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ABSTRACT 

The synthesis ofbranched trisaccharide and pentasaccharide portions ofthe cell-wall polysaccharide 

of the/$hemolytic Streptococci Group A is described. The key dissaccharide acceptors, ally1 or X-(methoxy- 

carbonyl)octyl 3-0-(3,4,6-tri-0-benzyl-2-deoxy-2-phthalimido-~-o-glucopyranosyl)-4-~-benzyl-a-L-rha- 

mnopyranoside, in conjunction with a selectively blocked a-L-rhamnopyranosyl chloride under Koenigss 

Knorr conditions, afforded the branched trisaccharides in 8 I and 62% yield, respectively. Analogously, 

glycosylation of the 8-(methoxycarbonyl)octyl disaccharide with a protected /I-o-GlcpNAc-(l-+3)-~-~- 

Rhap-(I + 3)-l-t-Rhap chloride gave the pentasaccharide in 43% yield. The key disaccharide acceptors were 

obtained, in turn, from the ally1 or 8-(methoxycarbonyl)octyl rhamnoside acceptors and 3,4,6-tri-0 

benzyl-2-deoxy-2-phthalimido-P-u-glucopyranosyl chloride under KoenigssKnorr conditions. The latter 

glycosyl donor has not been described previously. Removal of the protecting groups afforded the trisaccha- 

ride haptens as their I-propyl and &(methoxycarbonyl)octyl glycosides and the pentasaccharide as its 

&(methoxycarbonyl)octyl glycoside. The compounds have been subjected to detailed analysis by two- 

dimensional n.m.r. methods. Preparation of the synthetic antigens followed coupling of the &(methoxycar- 

bonyl)octyl glycosides to bovine serum albumin via the acyl azide intermediates. 

INTRODUCTION 

The repeating unit of thep-hemolytic Streptococci Group A cell-wall polysaccha- 

ride consists of a poly(z-L-rhamnopyranosyl) backbone composed of alternating (l-+2) 

and (l-3) linkages to which fi-D-N-acetylglucosamine residues are attached at the 

3-position of the rhamnose residue. 

B A’ B A 

-a-L-Rhap-( 1 +3)-a-L-Rhap-(1 +2)-a-L-Rhap-(1+3)-E-L-Rhap-(l-2)- 

3 3 

1 1 

P-D-GlcpNAc /I-D-GlcpNAc 

C C 

* Part 3 of the series Oligosaccharides Corresponding to the Antigenic Determinants of the p-Hemolytic 
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been used as a glycosyl donor. We note, however, that a related donor, namely 
4-0-acetyl-3,6-di-0-benzyl-2-deoxy-2-phthalimido-~,~-~-glucopyranosyl chloride has 
been used in glycosylation reactions’. Glycosylation of ally1 2-0-acetyl-4-0-benzyl-a-L- 
rhamnopyranoside 5 or 8-(methoxycarbonyl)octyl2-O-benzoyl-4-O-benzyl-a-~-rham- 
nopyranoside 6 with the donor 4 under silver trifluoromethanesulfonate promotion in 
the presence of collidine’ afforded the disaccharides 7 and 8 in 61 and 57% yield, 

respectively (Scheme 2). Transesterification of 7 and 8 then yielded the required 

disaccharide acceptors, 9 and 10, respectively. The 8-(methoxycarbonyl)octyl chain in 
10 were to be used for covalent attachment to protein ‘O.” in the subsequent preparation 

of the glycoconjugates. 

R’ 

0 4 R’ BzlO 6 

OH 
OF? 

