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Total Synthesis of Sialylated Glycans Related to Avian and Human Influenza

Virus Infection
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Abstract: Human and avian influenza
type A viruses bind sialylated pentasac-
charides. Herein, the total synthesis of
four of these glycans is reported. Effi-
cient sialylations relied on two N-Troc-
protected (Troc=2,2,2-trichloroethoxy-
carbonyl) sialic acid building blocks.
The first, a thiophenyl glycoside, readi-
ly produced the sialyl-a(2-6)galactose
disaccharide. Combination of the
second building block, a novel glycosyl

galactoside produced the best results
for the formation of the sialyl-a(2-
3)galactose. Two common trisacchar-
ides were assembled by the introduc-
tion of glucose, galactose, and glucos-
amine building blocks followed by se-
lective deprotection. Two sets of penta-
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saccharides were obtained by the union
of two sialylgalactose  N-phenyl
trifluoroacetimidate  building blocks
with the two trisaccharides above.
Global deprotection furnished the de-
sired pentasaccharides. The products of
these total syntheses are currently em-
ployed on the surface of carbohydrate
microarrays to detect and type differ-
ent strains of the influenza virus.

phosphite, and a benzylidene-protected

Introduction

The influenza virus poses a severe threat for a worldwide
pandemic.!! The strain HSN1, a highly virulent avian influ-
enza virus, has been spreading in eastern Asia and Europe.
The remarkable similarity between the strain responsible for
the Spanish influenza pandemic in 1918 and H5N1 has been
described based on gene-sequence analysis and reconstruc-
tion of the virus.?! Viral strains are classified by differences
in the surface antigens hemagglutinin and neuraminidase.

Cell-surface glycans that carry a terminal N-acetylneura-
minic acid (NeuSAc) play an essential role for viral infec-
tion.”! Binding of the virus correlates with the type of sialic
acid and the glycan sequence.” The tertiary structure of he-
magglutinin trimer in its interaction with sialylated glycans
has been studied by combining X-ray crystallography and
computational analysis.”!
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Human and avian viruses differ significantly in the way
they interact with NeuS5Ac on the surface of the host cells.
Whereas the human influenza virus preferentially recognizes
the NeuSAca(2-6)Gal linkage, the avian flu virus binds to
the NeuSAca(2-3)Gal motif.*® The epithelial cells of the
human respiratory tract express both sequences, but differ-
ential distribution renders the direct infection of humans
with avian viruses unlikely.!”

To avoid the spread of pandemic influenza viruses, highly
sensitive and rapid detection methods are urgently needed
to identify potential hosts immediately. Carbohydrate-micro-
array technology holds great potential for the identification
and typing of different viral strains.*® Access to pure oligo-
saccharides in a form that allows for attachment to a micro-
array surface is the limiting step for the production of such
carbohydrate arrays. Herein we report the synthesis of four
viral receptor sialoglycans: 1la, 1b, 2a, and 2b
(Scheme 1a).*! These four pentasaccharides represent all
the permutations of the sialic acid a(2-3) or a(2-6) galactose
bond and the glucosamine (1-3) or B(1-4) galactose linkage
found in nature.

Results and Discussion

The sialylated glycans 1a, 1b, 2a, and 2b were systematical-
ly assembled by using five building blocks (Scheme 1b). N-
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a) 1a: Neu5Aca2-6Galp1-4GIcNACh1-3Galp1-4GIchR
1b: Neu5Aca2-3Galp1-4GIcNACB1-3Galp1-4GIchR

2a: NeuSAca2-6Galp1-3GIcNAcB1-3Galp 1-4GlcpR
2b: Neu5Aca2-3Galp1-3GIcNAcB 1-3Galp 1-4GIcfR

R = (CH2)5NH2

3a: Neu5Aca2-6Galp1-4GIcpR
3b: Neu5Aca2-3Galp1-4GIcBR

b) 1a, 1b, 2a, 2b
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Scheme 1. a) Sialylated pentasaccharides that bind to influenza hemagglutinins. b) Linier synthetic plan and building blocks for assembling the pentasac-
charides 1a, 1b, 2a, and 2b. Aloc=allyloxycarbonyl, Bn=benzyl, Bz=benzoyl, Fmoc=9-fluorenylmethoxycarbonyl, Lev=Ilevulinoyl, TCA = trichloro-

acetyl, TDS = thexyldimethylsilyl, Troc =2,2,2-trichloroethoxycarbonyl.

Phenyl trifluoroacetimidate served as the anomeric leaving
group for most of the glycosylations except for the sialyla-
tions. This leaving group circumvents rearrangements that
result in acetamidate by-products.'”

NeuSAc-capped glycans 1a, 1b, 2a, and 2b of the neolac-
to and lacto series were synthesized from sialyl-a(2-6)galac-
tose and sialyl-a(2-3)galactose building blocks 6 and 7 by
coupling with trisaccharides 4 and 5. All glycans were
equipped with an amine handle connected to the reducing
terminus by a C6 alkyl spacer. Sialylation of galactoside 12
and 13 was achieved with the N-Troc-protected phenylthio
and phosphitidyl glycoside building blocks 11a™" or 11b to
furnish 6 and 7. Few examples for the use of N-Troc sialic
acid phosphite to create sialyl-a(2-3)galactose linkages
exist.'®¥ We explored this particular type of building block
owing to its reactivity and the possibility of deriving various
sialic acid species.'”! Trisaccharide 4 was assembled from
glucose 8, galactose 9, and glucosamine 10. Selective manip-
ulation of the protecting groups of 4 furnished building
block 5, which carries a C3 hydroxy group.

Initially, chemical sialylation reactions that involve build-
ing blocks 6 and 7 were explored (Scheme 2).['*1% NeuSAca-
(2-6)Gal N-phenyl trifluoroacetimidate disaccharide 6 was
synthesized from N-Troc sialyl phenylthioglycoside 11a.
Union with galactose diol 13 in acetonitrile at —40°C pro-
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14: R = TDS(p)

¢ ’:15R OH

o Lo 6: R = C(=NPh)CF5

Scheme 2. Synthesis of sialyl-o(2-6)galactose building block 6. Reagents
and conditions: a) NIS, TfOH, CH;CN, 4-A molecular sieves, —40°C;
b) Ac,O, pyridine, 71% (o/f=6:1); c) HF/pyridine, DMF, 40°C, 80 %:
d) CF;C(NPh)Cl, Cs,CO;, CH,Cl,, 92%. DMF = N,N-dimethylforma-
mide, NIS = N-iodosuccinimide, TFOH = trifluoromethanesulfonic acid.

duced the disaccharide' before acetylation gave 14 in
71% yield (a/p=6:1). At this stage, the anomeric TDS
group was removed by treatment with HF/pyridine, before
introduction of an anomeric N-phenyl trifluoroacetimidate
produced the key sialyl-a(2-6)galactose building block 6 in
92 % yield.

The synthesis of the sialyl-a(2-3)galactose N-phenyl tri-
fluoroacetimidate building block 7 is depicted in Scheme 3
and Table 1. Sialylation of 121"l with building block 11a as
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Scheme 3. Synthesis of sialyl-a(2-3)galactose building block 7. Reagents and conditions: a) NBS, acetone, H,O,
90 %; b) Et,NP(OBn),, tetrazole, CH;CN, 86% (a/fp=1:8); c) BzCl (excess), pyridine, dichloroethane, 60°C,
89%; d) i) PPTS, CH;CN/MeOH, reflux; ii) Ac,O, pyridine, 92 %; ¢) HF/pyri-

dine, DMF, 45°C, 93 %; f) CF;C(NPh)Cl, Cs,CO;, CH,Cl,, 85 %. NBS = N-bro-

mosuccinimide, PPTS = pyridinium p-toluenesulfonate.
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After benzoylation of 16 by
treatment with excess benzoyl
chloride, the 4,6-benzylidene
was replaced by acetates to
avoid the undesired formation
of a isomers during subsequent
glycosylations.'®! To put this
plan to practice, 21 was treated
with PPTS in protic media fol-
lowed by reacetylation to give
22 in 92% yield. The anomeric
TDS group of 22 was then re-
moved by HF/pyridine to
afford 23. Finally, placement of
the anomeric N-phenyl trifluo-
roacetimidate provided 7.

The synthesis of galactose
building block 9 (Scheme 4)

AcO _OAc HO _oH
O a o b, c
AcO SPh (0] e SPh ———
Table 1. Sialylation of galactoses 12, 17, and 19 with 11. OAc %/et o
Ph
OMe
0 OBn OBn 24 25
(6] BnO HO
o] O (0] BnO
RZO&OR' Rog&sph Ro&/oms BnO 02” e f O(B)”
] HO ) HO HO R0 SPh FmocO O\H/CFa
12:R =TDS, R =H 17:R=H 19:R=H OR' oBz [l
16: R' = TDS, R? = aSia 18: R = uSia 20: R = aSia
26:R'=R?=H 9
Entry Sialic acid Nucleophile Conditions”!  Product  Yield™ d EZT R'=Bz R’ F
building block [%] - =Bz R =Fmoc
1 11a 12 A 16 33 Scheme 4. Synthesis of galactose building block 9. Reagents and condi-
2 11b 17 B 18 32 tions: a)i) NaOMe, MeOH; ii) butane-2,3-dione, HC(OMe);, CSA,
3 11b 19 B 20 30 MeOH, reflux, 64%; b) BnBr, NaH, DMF, 91%; c)90% TFA/H,0,
4 11b 12 B 16 51 94 % d) i) FmocCl, pyridine, CH,Cl,, —40°C; ii) BzCl, pyridine, CH,Cl,,
5 11b 12 C 16 65 43%; e) NBS, acetone, H,O, 86%; f) CF;C(NPh)Cl, Cs,CO;, CH,Cl,,
- %. CSA= hor-10-sulfonic acid, TFA = trifl ic acid.
[a] A: NIS (1.5 equiv), TEOH (0.2 equiv), 4-A molecular sieves, —35°C in 93%. CS camphor-10-sulfonic acid, trifluoroacetic acid

CH,CN; B: TMSOTf (0.1 equiv), 4-A molecular sieves, —35°C in
CH;CN; C: TMSOT! (0.1 equiv), 4-A molecular sieves, —78°C in
CH;CH,CN. [b] Yield of the isolated o anomer. Sia=sialyl, TMS = trime-
thylsilyl.

well as NIS and TfOH furnished 16 in low yield (Table 1,
entry 1). The TDS group was partially cleaved under these
conditions. Consequently, 11a was transformed into phos-
phite 11b to explore other activating conditions. The phen-
ylthio glycoside 11a was hydrolyzed by treatment with NBS
in aqueous acetone prior to the introduction of bisbenzyl-
phosphite by N,N-bisethylaminophosphoramidite to afford
11b.57 Although glycosyl phosphite 11b was successfully
coupled with nucleophiles 12, 17, and 19 in the presence of
TMSOTT in acetonitrile, disaccharides 16, 18, and 20 were
obtained in low to moderate yield (Table 1, entries 2-4).
Careful optimization identified reaction conditions that pro-
duced satisfying yields (Table 1, entry 5). The reaction pro-
ceeded smoothly even at —78°C in propionitrile to provide
disaccharide 16 in 65 % yield."”
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employed the cyclic-ketal protection of Ley and co-workers
to mask the C2 and C3 hydroxy groups.'] Initially, sodium
methoxide removed the acetyl protection of 24, following
which treatment with butane-2,3-dione, orthomethylformate,
and catalytic amounts of CSA produced 25 in 64 % yield.
The remaining hydroxy groups of 25 were benzylated. Sub-
sequent acidic removal of cyclic ketal produced diol 26.
Next, the C3 hydroxy group of 26 was equipped with a tem-
porary Fmoc carbonate group. Treatment of 26 with Fmoc
chloride resulted in an inseparable mixture of C2 and C3 O-
Fmoc isomers even at —40°C.

This mixture was benzoylated, and chromatographic sepa-
ration gave 27 in 43 % yield. Hydrolysis of the thiophenyl
glycoside 27 produced the hemiacetal in 86 % yield, before
introduction of the anomeric N-phenyl trifluoroacetimidate
group afforded building block 9 in 93 % yield.

Glucosamine building block 10, which carries both Lev
and Fmoc protection, was prepared from 282" (Scheme 5).
Placement of the Lev group by esterification and reductive
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Scheme 5. Synthesis of glucosamine building block 10. Reagents and con-
ditions: a)i) LevOH, DIC, DMAP, CH,Cl,; ii) TFA, Et;SiH, CH,ClL,
93%; b) FmocCl, pyridine, CH,Cl,, 81 %; c) CAN, CH;CN, H,0, 88%;
d) CF;C(NPh)Cl, Cs,CO;, CH,CL,, 71%. CAN=ammonium cerium ni-
trate, DIC=diisopropyl carbodiimide, DMAP =4-dimethylaminopyri-
dine, MP = p-methoxyphenyl.

benzylidene opening by TFA and triethylsilane provided the
glucosamine derivative 29a in good yield. Next, the Fmoc
group was introduced to produce 29b in 81% yield. The
anomeric N-phenyl trifluoroacetimidate was installed after
oxidative removal of MP ether with CAN to provide 10.
Trisaccharides 4 and 5 were both synthesized from gluco-
side 34 (Scheme 6). This common precursor was in turn de-
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Scheme 6. Synthesis of trisaccharides 4 and 5. Reagents and conditions:
a) FmocCl, pyridine, CH,Cl,, 94%; b) NBS, DAST, CH,Cl,, 0°C, 80 %;
¢) HO(CH,),NHAloc 33, AgOTf, [Cp,HfCL,], toluene, 4-A molecular
sieves, 50°C, 80%; d) Et;N, THF, 97%; e)9, TMSOT{, CH,Cl,, 0°C,
91%; f) Et;N, THF, 82 %; g) i) 10, TMSOTf, CH,Cl,, 0°C; ii) Et;N, THF,
69 %; h) i) Ac,O, pyridine; ii) hydrazine acetate, DMF, 95%. Cp=cyclo-
pentadienyl, DAST = diethylaminosulfur trifluoride.

