDcea wae dissolved in Dp with C&OH as the intalml 
standi& (50.15ppm). All chemical shifts arc expnsJed in &C 
GLC-MS was carried out by Varian MAT lll(GNOW device. 
Optical~w~deWm&twithaP*Hmer141 
polari&cX. sohitiolu were coDcelltlatal &I wcyo at 4(p. Ion- 
exchaage chromstognQhy of neutral carbohydrates was carlied 
outwithaTeclmiumcarbohydrateanslyzaoothecohunns 
l3xO5cm(A)and2OxO5cm(B)ofLR1m1mDAx4resinwith 
05 M so&m&nate b&r (PH 854) at 5Y and 2Oml/l1. The 
orciuo1-sulphurkacidrcagentwaslmedtomonitorJepprations. 

Table 1. 

Glcl:3Gai Gkl &al M&4Rhll Maul $Rhul:3Gal~lGk 3,4di-OM~ 
II I@ Y I 

Gall5 

Gk Gal Gk Gal Man Rhs ManRba Gk Gal Gals 

8’ 
cl 96% 97.7 101: 

l 

9!9 lo!75 9&5 94% lO& l&3 10; 93; 9!a 93: 97% 
la2.7 l * 

c2 73.0 715 734t 73.1 71.8 72.2 71.8 71.9 715 73.7 69.9 73.3 69.0 72.4 
c3 74.1 78.8 73.9St 73.1 743 71.2 74.0 74.4 715 73.8 78.3 80.75 805 84.0 
c4 70.7 66.3 MS5 78.6 67.95 80.8 80.4 68.2 79.35 705 765 765 76.7 765 
c5 72.6 76.1 73.1 76.3 77.3 68.2 728 775 68.2 733 72.8 76.1 71.95 75.9 
L% 61.65 62.2 61.4 61.4 62.2 18.3 18.3 6235 18.2 615 61.75 61.6 62.2 61.9 

mgreatpndo- of B-aaomer in mutaroQtiIt8 mixture. 
Y%c split&j of c-1 &ml: a-Rha 1+30--102.7 and a-Rim 1-+3-/WGfJ lUZ.85. 
tAttrii couhl be revasi. 
SG-McJ4) 61.1; -O-M&J) 58.1(u) & 5835(J). 



Synthesis of the tcm rcpcdg unit of the Gqccifk polysdmride 

Man lc4 Rha 1; 3 Gal 61 Glc 1 

HO@? R@ 3 ;;, no 

OX 

2 x=R’ IV Y=W 
2 X=R 6 Y=R 

4 + 6 
Ly.a 

R=CHph, #=h, R”=COph. R--COCe~NOd. 

