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A SYNTHESIS OF 3-O-(a-D-MANNOPYRANOSYL)-D-MANNOSE AND ITS 
PROTEIN CONJUGATE 

(Reccivcd Dccrmher 17th. 1983: acccptrd for pubhcatiun. Ftthroary 23~. 19X3) 

ABSTRACT 

Methods for the synthesis of 3-O-(u-D-mannopyra”osyl)-D-mannose and 2- 
(4-aminophenyl)ethyl 3-O-(n-D-lnannopyrallosyl)-u-l,_ma””opyranosidc have 
been investigated by a number of sequences. Glycosidations with 2,3-di-O-acetyl- 
4,6-di-O-benzyl-D-mannopyranosyl and 2-0benzoyl-3.4.6-tri-O-benzyl-D-man- 
nopyranosyl p-toluenesulfonates were found to give better yields than the Hcl- 
ferich modification. the use of a peracylated D-mannOpyranOSyl halide. or the use 
of triflyl leaving group. Only the cy anomer was obtained. Factors influencing glyco- 
sidation reactions arc discussed. A mercury(Il) complex was used for selective 2-O- 
acylation of 4.6-di-O-benzyl-~-D-mannopyranosides. A disaccharide-protein con- 
jugate was prepared by the isothiocyanate method. 

INTRODUCTION 

Studies by Haworth et cd.’ and many others ‘~ ’ have established that the 
structure of bakers’ yeast D-manna” consists of an a-(l&&)-linked backbone with 
(l-2)- and (l-3)-linked side-chains. The mannens were shown to be linked to 
protein by direct attachmsn~ tu L-scrine and L-thrcuninc r&dues and inclircctly by 
a P-linkage to O-4’ of a di-N-acrtylchitobiose rcsidueh,’ linked in turn to as- 

paragine, forming a mannan-protein conjugate. This conjugate is one of three 
main components of the cell wall of yeast’. 

Immunochcmical studies of yeast cell-wall showed that the antigenic proper- 
ties of yeast are largely determined by the manna” side-chains’. As Suzuki, 
Sunayama, and Saito have shown that 3-O-(cr-D-mannopyranosyl)-D-mannose is a 

good inhibitor for rabbit antisera*. Ballou and Raschke’ have Suggested that this a- 

(1+3) linkage is the immunodominant structure in baker’s yeast manna”. 
Because of the importance of this linkage in biological studies, and because 

of the limited data in the literature concerning 3-~-(a-D-mannOpyranOSyl)--D-man- 

*On leave of absence from the Chemistry Department, Faculty of Science, Alexandria University. 

Alexandria, Egypt. 
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The synthetic methods tcsted in this research reflect the obwrvat~m made 
over a period of years that stereoselectivity and yield in glycosidation rcactiuna may 

be optimixd iT the reactivity of C-1 is cal-cfully balanced by an appropnatc choice 

of leaving group at C-1 and alcoholic substituent\. It the Icactton IS pcrfnrmed in 
homogeneous solution. a xerie\ of sulfonnte Irawnp-groups. I’-t”luencs~ilfon:\te. 
trifuoroethylsulf~)nyl (tresyl). and tr-iflyl provide a wlidc range of’ rractivitich. The 

better leaving-groups are mow approprtate when there arc a numhc~ ot ester sub- 

stituents on the alcoholic oxygen atoms. whereas the tosyl group ih mtxe useful 

with etherified glycosyl denvativc\ that are mtrinricallv morn reactive A\ ektr~ 

groups are more susceptible to side reactions than ether functions. I)artial etherili- 

cation is often advantageous. Stcrlc control in these reaction:, iz. 01 coww pr~l\~dcd 

by a 3-O-acyl group. and the (1 .?-tmrzs) u-glycoside is usually formed ;tlmo\t cwlu- 

sively by neighboring-group participation. Many of these relationship\ arc cow 

lirmcd in the following cxpcrimcnts. 