4:R'=H,R?*= Lev

5 R'=Ac, R*=H

rived from 30.?!! Fmoc protection and replacement of the
phenylthio group with fluoride gave 32.”2 Union of alcohol
33, which carries an Aloc-protected amine terminal, with
fluoride 32 was initiated by Cp,HfCl,/AgOT{*! to produce 8
in 80% yield. Under mild basic conditions, the Fmoc group
of 8 was removed to yield 34 (97 %) and set the stage for
glycosylation with galactose building block 9, which pro-
duced lactose derivative 35 in 91 % yield. Again, removal of
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temporary Fmoc protection afforded 36. Glycosylation of 36
with glucosamine building block 10 and subsequent Fmoc
cleavage furnished key trisaccharide 4 in 69 % yield. To syn-
thesize the PB(1-3)GIcNAc backbone, the liberated hydroxy
group was acetylated. Cleavage of the Lev ester with hydra-
zine acetate produced key trisaccharide 5 in 95% yield."
With the key trisaccharides in hand, the final assembly
and global deprotection of pentasaccharides 1a and 1b was
undertaken (Scheme 7). The 243 coupling strategy to pro-

6 or 7 (1.5 equiv) + 4 (1.0 equiv)

j a
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Scheme 7. Synthesis of pentasaccharides 1a and 1b. Reagents and condi-
tions: a) TMSOTY, CH,CL,, 0°C, 37a: 90%, 37b: 89 %; b) i) [Pd(PPh,),],
p-toluenesulfinic acid, CH,Cl,, ii) CbzOSu, Et;N, 38a: 80%, 38b: 85%;
¢) i) H,NNH,, AcOH, DMF, ii) Zn/Cu couple, 40°C, 2 days; iii) Ac,O,
pyridine, 39a: 55%, 39b: 40%; d) i) 0.05M NaOMe in MeOH, then H,O;
ii) H,, 20 % Pd(OH),/C, MeOH, H,0O, AcOH, 1a: 45%, 1b: 58%. Cbz=
carbyloxybenzoyl, Su=succinimidyl.

duce sialylated pentasaccharides 37a and 37b relied on the
reaction of trisaccharide 4 with sialyl-a(2-6)galactose and
sialyl-a(2-3)galactose building blocks 6 and 7. N-phenyl tri-
fluoroacetimidates 6 and 7 were activated with catalytic
amounts of TMSOTT, and the glycosylation reactions pro-
ceeded smoothly to give pentasaccharides 37a and 37b.
While examining the global deprotection conditions of
37a and 37b, it became clear that the Aloc protection at the
terminal amine group did not stand up to the reductive con-
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ditions. Therefore, the Aloc group was replaced by a Cbz
moiety. Treatment of 37a/b with [Pd(PPh;),] and p-toluene-
sulfinic acid resulted in the ready removal of the Aloc
moiety,”! and addition of Cbz succinate and triethylamine
produced 38a/b in a one-pot manner. Reduction of the N-
trichloroacetyl group to the corresponding acetate did not
proceed in a satisfactory manner when zinc powder was em-
ployed.”*?" After careful optimization, the use of a Zn/Cu
couple with gentle heating allowed for complete TCA re-
duction.”®! The Troc group was removed simultaneously, and
subsequent acetylation produced 39a and 39b in moderate
yield. Basic treatment with sodium methoxide in methanol
cleaved all the acetates and benzoates. Addition of water in-
duced hydrolysis of the sialic acid methyl ester. Palladium-
catalyzed hydrogenolysis of the benzyl ethers and the Cbz
group provided target pentasaccharides 1a and 1b.

The synthesis of pentasaccharides 2a and 2b was planned
on the basis of the lessons learned from the synthesis of 1a
and 1b (Scheme 8). Glycosylation of trisaccharide 5 with

6 or7 (1.5 equiv) + 5 (1.0 equiv)

\ .
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AcO Bzo&ﬁ\/ AcHN o &
OBz AcO OBz

j d
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Scheme 8. Synthesis of pentasaccharides 2a and 2b. Reagents and condi-
tions: a) TMSOT{, CH,CL,, 0°C, 40a: 94 %, 40b: 94 %; b) i) [Pd(PPh;),],
p-toluenesulfinic acid, CH,Cl,; ii) CbzOSu, Et;N, 41a: 74%, 41b: 81 %;
c)i) Zn/Cu couple, 40°C, 2 days; ii) Ac,0O, pyridine, 42a: 59%, 42b:
62 %; d) i) 0.05m NaOMe in MeOH, then H,O; ii) H,, 20% Pd(OH),/C,
MeOH, H,O, AcOH, 2a: 64%, 2b: 59%.
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sialylgalactose building blocks 6 and 7 produced the desired
pentasaccharides 40a and 40b in good yield. Replacement
of the Aloc groups by Cbz provided 41a and 41b in 74 and
81% yield, respectively. Treatment with Zn/Cu couple and
acetylation furnished 42a and 42b in moderate yield. Global
deprotection by ester hydrolysis and hydrogenolysis gave
the pentasaccharides 2a and 2b. The four pentasaccharides
contain a terminal amine group for ready immobilization
onto carbohydrate arrays and conjugation to protein carri-
ers.

Conclusions

We have described the synthesis of four sialylated glycans
(1a, 1b, 2a, and 2b) equipped with an amine group attached
to the reducing terminus by a C6 spacer. The core trisac-
charide, which is common to all four molecules, was assem-
bled from three building blocks (8-10) in a linear fashion.
Orthogonal deprotection produced two trisaccharides, 4 and
5, for the construction of the target pentasaccharides. N-
Troc-protected sialic acid phenylthioglycoside 11a served in
the construction of the sialyl-a(2-6)galactose linkage. To in-
stall the sialyl-a(2-3)galactose unit, sialic acid phosphite 11b
produced the best results.

The four pentasaccharides have been attached to microar-
ray slides, and binding experiments with different influenza
virus hemagglutinin proteins as well as different viral strains
are currently ongoing.

Experimental Section
General

'"H and C NMR spectra were recorded on Varian Mercury-300 and
Gemini-300 spectrometers. 'H and *C NMR chemical shifts in CDCl, are
reported in ppm relative to CHCl; (7.24 ppm) and CDCl; (77.0 ppm), re-
spectively. Chemical shifts in D,O are relative to DOH (4.65 ppm; 'H).
Optical rotations were measured with a JASCO DIP-370 polarimeter.
High-resolution MALDI and ESI mass spectra were recorded on an Ion-
Spec Ultra mass spectrometer.

Syntheses

13: BzCl (1.65 mL, 14.2 mmol) was added to a solution of 12 (2.35 ¢,
5.96 mmol) in CH,Cl, (3 mL)/pyridine (3 mL). After stirring for 2.5 h at
room temperature, the mixture was concentrated and redissolved in
EtOAc. The organic phase was washed with 10% citric acid, and the
aqueous phase was extracted with EtOAc. The combined organic layers
were washed with brine, dried over Na,SO,, filtered, and concentrated.
The crude dibenzoate produced was dissolved in MeOH (60 mL), and
TsOH/H,0 (566 mg, 2.98 mmol) was added. After stirring for 4.5 h, the
mixture was diluted with EtOAc and neutralized with aqueous NaHCO;.
The aqueous phase was extracted with EtOAc, and the combined organic
layers were washed with brine, dried over Na,SO,, filtered, and concen-
trated. Purification with flash silica-gel column chromatography (hex-
anes/EtOAc=4:1-3:2) gave thexyldimethylsilyl 2,3-di-O-benzoyl-f3-p-gal-
actopyranoside (13; 2.13g, 4.0l mmol, 67%). [a]5=+61 (c=1.00,
chloroform); '"HNMR (300 MHz, CDCly): 6=7.99-7.94 (m, 4H), 7.54—
7.34 (m, 6H), 5.70 (dd, J=7.5, 103 Hz, 1H, 2-H), 527 (dd, J=3.1,
10.3 Hz, 1H, 3-H), 4.96 (d, J=7.8 Hz, 1H, 1-H), 4.37-4.35 (m, 1H, 4-H),
4.04-4.01 (m, 1H, 6a-H), 3.91-3.89 (m, 1H, 6b-H), 3.79-3.77 (m, 1H, 5-
H), 2.59 (d, J=4.7 Hz, 1H, OH), 2.02-2.00 (m, 1H, OH), 1.54-1.52 (m,
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1H), 0.75-0.72 (m, 12H), 0.18 (s, 3H), 0.08 ppm (s, 3H); “C NMR
(75 MHz, CDCly): 6=165.7, 165.1, 133.3, 129.7, 129.5, 128.9, 128.3, 128.1,
96.4, 74.3, 71.5, 68.3, 62.4, 33.9, 24.8, 20.0, 19.9, 18.5, —1.6, —3.2 ppm; MS
(ESI): m/z caled for C,gH,NOgSi: 548.3 [M+NH,]T; found: 548.0; ele-
mental analysis: caled (%) for CHisO4Si: C 63.37, H 7.22; found: C
63.26, H 7.26.

14: NIS (231 mg, 1.03 mmol) and TfOH (10 uL, 0.113 mmol) were added
to a solution of 11a (501 mg, 0.699 mmol) and 13 (555 mg, 1.05 mmol) in
CH,CN (15 mL) with 4-A molecular sieves (2.1 g) at —40°C, and the
mixture was stirred for 4 h at —40°C under Ar atmosphere. The mixture
was then neutralized with Et;N, filtered through celite to remove the mo-
lecular sieves, and diluted with EtOAc. The organic phase was washed
with aqueous NaHCO;. The aqueous phase was extracted with EtOAc,
and the combined organic layers were washed with brine, dried over
Na,SO,, filtered, and concentrated. The crude product was then dissolved
in pyridine (5 mL), and Ac,0O (2.5 mL) was added in an ice bath. After
stirring for 17 h at room temperature under an atmosphere of nitrogen,
the mixture was concentrated and coevaporated with toluene. Purifica-
tion by flash silica-gel column chromatography (hexanes/EtOAc=4:1-
2:1, then toluene/EtOAc=6:1) gave thexyldimethylsilyl (methyl 4,7,8,9-
tetra-O-acetyl-3,5-dideoxy-5-trichloroethoxycarbonylamino-p-glycero-a-

D-galacto-2-nonulopyranosylonate)-(2 —6)-4-O-acetyl-2,3-di-O-benzoyl-

B-p-galactopyranoside (14; 583 mg, 0.495 mmol, 71% a/f=6:1). a ano-
mer: [a]3 =418 (c=0.66, chloroform); '"H NMR (300 MHz, CDCL,): 6 =
7.98-7.96 (m, 2H), 7.88-7.86 (m, 2H), 7.52-7.32 (m, 6H), 5.67 (d, J=
2.8 Hz, 1H), 5.60 (dd, /=7.5, 10.3 Hz, 1H), 5.42 (dd, J=3.4, 10.6 Hz,
1H), 5.40-5.35 (m, 2H), 5.00 (d, J=7.8 Hz, 1H), 4.98-4.96 (m, 1H), 4.90
(d, J=12.4 Hz, 1H), 4.85 (d, /=9.6 Hz, 1H), 448 (d, /=12.1 Hz, 1H),
435 (dd, J=1.9, 12.1 Hz, 1H), 4.20-4.14 (m, 2H), 4.06 (t, J=6.2 Hz,
1H), 3.86-3.83 (m, 1H), 3.81 (s, 3H), 3.61 (dd, /=10.3, 20.5 Hz, 1H),
343 (dd, J=6.5, 10.3 Hz, 1H), 2.60 (dd, J=4.7, 13.1 Hz, 1H), 2.19 (s,
3H), 2.14 (s, 3H), 2.13 (s, 3H), 2.06 (s, 3H), 2.01 (s, 3H), 1.85 (t, J=
12.5Hz, 1H), 1.54-1.51 (m, 1H), 0.74-0.71 (m, 12H), 021 (s, 3H),
0.13 ppm (s, 3H); "CNMR (75 MHz, CDCL): 6=170.9, 170.6, 170.6,
170.3, 169.7, 167.9, 165.7, 165.5, 154.2, 133.3, 133.1, 129.9-128.4, 99.0,
96.3, 95.6, 77.4, 74.7, 72.2, 72.1, 72.0, 71.8, 16.4, 67.9, 67.8, 67.4, 63.5, 62.5,
53.1, 51.7, 382, 34.0, 249, 21.2, 21.2, 21.0, 20.8, 20.0, 18.6, —1.6,
—33ppm; HRMS (MALDI): m/z caled for Cs5HgNO,CLSiNa:
1200.2809 [M +Na]*; found: 1200.2782;  anomer:[a]5 =+3.5 (c=0.14M,
chloroform); '"H NMR (300 MHz, CDCl;): §=7.96-7.93 (m, 2H), 7.89—
7.86 (m, 2H), 7.52-7.34 (m, 6H), 5.78 (d, /=2.8 Hz, 1H), 5.61 (dd, /=
7.5,10.6 Hz, 1H), 5.47 (dd, J=3.4, 10.3 Hz, 1H), 5.38 (dd, /=2.2, 6.2 Hz,
1H), 5.30-5.28 (m, 1H), 524 (d, /=10.0 Hz, 1H), 5.22-5.20 (m, 1H),
495 (d, /=75Hz, 1H), 480 (d, J=11.8Hz, 1H), 4.63 (dd, J=2.5,
12.5 Hz, 1H), 4.55 (d, /=12.1 Hz, 1H), 4.08-4.06 (m, 1H), 3.84 (s, 3H),
3.84-3.81 (m, 1H), 3.68 (dd, J=2.2, 10.6 Hz, 1H), 3.58-3.56 (m, 1H),
3.41 (t, J=9.3 Hz, 1H), 2.56 (dd, /=5.0, 13.1 Hz, 1H), 2.31 (s, 3H), 2.16
(s, 3H), 2.14 (s, 3H), 2.03 (s, 3H), 1.98 (s, 3H), 1.80 (t, J=12.5 Hz, 1H),
1.52-1.50 (m, 1H), 0.74-0.71 (m, 12H), 0.17 (s, 3H), 0.07 ppm (s, 3H).
6: HF/pyridine (800 pL) was added to a solution of 14 (396 mg,
0.336 mmol) in DMF (8 mL), and the mixture was stirred at 45°C for
15 h. The mixture was then carefully neutralized with aqueous NaHCO;
in an ice bath, and the aqueous phase was extracted with EtOAc. The
combined organic layers were washed with brine, dried over Na,SO,, fil-
tered, and concentrated. Purification by flash silica-gel column chroma-
tography (hexanes/EtOAc=4:1-3:2) gave 15 (278 mg, 0.268 mmol,
80%). Next, 15 (276 mg, 0.266 mmol) was dissolved in CH,Cl, (4 mL)
before addition of CF;C(NPh)Cl (168 mg, 0.809 mmol) and Cs,COs
(178 mg, 0.546 mmol) at 0°C. After stirring for 2.5 h at 0°C to room tem-
perature under Ar atmosphere, the mixture was filtered through celite,
and the filtrate was concentrated. Purification by flash silica-gel column
chromatography (hexanes/EtOAc=4:1-3:2) gave methyl (4,7,8,9-tetra-O-
acetyl-3,5-dideoxy-5-trichloroethoxycarbonylamino-p-glycero-a-p-galac-

