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ABSTRACT

The tetrasaccharide hapten released from the glycopeptidolipid (GPL) antigen of Mycobacterium
avium serovar 20 has been characterized as O-(2-O-methyl-a-pD-rhamnopyranosyl)-(1 — 3)- O-(2-O-methyl-a-
L-fucopyranosyl)-(1 = 3)-a-L-rhamnopyranosyl-(1 - 2)-6-deoxy-L-talose. Syntheses are reported of allyl gly-
cosides of the outer disaccharide unit of this hapten, O-(2-O-methyl-x-p-rhamnopyranosyl)-(1 —3)-2-O-me-
thyl-a-L-fucopyranose, and also of the outer di- and tri-saccharide units of the GPL antigen of M. avium se-
rovar 14, O-(N-formyl-o-L-kansosaminyl)-(1 —3)-2-O-methyl-a-n-rhamnopyranose and O-(N-formyl-a-L-
kansosaminyl)-(1 = 3)-O-(2-O-methyl-z-nD-rhamnopyranosyl)-(1—3)-2-O-methyl-a-L-fucopyranose.  The
key steps in the latter synthesis involve the preparation of allyl 4-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 allyl 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.

INTRODUCTION

Mycobacteria of the Mycobacterium avium--M. intracellulare-M. scrofulaceum
complex (M.avium 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 (AIDSY. The various
M. avium serovars are differentiated by antigenic glycopeptidolipids (GPLs) in which
the outer segments (1-3 residues) of the oligosaccharide chains contain very unusual
sugars, often in previously unknown combinations. and are highly specific in their
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interaction with antibodies to the intact serovar’ Interaction of these same sugar
restdues conjugated to protein as neoglycoproteins (i NGPsy with antibodies to the
parent organism provides u potential basis for the diagnosis of mfections and an
explanation of the precise chemical requirements for antigenicity. With this in mind we
have shown in the accompanying paper” that ozonolysis of alivl glycosides foilowed by
reductive coupling’ is a convenient procedure for the preparation of NGPs as potential
agents for serodiagnosis and also for the determination of the specifictiies of mono-
clonal antibodies which recognize the organism itsel™ The use ol the allvl group places
some restrictions on the other types of protecting groups used in the syinhesis of the
oligosaccharide haptens. but the allyl glycosides have advantages over the widely used.
lipophilic 8-methoxycarbonyvloctvl derivatives in euse of manipulation and in permit-
ting the retention of O-acetyl groups during conjugation® 1o protein. The reaction or
lack of reaction of the NGPs synthesized (o date with cognate antihodies appeurs to be
dependent on the carbohvdrite epitope and independent of the nature of the linker arm.

In the GPL from M. wvium serovar 14 the oligoglveasy? haptenic chain has the
structure O-(N-formylkansosaminyl)-(1 —3)-O-(2-O-methyl-z-D-rhamnopyranosyi)-
(1-3)-0-(2-0-methyl-z-t-lucopyranosyD-{ 1 3)-0-x-1 ~rhamnopyranosyl-{ 1 —2)-6-
deoxy-s-1-talopyranosyl” (11. The unusual branched-chain amino sugar was character-
ized by conversion into an N-acetyl derivative that was chromatographically and
spectroscopically indistinguishable from the similarly gencrated derivative of N-[{R)-2-
methoxypropanoyl}-r-kansasamine®, which occurs as the immunodominant glveosy]
unit of lipo-ohgosaccharides from M. Aansasii™”. Determumation of the cnantiomeric
configurations was achieved for the inner sugar residues of the oligosaccharide by
conversion into chiral glycosides™ but not for the kansosamine unit becase 4-acviami-
no-4-deoxy sugars underge N-deacylation and thence degradation to achiral pyrroli-
dine or pyrrole derivatives during acid-catalyzed glycosidation” "H-N.m.v. data tor the
oligosaccharide suggested that the kansosamine residue had the z-configuration but the
availuble quantities of material were not sutficient to permit confirmation of this
assignment by the determination of '/, for the anomeric carbon'’ . For svathesis we
have assumed that this terninal sugar residue in the serovar 14 GPL has the same
absolute configuration (-1} as in the M. kansasii lipo-oligosaccharide

In further studies of antigens from M. ariwm’ the GPL {rom serovar 2 has now
been examied, and its structure has been found to be identival to that of the serovar 14
antigen for the inner portion of the oligosaccharide hapten, facking only the A-
formylkansosamine residue. In syntheses of NGPs related 1o the GPLS of serovars 14
and 20 we have therefore designed a route that generates those portions of the oligo-

saccharides distal to the — 3 pz-1-Rhap-(1 - 2)-6-dTalp region. which is common to all

