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ABSTRACT 

The tetrasaccharide hapten released from the glycopeptidolipid (GPL) antigen of MJcobactuium 

uoium serovar20 has been characterized as 0.(2.0.methyl-a-D-rhamnopyranosyl).( 1~3)-O-(2.O-methyl-a- 
L-fucopyranosyl)-( 1~3)-~-L-rhamnopyranosyl-( I + 2)-6-deoxy-r-talose. Syntheses are reported of ally1 gly- 

cosides of the outer disaccharide unit ofthis hapten, O-(2-O-methyl-r-o-rhamnopyranosyl)-(I +3)-2-@me- 

thyl-cc-L-fucopyranose. and also of the outer di- and tri-sacchartde units of the GPL antigen of M. rrrium se- 

rovar 14, O-(;V-formyl-a-L-kansosaminyl)-( I +3)-2-O-methyl-cc-u-rhamnopyranose and 0(N-formyl-r-L- 

kansosaminyl)-( I +3)-O-(2.O-methyl-r-u-rhamnopyranosyl)-( I+?)-2-O-methyl-a-L-fucopyranose. The 

key steps in the latter synthesis involve the preparation ofallyl4-azido-4,6-dideoxy-3-C-methyl-2-O-methyl- 

a-L-mannopyranoside as a precursor for the N-formylkansosamine unit, followed sequentially by con- 

version into and use of a trichloroacetimidate as glycosyl donor for di- and tri-saccharide formation, 

O-deacylation, reduction, and N-formylation. The ally1 glycosides, representative of the haptens from both 

serovars. have been converted into neoglycoproteins (NGPs) and their serological activities have been 

compared in the light of the structural relationship between them. 

LNTRODUCTION 

Mycobacteria of the M~~cohuctcrium avium--M. intracellulare-hf. scrofilaceum 

complex (M.nvium complex) have long been associated with pulmonary and other 

organ-localized infections’ and some serovars are of current interest as opportunistic 

pathogens in patients with acquired immunodeficiency syndrome (AIDS)‘. The various 

M. acium serovars are differentiated by antigenic glycopeptidolipids (GPLs) in which 

the outer segments (l-3 residues) of the oligosaccharide chains contain very unusual 

sugars, often in previously unknown combinations. and are highly specific in their 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 
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donors. The seroIogica1 properties of the oligosaccharide haptens were examined, as 

neoglycoproteins, in order to define the structural requirements for the endowment of 
antigenicity on such sugar epitopes and to provide serological tools for the diagnosis of 
infections. 

RESULTS AND DISCUSSION 

Structural characterization of the triglycosyl alditol hapten of the GPL from 
.seruvar 20 of the M. avium ~~~~le_~. - Purified GPL of serovar 20 was subjected to 

~-elimination and the liberated oligoglycosyl alditol was purified by gel filtration 
chromatography” (Sephadex G- 15). The sugar composition of the oligosaccharide was 

established by conventional g.l.c.-m.s. of the alditol acetates on a DB-23 capillary 
column. 2-O-Methylrhamnose, 2-O-methylfucose, rhamnose, and 6-deoxytalose were 

readily identified. F.a.b.-m.s. analysis of the oligoglycosylalditol gave molecular ions at 
PIZ/Z 633 (MH+) and 655 (MNa’), confirming a mol. wt. of 632. Linkage and sequence 
analysis was effected through f.a.b.-ms. of the per-O-trideuteriomethylated’3 oligogly- 
cosylalditol and characterization by g.l.c.-m.s. of acetates of the alkylated alditol 
derivatives, 3,4-di-O-CD,-2-0-CH,-rhamnitoi, 4-0-CD,-2-0-CH,-fucitol, 2,4-di-O- 
CD,-rhamnitol, and 6-deoxy-1,3,4,5-tetra-O-CD,-talitol. The fragment ions shown in 

