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Treatment of benzyl 2-acetamido-3,6-di-O-benzyl-2-deoxy-4-O-P-D-galacto- 

pyranosyl-cr-D-glucopyranoside with benzaldehyde in the presence of zinc chloride, 
followed by regioselective benzoylation (IV-benzoylimidazole in dichloromethane) 

provided crystalline benzyl 2-acetamido40-(3-O-benzoyl-4,6-O-benzylidene-/?-~- 
galactopyranosyl)-3,6-di-O-benzyl-2-deoxy-a-~-glucopyranoside. Condensation of 
this disaccharide with 2,3,4-tri-O-benzyl-l-O-(N-methylacetimidyl)-/l-~-fucopyranose 
in nitromethane in the presence of p-toluenesulfonic acid and molecular sieves 4 A 
gave benzyl O-(2,3,4-tri-O-benzyk-L-fucopyranosyl)-( l-,2)-O-(3-O-benzyl-4,6-0- 

benzylidene-B-D-galactopyranosyl)- (l-,4)-2-acetamido-3,6 -di- 0 - benzyl-Zdeoxy-u- 
D-glucopyranoside.Debenzoylation, followed by condensation with 2,3,4,6-tetra-O- 
benzyl-l-O-(N-methylacetimidyl)-~-~-galactopyranose under the same conditions 
provided a t&rasae&aride derivative that was caMyticsrHy hydrugenolyzed into the 
title compound. 

The human blood-group, antigenic determinants associated with the ABO 

and Lewis systems are oligosaccharides that are biosynthesized by stepwise action 

of gene-dependent glycosyltransferases, resulting in gene-dependent elongation of the 
carbohydrate chains- All variants of glycosphingolipid antigens with ABO specificities 
found in human erythrocytes are produced from Type-2 chains, i.e., chains that are 

terminated by an N-acetyliactosamine [B-D-Galp-( l-+4)-GlcNAc] residue. As Type-2 

chain is converted into the H and B antigens by the successive action of H and B 

*Synthesis of Blood-Group substances, Part 12. A preliminary communication has been publishedl. 
For Part 11, see ref_ 2. 
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gene-sp&icd g~ysq4transferases, the so-c&led B, Type-2 antigenic determinant is 

thus the terminal tetrasaccharide 1. 
This compound 1 was isolated by Painter er a1_3 from the alkali-degradation 

products of a blood-group substance isolated from human, ovarian-cyst fluid. In 

hemagglutination-inhibition tests, 1 was a good inhibitor of the agglutination of B 

blood-group red-cells by a human anti-B serum’. 

The synthesis of a trisaccharide, derived from 1 by hydrolysis of the r_-fuco- 

pyranose residue, has been reported in the preceding paper of this series2. On the 

other hand, the 3 blood-group-active, branched trisaccharide a-D-Galp-(I +3)- 

b-L-Fucp-( I +2)]-P-D-Gal has been synthesized by various routes4- 6. We now report 

the synthesis of the tetrasaccharide 1 using the imidate procedure reported earlier’. 

RESULTS AND DISCUSSION 

Caudensation ofbenzyI2-acetamibo-3,~i-O-ben~y~-2~eo~y~-~g~uco~~ran~ 
side with 2,3,4,6-tetra-O-acetyyl-a-D-gaiactopyranosyl bromide in the presence of 
mercuric bromide and molecular sieves 4 A and subsequent 0-deacetylation has been 
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;9R= H 

reported’*’ to afford the crystalline disaccharide 2, which is a key s~~r_&g-m.arcri~~~ 

1% tie present work. Reaction of2 with benzaldehyde in the presence of zinc chloride 
gave the crystalline benzylidene compound 3, which was converted for additional 
characterization into the crystalline acetate 4. Disaccharide 3 was then regioselectively 
benzoylated in high yield (91%) with N-benzoyGuldaz& In dirfiIwr>me~h~nc to 
give the crystalline benzoate 5. H-3’ of 5 appeared in the ‘H-n.m.r. spectrum as a 

deshielded signal (6 5.0, dd, Jte,3. 10, J3s,4v 4 Hz). For ‘H-n.m.r. spectra comparison. 
a sample of 3 was benzoylated (benzoyl chloride in pyridine) to give the dibenzoate 6. 
In addition to the expected deshielded signa of H-3’ (6 5.15, dd, J2,,ss IO, J,.,, 