RF5LU TS AND l-JIS(‘~~SSION 

Garcgg”’ has used phase-transfer catalysis for the selective monohenz~lat~o~~ 
of dials. Undcl- the same conditions. WC attempted to monobenzylatc the dwl Z-(1- 
nitrophenyl)ethyl -I.h-di-O-benzyl-n-r,-mannopyranoside (11) wlectivcly. but a 
mixture of decomposition products was obtained. The decomposition wa probably 

caused by the cffcct of alkali on the nltro group 

Avcla and Melandcr” have used coppcr( IT) and mcrcuq (IT) chclata for 

selective acylation. Acetylat~on of 14 wa\ attempted b) treatmcrrt of the disodlum 
salt of 14 with mercury( II) chloride followed by acetic anhydride. I‘he reacti~~n re- 
sultod in rapid conversion of S9< ’ c of 14 to give 2-(6nitrophrnyl)ethyl 3%acetyl- 
4.h-di-O-benzyl-u-D-mannop?lralrosicie (15) in 74’5 yield and the 3.Cl-acetyl de- 
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rivative in 20% yield. The structure of 15 was confirmed by ‘H- and ‘“C-n.m.r. 
spectroscopy (Table T and Experimental). Renzyl 2.O-acetyl-4.6-di-O-benzyl-n-I,- 
mannopyranoside (3) was similarly obtained in 82’?& yield, and the 3-0-acelyl de- 
rivative in 18% yield, from conversion of 70% of the starting compound 2. 

Tetra-0-acetyl-u-D-mannopyranosyl bromide (8) has traditionally been used 
for the synthesis of 1,2-truns glycosides. Herein we tried to use it for the synthesis 
of cu-(1+3)-linked mannose disaccharides by conventional methods. The conden- 
satron product ot 8 and silver tritlate (prepared previously in the prcscnce of tetra- 
methylurea in dichloromethane) was coupled with methyl 2.4.6.tri-0-benzyl-c-D- 
mannopyranoside rh (9) in a high-vacuum rack to give methyl 2.4,6-tri-O-benzyl-3- 
0-(2,3,4,6-tetra-O-acetyl-a-~~-mannopyranosyl)-~-D-mar~nopyranoside (10) in 
only 36% yield (based on starting material) because of a low degree of conversion. 
Under the same conditions. 15 gave decomposition products when it was treated 
with the condensation product of 8 and silver triflate. In a related coupling. the 
reaction even with a primary alcohol gave a low yield; when 2,3-di-O-acetyl-4,6-d- 
0-benzyl-a-D-mannopyranosyf chloride (11) was condensed with silver triflate 
under the previous conditions and the product then coupled with 2-(4.ni- 
trophenyl)ethanol. only 33% of 2-(4-nitrophenyl)cthyl 2,3-di-0-acetyl-4.6-di-O- 
benzyl-rr-D-mannopyranoside (13) was obtained. ‘l‘he same compound was synthe- 
sized under the conditions of Hanessian and Banoub ” hut, in contrast IO their re- 
sults, a still-lower yield (20%) was obtained. These low yields were probably due 
to the sensitivity of the acyl substiruents to the glycoaidation conditions. because 
deacetylatcd products were separated with 13. as shown from ‘H-n.m.r. studies. 
Similarly, when the disaccharide 10 was synthesized according to Krepinsky ef nl. I8 
by the Helferich modification of the Koenigs-Knorr reaction, only a 22% yield was 
obtained. When silver trcsylate, instead of silver triflate, was condensed with 8 in 
acetonitrile and the 2,3,4,6-tetra-O-acetyl-l-O-tresyl-o-mannopyranose (not iso- 



latcd) was condcnscd dixctlq with 3, only 50 5 01 benql ~-O-acctyl--I.h-di-O-ben- 
zyl-3-0-(2..1.~.6-tctra-O-scetyl-n-n_m (J) 
was obtained. Only one isornrr WRS separated. ax shown from ‘jC-n m.r. spcctros- 
copy. 