GPLs of this group. Syntheses were planned to give residues of 2-0-methylex-p-
rhamnopyranose having differentally removable substituents at O-3 and O-4 so that
-3 could be exposed to funcuon as a glycosyl acceptor for attachmient of the terminal
N-formylkansosamine residuc of the serovar 14 hapten. It has heen convenient to
synthesize the precursor of cach of the sugar residues as the allvi glycoside. and from
these to generate partially protected glycosyl acceptors or tully substituted glveosyl

o
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donors. The serological 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
serovar 20 of the M. avium complex. — Purified GPL of serovar 20 was subjected to
f-elimination and the liberated oligoglycosyl alditol was purified by gel filtration
chromatography' (Sephadex G-15). The sugar composition of the oligosaccharide was
cstablished by conventional g.l.c—m.s. of the alditol acetates on a DB-23 capillary
column. 2-0Q-Methylrhamnose, 2-O-methylfucose, rhamnose, and 6-deoxytalose were
readily identified. F.a.b.-m.s. analysis of the oligoglycosylalditol gave molecularions at
m/z 633 (MH") and 655 (MNa"), confirming a mol. wt. of 632. Linkage and sequence
analysis was effected through f.a.b.-m.s. of the per-O-trideuteriomethylated” oligogly-
cosylalditol and characterization by g.l.c.—m.s. of acetates of the alkylated alditol
derivatives, 3,4-di-0-CD;-2-O-CH,-rhamnitol, 4-0-CD,-2-0-CH-fucitol, 2,4-di-O-
CD,-rhamnitol, and 6-deoxy-1,3,4,5-tetra-0-CD-talitol. The fragment ions shown in
Fig. 1, together with a molecular ion at m/z 786 (MH™), confirmed the sequence of
natural O-methyl sugar units, and led to formulation of the proposed structure. With
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Fig. 1. Molecular ion, MH* = 786, and fragment ions in the f.a.b.—m.s. of the pertrideuteriomethylated
triglycosylalditol from M. avium serovar 20 GPL.
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Synthesis of neoglycoproteins. NG P related to serovar 20 GPL. — Benzoylation of
allyl 2,3-O-isopropylidene-a-p-rhamnopyranoside’ followed by controlled acid hydro-
lysis afforded allyl 4-O-benzoyl-a-bD-rhamnopyranoside (3). Regioselective alkylation'®
of the dibutylstannylene derivative of 3 with 4-methoxybenzyl chloride and tetra-n-
butylammonium bromide (to 4) followed by methylation using sodium hydride and
methyl iodide'” in oxolane gave allyl 4-O-benzoyl-3-0-(4-methoxybenzyl)-2-O-methyl-
a-D-rhamnopyranoside (§). 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 dichloromethyl methyl ether in the presence of anhydrous zinc
bromide" gave the corresponding a-glycosyl chloride 8, which was condensed directly
with allyl 4-O-benzoyl-2-O-methyl-a-L-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 a-D-
glycosyl linkage with no detectable § anomer, despite the absence of a participating
group in the glycosy! donor. Selective O-deacetylation of 10 was achieved on treatment
with methanolic hydrogen chloride at room temperature giving partially deprotected
disaccharide 11, which was to be required later as glycosyl acceptor in the synthesis of
the trisaccharide allyl glycoside 33. O-Debenzoylation of 11 was effected catalytically
with sodium methoxide, giving the terminal disaccharide unit of serovar 20 GPL as its
allyl glycoside 12. Ozonolysis of 12 followed by reductive coupling® to bovine serum
albumin afforded NGP 20 (13).

NGPs related to serovar 14 GPL. — In experiments 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
N-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 Yoshimura et al.” for the
synthesis of the N-(R)-2-methoxypropanoyl derivative of r-kansosamine, and very
recently by Bajza and Liptak™ for synthesis of the phenyl a-thioglycoside of N-formyl-
L-kansosamine. These syntheses involved reduction of oximes of glycosid-4-uloses to
give mixtures of 4-amino-4-deoxy sugars having the manno and talo configurations.

Syntheses of kansosamine and related branched-chain sugars by Giuliano and
Kasperowicz®' involved stereoselective introduction of the C-methy! branching unit
into a methyl 6-deoxy-a-L-mannofuranoside derivative. However, for our synthesis the
skeleton of the branched sugar was assembled in the pyranose form starting from allyl
2,3-O-isopropylidene-a-L-rhamnopyranoside’ (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 methy! iodide according
to the procedure of Klemer ef al.? to give allyl 6-deoxy-2,3-O-isopropylidene-3-C-me-



