
Carbohydrate Research, 102 (1982) 131-138 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

THE SYNTHESIS OF a- AND /?-(1 -2)- AND - (l-+3)-LINKED GLUCOPYRA- 
NOSE DISACCHARIDES AND THEIR PROTEIN CONJUGATES 

Roxm EBY AND CONRAD SCHUERCH 

Department of Chemistry, S?ate University of New York, College of Environmental Science and 
Forestry, Syracuse, New York I3ZZO (U22.A.J 

(Received May Sth, 1981; accepted for publication in revised form, July 17th, 1981) 

ABSTRACT 

2,3,3-Tri-O-benzyl-6-O-(N-phenylcarbamoyl)-l-O-tosyl-~-glucopyranose and 
3,4,6-tri-0-benzyl-2-O-p-nitrobenzoyl-l-O-tosyl-D-glucopyranose were allowed to 
react with partially blocked 2-[4-(p-toluenesulfonamido)phenyI]ethyI a- and P-D- 
glucopyranosides. Disaccharides having the structure cz-D-Glcp-(1 -+2)-a-D-Glcp, 
a-D-Glcp-(1+3)-a-D-Glcp, /I-D-Glcp-(1 +2)-/?-D-Glcp, and /I-D-Glcp-(1 +3)-a-D-Glcp 

were synthesized. The oligosaccharides were debenzylated with sodium in liquid 
ammonia to give disaccharides having a free primary aromatic amino group, which 
were converted into isothiocyanate derivatives and then coupled to various proteins 
to give the corresponding conjugates. 

INTRODUCTION 

In a previous paper’, we described the synthesis of several trisaccharides as 
determinants for the branch points in natural dextrans and their protein conjugates. 
In a continuation of the study of the immunochemical deter,mination of the structure 
of dextrans, we have prepared four glucopyranose disaccharides having both a and 
/%(1+2) and -(l-+3)-linkages. The disaccharides were coupled to protein carriers 
to give conjugates that will be used as substrates to determine antigenic specificity, 
and as artificial antigens to produce specific antisera_ 

The B-linked disaccharides were prepared to check also whether antisera 
produced from the trisaccharide conjugate?, which contained small amounts of 
/Minkages, had any specificity for /?-linkages. 

RIZSULTS AND DISCUSSION 

As described in our previous papers’-‘, 2,3,4-tri-O-benzyl-&O-(N-phenyl- 
carbamoyl)-I-O-tosyl-D-glucopyranose (3) can be used to prepare a-linked oligo- 
saccharides in high yields and with high stereospecificity, and the 2-[4-(p-toluene- 
sulfonamido)phenyl]ethyl aglycon can be used to couple oligosaccharides to a protein 
support. We6.’ and others* have also shown that 1,2-trans glycosides are formed in 

0008~6215/82/ ooo(Mooo/$O2.75, @ 1982 - Elsevier Scientific Publishing Company 



132 R. EBY, C. SCHUERCH 

Zigh yields and with very high stereospecificity when 1-0-sulfonyl-D-glucopyranose 
derivatives having an ester group at C-Z are coupled to aglycons. The high reactivity 
of the I-0-suIfony1 derivatives permits coupling with aglycons which otherwise would 
react either in low yield or not at a11 with D-gIycopyranosy1 halides 
coupIing-techni%;es. 
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We now find that 3,4,6-tri-O-benzyl-2-O-p-nitrobenzoyl-I-O-tosyl-~-gluco- 
pyranose gives high yieIds of @-D-giucopyranosides when coupled with alcohols in 
acetonitrile. The p-nitrobenzoyl derivative was used, as it was available and tends 
to give more-crystalline products than the benzoate. A systematic investigation of the 
coupling reaction using derivatives having different acyl groups at C-2 was not 
attempted, since thep-nitrobenzoyl compound also gave highly stereospecific products. 

