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Abstract: We have developed an expe-
ditious procedure to yield large
amounts of orthogonally protected
Gal-f31,3/4-GIcNAc, which allowed for
the systematic introduction of a sulfate
group onto the C3/C6 positions of Gal
and/or the C6 position of GIcNAc. In
particular, the disaccharide precursors

sulfates

Introduction

Sulfate-containing glycans are involved in myriad physiolog-
ical processes, including cell morphogenesis and develop-
ment, viral invasion, tumor metastasis, inflammation, and
neural disorders.!"! For instance, the sulfated forms of a2,3-
sialylated, al1,3-fucosylated glycans, such as the sialyl Lewis
x determinant, are essential for recognition by L-selectin (a
calcium-ion-dependent lectin that is expressed in most leu-
kocytes).”) Sulfation often occurs at the O6 position of
a Gal or GIcNAc residue. Lymphocytes in mice that lack
the two sulfotransferases that are responsible for sulfation
cannot target high endothelial venules.”! Several carbohy-
drate-binding proteins, including selectins and galectins (f-
galactoside-binding lectins), have been shown to bind sulfat-
ed sugars.®’l However, the structure—activity relationships in
sulfated glycans are unclear, that is, it is important to eluci-
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were prepared in five or six steps and
high overall yield from para-tolyl-6-O-
tert-butyldiphenylsilyl-1-thio-3-p-galac-

Keywords: carbohydrates - galectin -
glycosylation - protecting groups -

topyranoside. After deprotection and
sulfation steps, the final products were
characterized by using several NMR
methods to unambiguously confirm the
location of each introduced sulfate
group and they were examined for
their binding specificity of human ga-
lectin-1 and galectin-8.

date how the specific position of a sulfate affects the binding
and activity of the corresponding receptors (lectins). Several
groups have prepared sulfated carbohydrates. For example,
the groups of Hsieh—Wilson and Mallet prepared chondroi-
tin sulfate (CS) oligosaccharides and their analogues to
access their functional role in the modulation of neuron
growth and binding interactions with hepatocyte growth-
factor/scatter-factor and CXCL12 (a GAG-binding pro-
tein).! Others have established efficient methods for the
synthesis of heparin and heparan sulfate oligosaccharides."™")
Kiso and co-workers were the first to synthesize 6-sulfo
sialyl Lewis x gangliosides and analogues as potent L-selec-
tin ligands. Pratt and Bertozzi recently established divergent
chemoenzymatic syntheses for a similar purpose.!'”
Laborious protection/deprotection steps are major im-
pediments to the development of efficient methods for the
synthesis of carbohydrates."! Specifically, the design of pro-
tection/deprotection steps that involve sulfated sugars is
troublesome because sulfates are labile and must be added
at a late stage in the synthesis. If sulfates are to be added at
different sites on a sugar, different synthetic precursors and
protection strategies must be employed, which inevitably
lengthens the procedure. Herein, we report efficient synthe-
ses of fully protected Gal-£1,3/4-GlcNAc disaccharides by
using consecutive protection and glycosylation steps. Subse-
quent deprotection and sulfation steps afforded two non-sul-
fated and six mono-sulfated saccharides (compounds 1-8,
Scheme 1). We introduced a sulfate group onto the C3 or
C6 positions of Gal, or the C6 position of GIcNAc, either of
which could be found at the non-reducing terminus of N- or
O-glycans. These glycan products were further examined for
their binding interactions with human galectins-1 and -8.
Our aim was to prepare common disaccharide precursors
that contained orthogonal protecting groups, which would
allow for the incorporation of one or more sulfate groups at
the desired position(s) and allow the prompt assembly of
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HO _OR? R'O HO _OR2 OR' Gal are protected as their TBDPS ether and Lev ester (i.e.,
R g:o 59#190 R%éo o /é& compound 12), respectively, thus making it possible to spe-
oH NRe s Ns oH HO N ASM;\ N3 cifically introduce a sulfate group in a later stage of the syn-
1-4 tand5 R'=R2<R®<H 5-8 thesis. Acetylation at the O2 position was essential for con-
2 ::d 6 R ;SO;'Na*,_R2= R3=H t'rolling the ster'eos?,lectivity dur'ing the glycosylation reac-
3and7: R2=SO;Na*, R"=R®=H tion, thus resulting in the formation of a 1,2-trans-glycosidic
4and8: R®=50;Na", R'=R?=H bond. Moreover, we also prepared glycosyl acceptors with

Scheme 1. Structures of target disaccharides 1-8.

longer glycan chains by rapidly converting the disaccharide
precursors into glycosyl donors and acceptors. The modular
construction of orthogonally protected disaccharides has

greatly simplified and accelerated these synthetic processe-
[7a,12]
S.

Results and Discussion

The primary hydroxy group of para-tolyl-1-thio--p-galacto-
pyranoside (which was directly derived from peracetate 9)
was masked by the formation of the tert-butyldiphenylsilyl
(TBDPS) ether.™ Then, the product (10) was reacted with
trimethyl orthoacetate in the presence of a catalytic amount
of camphor sulfonic acid (CSA) to form orthoesters at the
C3 and C4 hydroxy groups. The resulting product was sub-
jected to acetylation and selective unmasking of the C3-hy-
droxy group under acidic conditions to generate compound
11 (87 % yield). Further esterification with levulinic acid at
the O3 position afforded the fully protected thiogalactoside
12 (94 % yield). Because the re-
action conditions that were
used to form compound 12

different protecting groups (Table 1), including amino
groups at the C2 position and 4,6-benzylidene (for 1,3-gly-
cosylation) and 3,6-dibenzyl ether groups (for p1,4-glycosy-
lation). These protecting groups are commonly used in car-
bohydrate chemistry and can be selectively removed./™5
Because three protecting groups are installed on the donor
and two/three groups are installed on acceptors (Table 1), it
is necessary to optimize these glycosylation reactions.

To optimize the glycosylation reaction of compound 12,
we prepared several glucosamine-type acceptors.” Com-
pound 12 was activated by using Ph,SO, 2.4,6-tri-tert-butyl-
pyrimidine (TTBP), and Tf,0O, mainly for $1,3-glycosylation
(Table 1, conditions A). The same compound was treated
with N-iodosuccinimide (NIS) and TfOH to form a f1,4-gly-
cosidic bond (conditions B). Several acceptors gave moder-
ate-to-good yields, despite the presence of different amino-
protecting groups at the C2 position, including azido (Nj),
2,2 2-trichloroethoxycarbonyl (Troc), and trichloroacetyl
(TCA) groups (Table 1). Interestingly, among the four ac-
ceptors that we examined (compounds 13-16; Table 1, en-
tries 1-5), only compound 13 was successfully glycosylated
with compound 12 to generate compound 17 in 86 % yield
under the preactivation conditions. The O3-Lev protection

A) CSA(cay  DMAP (cat) LevOH, EDC
frorp compound 10 were com- MeC(OMe);  Ac,0. EtN DMAP (cal)
patible, the four-step synthesis CH,CN CH,Cl, 80% aq.HOAc CH,Cl, -
. C
was performed consecutively HO _OTBDPS l l l § o
i i ifi- 0 > > = » LevO STol
without chromatographic purifi Hoa,sm | osn | osh | o5h | 15n | ACO
cation of the intermediate prod- OH 0°C RT 0°C RT 12
i i 10
ucts and it was only interrupted 78% (4 steps)
by the removal of that solvents
i B) 3AMS.
and a s1mpl.e workup between PO 13 G0
each reaction (Scheme2A). Sequential ~ TTBP  TfO Et;N
) e i OTBDPS
After final purification, com- Protection ACC o MT5070
: : 0 10 —= 12 2 == é \ ﬁ,OAc

pound 12 was obtained in 78 % — 05h | 10 min h overnight LevO -~ 0 N,
yield (>50g). Similar proce- RT  60°C 0-4°C 18
dures have been reported for 48% (6 steps)
the preparation of elaborated NIS

prep . Sequential 20, 3AMS. TroH
gluco-, glucosamino-, galacto-, Protection AcO OTBDPS g,

.. . 14
and digitoxosides."" 10 —=, 12 > LevO 0 Q
0 th 1 tecti | osh | 1n —-En0 OAc
ur orthogonal protection RT £595 . N

strategy offers several advan-
tages in the subsequent synthe-
ses. In general, regio- and ste-
reoselective glycosylations can
be achieved by the introduction
of various protecting groups.
The O3 and O6 positions of
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54% (5 steps)

Ph-7-0 o8n
L 0
HO~&7~4~OH 'éﬁgé&om
3 N3
13 22

Scheme 2. Consecutive operations in the syntheses of A) thiogalactoside 12 and B) $1,3-disaccharide 18 and
p1,4-disaccharide 26. Each thick, blue arrow represents one reaction. M.S.=molecular sieves.
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Table 1. Glycosylation reactions of -galactosyl donor 12 with several GlcNAc-type acceptors.

AcO _OTBDPS

o Acceptor
LevO STol —————*™

AcO OTBDPS PO

- __~£0O, X =N; NHTroc or NHTCA
ACO Glycosylation OTZ7~4R R - O, 0Ac O(CHy)sNs o O(CH)sCO,Me
12
Entry Acceptor Product Yield
(%]
3-OH acceptor for (1,3-glycosylation
Ph OTBDPS
Hooﬂ\o OOH AcO 5 Phg\o 5
1 N3 LevO 0 ﬁnOH 86
13 AcO 17 Ny
Phg\o
HO OH ¢
2 NHTroc —td
14
3 14 ledl
Ph-7=0 0
HOO OH [c]
4 NHTCA -
15
Phg\o g o
5 HO STol el
NHTCA
16
Ph-7~0 AcO ,OTBDPS
T one o 9720
6 N3 LevO 04 OAc 56
19 AcO 18 3
7 19 18 70
OTBDPS
Lo iy _n o "I
3
8 He NHTroc 4 LevO: (0] O Ns 71
20 ACO NHTroc 4
24
OTBDPS
"Iz 2o COM al 0 Phoﬂ\ﬁo It
9 Ho~ T~ 0 LevO 0 O _COMe 57
A0 NHTCA 3
21 &
25
10 21 25 77
4-OH acceptor for (1,4-glycosylation
OBn AcO OTBDPS OBn
11 %O&&/OAC Levoé&oﬁ 80
N
N3 AcO BnO N Ohe
22 26 3
12 22 26 84
OBn AcO _OTBDPS OBn
3 goo/égpov(,\)\/cozl\ne Levog&o/ﬁ/ 7
n
NHTCA 2 Aco BnO NHTCC);/H?/COZMG
23 27

[a] Glycosylation conditions: A) Ph,SO, Tf,0, TTBP, 3 A M.S., CH,Cl,/toluene/MeCN or CH,Cl,, —60°C, 1 h;
B) NIS/TfOH, CH,Cl,, 3 A M.S. (for temperature and reaction time, see the Experimental Section). [b] Yield
of isolated product. [c] No glycosylated product was formed, owing to the hydrolysis of donor 12. [d] The ac-
ceptor (14) was even insoluble in MeCN and 1,4-dioxane.

of compound 12 appeared to be critical because the O3-ace-
tate analogue only gave low yields in the glycosidation reac-
tions, owing to the accompanying side reactions of acetyl
transfer or donor hydrolysis."**'* In the reactions of accept-
ors 14-16, we observed significant hydrolysis of donor 12.
One possible explanation of this result is the poor solubility
of these acceptors. We had no success on trying to dissolve
these compound in several different solvents (such as
CH,Cl,, MeCN, 1,4-dioxane, and the mixture CH,Cl,/tolu-

ene/MeCN).
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For convenient product char-
acterization, the reaction in
Table 1, entry 1 was followed by
p-selective acetylation to afford
compound 18 in 80% yield
(2 steps). This preactivation
method was also applied to the
synthesis of acetate analogue 19
(Table 1, entry 6), albeit in
a lower yield. Compound 22,
which was directly derived from
compound 13  in  three
steps,®17) was coupled with
compound 12 under the same
glycosylation conditions
(Table 1, entry1l) in 80%
yield, whereas the use of NIS/
TfOH as a promoter afforded
the product in 84% yield
(Table 1, entry 12). Acceptors
that contained a linker at the
reducing terminus (20, 21, and
23) were also tolerated in the
glycosylation reactions to afford
their corresponding disacchar-
ides in good yields (Table 1, en-
tries 8, 9, and 13).

The results listed in Table 1
show several useful findings.
First, galactosyl donor 12 suc-
cessfully reacted with six differ-
ent acceptors that were protect-
ed with two/three different pro-
tecting groups. Second, better
yields were obtained under con-
ditions B compared to those
under conditions A (Table 1,
entries 6, 7, 9-12). In addition,
compound 13 was a diol and its
corresponding glycosylation re-
action showed complete regio-
selectivity at the O3 position.
The possible reaction mecha-
nism is different from that re-
ported for the base-mediated
esterification reaction.'¥ When

donor 12 forms the oxocarbenium intermediate through the
preactivation method, the 3-OH group of diol 13 can reacts
with the intermediate to produce compound 17 because of
its higher nucleophilicity than that of hemiacetal-OH group.
In contrast, the base-mediated esterification reaction was
found to predominantly occur at the hemiacetal-OH group.
The hydroxy group has a higher tendency for deprotonation
under basic conditions, likely owing to its lower pK, value.
Note that compound 17 is fully characterized (see the Ex-

perimental Section and the Supporting Information, S22-28)
and, in its HMBC spectrum, the resonance of the C3 atom

1538 © 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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of the GIcNAc group correlates with the H1’ atom of the
Gal group (*J(C,H) coupling) and vice versa.

Thus, we selected compounds 13 and 22! for further in-
vestigation. More than 50 g of each of compounds 12, 13,
and 22 could be obtained in an effective manner. The afore-
mentioned synthesis of compound 12 was combined with
each of the f(1,3- and f1,4-glycosylation reactions so that
disaccharides 18 and 26 were synthesized in successive oper-
ations starting from compound 10 (Scheme 2B). As a conse-
quence, compound 18 was obtained in 48 % yield (6 steps)
and compound 26 was obtained in 54 % yield (5 steps).

Furthermore, our synthetic method can also be extended
to the construction of longer-chain oligosaccharides in an ef-
ficient manner by using modular glycosyl donors and accept-

A)
AcO_OTBDPS .

L og&oﬂ/
ev
AcO BnO » OAc

2. EtzN, TCA-CI, CH,Cly,
2 : 0°C, 15 min
53% yield (2 steps)

1. 1.0 M PEts, MeOH/CH,Cl,
0°CtoRT,1h

1.
MOt copme

AcO _OTBDPS

www.chemasianj.org
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30 in the presence of TMSOT( afforded tetrasaccharide 31
in 67% yield without further optimization. In comparison
with other published syntheses of Gal-$1,4-GlcNAc-repeat-
ing oligosaccharides,” our method not only decreases the
time that is needed to prepare a variety of disaccharide pre-
cursors, but also incorporates orthogonal protecting groups
that meet the requirement to modify the sugars, for exam-
ple, by sulfation or oxidation, at a specific position(s). In ad-
dition, we have achieved an eight-step synthesis of bianten-
nary heptasaccharide 32, in which the major step was the
glycosidation of donor 29 with a trimannoside acceptor
(Scheme 3B).”!

