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ABSTRACT 

The trisaccharide segment, U-(3,6-di-O-methyl-P-D-glucopyranosyl)-(l-+4)- 

O-(2,3-di-O-methyl-c-~-rhamnopyranosyl)-(l~2)-3-O-methyl-~-rhamnopyranose, 

of the Mycobacterium leprae-specific phenolic glycolipid I has been synthesized as 

its 8-(methoxycarbonyl)octyl glycoside and coupled to a carrier protein, to produce 

a leprosy-specific neoglycoprotein, the so-called natural trisaccharide-octyl-bovine 

serum albumin (NT-0-BSA). Special features of the synthetic strategy were the 

use of silver trifluoromethanesulfonate (triflate) to promote glycosylation, resulting 
in the rhamnobiose in high yield and absolute stereospecificity. The terminal 3,6-di- 

O-methyl-D-glucopyranosyl group was introduced after 0-deallylation of the 

rhamnobiose. Removal of protecting groups yielded the trisaccharide hapten 

suitable for coupling to carrier protein. Poly(acrylamide)-gel electrophoresis of the 

neoglycoprotein demonstrated its purity, and subsequent immunoblotting with a 

monoclonal antibody directed to the terminal 3,6-di-0-methyl-p-u-glucopyranosyl 

epitope of the native glycolipid demonstrated its antigenicity. Comparative sero- 

logical testing in enzyme-linked immunosorbent assays of NT-0-BSA, the corre- 

sponding disaccharide-containing products, and another trisaccharide-containing 

neoglycoprotein, 0-(3,6-di-0-methy1-~-~-g1ucopyranosy1)-(1~4)-0-(2,3-di-~-me- 
thyl-cw-~-rhamnopyranosy1)-(l~2)-(3-~-methyl-Lu-~-rhamnopyranosyl)-(l~4’)- 

oxy-(3-phenylpropanoyl)-BSA (NT-P-BSA) [Fujiwara et al., Agric. Biol. Chem., 
51 (1987) 2539-25471 against sera from leprosy patients and control populations 
showed concordance; the presence of the innermost sugar did not contribute 

significantly to sensitivity or specificity. The di- and tri-saccharide-containing neo- 

antigens, on account of ready availability and solubility, provide greater flexibility 
than the native glycolipid for the serodiagnosis of leprosy. 
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INTRODUCTlON 

A variety of neoglycoproteins containing the terminal glycobiose unit, O- 

(3,6-di-O-methyl-~-~-glucopyranosyl)-(1~4)-2.3-di-O-methyl-a-~-rhamnopyrano- 

syl, of the Mycobncterium leprae-specific glycolipid antigen, phenolic glycolipid-I 

(PGL-I)‘, have been synthesized in this laboratory, and have proved highly active 

and specific when allowed to react against lepromatous leprosy sera in enzymc- 

linked, immunosorbent assays (ELISA)Zp5. The most significant of these is 0-(3,6- 

di-O-methyl-p-~-glucopyranosyl)-(l~4)-O-(2,3-di-O-methyl-~-l~-rhamnopyrano- 

syl)-( l-+9)-oxynonanoyl-BSA (ND-0-BSA). Compared to the native glycolipid, 

the neoglycoproteins are advantageous because of their water-solubility. which 
makes them suitable for use in such procedures as dot-nitrocellulose-ELISA6 and 

latex agglutination tests’, and suitable for field applications. 

Fujiwara and associates8s9 have also independently synthesized a series of 

neoglycoproteins containing the proper nonreducing-end disaccharide epitope and 

modifications thereof, but having a phenylpropanoyl segment linking the sugar to 
BSA (the most important of these is the so-called natural disaccharide-phenyl- 

propanoyl-BSA, ND-P-BSA)8xY. Likewise, Brett et al. 10, by using the terminal 

synthetic disaccharide and its propyl glycoside, prepared by Gigg et al.“, generated 

and tested several relevant glycoconjugates. In extensive comparative ELISA of a 

wide range of serum specimens from patients with lepromatous and tuberculoid 

leprosy and tuberculosis, and from normal control populations, satisfactory 

concordance among all of the available semi-synthetic antigens was observed5,r*. 

Clearly, then, the available disaccharide-based neoglycoprotcins arc highly suitable 

for the serodiagnosis of lepromatous leprosy; indeed, they are in use world-wide 

for this purpose’“. 

However, our earlier study also showed that, among a large collection of 

lepromatous leprosy sera, there were some that were reactive to the complete 

native antigen, PGL-I, but that did not respond to ND-0-BSAs, implying that such 

antibodies preferentially recognize the reducing-end, 3-O-methyl-L-rhamno- 

pyranosyl unit of PGL-I. Accordingly, we undertook synthesis of the entire tri- 

saccharide hapten, a feat that had been previously accomplished2,14,*5, but this time 

in the form of a suitable neoglycoprotein, and, by comparing its serological activity 

to that of the native PGL-I, to the earlier disaccharide-containing neoglycoproteins, 

and to another trisaccharide-containing neoglycoprotein independently 

synthesized, arrived at a more complete synthetic tool for the serodiagnosis of 

leprosy. 

RESIJLTS AND DISCLJSSION 

Synthesis of 0-(~~,6-di-O-methyl-P-~-glucopyranosyl)-(1~4)-0-(2,3-di-O- 

methyl - a - L - rhamnopyranosyl) - (I-92) - 0 - (3 - 0 -methyl - LY - L - rhamnopyranosyl) - 

(l-+9)-oxynonanoyl- BSA (natural trisaccharide-octyl- BSA; NT-O- BSA). - Our 
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approach to the synthesis of the trisaccharide unit of phenolic glycolipid I of 

M. leprae was to construct the molecule sequentially, starting from the reducing 

end. As in our earlier work with disaccharides 4,5, the triglycosyl unit was elaborated 

as a glycoside of 8-(methoxycarbonyl)octanol 16. To establish the (l-2)-linkage, 

the method developed by Borkn et aZ.17, as later applied by Bundle and 

Josephsonls, was exploited. The selectively blocked 11 (having a free 2-hydroxyl 
group) was used as both the glycosyl acceptor and a modified, reducing-end sugar. 

In order to generate the internal rhamnosyl residue of the trisaccharide unit in the 

(Y configuration an orthoacetate having a temporary protecting group at OH-4 was 

used; this was then converted into glycosyl donor 10. Upon silver triflate-promoted 

glycosylation, the disaccharide 12 was obtained. 

1,2,3-Tri-O-acetyl-4-O-allyl-a,P-~-rhamnopyranose (5) was synthesized from 

the known methyl 4-0-allyl-2,3-O-isopropylidene-cu-L-rhamnopyranosidet9 (2) by 

acid hydrolysis to the free sugar 4, followed by conversion into its triacetate (5). 

