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ABSTRACT 

The stereoselective glycosylation of a model alcohol (cyclohexanol) by deriv- 

atives of 2-azido-2-deoxy-D-galactopyranose was studied under various conditions. 

2-Azido-3,4,6-tri-O-benzyl-2-deoxy-P-D-galactopyranosyl chloride (9) was found 

to be the most efficient glycosylating agent for the synthesis of oligosaccharides 

containing 2-acetamido-2-deoxy-a-D-galactopyranose residues, and gave a tetra- 

saccharide, which is a determinant of the blood-group A (Type I), i.e., 0-a-L-fuco- 

pyranosyl-(I ~2)-[0-2-acetamido-2-deoxy-cc-~-galactopyranosyl-( 1+3)] - 0-p-D-ga- 

lactopyranosyl-( 14 3)-2-acetamido-2-deoxy-o-glucose, and its trisaccharide frag- 

ment, O-2-acetamido-2-deoxy-cc-D-galactopyranosyl-( 1 -+3)-0-B-D-galactopyranosyl- 

(1+3)-2-acetamido-2-deoxy-D-glucose. In the course of this synthesis, the determi- 

nant trisaccharide related to the H blood-group, i.e., 0-cc-L-fucopyranosyl-(1+2)-O- 

~-D-galactopyranosyl-(1+3)-2-acetamido-2-deoxy-~-glucose, was also obtained. 

INTRODUCTION 

Oligosaccharides containing 2-acetamido-2-deoxy-a-D-glycopyranosyl residues 

are widely distributed in nature. In particular, the determinant oligosaccharides of 

the A blood-group Type 1 (1 and 2) contain 2-acetamido-2-deoxy-a-D-galactopyrano- 

syl groups. 

The formation of a 2-acetamido-2-deoxy-a-D-hexopyranosyl linkage shows the 

same difficulties as that of an a-D-glycoside. At present the “azide method” elaborated 

by Paulsen’ shows the most promising approach to the synthesis of 2-acetamido-2- 

deoxy-a-D-glycopyranosides allowing the formation of various hetero-oligosacchar- 

ides. Recently, the methods of synthesis of the starting glycosylating agents (deriv- 

atives of 2-azido-2-deoxyhexoses) have been considerably simplified’-‘. The azide 

group is a very suitable precursor of the acetamido group because it is nonparticipating 

and readily converted into the acetamido group. 

Paulsen and associates used two methods for the synthesis of a-D-glycopyrano- 

sides from 2-azido-2-deoxy-derivatives. The first glycosylation was obtained with 

000%6215/83/000@0000/$ 03.00, @ 1983 - Elsevier Scientific Publishing Company 



94 N. I’. BOVIN. S. 6. ZURABY.kh, 4. Y/\. KflORLIN 

2-azido-2-deoxy-/j-D-glycopyranosyl chlorides, O.K.. the acetyl (3) and the benzyl (4) 

derivativesh. in the presence of silver carbonate and pcrchlorntc. This n~cthod 

showed a fairly high stcrcosclcctivity and the yield’.’ ” 01‘ 7-I)-~lycop”ranosidcs 

was as high as 85-%I”,,. The second method, N,hich is used less frcqucntly. utiliscs 

2-azido-7-dso\iy-r-D-glycop~ranosyi bromides. P.S.. the acctyl (5) and the benq’l (6) 

derivatives”, under the glycos~;lation conditions of Hclfer~ch” ‘l. NI) definite in- 

dication prefering one of the two method:, in a z <riven ca5e \vas pro\ ~dcd. ‘\~lodel 

experiments’ suggest that no stcrcosclecti\ity was obtained in the glycosq’lati~>n of 

benzyl and fclrf.-butyl alcol~ols v,ith chloride 3 and hromidc 5. f-‘inall). the reccntl\i 

proposed “imidate method“ for the synthesis of I ,2-cY+glycosidt5. \I ith particular 

reference to azide II, gave poor rcsultq for tilt’ glycosylation of $ccond:1ry hydrouyl 

groups of sugars’ ‘. 

Despite these advances in the synthesis of betel-ooligosaccharilies having a 

2-acetamido-3-deouy-x-l,-glycopyranosyl group. no systematic study of the formation 

of the 3-acetamido-2-deoxy-rr-t,-glycopyranosyl linkage dcpcnding on the \tructurc 

of the glycosylating agent and reaction conditions has been pt’l-formed”:. In the prcscnt 

war!,. the aim wab to synthesize the determinant nlrgosaccharidc of the A blood- 

group Type 1 (1) and its fragment 2, and also to study Ihe stercosslectivity ofglyco- 

sylation with 7-azid[l-3-decl*y~lycosyl halides 

RESIJLTS i\ND DISC LSSION 

Undoubtedly, extreme care should be taken to compare the results of model- 

alcohol glycosylation to those of the synthesis of oligosaccharidcs, because the 

change from a simple to a more complex alcohol may influence greatly the reaction 

stereoselectivity. Nevertheless. a study of model reactions may show ;I correct tcn- 

dency of the stereoselectivity to depend on the nature of a glycosylating agent and 

reaction conditions. The hydrovyl groups of the benzyl and tc~r-butyl alcohols, 

which are suitable for the detection of glycosidcs by ’ H-n.m.r. data”. differ greatly 

from those of carbohydrntcs. We selected the glycosylation of cyclohe\anol because 

this cyclic, secondary alcohol shows a reactivity similar to that of t> pical carbohy- 

drates and, at the same time, allows a quantitative analysis of mixtures of anomeric 

glycosldes by g.1.c. (III the form of trimethylsilyl derivatives). 