The conversion of £1,3- and f1,4-disaccharides 33 and 34
into non-sulfated (1 and 5) and mono-sulfated compounds
(2-4 and 6-8), respectively, was
easily achieved by using various
combinations of deprotection

OBn
Levo g:o Oé&M and sulfation steps (Scheme 4).
AcO BnOTC N OH For instance, compound 3,

28 which contained a sulfate group
at the C6 position of the Gal
moiety was derived from com-

OBn TMSOTT, 3 AMS, CH,Cl,, pound 33 through the following

Cs2C0;, CICINPAICFs | evo 0 0 0°CtoRT, 1h five steps:? The treatment of
CH,Cl, 0°C o RT, 18 h Aco BrOTZINT ICFs 2. NpH,HOAC, THE compound 33 with an 80%
63% yield glycosyl donor 29 PhN O°°Ct9 RT,1h aqueous solution of AcOH at
AcO_OTBDPS o 7% viewd (2 stepe) 50°C rfemoved the benzylidene
o 3 AMS, TMSOTf protecting group to afford the
HOA— BEOTCAHN Ot comme oct‘é%RTnh free diol and was followed by
67% yield acetylation (in the presence of

glycosyl acceptor 30

AcO OTBDPS  p, )5 OTBDPS
LevO Boo O o O
n
AcO TCAHN

31

) 1. glycosylation with Man3 acceptor
2. selective deprotection
3. sulfation
4. global deprotection

HO _OH

O O
0
AcO BnOZ =1, come

0 o)
Na0;S0 o) o
Ho HO og

pyridine, Ac,O, and a catalytic
amount of dimethylaminopyri-
dine). The next two steps in-
volved cleavage of the silyl
ether (treatment with TBAF)
and  sulfation by  using
NMe;-SO;.  Finally, NaOMe/
MeOH was used to simultane-
ously remove the acetate and

OBn

- HO _OH OH HO .
29 —_— . § o o HO levulinate ester groups to afford
HO— OBz Na0;S0 o % O— on compound 3 in 39% overall
B0 O AcHN HO~ O  O— OoH yield in five steps. The other
% s| 0 . . . .
5 go OBz S oHo disaccharides were obtained in
n oB . .
Bz(ﬁ\\ 820 3\5 o 32 O yNH; a similar manner. Moreover, it
o 6

Man3 acceptor

09?3

Scheme 3. A) Synthesis of tetrasaccharide 31 from the disaccharide precursor (26). B) Application of disac-

charide donor 29 to the synthesis of heptasaccharide 32.

ors. For example, disaccharide 26 can be converted into
donor 29 and acceptor 30 (Scheme 3 A). Triethyl phosphine
(PEt;) was utilized to reduce the azide at the C2 position
and to hydrolyze the anomeric acetate at the same time, fol-
lowed by selective N-trichloroacetylation (to give compound
28) and 1-O-imidation to afford glycosyl donor 29. Notably,
the glycosylation reaction that involved compounds 29 and

Chem. Asian J. 2013, 8, 1536—1550
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was not trivial to purify these
final sulfated products. When
using column chromatography
on silica gel, ammonium hy-
droxide or triethylamine was
added to the eluent (CHCly/
MeOH or EtOAc/MeOH) to avoid delayed retention of the
desired product. Excessive salts can be removed by means
of a Zeba spin desalting column. Ion-exchange chromatog-
raphy was performed on a Hitrap Q column to obtain the
product or the desired counterion in high purity.

All of the final products (1-8) were characterized in
detail by using several NMR experiments, including 'H-'H

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim



CHEMISTRY

www.chemasianj.org Kuo-I Lin, Chun-Hung Lin et al.
AN ASIAN JOURNAL
AcO_OTBDPS OR? 1 R S 4 mor
Ph7—0 steps HO R'O a1 H1Y s H3 7 2
0 o] _— le) H4 H3 Y
[¢] O HO OCH2-linker
LevO (o] O\(\,)/ N3 Rao o) OW N3 ” 1 H2 H5
AcO NHAc 6 HO NHAc 6 ! L)M\.. WM ppm
33 1-4 OCH2-1linker
2 §g~ 3.4
AcO OTBDPS OAc steps HO OR OR! =
Levog&oé& RION oé& = aa
AcO AcO Oy Ho HO Oy e
NHAc '’6 NHAc ‘6 F3.6
34 L
@ ‘ 37
reactant sequence of final product gJ —
reaction steps ! \ ~ 3.8
- () {
33 ab,c 1 (R'"=R?=R%=H) )
34 b, c 5 (R'=R?=R%=H) "
33 adb,c 2 (R'=S0yNa*, RZ=R3=H)
- 4.1
34 c,d, b 6 (R'=S05Na*,R2=R3=H)
F4.2
33 aebdc 3 (R2=S0zNa* R'=R3=H)
4.3
34 b,d, ¢ 7 (R?=S03Na*,R"=R3=H) —
g () L4.4
33 abefdc 4 (R3=SOzNa*, R'=R2 = H) R
T T T T T T T T T T T
34 befdc 8 (R*=SOsNa*, R = R2= H) 44 43 42 41 40 39 38 37 36 35 34 ppm

Scheme 4. Compounds 1-8 were obtained by using different combina-
tions of deprotection and sulfation steps: a) 80% AcOH, 50°C; b) 1.0m
TBAF in THF, AcOH, THF, 0°C to RT; c) MeONa, MeOH, RT;
d) SO;+TMA, DMF, RT or 50°C; e) pyridine, Ac,0, cat. DMAP, 0°C to
RT; f) N,H,-AcOH, THF, 0°C to RT.

COSY, 'H-"C HMQC, 1D-selective TOCSY, and DEPT
NMR spectroscopy. In general, the anomeric protons of
these products were identified first because they appeared
as the most downfield-shifted signals in the '"H NMR spec-
tra. The HMBC method can be applied to pinpoint the H1
proton of GIcNAc, because only this proton correlates with
those of the 6-azidohexyl group (the reducing-end linker).
The subsequent use of 'H-*C HMQC is useful to not only
confirm the previous assignment but also to identify/distin-
guish between the two anomeric carbon atoms. 'H-'H
COSY, in conjunction with 1D-selective TOCSY, is able to
assign all of the protons (Figure 1A). In particular, for sul-
fated disaccharides 2—4 and 6-8, the desirable position of
each sulfate was rigorously determined. For instance, com-
pound 7 had a sulfate group at the C6 position of the Gal
moiety. The corresponding protons (H6a and H6b) appeared
at 0=4.20 and 4.16 ppm, which were 0.48-0.52 ppm down-
field shifted in comparison with those of its non-sulfated an-
alogue (5, Table 2). Likewise, the sulfated carbon atom of
compound 7 had a chemical shift of 6 =68.1 ppm, which was
5.4 ppm higher than that of compound 5 (Figure 1B and
Table 2). The trend of higher chemical shifts was observed
in all of the sulfated carbon atoms and their adjacent pro-
tons (Figure 1).

Furthermore, compounds 1-8 were examined for their
lectin-binding specificities, in which we employed the previ-
ously developed AlphaScreen method, which employed in-
solution proximity binding to photosensitizers,™ for qualita-
tive measurements (the major reagents were commercially
available from Perkin-Elmer Inc.). Human galectins-1 and
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Figure 1. A) All of the protons of the Gal and GIcNAc groups in com-
pound 7 were assigned by "H-"H COSY NMR spectroscopy. The red and
black lines connect the Gal and GlcNAc resonances, respectively. B) A
comparison of the >C NMR and the corresponding DEPT-135 spectra of
compound 7 (top two spectra) and its non-sulfated analogue (5, bottom
two spectra). Only a region of the spectra is shown to include the signals
of the carbon atoms of the sugar ring.

-8 were utilized as the counterparts because they represent
two main galectin groups, that is, galectin-1, as a prototypical
galectin, whereas galectin-8 is a tandem-repeat galectin.”’
Both galectins are essential for the differentiation of mature
B cells into immunoglobulin-secreting plasma cells.?¥ The
preliminary result of binding analysis showed two interesting
features: First, that the incorporation of a sulfate group at
a specific position of Gal-£1,3/4-GlcNAc increased the bind-
ing of galectin. Compounds 4 and 8, which contained a sul-
fate group at the C3 position of Gal, bound more tightly to
galectin-1 than their respective non-sulfated analogues (1

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim



CHEMISTRY

AN ASIAN JOURNAL

www.chemasianj.org Kuo-I Lin, Chun-Hung Lin et al.

Table 2. Proton (top) and carbon (bottom) chemical shifts of Gal/GlcNAc in the final compounds 1-8.1!
o (‘"H NMR) [ppm] of Gal o (‘"HNMR) [ppm] of GlcNAc

H1 H2 H3 H4' H5 Ho6a’ Ho6b' H1 H2 H3 H4 H5 Hob6a H6b
1 423 3.50 342 3.76 3.51 3.72 3.65 4.44 3.66 3.63 3.37 3.26 3.84 3.62
2 4.28 3.54 3.57 3.81 3.50 3.77 3.70 4.47 3.75 3.70 3.62 3.55 441 4.10
3 431 3.54 3.50 3.87 3.86 4.18 4.17 4.45 3.77 3.68 3.40 332 3.88 3.73
4 442 3.66 4.19 4.19 3.61 3.75 3.67 4.46 3.75 3.71 3.40 3.30 3.85 371
5 433 3.49 343 3.76 3.53 3.72 3.64 4.36 3.65 3.58 3.56 3.35 3.86 3.80
6 4.50 3.52 3.51 3.82 3.63 3.76 3.69 4.41 3.71 3.63 3.62 3.63 4.36 4.30
7 4.40 3.53 3.55 3.87 3.89 4.20 4.16 4.44 3.75 3.63 3.61 3.43 3.92 3.88
8 4.49 3.72 4.24 422 3.64 3.76 3.69 4.39 3.72 3.64 3.62 3.40 3.92 3.87

0 (PCNMR) [ppm] of Gal 0 (PCNMR) [ppm] of GIcNAc

Cr c2 C3 c4 C5 Co’ C1 Cc2 C3 C4 C5 Cc6
1 105.7 72.5 74.8 70.4 713 62.6 102.5 56.5 85.1 70.7 77.7 62.9
2 105.7 72.5 74.8 70.4 71.7 62.6 102.5 56.5 85.1 70.7 77.2 68.7
3 105.7 723 74.5 74.8 70.0 67.9 102.6 56.3 85.2 71.0 71.5 63.0
4 105.2 70.7 81.7 68.7 76.8 62.5 102.6 56.2 84.9 70.6 77.6 62.8
5 105.3 728 75.0 70.5 713 62.7 102.9 56.9 743 81.3 76.7 62.2
6 104.9 73.0 75.0 70.6 772 62.6 102.8 56.9 74.4 80.7 74.7 67.7
7 105.7 72.5 74.7 70.1 74.9 68.1 102.6 56.7 752 81.8 76.5 62.1
8 105.0 71.1 82.0 68.7 77.0 62.6 103.0 56.8 74.4 81.4 76.7 62.1
[a] The assignments of the chemical shifts are based on 'H, *C, DEPT-90, DEPT-135, HMQC, HMBC, and 1D-selective TOCSY NMR experiments. The

chemical shifts shown in bold and underlined denote the signals of sulfated carbon or proton atoms adjacent to the sulfate groups.

Galectin-1 Galectin-8 construct longer glycans by modular assembly. This method
100, 100 could potentially be used for the synthesis of other sulfated
S 80, I 80 oligosaccharides, such as keratan sulfate oligosaccharides,
= = which are glycosaminoglycans and contain sulfated N-acetyl-
¢ 60 ¢ 60 lactosamine-repeating disaccharides. The method could also
% 40 % 40 be applied to the preparation of uronic-acid-containing gly-
2 2 cans if the C6-protecting group on Gal or GlcNAc can be
® 20 T 20 selectively removed and oxidized. We are currently prepar-
0 0 ing other sulfated oligosaccharides and analogues for com-
O\fo& 12345678 6&* 12345678 parison of their galectin-binding specificities.

Figure 2. Relative binding specificities of compounds 1-8 with galectins-
1 and -8. The results were averaged from at least three independent
assays. A blank experiment was performed in the absence of the synthe-
sized product.

Experimental Section
General Considerations

All of the reactions were performed under a nitrogen atmosphere in
oven-dried glassware unless otherwise indicated. The reaction products

and 5, respectively; Figure 2). Moreover, galectins-1 and -8
P ¥ys Mg ) & were purified by using column chromatography on silica gel.”*! Anhy-

exhibited dissimilar binding patterns towards disaccharides
1-8. Specifically, galectin-8 preferentially bound to f1,3-
linked disaccharides. Our results are consistent with previ-
ous reports,®! including data that were released by the Con-
sortium for Functional Genomics (CFG)™" and those ob-
tained by using a flow cytometry study in which splenic B
cells were stained with galectin-1-FITC or galectin-8-FITC
and then treated with compounds 1-8.*!

Conclusions
Herein, we have presented an efficient procedure for the
preparation of protected Gal-£1,3/4-GlcNAc disaccharides.

Both saccharide precursors were used to systematically in-
troduce sulfate groups at specific positions and to rapidly

Chem. Asian J. 2013, 8, 1536—1550

drous solvents and moisture-sensitive materials were transferred by using
an oven-dried syringe or cannula through a rubber septum. Organic solu-
tions were concentrated under reduced pressure in a water bath (<
40°C). Analytical TLC was performed on pre-coated SiliaFlash P60 glass
plates (230-400 mesh, 250 um thick, Silicyle) and was detected by UV
visualization (254 nm) and/or by staining with reagents that contained
phosphomolybdic acid hydrate (for general use), para-anisaldehyde (for
carbohydrates), or ninhydrin (for amino-group-containing samples).
Column chromatography on silica gel was performed on SiliaFlash G60
(70-230 mesh) or SiliaFlash P60 (230400 mesh) from Silicyle. Purifica-
tion of the bulk building blocks were either performed on a Teledyne
Isco CombiFlash R; that was equipped with a UV detector (for com-
pounds with UV-active chromophores) or on a Grace Davison Reveleris
flash system that was equipped with an Evaporative Light Scattering De-
tector (ELSD, for compounds without UV-active chromophores). Gel-fil-
tration chromatography (Sephadex LH-20, G-10 and G-25), ion-exchange
chromatography (GE HiTrap Q HP Column), and spin desalting column
chromatography (Thermo Zeba spin desalting column, 7K MWCO) were
used to achieve satisfactory purities of the final disaccharide products. "H
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and C NMR spectra were recorded on Bruker AV-400 (400 MHz) or
AVII-500 (500 MHz) spectrometers by using tetramethylsilane (0y=
0.00 ppm), CDCl; (0y=7.26 ppm), or CD;0D (6y=3.31 ppm, central
line of a quintet) as internal standards. >*C NMR spectra were recorded
on Bruker AV-400 (100 MHz) or AVII-500 (125 MHz) spectrometers by
using CDCl; (0-=77.2 ppm, central line of a triplet) or CD;0D (dc=
49.2 ppm, central line of a septet) as internal standards. 2D NMR spectra
(including 'H-'H COSY, 'H-"C HMQC, and NOESY) were acquired on
Bruker AV-400 or AVII-500 spectrometers. High-resolution mass spec-
troscopy (HRMS) was performed on Bruker Bio-TOF III (ESI-TOF) or
Bruker Ultraflex (MALDI-TOF/TOF) spectrometers and is reported as
mass/charge (m/z) ratios with percentage relative abundance. Optical ro-
tations were measured at the sodium D-line (589 nm) at 25°C on a Perki-
nElmer Model 341 Polarimeter. Specific rotations were reported as [a]3
after dividing the observed values by the sample concentration (C, in
gmL™") and the path length (/, in dm).

The solvents for extraction and chromatography were of ACS grade.
CH,Cl,, MeCN, and THF were pre-dried by using molecular sieves and
then percolated through an active Al,O; column.”” Anhydrous DMF and
MeOH were purchased from Acros Co. in an AcroSeal package. Diphe-
nylsulfoxide (Ph,SO), 2,4,6-tri-tert-butylpyrimidine, and triethylphosphine
(1.0m in THF) were purchased from Aldrich Chemical Co. All of the
chemicals were used without further purification unless otherwise speci-
fied. Celite 545 and 3 A molecular sieves (powder <50 um) were pur-
chased from Acros Co. 1,2,3,4,6-Penta-O-acetyl-3-D-galactopyranoside,
D-glucosamine hydrochloride, and 1-ethyl-3-(3-dimethylaminopropyl)car-
bodiimide hydrochloride (EDC) were purchased from Carbosynth Ltd.
in a bulk package. Tetra-n-butylammonium fluoride (TBAF, 1.0M in
THF) was purchased from Alfa Aesar.