Fig. I, together with a molecular ion at n2 /z 786 (MH+), confirmed the sequence of 
natural O-methyl sugar units, and led to formulation of the proposed structure. With 

bcdA, = 552 -.__ -.._ 
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Fig. I. Molecular ion, MH ’ = 786, and fragment ions in the f.a.b.-ms. of the pertrideuterjomethylated 
triglycosylalditol from M. naium serovar 20 GPL. 
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~ynt~~~~is ~~~eo~~ye~F~~t~in~. NGP gdated to serozw 20 GPL. - Benzoylation of 
ally1 2,3-O-isopropyliden~-~-D-rham~~pyranoside” followed by controlled acid hydro- 
lysis afforded ally1 4-0-benzoyl-cx-E>-rhamnopyranoside (3). Regioselective alkylation’” 
of the dibutylstannylene derivative of 3 with 4-methoxybenzyl chloride and tetra-n- 
butylammonium bromide (to 4) followed by m~thylatio~~ using sodium hydride and 
methyl iodidei in oxolane gave aIlyl4-O-benzoy~-3-~-(4-methoxybenzy~)-2-O-m~thy~- 
~-D-rhamnopyranoside (5). Compound 5 served to furnish both glycosyl. acceptor 6 on 
treatment with ceric ammonium nitrate’“, and acetate 7 for subsequent conversion into 
glycosyl donor on acetolysis with accompanying deprotection and acetylation at O-3. 
For the synthesis of the outer disaccharide unit of the GPL from serovar 20, treatment 
of glycosyl acetate 7 with di~hloromethyl methyl ether in the presence of anhydrous zinc 
bromide” gave the corresponding or-glycosyl chloride 8, which was condensed directly 
with ally1 4-U-b~nzoyl-2-O-methy~-~-~-fucopyranoside~’~ (9) in the presence of silver 
triflate to furnish the fully protected disaccharide 10. ‘H-N.m.r, spectra of disaccharide 
10 and the products of deprotection 11 and 12 indicated the formation of an IX-D- 

glycosyl linkage with no detectable p anomer, despite the absence of a participating 
group in the glycosyl donor. Selective O-deacetylation of 10 was achieved on treatment 
with methanoli~ hydrogen chloride at room temperature giving partially deprotected 
disaccharide IX, which was to be required later as glycosyl acceptor in the synthesis of 
the trisaccharide ally1 glycoside 33. O-~ebenzoylation of 11 was effected catalytically 
with sodium methoxide, giving the terminal disaccharide unit of serovar 20 GPL as its 
ally1 glycoside 12. Ozonolysis of 22 followed by reductive coupling’ to bovine serum 
albumin afforded NGP 20 (13). 

NGPs ~~~~~t~~ to serozw 14 GPL.,. - In experiin~nts leading to the isolation and 
characterization’ of the oligosaccharide hapten of serovar 14 N-deformylation has been 
observed to occur with relative ease. Consequently for the synthesis of the terminal 
~-formylkansosamine residue we followed the general strategy recently reported by 
Giuliano and Kasperowicz”‘, in which the nitrogen function at C-4 was introduced by 
azide opening of an epoxide, but the conversion of azidodeoxy to deoxyformamido 
sugar was delayed until the final stages of oligosaccharide assembly. The stereoselectivi- 
ty of this approach gives it advantages over that used by Yoshimnra et al.’ for the 
synthesis of the ~-(~)-2-methoxypropanoyl derivative of r~-kansosamine, and very 
recently by Bajza and Liptak” for synthesis of the phenyl K-thioglycoside of N-formyl- 
L-kansosamine. These syntheses involved reduction of oximes of gly~osid-4-uloses to 
give mixtures of 4-amino-4-deoxy sugars having the ~a~~~~ and la/o configurations. 

Syntheses of kansosamine and related branched-chain sugars by Giuliano and 
Kasperowicz” involved stereoselective introduction of the C-methyl branching unit 
into a methyl 6-deoxy-~-L-mannofuranoside derivative. However, for our synthesis the 
skeleton of the branched sugar was assembled in the pyranose form starting from a1Iyf 
2,~-0-isopropyIidene-~-L-rhamnopyranoside4 (14). Oxidation of 14 with the chromium 
trioxide-pyridine complex” gave the corresponding 4-ulose 15, and this underwent 
C-methylation on reaction with lithium diisopropylamide and methyl iodide according 
to the procedure of Klemer et LX/.’ to give aIlyl6-deoxy-2,3-0-isopropylidene-3-C-m+ 
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sluggishly on heating 22 with sodium azide in NJ-dimethylformamide at 110” but 

afforded regioselectively the kansosamine precursor ally1 4-azido-4,6-dideoxy-3-C- 

methyl-2-0-methyl-a-L-mannopyranoside (23) in 54% yield. The ‘H-N.m.r. data were 

in accord with the assigned structure. 