Compound 5 was converted into the corresponding bromide (6) by using hydrogen 

R R’ R * R R’ Rn 

1 ;CMe, H 4OH H All 

2 >Ct+Z2 Al I 5 OAc AC All 

3H H All 6Br AC Al I 

All = H>C=CHCk$ 

bromide in glacial acetic acid, and treatment of 6 with anhydrous methanol in the 

presence of 2,6-lutidine gave 3-O-acetyl-4-O-allyl-1,2-O-(l-methoxyethylidene)-~- 

L-rhamnopyranose (7). This syrupy product was deacetylated, and the product (8) 

was methylatedzO at O-3, to give 9. Pure homogeneous compounds, according to 

t.1.c. and n.m.r.-spectral analysis, were obtained at all steps, so that no chromato- 

graphic purifications were required. Traces of 2,6-lutidine remaining in the isolated 

products were not removed, except for analytical purposes, when small amounts of 

samples were purified by column chromatography on basic alumina. 

7 AC Al I 

6 H All 

9 Me All 



244 Il. CHATTERJEE et d. 

The orthoester 9 was quantitatively converted into 2-0-acetyl-4-0-allyl-3-0- 

methyl-a-r_-rhamnopyranosyl chloride (10) by using chlorotrimethylsilane”; efforts 

to obtain the corresponding bromide through use of bromotrimethylsilane were 

thwarted by concomitant 0-demethylation. The silver-assisted Koenigs-Knorr 

condensation22 of 10 with 11 (ref. 5) produced the disaccharide 12 in 70% yield 

after column chromatography. The disaccharide 12 was then 0-deacetylated to 13. 

The anomeric purity of the disaccharide 13 was confirmed by ‘XI?- and ‘H-n.m.r. 

spectroscopy. The ‘H-n.m.r. spectrum showed well separated, narrow doublets at 

6 5.2 and 4.7 for H-l’ and H-l, perhaps indicating the a configuration, and this was 

substantiated by the 13C shifts of the signals of C-l’ and C-l at 6 103.0 (‘Jcn 169 Hz) 

and 100.5 (‘Jcn 168.7 Hz). 

Compound 13 could be methylated with methyl triflate to give 14, but when 

the reaction was conducted on a large scale, a considerable amount of degradation 

was noticed. The methylation of 13 was therefore accomplished by following 

Brimacombe’s protocol”‘, and it proceeded satisfactorily when an equimolar 

quantity of sodium hydride was used. In this way, the fully substituted intermediate 

14 was obtained in quantitative yield. Use of Wilkinson’s catalyst in the presence 

of 1,4-diazabicyclo[2.2.2]octane isomerized the ally1 group to a 1-propenyl group, 

and cleavage of the propenyl ether with mercuric chloride and mercuric oxide for 

30 min at room temperature gave the disaccharide acceptor 15 in 85% yield. 

Coupling of 15 with 2,4-di-O-acetyl-3,6-di-O-methyl-~-~-glucopyranosyl bromide 

(16, freshly prepared-’ from its precursor triacetate) in the presence of 5:2 mercuric 

cyanide-mercuric bromide in anhydrous dichloromethane gave the fully protected 

trisaccharide 17. 

The anomeric configuration of the newly introduced glycosidic linkage was 

confirmed by n.m.r. spectroscopy after 0-deacetylation of 17 to 18. The ‘H-n.m.r. 

spectrum of compound 18 showed a doublet for H-l” at 6 4.4 (J1,J,2,, 7.5 Hz), and, in 

the 13C-n.m.r. spectrum, the signal for C-l” was at 6 105.0 (‘Jcu 161.5 Hz), 

consistent with a /3-D-hexosyl linkage. 0-Debenzylation of 18 gave 19. To confirm 

its sugar composition, the trisaccharide 19 was hydrolyzed with 2~ trifluoroacetic 

acid at 121”, and the products were reduced, the alditols acetylated, and the 

acetates examined by g.l.c.-m.s. on 3% of P-2340. Only the three partially 

methylated, partially acetylated alditols expected were found: 1,4.5-tri-o-acetyl- 

2,3-di-0-methylrhamnitol (m/z 203,161, 143,117, and 101); 1,2,4,5-tetra-o-acetyl- 

3-0-methylrhamnitol (m/z 203, 189, 143, and 129); and 1,2,4,5-tetra-0-acetyl-3,6- 

di-0-methylglucitol (m/z 233, 189, 129, 113, and 87). 

Compound 19 was quantitatively converted into its hydrazide (20). This was 

purified by chromatography on a column of LH 20, freeze-dried, and then 
converted into the acyl azide, which was immediately conjugated to the carrier 

protein, namely, bovine serum albumin (BSA) 4,5. The resulting neoglycoconjugate 

was dialyzed, and subjected to gel filtration on Sephadex G-75. The carbohydrate 

in the effluent corresponding to the void volume was analyzed for protein absorp- 

tion at 280 nm, and for hapten content by carbohydrate assay as described5. An 
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incorporation ratio of 4C45 mol of hapten per mol of BSA was achieved. The 

structure of the resulting 0-(3,6-di-0-methyl-/3-o-glucopyranosyl)-( 1+4)-O-(2.3- 

di-O-methyl-a-~-rl~am~~opyranosyl)-(l~2)-O-(3-~-methyl-~-~-rhamnopyranosyl)- 

(l-9)-oxynonanoyl-BSA, designated natural trisaccharidc-octyl-BSA 

(NT-0-BSA, 21) is p rcscntcd, along with that of the 3-phenylpropanoatc-linked 

neoglycoprotein”, O-(3,6-di-O-methyl-~-~-glucopyranosyl)-(-(2.3-di-O- 

methyl - a - I. - rhamnopyranosyl) -(l&2) - 0 - (3 - 0 - methyl- cy- I. - rhamnopyranosyl) - 

(l-+4’)-oxy-(3-phenyIpropanoyl)-BSA (22). Neoglycoprotein 22 also carries -40 

haptenic groups per molecule _ 

30-40 substitutions 
Per polypept ide chain 

21 

Natural t;isoccharide-octyl-BSACNT-O-8SA) 

30-40 substitutions 
per polypeptide chain 

OMe 

22 

Notural trisocchoride-phenylproponoyl-ESA(NT-P-BSA) 

P.a.g.e. and Western blotting of the neoglycoproteins. - Poly(acrylamide) 

gel electrophoresis (p.a.g.e.) proved to be an effective means of assessing the 

purity, homogeneity, and relative molecular weight (M,) of the neoglycoproteins. 

P.a.g.e. of the octyl-linked disaccharide-containing neoglycoproteins, O-(3,6-di-O- 

methyl-~-~~-glucopyranosyl)-(l44)-O-(a-~-rhamnopyranosyl)-(1~9)-oxynonano- 

yl-BSA (disaccharide-octyl-BSA; D-0-BSA)“, and O-(3,6-di-0-methyl-8_n-gluco- 

pyranosyl)-(1~4)-0-(2,3-di-O-methyl-c-L-rhamnopyranosyl)-(l~9)-oxynonano- 

yl-BSA (natural disaccharide-octyl-BSA; ND-0-BSA)?, along with NT-0-BSA and 
NT-P-BSA, showed an impressive degree of purity (see Fig. 1A); the NT-P-BSA 

preparation is not shown. Based on the molecular mass of underivatized BSA 
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Mol.wt. 
66,000- 

A B 

Fig. 1. Poly(acrylamide) gel electrophoresis (p.a.g.e.) of three of the leprosy-specific neoglycoproteins. 
A. Gel stained with Coomassie Blue. B. Results of electrophoretic transfer of the neoglycoproteins 
from poly(acrylamide) gel to nitrocellulose, and immunoblotting with monoclonal antibody 33.13. 