362 G.O. ASPINALL ¢f al.

22 A =Me 23 An o w aco ‘,
Zh fe o Ac OMe
25 AC 76

- Al

OMe

thyl-z-L-fyvo-hexopyranosid-4-ulose (16). Klemer ¢/ @/ reported that reduction of the
corresponding methyl glycoside with lithium aluminum hydride affords a product with
the rulo configuration, whereas O-detsopropylidenation of the p-enantiomer followed
by reduction with sodium borohydride gives stercoselectively methyl 6-deoxy-3-C-
methyl-2-p-mannopyranoside. In our hands O-deisopropyhidenation of 16 (10 17)
followed by reduction with sodium borohydride gave roughly equal proportions of
manno and talo epimers. but reduction of 17 with tetramethyvlammonium triacetoxybo-
rohydride™ gave allyl 6-deoxy-3-C-methyl-x-L-mannopyranoside (18 with high ster-
eoselectivity and in good yield. Presumably. as reported by Evans ¢z ol for the
reduction of acyclic fixhydroxyketones. the formation of the ani 2.4-diol1s fuvoured by
ligand exchange at the axial 2-OH group. followed by mtramolecular hvdride defivery.
Sequential O-1sopropyhidenation and methancsulfonylation of 18 (1o 19) followed by
removal of the isopropyhidene group gave 20. which was treated with buase to give the
3. 4-cpoxide 21 and then methvlated at O-2 to give 22. Epoxide opening proceeded
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sluggishly on heating 22 with sodium azide in N,N-dimethylformamide at 110° but
afforded regioselectively the kansosamine precursor allyl 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. avium serovar 14 GPL, allyl glycoside 23 was first subjected
to mild treatment with acetic anhydride-suifuric 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-O-deacetylation of 24 with hydrazine acetate® followed by reaction
of the hemiacetal (25) with trichloroacetonitrile in the presence of 1,5-diazabicy-
clo[5.4.0lundec-5-ene gave the x-glycosyl trichloroacetamidate 26, which was used
without extensive purification. Disaccharide synthesis was achieved by reaction of the
trichloroacetimidate with allyl 4-O-benzoyl-2-O-methyl-a-D-rhamnopyranoside (6) in
the presence of boron trifluoride etherate to give the fully substituted disaccharide 27,
which was then O-deacylated catalytically with sodium methoxide to give 28. 'H- And
BC-n.m.r. data showed that glycosylation had occurred stereoselectively, and, although
notindividually assigned, the two anomeric carbon resonances of 27 observed at § 96.64
('Jey 168.4 Hz) and 93.49 ('J., 165.4 Hz) were indicative of a-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 allyl
glycoside 29. Ozonolysis of 29 followed by reductive coupling afforded NGP 14-2 (30).

OR!
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For the synthesis of the complete outer trisaccharide unit disaccharide 11 was
glycosylated. as for 6, by reaction with the trichloroacetimidate 26 wm the presence of
boron trifluoride etherate to give fully substituted product 31, The nom.r. data for ths
trisaccharide derivative were m full accord with the assigned structure, with anomeric
carbon resonances at ¢ 98.89 {1/, 170.9 Hz), 9510 ('J 1677 Hz), and 96.05 ( J,
167.3 Hz) characteristic of x-glvcosidic linkages, showing again that glveosylation with
26 had taken place with high stereoselectivity despite the shsence of 4 purticipating
group at O-2, O-Deacylation (1o 32), followed by reduction und N-formylation asfor 29
furnished the terminal trisaccharide segment of the GPL from serovar 4 as its allyl
glvcoside 33. Ozonolysis of 33 followed by reductive coupling atforded NGP 143 (34},

Serofogy. - NGP 20, representative of the distal disaccharide of the GPL {rom
serovar 20, and NGPs 14-2 and 14-2 containing the outer di- and ri-glveosyl units of
the GPL of serovar {4, respectively. were amenable to conventional polvacrylamide gel
electrophoresis (PAGE)". 1t was possible therefore to use the Western biotting tech-
nique as well as plate ELISA to examine their interaction with untuibodies. Monoclonal

TABLEI

Summary of the reactivity of NGP [4-2 fand 14-3) and NGP 20 agwinst pelvcional and monocional
antibodies®

Antihodd: Reactivfiy
Plate FLISA Westers Bl

3 14-2 Neo J4-4 0 Nee 2 Voo I4-00 Nea J4-30 Nea 20

Polyclonal rabbit
anti-serovar 14 Eaet S S

Polyclonal rabbit
ant-serovar 20 Lo

Pre-ummune serum

Monoclonal
anti-GPL 14
{MAh 6B6) BT PR

Monoclonal
anti-GPL 14
(MADb [F3)

Monoclonal
anti-GPL 14
(MADb &B3) - .

Monoclonal
anti-GPL 14
(MAb 9A6) e - it o

“Assay condittons and examples ot other NGPs are described inreflt 6. MAbs to GPL 20 were not generated
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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 L. It is noteworthy that MAbs 6B6 and 9A6 recognize NGPs 14-2
and 14-3 equally well, whereas MAbs 1F3 and §B3 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 MADbs 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 MADs 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. kansasii lipo-oligosaccharide”" to be the a-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 paper®. Methods for the preparation of glycosyi donors and
neoglycoproteins, and immunological procedures, are likewise reported there®.

Purification and analysis of G PL-20. — The purification of the specific GPL from
serovar 20 and fundamental observations on its sugar composition were reported
previously?’. 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.

Allyl 4-O-benzoyl-a-D-rhamnopyranoside (3). — Benzoyl chloride (3 mL, 26
mmol) was added dropwise to a stirred solution of allyl 2,3-O-isopropylidene-x-D-
rhamnopyranoside' (4.9 g, 20 mmol) in dry pyridine (50 mL) at 0°, 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 2m hydrochloric acid (3 x 50 mL), satd. aq.
sodium hydrogencarbonate (3 x 70 mL), and satd. brine, dried, and concentrated to
give allyl 4-O-benzoyl-2,3-O-isopropylidene-a-D-rhamnopyranoside as a chromato-
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graphically pure light yellow syrup (7.02 g). which was used directly. The syrup m 6:4
acetic acid-water was boiled for 2.5 h under reflux. The solvent was evaporated, and
three further evaporations after additions of toluene removed the final traces of acetic
acid. The syrupy residue was chromatographed on silica gel (2:1 light petroleum-ethyl
acetate) to give crystalline 3(5.63 g. 91%:), which after recrystallization from ether- ight
petroleum had m.p. 37-59 and [o,] +99 (¢ LI3)* Gt  mep. 3254 and {2, -~ %0
(CHCL) for the 1. enantiomer; 'H-nm.r.: 6 805 742 (m. 5 H. Ph-H). 5.08 (1. 1 H,
Jo,=1,.94Hz, H-4), 491 (s, 1 H.H-1),3.38¢d. { H. /6.4 Hz. exchangeable with D.O.
Of). 3.13(d. | H, exchangeable with D.O. Off).and 1.27 (d. 3 H. /. 6.3 Hz, H-6}.