The glycosylation of cyclohexanol with 3,4.6-tri-~-acety!-9-3zido-?-deoxy-,%D- 

galactopyranosyl chloride (3). 3,4.6-tri-O-acetyl-2-azido-Z-dcox>,-7-1>- (5). and -/I-I,- 

galactopyranosyl bromide (8) shows a strikingly wide stcreoselcctlvity from 91 ‘l,, 

for the p-D-glycoside to X I ‘IS, for the z-u-glycoside (see Table I). The ratio of glyco- 

sides obtained from the x-r)-bromide 5 by the Hclferich reaction (mercuric cyanide 

in benzene-nttromcthanc or 111 dichlorolnethane. Exps. I and 2. Tahlc I ). Jemon- 

*After this Morh had been completed, a report In dacri bmg the etrcct of a catalyd on glyccwde- 
synthesis rate has been published hut wlthuut quantltntl\e data ofthe axoselecti~It~ ot the gl~c‘osyla- 
tt0n 
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strates again that the stereoselectivity of this method should be evaluated with great 

care. Some cases show a high CI stereoselectivityr’-‘“, some its absence*, and the 

present case a high j3 stereoselectivity. The diphenylcyclopropenyl method’ ’ shows an 

insignificant preponderance of the a-D anomer (Exp. 4, Table I). In the halide ion- 

catalyzed reaction of Lemieux et al.’ ‘, the ratio of M- to P-D-glycosides is fairly high 

(Exp. 5, Table I), but the rate of glycoside formation is very low (normally this 

reaction is employed for more reactive O-benzylglycosyl halides). An increase in the 

proportion of a-D-glycoside was observed with the use of fl-D-glycosyl halides under 

the Koenigs-Knorr conditions. If the chloride 3, obtained directly prior to glycosyla- 

tion from the bromide 5, and the chloride ion in acetonitrile6 (as soon as the optical 

rotation minimum is attained) was used as the glycosylating agent, the ratio of 

c(- to P-D-glycosides was 73 : 27 (Exp. 6, Table I); this ratio was obtained with crystal- 

line’ 3. The bromide 7, corresponding to chloride 3, was obtained as follows. In 

the presence of silver triflate at -78 ‘, the CI bromide 5 was converted into the 

a-D-glycosyl triflate which, under the action of the bromide ion, gave readily, 

with inversion of configuration, bromide 7 containing, as indicated by ‘H-n.m.r. 

Ci-D-GalpNAc 

R’bCH2 AcOCH2 

R’OQR Ac&qy=l;e 

N3 N3 

3 R = ,&C’ , R’ = RX= Ac 11 

4 R = P-CI,R’= Bn,R”= AC 

5 R = (Y-Br,R’= RN= AC 

6 R = (Y-Br,R’ = Bn,R’= Ac 0 

7 R = P-Br,R’ = Rn= A‘ OR 

8 R = M-Br,R’ = RU= Bn 
e 

9 R = P-Cl ,R’ = RI= Bn 
HCO 

10 I? = OAc ,R’ = RI’ = Bn 

, >+Q 

H$O 

12 R = H 

BF4- 

13 R = AC 



data, over 90”,, of the /I-I) anomt’r. The use of 7 III the gl~co4vlation reaction gakc _ 

the san~c preponderance c)f the X-U moaner (Exp. 8, Table 1). 

Glycosylalion with glycosyl ,ulfonates has been stutixd in much detail i’o~ 

neutral saccharides’ “. The ratio of anomers of the resultin g fli~cosrLk; L\ 3s silo\\ I1 _ 

to depend on 3 number <>f factors. bwh as the wturc of the prott‘cting group:, of the 

glqcosyhting compound, type of leaving sulfhiiyl group. ;LIcohoI rtx~ctr~~it!;, alcohol- 

to-sulfonate ratio. and 5~>lwnt. The high x 5tereoselectivrQ \\‘a5 f’a~orcd b! acyl 

substituents at O-6 and -1 of the glycosjlating compound. and 31s~~ t>y the use of 

solvents having a high donor ability and, at the 53mc trmc, it lo\\ dielectric-const~iiit 

(~.g., ethers). Moreover. thr result ofthc rrxtion depends on the abilit> of the leaving 

sulfonyl group to be replaced: thu\. alkyl 5ulfomtc>. whose r’t’ac‘ti\ it! i\ tiighor than 

that of aryl sulfonates, lead to a lower atcreoxlccti~it):. The wnc influcnce~ wrc 

observed for the 3-azido-2-dcoxv dcrivati\es of rw@actose (see Table IL The use i 
of a glycosyl tnHate in di~hlorom~thane at 20 led to the prcpondtx~nce of the ,U- 

glycoside (hp. 9), a docrcaxin, 0 temperatiirt’ gibing rise to ;I higher- Ii u~crccwlcctivit~ 

(Exp. 10). Twatlnent with the It’ss rcxti\c >_ ~~lvco~~~l /,-tollien~~ulf;,li~tt~ resulted in 3 _ 

drastic incrcnsc of the Y anomcr (E?ip. I 1 ); iiwcc\er-. tllc reaction r;tk 5\as not high, 

at least one order of magnitude lower than that of the other experiment>. On the 

other hand, when silver /,-tolucn~sulfonate L\;LS rq~lacai bq ;I pol~merlc nccsptor. 