4 Hz), a highly deshielded signal, attributed to H-2’, was present (S 5.8, dd, J,._l- 

8, Jz-.3, IO Hz). This signal was absent from the n.m.r. spectrum of benzoate 5. 
The imidate procedure7 was applied to the stereospecific z-r_-fucosylation of the 

alcohol 5. 2,3,4-Tri-0-benzyI-I-O-(N-methylacetimidyl)-~-~-fucopyranose’ ’ (7) was 
condensed with the alcohol 5 in nitromethane in the presence of anhydrous p-toluene- 
sulfonic acid and activated, powdered molecular-sieves 4 A for 3 days at room 
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temperature to give the trisaccharide 8. Because of identical migration rates of the 
condensation product 8 and the alcohol 5 in t.l.c., purification was achieved after 

debenzoylation (sodium methoxide in methanol) to provide the trisaccharide 9 in 
high yield (89%). This was then easily separable from a small proportion of diol 3 
(10%). It was observed that the debenzoylation of disaccharide 5 is notably faster 
than that of trisaccharide 8, so that controlled debenzoylation of the condensation 

mixture was achieved on one occasion to isolate the trisaccharide 8. In ‘H-n.m.r. 
spectroscopy, H-l” of 9 appeared as a low-field doublet with a small coupling- 
constant (b 5.20, Jl-,2- 4 Hz). On the other hand, no low-field H-2’ signal could 
be observed for this derivative, indicating that E-L-fucosylation occurred at the OH- 
2’ group, and that no benzoyl group migrated during the condensation_ As an 
additional proof of structure, catalytic hydrogenolysis of 9 gave the previously 
synthesized I1 blood-group H, Type-2 trisaccharide. The trisaccharide 9 was then 

condensed with 2,3,4,6-tetra-O-benzyl-1-O-(N-methylacetimidyl)-~-o-galactopyra- 
nose (10) under the aforementioned conditions (- 3 days at room temperature) to 

provide the protected tetrasaccharide 11 in 90% yield. The anomeric proton of the 
newly introduced o-galactopyranose residue appeared as a low-field doublet with a 
small coupling constant (6 5.75, J1-.,2-. 4 Hz). This product was deprotected to give 

the title tetrasaccharide 1 by hydrogenolysis in acetic acid in the presence of palladium- 
on-carbon_ Partiai acid hydrolysis afforded L-fucose and the trisaccharide O-LX-D- 

galactopyranosyl-(l~3)-O-/3-o-galactopyranosyl-(l~4)-2-acetamido-2-deoxy-D-glu- 
copyranose, identified by comparison with the derivative reported in the preceding 
article2 of this series. After this work had been completed’, another synthesis of the 
title tetrasaccharide was reported by Paulsen and KolB?“. 

EXPERIMENTAL 

Gejleral nletlrocis. - Melting points were determined with a Biichi apparatus. 
Optical rotations were determined at 22-24” with a Perkin-Elmer model 141 polari- 
meter. 1-r. spectra were recorded with a Jouan-Jasco IRA-I spectrometer. ‘H-N.m.r. 
spectra were recorded for solutions in deuteriochloroform (tetramethylsilane as 
internal standard) unless otherwise stated_ Gas-liquid chromatography of the per-O- 
(trimethylsilyl) derivatives was performed with a Girdel 3000 apparatus provided 
with a flame-ionization detector and a 3.40-m Pyrex column (4% OV 17 on Gas- 
Chrom Q, W-100 mesh), programmed for a rise of lO”/min from 150 to 300”; 

Ta is given relative to that of hexa-O-(trimethylsilyl)-)n]lo-inositol. Purity of products 
was determined by t.1.c. on silica gel 60 F 254 (E. Merck)_ Components were located 
by spraying the plates with a 50% solution of sulfuric acid in ethanol, and charring. 
Column chromatography was performed on silica gel Merck 60 (0.063-0.200 mm), 

which was used without pretreatment. Microanalyses were performed by the Service 
Central de Microanalyse du Centre National de la Recherche Scientifique. 

Benz_vf 2-acetami~o-3,6-~i-O-benz~~f-4-0-(4,6-O-benz~~li~ene-~-~-galnctopy~a~~o- 
surf)-Z-deox~-Cr-D-glrtco~~~a~o~i~e (3). - A suspension of benzyl 2-acetamido-3,6- 
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molecular-sieves 4 A (500 mg) and anhydrous p-toluene sulfonic acid (90 mg). The 

mixture was fihered, and the filtrate washed with aqueous, saturatedsodium hydrogen- 
carbonate and then water, dried (Na2S04), and evaporated. The residue was de- 

benzoytated (sodium methoxide in methanol) to give a residue that was chromato- 

graphed on siiica gei (30 g); elution with 49: I (v/v) chloroform-methanol gave the 

trisaccharide 9 (327 mg, 89 %), syrup, b]n -l- 13” (c 1, chloroform); ‘H-n.m.r.: 
6 5.20 (cl, 1 H, J1”,2” 4 Hz, H-l”), 3.12 (I H, OH), 1.70 (s, 3 H. AC), and 1.08 (d, 
3 H, J 7 Hz, Cl-I,); lit.12 [z]i” +9.06” (c 1.06, chloroform)_ 

Anal. Calc. for C,,H,,NO, 5: C, 71.55; H, 6.53; N, 1.21. Found: CT 71.84; 