6 6 

Glc 12 Gal Glc l--k3 Gal 

10 1t 

CM3 0 

12 13 

Man ld Rha 

14 

CH20H Man ld-4 Rha l--3 Gal-01 

1229 

16 

Glc 1 

of 6 (6096) XJ 0.8 (sy&m 11, m.p. 91-9p (beaarae-liebt petrok= 
ether), [ul# + 48’ (~3, CHCI,). Cak. far Cd& C, 72s; H, 6.15 
Found: 72.85; H, 6.1696 Mctb~ of 6 by CH&, followed by 
hydrogcdysk,NaBD,-reduAmandltfctykt&t~vetbeacetatc 
of -1-d identifkd by GIX-MS. 

~~~~~~ 11. The sok of 
2f,4-hi-O-benzyl-6-G-p-nihobcnzoyl-b-D- 
ghlcopymDosyl komide fr. 2Oe.Y~ ad bauy126di0acWW 
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n-glactopyranoside (2, 0.8g)” in C&IQ (12ml) and 2,4,6-col- 
lidine (4 ml) was kept at r.t for 72 h with exculsion of moisture. 
The solo was diluted with loOmI of CIQ. wasbed with H&l 
f3x200mll.2MAcOHC1x100ml~.aadevawrated.PU:ofthe 
residue (system 2) gave 588 mg of b&yl2,6.- di - 0 - acetyl - 3 - 
0 - (23.4 - tri - 0 - benzyl - 60 - p - nitrobenzoyl - (I - D - 
ghtcopyranosyl) - fi - D - grdactopyranoside. 2596, Rt 0.4 (system 
2). m.p. 137-138” @OH), [a]$ t 39” (~2, CHClr). Cak. for 
CJ,Hs,O,&: C, 65.8; H, 5.5; N, 1.5. Foumh C. 66.0; H, 5.4; N, 
1.5% Methylation analysis gave acetate of 54.6tri-Omethyl- 
galactitol, identi8ed by GIG. 

A methanolii soln of the disaccharide derivative was deacyl- 
ated with 2 M methanolic sodium methylate, and tJam deionized 
with K&?(H’) resin, &red, and concentrated. The residue was 
debenzylated in EtOH over 18% paUadiumoncharcoal to give 
138mg of 11. Ion-cxchmgc chromatogmphy in borate btdfer 
shows 11 to be Imopms with R, 188min (column B), 
[a]g t 105” (c9 HsO). “C NMR spectrum, see Table 1. 

Benzyl2,6-di-O-benzyl-3-0-bsnzoyl-4-0-(2,3,4-ti-0- 
p-nitmbenzoyl-a-~glucopymnosyl)-~-D-galactopymnosidc 1. 
Solution of bromide 4(l g) in CH+ZlQll ml, distilled over P,O,,,) 
was added dropwise during 5 min in tbe darktmss to the stirred soln 
of 6 (680 mg), CRSO&t (588 me) and tetramethyhuea (1 ml) in 
CHrCI&ft I&). The mixture was stirred in the. darkness for 72 b at 
r.t. filtered. washed with 2 x 20 ml of HO and concentrated. The 
column chromatography of the residue (t&ene-ethyiacetate) gave 
6 (758 mg, 6O%), R, 0.7 (system 3), [a]? + 8p (c2 CHCI,), syrup. 
Calc.forC~~O,,N:C.72.0;H,5.7;N,1.2.Found:C,~.l;H,5.8; 
N, 1.3%. 

Benryl2.6.di-0-benryl-4.0.(2,3,4-M-0-bmryl-6-O. .- mtmbauoyl - a - i - gh~copymnoSyl) - fl - D - g&c- 
&vmnoside 8. A metbanolic soln of 6 (788ml) was boiled for 
38&r with 2M methanolic sodium metboxide~ then deionized 
with KU-2 (II’) resin, filtered and concentrated, PI-C of the 
residue gave 8 (4tXl mg 75%), Rt 0.4 (system 4); [all+ 43” (~2. 
CHCI,), syrup. Cak. for C&s&: C. 73.4; H, 6.7 Found: C, 
73.0; H, 6.7%. 

Balzyl2,adi-o-bauyl4o~~,+lri-0bauyIb0-bauog- 
~alucopyrModM-~g~t~nolacroplrcmosldr 9. Beazoyl chlofide 
(0:6mljwsJadhedtoas~-~(-40”)so~ofE(1.8g)in 
nvridine (58 ml. freshlv distilled over CaH3. Sobttion was stirred 
i& 1 h at -&, and kept overnight 2 -y. Pyrkhne was 
evaporated, residue was dissolved in 2COml of CHCls, the solu- 