(66,000), it was possible to gauge the M, values of the neoglycoproteins as being in the 

region of 90,000-100,000, which is to be expected from BSA substituted with 40-47 

molecules of hapten per molecule of protein. Western-style immunoblotting, using 

a monoclonal antibody raised against PGL-I and directed to the 3,6-di-O-methyl-/?- 

p-glucopyranosyl epitope, was also applied to some of the available neoglyco- 

proteins, in order to assess both purity and immunoreactivity (see Fig. 1B). The 

NT-0-BSA, ND-0-BSA, and NT-P-BSA (not shown) reacted; however, the 

D-0-BSA did not bind to the antibody. The results clearly demonstrated the strong 

immunoreactivity of the neoglycoconjugates containing the native di- or tri-glycosyl 

unit, and emphasized the role of the O-methyl groups of the penultimate L- 

rhamnosyl residue in antibody binding, at least to this monoclonal antibody. The 

importance of the O-methyl groups of the terminal D-glucopyranosyl group of 

PGL-I in recognizing human polyclonal, anti-glycolipid IgM (ref. 2) and other IgM 

(ref. 23) and IgG (refs. 2 and 25) monoclonal antibodies had already been 

demonstrated, and the penultimate di-0-methyl-L-rhamnopyranosyl residue 
seemed not to play a significant role in the antigenicity of PGL-I (refs. 24 and 25). 

Accordingly, the acute need for O-methyl groups on the penultimate sugar appears 

to be a singular property of antibody 33.13. The activity of variable quantities of 

NT-0-BSA against pooled lepromatous leprosy serum (results not shown) de- 

monstrated that a highly active glycoconjugate, applicable to the serodiagnosis of 

lepromatous leprosy, has now been synthesized. 

Relative efjicacy of the PGL-based neoglycoproteins in the serodiagnosis of 

leprosy. - Comparative studies were conducted with PGL-I, ND-0-BSA, 
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NT-0-BSA, and NT-P-BSA, in order to assess the relative sensitivity and specifi- 

city of these antigens in detecting anti-glycolipid antibodies in leprosy sera, A total 

of 199 serum specimens was obtained from leprosy patients presenting themselves 

to R. H. Gelber, M.D., at the Clinic of the U.S. Public Health Service, Seton 

MedicaI Center, Daly City, CA. Patients had been classified, clinically and 

pathologically, according to the Ridley and Joplingzh scale. The duration of 

chemotherapy, applied as described by Gelberz7, was recorded. The origin of the 

healthy control and tuberculosis populations has been described’,‘“. Indirect 

ELISA29 with modification*8 was employed. 
A comparison is made in Table I of the activity of PGL-I and NT-0-BSA 

against sets of sera from lepromatous and tuberculoid patients who had been 

subjected to chemotherapy for the indicated periods. In general, there was good 

agreement between the two antigens in ability to detect anti-PGL-1 IgM antibodies. 

Of 199 tested, 97 (48.8%) were seropositive to PGL-I, and 106 (52.3%) to 

NT-0-BSA. NT-O-BSA thus gave higher seropositivity than PGL-I, although the 

difference between the two antigens was not statistically significant (McNemar’s 

test, 0.10 > p > 0.05). Also, sera from tuberculoid and long-time treated lcpro- 

matous patients with low level antibody to PGL-I reacted more readily to 

NT-O-RSA; however, with a specificity rate of 98.2 and 95.9%) respectively, there 

was no significant difference between the two antigens (McNemar’s test, p > 0.10). 

More importantly, NT-0BSA showed a lesser propensity to react nonspecifically 

TABLE I 

COMPAR,SON OF F’GL-, AN,, N’f-r).RSA IN ASSAY OF ANTI-Ptil.~I IgM ANTlHODIES IE? SERA FROM LEPROSY 

PATIENTS 
______-..____--~__~- ~ -~~~ ------~ -~-- -~- 

Pntienis Antigrn used 
_~ ~_~_ --- - .~~_---... 

ChssiJicolion” Time on Number PGL-I NT-0BSA 

chemotherapy iesred po.\itiw.v+ posiriL~es” 

(,vr) 
~. 

No. r%i No. ( % 1 
_ ___.~.____.________~_ __ _~ . -~~~-_--~ 

Tuherculoid 
(‘IT + BT) 

2 29 7 (24.1) 9 (31.0) 
2J 23 4 (17.4) 6 (26.1) 
5 11 3 (27.3) 3 (27.3) 

Lepromatous 
(BL + LL) 

2 
2-4 
5-9 

10 
~ -_- ~_~ 

31 23 (74.2) 23 (74.2) 
43 31 (72.1) 31 (72.1) 
34 19 (55.9) 20 (58.8) 
28 IO (35.7) 14 (50.0) 

quberculoid leprosy patients included polar tuberculoid (TT) and borderline tubcrculoid (BT). and 
lepromatous patients included borderline lepromatous (BL) and polar lepromatous (LL). hA,,, Xl 100. 
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TABLE II 

COMPARISON OF PGL-I AND NT-0-BSA IN ASSAY OF ANTI-PFL-I IgM ANTIBODIES IN SERA FROM HEALTHY 

CONTROLS AND TUBERCULOSIS PATIENTS 

Subjects Number 
tested 

Antigen used 

Healthy controls 116 
Tuberculosis patients 53 

Total 169 

NT-0-BSA (A 490) 

PGL-I 
positives” 

No. (%) 

3 (2.6) 
4 (9.4) 

7 (4.1) 

NT-0-BSA 
positives” 

No. (70) 

1 (0.9) 
2 (3.8) 

3 (1.8) 

ND-O-WA &go) 

Fig. 2. Pairwise correlations between ELISA values obtained for the individual leprosy sera described 
in Tahle I. 



250 II. CHAlTERJEE et ~21. 

TABLE III 

COMPARISON OF PGL-I AND THREE NEOANTIGENS IN THE DETECTION OF ANTI-GLYCOLIPID IgM IN SER’A FROM 

LEPROSY PATIENTS 

Patients 

Classification 

Antigen used 

Time on Number PGL-I ND-0BSA NT-0BSA NT-P-BSA 

chemotherapy tested 

(Yr) No. of positives” 

Tuberculoid 
(TT + BT) 

Lepromatous 
(BL. + LL) 

Total 

2 29 7 9 9 9 

24 23 4 6 6 7 

5 11 3 3 3 3 

2 31 23 23 23 23 

2-I 43 31 31 31 31 

s-9 34 I9 20 20 21 

IO 28 I 0 14 14 14 

199 97 106 106 108 

“A,, >O.lOO. 