General Procedure for Measuring the Binding Affinities between Synthetic
Sulfated Sugars and Galectins-1 and -8

The binding affinity of the synthesized sugars to galectins-1 and -8 was
measured by using a previously reported AlphaScreen-based solution car-
bohydrate array.””) The measurements were performed on a PerkinElmer
Envision instrument. The donor beads and acceptor beads were pur-
chased from PerkinElmer Life Sciences, Inc. (Boston, MA, USA). Re-
combinant galectin-1 and galectin-8 were prepared according to a litera-
ture procedure.**"!

6-Azidohexyl (-p-galactopyranosyl)-(1—3)-2-acetamido-2-deoxy-[3-D-
glucopyranoside (1)

White amorphous solid in 54 % overall yield (3 steps from compound
32). R=055 (IPA/H,O/NH,OH, 7:2:1 viviv); [a]5=+1.1 (c=03,
MeOH); 'H NMR (500 MHz, CD;0D): 6 =4.47 (d, J=8.0 Hz, 1 H), 4.27
(d, J=7.5Hz, 1H), 3.91-3.88 (m, 2H), 3.80 (d, J=2.7 Hz, 1H), 3.78-3.65
(m, 6H), 3.56-3.52 (m, 2H), 3.50-2.40 (m, 3H), 3.28 (t, J=7.0 Hz, 2H;
CH,N;), 1.96 (s, 3H; COCH,;), 1.59-1.57 (m, 4H; alkyl chain), 1.41-
1.39 ppm (4H, m; alkyl chain); *C NMR (125 MHz, CD;0D): 6=174.3,
105.8, 102.5, 85.1, 77.7, 71.3, 74.8, 72.5, 70.7, 70.6, 70.4, 62.8, 62.7, 56.5,
52.5, 30.6, 30.1, 27.7, 26.8, 23.3 ppm; HRMS (ESI-TOF): m/z calcd for
C,H3(N,O; Na: 531.2273 [M+Na]*; found: 531.2265.

6-Azidohexyl (p-p-galactopyranosyl)-(1—3)-2-acetamido-2-deoxy-6-O-
sulfonato-f3-p-glucopyranoside Sodium Salt (2)

White amorphous solid in 37 % overall yield (4 steps from compound
32). R=0.70 (IPA/H,O/NH,OH, 72:1 viviv); [a]5=-2.9 (c=0.7,
MeOH); 'H NMR (500 MHz, CD;0D): 6 =4.50 (d, J=8.2 Hz, 1H), 4.43
(dd, /=108, 1.9 Hz, 1H), 433 (d, /=74 Hz, 1H), 413 (dd, /=10.8,
6.3 Hz, 1H), 3.91-3.87 (m, 1H), 3.83-3.77 (m, 3H), 3.75-3.59 (m, 5H),
3.56-3.49 (m, 3H), 3.43 (dd, /=9.7, 8.2 Hz, 1H), 3.30 (t, J=6.7 Hz, 2H;
CH,N3), 2.01 (s, 3H; COCHj;), 1.62-1.58 (m, 4H; alkyl chain), 1.42—
1.40 ppm (m, 4H; alkyl chain); "C NMR (125 MHz, CDCl,): 6=174.5,
105.6, 102.4, 84.8, 77.2, 75.7, 74.8, 72.5, 70.8, 70.7, 70.5, 68.6, 62.7, 56.5,
52.5, 30.6, 30.0, 27.6, 26.8, 23.2 ppm; HRMS (ESI-TOF): m/z calcd for
C,H3sN,NaO,SNa: 633.1660 [M+Na]*; found: 633.1655.
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6-Azidohexyl (6-O-sulfonato-f-p-galactopyranosyl)-(1—3)-2-acetamido-2-
deoxy-f3-p-glucopyranoside Sodium Salt (3)

The following four paragraphs describe the detailed procedure for the
synthesis of compound 3 from compound 33. For the structures of these
compounds, see the Supporting Information, Scheme 5.

To a solution of compound 33 (250 mg, 0.25 mmol) was added an 80 %
aqueous solution of HOAc (5 mL). The resulting mixture was heated at
50°C for 2h and then co-evaporated with toluene three times to give
a white solid. The solid was dissolved in anhydrous pyridine (3 mL) at
0°C under a nitrogen atmosphere and treated with Ac,0O (1 mL) and
a catalytic amount of DMAP (5 mg). After removing the ice bath, the re-
action mixture was stirred at RT for 4 h, diluted with EtOAc, washed
with a 1M aqueous solution of HCI (three times), a saturated aqueous so-
lution of NaHCO;, water, and brine, dried over MgSO,, filtered, and con-
centrated in vacuo. The residue was purified by column chromatography
on silica gel (EtOAc/hexanes, 1:1) to provide compound 35 (197 mg,
79 % yield over two steps) as a white amorphous foam.

To a solution of compound 35 (150 mg, 0.15 mmol) in anhydrous THF
(3 mL) were sequentially added HOAc (25.5 pL, 0.45 mmol) and TBAF
(1.0M in THF, 0.45 mL, 0.45 mmol) at 0°C under a nitrogen atmosphere.
The reaction mixture was gradually warmed to RT and stirred for 15 h.
The reaction mixture was diluted with EtOAc and then washed with a sa-
turated aqueous solution of NaHCO;, water, and brine. The organic layer
was dried over anhydrous MgSO,, filtered, and concentrated under re-
duced pressure to give a dry residue that was purified by column chroma-
tography on silica gel (EtOAc) to afford compound 36 (83.3 mg, 73 %
yield) as a white amorphous solid.

Compound 36 (70.0 mg, 90.3 pmol) was dissolved in anhydrous DMF
(2mL) and treated with sulfur trioxide trimethylamine complex
(SO+TMA, 62.9 mg, 0.45 mmol) at RT under a nitrogen atmosphere. The
reaction was heated at 50°C for 3 h, stopped by the addition of MeOH at
RT, and co-evaporated with toluene three times. The resulting residue
was dissolved in MeOH (5 mL) and subjected to ion exchange [Na'] on
the IR-120 resin to generate the sodium salt. After the filtration, the fil-
trate was concentrated under reduced pressure and purified by column
chromatography on silica gel (MeOH/CHCI;, 1:5) to give compound 37
(63.4 mg, 80 % yield) as a white amorphous foam.

Compound 37 (50 mg, 57.0 umol) was dissolved in MeOH (2mL) and
treated with a catalytic amount of NaOMe (1 mg) at RT under a nitrogen
atmosphere. After stirring for 2.5 h, the reaction was neutralized by the
addition of Amberlite IR-120 [H*] resin and then filtered. The filtrate
was concentrated in vacuo and purified by column chromatography on
silica gel (EtOAc/MeOH/H,0, 8:2:1 with 1% Et;N) to afford the product
as a white foam. Further ion-exchange chromatography was performed
on a GE HiTrap Q HP column (gradient elution with NH,HCO;) to give
the final product (3, 29.6 mg, 85 % yield) as white powder. R;=0.70 (IPA/
H,O/NH,OH, 7:2:1 v/iv/); [a]h=-24 (c=13, MeOH); 'HNMR
(500 MHz, CD,0OD): 6=4.46 (d, J=8.4 Hz, 1H), 432 (d, J=7.3 Hz, 1H),
4.18 (d, J=6.2 Hz, 1H), 4.91-4.85 (m, 4H), 3.79-3.67 (m, 3H), 3.57-3.47
(m, 3H), 3.40 (t, J=9.5Hz, 1H), 3.35-3.32 (m, 1H), 3.28 (t, /J=6.9 Hz,
CH,N;,, 2H), 1.98 (s, 3H; COCHS,), 1.60-1.57 (m, 4H; alkyl chain), 1.40-
1.38 ppm (m, 4H; alkyl chain); C NMR (125 MHz, CD,0D): §=174.3
(C=0), 105.7 (CH), 102.6 (CH), 85.2 (CH), 77.5(CH), 74.8 (CH), 74.5
(CH), 72.3 (CH), 71.0 (CH), 70.6 (CH,), 70.0 (CH), 67.9 (CH,), 63.0
(CH,), 56.3 (CH), 52.5 (CH,), 30.6 (CH,), 30.0 (CH,), 27.6 (CH,), 26.8
(CH,), 234ppm (CH;); HRMS (ESI-TOF): m/z caled for
C,H35N,NaO,,SNa: 633.1660 [M+Na]t; found: 633.1678.

6-Azidohexyl (3-O-sulfonato-f-p-galactopyranosyl)-(1—3)-2-acetamido-2-
deoxy-f-D-glucopyranoside Sodium Salt (4)

White amorphous solid in 26 % overall yield (6 steps from compound
32). R;=0.70 (IPA/H,O/NH,OH, 7:22:1 viviv); [a]5=-33 (c=0.,
MeOH); 'HNMR (500 MHz, CD;0D): 6=4.70 (t, J=4.0 Hz, 1H), 4.40
(dd, /=10.0, 7.5 Hz, 1H), 4.30 (t, J=9.6 Hz, 1H), 3.96 (d, /=82 Hz,
1H), 3.94 (d, J=7.5Hz, 1H), 3.91 (dd, /=10.0, 4.0 Hz, 1 H), 3.85 (dd, J=
10.0, 8.0 Hz, 1H), 3.84-3.82 (m, 3H), 3.82-3.80 (m, 1H), 3.79 (dd, /=9.0,
8.2 Hz, 1H), 3.77-3.75 (m, 1H), 3.70 (t, J=6.5 Hz, 2H), 3.58 (m, 1H),
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334 (t, J=7.1Hz, 1H), 3.32 (t, J=7.1 Hz, 1H), 2.04 (s, 3H; COCHy),
1.63 (m, 4H; alkyl chain), 1.45ppm (m, 4H; alkyl chain); *C NMR
(125 MHz, CD;OD): 6=172.8, 103.7, 101.1, 83.4, 80.1, 76.0, 75.3, 69.2,
69.1, 67.1, 61.3, 61.0, 54.7, 51.0, 47.9, 47.8, 47.6, 47.5, 47.3, 47.1, 29.0, 28.5,
26.1, 252, 21.8ppm; HRMS (MALDI-TOF): m/z caled for
C,H3sN,NaO,,SNa: 633.1660 [M+Na]*; found: 633.1619.

6-Azidohexyl (p-p-galactopyranosyl)-(1—4)-2-acetamido-2-deoxy-[3-D-
glucopyranoside (5)

White amorphous solid in 67% overall yield (2 steps from compound
33). R=0.60 (IPA/H,O/NH,OH=72:1 viviv); [a]5=-3.0 (c=0.7,
MeOH); 'H NMR (500 MHz, CD;0D): 0 =4.40 (d, J=8.4 Hz, 1H), 438
(d, J=8.1Hz, 1H), 3.92-3.86 (m, 3H), 3.81 (d, /J=2.4 Hz, 1H), 3.78-3.64
(m, 4H), 3.62-3.52 (m,4H), 3.45-3.44 (m, 2H), 3.40-3.38 (m, 1H), 3.28
(t, /=6.9 Hz, 2H; CH,N3), 1.97 (s, 3H; COCHj;), 1.59-1.56 (m, 4H; alkyl
chain), 1.39-1.38ppm (m, 4H; alkyl chain); "CNMR (125 MHz,
CD;0OD): 6=173.6, 105.3, 102.9, 81.2, 77.3, 76.7, 75.0, 74.4, 72.8, 70.6,
70.5, 62.7, 62.1, 56.9, 52.6, 30.6, 30.1, 27.2, 28.8, 23.1 ppm; HRMS (ESI-
TOF): m/z caled for C,)H;(N,ONa: 531.2273 [M+Na]*; found: 531.2280.

6-Azidohexyl (f-p-galactopyranosyl)-(1—4)-2-acetamido-2-deoxy-6-O-
sulfonato-B-p-glucopyranoside Sodium Salt (6)

White amorphous solid in 34% overall yield (3 steps from compound
33). R=0.70 (IPA/H,O/NH,OH, 72:1 viviv); [a]f=-12 (c=04,
MeOH); 'H NMR (500 MHz, CD,0OD): 6=4.51 (d, J=7.5 Hz, 1H), 4.43
(d, J=8.3 Hz, 1H), 4.37-4.30 (m, 2H), 3.88-3.83 (m, 2H), 3.79-3.61 (m,
8H), 3.54-3.46 (m, 3H), 3.28 (t, J=6.8 Hz, 2H; CH,N;), 2.01 (s, 3H;
COCHs;), 1.60-1.55 (m, 4H; alkyl chain), 1.40-1.38 ppm (m, 4H; alkyl
chain); "C NMR (125 MHz, CDCLy): 6=174.1, 104.8, 102.6, 80.6, 77.2,
74.9,74.7,74.3, 72.9, 70.7, 70.6, 67.6, 62.7, 57.0, 52.5, 30.6, 30.0, 27.6, 26.7,
229 ppm; HRMS (ESI-TOF): m/z caled for C,H;N,NaO;,SNa:
633.1660 [M+Nal]*; found: 633.1669.

6-Azidohexyl (6-O-sulfonato--p-galactopyranosyl)-(1—4)-2-acetamido-2-
deoxy-3-D-glucopyranoside Sodium Salt (7)

White amorphous solid in 55% overall yield (3 steps from compound
33). (IPA/H,O/NH,OH=7/2/1 viv/v) R=0.70; [a]5=-13 (c=0.9,
MeOH); '"H NMR (500 MHz, CD;OD): 0=4.44 (d, J=8.4 Hz, 1H; H1),
4.40 (d, J=72Hz, 1H; HY'), 420 (dd, J=11.0, 7.7 Hz, 1H; Héa’') 4.16
(dd, J=11.0, 5.0 Hz, 1H; Heéb'), 3.93-3.86 (m, H4', Heéab, 4H; OCH,),
3.77-3.71 (m, 1H; H2), 3.64-3.60 (m, 2H; H3, H4), 3.57-3.53 (m, 2H;
H3', H2'), 3.50 (dt, J=9.7, 6.6 Hz, 1H; OCH,), 3.44-3.42 (m, 1H; H5),
3.28 (t, J=6.9Hz, 2H; CH,N;), 1.99 (s, 3H; NCOCHj;), 1.60-1.56 (m,
4H; alkyl chain), 1.40-1.36 ppm (m, 4H; alkyl chain); “CNMR
(125 MHz, CDCl,): 6=174.2 (C=0), 105.3 (CH), 102.6 (CH), 81.8 (CH),
76.4 (CH), 75.2 (CH), 74.9 (CH), 74.7 (CH), 72.5 (CH), 70.7 (CH,), 70.1
(CH), 68.1 (CH,), 62.1 (CH,), 56.7 (CH), 52.5 (CH,), 30.6 (CH,), 30.0
(CH,), 27.7 (CH,), 26.8 (CH,), 23.2 ppm (CH,); HRMS (ESI-TOF): m/z
caled for C,0H3sN,NaO,,SNa [M+Na]* 633.1660; found: 633.1679.