Dowex 5OW-X4 (Ag ‘) ((:I. ref. ‘0). complete abscncc of glycosidcs III the reaction 

products was observed. Finally, replacement of dichlorometha~~~. ;L\ sol\rnt, tq I .?- 

dimethoxyethane, which h;t> good cloi~or-properties. resulted in ;I sharp increase of 

the x anomtx (Exps. I3 and 1-I). 

The dlffcrence in bchawor between glycosylation of a model alcohol and 

that of sugar derivative, \vas clearly recognrzed but the results obtained with cyclo- 

hexanol give some information on the inilucnce of the glycosylation conditions on 

stereoselectivity of the rcaction. Thus, thr\ model glycosvlation allo\vcd 115 to avo~ct 

poor condition5 and rely on the more encour:lging evpcriments b:tstxi C)I~ /i halides 

(Exps. 6-4 ) and glycosyl sulfonatci in I ,3_diinetholry~th~~li~ (E\ipk I .: and 14). These 

conditions were used for the glycosykltion 01‘ I ,7 : 5.6-di-3-i~oprc~p4liden~-~-I,- 

galactofuranose (12). However, the glycosql 5uifonatcs in 1.7-~tini~th0\4.c‘tll;lt1~ ga\c 

no glycoside. whereas the /I halides al7orded exlusivcly, instwd of the cxpzctcd 

glycosides, the acetate 1.3 117 high >~cld. Sinular rtwlt5 wrc obtarned for- the glycosyla- 

tion of more complex compound5 (~sce later). Thcreforc, the acctylatrd giycos~l 

hal1de5 3 and 5 k+‘erc rcplaccd by the completely benzylated analog\ 8 and Y in order 

to avoid intermolecular acotylation. 

Compound, 8 and 9 wet-c synthesized starting from acetate 10. \vhich \\;Ls ob- 

tained by the halogtznoazidc methodi. The mixture of anomer\ (10) ws hydrol>Jzcd 

with 0.5~ hydrochloric acid 111 p-dlnxanc to gibe the free sugar. i\hiih V.;LS converted 

Into the I-(p-nitroben~oatc) Treatmcnl with hydrogen bromide in dicltloromctfla~~~ 

&Live the x-broinidc 8. For the b ~~1~cosyl:ition reaction (we later) both the crystalline 

r-bromide 8 and the/I-chloride 9. generated therefrom immrdratelv before the reaction 
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by interaction with triethylbenzylammonium chloride in acetonitrile as soon as the 

optical rotation minimum had been attained, were used. 

The derivatives of di- and tri-saccharides, to which the 2-acetamido-2-deoxy-a- 

D-galactopyranosyl group was linked at the last stage of the synthesis of oligo- 

saccharides 1 and 2, were synthesized from disaccharide’l 16. Partial chloroacetyla- 

tion of 16 afforded 17 which differed in m.p. and [cx]~ from those previously 

reported by Paulsen and KolBE”. The chloroacetate 17 was acetylated and then 

O-dechloroacetylated with thiourea2”22 to give a disaccharide having a free OH-3’ 

(18). Its structure, and hence that of 17, was confirmed by an alternative synthesis 

from 3,4,6-tri-0-acetyl-1,2-0-(1-methoxyethylidene)-cr-~-galactopyranosez3 (14). 

AcOCHz 

0-C-OMe OAc 

Me 15 

14 

OR 

Br 

19 

16 R = R’ = H 20R = NBz 

17 R = H,R’= COCH>C, 2, R = 13” 

18 R = Ac,R’ = H 

Orthoester 14 was deacetylated by the Zempl6n method, the resulting compound 

was converted into the trichloroacetate by treatment with chloroacetic anhydride, 

the orthoester group was hydrolyzed with acetic acid, and the resulting compound 

was acetylated to give 1,2-di-0-acetyl-3,4,6-tri-O-chloroacetyl-~-D-galactopyranose 

(15). Hydrogen bromide in acetic acid converted 15 into the a-bromide, which was 

treated with benzyl 2-acetamido-4,6-0-benzylidene-2-deoxy-~-D-glucopyranoside24 

under conditions similar to those described earlier’. The chloroacetyl groups of the 

resulting disaccharide were removed selectively with thiourea, with retention of the 

2’-0-acetyl group to give a compound that was converted into the benzylidene 
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derivative 18 by treatment with benzaldehyde. This sequence of reactions to synthesize 

18 is not convenient from a preparative vie;k,point because of the many stages in- 

volved, but it allows to locale the position of the acetyl group in 18. 

Glycosylation of the disaccharide derivative 15 with 3-O-benlyl-?,4-di-O-I,- 

nitrobenzoyl-x-L-fucopyranosyl bromide 19”,” gave, after removal of the chloro- 

acetyl group with thiourea. a partially protected trisaccharidc 20. /ittempt to link :I 

2-azido-2-deoxy-r-o-galactopyranosyl group to 20. by the method used by Paulsen 

and Kol6i’ ’ for the similar trisaccharide 21, by treating 20 with bromide 5 In the 

presence of mercuric cyanide and bromide, or mercuric hromrde M ith Z,-l.h-trimcthyl- 

pyridine for over a month was unsuccessful (some product, probably tctrasaccharide 

22, was identiticd by i.r. and u.\. spectra only). Treatment of20 i\?th chloride 3 led. 

as that of 12. to the tort-cspondlng aglycon acetate rather than to rhe glycoside. 

