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In the framework of our investigations on the development of synthetic vac- 
cines’, based on oligosaccharide conjugates, against infections by Streptococcus 
pneumoniue serotypes, attention has been focused on the preparation of structural 
elements of the capsular polysaccharide~of serotype 18C2 (11, being one of the 
constituents of Pneumovaxo 23. Recently, we have carried out3 the synthesis of 
the non-gly~rol-phospho~lated elements p-D-Gal&l -+ 4)-tr-D-Glcp-(1 -+ ~&CL-L- 
Rhap-OMe and at-D-Glcp-(1 -+ 2)-[~-~-Gl~p-(l-+ 4)]-~-D-Gal~-G~e, and the 
glycerol-phosphorylated elements sn-Glycerol-(3-P + 3)-p-D-Gal&I -+ 4~CY-D- 
Glcp-(1 -+ 3)-a-L-Rhap-GMe and a-D-Glcp-(1 -+ Zl-[sn-Glycerol-(IP --, ~)]-[P-D- 
Glcp-(1 --+ 4)]-P-o-Galp-OMe. 

cu-D-Glc& I--, 2) 

[ -+ 4)-P-D-Glcp-(1 -+ 4)-P-~~GaIp-(l --, 4)“a!-D-Glcp-(1 + 3)-a-t-Rhap-(1 -+ I,, 

Glycerol-1-phosphatec + 3)’ 1 (+ 1 OAc) 
For the synthesis of the non-glycerol-phosphorylated pentasaccharide repeating 

unit, a-D-Glcp-(1 -+ 2)-[P-D-Glcp-(1 + 4)]-@-D-Galp-(1 + 4)“cll-D-Glcp-(1 --) 3)-L- 
Rhap (2ap), of the capsular pol~accharide of S. p~eu~~n~e type 18C, the 
trisaccharide derivative benzyl 2,4-di-O-benzyl-3-0-[2,3,6-tri-O-benzyl-4-Q-~2,4,6- 
tri-O-acetyl-3-O-allyl-P_~-galactopyranosyl~-o-glu~p~anosyl]-~-~-rhamnop~an- 
oside3 (3) was used as a key intermediate. This intermediate offers also the 
possibility to prepare the glycerol-phosphate-containing analogue of 2. 

Deacetylation of 3 ( -+ 41, followed by be~lidenation afforded 5 (77% from 3). 
Coupling of 5 with ethyl 2,3,4,6-tetra-0-benzl-1-thio-B-D-glucopyranoside4 in ether 
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TABLE I 

500-MHz ‘H-NMR data a for pentasaccharide 2 

Proton/J G(ppm)/ J (Hz) 
o-Rha P-Rha cw-Glc’(o) b (Y-Glc’(P) b P-Gal” (Y-Glc”’ p-Glc”” 

H-l 5.153 4.863 5.081 5.107 4.655/2 c 5.338 4.672 
H-2 4.126 4.147 3.625 3.625 3.758 3.519 3.355 
H-3 3.861 3.683 3.939 3.941 3.864 3.733 3.507 
H-4 3.546 3.476 3.811 3.803 4.189 3.443 3.423 
H-5 3.906 d 3.453 d 4.128 4.110 n.d. 4.083 3.42 
CH, 1.292 1.309 - _ - _ 
J I.2 1.8 -0 3.8 3.8 8.1 3.9 8.1 

a Chemical shifts are relative to the signal of internal acetone (6 2.225 ppm in D,O). b Doubling of the 
cu-Glc’ series is due to the anomers of Rha. ’ Two chemical shift values due to the anomers of Rha. 
dAssignment of the anomeric configuration is also based on the 6 values of Rha H-5 (ref. 11). 

with methyl triflate5 as the promoter yielded the tetrasaccharide derivatives 6cx 
(50%) and 6p (26%), having the additional glucosyl unit in (Y- and p-(1 -+ 2)- 
linkages, respectively. Selective opening of the 4,6-0-benzyhdene ring of 6cy, using 
sodium cyanoborohydride-hydrochloric acid in tetrahydrofuran6, gave the corre- 
sponding 6-benzyl ether (7, 51%). Condensation of 7 with 2,3,4,6-tetra-O-acetyl-a- 
o-glucopyranosyl bromide in dichloromethane-toluene, using silver triflate as the 
catalyst at -25”, gave 8 (77%). Deallylation’ of 8 (-, 9, 61%), then deacetylation, 
and debenzylation afforded the target compound 2ap (91%). The ‘H-NMR data 
of 2, obtained by 2D COSY and 2D HOHAHA measurements, are presented in 
Table I. 
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EXPERIMENTAL 