In addition 10 Ihrxr highly electronegative leaving-groups. WC als(1 used I>-‘“- 
lucncsulfonntr. which i\ less clcctronegative. In this cast. compound 13 was oh- 

taincd in 82’3 yield when the condensation product of 1 2 and silver-/~-tolurnrsulf~~- 
nave was coupled with 2.(~-nitrophenyl)ethanol on a high-vacuum rack. Only the u 

anomer was obtained. as established by ‘-‘C- and ‘I-I-n.m.r. spectra. and the optical 
rotation (‘I‘able I and Experimental). 2.O-Bcnzoyl-3:l.h.tri-O-hen~~ I-<Y-D-man- 
nopyranosyl chloride”’ (20) was also condcnscd with silver /~-tnluerlcsull~~~~~~t~ in 
acctonilrile on a high-vacuum rack. The p-tolylsulfonyl der-l\,atwe ftrrrncd wah not 
scparatcd, but was coupled immediately with 3 OI 15 undrr wcuum 231 room tem- 

perature tu give the disaccharide 5 or 16 in X7 and 70 ? yields, respectively. Only 
the cy anomer was separated as shown fr-om “C- and ‘H-n.m.r spectra. and the op- 
tical rotations (Experimental). Thcsc results are similar to those of Shaban and 
.leanloz’“, who Indicated that a D-glucopyranosyl halide having an acyl group at <I- 

1 and ether groups at O-3, O-4. and O-6 gave higher stereoselectivity in the synthe- 

sis 01 1.2.trans.glycosides and a higher reaction-rate than the corresponding 

peracylated derivatives. Transcsterification of both 5 and 16 with sodium 
msthoxide in methanol afforded I he dials 6 and 17. 
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Catalytic reduction of the nitro group and removal of the benzyl groups from 
I7 was accomplished with palladium-on-carbon in aqueous ethanol. The depro- 
tected disaccharide, 2-(4aminophenyl)ethyl 3-G-(u-D-mannopyranosy~)-a-D-man- 
nnpyranoside (IS), was immediately lreated with an excess of thiophosgenc” to 
give the thioisocyanate derivative 19, which was then coupled to bovine serum al- 
bumin (BSA) at pH 9 without isolation”, The carbohydrate content of the synthet- 
ic protein conjugate was determined by the quantitative anthrone method”, with 
mannose as the standard. The product was found to be rich enough in carbohydrate 
to use as an artificial antigen, as it contained 17.4 mol of disaccharide per mol of 
protein. 

Few data on 3-G-(cY-D-mannopyranosyl)-D-mannose (7) have been reported. 
It was first obtained by acid-catalyzed reversion of mannosez3. It was also obtained 
by partial hydrolysis of manr~an’~. Jeanes and co-workers’5 isolated this disac- 
charide from phosphomannan Y-2648. Recently, Ponpipomzh reported a total syn- 
thesis. In our present work, disaccharide 7 was obtained in quantitative yield by 
catalytic hydrogenation of 6. The ‘%-n.m.r. spectrum proved the presence of both 
a and p anomers. In the anomeric region, three signals were assigned at 6 102.79, 
94.52, and 94.03 to C-l’, C-la, and C-lp*‘~““, respectively. Because of the in- 
terglycosidic linkage, the C-3a and C-3p signals were shifted downfield to 6 78.41 
and 80.86, whereas removal of the bcnzyl group from C-3’ caused an upfield shift 
to S 70.5. Overlap of the C-2a and C-2’ signals was observed, a two-carbon signal 
was assigned at 6 70.85, whereas C-2@ resonated at S 71.39. Signals at 6 67.28, 
66.99, and 66.51 were assigned to C-4’, C-4’, and C-4fl respectively, whereas C- 
5p, C-5’. and C-So resonated downfield 6 76.44, 73.77, and 73.06, respectively. A 
2-carbon signal at i? 61.42 was assigned to C-6 and C-6’. 

EXPERIMENTAt. 