to-2-nonulopyranosylonate)-(2 —6)-4-O-acetyl-2,3-di-O-benzoyl-f-p-gal-

actopyranose N-phenyl trifluoroacetimidate (6; 295 mg, 0.244 mmol,
92%). [a]5=+37 (¢=0.32, chloroform); 'HNMR (300 MHz, CDCl,):
0=8.00-7.86 (m, 4H), 7.57-7.09 (m, 6H), 6.73 (d, J=8.1 Hz, 1H), 5.90—
5.34 (m, 4H), 5.00-4.79 (m, 2H), 4.48 (d, /J=12.1 Hz, 1H), 4.31 (dd, /=
2.5, 12.8 Hz, 1H), 4.21-3.77 (m, 3H), 3.81 (s, 3H), 3.69-3.67 (m, 1H),
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3.54-351 (m, 1H), 2.59 (dd, J=4.7, 13.1 Hz, 1H), 2.18-2.00 (m, 1H),
1.87 ppm (t, J=12.5 Hz, 1H); *C NMR (75 MHz): 6 =170.3-165.3, 153.8,
142.8, 133.2-132.8, 129.7-128.2, 126.3, 120.3, 119.1, 98.9, 95.9, 95.3, 91.0,
74.5, 72.4-71.5, 69.4, 68.4-67.1, 63.4-62.8, 53.0, 51.7, 38.0, 21.1-20.8 ppm;
HRMS (MALDI): m/z caled for CyHN,Op,CLF,Na: 12291921 [M+
Na]*; found: 1229.1934.

16: TMSOTS (10 pL, 51 umol) was added to a solution of 11b (441 mg,
0.517 mmol) and 12 (323 mg, 0.787 mmol) in EtCN (10 mL) with 4-A mo-
lecular sieves (1.10 g) at —78°C, and the mixture was stirred for 75 min
at —78°C under argon atmosphere. The mixture was then neutralized
with Et;N, filtered through celite to remove the molecular sieves, and di-
luted with EtOAc. The organic phase was washed with aqueous NaHCO,
and brine, dried over Na,SO,, filtered, concentrated, and purified by
flash silica-gel column chromatography (toluene/EtOAc=3:2) to give
thexyldimethylsilyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-trichloro-
ethoxycarbonylamino-p-glycero-a-p-galacto-2-nonulopyranosylonate)-
(2—3)-4,6-O-benzylidene-B-p-galactopyranoside (16; 340 mg,
0334 mmol, 65%). [alf=+19 (c=127, chloroform); 'HNMR
(300 MHz, CDCly): 6=7.52-7.49 (m, 2H), 7.36-7.34 (m, 3H), 5.43-5.40
(m, 2H), 5.35 (s, 2H), 5.05-4.91 (m, 2H), 4.90 (d, /=12.1 Hz, 1H), 4.67
(d, J=7.5Hz, 1H), 4.68 (d, /=12.1 Hz, 1H), 427 (dd, J=12.1, 14.0 Hz,
1H), 4.23-4.18 (m, 3H), 3.97 (d, J=3.4 Hz, 1H), 3.78-3.76 (m, 1H), 3.58
(s, 3H), 3.42 (s, 1H), 2.76 (dd, J=8.4, 12.8 Hz, 1H), 2.56 (s, 1H), 2.19 (s,
3H), 2.17 (s, 3H), 2.05 (s, 3H), 2.00 (s, 3H), 1.95 (t, J=12.5 Hz, 1H),
1.70-1.68 (m, 1H), 0.91-0.85 (m, 12H), 0.21 (s, 3H), 0.20 ppm (s, 3H);
BCNMR (75 MHz, CDCL): 6=170.6, 170.3, 170.0, 169.9, 168.2, 153.9,
138.0, 128.8, 128.0, 126.4, 100.8, 97.9, 97.0, 95.3, 74.9, 74.4, 73.8, 71.9, 70.4,
69.2, 67.8, 67.7, 67.0, 66.1, 62.0, 60.3, 52.7, 51.6, 38.5, 34.0, 24.9, 21.2, 20.7,
20.1, 20.0, 18.5, 18.4, 14.1, —1.9, —2.7 ppm; HRMS (MALDI): m/z calcd
for C;,HgNO,oCLSiNa: 1138.2492 [M +Na]*; found: 1138.2469.

21: BzCl (380 pL, 3.28 mmol) was added to a solution of 16 (220 mg,
0.216 mmol) in dichloroethane (2.5 mL) and pyridine (2.5 mL), and the
mixture was stirred for 22 h at 60°C under nitrogen atmosphere. The sol-
vent was then evaporated, and the precipitate was redissolved in EtOAc
and washed with 10% citric acid, H,0O, aqueous NaHCOj, and brine. The
organic phase was dried over Na,SO,, filtered, concentrated, and purified
by flash silica-gel column chromatography (toluene/EtOAc=38:1-4:1) to
give thexyldimethylsilyl (methyl 4,7,89-tetra-O-acetyl-3,5-dideoxy-5-tri-
chloroethoxycarbonylamino-p-glycero-a-p-galacto-2-nonulopyranosylo-

nate)-(2—3)-4,6-O-benzylidene-2-O-benzoyl-f-p-galactopyranoside  (21;
2134 mg, 0.1903 mmol, 89%). [a]5=+32 (c=0.57, chloroform);
'"H NMR (300 MHz, CDCl,): 6=8.11-8.08 (m, 2H), 7.61-7.32 (m, 8H),
5.55-5.53 (m, 1H), 5.39 (dd, /=7.8, 10.3 Hz, 1H), 5.36 (brs, 1H), 5.32
(dd, /=22, 9.7Hz, 1H), 495 (d, /J=7.5Hz, 1H), 4.85 (d, /J=12.1 Hz,
1H), 4.84-4.75 (m, 2H), 4.48 (dd, /=3.7, 103 Hz, 1H), 443 (d, /=
11.8 Hz, 1H), 4.34 (dd, /=25, 12.5 Hz, 1H), 425 (dd, J=1.3, 13.4 Hz,
1H), 4.11 (d, J=12.8 Hz, 1H), 4.06 (dd, J=5.6, 12.5 Hz, 1H), 4.00-3.80
(m, 2H), 3.56-3.45 (m, 2H), 3.54 (s, 3H), 2.66 (dd, /=4.7, 12.8 Hz, 1H),
2.22 (s, 3H), 2.07 (s, 3H), 1.93 (s, 3H), 1.82 (s, 3H), 1.66 (t, J=12.8 Hz,
1H), 1.52-1.49 (m, 1H), 0.72-0.69 (m, 12H), 0.18 (s, 3H), 0.09 ppm (s,
3H); "CNMR (75 MHz, CDCl,): 6=170.6, 170.2, 170.1, 170.0, 168.5,
164.9, 153.9, 137.8, 133.5, 132.6, 130.6-128.1, 100.9, 96.5, 96.1, 95.2, 74.5,
735,722,721, 71.8, 69.3, 68.4, 67.5, 67.1, 66.1, 62.5, 52.7, 51.3, 38.5, 33.9,
24.7, 21.5, 20.8, 20.6, 20.0, 18.5, —1.6, —2.8 ppm; HRMS (MALDI): m/z
caled for CyuHgNO,CI;NSiNa: 1142.2754 [M +Na]*; found: 1142.2733.

22: PPTS (163 mg, 0.648 mmol) was added to a solution of 21 (294 mg,
0.262 mmol) in CH;CN (4 mL) and MeOH (4 mL), and the mixture was
stirred for Sh at 75°C. The mixture was then cooled to room tempera-
ture, neutralized with Et;N, concentrated, and dried under reduced pres-
sure. The crude product was dissolved in pyridine (6 mL), and Ac,0O
(3 mL) was added. After stirring for 10 h at room temperature, the mix-
ture was concentrated and redissolved in EtOAc. The organic phase was
washed with 10% citric acid. The aqueous phase was extracted with
EtOAc, and the combined organic layers were washed with aqueous
NaHCO; and brine, dried over Na,SO,, filtered, concentrated, and puri-
fied by flash silica-gel column chromatography (toluene/EtOAc=6:1—
3:1) to give thexyldimethylsilyl (methyl 4,7,89-tetra-O-acetyl-3,5-di-
deoxy-5- trichloroethoxycarbonylamino-p-glycero-a-p-galacto-2-nonulo-
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pyranosylonate)-(2—3)-4,6-di-O-acetyl-2-O-benzoyl-f3-p-galactopyrano-
side (22; 268 mg, 0.240 mmol, 92%). [a]3=+29 (c=1.55, chloroform);
'HNMR (300 MHz, CDCl,): 6=8.14-8.12 (m, 2H), 7.58-7.43 (m, 3H),
5.63-5.61 (m, 1H), 526-5.17 (m, 2H), 4.98-4.88 (m, 3H), 4.81 (d, J=
11.8 Hz, 1H), 4.66-4.62 (m, 2H), 438 (d, J=12.1 Hz, 1H), 433 (dd, J=
2.2,12.5Hz, 1H) 4.07 (d, J=7.2 Hz, 2H), 3.97 (dd, /=6.5, 12.5 Hz, 1H),
3.90-3.87 (m, 1H), 3.85 (s, 3H), 3.66 (dd, J=2.5, 10.6 Hz, 1H), 3.43 (dd,
J=10.3, 21 Hz, 1H), 2.60 (dd, J=4.7 Hz, 12.5 Hz, 1H), 2.21 (s, 3H), 2.15
(s, 3H), 2.07 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 1.95 (s, 3H), 1.68 (t, J=
125Hz, 1H), 147-1.45 (m ,1H), 1.40-124 (m, 9H), 0.14 (s, 3H),
0.06 ppm (s, 3H); *CNMR (75 MHz, CDCL,): 6=170.5, 170.3, 170.3,
170.1, 170.1, 169.9, 167.8, 165.1, 153.9, 153.9, 132.8, 130.3, 130.1, 128.1,
96.6, 96.0, 95.2, 77.2, 74.5, 73.0, 71.4, 71.3, 70.8, 69.0, 68.1, 67.4, 66.8, 62.5,
62.4, 53.2, 51.0, 37.6, 33.8, 24.7, 21.6, 20.9, 20.9, 20.8, 20.3, 20.0, 19.8, 18.5,
184, -18, -32ppm; HRMS (MALDI): m/z caled for
C4HyNO,,CLSiNa: 1138.2653 [M +Na]*; found: 1138.2626.

7: HF/pyridine (600 uL) was added to a solution of 22 (246 mg,
0.220 mmol) in DMF (6 mL), and the mixture was stirred at 45°C for
20 h. The mixture was then carefully neutralized with aqueous NaHCO;
in an ice bath, and the aqueous phase was extracted with EtOAc. The
combined organic layers were washed with brine, dried over Na,SO,, fil-
tered, concentrated, and purified by silica-gel column chromatography
(hexanes/EtOAc=2:1-1:1) to give the hemiacetal (199 mg, 0.204 mmol,
93%). The hemiacetal (196 mg, 0.201 mmol) was dissolved in CH,Cl,
(3mL), and CF;C(NPh)Cl (128 mg, 0.618 mmol) and Cs,CO; (129 mg,
0.396 mmol) were added at 0°C. After stirring for 2.5h at 0°C to room
temperature under an atmosphere of argon, the mixture was filtered
through celite, and the filtrate was concentrated. Purification by flash
silica-gel column chromatography (hexanes/EtOAc=3:1-3:2) gave
methyl (4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-trichloroethoxycarbonylami-
no-p-glycero-a-p-galacto-2-nonulopyranosylonate)-(2 —3)-4,6-di-O-ace-
tyl-2-O-benzoyl-p-p-galactopyranose N-phenyl trifluoroacetimidate (7,
217 mg, 0.171 mmol, 85%). [a]5=+40 (c=0.95, chloroform) 'H NMR
(300 MHz, CDCl;): 6=28.15 (dd, J=6.2, 13.4 Hz, 2H), 7.65-6.78 (m, 8H),
6.45 (d, J=7.5Hz, 1H), 6.16-6.14 (m, 1H), 5.49 (t, J=9.6 Hz, 1H), 5.17
(dd, /=25, 11.8 Hz, 1H), 5.04-4.71 (m, 5H), 4.38 (d, /J=12.1 Hz, 1H),
4.30 (dd, J=2.2, 12.1 Hz, 1H), 4.21-3.79 (m, 3H), 3.86 (s, 3H), 3.66 (dd,
J=2.5,10.6 Hz, 1H), 3.47 (m, 1H), 2.63 (dd, /J=4.7, 12.1 Hz, 1H), 2.20-
1.91 (m, 1H), 1.73 ppm (t, J=12.1 Hz, 1H); *CNMR (75 MHz, CDCL,):
0=171.0-169.8, 167.7, 164.9, 153.9, 143.2, 133.6, 133.3, 130.1-128.4, 126.2,
124.3, 120.4, 119.3, 119.0, 96.7, 95.2, 74.5, 71.8, 71.6, 70.9, 70.2, 69.0, 67.4,
674, 66.9, 62.6, 62.3, 61.8, 60.5, 53.3, 50.9, 37.5, 21.6-20.7, 14.3 ppm;
HRMS (MALDI): m/z caled for C,HsN,O,F;Cl;Na: 1167.1765 [M+
Na]*; found: 1167.1760.