BZIO B 

5 R’ = OAll ; R2 = AC 

1 z 
6 R = O(CH2 JsC02CH3; R = Bz 

a 

-t 

F;Phth ‘OBzl 

4 
7 R1 = ON, R’=Ac 

8 R’ = 0KH,),C0,CH,;R2= BZ 

Scheme 2 

(a) CF3S0,Ag, coIIIdIne,CIi2CI~,-78 to 25’ 

Treatment of the glycosyl acceptors 9 or 10 with 2-O-acetyl-3,4-di-O-benzyl-a-L- 
rhamnopyranosyl chloride” I1 under silver trifluoromethanesulfonate promotion in 

the presence of 1,1,3,3-tetramethylurea” afforded the desired branched trisaccharides 
12 and 13 in 8 1 and 62% yield, respectively (Scheme 3). Elaboration of the pentasaccha- 

ride unit now required a suitable trisaccharide donor. Thus, deallylation of trisaccha- 
ride’ 14, and conversion of the resultant hemiacetals 15 into the glycosyl chloride 16, as 

already described, furnished the desired compound (Scheme 4). Glycosylation of the 
acceptor 10 with the trisaccharide chloride 16 under analogous conditions to those 

described for the preparation of 12 and 13 then gave the pentasaccharide 17 in 43 % yield 
(Scheme 4). 

Deprotection of compounds 12, 13, and 17 was accomplished by (a) base- 

catalyzed methanolysis of the ester functions, (b) hydrogenation of the benzyl ethers 
(and ally1 ether in the case of 12, (c) hydrazinolysis of the phthalimido group, and (d) 
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selective N-acetylation of the resultant amine (Scheme 4). Analytically pure compounds 
18, and 20 were obtained following successive chromatography on silica gel and 

Sephadex LH20. Owing to the hygroscopic nature of the compound, a satisfactory 
combustion microanalysis result was not obtained for compound 19, despite several 

attempts. Therefore, a plasma-desorption mass spectrumI was obtained as a confirma- 
tion of composition. The peak appearing at m/z 708 was assigned to the M+ ion of the 
sodium salt of compound 19. M+Na ’ ions are commonly observed in plasma- 
desorption mass spectra, particularly of compounds containing labile hydrogens or 
anionic moietiesIT. 

The assigned structures were in accord with their ‘H- and 13C-n.m.r. spectral data 

(Tables I-III). Compounds were characterized by use of routine ‘H, 13C and 13C{‘H} 
n.m.r. spectra. ‘H-Homonuclear chemical shift correlated (COSY) experiments” were 
performed on compounds 8,13,17,18,19, and 20 in order to facilitate assignments, and 

‘3C-‘H chemical-shift correlated experiments” were performed on compounds 13, 17 
and 20. The “C-‘H chemical-shift correlated experiments performed on compounds 17 

and 20 were carried out in the inverse mode’“, thereby taking advantage ofthe sensitivity 

of the ‘H nucleus. In fact, the spectra were measured using IO-mg samples. Thus, the 
proton chemical-shifts are displayed along the Fz-axis and the carbon chemical-shifts 

are displayed along the F,-axis. The experiments were carried out without carbon- 
decoupling during acquisition, permitting the measurement of the one-bond “C-‘H 
coupling constants (‘J,,, _,J for the anomeric carbons along the F,-axis, with a digital 

resolution of 1 .SHz/pt (see for example, Fig. 1). 
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Fig. I. Anomeric-signal region of the ‘H-detected “Cm’H chemical-shift correlated 2D spectrum of penta- 

saccharide 20. 
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TABLE III 

‘H and “C n.m.r. data” for 15, 17, and 20 

Ring ‘H-N.m.r. ‘-‘C-h’.m.r. 

15 17 20 
- 

15 17 20 

lBh 

2B 

3B 

4B 

5B 
6B 

IC 

2c 

3c 

4c 

5c 

6C 

6’C 

IA’ 

2A’ 

3A’ 

4A’ 

5A 
6A’ 

1B’ 

2B’ 

3B 

4B 

SB’ 

6B’ 

1C’ 

2C’ 

4.58 4.76 

4.21 4.12 

3.85 3.78 

(3.2, 9.5) 

3.22 3.45 
(19.0)’ 

3.47 3.66 
,095 I .24 

(6.2) 

5.31 4.62 

(8.4) (8.5) 
4.49 3.68 

(8.4, 10.5) 
4.30 

3.70 

3.66 

3.59 

(10.9) 
3.50 

5.27 5.43 

(1.6) 
5.39 5.62 

4.34 4.31 

3.65 3.68 

(19.2)’ 
4.07 3.93 

1.35 1.31 

(6.2) (6.2) 