Genrral methods. - ‘H- and ‘3C-n.m.r. spectra, optical rotations, melting 
points, t.l.c., high-pressure liquid chromatography (l.c.), and microanalysis were 
performed as described previously ” Acetonitrile, oxolane, and dichloromethane 
were dried over calcium hydride. p-Nilrophenelhyl alcohol and silver tri- 
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fluoromcthanesulfonate were purchased from Aldrich Chemical Company. Inc. 
and silver p-toluenesulfonate from Eastman Organic Cherntcals (Rochester, NY 
14650). Silver 7,2,2-trifuoroethanesulfonate was prepnrcd from ’ T ‘-tr-i- -,-.- 
lluorocthancsulfonyl chlor-idc by hydr-olysis and reaction with silver carbonate. 
Compounds 4, 5, 9, and 13 were prepared in an inert atm<wphore \yith the aid of 
a glass manifold that was connected via a stopcock to a vacuum lrne and r,il? lhrcc 
ground-glass joints and a stntcred-glass filter to three ltL-70 mL flasks. ‘l’he flask 
containing the alcohol undergoing glycosrdation was attached to one outlet scpa- 

rated horn the others by the glas\ filter. Solutions were dried with mapnrGum WI- 
tate. 

Benzyl4,6-dr-0-ben~vl-u-D-mannopyranoside (2) - Dry hydrogen chloride 
was buhhled into a solution of 1,6-di-O-henryl-I,-lnannopyr~nose’ ! (1. ‘7 g) tn dry 
benzyl alcohol (70 mL). I’hc mrxturc was treated for 3 4 h with stir]-inp. The cxccs’i 
of hcnzyl alcohol was removed by steam distillation. Compound 2 wan extracted 
with dichloromethane from water and the extract was washed with sodium hyd- 
drogencarbonate and water. and dried. ‘[‘he syrup obtained crystallized from di- 
chloromcthane-hcxanc to give 2 (2 g, X0%); m.p. YO-92”. [cr]f; &h7 5” (c‘ 1.77. 
chloroform); ‘H-n.m.r.: 87.267.3X (m. 15 H. aromatic).1.9-1 (d. I H. WI). 3.71 
(m. 6 H. It-2.3,4.5,6.6’), and 1.2-Z 3 (hs. 7 II. 2 OH). 

Annl. Calc. forC,,I-I,,O,: c‘. 71.97; H. 6.71. Found: C, 71.6-I; H, 6.71. 
B~tr=vi 2-O-a~~!vl-J,h-di-O-hen~~/-cu-n-)?zannop~r-clnosrtlc, (3). To a well- 

stirred solution of 2 (0.3 g. 0.66 mmol) in dry oxolanr (THF. 15 ml.). wdium hy- 
dride was added (S3 mg. 60?~ in mineral oil, 7.3 mmol) under- anhydrous condi- 

tions. After evolution of hydrogen gas had ceased. anhydrow mercury( II ) chloride 
(0.18 g. 0.66 mmol) was added. The mixture was stn-red for 1’ min and acetic 
anhydride (0.136 g, I.3 mmol) ww added The mixttrre WR\ rtirr-ed for 30 mm and 
then diluted with water and evaporated. The residue was extracted with d- 
chloromethane. the extract washed with water. and dried. The resulting syrup was 
then separated by l.c. using I : I ethyl acetate-hexane. Starting rnatcrial 2 (0.09 g. 
3tlCr) was recovered. and 3 was obtained in X2’,?, yield (0. LXX g) and the 3.O-acrtyl 
derivative in 18%’ yield (0.041 g), Compound 3 crystallized from ether-hcxane; 
m.p. 79”. [a]:< t54.7” (c, 1. chloroform): ‘IL-n.m.r. 6 7.77 7.3’) (m. 15 El, aroma- 

ttc). 5.12-5.1X (dd. 1 H. Jr.2 2. J-,1 .I Hz. H-2). 4.96 (d. I H, H-l). J.l--l.lh (bm. 
I H. H-3). 2.25-1.34 (bs, 1 H. OH), and 2.12 (s. 3 H. AC). 

