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ABSTRACT 

Condensation of 1,2,3,6-tetra-O-benzoyl-4-0-(2,3,6-tri-O-benzoyl-~-D- 
galactopyranosyl)-a-D-glucopyranose with 2,3,4,6-tetra-O-benzyl-a-D-galactopy- 
ranosyl chloride in 1,2-dichloroethane in the presence of 2,4,6_trimethylpyridine, 
silver triflate, and molecular sieve 4 8, gave 1,2,3,6-tetra-O-benzoyl-4-O-[2,3,6-tri- 
0-benzoyl-4-O-(2,3,4,6-tetra-O-benzyl-~-D-galactopyranosyl)-~-D-galactopyrano- 
syl]-a-D-glucopyranose. Catalytic hydrogenolysis and debenzoylation then gave 4- 
0-(4-O-P-D-galactopyranosyl-P-D-galactopyranosyl)-D-glucopyranose, the human 
blood-group Pk-antigenic determinant. A similar sequence of reaction was per- 
formed starting from 1,2,3,6-tetra-O-benzoyl-4-0-(2,3,6-tri-O-benzoyl-~-D-galacto- 

pyranosyl)-P-D-glucopyranose. 

INTRODUCTION 

The human blood-group P system consists’ of three antigens, P, P,, and Pk. 
A trihexosylceramide was identified as the Pk antigen by hemagglutination in- 
hibitio$ studies and by analysis of the glycosphingolipids from Pk erythrocytes3. 
The structure of the trisaccharide moiety of this glycoconjugate is 4-0-(4-0-~-D- 
galactopyranosyl-P-D-galactopyranosyl)-D-glucopyranose (12). This trihexosyl- 
ceramide is also associated with Fabry’s disease4 and urinary-tract infections. P6 
and P, determinants have been synthesized. We now report a chemical synthesis of 
the Pk determinant. Syntheses of methyl 4-O-(4-O-a-D-galactopyranosyl-P-D-galac- 
topyranosyl)-P-D-glucopyranoside have been reported by Cox et a1.8 and Garegg 
and Hultberg9. The Swedish group used 1,2,3,6,2’,3’,6’-hepta-0-benzoyl-c~-D-lac- 
tose (6) as the key alcohol, prepared by selective benzoylation of the knownlo 
1,2,3,6,2’,3’-hexa-O-benzoyl-cu-D-lactose (4). On repeating the synthesislO of 4, we 
realised that the structures proposed by these authors had to be questioned. Since 
4 is a potential starting-material for the synthesis of various trisaccharides, we have 
reinvestigated the synthesis. 

*Synthesis of Blood-Group Substances, Part 14. ForPart 13, see Curbohydr. Res., 122 (1983) 201-208. 
**TO whom enquiries should be sent. 
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RESULTS AND DISCUSSION 

Treatment of 4-0-(4,6-0-isopropylidene-p-D-galactopyranosyl)-D-gluco- 
pyranosel” (1) with benzoyl chloride in pyridine afforded an a&mixture of hexa- 
benzoates. Column chromatography on silica gel gave, first, the a-anomer 2 (55%), 
m.p. 235-236”, [ale +208” (chloroform). The LY configuration was clear” from the 
n.m.r. signal for H-l (6 6.64, J,,, 3.5 Hz). Eluted second was the p-anomer 3 (33%), 
m.p. 236-237”, [a],, +106” (chloroform). The p configuration was apparent from 
the n.m.r. signal for H-l (6 6.12, J, 2 7.5 Hz). Baer and Abbas’” reported that 

benzoylation of 1 afforded, after four crystallisations from acetone-methanol, a 
hexabenzoate, m.p. 2455247”, [a!]n +104.8” (chloroform), and assigned the 
structure 2 on the basis of the spacing (3.5 Hz) of the H-l doublet and the [a],, 
value. Our results suggest that the anomeric configuration and the purity of the 
hexabenzoate reported by Baer and Abbas are doubtful. 

