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ABSTRACT 

Condensation of known benzyl 2-acetamido-3,6-di-0-benzyl-2-deoxy-4-0- 

(2,3,6-tri-O-benzyl-P_D-galactopyranosyl)-~-D-glucopyranoside with 2,3,4,6-tetra- 

0-benzyl-a-D-galactopyranosyl chloride in dichloromethane in the presence of 

2,4,6_trimethylpyridine, silver triflate, and molecular sieve 4A gave benzyl O- 

(2,3,4,6-tetra-O-benzyl-c-u-D-galactopyranosy~)-(l~4)-O-(2,3,6-tri-O-benzyl-~-D- 

galactopyranosyl)-(1~4)-2-acetamido-3,6-di-O-benzyl-2-deoxy-cY-D-glucopyra- 

noside. Catalytic hydrogenolysis gave crystalline 0-a-D-galactopyranosyl- 

(1~4)-O-P-D-galactopyranosyi-(l~4)-2-acetamido-2-deoxy-~-D-glucopyranose, 

the human blood-group P,-antigenic determinant. A similar sequence of reactions 

was performed starting from ally1 2-acetamido-3,6-di-0-benzyl-2-deoxy-P_D-gluco- 

pyranoside, in order to prepare a derivative of this determinant suitable for linkage 

to carrier molecules. 

INTRODUCTION 

The human blood-group P system, first’ recognised in 1927, consists’ of three 

antigens, P, P,, and Pk. The P antigen is present on the erythrocytes of virtually all 

individuals, and 75% of the population also possess the P, antigen. 

A trihexosylceramide was identified as the Pk antigen by hemagglutination 

inhibition3 studies and by analysis of the glycosphingolipids from Pk erythrocytes4. 

Cox et al. and Garegg and Hultberg’ reported syntheses of methyl 4-0-(4-0-(Y-D- 

galactopyranosyl-P-D-galactopyranosyl)-P-D-glucopyranoside, the carbohydrate 

moiety of this trihexosylceramide, which is considered to be the antigenic deter- 

minant of the Pk antigen. Globoside, the most abundant glycosphingolipid of nor- 

mal erythrocytes, was identified in the same study as the P antigen. It contains the 
trihexosylceramide structure plus a terminal, non-reducing 2-amino-2-deoxy-P-D- 

galactosyl group. A chemical synthesis of the P-antigenic determinant has been re- 

*Synthesis of Blood-Group Substances, Part 13. For Part 12, see Carbohydr. Res., 92 (1981) 183-189. 
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ported6. Finally, the structure of the blood-group PI-glycosphingolipid of human 

erythrocytes has been established by Naiki ef al.‘, and the trisaccharide tw-(ial- 

(l&4)-P-Gal-(l&4)-GlcNAc (4), located at the non-reducing end of this glyco- 

sphingolipid. has been identified as the human blood-group I’,-antigenic determin- 

ant’. We now report the chemical synthesis of 4 and also a derivative suitable for 

subsequent elaboration into either an artificial PI antigen or a selective anti-P! im- 

munoabsorbent. 

RESULTS AND DIWUSSION 

The synthesis of n-Gal-( l&4)-P-Gal-(l-+4)-GlcNAc involved benzyl 2- 

acetamido-3,6-di-O-benzyl-2-deoxy-n-D-glucopyran~~side~‘.”’. which \ViiS COll- 

densed at 0” with 2,3,4,6-tetra-0-acetyl-cY-D-galactopyranosy! bromide in di- 

chloromethane, in the presence of 2,3,6_trimethylpyridine and silver triflate, to 

provide, after O-deacetylation, a quantitative yield of benzyl 2-acetamido-3.h-di- 

O-benzyl-2-deoxy-4-O-P_u-galactopyranosyl-~-~~-glucopyranosidc’ ’ (1). This reac- 

tion provides a fairly efficient and rather short route to derivatives of X-acetyl-lac- 

tosamine. The disaccharide derivative 1. which had previously been prepared by 

lower-yielding procedures’ ’ , was next converted into crystalline benzyl ;3- 

acetamido-3,6-di-O-benzyl-2-deoxy-4-0-(2)- 

syl j-a-D-glucopyranoside (2) as previously described’ ’ . Attempts’ ’ to galactosylate 

the unsubstituted, axial hydroxyl group of 2. using halide ion-catalysis’-’ or the im- 

idate procedure”. failed. The expected protected-trisaccharide 3 was obtained 

(82%) by condensation of 2 with 2.3.4,6-tetra-0-henzyl-a-D-galactopyranosyi 

chloride“’ at room temperature in dichloromethane in the presence of 2.4.6-tri- 

methylpyridine. silver triflate. and molecular sieve 4A. 

