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Streptococcus pneumoniae type 19A polysaccharide. Synthesis of the tri- 
saccharide component of the repeating unit 
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Recently’ the structure of the type 19A capsular polysaccharide has been 

reinvestigated; the polysaccharide is linear and can be represented by the repeat- 

ing unit, -+4)-~-D-ManpNAc-(l--+4)-cu-~-Glcp-( l-+3)-a-L-Rhap-( l-PO;+. We de- 

scribe herein the synthesis of the trisaccharide component of the repeating unit of 

Streptococcuspneumonine type 19A starting from 4-U-(2-acetamido-6-O-acetyl-3,4- 

di-O-benzyl-2-deoxy-P-D-mannopyranosyl)-6-O-acetyl-2-O-benzyl-cu-D-glucopyra- 

nosylbromide (l), which we have recently employed? for the synthesis of the tri- 

saccharide repeating unit of Streptococcus pneumoniae type 19F. Condensation of 

the a-bromide 1, contaminated by 1.5% of its 3-0-acetyl derivative’ 2. with benzyl 

2,4-di-O-benzyl-cu-L-rhamnopyranoside3 (3) in the presence of the promoters 3: 1 
mercury(I1) cyanide-mercury(I1) bromide in dichloromethane yielded benzyl O-(2- 

acetamido-6-O-acetyl-3,4-di-U-benzyl-2-deoxy-~-D-mannopyranosyi)-( I-4)-O-(6- 

0-acetyl-2-0-benzyl-cr_D-glucopyranosyl)-( 1+3)-2,4-di-O-benzyl-cu-L-rhamnopy- 

ranoside (4), in mixture with its 3’-acetate 5. This mixture was isolated in -31% 

yield. As unreacted 3 was recovered in 42% yield, the yield of the condensation 

reaction was -54%. 

The U-D configuration of the glucopyranosyl residue bond was ascertained by 

‘H-n.m.r. spectroscopy. The spectrum of the glycosylation mixture exhibited two 

doublets, one at 6 5.10 (Jir,L, 3.5 Hz) for H-l’ of the 3’-OH free derivative 4, and 

one at 6 5.14 (J,.,2, 3.5 Hz) for the same H-l’ of the 3’-OAc compound 5, in a 3: I 
ratio; the coupling constants were indicative of an equatorial-axial coupling. The 

p-D anomer could not be detected either by chromatography or ‘H-n.m.r. spectros- 

copy, showing that the condensation reaction had proceeded with complctc CY 

stereoselectivity. 

The glycosylation mixture was acetylated to yield benzyl 0-(Zacetamido-h- 
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CR’ =Bn,R2=H,R3=Ac 
68” 

2 R’ = En.R’= Rx= AC 
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6 R’= H, R*- R% AC (,x,/3) 

7 R’ = R2= Rx= H (a$) 

O-acetyl-3,4-di-O-benzyl-2-deoxy-~-~-mannopyranosyl)-(l~4)-O-(3,6-di-O-ace- 

tyl-2-0-benzyl-a-D-glucopyranosyl)-(1~3)-2,4-di-O-benzyl-cY-L-rhamnopyranoside 

(5). In this case, the ‘H-n.m.r. spectrum showed only one doublet at d 5.14 (J 3.5 

Hz) for H-l’. The protecting benzyl groups were cleaved off by hydrogenolysis on 

palladium-charcoal to afford the 3’,6,6’-triacetylated trisaccharide 6 as an a,/3 

anomeric mixture. Again ‘H-n.m.r. spectroscopy indicated an a-D configuration 

for the glucopyranosyl residue; in the ‘H-n.m.r. spectrum of 6, irradiation of the 

triplet at S 5.31 (19.5 Hz) corresponding to H-3’, caused a collapse to a doublet (J 

4 Hz) of the double doublet at 6 3.63 (7 4 and 9.5 Hz) which, therefore, could be 

attributed to H-2’. On subsequent irradiation of this last resonance, the doublets at 

S 4.98 and 5.03 having equatorial-axial coupling constants of 4 Hz collapsed to two 

singlets and so could be assigned to H-l’. The triacetate 6 was finally deacetylated 

by Zempltn’s procedure4 to give the desired trisaccharide 7. 