General methods.--‘H-NMR spectra (360 and 500 MHz) were recorded at 25” 
with a Bruker HX 360 or AM 500 spectrometer (Bijvoet Center, Utrecht Univer- 
sity). 2D Double-quantum-filtered ‘H- ‘H correlation spectra (2D DQF ‘H-‘H 
COSY) were recorded in the phase-sensitive mode’, and 2D homonuclear Hart- 
mann-Hahn spectra (2D HOHAHA) with a MLEV-17 mixing sequence of 120 ms 
(ref. 9). 13C-NMR spectra (APT, 50 MHz) were recorded at 25” with a Bruker WP 
200 spectrometer. Chemical shifts (6) are given in ppm relative to the signal for 
internal Me,Si (CDCl,) or sodium 4,4-dimethyl-4-silapentane-1-sulfonate (D,O; 
indirectly to internal acetone, 6 2.225) for ‘H, and to the signal for internal Me,Si 
(CDCl,; indirectly to CDCl,, 6 76.9) or external Me,Si (D,O; indirectly to internal 
acetone, 8 31.55) for 13C. 

Column chromatography was performed on Kieselgel 60 (Merck, < 230 mesh) 
and fractions were monitored by TLC on Kieselgel 60 F254 (Merck). Detection was 
effected by charring with H,SO, after examination under UV light. Optical 
rotations were measured at 20” with a Perkin-Elmer 241 polarimeter, using a 
lo-cm 1-mL cell. In the workup procedures, washings were carried out three times 
with appropriate quantities of H,O or aq 5% NaHCO, unless indicated otherwise. 
Solvents were evaporated under reduced pressure at 40” (bath). All solvents were 
distilled from appropriate drying agents. 

Because of hygroscopicity, satisfactory elemental analyses of 2c@, 8, and 9 
could not be obtained. 

Benzyl 3-0-[4-0-(3-0-aZZyl-4,6-0-benzylidene-~-~-galactopyranosyl)-2,3,6-tri-O- 
benzy~-cu-D-g~ucopyranosy~]-2,4-di-O-benzyl-cu-L-rhamnopyranoside @).--To a solu- 
tion of benzyl 2,4-di-0-benzyl-3-0-[2,3,6-tri-O-benzyl-4-0-(2,4,6-tri-0-acetyl-3-O- 
allyl-~-~-galactopyranosyl)~-o-glucopyranosyl]-cw-~-rhamnopyranoside3 (3; 349 mg, 
0.33 mmol) in MeOH (10 mL) was added sodium methoxide to pH 10. After 
stirring for 48 h, the mixture was neutralised with Dowex-50 (H+) resin, filtered, 
and concentrated. Column chromatography (75 : 25 CH,Cl,-EtOAc) of the residue 
gave 4, isolated as a syrup. To a solution of 4 in NJV-dimethylformamide (1 mL) 
and cr,a-dimethoxytoluene (3 mL) was added p-toluenesulfonic acid (25 mg). The 
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solution was stirred overnight (TLC, 95: 5 CH,CI,-EtOAc; 5 R, 0.30), diluted 
with CH,Cl, (400 mL), washed with aq 5% NaHCO, and H,O, dried (Na,SO,), 
filtered, and concentrated. Column chromatography of the residue afforded 5, 
isolated as a glass (289 mg, 77%), [(Y],, + 17” (c 1, CHCI,). NMR data (CDCI,): 
13C, S 139.1-137.3 and 128.6-126.3 (C,H&H,O and C,H,CH), 135.0 
(H,CkCHCH,O), 117.1 (H&=CHCH,O), 103.6, 100.9 (C-l” and PhCH), 97.2, 
95.0 (C-1,1’>, 17.8 (C-6); ‘H, 6 7.412-7.166 (m, 35 H, 7 Ph), 5.459 (m, 1 H, 
H,C=CHCH,O), 5.456 (s, 1 H, PhCH), 5.309 and 5.197 (2 m, each 1 H, 
H,C=CHCH,O), 5.131 (d, 1 H, H-l’), 1.358 (d, 3 H, H-6,6,6), J,,,,, 3.5, J5,6 6.1 Hz. 

Anal. Calcd for C,H,,O,,: C, 72.64; H, 6.62. Found: C, 72.28; H, 6.62. 
Bentyl 3-0-{4-0-[3-O-aZly~-4,6-O-benzylidene-2-O-(2,3,4,6-tetru-O-ben~y~-a,~-~- 

gfucopyranosyl)~/3-D-galactopyranosyl I-2,3,6-tri-0-benzyl-a-D-glucopyranosy&2,4-di- 