Anal. C’alc. for C,,,HJ,07: C. 70.71; H, 6.51. t~ound: C, 70.X?; EL. h-1 1. 
Rmzyl L’-O-ncervl~_r’~C~-(2-O-henzoyl-3,4.6-tri-O-ben~rl-~r-r~-~n~~nn~~~~r~- 

rzos.yli-4.6-di-O-ben=~l-a-u-mnnrrup~rarlc,side (5). - LJndcr high vacuum. com- 
pound 3 (0.17 g, 0.34 mmol), ?-0-hcnzoyl-li.J.h-tri-O-hcnzvl-u-u-marlno- 
pyranosyl chloride (20, 0.337 g, 0.41 mmol) and silver p~t”lncnrsrllfunate (0. 115 
g. 0.41 mmol) were placed in separate, joined flasks for 3 h at room temperature. 
Acetonitrile (2 mL) was distilled onto 20. and the resulting wrluticrrt vvir\ mlxrd with 
silver p-toluencsulfonate. The solution <)I the ~ulfonate derivative was lrltcrcd over 
onto compound 3. The homogeneous solution was kept for ‘$0 it at room tcmpcra- 
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ture in the dark. The mixture was diluted with dichloromethane, filtered, washed 
successively with saturated sodium thiosulfate, sodium hydrogencarbonate, and 
water, dried, and evaporated. The resulting syrup was separated by l.c. with 1:2 
ethyl acetate-hcxane to give the disaccharide 5 as a syrup (yield 0.30 g, 87%), [cx]~ 
t22.2” (c 1, chloroform); ‘H-n.m.r.: 6 S8.1 (dd, 2 H, H-2,6 of aryl), 7.2-7.4 (m, 

33 H, aromatic), 5.6G5.74 (t, 1 H. H-2’). 5.24-5.32 (d, 2 H, H-l’ and H-2), 4.96 
(d, 1 H. H-l). and 2.08 (s, 3 H, AC); “C-n.m.r.: 6 100.2 (C-l’), 96.8 (C-l), 78.1 

(C-3,3’), 74.3. 74.8 (C-4,4’), 72.8 (C-5,5’), 71.6, 71.9 (C-2,2’), 68.9 (C-6,6’), 75.1, 
73.6, 71.4 (Bn-CH,), 69.3 (Bn-C&-O-l), 21 (AC), 170.5, and 165.7 (C=O). 

Anal. Calc. for CfiRH,O,,: C, 73.52; H, 6.26. Found*: C, 72.92; H, 6.53. 
Benzyf 4,6-di-0-benzyI-3-0-(3.4,6-tri-0-benryl-~-D-mnnnopyrnnosy~)-cu-D- 

mannopyranoside (6). - A solution of 5 (30 mg) in methanol (10 mL) and THF (3 
mL) was treated with a catalytic amount of sodium methoxide at room temperature 
for 48 h with stirring. The mixture was made neutral with acetic acid, evaporated, 
and extracted with dichloromethane. The extract was washed with sodium hydro- 
gencarbonate and water, dried, and evaporated to a syrup that was separated by 
l.c. with 1:2 ethyl acetate-hexane. The diol 6; in yield 24 mg (96%) was obtained 
as a syrup, [n]:j t41.3” (c 1.82, chloroform); ‘H-n.m.r.: 6 7.15-7.3 (m, 30 H, 
aromatic), 5.03-5.1 (d, 1 H, H-l’), 3.4-4.4 (m, 12 H, H-2,2’,3,3’,4,4’, H- 
5,5’,6,6’,6,6’) the signal H-l overlapped those of the benzyl methylene protons; 

“C-n.m.r.: fi 100.6 (C-l’), 99.7 (C-l), 80.4. 82.9 (C-3,3’). 71.4 (C-2,2’), 69.5 (C- 
6,6’), and 69.2 (Bn-C&-O-l). 