We were unable to repeat the glycosylation of the kno\\n trisacchai-[de 21, \\hrch 
was obtained by the mt’thod uf Paulsen and KolBf’ I, and also I‘rom 20, by substituting 

the p-nitrobenroyl by benryl groups”-‘“. Bromide 5 did not afTord ;i condensation 

product, whereas chloride 3 aforded, as described by Paulsen and Kolii-’ ‘. a mixture 

of the desired glycosidc with aglycon acetate. hut in a considerably lower yield. 

Similar results were also obtained for the glycosylation of the diynccharlde dcrivativc 

18 with halides 3 and 5. 

Further glycosylations were attempted with completely hsnzqlated plycosyl 

halides. 2-Azido-3,4.6-tri-O-benzyl-2-deo?ig-x-D-galactopyr~~nos~~l bromide (8) ~‘a\ 

inactive in the halide ion-catalyzed reaction descrrbed by Lemicuu c’t trl.“. but the 

P-chloride 9 (obtained from 8) reacted, In the presence of silver carbonate and per- 

chlorate, with the trisaccharidc derivatices 20 and 21 to give the 7-:tzidn-‘-dco~!.-r-n- 

galactosides 23 and 24, in S2 and 60”,, yield, respectively. 

Trisaccharide 25 was synthesized by two methods. Glycnsylat~on of 18 with 
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chloride 9, followed by deacetylation, gave 25 in 74% yield, while glycosylation of 

diol 16 with the same chloride 9 gave 25 in 33 % yield, in one step. 

Deprotection of tetrasaccharides 23 and 24 gave 1, and that of trisaccharides 

25 and 20, gave 2 and 26, respectively. The last-named compound is the H blood- 

group determinant. Methanolysis, followed by g.1.c. analysis indicated a correct 

monosaccharide composition for 1, 2, and 26, and the c1 configuration of the L- 

fucopyranosyl and 2-acetamido-2-deoxy-o-galactopyranosyl groups was ascertained 

by lH-n.m.r. spectrometry. The homogeneity of 1,2, and 26 was confirmed by chro- 

matography on anion-exchange resin. 

In conclusion, use of the glycosylating chloride 9 excluded the formation of 

by-products due to intermolecular acetylation, and permits the synthesis of complex 

heterooligosaccharides containing the 2-acetamido-2-deoxy-a-D-galactopyranosyl 

group. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Boetius apparatus. 

T.1.c. was performed on Silica gel 60 F-254 plates (E. Merck), and column chromato- 

graphy on Silica gel L 40-100 pm (Chemapol, Czechoslovakia). All proportions of 

the solvents were v/v. G.1.c. was performed with a Hewlett-Packard 5710A chromato- 

graph, equipped with a flame-ionization detector, in a capillary column (50 m x 

0.24 mm) containing SE-30 phase, at 140-220” (2”/min), with helium as carrier gas 

(1.2 atm). Analytical ion-exchange chromatography was performed with a carbo- 

hydrate analyzer (Biotronic). The solvents were evaporated in wcuo at 30-40”. 

‘H-N.m.r. spectra were recorded with a Varian-XL-100 spectrometer (at 100 MHz) 

with tetramethylsilane as the internal standard. Optical rotations were determined 

with a Perkin-Elmer 141 polarimeter. 

3,4,6-Tri-O-acetyI2-azido-2-deoxy-~-D-ga~actop~~ranosy/ chloride (3). - To a 

solution of 3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-galactopyranosyl bromide6 (5, 

5 mmol) in acetonitrile (40 mL) was added tetrabutylammonium chloride (10 mmol). 

After 30 min, the solution was diluted with benzene (200 mL), washed three times 

with water, dried (magnesium sulfate), and evaporated, and the residue was crystal- 

lized from ether to give 3 in 72 % yield, m.p. 98-99 ‘, [cz]kO - 16” (c 1, chloroform); 

lit.2 m.p. 102-104”, [alp -16.5” (c 1, chloroform). 

2-Azido-3,4,6-tri-O-benzyZ-2-deoxy-cc-D-galactopyranosyl bromide (8). - The 

mixture of anomer acetates (10, 10 g), obtained as described earlie?, was boiled 

for 4 h in a mixture of 1,Cdioxane (400 mL) and 0.5M hydrochloric acid (50 mL), 

and then evaporated, and the residue chromatographed in 9: 1 toluene-acetone. 