The first step in the syntheses was to prepare derivatives (4, 6, and 12) having 
free hydroxyl groups at either C-2 or C-3, the 2-[4-(p-toIuenesuIfonamido)phenyl]ethyl 
agiycon linked either r or p, and the remaining hydroxyl groups protected_ Compound 
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4 was prepared by Fischer glycosylation of 3,4,6-tri-0-benzyl-D-glucopyranoseg with 

2-[4-@-toluenesuIfonamido)phenyl]ethanol in 50 O’ lo yield. The product was separated 

on a column of silica gel (from the excess alcohol) and other impurities, and was 
crystallized from ether-petroleum ether. 

The corresponding p-linked derivative 12 was also readily prepared by treating 

the glucopyranosyl chloride 2 with silver p-toluenesulfonate to give the I-U-tosyl 
derivative, which gave the p-linked glucopyranoside 11 with high stereospecificity 
when coupled with 2-[4-(p-toluenesulfonamido)phenyl]ethanol in acetonitrile. De- 

p-nitrobenzoylation gave the alcohol 12 in good yield. 
The derivative (6) having a free hydroxyl group on C-3 was obtained by de- 

allylation of 5, which had been prepared previously’. Normally l,Pdiazabicyclo- 
[2,2,2]octane is added to the mixture to keep the pH above ‘7, thus preventing any 

cleavage of the propenyl group. In this instance, the base was omitted to prevent the 
possible hydrolysis of the C-6 carbanilate group. Slight cleavage of the propenyl 

group was detected, but since the next step (hydrolysis of the propenyl group) was 

conducted on the unpurified product, this presented no problem. 
Methods for preparin g a derivative having a free hydroxyl group at C-3 and a 

/?-linked 2-[4-(p-toluenesulfonamido)phenyl]ethyl group proved to be rather lengthy, 

and so no attempt at its synthesis was tried. This compound would have been used 
to prepare a j?-(l-+3)-linked disaccharide in which all of the linkages are p_ What 
effect the anomeric configuration of the linkage to the aglycon has on the specificity 

of antibodies produced against a disaccharide is unknown in this case. However, the 
/?-(I +3)-linked disaccharide linked ti to the aglycon may be a more appropriate 
antigen for a p-flaw in an a-linked sugar sequence than a completely /?-linked di- 

saccharide. 

The a-linked disaccharides 7 and 8 were prepared by coupling 3 with 4 and 6, 
respectively, fo!lowed by decarbanilation. It proved easier to separate the disaccharide 
from the by-products of the reaction after the carbanilate gr.~p had been removed. 
The “C-n.m.r. spectrum of 7 showed that the stereospecificity was -95 %_ As the 
starting alcohol 4 was crystalline, the B-D linkages arose from rhe coupling reaction. 

The ‘3C-n.m.r. spectrum of 8 showed >95% c?-D linkages. As the starting alcohol 6 
had -5 % of B-D linkages, the coupling reaction was > 95 % stereospecific for the 
a-D linkage. 

The disaccharides 10 and 14 were prepared by first con;rerting the chloride 2 

into the 1-O-tosyl derivative and then couplin g this derivative separately to the 

alcohols 6 and 12, and de-esterifying the products. The i3C spectrum of 10 showed 

C-la at 96.3 p.p.m_ and C-l’/? at 105.4 p.p_m. The shifts are consistent with those 
observed for methyl a and /3-D-glucopyranosides’0. The 13C spectrum of 14 showed 

peaks at 102.7 and 104.0 p.p.m., corresponding to C-l/? and C-l’@. No peaks between 
90-101 p-p-m_ could be detected, indicating that the disaccharide is 100 % &D-linked. 
This is not surprising, as 13 was crystalline and any small proportion of a-linked 

compounds would have been removed on crystallization_ 
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TABLE I 

PHYSICAL coxsr~xrs, YIELDS, AND ANALYSESOF DISACCHARIDES-[4-p-TOLUENEWLFONALUDO)PHENYL]- 

ETHYL CLYCOSIDES 

-- 

Com- Yield Mp. [&‘15U 1%N.m.r. data AnaI.c 
pound 19‘;) (“Cl f degrees) (p.p.m.) b 

