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The trisaccharide repeating unit of an O-antigen derived from Burkholderia cenocepacia and its dimer, i.e.,
a-L-Rhap-(1 — 3)-a-D-GalpNAc-(1 — 3)-B-D-GalpNAc-O(CH;)sN3 (1) and a-L-Rhap-(1 — 3)-a-D-Galp-
NAc-(1 — 3)-B-D-GalpNAc-(1 — 4)-a-L-Rhap-(1 — 3)-a-D-GalpNAc-(1 — 3)-B-D-GalpNAc-O(CH3)3N3
(2), respectively, were synthesized via a highly convergent strategy. Glycosylation of galactosaminyl
acceptor 4 with galactosaminyl trichloroacetimidate donor 5 was followed by condensation of resulting
disaccharide acceptor 12 with rhamnosyl imidate donor 6 to furnish stereoselectively trisaccharyl thi-
oglycoside 3, which was used as a key and common glycosyl donor for the construction of both 1 and 2.
Title molecule 1 was prepared by glycosylation of 3-azidopropanol with 3 and subsequently global
deprotection, whereas coupling reaction of 3 with a trisaccharide acceptor 21 containing an 2,3-0-po-
sition acetonide-modified rhamnose residue, followed by global deprotection, generated the dimer 2 in a
convergent [3 + 3] manner.

Synthesis

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Polysaccharides on the bacterial cell surface, such as lipopoly-
saccharides (LPSs) [1], capsular polysaccharides (CPSs) [2], extra-
cellular polysaccharides (EPSs) 3] and so on, play an important role
in various biological events [4,5]. For example, many of the poly-
saccharides are important virulence factors for bacterial pathoge-
nicity [1,6,7] and are crucial immunomodulators useful for the
development of new carbohydrate-based diagnostic agents and
vaccines [8—12].

The Burkholderia cepacia complex (Bcc) represents a group of
phenotypically similar but genotypically diverse Gram-negative
bacteria [13,14] that are opportunistic human pathogens [15—17].
Bcc bacteria can occasionally cause serious lung infections in pa-
tients with cystic fibrosis (CF), resulting in a high mortality due to
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clinically uncontrollable “cepacia syndrome”, such as necrotizing
pneumonia and septicemia [15]. However, the pathogenic mecha-
nism of Bcc infection still remains unclear, and therefore, detailed
studies of Bcc, and the development of effective strategies to con-
trol Bcc infection are in urgent demand.

B. cenocepacia is one of the two predominant Bcc species found
in CF patients, accounting for approximate 46% of Bcc infections in
the United States [18]. B. cenocepacia infection is frequently con-
nected with poor clinical recovery and high rate of mortality [19]. It
has been reported that the LPS O-polysaccharides, also known as O-
antigens, of B. cenocepacia K56-2 were associated with bacterial
invasion and virulence [20,21]. It not only induced inflammatory
cytokine IL-1B production [20] but also modulated phagocytosis
and interfered with bacterial adhesion to bronchial epithelial cells
[21]. Therefore, the O-antigen of B. cenocepacia might be a useful
target in studying pathogenic mechanism of Bcc and developing
carbohydrate-based therapeutic agents against Bcc diseases.

An O-antigen from B. cenocepacia K56-2, which is composed of a
trisaccharide repeating unit —4)-o-L-Rhap-(1 — 3)-a-D-GalpNAc-
(1 - 3)-B-D-GalpNAc-(1— (Fig. 1), was recently characterized [22].
As a part of our ongoing research effort to develop vaccines against
Bcc [23—25], we described herein the first chemical synthesis of the
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Fig. 1. Structures of the O-antigen from B. cenocepacia and the synthetic targets 1 and 2.

repeating unit of this O-antigen 1 and its dimer 2 (Fig. 1). These
synthetic targets were designed to carry an azido group at their
reducing end, which would enable their regioselective modifica-
tion, such as conjugation with carrier molecules to generate gly-
coconjugates that are useful for various biological and
immunological studies.

2. Results and discussion

As shown in Scheme 1, retrosynthetic analysis of the synthetic
targets 1 and 2 resulted in a key trisaccharyl donor 3, which could
act as a common building block for the introduction of a 3-
azidopropyl group at the reducing end and for oligomerization as
well. In turn, 3 could be assembled from three monosaccharides,
namely, galactosaminyl acceptor 4 [26], galactosaminyl tri-
chloroacetimidate donor 5 [27] and rhamnosyl  tri-
chloroacetimidate donor 6. We planned to use phathalyl and
benzoyl groups to protect the 2-N and 2-O-positions in 4 and 6 to
boost 1,2-trans glycosylation reactions based on neighboring group
participation. Alternatively, an azido group at the C-2 position in 5
was chosen to prevent neighboring group participation and
thereby facilitate stereoselective formation of 1,2-cis glycosidic
bond [28,29].

The synthesis commenced with the preparation of 4 [26] and 5
[27] according to reported procedures. Thereafter, 6 was prepared
from reported rhamnoside 7 [30] in four steps (Scheme 2). Removal
of the isopropylidene group in 7 with 80% aqueous acetic acid
followed by benzoylation of the resultant 2,3-diol with benzoyl
chloride in pyridine provided 8 in a 66% overall yield. Next, 8 was
converted into hemiacetal by reaction with N-iodosuccinamide
(NIS) and silver triflate (AgOTf) in wet CH,Cl, [25], which was fol-
lowed by trichloroacetimidation [31] under basic conditions using
trichloroacetonitrile and 1,8-diazabicydo[5.4.0Jundec-7-ene (DBU)
[32] to give glycosyl donor 6 in a 67% yield (two steps).

The key trisaccharyl thioglycoside 3 was assembled by a step-
wise glycosylation strategy as outlined in Scheme 3. Interestingly,
glycosylation of 4 with trichloroacetimidate 5 under the
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conventional condition with trimethylsilyl triflate (TMSOTf) as a
promoter yielded 9 (62%) as the major product, which was a thio
transfer product [33,34]| probably because of the relatively low
reactivity of the 3-OH group in 4. To solve the problem, inverse
glycosylation strategy [35] was employed, in which 4 was pre-
mixed with the promotor at —15 °C for 1 h, followed by the addi-
tion of 5 (1.2 equiv) at 0 °C. In this way, a-linked disaccharide 10
was furnished as the main product (/B 2:1) in a 63% yield. When
employing a mixture of toluene and 1,4-dioxane (v/v 1:1) as the
solvent [36], the reaction gave 10 as the only anomer in a good yield
(65%). The stereoselectivity of the newly formed a-glycosidic bond
was verified by the small coupling constant (J1/>= 3.6 Hz) of its H-1
signal at 6 4.98 ppm in the 'H NMR spectrum of 10. At this stage, the
2’-azido group in 10 was converted into acetamido group using
thioacetyl acid (AcSH) in pyridine [37], affording 11 in a high yield
(85%). Basic selective deacetylation of 11 in methanol afforded 12,
which served as a glycosyl acceptor glycosylated with 6 under the
promotion of TMSOTT to furnish fully protected trisaccharide 3 in a
65% overall yield. The a-rhamnosidic bond in 3 was characterized
by its YJc.11.1 coupling constant (171.6 Hz) for its 'H-coupled gHSQC
spectrum [38].

Starting from 3, the synthetic target 1 was readily assembled
according to Scheme 4. The reaction between 3 and 3-azido-1-
propanol proceeded smoothly in the presence of NIS and TMSOTf
to produce 13 in a 76% yield. It was then subjected to global
deprotection in four steps. First, 13 was treated with hydrazine
hydrate in refluxing ethanol [39] to remove the acyl and Phth
groups. Then, the exposed amino and hydroxyl groups were acet-
ylated with acetic anhydride in pyridine. This was followed by the
cleavage of benzylidene groups using 80% aqueous acetic acid.
Finally, any remaining O-acetyl groups in the product were selec-
tively removed with sodium methoxide in methanol to afford 1 in a
75% overall yield (four steps) after purification by size-exclusion
chromatography on a Sephadex G-10 column. Compound 1 was
fully characterized by various NMR and MS data.

On the other hand, 13 was selectively dechloroacetylated with
thiourea [40] to generate 14 (80% yield) as a glycosyl acceptor

Ph
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>:

NPhth
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Scheme 1. Retrosynthetic analysis of synthetic targets 1 and 2.
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Scheme 4. Synthesis of target molecule 1.

(Scheme 5). The upfield shift of the rhamnosyl H-4 signal at
6 3.72 ppm in the "H NMR spectrum of 14 confirmed the correct
regiochemistry. Next, a convergent [3 + 3] gylocsylation strategy
was attempted to construct 2 through the coupling of 3 and 14.
Unfortunately, this reaction was very sluggish and gave only a trace
amount of the hexasaccharide detectable by MS. Varied reaction
conditions, including different solvents, catalysts and temperatures
or utilizing more reactive trichloroacetimidate and phosphate as
glycosyl donors were attempted but failed to accomplish the
desired result. We assumed that this might be because of the low
reactivity of the 4RP-OH group in 14 due to the presence of

electron-withdrawing benzoyl groups on C-2Rha angd c-3Rha posi-
tions. To verify the hypothesis, a rhamnosyl acceptor 15 containing
a 2,3-O-acetonide group was prepared and glycosylated with 3
(Scheme 5). Under the same conditions, the reaction proceeded
smoothly to furnish 16 in an 82% yield. The newly formed
B—glycosidic bond was confirmed by the large coupling constant
(9.0 Hz) of the galctosaminyl H-1 signal at ¢ 5.37 ppm in the 'H
NMR spectrum of 16.

