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SYNTHETIC COMMUNICATIONS, 26(15), 2857-2862 (1996) 

SYNTHESIS OF THE IMMUNODOMINANT TRISACCHARIDE RELATED TO 

THE ANTIGEN FROM E. COLl0126 

Anup Kumar Misra, Sumanta Basu, Nirmolendu Roy* 

Department of Biological Chemistry, 
Indian Association for the Cultivation of Science, 

Jadavpur, Calcutta 700 032. 

ABSTRACT : The trisaccharide derivative methyl 2-0-[4,6-di-O-acetyl-3-0- 
(2,3,4,6-tetra-O-benzyl-a-D-gal-actopyranosyl)-2-deoxy-2-phthalimido-~-D-gIuco- 
pyranosyl]-4,6-O-benzylidene-p-D-mannopyranoside (1 2) was obtained when 3- 
0-(2,3,4,6-tetra-O- benzyl-a-D-galactopyranosyl)-4,6-di-O-a~tyl-2-deoxy-2-phtha- 
limido-P-D-glucopyranosyl trichloroacetimidate (8) was allowed to react with 
methyl 3-0-benzyl-4,6-O-benzylidene-~-D-mannopyranoside (1 1) in presence of 
trimethylsilyl triflate. Removal of protecting groups then gave the desired 
trisaccharide. 

The enteropathogenic strains of E. coli are known to be associated’ with 
infantile diarrhoea which is one of the major cause of illness and death among 

children in tropical countries. Serotypes from diarrhoea1 diseases are largely 

specific to the host-species in which the disease occurs.2 The precise diagnosis 

based on 0-serotyping is possible only when we could explore the detailed 

structural features of the 0-specific polysaccharide (0-SP) of the 

lipopolysaccharide isolated from appropriate strains. 

The structure of the 0-SP from the enteropathogenic strain of E. coli 0126 

have already been known3 and the specificities of the polyclonal antiserum 

against this 0-SP 0126 were also determined.4 In the light of increasing drug 
resistance of pathogenic bacterial infections the selective chemical synthesis of 

the immunodominant block of the 0-antigens has gained considerable interest. 
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2858 KUMAR MISRA. BASU, AND ROY 

This will help to study the potential of synthetic antigens for precise diagnosis and 

protection. In this communication we report the synthesis of the imrnunodominant 

sugar block of E. coli 0126 antigen. 

Ally1 2-deoxy-2-phthalirnido-p-D-gluc~pyranoside~ (1) was allowed to react 

with benzaldehyde dirnethylacetal in presence of Toluene p-sulfonic acid in 

acetonitrile6 to give allyl 4,6-0-benzylidene-2-deoxy-2-phthalimido-p-D- 

glucopyranoside (2) as crystals in 70% yield. Ethyl 2,3,4,6-tetra-O-benzyI-l-thio- 

p-D-galactopyranoside7 (3), prepared from galactose, was allowed to react with 

the acceptor 2 in the presence of copper(l1) bromide and tetrabutylarnrnonium 

bromide8 to afford the disaccharide allyl 4,6-O-benzylidene-3-0-(2,3,4,6-tetra-O- 

benzyl-a-D-galactopyranosyl)-2-deoxy-2-phthalimido-p-D-gIucopyranoside (4) in 

74% yield. Debenzylidenation of 4 with 85% acetic acid9 followed by acetylation 

of the diol, gave allyl 4,6-di-O-acetyI-3-0-(2,3,4,6-tetra-O-benzyl-a-D- 

galactopyranosyl)-2-deoxy-2-phthalirnido-p-D-glu~pyranoside (6) in quantitative 

yield. Compound 6 was deallylatedlo with palladium(ll) chloride and sodium 

acetate, and the resulting herniacetal(7),on treatment with trichloroacetonitrilel 

and potassium carbonate in dichloromethane gave the donor 4,6-di-O-acetyl-3-0- 

(2,3,4,6-tetra-0-benzyl-a-D-galactopyranosyl-2-deoxy-2-phthalimido-p-D-glucopy- 

ranosyl trichloroacetirnidate (8) donor in 69% yield. 