6-Azidohexyl (3-O-sulfonato--p-galactopyranosyl)-(1—4)-2-acetamido-2-
deoxy-f-p-glucopyranoside Sodium Salt (8)

White amorphous solid in 34% overall yield (4 steps from compound
33). R=020 (EtOAc/MeOH/H,0, 8:2:1 v/viv); [a]5=-36 (c=1.0,
MeOH); 'H NMR (500 MHz, CD,0D): 6=4.49 (d, J=7.8 Hz, 1 H; HI'),
4.39 (d, J=8.4Hz, 1H; H1), 4.24 (dd, J=9.7, 3.2 Hz, 1H; H3'), 422 (d,
J=3.1Hz, 1H; H4'), 3.92 (dd, J=12.1, 2.6 Hz, 1H; H6a), 3.91-3.85 (m,
2H; H6b, OCH,), 3.76 (dd, J=11.6, 7.6 Hz, 1H; Hé6a’), 3.73-3.67 (m,
3H; H2, H2, H6Y'), 3.65-3.59 (m, 3H; H3, HS, H4), 3.47 (dt, J=9.7,
6.6 Hz, 1H; OCH,), 3.40-3.38 (m, 1H; HYS), 3.28 (t, /=69 Hz, 2H;
CH,N3), 1.97 (s, 3H; NCOCH,), 1.60-1.53 (m, 4H), 1.42-1.38 ppm (m,
4H); "CNMR (125 MHz, CD;0D): 6=173.6 (C=0), 105.0 (CH), 103.0
(CH), 82.0 (CH), 81.4 (CH), 77.0 (CH), 76.7 (CH), 74.4 (CH), 71.1 (CH),
70.6 (CH,), 68.7 (CH), 62.6 (CH,), 62.1 (CH,), 56.8 (CH), 52.6 (CH,),
30.6 (CH,), 30.0 (CH,), 27.7 (CH,), 26.8 (CH,), 23.1 ppm (CH3); HRMS
(ESI-TOF): m/z calcd for C,H3sN,NaO,SNa: 633.1660 [M+Na]*; found:
633.1619.
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4-Methylphenyl 2,3,4,6-tetra-O-acetyl-1-thio-p-p-galactopyranoside (9)"*

To a solution of 1,2,3,4,6-penta-O-acetyl-3-p-galactopyranoside (50.0 g,
128 mmol) and para-toluenethiol (19.3 g, 154 mmol) in anhydrous CH,Cl,
(300 mL) at 0°C under a nitrogen atmosphere was added dropwise
BF;-OEt, (32.6 mL, 256 mmol). The reaction mixture was gradually
warmed to RT and stirred for 16 h. The color of the solution changed to
red when the reaction was complete. The reaction was quenched by the
portion-wise addition of a saturated aqueous solution of NaHCO; at 0°C
with vigorous stirring, washed with water and brine (three times each),
and dried over MgSO,. The filtrate was evaporated under reduced pres-
sure to give a dry residue, which was purified by recrystallization from
hot EtOH to give the desired product (9, 43.3 g, 86 % yield) as a white
solid. R;=0.50 (EtOAc/hexanes, 1:1 v/v); [a]5 =+0.6 (c=1.3, CHCL);
'"H NMR (500 MHz, CDCl;): 6=7.41 (d, J=8.1 Hz, 2H; ArH), 7.13 (d,
J=8.1Hz, 2H; ArH), 540 (d, /=33 Hz, 1H; H4), 521 (t, J=10.0 Hz,
1H; H2), 5.04 (dd, /=99, 3.4 Hz, 1H; H3), 4.65 (d, /J=10.0 Hz, 1H;
H1), 4.18 (dd, /=113, 6.9 Hz, 1H; Hé6a), 4.11 (dd, /=11.4, 6.4 Hz, 1H;
H6b), 391 (t, J=6.6 Hz, 1H; H5), 2.35 (s, 3H; PhCH;), 2.11 (s, 3H;
COCHs;), 2.10 (s, 3H; COCHs;), 2.04 (s, 3H; COCH;), 1.97 ppm (s, 3H;
COCH;); "CNMR (100 MHz, CDCL): 6=170.4, 170.2, 170.1, 169.4,
138.5, 133.2, 129.6, 128.6, 87.0, 74.4, 72.1, 67.3, 67.3, 61.6, 21.1, 20.8, 20.65,
20.60, 20.56 ppm; HRMS (ESI-TOF): m/z caled for C,H,O,SNa:
477.1190 [M+Na]*; found: 477.1199.

4-Methylphenyl 6-O-tert-butyldiphenylsilyl-1-thio-f-p-galactopyranoside
(10)*

For details of the reactions, see the Supporting Information, Scheme 1.

To a solution of thiogalactoside 9 (10.0 g, 22.0 mmol) in anhydrous
MeOH/CH,Cl, (1:1, 200 mL) was added a catalytic amount of NaOMe
(120 mg, 10 mol % yield). The reaction mixture was stirred at RT for 1 h
under a nitrogen atmosphere. Amberlite IR-120 [H*] resin was added to
quench the reaction and to adjust the pH value to 6. The resulting mix-
ture was filtered, concentrated, and co-evaporated with toluene three
times. The resulting white solid was dissolved in anhydrous DMF
(200 mL) and imidazole (3.00 g, 44.0 mmol) at 0°C, followed by the addi-
tion of TBDPSCI (6.9 mL, 26.4 mmol). The mixture was stirred at RT for
a further 2.5 h under a nitrogen atmosphere. The reaction was quenched
by the addition of MeOH (10 mL). After stirring at RT for 10 min, the
solvent was removed under reduced pressure to give a dry residue that
was purified by column chromatography (EtOAc/hexanes=2:1 v/v) to
give compound 10 as a white solid (10.6 g, 92 % yield). R;=0.50 (EtOAc/
hexanes, 2:1 v/v); [a]3=-14 (c=1.0, CHCl;); 'HNMR (400 MHz,
CDCLy): 6=17.72 (d, /J=6.8 Hz, 2H; ArH), 7.69 (d, /J=6.6 Hz, 2H; ArH),
7.45-7.37 (m, 8H; ArH), 7.06 (d, J=79Hz, 2H; ArH), 443 (d, /=
9.1 Hz, 1H; H1), 4.13-3.99 (m, 1H; H4), 3.96-3.94 (m, 2H; Hé6a,b), 3.64-
3.54 (m, 3H; H2, H3, HS), 2.81 (br, 1H; OH), 2.64 (d, J=5.5Hz, 1H;
OH), 2.47 (br, 1H; OH), 2.32 (s, 3H; PhCHj;), 1.07 ppm (s, 9H; rBu);
C NMR (CDCl;, 100 MHz): 6 =138.2, 135.7, 135.6, 133.0, 132.9, 132.7,
129.9, 129.8, 128.3, 127.8, 88.8, 78.1, 74.9, 69.9, 69.4, 63.8, 26.8, 21.1,
19.1 ppm; HRMS (ESI-TOF): m/z calcd for C,yHzOsSSiNa: 547.1945
[M+Na]t; found: 547.1930.

4-Methylphenyl 2,4-di-O-acetyl-6-O-tert-butyldiphenylsilyl-3-O-levulinoyl-
p-p-galactopyranoside (12)

To a solution of 2,3,4-triol 10 (5.0 g, 9.53 mmol) and a catalytic amount of
CSA (221 mg, 0.95 mmol) in MeCN (100 mL) at RT under a nitrogen at-
mosphere was added trimethyl orthoacetate (3.7 mL, 28.6 mmol). After
stirring for 30 min, Et;N was added to quench the reaction and the reac-
tion mixture was dried under reduced pressure. After dissolving in
CH,CIl, (100 mL), to the resulting solution (which contained the O3,04-
orthoformate product) were sequentially added Et;N (4.0 mL,
28.6 mmol), acetic anhydride (1.8 mL, 19.1 mmol), and DMAP (116 mg,
0.95 mmol). After stirring for 30 min, the solvent was removed under re-
duced pressure to give a dry residue and then poured into an 80% aque-
ous solution of AcOH (100 mL) with vigorous stirring for 30 min. The
solvent was removed by evaporation and the residue was extracted with
EtOAc. The collected organic layer was washed with an ice-cold saturat-
ed solution of aqueous NaHCO,, water, and brine, and dried over
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MgSO,. The filtrate was evaporated under reduced pressure. To a solution
that contained the resulting product (compound 11) in anhydrous CH,Cl,
(100 mL) and levulinic acid (1.66 g, 14.3 mmol) were added EDC (2.74 g,
14.3 mmol) and 4-dimethylaminopyridine (DMAP, 116 mg, 0.95 mmol) at
0°C under a nitrogen atmosphere. The ice bath was removed after the
addition had been completed and the mixture was stirred at RT for 1 h,
evaporated, redissolved in EtOAc, washed with a saturated aqueous solu-
tion of NaHCO;, water, and brine and dried over anhydrous MgSO,. The
filtrate was concentrated under reduced pressure to give a dry residue
that was purified by flash column chromatography (EtOAc/hexanes, 1:2
v/v) to afford compound 12 (5.25¢g, 78 % yield) as a white amorphous
foam. R;=0.45 (EtOAc/hexanes, 1:1 v/v); [a]5 =+1.6 (c=2.5, CHCL);
'"H NMR (500 MHz, CDCL;): §=7.63-7.60 (m, 4H; ArH), 7.59-7.35 (m,
8H; ArH), 7.06 (d, /=7.8 Hz, 2H; ArH), 5.51 (d, J=2.3 Hz, 1H; H4),
5.18 (t, J=9.9 Hz, 1H; H2), 5.06 (dd, J=9.9, 2.4 Hz, 1H; H3), 4.64 (d,
J=99Hz, 1H; H1), 3.78-3.77 (m, 2H; HS5, H6a), 3.68-3.63 (m, 1H;
Hé6b), 2.79-2.73 (m, 1H; Lev-CH,), 2.63-2.51 (m, 2H; Lev-CH,), 2.41-
2.37 (m, 1H; Lev-CH,), 2.31 (s, 3H; PhCHj;), 2.15 (s, 3H; COCH,), 2.12
(s, 3H; COCHj,), 1.99 (s, 3H; COCHj;), 1.02 ppm (s, 9H; Bu); C NMR
(125 MHz, CDCl;): 6=206.2, 171.6, 171.1, 170.1, 169.7, 138.1, 135.6,
132.9, 132.8, 132.7, 129.8, 129.7, 129.6, 129.1, 127.9, 127.8, 127.5, 87.2,
72.6, 67.4, 67.3, 61.5, 60.4, 51.8, 37.9, 37.6, 36.6, 29.8, 29.6, 27.8, 26.7, 24.7,
21.1, 21.0, 20.8, 20.6, 19.0, 14.7 ppm; HRMS (ESI-TOF): m/z calcd for
C3sH,60,SSiNa: 729.2524 [M+Nal¥; found: 729.2529.

2-Azido-4,6-O-benzylidene-2-deoxy-a3-p-glucopyranoside (13)"'"

For details of the reactions, see the Supporting Information, Scheme 2.

In situ preparation of TfN;: To a vigorously stirring solution of sodium
azide (NaNj, 98 g, 1.50 mol) in H,O/CH,Cl, (1:1, 300 mL) was dropwise
added trifluoromethanesulfonic anhydride (Tf,0, 50 mL, 0.30 mol) at
0°C over a period of 30 min. The resulting mixture turned into white
cloudy solution and was stirred at 0°C for a further 1.5 h. The organic
layer was washed with water and a saturated aqueous solution of Na,CO;
was added until the pH value of the aqueous layer was above 7. The re-
sulting solution of TfN; (in about 250 mL of CH,Cl,) was directly used in
the next step without further purification.

Cu"-catalyzed diazo transfer: The freshly prepared solution of TfNj; (in
CH,Cl,) was added to a solution of p-glucosamine hydrochloride (33 g,
0.15 mol), potassium carbonate (25 g, 0.18 mol), and a catalytic amount
of CuSO,-5H,0 (0.38 g, 1 mol % yield) in water (100 mL) at 0°C. Then,
the ice bath was removed and MeOH (400 mL) was added to make the
reaction homogeneous. After vigorous stirring at RT for 18 h, the mixture
was passed through a pad of Celite and the filtrate was concentrated
under reduced pressure to give a dry residue that was purified by column
chromatography on silica gel (acetone) to give the azide product.

4,6-Benzylidene protection: Benzaldehyde dimethyl acetal (46.1 mL, 0.31
mol) was added to a solution of the aforementioned azide product (33 g,
0.11 mol) and a catalytic amount of camphorsulfonic acid (CSA, 8.89 g,
38.3 mmol) in anhydrous MeCN (300 mL) at RT under a nitrogen atmos-
phere. After stirring at RT for 5 h, the reaction was quenched by the ad-
dition of Et;N, concentrated in vacuo, redissolved in EtOAc, sequentially
washed with a saturated aqueous solution of NaHCO;, water, and brine,
and dried over MgSO,. The filtrate was concentrated under reduced pres-
sure to give a dry residue that was purified by column chromatography
on silica gel (EtOAc/hexanes, 1:2). The desired fractions were concentrat-
ed in vacuo to afford a yellowish foam that was solidified from CHCl,/
Et,O/hexanes (1:5:20, v/v/v) to obtain compound 13 (28.7 g) as white
powder (as a mixture of a/B-anomers, 1:1.7) in 64 % yield (of the last two
steps). R;=0.39 (EtOAc/hexanes, 1:1 v/v); [a]5 =—87 (c=1.3, MeOH);
'"H NMR (500 MHz, CDCly): 6 =7.50-7.47 (m, 5.4H (a+f); ArH), 7.41-
7.37 (m, 7.1H (a+p); ArH), 5.549 (s, 1H (a); PhCH), 5.545 (s, 1.7H (B);
PhCH), 5.32 (t, J=3.1Hz, 1H (a); H1), 4.72 (dd, J=7.7, 46 Hz, 1.7H
(B); H1), 433 (dd, /=10.3, 5.1 Hz, 1.7H (B); H6a), 428 (dd, /=10.3,
5.0Hz, 1H (a); H6a), 4.24 (dd, /=9.5, 1.7Hz, 1H (a); H4), 4.10 (ddd,
J=15.0, 5.0, 5.0Hz, 1H (a); HS), 3.78 (t, J=10.3 Hz, 1.7H (f); H6b),
3.73 (t, J=103Hz, 1H (a); H6b), 3.70 (dd, /=9.4, 2.0Hz, 1.7H (B);
H4), 3.59 (t, J=9.4Hz, 1.7H (B); H3), 3.54 (t, J=9.5Hz, 1H (a); H3),
3.45 (ddd, J=145, 5.0, 49 Hz, 1.7H (f); HS), 3.39 (dd, /=9.5, 3.1 Hz,
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1.7H (a); H2), 3.37 (dd, J=9.5, 7.7Hz, 1.7H (B); H2), 3.03 (d, /=
2.6 Hz, 1H (a); OH), 2.78 (d, J=2.3 Hz, 1H (a); OH), 2.76 ppm (d, J=
2.3 Hz, 1.7H (B); OH); HRMS (ESI-TOF): m/z calcd for C;3H;sN;OsNa:
316.0904 [M+Na]*; found: 316.0915.