Anal. Cale. for C H.,Og C, 62.32: H, 6.53. Found: (. 62,43 H., 6,53,

Allyl 4-O-benzoyt-3-O-f d-methoxvbenzyl )-z-D-rhamnopyranaside (4). - A solu-
tion of 3(5.185 g. 16.8 mmal) in freshly distilled benzene {150 mL) containing dibutyltin
oxide {5.03 g, 1.2 equiv.y was boiled for 2 h under reflux with contingous removal of
water. The solution was concentrated to 100 mL. tetrabutylanumonium bromide (6.51 g,
1.2 equiv.} and 4-methoxybenzyl chioride {2.73 mL. 1.2 equiv.) were added. and the
solution was botled for a further 12 h and then concentrated. A solution of the residual
syrup in ether (150 mL) was filtered to remove a solid residue, and the combined filtrate
and washings with cther were washed with water, dried, and concentrated. The syrup
was chromatographed oun silica gel (1:1 ether-light petroleum? to give 4 (6.66 g. 92.4%),
[y, =827 1O Henimir: 6 7.99-6.64 (m. 9 H. Ph-H). 529t H.J,, =J,. 9.7 Hz.
H-4),4.93(d. T H. /. L 3HZ H-1), 456,443 2d. 2 H. /11T HA OCH Ph) 37253
H.OCH,). and 1.22(d, 3 H. J,, 6.28 Hz. H-6).

Anal Cale. for C,H. O, C,67.27: H, 6.58. Found: C. 66.80. H. 6.49.

Atlyl 4-O-benzoyt-3-O-f 4-methoxvbenzyl j=2-O-methyi-u-D-rhanmopyranoside
(5). - Sodium hydride (392 mg. |.4 equiv.) was added 10 a solution of 4 (3.0 g. 7 mmol)
in dry oxolane (75 mL}. the mixture was stirred for 30 min at room temperature and
cooled to 0 ., methyl iodide (1.75 mL) was added dropwise, and the mixture was then
stirred for 12 h at room temperature. Methanol (2 mLj wus added and the reaction
mixture was concentrated. A solution of the residue in ethvl acetate was washed with
water, dried. and concentrated. and the resulting svrup was chromatographed on silica
gel (5:1 light petroleum-ethyl acetate) to give 5 (2,17 . 70%). [z}, +19.0 (¢ 1.97):
‘Henumiro 0 8.01 6.66 (mu Y H Ph-H). 537 (L1 HL L/, = /097 Hz  Hedn 4.9 (d. | HL
JoESHzZ H-1).458.446 (25 2H. J 1.7 Hz. OCH Phy. 274 3 542 5.6 H,OCH ).
and 1.23(d, 3 H. J, 6.3 Hz. H-0); exact mass: cale. for C.H O~ + H =+ thioglyeerol.
871.4151; found, 871.4129.

Anal. Cale. for C..H, 0.0 C. 67.85: H, 6,83, Found: C. 67 43; H. 6.8%.

AWy 4-O-benzovl-2-O-methvi-z-v-rhamnopyranoside (6). - A sclution of §(0.37
g. 1.29mmol)and cericammonium nitrate (1.42 g, 2equiv.}in 9: 1 acetonitrile- water (30
mL) was stirred for 3 h at room temperature. The reaction mixture was diluted with
chloroform (100 mL) and washed with water (2 = 40 mLj. the aqueous laver was
extracted. and combined organic layers were washed with satd. ay. <odium hydro-

* Optical rotations were measured i CHCL, and nar spectra in CDCLL unless atherwise specitied.
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gencarbonate and satd. brine, dried, and concentrated. The residual syrup was chroma-
tographed on silica gel (5:1 light petroleum-—ethyl acetate) to yield 6 as a syrup (316 mg,
76%), [#]p +47.0° (¢ 1.03); '"H-n.m.r.: §8.07-7.42 (m, 5H, Ph-H), 5.08 (t, L H,J,, = J,
9.8 Hz, H-4),4.97 (s, 1 H, H-1), 3.52 (s, 3H, OCH,), and 1.24 (d, 3 H, J,( 6.2 Hz, H-6).

Anal. Calc. for C;H,,0,: C, 63.34; H, 6.87. Found: C, 63.40; H, 6.75.

1,3-Di-O-acetyl-4-O-benzoyl-2-O-methyl-a-D-rhamnopyranose (7). — A solution
of 6 (1.33 g, 4.14 mmol) in 100:40:1 acetic anhydride—acetic acid—sulfuric 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, [#],, +30.5° (¢ 0.56); 'H-n.m.r.: § 8.03-7.43
(m, 5H, Ph-H), 6.20 (d, 1 H, J,, 1.7 Hz, H-1),3.53 (s, 3H, OCH,), 2.19, 1.98 (25, 6 H,
OCOCH,), and 1.27 (d, 3 H, J;, 6.3 Hz, H-6).

