
Preliminary communicati0n 

NIKOLAY K. KUCHETKOV, BORIS A, DMlTRIEV, ANATULI Ya. CWERNYAK, and 
ANATOLI B. LEVJNSKY 

N. D. Zelinsky ?ns%itt&e of i3rgunic Chemistry, Acadmny of Sciences ofthe U.S.S,R., Moscow (U.XS.R.) 

(Received May 2 lth, 1982; accepted fur publication, September 3x4 1982) 

Caps&r and somatic antigefis awe responsible fur the pathogenic properties of 
a number of bacteria and are widely used in the ser&?gicaI cfassificatiicm of these micro”‘ 
organisms, Hence, artificirrt antigens that sjmulate bacterial antigens have promise for 
diagnosis’ and protection2 a The principle for constructing artificial carb~h~drate~c~~~- 
taining antigens, prupased more than 50 years ago” ) and which invo’ives covalent attach- 
ment’ of the oligosacchaside units t;o a carrier protein, remains unchanged, 

We now xeport on the synthesis (based on another princ&$e) sf carbohydrate 
antigens c~~t~~~n~ no protein by converting oiigosaccharide determinists inta polymers 
of high malecular weight via the c~p~~~rn~~sat~~~ reaction. The same principIle was used 
in the preparatian, from certain ally i glycosides and acrylamide, a f “pseudapolysaccha- 
rides”, i.e., linear polyacrylamide polymers with carbohydrate branches’ . Using this 
method, we have obtained twcr synthetic antigens 2a and 2b which manifest the group 
specificity E and B &S’uk3neZlrr (factors Q:3 and 0:4, respectively). 

The key stage in tht? synthesis of trisaccharide monomer la was the glycasylation 
of ally1 2,4,6-tri-O-acetyl-P-D-galactspyrultnoside (7) with 2,3-di-U-acety3-4-0-(2~~,4*~- 
tetra-O-acetyl_P-~-ma~~opysanosyf)~~-rham~opyranosyl bromide”. Derivative 7 was a&a- 
tained as fcAk~s. Condensation sf 2,3,4,g-teera-O-acety~-ff-u-D-gailactapyranosy2 bromide 
with ally1 alcohol in chloroform in the presence of silver oxide, Mowed by ZempI$n de* 
acetylaticsn, gave tiyl ~-~-galac~u~yr~~sjde {3, nt.p, 101-iQ2°, [a];’ “-1 f” (c 2, 
water)}, acet~~ati~~ of which gave a&A 3,4-O-isapr~pyljdene-P-a, -ga~act~~~~a~~s~d~ 
{4, m*p. 9 1 -%Y, [a]? +I@ (c 2, chlar~~f~~~~)), AcetyMicm of 4 yielded aflytyl. 2,6&O- 
acetyL3,4-O-isslsgropylident3-P_n-galactr>pyra~oside (5, M _p -6 I 5-63” 1 [a]2 +24’ (c 2 ) 
ckIorofarm)). Treatmenl: sf 5 with dilute acetic acid gave ally1 2,6-di~O-acetyI-P-mgalacto- 
pyranoside {6, m.p. 75--76.5°, [a]; --9S” (c 2, chlor&~~~)), The reaction of 6 with 
tgethyl urthua~etate in the presence uf~-tu~~e~e~~f~~~c acid gave the 3,4-(ethyl ortho- 
acetate), hydrolysis of which with 80% acetic acid gave a high yield of 7 {m +p. 8 l-&, 
[QI]~ - 12.5” (c 2.2, chlazofarm)]. The positions of the hydxoxyl groups in 6 and 7 were 
proved by methylation ana2ysis7 (methyl&ion with diazomethane-boron trifluoride 
etherate and reduction with sodium borodeuteride), which gave 1,2,5,6-tetra-O-acetyl- 
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3,4-di_O-methyl[ 1 -?-I] galactitol and 1,2,4,5,6-pentaO-acetyl-3-U-methyl[ 1 -‘HI galactitol, 
respectively, identified by g.l.c.-ms. The position of HO-3 in 7 followed indepen- 
dently from the “C-n.m.r. data for 6 and 7 (Table I); the C-4 signal of 7 was shifted to a 
higher field (a-effect of acetylation), the C-3 and C-5 signals were shifted to lower field 
@effect of acetylation), and the chemical shift of the C-2 signal was almost unchanged. 