Encouraged by these results, we redesigned and synthesized
another trisaccharide 21 as a glycosyl acceptor, as outline in Scheme
6, to achieve the [3 + 3] assembly of hexasaccharide 2. In 21, the
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Scheme 6. Synthesis of trisaccharide acceptor 21.

rhamnose 2- and 3-0O-positions were protected with an acetonide
group. Therefore, 11 was coupled with 3-azido-1-propanol under
the promotion of NIS and TMSOTf to furnish 17, which was selec-
tively de-O-acetylated with sodium methoxide in methanol to
afford 18 (in an overall yield of 61%) as a glycosyl acceptor. Again,
the upfield shift of the H-3' signal at ¢ 3.51 ppm in the '"H NMR
spectrum of 18 confirmed the correct regiochemistry. Glycosylation
of 18 with 19 [41] was also carried out with NIS and AgOTf as
promoters to afford predominantly the a-linked 20 in a high yield
(78%). The 'H-coupled gHSQC spectrum of 20 showed that the C-
1Rh3/H-1RM coupling constant was 169.2 Hz, confirming the o
configuration of the new glycosidic bond in 20. Finally, selective
removal of the 2-O-acetyl group in 20 with sodium methoxide in
methanol gave 21 in an 85% yield.

Eventually, the synthetic target 2 was assembled by a procedure
shown in Scheme 7. The coupling reaction between 21 and 3 was

promoted with NIS-AgOTf to smoothly produce the fully protected
hexasaccharide 22 in a 76% yield. The newly formed f-glycosidic
bond was again verified by the large coupling constant (J = 8.4 Hz)
of galactosaminyl H-1” signal at ¢ 5.35 ppm in the 'H NMR spec-
trum of 22. Global deprotection of 22 in four steps by the same
sequence as described for 1 produced 2 in a 64% overall yield.
Synthetic target and all of the synthetic intermediates were fully
characterized by various NMR and MS data.

3. Conclusions

In conclusion, we have described here an efficient synthesis of
the trisaccharide repeating unit of B. cenocepacia O-antigen and its
dimer. In this synthesis, trisaccharyl thioglycoside 3 was used as a
common glycosyl donor not only for the glycosylation of 3-azido-1-
propanol to achieve 1 but also for elongating the carbohydrate
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chain of 21 to achieve hexasaccharide 2 via a highly convergent
[3 + 3] strategy. Trisaccharide 1 was smoothly prepared from
stepwise glycosylation reactions of monosaccharide building
blocks. In this process, the a-glycosidic linked was accomplished
using donor 5 with the galactosamine 2-amino group protected as a
non-participating azido group. For the synthesis of 2, trisaccharide
14, in which the rhamnose 2- and 3-O-positons were protected
with benzoyl groups, was proved to be a torpid glycosyl acceptor. To
solve the problem, trisaccharide 21 containing a 2,3-O-iso-
propylidene group on the rhamnose residue was designed and then
successfully glycosylated with 3 to afford the desired molecule. In
addition, both synthetic targets 1 and 2 carried a 3-azidopropyl
linker at their reducing end, allowing for their convenient attach-
ment to functionalized biomolecules for the exploration of various
biological problems, such as B. cenocepacia immunology and
development of O-antigen-based vaccines against Bcc infections.

4. Experimental section
4.1. General methods

Optical rotations were determined at 25 °C with a Rudolph
Autopol I automatic polarimeter. '"H and >C NMR spectra were
recorded with an Agilent 600 MHz spectrometer for solutions in
CDCl3, CD3CN, CD30D, or D70. Chemical shifts () are given in ppm
downfield from internal Me4Si or with the DHO signal as reference
when D,0 was used as the solvent. Positive-mode electrospray
ionization (ESI) high-resolution mass spectroscopy (HRMS) was
recorded on an IT-TOF spectrometer. Thin layer chromatography
(TLC) was performed on silica gel HF,s4 plates, detected by charring
using 30% (v/v) H,SO4 in MeOH or by means of a UV detector. Silica
gel column chromatography was conducted with mixtures of ethyl
acetate and hexane as the eluents. Solution concentration was

performed at < 60 °C under diminished pressure.

4.2. para-Tolyl 2,3-di-O-benzoyl-4-0-chloroacetyl-1-thio-«-L-
rhamnopyranoside (8)

A solution of 7 (3.02 g, 7.82 mmol) in 80% HOAc (10 mL) was
stirred at 70 °C for 3 h, and then co-evaporated with toluene
(2 x 15 mL) under reduced pressure. The resulting residue was
purified by silica gel column chromatography (hexane—ethyl ace-
tate 2:1 to 1:2) to give para-tolyl 4-O-chloroacetyl-1-thio-a-L-
rhamnopyranoside (2.11 g, 78%) as a white foamy solids. '"H NMR
(600 MHz, CD30D): 6 7.34 (d, ] = 8.4 Hz, 2 H, ArH), 713 (d, ] = 7.8 Hz,
2 H, ArH), 532 (s,1 H, H-1), 5.04 (t,] = 9.6 Hz, 1 H, H-4), 4.29, 4.24
(2d,J=15.0 Hz, 2 H, -OCOCH,(l), 4.25—4.20 (m, 1 H, H-5), 4.11 (dd,
J=3.0,1.8 Hz,1 H, H-2), 3.82 (dd, J = 9.6, 3.0 Hz, 1 H, H-3), 2.30 (s,
3 H, -SPhCH3), 1.15 (d, J = 6.0 Hz, 3 H, H-6); '3C NMR (150 MHz,
CDs0D): 6 167.4,137.6,131.9,130.2,129.3, 88.9, 76.0, 72.3, 69.3, 67.0,
40.4, 19.7, 16.2; ESI-TOF HRMS m/z: Calcd for Ci5H;9ClO5SNa
[M 4+ Na™] 369.0539; found, 369.0525. To a solution of the above
product (1.99 g, 5.75 mmol) in pyridine (10 mL) was added BzCl
(2 mL, 17.25 mmol) at 0 °C. The mixture was stirred at rt for 2 h and
then diluted with CH,Cl, (60 mL). The organic phase washed with
1 M HCI (2 x 30 mL) and brine (30 mL), dried over anhydrous
Na,SO4, and concentrated. The residue was purified by silica gel
column chromatography (hexane—ethyl acetate 8:1) to give 8
(2.7 g, 85%) as a white foamy solid. [a]#’ +15 (c 0.2, CHCl3); '"H NMR
(600 MHz, CDCl3): 6 8.03 (d, ] = 7.8 Hz, 2 H, ArH), 7.88 (d, ] = 8.4 Hz,
2 H, ArH), 7.56 (t,] = 7.8 Hz, 1 H, ArH), 7.51 (t, ] = 7.8 Hz, 1 H, ArH),
746 (t,] = 7.8 Hz, 2 H, ArH), 741 (d, ] = 8.4 Hz, 2 H, ArH), 7.35 (t,
J = 7.8Hz, 2 H, ArH), 714 (d, ] = 7.8 Hz, 2 H, ArH), 5.86 (dd, ] = 3.6,
1.2 Hz, 1 H, H-2), 5.65 (dd, J = 10.2, 3.6 Hz, 1 H, H-3), 5.56 (d,
J=12Hz,1H,H-1),5.51 (t,] = 10.2 Hz, 1 H, H-4), 4.62—4.55 (m, 1 H,
H-5), 4.02, 3.96 (2 d, ] = 14.4 Hz, 2 H, -OCOCH,(Cl), 2.33 (s, 3 H,
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-SPhCH3), 1.35 (d, ] = 6.6 Hz, 3 H, H-6); 3C NMR (150 MHz, CDCls):
0 166.7, 165.3 (2C), 138.3, 133.5, 133.4, 132.6, 130.2, 130.0, 129.8,
129.7,129.2,128.8,128.6,128.5, 86.1, 73.3, 72.2, 70.1, 674, 40.5, 21.1,
17.4; ESI-TOF HRMS my/z: Calcd for CogH»7ClO7SNa [M + Na]t
577.1064; found, 577.1033.