TABLE IV 

COMPARISON OF PGL-I AND THREE NEOANTIGENS IN THE DETECTION OF ANTI-GLYCOLIPID IgM IN CONTROL 

GROUPS 

Subjects Number 
tested 

Antigen used 

PGL-I ND-O-BSA 

No. of positives” 

NT-O-BSA NT-P-MA 

Healthy controls 116 3 1 1 1 
Tuberculosis patients 53 4 2 2 2 

Total 169 7 3 3 3 

with sera from an asymptomatic control population and a group of people with 

tuberculosis (see Table II). Only three (1.8%) of 169 sera reacted positively to 

NT-0-BSA, compared to seven (4.1%) for PGL-I. Fig. 2A compares the ELISA 

absorbances of the individual sera reacting against PGL-I and NT-0-BSA. The 

absorbance values obtained with the two antigens were well correlated (r = 0.886, 

p < 0.001, Student’s t-test). The greater reactivity to NT-0-BSA in some sera may 

reflect greater numbers of antigen determinants. 

Three of the major neoglycoproteins in current use for the serodiagnosis of 
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TABLE V 

PAIRWISE COMPARISON OF PGL-I AND SOME NEOANTIGENS IN THE DETECTION OF ANTI-GLYCOLIPID IgM IN 

SFRA FROM I.FPROSY PATIENTS’ 

Antigens compared Correiation 
coefficient (r) 

Percent 
agreementi 

PGL-I w. ND-O-BSA 0.884 91.5 
PGL-I vs. NT-0-BSA 0.886 91.5 
PGL-I vs. NT-P-BSA 0.889 90.5 
ND-0-BSA vs. NT-0-BSA 0.988 100.0 
ND-0-BSA vs. NT-P-BSA 0.984 99.0 
NT-0-BSA vs. NT-P-BSA 0.990 99.0 

Total number of sera tested was 199. XXculated as: (No. of sera positive to both antigens + No. of 
sera negative to both antigens)/(total number of sera) X 100. 

leprosy, namely, ND-0-BSA, NT-0-BSA, and NT-P-BSA, were compared to 

PGL-I for ability to detect anti-PGL-I antibodies in the available set of sera (see 

Table III). The synthetic products, in general, showed greater numbers of sero- 

positive specimens than the native glycolipid, especially when sera from long-term- 

treated lepromatous patients were being tested. Likewise, the neoantigens showed 

lesser numbers of seropositive samples among healthy controls and tuberculosis 

patients (see Table IV). In these respects, ND-0-BSA, NT-0-BSA, and 

NT-P-BSA yielded virtually identical results. 

The correlation coefficients for absorbances between the antigens, and the 

extent of agreement in establishing seropositivity or seronegativity, were 

determined (see Table V). The correlation coefficients varied from 0.884 in PGL-I 

versus ND-0-BSA to 0.990 in NT-0-BSA versus NT-P-BSA, and all of the antigens 

were well correlated, with statistical significance (p < 0.001, Student’s t-test). The 

agreement in determining seropositivity and seronegativity was -91% between 

PGL-I and the synthetic antigens, and >99% between the neoantigens. 

The absorbance values of the individual sera against ND-0-BSA and NT-O- 

BSA were plotted in Fig. 2B, and those against NT-0-BSA and NT-P-BSA in Fig. 

2C, respectively. As shown in these Figures, the degree of correspondence between 

the antigens was nearly perfect, indicating that ND-0-BSA is as efficacious as 

NT-0-BSA in reacting with anti-glycolipid antibodies; the inner L-rham- 

nopyranosyl residue does not appear to contribute to immunogenicity or antigenic- 

ity. Likewise, the phenyl substituent in NT-P-BSA neither resulted in increased 

reactivity with leprosy sera nor conferred cross-reactivity against tuberculosis sera 

(see Table IV). 

This extensive study thus demonstrates that the neoantigens ND-0-BSA, 

NT-0-BSA, and NT-P-BSA are comparable to PGL-I in binding to antiglycolipid 

antibodies. The expectation that the neoantigens would have greater sensitivity 

and specificity was not confirmed by the present study. However, the large-scale 
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utilization of these products, now underway in leprosy-endemic areas, will provide 

further relevant data. Clearly, the neoantigens, with the advantages of water- 

solubility and low cost, can now replace the native PGL-I. Clear also was the fact 

that the presence of the internal sugar substituent conferred no advantage on these 

neoantigens in the serodiagnosis of leprosy. 

EXPERIMENTAL 

General methods. - All solvents and reagents were purified and dried 

according to standard procedures- 30 The anhydrous dichloromethane used as a . 
reaction solvent was purchased from Aldrich Chemical Company (Milwaukee, WI) 

in “Sure Seal” bottles, and was always transferred and stored under dry argon. For 

the performance of glycosylations, all glassware was dried overnight in an oven at 

120”, and cooled in a desiccator containing P,O, prior to use in reactions. T.1.c. was 

performed on aluminum plates coated with Silica Gel 6OF-254 (E. Merck, 

Darmstadt, West Germany). The following chromatographic solvent systems were 

used: a, 1: 1 chloroform-ether; b, 7: 1 chloroform-ether; c, 9: 1 chloroform-ether; 

d, 4: 1 chloroform-ether; e, 4: 1 benzene-ethyl acetate; 5 4: 1 benzene-acetone; g, 

9: 1 chloroform-methanol; h, 7.5: 1 chloroform-methancl; i, 1: 1 ether-ethyl 

acetate; and i, 5 : 2 : 0.1 ethyl acetate-methanol-water. Column chromatography was 

performed on silica gel 60 (60-200 mesh; J. T. Baker Chemical Co., Phillipsburg, 

NJ), usually 50-70 g per g of sample. For large-scale preparations requiring 

medium resolution, flash chromatography”’ was routinely employed. Optical 

rotations were measured with a Perkin-Elmer 241 Polarimeter. N.m.r. spectra 

were recorded for solutions in chloroform-d or methanol-d, with tetramethylsilane 

as the internal standard, using Bruker WH-200 and Bruker WH-270 instruments. 

Neoglycoconjugates were purified by dialysis followed by gel filtration in phos- 

phate-buffered saline, as described4,5. 

1,2,3-Tri-0-acetyl-40-allyl-L-rhamnopyranose (5). - A solution of methyl 

4-0-allyl-2,3-0-isopropylidene-cY-t-rhamnopyranoside (2; 20 g) in dichloro- 

methane (150 mL) was cooled to 0”. Trifiuoroacetic acid (99%; 100 mL) was added, 

and the mixture was kept for 30 min at 0”; t.1.c. in solvent h then showed the 

disappearance of the starting material_ The acid was removed by cocvaporation 

with toluene, to yield a dark-red syrup. Without purification, the syrup in M H,SO, 

was heated under reflux for 4 h. The acid was neutralized with BaCO,, the 

suspension filtered, and the filtrate evaporated to a dark-brown syrup which was 

purified by flash chromatography using solvent g. Pure compound 4 was obtained 

as a syrup (10.35 g); [cz]~ -29.8” (c 2.0, chloroform). 

Compound 4 in anhydrous pyridine (50 mL) was cooled to O”, and acetic 

anhydride (50 mL) was added. The solution was stirred overnight at room tempera- 

ture; t.1.c. then showed the formation of a faster-moving compound, R, 0.66 in 

solvent d. Aqueous workup gave compound 5 as a syrup (11.5 g, 72%); [cr],, -40” 

(C 0.5, chloroform), which was used without purification. For analysis, compound 
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5 (200 mg) was purified by chromatography on a column of silica gel using solvent b. 

