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ABSTRACT 

The synthesis is described ofp-nitrophenyl 2-acetamido-3-0-(2-acetamido-2-deoxy-P-D-glucopyra- 

nosyl)-2-deoxy-P-D-mannopyranosiduronic acid, corresponding to the disaccharide repeating unit of the 
capsular polysaccharide of Huemophilus infuenzae type d, which. after conversion of the p-nitro- into a 
p-amino-phenyl residue, may be attached to a protein to make an artificial antigen for immunological 
studies. The synthesis incorporates a facile route to the 2-acetamido-2.deoxy-p-rr-mannopyranosyl unit. 

INTRODUCTION 

The Haemophilus injluenzae type d and e capsular antigens contain a repeating 

unit of a 2-acetamido-2-deoxy-p-o-glucopyranosyl residue linked to the 3-position’ 

(type d) or 4-position’ (type e) of a 2-acetamido-2-deoxy-p-o-mannopyranosyluronic 

acid residue: 

type d +4)-P-D-GlcpNAc-( 1+3)-P-o-ManpNAcA-( 1 + 

type e + 3)-/?-D-GlcpNAc-( 1-4)~P-o-ManpNAcA-( 1 + 

These disaccharide units, joined to a linking arm suitable for attachment to free 

amino groups in a protein3, were required for immunological studies which will be 

described elsewhere. We now describe the synthesis of the type d partial-structure 

antigen p-nitrophenyl 2-acetamido-3-0-(2-acetamido-2-deoxy-P_D-glucopyranosyl)-2- 

deoxy-P-D-mannopyranosiduronic acid (21). 

One route to a 2-acetamido-2-deoxy-/?-o-mannopyranosyluronic acid residue 

would be the construction of a suitably substituted 2-azido-2-deoxy-b-o-mannopyrano- 

side derivative with HO-6 unsubstituted, which, at a suitable stage, could be oxidised at 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday 
’ To whom correspondence should be addressed. 
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p-Nitrophenyl4,6-O-benzylidene-B-D-glucopyranoside (8) was 3-benzoylated to 

yield crystalline 9 (77%), for which homonuclear decoupling experiments showed the 

position of the benzoyl group. Conversion of 9 into the 2-triflate was followed, without 

isolation of the intermediate, by azide displacement at C-2 to give the 2-azido-2-deoxy- 

mannoside derivative 10. Debenzoylation of 10 exposed HO-3 for glycosylation in the 

product 11. The purification of 9-11 was complicated by solubility problems. The 

conversion of 8 into 11 could be performed, without purification of the intermediates, in 

an overall yield of 52% [method (h) in the Experimental]. Compound 11 was then 

condensed, in a dimethyl(methylthio)sulfonium triflate-promoted reaction’“, with ethyl 

3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido- I -thio-/I-o-glucopyranoside (12) in dichloro- 

methane, to yield the disaccharide derivative 13 (82%). The phthalimido group in 13 

was converted into an acetamido group by treatment with hydrazine hydrate, followed 

by acetylation to give 14 (58%). Treatment of 14 with aqueous acetic acid removed the 

4,6-0-benzylidene group and yielded 15 that was 6-tert-butyldimethylsilylated (+ 16) 

and then 4-benzoylated to give 17 (73% from 14). Exposure of HO-6 by desilylation of 

17 with aqueous acetic acid gave 18, which was oxidised at position 6 with pyridinium 

dichromate-acetic anhydride in dichloromethane, in the presence of trrt-butyl alco- 
holll.” , to give the 6-tert-butyl ester 19 (57% from 17). The following deprotection steps 

were then performed on 19. Reduction of the azide group in the presence of the nitro 

group, with triphenylphosphineli, followed by aqueous hydrolysis of the intermediate 

phosphine imine and N-acetylation gave 20. Hydrolysis of the tert-butyl group with 

formic acid followed by 0-deacylation with sodium methoxide in methanol gave the 

disaccharide derivative 21 (84% from 19). Hydrogenation of the aromatic nitro group 

in 21 to an amino group gives an artificial antigen suitable for joining to a protein viu a 

thiocarbamoyl linkage’. 