25: NaOMe (103 mg, 1.91 mmol) was added to a solution of 24 (8.30 g,
18.9 mmol) in MeOH (80 mL), and the mixture was stirred at room tem-
perature under N, atmosphere. After stirring for 7 h, the reaction mixture
was neutralized with Amberlite IR-120 resin. The resin was removed by
filtration, and the filtrate was concentrated and dried under reduced
pressure. The residue was dissolved in MeOH (60 mL), and butane-2,3-
dione (2.0 mL, 23 mmol), trimethylorthoformate (6.2 mL, 57 mmol), and
CSA (438 mg, 1.89 mmol) were added. The mixture was stirred while
heated under reflux for 12 h. After cooling to room temperature, the
mixture was neutralized with Et;N and concentrated. Purification by
flash silica-gel column chromatography (hexanes/EtOAc=1:1-1:2) gave
phenylthio-1-deoxy-2,3-O-(2',3'-dimethoxybutane-2',3'-diyl)--p-galacto-
pyranoside (25; 4.66 g, 12.1 mmol, 64%). [a]5=—146 (c=1.18, chloro-
form); '"H NMR (300 MHz, CDCl,): 6 =7.55-7.50 (m, 2H), 7.31-7.23 (m,
3H), 478 (d, /=10.0Hz, 1H, 1-H), 4.15-3.93 (m, 3H), 3.85-3.76 (m,
2H), 3.64-3.62 (m, 1H, 5-H), 3.26 (s, 3H), 3.18 (s, 3H), 2.59 (brs, 1H,
OH), 2.15ppm (brs, 1H, OH); *CNMR (75 MHz, CDCl;): 6=133.3,
131.4, 128.7, 127.2, 100.4, 85.4, 78.8, 71.7, 68.3, 65.3, 62.7, 48.1, 17.8,
17.7 ppm; MS (ESI): m/z caled for CgH3NO,S: 404.2 [M+NH,]*;
found: 404.0; HRMS (MALDI): m/z caled for C;sHyO,SNa: 409.1297
[M +Na]*; found: 409.1295.

26a: Benzylbromide (3.4 mL, 29 mmol) and NaH (60% in mineral oil;
1.12 g, 28.0 mmol) were added to a solution of 25 (4.48 g, 11.6 mmol) in
DMF (40 mL), and the mixture was stirred for 9.5 h at room temperature
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under an atmosphere of nitrogen. Et;N (4.0 mL) was then added to
remove any remaining benzyl bromide. After further stirring for 30 min,
the mixture was poured into iced water. The aqueous phase was extract-
ed with EtOAc, and the combined organic layers were washed with
brine, dried over Na,SO,, filtered, and concentrated. Purification by flash
silica-gel column chromatography (hexanes/EtOAc=9:1-4:1) gave phen-
ylthio-1-deoxy-4,6-di-O-benzyl-2,3-O-(2',3'-dimethoxybutane-2',3"-diyl)-f3-
p-galactopyranoside (26a; 5.96 g, 10.5mmol, 91%). [a]3=-126 (c=
0.82, chloroform); '"HNMR (300 MHz, CDCl;): 6=7.55-7.16 (m, 15H),
5.00 (d, J=11.5Hz, 1H), 4.77 (d, /J=99Hz, 1H, 1-H), 460 (d, J=
11.5Hz, 1H), 448 (d, J=11.5Hz, 1H), 442 (d, J=11.5 Hz, 1H), 4.26 (t,
J=99Hz, 1H, 2-H), 3.86-3.62 (m, 5H, 3-H, 4-H, 5-H, 6a-H, 6b-H), 3.27
(s, 3H), 3.17 ppm (s, 3H); "CNMR (75 MHz, CDCl;): 6=138.8, 137.9,
133.9, 133.2-126.8, 100.0, 99.7, 85.6, 78.1, 73.9, 73.5, 73.2, 68.9, 65.5, 47.9,
47.8, 17.7, 17.6 ppm; MS (ESI): m/z caled for C;,H,NO,S: 584.3 [M +
NH,]*; found: 584.2; HRMS (MALDI): m/z caled for Ci;,H;0,Na:
589.2236 [M +Na]*; found: 589.2231.

26b: A solution of 26a (5.74 g, 10.1 mmol) in aqueous TFA (90%,
30 mL) was stirred at room temperature for 30 min. The solvent was re-
moved by evaporation and coevaporated with toluene. The remaining
residue was purified by flash silica-gel column chromatography (CH,Cl,/
EtOAc=20:1-6:1) to give phenylthio-1-deoxy-4,6-di-O-benzyl-B-p-galac-
topyranoside (26b; 4.32 g, 9.55 mmol, 94 %). [a]5 =—32 (¢=0.61, chloro-
form); '"H NMR (300 MHz, CDCly): 6 =7.57-7.53 (m, 2H), 7.37-7.23 (m,
13H), 4.74 (d, J=11.6 Hz, 1H), 4.67 (d, J=11.8 Hz, 1H), 454 (d, /=
11.8 Hz, 1H), 4.51 (d, /=93 Hz, 1H, 1-H), 448 (d, J=11.6 Hz, 1H),
3.95-3.93 (m, 1H, 4-H), 3.76-3.65 (m, 4H, 2-H, 3-H, 6a-H, 6b-H), 3.65-
3.62 (m, 1H, 5-H), 2.57 (brs, 1H, OH), 243 ppm (d, J=62Hz, 1H,
OH); "CNMR (75 MHz, CDCL,): 6=138.2, 137.6, 132.4, 132.0, 128.8,
128.3-127.5, 88.4, 77.6, 76.0, 75.3, 75.0, 73.5, 70.3, 68.5 ppm; MS (ESI):
mlz caled for C,Hy,NOSS: 470.2 [M+NH,]T; found: 470.0; elemental
analysis: calcd (%) for C,sHxOsS: C 69.00, H 6.24; found: C 68.71, H
6.31.

27: Pyridine (700 pL, 8.65 mmol) was added to a solution of 26 (392 mg,
0.867 mmol) in CH,Cl, (10 mL), and the mixture was cooled to —40°C.
FmocCl (243 mg, 0.94 mmol) was added as three portions at 2-h intervals
at —40°C. After stirring overnight at —40°C to room temperature, the
mixture was diluted with CH,Cl, and neutralized with 10% citric acid.
The aqueous phase was extracted with CH,Cl,, and the combined organic
layers were washed with brine, dried over Na,SO,, filtered, and concen-
trated. Purification by flash silica-gel column chromatography (hexanes/
EtOAc=5:1-3:1) gave an inseparable mixture of regioisomers (417 mg,
0.617 mmol). The mixture was dissolved in CH,Cl, (4 mL) and pyridine
(4 mL), and benzoyl chloride (100 pL, 0.86 mmol) was added. The mix-
ture was stirred at room temperature under N, atmosphere. After stirring
for 15h, the mixture was diluted with CH,Cl, and washed with HCl
(0.5Mm). The aqueous phase was extracted with CH,Cl,, and the combined
organic layers were washed with brine, dried over Na,SO,, filtered, and
concentrated. Purification by flash silica-gel column chromatography
(hexanes/EtOAc=10:1-6:1) gave phenylthio-1-deoxy-4,6-di-O-benzyl-2-
O-benzoyl-3-O-(9-fluorenylmethyl)oxycarbonyl-3-p-galactopyranoside
(27; 293mg, 0376 mmol, 43%). [a]l5=+39 (c=0.92, chloroform);
'"HNMR (300 MHz, CDCl;): 6 =8.07-8.04 (m, 2H), 7.70-7.07 (m, 26 H),
5.76 (t, J=10.0 Hz, 1H, 2-H), 5.09 (dd, /=3.1, 10.0 Hz, 1H, 3-H), 4.88
(d, 7=10.0 Hz, 1H, 1-H), 4.79 (d, /=112 Hz, 1H) 4.53 (d, J=11.8 Hz,
1H), 4.50 (d, J=11.5Hz, 1H), 4.46 (d, J=11.8 Hz, 1H), 4.33-4.04 (m,
4H, 4-H, 6a-H, 6b-H, Fmoc), 3.87-3.85 (m, 1H, 5-H), 3.76-3.74 ppm (m,
2H, Fmoc); "CNMR (75 MHz, CDCly): §=165.3, 154.7, 143.4, 143.0,
141.4, 138.0, 137.9, 133.4-127.3, 125.4, 125.1, 120.1, 86.9, 79.2, 77.5, 75.2,
74.1, 73.8, 70.3, 68.8, 68.5, 46.6ppm; MS (ESI): m/z caled for
C,sHyNOGS: 796.3 [M+NH,]*; found: 796.2; elemental analysis: calcd
(%) for CsH4OsS: C 74.02, H 5.43; found: C 73.82, H 5.32.

9: NBS ( 256 mg, 1.44 mmol) was added to a solution of 27 (269 mg,
0.346 mmol) in acetone/H,O (6 mL/1 mL). The mixture was stirred at
room temperature for 30 min, diluted with EtOAc, and washed with 5%
Na,S,0;. The aqueous phase was extracted with EtOAc, and the com-
bined organic layers were washed with brine, dried over Na,SO,, filtered,
and concentrated. Purification by flash silica-gel column chromatography
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(hexanes/EtOAc=5:1-3:1) gave the hemiacetal (204 mg, 0.297 mmol,
86%). CF;(NPh)Cl (190 mg, 0.918 mmol) and Cs,CO; (190 mg,
0.584 mmol) were added to a solution of the hemiacetal (197 mg,
0.287 mmol) in CH,Cl, (5 mL) at 4°C. After stirring for 4 h at 4°C to
room temperature under an atmosphere of nitrogen, the solid salt was re-
moved by filtration through celite. The filtrate was concentrated. Purifi-
cation by flash silica-gel column chromatography (hexanes/EtOAc=3:1)
gave 4,6-di-O-benzyl-2-O-benzoyl-3-O-(9-fluorenylmethyl)oxycarbonyl-f3-
D-galactopyranose N-phenyl trifluoroacetimidate (9; 229 mg, 0.267 mmol,
93%): [a]5=+63 (c=0.61, chloroform); 'HNMR (300 MHz, CDCl,):
0=28.07 (d, J=6.5 Hz, 2H), 7.72-7.06 (m, 24H), 6.69 (d, J=7.2 Hz, 2H),
5.98-5.95 (m, 2H), 5.10 (brs, 1H), 4.80 (d, /J=11.2 Hz, 1H), 4.57-4.09
(m, 7H), 3.72ppm (brs, 2H); "CNMR (75 MHz, CDCl;): 6=164.7,
154.3, 143.1, 143.0, 142.7, 141.1, 141.0, 137.5, 133.3, 129.8, 129.1, 128.6,
1284, 128.3, 127.9, 127.8, 127.1, 125.1, 124.9, 1243, 119.9, 119.1, 95.2,
774, 75.4, 745, 73.6, 73.4, 70.3, 69.4, 67.7 ppm; HRMS (MALDI): m/z
caled for C5oH,OoNF;Na: 880.2709 [M +Na]*; found: 880.2763.

29a: Levulinic acid (1.3 mL, 13 mmol), diisopropylcarbodiimide (DIC;
1.6 mL, 10 mmol), and DMAP (536 mg, 4.39 mmol) were added to a solu-
tion of 28 (4.30 g, 8.29 mmol) in CH,Cl, (35 mL). After stirring at room
temperature for 3.5 h, the mixture was diluted with CH,Cl, and 10%
citric acid. The aqueous phase was extracted with CH,Cl,, and the com-
bined organic layers were washed with aqueous NaHCO; and brine,
dried over Na,SO,, filtered, and concentrated. Treatment with hexane/
EtOAc gave precipitation. The dried precipitate was dissolved in CH,Cl,
(35mL), and Et;SiH (6.6 mL, 41 mmol) and TFA (3.2 mL, 42 mmol)
were added in an ice bath under N, atmosphere. The mixture was stirred
for 7h at 0°C, then more Et;SiH (2.2 mL, 14 mmol) and TFA (1.2 mL,
16 mmol) were added to complete the reaction. After stirring for 1.5 h at
0°C to room temperature, the mixture was neutralized with cold aqueous
NaHCO;. The aqueous phase was extracted with CH,Cl,, and the com-
bined organic layers were washed with brine, dried over Na,SO,, filtered,
and concentrated. Purification by flash silica-gel column chromatography
(hexanes/EtOAc=2:1-1:2) gave p-methoxyphenyl 2-deoxy-6-O-benzyl-3-
O-levulinoyl-2-trichloroacetamidyl-a-p-glucopyranoside  (29a; 4.79 g,
7.74 mmol, 93%). [a]5=—27 (c=0.43, chloroform); 'H NMR (300 MHz,
CDCly): =741 (d, /J=9.0Hz, 1H, NH), 7.33-7.25 (m, 5H), 6.99-6.97
(m, 2H), 6.78-6.75 (m, 2H), 5.35 (dd, /=8.4, 10.5 Hz, 1H, 3-H), 5.06 (d,
J=84Hz, 1H), 4.61 (d, J=11.7 Hz, 1H), 4.56 (d, /J=11.7 Hz, 1H, 1-H),
4.22-4.20 (m, 1H), 3.90-3.70 (m, 4H), 3.75 (s, 3H), 3.39 (d, /=3.1 Hz,
1H), 2.80-2.46 (m, 4H), 2.11 ppm (s, 3H); "C NMR (75 MHz, CDCl,):
0=207.5,173.3, 162.1, 155.4, 151.1, 137.7, 128.4, 127.7, 127.6, 118.6, 114.5,
100.4, 75.1, 74.7, 73.7, 70.0, 69.6, 55.7, 55.6, 38.5, 29.8, 28.3 ppm; elemen-
tal analysis: caled (%) for C,;H;CLNO,: C 52.40, H 4.89, N 2.26; found:
C 5232, H4.93, N 2.42.