EXPERIMENTAL 

General methods. - Optical rotations were measured with a Perkin-Elmer 

241 polarimeter. ‘H-n.m.r. spectra were recorded with a Varian XL-200 spectro- 
meter for solutions in (2H)chloroform containing Me,Si as an internal standard, 

unless otherwise stated. Analytical t.1.c. was performed on Merck 60 F, Silica gel 

plates (0.25 mm thickness), and the spots were detected either by U.V. irradiation 

or by spraying with 50% aqueous H,SO, and heating at 110” for 5 min. Column 
chromatography was performed on Merck 60 Silica gel (70-230 mesh). Evaporation 

under reduced pressure was always effected with the bath temperature kept <40”. 
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Benzyl 0-(2-acetamido-6-O-acetyl-3,4-di-O-benzyl-2-deo~~y-~-~-mannopyra- 

nosyl)-(Z~4)-0-(3,6-di-O-acetyl-2-O-benzyt-~-~-glr*copyrano.~_~l)-~l~-?)-2,4-di-0- 

benzyl-a-L-rhamnopyranoside (5). - A mixture of benzyl 2,4-di-O-benzyl-a-t- 

rhamnopyranoside” (3, 103 mg), powdered molecular sieves 4A, Hg(CN), (60 mg), 

and HgBr, (29 mg) in dry dichloromethane (10 mL) was stirred in the dark under 

Ar for 1 h at room temperature. A solution of the bromide 1 (190 mg) in dry 

dichloromethane (10 mL) was added dropwise at -40”. The mixture was kept at 

room temperature under stirring for 2 days, and then was filtered through Celite 

and evaporated in vacua. The crude mixture (240 mg) was chromatographed on a 

Silica gel column with 4: 1 (v/v) benzene-ethyl acetate. Unreacted 3 (43 mg) was 

eluted first, and then the Lu-glycosylation products 4 and 5 (85 mg. 31% yield), 

followed by a complex mixture of more polar compounds (96 mg), in which a 1 -OH- 

free tetrasaccharidc originating by self condensation was probably present; this 

mixture was not further investigated; R, (3:2 benzene-ethyl acetate), 0.61 (4), 0.52 

(5); ‘H-n.m.r. (4): 6 1.17 (d, 3 H, J 6 Hz, CH,), 1.90, 1.99, and 2.08 (3 s, 9 H, 2 

OAc and 1 NAc), 3.47 (dd, 1 H, J,,,,, 3.5, J2S,3S 10 Hz, H-2’), 3.3-4.3 (m, 14 H, 
H-2,3,4,5,3’,4’,5’,6’,6’,3”,4”,5”,6”,6”), 4.54 (d, 1 H, J,,<,Y 1.5 Hz, H-l”), 4.80 (d. I 
H, J,,, 1.5 Efz, H-l), 4.35-4.95 (m, 12 H, 6 CH,Ph), 4.98 (ddd, 1 H, J,Sr,2,, 1.5, J?,,,iSS 

4.0, JYNH 9.5 Hz, H-2”), 5.10 (d, 1 H, J,,.,. 3.5 Hz, H-l’), 5.57 (d. 1 H. JZ.,,NH 9.5 

Hz, NH), 7.10-7.40 (m, 30 H, 6 Ph). 

The mixture of 4 and 5 (75 mg) was dissolved into dry pyridine (0.5 mL) and 

treated with acetic anhydride (0.25 mL). After 18 h at room temperature, the solu- 

tion was repeatedly evaporated in VLICUU with toluene to yield 73 mg of the tri- 

acetate 5, [olt$” -3” (c 2.6, chloroform); ‘H-n.m.r.: 6 1.28 (d, 3 H, J 6 Hz, CH,), 

1.92, 1.99, 2.00, 2.02 (4 s, 12 H, 3 OAc and 1 NAc), 3.3-4.3 (m, 14 H, H- 

2,3,4,5,2’,4’,5’,6’,6’,3”,4”,5”6”,6”), 4.54 (d, 1 H, J,..,Y 1.5 Hz, H-l”), 4.85 (d, 1 H, 

Jt,? 1.5 Hz, H-l), 4.35-5.05 (m, 13 H, 6 CH,Ph and H-2”), 5.14 (d, 1 H, JlS,2S 3.5 

Hz, H-l’), 5.53 (t, 1 H, J 9.5 Hz, H-3’), 5.56 (d, 1 H, J2”.NH 9.5 Hz, NH), 7.10-7.40 
(m, 30 H, 6 Ph). 