5.18 5.25 

(1.8) (1.8) 
5.39 5.48 

3.55 

t 
multiplet 

1 
3.40 

3.88 

79.0 76.3 

79.7 72.4 

74.2 7x.3 

69. I 63.1 

3.72 

5.13 

(1.8) 
4.04 
(1.8, 3.0) 

3.80 

3.49 

91.9 99.1 103.8 

(171y (177)d ( 174)” 

72.9 72.7 72.4 

77.5 77. I 79.6 

80.1 80.7 73.9 

3.69 

1.23 

(6.2) 

67.8 67.9 71.7 

18.1 18.1 18.2 

5.00 98.7 98.8 104.2 

(1.8) (173)” (173)d (172)” 

4.23 72.1 72.3 72.5 

4.06 

(3.4,9.5) 

3.38 

(18.0)’ 
3.70 

0.92 

(6.2) 

5.36 

(8.5) 
4.26 

(8.5, 10.5) 

(1.8, 3.2) (1.8, 3.1) 

4.11 3.88 

(3.2, 9.5) 

3.49 3.46 

3.94 3.17 

1.18 1.26 

(6.2) 

5.46 4.68 98.5 98.5 105.3 

(8.5) (8.5) (173)d (166)d ( 1 62)d 

4.30 3.12 54.7 54.7 58.3 

19.7 79.6 82.5 

78.7 78.7 73.3 

68.3 68.2 71.7 

17.6 17.7 19.2 

98.8 100.9 

(170)” (171)” 

7x.7 79.2 

81.3 82.7 

78.7 73.6 

67.2 71.4 
17.7 19.0 

99.6 105.2 

( 163)“ (1 62)d 

55.9 58.3 
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myeloma protocol as immunizing antigens and also as screening agents for monoclonal 

antibodies. 

EXPERIMENTAL 

General. - Melting points are uncorrected. ‘H-N.m.r. and ‘-‘C-n.m.r. spectra 

were recorded on either a Bruker WM-400 or a Bruker AMX400 n.m.r. spectrometer in 

deuteriochloroform unless otherwise stated. For those spectra measured in deuterium 

oxide, chemical shifts are given in p.p.m. downfield from 4,4-dimethyl-4-silapentane- l- 

sulfonate (DSS). Chemical shifts and coupling constants were obtained from a first- 

order analysis of the spectra. 

The ‘H-homonuclear chemical-shift correlated (COSY) spectra were aquired 

using quadrature detection in both dimensions. The initial data sets of 5 12 x 2048 data 

points were zero-filled once in the F, direction to give a final data set of 1024 x 1024 real 

data points. A non-shifted sine bell function was applied prior to Fourier trans- 

formation. The magnitude spectra were symmetrized about the diagonal before analy- 

sis. For the inverse detection experiments a 4-pulse sequence incorporating a BIRD 

pulse in the preparation period, with phase-sensitive detection was used. The data set of 

5 12 x 2048 data points was zero-filled once in both the F,- and the F,-directions, to give 

a final data set of 1024 x 2048 real data points, with a digital resolution of 9.3 Hz,/pt and 

1.5 Hz/pt in the F,- and the F,-directions respectively. The data set was phase corrected, 

and a base-line correction applied prior to analysis. 

The n.m.r. data for the ring protons and carbons are recorded in Tables I-III. The 

remaining signals are recorded in the Experimental. 

The CF-252 plasma-desorption mass spectrum was obtained on a BIN-1OK 

instrument from BIO-ION Nordic (Uppsala, Sweden). The sample was prepared in a 

solution of MeOH-water and electrosprayed onto Al foils. The spectrum was acquired 

and the mass was assigned using the BIO-ION data system, based upon the PDP 1 l/73 

processor. The experimental masses were obtained by determination of the time cen- 

troid of each peak above the baseline and by comparison of these with the times of flight 

of H+ and Na’ peaks appearing in the spectrum. Mass accuracy is approximately + 1 

a.m.u. in the mass range of 500-1000 a.m.u. 