C-I C-I’ C w N 

7 55 ‘83.6 95.8 94.6 71.25 6.25 1.90 
71.66 6.36 1.21 

8 5s ‘64.1 96.4 97.4 69.60 5.87 1.09 
69.84 6.33 1.31 

9 68 G-53.4 96.2 101.0 68.75 5.30 
68.40 5.67 3.15 

10 73 f35-136 445.5 96.3 105.4 71.08 6.36 0.93 
69.84 6.33 1.21 

13 60 146.5-14s +x7 1021 loo.1 69.61 S-93 1.&s 
69.92 5.57 2.15 

14 84 + 10.9 102.7 IO-t.0 71.41 6.50 0.90 
71.67 6.36 1.21 

%olution in chloroform (c 1). bin chloroform-d. Wpper line, found values; lower line, talc. vaIues. 

TABLE II 

DA-I-A FOR PROTJ3S~LXCOSACCHARIDE CONJUGATES 

-- -. - 

Reactants Products 
-_-_ -__- 

Compound Wt_ coupled= Proteinb Wt. protein Wt_ conjugate GIucore/proteinc 

(mgl (mgl fmgl IMmgl 

7 160 
160 

8 I20 
120 

10 90 
90 

r4 140 
140 

BSA 303 367 :36.3 
Polylysine 304 332 63.0 
BSA 200 232 64.8 
Hemocyanin 200 210 45.4 
BSA 200 196 37.9 
PolyIysine 200 233.6 34.4 
BSA 2.56 306.8 72.3 
Iiemocyanin 256 275.4 62.0 

=Completely blocked cligosaccharide. *BSA = bovine serum albumin. CDetermined by anthrone 
assay. 

The assignments of C-l and C-l’ shown in Table I were made by comparison 
with the spectra of previously synthesized 2-[4+toluenesulfonamido~phcnyljethyl 
D-glucopyranosides and o!igosaccharides’*3S’, and with the spectra of 9, 10, 11, 
12, 13, and 14. 

The disaccharides 7, 8, 10, and 14 were simultaneously debenzykted and 
detosylated by reductive cleavage with sodium in liquid ammonia. The deprotected 
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oligosaccharides were not isolated, but were immediately converted into the iso- 
thiocyanate derivatives’ and these products coupled to a protein_ Two different 
proteins were used for each disaccharide, so that the conjugates could be used as 
artificial antigens and as substrates to test the specificity of the antisera produced. 

As the isothiocyanate group couples to the free amines of a protein, it was 
thought that poly-L-lysine, which has an abundance of free amino groups, would 
make a good carrier for the disaccharides. A simple and inexpensive way of producing 
a “poly-L-lysine” is to polymerize t-lysine thermally”.“. The crude polymerization 
product was dialyzed ten times by ultrafiltration with a PM-IO membrane (10,000 
mol.wt. cut-off, Amicon Corp.) and then freeze-dried to give the polymer in 20% 
yield. Contrary to expectations, the yield in the coupling to poly-L-lysine proved to 
be no better than to bovine serum albumin or hemocyanin. 

In the coupling reactions, the ratio of disaccharide derivative to protein used 
was about half the amount used in our previous work. The resulting carbohydrate 
content of the conjugates is lower than in previous couplings by - 50 T’,, and indicates 
that the amount of carbohydrate in the conjugate is directly related to the starting 
sugar derivative : protein ratio. The amount of carbohydrate coupled should be suffi- 
cient for the conjugates to be used as substrates or artificial antigens. 