NPhth BnO 

SEt 
R1 

1. R,=R*:H 
2. R1,Rz :PhCH 

3 

In a separate experiment, methyl 3-0-benzyl-4,6-0-benzylidene-p-D- 

glucopyranosidel2 (9) was oxidisedl with dimethyl sulfoxide-acetic anhydride to 

give the corresponding 2-keto compound 10 which was reduced with NaBH413 to 
give methyl 3-0-benzy1-4,6-O-benzylidene-~-D-mannopyranoside (11) in 70% 

yield. 
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IMMUNODOMINANT TRISACCHARIDE 2859 

The donor 8 and the acceptor 11 were then allowed to react in the presence of 

trimethylsilyl triflate14 to afford the trisaccharide derivative methyl 2-0-[4,6-di-0- 

acetyl-3-0-(2,3,4,6-tetra-~benzyl-a-D-gala~opyranosyl)-2-deoxy-2-phthalimido- 
~-D-glucopyranosyl]-4,6-O-benzylidene-~-D-mannopyranoside (12) in 54% yield. 

Removal of benzyl groups from 12 followed by treatment of the product with 

hydrazine hydrate gave a free amine which was N-acetylated giving the desired 

methyl 2-0-[3-O-(a-D-galactopyranosyl)-2-acetamido-2-deoxy-~-D-glucopyrano- 

syll-p-D-mannopyranoside (13). The trisaccharide 13 was characterised by its H 

and 13C NMR spectra. 

O M  Me 
R1 

9. Rq=OH;Rz=H 
11. R1=H ; Rz=OH 12. R1 =NPhth ,R2=Bn;R3=Ac ,R&=PhCH 

13. RI=NHAc ; R ~ = R ~ = R ~ = R S = H  

EXPERIMENTAL 

General- The general methods are the same as used p rev i~us l y~~ .  

Preparation of 2.- A solution of I (1.80 g, 5.15 mmol) in dry MeCN (20 mL) 

was stirred with MS 3A (2 g) for I h  at r.t. Benzaldehyde dimethylacetal (1.93 mL, 

12.6 mmol) and pTsOH (50 mg) were added, and the mixture was stirred for 24h 

at r.t. It was then neutralised with Et3N (500 pL), filtered through celite and 

concentrated. Column chromatography (4: 1 toluene-EtOAc) afforded pure 2 (1 5 8  

g, 70%) which crystalised from EtOH; mp 179-180°C; [a10 -28.6" (c 0.9, CHC13). 

'H NMR:6 5.34 (d, J1,2=8.O Hz, IH, H-I), 5.58 (s, IH, PhCH). 5.76 (m, IH, 
CH~CKCHZ) ,  7.32-7.92 (m, 9H, Ph & Phth). Anal. Calcd. for C24H2307N: C, 

65.89; H, 5.30. Found: C, 65.67; H, 5.52. 

Preparation of 4.- To a flask containing CuBr2 (1.45 g, 6.50 mmol), Bu4NBr 

(217 mg, 0.67 mmol) and MS 4A (10 g) was added a solution of 3 (3.15 g, 5.39 

mmol) and 2 (1.47 g, 3.36 mmol) in 5: l  1,2-dichloroethane-DMF (96 mL) and the 

mixture was stirred vigorously under argon at 24°C for 72h. The contents were 
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2860 KUMAR MISRA, BASU, AND ROY 

filtered through celite and diluted with CH2C12. The organic layer was washed 

successively with water, aq. NaHC03 and water, dried (Na2S04) and 
concentrated. The residue was chromatographed with 60:l toluene-Et20 giving 4 

I ) ,  5.36 (s, IH, PhCH), 5.18 (d, J19,2'=2.0 Hz, IH, H-I'), 5.76 (m, IH,  CH2=CK 

CH2), 7.24-7.86 (m, 29H, 5Ph and Phth). Anal. Calcd. for C58H57012N: C, 72.56; 
H, 5.98. Found: C, 72.32; H, 6.22. 