Anal. Calc. for C,,H,,O,: C, 54.54; H, 6.66. Found: C, 54.92; H, 6.74. 

3-O-Acetyl-4-O-aflyl-l,2-0-(l-methoxyethylidene)-~-~-rhamnopyranose (7). 

- Compound 5 (6.78 g) was dissolved in dichloromethane (6 mL), acetic acid (7.5 

mL) was added, and the solution was cooled to 0”. A 32% solution of hydrogen 

bromide in acetic acid (15 mL) was added dropwise during 15 min. After 1.5 h, 

t.1.c. in solvent d showed the disappearance of the starting material, formation of 

a faster-moving component of R, 0.43, and traces of a decomposition product. The 

mixture was diluted with dichloromethane, successively washed extensively with 

cold water (3 X 75 mL), cold sodium hydrogencarbonate solution (3 x 50 mL), and 

water (2 X 50 mL), dried (anhydrous sodium sulfate), and evaporated, to afford a 

light-brown syrup (5 g, 69.5%). 2,6-Lutidine (12 mL) was added, followed by 

anhydrous methanol (2 mL). A white precipitate appeared after 1 h. The mixture 

was continuously stirred for 48 h, dichloromethane (12 mL) was added, and stirring 

was continued for an additional 16 h. Filtration, dilution of the filtrate, with ethyl 

acetate (10 mL), washing with cold water, drying, and evaporation yielded a syrupy 

residue (4 g, 91%). A small portion was purified for analytical purposes in an 
alumina column, using solvent d; [aID +30” (c 0.51, chloroform); ‘H-n.m.r. 

(CDCI,): 6 5.95 (m, 1 H, -CH=), 5.35 (d, 1 H, J,,, 2.4 Hz, H-l), 5.3-5.0 (m, 3 H, 

=CH, and H-3), and 4.54 (dd, 1 H, .& 4.0 Hz, H-2). 

4-O-Allyl-l,2-O-(I-methoxyethylidene)-3-0-methyl-~-~-rhamnopyranose (9). 

- A solution of compound 7 (4 g) in anhydrous methanol (15 mL) was treated with 

freshly prepared, ammonia-saturated methanol (20 mL), the solution kept for 48 h 

at room temperature, and evaporated to a syrupy residue, and this used directly for 

the next step. A solution of the residue in dry tetrahydrofuran (20 mL) was cooled 

to O”, and a suspension of sodium hydride (1 g) in tetrahydrofuran (5 mL) was 

added. The mixture was stirred for 2 h, cooled to O”, methyl iodide (1 mL) added, 

and stirring continued overnight at room temperature. Methanol was added to de- 

compose the excess of sodium hydride, the solvents were evaporated, and the 

residue was partitioned between water and chloroform. The chloroform phase was 

dried, and evaporated, and the syrupy residue was purified by column chromato- 

graphy using alumina (basic) and solvent b. Compound 9 was obtained as a syrup 
(4 g, 95%); R, 0.32, solvent b; [cx],, +20.36” (c 2.45, chloroform); ‘H-n.m.r. 

(CDCI,): 6 5.95 ( m, 1 H, -CH=), 5.4 (d, 1 H, I,,, 2.4 Hz, H-l), 5.3-5.2 (m, 2 H, 

=CH,), 4.6 (dd, 1 H, J2,3 4.0 Hz, H-2), 3.55-3.25 (2 s and m, ring CH and 2 CH,O), 

1.7 (s, 3 H, CCH,), and 1.3 (d, 3 H, J 6.0 Hz, H-6); 13C-n.m.r. (CDCI,): 6 134.6 

(-CH=), 116.0 (=CH,), 97.0 (C-l), 81.1 (C-4), 78.6 (C-3), 76.0 (-OCH,CH=), 

73.4 (C-2), 69.86 (C-5), 57.2 (OCH,), 49.2 (COCH,), 23.8 (CCII,), and 17.4 (C-6). 

Anal. Calc. for C,,H,,O,: C, 56.90; H, 8.02. Found: C, 56.40; H, 7.85. 

8-(MethoxycarbonyZ)octyl O-(2-O-acetyl-4-O-allyl-3-O-methyl-~-L-rhamno- 

pyranosyl)-(1~2)-4-O-benzyl-3-O-methyl-cr-L-rhamnopyranoside (12). - To com- 

pound 9 (2 g, 7.3 mmol) in anhydrous dichloromethane (12 mL) was added chloro- 
trimethylsilane (2.5 mL). The mixture was heated under reflux for 2 h; t.1.c. at this 



254 D. CHATTERJEE et al. 

stage showed the disappearance of the starting material, and formation of a faster- 

moving component of R, 0.51 in solvent d, which was -95% pure according to 

t.1.c. The solvent was evaporated, and the excess of the reagent was removed by 

coevaporation with benzene. The syrupy 2-0-acetyl-4-0-allyl-3-0-methyl-cr-L- 

rhamnopyranosyl chloride (10) was used directly for condensation. 

To compound 11 (ref. 5; 0.9 g, 2.1 mmol) in anhydrous dichloromethane (12 

mL) were added silver triflate (1.125 g, 4.37 mmol) and 1,1,3,3_tetramethylurea 

(1.6 mI,), and the mixture was stirred, and cooled to -70” in an inert atmosphere. 

A solution of compound 10 (1.4 g, 5.02 mmol) in dichloromethane (9 mL) was 

slowly added to the mixture during 15 min (with a gastight syringe). The mixture 

was allowed to warm gradually overnight. Filtration followed by washing of the 

organic layer with sodium hydrogencarbonate solution (3 X 15 mL), gave on 
evaporation a syrup, which was purified by column chromatography using solvent 

e. The pure disaccharide was obtained as a syrup (1.1 g, 70%); [a]z5 -40.3” (c 2.4, 

chloroform); ‘H-n.m.r. (CDCI,): 6 7.2 ( m, 5 H, aromatic), 5.9 (m, 1 H, -CH=), 

5.4 (dd, 1 H, J2,,3, 4 Hz, H-2’), 5.3-5.1 (m, 2 H, =CH,), 4.98 (d, 1 11, J,,,Z, 1.6 Hz, 

H-l’), 4.84.6 (q, 2 H, CH,Ph), 4.7 (d, 1 H, J,,, 1.4 Hz, H-l), 3.7 (s, 3 H, 

COOCX~), 3.42, 3.41 (2 s, 6 H, 2 CH,O), 2.3 (t, 2 H, CH&O), 2.1 (s, 3 H, 

CH,CO), and 1.7-1.2 [m, 18 H, H-6,6’, and (CH,),]. 

Anal. Calc. for C,,H,,O,,: C, 63.52; H, 8.23. Found: C. 63.50; H, 8.00. 

&(Methoxycarbonyl)octyI O-(4-O-allyl-3-O-methyl-a-L-rhamnopyranosyl)- 

(1-+2)-4-0-benzyl-3-O-methyl-cw-~-rhamnopyranoside (13). - The disaccharide 12 

(1.2 g) in anhydrous methanol (30 mL) was cooled to O”, and dry sodium methoxide 

(30 mg) was added. After stirring the mixture for 2 h at O”, it was warmed to room 

temperature and stirred overnight. T.1.c. in solvent d showed the disappearance of 

the starting material and the formation of a slower-moving component, R, 0.29. 