EXPERIMENTAL 

General methods. - ‘H-N.m.r. spectra were recorded with a Varian A-60A 
spectrometer with chloroform-d as solvent and tetramethylsilane (Me,Si) as internal 
standard 9 and ‘3C-n.m.r. spectra with a Varian XL-100-15 in pulsed Fourier-trans- 
form, proton-noise-decoupled mode with chloroform-d as the solvent and Me,Si 
as internal standard; all chemical shifts are in p_p.m_ from the Me,Si signal. Bptical 
rotations were determined with a Perkin-Elmer Model 141 polarimeter with jacketed 
1-dm cells at 25”. Melting points were determined with a “Meltemp” apparatus and 
a 76-mm immersion thermometer. 

2-C4-(p-TofuenesuffonantidoIphen~fletf~~f 3,4,6-tri-Q-benzyf-r-D-gfucopyrano- 
side (4). - 3,4,6-Tri-0-benzyl-D-glucopyranoseg (!.O g) was dissolved in dry 1: 1 

(v/v) benzene-dimethoxyethane (50 mL). 2-[4-(p-Toluenesulfonamido)phenyl]- 
ethanol4 (3.0 g) and dry ion-exchange resin (Dowex-l,H+, 2.0 g) were added. The 
mixture was boiled under reflux using a Dean-Stark trap for 18 h, cooled, filtered 
and the residue washed with dimethoxyethane. The filtrate was evaporated to a solid 
and chromatographed on a column of silica gel [25 cm x 10 mm; 2: 1 (v/v) hexane- 
ethyl acetate] to give 4 as a syrup that crystallized from ether-petroleum ether, 

0.8 g (SO%), m-p. 13I-133”, [z]? -1-71.9” (c 1, chloroform); ‘H-n.m.r. 6 6.9-7.8 

(24 H, aromatic and N-H), 3.4-5-l (15 H, rin g, benzyl and CH,), 2.8 (t, 2 H, CH,), 
2.3 (s, 3 H, CH,), and 2.3-2.4 (b, 1 H, exchangeable with D,O); 13C-n-m-r. 98.5 

(C-ICC), 83.3 (C-3), 77.5, 75.2, 75.0, 73.6, 73.2, 70.8, 68.8, 68.6 (C-6), 35.4 (CH,), 

and 21.5 (CH,). 
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_4naI_ Calc. for C,zH,sNOsS: C, 69.68; H, 6.22; N, 1.94. Found: C, 69.80; 

H, 6.13: N, l.SO. 
3,4.6-Tri-O-ben~~~l-l,2-di-O-p-nitrobenzo~~Z-D-gZu~op~~ra~~ose (1). - 3,4,6-Tri-O- 

benzyl-o-glucopyranoseg (5.0 g) was dissolved in dry pyridine (50 mL) and p-nitro- 
benzoyl chloride (5.0 g) was added with stirring. The solution was kept overnight 

at room temperature and then poured into ice-water. The product was extracted 

with dichloromethane and the organic phase washed with water, aqueous sodium 
hydro_eencarbonate, dilute hydrochloric acid and water, dried over magnesium sulfate, 

and evaporated to a solid. The crude product was crystallized from ether-petroleum 

ether to give 1, 7.5 g (90x), m-p. 105-107°, [XI:’ f23.5” (c 1, chloroform); ‘H- 

n.m_r. 6 7.0-5.3 (23 H, aromatic), 6.7 (d, 0.17 H, J1,Z 3.5 Hz, H-lcr), 6.5 (d, OS3 H, 
J 1.2 S-0 Hz, H-IF), 5.4-5.9 (m, 1 H, H-2), and 3.7-5.1 (m. 11 H, ring and benzyl). 