Athough 3 appeared homogeneous in t.l.c., it was an @-mixture (a:p ratio. 

8: l), as suggested by the appearance of two signals for the acetamido group in the 

‘H-n.m.r. spectrum (6 1.62 for the u anomer, and 1.72 for the @ anomer) and by 

a broadening of a signal in the C-l/3 region (6 102.X p.p.m.) of the “C-n.m.r. spec- 
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trum. Signals of the anomeric carbons appeared at 97.1 (C-la), 100.5 (C”-la), and 

102.8 p.p.m. (C’-lp) for a solution in deuteriochloroform. The shifts of the signals 

of the anomeric carbons of methyl 2,3,4,6-tetra-O-benzyl-a- and -p-D-galac- 

topyranosides are 98.8 and 105.0 p.p.m., respectively, and that for benzyl 2- 

acetamido-3,6-di-O-benzyl-2-deoxy-a-D-glucopyranoside is 97.2 p.p.m. The chem- 

ical synthesis of another protected trisaccharide of this type has been reported by 

Anderson et al. “. 

Hydrogenolysis of a solution of 3 in acetic acid in the presence of Pd/C gave 

O-cY-D-galactopyranosyl-( l-4)-O-/?-D-galactopyranosyl-( l-+4)-2-acetamido-2-de- 

oxy-a-D-glucopyranose (4, 72% after crystallisation). No physical constants were 

reported when this trisaccharide was first obtained as a natural product after partial 

acid hydrolysis of a glycoprotein having blood-group PI specificity, which had been 

isolated from sheep hydatid-cyst fluid’. The trisaccharide 4 was a sensitive and 

selective inhibitor of the PI-anti PI system using antisera either of animal (goat, 

No. 1110-20 Biotest) or human (absorbed Tahiri) originlh. The structural require- 

ment of the human blood-group PI-antigenic determinant, first proposed by Cory 

et al.’ is thus confirmed. 3 
In order to use the immunological properties of the PI-antigenic determin- 

ant, a derivative was required which would allow attachment to soluble proteins, to 

form immunogens, and to insoluble carriers for the preparation of immuno- 

absorbants. The ally1 glycoside was proposed’7 as a suitable derivative for this gen- 

eral purpose, because such glycosides can be used to obtain a variety of spacer 

arms18,‘y. Hence, a synthesis of the derivative 11 was undertaken. 

Condensation of ally1 2-acetamido-3,6-di-0-benzyl-2-deoxy-fl-D-gluco- 

pyranoside’ with 2,3,4,6-tetra-O-acetyl-P-D-galactopyranosyl bromide in refluxing 

benzene, in the presence of mercuric cyanide and mercuric bromide, followed by 

0-deacetylation of the product, afforded 88% of the disaccharide-glycoside 5. 

Reaction of 5 with benzaldehyde in the presence of zinc chloride gave 81% of the 

crystalline acetal 9. Reaction of 9 with benzyl bromide in NJ-dimethylformamide 

in the presence of barium oxide and barium hydroxide octahydrate for 5 days at 

room temperature, with acid hydrolysis (aqueous 70% acetic acid, loo”, 20 min) of 

the product, gave crystalline diol 7. Selective benzoylation of 7 with benzoyl 

cyanide2’ in dichloromethane-pyridine gave 89% of the crystalline 6’-benzoate 8. 