The solution was decationized with Dowex 50 (H”) resin, and the solution 

evaporated to a syrup (1.0 g); [aID -70.7” (c 0.20, chloroform); ‘H-n.m.r. 

(CDCI,): S 7.3 ( m, 5 H, aromatic), 5.9 (m, 1 H, -CH=), 5.3 (m, 2 H, =CH?), 5.2 

(d, 1 H, J,,,,, 1.5 Hz, H-l’), 4.9-4.5 (q, 2 H, CH,Ph), 4.7 (d, 1 H, .I,,, 1.4 Hz, H-l), 

3.7 (s, 3 H, COOCH,), 3.5 (2 s, 6 H, 2 CH,O), and 2.4 (bs, 1 H, D@ exch.. OH); 

13C-n.m.r. (CD,OD): 6 103.0 (C-l’), 100.5 (C-l), 83.0 (C-4), 82.4 (C-3’), 81.3 

(C-4’), 80.9 (C-3), 75.7 (C-2), 75.5 (OCH,Ph), 74.6 (-OCH,CH=), 69.2, 69.0 

(C-5,5’), 68.6 (2 C, OCHz, C-2’), 59.1, 58.2, 51.2 (3 OCH,), 18.3, and 18.2 (C- 
6,6’). 

Anal. Calc. for C&H,,O,,: C, 63.94; H, 8.46. Found: C, 63.63; H, 8.58. 

&(Methoxycarbonyl)ocryl O-(4-O-allyl-2,3-di-O-methyl-a-L-rhamnopyrano- 

syl)-(1~2)-4-O-benzyl-3-O-methyl-~-L-rharnnopyranoside (14). - Method A. To 

disaccharide 13 (0.5 g) in anhydrous dichloromethane (5 mL) were added 2,6-di- 

tert-butylpyridine (2 mL) and methyl triflate (1 mL), and the solution was heated 

for 3 h at 80”. The dark-red product was purified by dry-column chromatography, 

and compound 14 was isolated as a syrup, R, 0.41 in solvent d; [a], -81.4” (c 0.5, 

chloroform); ‘H-n.m.r. (CDCI,): 6 5.85 ( m, 1 H, -CH=), 5.2 (m. 2 H, =CH,). 
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5.02 (d, 1 H, b,.,,, 1.5 Hz, H-l’), 4.8-4.5 (q, 2 H, CH,Ph), 4.6 (d, 1 H, I,,, 1.4 Hz, 
H-l), 4.3 (dd, 1 H, & 4.0 Hz, H-2), 3.6 (s, 3 H, COOCH,), 3.4 (3 s, 9 H, 3 

CH,O), and 2.2 (t, 2 H, C&CO); t3C-n.m.r. (CD,OD): 6 100 (C-1,1’), 83.1 (C-4), 

82.3 (C-3’), 81.2 (C-4’) 81.1 (C-3), 78.4 (C-2’), 75.9 (C-2), 75.8 (OCH,Ph), 74.8 
(OCH,CH=), 69.3, 68.9 (C-55’) 68.5 (OCH,), 59.1, 58.2, 57.9 (3 CH,O), 51.9 

(COOCH,), 18.4, and 18.3 (C-6,6’). 

Method B. A solution of compound 13 (312 mg, 489 pmol) in dry tetrahydro- 

furan (THF; 5 mL) was cooled to O”, and a suspension of sodium hydride (15 mg, 

625 pmol) in THF (1 mL) was added. The mixture was stirred for 3 h at room 

temperature, cooled to O”, methyl iodide (1.5 mL) was added, and stirring was 

performed overnight at room temperature. T.1.c. in solvent d then showed the 

emergence of a faster-moving component, R, 0.4. Methanol was added, the 

solvents evaporated, and a solution of the residue in chloroform was washed with 
water, dried (magnesium sulfate), and evaporated to a syrup (0.310 g, 90%). The 

chemical analysis and physical constants of this compound were identical to those 

of compound 14 prepared by Method A. 

Anal. Calc. for Cs5HS60n: C, 64.41; H, 8.50. Found: C, 64.49; H, 8.31. 

8-(Methoxycarbonyl)octyl O-(2,3-di-0-methyl-a-L-rhamnopyranosyl)-(l-2)- 
4-O-benzyl-3-O-methyl-a-L-rhamnopyranoside (15). - To compound 14 (1 g) in 

7:3:1 ethanol-benzene-water (25 mL) were added 1,4-diazabicyclo[2.2.2]octane 

(0.5 g) and Wilkinson catalyst (0.1 g). The mixture was heated under reflux over- 

night and evaporated to a dark-yellow residue; a solution of this in chloroform was 

successively washed with water, cold M hydrochloric acid, aqueous sodium 

hydrogencarbonate, and water, dried, and evaporated. To a concentrated solution 

of the residue in 1: 1 acetone-water (17 mL) was added mercuric oxide (350 mg), 

followed by a solution of mercuric chloride (350 mg) in 9:l acetone-water (400 

pL). The suspension was stirred for 1 h at room temperature, the solids filtered off, 

and the filtrate evaporated. A solution of the residue in chloroform was washed 

with water, aqueous potassium iodide, and water, dried, and concentrated. Column 
chromatography (solvent i) gave pure compound 15 (750 mg, 80%); [cr],, -43.8” (c 
0.8, methanol); ‘H-n.m.r. (CDCI,): 6 5.1 (d, 1 H, J,,,,, 1.5 Hz, H-l’), 4.9-4.6 (q, 

CH,Ph), 4.72 (d, 1 H, .I,,, 1.0 Hz, H-l), 3.66 (s, 3 H, COOClli,), 3.54, 3.51, 3.50 

(3 s, 9 H, 3 CH,O), 2.4 (t, 2 H, C&CO), and 1.66-1.2 [m, 18 H, H-6,6’ and 

(CH,),]; 13C-n.m.r. (CD,OD): 6 100.4, 100.2 (C-l’,l), 83.2 (C-4), 82.1 (C-3’), 81.4 

(C-3), 78.3 (C-2’), 75.9 (C-2), 75.8 (OCH,Ph), 73.1 (C-4’) 70.5 (C-5’), 69.1 (C-5) 

59, 58.2, 57.9 (3 CH,O), 51.8 (COOCH,), and 18.3 and 18 (C-6,6’). 
Anal. Calc. for C,,H,,O,,; C, 62.74; H, 8.49. Found: C, 63.40; H, 8.45. 