4.3. 2,3-Di-0-benzoyl-4-0-chloroacetyl-a-L-rhamnopyranosyl
trichloroacetimidate (6)

After 8 (2.5 g, 4.51 mmol) was dissolved in CH,Cl; and CH3CN (v/
v 1:1, 40 mL) containing two drops of H,O (100 pL), NIS (1.21 g,
5.41 mmol) and AgOTf (0.1 g, 0.39 mmol) were added at 0 °C. The
reaction mixture was stirred at same temperature for 4 h, and then
neutralized with EtsN and concentrated, and the residue was
briefly purified by flash column chromatography (hexane—ethyl
acetate 4:1 to 1:1). The resultant hemiacetal was then dissolved in
CH,Cl, (10 mL) at 0 °C, and trichloroacetonitrile (1.8 mL, 12.5 mmol)
and DBU (100 pL) was added. The reaction mixture was stirred at
0 °C for 1 h, and then concentrated. The residue was subjected to
flash column chromatography (hexane—ethyl acetate 4:1) to give 6
(1.78 g, 67% for 2 steps) as a white foamy solid. [a]% +54 (c 0.3,
CHCl3); "H NMR (600 MHz, CDCls): ¢ 8.80 (s, 1 H, -NH), 8.06 (d,
J=8.4Hz, 2 H, ArH), 7.87 (d,] = 7.2 Hz, 2 H, ArH), 7.62 (t, ] = 7.8 Hz,
1H, ArH), 7.54—7.45 (m, 3 H, ArH), 7.35 (t, ] = 7.8 Hz, 2 H, ArH), 6.43
(d,J=18Hz,1H, H-1),5.83 (dd, ] = 3.6, 1.8 Hz, 1 H, H-2), 5.73 (dd,
J=10.2,3.6 Hz,1 H, H-3), 5.54 (t,] = 10.2 Hz, 1 H, H-4), 4.33—-4.26
(m, 1 H, H-5), 4.00, 3.95 (2 d, ] = 14.4 Hz, 2 H, -OCOCH,(l), 1.39 (d,
J = 6.0 Hz, 3 H, H-6); 3C NMR (150 MHz, CDCl3): 6 166.6, 165.4,
165.2,159.9,133.7,133.5,129.9,129.7,128.8,128.7,128.6,128.5, 94.5,
90.6, 72.4, 69.5, 68.97, 68.96, 40.4, 17.6.

4.4. para-Tolyl 3-0-acetyl-2-azido-4,6-0-benzylidene-2-deoxy-(-
D-galactopyranoside (9)

To a stirred mixture of 4 (150 mg, 0.30 mmol), 5 (172 mg,
0.36 mmol) and activated MS 4 A (300 mg) in anhydrous CH,Cl,
at —15 °C was added TMSOTf (15 pL, 68 umol) under a N, atmo-
sphere. The mixture reaction was stirred at this condition for
40 min, and then neutralized with Et3N. The mixture was diluted
with CH,Cl, (5 mL), filtered through a pad of Celite, and the filtrate
was concentrated. The residue was purified by silica gel column
chromatography (hexane—ethyl acetate 10:1 to 2:1) to yield 9
(204 mg, 62%) as a white foamy solid. [a]# -11 (c 0.2, CHCl3); 'H
NMR (600 MHz, CDCl3): 6 7.62 (d,] = 7.8 Hz, 2 H, ArH), 7.43—7.35 (m,
5 H, ArH), 7.07 (d, ] = 7.8 Hz, 2 H, ArH), 5.47 (s, 1 H, CHPh), 4.80 (dd,
J =102, 3.0 Hz, 1 H, H-3), 446 (d, J = 9.6 Hz, 1 H, H-1), 4.38 (d,
J = 12.0 Hz, 1 H, H-6a), 432 (d, J = 3.0 Hz, 1 H, H-4), 4.01 (d,
J=12.0Hz, 1 H, H-6b), 3.80 (t,J = 10.2 Hz, 1 H, H-2), 3.55 (s, 1 H, H-
5),2.34 (s, 3 H, -SPhCH3), 2.09 (s, 3 H, -OCCH3); 13C NMR (150 MHz,
CDCl3): 6 170.4 (C=0), 138.8, 137.5, 134.8, 129.8, 129.2, 128.2, 126.5,
101.0, 85.3, 74.0, 72.6, 69.5, 69.2, 58.1, 29.7, 21.3, 21.0; ESI-TOF HRMS
m/z: Caled for CoH,3N305SK [M + K]* 480.0990; found, 480.1045.

4.5. para-Tolyl 3-0-acetyl-2-azido-4,6-0-benzylidene-2-deoxy-«-
D-galactopyranosyl-(1 — 3)-4,6-0-benzylidene-2-deoxy-2-
phthalimido-1-thio-(-D-galactopyranoside (10)

To a stirred mixture of 4 (340 mg, 0.68 mmol), and activated MS
4 A (500 mg) in anhydrous toluene and 1,4-dioxane (v/v 1:1, 5 mL)
at —15 °C was added TMSOTS (15 pL, 82 pumol) under a N, atmo-
sphere. After the mixture was stirred at these temperature for 1 h, a
solution of 5 (390 mg, 0.82 mmol) in anhydrous toluene and 1,4-
dioxane (v/v 1:1, 5 mL) was added dropwise at 0 °C under a N,
atmosphere. The mixture reaction was stirred at these conditions
for another 1 h, and then neutralized with EtsN. The mixture was

diluted with CHCl; (20 mL), filtered through a pad of Celite, and
the filtrate was concentrated. The residue was purified by silica gel
column chromatography (hexane—ethyl acetate 10:1 to 2:1) to
yield 10 (360 mg, 65%) as a white foamy solid. [«]& +96 (c 0.3,
CHCl3); "H NMR (600 MHz, CDCls): 6 7.89 (d, ] = 6.6 Hz, 1 H, ArH),
783 (d, J = 7.2 Hz, 1 H, ArH), 7.79—7.72 (m, 2 H, ArH), 7.52 (d,
J = 6.6 Hz, 2 H, ArH), 7.44—7.37 (m, 5 H, ArH), 7.36—7.31 (m, 2 H,
ArH), 7.30—7.28 (m, 3 H, ArH), 7.00 (d, ] = 7.8 Hz, 2 H, ArH), 5.62 (s,
1H, CHPh), 5.52 (d,] = 9.6 Hz, 1 H, H-1%3N), 528 (s, 1 H, CHPh), 5.07
(dd,J = 10.8, 3.6 Hz, 1 H, H-3%3N'), 498 (d, J = 3.6 Hz, 1 H, H-1%3I\'),
474 (t,] = 10.2 Hz, 1 H, H-2%3N), 4.70 (dd, J = 10.2, 3.0 Hz, 1 H, H-
363Ny 445 (d, ] = 3.0 Hz, 1 H, H-4%¥N) 4.43 (d, ] = 12.0 Hz, 1 H, H-
6a%Ny, 422 (d,J = 3.0 Hz, 1 H, H-4%3N") 410 (d, ] = 12.0 Hz, 1 H, H-
6b%2N), 3.85 (dd, J = 10.8, 3.6 Hz, 1 H, H-2¢3N') 3,67 (s,1 H, H-5%2N),
3.55(d, J = 12.6 Hz, 1 H, H-6a%N), 3.42 (s, 1 H, H-5%2N), 3.19 (d,
J = 12,6 Hz, 1 H, H-6b%N"), 2.30 (s, 3 H, -SPhCH3), 2.07 (s, 3 H,
-OCOCH3); 3C NMR (150 MHz, CDCl3): 6 170.0 (C=0), 168.8 (C=0),
167.2 (C=0),138.1,137.8,137.2,134.5,134.4,133.6,131.7,131.5,129.5,
129.0, 128.8, 128.1, 128.0, 127.4, 126.5, 125.9, 123.53, 123.49, 100.9
(CHPh), 100.40 (CHPh), 100.3 (C-1%3N) 82.9 (C-1%3Ny 77.8 (C-
36alNy 73,8 (C-4%N) 72,9 (C-4%3N), 70.2 (C-5%3N), 69.3 (C-652N),
69.2 (C-3%3N") 68.5 (C-6%3N), 63.3 (C-553N), 57.4 (C-2¢3NY 51.2 (C-
2GalNy 912 (-SPhCH3), 20.9 (-OCOCH3); ESI-TOF HRMS m/z: Calcd
for C43H44N5011S [M + NH4]+ 838.2753; Found 838.2717.

4.6. para-Tolyl 2-acetamido-3-0-acetyl-4,6-O-benzylidene-2-
deoxy-a-D-galactopyranosyl-(1 — 3)-4,6-0O-benzylidene-2-deoxy-
2-phthalimido-1-thio-3-D-galactopyranoside (11)