Alternatively, similar hydrolysis was carried out on a crude mixture resulting from 

the addition of chloroazide to 1,5-anhydro-3,4,6-tri-O-benzyl-2-deoxy-~-Z~xo-hex-l- 

enitol and subsequent treatment with mercuric acetate’. The resulting mixture of 

reducing sugars was dissolved in a mixture of dichloromethane (150 mL) and pyridine 

(20 mL), and p-nitrobenzoyl chloride (6 g) was added portion-wise at 20”. After 



TABLE I 

Hg(CN ):! HgBrz I :?:0.5 
Hg(CN)? ~- HgBry I :?:O.S 
AgrC0.j I :2 
AgCIOP I :2 
BurNBr 7 (X1ezCH)zNF.t I :3:2 
AgKOs -~ AgCl01 I :3:0.’ 
AgKOs ‘~ AgCIO4 I :2:0.2 

4g2COn Agclol I :2:0.1 
AgOSOKF:, ‘,3,6-~rlmethylpyrldlne I:‘:? 
4gOSOKF 3 2,-1,6-1rlmethylpyr1dme I :T!:3 
.AgOTs Z.l.h-trlmethylpyrldlne I :2::! 
Doneu 5o\v-.x1 c 4g.) ;1,1.6-trlllieth~lp~ridlnc I : IO:’ 
9gOSO2CF( 2.1.6-rrinielhqlpyrldlne I :1:2 
AgOSOKH:+ 2.4.h-trlmethylpyridine 112.2 

I : I CeH,, MeNO:! 9:91 

CHKIz II :K9 
CHZC.12 43:57 
CtiHti 62:38 
1 : I cm,, HC‘ONMeA 77 :23” 
CHKIz 73 :‘7 
C&CI~ 77:93 
CH?JJ 81 :lY 
CH.ZCIJ 36:64 
CH&I:! 16:84 

CHKlz 61 139 

CHI(‘IZ or l,-kiroww 0 

(CH&Me): 7327 

((‘HAOMek 79.71 
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15 min, the mixture was washed successively with water, 0.5~ hydrochloric acid 

(500 mL), sodium hydrogencarbonate, and water, dried (calcium chloride), and 

evaporated. The resulting 1-(p-nitrobenzoate) was kept, without purification, for 5 h 

at 0 ‘, in a solution of hydrogen bromide in dichloromethane (100 mL). The solution 

was evaporated at 20”, and the remaining solvent was coevaporated with benzene. 

To the residue was added benzene, the precipitate was filtered off, the filtrate evapor- 

ated, the residue dissolved in dichloromethane (15 mL), and heptane added until the 

solution became cloudy. After 10 min, silica gel (2 g) was added, the mixture was 

vigorously shaken and quickly filtered. Compound 8 crystallized from the decolorized 

solution in 607; yield (based on acetates lo), m.p. 92-93 ‘, [cx]? + 180” (c 1, aceto- 

nitrile), + 146” (c 1, chloroform); lH-n.m.r. (Ccl,): 6 6.35 (d, 1 H, J,,, 2.7 Hz, H-l) 

and 7.3 (m, 15 H, 3 Ph). 

Anal. Calc. for C,,H,sBrN,O,: C, 60.22; H, 5.25; Br, 14.84; N, 7.81. Found: 

C, 60.30; H, 5.19; Br, 14.72; N, 7.80. 

Glycos~~lation of cyclohexanol. - In all cases, a two-fold amount of cyclohexanol 

(or cyclohexyl 2,3-diphenyl-2-cyclopropen-l-y1 ether) to glycosyl halide was used. 

The end of the reaction was detected by t.1.c. The pure anomers of cyclohexyl glyco- 

sides, used as the standards for g.l.c., were isolated by column chromatography of the 

reaction mixture with 7 : 3 ether-hexane. The anomeric configuration of the glycosides 

was assigned by n.m.r. spectrometry. After glycosylation, the reaction mixture was 

diluted with chloroform and filtered, and the filtrate was washed successively with 

0.5~ hydrochloric acid and sodium hydrogencarbonate, dried, evaporated, and de- 

acetylated by the Zemplen method. The ratio of anomers was determined by g.1.c. 

after silylation. The results are shown in Table L 

Bemy 2-acetar~~ido-4,6-ben~~~lidene-3-0-(4,6-0-ber~~~~lider~e-3-0-chloroacet~~l- 

B-D-galacto~~ranosl~)-2-de~~~1-~-D-g~~/co~~~r~~?~~~de (17). - To a solution of di- 

saccharide’ ’ 16 (30 mmol) in abs. 1,Cdioxane (1.5 L) was added 2,4,6-trimethyl- 

pyridine (60 mmol) and, during 24 h at 20”, chloroacetyl chloride (-60 mmol); 

the reaction was continuously monitored by t.1.c. After the reaction was complete, 

the mixture was evaporated, the residue dissolved in chloroform, and the solution 

washed successively with water, 0.5M hydrochloric acid, sodium hydrogencarbonate, 

and water, dried (calcium chloride), and evaporated. The residue was crystallized 

from nitromethane to give 17 in 60:; yield, m.p. 297 ‘, [!~]i” + 115’ (c 0.5, chloro- 

form); 1it.l’ m.p. 271’) [ct]: +103” (c 0.5, chloroform); the n.m.r. data are con- 

sistent with those reported in the literature”. 

Benzyl 2-acetamido-3-0-(2-0-acetyl-4,6-O-be~~~ylidene-~-~-galactopyranosyl)- 

4,6-0-ben=ylidene-2-deo~y-cx-D-ghrcopgranoside (18). - Method A. Chloroacetate 17 

was treated with a mixture of pyridine and acetic anhydride at 20”. After 2 h, the 

mixture was diluted with chloroform, washed successively with water, 0.5M hydro- 

chloric acid and sodium hydrogencarbonate, and dried (calcium chloride). After 

evaporation, the residue was dissolved in 3 : 1 pyridine-ethanol and boiled for 30 min 

with thiourea (1.2 equiv.). The mixture was evaporated, and chromatography of the 
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residue in 3 : I chloroforn+acetone afforded 18 in 75-X0”,, yield, m.p ‘75S” (from 

nitromethane-ether), [8~]t” -t 56 ((, 0.5, chloroform ). 