(2.38 g, 74%); [U]D +26.5" (c 1.6, CHC13). 1H NMR: 6 5.34 (d, J1.2~7.8 Hz, IH, H- 

Preparation of 6.- Compound 4 (2.20 g, 2.29 mmol) in 85% AcOH (40 mL) was 

stirred at 90°C for 2h. The solvent was removed under vacuum and the residue 
was co-evaporated with toluene to give 5 in quantitative yield. Acetylation of 5 
with Ac2O and pyridine gave 6 in quantitative yield; [U]D +33.8" (c 0.4, CHCI3). l H  
NMR: 6 1.78, 2.12 (2s, 6H, 2CH3CO), 5.13 (d, J1,2=8,O Hz, IH,  H-I), 5.04 (d, 
J11,21=1.5 Hz, IH,  H-l'), 5.74 (m, IH, CH2=CKCH2), 7.18-7.68 (m, 24H, 4Ph and 

Phth). Anal. Calcd. for C55H57014N: C, 69.09; H, 6.01. Found: C, 68.85; H, 6.27. 

Preparation of 8.- A mixture of 6 (1.30 g, 1.36 mmol), PdC12 (194 mg, 1.09 

mmol), NaOAc.3HpO (770 mg, 5.58 mmol) in 20:l AcOH-H20 (32 mL; v/v) were 
stirred at 20°C for 18h. The reaction mixture was filtered through celite and 

concentrated to dryness. The product was dissolved in CH2CI2 and washed in 

succession with water, aq. NaHC03 and water, dried (Na2S04), and 

concentrated to a syrup. Column chromatography with 10: 1 toluene-EtOAc gave 

compound 7 (0.97 g, 78%) as a colourless syrup. To a solution of 7 (522.5 mg, 

0.57 mmol) in CH2C12 (6 mL) was added CCI3CN(1.14 mL, 11.4 mmol) and 

K2CO3 (2.85 g) and stirred at 20°C for 10h. The reaction mixture was then filtered 
through celite and concentrated to a syrupy mass. Column chromatography with 
12:l toluene-EtOAc gave 8 (0.40 g, 69%) as a colourless syrup; [ a ] ~  +39.5" (c 

H-I), 5.03 (bs, IH, H-l'), 7.18-7.57 (m, 24H, 4Ph and Phth), 8.57 (s, IH, 

OCNHCC13). Anal. Calcd. for C54H53OI4N2Cl3: C, 61.16; H, 5.04. Found: C, 
61.01; H, 5.27. 

1.6, CHC13). 'H NMR: 6 1.79, 2.15 ( 2 ~ ,  6H, 2CH3CO), 5.22 (d, J1,2=7.5 Hz, IH, 

Preparation of 11.- To a solution of 9 (2.38 g, 6.60 mmol) in Me2SO (40 mL) 

was added 1:2 AcpO-Me2SO (80 mL, v/v) and the mixture was stirred for 16h at 

r.t. The solvents were removed by evaporation under reduced pressure when the 
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IMMUNODOMINANT TRISACCHARIDE 286 1 

keto compound 10 (2.10 g) was obtained as a solid mass. To a solution of this 

product in 1:l CH2C12-MeOH (120 mL), NaBH4 (10 g) was added and the mixture 

was stirred at 5-10°C for 5h. The reaction mixture was concentrated in vacuo and 

diluted with CH2C12 (150 mL). The organic layer was washed in succession with 

5% citric acid solution, aq. NaHC03 and water, dried (Na2S04) and concentrated 

to a solid mass. Column chromatography using toluene-Et20 gave pure 11 (1.66 

g, 70%) together with some gluco-isomer. The compound 11 was crystallised 

from EtOH, mp 113-114°C; [aID -26.12" (c 1.0, CHC13). 1H NMR: 6 3.56 (s, 3 H ,  
OCHs), 4.42 (d, J1,2=2.0 Hz, IH, H-I), 4.83 (dd, 2H, PhCHZ), 5.63 (s, IH,  PhCH), 

66.52; H, 6.85. 