Mc,C 

/ ‘0 
0 / 

I R’ ,R’= H,0H,R3=H 

2d= H,Rz= 0BZ,R3 = BL 

3R’ = OBz,R* = H.R3= Bz 

4 R’ = Rx= R4= H,R*= OBz 

~R’=OBz,R2=R3=R4=H 

6R’=R3=H,R2=OBz,R4=B= 

7 R’= 0Bz,R2= R3=H,R4= EL 

The synthesis of the P” trisaccharide was then carried out on both 2 and 3. 
Removal of the acetal group from 2 by treatmentlO with aqueous 90% trifluoro- 

R30 

acetic acid afforded the dio14, m.p. 241-243”, [a], fl47” (chloroform). Likewise, 
3 gave the diol5, m.p. 223-225”, [(~]n +68” (chloroform). The anomeric configura- 

tions of 4 and 5 were indicated by the Jr,, values for the H-l doublets (4, 3.5 Hz; 5. 
7.5 Hz). The physical properties of 4 reported by Baer and Abbas’” are at variance 
with our data and, indeed, are close to those for 5. Compound 4 has been used in 
synthesis by Garegg and Hultberg9. but no comment on the structure was made. 

Selective esterification of 4 with benzoyl cyanide” in dichloromethane- 
pyridine gave the crystalline 6’-benzoate 6 (87%), which has also been prepared by 
another route9*. Likewise, selective esterification of 5 gave the crystalline 6’- 
benzoate 7 (88%). Condensation of 6 with freshly prepared 2,3,4,6-tetra-Q-benzyl- 
a-D-galactopyranosyl chloride13 in 1,2-dichloroethane in the presence of 2,4,6-tri- 
methylpyridine, silver triflate, and molecular sieve 4A gave, after column 

*Water was reported9 as the solvent used for determmation of the optical rotation This is erroneous; 
chloroform was the solvent used (P. J. Garegg, personal communication). 
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chromatography on silica gel, the pure but amorphous trisaccharide 8 (89%). A 
similar condensation in toluene was described by Garegg and Hultberg9, but the 
product was not characterised. The LY configuration of the new interglycosidic 
linkage in 8 was clear l1 from the 13C-n.m.r. signal for C-l” (101.51 p.p.m.). 
Catalytic hydrogenolysis of 8 gave the known9 trisaccharide heptabenzoate 10. 

0 

R30 

R’ 

8 R’= H,R2= OBz,R3= Bz,R4= Bn 

9 R’ = 0Bz,R2 = H,R3= Bz,R4 = Bn 

,o R’= R4=H,R2=OBz,R’= Bz 

1, R’= 0Bz,R2= R4=H,R3= Bz 

12 R’,R’= H,0H,R3=R4=H 

In a similar sequence of reactions, 7 was converted into the pure, amorphous 
trisaccharide 9 (83%) and thence into 11. 

Debenzoylation of 10 and 11 yielded the target compound 12 (80%) as an 
analytically pure, amorphous solid, the 300-MHz ‘H-n.m.r. spectrum of which was 
in full agreement with the structure assigned. 

EXPERIMENTAL 

General methods. - Melting points were determined in capillary tubes with 
a Bi.ichi apparatus and are uncorrected. Optical rotations were measured at 20-22” 
with a Perkin-Elmer Model 141 polarimeter. lH-N.m.r. spectra were recorded with 
Perkin-Elmer R-32 (90 MHz) and Bruker AM-300 (300 MHz) instruments. 13C- 
N.m.r. spectra were recorded at 22.63 MHz with a Bruker WH-90 instrument. 
Purity of products was determined by t.1.c. on Silica Gel 60F 154 (Merck) with 
detection by charring with sulphuric acid. Column chromatography was performed 
on Silica Gel 60 (Merck, 63-200 pm) which was used without pre-treatment. 
Elemental analyses were performed by the Service Central de Micro-Analyse du 
Centre National de la Recherche Scientifique (Vernaison, France). 

1,2,3,6-Tetra-O-benzoyE-4-O-(2,3-di-0-benzoyl-4,6-O-isopropylidene-~-~- 
galactopyranosyl)-a- (2) and -P-D-g&opyrunose (3). - To a cooled solution of 
purifiedlO l(500 mg) in pyridine (12 mL) was added, dropwise, benzoyl chloride (2 
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mL). The mixture was stirred for 1 h at room temperature and then for 3 h at 60”, 
and crushed ice (5 g) was added after cooling. The mixture was stirred for 1 h, 
diluted with dichloromethane (100 mL), washed with aqueous 10% potassium 
hydrogensulphate, saturated aqueous sodium hydrogencarbonate, and water, dried 
(Na,SO,). and concentrated. The residue was eluted from a column of silica gel (50 
g) with dichloromethaneethyl acetate (30: 1) to give 2 (725 mg, 55%), m.p. 23S- 
236” (from ethyl acetate-hexane), [o]n +208” (c 1, chloroform). ‘H-N.m.r. data 
(90 MHz, CDCl,): S 8.10-7.0 (m, 30 H, 6 Ph), 6.64 (d, 1 H, .I,.: 3.5 Hz, H-l), 6.25 

(t, 1 H, J2,3 and J3,4 9 Hz, H-3), 5.72 (dd, 1 H, J,t,21 8, J,,,,, 10 Hz, H-2’). 5.43 (dd, 
1 H, J,,? 3.5, J2.3 9 Hz, H-2), 5.03 (dd, 1 H, J2r,3, 10.5. J3’,Jt 3.5 Hz, H-3’), 4.84 (d. 