:~IILI/. Calc. for C,\7HslN0,z: C. 64.13: H. 5.99: N, 7.03. Found: C. 64.19: 

H, 6.02: N, 1.96. 

.S/rt/~odf?. 3,3,&Tri-@acetyl- I .2-O-( I -methoxyethyhdene)-a-r>-galactopyranosc 

(14, 30 mmol). obtained as previously reported’.‘, was deacctylatcd hc the ZemplCn 

method. the solution \vas ctaporated to dryness. and the residue di\sol\cd in a miutule 

of pyridine (50 mL) and dichloromethnne (100 mL). To this solution was added ;tt 

0’ chloroacetic an hydride ( 105 m mol ). After 2 h. the mixture wa:, tirluted \Fith chloro- 

form (500 mL). washed w~t~i eater, and. then. 0.5~1 hydrochloric acid. and evaporated. 

The reslduc was dfssolvcd 11~ ‘IO”,, acetic acid ( 100 mL ) and. after IO min. the solution 

was evaporated. The resid~~c’ was acetylated with acetic anhydrldc and pvrldine. the 

mixture \bas diluted with chloroform. washed as usual. and chromatogiaplieJ in 9. I 

toluene-acetone to give I.?-di-O-acetyl-3,3,h-tr~-O-chlnroacet~l-r/-~~-~alactop~ra~oso 

(15) Ill 32 01, yield. as a syrup: ’ H-n.m.r (c1iloroforlii-c/): ti 6.33 (J. I H. .I, .I 7.9 Hr. 

H-l). 4.1X (s, 2 H. CICH,). 4.06 (z, 2 H. CICH,). A.01 (s. 3 H. CI(‘H,). 2.17 (5. 

3 H. AC), and 2.01 (s. 3 H, AC). The rcsultrng compound 15 \\;is dissolved in 30”%, 

hydrogen bromide in acctlc acid (100 mL). and kept for 15 h at 0 The solution was 

dtluted with cold chloroform. ~ashcd successively with cold waler. 5oJium hydrogen- 

carbonate. and water, and dried (cnlcium chloride). The glycos~,l hal~dc nbtaincd bq 

evaporation was treated evith benzyl 7-acet3mido-4.h-~-heii~~~iid~~~c-~-de~~~y-r-i,- 

glucopyranoside’s, as described by Paulsen ~1 L/I.’ fol 3.3.3.h-tctra-0-acetyl-x-l,- 

galactopyranosyl bromide. The protected disaccharide ~a> isolated hy chromato- 

graphy in 55.9: I chloroforln--ether-tilctlianol . and trcatcd v ith thiourca (3.6 equlv.) 

according to method A. After evaporation of the reaction mixture. the residue was 

treated. without further purification, for I5 h with bcn7Llldehyde in the prehcncr of 

zinc chloride. Chromatographic purification rn _i : I chlorot‘c)rm~~acetonc gave IX, 

identical with that cynthkzed bv method A. The yield of 18 (based <>,n orthoestcr 

11) was 9 “o. 

Bnz:_r/ 0-[-‘-0-hM,l I-.?,3-f/i-O-( p-lliflohnr-cl.l,/ )-X-L -firl,c,/‘.‘.‘.‘[l”~.~~,~]-( I p+ 2)-O- 

(1,6-0-/7r~i~~.liCtz~~-/~~[~-,~(ilf/(.t~)/~.~~t.~/~7(~.\~~/)-( I-+_? )-_7-lic.L’trrrlliCI(,-_7-(/(‘0 \-!.-r-l)-~l~lr,o~/)~','ci - 

m.si& (20). --~ A solution 17 (I.0 mmol). mercuric cyanrdc (1.0 niniol). and 

mercuric bromide (0.3 mrnol) in a mixture of nltromethano (35 mL) and bcnzenc 

(35 mL) was evaporated to throe-quarters of its initial \nlume 2-0-Renzyl-3.4-di- 

0-(f,-1iitrobcnzoyl)-z-I.-fLlcr,pqranosyi bromide”~” (19. 0.6 mmol) Mas added 

within I h at 50”, and then an additional amount of 19 (0.6 rnmol) \\ithin I h\\lthout 

heating. The mixture was kept for 24 h at 20’ . diluted \vith dlchl<>roform. \vushcd 

successively with water and sodium hydrogencarhon:ltc. : wcl dried (calcium chloride). 

After evaporation. the residue was boiled for I h \vlth thiourca ( I._’ mmol) in a 

mixture of pyridine (45 mL ) and ethanol (15 mL). F).apor;ition and chromatography, 

in I7 : 3 tolucne--acetone gacu 20 in 65”,, )i,ld. 111.p. IhhPlhC) ) [r-/E'; 43 (<' I, 

chloroform); ’ H-n.m.r. (chloroform-r/): ij 7.50-6.90 (1AA’HB’. X H. 3 C,,H.). 6.40 
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(m, 20 H, 4 Ph), 2.94 (s, 1 H, OH), 1.95 (s, 3 H, Ac), and 1.14 (d, 3 H, J5,,,6,, 6.6 Hz, 
CH, of L-fucose). 

Anal. Calc. for C62H61N3021 : C, 62.88; H, 5.20; N, 3.55. Found: C, 62.83; 
H, 5.02; N, 3.42. 