7.4 (m, IOH, 2Ph). Anal. Calcd. for C20H2406: C, 66.65; H, 6.71. Found: C, 

Preparation of 12.-A mixture of 8 (266.8 mg, 0.26 mmol), 11 (188 mg, 0.52 

mmol) and MS 4A (1 .O g) in CH2C12 (5 mL) was stirred and cooled to -40°C. After 

Ih ,  a solution of trimethylsilyl triflate (107 pL, 0.5 mmol) in CH2CI2 (2 mL) was 

added and the mixture was stirred for 3.5h. Pyridine (1 mL) was then added and 

the mixture was filtered through celite, concentrated and co-evaporated with 

toluene (3x5 mL) and EtOH (2x5 mL). A solution of this residue in CHzCl2 (25 

mL) was washed with water, aq. NaHC03 and water in succession, dried 

(Na2S04) and concentrated. Column chromatography of the residue with 8: l  

toluene-Et20 gave pure 12 (356.7 mg, 54%) as a colourless syrup; [ a ] ~  -20.7' (c 

0.6, CHC13). NMR: 6 1.79, 2.07 (2s, 6H, 2CH3CO), 3.37 (s, 3H, OCHs), 4.34 

5.65 (s, IH,  PhCH), 7.17-7.63 (m, 34H, 6Ph and Phth). 13C NMR: 6 20.67 (2C, 

2CH3CO), 56.78 (OCH3), 98.78 (C-I"), 99.76 (C-l'), 101.38 (PhCH), 101.89 (C- 

I ) ,  122.6-138.99 (aromatic carbons), 167.68-170.71 (4C, 2COCH3 and 2CO of 

Phth).Anal. Calcd. for C73H75019N: C, 69.01; H, 5.95. Found: C, 68.79; H ,  6.18. 

(d, J1,2=3.O HZ, IH, H-I), 5.02 (bs, IH, H-I"), 5.36 (d, J11 ,~8.4  Hz, IH,  H-l'), 

Preparation of  13.-A solution of 12 (1 70 mg, 0.13 mmol) in acetic acid (1 0 mL) 

was hydrogenolised using 10% Pd-C (100 mg) for 48h at room temparature. The 

reaction mixture was filtered through a celite bed and dried. To a solution of the 

dry mass in ethanol (10 mL) hydrazine monohydrate (4 mL) was added and 

stirred at 70°C for 2h. The reaction mixture was concentrated and co-evaporated 

with toluene (2x10 mL) and ethanol (2x10 mL). The residue was treated with 

pyridine (1.5 mL) and Ac20 (2.0 mL) for 3h at room temparature. The reagents 
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2862 KUMAR MISRA, BASU, AND ROY 

were then removed in the usual way to afford a syrupy mass which was then 
treated with 0.05M NaOMe (3 mL) for 3h. The reaction mixture decationized with 
Dowex 50W (H+) resin, filtered and dried to yield a glassy solid (49.2 mg,67%); 
[u]D +14.2" (C 1.09, H20). H NMR: 6 1.87(s, 3H, NHCOCH3), 3.34 (s, 3H, 
OCH3), 4.37(bs, lH ,  H-I), 4.60 (bs, lH,  H-1"), 5.23(bs, IH, H-1'). 13C NMR: 6 

22.16 (CHSONH), 53.88, 55.34, 56.54 (OCH3), 59.95, 60.55, 66.90, 67.93, 

100.67 (C-l'), 100.95 (C-I) and 174.30 (NCH3CO). Anal.Calcd. for C2qH27016N 

:C, 45.90; H, 4.95. Found: C, 45.78; H, 5.08. 

1 

68.47, 68.73, 69.94, 70.25, 71.67, 74.84, 75.88, 76.70, 78.72, 98.56 (C-1"), 
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