For the synthesis of di- and tri-saccharides related to the characteristic haptenic 

oligosaccharides of the M. auium serovar 14 GPL, ally1 glycoside 23 was first subjected 

to mild treatment with acetic anhydride-sulfuric acid to give the a-glycosyl acetate (24) 

with accompanying acetylation of the tertiary hydroxyl group. An attempt to transform 

24 into the corresponding glycosyl chloride by reaction with dichloromethyl methyl 

ether in the presence of anhydrous zinc bromide failed; only hemiacetal was detected. 

Instead, selective 1-0-deacetylation of 24 with hydrazine acetate” followed by reaction 

of the hemiacetal (25) with trichloroacetonitrile in the presence of 1,5-diazabicy- 

clo[5.4.0]undec-5-ene gave the sr-glycosyl trichloroacetamidate 26, which was used 

without extensive purification. Disaccharide synthesis was achieved by reaction of the 

trichloroacetimidate with ally1 4-0-benzoyl-2-0-methyl-cc-D-rhamnopyranoside (6) in 

the presence of boron trifluoride etherate to give the fully substituted disaccharide 27, 

which was then 0-deacylated catalytically with sodium methoxide to give 28. ‘H- And 

‘3C-n.m.r. data showed that glycosylation had occurred stereoselectively, and, although 

not individually assigned, the two anomericcarbon resonances of 27 observed at 6 96.64 

(‘Jc,u 168.4 Hz) and 93.49 (‘J,,h 165.4 Hz) were indicative of cc-glycosidic linkages”. 

Azido disaccharide 28 was reduced with hydrogen sulfide and then acylated by reaction 

with ethyl formate to give the terminal disaccharide unit of serovar 14 GPL as its ally1 

glycoside 29. Ozonolysis of 29 followed by reductive coupling afforded NGP 14-2 (30). 
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antibodies (MAbs) were raised to the GPL of serovar 14, and polyclonal rabbit serum 

was raised against whole cells of serovar 14 (ref. 7). Rabbit anti-serovar 20 was raised 

similarly but MAbs were not generated to GPL 20. NGP 14-2 (30) and NGP 14-3 (34) 

reacted equally well with the monoclonal and homologous polyclonal antibodies but 

failed to react with polyclonal anti-serovar 20. NGP 20 (13) on Western blotting reacted 

readily with rabbit anti-serovar 20 but did not react with anti-GPL 14 or anti-serovar 14 

antibodies. The reactivity patterns of these antibodies and of other MAbs to GPL 14 are 

summarized in Table I. It is noteworthy that MAbs 6B6 and 9A6 recognize NGPs 14-2 

and 14-3 equally well, whereas MAbs IF3 and 8B3 recognize only NGP 14-2. Yet other 

MAbs (not shown) were reactive by Western blot only. 

These results show that synthesized determinants of serovar 14 and serovar 20 are 

serologically active, and that polyclonal antibodies effect a clear discrimination between 

them. Two of the MAbs to NGPs 14 bear out this conclusion. It is apparent, however, 

for serovar 14 as for serovar 2 (ref. 4), that different MAbs raised to the GPL vary in 

their reactivity and that definitions of their specificities will require a greater range of 

compounds of known structure. There is no simple explanation for the reactivities of 

some MAbs to NGP 14-2 but not to NGP 14-3, which contains an additional sugar 

residue of the natural GPL. Nevertheless these investigations provide important evi- 

dence for the absolute configuration of the terminal N-formylkansosamine residue of 

GPL 14, which was not previously established but was assumed by analogy with the 

related sugar from M. kunsasii lipo-oligosaccharide9.” to be the cx-L enantiomer. The 

ready interaction between NGP 14-3 and anti-serovar 14 antibodies is a compelling 

argument that this assumption was correct. 