8-(Methoxycarbonyl)octyl 0-(2,4-di-0-3,6-di-O-methyl-/3-D-glucopyranosyl)- 
0-(l~4)-0-(2,3-di-O-methyl-cy-~-rhamnopyranosyl)-(l~2)-3-O-methyl-~-~- 
rhamnopyranoside (17). - To a well stirred solution of compound 15 (0.800 g, 1.3 

mmol) in anhydrous dichloromethane (7 mL) containing mercuric cyanide (0.300 

g, 1.18 mmol), mercuric bromide (0.120 g), and powdered molecular sieves (1.5 g), 

was added dropwise a solution of freshly prepared 2,4-di-O-acetyl-3,6-di-o-methyl- 
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D-glucopyranosyl bromides (16) (0.900 g, 2.53 mmol) in dry dichloromethane (5 

mL). The mixture was stirred for 16 h at room temperature under an inert 

atmosphere. T.l.c. (solvent j) then showed the formation of a new component, R, 
0.6. The solids were removed by filtration and washed with dichloromethane. The 

filtrate and washings were combined. successively washed with water. M potassium 

bromide, and water, dried, and evaporated. Compound 17 was purified by column 

chromatography in solvent f: yield 800 mg (69%); [crlD -41.6“ (c 0.3, chloroform); 

‘H-n.m.r. (CDCl?): 65.2 (m, 2 H, H-2”.,“), 4.9 (s, 1 H, H-l’), 4.75 (d, 1 H,J,.z 1.5 

Hz, H-l), 4.45 (d, 1 H, .1,“,2,j 7.81 Hz, H-t”), 3.65-3.45 (bs, 1X H. 6 CH;O), 2.25 

(t. 2 H, CH,CO), and 2.15 (s, 6 H, 2 CWJO). 

Anal. Calc. for C,,H,,,O,,: C, 59.60; H, 7.90. Found: C, 59.20: H, 8.05. 

8-(Merhoxycarhonvl)~ct?,l 0-(3,6-ni-O-methyl-p-D-glucopyra/losyll-(1j4)- 

O-(2,3-di-O-methyl-a-I.-rfzamnopyraizosyI)-(I ~2)-4-O-hen~vl-3-O-methyl-a-l,- 

rhamnopyranoside (18). -Compound 17 (0.500 g) in anhydrous methanol (10 mL) 

was cooled to O”, and dry sodium methoxide (50 mg) was added. After being stirred 

for 2 h at O”, the solution was warmed to room temperature and kept overnight. 

Decationization followed by filtration and evaporation gave a homogeneous syrup 
(350 mg, 77%); [a]o -44.0” (c 0.54, chloroform); ‘H-n.m.r. (CDCI,): 5 5.O (bs, 1 

H, H-l’), 4.7 (s, 1 H, H-l). 4.5 (q, 2 Hi. CH,Ph), 4.4 (d, 1 H, J,.,:,, 7.5 Hz, H-l”), 

3.8-3.3 (bs, 18 H, 6 MeO), 2.2 (t, 2 H, CH,CO), and 1.&t .l [m, 18 H, H-6,6’ and 

(CH?)J; IV-n.m.r. (CD,~D): 6 1us.o (c-l”), 100.2 (c-1.1’), 87.6 (c-3”), 83.1 (c- 

4), 82.1 (C-3’), X1.3 (C-3), 7Y.8 (C-4’). 77.8 (C-2’), 76.7 (C-S”), 75.9 (C-2). 75.7 

(C-2”), 75.5 (OCH,Ph), 73.5 (C-6”), 71.2 (C-4”), 69.1, 69 (C-.5.5’). 6X.6 (OCHJ, 

60.7,59.7,59. I, 58.2, 57.4 (5 cH,O), 51.8 (COOCH,), and 18.4 and 18.2 (C-6.6’). 

Anal. Calc. for C,,,H,,O,,: C. SO .8S; H, 8.22. Found: C. 59.41; H, 8.02. 

ti-(Methox),~arhonyl)[~~tyl 0-(_3,h-di-O-rn~thyl-~-r~-gh~~~opyranosyl-(1~4)-0- 

(2,3-di-O-metfzyl-u-~~-rhamrzopyra~~osyf~-(l~2)-3-O-~ethyl-~-~~-rhurnn~~pyra~~oside 

(19). - Hydrogenolysis of trisaccharide 18 (200 mg) in ethanol (5 mL) containing 

acetic acid (200 pL) for 16 h at room temperature under atmospheric pressure 

using 10% palladium-on-charcoal (SO mg) gave compound 19 as a syrup (14X mg, 

85%); [cr]o -39.2 (c 0.3, methanol); ‘H-n.m.r. (CDCl,): 6 5.01 (d. 1 H, J,,,2, 1.2 

Hz. H-l’), 5.0 (m, 2 H, H-2”,4”), 4.7 (d, 1 H,J,,, 1 Hz. H-l), 4.4 (d. 1 H. J,,s,2,, 7.7 

Hz, H-l”), 3.60 (s. 3 H, COOCH,). 3.52-3.51 (5 s, 5 MeO), 2.3 (t, 2 H, CH,CO), 

and 1.7-1.1 [m, 1X H, H-6,6’, and (CHZ)J; lXI-n.m.r. (CD,OD): 105.1 (C-l”), 

100.3. 100.2 (C-1,1’>, 87.6 (C-3”), 82.5 (C-3), x2.1 (C-3’), 79.8 (C-4’). 77.8 (C-2’), 

76.8 (C-S”), 75.X (C-2), 75.5 (C-2”), 73.5 (C-4), 73.2 (C-6”). 71.3 (C- 4”), 68.7 

(OCH,), 60.7, SY.7, 59.0, 58.3, 57.3 (5 CH,O), and 51.8 (COOCH,). 

8-CarrSazoyloctyl O-(3,h-di-O-methyl-~-D-gluropyranosy~)-(Z~4~-O-(~,~-di- 

0-methyl-cr-L-rhamnopyrcrnos??li-(1 ,_?)-S-O-,nethyl-cu-L-rhamnopyraizosirle Gw. 
- The dcblocked trisaccharide 19 (100 mg) was dissolved in ethanol (5 mL), and 

85% hydrazine hydrate (400 FL) was added. The solution was stirred for 3X h, and 

evaporated, and the excess of hydrazine was removed by codistillation with water. 

Column chromatography on Sephadex LH 20 with solvent h as the eluant gave 
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pure hydrazide 20 (85 mg, 86%); R, 0.36, solventj; [a],, -20” (c 1.0, chloroform). 

Anal. Calc. for C,,H,N,O,,: C, 53.90; H, 8.42; N, 3.90. Found: C, 53.40; H, 

8.60; N, 3.40. 

O-(3,6-Di-O-methyl-~-~-glucopyranosyl)-(I~4)-0-(2,3-di-O-methyl-a-~- 
rhamnopyranosyl) - (1+2) - 0 - (3 - 0 - methyl - LY - L - rhamnopyranosyl) - (1+9) - oxy - 
nonanoyl-BSA (natural trisaccharide-octyl-BSA; NT-0-BSA) (21). - The freeze- 

dried hydrazide 20 (40 mg, 56 pmol) was dissolved in dry N, N-dimethylformamide 

(1 mL), 3.6~ HCl-1,4-dioxane (150 FL) was added, and the solution was cooled to 

-30”. tert-Butyl nitrite (1:lO dilution in N,N-dimethylformamide; 225 pL) was 

added, and the solution was stirred for 30 min at -30”. T.1.c. in solvent j showed 

the disappearance of the starting material, and formation of a new component 

having R, 0.63. The nitrous acid was neutralized with 0.5~ sulfamic acid (225 pL). 