1 H, J,, ?’ 8 Hz, H-l’), 3.47 (m, 2 H-6’a,6’b), 2.86 (m, 1 H, H-5’), 1.25 and 1.15 (2 

s, 6 H, CMe,). 
Anal. Calc. for C,,H,,O,,: C, 67.98; H, 5.01. Found: C, 68.02; H, 5.03. 
Further elution gave 3 (435 mg, 33%). m.p. 236-237” (from ethyl acetate- 

hexane), [a]o +106” (c 1, chloroform). ‘H-N.m.r. data: 6 8.10-7.05 (m, 30 H, 6 

Ph), 6.12 (d, 1 H, J,,, 7.5 Hz, H-l), 5.93 (t, 1 H, J,., and J3,j 9 Hz. H-3), 5.71 (dd, 

1 H, J,,,,, 8, J2,,3t 10 Hz, H-2’), 5.61 (dd, 1 H, J,,, 7.5, J2,3 9 Hz, H-2), 5.03 (dd, 1 

H, Jz,j’ 10, J3,A , 3.5 Hz, H-3’), 4.76 (d, 1 H, J,,, 8 Hz, H-l’), 3.48 (m, 2 H, H- 
6’a,6’b), 2.90 (m, 1 H, H-5’), 1.22 and 1.14 (2 s, 6 H, CMe,). 

Anal. Found: C, 68.11; H, 4.96. 

1,2,3,6-Tetra-O-benzoyE-4-0-(2,3-di-O-benzoyl-~-D-galactopyranosyZ)-~-D- 
glucopyranose (4). - A mixture of 2 (680 mg), trifluoroacetic acid (9 mL), and 
water (1 mL) was stirred at room temperature for 20 min and then concentrated in 
vucuo, and water (2 X 5 mL) was evaporated from the residue which was crystal- 
lised from dichloromethane-ether to give 4 (575 mg, 88%), m.p. 241-243”, [‘Y],, 

+147” (c 0.5, chloroform); lit.‘O m.p. 225-228” (from methanol-water), [a]n 
+83.3” (chloroform). ‘H-N.m.r. data (90 MHz, pyridine-d,-DzO): 6 8.2tJ-6.90 (m. 

30 H, 6 Ph), 6.86 (d, 1 H. J,,? 3.5 Hz, H-l), 5.68 (dd, 1 H. J,,z 3.5, J,., 10 Hz, H-2), 
5.40 (dd, 1 H, J2t,3, 10, J,,,,, 3.5 Hz, H-3’), 5.22 (d, 1 H, J,t,,t 8 Hz, H-l’). 

Anal. Calc. for C,,H,,O,,: C, 67.07; H, 4.80. Found: C, 66.99; H, 4.74. 
1,2,3,6-Tetra-O-benzoyZ-4-0-(2,3-di-O-benzoyl-~-D-galactopyranosyl)-~-D- 

ghcopyranose (5). - Compound 3 (600 mg) was treated as described above for 2. 
Crystallisation of the product from ethyl acetate-hexane afforded 5 (489 mg, 85%), 
m.p. 223-225”, [a]n +68” (c 1, chloroform). ‘H-N.m.r. data (90 MHz, pyridine-ds- 
D,O): 6 8.20-7.0 ( m, 30 H, 6 Ph), 6.46 (d, 1 H, J,,, 7.5 Hz, H-l), 5.46 (dd, 1 H, 
J 2g.3’ 10, J3f.q 3 Hz, H-3’), 5.22 (d, 1 H, J,t,2t 8 Hz, H-l’). 