EXPERIMENTAL 

General experimental methods, including specifications for drying solvents, chro- 

matographic procedures, and details of the spectroscopic equipment used, were as 

described in the preceding paper4. Methods for the preparation of glycosyl donors and 

neoglycoproteins, and immunological procedures, are likewise reported there4. 

Purification and analysis of GPL-20. - The purification of the specific GPL, from 

serovar 20 and fundamental observations on its sugar composition were reported 

previously27. Protocols for the isolation of the oligosaccharide hapten as the triglycosyl- 

alditol and structural elucidation using g.l.c.-m.s., f.a.b.-m.s., and ‘H-n.m.r. spectros- 

copy have been described’ in relation to the oligosaccharide hapten from serovar 14 

GPL. 
Ally1 4-O-benzoyl-r-D-rhamnopyranoside (3). - Benzoyl chloride (3 mL, 26 

mmol) was added dropwise to a stirred solution of ally1 2,3-O-isopropylidene-r-D- 

rhamnopyranoside’5 (4.9 g, 20 mmol) in dry pyridine (50 mL) at O”, and-the mixture was 

stirred overnight. Water (30 mL) and chloroform (50 mL) were added, and the organic 

layer was washed successively with ice-cold 2~ hydrochloric acid (3 x 50 mL), satd. aq. 

sodium hydrogencarbonate (3 x 70 mL), and satd. brine, dried, and concentrated to 

give ally1 4-0-benzoyl-2,3-0-isopropylidene-a-D-rhamnopyranoside as a chromato- 
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gencarbonate and satd. brine, dried, and concentrated. The residual syrup was chroma- 

tographed on silica gel (5: 1 light petroleumethyl acetate) to yield 6 as a syrup (3 16 mg, 

76%),[cr],+47.0”(c1.03);‘H-n.m.r.:68.07~7.42(m,5H,Ph-H),5.08(t,1H,J,,~=J,~, 

9.8 Hz, H-4), 4.97 (s, 1 H, H-l), 3.52 (s, 3 H, OCN,), and 1.24 (d, 3 H, J5,6 6.2 Hz, H-6). 

Anal. Calc. for C,,H,,O,: C, 63.34; H, 6.87. Found: C, 63.40; H, 6.75. 

Z,3-Di-O-acetyI-4-O-benzoyl-2-O-methyl-cc-~-rhamnopyranose (7). - A solution 

of 6 (1.33 g, 4.14 mmol) in 100:40: 1 acetic anhydrideeacetic acidkulfuric acid (20 mL) 

was stirred at room temperature for 1 h. The reaction mixture was poured with stirring 

into cold aq. 10% sodium hydrogencarbonate (200 mL), stirring was continued for 0.5 

h, then the mixture was extracted with chloroform (2 x 30 mL), dried, and concentrat- 

ed. The resulting syrup was chromatographed on silica gel (2: 1 light petroleum-ethyl 

acetate, to afford 7 (0.93 g, 85%) as a syrup, [MI,, + 30.5” (c 0.56); ‘H-n.m.r.: 6 8.03-7.43 

(m, 5 H, Ph-H), 6.20 (d, 1 H, J,,, 1.7 Hz, H-l), 3.53 (s, 3 H, OCH,), 2.19, 1.98 (2 s, 6 H, 

OCOCH,), and 1.27 (d, 3 H, JS,h 6.3 Hz, H-6). 

Anal. Calc. for C,,H,,O,: C, 59.01; H, 6.05. Found: C, 59.40; H, 6.04. 

Ally1 0-(3-O-acet~vl-4-O-benzoyI-2-O-methyl-a-~-rhan~nopyruno~yl)-(1 -3)-4- 

0-benzoyl-2-0-methyl-a-L-fucop~~ranoside (10). - A solution of 7 (0.9 15 g. 2.5 mmol), 

dichloromethyl methyl ether (0.77 mL), and anhydrous zinc bromide (20 mg) in dry 

dichloromethane (10 mL) was stirred under argon for 0.5 h. T.1.c. showed complete 

disappearance of starting material with formation of a single product. Evaporation 

under vacuum removed solvent and excess reagent, the residue was dissolved in dry 

dichloromethane, the solution was filtered through glass wool, and the filtrate contain- 

ing glycosyl chloride 8 [6, 6.20 (d, J,,> 1.2 Hz, H-l)] was used directly in the next step. 