Analytical thin-layer chromatography (t.1.c.) was performed on precoated Al 

plates with Merck Silica Gel 60F-254 as the absorbant. The developed plates were 

air-dried, exposed to U.V. light and/or sprayed with 5% H,SO, in EtOH, and heated at 

150”. All compounds were purified by medium-pressure column chromatography on 

Kieselgel60 (230-400 mesh) according to a published procedure”. Purification at each 

stage was crucial to the outcome of subsequent glycosylation reactions. 

Solvents were distilled before use and were dried, as necessary, by literature 

procedures. Solvents were evaporated under diminished pressure and below 40”. 

Reactions performed under nitrogen were also carried out in deoxygenated 

solvents. Transfers under nitrogen were effected by means of standard Schlenk-tube 

techniques. 
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(c) 3,4,6-Tri-O-henzyl-2-deoxy-2-phthulimido-~-~-glucopyranosyl chloride (4). 

Oxalyl chloride (2.1 mL, 24 mmol) was added to a stirred solution of DMF (1.7 mL, 24 

mmol) in anhydrous CH,Cl, (15 mL) and the mixture was kept under N2 for 5 min. The 

solvent was evaporated under diminished pressure and the white salt was dried in uacuo 

for 0.75 h. The NJ-dimethyl(chloromethylene)ammonium chloride was then dissolved 

in anhydrous CH$l, and the solution was cooled to 0”. A solution of the hemiacetals 3 

(3.5 g, 6.0 mmol) in anhydrous CH,CI, (15 mL) was transferred by means of a 

double-tipped needle. The flask was rinsed with an additional portion (5 mL) of solvent 

and the contents were transferred as before. The mixture was stirred under N2 for 2 h 

after which time the reaction was quenched by the addition of cold aq. NaHCO, (15 

mL). The organic layer was diluted with CH,C12, then washed with NaHCO, and water, 

and dried (NaSO,). Evaporation of the solvent gave the glycosyl chloride 4 as a yellow 

syrup (3.48 g, 97%). The syrup was dried in uacuo and used directly in subsequent 

glycosylation reactions; ‘H-n.m.r. (400.13 MHz): 6 6.25 (0.4 H, d, J,,2 3 Hz, la-H), and 

5.98 (0.6 H, d, J,,, 8 Hz, l/?-H). 

(4 Ally1 2-0-acetyl-4-O-henzyl-a-L-rhamnopyranoside (5). Ally1 4-O-benzyl-a-L- 

rhamnopyranoside” (5.18 g, 17.6 mmol) was dissolved in MeCN (25 mL) containing 

methyl orthoacetate (3 mL). p-Toluenesulphonic acid (0.125 g) was added, the mixture 

was partially concentrated under vacuum at 50” on a rotary evaporator, and then stirred 

for 12 h at room temperature. Triethylamine (2.2 mL) was added and the mixture was 

concentrated to give a syrup. The syrup was dissolved in 80% aq. HOAc (20 mL) and 

after 5 min the solution was evaporated to dryness. The residue was chromatographed 

on silica gel using 3: 1 hexane-EtOAc as eluant to yield the title compound 5 as a yellow 

syrup (5.02 g, 85%); [x]: +5.5” (c 2.8 in CH&I,); ‘H-n.m.r. (400.13 MHz): 6 7.3997.27 

(5H,m,ArH),5.11(1H,dd,J,,~1.8,J2,33.8Hz,2-H),4.77(1H,d,J,,z1.8Hz,l-H),4.12 

(1H,dd.Jz,,3.8,J,,,9.5Hz,3-H),3.75(1H,m,5-H),3.36(1H,t,J,,+J,,,19Hz,4-H), 

2.15(3H,s,OCOCH~),and1.36(3H,d,J,,,6.5Hz,6-H,);‘~C(‘H)-n.m.r.(100.6MHz):6 

133.5 (CH=CH,), 117.4 (CH=CH), 96.6 (C-l), 81.7 (C-4), 75.1 (CH2Ph), 72.9 (C-2), 

70.2 (C-3), 6X. 1 (CH2CH =CH?), 67.5 (C-5), 20.9 (OCOCH,), and 17.9 (C-6). 