To a solution of 10 (230 mg, 0.28 mmol) in pyridine (2 mL) was
added AcSH (4 mL, 202 mmol) at 0 °C. The mixture was allowed to
warm up to rt and stirred for 6 h, and then diluted with ethyl ac-
etate (50 mL) and washed with saturated aq. NaHCOs3 (2 x 25 mL)
and brine (25 mL). The organic phase was dried over anhydrous
NaSO4 and concentrated. The residue was purified by silica gel
column chromatography (hexane—ethyl acetate 5:1 to 1:2) to give
11 (200 mg, 85%) as a white foamy solid. [«]& +112 (c 0.3, CHCls);
'H NMR (600 MHz, CDCl3): 6 7.98 (d, ] = 7.2 Hz, 1 H, ArH), 7.87 (d,
J =72 Hz, 1H, ArH), 7.85—7.78 (m, 2 H, ArH), 7.47—7.35 (m, 9 H,
ArH), 7.32—7.28 (m, 3 H, ArH), 7.08 (d, ] = 7.8 Hz, 2 H, ArH), 5.64 (d,
J=9.6Hz,1H,H-1%4N) 554 (d,J = 9.0 Hz, 1 H, -NHAc), 5.50 (s, 1 H,
CHPh), 5.25 (s, 1 H, CHPh), 5.07 (d, ] = 3.0 Hz, 1 H, H-16aN)),
4.701—4.58 (m, 4 H, H-203N, H-3GalN H_pGalN' "p_3GalN'y 4 49 (dd,
J=12.0,1.8 Hz,1 H, H-6a%4N), 433 (d, ] = 2.4 Hz, 1 H, H-4%aN), 4.08
(dd,J = 12.0,1.2 Hz, 1 H, H-6b%N), 3.85 (d, J = 1.2 Hz, 1 H, H-4%aN),
3.68 (s,1 H, H-5%N), 3,62 (dd, J = 12.6, 1.2 Hz, 1 H, H-6a%V"), 3.34
(dd, J = 12.6, 1.2 Hz, 1 H, H-6b%¥N) 3,00 (s, 1 H, H-5%V), 2.36 (s,
3 H, -SPhCH3), 1.93 (s, 3 H, -OCOCH3), 1.36 (s, 3 H, -NHCOCH3); 3C
NMR (150 MHz, CDCl3): 6 170.9 (C=0), 170.0 (C=0), 168.3 (C=0),
167.2 (C=0), 138.6, 137.4, 137.2, 134.7, 134.6, 134.5, 1314, 131.2,
129.6, 129.5, 129.0, 128.4, 128.1, 126.6, 126.5, 126.2, 124.2, 1231,
101.4 (CHPh), 100.7 (CHPh), 95.3 (C-1%3N') 82.2 (C-152NY, 72.8 (C-
4G3NY 79 6 (C-3%aINY, 71.3 (C-4%3N), 69.7 (C-5%1N), 69.6 (C-6%2IN),
69.3 (C-3%aN) 68.4 (C-6%2IV) 631 (C-552N') 50.5 (C-262NY 46 4 (C-
263Ny 99 6 (-NHCOCH3) 21.3 (-SPhCH3), 20.9 (-COCH3); ESI-TOF
HRMS m/z: Calcd for C4sH4sN2012S [M+H]T 837.2688; Found
837.2648; Calcd for C45H44N2012SNa [M+Na]* 859.2507; Found
859.2538.

4.7. para-Tolyl 2-acetamido-4,6-0-benzylidene-2-deoxy-a-D-
galactopyranosyl-(1 — 3)-4,6-0O-benzylidene-2-deoxy-2-
phthalimido-1-thio-3-D-galactopyranoside (12)

To a solution of 11 (200 mg, 0.24 mmol) in MeOH (5 mL) was
added NaOMe (0.5 M in MeOH) dropwise until the pH value
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reached 10. The mixture was stirred at rt for 30 min and neutralized
with Amberlite IR 120 (H*). The solution was filtered, and the
filtrate was concentrated. The residue was purified by silica gel
column chromatography (hexane—ethyl acetate 1:2) to give 12
(170 mg, 90%) as a white foamy solid. [a]§ +145 (c 0.2, CHCl3); 'H
NMR (600 MHz, CDCl3): 6 7.93—7.70 (m, 4 H, ArH), 7.46—7.41 (m,
4 H, ArH), 7.40—7.36 (m, 5 H, ArH), 7.32—7.28 (m, 3 H, ArH), 7.09 (t,
J = 10.4 Hz, 2 H, ArH), 5.81 (d, J = 9.0 Hz, 1 H, -NHAc), 5.60 (d,
J=9.6Hz,1H, H-154N) 553 (s, 1 H, CHPh), 5.29 (s, 1 H, CHPh), 5.03
(d,J =3.6 Hz, 1 H, H-1%*N), 4.70 (dd, J = 10.8, 3.0 Hz, 1 H, H-3%3N),
4.67 (dd, J = 10.8, 9.6 Hz, 1 H, H-263N), 4.40 (d, J = 12.6 Hz, 1 H, H-
6a%N) 434 (d, J = 3.0 Hz, 1 H, H-4%¥N), 430 (ddd, J = 10.8, 9.0,
3.6 Hz, 1 H, H-2%3N) 4,07 (d, J = 12.6 Hz, 1 H, H-6b%¥N), 3.71 (d,
J = 3.6 Hz, 1 H, H-4%3N") 365 (s,1 H, H-5%2N), 362 (d, ] = 12.0 Hz,
1 H, H-6a%N"), 344 (dt, J = 10.2, 3.0 Hz, 1 H, H-3%N'), 3.30 (d,
J = 12.0 Hz, 1 H, H-6b%3N"), 2.95-2.89 (m, 2 H, H-5%2N'| -0H), 2.36
(s, 3 H, -SPhCH3), 1.39 (s, 3 H, -NHCOCH3); *C NMR (150 MHz,
CDCl3): 6 171.9 (C=0), 168.192 (C=0), 167.1 (C=0), 138.6, 137.3,
137.2, 134.73, 134.67, 134.4, 131.4, 131.2, 129.7, 129.6, 129.1, 128.5,
128.2, 126.7, 126.6, 126.2, 123.9, 123.2, 101.5 (CHPh), 101.0 (CHPh),
95.1 (C-1%2IV 82 40 (C-162IN) 75.0 (C-4%2IN'), 72.2 (C-362NY 71.3 (C-
463Ny 69 7 (C-5%N) 69,6 (C-6), 69.2 (C-3%3N'), 68.4 (C-6), 63.6 (C-
56Ny 506 (C-2CaN) 497 (C-2%4N) 225 (-NHCOCHs3), 21.3
(—SPhCH3); ESI-TOF HRMS m/z: Calcd for C43H43N20115 [M+H]+
795.2582; Found 795.2561.

4.8. para-Tolyl 2,3-di-O-benzoyl-4-0-chloroacetyl-«-L-
rhamnopyranosyl-(1 — 3)-2-acetamido-4,6-0O-benzylidene-2-
deoxy-a-D-galactopyranosyl-(1 — 3)-4,6-O-benzylidene-2-deoxy-
2-phthalimido-1-thio-3-D-galactopyranoside (3)

TMSOTS (10 pL, 55 pmol) was added to a stirred mixture of 12
(152 mg, 0.19 mmol), 6 (132 mg, 0.22 mmol), and activated MS 4 A
(300 mg) in anhydrous CH,Cl, (5 mL) at O °C under a N, atmo-
sphere. The mixture was stirred at 0 °C for 1 h, and then neutralized
with EtsN. The mixture was diluted with CH;Cl, (15 mL), filtered
through a pad of Celite, and the filtrate was concentrated. The
resulting residue was purified by silica gel chromatography (hex-
ane—ethyl acetate 2:1 to 1:2) to yield 3 (168 mg, 72%) as a white
foamy solid. [a]%’ +8 (c 0.25, CHCl3); 'H NMR (600 MHz, CDCl3):
68.00(d,J = 8.4 Hz, 2 HArH), 7.94 (d, ] = 6.6 Hz, 1 H, ArH), 7.87 (d,
J=72Hz,1H, ArH), 7.82—7.76 (m, 4 H, ArH), 7.60 (t, ] = 7.2 Hz, 1 H,
ArH), 7.50—7.38 (m, 12 H, ArH), 7.34—7.27 (m, 5 H, ArH), 7.10 (d,
J=7.8Hz, 2 H, ArH), 5.68—5.61 (m, 2 H, H-13N, -NHAc), 5.53 (s, 1 H,
CHPh), 5.43—5.38 (m, 2 H, H-2R" H-3Rh3) 537 (d,] =102 Hz, 1 H,
H-4R"%) 526 (s,1 H, CHPh), 5.11 (d, ] = 4.2 Hz, 1 H, H-1%3N") 4.88 (s,
1 H, H-1"), 470 (dt, ] = 10.2, 4.2 Hz, 1 H, H-263N'), 4.69—4.65 (m,
2 H, H-263N H-3%NY 442 (d, J = 12.0 Hz, 1 H, H-6a%N), 4.33 (d,
J = 3.0 Hz, 1 H, H-4%N) 421-414 (m, 1 H, H-58"), 409 (d,
J =12.0 Hz, 1 H, H-6b%N), 3.92 (d, J = 3.0 Hz, 1 H H-4%N), 3.86,
3.82(2d,J = 14.4 Hz, 2 H, -OCOCH,Cl), 3.69 (s, 1 H, H-5%3N) 3,53 (d,
J =12.0 Hz, 1 H, H-6a%¥N"), 3.49 (dd, | = 10.8, 3.0 Hz, 1 H, H-3%IV),
3.23 (d, J = 12.0 Hz, 1 H, H-6b%N"), 2.91 (s, 1 H, H-5%2N), 2.36 (s,
3 H, -SPhCH3), 1.63 (s, 3 H, -NHCOCH3), 0.94 (d, J = 6.6 Hz, 3 H, H-
6Rhay; 13 NMR (150 MHz, CDCl3): 6 170.5 (C=0), 168.0 (C=0), 167.2
(C=0), 166.7 (C=0), 165.3 (C=0), 164.8 (C=0), 138.5, 137.3, 137.0,
134.69, 134.65,134.5,133.5, 1331, 131.4, 131.2, 129.8, 129.64, 129.58,
129.21, 129.16, 129.15, 128.6, 128.5, 128.3, 128.2, 126.7, 126.4, 126.1,
123.9, 123.3, 101.6 (CHPh), 101.0 (CHPh), 98.5 (C-1""?), 96.1 (C-
162Ny 821 (C-194Ny, 77.8 (C-3%aINYy 74 4 (C-4%aN), 731 (C-3C3INy,
72.7 (C-4RM) 716 (C-4%3Ny, 70,5 (C-2RM2), 69.8 (C-5%NY, 69.7 (C-
3Rhay 695 (C-652N), 68.5 (C-6°4N), 66.5 (C-58M?), 63.1 (C-56N),
50.6 (C-2621N), 46.9 (C-2531N) 40.5 (-OCOCH,CI), 22.8 (-NHCOCH3),
213 (-SPhCHs3), 17.4 (C-68M); ESI-TOF HRMS my/z: Calcd for
C65H52C1N20135 [M+H]+ 1225.3401; Found 1225.3376.