A solution of 9 (ref. 20) (0.7 g, 2.15 mmol), silver triflate (0.98 g), and l-1,3,3- 

tetramethylurea (0.467 mL) in dry dichloromethane (10 mL) was stirred under argon 

with powdered molecular sieves 4A (1 g) for 1 h. The mixture was cooled to - 78”, a 

solution of 8 (- 850 mg, 2.48 mmol) in dry dichloromethane (10 mL) was added 

dropwise, and the mixture was stirred at room temperature for 22 h, at which time more 

tetramethylurea (0.1 mL) and silver triflate (0.183 g) were added and stirring was 

continued for a further 24 h. The mixture was filtered through Celite, the residue was 

washed with dichloromethane, and the combined filtrate and washings were washed 

successively with satd. aq. sodium hydrogencarbonate (2 x 30 mL), water (2 x 30 mL), 

and satd. aq. sodium chloride, dried, and concentrated. The residual syrup was chroma- 

tographed on silica gel (2: 1 light petroleum-ethyl acetate) to give 10 (1.12 g, 83%) as a 

foam[r],-108”(c1.15);‘H-n.m.r.:68.17-7.38(m,10H,Ph-H),5.52(d,1 H,J2.4Hz, 

H-4), 5.39-5.11 (m, 6 H, H-1,1’,3’,4’,=CH& 3.53, 3.42 (2 s, 6 H, OCH,), 1.86 (s, 3 H, 

OCOCH,), 1.22, and 1.20 (2 d, 6 H, Js,a 6.5, 7.0 Hz, H-6,6’). 

Anal. Calc. for C,,H,,O,,: C, 63.04; H, 6.41. Found: C, 63.36; H, 6.56. 

Ally1 0-(4-O-benzoyl-2-O-methyl~~-~-rhamnopyranosy~j-(1 -+3)-4-O-benzoyl-2- 

0-methyl-a-L-fucopyranoside (II). - Compound 10 (400 mg, 0.63 mmol) was kept in 

methanolic 1.5% hydrogen chloride (5 mL) for 20 h. The solution was neutralized with 

Amberlite IR-45 resin (OH- form, washed with methanol), the filtrate was concentrat- 

ed, and the residue was chromatographed on silica gel (15:l chloroform-acetone) to 
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syrup was chromatographed on silica gel (1: 1 hexaneeethyl acetate) to give 17 (1.9 g, 

77%),[a], -129”(c1.43);‘H-n.m.r.:65.00(s, 1 H,H-1),4.56(q, I H,J,,b6.5Hz,H-5), 

4.00 (d, 1 H, J,., 1.0 Hz, H-2), 1.58 (s, 3 H, CCH,), 1.34 (d, 3 H, Js,h 6.5 Hz, H-6). 

Anal. Calc. for C,,H,,O,: C, 55.54; H, 7.14. Found: C. 55.58; H, 7.62. 

Ally/ 6-deoxy-3-C-meth]ll-cc-L-mannopyranosidc ( 18). - A solution of 17 (1.49 g, 

6.88 mmol) in dry acetonitrile (20 mL) was added to tetramethylammonium triacetoxy- 

borohydride (9.73 g, 5 equiv.) and anhydrous acetic acid (4.2 mL, 10 equiv.) in dry 

acetonitrile, and the solution was kept overnight. Excess hydride was destroyed by the 

addition of Amberlite IR- 120 (H ‘) resin until gas evolution ceased and the solution was 

clear. The reaction mixture was filtered and the combined filtrate and washings with 

methanol were concentrated, the residue was subjected to several cycles of additions of 

methanol and toluene, then evaporation, to ensure complete removal of residual boric 

and acetic acids, and the resulting syrup was chromatographed on silica gel (19:l 

chloroform-methanol) to give 18 (1.26 g, 84%), [a], - 63“ (c 1.88, methanol); ‘H-n.m.r.: 

~4.84(s,1H,H-l),3.66(m,lH,H-5),3.62(s,1H,H-2),3.50(d, 1 H,J,,,9.7Hz,H-4), 

1.36 (s, 3 H, CCH,), and 1.31 (d, 3 H,JS.h 6.2 Hz, H-6). 