(2,4-Di-O-acetyl-6-O-tert-butyldiphenylsilyl-3-O-levulinoyl-f-p-
galactopyranosyl)-(1—3)-2-azido-4,6-O-benzylidene-2-deoxy-of3-p-
glucopyranoside (17)

A solution of thiogalactoside 12 (200 mg, 0.28 mmol) in anhydrous
CH,Cly/toluene (2:1, 9 mL) was mixed with 2,4,6-tri-tert-butylpyrimidine
(TTBP, 73.0mg, 0.29 mmol) and diphenylsulfoxide (Ph,SO, 62 mg,
0.31 mmol). The reaction mixture was stirred in the presence of 3 A mo-
lecular sieves (400 mg, freshly dried prior to use) at RT for 30 min under
a nitrogen atmosphere and subjected to the addition of Tf,0 (51 pL,
0.31 mmol) after cooling to —60°C. Upon consumption of the glycosyl
donor (by TLC, 10 min), a solution of glycosyl acceptor 13 (123 mg,
0.42 mmol) in anhydrous CH,Cl,/MeCN (2:1, 9 mL) was added to the re-
action mixture. After stirring at —60°C for a further 1 h, the reaction was
stopped with the addition of Et;N and filtered through a pad of Celite.
The filtrate was concentrated in vacuo to give a crude residue, which was
purified by flash column chromatography (EtOAc/hexanes, 1:2) to give
compound 17 (213 mg, 86 % yield) as an amorphous foam (H1-anomeric
isomers, Hla/H1pB 1:1.1). R;=0.37 (EtOAc/hexanes=1:1 v/v); [a]s =—18
(c=0.5, CHCl;); 'HNMR (500 MHz, CDCl;): 6=7.54 (d, J=7.3 Hz,
42H; ArH(a+p)), 7.50 (d, J=7.3 Hz, 42H; ArH(a+p)), 7.42-7.33 (m,
168H; ArH(a+f)), 7.18-7.13 (m, 2.1H; ArH(a+g)), 7.10-7.06 (m,
42H; ArH(a+p)), 5.55 (s, 2.1H; H4'(a+p)), 5.46 (s, 2.1 H; PhACH(a+p)),
5.31 (br, 1H; Hl(a)), 5.23 (t, J=8.6 Hz, 2.1H; H2'(a+p)), 5.06 (d, J=
10.6 Hz, 2.1H; H3'(a+p)), 4.77 (d, J=8.6 Hz, 1H; H1'(a)), 475 (d, /=
8.6 Hz, 1.1H; H1'(8)), 4.69 (t, /J=6.7 Hz, 1.1H; H1(f)), 4.27 (dd, J=10.0,
43 Hz, 1.1H; H6a(p)), 4.22 (dd, /=10.0, 3.8 Hz, 1H; Hé6a(a)), 4.15 (t,
J=10.0 Hz, 1H; H3(a)), 4.09-4.01 (m, 1H; H5(a)), 3.75-3.71 (m, 2.1H;
HS'(a+p)) 3.73 (t, J=Hz, 1.1H; Hé6b(p)), 3.68 (t, J=10.0Hz, 1H;
Ho6b(a)), 3.66-3.59 (m, 43H; H3(8), H4(B), Heab'(a+p)), 3.62 (t, J=
9.9 Hz, 1H; H4(a)), 3.51 (br, 1.1H; OH(f)), 3.38-3.31 (m, 3.2H; H5(p),
H2(), H2(a)), 2.99 (br, 1H; OH(a)), 2.80-2.75 (m, 2.1H; Lev-CH,
(a+p)) 2.65-2.52 (m, 4.2H; Lev-CH,(a+f)), 2.42-2.39 (m, 2.1H; Lev-
CH,(a+p)), 2.16 (s, 6.3H; COCH;(a+p)), 2.13 (s, 6.3H; COCH;(a+5)),
1.94 (s, 3H; COCHj;(a)), 1.93 (s, 3.3H; COCHj;(B)), 0.98 ppm (s, 18.9H;
Bu(a+p)); "CNMR (125 MHz, CDCly): 6=206.67, 206.63, 206.61,
172.0, 170.4, 170.23, 170,21, 170.14, 137.13, 137.06, 135.97, 135.95, 135.76,
133.03, 133.01, 132.8, 130.09, 130.02, 129.2, 128.3, 128.0, 125.91, 125.86,
101.76, 101.72, 101.3, 101.1, 97.1, 93.1, 80.4, 79.7, 79.3, 77.4, 71.25, 77.23,
73.2,73.1, 71.9, 71.8, 69.70, 69.66, 68.9, 68.5, 67.7, 66.91, 66.87, 66.7, 63.8,
62.9, 60.6, 60.5, 37.9, 29.9, 28.1, 26.9, 21.0, 20.8, 19.11, 19.08 ppm; HRMS
(ESI-TOF): m/z caled for C,Hs3N;0,,SiNa: 898.3189 [M+Na]*; found:
898.3194.

Acetyl (2,4,-Di-O-acetyl-6-O-tert-butyldiphenylsilyl-3-O-levulinoyl--p-
galactopyranosyl)-(1—3)-2-azido-4,6-O-benzylidene-2-deoxy-[3-p-
glucopyranoside (18)

The following glycosylation reaction was performed immediately after
the sequential preparation of compound 12 without purification.

A solution of crude thiogalactoside 12 (which was obtained from a 4-
step, consecutive procedure without purification; for details, see
Scheme 2; 500 mg, 0.95 mmol of compound 10 were used at the start of
the synthesis) in anhydrous CH,Cl,/toluene (2:1, 30 mL) was mixed with
2,4,6-tri-tert-butylpyrimidine (TTBP, 199 mg, 0.80 mmol) and diphenyl-
sulfoxide (Ph,SO, 170 mg, 0.84 mmol). The reaction mixture was stirred
in the presence of 3 A molecular sieves (freshly dried prior to use, 1.0 g)
at RT for 30 min under a nitrogen atmosphere and subjected to the addi-
tion of Tf,0 (139 uL, 0.84 mmol) after cooling to —60°C. Upon consump-
tion of the glycosyl donor (by TLC, 10 min), a solution of glycosyl accept-
or 13 (334 mg, 1.14 mmol) in anhydrous CH,Cl,/MeCN (2:1, 30 mL) was
added to the reaction mixture. After stirring at —60°C for a further 1 h,
the reaction was stopped by the addition of Et;N and filtered through
a pad of Celite. The filtrate was concentrated in vacuo to give a dry resi-
due that was redissolved in anhydrous CH,Cl, (3.0 mL), Et;N (0.64 mL,
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4.56 mmol) and Ac,0 (0.21 mL, 2.28 mmol) were added, and the solution
was stirred at 4°C under a nitrogen atmosphere. After stirring at 4°C for
18 h, the acetylation reaction was stopped by the addition of MeOH,
evaporated in vacuo, redissolved in EtOAc, washed with a saturated
aqueous solution of NaHCO; and brine, and dried over MgSO,. The fil-
trate was concentrated and purified by column chromatography on silica
gel (EtOAc/hexanes, 2:3) to give compound 18 (419 mg, 48% overall
yield in 6 steps from compound 10) as a white amorphous foam.

Preactivation method: A solution of thiogalactoside 12 (200 mg,
0.28 mmol) in anhydrous CH,Cl,/toluene (2:1, 9 mL) was mixed with
2,4,6-tri-tert-butylpyrimidine (TTBP, 73.0 mg, 0.29 mmol) and diphenyl-
sulfoxide (Ph,SO, 62 mg, 0.31 mmol). The reaction mixture was stirred in
the presence of 3 A molecular sieves (freshly dried prior to use, 400 mg)
at RT for 30 min under a nitrogen atmosphere and Tf,0 (51 uL,
0.31 mmol) was added after cooling the mixture to —60°C. Upon con-
sumption of the glycosyl donor (by TLC, 10 min), a solution of glycosyl
acceptor 19 (141 mg, 0.42 mmol) in anhydrous CH,Cl, (9 mL) was added
to the reaction mixture. After stirring at —60°C for a further 1 h, the re-
action was stopped by the addition of Et;N and filtered through a pad of
Celite. The filtrate was concentrated in vacuo to give a dry residue that
was purified by column chromatography on silica gel (EtOAc/hexanes,
2:3) to give compound 18 (145 mg, 56% yield) as a white amorphous
foam.

The NIS/TfOH method: A suspension of purified thiogalactoside 12
(379 mg, 0.54 mmol), acceptor 19 (120 mg, 0.36 mmol), and freshly dried
3 A molecular sieves (500 mg) in anhydrous CH,Cl, (3.6 mL) was stirred
at RT for 30 min and then cooled to 0°C under a nitrogen atmosphere.
NIS (161 mg, 0.72 mmol) and TfOH (3.2 pL, 36 umol) were added to the
reaction and the mixture was stirred at the same temperature for a further
0.5 h. The reaction was stopped by the addition of Et;N and filtered
through a pad of Celite. The filtrate was sequentially washed with a satu-
rated aqueous solution of NaHCO,, a saturated aqueous solution of
Na,S,0;, water, and brine, dried over MgSO,, and concentrated under re-
duced pressure. The residue was purified by column chromatography on
silica gel (EtOAc/hexanes, 2:3) to give compound 18 (230 mg, 70%
yield) as a pale-yellow amorphous foam. R;=0.30 (EtOAc/hexanes, 2:3 v/
v); [alp =-29 (¢=1.6, CHCl;); '"HNMR (500 MHz, CDCL): 6=7.53-
7.51 (m, 2H; ArH), 7.49-7.48 (m, 2H; ArH), 7.42-7.37 (m, 2H; ArH),
7.32 (t, J=7.4Hz, 6H; ArH), 7.14 (t, /=72 Hz, 1H; ArH), 7.04 (d, J=
7.2 Hz, 2H; ArH), 591 (d, J=8.8 Hz, 1H; H1), 5.53 (t, J=3.0 Hz, 1H;
H4'), 5.51 (s, 1H; PhCH), 5.15 (dd, /=10.0, 8.0 Hz, 1H; H2'), 5.05 (dd,
J=10.0, 3.0 Hz, 1H; H3'), 475 (d, /=8.0Hz, 1H; H1’), 426 (m, 2H;
Hé6ab), 3.79-3.77 (m, 1H; H5’), 3.75 (dd, /=10.0, 8.8 Hz, H2), 3.65 (dd,
J=10.0, 3.7 Hz, H3), 3.63 (t, /J=3.7 Hz, 1H; H4), 3.60-3.52 (m, 3H; HS,
Hé6ab'), 2.77-2.71 (m, 1H; Lev-CH,), 2.60-2.48 (m, 2H; Lev-CH,), 2.39—
2.33 (m, 1H; Lev-CH,), 2.11 (s, 3H; COCHs,), 2.08 (s, 3H; COCH,), 2.05
(s, 3H; COCHs;), 1.96 (s, 3H; COCHs;), 1.96 (s, 3H; COCH,), 0.97 ppm
(s, 9H; 1Bu); *C NMR (125 MHz, CDCl,): 6=206.4, 171.9, 170.3, 170.0,
169.9, 138.4, 136.9, 136.0, 135.8, 133.0, 132.8, 130.1, 130.0, 129.3, 128.3,
128.0, 125.9, 101.6, 101.2, 93.4, 79.5, 77.5, 71.2, 77.1, 73.3, 71.8, 69.8, 68.3,
67.3, 66.9, 652, 60.7, 37.9, 29.8, 28.1, 26.9, 21.1, 21.0, 20.8, 19.1 ppm;
HRMS (ESI-TOF): m/z caled for CuHssN3Oy5SiNa: 940.3295 [M+Nal*;
found: 940.3295.

Acetyl 2-Azido-4,6-O-benzylidene-2-deoxy-B-p-glucopyranoside (19)!""1%

Compound 19 was synthesized by the regio- and stereoselective acetyla-
tion of compound 13 according to a literature procedure.

6-Azidohexyl 4,6-O-benzylidene-2-deoxy-2-(2,2,2-
trichloroethoxycarbonylamino)-f3-p-glucopyranoside (20)

R;=0.25 (EtOAc/hexanes, 1:2 v/v); [a]5 =—30 (c=1.0, CHCL,); '"H NMR
(500 MHz, CDClLy): 6=7.48-7.45 (m, 2H; ArH), 7.38-7.33 (m, 3H;
ArH), 5.50 (s, 1H; PhCH), 5.32 (d, /J=8.0 Hz, 1H; NH), 4.744.69 (m,
2H; OCH,CCly), 4.57 (s, 1H; H1), 4.32-4.29 (m, 1H; Hé6a), 4.09 (s, 1H;
H3), 3.85-3.81 (m, 1H; OCH,), 3.77-3.72 (t, J=8.0 Hz, 1H; H6b), 3.52
(t, J=8.0 Hz, 1H; H4), 3.46-4.42 (m, 2H; OCH,, H5), 3.34-3.35 (m, 1H;
H2), 325 (t, J=7.0Hz, 2H; CH,N;), 3.16 (s, 1H; OH), 1.57 (m, 4H;
alkyl chain), 1.35ppm (m, 4H; alkyl chain); “CNMR (125 MHz,
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CDClLy): 0=154.7, 137.2, 129.6, 128.6, 126.6, 102.1, 101.2, 95.7, 81.7, 77.5,
70.9, 70.3, 68.8, 66.3, 59.1, 51.6, 29.6, 28.9, 26.6, 25.7 ppm; HRMS (ESI-
TOF): m/z caled for C,H,,Ci3N,O,Na: 589.0994 [M~+Na]t; found:
589.0958.

5-(Methoxycarbonyl)pentyl 2-trichloroacetamido-4,6-O-benzylidene-2-
deoxy-f-p-glucopyranoside (21)

For details of the reactions, see the Supporting Information, Scheme 4.

To a solution of p-glucosamine hydrochloride (10.0 g, 47.3 mmol) in an-
hydrous MeOH (100 mL) were sequentially added NaOMe (9 mL, 30 %
w/w in MeOH, 47.3 mmol), Et;N (7.8 mL, 56.8 mmol), and trichloroace-
tyl chloride (TCACI, 6.2 mL, 56.8 mmol) at 0°C. The reaction mixture
was warmed to RT and stirred for 12 h. The reaction mixture was filtered
through a pad of Celite and the filtrate was concentrated under reduced
pressure. The resulting yellowish residue was redissolved in anhydrous
CH,Cl, (100mL) and DMAP (30mg, 0.24 mmol), Et;N (13.6mL,
98.3 mmol), and Ac,0O (9.0 mL, 98.3 mmol) were added at 0°C. After stir-
ring for 3 h, the reaction was stopped by the addition of MeOH and sub-
jected to extraction with EtOAc. The collected organic layer was washed
with a saturated aqueous solution of NaHCO;, dried over MgSO,, fil-
tered, concentrated in vacuo, and purified by column chromatography on
silica gel (EtOAc/hexanes, 1:2) to afford the peracetylated product
(15.4 g, 66 % yield) as a white solid.

The peracetylated product (10.0 g, 20.3 mmol) was mixed with para-tol-
uenethiol (5.0 g, 40.3 mmol) in anhydrous CH,Cl, (100 mL) at 0°C under
a nitrogen atmosphere and subjected to the dropwise addition of
BF;:OEt, (6.40mL, 50.5 mmol). The reaction mixture was gradually
warmed to RT and stirred for a further 48 h. The reaction was stopped by
the portion-wise addition of a saturated aqueous solution of NaHCO; at
0°C with vigorous stirring. The organic layer was washed with water and
brine, dried with anhydrous MgSO,, filtered, and concentrated under re-
duced pressure to give a dry residue that was purified by recrystallization
from hot EtOH to give the desired thioglycoside (7.0 g, 62% yield) as
a white powder.

A suspension of the thioglycoside (1.0 g, 1.79 mmol), methyl 6-hydroxy-
hexanoate (395 mg, 370 uL, 2.70 mmol), and 3 A molecular sieves (1.5 g,
freshly dried prior to use) in anhydrous CH,Cl, (10 mL) was stirred at
RT for 30 min, cooled to 0°C under a nitrogen atmosphere, and sequen-
tially treated with NIS (800 mg, 3.58 mmol) and TfOH (16 pL, 89 umol).
The reaction mixture was stirred at 0°C for a further 30 min, quenched
by the addition of Et;N, and filtered through a pad of Celite. The filtrate
was sequentially washed with a saturated aqueous solution of NaHCO;,
a saturated aqueous solution of Na,S,0;, water, and brine, dried over
MgSO,, and concentrated under reduced pressure. The residue was puri-
fied by column chromatography on silica gel (EtOAc/hexanes, 1:2) to
give the linker-tethered product (1.10 g, quantitative yield) as a white
solid.

The product (200 mg, 0.35 mmol) was dissolved in anhydrous MeOH
(2mL) and treated with a catalytic amount of NaOMe (about 6 mg)
under a nitrogen atmosphere. After stirring for 1 h at RT, Amberlite IR-
120 [H] resin was added to neutralize the mixture. The resulting mixture
was filtered, concentrated in vacuo, and then dissolved in anhydrous
MeCN (2 mL) for the next step of the protection reaction. A catalytic
amount of CSA (40 mg, 0.17 mmol) and benzaldehyde dimethyl acetal
(0.1 mL, 0.69 mmol) were added at 0°C under a nitrogen atmosphere.
The mixture was warmed to RT and stirred for 5h. The reaction was
stopped by the addition of Et;N (about 0.5 mL), concentrated under re-
duced pressure, washed with water (3x5mL), and extracted with Et,O
to afford compound 21 (170 mg, 90 % yield) as a white powder. R;=0.25
(EtOAc/hexanes, 1:1 viv); [a]3=-31 (c=12, CHCL); 'HNMR
(400 MHz, CDCl;): 6=7.50-7.40 (m, 2H; ArH), 7.39-7.27 (m, 2H;
ArH), 7.03 (d, /=7.1Hz, 1H; NH), 555 (s, 1H; PhCH), 493 (d, /=
8.6 Hz, 1H; H1), 4.83 (t, J=10.2 Hz, 1H; H3), 4.39-4.34 (m, 1H; Hé6a),
3.87 (td, J=9.7, 6.2 Hz, 1H; alkyl chain), 3.79 (t, J=9.7 Hz, 1H; Héb),
3.67 (s, 3H; CO,CHs;), 3.58 (m, 4H; H2, H4, HS5, alkyl chain), 2.31 (d, /=
3.2 Hz, 1H; C3-OH), 2.30 (t, J=7.4 Hz, 2H; alkyl chain), 1.65-1.62 (m,
4H; alkyl chain), 1.41-1.28 ppm (m, 2H; alkyl chain); "“C NMR
(100 MHz, CDCL): 6=174.3, 162.4, 137.1, 129.56, 128.6, 126.5, 102.1,
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100.2, 92.7, 81.9, 70.3, 69.8, 68.8, 66.4, 59.9, 51.7, 34.1, 29.3, 25.7,
24.8 ppm; HRMS (ESI-TOF): m/z calcd for C,,H,sCI;NOgNa: 562.0787
[M+Na]*; found: 562.0773.