Condensation of 8 at room temperature during 5 days with 2,3,4,6-tetra-O-benzyl- 

cY-D-galactopyranosyl chloride14 in dichloromethane, in the presence of 2,4,6-tri- 

methylpyridine, silver triflate, and molecular sieve 4A, gave 78% of the derivative 

10. Although apparently homogeneous in t.l.c., 10 was an @-mixture (a:/+ratio, 

-11: l), as indicated by the ‘H-n.m.r. signals for the acetamido group [6 1.69 (a) and 

1.79 (p), CDCIJ. This inference was confirmed after 0-debenzoylation using 

methanolic sodium methoxide; the trisaccharide derivative 11 (88%), [cr]2d) +30” 

(chloroform), could easily be separated, by chromatography on silica gel, from 8% 

of its 0 anomer 13, [a]g +16” (chloroform). 

0-Deallylation of 11 with potassium tert-butoxide in dimethyl sulfoxide, fol- 



lowed by acidic treatment and catalytic hydrogenolysis (1055 PdiC) in acetic acid. 

gave 4. Catalytic hydrogenolysis (IO% PdlC) of 11 in acetic acid gave propyl 2- 

acetamido-2-deoxy-3-~~-(~-~~-~-~-galactopyran~~syl-~-~-gaiact~~p~r~~n~syl)-~-i~- 

glucopyranoside (14)“‘. which had selective inhibitory properties comparable with 

those of 4 and thus is a good candidate for the preparation of artilicial P, antigens 

and anti-P, immunoabsorhents. 

EXPERIMENTAL 

Genrral methods. - Melting points were determined in capillary tubes with 

a Buchi apparatus and are uncorrected. Optical rotations were measured at 22.-23” 

with a Perkin-Elmer model 141 polarimetcr. ‘H-N.m.r. spectra were recorded 

with a Perkin-Elmer R-32 instrument. !‘C-N.m.r. spectra wcrz recorded at 15.08 

MHz with a Bruker instrument. C.i.-m.s. (ammonia as reagent gas) was performed 

on an R-10-10 Nermag spectrometer. Purity of products was determined by t.1.c. 

on silica gel 60 F 153 (Merck) with detection by charring with sulphuric acid. Col- 

umn chromatography was performed on silica gel 60 (Merck. 0.0~~3_().100 mm). 

which was used without pretreatment. Elemental anaiyscs were ohtaincd from the 

Service Central dc Micro-Analyse du Centre National de la Recherche Scientifi- 

qur. 
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Benzyl 2-acetamido-3,6-di-O-benzyl-2-deoxy-4-O-P_D-galactopyranosyl-~-D- 
glucopyranoside (1). -A solution of benzyl2-acetamido-3,6-di-0-benzyl-2-deoxy- 

cY-D-gfucopyranoside (2 g) and 2,3,4,6-tetra-0-acetyl-cu-D-galactopyranosyl 

bromide (3.34 g) in dichloromethane (40 mL) containing 2,4,6_trimethylpyridine (2 

mL) and freshly prepared silver triflate (2.08 g) was stirred at 0” in the dark for 1 

day. The mixture was diluted with dichloromethane, filtered, washed successively 

with water, aqueous 10% sulphuric acid, saturated aqueous sodium hydrogencar- 

bonate, and saturated aqueous sodium chloride, dried (Na,SO,), and concen- 

trated. The residue was 0-deacetylated (methanolic sodium methoxide) to give a 

quantitative yield (2.64 g) of I, m.p. 154-15.5” (from methanol-water), [(~]o +86 

(c 1, methanol); lit.” m.p. 154155”, [a],, +86” (c 1, methanol). 

Compound 1 was then used for the synthesis of 2. 

Benzyl 2-acetamido-3,6-di-O-benzyl-2-deo~y-4-0-[2,3,6-tri-O-benzyl-4-O- 
(2,3,4,6-tetra-O-benzyl-cu-D-galactopyranosyl)-~-D-gafactopyranosyl]-~-D-gluco- 
pyranoside (3). - A solution of 2 (400 mg) and 2,3,4,6-tetra-O-benzyl-cY-D-galac- 

topyranosyl chloride (725 mg) in dichloromethane (5 mL) containing 2,4,6-tri- 

methylpyridine (0.1 mL) and activated, powdered molecular sieve 4A (200 mg) 

was stirred for 0.5 h in an atmosphere of dry nitrogen. Freshly prepared silver tri- 