Anal. Calc. for C,,H,,NO,,: C, 68.27; H. 6.49; N, 1.17. Found: C, 68.12; H, 
6.54; N, 1.29. 

0-(2-Acetamido-6-O-acetyl-2-deo~y-P_ID,6-di- 

O-acetyl-a-D-glucopyranosyl)-(1--t3)-cu,P-L-rhamnopyranose (6). - The trisacchar- 

ide 5 (60 mg) was dissolved into methanol (10 mL), treated with Pd-C (lo%, 20 

mg), and shaken under an H, atmosphere for 18 h. The catalyst was filtered off and 

the solvent evaporated in vacua to yield 6 (29 mg) as an anomeric cr,p-mixture, 

[a&$” t-44” (C 1.5, methanol), RF 0.52 (6:2:1 ethyl acetate-2-propanol-water); ‘H- 

n.m.r. (CD,OD, one drop D,O): 6 1.27 (d, 2.55 H, J 6 Hz, CH,-a), 1.31 (d, 0.45 H, 

CH,-P), 2.03 (s, 3 H, NAc), 2.09, 2.12, and 2.13 (3 s, 9 H, 3 OAc), 3.63 (dd. 1 H, 
J 1’,2’ 3.5, J2’,3, 9.5 Hz, H-2’), 3.2-4.4 (m, 13 H. H-2,3,4,5,4’,5’,6’,6’,3”,4”,5”.6”,6”), 
4.42 (dd, 1 H, J,.,,.. 1.5, JYY 4.5 Hz, H-2”), 4.63 (d, 1 H, J,,,,,. 1.5 HZ, H-l”), 4.71 

(br. s, 0.15 H, H-l-P), 4.98 (d, 0.85 H, J,,,,, 4 HZ, H-l’-a), 5.03 (d, 0.15 H, J,,.,, 4 

Hz, H-I’+), 5.04 (d, 0.85 H, J,,2 1.5 Hz, H-l-a), 5.31 (t, 1 H, J9.5 Hz, H-3’). 
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Anal. Calc. for C,,H,,NO,,: C, 47.63; H, 6.30; N, 2.14. Found: C, 47.32; H, 

6.44; N, 2.11. 
O-(2-Acetamido-2-deoxy-P_D-mannopyranosy~)-(I~4)-O-c~-D-glucOpyrano- 

syE-(l-+3)-a$-L-rhamnopyranose (7). - The anomeric mixture of 6 (29 mg) was 

dissolved into methanol (10 mL) and a 1% sodium methoxide solution (0.1 mL) 

was added. After 18 h under stirring, the solution was neutralized with Dowex 50 

(H+) cation-exchange resin. The resin was filtered off and the solvent was evapo- 

rated in vacua to give amorphous 7 (23 mg), [a];” +31” (c 0.75, water), R, 0.29 

(3:3:1 ethyl acetate-2-propanol-water); lH-n.m.r. (D,O): 6 1.11 (d, 1.95 H, J6.5 

Hz, CH,), 1.12 (d, 1.05 H, J 5.5 Hz, CH,), 1.90 (s, 3 H, NAc), 3.24.0 (m, 15 H, 

H-2,3,4,5,2’,3’,4’,5’,6’,6’,3”,4”,5”,6”,6”), 4.38 (dd, 1 H, J,, 1, JY3” 4 Hz, H-2”), 

4.66 (br. s, 0.35 H, H-l-P), 4.73 (d, 1 H, J,.,. 1 Hz, H-1”),‘4.89 (d: 0.65 H, J1f,2, 4 

Hz, H-l’-cu), 4.92 (d, 0.35 H, J,,,, 4 Hz, I&l’-@, 4.98 (d, 0.65 H, J,,, 1.5 Hz, 
H-1-a). 

Anal. Calc. for C,,H,,NO,,: C, 45.37; H, 6.66; N, 2.65. Found: C, 45.08; H, 

6.80; N, 2.49. 
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