Anal. Calc. for C,,H,,N,OII: C, 65.77; H, 4.85; N, 3.74. Found: C, 65.69; 

H, 3.90; N, 3.60. 
3.4,6-Tri-O-be~l~~i-2-O-p-?litrobe~~~o~i-r-D-gltrco~~ranos~i chloride (2) - Com- 

pound 1 (1.0 g) was dissolved in dry ether (40 mLj and the solution saturated at 0” 

with dry hydrogen chloride gas. The flask was tightly stoppered and kept for 24 h 

at room temperature. NitroSen was bubbled through the solution to remove most of 

t!le excess of hydrogen chloride. The solvent was evaporated and the residue dissolved 

in dichIoromethane. The precipitated p-nitrobenzoic acid was fihered off and the 

filtrate evaporated to a syrup that was sufficiently pure to be used in the coupling 

reactions; yield 0.8 g, [=]E5 + 148.9” (c 1, chloroform); ‘H-n.m.r. 6 7_0-S.3 (19 H, 

aromatic), 6.4 (d, 1 H, J1,l 3.5 Hz, H-lr), and 3.7-5.5 (m, 12 H, ring and benzyl). 

2-[4-)p-Tol~renesulfonamido)pi~en~l]eth_vZ 3,4,6-tri-O-benzy:?;I-bO-p-nitrobenzoyl- 
j?-D-glncop_vranoside (11). - To a solution of 2 (OS g) in dry acetonitrile (2.0 mL) 

was added silver p-toluenesulfonate (0.4 g>_ After 15 min at room temperature, the 
silver chloride was filtered off and the clear solution added to 2-[4-(p-toluenesulfon- 
amido)phenyl]ethanolq (0.35 g)_ The mixture was kept for 24 h at room temperature 

and in the dark. The solution was diluted with dichloromethane, washed with aqueous 

sodium hydrogencarbonate and sodium thiosulfate, water, and saturated sodium 
chloride solution, dried (magnesium sulfate), and evaporated to a solid. Crystailiza- 
tion from ether-petroleum ether Save 11; yield 1.25 S (74x), m-p. 160-161 O, [a];5 

-1-34.2 ’ (c 1, chloroform); ‘H-n.m.r_ S 6.7-8.4 (28 H, aromatics and N-H), 3.3-5.5 

(m. 15 H, ring, benzyl, and CH,), 2.7 (t, 2 H, CHz), and 2.35 (s, 3 H, CH,). 
Anal. Calc. for C,,H,sNIO,,S: C, 67.41; H, 5.54; N, 3.21. Found: C, 67.26; 

H, 5.52; N, 2.99. 

2-[4-(p-Toirrenesrrlfonamido)phen~l~etlt),i 3,4,6-tri-0-benzyl-/I-D-glucopyrano- 
side (It). - To a solution of 11 (3-O g) in abs. ethanol (50 mL) was added sodium 

ethoxide (0.1 g)_ The mixture was stirred at room temperature until reaction was 
complete as shown by t.1.c. The base was made neutral with acetic acid and the 
so!ution evaporated to a syrup which crystallized from ether-petroleum ether to 

grve 12; yield 1.5 g (89 %); m-p. 111.5-l 13 3, [cz]~ -4.9 o (c 1, chloroform); ‘H-n.m.r. 

S 6.5-7-S (24 H, aromatics and N-H), 3.35-5.1 Cm, 15 H, ring, benzyl and CH,), 
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2.85 (t, 2 H, CH?), 2.35 (s, 3 H, CH,), and 2.7-3.1 (1 H, exchangeable with D,O); 
r3C-n.m_r. S 103.0 (C-l&, 84.7 (C-3), 77.8, 75.4, 75.1, 74.9, 73.7, 70.4, 69.2 (C-6), 
35.6 (CHI), and 21.5 (CH,). 

Anal. Calc. for C,IH,SNO,S: C, 69.68; H, 6.27; N, 1.94. Found: C, 69.62; 
H, 6.33; N, 1.70. 