29b: FmocCl (2.40 g, 9.28 mmol) and pyridine (6.3 mL, 78 mmol) were
added to a solution of 29a (4.79 g, 7.74 mmol) in CH,Cl, (30 mL). After
stirring at room temperature for 1h, the mixture was diluted with
CH,Cl, and 10% citric acid. The aqueous phase was extracted with
CH,Cl,, and the combined organic layers were washed with 10% citric
acid and brine, dried over Na,SO,, filtered, concentrated, and purified by
silica-gel column chromatography (hexanes/EtOAc=6:1-2:1) to give p-
methoxyphenyl 2-deoxy-6-O-benzyl-4-O-(9-fluorenylmethyl)oxycarbonyl-
3-O-levulinoyl-2-trichloroacetamidyl-o-p-glucopyranoside  (29b; 527 g,
6.27 mmol, 81%); [a]5=—18 (c=0.74, chloroform); '"H NMR (300 MHz,
CDCly): 6=7.76 (d, J=7.8 Hz, 2H), 7.54 (dd, J=0.6, 7.5 Hz, 1H), 7.41-
7.16 (m, 10H), 7.13 (d, J=9.0 Hz, 1H, NH), 7.00-6.98 (m, 2H), 6.72-6.70
(m, 2H), 5.60 (dd, /=9.3, 10.5 Hz, 1H, 3-H), 5.16 (d, J=8.1Hz, 1H, 1-
H), 5.10 (t, J=9.3 Hz, 1H, 4-H), 4.55 (d, /=12.3 Hz, 1H), 4.50 (d, /=
12.3 Hz, 1H), 4.47-4.17 (m, 3H), 3.98-3.95 (m, 1H, 5-H), 3.75-3.65 (m,
3H), 3.69 (s, 3H), 2.68-2.43 (m, 4H), 2.02ppm (s, 3H); "CNMR
(75 MHz, CDCl,): 6=205.7, 172.5, 162.0, 155.6, 153.9, 150.9, 143.2, 143.0,
141.2, 137.6, 128.3-127.1, 125.1, 120.0, 118.8, 114.4, 100.0, 73.7, 73.2, 73.0,
71.8, 70.5, 68.8, 56.3, 55.6, 46.6, 37.9, 29.6, 28.1 ppm; elemental analysis:
caled (%) for C,,H,CLNO,;: C 59.97, H 4.79, N 1.67; found: C 59.83, H
4.86, N 1.79.

10: CAN (4.70 g, 8.57 mmol) was added to a solution of 29b (1.46 g,
1.74 mmol) in CH;CN (32 mL) and H,O (5 mL). After stirring at room
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temperature for 30 min, the mixture was diluted with EtOAc and water.
The aqueous phase was extracted with EtOAc, and

the combined organic layers were washed with aqueous NaHCO; and
brine, dried over Na,SO,, filtered, concentrated, and purified by flash
silica-gel column chromatography (hexanes/EtOAc=4:1-3:2) to give the
corresponding hemiacetal (1.12 g, 1.53 mmol, 88%). The hemiacetal
(1.12 g, 1.53 mmol) was dissolved in CH,Cl, (10 mL), and CF,C(NPh)Cl
(969 mg, 4.67 mmol) and Cs,CO; (1.02 g, 3.14 mmol) were added at 0°C.
After stirring for 2 h at room temperature under argon atmosphere, the
mixture was filtered through celite. The filtrate was concentrated and pu-
rified by silica-gel column chromatography (hexanes/EtOAc=8:1-3:1) to
give 2-deoxy-6-O-benzyl-4-O-(9-fluorenylmethyl)oxycarbonyl-3-O-levuli-
noyl-2-trichloroacetamidyl-p-glucopyranose N-phenyl trifluoroacetimi-
date (10; 989 mg, 1.09 mmol, 71%); [a]5=+53 (c=0.90, chloroform);
'"HNMR (300 MHz, CDCly): 6=7.78 (dd, J=0.62, 7.5 Hz, 2H), 7.59 (d,
J=17.5Hz, 2H), 745-7.19 (m, 10H), 7.17-7.14 (m, 2H), 6.76 (d, J=
7.2 Hz, 1H), 6.52 (brs, 1H), 5.52 (dd, J=9.7, 10.8 Hz, 1H), 525 (t, J=
10.0 Hz, 1H), 4.61-4.41 (m, 3H), 4.39-4.37 (m, 1H), 4.36 (t, J=10.2 Hz,
1H), 4.25 (t, J=7.2 Hz, 1 H), 4.15-4.12 (m, 1H), 3.70-3.67 (m, 2H), 2.68-
2.49 (m, 4H), 2.07 ppm (s, 3H); "C NMR (75 MHz, CDCl;): 6=205.3,
173.5, 162.0, 153.8, 143.2-141.1, 137.3, 128.8-127.6, 125.1, 124.7, 120.1,
119.2, 92.6, 91.7, 73.7, 71.4, 71.2, 70.6, 70.2, 67.8, 53.9, 46.7, 37.8, 29.6,
28.0 ppm; HRMS (MALDI): m/z caled for Cy3H3N,O,,Cl3F3Na: 927.1442
[M+Na]*; found: 927.1435.

31: FmocCl (1.14 g, 4.41 mmol) and pyridine (2.8 mL, 34.6 mmol) were
added to a solution of 30 (1.91 g, 3.35 mmol) in CH,Cl, (15 mL), and the
mixture was stirred for 2 h at room temperature under an atmosphere of
nitrogen. After completion of the reaction, the mixture was diluted with
CH,Cl,, and the organic layer was washed with 10% citric acid and
brine, dried over Na,SO,, filtered, and concentrated. Purification by flash
silica-gel column chromatography (hexanes/EtOAc=10:1-4:1) gave
phenylthio-1-deoxy-2,3-di-O-benzoyl-6-O-benzyl-4-O-(9-fluorenylmeth-
yl)oxycarbonyl-B-p-glucopyranoside (31; 2.48 g, 3.13 mmol, 94%). [a]5 =
+40 (c=1.29, chloroform); '"H NMR (300 MHz, CDCL): 6=7.99 (d, J=
7.5Hz, 2H), 7.87 (d, J=7.5Hz, 2H), 7.73-7.16 (m, 24H), 5.81 (t, /=
9.3 Hz, 1H, 3-H), 5.47 (t, J=9.6 Hz, 1H, 2-H), 5.21 (t, J=9.6 Hz, 1H, 4-
H), 5.00 (d, /=9.9Hz, 1H), 4.63 (d, J=123Hz, 1H), 457 (d, J=
12.3 Hz, 1H), 4.25 (dd, /=72, 10.2 Hz, 1H), 4.11 (dd, J=7.2, 10.2 Hz,
1H), 4.02-4.00 (m, 2H), 3.79-3.77ppm (m, 2H, 6-H); “CNMR
(75 MHz, CDCl;): 6=165.5, 164.9, 154.0, 143.1, 142.8, 141.1, 141.0, 132.7-
127.0, 124.9, 119.9, 86.3, 77.4, 74.4, 73.7, 73.2, 70.5, 70.4, 69.0, 46.5 ppm;
elemental analysis: calcd (%) for CH3,0,S: C 72.90, H 4.84; found: C
72.88, H 5.12.

32: NBS (671 mg, 3.77 mmol) and DAST (500 puL, 3.79 mmol) were
added to a solution of 31 (2.48 g, 3.13 mmol) in CH,Cl, (20 mL) at 0°C.
After stirring for 2.5 h at 4°C under argon atmosphere, the mixture was
diluted with CH,Cl, and washed with aqueous NaHCO;. The aqueous
phase was extracted with CH,Cl,, and the combined organic layers were
washed with brine, dried over Na,SO,, filtered, and concentrated. Purifi-
cation by flash silica-gel column chromatography (hexanes/EtOAc=8:1-
4:1) gave 2,3-di-O-benzoyl-6-O-benzyl-4-O-(9-fluorenylmethyl)oxycar-
bonyl-p-glucopyranosyl fluoride (32; 1.76 g, 2.50 mmol, 80%; a/f=
1.8:1). 32(a): [a]¥=+75 (c=1.93, chloroform); 'HNMR (300 MHz,
CDCly): 6=8.03-7.92 (m, 4H), 7.74-7.70 (m, 2H), 7.57-7.17 (m, 26 H),
6.10 (t, J=10.2 Hz, 1H), 6.02 (dd, *Jyy=2.8 Hz, /gy =51.4 Hz, 1H), 5.45
(t, J=9.9 Hz, 1H), 535 (ddd, /=28, 10.5Hz, *Jz;=23.9 Hz, 1H),
4.64 (d, J=12.1Hz, 1H), 4.55 (d, /J=12.1 Hz, 1H), 442-4.40 (m, 1H),
427 (dd, J=7.1, 104 Hz, 1H), 395 (dd, /=74, 7.4Hz, 1H), 3.77-
3.75 ppm (m, 2H); *CNMR (75 MHz, CDCl;): 6=165.5, 153.9, 143.1,
142.7, 141.1, 137.3, 133.6, 133.3, 129.9, 129.8, 128.7, 128.4, 128.3, 127.8,
127.7, 127.0, 125.1, 124.8, 119.8, 103.9 ('Jox=230 Hz), 73.6, 71.7, 71.3,
70.9, 70.8, 70.3, 69.9, 67.4, 46.3 ppm; HRMS (MALDI): m/z caled for
C,H350,FK: 741.1902 [M +K]*; found: 741.1903.

8: Compounds 32 (1.75 g, 2.50 mmol) and 33 (392 mg, 1.95 mmol) were
coevaporated with toluene and dried under reduced pressure. The mix-
ture was dissolved in toluene (23 mL), and 4-A molecular sieves (2.1 g)
were added. After stirring for 10 min at room temperature under argon
atmosphere, AgOTf (857 mg, 3.34 mmol) and [Cp,HfClL,] (618 mg,
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1.66 mmol) were added. After stirring for 16 h at 50°C, the mixture was
cooled to room temperature and filtered through celite. The filtrate was
then washed with aqueous NaHCO,. The aqueous phase was extracted
with EtOAc, and the combined organic layers were washed with brine,
dried over Na,SO,, filtered, and concentrated. Purification by flash silica-
gel column chromatography (hexanes/EtOAc=4:1-3:2) gave allyloxycar-
bonylaminohexyl = 2,3-di-O-benzoyl-6-O-benzyl-4-O-(9-fluorenylmethyl)-
oxycarbonyl-B-p-glucopyranoside (8; 1.37 g, 1.55mmol, 80%). [a]5=
+24 (c=1.43, chloroform); "H NMR (300 MHz, CDCly): 6=7.99-7.68
(m, 4H), 7.55-7.49 (m, 2H), 7.46-7.15 (m, 17H), 5.93-591 (m, 1H,
CH,CH=CH,), 5.78 (t, J=9.6 Hz, 1H, 3-H), 5.45 (t, J=7.8, 9.9 Hz, 1H,
2-H), 5.34-5.18 (m, 3H, 4-H, CH,CH=CH,), 4.72 (d, J=7.7Hz, 1H,
1-H), 4.64-4.54 (m, 5H), 423 (dd, /=74, 10.4 Hz, 1H), 4.07 (dd, J=17.7,
10.4 Hz, 1H), 3.97-3.89 (m, 4H), 3.76-3.73 (m, 2H, 6-H), 3.52-3.51 (m,
1H), 3.01-2.99 (m, 2H), 1.63-1.18 ppm (m, 8H); "C NMR (75 MHz,
CDCLy): 6=165.7, 164.9, 156.1, 154.0, 143.1, 142.8, 141.0, 141.0, 137.7,
133.2, 133.1, 133.0, 129.8-127.6, 125.1, 124.9, 119.8, 117.5, 101.1, 73.6,
73.5,73.0, 71.7, 70.2, 70.0, 68.8, 65.3, 46.3, 40.7, 29.6, 29.1, 26.1, 25.4 ppm;
elemental analysis: caled (%) for C5,HssNOy,: C 70.65, H 6.04, N 1.58;
found: C 70.67, H 6.13, N 1.55.

34: Et;N (5mL) was added to a solution of 8 (785 mg, 0.888 mmol) in
THF (20 mL). After stirring at room temperature for 3.5 h, the reaction
mixture was concentrated and purified by flash silica-gel column chroma-
tography (hexanes/EtOAc=3:1-3:2) to afford allyloxycarbonylaminohex-
yl  2,3-di-O-benzoyl-6-O-benzyl-3-p-glucopyranoside  (34; 569 mg,
0.860 mmol, 97%). [a]f=+38 (c=0.79, chloroform); 'HNMR
(300 MHz, CDCl,): 6=7.99-7.94 (m, 4H), 7.53-7.27 (m, 11H), 5.90-5.89
(m, 1H, CH,CH=CH,), 5.45-5.43 (m, 2H, 2-H, 3-H), 4.67-4.53 (m, 6 H),
3.98-3.85 (m, 5H), 3.71-3.69 (m, 1H), 3.50-3.48 (m, 1H), 3.35-3.33 (m,
2H), 3.00-2.98 (m, 2H), 1.53-1.16 (m, 8H); "C NMR (75 MHz, CDCl,):
0=167.0, 165.1, 156.0, 137.6, 133.3, 133.1, 133.0, 129.9-127.7, 117.5, 101.1,
74.6, 73.8, 71.6, 71.2, 70.1, 70.0, 65.4, 40.9, 29.8, 29.3, 26.3, 25.6 ppm; ele-
mental analysis: caled (%) for C;;H;NO,: C 67.16, H 6.55, N 2.12;
found: C 66.98, H 6.68, N 2.15.

36: TMSOT( (5 pL, 0.03 mmol) was added to a solution of 9 (218 mg,
0.254 mmol) and 34 (113 mg, 0.171 mmol) in CH,Cl, (4mL) at 4°C.
After stirring for 1 h at 4°C under argon atmosphere, the mixture was
neutralized by a few drops of Et;N and diluted with CH,Cl,. The organic
phase was washed with aqueous NaHCO; and brine, dried over Na,SO,,
filtered, and concentrated. Purification by flash silica-gel column chroma-
tography (hexanes/EtOAc=4:1-2:1) gave allyloxycarbonylaminohexyl-2-
O-benzoyl-4,6-di-O-benzyl-3-(9-fluorenylmethyl)oxycarbonyl-f-p-galac-
topyranosyl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-3-p-glycopyranoside

(35; 207 mg, 0.156 mmol, 91%). Et;N (3 mL) was added to a solution of
35 (892 mg, 0.671 mmol) in THF (12 mL), and the mixture was stirred for
3 h. Concentration and purification by flash silica-gel column chromatog-
raphy (hexanes/EtOAc=3:1-3:2) afforded allyloxycarbonylaminohexyl
2-0-benzoyl-4,6-di-O-benzyl-B-p-galactopyranosyl-(1—4)-2,3-di-O-ben-
zoyl-6-O-benzyl-p-p-glucopyranoside (36; 612 mg, 0.552 mmol, 82%).
[a]5=+8.2 (c=1.53, chloroform); 'H NMR (300 MHz, CDCL,): 6=7.97-
7.92 (m, 6H), 7.58-7.18 (m, 24H), 5.93-5.91 (m, 1H, CH,CH=CH,), 5.60
(t, J=9.6 Hz, 1H), 5.35 (dd, J=8.1, 10.0 Hz, 1H), 5.32-5.17 (m, 2H),
5.11 (dd, /=178, 10.0 Hz, 1H), 4.62-4.51 (m, 8H), 4.36 (d, J=12.1 Hz,
1H), 4.14-3.87 (m, 3H), 3.86-3.84 (m, 1H), 3.74-3.69 (m, 2H), 3.61 (dd,
J=1.6,10.9 Hz, 1H), 3.56-3.48 (m, 3H), 3.45-3.43 (m, 1H), 3.33-3.31 (m,
1H), 2.98-2.96 (m, 3H), 2.85 (t, /=9.0Hz, 1H), 2.21 (d, /J=10.6 Hz,
1H), 1.49-1.13ppm (m, 8H); "CNMR (75 MHz, CDCL): 6=166.0,
165.1, 165.1, 156.0, 138.1, 137.6, 133.1, 133.0, 132.5, 130.3, 129.8, 129.7,
129.5, 128.4-127.5, 117.5, 101.0, 100.5, 76.6, 75.6, 75.1, 74.7, 74.3, 73.6,
73.5, 73.1, 72.9, 727, 72.0, 69.9, 67.8, 66.9, 65.4, 40.9, 29.8, 29.3, 26.3,
25.6 ppm; HRMS (MALDI): m/z caled for CyHgNO(Na: 1130.4514
[M +Na]*; found: 1130.4494.