H, 6.45; N, 1.31. 
A solution of 9 (40 mg) in acetic acid (2 mL) was hydrogenolyzed in the 

presence of IO % palladium-on-charcoal (100 mg) for 48 h. The reaction mixture was 
filtered, and the filtrate evaporated to give a powder. After reduction with sodium 

borohydride and per-0-(trimethylsilyl)ation, the product was homogeneous in g.1.c. 
(T, 2.90) and indistinguishable from a previously synthesized sample”_ 

Benzy’l’l 0-(2,3,4-tri-O-bet~~y/-u-~-filcopyt-anos~~l)-(I--,2)-0-(3-0-ben~o~~l-4,6-0- 

benzyIidene- fi - D -galactopyranosyI)- (I ---, 4)-2-acetamido-3,6-di-0-benzyI-2-deoxy-a-D- 

giucopyranoside (8s). - In one experiment, the aforementioned debenzoylation was 

quenched after selective debenzoylation of unreacted starting material 5. Processing 

gave the trisaccharide 8, syrup, [cx]~’ f36.7” (c 1.6, chloroform); ‘H-n.m.r_: 6 
8.05-7.95 and 7.35-7.27 (m, 4 OH, Ph), 5.45 (d, 1 H, J,..,,.. 4 Hz, H-l”), 5.02 (d, 

I II, .J1,2 4 Hz, H-l), 1.70 (s, 3 H, NAc), and 1.1 (d, 3 H, J7 Hz, CH,); lit-l2 t38.4” 

(c 0.99, chloroform). 

Anal. Calc. for C,,H-I,NO,,: C, 72.33; H, 6.31; N, 1.11. Found: C, 71.99; 

II, 6.45; N, 0.80. 
Benzyf 0-(2,3,4-tri-O-ben~yZ-rr-L-~ircopyranosJII)-(I-,2)-[0-(2,3,4,6-tetra-O- 

benqd- cc- D -gaIactopyranosyl) - (I + 3) - 0 - (4,6- benzyiidene - p - D - galactopyranosyl)- 

(Z-,4)-2-acetanzido-3,6-di-O-ben~~~f-Z-deo~y-cc-D-glrtcopyranoside (11). - A solution 

of trisaccharide 9 (112 mg) and2,3,4,6-tetra-0-ben~l-l-O-(N-methylacetimidyl)-~-~- 

galactopyranose (10; 90 mg) in anhydrous nitromethane (1 mL) was stirred at room 

temperature under nitrogen for 2 days in the presence of powdered molecular-sieves 

4 A (200 mg) and anhydrous p-toluenesulfonic acid (36 mg). The mixture was filtered, 
and the filtrate washed with aqueous, saturated sodium hydrogencarbonate and water, 
dried (Na,SO,), and evaporated. The residue was chromatographed on silica gel 

(18 g); elution with 7 :4 (v/v) ethyl acetate-hexane gave the tetrasaccharide 11 
(136 mg, 90%), syrup, @];f’ +33.9” (c 1.4, chloroform); ‘H-n.m.r.: 6 7.30-7.10 
(m, 35 H, 7 Ph), S-75 (d, 1 H,J,.,.,,,..,H-I”‘), 5.40 (d, 1 H,J1n,2,,4 Hz, H-I”), 1.70(s, 

3 H, AC), and 1.15 (d, 3 H, J7 Hz, Me). 

Anal. Calc. for C103H106N020: C, 73.76; H, 6.37. Found: C, 74.03; H, 6.38. 
O-~--Fz~copyranosyl-(l42)-[O-cr-D-gaiactopyra~zosyl-(l~3)~-O-~-D-galacto- 

pyra?zosyi-(l-,4)-2-acetamido-2-deox~~-D-glrrcopyranose (1). - Compound 11 (306 

mg) in acetic acid (20 mL) was hydrogenolyzed in the presence of 10% palladium- 

on-carbon (300 mg) for 2 days. The mixture was filtered, and the filtrate evaporated 
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to give the tetrasaccharide 1 ( 113 mg, 90 y/,) as an amorphous, hygroscopic powder, 
[fz]X’ + 14.1 o (c 0.30, water); lk3: [z]iz + 12” (c 0.5, water); lit-r2 [z];” + 14.5” 
(water). This compound was homogeneous in g.1.c. (r, 5.65) after reduction with 

sodium borohydride and per-O-(trimethylsilyI)ation. 

Mild acid-hydrolysis (O.lbr hydrochloric acid, 3 h, 815~) gave three derivatives, 

identified by g.1.c. after the aforementioned treatment: 1 (T, S-65), Ck-o-galacto- 
pyranosyl-( l-3)-O-/3-D-galactopyranosyl-( 1 -+4)-2-acetamido-2-deoxy-D-glucopyra- 

nose’ (TR 3.43), and r-fucopyranose (TR 0.51). 
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