Anal. Calc. for CS4H5s01,: C, 73.44; H, 6.62. Found: C, 72.64; H, 7.30. 
3-O-(a-D-Mannopyranosyl)-D-mannose (7). - To a solution of 6 (0.09 g) in 

methanol (20 mL) and water (5 mL), was added palladium-on-carbon (0.04 g, 5%). 
The mixture was hydrogenated for 48 h with stirring under diminished pressure. It 
was filtered and freeze-dried to give a glassy solid in quantitative yield; [a]g 
t48.4” (c 0.72. water) after 20 h in sohltion at room temperature, lit.Z’-Zh [a]g 
+57.6” (c 0.434, water), [cY]~ +46” (c 1.18, water). [a]$? +50” (c 0.86 water), and 

[ml6 +40” (c 1.55, methanol). 
Anal. Calc. for CIZH,,OII: C, 42.10; H, 6.47. Found: C, 42.55; II, 6.58. 
1,2,3-Tri-O-acetyl-4,6-di-O-henzyl-D-mnnnopymnose (11). - A cold solu- 

tion of 1 (0.5 g, 1.38 mmol) in pyridine (2 mL) was treated with acetic anhydride 
(0.7 g, 0.64 mL, 6.86 mmol). The mixture was kept overnight at room temperature 
with stirring. It was poured onto crushed ice, extracted with dichloromethane, 
washed with dilute hydrochloric acid followed by sodium hydrogencarbonate and 
water. dried, and separated by l.c. with 1:2 ethyl acetateehexane. The a anomer of 
11 was obtained as a syrup (0.371 g, 55%)[a]g +61.3” (c 0.75, chloroform), 
whereas the p anomer was obtained in 30% yield (0.202 g), m.p. 97-99” from 
ether-hexane, [~.]g -6.5” (c 1.1, chloroform); ‘H-n.m.r.: S 7-7.5 (m, 10 H, 

‘Certain cyrupy products gave analytical data somewhat outside conventional hmits. hut n.m.r. and 
other data left no doubt concerning identity. 
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aromatic), 5.82. 6.08~.11 (2s. 2 H. H-1P and H-la), S-5.3 (Xi, 2 H. H-7.3). 3.G 

4.2(m,4H.H-4.5.6.6’). 1.92.2.08.and2.2(3s.Y~I.3Ac). 
And Calc. for CZOH&+ C. 6-t. 18: H. 6.21. Found: C. h-1.28: 11.6.23 
17-(4-Nitro~~~izr~rt~l)1~th~l -7._3~di-O-ucet~vl-4.6-di-O-~~t~~~f-~-~-~~~~~t~t~~~p~rt~r~~~- 

side (13). ~~~ A solution of 1 I ((I.3 g, 0.6 mmol) in dry cthcr ( I5 mLl \vas saturated 
with hydrogen chloride at 0”. The mixture was kept lor J-6 h (01 until t.1.c. showed 
only one spot) at room temperature. Nttrogen was then bubbled inlo the solution. 
The resulting solution was diluted with ether. washed with cold dilute. sodium hy- 
drogencarbonate and water. dried, and then separated by l.c. with I :2 ethyl ace- 

tate-hexane. Syrupy 7,3-~ii-U-~~catyl-4,h-di-O-ben~yl-n-~,-msyl chlo- 
ride (12) was obtained in 86% yield (0.245 g). The chloride 12 (0.11 g, t)..!S mmol), 

2-(4nitrophenyl)ethanol (0.052 g, 0.31 mmol). and silver p-toluenesulfonate 
(0.072 g, 0.25 mmol) were kept separately under vacuum on a high-vacuum rack 
for 6 h at room temperature. The product was then processed as described for 5. 
The resulting syrup was separated by l.c. with 1: 1 ethyl acetate-heuanc. C‘<xn- 