4: TMSOT( (12 pL, 0.06 mmol) was added to a solution of 10 (559 mg,
0.617 mmol) and 36 (486 mg, 0.439 mmol) in CH,Cl, (15mL) at 4°C.
After stirring for 50 min at 4°C under argon atmosphere, the mixture
was neutralized with a few drops of Et;N and diluted with CH,Cl,. The
organic phase was washed with aqueous NaHCO;, the aqueous phase
was extracted with CH,Cl,, and the combined organic layers were
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washed with brine, dried over Na,SO,, filtered, and concentrated. The
crude trisaccharide was then dissolved in THF (12 mL), and Et;N (3 mL)
was added. After stirring for 3 h, the mixture was concentrated and puri-
fied by silica-gel column chromatography (hexanes/EtOAc=1:1-1:2) to
give allyloxycarbonylaminohexyl 2-deoxy-6-O-benzyl-3-O-levulinoyl-2-
trichloroacetamidyl-f-p-glucopyranosyl-(1—3)-2-O-benzoyl-4,6-di-O-ben-
zyl-p-p-galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-3-p-gluco-
pyranoside (4; 488 mg, 0.071 mmol, 69%). [a]5 =—10.7 (c=1.48, chloro-
form); "H NMR (300 MHz, CDCl): 6=7.93-7.82 (m, 6H), 7.61-7.12 (m,
29H), 6.35 (d, J=9.1 Hz, 1H, NH), 5.93-5.91 (m, 1H), 5.54 (t, /J=9.6 Hz,
1H), 538 (dd, J=7.7, 93 Hz, 1H), 534-5.18 (m, 2H), 4.86 (d, /=
11.8 Hz, 1H), 4.80 (dd, /=8.8, 10.7 Hz, 1H), 4.59-4.44 (m, 9H), 4.38 (d,
J=11.7Hz, 1H), 4.28 (d, J=12.6 Hz, 1H), 4.13-4.02 (m, 3H), 3.88-3.25
(m, 15H), 2.96-2.72 (m, 7H), 2.54-2.35 (m, 2H), 2.14 (s, 3H), 1.45-
1.12 ppm (m, 6H); *CNMR (75 MHz, CDCL): 6=207.7, 172.8, 165.1,
164.3, 161.9, 156.0, 138.9, 138.1, 137.9, 137.6, 133.5, 132.9, 132.3, 130.4,
129.7-127.0, 117.5, 100.9, 100.6, 100.5, 91.9, 78.4, 77.3, 75.7, 75.2, 75.0,
75.0, 74.8, 74.6, 73.7, 73.4, 73.1, 72.9, 72.0, 70.0, 69.8, 69.7, 67.5, 67.2, 65.4,
55.6, 40.9, 38.4, 29.9, 29.7, 29.3, 28.2, 26.3, 25.6 ppm; HRMS (MALDI):
mlz caled for CgyHgN,0,,CLK: 1639.4715 [M +K]*; found: 1639.4709.

5: Ac,O (1.5 mL) was added to a solution of 4 (159 mg, 0.099 mmol) in
pyridine (3 mL), and the mixture was stirred for 16 h at room tempera-
ture under nitrogen atmosphere. The mixture was concentrated, coevapo-
rated with toluene, and dried under reduced pressure. The dried crude
material was dissolved in DMF (3 mL), and hydrazine acetate (14.0 mg,
0.152 mmol) was added. After stirring for 19 h at room temperature, the
mixture was diluted with EtOAc, and the organic phase was washed with
10% citric acid. The aqueous phase was extracted with EtOAc, and the
combined organic layers were washed with brine, dried over Na,SO,, fil-
tered, and concentrated. Purification by flash silica-gel column chroma-
tography (hexanes/EtOAc=2:1-1:1) gave allyloxycarbonylaminohexyl 2-
deoxy-4-O-acetyl-6-O-benzyl-2-trichloroacetamidyl-B-p-glucopyranosyl-
(1—-3)-2-0-benzoyl-4,6-di-O-benzyl-p-p-galactopyranosyl-(1—4)-2,3-di-
O-benzoyl-6-O-benzyl-B-p-glucopyranoside  (5; 146 mg, 0.094 mmol,
95%). [a]Z=-1.8 (c=1.97, chloroform); 'HNMR (300 MHz, CDCl):
0=17.90-7.83 (m, 6H), 7.57-7.13 (m, 29H), 6.83 (d, J=6.2 Hz, 1H, NH),
5.92-5.90 (m, 1H), 5.55 (t, /=10.0 Hz, 1H), 5.39 (dd, /=7.8, 10.0 Hz,
1H), 5.34-5.18 (m, 3H), 4.81 (t, J=8.7Hz, 1H), 476 (d, /J=11.8 Hz,
1H), 4.61-4.37 (m, 9H), 4.28 (d, J=12.5Hz, 1H), 4.08-4.05 (m, 4H),
3.90-3.33 (m, 14H), 3.18 (d, J=5.9 Hz, 1H), 2.98-2.88 (m, 2H), 2.80 (t,
J=8.7Hz, 1H), 1.96 (s, 3H), 1.44-1.12 ppm (m, 8 H); *C NMR (75 MHz,
CDCly): 6=1704, 165.1, 164.9, 163.2, 162.4, 156.0, 138.8, 138.1, 137.8,
137.4, 133.4, 132.9, 132.4, 130.3-126.9, 117.5, 100.9, 100.4, 99.5, 91.8, 78.4,
71.3,75.8,75.0, 74.8, 74.6, 73.6, 73.4, 73.2, 73.1, 72.8, 72.1, 72.0, 69.8, 69.2,
67.5, 67.1, 65.4, 60.5, 59.7, 40.9, 36.6, 29.7, 29.3, 26.3, 25.6, 21.2, 20.9,
14.4 ppm; HRMS (MALDI): m/z caled for CgHgN,0,,CLK: 1583.4453
[M+K]"; found: 1583.4437.

37a: TMSOT! (1.0 pL, 5.2 pmol) was added to a solution of 4 (51 mg,
0.032 mmol) and 6 (50 mg, 0.041 mmol) in CH,Cl, (1.2 mL) at 0°C, and
the mixture was stirred for 1 h at 0°C under argon atmosphere. After di-
lution with CH,Cl, and washing with aqueous NaHCO,, the aqueous
phase was extracted with CH,Cl,, and the combined organic layers were
washed with brine, dried over Na,SQO,, filtered, and concentrated. Purifi-
cation by flash silica-gel column chromatography (hexanes/EtOAc=3:2—
1:1) gave allyloxycarbonylaminohexyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-5-trichloroethoxycarbonylamino-p-glycero-a-p-galacto-2-nonulo-
pyranosylonate)-(2—6)-4-O-acetyl-2,3-di-O-benzoyl-f3-p-galactopyrano-
syl-(1—4)-2-deoxy-6-O-benzyl-3-O-levulinoyl-2-trichloroacetamidyl-f3-p-
glucopyranosyl-(1—3)-2-O-benzoyl-4,6-di-O-benzyl-B-p-galactopyrano-
syl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-f3-p-glucopyranoside (37a; 76 mg,
0.029 mmol, 90%). [a]5=-1.6 (c=0.82, chloroform); 'HNMR
(300 MHz, CDCl;): 6=7.92-7.80 (m, 9H), 7.57-7.07 (m, 38H), 6.40 (d,
J=9.1Hz, 1H), 5.91-5.89 (m, 1H), 5.63 (d, J=3.0Hz, 1H), 553 (t, J=
9.3 Hz, 1H), 5.46 (dd, /=7.8, 10.4 Hz, 1H), 5.34-5.17 (m, 7H), 5.02-4.86
(m, 5H), 4.76 (d, J=7.7Hz, 1H), 4.54-3.23 (m, 42H), 3.79 (s, 3H), 2.96
(brs, 2H), 2.89-2.87 (m, 1H), 2.80 (t, /=8.8 Hz, 1H), 2.68-2.52 (m, 5H),
2.17 (s, 3H), 2.14 (s, 3H), 2.10 (s, 1H), 2.05 (s, 1H), 2.00 (s, 3H), 1.99 (s,
3H), 1.86 (t, J=12.6 Hz, 1H), 1.41 (brs, 2H), 1.25-1.10 ppm (m, 6H);
BCNMR (75 MHz, CDCLy): 6=205.7, 172.4, 170.5, 170.2, 170.2, 169.5,
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169.4, 167.3, 165.1, 165.0, 164.6, 164.1, 161.7, 153.8, 138.8, 138.0, 137.8,
137.6, 133.3, 132.8, 132.2, 130.3-127.0, 117.4, 100.7, 100.4, 98.9, 95.3, 91.8,
78.8-71.5, 69.8, 69.7, 65.7, 63.3, 62.6, 62.4, 56.0, 53.0, 51.5, 56.0, 53.1, 51.5,
40.8, 37.8, 29.7-25.5, 20.9, 20.6 ppm; HRMS (MALDI): m/z caled for
Ci5;H,35,N;0,4,ClgNa: 2640.6598 [M +Na]*; found: 2640.6651.

38a: Toluenesulfinic acid sodium salt (8 mg, 0.046 mmol) and [Pd(PPh;),]
(2 mg, 18 pmol) were added to a solution of 37a (49 mg, 0.019 mmol) in
degassed THF/MeOH (2:1, 3 mL), and the mixture was stirred for 1 h at
room temperature under argon atmosphere. After deprotection, CbzOSu
(10 mg, 0.04 mmol) and Et;N (11 uL, 0.08 mmol) were added. The mix-
ture was stirred for another 3 h and concentrated. Purification by prepa-
rative TLC (toluene/acetone=3:1) gave benzyloxycarbonylaminohexyl
(methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-trichloroethoxycarbonylami-
no-p-glycero-a-p-galacto-2-nonulopyranosylonate)-(2 —6)-4-O-acetyl-2,3-
di-O-benzoyl-p-p-galactopyranosyl-(1—4)-2-deoxy-6-O-benzyl-3-O-levu-
linoyl-2-trichloroacetamidyl-f3-p-glucopyranosyl-(1—3)-2-O-benzoyl-4,6-
di-O-benzyl-p-p-galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-f3-
p-glucopyranoside (38a; 40 mg, 0.015 mmol, 80%). [a]5=-1.8 (¢=023,
chloroform); '"H NMR (300 MHz, CDCl;): §=7.91-7.80 (m, 7H), 7.61—
6.91 (m, 38H), 6.37 (d, /=9.1 Hz, 1H), 5.65-5.63 (m, 1H), 5.53 (t, /=
9.3 Hz, 1H), 5.46 (dd, J=7.7, 10.2 Hz, 1H), 5.38-5.25 (m, 4H), 5.07-4.83
(m, 6H), 4.76 (d, J=7.7 Hz, 1H), 4.56-3.26 (m, 28H), 3.79 (s, 3H), 3.00-
2.97 (m, 2H), 2.91-2.87 (m, 1H), 2.80 (t, J=8.8 Hz, 1H), 2.67-2.55 (m,
4H), 2.17 (s, 3H), 2.14 (s, 3H), 2.10 (s, 3H), 2.00 (s, 6H), 1.99 (s, 6H),
1.86 (t, J=12.6 Hz, 1H), 1.43-1.40 (m, 2H), 1.10 ppm (brs, 6 H); HRMS
(MALDI): m/z caled for Cj,3H;3sN;04,5ClNa: 2634.6498 [M+Nal*;
found: 2634.6716.

39a: Compound 38a (40 mg, 0.015 mmol) was dissolved in DMF (1 mL),
and hydrazine acetate (4 mg, 0.046 mmol) was added. After stirring for
8 h, the mixture was diluted with EtOAc, and the organic phase was
washed with 10% citric acid and brine, dried over Na,SO,, filtered, and
concentrated. The crude product was dissolved in AcOH (2 mL), and Zn/
Cu couple (400 mg) was added. After stirring for 2 days at 45°C, the mix-
ture was cooled to room temperature, filtered through celite, and concen-
trated. The residue was redissolved in pyridine (3 mL), and Ac,O
(1.5 mL) was added. After stirring for 13 h, the mixture was concentrated
and coevaporated with toluene. The precipitate was dissolved again in
EtOAc and washed with 10% citric acid, H,O, aqueous NaHCO;, and
brine. After drying over Na,SO,, filtration, and concentration, purifica-
tion by preparative TLC (toluene/EtOAc=1:6) gave benzyloxycarbonyl-
aminohexyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-acetamidyl-p-
glycero-a-p-galacto-2-nonulopyranosylonate)-(2 —6)-4-O-acetyl-2,3-di-O-
benzoyl-p-p-galactopyranosyl-(1—4)-2-deoxy-6-O-benzyl-3-O-acetyl-2-
acetamidyl-B-p-glucopyranosyl-(1—3)-2-O-benzoyl-4,6-di-O-benzyl-f3-b-
galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-p-p-glucopyrano-
side (39a; 18 mg, 0.008 mmol, 55%).