EXPERIMENTAL 

General methods. - Melting points are corrected. Concentrations were perform- 

ed under reduced pressure at (40” (bath), except for N,N-dimethylformamide for 

which 60” was used. Optical rotations were recorded at room temperature with a 

Perkin-Elmer 241 polarimeter. N.m.r. spectra were recorded with a JEOL FX-100 or 

GX-270 instrument. The 400-MHz ‘H-n.m.r. spectra were recorded with a JEOL 

13 d, d= PhCn,R3= NPhth 19 R' = t&= CMel,R3= BL,F? = AC 

1L R',R*= PhCH,R3=NHAc 20.4' = NHAC,RZ = ctde3,u3= BT,R4 = AC 

15 d = R* = H.R3= NHAc 21 R1 = NHAC,RZ = R3 = R4 = H 

16 R' = BU'M~~S,,R~=H,R'=NHA~ 

17 R' = BUthle*S,,RZ= Bz.R3= NHAC 

18 R' = H,RZ= Br,R3= NHAC 





SYNTHESIS OF A DISACCHARIDE ARTIFICIAL ANTIGEN 191 

filtered through Celite, and concentrated to a syrup. The crude syrupy product was 
added to aqueous 70% acetic acid (5 mL), the mixture was kept at 70” for 2 h and then 
concentrated, and toluene was evaporated twice from the residue which was acetylated 

in acetic anhydride-pyridine (1:2,6 mL) (t.1.c.; chloroform-methanol, 9: 1). The mixture 
was concentrated, and toluene (5 mL) was evaporated twice from the residue, which was 
crystallised from toluene to give 4 (159 mg, 83%), m.p. 154-156”, [a], -36” (c 0.5, 

chloroform). “C-N.m.r. data (CDCI,): 6 20.6 (CH,CO), 23.2 (CH,CON), 50.1, 56.9, 
62.5, 66.1,71.6, 72.5(C-2,3,4,5,6andOCH,), 100.1 (C-l), 170.7(carbonylC). 

Anal. Calc. for C ,SH13NOP: C, 49.9; H, 6.4; N, 3.9. Found: C, 49.9; H, 6.5; N, 3.7. 

Methyl 2-acetamido-2-deoxy-/I-D-mannopyranoside” (5). - A catalytic amount 
of sodium methoxide was added to a solution of 4 (182 mg, 0.50 mmol) in methanol (3 
mL), and the solution was stirred at room temperature until the deacetylation was 

complete (t.1.c.; chloroform-methanol, 4: 1). The reaction mixture was neutralised with 
Dowex 50 (H+) resin, filtered, and concentrated to yield 5 (115 mg, 97%), [aID - 62” (c 

1 .O, water); lit.” [a], - 68” (water). 13C-N.m.r. data (DzO from external Me,Si): 6 23.8 
(CH,CON), 54.6, 58.5, 62.4, 68.8, 73.9, 78.2 (C-2,3,4,5,6 and OCH,), 102.2 (C-l). 

Methyl 3-O-acetyl-#,6-O-benzylidene-P-D-glucopyruno~ide’* (6). - Compound 1 
(300 mg, 1.06 mmol) was stirred with sodium hydride (51 mg, 2.1 mmol) in dry 

tetrahydrofuran (15 mL). After the evolution of hydrogen ceased (1-2 h), cupric 
chloride (143 mg, 1.1 mmol) was added. After - 10 min, a green solution of the copper 
chelate resulted. The solution was cooled to O”, acetic anhydride (0.15 mL, 1.59 mmol) 
was added, and the temperature was kept at 0” for 30 min and then for 1.5 h at room 

temperature (t.1.c.; toluene-ethyl acetate, 1: 1). The mixture was concentrated, and a 
solution of the residue in dichloromethane was washed successively with water, aqueous 
sodium hydrogencarbonate, and saturated aqueous sodium chloride, dried (Na,SO,), 
and concentrated. Column chromatography (toluene-ethyl acetate, 5:l) of the solid 

residue gave 6 (274 mg, 80%), m.p. 161-163”, [a], - 52” (c 1 .O, chloroform); lit.” m.p. 

162-163”, [E], -55.2” (chloroform). 
Methyl 3-0-acetyl-2-azido-4,6-O-henzylictene-2-deoxy-~-~-mannopyranoside (7). 

- Compound 6 (610 mg, 1.9 mmol) was processed, as described above for 2, to give, 

after crystallisation from ethanol (no chromatography), 7 (551 mg, 84%), m.p. 131- 
133”, [ml0 - 122” (c 0.3 1, chloroform); v,,, ‘“U3 2105 cm-’ (CN,). N.m.r. data (CDCI,). 13C, 

6 20.8 (CH,CO), 57.5, 62.5, 67.5, 68.5, 71.3, 75.6 (C-2,3,4,5,6 and OCH,), 101.2, 102.0 
(C-l and PhCH), 126.2, 128.3, 129.2 (aromatic C); ‘H (400 MHz): 6 4.63 (d, 1 H, J,,, 1.2 
Hz, H-l). 