2-~4-(p-Tolre~~esulfonamido)p~~eil~~~~et~~y~ 2,4-di-O-bexyl-6-O-(N-pIzelzyIcarba- 

moyl)-r-D-gfucopyranoside (6) - The 3-O-ally1 derivative 5 (ref. 1) (0.50 g) was 
dissolved in 9: 1 (v/v) ethanol-water (10 mL) and tris(triphenylphosphine)rhodium(I) 
chloride (50 mg) was added. The mixture was boiled under reflux overnight, filtered, 
and the filtrate evaporated to a syrup. The syrup was dissolved in ether and washed 
with water, aqueous sodium chloride at pH 2, and water, dried (magnesium sulfate), 
and evaporated to a syrup. The propenyl group was hydrolyzed by refluxing in 
9: 1 (vjv) acetone-water (20 mL), to which mercury(U) chloride (250 mg) and 
mercury(U) oxide had been added. T.1.c. showed complete cleavage of the propenyl 
group after 30 min. The mixture was filtered, and the filtrate evaporated to a syrup 
that was dissolved in ether. The organic phase was washed with aqueous potassium 
iodide and with water, dried (sodium sulfate), and evaporated to a syrup. Chromato- 
graphy on silica gel (25 cm x 10 mm, 2: 1 (v/v) hexane-ethyl acetate, gave 6 as a 
syrup, 0.34 g (72%); [XIX i-55.1 o (c 1, chloroform); ‘H-n.m.r. 6 6.8-7.9 (m, 25 H, 
aromatic and 2N-H), 3.15-5.1 (m, 13 H, rin g, benzyl and CHZ), 2.5 (t, 2 H, CH,), 
2.2 (s, 3 H, CH,), and 2.4-3-l (1 H, exchangeable with D,O); r3C-n.m.r. 6 96.8 
(C-ix), 79.9 (C-2), 77.2, 74.5, 73.7, 72.9, 68.8, 68.8, 63.9 (C-6), 35.5 (CH,), and 21.4 

(CH,)- 
Anal. Calc. for C12H45N109S: C, 67.00; H, 5.89; N, 3.72. Found: C, 66.63; 

H, 5.81; N, 3.58. 
Syntheses of r-linked dismcharides 7 and 8. - The 1-O-tosyl derivative 3 (1.1 

equiv.) was coupled separately with the alcohols 4 and 6 (1.0 equiv.) in diethyl ether 
as described previously’. The isolation and decarbanilation was also performed as 
previously described’-‘. Chromatography on silica gel [2:25 cm x 10 mm, 2 : 1 (vjv) 
hexane-ethyl acetate] gave the disaccharides 7 and 8. Physical constants, yields, and 
analyses are reported in Table I. 

Syntheses of P-linked disaccharides 9, 10, 13, and 14. - The glucopyranosyl 
chloride 2 was converted into the I-O-tosyl derivative with silver p-toluenesulfonate 
in acetonitrile as described previously for the manno-’ and galacto-pyranosy16 
chlorides_ Compound 3 (1.1 equiv.) was added separately to the alcohols 6 and 12 
in acetonitrile and kept for 24 h at room temperature and in the dark. isolation was 

the same as described for the galactopyranoside reactions6. Chromatography on 
silica gel L-25 cm x 10 mm, 2 : 1 (v/v) hexane-ethyl acetate] gave the disaccharides 
9 and 13. Compound 13 could be crystallized from ether-petroleum ether. The 
disaccharide derivatives were deesterified with sodium ethoxide in ethanol at room 
temperature and the products isolated as described for 12. Chromatography on silica 
gel [25 cm x 10 mm, 2 : 1 (v/v) hexane-ethyl acetate] gave 10 and 14. Compound 
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10 could be crystaliized from ether-petroleum ether. Physical constants, yields and 
analyses are given in Table I. 

Syntlz ses of the disaccharide-protein conjugates. - The disaccharides 7, 8, 
10, and 14 were debenzylated and detosylated with sodium in liquid ammonia, 
ccnverted into the isothiocyanate derivatives, and coupled to proteins (bovine serum 
albumin, keyhole limpet hemocyanin, and thermally polymerized poly-t_-lysine) as 
described previously’*J*‘. The freeze-dried conjugates were analyzed for carbohydrate 
content by quantitative anthrone assayi3. The results of the couplings and analyses 
are given in Table II. 
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