Anal. Calc. for C 3 H,,04: C, 59.01; H, 6.05. Found: C, 59.40; H, 6.04.

Allyl  O-(3-O-acetyl-4-O-benzoyl-2-O-methyl-a-D-rhamnopyranosyl )-(1—3 )-4-
O-benzoyl-2-O-methyl-a-L-fucopyranoside (10). — A solution of 7 (0.915 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.l.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 [4,; 6.20 (d, J,, 1.2 Hz, H-1)] 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 1,1,3,3-
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 [«],, — 108° (¢ 1.15); 'H-n.m.r.: § 8.17-7.38 (m, 10 H, Ph-H), 5.52(d, 1 H, J 2.4 Hz,
H-4), 5.39-5.11 (m, 6 H, H-1,1'.3' 4, =CH,), 3.53, 3.42 (25, 6 H, OCH,), 1.86 (s, 3 H,
OCOCH,), 1.22,and 1.20 (2d, 6 H, Js, 6.5, 7.0 Hz, H-6,6").

Anal. Calc. for C,;H,,0,,: C, 63.04; H, 6.41. Found: C, 63.36; H, 6.56.

Allyl O-(4-O-benzoyl-2-O-methyl-a-D-rhamnopyranosyl )-( 1 -3 )-4-O-benzoyl-2-
O-methyl-a-L-fucopyranoside (11). — 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 (15:1 chloroform-acetone) to
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give H1 (328 mg, 88%) as a f()dm 2]y =152 (¢ 121 ' Henmr: 3814 7.4 (m. 10 H.
Ph-H). 5.39 5. 14(m. 4 H. H-1.1". =CH.). 4 ST H = CUN HZ -4 4,29 3,61
{m. ¥ H. H-2.3.5,2°. 3.5, OC/H, ) 5203 44 25, 5\. H.OCH 5. 235 (0] He exchangeable
with D,0. OH), A,fﬂ, P2(2d 6 H I, 6.5, 6.6 Moo H-6.6") cxaet mass: cale for
CyHWGy -+ HLS8T7.2492 found, )8"7,2491

Anal. Cale, for O, FL O CU63.47 HU6.52 Found: CU02.98 HL 632

Allvl Q-7 2-O-micthivl-a-D-rhamnopyranosyvi ;- {3 0 2O thiy =1 -fucopyra-
noside (12). - Compound 1190 mg, .56 mmol) was treated with o sodiom methoxide

4

(0.4 mby overmight at room temperatare. the solution was nawtrabized by passage
through a column of Amberiite IR-120(H ) resin, and the eluate was concentrated to o
syrup. This was chromutographed on silica gel (19:1 dichloromethane methanoli 1o

farnish 12 (50 mg, 1% as a syvrup. (2], — 53 (0 L06Y 'Honawrs 05 38 52
H-1 ;,r-'(‘H‘) S020d PH/ 3 6Hz H-10 340, 345025 0 HLOCH LT 300
HoJ 6.3 Hzo H-606") exact muasst cale tor O H O, HU 379 190680 found, 3

:’ifm/. Cale, for CHL,G0 Co 3395, HL 799 Found: O 54,25 1750

Al f-deoxy-2 3 ;~;’_\'o/)m/)y/h!(’/m— O thivi-a-1 -lyxo-he voprranosid-4-ulose
(16). Chromium trioxide 285 g 280 mmuol was added o perdine (46 mL. S50
mmol)in dichloromethane (650 mLj and the mixture voas stirred for [ min A miuli(m
of 14 (14.8 g, 60 ramob) in dry dichloromethane (530 mbyand acetue unhvdride (265 mb)
were added SG(}UCHU;U’}. md the mixture was stirred for 20 min, The reaction was
terminated by pouring onto @ short column of stlica gel covered with ethyvlucetate :md
the column was eluted with cthyl acetate. The eluate was concentrated and the residue

s subjected to several cyveles of toluene addition and cvaporation (o ensure cmnp!ck

removal of acetic dnh\dfl( and pyridine. Theresulting syrup was chromatographed on
silica gel (5.1 hght pcmﬂl\,um—mh\-'i acetate) 1o vield 18 “‘U.i g, '72‘:@‘5 G5 Goavrup,
THenomr: 3 5.00 (s, T HLH-0 149 13728, 6 FLCLCH )L TA0d 3 HL 6 8 Tz Heoy

n-Butyilithium, 2 5w in hex;mc (29.7 mbL. 74 mmoly was ;idded 1o diisopropyi-
amine (10,4 mL, 74 mmel) in dry oxolane (200 mbj under urgon at ~ 78 and stirring
was continued for 15 min. then 15 (10,37 g, 42.8 mmob in dry oxolane (30 mL) was
added. The muxture was surred for T hat - 78 _methyliodide €22 4 ml., 157 mmol and
hexamethylphosphoramide (11 mb) were added, and the mixture was stirred at room
temperature overnight. Agueous 10% ammonivm chieride (170 mbLy was added. the
organic layver was separated. the agueous layer was extracted twice with chloroform.,
and the combined organic

yers were dried and concentrated. The residual syr L;P Wis

chromatographed on silica gel €18:1 hght petroleum ethylacetate) to furnish 16 (8

79% ) asasyrup. [«],, -~ 113 (¢ 0.86): 'H-nmord 508 (s, 1 HUH-1),4.37 sq 1 HL J”