4.9. 3-Azidopropyl 2,3-di-O-benzoyl-4-0-chloroacetyl-a-L-
rhamnopyranosyl-(1 — 3)- 2-acetamido-4,6-0O-benzylidene-2-
deoxy-a-D-galactopyranosyl-(1 — 3)-4,6-O-benzylidene-2-deoxy-
2-phthalimido-(-D-galactopyranoside (13)

To a stirred mixture of 3 (105 mg, 0.085 mmol), 3-azidopropanol
(50 pL, 0.49 mmol), and activated MS 4 A (200 mg) in anhydrous
CHCl; (4 mL) were added NIS (30 mg, 0.13 mmol) and TMSOTf
(15 pL, 0.06 mmol) at —40 °C under a N, atmosphere. The mixture
was stirred at —40 °C for 30 min and then slowly warmed up to rt
and stirred for another 1 h. The mixture was neutralized with Et3N,
and then diluted with CH,Cl, (20 mL) and washed with saturated
aq. NaS;03 (10 mL) and brine (10 mL). The organic phase was dried
over anhydrous Na;SO4 and concentrated. The residue was purified
by silica gel column chromatography (hexane—ethyl acetate 5:1 to
1:2) to give 13 (78 mg, 76%) as a white syrup solid. [«]& +12 (c 0.2,
CHCl3); 'H NMR (600 MHz, CDCl3): 6 8.00 (d, J = 7.2 Hz, 2 H, ArH),
7.94 (d, ] = 6.6 Hz, 1 H, ArH), 7.86 (d, ] = 7.2 Hz, 1 H, ArH), 7.80 (d,
J = 7.2 Hz, 2 H, ArH), 7.79—7.74 (m, 2 H, ArH), 7.61-7.56 (m, 3 H,
ArH), 7.48—7.40 (m, 7 H, ArH), 7.37 (t,] = 7.2 Hz, 1 H, ArH), 7.34—7.27
(m, 5 H, ArH), 5.69 (d, ] = 9.0 Hz, 1 H, -NHAc), 5.58 (s, 1 H, CHPh),
5.46—5.41 (m, 2 H, H-28"?, H-38M) 531526 (m, 3 H, CHPh, H-
16N H-4Rhay 5 15 (d, ] = 3.6 Hz, 1 H, H-1%N), 4.92 (s, 1 H, H-1Rh2),
475 (dt,] = 9.6, 3.6 Hz, 1 H, H-2¢3N), 4.71—4.68 (m, 2 H, H-2%3N H-
3GalNy 437 (d, J = 114 Hz, 1 H, H-6a%N), 4.33 (br s, 1 H, H-4%2IN),
423-416 (m, 1 H, H-58"%), 4.14 (d, | = 11.4 Hz, 1 H, H-6b%*N), 3.98
(d,J = 3.0 Hz, 1 H, H-4%¥N) 3.98-3.93 (m, 1 H, -OCH,CH>-), 3.86,
3.82(2d,J = 14.4 Hz, 2 H, -OCOCHCl), 3.64 (d, ] = 12.0 Hz, 1 H, H-
6a%N) 361 (s, 1 H, H-5%N) 359-350 (m, 2 H, H-3%N,
-OCH,CH>-), 3.32 (d, J = 12.0 Hz, 1 H, H-6b%¥N'), 3.23-3.11 (m, 2 H,
-CH,CHoN3), 3.00 (s, 1 H, H-5%N) 181-174 (m, 1 H,
-OCH,CH;CH;N3), 1.73—1.66 (m, 1 H, -OCH,CH,CH,N3), 1.64 (s, 3 H,
-NHCOCH3), 0.95 (d, J = 6.6 Hz, 3 H, H-68"); 13C NMR (150 MHz,
CDCl3): 6 170.5 (C=0), 168.2 (C=0), 167.7 (C=0), 166.7 (C=0), 165.3
(C=0), 164.8 (C=0), 137.3, 137.0, 134.69, 134.67, 133.5, 133.1, 131.28,
131.26, 129.8, 129.6, 129.5, 129.22, 129.18, 129.1, 128.6, 128.5, 128.3,
128.2,126.5,126.1,123.9, 123.2, 101.5 (CHPh), 101.0 (CHPh), 98.6 (C-
1Rhay 982 (C-1%IN) 96.2 (C-1%INY), 77.9 (C-3C3INY), 74.4 (C-4C3N),
72.7 (C-480) 723 (C-3¢aNy 71,7 (C-4%3Ny, 70.5 (C-2RM?), 69.7 (C-
3Rhay 693 (C-6%4N), 68.6 (C-654IN), 66.6 (C-5"12), 66.5 (C-5%2IN),
66.0 (-OCH,CH,-), 63.2 (C-5%3N), 52.1 (C-293N), 48.1 (-CH,CH,N3),
47.0 (C-2%3N') 40.5 (-OCOCH,Cl), 28.8 (-OCH,CH,CH;N3), 22.8
(-NHCOCH3), 174 (C-68M); ESI-TOF HRMS m/z: Caled for
Ce1Hs1CIN5019 [M+H]™ 1202.3644; Found 1202.3631; Calcd for
Ce1HsoCIN501gNa [M+Na]* 1224.3463; Found 1224.3421; Calcd for
Cs1HgoCIN5019K [M+K]" 1240.3203; Found 1240.3205.

4.10. 3-Azidopropyl a-L-rhamnopyranosyl-(1 — 3)-2-acetamido-
2-deoxy-a-D-galactopyranosyl-(1 — 3)-2-acetamido-2-deoxy-{3-D-
galactopyranoside (1)

A solution of 13 (20 mg, 16.6 pmol) in ethanol (4 mL) and 80%
hydrazine hydrate (1 mL) was refluxed for 6 h. The reaction mixture
was then concentrated and purified by size exclusion chromatog-
raphy on a Bio-Gel LH-20 column with methanol as the eluent to
get a white solid. The product was dissolved in pyridine (5 mL)
containing acetic anhydride (2 mL). The reaction mixture was
stirred at rt for 4 h and then concentrated to give a pale yellow
solid, which was then dissolved in 80% HOAc (5 mL) and stirred at
80 °C for overnight. The reaction mixture was then co-evaporated
with toluene (2 x 5 mL), and the resulting product was then dis-
solved MeOH (4 mL) followed by addition of NaOMe (0.5 M) in
MeOH until the pH value reached 10. The mixture was stirred at rt
for 3 h, and neutralized with Amberlite IR 120 (H™). The solution
was filtered, and the filtrate was concentrated. The resulting
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residue was purified by size exclusion chromatography on a
Sephadex G-10 column with distilled water as the eluent and then
lyophilized to give 1 (8.4 mg, 75%) as a white solid. [« +13 (c 0.2,
H,0); "H NMR (600 MHz, D,0): 6 4.90 (d, ] = 3.0 Hz, 1 H, H-163N"),
467 (s, 1 H, H-1’""?), 435 (d, ] = 8.4 Hz, 1 H, H-15™), 420 (dd,
J =108, 3.6 Hz, 1 H, H-2%3) 3.97 (d, J = 3.0 Hz, 1 H, H-4%N),
3.90—3.86 (m, 2 H), 3.84—3.80 (m, 1 H), 3.69—3.55 (m, 10 H),
3.55—3.49 (m, 1 H), 3.48—3.44 (m, 1 H), 3.25 (t,/ = 9.6 Hz, 1 H), 3.21
(t, ] = 6.6 Hz, 2 H, -CH,CH,N3), 1.90, 1.85 (2's, 2 x 3 H, 2 x -
NHCOCH3), 1.71-1.64 (m, 2 H, -OCH,CH>CH3N3), 1.08 (d, J = 6.0 Hz,
3 H, H-6812); 13¢ NMR (150 MHz, D,0): ¢ 174.33, 174.30, 102.2 (C-
1Rh2) 101.0 (C-1931N), 931 (C-1%2INY, 76.0, 74.9, 74.2, 71.8, 71.4, 70.2,
69.8, 69.1, 68.0, 67.0, 63.1, 60.9, 60.7, 50.6, 48.1, 47.7, 28.0, 22.1, 21.8,
16.5; ESI-TOF HRMS my/z: Calcd for Co5Hg4N5015 [M+H] ™ 654.2828;
Found 654.2876; Calcd for CysH43Ns0isNa [M+Na]™ 676.2648;
Found 676.2686.