Betzzyl 0-(2,3,4-tri-O-benzJ~~-~-L-~~~o~yruFzo~y~)-(~~2)-0-(#,6-0-benzyZine- 

B-D-galactop~vranosq,I)-(I-t 3)-2-acelamido-2-deoxy-cr-D-glucop~~ranoside (21). - To 
a solution of 20 (2 mmol) in oxolan (20 mL) was added 2,4,6_trimethylpyridine 
(20 mmol) and, then, at O”, portionwise during 1 h, a reagentZ6 made of oxolan, 
sulfuryl chloride (20 mmol), and tri~thylamine (20 mmol). After 2 h, the precipitate 
was filtered off, the solution evaporated, and the residue deacetylated by the Zempl& 
method. It is to be noted that the required amount of sodium methoxide may be 
more than usual, as a certain amount of amine hydrochloride remains in the mixture. 
After evaporation, the residue was dissolved in N,N-dimethylformamide (30 mL), 
and treated with sodium hydride (6 mmol) and benzyl chloride (6 mmol) at 20”. 
After 15 h, the mixture was diluted with chloroform, washed with water, and evapor- 
ated. The residue was kept for 15 h at 20’ in 3 : 1 : 1 acetic acid-oxolan-water. Evapora- 
tion and chromatography in 5 :2 hexane-acetone gave amorphous 21 in 80 % 
yield, [r~];* +20” (c 1, chloroform); lit.‘” m.p. 117”, [z]? f16.1’ {c 1, chloroform); 
the “H-n.m.r. data are consistent with those reported in the literature’“. The same 
compound 21 was obtained by the method described by Paulsen and Koli?“. 

Bet?+ O-~Z-O-bet~~~I-3,4-di-O-(p-tzi~robe~~o~~)-~-L-~~~o~~~atzu~~~~]-( 2-t 2)-LO- 

(~-azido-3,4,6-tri-~-~eFzzy~-~-deox~~-D-gff~ffcf5p~~o~o~~~~~)-(~~ 3)]-0-(4,6-o-bet?q+i- 
dene-~-D-gafac?opyranos~t~)-(l-,3)-2-acetamido-4,6-O-benzylide~e-2-deo~~~-~-~-gluco- 
pyranoside (23). - To a solution of bromide 8 (1 mmol) in acetonitrile (45 mL) was 
added a solution of triethylbenzylammonium chloride (2 mmol) in acetonitrile 
(4 mL). After 9 min (minimum optical rotation), the mixture was diluted with di- 
chloromethane (100 mL), washed three times with cold water, dried (magnesium 
sulfate), and evaporated. The resulting /?-chloride 9 (a syrup containing, as indicated 
by t.l.c., a negligible amount of impurity of the starting compound S), was added 
within 30 min to a mixture of trisaccharide 20 (0.5 mmol), silver carbonate (2.5 g), 
silver perchlorate (70 mg), and molecular sieves 4 A (5 g) in ~chloromethane (40 mL). 
After 30 min, the mixture was filtered, and the filtrate washed successively with water 
and sodium hydrogencarbonate, dried (calcium chloride), and evaporated. Chromato- 
graphy of the residue in 17: 3 benzene-ethyl acetate gave 23 in 82% yield, m.p. 
151-153”, [a];” +9” (c 1, chloroform); ‘H-n.m.r. (chloroform-d): 6 8.4-7.6 (2 
AA’BB’, 8 H, 2 C,H,), 5.56 (s, 1 H, PhCH), 5.52 (s, 1 H, PhCh’), 1.78 (s, 3 H, 
Ac), and 0.66 (d, 3 H, JsC9,68, 6.0 Hz, CH, of L-fucose). 

Anal. Calc. for C,gH,,N,025: C, 65.10; H, 5.41; N, 5.12. Found: C, 65.00; 
H, 5.52: N, 5.09. 

BettzyI 0-(~,3,4-t~i-0-benz~v~-a-t,filcopy~~~osyf)-(I-,2)-[0-(2-azido-3,4,ti-tri-O- 
ben~y~-~-~i’eox~-or-~-ga~actopy~ano~y~)-(~-,3)]-0-(4,6-0-ben~y~idet?e-f3-r>-ga~actopltPa- 

t~osyl)-(l-,3)-~-aceramido-4,6-O-beprz~lidene-2-deox~-n-~-gt~rco~~~~at~oside (24). - 
This compound was obtained, as described for the preparation of trisaccharide 21, 



in 60”,, yield as a syrup. [xl:’ +26 * (c I. chloroform ): ’ H-n.111 r. (chlorof~~~rm-tl): 

5 7.3 (m. 45 H. 9 Ph). 5.51 (s. 1 H. PhCH). 5.39 (s. I H. PhCII). I.46 (s. 3 H. AC). 

and 1.04 (d. 3 H. .I,..,, , 6.0 HI. CH, of t.-fucosc). 