Mz, H-5, 4 10(d P HL /b 0z H20 151 141 2 3 Hand 6 B OCCH L CrCH v L and
Tid. 3 H. /., 6.6 Hz H-6)

Anal. Cale. for € H, O Co60.92; HU 786, Found: € 6061 HU 8 1Y,

Allyt é*(ll(’().\"4l‘-—.?*C--fm_’/i'lv\,‘/ﬂ(‘I,~]yX0"’/1(‘.\‘0[)}‘/'(//2()S!'ci!-%f'C{!,[c:.‘fﬁ.' (l?)‘ A solution of
16(2.97 g, 11.6 mmolyin 11 acetic acid - water (70 mL) was heated for 19 h at 8¢t . The
sotution was concentrated, the residue was subjected {0 several cvcm of tluene
additions and evaporations to ensure complete removal of acetic acid. and the resulting
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syrup was chromatographed on silica gel (1:1 hexane-ethyl acetate) to give 17 (1.9 g,
77%), [#]p, —129° (¢ 1.43); 'H-n.m.r.: § 5.00 (s, 1 H, H-1),4.56 (q. | H, J, 6.5 Hz, H-5),
4.00 (d, 1 H, J,, 1.0 Hz, H-2), 1.58 (s, 3 H, CCH,), 1.34 (d, 3 H, J,, 6.5 Hz, H-6).

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

Allyl 6-deoxy-3-C-methyl-a-L-mannopyranoside (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 (19:1
chloroform—methanol) to give 18(1.26 g, 84%), [a], —63° (¢ 1.88, methanol); 'H-n.m.r.:
54.84(s, 1 H,H-1),3.66 (m, 1 H, H-5),3.62(s, 1 H,H-2),3.50 (d, 1 H, J,5 9.7 Hz, H-4),
1.36 (s, 3 H, CCH,), and 1.31 (d, 3 H,J, 6.2 Hz, H-6).

Anal. Cale. for C,jH O, C, 55.03; H, 8.31. Found: C, 54.81; H, 8.02.

Allyl  6-deoxy-2,3-O-isopropylidene-3-C-methyl-4-O-methylsulfonyl-x-L-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
indry 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. 107-108°,
[a]p —56° (¢ 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.: §
5.03 (s, 1 H, H-1), 4.55 (d, 1 H, J,; 10 Hz, H-4), 3.19 (s, 3 H, CH,S0,), 1.58 (s, 3 H,
CCH,), 1.42,1.38 (25,6 H, CCH,), and 1.33 (d, 3 H, J, 5.5 Hz, H-6).

Anal. Calc. for C,H,,0,8: C, 49.98; H, 7.19; S, 9.53. Found: C, 50.12; H, 6.96; S,
9.21.

Allyl 6-deoxy-3-C-methyl-4-O-methylsulfonyl-o-L-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 [«}, —87.5° (¢ 1.31);
'H-n.m.r.:64.87 (s, 1 H,H-1),4.51 (d, 1 H, J, ;9.8 Hz, H-4), 3.20 (s, 3 H, CH,S0,), 1.40
(s, 3 H, CCH,), and 1.34 (d, 3 H, J,, 6.3 Hz, H-6).

Anal. Calc. for C,\H,,0,S: C, 44.58; H, 6.80. Found: C, 44.48; H, 7.01.

Allyl 3 4-anhydro-6-deoxy-3-C-methyl-2-O-methyl-a-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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methanol (75 mL) was stirred for 20 min at room temperature. The residue from
evaporation of the solvent was extracted with dichloromethane, and the extract was
washed with water (5 x 73 mbL). dried. and concentrated to vield chromatographicaliy
pure allvl 3. 4-anhydro-6-deoxy-3-C-methyl-a-1-talopyranoside (21, 138 g, 83%0), [2],
S 3 Henmor s 4356 s, PHLH-DL 355 (o P HL AL P2 He B2 "ﬁ.‘»}(«.%
H.H-4). 2,46 (d. 1 H. exchangeable with l);().(\)li)‘ AR (s, 2L H-Vhand AL 3 HL
Jio 6.5 Hzo H-6)  exact mass: cale tor O 00 Of -+ Na+ FGO ATV found. 3.~ i im)‘ .
Sodium hydrde (122 mg)was added to 21 (G312 0 2 36 mmoelindry oxolane and

the mixture was stirred under argon for 20 min, The mixture wis cooled o 0 methyd