Anal. Calc. for C,,,H,,O,: C, 55.03; H, 8.31. Found: C, 54.8 1; H, 8.02. 

Ally/ 6-deo~~y-2,3-0-isopropy~idene-3-C-meth~~~-4-O-meth,vlsu~fonyl-~-~-manno- 

pyranoside (19). - A solution of 18 (2.89 g, 13.2 mmol), p-toluenesulfonic acid (0.05 g), 

and 2,2_dimethoxypropane (20 mL) in dry acetone (30 mL) was kept for 1 h at room 

temperature. The reaction mixture was neutralized by the addition of triethylamine and 

concentrated, and methanesulfonyl chloride (5 mL) was added dropwise to the residue 

in dry pyridine (20 mL) at 0”. The solution was kept for 3 h at room temperature, water 

(5 mL) was added slowly, and the reaction mixture was diluted with chloroform (200 

mL). The organic layer was washed with water, dried, and concentrated to a syrup. 

Crystallization from light petroleum-ethyl acetate gave 19 (3.4 g, 76%), m.p. 1077108”, 

[x], - 56” (c 1.2). A further quantity (0.23 g, 6%) of 19 was obtained from the mother 

liquors by chromatography on silica gel (light petroleum-ethyl acetate); ‘H-n.m.r.: 6 

5.03 (s, 1 H, H-l), 4.55 (d, 1 H, J4,5 10 Hz, H-4), 3.19 (s, 3 H, CH,SO,), 1.58 (s, 3 H, 

CCH,), 1.42, 1.38 (2 s, 6 H, CCH,), and 1.33 (d, 3 H, J5,, 5.5 Hz, H-6). 

Anal.Calc.forC,,H2,0,S:C,49.98;H, 7.19;S,9.53. Found:C,50.12;H,6.96;S, 

9.21. 

Ally1 6-deox_v-3-C-meth~~E4-O-methylsulfonyl-~-~-mannopyranoside (20). - A 

solution of 19 (3.38 g, 10.05 mmol) in methanolic 2% hydrogen chloride (90 mL) was 

kept at room temperature for 72 h. The solution was neutralized by the addition of 

sodium carbonate (3.2 g), the mixture was filtered, and the filtrate was concentrated to a 

residue, which was chromatographed on silica gel (1: 1 hexane-ethyl acetate) to yield 20 

(2.48 g, 92%), and recovered 19 (0.32 g). Compound 20 had [~]n -87.5” (c 1.31); 

‘H-n.m.r.:(S4.87(~, ~H,H-~),~.~~(~,~H,J,,,~.~HZ,H-~),~.~O(S,~H,CH,SO~), 1.40 

(s, 3 H, CCH,), and 1.34 (d, 3 H, JS,h 6.3 Hz, H-6). 

Anal. Calc. for C, ,H,,O,S: C, 44.58; H, 6.80. Found: C, 44.48; H, 7.01. 

Ally1 3,4-anhydro-6-deoxy-3-C-methyl-2-O-methyl-~-L-talopyranoside (22). - A 

mixture of 20 (2.48 g, 8.38 mmol) and powdered potassium hydroxide (0.73 g) in dry 
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NJ-dimethylformamide (5 mL) was kept for 24 h at room temperature. The solution 

was diluted with dichloromethane (40 mL), washed with water (3 x 25 mL), dried, and 
concentrated to a residue, which was chromatographed on silica gel (5:l light petro- 
leumethyl acetate) to afford solid 25 (250 mg, 81%), [a],, -28.1”--+ - 18.4” at 24 h (c 

0.98);‘H-n.m.r.:65.26,4.77(2s,1H,H-lcr,l~),4.18,4.15(2s,1H,H-2),3.57,3.39(2s, 
3 H, OCH,), 2.12,2.08 (2 s, 3 H, OCOCHJ, 1.7 1, 1.59 (2 s, 3 H, CCH,), 1.34, and 1.3 1 (2 
d, 3 H, J5,6 6.0, 6.2 Hz, H-6). 