0-benzyl-cu-L-rhamnopyrunoside (6@).-To a solution of 5 (537 mg, 0.46 mmol) 
and ethyl 2,3,4,6-tetra-0-benzl-l-thio-B-D-gIucopyranoside4 (542 mg, 0.93 mmol) 
in ether (20 mL), containing powdered 4A molecular sieves (1.5 g), was added 
methyl triflate5 (0.5 mL, 4.56 mmol), and the mixture was stirred for 16 h. 
Triethylamine (2 mL) was added and, after 5 min, the mixture was diluted with 
CH,Cl, (250 mL), filtered through Celite, washed with H,O, dried (Na,SO,), 
filtered, and concentrated. Column chromatography [7 : 3 light petroleum (bp 
40-60”)-EtOAc] of the residue gave 6cu, isolated as a white glass (391 mg, 5O%), 
[(Y], +52” (c 1, CHCI,), R, 0.41; and 6p, isoIated as a white glass (205 mg, 26%), 
[cY],, +21” (c 1, CHCI,), R, 0.64. NMR data (CDCI,): 6a 13C, 6 139.0-137.2 and 
128.9-126.4 (C,H,CH,O and C,H,CH), 134.9 (H,C=CHCH,O), 117.1 
(H,C=CHCH,O), 102.1, 100.9 (C-l” and PhCH), 97.2, 96.0, and 95.1 (C-l,l’,l”‘), 
18.0 (C-6); ‘H, 6 7.443-7.055 (m, 55 H, 11 Ph), 5.956 (m, 1 H, H,C=CHCH,O), 
5.471 (s, 1 H, PhCH), 5.312 (d, 1 H, H-l”‘), 5.144 (d, 1 H, H-l’), 5.255 and 5.076 (2 
m, each 1 H, H,C=CHCH,O), 1.228 (d, 3 H, H-6,6,6), J5,6 6.2, JIf,,, 3.8, J1rtf,2trt 3.4 
Hz; 6p i3C, 6 139.4-137.3 and 129.5-126.5 (&H&H,0 and C,H,CH), 134.9 
(H,C=CHCH,O), 117.0 (H,C=CHCH,O), 102.4, 102.0, and 101.3 (C-l”,,“’ and 
PhCH), 97.3, 96.1 (C-1,1’), 17.8 (C-6). 

Anal. Calcd for C104H,,0020: C, 74.35; H, 6.60. Found 6a: C, 74.13; H, 6.88. 
Found 6p: C, 74.19; H, 6.97. 

Benzyl 3-0-(4-0-[3-O-a~~yyl-6-0-benzyl-2-0-(2,3,4,6-tetra-O-benzyl-cu-D-gluco- 
pyranosyl)-/?-o-galactopyranosyl ]-2,3,6-tri-O-benzyf-ff-D-gfucopyrunosy~}-2,4-di-O- 

benzyl-a-L-rhamnopyranoside (7).- To a solution of 6cu (360 mg, 0.21 mmol) and 
sodium cyanoborohydride6 (168 mg, 2.7 mmol) in freshiy distilled tetrahydrofuran 
(10 mL), containing 3A molecular sieves (1.5 g), was added satd HCI in ether until 
the evolution of gas ceased. After 1 h, when TLC 17: 3 Iight petroleum (bp 
40-60”)-EtOAc] indicated the reaction to be complete, the mixture was diluted 
with CH,Cl, (250 mL) and H,O (50 mL), filtered through Celite, washed with aq 
5% NaHCO, and H,O, dried (Na,SO,), filtered, and concentrated. Column 
chromatography of the residue gave 7, isolated as a syrup (183 mg, 51%), [(ll]D 
+45” (c 1, CHCI,), R, 0.58. 13C-NMR data (CDCI,): S 138.9-137.2 and 128.7- 
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127.2 (C,H,CH,O), 134.0 (H,CKHCH,O), 118.0 (H,C=CHCH,O), 101.7 (C-l”), 
97.3, 96.1, and 95.0 (C-l,l’,l”‘), 18.0 (C-6). 

Anal. Calcd for C,,H,,,O,: C, 74.26; H, 6.71. Found: C, 74.59; H, 6.72. 
Benzyl 3-0-(4-0-[3-O-allyl-6-O-benzyl-4-O-~2,3,4,6-tetra-O-acetyl-~-D-gluco- 