flate (334 mg) was then added quickly, and the mixture was stirred for 5 days in the 

dark, diluted with dichloromethane, filtered, washed successively with water, 

aqueous 10% sulphuric acid, saturated aqueous sodium hydrogencarbonate, satu- 

rated aqueous sodium chloride, and water, dried (Na2S04), and concentrated. The 

residue was eluted from silica gel (15 g) with ethyl acetate-hexane (1: l), to give 

amorphous 3 (513 mg, 82%), [o]o +59” (c 1.5, chloroform). N.m.r. data: ‘H, 

6.25-7.12 (m, 50 H, 10 Ph), 1.72 (p) and 1.62 (a) (2 s, 2 NAc, cr:p-ratio, 8:l); 13C, 

97.1 (C-la), 100.5 (C-lo), and 102.8 p.p.m. (Cl-@, broadened by C”-1p). Mass 

spectrum: m/z 1447 (M + 1) and 1464 (strong, M + 18). 

Anal. Calc. for C90H95NOlh: C, 74.71; H, 6.61; N, 0.96. Found: C, 74.57; H, 
6.68; N, 0.95. 

O-a-D-~a~actopyranosyl-(~~4)-O-~-D-gaiactopyranos)~l-(~~4)-2-acetami- 

do-2-deoxy-cw-D-glucopyranose (4). - A solution of 3 (400 mg) in acetic acid (5 

mL) was hydrogenolysed in the presence of 10% PdiC (300 mg) for 2 days, filtered, 

and concentrated. Crystallisation of the residue gave 4 (109 mg, 72%), m.p. 179- 

180” (de.; from methanol-acetone), [(~]o +68-+ +72” (c 0.36; methanol-water, 

9:l; 18 h). ‘H-N.m.r. data (D20, external Me,Si): 5.68 (d, 1 H, JI,Z 2 Hz, H-la), 

5.42 (d, 1 H, J,,,,Y 3 Hz, H”-la), 5.00 (d, 1 H, J,,,2, 9 Hz, H’-l/3), and 2.52 (s, 3 H, 

AC). 

Anal. Calc. for C2aH3sNO16 . 2 H,O: C, 41.33; H, 6.76: N, 2.40. Found: C, 

41.33; H, 6.31; N, 2.41. 

Ally1 2-acetamido-3,6-di-O-benzyl-2-deoxy-4-0-(2,3,4,6-tetra-O-acetyl-~-D- 
galactopyranosyl)-P-D-glucopyranoside (6). - A suspension of ally1 2-acetamido- 

3,6-di-O-benzyl-2-deoxy-P_D-glucopyranoside (I .764 g) in benzene (20 mL) con- 

taining mercuric cyanide (2.016 g) and mercuric bromide (144 mg) was heated at 
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W” in an atmosphere of dry nitrogen. A freshly prepared solution of 2,3.-l,&tetra- 

O-acetyl-cY-D-galactopyranctsyl bromide (3.1”) g) in henzcnc ( IO ml.) was then 

added dropwise during I h and the mixture was boiled under reflus oicrnight. The 

cooled mixture was filtered. washed aucces%ively with aqueou+ IO’! potassium 

iodide, aqueous 1 O’% sodium hydroguncarbon~lte. and uater-. dried (Nrt,SO,). anti 
concentrated. The residue was O-deacztylaied (methanolic sodium mrthoxidt‘). 

and eluted from silica gel ( 100 g) with chloroform-rnet~~~l~~)J (11_‘:?) 10 give the di- 

saccharide derivative 5 (5.12 mg, XXC;) as a hyproscopic powder, [cr],, I i-1” (C 0.3. 

chlol-oform). Acctylation (acetic anhydride-pyridInc’~ of &t porti\,rl 1 tiN) mg) ga\e 

syrupy 6 (l1Y mg, Y3c; ). [ ] (Y c) --21” ((’ 1. chloroform). ‘Ii-N.m.i.. d:lt;+: ii 7.j.; (m. 