Anal. Calc. for C,8H2406: C, 64.27; H, 7.19. Found: C, 64.33; H, 7.11. 

(e) H- (Methoxycarhonyl)octyl 2-O-henzoyl-4-O-benzyl-a-L-rhamnopyranoside 

(6). 8-(Methoxycarbonyl)octyl-a-L-rhamnopyranoside” (10.0 g; 0.030 mol) in acetone 

(200 mL), p-toluenesulphonic acid (0.050 g), and 2,2-dimethoxypropane were stirred at 

room temperature for 1 h. Triethylamine (4.0 mL) was added and the mixture concen- 

trated to a syrup that was dried over PZO, for 1 h. A solution of the syrup in THF (50 

mL) was added to a suspension of NaH (1.33 g, 60.0 mmol). After stirring for IO min, 

benzyl bromide (5.0 g 30.0 mmol) was added dropwise and the stirring was continued 

overnight at 20”. Additional NaH (0.8 g; 8 mmol) was added to the stirred solution. The 

mixture was added rapidly to stirred 0.1 M HCI at 0”. Ethyl acetate (150 mL) was added 

and the organic layer removed. The aqueous phase was extracted with EtOAc (3 x 150 

mL). The combined organic layer was washed with NaHCO,, dried (MgSO,), and then 

concentrated to a syrup. Chromatography on silica gel, with 6:l hexane-EtOAc as 

eluant, gave a colorless syrup (11.2 g, 80.6%). A portion of this syrup (10.0 g, 21.5 
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(g) &(Methoxycarbonyl)octyl 2-O-benzoyl-4-O-benzyl-3-O-(3,4,6,tri-O-ben- 

zyl-2-deoxy-2-phthalimido-~-~-glucopyranosyl)-a-L-rhamnopyranoside (8). A mixture 

of the monosaccharide alcohol 6 (0.703 g, 1.33 mmol), silver trifluoromethansulfonate 
0.606 g, 2.36 mmol), and collidine (0.32 mL; 2.4 mmol) in CHzClz (3 mL) was stirred 
under Nz with 4 A molecular sieves and cooled to -78’. To this mixture was added 
dropwise a cooled solution (- 78”) of the glycosyl chloride 4 (1.41 g; 2.36 mmol) in 
dichloromethane (3 mL), previously stirred with 4 8, molecular sieves. The mixture was 

stirred under N? in the dark and allowed to warm to room temperature. After 72 h the 
mixture was worked up as for 7 and the resulting syrup chromatographed on a silica gel 
column using 3: 1 hexane-EtOAc as eluant. The title compound 8 (R,0.38) was obtained 
as a syrup (0.826 g, 56.9%); [a]? - 12.8” (c 0.73 in CHCl,); ‘H-n.m.r. (400.13 MHz): 6 
4.72 and 4.61 (2 x 1 H, AB,, JAR 10.8 Hz, OCH,Ph), 4.73 and 4.38 (2 x 1 H, AB,, JAB 
12.0 Hz,OCH,Ph),4.36and4.26(2 x 1 H, AB,,J,, 11.5 Hz,OCH,Ph),4.39and4.24(2 
x 1 H, AB,, JAB 12.0 Hz, 0CH2Ph), 3.67 [3 H, s, O(CH&O#X,]; 3.57 and 3.59 [2 x 1 

H, overlaped multi, OCH,(CHJ,CO,CH,]; “C(‘H)-n.m.r. (100.6 MHz): 6 174.2 

[O(CH,),CO,CH,], 171.0 (OCOCH,), 75.2, 74.6, 74.5 and 73.4 (OCH,Ph), 67.2 [OCH, 
(CH,),CO$H,], 5 1.3 [O(CH,),C02CH,], 34.1_29.4,29.3,29.1 (2 carbons), 26.0 and 24.9 

[OCH~(CH,),C02CH,I. 
Anal. Calc. for C,,H,,NO,,: C, 71.61; H, 6.56; N, 1.28. Found: C, 71.54; H, 6.76; 

N, 1.11. 