pound 13 was obtained in 82% yield (0.126 g) as a syrup; lul$ t-41 .j” (c I. chloro- 
form). The same compound (13) was obtained by using silver Iriflatc instead of 
silver p-toluenesulfonate. Z-(p-Nitrophenyl)ethanol (0.05 g. 0.2YY mmol). the 
chloride 12 (0.1 g. 0.73 mmol). and silver triflatc (0.066 g, 0.25 mmol) were kept 
separately under vacuum for 3 h on a high-vacuum rack. ‘I‘ctramcthylurca (0.08 g. 
0.0X2 mL. 0.68 mmol) was Injected into the chloride (12) under nitrogen. and the 
mixture frozen. Under vacuum dichloromethane (2 mL) was distilled onto the 
chloride 12 and tetramcthylurea. The resulting solution was then mtxed with silver 
triflate and this mixture was filtered onto 7-(J-nitrophenyl)cthrtnol. The mixture 
was kept for 24 h at 4”, and then processed as in the previous example. After sep- 
aration, 13 was obtained in 33%~ yield (42 mg); ‘H-n.m.r.: 8.04~8.2 (7d. I! fl. 11-3.5 
of aryl). 7.067.5 (tn. 12 H, aromatic), 4.8-1.83 (d. 1 H. H-l). 3.5-LO-3 (tn. 6 H. 
H-4.S.h.6’. OH,C-H,C-C,H,NO,-p). 2.9-3.1 (ht. 2 H. OH,C-N,C’-C,H,-NO,-p). 
1.96. and 2.22 (2 s. 6 H, ZAc). 

Arzuf. Calc. for CIllIl~NO,i: C, h-1.74; H. 5.Y-l; N. 1.35. Found: C. 65.26: H. 

6.40: N. 2.43. 
~-(4-NitrvpherzyOeth~l 3.6-di-O-hcnzyl-~u-Dmnnnopvrcl,los~~ (I?). A so- 

ution of 13 (0.1 g. 0. lb mmol) in methanol (LO mL) was treated with a catalytic 
amount of sodium methoxide. The mixture was stirred for 30 min at room tempera- 
ture. and then made neutral with acetic acid, evaporated. and cxtractcd with di- 

chloromethane. washed with sodium hydrogencarbonate and water. and dried. 
.T‘hr dir>1 14 crystallil-rd from dichloromcll~anc -hcxzrnc: yield 77 mg (YO’P ). rn.p. 

94-95” [al2 t39.3” (c I, chloroform); ‘H-n.m.r.: K X.06X.18 (7 cl. 2 H, H-3.5 of 

aryl). 7.2-7.4 (tn. I1 H. aromatic). 4.83.82 (d, 1 H. H-l), 3.12-t.O (tn. 8 H. 1~1. 
2.3.3.5.6.6’. OH,C-H,C-C,,H.,-NO,-p). 2.8(~3.(14 (t, 2 H. OH?C-HIC-C,,IJI-NOI- 
p). and 2.3f%2.-Ih (bs. 2 H. 2OH). 

Anal. Calc. for C,,~f>,NO,: C, 6?.YY: H, 6.13; N, 2.74. Found: C. 65.63; H, 
6.09: N. 2.31. 
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2.(4-Nitrophenyljethyi 2-0-acetyl-4,6-di-O-henryi-a-o-mannopyranoside 

(15). -To a stirred solution of 14 (0.1 g, 0.19 mmol) in THF (5 mL), sodium hy- 
dride (5 mg, hUY0, 0.31 mmol) was added. When hydrogen gas ceased to be 
evolved, anhydrous mercury(I1) chloride (0.053 g, 0.19 mmol) was added. The 
mixture was kept for 20 min and acetic anhydride (0.04 g. 0.035 mL. 0.39 mmol) 
was added. The mixture was then processed as described for 3. Compound 15 was 
separated as a syrup; yield 85 mg (78.7%); [a]: f29.1” (c 1.96. chloroform), 
whereas the 3-acetate was obtained in 20.3% yield (22 mg), calculated based on 
conversionofSY% of 14;‘H-n.m.r.: 68.06-8.18(2d,2H,H-3,5ofary1).7.2-7.4(m, 
12H,aromatic),5-5.08(dd,1H,J,,~1.4,J2,33.2H~,H-2),4.82~.86(d,1H,1.4Hz, 
H-l), 3.49-4.02 (2 d, J2,3 3.2, J. q.4 9.4 Hz, H-3), 3.4-3.9 (m, 6 H, H-4,5,6,6’, 
OHZ-C-H,C-C,H,-NO,-~~). 2.RX-3.04 (t, 2 H, 0H?C-H2C-C,H?-N02-~). and 2.12 
(s, 4 H. OH and AC). 