4.11. 3-Azidopropyl 2,3-di-O-benzoyl-a-L-rhamnopyranosyl-
(1 — 3)-2-acetamido-4,6-0-benzylidene-2-deoxy-«-D-
galactopyranosyl-(1 — 3)-4,6-0-benzylidene-2-deoxy-2-
phthalimido-(-D-galactopyranoside (14)

To a solution of 13 (70 mg, 0.058 mmol) in CH,Cl,/CH30H (v/v
1:4, 5 mL) at rt were added thiourea (13 mg, 0.17 mmol) and 2,6-
lutidine (2 pL). The reaction mixture was refluxed for 6 h, at
which point TLC (hexane—ethyl acetate 1:2) showed the complete
disappearance of 13, and the solvent was then removed under
reduced pressure. The resulting residue was dissolved in CH,Cl,
(20 mL) and washed successively with 1M HCl, water and brine. The
organic layer was dried over Na,SOy, filtered and concentrated.
Purification of the residue on size exclusion chromatography on a
Bio-Gel LH-20 column with methanol as the eluent to generate a
colorless syrup, which was further purified on a silica gel column
chromatography (hexane—ethyl acetate 1:2) gave 14 (52 mg, 80%)
as a white foamy solid. [2]%° +148 (c 0.2, CHCl3); "TH NMR (600 MHz,
CD3CN): 6 7.98 (d, ] = 8.4 Hz, 2 H, ArH), 7.92 (t, ] = 6.6 Hz, 1 H, ArH),
790 (d, ] = 72 Hz, 1 H, ArH), 7.89—7.84 (m, 2 H, ArH), 7.83 (d,
J = 7.8 Hz, 2 H, ArH), 7.72 (dd, J = 6.0, 3.6 Hz, 1 H, ArH), 7.69 (t,
J=7.2Hz,1H, ArH), 7.62 (dd,] = 6.0, 3.6 Hz,1 H, ArH), 7.58—7.52 (m,
4 H, ArH), 7.46—7.33 (m, 9 H, ArH), 6.10 (d, ] = 9.0 Hz, 1 H, -NHACc),
5.73 (s,1H, CHPh), 5.43 (s, 1 H, CHPh), 5.34 (brdd, ] = 3.6,1.8 Hz, 1 H,
H-2R0) 522 (d, ] = 8.4 Hz, 1 H, H-153N) 512 (d, ] = 42 Hz, 1 H, H-
163Ny 5,08 (dd, J = 9.6, 3.6 Hz, 1 H, H-3%"®), 4.90 (br s, 1 H, H-1R"?),
479 (dd, J = 114, 3.6 Hz, 1 H, H-3%3N) 449 (d, J = 3.6 Hz, 1 H, H-
453Ny 445 (dd, ] = 11.4, 8.4 Hz, 1 H, H-263N), 4.40—4.35 (m, 1 H, H-
263Ny 422418 (2 d, J = 12.0 Hz, 2 x 1 H, H-6a,b%N), 412 (d,
J = 3.0 Hz, 1 H, H-4%3N") 3.92-3.84 (m, 2 H, -OCH,CHy-, H-5R"4),
3.76—3.70 (m, 2 H, H-48"? H-5¢2N) 363 (dd, ] = 11.4, 3.0 Hz, 1 H, H-
3GalN'y 3 563,51 (m, 1 H, -OCH,CH,-), 3.47 (d, ] = 4.8 Hz, 1 H, -OH),
3.44-3.37 (m, 2 H, H-6a,b%N"), 3.19-3.07 (m, 3 H, -CH,CH;N3, H-
562N’y '175-1.65 (m, 2 H, -OCH,CH,CH,N3), 1.65 (s, 3 H, -COCHs),
1.22 (d,] = 6.0 Hz, 3 H, H-68"); 13C NMR (150 MHz, CD3CN): 6 169.8
(C=0), 168.3 (C=0), 168.0 (C=0), 165.4 (C=0), 165.1 (C=0), 1384,
138.3, 134.9, 134.8, 133.6, 133.2, 1314, 131.3, 131.2, 129.8, 129.6,
129.5, 129.3, 129.00, 128.97, 128.8, 128.7, 128.4, 128.2, 126.3, 126.1,
123.6, 123.2, 100.5 (CHPh), 100.4 (CHPh), 99.6 (C-1R") 983 (C-
162Ny 97.3 (C-13IV) 76.0 (C-3C3INY, 74.8 (C-4%3IN'), 73,1 (C-3GalNy,
72.5 (C-3Rh2) 722 (C-4%3Ny, 70.3 (C-2R"?), 70.2 (C-4%M?), 68.91 (C-
5Rhay - 6888 (C-654N) 681 (C-6%4N) 664 (C-5%N) 662
(-OCH,CH,-), 63.3 (C-59N), 52.2 (C-262IN), 47.8 (-CH,CH,N3), 47.6
(C-263INy 28 4 (-OCH,CH,CH,N3), 22.2 (-COCH3), 17.1 (C-6RM2); ESI-
TOF HRMS m/z: Calcd for CsgHggN5015 [M+H] " 1126.3928; Found
1126.3914; Calcd for CsgHs9Ns5O1gNa [M-+Na]™ 1148.3747; Found
1148.3711; Calcd for CsgHsgNsO1sK [M-+K]" 1164.3487; Found
1164.3503.

4.12. 3-Azidopropyl 2,3-0-isopropylidene-a-L-rhamnopyranoside
(15)

To a stirred mixture of 7 (108 mg, 0.28 mmol), 3-azidopropanol
(140 pL, 1.40 mmol), and activated MS 4 A (250 mg) in anhydrous
CH,Cl; (4 mL) were added NIS (75 mg, 0.34 mmol) and TMSOTf
(5 pL, 0.03 mmol) at —40 °C under a N, atmosphere. The reaction
mixture was stirred for 1 h, and neutralized with EtsN. The mixture
was diluted with CH,Cl, (10 mL), filtered through a pad of Celite,
and the filtrate was washed with saturated aq. Na;S,03 (10 mL) and
brine (10 mL), respectively. The organic phase was dried over
anhydrous Na,S0y, filtered, and concentrated. The above obtained
residue was dissolved into methanol (4 mL), and NaOMe (0.5 M) in
MeOH was added until the pH value reached 10. The resulting
mixture was stirred for 30 min and then neutralized with Amberlite
IR 120 (H"). The solution was filtered, and the filtrate was
concentrated. The residue was purified by silica gel column chro-
matography (hexane—ethyl acetate 3:1) to give 15 (42 mg, 53%) as a
white foamy solid. [a]# -27 (c 0.4, CHCl3); 'H NMR (600 MHz,
CDCl3): 64.95(s,1H,H-1),4.12(d,] = 5.4 Hz,1 H, H-2), 4.09—4.04 (t,
J=6.6 Hz,1 H, H-3), 3.82—3.77 (m, 1 H, -OCH,CH5-), 3.66—3.59 (m,
1 H, H-5), 3.53—3.48 (m, 1 H, -OCH,CH>-), 3.42—3.36 (m, 3 H, H-4,
-CH5CH,N3), 2.40 (d, ] = 42 Hz, 1 H, -OH), 1.92—1.80 (m, 2 H,
—OCH2CH2CH2N3), 1.52 [S, 3H, —C(CHg)z], 135 [S, 3H, —C(CHg)z], 1.29
(d,J = 6.6 Hz, 3 H, H-6); 3C NMR (150 MHz, CDCl3): 6 109.5, 97.1,
78.3, 75.8, 74.5, 65.8, 64.2, 48.34, 28.8, 28.0, 26.2, 17.4.