(h) Ally1 3-0-(3,4,6-tri-O-benzyl-2-deoxy-2-phtlzalimido-~-~-glucopyranosyl)- 

4-0-benzyl-a-L-rhamnopyranoside (9). A solution of the disaccharide 7 (1.00 g, 1.11 
mmol) in methanolic HCl (25 mL) [prepared by treating anhydrous MeOH (25 mL) 
with AcCl (1.45 mL)] was kept for 4 h at room temperature. The mixture was made 

neutral by the addition of triethylamine. Removal of the solvent afforded a residue 
which was dissolved in EtOAc. The resulting precipitate was removed by filtration. 

Evaporation of the filtrate gave a syrup which was chromatographed using I : 1 hexane- 
EtOAc as eluant. Compound 9 was obtained as a clear, colorless syrup (0.855 g, 90%); 
‘H-n.m.r. (400.13 MHz): 6 7.51-6.81 (24 H, m, ArH), and 3.18 (1 H, DzO exchangeable, 
OH); ‘%(‘H)-n.m.r. (100.6 MHz): 6 167.9 (carbonyl), 117.3 (CH = CH,), 74.80, 74.78, 
74.4 and 73.5 (PhCH,), and 67.7 (CH,-CH = CH?). 

Anal. Calc. for C,,H,,NO,,: C, 71.56; H, 6.24; N, 1.64. Found: C, 71.40; H, 6.24; 
N, 1.52. 

(i) S-(Methoxycarbonyl)octyl 4-O-benzyl-3-O-(3,4,6-tri-0-benzyl-2-deoxy-2- 

phthalimido-P-D-glucopyranosyl) -x-L-rhamnopyranoside (10). A sample of the disaccha- 

ride 8 (0.05 1 g, 0.047 mmol) was taken up in 0.1 M NaOMe (5.0 mL). The solution was 

kept for 36 h at room temperature under N2. The mixture was poured into HCl (O.lSM), 

and the solution extracted with CH,Cl, (5 x 10 mL). The combined organic fractions 
were washed with aq. NaHCO, followed by aq. NaCl. The organic layer was then dried 
(Na,SO,), and filtered. Evaporation of the filtrate gave a syrup which was chroma- 
tographed using 2:l hexane-EtOAc as eluant. The title compound 10 (R, 0.36) was 
obtained as a clear colorless syrup (27 mg, 58%); [x] i’ - 12.8” (c 0.39, CHCl,); ‘H-n.m.r. 

(400.13 MHz): S 4.84 and 4.64 (2 x 1 H, AB,, JAB 11 .O Hz, OCH,Ph), 4.77 and 4.41(2 x 
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O(CH,),CO,CH,], 3.50 and 3.26 [2 x 1 H, dt, J’s 7.1 and 10.0 Hz, OCH,(CH,), 
CO,CH,], and 2.11 (3 H, s OCOCH,); 13C(‘H)- n.m.r. (100.6 MHz): 6 174.0 [O(CHJ8 
CO,CH,], 169.6 (OCOCH,), 75.0, 74.5, 74.3, 74.1, 73.4 and 71.1 (OCH,Ph), 67.2 

(OC’H,(CH,),C02CH,), 51.1 [O(CH,),CO,CH,], 33.8, 29.1, 28.95, 28.88 (2 carbons), 
25.8 and 24.7 [OCH2(CH,),C0,CH,], and 20.9 (OCOCH,). 

Anal. Calc. forC,,H,,NO,,: C, 70.93; H;6.77; N, 1.03. Found: C, 71.51; H, 6.87; 
N, 0.72. 