.-t/ml. Calc. for C’X4HI)IN,0,,,: C’. 70.1-t: H. 6.X. N, 3.6X. Fnund~ C. 7O.W: 

H. 6.23: N. 3.60. 

Bcn~~*I Cl-( _‘-trzrh-.l.3.6-tri-0-hm: I~l-,‘-~r~o.~~~-r-~-,g~ff~f~.fo/~~~~~fff,~,\~~~i)-( f--+2)-0- 

(4.6 - 0 -hef f~~~lihfc ~~-~~-~ctl~fc.to~~~~r.cffro\ I I )-( / -7 3 I- .?- crc~c~tcftrritk)-_(.O - 0 - h~n=~.lick~flc.-_- 

~k~o.~~~-r-o-~lfrc~c~~~_~~~~~:fln vii/c (25). - :Ur~hor/ 1. Glycmylutron ()I‘ drsnccharide 18 

was performed similarly to that of trtsaccl*aridc 20. The rtxctton mixture \\as O- 

deacetylated by 11-x Zcmplen method. and then cllrolnntc~graph~d 111 _z .:! chloroform 

ethyl acetate to gi\c 25 in 71",, yield. m-p. _ _ ‘65 (Jet.. from methanol--nitro~nothancj. 

bl? 3-91 y (C I. chloroform J: ’ H-11.m r. tdrchlorotnethane-rl, I 3 7 35 (III. 30 H. 

6 Ph), 6.44 (d. I H. .I,,, L S.5 Hz, NH). 5.59 (5. 2 H . 2 PhC/I). ,lnci I ‘-XI (s. 3 H. Ac). 

.4nul. Calc. for C,,:H ,,,, N,O,+. C. 67.25: H, 6.02; ;L. 5.06. Founds C. 6731: 

H. 6. I 1. N. 4.9s. 

h/~&(/ B. To a mixture of 16 (I mmol), stlwr carhonntc (2.5 p). silver pcr- 

chlorate (70 mg). and molecular sieves 4 A (5 g) in dichloromcthane (200 ml.) \!:;I\ 

added, within 3 h. a solution of chloride 9, obtained from bromide X ( I mmol) ;IS 

just described. After 30 min. the mi\turc was filtcrcd. and the filtrate washed succc~ 

sively with water and sodium Ilydrog~ncarhon~lte to pwc. after cllrvm:rtograph~. 25 

in 33 I’,, yield. 

0 - X-L - Fuc~op_i t*tm.r~~l-( I + 2 )-[0 - ~-Nc~c~riffffi~k~~-~-ti~~~).~~~- x - 1) -~ulrrt.t0/~!‘~1fii0.\ I+ 

( I -+ 3 )I-0-/I-lb,ya/rmp 1’1’moYl+( I- 3 )-.?-a1 c,tlftIlilk,-~-f/‘~f).\? -i)-,gl~rc~~k~ f 1 ). --- dldh~d 

.I. Tetrasaccharide 23 w.t\ O-dcacetylated by the Zemplcn mcth~xl III 3 . I mcthnnol- 

benzene. and the solution \\a\ made neutral with acetic acid and e\aporatcd. The 

product was hydrogenated in methanol solution for -7 days 1:i the prcwicc of palla- 

dium-on-charcoal The rmxturc was co&d. filtorcd. and a ten-tiM ewcss of accttc 

anhydride was added to the filtrate. After 34 h. the mruture was evaporated at 10 . 

and a solution of rcsiduc 111 ~atrr pnsscd through a column of Bio-Gel P-2: c\npora- 

lion of the elunte gave. in a nearly cluantitatrve yrcld. amwphous 1. I:Y]~~ +--t9 

(12 I. methanol ): lit ’ I [Y]:’ +53.P (t I. methanol ): the ’ H-n.m.r. \pectrum ~\a\ 

consistent with that reported in the Iitcratttre’ I 
.4/~~fhod B. Stmilarly. except for the 0-deacctylation ,tcp_ tctrasacchartde 1 

was obtained from the protected dcrr\ative 29. 

O-,‘-.-l~~c~tcrtr~iti~~-~-~f~~~~.~i~-~-~-~ul~fi~t~~~~~~~ft~~~~~~~-( I --3)-o-/;- I~-~~~ll~lc’lry~~~~iiIll~~~l r- 

( I -+3 )-_‘-ac,etattfir/o-‘-l/l,rl.~~.-r)-,g/lrc ow (2). -- Tri~nccharide 25 paw. under conditions 

similar to those descrihcd under method B, :I nearly quantitatn c ! rcld of amorphous 

trisaccharide 2. [xl: + I.70 (c. I. water); ‘H-n.m.r. (methanol-r/,): (i 5.1% (d. I H. 

.I 1 ,? 3.3 Hz. H-l ). 5 OX (d. I H. .I, .‘ 3.2 Hz. H-l”). and 3.ttt-t I\. 6 If. 2 Ar): Irt ” 

r4iY +135.1 (t I. vvater) 

0 - r - 1 - fK0~~ I’fwfll~ \.rI-( I -* ,’ ) - 0 -/I - D-.g~fl~rc~tc~~~~~‘l.lr/ro~ I./-( I--+ .t ) - -‘-Ill t’lu)?lido-2- 

J~lo.cl.-u-,gllrco.st~ (26 ). -- Trisaccharidc 20 wiz\ 0-dewy latcd and 114 dqcnatcd. as 

described for the preparation of 1 (method A ). The pwduct \va\ diwtlvcd in :\‘atcr. 
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washed with benzene, and treated with Amberlite IR- 120 (H+), and the solution was 

evaporated to dryness. The amorphous trisaccharide 26 was obtained in a nearly 

quantitative yield, [xl? - 18 ’ (c 1, methanol); lit.” [a];’ - 19.4” (c 1, methanol); 

the n.m.r. spectrum is consistent with that reported in the literature”. 
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