The cold acyl azide solution was added dropwise to a stirred solution of BSA (40 

mg, 0.58 pmol) in 4 mL of 0.08~ Na,B,O, and 0.3~ KHCO, (pH 9.2), at 0”. The 

solution became cloudy after 30 min. Stirring was continued overnight at 4”. The 

solution was dialyzed against four changes of water in an ultrafiltration cell 

(Amicon Corp., Danvers, MA) equipped with a PM-10 membrane. The retentate 

was subjected to gel filtration (Sephadex G-75 in phosphate-buffered saline). The 

protein-positive fractions (280 nm) were analyzed for hapten content by carbo- 

hydrate assay5, using L-rhamnose as the standard. An incorporation of 40-45 mol 

of hapten per mol of BSA was achieved. 

O-(3,6-Di-O-methyl-~-~-glucopyranosyl)-(1~4)-0-(2,3-di-O-methyl-a-~- 
rhamnopyranosyl)-(1~2)-0-(3-O-methyl-a-~-rhamnopyranosyl-(1~4’)-oxy-(3- 
phenylpropanoyl)-BSA (natural trisaccharide-phenylpropanoyl-BSA; NT-P-BSA) 
(22). - Full details of the synthesis of NT-P-BSA have been described9. Briefly, 

benzyl 4-O-benzyl-3-0-methyl-a+rhamnopyranoside was selectively allylated at 

OH-2 followed by isomerization of the ally1 to a 1-propenyl group with potassium 

tert-butoxide. The isomerized rhamnopyranoside was treated with 3M trifluoro- 

acetic acid, and the sugar acetylated with acetic anhydride-pyridine, to give 1,2-di- 

O-acetyl-4-O-benzyl-3-O-methyl-cu,P-~-rhamnopyranose. The a-acetate was 

isolated, and converted into the corresponding l-bromide by using titanium tetra- 

bromide, and the bromide coupled with methyl 3-(4-hydroxyphenyl)propanoate, 

to give 4-(2-methoxycarbonylethyl)phenyl 2-0-acetyl-CO-benzyl-3-O-methyl-a-L- 

rhamnopyranoside in a yield of -55%. The 2-0-acetyl group was then removed 

with sodium methoxide. 

The condensation of this reducing-end derivative with the relatively stable 

glycosyl donor 0-(2,4-di-0-acetyl-3,6-di-O-methyl-~-~-glucopyranosyl)-(l~4)- 

2,3-di-0-methyl-a-L-rhamnopyranosyl chloride, in the presence of 1,1,3,3-tetra- 

methylurea and silver triflate, gave the blocked trisaccharide in -35% yield. On 

deacetylation and debenzylation, this gave 4-(2-methoxycarbonylethyl)phenyl O- 

(3,6-di-O-methyl-~-~-glucopyranosyl)-(l~4)-O-(2,3-di-O-methyl-a-~-rhamno- 

pyranosyl)-(1~2)-(3-O-methyl-a-L-rhamnopyranoside). This glycoside was con- 

verted into the acylazide via the hydrazide, and the product was coupled to BSA; 
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a coupling ratio of haptens to protein of 40: 1 was achieved. 

Poly(acrylamide) gel electrophoresis and immunoblotting of neoglyco- 
conjugates. - The neoglycoconjugates (10-20 pg) were dissolved in 20 PL of 

denaturing buffer, and 1 PL was applied to slab gels (3 X 4 cm) according to the 

method of Laemmli and Favre’?. The separation gels wcrc composed of 10% of 

acrylamide cross-linked with 0.8% of bis(acrylamide). A 6% acrylamide stacking 

gel was layered above the separating gel. After electrophoresis at 10 mA/gel at 

constant current, gels were stained with Coomassie Blue, or the bands were trans- 

ferred electrophoretically to nitrocellulose sheets for antibody binding as described 

previously”“. Electrophoresis was performed in 25mM Tris, 192mM glycine. and 

20% (v/v) CH,OH (pH 8.2), in a Bio-Rad Trans-Blot apparatusJ3. 

Preparation of monoclonal antibody to PGL-I. - An immunogenic sample 
of PGL-I was prepared by mixing whole armadillo-derived M. Zeprae (10 mg in 3 
mL of H,O) and PGL-I (5 mg in 2 mL of H,O) by sonication. A portion (0.5 mL) 

of the resulting preparation was mixed with an equal volume of Freund’s 
incomplete adjuvant (Sigma, St. Louis, MO) by using a double-hubbed emulsifying 

needle. A O.l-mL aliquot of the antigen-adjuvant mixture was injected 

into the peritoneal cavity of five BALB/c mice. Mice were given a booster injection 

three weeks later, and were bled for testing nine days after the booster injection. 

The mouse showing the highest antibody response to PGL-I in plate-ELISA28 was 

further inoculated intravenously, this time with the antigen preparation (0.1 mL) 

only. Three days later, the mouse was sacrificed; spleen cells were harvested, and 

fused with SP2/0-Ag14 cells3”. Culture supernatant liquors from wells containing 

growing cells were tested for antibody production against PGL-I using ELISA2x. 

Cells producing anti-PGL-I antibodies were cloned twice. A cell line producing a 

high titer of anti-PGL-I antibodies was established34. 

Serology. - Indirect ELISA, as described by Voller ct af.29 with important 

modifications (see ref. 28, and later), was used to detect IgM antibodies to PGL-I 

and the neoantigens. Briefly, 50 PL of a suspension of PGL-I (2 pg/mL). or a 

solution of the neoantigens (50-100 ng of L-rhamnose equivalent/ml) prepared as 

described2*, was applied to wells of U-bottomed microtiter plates (Dynatech 

Laboratories, Alexandria, VA), and incubated overnight at 37” in a moist chamber. 

Unbound antigen was removed with phosphate-buffered saline, pH 7.4, containing 

0.05% of Tween 20 (PBST); PBST containing 0.5% of BSA (100 pL) was added 

to wells, and the plates were incubated for 1 h at 37”. When PGL-I was used as 

antigen, Tween 20 was omitted from the PBST. After removal of blocking solution, 

50 yL of human serum diluted 1:300 in PBS containing 5% of normal goat serum 

(NGS) was added to wells, and these were incubated for 90 min at 37”. After further 

washing, 50 PL of affinity-purified, peroxidase-conjugated, goat anti-human CgM 

(Calbiochem, San Diego, CA) diluted 1:5000 in PBST-5% NGS was added, and 

incubated for 1 h at 37”. Finally, after another washing, 50 FL of substrate com- 

posed of o-phenylenediamine (0.4 mg/mL) and 30% H,O, (0.4 pL/mL) in citrate- 

phosphate buffer, pH 5.0, was added, and the plates were incubated for 15-20 min 
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at room temperature in a dark chamber. The reaction was stopped with 50 )(LL of 

1.25~ H,S04, and the absorbance was read at 490 nm. The concentration of the 

individual antigen was adjusted by block titration against a positive control serum 

from a lepromatous leprosy patient, to obtain an absorbance value (Ad,& of 1.200. 
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