Anal. Calc. for C,,H,,O,,: C. 67.07; H, 4.80. Found: C, 67.09; H, 4.90. 
1,2,3,6-Tetra-O-benzoyl-4-0-(2,3,6-tri-O-benzoyl-p-~-galactoppranosyl)-cu- 

D-ghcopyrunose (6). - A solution of 4 (578 mg) in dichloromethane (10 mL) and 

pyridine (1 mL) was stirred overnight at room temperature in the presence of 
benzoyl cyanide (130 mg). After destruction of the excess of benzoyl cyanide with 
methanol (5 mL), the mixture was concentrated, and the residue was eluted from 
a column of silica gel (30 g) with dichloromethane-ethyl acetate (2O:l) to give 6 
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the preparation of 8. Elution of the residue from a column of silica gel (45 g) with 
toluene*thyl acetate (13:l) gave amorphous 9 (370 mg, 83%), [cr]n +48” (c 1, 
chloroform). N.m.r. data: ‘H (300 MHz, CDCI,), 68.10-7.0 (m, 55 H, 11 Ph), 6.13 
(d, 1 H, J,,, 8 Hz, H-l), 5.92 (t, 1 H, JZ,3 and Jj.4 9 Hz, H-3), 5.76 (dd, 1 H, Jr,.?, 
7.5, J2,,3, 10 Hz, H-2’), 5.68 (dd, 1 H, J,J 8, & 9 Hz, H-2), 5.03 (dd, .I,,.,, 10, Jjs,jz 

3.5 Hz, H-3’). 4.86 (d, 1 H, J,,,z, 7.5 Hz, H-l’); 13C. 6 101.38 (C-l’ and C-l”), 92.54 
(C-l). 

Anal. Calc. for C,,H,,O,,: C, 71.60; H, 5.31. Found: C, 71.87; H, 5.19. 
1,2,3,6-Tetra-0-benzoy1-4-0-(2,3,6-tri-0-benzoy/1- 

p-D-galactopyrunosyZ)-cu-D-glucopvrunose (10). - A solution of 8 (235 mg) in acetic 

acid (10 mL) was hydrogenolysed in the presence of 10% Pd/C (200 mg) for 2 days, 
filtered, and concentrated. The residue was eluted from a column of silica gel (12 
g) with ethyl acetate to give amorphous 10 (138 mg, 76%), [c~]n +124” (c 1, 
chloroform); lit.” [cr],, + 124” (c 1, chloroform). ‘H-N.m.r. data (300 MHz, CDCI, 
+ D,O): S 8.10-7.30 (m, 35 H, 7 Ph), 6.76 (d, 1 H, Jr,? 4 Hz, H-l), 6.19 (dd, 1 H, 

& 10, Jjq4 9 Hz, H-3), 5.87 (dd, 1 H, J,,,?s 8, J,.,j, 10.5 Hz, H-2’), 5.63 (dd. 1 H, 
Jr, 4, J2.s 10 Hz, H-2), 5.18 (dd, 1 H, J2,,3, 10.5, J3’,4, 3.2 Hz, H-3’), 4.95 (d, 1 H, 
J 1v2” 3.6 Hz, H-l”), 4.93 (d, 1 H, J,,,,, 8 Hz, H-l’), 3.35 (dd, 1 H, Js,,,Wa 4, JVa,h,,h 12 
Hz, HWa), 3.26 (dd, 1 H, J5”,6”b 5.6, JVa,#% 12 Hz, H-6”b). 

Anal. Calc. for C6,H6,-,02s . H,O: C, 64.31; H, 4.99. Found: C, 64.32; H, 

5.01. 
1,2,3,6-Tetra-0-benzoyl-4-O-(2,3,6-tri-O-be~~oy~-4-O-~-D-galactopyranosyl- 

P-D-galactopyrunosyl)-P-D-glucopyranose (11). - A solution of 9 (168 mg) in acetic 
acid (10 mL) was hydrogenolysed in the presence of 10% Pd/C (150 mg) for 2 days, 
filtered, and concentrated. The residue was eluted from a column of silica gel (8 g) 

with ethyl acetate to give amorphous 11 (102 mg, 78%), [o]n +71” (c 1, 
chloroform). ‘H-N.m.r. data (300 MHz, CDCl, + D,O): S 8.10-7.20 (m, 35 H, 7 

Ph), 6.20 (d, 1 H. J,,, 8 Hz, H-l), 5.91 (t, 1 H, J2,s and J3,4 9.2 Hz, H-3), 5.75 (dd, 
1 H, Jr,, 8, k3 9.2 Hz, H-2), 5.73 (dd, 1 H, J,..,, 7.5, &, 10.6 Hz, H-2’) 5.17 (dd, 

1 I-L .& 10.6, 53,,4, 3 Hz, H-3’), 4.91 (d, 1 H, Jr.,, 3.1 Hz, H-l”), 4.83 (d, 1 H, J,,,,. 

7.5 Hz, H-l’), 4.30 (t, 1 H, J3,4 and .T4,5 9.2 Hz, H-4), 4.27 (dd, 1 H. J3C,4, 3, J,,,,, 1 
Hz, H-4’), 3.35 (dd, 1 H, J5”,va 4.2, Jva,@% 12.30 Hz, H#‘a), 3.27 (dd, 1 H, J5r,,6,b 

5.7. J6”a,6”b 12.30 Hz, HWb). 

Anal. Calc. for C,,HaO,, . H,O: C, 64.31; H, 4.99. Found: C, 64.58; H, 
5.05. 