Acetyl 2-Azido-3,6-di-O-benzyl-2-deoxy-B-p-glucopyranoside (22)*"

For details of the reactions, see the Supporting Information, Scheme 2.

Triethylamine (28.6 mL, 205 mmol) was added to a solution of compound
13 (20.0 g, 68.2 mmol) and acetic anhydride (7.1 mL, 75.0 mmol) in anhy-
drous CH,CI, (500 mL) at 0°C under a nitrogen atmosphere. Then, the
mixture was gradually warmed to RT and stirred overnight. The reaction
was quenched by the addition of MeOH (20 mL), stirred for 10 min, con-
centrated under reduced pressure, redissolved in EtOAc, washed with
a saturated aqueous solution of NaHCO; and brine, and dried over
MgSO,. The filtrate was evaporated in vacuo to give a dry residue, which
was purified by column chromatography on silica gel (EtOAc/hexanes,
1:2) to afford the Ol-acetate (18.6 g, 82 % yield).

A mixture of the aforementioned Ol-acetate (10.0 g, 29.8 mmol) and
Ag,0 (13.8 g, 59.6 mmol) in anhydrous CH,Cl, (150 mL) was treated
with benzyl bromide (6.1 mL, 50.7 mmol) at 0°C under a nitrogen atmos-
phere. The reaction was gradually warmed to RT and stirred for a further
2 days. The resulting mixture was filtered through a pad of Celite. The fil-
trate was concentrated in vacuo to give a dry residue that was purified by
column chromatography on silica gel (EtOAc/hexanes, 1:3) to afford the
benzyl ether (11.2 g, 88 % yield) as a white solid.

To a solution of the benzyl ether (6.0 g, 14.1 mmol) and triethylsilane
(Et;SiH, 13.5 mL, 84.6 mmol) in anhydrous CH,Cl, (120 mL) at 0°C were
dropwise added trifluoroacetic anhydride (TFAA, 2.0 mL, 14.1 mmol)
and trifluoroacetic acid (TFA, 5.4 mL, 70.5 mmol). After stirring at 0°C
for 2 h, the reaction mixture was poured into a saturated aqueous solu-
tion of NaHCO; and extracted twice with EtOAc. The combined organic
layer was washed with brine and dried over MgSO,. The filtrate was con-
centrated under reduced pressure to give a dry residue that was purified
by column chromatography on silica gel (EtOAc/hexanes, 1:4) to give
compound 20 (5.18 g, 86 % yield) as a colorless oil. R;=0.45 (EtOAc/hex-
anes, 1:3 v/v); [a]y =-23 (¢=2.1, CHCly); 'H NMR (500 MHz, CDCl):
0=7.41-726 (m, 10H; ArH), 547 (d, /=8.5Hz, 1H; H1), 490 (d, /=
11.0Hz, 1H; PhCH), 4.82 (d, /J=11.0Hz, 1H; PhCH), 4.60 (d, J=
12.0 Hz, 1H; PhCH), 4.51 (d, J=12.0 Hz, 1H; PhCH), 3.78-3.73 (m,
2H), 3.68 (dd, J=4.4, 102 Hz, 1H), 3.55-3.49 (m, 2H), 3.38 (t, J=
9.0Hz, 1H), 2.64 (d, /J=2.6Hz, 1H; OH), 2.16 ppm (s, 3H; COCHy;);
BCNMR (125 MHz, CDCLy): 0=169.0, 137.8, 137.4, 128.6, 128.5, 128.2,
128.1, 128.0, 127.9, 92.9, 82.5, 75.3, 74.5, 73.8, 71.8, 69.5, 64.5, 21.0 ppm;
HRMS (ESI-TOF): m/z caled for C,,H,sN;O¢Na: 450.1636 [M+Na]®;
found: 450.1637.

5-(Methoxycarbonyl)pentyl 2-trichloroacetamido-3,6-di-O-benzyl-2-deoxy-
p-D-glucopyranoside (23)

For details of the reactions, see the Supporting Information, Scheme 4.

To a solution of compound 21 (1.0 g, 1.93 mmol) in anhydrous DMF
(20 mL) was added sodium hydride (60% NaH in mineral oil, 0.14 g,
5.79 mmol) at 0°C under a nitrogen atmosphere. The mixture was stirred
for 10 min at 0°C and then benzyl bromide (BnBr, 470 uL, 3.85 mmol)
and a catalytic amount of tetra-n-butylammonium iodide (TBAI, 70 mg,
0.19 mmol) were added at 0°C. The reaction was stirred for a further
30 min and quenched by the slow addition of water (50 mL). The mixture
was extracted with EtOAc (3x50 mL), washed with water and brine,
dried over anhydrous MgSO,, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica
gel (EtOAc/hexanes, 1:2) to afford the benzyl ether (850 mg, 73 % yield)
as a white solid.

The benzyl ether (120 mg, 0.19 mmol) was dissolved in anhydrous CH,Cl,
(1mL) and triethylsilane (0.18 mL, 1.14 mmol), TFAA (24.6 uL,
0.19 mmol), and TFA (70.7 uL, 0.95 mmol) were sequentially added at
0°C under a nitrogen atmosphere. The reaction mixture was stirred at
0°C for 5 h and then stopped by the addition of a saturated aqueous solu-
tion of NaHCO;. The organic layer was washed with water and brine,
dried over anhydrous MgSO,, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica
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gel (EtOAc/hexanes, 2:3) to give compound 23 (92 mg, 76 % yield) as
a white solid. R;=0.18 (EtOAc/hexanes, 1:2 v/v); [a]5 =-7.7 (c=1.7,
CHClL;); 'H NMR (500 MHz, CDCl;): §=7.37-7.27 (m, 10H; ArH), 6.96
(d, /=78 Hz, 1H; NH), 4.88 (d, /=83 Hz, 1H; H1), 478 (ABq, 2H;
PhCH,), 4.60 (ABq, 2H; PhCH,), 4.03 (dd, /=104, 8.3 Hz, 1H; H3),
3.87 (td, J=9.4, 6.2 Hz, 1H; OCH,), 3.77 (dd, /=9.9, 7.3 Hz, 1H; Hé6a),
3.76 (dd, J=9.9, 7.3 Hz, 1H; H6b), 3.71 (dd, /=838, 2.0 Hz, 1H; H4),
3.66 (s, 3H; CO,CHj;), 3.56-3.51 (m, 1H; H5), 3.27 (td, /=94, 6.2 Hz,
1H; alkyl chain), 3.45 (dd, /=9.8, 7.8 Hz, 1H; H2), 2.79 (d, J=2.6 Hz,
1H; OH), 2.29 (t, J=2.6 Hz, 2H; CH,CO,Me), 1.63-1.57 (m, 4H; alkyl
chain), 1.37-1.63 ppm (m, 2H; alkyl chain); *C NMR (125 MHz, CDCl;):
0=174.3, 162.0, 138.3, 137.8, 128.8, 128.7, 128.3, 128.8, 128.1, 128.0, 99.5,
92.8, 79.8, 74.9, 74.0, 73.9, 73.8, 70.8, 69.9, 58.7, 51.7, 34.1, 29.4, 25.7,
24.8 ppm; HRMS (ESI-TOF): m/z caled for C,H;Cl;NOgNa: 656.1375
[M+Na]t; found: 656.1409.

6-Azidohexyl (2,4-di-O-acetyl-6-O-tert-butylphenylsilyl-3-O-levulinoyl-f3-
D-galactopyranosyl)-(1—3)-4,6-O-benzylidene-2-deoxy2-(2,2,2-
trichloroethoxycarbonylamino)-3-p-glucopyranoside (24)

A suspension solution of thiogalactoside 12 (158 mg, 0.22 mmol), accept-
or 20 (98 mg, 0.17 mmol), and 3 A molecular sieves (550 mg, freshly
dried prior to use) in anhydrous CH,Cl, (6 mL) was stirred at RT for
30 min under a nitrogen atmosphere, cooled to 0°C, and treated with
NIS (100 mg, 0.45 mmol) and TfOH (1.5 pL, 17 pmol). The reaction mix-
ture was stirred at 0°C for 30 min, quenched by the addition of Et;N, and
filtered through a pad of Celite. The filtrate was sequentially washed
with a saturated aqueous solution of NaHCO;, a saturated aqueous solu-
tion of Na,S,0;, water, and brine, dried over MgSO,, and concentrated
under reduced pressure. The residue was purified by column chromatog-
raphy on silica gel (EtOAc/hexanes, 1:2) to give compound 24 (140 mg,
71% yield) as a pale-yellow amorphous foam. R;=0.30 (EtOAc/hexanes,
12 viv); [aZ =—14 (c=1.1, CHCL); '"H NMR (500 MHz, CDCl,): 6=
7.63-7.3 (m, 12H; ArH), 7.09 (d, /=7.0 Hz, 2H; ArH), 7.01 (m, 2H;
ArH), 549 (d, /=2.0Hz, 1H; H4), 541 (s, 1H; PhCH), 5.25 (s, 1H;
NH), 5.17 (t, /=10.0 Hz, 1H; H2'), 499 (dd, /J=10.0 Hz, 3.0 Hz, 1H;
H3), 4.80 (d, J=11.0Hz, 2H; H1l, OCH,CCl;), 4.68 (m, 2H;
H1',0CH,CCl;), 432 (m, 1H; H3), 4.28(dd, /=11.0Hz, 5.0Hz, 1H;
Hé6a), 3.83-3.80 (m, 1H; OCH,), 3.74-3.66 (m, 2H; H5', H6b), 3.60-3.50
(m, 3H; H4, Ho6a, H6b), 3.46-3.37 (m, 2H; H5, OCH,), 3.24 (t, J=
7.0 Hz, 2H,CH,N;), 3.19 (d, /=8.0 Hz, 1H; H2), 2.78-2.72 (m, 1H; Lev-
CH,), 2.60-2.48 (m, 2H; Lev-CH,), 2.38-2.32 (m, 1H; Lev-CH,), 2.12 (s,
3H; COCH,), 2.06 (s, 3H; COCH,), 1.88 (s, 3H; COCH,), 1.55-1.54 (m,
4H; alkyl chain), 1.36-1.33 (m, 4H; alkyl chain), 0.95 ppm (s, 9H; tBu);
BNMR (125 MHz, CDClL): 6=206.4, 171.8, 170.3, 169.9, 154.0, 137.2,
136.0, 135.8, 133.0, 132.7, 130.1, 130.0, 129.8, 129.1, 128.2, 128.0, 125.9,
101.4, 101.1, 100.4, 95.6, 80.1, 77.5, 73.0, 71.8, 70.3, 69.6, 68.7, 66.9, 66.3,
60.5, 58.6, 51.5, 37.8, 29.8, 29.5, 28.9, 28.0, 26.9, 26.6, 25.7, 21.0, 20.8,
19.0 ppm; HRMS (ESI-TOF): m/z caled for CsHgCi3N,O,6SiNa:
1171.3285 [M+Na]™*; found: 1171.3279.

5-(Methoxycarbonyl)pentyl (2,4-di-O-acetyl-6-O-tert-butylphenylsilyl-3-O-
levulinoyl-B-p-galactopyranosyl)-(1—3)-2-trichloroacetamido-4,6-O-
benzylidene-2-deoxy-f-D-glucopyranoside (25)

A suspension of thiogalactoside 12 (170 mg, 0.24 mmol), acceptor 21
(100 mg, 0.19 mmol), and 3 A molecular sieves (300 mg, freshly dried
prior to use) in anhydrous CH,Cl, (2 mL) was stirred at RT for 30 min
under a nitrogen atmosphere, cooled to 0°C, and sequentially treated
with NIS (108 mg, 0.48 mmol) and TfOH (1.7 puL, 19 pmol). The reaction
mixture was stirred at 0°C for 30 min, quenched by the addition of Et;N,
and filtered through a pad of Celite. The filtrate was sequentially washed
with a saturated aqueous solution of NaHCO;, a saturated aqueous solu-
tion of Na,S,0;, water, and brine, dried over MgSO,, and concentrated
under reduced pressure. The residue was purified by column chromatog-
raphy on silica gel (EtOAc/hexanes, 1:2) to give compound 25 (142 mg,
77% yield) as a yellowish amorphous foam. R;=0.28 (EtOAc/hexanes,
1:1 viv); [a]5 =—20 (c=1.3, CHCL;); '"HNMR (400 MHz, CDCl,,): 6=
7.56-7.53 (m, 4H; ArH), 7.53-7.34 (m, 8H; ArH), 7.19 (t,J=7.4 Hz, 1H;
ArH), 7.07 (t, J=7.64 Hz, 2H; ArH), 7.02 (d, J=7.4 Hz, 1H; NH), 5.51
(d, J=3.24Hz, 1H; H4'), 5.44 (s, 1H; PhCH), 5.16 (dd, /=10.4, 7.9 Hz,
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1H; H2'), 497 (d, J=8.5Hz, 1H; H1), 494 (dd, /=104, 3.2 Hz, 1H;
H3'), 4.68 (d, J=8.0 Hz, 4H; H1), 453 (t, J=9.4 Hz, 1H; H3), 4.30 (dd,
J=10.5, 49 Hz, 1H; Hé6a), 3.86 (dt, J=9.6, 6.2 Hz, 1 H; alkyl chain), 3.74
(t, /=103 Hz, 1H; H6b), 3.66 (s, 3H; CO,CH;), 3.65-3.63 (m, 2H;
Hé6'ab), 3,60 (t, J=9.5Hz, 2H; H4, H5'), 3.48 (dt, J=9.7, 6.2 Hz, 2H,;
H5, alkyl chain), 3.39 (dt, /=9.8, 9.7 Hz, 1H; H2), 2.78-2.73 (m, 1H;
Lev-CH,), 2.64-2.49 (m, 2H; Lev-CH,), 2.41-2.34 (m, 1H; Lev-CH,),
2.29 (t, J=7.6 Hz, 2H; CH,CO,Me), 2.18 (s, 3H; COCH,;), 2.04 (s, 3H;
COCH;), 1.92 (s, 3H; COCHj;), 1.66-1.52 (m, 4H; alkyl chain), 1.43-
1.1.30 (m, 2H; alkyl chain), 0.99 ppm (s, 9H; fBu); “C NMR (100 MHz,
CDCly): 6=207.2, 206.4, 174.35, 171.9, 170.3, 169.9, 162.1, 137.1, 135.9,
135.8, 132.9, 132.7, 130.1, 129.2, 128.2, 128.0, 127.9, 126.1, 101.1, 100.3,
99.5, 92.6, 79.6, 76.0, 73.0, 71.9, 70.4, 69.4, 68.7, 66.9, 66.4, 60.6, 59.6, 51.7,
37.8, 34.0, 31.1, 29.9, 29.2, 28.0, 26.9, 25.7, 24.8, 21.1, 20.8, 19.1 ppm;
HRMS (ESI-TOF): m/z caled for CsHgCLNO),SiNa: 1146.3045
[M+Na]*; found: 1146.3024.