(0 3-0-[3-0-(3,4,6-Tri-O-acetyl-2-deo.uq,-2-phtizalimido-~-~-glucopyranosyl)-2- 
O-henzoyl-4-O-benzyl-cr-~-rhumnopyranos~~f]-2-O-benzoy~-4-0_-~-rham~o- 

pyranoside (15). A sample of trisaccharide 14’ (1.96 g, 1.70 mmol) was taken up in abs. 
9:l EtOH-water (55 mL). Tris(triphenylphosphine)rhodium(I) chloride (0.085 g. 0.092 

mmol) was added and the solution was stirred at reflux under Nz for 12 h. The solvent 
was removed by evaporation and the resulting dark-brown syrup was taken up in 

EtOAc and filtered through a short column of silica gel. The filtrate was evaporated to 
dryness and the resulting foam was dissolved in 90% aq. acetone (70 mL). To the 
solution was added yellow HgO (0.543 g, 2.5 1 mmol), followed by the dropwise addition 
of a solution of H&l, (0.676 g, 2.49 mmol) in 90% aq. acetone (10 mL). The mixture 
was stirred for 12 h and the solvent evaporated, and the residue taken up in EtOAc and 
the mixture filtered through Celite. The filtrate was washed successively with saturated 
aq. KI (2 x ), aqueous Na,S,O, (2 x ), and water (2 x ). The organic layer was dried 
(NaSO,), the solvent was evaporated, and the yellow syrup was chromatographed 
using 1: 1 hexaneeEtOAc as eluant. The title compound 15, (R, 0.36) was obtained as a 
clear,light-yellowsyrup(1.37g,72.4%); ‘H-n.m.r.(400.13 MHz): 65.11 and4.78(2 x 1 

H, AB,, JAR 11.2 Hz, OCH?Ph), 4.34 and 4.21 ( 2 x 1 H, AB,, JAB = 12.5 Hz, OCH,Ph), 
2.79 (1 H, s, exchangeable OH), 1.95, 1.76 and 1.71 (3 x 3 H, s’s, OCOCH,); “C(‘H)- 

n.m.r. (100.6 MHz): 6 170.7, 170.1, 169.2 and 165.7 (2 carbons) (carbonyls), 75.1 and 
73.8 (OCH,Ph), 20.5 and 20.3 (2 carbons) (OCOCH,). 

Anal. Calc. for C,,H,,N02,: C, 64.57; H, 5.5 1; N, 1.25. Found: C, 64.54; H, 5.52; 
N, 1.26. 

(m) 3-O-(-O-(3,4,6-Tri-O-acetyl-2-deoxy-2-phthalimido-~-~-glucopyranosyl)-2- 

O-benzoyl-4-O-henzyl-a-~-rhamnopyranosyl]-2-O-benzoyl-4-O-benzyl-~-~-rhamnopy- 

ranosyl chloride (16). Compound 16 was prepared as already described for 4. Oxalyl 
chloride (0.10 mL, 1.1 mmol) was added to a stirred solution of DMF (0.090 mL, 1.1 
mmol) in anhydrous CH2Cl, (3.0 mL), and the mixture was stirred under Nz for 5 min. 
The solvent was removed by evaporation and the white salt dried in cacuo for 1.5 h. The 
N,N-dimethyl (chloromethylene)ammonium chloride was then taken up in CH,Cl, (1.5 
mL) and a solution of 15 (0.248 g, 0.223 mmol in 2.0 mL of CH,Cl,) was transferred to 

the salt solution, rinsing with additional portions of CH,Cl, (3 x 0.75 mL). The mixture 
w’as stirred under N, for 2 h, and then quenched by the addition of cold aq. NaHCO,. 
The organic layer was diluted with CH,Cl, and washed successively with aq. NaHCO, 
and aq. NaCl. The organic layer was dried over KHCO, and the solvent removed by 
evaporation to give a clear light-yellow syrup (0.248 g, 98%) which was dried in vacua, 
and used directly, without chromatography, in subsequent glycosylations. 
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Anal. Calc. for C,,H,,NO,,: C, 49.72; H, 7.43; N, 2.52. Found: C, 49.44; H, 7.20; 
N, 2.37. 