Anal. Calc. for C,,H,,N,O,: C, 55.0; H, 5.4; N, 12.0. Found: C, 55.1; H, 5.4; N, 

12.1. 
p-Nitrophenyl 3-0-benzoyl-4,6-0-benzylidene-~-~-glucopyranoside (9). - Ben- 

zoyl chloride (170 ,uL, 1.5 mmol) was added at 0” to a stirred solution of p-nitrophenyl 
4,6-0-benzylidene-/I-D-glucopyranosidelg (8; 520 mg, 1.3 mmol) in dichloromethane- 
pyridine (25: 1,50 mL). The mixture was allowed to attain room temperature and, after 4 

h (t.1.c.; toluene-ethyl acetate, 3:1), benzoyl chloride (85 pL, 0.73 mmol) was added at 
0”. After another 3 h, methanol (2 mL) was added, the mixture was concentrated, and 
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(1.94 mL, 12 mmol) was added dropwise at 0” to a stirred solution of the crude residue in 

dichloromethane (30 mL) and pyridine (15 mL). The mixture was kept at 0” for 30 min 
and then allowed to attain room temperature. After another 30 min, the reaction was 
complete (t.1.c.; toluene-ethyl acetate, 3:l) and water (40 mL) was added. The organic 
phase was separated and concentrated, and toluene was evaporated twice from the 

residue. Sodium azide (1.6 g, 25 mmol) was added at room temperature to a stirred 
solution of the crude triflate in NJ-dimethylformamide (45 mL). After 12 h, the 

mixture was filtered through Celite and concentrated, and toluene was evaporated twice 
from the residue. 

A catalytic amount of methanolic sodium methoxide was added to the solution of 
the crude azide in methanol (50 mL) at room temperature. After 3 h, the reaction was 
complete (t.1.c.; tolueneethyl acetate, 3: l), the mixture was neutralised with acetic acid 

and concentrated, and a solution of the residue in the minimum amount of dichloro- 
methane was subjected to column chromatography (tolueneethyl acetate, 3: 1) to give 

ll(l.06 g, 52%). Elution with toluene-ethyl acetate (1: 1) gave the diol (0.55 g, 29%). 
p-Nitrophenyl 3-O- (2-acetamido-3,4,6-tri-O-acetyl-2-deo~~y-~-D-glucopyrano- 

syl)-2-azidoo-4,6-0-benzylidene-2-deoxy-~-o-mannopyranoside (14). - Dimethyl (meth- 
ylthio) sulfonium triflate (343 mg, 1.3 mmol) was added at room temperature to a stirred 

mixture of 11 (92 mg, 0.22 mmol), ethyl 3,4,6-tri-0-acetyl-2-deoxy-2-phthalimido-l- 
thio-/?-D-glucopyranosidezO (12; 160 mg, 0.33 mmol), 2,6-di-tert-butyl-4-methylpyridine 

(274 mg, 1.3 mmol), 48, molecular sieves, and dichloromethane (10 mL). After 2 h, the 
reaction was complete (t.1.c.; tolueneeethyl acetate, 3:1), triethylamine (0.5 mL) was 

added, and stirring was continued for 30 min. The mixture was subjected to column 
chromatography (toluene-ethyl acetate, 3: l), the fraction that containedp-nitrophenyl 

3-0-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-~-~-glucopyranosyl)-2-azido-4,6-0- 
benzylidene-2-deoxy-/?-D-mannopyranoside (13) and the elimination product formed 

from the thio sugar was collected. Column chromatography (tolueneethyl acetate, 1:l; 
not flash mode) gave 13 (152 mg, 82%). “C-N.m.r. data (CDCI,): S 20.4, 20.6, 20.7 

(CH,CO), 54.2, 61.8, 62.3, 67.9, 68.1, 68.7, 70.9, 72.2, 75.6, 75.7 (C-2,3,4,5,6 and 
C-2’,3’,4’,5’,6’), 96.6, 97.4, 101.7 (C-1,1’ and PhC’H), 116.33160.5 (aromatic C), 169.4, 

170.2, 170.7 (carbonyl C). 