tion was washed with 2 x 2Nl ml of HsO, and evaporated. Cohunn 
chromatoaraohy of restdtina svruo Cbenzenc-cth~l acetate) we 

9, (1.8 g, !&J&-R, 0.8 (system -4), -(ala t 4750 (ci CHCI,) syrup. 
C&z. for C&I.&Z: C. 74.2: H. 6.4. Fours& C, 74.5: H. 65%. 

Methylation of 9 with CH& followed by removal of ben- 
zoate and benzyl groups, NaBD, reduction, hydrolysis and 
acetylation gave acetates of glucose and 3-Omethygalactitol-l+f 
identified by GLC-MS.. 

4-O-a-~Glucopymnosyl+galactopymnose 10. Tbe derivative 
gOomg) was debenzylated over 10% p&die to 
give 10 (88 mg). [u]$ t 74.5” (cg HrO). Ionexchange chnunat~ 
graphyinbomtebldfershowsl0tobe~withR 
60 min (cohtmn B). rsC NMR spectrum, see Table 1. 

Benzyl2,6-di-O-benzyl-3-O-[2,3-di-O-acUyl-4-O 
-(2.3,4,6-tetm-0-acdyi-/3-o-mannopymnosyi)-a-L- 
&atnnopymnosyl] - 4 - 0 - (2,3,4 - td - 0 - be&- 6 - 0 - 
bCt!SOyl - Q - D - &COpyrUllOSfi - fl- D - &dMt~yR3ROSidc w. 9 

(l#)ms)wasglycosylatedes&~‘bedinRcf.4with1J-o- 
methyl-ortlmacetyl-3-O-acetyl-4-O-(2,3,4,6-tetra-O-acetyl 
/3 - D - IttWUWpyr~nOsy~) - fl - L - h1~0pymnO~e (12, #)o me).’ 
After reactkm was finished (control by TI.Ck loOmI of CHCb 
were added, the soln was washed with 3 x loOmI HsO. and 
evacorated. PLC of the residue gave I3 (loOme. 35%). R 0.55 
(sy.&m 5), [a]8 t 15.5’ (~2, CH&), syrup. C&for C&-a 
C, 80.0; H, 4.95. Four& C. 80.0; H, 5046. PMR data (CC&): 
8.0-7.0 (WH aromatic), 20(18H 0-Ac), 1,3(d, 3H, J-SHz, 
rhsmwsc C-Me). 

3-O-(40+wnannopymnosy&a+.-rhamnopymnosylJ4-O- 
(~-~-~~~~y~-~-~~~~l.Amethewlic 
solution l3 (68 mg) was deacylated wtth 2 M methanolic sodium 

rnethoxide, and then deionized with KU-2GI’) resin filtered and 
concentrated.Theproductwasdebe&atedin2OmlofEtOH 
over 10% paUadhtm+n.charcoal to give 1, (3Om& 85%). [a]$+ 
35.1” (~3, HP). Ion-exchange chromatography in borate butier 
shows 1 to be homogeneous with R, 5Omin (cohmm A). PC 
showed a single spot with & 0.28 (BuOH-Py-Hfl 6:4:3, 
Filtrak FN-11). “C NMR spectrum. see Table 1. Sodium boro- 
hydrideCLOme)wasaddedtothesohrtionofl(5ms)aadH~4 
(28 mg) in 2 ml of HrO. Solution was kept for 16 h at r.t., then 
was deiinizul with KU-2(H+) resin, &red and u~vqwrated 
with methanol up to dry. Ioocxchange chromatography in borate 
butfer showed the obtained glycosyigalactitoll6 to be home- 
geneous with 4 287 min (column B). Methylation analysis of 16 
gave the acetates of 1~,6tetra-Omethylgalactitol, 2$diO. 
methyl-rhamniml, 2,3,4.6-tetra.Ornethylmannitol and 23,4,6 
tetraOmethylghmitol in 1: 1: 1: l-molar ratio. 

&i&rfion of the acetate of t&asaccharidL 1. Tetmsaccharide 
l(1 mg) was acetylated with acetic anhydride, and then oxidized 
with CrO,-AcOH.” The product was hydrolysed (2M HCI, 16 h, 
188’). Only mannose was destroyed by this pro&me. 

3.0-/3-~hfonnopymnosyl-t.-rfmnwpymnose 14. Oh&ted by 
the method described in Ref. 19; [a]$ - 46’ (~2, H,O). 

34.IX-0-mctlry~ofactopy~se 15. Obtahmd by hydrolysis 
zrl 16 h, loo”) of methyl-3,4di-O-nmthyl-u-n-galactopy. 
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