Acetyl (2,4-Di-O-acetyl-6-O-tert-butyldiphenylsilyl-3-O-levulinoyl-f3-p-
galactopyranosyl)-(1—4)-2-azido-3,6-di-O-benzyl-2-deoxy-[3-D-
glucopyranoside (26)

The following glycosylation reaction was performed immediately after
the sequential preparation of compound 12 without purification.

A solution of crude thiogalactoside 12 (which was obtained from a 4-
step, consecutive procedure without purification; for details, see
Scheme 2; 500 mg, 0.95 mmol of compound 10 were used at the start of
the synthesis), acceptor 22 (487 mg, 1.14 mmol), and freshly activated
3 A molecular sieves (2.0 g) in CH,Cl, (10 mL) was stirred at RT for
30 min and then cooled to —45°C under a nitrogen atmosphere. NIS
(426 mg, 1.90 mmol) and TfOH (8.9 uL, 0.10 mmol) were sequentially
added to the reaction and the resulting mixture was stirred at —45°C for
a further 1 h. The reaction was quenched by the addition of Et;N, diluted
with EtOAc, and filtered through a pad of Celite. The filtrate was
washed with a saturated aqueous solution of Na,S,0;, a saturated aque-
ous solution of NaHCO;, water, and brine, dried over anhydrous MgSO,,
filtered, and concentrated under reduced pressure. The resulting residue
was purified by column chromatography on silica gel (EtOAc/hexanes,
2:3) to give compound 24 (520 mg, 54 % overall yield for 5 steps starting
from compound 10) as a pale-yellow amorphous foam.

Preactivation method: A solution of purified thiogalactoside 12 (200 mg,
0.28 mmol), TTBP (73.0 mg, 0.29 mmol), and Ph,SO (62 mg, 0.31 mmol)
in anhydrous CH,Cl,/toluene (2:1, 6 mL) was stirred in the presence of
3 A molecular sieves (400 mg, freshly dried prior to use) at RT for
30 min, cooled to —60°C under a nitrogen atmosphere, and treated with
T£,0 (51 pL, 0.31 mmol). Upon consumption of the glycosyl donor (by
TLC), a solution of glycosyl acceptor 22 (180 mg, 0.42 mmol) in anhy-
drous CH,Cl, (6 mL) was added to the reaction and the resulting mixture
was stirred at —60°C for a further 1 h. The reaction was stopped by the
addition of Et;N and filtered through a pad of Celite. The filtrate was
concentrated in vacuo and purified by column chromatography on silica
gel (EtOAc/hexanes, 2:3) to afford compound 26 (234 mg, 80 % yield) as
a white amorphous foam.

The NIS/TfOH method: A suspension of purified thiogalactoside 12
(744 mg, 1.05 mmol), acceptor 22 (300 mg, 0.70 mmol), and freshly dried
3 A molecular sieves (2.0 g) in anhydrous CH,Cl, (7 mL) was stirred at
RT for 30 min and then cooled to —45°C under a nitrogen atmosphere.
NIS (471 mg, 2.10 mmol) and TfOH (9.8 uL, 0.11 mmol) were added to
the reaction and the mixture was stirred at the same temperature for
a further 1 h. The reaction was stopped by the addition of Et;N and fil-
tered through a pad of Celite. The filtrate was sequentially washed with
a saturated aqueous solution of NaHCO;, a saturated aqueous solution
of Na,S,0;, water, and brine, dried over MgSO,, and concentrated under
reduced pressure. The residue was purified by column chromatography
on silica gel (EtOAc/hexanes, 2:3) to give compound 26 (596 mg, 84 %
yield) as a pale-yellow amorphous foam. R;=0.30 (EtOAc/hexanes, 2:3 v/
v); [a]3=—44 (¢c=1.1, CHClL); 'HNMR (500 MHz, CDCl;): 6="7.56—
7.53 (m, 4H; ArH), 7.48-7.42 (m, 2H; ArH), 7.40-7.30 (m, 11H; ArH),
7.11-7.08 (m, 1H; ArH), 7.03-7.00 (m, 2H; ArH), 5.50 (d, /=3.3 Hz,
1H; H4), 534 (d, /J=85Hz, 1H; H1), 5.06 (dd, /=81, 10.5Hz, 1H;
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H2'), 493 (d, /=10.1 Hz, 1H; PhCH,), 4.82 (dd, /=3.5, 10.5 Hz, 1H;
H3'), 476 (d, J=12.0 Hz, 1H; PhCH,), 4.59 (d, J=10.0 Hz, 1H; PhCH,),
4.43 (d, J=8.0Hz, 1H; H1'), 438 (d, J=12.0 Hz, 1H; PhCH,), 4.02 (t,
J=9.5Hz, 1H; H5), 3.75 (dd, J=2.6, 11.2 Hz, 1H; Hé6a"), 3.69 (dd, J=
1.3, 11.0 Hz, 1H; H6b'), 3.59 (dd, J=5.3, 9.6 Hz, 1H; H3), 3.48-3.44 (m,
2H; H2, Hé6a), 3.41-3.36 (m, 3H; H4, HS', H6b), 2.84-2.78 (m, 1H; Lev-
CH,), 2.66-2.59 (m, 1H; Lev-CH,), 2.57-2.51 (m, 1H; Lev-CH,), 2.42—-
2.36 (m, 1H; Lev-CH,), 2.18 (s, 3H; COCHs;), 2.15 (s, 3H; COCH;), 2.02
(s, 3H; COCHj), 1.98 (s, 3H; COCHj;), 1.02 ppm (s, 9H; Bu); *C NMR
(125 MHz, CDCly): 6=206.2, 171.5, 170.0, 169.4, 169.1, 137.7, 1374,
135.7, 135.5, 132.8, 129.9, 126.7, 128.4, 128.3, 128.2, 127.9, 127.8, 127.6,
99.8, 92.7, 81.1, 75.6, 75.5, 75.0, 73.7, 73.0, 71.5, 69.5, 67.0, 66.8, 64.2, 60.2,
37.7, 29.6, 27.8, 26.7, 21.0, 20.8, 20.6, 19.0 ppm; HRMS (ESI-TOF): m/z
caled for Cs3HgN;0,5SiNa: 1032.3921 [M+Na]*; found: 1032.3969.

5-(Methoxycarbonyl)pentyl (2,4-di-O-acetyl-6-O-tert-butylphenylsilyl-3-O-
levulinoyl-f3-p-galactopyranosyl)-(1—4)-2-trichloroacetamido-3,6-O-
benzyl-2-deoxy-f-p-glucopyranoside (27)

A suspension of thiogalactoside 12 (170 mg, 0.24 mmol), acceptor 23
(75.0 mg, 0.12mmol), and 3 A molecular sieves (300 mg, freshly dried
prior to use) in anhydrous CH,Cl, (2 mL) was stirred at RT for 30 min
under a nitrogen atmosphere, cooled to 0°C, and sequentially treated
with NIS (69.0 mg, 0.31 mmol) and TfOH (1.6 pL, 19 pmol). The reaction
was stirred at 0°C for 30 min, stopped by the addition of Et;N, and fil-
tered through a pad of Celite. The filtrate was sequentially washed with
a saturated aqueous solution of NaHCO;, a saturated aqueous solution
of Na,S,0;, water, and brine, dried over MgSO,, and concentrated under
reduced pressure. The residue was purified by column chromatography
on silica gel (EtOAc/hexanes, 1:2) to give compound 27 (90 mg, 76 %
yield) as a yellowish amorphous foam. R;=0.45 (EtOAc/hexanes, 1:1 v/
v); [a]5 =—12 (c¢=1.1, CHCL;); 'H NMR (400 MHz, CDCL,,): 6="7.57-
7.54 (m, 4H; ArH), 7.48-7.27 (m, 11H; ArH), 7.27-7.20 (m, 2H; ArH),
7.17-7.08 (m, 1H; ArH), 7.03 (d, J=7.5 Hz, 1H; NH), 7.02-6.98 (m, 2H;
ArH), 5.52 (d, J=3.45Hz, 1H; H4'), 5.09 (dd, /=104, 7.9 Hz, 1H; H2'),
491 (dd, J=10.43, 3.45 Hz, 1H; H3'), 4.86 (d, J=7.53 Hz, 1H; H1), 4.83
(d, =103 Hz, 1H; PhCH,), 4.93 (d, J=12.1 Hz, 1H; PhCH,), 4.50 (d,
J=79Hz, 1H; HYl'), 448 (d, J=9.5Hz, 1H; PhCH,), 447 (d, J=
12.7Hz, 1H; PhCH,), 4.30 (t, /=84 Hz, 1H; H3), 3.95 (t, /=8.0 Hz,
1H; H4), 3.74 (dt, J=9.7, 6.1 Hz, 1H; alkyl chain), 3.77-3.75 (m, 2H;
Hé6ab), 3.66 (s, 3H; CO,CH;), 3,60 (dd, /=7.6, 3.5 Hz, 1H; H6'a), 3.52—
3.47 (m, SH; H2, H5, H5, H6'b, alkyl chain), 2.80-2.78 (m, 1H; Lev-
CH,), 2.67-2.52 (m, 2H; Lev-CH,), 2.43-2.41 (m, 1H; Lev-CH,), 2.30 (t,
J=17.5Hz, 1H; CH,CO,Me), 2.19 (s, 3H; COCHs), 2.06 (s, 3H; COCHj,),
1.98 (s, 3H; COCHj;), 1.56-1.53 (m, 4H; alkyl chain), 1.41-1.31 (m, 2H;
alkyl chain), 1.02 ppm (s, 9H; Bu); "CNMR (100 MHz, CDClL,): 6=
174.3, 171.8, 170.19, 169.7, 161.8, 138.1, 138.0, 135.9, 135.7, 133.0, 130.1,
128.8, 128.3, 128.2, 128.0, 127.8, 100.4, 99.4, 92.7, 76.4, 75.3, 74.8, 73.8,
73.2,71.6, 69.8, 69.7, 68.2, 67.0, 60.5, 57.7, 51.7, 37.9, 34.1, 29.9, 29.3, 28.0,
27.0, 25.8, 24.8, 21.0, 20.9, 19.2 ppm; HRMS (ESI-TOF): m/z calcd for
CeH,C;NO;SiNa: 1238.3674 [M+Na]*; found: 1238.3715.

(2,4-Di-O-acetyl-6-O-tert-butyldiphenylsilyl-3-O-levulinoyl-f-p-
galactopyranosyl)-(1—4)-2-trichloroacetamido-3,6-di-O-benzyl-2-deoxy-
af3-p-glucopyranosyl N-phenyltirfluoroacetimidate (29)

A solution of compound 26 (300 mg, 0.30 mmol) in anhydrous CH,Cl,/
MeOH (1:1, 3mL) was treated with a fresh 1.0m solution of PEt,
(0.36 mL, 0.36 mmol in THF) at 0°C under a nitrogen atmosphere. After
the addition had been completed, the ice bath was removed and the mix-
ture was gradually warmed to RT, accompanied by the release of gas.
The reaction was stirred at RT for a further 1 h and then concentrated in
vacuo. The residue was kept under high vacuum for at least 2h to
remove most of the phosphine and redissolved in anhydrous CH,Cl,
(3mL) at 0°C under a nitrogen atmosphere. To the resulting solution
were sequentially added trichloroacetic chloride (0.15 mL, 1.35 mmol)
and Et;N (0.25mL, 1.80 mmol). The mixture was stirred at 0°C for
15 min and then poured into ice water for extraction. The combined or-
ganic layers were washed with a saturated aqueous solution of NaHCO,
and brine, dried over MgSO,, filtered, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (EtOAc/
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hexanes, 3:2) to give the trichloroacetamide-protected product 28
(171 mg, 53 % overall yield in 3 steps) as a white amorphous foam.

A solution of compound 28 (150 mg, 0.14 mmol) in anhydrous CH,Cl,
(3 mL) was treated with Cs,CO; (91 mg, 0.28 mmol) and 2,2,2-trifluoro-
N-phenylacetimidoyl chloride (87 mg, 0.42 mmol) at 0°C under a nitrogen
atmosphere, gradually warmed to RT, and stirred for 16 h. The resulting
mixture was filtered through a pad of Celite. The filtrate was concentrat-
ed invacuo and purified by column chromatography on silica gel
(EtOAc/hexanes, 1:2) to afford compound 29 (110 mg, 63% yield) as
a white amorphous foam (a,f-mixture, a/f 1.8:1). R;=0.65 (EtOAc/hex-
anes, 1:1 v/v); [a]5 =426 (c=1.2, CHCL); 'HNMR (500 MHz, CDCl,):
0=7.56-7.52 (m, 11.2H; ArH(a+p)), 7.46-7.30 (m, 30.8H; ArH(a+p)),
7.28-7.25 (m, 5.6H; ArH(a+p)), 7.22-7.08 (m, 16.8H; ArH+NH(a+p)),
6.76 (d, J=7.7Hz, 3.6H; ArH(a)), 6.50 (d, J=7.6 Hz, 2H; ArH(p)), 6.45
(br, 1.8H; Hl(a)), 627 (d, J=7.4Hz, 1H; H1(8)), 5.52 (d, J=3.4 Hz,
1H; H4'(8)), 5.52 (d, J=3.5 Hz, 1.8H; H4’ (a)), 5.10 (dd, J=10.4, 8.3 Hz,
1.8H; H2'(a)), 5.07 (dd, J=10.4, 7.8 Hz, 1H; H3'(6)), 491 (dd, /=104,
3.5Hz, 1H; H3(B)), 4.87 (dd, /=104, 3.5 Hz, 1.8H; H3'(a)), 4.89 (ABq,
J=10.9 Hz, 1.8H; PhCH,(w)), 4.75 (ABq, J=12.0 Hz, 1.8H; PhCH,(«)),
4.66 (ABq, J=12.4Hz, 1H; PhCH,(f)), 4.56 (ABq, /J=10.9 Hz, 1.8H;
PhCH,(a)), 4.56 (ABq, J=10.8 Hz, 1H; PhCH,(B)), 449 (ABq, J=
12.4 Hz, 1 H; PhCH,(B)), 449 (ABq, J=10.8 Hz, 1 H; PhCH,(B)), 4.47 (d,
J=8.5Hz, 1.8H; H-1(a)), 445 (ABq, J=12.0 Hz, 1.8 H; PhCH,(a)), 4.38
(d, J=8.0 Hz, 1H , H-1(8)), 437 (td, J/=7.4, 1.0 Hz, 1H; H2(B)), 4.19 (t,
J=23Hz, 1H; H6a(B)), 4.15-4.11 (m, 1.8H; H2()), 4.12 (t, J=7.2 Hz,
1H; H4(p)), 4.10 (t, J=9.3 Hz, 1.8H; H4(a)), 3.98-3.94 (m, 1H; H5(B)),
3.79-3.71 (m, 5.6H (a+p)), 3.67-3.41 (m, 92H (a+p)), 2.86-2.75 (m,
2.8H (a+p); Lev-CH,), 2.66-2.50 (m, 5.6H; Lev-CH,), 2.42-2.36 (m,
2.8H; Lev-CH,), 2.17 (s, 5.6 H; COCH;(a+f)), 2.16 (s, 3H; COCH;(B)),
2.06 (s, 5.6H; COCHjs(a)), 2.02 (s, 3H; COCH;(f)), 1.97 (s, 5.6H;
COCHj;(a)), 1.93 (s, 3H; COCH;(f)), 1.01 ppm (s, 25.2H; tBu(a+p));
BCNMR (125 MHz, CDCly): §=206.44, 206.41, 171.84, 171.79, 170.3,
170.2, 169.7, 169.2, 162.9, 162.0, 143.2, 137.98, 137.92, 137.8, 137.6, 135.86,
135.82, 135.76, 135.70, 133.03, 133.0, 132.8, 130.2, 130.13, 130.1, 130.08,
128.99, 128.96, 128.8, 128.62, 128.61, 128.5, 128.49, 128.3, 128.2, 128.17,
128.05, 128.00, 127.98, 127.5, 119.6, 104.3, 102.3, 100.4, 92.3, 86.5, 77.6,
76.2, 75.7, 74.9, 74.0, 73.73, 73.71, 73.3, 73.2, 72.1, 71.7, 71.6, 71.1, 69.7,
69.1, 68.8, 67.1, 67.05, 66.9, 66.3, 60.8, 60.6, 54.0, 37.9, 37.89, 29.88, 29.86,
28.07, 28.02, 27.0, 26.9, 21.1, 20.9, 20.84, 20.81, 19.23, 19.19 ppm; HRMS
(ESI-TOF): m/z calcd for CqHgsCLF;N,0,5Si: 1255.3166 [M—H]*; found:
1255.3258.