10 H, 2 Ph). 6.02 (d. I H,fY Hz, NH), and ?.I&I.03 (!i s. I3 14. 5 AC). 

‘4 Ilk-1 .?-mcetumicic~-.~,h-cii-0-hrr~;,yl-3-0-(4,6-O-I~~~t~~~~litlf~t~~~-~~-1~~-~~~11~~~~10/7~- 

rurzo.sy/)-,7-duox~-~-I~-~~lirc~~pyrntrosidc (9). ---~ A suspension of 5 ( I .MO g) in hen- 

zaldehyde (IS mL) containing anhydrous. powdered /inc chloride ( I g) was shaken 

overnight at room temperature and then diluted with di-isopropyl ether (100 mL). 

The precipitate was collected and cry~tallised twice from e~h),i ,icct;lte to g~vc 9 

(075 mg. 8157 ), m.p. 3).3--204”. IN],) ---3S.3L (C 1, methanol). 

kIlnu/. Calc. for C~3xHliNOl ,: C’. 65.17; I-f, 6.61: N. 7.01): 0. 7h.JS Found: C, 

Allyi 2-acctarnido-S,h-di-O-bf~nz~l-2-def~x~-4-~)-!,,.~ f ’ ‘- li-O-herr~ \‘l-js-I>-galflc- 

t~jp~r~~r~ft.~~l)-~-n-glu~op~rrino.sii~f~ (7). -- A solution of 9 (3% mg) in N.S-di- 

methylformamide (I:i mL) was stirred at room temperature in tht: pracncr of 

freshly distilled benzyl bromide (0.3 ml,). barium oxidc (1.36 g). and barium !I!- 

droxide octahydrate (0.35 g). More henzyl bromide (0.3 mL) \\a\; ~rtidcd after 2 and 

3 days. After 5 days, the large Excel of hznzyl bromide w;i\ di’\t~-r)yeci with 

methanol (5 mL,). and the mixture was diluted with chloroform. \\a\hccl succes- 

sively with ice-cold 50% aqueous acetic acid. Lvater, saturated ayu~ou~ sodium hy- 

drogencarbonate, and water. dried (NaLSO.,), :rnd concentrated. A sctlulwn of the 

residue in aqueous 7iM acetic acid (20 mL.) was kept for ?i! min dt I!Ki’. i~oolcd. 

and concentrated. and the residue was eluted from silica gel (24 g) with chloro- 

form-methanol (1Y: 1) to give 7 (171 mg. 70’; ). m.p_ lb?-IW (from ethyl acc- 

tare). (~1~) + 16” (C I. chloroform). IF-I-N.m.r. data: 6 7..30--7.20 (m. I!!J H. -1 Ph). 

6.15 (d. I H./X Hz. NH). 3.92 (s. 1 H. OH). and I.%()(<. 3 ti. Aij. 
,4nnl. Calc. for CJ5H~,NCIIr: C‘. 6R.W: H. 6.X!: N. !.7R. Founti: C‘. hY.13: H. 

6.X1 ; N. 1.78. 

A IlJl ~-c~c.f~trrtt~idn-4-o-(6-()_hrnzo~~l-,7..~-fii-O-~et~~s1-~-I~-~filuctop~rut~f~- 

.~~I)-3,6-fii-O-hctz~~f-2-rleo.r~-~-r~-g/n~f~~~~rrno.rici~ (sj. ~- A solution of 7 (13 ,e) in 

dichloromethane (-to mL) and pyridine (IO ml<) was stirred for S h at rocm tcmper- 

ature in the presence of benzoyl cvunide (,700 mg). After destru~~ti~~n 01 the csccss 

of benzoyl cyanide with methanol (70 mL), the mixture was concent~ateci and the 

residue was eluted from silica gel (100 g) with ethvl acct:ar~--hesanc 1.1: 1 ). to give 
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8 (2 g, 88%), m.p. 114-115” (from ethyl acetate-hexane), [a]o +14” (c 1, chloro- 

form). ‘H-N.m.r.data:67.97-7.25(m,25H,5Ph).5.86(d,lH,J9Hz,NH),2.46 

(s, 1 H, OH), and 1.80 (s, 3 H, AC). 

Anal. Calc. for Cs2Hs7NO12: C, 70.33; H, 6.47; N, 1.57. Found: C, 70.10; H, 

6.70; N, 1.39. 