TABLE I 

*3C-N.M.R. DATA~ FOR MONOSACCHARIDE DERIVATIVES 

Compound Chemical shifts (p.p.m.) 

c-1 C-2 C-3 C-4 C-S C-6 

3 103.3 72.1 74.4 69.7 75.9 61.9 
6 101.6 73.5 72.8 70.2 73.9 64.5 

7 101.6 73.4 71.0 71.5 72.3 63.2 
11 99.0 70.8 70.1 68.2 68.2 62.8 
12 96.7 72.4 68.7 68.4 68.4 62.8 

a Broker WP-60 instrument: 3,6, and 7, solutions in CD,OD; 11 and 12, solutions in CDCL, ; ally1 

group signals are not reported. 
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Glycosylation of 7 was performed in acetanitrile in the presence of mercury(I1) 
cyanide to give a moderate yield of the nona-acetate of la, deacetylation of which with 
methanolic 0.06~ sodium methoxide afforded ally1 3-Q-(4-Q-P-n-?_rannopyranosyI-a-L- 

rhamncpyranosyl)$-D-galactoside (la), m.p. 232-23?, ]a],” -5 1 So (c 1.7, water). 
The structure of la was confirmed by sugar analysis (rhamnose, mannoss, and gala&se 

in the ratios 1: 1: 3 were detected in a hydrolysate by using a sugar analyser) and by the 

‘3C-n.m.r. spectrum (Table II), the signals ofwhich were assigned on the basis of pub- 

lished data for disaccharidesa. 

TABLE II 

$%J-N*M.R. DATAa FOR OLXGOSACCHARIDE AND POLYMER DERIVATIVES 

Cumpund Unit Chemical shifrs (p,p.m,,I 

c-1 c-2 c-3 c-4 c-s C-6 

Man 101.9 71.8 74.4 68.05 77.4 62.1 

la Rha 103.6 72.45 71.45 80.8 69.15 18.2 
Gal 102.9 71.8 32.0 69.7 76.3 62.2 

Man 101.8 71.8 74.4 68.2 77.5 62.4 b 
2a Rha 103.2 71.7 b 71.7 80.9 69.1 18.2 

Gal 104.4 71.sb 81.65 69.75 76.1 62.3 b 

Abe 101.35 64.7 34.2 69.5 67.9 16.5 
lb Mm 100.6 71.3 79.6 67.2 74.1 62,O 

Abe 101.3 64.8 34.3 69.6 68.0 X6.8 

2b MkUI 100.9 71.5 79s 67.4 74.4 62.2 

cI Solutions in D,Q. b Assignments may be rewxsed. 

Ally1 3-O-(3 ,B-dideoxy-ar-D-xyZ~-hexopyranosyl)-ar-o-mannopyranoside (1 b), 
corresponding to the 0 :4 factor of SalmoneZZ~, was synthesised by the glycosylation of 

12 with 3,6-dideoxy-2,4-di-O-Go-nitrobenzoyl)-~-~-xylo-hexopyranosyl bromide, pre- 

pared by the procedure of Eklind et al.’ _ 
Ally1 2,4,6-tri-U-acetyl-a-D-mannopyranoside (12) was obtained as follows. 

Treatment of f3-mannose with a boiling sulution of 3% of hydrogen chluride in a&f 

alcohol gave a mixture of ally1 mannosides, treatment of which with acetone-2,2-d& 
methoxypropane and toluene-p-suffunic acid yielded allyit 2,3:4,6-di-U-isopropyliderne- 
ar-D-mannopyranoside (8), m.p. 59’, [alD +12.5” (c 2, chloroform). Acid hydrolysis af 
8 in aqueous acetone’e selectively removed one isaprapylidene group, to give 70% of 
ally1 2,3-O-isopropylidene-o-D-mannopyranoside (9) m-p. 76-78’, [aID +37.5’ (c 2, 

chloroform). Acetylation of 9 afforded ally1 4,6-di-O-acetyl-2,3-O-isopropylidene-cll-s, - 
mannopyranoside (HI), the structure of which was confirmed by p.m.r. spectroscopy. 
Treatment of 1U with dilute acetic acid then gave ally1 4,6ai-a-acetyl-~-D-mannupyr~a- 
noside (1 I), m-p. lU9- 110” t [al, +58” (c I S, chlaruform). Acetylation of HO-2 in 1 I 
was achieved v&r the 2,Sorthclester derivative, as described above fur 7, to give I[& 
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[cK]~ i-21 So (c 2, chloroform). The structure of 12 was confirmed by methylation anal- 
ysis (which gave 1,2,4,5,6-penta-@acetyL3Gmethyl[ 1 -2H] mannitol) and the 13C-n.m.r, 
data (Table I; o- and P-effects of acetylation were observed for the C-2 and the C-l and 
C-3 signals, respectively). 