Anal. Calc. for C,,,H,,N,O,: C, 46.32; H, 6.60; N, 16.20. Found: C, 46.57; H, 6.78; 
N, 16.63. 

Ally1 0-(3-O-acetyl-4-azido-4,bdideoxy-3-C-methyl-2-O-methyl-or-~-mannopy- 

ranosyl)-( 1-+3/-4-O-benzoyl-2-O-methyl-a-r~-rhamnopyranoside (27). - Trichloroace- 
tonitrile (0.323 mL) and 1,5-diazabicyclo[5.4.0]undec-5-ene (0.08 mL) were added to 25 
(140 mg, 0.54 mmol) in dry dichloromethane (5 mL) and the solution was kept for 20 

min at room temperature. The reaction mixture was concentrated and the residue was 
purified by passage through a short column of silica gel with (3:l) light petroleum- 

diethyl ether as eluant to give 3-0-acetyl-4-azido-4,6-dideoxy-3-C-methyl-2-O-methyl- 
a-L-mannopyranosyl trichloroacetimidate (26) (211 mg, 97%) as a crystalline solid 

which was used directly for glycosylation; ‘H-n.m.r.: 6 8.65 (s, 1 H. NH), 6.30 (s, 1 H, 

H-l),3.46(s,3H,OCH,),2.10(s,3H,OCOCH,), 1.74(s,3H,CCHj),and 1.35(d,3H, 
J5,6 5.9 Hz, H-6). 

A mixture of 26 (118 mg, 0.29 mmol), 6 (70 mg, 0.21 mmol), and 4A molecular 

sieves (0.5 g) in dry dichloromethane (10 mL) was stirred under argon for 1 h, boron 
trifluoride etherate (47 ,DL, 1.25 equiv.) was added, and stirring was continued over- 
night. The reaction mixture was filtered through Celite, the residue was washed with 
dichloromethane, the combined filtrate and washings were concentrated, and the 
syrupy product was chromatographed on silica gel (40: 1 chloroform-acetone) to afford 
27 (110 mg, 90%) as a foam, [a]b -43” (c 0.5); ‘H-n.m.r.: 6 8.02-7.42 (m, 5 H, Ph-H), 

4.95 (2 overlapping s, 2 H, H-l, l’), 3.54, 3.35 (2 s, 6 H, OCH,), 2.01 (s, 3 H, OCOCX,), 
1.41 (s, 3 H, CCH,), 1.24, and 0.96 (2 d, 6 H, J5,6 7.2, 5.8 Hz, H-6,6’); 13C: 6 96.64 (‘JC,” 

168.4 Hz, C-l or 1’) 93.68 (‘J,,, 165.4 Hz, C-l’ or 1); exact mass: talc. for C2,H3,N3010 

+ Na, 586.2376; found, 586.2411. 
Anal. Calc. for C,,H,,N,O,,: C, 57.54; H, 6.61; N, 7.45. Found: C, 57.35; H, 6.71; 

N, 7.44. 
Ally1 0-(4,6-dideoxy-4-formamido-3-C-methyl-2-O-methyl-~-~-mannopyranos- 

yl)-(Z-3)-2-0-methyl-a-D-rhamnopyranoside (29). - A solution of 27 (80 mg, 0.14 
mmol) in methanolic 0.85~ sodium methoxide (0.4 mL) was heated under reflux for 12 

h. The solution was neutralized by treatment with Amberlite IR- 120 (H+) resin, filtered, 
and concentrated, and the residue was purified by chromatography on silica gel (15: 1 
chloroform-acetone) to yield 28 (56 mg) as syrup, [aIn - 2.0” (c 3.1); ‘H-n.m.r.: 6 5.03 (s, 
1 H, H-l or 1’),4.86(d, 1 H, J,,, 1.45Hz, H-l’or 1),3.52,3.45(2s, 6H, OCH,), 1.41 (s, 3 

H, C-3’-CH,), 1.33, and 1.32 (2 d, 6 H, J5,6 6.0 and 6.14 Hz, H-6, 6’). 
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