Hydrazine hydrate (1.9 mL, 39 mmol) was added to a solution of 13 (546 mg, 0.66 
mmol) in ethanol J20 mL). The mixture was boiled under reflux overnight, then 

concentrated, and toluene was evaporated twice from the residue. Pyridine (4 mL, 50 
mmol) and acetic anhydride (4 mL, 42 mmol) were added. When t.1.c. (chloroform- 
methanol, 9:l) showed acetylation to be complete, the mixture was concentrated and 
toluene was evaporated twice from the residue. Column chromatography (toluene- 

ethyl acetate, 1: 1) then gave 14 (28 1 mg, 58%), [a]n - 65” (c 1 .O, chloroform). ‘3C-N.m.r. 
data(C,D,N): 6 20.4,20.5 (CH,CO), 23.2 (CH,CON), 55.4,62.9,64.2,68.4,68.7,70.1, 
72.9, 73.3, 75.5, 77.0 (C-2,3,4,5,6 and C-2’,3’,4’,5’,6’), 98.1, 99.7, 102.3 (C-1,1’ and 
PhCH), 117.G161.5 (aromatic C), 169.7, 170.3, 171.0 (carbonyl 0 

Anal. Calc. for C,,H,,N,O,,: C, 53.3; H, 5.0; N, 9.4; 0, 32.3. Found: C, 53.9; H, 
5.1; N, 9.2. 
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TABLE I 

‘H- and “C-n.m.r. data for 21 at pD 8 (6 in p.p.m.. J in Hz) 

H-l’ J,,, C-l' H-2 C-2 H-3’ C-3’ K1-4 C-4’” H-3 C-5’” H-6’ C-6 

4.61 8.2 98.7 3.16 56.4 3.58 74.9 3.48 71.0 3.48 76.8 3.94 3.76 61.7 

H-l J,? C-l H-2 c-2 H-3 c-3 H-4 c-4 H-5 C-5 C-6 

5.53 1.5 97.5 4.84 50.2 4.19 17.2 3.82 68. I 3.92 78.1 175.6 

2 3 

NAC 

C=O -CH, CH, C-l H-2 c-2 H-3 c-3 c-4 

175.2’ 2.05 23.0 162. I 7.18 117.6 8.24 126.9 143.6 
175.6 2.13 23.3 

” Tentative assignments”. ” Tentative assIgnmen@ May be interchanged. 

mmol) in dichloromethane (13 mL). The mixture was stirred at room temperature for 5 

h in the dark, more pyridinium dichromate (100 mg, 0.34 mmol) was added, and the 

mixture was left overnight. Methanol (1 mL) was added and stirring was continued for 

30 min. The mixture was washed through silica gel with ethyl acetate, then with ethyl 

acetate-acetic acid-methanol-water (12:3:3: l), and the combined filtrates were concen- 

trated, Toluene was evaporated twice from the residue, a solution of which in the 

minimum amount of chloroform was subjected to column chromatography (chloro- 

formPmethano, 30: 1), to give crude fert-butyl [17-nitrophenyl 3-O-(2-acetami- 

do-3,4,6-tri-O-acetyl-2-deoxy-~-D-glucopyranosyl)-2-azido-4-~-benzoyl-2-deoxy-~- 

o-mannopyranosid]uronate (19; 80 mg, 57%). ‘%Z-N.m.r. data (C,D,N): 6 20.4, 20.5, 

20.5 (CH,CO), 23.4(CH,CON),27.8 [(CH,),CO], 56.6,62.8, 62.9,68.5,70.1, 2 x 72.7, 

74.8. 77.0 (C-2,3,4,5 and C-2’,3’,4’,5’,6’), 83.0 [(CH,),CO], 97.8, 99.4 (C-l and C-l’), 

117.2P161.4 (aromatic C), 165.5, 166.2, 169.7, 170.2, 170.3, 171.4 (carbonyl C). 

Triphenylphosphine (22 mg, 0.083 mmol) was added at room’temperature to a 

stirred solution of 19 (47 mg, 0.057 mmol) in dichloromethane (4 mL), and the mixture 

was heated to 35” and stirred for 5 h. Water (4 mL) was added and stirring was continued 

overnight until all of the phosphine imine was hydrolysed (t.1.c.; chloroform-methanol, 

9: 1). The organic layer was separated, then concentrated, and toluene was evaporated 

twice from the residue. Acetyl chloride (7 ,vL, 0.090 mmol) was added at 0” to a stirred 

solution of the crude amine in dichloromethaneepyridine (1: 1. 4 mL). After 1 h, the 

mixture was concentrated and toluene was evaporated twice from the residue. Column 

chromatography (chloroformPmethanol. 15: 1) then yielded [err-butyl [p-nitrophenyl 

2-acetamido-3-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-P-D-glucopyranosyl)-4-0- 