O-cr-D-Galactopyranosyl-(l-t4)-O-~-~-galactopyranosyl-(l~4) -D-gluco- 

pyrunose (12). - A solution of 10 (160 mg) in dry methanol (8 mL) was treated 
with methanolic M sodium methoxide (0.5 mL) for 4 h at O”, de-ionised with 
Amberlite IR-120 (H+) resin, filtered, and concentrated, and water (5 x 5 mL) was 
evaporated from the residue. The residue was then eluted from a column (20 x 960 
mm) of Sephadex G-25 (medium) with water, and the eluate was freeze-dried to 
give amorphous 12 (59 mg, 90%), [(~]o +lOl” (c 0.5, water). ‘H-N.m.r. data (300 
MHz, D,O, internal TSP): 6 5.23 (d, J1,? 3.60 Hz, H-la), 4.96 (d, 1 H, J,,,,2” 3.20 
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Hz, H-l”), 4.67 (d, .I,,* 8.0 Hz, H-lb), 4.52 (d, 1 H, J,,,,, 7.20 Hz, H-l’), 4.36 (m, 

1 H, J4gf,5” 0.8, J5”,wa and J,.,,, 4.40 Hz, H-S’), 3.28 (t, J,,, and J2,3 8.0 Hz, H-2p). 

Anal. Calc. for C,8H320,6: C, 42.86; H, 6.39; 0, 50.75. Found: C, 42.70; H, 
6.40; 0, 50.88. 

REFERENCES 

1 R. R. RACE AND R, SANGER, Blood Groups in Man, 6th edn., Blackwell, Oxford, 1975, pp. 131-177. 
2 M. NAIKI AND D. M. MARCUS, Blochem. Biophys. Rex Commun., 60 (1974) 1105-1111. 
3 M. NAIKI AND S. K. KUNDER, Proc. Nati. Acad. Sci. U.S.A., 73 (1976) 3263-3267. 
4 R. 0. BRADY, J. F. TALLMAN, W. G. JOHNSON, A. E. GAL, W. R. LEAHY, J. M. QUIRK,AND A. S. 

DEKABAN, N. Engl. J. Med., 289 (1973) 9-14; S. HANDA, T. ARIGA, T. MIYATAKE, AND T. 
YAMAKAWA, J. Biochem. (Tokyo), 69 (1971) 626-627; Y.-T. LI AND S.-C. LI, J. Biol. Chem., 246 
(1971) 3769-3774; J. T. R. CLARKE, L. S. WOLFE, AND A. S. PERLIN, ibid., 246 (1971) 5563-5569. 

5 G. KALLENIUS, R. MOLBY, S. B. SVENSON, J. WINDBERG, A. LUNDBLAD, S. SVENSSON, AND B. 
CEDERGREN, FEMS. Lett., 7 (1980) 297-302. 

6 H. PAULSEN AND A. BUNSCH, Carbohydr. Res., 101 (1982) 21-30. 
7 P.-H. AMVAM ZOLLO, J.-C. JACQUINET. AND P. SINAY, Carbohydr. Rex, 122 (1983) 201-208. 
8 D. D. Cox, E. K. METZNER, AND E. J. REIST, Carbohydr. Res., 63 (1978) 139-147. 
9 P. J. GAREGG AND H. HULTBERG, Carbohydr. Res., 110 (1982) 261-266. 

10 H. H. BAER AND S. A. ABBAS, Carbohydr. Res., 77 (1979) 117-129. 
11 N. B. D’ACCORSO, I. M. E. THIEL. AND M. SCHULLER, Carbohydr. Res., 124 (1983) 177-184. 
12 S. A. ABBAS AND A. H. HAINES, Carbohydr. Res., 39 (1975) 358-363. 
13 T. IVERSEN AND D. R. BUNDLE, Carbohydr. Res., 103 (1982) 2940. 