iodide (1 mLy was added. and the mixture was surred for 2 h ot room temperature,
Excess hvdride was destroyved by the addition of methanol. the solution was concentrat-
d. and the residue was chromatographed on silica gel (1017 chiorotorm acetone) o
furnish 22(0.522,96%0). (=], 95 (¢ 108 nmor data: TLAL 6T (0 T HUH-1 35343
H.OCH ), 149 (5.3 L COH Ly and 133 (d0 3 HEL A 52 Hz H-00,
Anal. Cale for C, 1O, Co61.66: HL 846, Found: O 6] 44, HL 884,
Al d-azidu-4.6-dideoxy=3-C-methvl-2-O-miethyi-y-1-micimopyranoside (23).
A mixture of 22 (0.765 ¢ 3.57 mmol). sodivm aade (233 g0 10 equivy) and tetra-
ethylammonium chloride (2,95 g, 5 equiv.) in N N-dimethviformuamide (10 mby was
heated with stirring for 20k a1 1H)Y . Water (75 mL) was added o the cooled mixture.
followed by extraction with dichloromethane (3 = 30 mb ) and the extract was witshed
once with water. dried, and concentrated to a residue for chromatography on silica gel
7:1 light petroleum-ethyl acetate). This yielded 23 ¢0.50 g, 545 [x, - 92 (¢ LT
v 2100em T Henmur 6 497 (s THOH-D 350G, 3 HLOCH 3 ARG I HL OO
and 1.29(d. 3 H. J, 6.1 Hz. H-6). Anexact mass determination in « thioglycerol matnx
gave m 'z 3401744, corresponding to the value 3401775 caleulated for an ammo
compound (C, H. NO, + Na + ’!'G formed by reductive cleavage of the Lmd 23
{exact mass: cale. for C H,,N.O, + + TG 36601 “”l‘) in the spectrometer”
Anal. Cale. for C, H N.O - CL h] - 5h H. 744, N 1633 Found: ( ST H. 653
16.02.
1.3-Di-O-aceivi-4-azido-4 6-dideox v-3-C-methyl-2-0-miethy l-a-L-mannopyranose
(24). - Acetic anhydride (0.875 mL) containing 2% of sulfuric acid was added to 23
(190 mg. 0.74 mmol) in acetic anhydride (5 mL). and this reaction mixture was stirred
for 15 min. It was then pourcd with stirring into cold, saturated aqueous sodium
hydrogencarbonate (25 mL), stirring was continued for 20 min, and the mixture was
extracted with dichloromethane (3 x 30 mLj. The organic extract was washed with
water (2 x 20 mL). dried. and concentrated. and the residue was chromatographed on
Sl]lLd gel (5:1 hight mtruiuam cthyl acetate) to vield 24 0.22 g, 5%!‘ o) as a sohd, m.p.
T3 4]y —767(c 0.85); 'H-num.r: 0 6.15 (d. t H. 1.4 H/) 3. 3HLOCH,).
l 0.2.09 (25, 6H,20COCH,). 1.68 (s. 3H, CCH ), and 1.334d. . l‘, <p 5.5 He H-6}.
Anal. Cale. for € JH N ;()h. C,4783 H.6.35: N, 1394 F mmd.( L4819 HLo 650
N. 13.82.
3-O-Acetyl-4-azido-4.6-dideo xy-3-C-methyl-2-O-methyl-o fi-t -imannopyranose
(25). A solution of 24 (360 mg. 1.19 mmel) and hydrazine acetate (167 mg) in dry
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N,N-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 (5:1 light petro-
leum-—ethyl acetate) to afford solid 25 (250 mg, 81%), [«], —28.1°—>—18.4° at 24 h (¢
0.98); 'H-n.m.r.:§5.26,4.77 (2s, | H,H-10,18),4.18,4.15(2s,1 H, H-2), 3.57, 3.39 (25,
3H,0CH,),2.12,2.08(2s,3H,OCOCH,), 1.71,1.59(2s,3H,CCH,), 1.34,and 1.31 (2
d,3H, J, 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.

Allyl  O-(3-O-acetyl-4-azido-4,6-dideoxy-3-C-methyl-2-O-methyl-a-L-mannopy-
ranosyl)-( 13 )-4-O-benzoyl-2-O-methyl-a-D-rhamnopyranoside (27). — Trichloroace-
tonitrile (0.323 mL) and 1,5-diazabicyclo[5.4.0Jundec-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 (3:1) light petroleum-—
diethyl ether as eluant to give 3-O-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, | H,
H-1),3.46 (s,3H,OCH,),2.10 (s,3H,OCOCH,), 1.74 (s,3H, CCH,),and 1.35(d, 3 H,
Jss 5.9 Hz, H-6).

A mixture of 26 (118 mg, 0.29 mmol), 6 (70 mg, 0.21 mmotl), and 4A molecular
sieves (0.5 g) in dry dichloromethane (10 mL) was stirred under argon for 1 h, boron
trifluoride etherate (47 uL, 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, [«], —43° (¢ 0.5); 'H-n.m.r.: § 8.02-7.42 (m, 5 H, Ph-H),
4.95 (2 overlapping s, 2 H, H-1,1), 3.54,3.35 (25, 6 H, OCH,), 2.01 (s, 3 H, OCOCH,),
1.41 (s, 3H, CCH,), 1.24,and 0.96 (2d, 6 H, J;; 7.2, 5.8 Hz, H-6,6'); °C: 6 96.64 ('J. 4
168.4 Hz, C-1 or 1'), 93.68 ('J..;; 165.4 Hz, C-1’ or 1); exact mass: calc. for C,;H;;N;0,,
+ Na, 586.2376; found, 586.2411.

Anal. Cale. for C;H;;N;0,,: C, 57.54; H, 6.61; N, 7.45. Found: C, 57.35; H, 6.71;
N, 7.44.