pyranosyl)-2-0-(2,3,4,6-tetra-O-benryl-cu-D-glucopyranosyl )-/3-D-galactopyranosyll2, 
3,6-tri-0-benzyl-~~-D-glucopyranosyl )-2,4-di-0-benzyl-cx-L-rhamnopyranoside @).-A 
solution of silver triflate (160 mg, 0.6 mm011 in toluene (2.5 mL) was added 
dropwise during 30 min in the dark to a stirred mixture of 7 (132 mg, 78 pmol), 
2,3,4,6-tetra-0-acetyl-cw-D-glucopyranosyl bromide (117 mg, 0.29 mmol), and pow- 
dered 4A molecular sieves (500 mg) in CH,Cl, (2 mL) and toluene (2 mL) at 
-40”. The stirring was continued for 2.5 h at - 25”, until TLC (6 : 1 toluene- 
acetone) showed the absence of 7 (RF 0.74). Pyridine was added, and the mixture 
was diluted with CH,Cl, (150 mL), filtered through Celite, washed with aq 10% 
sodium thiosulfate (2 x 25 mL) and H,O, dried (Na,SO,), filtered, and concen- 
trated. Column chromatography of the residue afforded 8, isolated as a glass (122 
mg, 77%), [(WI, +32” (c 1, CHCI,), R, 0.59. NMR data (CDCl,): 13C, S 170.5, 
170.2, 169.3, and 168.8 (4 COCHJ, 138.9-137.2 and 128.9-127.3 (C6H,CH,0), 
134.1 (H,C=CHCH,O), 117.5 (H,C=CHCH,O), 102.2, 99.2, 97.4, 97.0, and 95.5 
(C-l,l’,l”,l”‘,l”“), 20.5-20.4 (COCH,), 18.0 (C-6); ‘H, 6 7.330-7.121 (m, 55 H, 11 
Ph), 5.929 (m, 1 H, H,C=CHCH,O), 2.028, 1.963, and 1.893 (3 s, 6, 3, 3 H, 4 AC), 
1.281 (d, 3 H, H-6,6,6), & 6.2 Hz. 

Benzyl 2,4-di-O-benzyl-3-O-~4-0-[6-0-ben~yl-4-0-(2,3,4,6-tetra-O-acetyl-~-D- 
glucopyranosyl)-2-0-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl)-~-D-galactopyrano- 
syl]-2,3,6- tri-0-benzyl-cu-D-glucopyranosyl) -a-L-rhamnopyranoside (9). -A solution 
of 8 (25 mg, 12.4 pmol), tris(triphenylphosphine)rhodium(I) chloride (15 mg, 16 
pmol), and 1,4-diazobicyclo[2.2.2]octane (5 mg, 45 pmol) in 7: 3: 1 EtOH-ben- 
zene-HZ0 (3 mL) was boiled under reflux’ for 16 h, then concentrated. The 
residue was dissolved in 95 : 5 acetone-H,0 (4 mL) containing mercury(I1) oxide 
(5 mg, 23 pmol) and mercury(II) chloride (20 mg, 74 pmol), and the solution was 
stirred for 1.5 h at room temperature. When TLC 16: 4 light petroleum (bp 
40-60”)-EtOAc] indicated complete conversion into 9 (RF O-58), the mixture was 
concentrated and then dissolved in CH,Cl, (100 mL). The solution was washed 
with aq 30% KBr (3 X 15 mL) and H,O, dried (Na,SO,), filtered, and concen- 
trated. Column chromatography of the residue afforded 9, isolated as a syrup (15 
mg, 61%), [a]D +57” CC 1, CHCl,). ‘H-NMR data (CDClJ: 6 7.377-7.085 (m, 55 
H, 11 Ph), 2.072, 2.024, 1.973, and 1.760 (4 s, each 1 H, 4 AC), 1.196 (d, 3 H, 
H-6,6,6). 

3-O-[4-O-~2-O-a-D-~lucopyranosyl-4-O-~-D-glucopyranosyl-~-D-galactopyrano- 
syl)-a-D-glucopyranosyf~-cx,/3-L-rhamnopyranose (2@).-To a solution of 9 (25 mg, 
13 pmol) in MeOH (5 mL) was added sodium methoxide to pH 10. After 16 h, the 
mixture was neutralised with Dowex-50 (H+) resin, filtered, and concentrated. 
Column chromatography (RF 0.46, 85 : 10 : 5 CH,Cl,-acetone-MeOH) of the 
residue afforded deacetylated 9, isolated as a syrup. To a solution of the residue in 
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3: 2 MeOH-2-propanol (5 mL) containing a few drops of acetic acid was added 
10% Pd-C (15 mg), and the mixture was hydrogenolysed at 4 kg/cm2 for 16 h, 
filtered, and concentrated to give 2a& isolated as a white powder (9.3 mg, 91%), 
[(~]o +77” (c 1, H,O). 13C-NMR data (D,OI: S 105.3 (161 Hz) and 102.9 (163 Hz) 
(C-l”,l”“), 99.1 (172 Hz) (C-l”‘), 96.3 (172 Hz) (C-l’, cu-Rha anomer), 96.1 (170 Hz) 
(C-l’, p-Rha anomer), 94.9 (169 Hz) (C-la)“, 94.8 (156 Hz) (C-lpI1o, 62.3, 62.0, 
61.5, and 61.0 (C-6’,6”,6”‘,6”“), 18.2 (C-6). For the ‘H-NMR data, see Table I. 
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