1a: Compound 39a (18 mg, 0.008 mmol) was dissolved in sodium meth-
oxide in methanol (0.05m, 3 mL). After stirring for 1 day at room temper-
ature under an atmosphere of nitrogen, water (0.3 mL) was added, and
the mixture was stirred for another 16 h. Next, the mixture was neutral-
ized with Amberlite IR-120 resin and filtered to remove the resin. The
filtrate was concentrated and dried under reduced pressure. The crude
residue was dissolved in methanol (1.5 mL) and water (0.5 mL) before
the addition of 20% Pd(OH),/C (9 mg) and a few drops of acetic acid.
The mixture was stirred for 1 day at room temperature under an atmos-
phere of hydrogen. The catalyst was removed by filtration, and the fil-
trate was concentrated. Purification by size-exclusion chromatography
(Sephadex G-15, H,0) with a SepPak C-18 cartridge (MeOH/H,0=
0:100-10:90) yielded aminohexyl (3,5-dideoxy-5-acetamidyl-p-glycero-o-
D-galacto-2- nonulopyranosylonate)-(2—6)-p-p-galactopyranosyl-(1—4)-
2-deoxy-2-acetamidyl-f3-p-glucopyranosyl-(1—3)-B-p-galactopyranosyl-
(1—4)-p-p-glucopyranoside (1a; 4 mg, 0.004 mmol, 45%). [a]5=-15
(¢=0.16, H,0); 'HNMR (300 MHz, D,0): 6=4.80 (1H, overlapped
with HOD), 4.48 (d, /=8.1 Hz, 1H), 4.46 (d, J=8.1Hz, 1H), 443 (d, /=
7.8 Hz, 1H), 4.16 (d, J=3.1 Hz, 1H), 4.03-3.50 (m, 24H), 3.34-3.30 (m,
1H), 2.98 (t, J=7.5Hz, 2H), 2.66 (dd, J=4.4, 12.5 Hz, 1H), 2.05 (s, 3H),
2.03 (s, 3H), 1.72 (t, J=12.1 Hz, 1H), 1.66-1.64 (m, 4H), 1.46-1.41 ppm
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(m, 4H); HRMS (ESI): m/z caled for C;3H7sN;OpNa: 1120.4379 [M +
Na]*; found: 1120.4391.

37b: TMSOT! (1.0 uL, 5.2 umol) was added to a solution of 4 (55 mg,
0.034 mmol) and 7 (67 mg, 0.053 mmol) in CH,Cl, (1.5 mL) at 0°C, and
the mixture was stirred for 1 h at 0°C under argon atmosphere. Next, the
reaction mixture was diluted with CH,Cl, and washed with aqueous
NaHCO; before the aqueous phase was extracted with CH,Cl,. The com-
bined organic layers were washed with brine, dried over Na,SO,, filtered,
and concentrated. Purification by flash silica-gel column chromatography
(toluene/EtOAc=3:1-3:2) gave allyloxycarbonylaminohexyl (methyl
4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-trichloroethoxycarbonylamino-p-
glycero-a-p-galacto-2-nonulopyranosylonate)-(2 —3)-4,6-di-O-acetyl-2-O-
benzoyl-B-p-galactopyranosyl-(1—4)-2-deoxy-6-O-benzyl-3-O-levulinoyl-
2-trichloroacetamidyl-f3-p-glucopyranosyl-(1—3)-2-O-benzoyl-4,6-di-O-
benzyl-f-p-galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl--p-glu-
copyranoside (37b; 78 mg, 0.030 mmol, 89%). [a]Z=+11 (c=0.39,
chloroform); '"H NMR (300 MHz, CDCl,): §=8.26-8.24 (m, 2H), 8.07—
7.79 (m, 7H), 7.62-7.10 (m, 32H), 6.32 (d, /=9.0 Hz, 1H), 5.92-5.90 (m,
1H), 5.71-5.69 (m, 1H), 5.51 (t, J=10.0 Hz, 1H), 5.37-5.16 (m, 5H), 5.02
(t, J=72Hz, 1H), 4.99-4.76 (m, 4H), 4.61-3.23 (m, H), 3.78 (s, 3H),
2.98-2.96 (m, 2H), 2.87-2.82 (m, 1H), 2.80 (t, J=8.5Hz, 1H), 2.76-2.46
(m, 4H), 2.12-1.84 (m, 22H), 1.44 (brs, 2H), 1.26 ppm (brs, 6H);
HRMS (MALDI): m/z caled for C3,H;3N;0,,ClNa: 2702.7 [M +Na]*;
found: 2702.6.

38b: Toluenesulfinic acid sodium salt (4 mg, 0.024 mmol) and [Pd(PPh;),]
(1 mg, 9.5 pmol) were added to a solution of 37b (33 mg, 0.013 mmol) in
degassed THF/MeOH (2:1, 1.5 mL), and the mixture was stirred for 1 h
at room temperature under argon atmosphere. After deprotection,
CbzOSu (10 mg, 0.04 mmol) and Et;N (11 pL, 0.08 mmol) were added.
The mixture was stirred for another 3 h and concentrated. Purification
with preparative TLC (toluene/EtOAc=3:2) gave benzyloxycarbonyl-
aminohexyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-trichloroethoxy-
carbonylamino-p-glycero-a-p-galacto-2-nonulopyranosylonate)-(2 —3)-
4,6-di-O-acetyl-2-O-benzoyl-p-p-galactopyranosyl-(1—4)-2-deoxy-3-O-
acetyl-6-O-benzyl-2-trichloroacetamidyl-f3-p-glucopyranosyl-(1—3)-2-O-
benzoyl-4,6-di-O-benzyl-B-p-galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-
O-benzyl-B-p-glucopyranoside (38b; 28 mg, 0.011 mmol, 85%). [a]5=
—7.3 (c¢=0.43, chloroform); 'HNMR (300 MHz, CDCl;): 6=7.92-7.80
(m, 7H), 7.60-7.10 (m, 32H), 6.36 (d, J=9.3 Hz, 1H), 5.91-5.89 (m, 1H),
5.62-5.60 (m, 1H), 5.53 (t, J=9.7 Hz, 1H), 5.42-5.15 (m, 7H), 5.10 (dd,
J=1738, 10.3 Hz, 1H), 4.94-4.75 (m, 5H), 4.69 (d, /=7.8 Hz, 1H), 4.57-
3.28 (m, overlapped), 3.65 (s, 3H), 2.98-2.96 (m, 2H), 2.85-2.84 (m, 2H),
2.66 (dd, J=4.7, 12.8 Hz, 1H), 2.52-2.31 (m, 4H), 2.12 (s, 3H), 2.05 (s,
3H), 2.04 (s, 3H), 2.01 (s, 3H), 2.00 (s, 3H), 1.91 (s, 3H), 1.79 (t, J=
109 Hz, 1H), 1.41 (brs, 2H), 1.11 ppm (brs, 6H); HRMS (MALDI):
mlz caled for C,»H,,CIN;O,Na: 2616.7017 [M+Na]*; found:
2616.7101.

39b: Compound 38b (28 mg, 0.011 mmol) was dissolved in DMF (1 mL),
and hydrazine acetate (3 mg, 0.027 mmol) was added. After stirring for
8 h, the mixture was diluted with EtOAc, and the organic phase was
washed with 10% citric acid and brine, dried over Na,SO,, filtered, and
concentrated. The crude product was dissolved in AcOH (2 mL), and Zn/
Cu couple (280 mg) was added. After stirring for 2 days at 45°C, the mix-
ture was cooled to room temperature, filtered through celite, and concen-
trated. The residue was redissolved in pyridine (3 mL), and Ac,0 (2 mL)
was added. The mixture was stirred for 13 h, concentrated, and coevapo-
rated with toluene. The precipitate was dissolved again in EtOAc and
washed with 10% citric acid, brine, aqueous NaHCO;, and brine. After
drying over Na,SO,, filtration, and concentration, purification with prep-
arative TLC (toluene/EtOAc=1:6) gave benzyloxycarbonylaminohexyl
(methyl  4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-acetamidyl-p-glycero-o-p-
galacto-2-nonulopyranosylonate)-(2 —3)-4,6-di-O-acetyl-2-O-benzoyl-3-
D-galactopyranosyl-(1—4)-2-deoxy-3-O-acetyl-6-O-benzyl-2-trichloro-
acetamidyl-B-p-glucopyranosyl-(1—3)-2-O-benzoyl-4,6-di-O-benzyl-3-b-
galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-p-p-glucopyrano-
side (39b; 12 mg, 0.0051 mmol, 40 % ).

1b: Compound 39b (12 mg, 0.0051 mmol) was dissolved in a solution of
sodium methoxide in methanol (0.05M, 3 mL). After stirring for 1 day at
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room temperature under nitrogen atmosphere, water (0.3 mL) was
added, and the mixture was stirred for another 16 h. Next, the mixture
was neutralized with Amberlite IR-120 resin and filtered to remove the
resin. The filtrate was concentrated and dried under reduced pressure.
The deacylated pellet was dissolved in methanol and water (1.5 mL/
0.5 mL) before Pd(OH),/C (7 mg) and a few drops of AcOH were added.
The mixture was stirred for 1 day at room temperature under an atmos-
phere of hydrogen. The catalyst was then removed by filtration, and the
filtrate was concentrated. Purification by size-exclusion chromatography
(Sephadex G-15, H,0) with a SepPak C-18 cartridge (MeOH/H,0=
0:100-10:90) furnished aminohexyl (3,5-dideoxy-5-acetamidyl-p-glycero-
a-D-galacto-2-nonulopyranosylonate)-(2 —3)-B-p-galactopyranosyl-(1—
4)-2-deoxy-2-acetamidyl--p-glucopyranosyl-(1—3)-p-p-galactopyranosyl-
(1—4)-p-p-glucopyranoside (1b; 3mg, 58%). [a]?=-92 (c=0.16,
chloroform); '"H NMR (300 MHz, D,0): 6=4.68 (d, J=8.4 Hz, 1H), 4.54
(d, J=7.8 Hz, 1H), 4.46 (d, J=8.1 Hz, 1H), 441 (d, /J=7.8 Hz, 1H), 4.13
(d, J=2.8Hz, 1H), 4.09 (dd, J=3.1, 9.7 Hz, 1H), 3.98-3.51 (m, 23H),
3.29-327 (m, 1H), 2.94 (t, J=72Hz, 2H), 2.01 (s, 6H), 1.78 (t, J=
12.5 Hz, 1H), 1.65-1.62 (m, 4H), 1.40-1.38 ppm (m, 4H); HRMS (ESI):
mlz caled for Cy3HysN;OxNa: 1120.4379 [M +Na]*; found: 1120.4387.
40a: TMSOTT (1 pL, 5.2 umol) was added to a solution of 4 (48 mg,
0.031 mmol) and 6 (49 mg, 0.041 mmol) in CH,Cl, (1.5mL) at 0°C, and
the mixture was stirred for 1 h at 0°C under argon atmosphere. After di-
lution with CH,Cl, and washing with aqueous NaHCO;, the aqueous
phase was extracted with CH,Cl,, and the combined organic layers were
washed with brine, dried over Na,SO,, filtered, concentrated, and puri-
fied by flash silica-gel column chromatography (hexanes/EtOAc=3:2—
1:1) to give allyloxycarbonylaminohexyl (methyl 4,7,8,9-tetra-O-acetyl-
3,5-dideoxy-5-trichloroethoxycarbonylamino-p-glycero-o-p-galacto-2-
nonulopyranosylonate)-(2 —6)-4-O-acetyl-2,3-di-O-benzoyl-f-p-galacto-
pyranosyl-(1—3)-2-deoxy-4-O-acetyl-6-O-benzyl-2-trichloroacetamidyl-f3-
D-glucopyranosyl-(1—3)-2-O-benzoyl-4,6-di-O-benzyl-p-p-galactopyrano-
syl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-p-p-glucopyranoside (40a; 75 mg,
0.028 mmol, 94%). [a]?=+2.1 (c=0.62, chloroform); 'HNMR
(300 MHz, CDCl;): 6=7.92-7.76 (m, 9H), 7.60-7.07 (m, 36H), 6.75 (d,
J=6.8Hz, 1H), 5.92-590 (m, 1H), 5.53-5.46 (m, 3H), 5.40-5.16 (m,
8H), 4.95-4.60 (m, 6H), 4.58-3.17 (m, 42H), 3.71 (s, 3H), 2.96 (br's, 2H),
2.73 (t, J=9.0Hz, 1H), 2.60 (dd, J=4.7, 13.1 Hz, 1H), 2.20-1.95 (m,
18H), 1.70-1.40 ppm (m, 9H); "CNMR (75 MHz, CDCl;): 6=170.5,
170.1, 169.7, 169.5, 169.3, 167.5, 165.3, 165.0, 164.3, 161.3, 153.8, 138.9,
137.9, 137.5, 132.9-132.2, 129.5-127.1, 117.4, 100.8, 99.1, 98.7, 95.4, 91.9,
77.2, 74.4-71.6, 69.5-67.1, 65.4, 62.2, 59.4, 53.0, 51.6, 40.8, 29.7, 29.2, 26.3,
255,  21.0-20.6ppm; HRMS  (MALDI): m/z caled for
C14H133N;0,5ClNa: 2586.6336 [M +Na]™; found: 2586.6301.