Anal. Calc. for CS0Hj3N09: C, 65.32; H, 6.03; N. 2.53. Found: C. 64.71; H, 
5.82; N, 2.14. 

2-(4-Nitrophenyl)ethyl 4,6-di-O-henzyl-3-0-(3,4,6-tri-O-herrzyl-u-D-man- 

rtupyranosyl)-a-D-mannopyranoside (17). - 2.0-Rcnzoyl-3,4,6-tri-0-benzyl-~-D- 
mannopyranosyl chloride (20. 0.15 g, 0.39 mmol), 15 (0.12 g. 0.217 mmol), and 
silver p-toluenesulfonate (76 mg, 0.27 mmol) were condensed as describrd for 5. 
After separation, the disaccharide 16 was obtained as a syrup in 70% yield (0.137 
g), [a]$? +12.6” (~0.7, chloroform); ‘H-n.m.r.: 6 5.24-5.29 (d, 1 H, H-l’), 5.12- 
5.2 (dd, 1 H, H-2), 5.64-5.7 (t, 1 H, H-2’), 4.04-4.26 (2 d, 2 H, H-3,3’), 3.4-4 (m, 
8 H, H-4,4’,5,5’,6.6,6,6’), 2.8-3 (t, 2 H, OH2C-If&C6H4-N02-p), H-l and OHc- 
HZC-C,H&-NO,-p) overlapped benzyl methylene protons; ‘?C-n.m.r.: 102.6 (C- 
l’). 99.5 (C-l). 80.4. 80.1 (C-3.3’), 71.4 (C-6.6’). 69.9 (OH2C-H&-ChHZ-NO?-p). 
38.4 (OH2C-H2C-C,H,-N02-p), 23.4 (AC), 172.9, and 168.2 (C=O). 

To a well stirred solution of 16 (0.1 g) in methanol (20 mL) and THF (5 mL), 
a catalytic amount of sodium methoxidc was added at room temperature. The mix- 
ture was processed as described for 6; separation by l.c. gave compound 17 as a 
syrup (82 mg, 95%). [N]E +35.5” (c 1.68, chloroform); ‘H-n.m.r.: 6 5.24-5.28 (d, 
1 H. H-l). 2.8-3 (t. 2 H. OH&-H2C-CI,H4-NOT-p), and 2.46-2.58 (bs, 2 H. 2 OH); 

‘3C-n.m.r.: 6 100.7 (C-l’), 100.3 (C-l), 80.7, 80.2 (C-3,3’), 69.2 (C-6,6’), 67.2 
(OH2C-H&-C6H4-NOZ-p), and 35.9 (OH&-H2C-C,H,-NO*-p). 

Anal. Calc. for Cs5H5PN0,3: C, 70.12; H. 6.31; N. 1.49. Found: C, 69.57; H, 
6.75; N, 1.99. 

2.(4.Aminopltenyl)elhy( 3-O-(a-D-mnrznopyranosyt).u-D-mannopyranosiclc 

protein cunjugate (20). - A solution of 17 (0.13 g) in ethanol (10 mL) and water 
(10 mL) was treated with palladium-on-carbon (40 mg, 5%). The mixture was pro- 
cessed as described for 7. The disaccharide 18 was obtained in quantitative yield. 

The absence of benzyl groups was proved by ‘H-n.m.r. spectroscopy. 
Thiophosgene (0.037 g, 0.32 mmol, 0.025 mL) was added to a stirred solution of 18 
(50 mg, 0.1 mmol) in 80% ethanol (20 mL). The mixture was stirred for 1.5 h at 
room temperature. The solution was brought to pH 6 and evaporated. The iso- 
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