5-(Methoxycarbonyl)pentyl (2,4-di-O-acetyl-6-O-tert-butyldiphenylsilyl-[3-
D-galactopyranosyl)-(1—4)-2-trichloroacetamido-3,6-di-O-benzyl-2-deoxy-
B-D-glucopyranoside (30)

A suspension of glycosyl donor 29 (150 mg, 0.12 mmol), methyl 6-hydrox-
yhexanoate (26 mg, 0.18 mmol), and 3 A molecular sieves (350 mg, fresh-
ly dried prior to use) in anhydrous CH,Cl, (2 mL) was stirred at RT for
30 min, cooled to 0°C under a nitrogen atmosphere, and treated with
a catalytic amount of TMSOTf (6.5 pL, 36.0 umol). The reaction was
stirred at 0°C for 1h, quenched by the addition of Et;N, and filtered
through a pad of Celite. The filtrate was washed with a saturated aqueous
solution of NaHCO; and brine and dried over anhydrous MgSO,. The fil-
trate was evaporated in vacuo, redissolved in anhydrous THF/MeOH
(9:1, 2 mL), and treated with hydrazine monoacetate (22 mg, 0.24 mmol)
at 0°C under a nitrogen atmosphere. Then, the ice bath was removed
and the mixture was stirred at RT for a further 2 h. The solution was ex-
tracted with EtOAc and the combined organic layer was washed with
a saturated aqueous solution of NaHCO;, water, and brine, dried over
MgSO,, filtered, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (EtOAc/hexanes, 1:1) to give com-
pound 30 (95.9 mg, 72% in two steps) as a white amorphous foam. R;=
0.28 (EtOAc/hexanes, 1:1 v/v); [a]5 =20 (c=1.1, CHCL); 'HNMR
(500 MHz, CDCL): 6=7.57-7.56 (m, 4H; ArH), 7.47-742 (m, 2H;
ArH), 7.39-7.36 (m, 4H; ArH), 7.34-7.29 (m, 5H; ArH), 7.22-7.20 (m,
2H; ArH), 7.09-7.06 (m, 1H; ArH), 7.03 (d, J=7.2 Hz, 1H; NH), 7.03—
6.99 (m, 2H; ArH), 547 (d, /=33 Hz, 1H; H4'), 487 (dd, J=10.1,
7.8 Hz, 1H; H2'), 4.85 (d, J=7.50 Hz, 1H; H1), 4.81 (ABq, /=10.4 Hz,
1H; PhCH,), 471 (ABq, J=119Hz, 1H; PhCH,), 448 (ABq, J=
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10.4 Hz, 1H; PhCH,), 4.47 (d, J=7.8Hz, 1H; HYl'), 447 (ABq, J=
11.9 Hz, 1H; PhCH,), 3.99 (t, J=83 Hz, 1H; H3), 3.95 (t, J=7.8 Hz,
1H; H4), 3.84 (dt, /=9.9, 6.2 Hz, 1H; OCH,), 3.81-3.76 (m, 2H; Hé6a,b"),
3.68 (dt, J=10.1, 4.2 Hz, 1H; H3'), 3.65 (s, 3H; COOCHs), 3.61 (dd, J=
9.6, 5.5 Hz, 1H; H6a), 3.55-3.42 (m, 5H; H5, H6b, OCH,, H2, HY'),
2.41-2.39 (br, 1H; OH), 2.27 (t, J=17.5 Hz, 2H; CH,COOCHj;), 2.08 (s,
3H; COCH;), 2.01 (s, 3H; COCHj;), 1.64-1.53 (m, 6H; alkyl chain),
1.38-1.32 (m, 2H; alkyl chain), 1.03ppm (s, 9H; /Bu); “CNMR
(125 MHz, CDCly): 6=174.3, 171.5, 170.8, 161.9, 138.2, 135.9, 135.7,
133.1, 133.0, 130.12, 130.08, 128.7, 128.3, 128.2, 128.0, 127.8, 100.3, 99.5,
92.7,76.5, 75.4, 74.6, 73.8, 73.5, 73.4, 72.0, 69.8, 69.7, 68.4, 60.8, 57.5, 51.7,
34.1, 29.3, 27.0, 25.8, 24.9, 21.2, 21.0, 19.3 ppm; HRMS (ESI-TOF): m/z
caled for CssHggCI;NO5SiNa: 1138.3316 [M+Na]*; found: 1138.3366.

5-(Methoxycarbonyl)pentyl (2,4-di-O-acetyl-6-O-tert-butyldiphenylsilyl-3-
O-levulinoyl-3-p-galactopyranosyl)-(1—4)-(2-trichloroacetamido-3,6-di-
O-benzyl-2-deoxy--p-glucopyranosyl)-(1—3)-(2,4-di-O-acetyl-6-O-tert-
butyldiphenylsilyl-f-p-galactopyranosyl)-(1—4)-2-trichloroacetamido-3,6-
di-O-benzyl-2-deoxy-f-p-glucopyranoside (31)

A suspension of glycosyl donor 29 (100 mg, 79.5 pmol), glycosyl acceptor
27 (59 mg, 53.0 umol), and 3 A molecular sieves (320 mg, freshly dried
prior to use) in anhydrous CH,Cl, (1 mL) was stirred at RT for 30 min
under a nitrogen atmosphere, cooled to 0°C, and a catalytic amount of
TMSOTT (2.9 pL, 15.9 umol) was added. The reaction was stirred at 0°C
for a further 1 h, quenched by the addition of Et;N, and filtered through
a pad of Celite. The filtrate was concentrated under reduced pressure
and purified by column chromatography on silica gel (EtOAc/hexanes,
1:2) to give compound 31 (64.3 mg, 62% yield) as a white amorphous
foam. R;=0.42 (EtOAc/hexanes, 1:1 v/v); [a]5 =—4.4 (c=0.7, CHCL);
'"HNMR (500 MHz, CDCl,): 6=7.59 (d, J=7.6 Hz, 4H; ArH), 7.55-7.52
(m, 4H; ArH), 7.46-7.27 (m, 22H; ArH), 7.21 (d, /=89 Hz, 2H; ArH),
7.16 (d, /=7.1Hz, 2H; ArH), 7.09-7.01 (m, SH; ArH, NH), 6.98-6.95
(m, 3H; ArH, NH), 5.514 (d, J=3.6 Hz, 1H; H4"), 5.508 (d, /=3.6 Hz,
1H; H4'), 5.06 (dd, J=10.4, 7.7 Hz, 1H; H2""), 5.06 (dd, /=104, 8.3 Hz,
1H; H2' overlapped with H2"” and H1"), 5.03 (d, /=83 Hz, 1H; H1"),
495 (dd, J=104, 3.6Hz, 1H; H3"), 480 (ABq, /=104 Hz, 1H;
PhCH,), 4.76 (d, J=72Hz, 1H; H1), 472 (ABq, /=109 Hz, 1H;
PhCH,), 470 (ABq, J=11.7Hz, 1H; PhCH,), 4.65 (ABq, J=11.7 Hz,
1H; PhCH,), 4.54 (d, J=7.7 Hz, 1H; H1""), 4.52 (ABq, J=10.9 Hz, 1H;
PhCH,), 449 (ABq, J=11.7 Hz, 1H; PhCH,), 4.46 (ABq, J=11.7 Hz,
1H; PhCH,), 4.44 (ABq, J=10.4 Hz, 1H; PhCH,), 4.35 (d, /=83 Hz,
1H; H1"), 3.98-3.92 (m, 3H; H4, H3", H4"), 3.89 (t, J=7.2 Hz, 1H; H3),
3.85-3.74 (m, 5H; H6a’, alkyl chain, H6ab, H3'), 3.71 (dd, /=104,
4.0 Hz, 1H; H6b'), 3.64 (s, 3H; COOCH,;), 3.62-3.59 (m, 1H; H2), 3.60-
3.37 (m, 9H; H5, HS, H5”, H5", H6a,b, H6a,b", alkyl chain), 3.36-3.32
(m, 1H; H2"), 2.81 (ddd, /=182, 6.1, 5.3 Hz, 1H; Lev-CH,), 2.65-2.52
(m, 2H; Lev-CH,), 2.39 (dt, J=17.3, 6.1 Hz, 1H; Lev-CH,), 2.26 (t, J=
7.5Hz, 2H; CH,COOCH;), 2.17 (s, 3H; CH,COCHj;), 2.06 (s, 3H;
COCH;), 2.05 (s, 3H; COCH;), 2.03 (s, 3H; COCH;), 1.93 (s, 3H;
COCHs;), 1.88 (s, 3H; COCH,), 1.63-1.54 (m, 6H; alkyl chain), 1.39-1.32
(m, 2H; alkyl chain), 1.01 (s, 9H; tBu), 1.00 ppm (s, 9H; Bu); *C NMR
(125 MHz, CDCLy): 6=206.5, 174.3, 171.8, 170.2, 169.8, 169.6, 169.5,
161.85, 161.81, 138.2, 138.12, 138.08, 135.9, 135.7, 133.2, 132.96, 132.94,
130.1, 130.03, 130.01, 128.7, 128.3, 128.25, 128.21, 128.13, 128.09, 128.04,
128.0, 127.97, 127.93, 127.7, 100.6, 100.5, 99.6, 98.8, 92.7, 92.6, 77.3, 76.5,
76.3, 75.7, 75.66, 75.4, 74.33, 74.29, 74.0, 73.8, 73.78, 73.3, 71.8, 71.6, 69.7,
69.0, 68.7, 68.6, 67.0, 61.5, 60.4, 57.6, 56.4, 51.7, 37.9, 34.1, 29.9, 29.3, 28.0,
27.0, 26.96, 25.8, 24.9, 214, 21.0, 20.9, 20.8, 19.3, 19.2 ppm; HRMS
(MALDI-TOF): m/z caled for C;uH;»xCIgN,05Si,Na: 2209.6158
[M+Na]*; found: 2209.6160.

6-Azidohexyl (2,4,-di-O-acetyl-6-O-tert-butyldiphenylsilyl-3-O-levulinoyl-
p-p-galactopyranosyl)-(1—3)-2-azido-4,6-O-benzylidene-2-deoxy-f3-D-
glucopyranoside (33)

R;=0.40 (EtOAc/hexanes, 1:1 v/v); [a]5 =—16 (c=1.6, CHCL;); 'H NMR
(500 MHz, CDCl,): =753 (d, J=6.9 Hz, 2H; ArH), 7.48 (d, J=6.9 Hz,
2H; ArH), 7.45-7.40 (m, 2H; ArH), 7.37-7.32 (m, 6H; ArH), 7.24-7.14
(m, 3H; ArH), 5.69 (d, J=6.9 Hz, 1H; NH), 5.50 (d, J=3.4 Hz, 1H;
H4'), 5.41 (s, 1H; PhCH), 5.16 (d, J=8.5 Hz, 1 H; H1), 5.14 (dd, J=10.2,
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7.9 Hz, 1H; H2'), 4.99 (dd, /=102, 3.4 Hz, 1H; H3'), 4.76 (d, /=7.9 Hz,
1H; H1'), 4.63 (dd, J=9.3, 42 Hz, 1H; H3), 428 (dd, /=10.3, 4.5 Hz,
1H; Hé6a), 3.82 (td, /=10, 7 Hz, 1H; OCH,), 3.71-3.68 (m, 1H; H6b),
3.66 (t, J=4.2Hz, H4), 3.64-3.56 (m, 3H; H5 and H6ab’), 3.51 (t, J=
7Hz, 1H; OCH,), 3.50-3.47 (m, 1H; H5'), 3.26 (t, /J=6.9Hz, 2H;
CH,N3), 2.99 (dd, /=9.3, 8.5 Hz, 1H; H2), 2.82-2.75 (m, 1H; Lev-CH,),
2.63-2.50 (m, 2H; Lev-CH,), 2.41-2.36 (m, 1H; Lev-CH,), 2.16 (s, 3H;
COCH;), 2.09 (s, 3H; COCH,;), 2.00 (s, 3H; COCHj;), 1.90 (s, 3H;
COCHs;), 1.60-1.57 (m, 4H; alkyl chain), 1.40-1.37 (m, 4H; alkyl chain),
0.98 ppm (s, 9H; rBu); "CNMR (125 MHz, CDCly): 6=206.3, 171.7,
170.6, 170.1, 169.7, 137.1, 135.8, 135.6, 132.8, 132.5, 129.9, 129.1, 128.6,
127.8, 127.7, 125.8, 101.0, 100.5, 99.3, 80.9, 77.3, 77.0, 76.8, 72.7, 71.7, 70.0,
69.8, 68.7, 66.7, 65.9, 60.5, 58.8, 37.7, 31.9, 29.7, 29.7, 28.8, 27.8, 26.7, 26.4,
255, 237, 227, 209ppm; HRMS (ESI-TOF): m/z caled for
C5,HgN,O45Si: 1017.1996 [M+Na]*; found: 1017.1990.

6-Azidohexyl (2,4-di-O-acetyl-6-O-tert-butylphenylsilyl-3-O-levulinoyl-f-
D-galactopyranosyl)-(1—4)-2-acetamido-3,6-di-O-acetyl-2-deoxy-f3-p-
glucopyranoside (34)

R;=0.40 (EtOAc/hexanes, 2:1 v/v); [a]h =—28 (c=1.5, CHCL;); '"H NMR
(500 MHz, CDCly): 6=7.62-7.56 (m, 4H; ArH), 7.46-736 (m, 6H;
ArH), 5.64 (d, /=93 Hz, 1H), 5.54 (d, J=2.7 Hz, 1H), 5.09-4.96 (m,
3H), 4.48 (dd, J=12.1, 3.1 Hz, 1H), 4.43 (d, J=7.4 Hz, 1H), 437 (d, J=
7.4 Hz, 1H), 4.09 (dd, /=5.1, 12.1 Hz, 1H), 4.01-3.96 (m, 1H), 3.84-3.76
(m, 1H; OCH,), 3.74-3.65 (m, 3H), 3.60-3.55 (m, 2H), 3.18-3.37 (m,
1H; OCH,), 3.25 (d, J=7.0 Hz, 2H), 2.82-2.76 (m, 1H; Lev-CH,), 2.65—
2.51 (m, 2H; Lev-CH,), 2.42-2.37 (m, 1H; Lev-CH,), 2.16 (s, 3H;
COCH,), 2.09 (s, 3H; COCH,), 2.08 (s, 3H; COCH,), 2.02 (s, 3H;
COCHS,), 1.92 (s, 3H; COCH,), 1.76 (s, 3H; COCHj), 1.59-1.51 (m, 4H),
1.36-1.31 (m, 4H), 1.02 ppm (s, 9H; tBu); “C NMR (125 MHz, CDCl,):
0=206.1, 171.6, 170.4, 170.3, 169.9, 169.7, 135.5, 135.4, 132.6, 132.5,
129.94, 129.93, 127.8, 127.76, 127.68, 100.9, 100.8, 75.6, 73.1, 72.5, 72.4,
71.3, 69.1, 66.5, 62.3, 60.6, 52.8, 51.3, 37.6, 29.6, 29.2, 28.7, 27.7, 26.6, 26.3,
25.4, 23.1, 20.8, 20.6, 20.56, 20.51, 18.9 ppm; HRMS (ESI-TOF): m/z
caled for CyHggN,O,,SiNa: 1035.4241 [M+Na]*; found: 1035.4244.
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