41a: Toluenesulfinic acid sodium salt (12.5 mg, 0.0702 mmol) and [Pd-
(PPh;),] (2.4 mg, 21 pmol) were added to a solution of 40a (62 mg,
0.025 mmol) in degassed THF/MeOH (2:1, 1.5 mL), and the mixture was
stirred for 1 h at room temperature under argon atmosphere. After de-
protection, CbzOSu (18.1 mg, 0.073 mmol) and Et;N (22 pL, 0.13 mmol)
were added. The mixture was stirred for another 3 h and concentrated.
Purification with preparative TLC (toluene/EtOAc=3:2) gave benzylox-
ycarbonylaminohexyl (methyl 4,7,89-tetra-O-acetyl-3,5-dideoxy-5-tri-
chloroethoxycarbonylamino-p-glycero-a-p-galacto-2-nonulopyranosylo-
nate)-(2—6)-4-O-acetyl-2,3-di-O-benzoyl-f-p-galactopyranosyl-(1—3)-2-
deoxy-4-O-acetyl-6-O-benzyl-2-trichloroacetamidyl-B-p-glucopyranosyl-
(1—3)-2-O-benzoyl-4,6-di-O-benzyl-p-p-galactopyranosyl-(1—4)-2,3-di-
O-benzoyl-6-O-benzyl-B-p-glucopyranoside (41a; 59.2 mg, 0.0226 mmol,
74%). [a]5=+2.5 (¢=0.37, chloroform); "H NMR (300 MHz) 7.95-7.50
(m, 10H), 7.55-7.10 (m, 40H), 6.73 (d, J=6.8 Hz, 1H), 5.55-5.52 (m,
1H), 549 (t, J=84Hz, 1H), 539-524 (m, 4H), 5.18 (dd, /=34,
10.5 Hz, 1H), 5.09-4.84 (m, 7H), 4.78 (d, J=8.1 Hz, 1H), 4.71-3.26 (m,
30H), 3.71 (s, 3H), 2.96 (brs, 4H), 2.73 (t, J=8.7 Hz, 1H), 2.63-2.54 (m,
2H), 2.16 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H), 2.02 (s, 3H), 1.99 (s, 3H),
1.40 (brs, 2H), 1.01 ppm (brs, 6H); HRMS (MALDI): m/z calcd for
CpsH135CIN;O03Na: 2634.6498 [M +Na]*; found: 2639.6578.

42a: Compound 4la (46 mg, 0.015mmol) was dissolved in AcOH
(2 mL), and Zn/Cu couple (460 mg) was added. After stirring for 2 days
at 45°C, the mixture was cooled to room temperature, filtered through
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celite, and concentrated. The residue was redissolved in pyridine (3 mL),
and Ac,0 (2mL) was added. The mixture was stirred for 13 h, concen-
trated, and coevaporated with toluene. The precipitate was dissolved in
EtOAc and washed with 10% citric acid, brine, aqueous NaHCO;, and
brine. After drying over Na,SO,, filtration, and concentration, purifica-
tion with preparative TLC (toluene/EtOAc=1:6) gave benzyloxycarbo-
nylaminohexyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-acetamidyl-p-
glycero-a-p-galacto-2-nonulopyranosylonate)-(2 —6)-4-O-acetyl-2,3-di-O-
benzoyl-B-p-galactopyranosyl-(1—3)-2-deoxy-4-O-acetyl-6-O-benzyl-2-
acetamidyl-B-p-glucopyranosyl-(1—3)-2-O-benzoyl-4,6-di-O-benzyl-3-b-
galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-p-p-glucopyrano-
side (42a; 21 mg, 0.009 mmol, 59%).

2a: Compound 41a (21 mg, 0.009 mmol) was dissolved in a solution of
sodium methoxide in methanol (0.05M, 3 mL). After stirring for 1 day at
room temperature under an atmosphere of nitrogen, water (0.3 mL) was
added, and the mixture was stirred for another 16 h. The mixture was
neutralized with Amberlite IR-120 resin and filtered to remove the resin.
The filtrate was concentrated and dried under reduced pressure. The
crude residue was dissolved in methanol (1.5mL) and water (0.5 mL)
before addition of Pd(OH),/C (10 mg) and a few drops of AcOH. The
mixture was stirred for 1 day at room temperature under an atmosphere
of hydrogen. The catalyst was removed by filtration, and the filtrate was
concentrated. Purification by size-exclusion chromatography (Sephadex
G-15, H,0) with a SepPak C-18 cartridge (MeOH/H,0=0:100-10:90)
gave aminohexyl (3,5-dideoxy-5-acetamidyl-p-glycero-a-p-galacto-2-non-
ulopyranosylonate)-(2 —6)-f3-p-galactopyranosyl-(1—3)-2-deoxy-2-acet-
amidyl-p-p-glucopyranosyl-(1—3)-f3-p-galactopyranosyl-(1—4)-f3-p-gluco-
pyranoside (2a; 6 mg, 0.006 mmol, 64%). [a]5=+3.8 (c=0.4, chloro-
form); 'HNMR (300 MHz, D,0): 6=4.72 (d, J=8.7 Hz, 1H), 4.46 (d,
J=8.1Hz, 1H), 442 (d, J=8.1Hz, 1H), 436 (d, J=7.8 Hz, 1H), 4.14 (d,
J=28Hz, 1H), 3.98-3.43 (m, 24H), 3.30-3.28 (m, 1H), 2.97 (t, /=
7.2Hz, 1H), 2.68 (dd, J=4.1, 12.1 Hz, 1H), 2.07 (s, 6H), 1.68 (t, J=
12.6 Hz, 1H), 1.66-1.65 (m, 4H), 1.42-1.39 ppm (m, 4H); HRMS (ESI):
mlz caled for C;3H,sN;ONa: 1120.4379 [M+Na]t; found: 1120.4363.
40b: TMSOTf (1 uL, 5.2 pmol) was added to a solution of 5 (48 mg,
0.031 mmol) and 7 (53 mg, 0.0416 mmol) in CH,Cl, (1.5 mL) at 0°C, and
the mixture was stirred for 1 h at 0°C under argon atmosphere. After di-
lution with CH,Cl, and aqueous NaHCO;, the aqueous phase was ex-
tracted with CH,Cl,. The combined organic layers were washed with
brine, dried over Na,SO,, filtered, and concentrated. Purification by flash
silica-gel column chromatography (hexane/EtOAc=2:1-2:3) gave allyl-
oxycarbonylaminohexyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-tri-
chloroethoxycarbonylamino-p-glycero-a-p-galacto-2-nonulopyranosylo-
nate)-(2—3)-4-O-acetyl-2,3-di-O-benzoyl-f-p-galactopyranosyl-(1—3)-2-
deoxy-4-O-acetyl-6-O-benzyl-2-trichloroacetamidyl-B-p-glucopyranosyl-
(1—-3)-2-O-benzoyl-4,6-di-O-benzyl-p-p-galactopyranosyl-(1—4)-2,3-di-
O-benzoyl-6-O-benzyl-f-p-glucopyranoside (40b; 74 mg, 0.294 mmol,
94%). [a]g=46.8 (c=1.13, chloroform); 'H NMR (300 MHz, CDCl):
0=28.03-8.01 (m, 2H), 7.91-7.83 (m, 6H), 7.57-7.09 (m, 34H), 6.48 (d,
J=6.8 Hz, 1H), 5.92-5.89 (m, 1H), 5.51 (t, /=9.7 Hz, 1H), 5.43-5.41 (m,
1H), 5.31-5.26 (m, 5H), 5.12 (dd, J=7.5, 10.0 Hz, 1H), 5.00-3.25 (m,
42H), 3.78 (s, 3H), 2.93-2.92 (m, 4H), 2.73 (t, J=8.7 Hz, 2H), 2.52 (dd,
J=4.7,12.5Hz, 1H), 2.10 (s, 3H), 2.07 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H),
2.01 (s, 3H), 1.92 (s, 3H), 1.79 (s, 3H), 1.47 (brs, 3H), 1.10 ppm (brs,
4H); "CNMR (75 MHz, CDCl,): 6=170.6, 170.4, 170.1, 170.0, 169.7,
165.1, 165.1, 164.8, 164.4, 161.3, 153.9, 139.0, 137.9, 137.8, 137.5, 133.4,
132.9, 132.3, 130.4-127.1, 117.4, 100.8, 100.6, 99.0, 98.6, 96.4, 95.1, 91.5,
78.4,71.1,76.2, 743, 73.6, 73.22, 73.20, 72.9, 72.6, 71.8, 71.7, 71.31, 71.30,
70.9, 70.2, 69.6, 69.2, 68.7, 67.2, 67.1, 66.8, 66.4, 65.2, 61.9, 61.5, 59.6, 53.1,
50.9, 40.7, 37.6, 29.5-202ppm; HRMS (MALDI): m/z caled for
C,10H,3,CIgN;O3Na: 2522.6180 [M +Na]*; found: 2522.6230.

41b: Toluenesulfinic acid sodium salt (4 mg, 0.024 mmol) and [Pd(PPh;),]
(1 mg, 9.5 umol) were added to a solution of 40b (50 mg, 0.019 mmol) in
degassed THF/MeOH (2:1, 1.5 mL), and the mixture was stirred for 1 h
at room temperature under argon atmosphere. After deprotection,
CbzOSu (10 mg, 0.041 mmol) and Et;N (11 pL, 0.079 mmol) were added.
The mixture was stirred for another 3 h and concentrated. Purification
with preparative TLC (toluene/EtOAc=3:2) gave benzyloxycarbonyl-
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aminohexyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-trichloroethoxy-
carbonylamino-p-glycero-o-p-galacto-2-nonulopyranosylonate)-(2 —3)-4-
O-acetyl-2,3-di-O-benzoyl-f-p-galactopyranosyl-(1—3)-2-deoxy-4-O-
acetyl-6-O-benzyl-2-trichloroacetamidyl-f-p-glucopyranosyl-(1—3)-2-O-
benzoyl-4,6-di-O-benzyl-f3-p-galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-
O-benzyl-B-p-glucopyranoside (41b; 41 mg, 0.0172 mmol, 81%). [a]5 =+
3.3 (¢=0.55, chloroform); '"H NMR (300 MHz, CDCl;): 6=28.12-8.09 (m,
2H), 7.91-7.83 (m, 6H), 7.57-7.09 (m, 39H), 6.50 (d, /J=6.9 Hz, 1H),
551 (t, J=9.7 Hz, 1H), 5.43-5.41 (m, 1H), 5.28-5.26 (m, 3H), 5.11 (dd,
J=175, 104 Hz, 1H), 5.00 (s, 2H), 4.99 (d, J=8.1 Hz, 1H), 4.95 (d, J=
3.4 Hz, 1H), 4.90-4.87 (m, 1H), 4.82 (d, /=118 Hz, 1H), 4.78 (dd, J=
6.5, 9.0 Hz, 1H), 4.73-4.19 (m, 18H), 4.10-3.90 (m, 3H), 3.82-3.57 (m,
SH), 3.78 (s, 3H), 3.51-3.25 (m, 6H), 2.98-2.96 (m, 2H), 2.91 (1, J=
4.1 Hz, 1H), 2.75-2.73 (m, 2H), 2.53 (dd, J=5.0, 12.8 Hz, 1H), 2.1 (s,
3H), 2.08 (s, 3H), 2.05 (brs, 6H), 2.02 (s, 3H), 1.92 (s, 3H), 1.40 (brs,
2H), 110ppm (brs, 6H); HRMS (MALDI): m/z caled for
C12sH,5CLN;0,,Na: 2572.6342 [M+Na]*; found: 2572.6416.

42b: Compound 41b (39 mg, 0.0167 mmol) was dissolved in AcOH
(2mL), and Zn/Cu couple (460 mg) was added. After stirring for 2 days
at 45°C, the mixture was cooled to room temperature, filtered through
celite, and concentrated. The residue was redissolved in pyridine (3 mL),
and Ac,0 (2 mL) was added. Next, the mixture was stirred for 13 h, con-
centrated, and coevaporated with toluene. The precipitate was dissolved
in EtOAc and washed with 10 % citric acid, brine, aqueous NaHCO;, and
brine. After drying over Na,SO,, filtration, and concentration, purifica-
tion with preparative TLC (toluene/EtOAc=1:6) gave benzyloxycarbo-
nylaminohexyl (methyl 4,7.8,9-tetra-O-acetyl-3,5-dideoxy-5-acetamidyl-p-
glycero-a-p-galacto-2-nonulopyranosylonate)-(2 —3)-4-O-acetyl-2,3-di-O-
benzoyl-B-p-galactopyranosyl-(1—3)-2-deoxy-4-O-acetyl-6-O-benzyl-2-
acetamidyl-B-p-glucopyranosyl-(1—3)-2-O-benzoyl-4,6-di-O-benzyl-p3-b-
galactopyranosyl-(1—4)-2,3-di-O-benzoyl-6-O-benzyl-p-p-glucopyrano-
side (41b; 25 mg, 0.0106 mmol, 62 % ).

2b: Compound 41b (25 mg, 0.0106 mmol) was dissolved in a solution of
sodium methoxide in methanol (0.05Mm, 3 mL). After stirring for 1 day at
room temperature under an atmosphere of nitrogen, water (0.3 mL) was
added, and the mixture was stirred for another 16 h. Next, the mixture
was neutralized with Amberlite IR-120 resin and filtered to remove the
resin. The filtrate was concentrated and dried under reduced pressure.
The crude residue was dissolved in MeOH (1.5 mL) and H,O (0.5 mL)
before addition of Pd(OH),/C (10 mg) and a few drops of AcOH. The
mixture was stirred for 1 day at room temperature under an atmosphere
of hydrogen. The catalyst was then removed by filtration, and the filtrate
was concentrated. Purification by size-exclusion chromatography (Sepha-
dex G-15, H,0) with a SepPak C-18 cartridge (MeOH/H,0=0:100-
10:90) gave aminohexyl (3,5-dideoxy-5-acetamidyl-p-glycero-a-p-galacto-
2-nonulopyranosylonate)-(2—3)-f-b-galactopyranosyl-(1—3)-2-deoxy-2-
acetamidyl-f-p-glucopyranosyl-(1—3)-f-p-galactopyranosyl-(1—4)-B-p-
glucopyranoside (2b; 6 mg, 0.0056 mmol, 52%). [a]Z=-11 (c=02,
H,0); 'H NMR (300 MHz, D,0): 6=4.71 (d, J=8.1 Hz, 1H), 449 (d, J=
7.8 Hz, 1H), 4.46 (d, J=7.8 Hz, 1H), 442 (d,/=7.8 Hz, 1H), 413 (d, /=
3.1 Hz, 1H), 4.06 (dd, J=3.1, 9.6 Hz, 1H), 3.98-3.43 (m, 23H), 3.30-3.28
(m, 1H), 2.97 (t, J=7.5Hz, 2H), 2.74 (dd, J=4.7, 12.8 Hz, 1H), 2.01 (s,
6H), 1.76 (t, J=12.1Hz, 1H), 1.65-1.60 (m, 4H), 1.42-1.39 ppm (m,
4H); HRMS (ESI): m/z caled for C3HysN;O5Na: 1120.4379 [M +Nalt;
found: 1120.4398.
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