4.13. 3-Azidopropyl 2,3-di-O-benzoyl-4-0-chloroacetyl-a-L-
rhamnopyranosyl-(1 — 3)-2-acetamido-4,6-O-benzylidene-2-
deoxy-«-D-galactopyranosyl-(1 — 3)-4,6-0-benzylidene-2-deoxy-
2-phthalimido-(-D-galactopyranosyl-(1 — 4)-2,3-0-
isopropylidene-a-L-rhamnopyranoside (16)

After a mixed solution of 3 (20 mg, 0.016 mmol), 15 (13 mg,
0.045 mmol), and activated MS 4 A (200 mg) in anhydrous CH»Cl,
(5 mL) was stirred at rt for 1 h under a N, atmosphere, it was cooled
to —40 °C, and NIS (5 mg, 0.02 mmol) and AgOTf (2 mg, 7.7 umol)
were then added. The reaction mixture was stirred —40 °C for
30 min and slowly warmed to 0 °C and stirred for another 1 h, and
then neutralized with Et3N. The resulting mixture was diluted with
CH,Cl; (10 mL), filtered through a pad of Celite, and the filtrate was
washed with saturated aq. Na;S;03 (10 mL) and brine (10 mL). The
organic phase was dried over Na;SO4 and concentrated. The residue
was purified by flash column chromatography (hexane—ethyl ac-
etate 1:2) to give 16 (19 mg, 82%) as a white foamy solid. [a]%> +141
(c 0.2, CHCl3); "H NMR (600 MHz, CDCl3): 6 7.99 (d, ] = 7.8 Hz, 2 H,
ArH), 791 (d, ] = 7.8 Hz, 1 H, ArH), 7.84 (d, ] = 6.0 Hz, 1 H, ArH), 7.80
(d,J = 8.4 Hz, 2 H, ArH), 7.78—7.72 (m, 2 H, ArH), 7.58 (d, ] = 7.8 Hz,
3 H, ArH), 7.48—7.41 (m, 7 H, ArH), 7.38 (t, ] = 7.2 Hz, 1 H, ArH),
7.33—7.27 (m, 5 H, ArH), 5.78 (d, | = 9.6 Hz, 1 H, -NHAc), 5.57 (s, 1 H,
CHPh), 5.45—5.40 (m, 2 H, H-2R' H-3Rh) 537 (d, ] = 9.0 Hz, 1 H,
H-1%2N), 529 (s, 1 H, CHPh), 5.28 (d, ] = 10.2 Hz, 1 H, H-4""?) 516
(d,J = 3.6 Hz, 1 H, H-1%¥) 4,95 (s, 1 H, H-18"), 491 (dd, ] = 11.4,
3.6 Hz, 1 H, H-3%3N), 4.83 (s, 1 H, H-1’"M?), 4.74 (dt, J = 10.2, 3.6 Hz,
1H, H-264N') 462 (dd, J = 11.4, 8.4 Hz, 1 H, H-253N), 4.34—4.30 (m,
2 H, H-4%N H-6a%N) 423-417 (m, 1 H, H-58M), 414 (4,
J = 114 Hz, 1 H, H-6b%N), 401 (d, J = 3.0 Hz, 1 H, H-4%N),
3.88—3.80 (m, 3 H, -OCOCH,CI, H-2R"), 3.74 (t, ] = 3.0 Hz, 1 H, H-
3Rhay '3 723,67 (m, 1 H, -OCH,CH>-), 3.65—3.61 (m, 2 H, H-3¢3N
H-5%N) 358 (m, 2 H, H-6a%N, H-5R8") 344-338 (m, 1 H,
-OCH,CH,-), 3.35—3.28 (m, 4 H, H-48" H-6b%N', -CH,CH,N3), 3.04
(s, 1 H, H-5%aN"), 1.82—1.75 (m, 2 H, -OCH,CH,CH,N3), 1.65 (s, 3 H,
-COCH3), 1.36 [s, 3 H, -C(CH3)3], 1.34 (d, ] = 6.6 Hz, 3 H, H-6%"), 0.96
(d, ] = 6.0 Hz, 3 H, H-68"") 0.83 [s, 3 H, -C(CH3)z]; 3C NMR
(150 MHz, CDCl3): 6 170.6 (C=0), 168.3 (C=0), 168.0 (C=0), 166.8
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(C=0), 165.3 (C=0), 164.8 (C=0), 1374, 137.0, 134.1, 134.1, 133.5,
1331, 132.2, 131.5, 129. 8, 129.7, 129.6, 129.2, 129.2, 129.1, 128.6,
128.5,128.3, 128.2, 126.5, 126.1, 123.7, 122.6, 109.0 [-C(CH3),], 101.6
(-CHPh), 101.0 (-CHPh), 100.2 (C-1%2N), 98.6 (C-1R"?"), 96.7 (C-1Rh?),
96.5 (C-152N), 84.2 (C-4RM2), 77.8 (C-3%N), 77.5 (C-3%Ny, 75.7 (C-
2Rhay 74 5 (C-4GaINY 727 (C-4RM?), 721 (C-3%3INy, 71.7 (C-4%aN),
70.6 (C-28h?) 69.7 (C-3RM?), 69.4 (C-6%2N), 68.6 (C-6°2N), 66.5 (C-
5Rhay 661 (C-56ANY 64,5 (C-5R8M2) 64.1 (-OCH,CHy-), 63.0 (C-
5GaNy 538 (C-26aNY 483 (-CH,CHN3), 47.1 (C-262N) 405
(-OCOCH,Cl), 28.8 (-OCH,CH,CH,N3), 277 [-C(CH3)], 25.7
[-C(CH3)2], 22.8 (-COCH3), 17.6 (C-68M?) 17.4 (C-6RM?): ESI-TOF
HRMS m/z: Calcd for C7gH75CINsO23 [M+H]" 1388.4536; Found
1388.4514.

4.14. 3-Azidopropyl 3-0-acetyl-4,6-0O-benzylidene-2-acetamido-2-
deoxy-a-D-galactopyranosyl-(1 — 3)-4,6-O-benzylidene-2-deoxy-
2-phthalimido-(-D-galactopyranoside (17)

To a stirred mixture of 11 (110 mg, 0.13 mmol), 3-azidopropanol
(79 L, 0.78 mmol), and activated MS 4 A (200 mg) in anhydrous
CH,Cl; (5 mL) were added NIS (35 mg, 0.15 mmol) and TMSOTf
(20 pL, 0.09 mmol) at —40 °C under a N atmosphere. The reaction
mixture was stirred at —40 °C for 1 h, and slowly warmed up to rt
with stirring for another 1 h, and then neutralized with EtsN. The
mixture was then diluted with CH,Cl, (20 mL), filtered through a
pad of Celite, and the filtrate was washed successively with satu-
rated aq. Na;S,03 (20 mL) and brine (15 mL). The organic phase was
dried over anhydrous NaySOy, filtered, and concentrated. The res-
idue was purified by silica gel column chromatography (hex-
ane—ethyl acetate 10:1 to 1:2) to give 17 (74 mg, 69%) as a white
foamy solid. [«]3> +116 (c 0.2, CHCl3); 'H NMR (600 MHz, CDCl3):
0797 (d,J=72Hz,1H,ArH),7.87 (d,] = 7.2 Hz,1 H, ArH), 7.84—7.77
(m, 2 H, ArH), 7.56 (d, ] = 7.2 Hz, 2 H, ArH), 7.44—7.36 (m, 5 H, ArH),
7.34—7.29 (m, 3 H, ArH), 5.66 (d, ] = 9.0 Hz, 1 H, -NHAc), 5.56 (s, 1 H,
CHPh), 5.31 (d, ] = 7.8 Hz, 1 H, H-1%2N) 528 (s, 1 H, CHPh), 5.12 (d,
J = 3.6 Hz, 1 H, H-1%4") 4.754—4.63 (m, 4 H, H-263N H-3%N H-
26aN' j_3GalNy 438 (d, J = 12.0 Hz, 1 H, H-6a%MN), 4.35 (d,
J = 2.4 Hz, 1 H, H-4%N) 416—4.12 (dd, J = 12.0, 1.2 Hz, 1 H, H-
6b%N), 3.99-3.94 (m, 1 H, -OCH,CH,-), 3.93 (d, ] = 3.0 Hz, 1 H, H-
463Ny '3 67 (dd, J = 12.6,1.2 Hz, 1 H, H-6a%3N'), 3.62 (s, 1 H, H-5%N),
3.59—-3.53 (m, 1 H, -OCH,CH>-), 3.42 (dd, ] = 12.6, 1.2 Hz, 1 H, H-
6b%aNY 3.24-3.14 (m, 2 H, -CH,CH,N3), 3.10 (s, 1 H, H-5%4N) 1.95
(s, 3 H, -COCH3), 1.83—1.75 (m, 1 H, -OCH,CH,CH;N3), 1.74—1.66 (m,
1 H, -OCH,CH,CH;N3), 1.44 (s, 3 H, -NHCOCH3); >C NMR (150 MHz,
CDCl3): 6 171.0 (C=0),170.0 (C=0), 168.5 (C=0), 167.8 (C=0), 137.24,
137.20, 134.7, 134.6, 131.3, 131.2, 129.4, 129.0, 128.5, 128.1, 1264,
126.2, 124.1, 123.1, 101.4 (CHPh), 100.7 (CHPh), 98.2 (C-1%3N), 95.7
(C-1%3NY 72,9 (C-4%3Ny 719 (C-3%aN) 715 (C-4%2N), 694 (C-
6Ny 692 (C-3%NY 684 (C-6%N) 664 (C-5%N) 66.0
(-OCH,CH,-), 63.1 (C-5%3IVy, 52.1 (C-2C2IN), 48.1 (-CH,CH,N3), 46.6
(C-23N') 288 (-OCHCH,CH2N3), 22.7 (-OCOCH3), 20.9
(-NHCOCH3); ESI-TOF HRMS myz: Calcd for C41H44N5013 [M+H]*
814.2930; Found 814.2900; Calcd for C4H43Ns5013Na [M+Na]*t
836.2750; Found 836.2727.