(p) 8- (Methoxycarhonyl) octyl 3-O- (d-acetamido-2-deoxy-/I-D-glucopyranosyl) - 

2-O-(a-L-rhamnopyranosyl)-a-~rhamnopyranoside (19). A sample of the blocked tri- 

saccharide 13 (0.121 g, 0.0893 mmol) was taken up in NaOMe (14 mL, 0.13~). The 
mixture was stirred for 10 h at room temperature under NZ and then made neutral by 

stirring with Amberlyst 15 resin beads. The resin was removed by filtration and the 
filtrate evaporated to dryness. The resulting syrup was chromatographed using 2:1 

hexane-EtOAc as eluant (I?,. 0.45). The purified syrup (0.974 g) was then taken up in 
80% aq. AcOH (15 mL), and abs. EtOH (2 mL) was added to completely dissolve the 
sample. To this solution was added 10% palladium-on-carbon (0.125 g). The mixture 
was stirred under hydrogen (52 lb.in’), for 14 hat room temperature. The mixture was 

filtered through a pad of Celite, the filtrate was concentrated, and abs. EtOH was 
evaporated several times from the syrup to remove traces of AcOH. The dried syrup was 

then taken up in abs. EtOH (20 mL) and N,H;H,O (100%; 0.15 mL) was added. The 
clear, light-brown solution was heated at reflux under N2 for 18 h. The mixture was then 

filtered to remove a fine grey precipitate and the filtrate evaporated to dryness. The 
resulting syrup was then dried in vucuo for 2 h to remove traces of hydrazine. The dried 

syrup was then taken up in MeOH (12 mL) and AczO was added (3.0 mL). The solution 

was stirred under N2 for 24 h. The so!vent was evaporated to l/2 volume, additional 
MeOH was added, and the volume again decreased to l/2. This was repeated several 

times in order to remove the Ac,O without allowing the solution to become concentrat- 
ed, thus avoiding the formation of the corresponding hydrazide from the methyl ester of 

the aglycon. Finally, the solvent was evaporated to dryness and the residue chroma- 
tographed using 7:2: 1 EtOAc-MeOH-water as eluant (I?,. 0.54). Further purification 

was carried out by passing the sample through a column of Sephadex LH20 using 
MeOH as eluant. The title compound 19 was obtained as a white, amorphous powder 

(20 mg, 33%); [al2,? - 13.8” (c 0.16, H,O); ‘H-n.m.r. (400.13 MHz, D?O): S 3.62 
[O(CH,),CO,CN,], and 2.00 (NHCOCH,); “C(‘H)-n.m.r. (100.6 MHz, D?O): 6 180.6 

[O(CH,),CO,CH,], 177.5 (NHCOCH,), 72.8, 72.7 and 72.6 (C-2,C-2,*, and C-4,), 71.9 
and 71.7 (C-5, and C-5,.), 70.8 [OCH,(CH2),C0,CH,], 54.8 [O(CH2)&02CH,], 36.5, 

31 .I, 30.94, 30.88 (2 carbons), 28.0 and 27.0 [OCH2(CHJ,CO$HJ, and 25.0 
(NHCOCH,). 

Plasma-desorption m.s. Calc. for C,,,H,,NO,,Na: m/z 707; Found: m/z 708 
(MNa)+. 

(q) 8-fMetho.xycarbonyl)octyI 2-O-/3-O-(3-0-2-acetnmido-2-deoxy$-D-gluco- 

pyranosyl)-~-~-rhamnopyranosyl]-a-~-rhamnopyranosy1-3-0-(2-acetamido-2-deoxy-~- 

D-ghXopyranosy/)-U-L-rhamnopyranoside (20). A sample of the fully blocked penta- 

saccharide 17 (0.141 g, 0.0677 mmol) was deblocked as already described for 19. 
Following chromatography using 7:2: 1 EtOAc-MeOH-water(R#. 18) the title com- 

pound 20 was obtained as a white, amorphous powder (18.2 mg, 26%); [a?: - 52.2” (c 

0.21 in H,O). 
Anal. Calc. for C,H,,N20z5: C, 5 1.16; H, 7.42; N, 2.71. Found: C, 50.74; H, 7.39; 

N, 2.80. 
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