Ally1 2-acetumido-4-0-[6-0-benzoyl-2,3-di-O-be~zyl-4-O-(2,3,4,6-tetra-O- 
benzyl-cu-D-guluctopyrunosyl)-~-D-guluctopyrunosy1]-3, 6-di-0-benzyl-2-deoxy-B-D- 
glucopyrunoside (10). - A solution of 8 (150 mg) and 2,3,4,6-tetra-O-benzyl-a-D- 

galactopyranosyl chloride (283 mg) in dichloromethane (2 mL) containing 2,4,6-tri- 

methylpyridine (0.1 mL) and activated, powdered molecular sieve 4A (100 mg) 

was stirred for 0.5 h in an atmosphere of dry nitrogen. Freshly prepared silver tri- 

flate (130 mg) was added quickly, the mixture was stirred for 5 days in the dark, di- 

luted with dichloromethane, filtered, washed successively with water, aqueous 

10% sulphuric acid, saturated aqueous sodium hydrogencarbonate, saturated 

aqueous sodium chloride, and water, dried (Na$O,), and concentrated. Elution of 

the residue from silica gel (15 g) with ethyl acetate-hexane (1 :l) gave crude, 

amorphous 10 (186 mg, 78%), [a],, +27” (c 1.2, chloroform). ‘H-N.m.r. data: 6 

7.90 (dd, 2 H, Bz), 7.15-7.25 (m, 45 H, 9 Ph), and 1.70 (s, 3 H, AC). Compound 

10 (830 mg) was 0-debenzoylated (methanolic sodium methoxide) and the product 

was eluted from silica gel (50 g) with ethyl acetate-hexane (2: 1) to give, first, the 

p isomer 13 (60 mg, 8%), [(Y]~ +16” (c 1.2, chloroform). ‘H-N.m.r. data: 6 7.25- 

7.15 (m, 40 H, 8 Ph) and 1.80 (s, 3 H, AC). 

Anal. Calc. for C79H87N01e: C, 72.62; H, 6.71; N, 1.07. Found: C, 72.38; H, 

6.54; N, 1.06. 

Further elution gave syrupy 11 (676 mg, 88%), [(Y],, +30” (c 1, chloroform). 

‘H-N.m.r. data: 6 7.25-7.20 (m, 40 H, 8 Ph) and 1.70 (s, 3 H, AC). 

Anal. Calc. for C79H87N016: C, 72.62; H, 6.71; N, 1.07. Found: C, 72.24; H, 

6.68; N, 1.25. 

2-Acetumido-3,6-di-0-benzy1-2-deoxy-4-0-[2,3-di-0-benzy1-4-0-(2,3,4,6- 
tetru-O-benzyl-a~-gufuctopyrunosyl)-~-D-guluctopyrunosyl]-D-g~ucopyrunose (12). 
- A solution of 11 (500 mg) in dimethyl sulfoxide (5 mL) containing potassium 

tert-butoxide (150 mg) was heated for 1 h at 100” in an atmosphere of dry nitrogen. 

After the usual work-up, the residue was dissolved in acetone-water (9: 1, 10 mL), 

M hydrochloric acid (2.5 mL) was added, the mixture was boiled under reflux for 

2 h, cooled, and diluted with water, and the acetone was distilled off. The aqueous 

mixture was then extracted with chloroform, and the extract was washed with satu- 

rated aqueous sodium hydrogencarbonate and water, dried (Na,SO,), and concen- 

trated. The residue was eluted from silica gel (30 g) with ethyl acetate-acetone 

(4:1), to give amorphous 12 (338 mg, 70%), [&II, +47” (c 1.3, chloroform). ‘H- 

N.m.r. data: 6 7.3G7.20 (m, 40 H, 8 Ph), 5.70 (d, 1 H, J 8 Hz, NH), and 1.72 (s, 

3 H, AC). 

Anal. Calc. for C&Hs3NO16: C, 72.07; H, 6.60; N, 1.10: Found: C, 72.02; H, 

6.76; N, 1.06. 

Hydrogenolysis (10% Pd/C) of 12 gave 4 described above. 
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