Allyl  O-(4,6-dideoxy-4-formamido-3-C-methyl-2-O-methyl-a-L-mannopyranos-
yl)-(1-3)-2-O-methyl-a-D-rhamnopyranoside (29). — A solution of 27 (80 mg, 0.14
mmol) in methanolic 0.85M 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, [«]p —2.0° (¢ 3.1); 'H-n.m.r.: 6 5.03 (s,
1H,H-10r1"),486(d,1H,J,,1.45Hz H-1"0r 1),3.52,3.45(2s,6 H, OCH,), 1.41 (s, 3
H, C-3-CH,), 1.33, and 1.32 (2 d, 6 H, J;4 6.0 and 6.14 Hz, H-6, 6').
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A solution of 28 (46 mg, 0.11 mmol) in 2:1 pyridine-water (7.5 mL) was saturated
with hydrogen sulfide for 45 min at 40°. Stirring was continued for 24 h at 40 the
sotution was filtered and concentrated. and the residue in ethyl formate (10 mi.) was
heated under reflux for 34 h. The solution was concentrated and the residue was
chromatographed on silica gel (2:1 zicetone—chforoform‘ 10 give 29 (26 g, S6%s)asa
solid. m.p. 65-67 ., [x];, +19 (¢ 0.66); 'H-nmr: 0830 8.02 s and . 1 H. /o, 114
Hz, Fand Z HCONH), 5.06 4874 s. 2 H. H-1.1"for & and Zsomers). 333 346(25.0
H.OCH,) and 1.36-1.26 (. 9 H, H-6,6". C-3-C 11 ); exact mass: cale for O HLNO, -
H, 42().323_ found, 420.222.

Al O-( 3-acetyli-4-azido-4 6-dideoxy-3-C-merhyl-2-O-methvi-a-L-mannopr-
ranosyli-i [ —3 1O d-O-henzovi-2«O-methy l-2-D-rhammop vianesyd i-1 1 3 i-d-O-hes-
zoyl-2-O-methyl-a-L-fucopyranoside (31). — A mixture of 26 (110 mg. 0.27 mmol). 11
(150 mg. 0.25 mmolj, and 4A molecular sieves (0.75 g} was stirred under argon for 30
min, boron trifluoride etherate (0.44 mL) was added. and surring was continued
overnight. Sodium hydrogencarbonate (0.1 g) was added and after 10 min the mixiure
was filtered through Celite, the residue was washed with dichloromethane. and the
combined filtrate and washings were washed with water {2 = 20 mb). dried. and
concentrated. The residue was chromatographed on silica gel (1.2 chloroform-acetone)
to furnish 31 (211 mg. 89%%) as a solid foam. m.p. 75 77 1x],, - 150 (o 073y 'Hm ner
ARAN 74T (mo HOH. Ph-Hy 581506 0m 6 HOH-1LU 44 = CH 475 (s T HLH-,
3.53.3.44.3.24 (35,9 H, ()( H3 197 (5, 3H, OCOCH ). 30 (s, 2 H.C-UC /I_;,. 123,
} 19 and 0,65 (3 d, O M. /., 38,63, 57 Hz. H-6.6'.6"y, "C: 0 16931659, 165.0 (¢

=0), 98.63, 9478, 92.72 (' J, ,, 172.0. 168.1, 166.0 Hz, C-1.1 :

Anal. Cale. for € 4,}"l;;:‘\h(_)]\: C. 5948 H. 6,45, N_S.07. Found: €. S9.85%: H. 6.4
N.4.73,

Allvl O-14 6-dideoxy-4-formamido-3-C-methyl-2-O-metfni-s-U-mannopvranosyy .-

(13 0-0-12-O-methyl-2-D-rhanmopyranos vl -0 T — 3 i 2-O-methy b-a-1 - flcopyranoside
(33). - Asolution of 31 (150 myp. 018 mmeol) in methanolic O 1y sodium methoxide (8.5
mL) was heated for 30 h at 60, neutralized by treatment with Amberlite IR-120 (H )
resin, and concentrated. The residue was chromatographed on sifica gel (211 chioro-
form -acetone) to give 32 (84 myg, 80%) as a solid, m.p. 184 186 . ;}_‘}{, T3(e 134y
Henmr 051750525 2 HOH-1 17, s ()7 (do I Ho/ 350 B H-DL 3 "\I’u 347 34
(3s.9H. OCH ) 140G 3H. C-37-CH) L 3 and 1270 d 0 Hand 3 H LG 661,
H-6.6".6"): 'C: 4 98.89, 96.015. 95.10 "']lH 1”0 9. 167 i(w.1 17, C-1. '1.

Asolution of 32 (35 mg, 0.06 mmol)in 2:1 py rldxm water (6 m[ Fwas saturated
with hydrogen sulfide for 45 min at 40" and stirring was continued for 24 b at the same
temperature. The solution was concentrated to dryness, the residue in ethyl {formate (10
mL) was heated under reflux for 45 h. and the solutton was concentrated. The residue
was chromatographed onsilica gel { 1.2 chloroform acetone) to furnish 33¢(21 mg, 0%
asasolid. m.p. 104106 2], — 60 (1.7} Jan mrs o83 8 0tsandd. TH. o, 114
Hz Eand Z HCONH), S 18. 50525, 2H. H | CO024d T HLY L A Hz H-DL 3R
3.47.342(3s.9H.OCH,). 1,34, 1.29.1.26¢ ?»d.‘) H../{v,‘ 6.9.7.6.6. ‘2 Hz H-0.67.67 and
P25 (s 3 HLC-37-CH s exact mass: cale, for Co,HNO, + HA80.296: found: S80.301.
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