Gly~osylation of 12 in acetonitrile by 3,6dideoxy-2,4di~-~-nitrobenzoyl~ 
ci-D-xylo-hexopyranosyl bromide’ in the presence of mer~u~~I1) cyanide under argon 
gave 75% of a disaccharide derivative, [LX&, +124.5* (c 2.2, chloroform), which was de- 
esterified with barium oxide in boiling methanol to give lb, m.p. 1X-182*, [aID t131” 
(c 1, water). The ~-con~guration of the abequosyl bond in lb was confirmed by the 
p.m.r. data;the signal of H-l Ati was a doublet at 6 4.87 (J1,2 4 Hz), and there was 
coincidence of the C-l ,2,3,4,5,6 signals of the abequosyl residue in lb and those of 
methyl a-abequoside. 

The glycosides la and 1 b were converted into antigens 2a and 2b by radical 
copoiymerisation with acrylamide (weight ratio, 2: 1) in water in the presence of am- 
mo~um persulphate and ~~~‘~‘-tetramethylethylenedi~ne. The polymers, which 
contained 30-34% of carbohydrates, were isolated in yields of 24-28% (based on ally1 
glycosides) by gel filtration on Sephadex G-50. Aqueous solutions of 2a and 2b were 
ultrafiltered through Amicon Diaflo membranes; the polymers passed freely through an 
XM 300 membr~e and were almost completely retained by an XM 100 membr~e, which 
corresponds to a mass within the range 100-300 kilodaltons. The structures of 2a and 
2b were confirmed by quantitative sugar analysis after acid hydrolysis, and by the lsC- 
n.m.r. spectra (Table II) where the signals of the carbons of the carbohydrate residues 
coincided with those for la and lb, respectively. In addition, the spectra of copolymers 
gave signals for CONHz (181.2 and 180.5 p.p.m.), CH (43.2 p.p.m.), and CHs groups 
(37.0 and 36.2 p.prn.). From the ratio of the integrated intensities of the signals for 
C-6 in the galactose (or mannose) residue and the methine groups, the relative content of 
-CH2CH(OR) fragments (where R is the oligosaccharide residue) with respect to 
-CH~CH(CONH~~ fra~ents was estimated as 1: 13 for 2a and 1: 10 for 2b. 

The results of the immunogenicity, and the serological and the protective prop- 
erties, of the synthetic antigens 2a and 2b will be published elsewhere. 

ACKNOWLEDGMENT 

We thank Dr. A. S. Shashkov for recording and inte~re~g the rsC-n.m.r. 
spectra. 

REFERENCES 

1 B. Svenungsson and A. A. Lindberg, Acta Pafhol. Mcmbiol. Scnnd., Sect. 3, 86 (1978) 35-40, 
283-290; 87 (1979) 29-36. 

2 S. B. Svenson, M. Nurminen and A. A. Lindberg,Znfect. Zmmun., 25 (1979) 863-872. 
3 W. F. Goebel and 0. T. Avery, J. Exp. Med., 50 (1929) 521-531. 
4 G. R. Gray; J. Lijnngren and I. J. Goldstein, D. A. Zopf, Chao-Ming Tsai, and V. Ginsburg; 

D. F. Smith, D. A. Zopf, and V. G~sburg,~e~hod~ EnzymoL, Sa‘ (1978) 155-170. 
5 V. Horejz, P. Smolek, and J. Koco~ek,~och~m. ~o~hys. Acta, 538 (1978) 293-298. 



c20 PRELIMINARY COMMUNICATION 

6 N. K. Kochetkov, B. A. Dmitriev, N. N. Malysheva, A. Ya. Chernyak, E. M. IUimov, N. E. 
Bayramova, and V. I. Torgov, tirbohydr. Res., 45 (1975) 283-290. 

7 P.-E. Jansson, L. Kenne, H. Liedgren, B. Lindberg, and J. L%ngren, Chem. Commun., Univ. 
Stockholm, 8 (1976) l-75. 

8 N. K. Kochetkov, V. I. Torgov, N. N. Malysheva, and A. S. Shashkov, Tetrahedron, 36 (1980) 
1099-1105. 

9 K. EkIind, P. J. Garegg, and B. Gotthammer,Acta Chem. Saznd., Ser. B, 30 (1976) 305-308. 
10 M. E. Evans, Chrbohydr. Res., 54 (1977) 105-114. 