4.15. 3-Azidopropyl 4,6-0-benzylidene-2-acetamido-2-deoxy-«-D-
galactopyranosyl-(1 — 3)-4,6-0-benzylidene-2-deoxy-2-
phthalimido-(-D-galactopyranoside (18)

To a solution of 17 (70 mg, 0.086 mmol) in MeOH (3 mL) was
added NaOMe (0.5 M) in MeOH until the pH value reached 10. The
mixture was stirred at rt for 1 h, and then neutralized with
Amberlite IR 120 (H™). The solution was filtered, and the filtrate was
concentrated. The residue was purified by silica gel column chro-
matography (hexane—ethyl acetate 1:2) to give 18 (58 mg, 88%) as a

white foamy solid. [«]& +96 (c 0.2, CHCl3); 'H NMR (600 MHz,
CDCl3): 6 7.95—7.76 (m, 4 H, ArH), 7.57—7.53 (m, 2 H, ArH),
7.44—736 (m, 5 H, ArH), 7.33—7.29 (m, 3 H, ArH), 5.88 (d,] = 8.4 Hz,
1 H, -NHAc), 5.57 (s, 1 H, CHPh), 5.32 (s, 1 H, CHPh), 5.26 (d,
J=8.4Hz,1H,H-1%N), 507 (d, J = 3.6 Hz, 1 H, H-1%3""), 4.73 (dd,
J=10.8,3.6 Hz, 1 H, H-3%N) 467 (dd, ] = 10.8, 8.4 Hz, 1 H, H-2C3IN),
4.39-4.31 (m, 3 H, H-253N', H-4%aN H-6a%N) 414 (dd, J = 12.6,
1.8 Hz, 1 H, H-6b%N) 3.99-3.93 (m, 1 H, -OCH,CH,-), 3.78 (d,
J =3.0Hz, 1 H, H-4%"), 3.74 (dd, ] = 12.6, 1.2 Hz, 1 H, H-6a%¥\"),
3.60(d,J = 1.2 Hz,1 H, H-5%2N) 3.58—3.53 (m, 1 H, -OCH,CH,-), 3.51
(dt, J = 9.6, 3.0 Hz, 1 H, H-3%N) 341 (dd, J = 12.6, 1.8 Hz, 1 H, H-
6b%aNY) 3.23-3.14 (m, 2 H, -CH,CH,N3), 3.02 (s, 1 H, H-5%N) 2.97
(d, J = 9.6 Hz, 1 H, -OH), 1.83—1.74 (m, 1 H, -OCH,CH,CH;N3),
1.73—1.65 (m, 1 H, -OCH,CH,CH,N3), 1.42 (s, 3 H, -NHCOCH3); 3C
NMR (150 MHz, CDCl3): § 171.9 (C=0), 168.3 (C=0), 167.6 (C=0),
137.2,134.74, 134.67, 131.24, 131.20, 129.6, 129.1, 128.6, 128.2, 126 4,
126.2, 123.9, 123.1, 101.5 (CHPh), 101.0 (CHPh), 98.2 (C-1%3N), 95.2
(C-16aNy 750 (C-4%INYy 71.3 (C-4%Ny 712 (C-39aNY 69.4 (C-
65Ny 693 (-3¢ 685 (C-6°N), 66.4 (C-5%N) 66.0
(-OCH,CH,-), 63.6 (C-5%INY) 520 (C-26INy 49,7 (C-26aNY 480
(-CH,CH,N3), 28.8 (-OCH,CH,CHoN3), 22.5 (-NHCOCH3); ESI-TOF
HRMS m/z: Calcd for C3gH4oNsO1p [M+H]|T 772.2824; Found
772.2822; Caled for C3gH41NsOpNa [M+Na]t 794.2644; Found
794.2610.

4.16. 3-Azidopropyl 4-0O-acetyl-2,3-O-isopropylidene-a-L-
rhamnopyranosyl-(1 — 3)- 2-acetamido-4,6-0O-benzylidene-2-
deoxy-a-D-galactopyranosyl-(1 — 3)-4,6-0-benzylidene-2-deoxy-
2-phthalimido-g-D-galactopyranoside (20)

After a mixed solution of 18 (45 mg, 0.058 mmol), 19 (25 mg,
0.071 mmol), and activated 4 A MS (100 mg) in anhydrous CH,Cl,
(4 mL) was stirred at rt for 2 h under a N, atmosphere, it was cooled
to —40 °C, and then NIS (16 mg, 0.07 mmol) and AgOTf (4 mg,
0.015 mmol) were added. The reaction mixture was stirred —40 °C
for 30 min and slowly warmed to 0 °C and stirred for another 1 h,
and then neutralized with EtzN. The mixture was diluted with
CH,Cl, (20 mL), filtered through a pad of Celite, and the filtrate was
washed successively with saturated aq. Na;S;03 (20 mL) and brine
(15 mL). The organic phase was dried over anhydrous Na;S0O4 and
concentrated. The residue was purified by flash column chroma-
tography (hexane—ethyl acetate 2:1 to 1:2) to give 20 (45 mg, 78%)
as a white foamy solid. [a]3’ +15 (c 0.15, CHCl3); 'H NMR (600 MHz,
CDCl3): 6 7.98—7.79 (m, 4 H, ArH), 7.56 (d, ] = 7.8 Hz, 2 H, ArH),
7.45-7.37 (m, 5 H, ArH), 7.34—7.30 (m, 3 H, ArH), 5.65 (d, ] = 9.6 Hz,
1H,-NHAc), 5.55 (s,1 H, CHPh), 5.33 (d,] = 7.8 Hz, 1 H, H-1%3N), 5 27
(s,1H, CHPh), 5.08 (d, ] = 3.6 Hz, 1 H, H-152N"), 4.91 (s, 1 H, H-1Rh2),
4.72(dd,J = 9.6, 7.8 Hz, 1 H, H-4""?), 469 (dd, ] = 10.8, 7.8 Hz, 1 H, H-
263Ny 4,65 (dd, J = 10.8, 3.6 Hz, 1 H, H-3%4N), 458 (dt, J = 10.8,
3.6 Hz, 1 H, H-2¢3N"), 437 (d, ] = 12.0 Hz, 1 H, H-6a%3N), 4.34 (br d,
J=3.0Hz,1H, H-4%¥N), 414 (dd, ] = 12.0,1.2 Hz, 1 H, H-6b%3N) 4,09
(dd,J=7.8, 5.4 Hz,1 H, H-3R"), 4.00—3.94 (m, 1 H, -OCH,CH,-), 3.91
(d, J = 54 Hz, 1 H, H-2R"), 3.85 (d, ] = 3.0 Hz, 1 H, H-4%N),
3.80—3.73 (m, 2 H, H-6a%N H-5RMay 361 (5 1 H, H-5%N)
3.60—3.54 (m, 1 H, -OCH,CH;-), 3.42 (dd, J = 10.8, 3.0 Hz, 1 H, H-
3GalN'y 338 (dd, J = 12.0, 1.2 Hz, 1 H, H-6b%N'), 3.25-3.15 (m, 2 H,
-CH,CH,N3), 2.97 (s, 1 H, H-5%3N) 2,00 (s, 3 H, -OCOCH3), 1.84—1.76
(m, 1 H, -OCH,CH,CH,N3),1.75—1.66 (m, 1 H, -OCH,CH>CH3N3), 1.51
[s, 3 H, -C(CH3)], 1.42 (s, 3 H, -NHCOCH3), 1.26 [s, 3 H, -C(CH3)a],
0.88 (d, ] = 6.0 Hz, 3 H, H-68"); 13C NMR (150 MHz, CDCl3): 6 170.2
(C=0), 170.0 (C=0), 168.3 (C=0), 167.9 (C=0), 137.3, 137.2, 134.9,
134.7,131.3,131.2,129.6,129.1,128.5,128.2, 126.5, 126.1,124.1,123.1,
109.6 [-C(CH3),], 101.6 (CHPh), 100.9 (CHPh), 99.9 (C-1%2), 98.1 (C-
16Ny 952 (C-16aN') 775 (C-3GaN') 759 (C-2Rha) 753 (C-3Rhay,
75.0 (C-4%3N) 741 (C-4RM), 713 (2C, €-3%AN, 44Ny 693 (C-
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6CaINY 68.6 (C-6%2INY) 66.4 (C-5%N) 66.1 (-OCH,CH,-), 64.5 (C-
5Rha) 632 (C-5%aIN) 521 (C-26aN) 481 (-CH,CH,N3), 47.1 (C-
262Ny 98 7 (-OCH,CH,CH,N3), 27.6 [-C(CH3)2], 26.3 [-C(CH3)2], 22.7
(-NHCOCH3), 21.0 (-OCOCH3), 17.0 (C-6""?); ESI-TOF HRMS m/z:
Calcd for CsgHssN5077 [M-+H]* 1000.3822; Found 1000.3800; Calcd
for CsoHs7N5017Na [M+Na]* 1022.3642; Found 1022.3626.

4.17. 3-Azidopropyl 2,3-0-isopropylidene-a-L-rhamnopyranosyl-
(1 — 3)-2-acetamido-4,6-0-benzylidene-2-deoxy-«-D-
galactopyranosyl-(1 — 3)-4,6-0O-benzylidene-2-deoxy-2-
phthalimido-@-D-galactopyranoside (21)

To a solution of 20 (40 mg, 0.04 mmol) in MeOH (2 mL) was
added NaOMe (0.5 M) in MeOH dropwise until the pH value
reached 10. The mixture was stirred at rt for 5 h and neutralized
with Amberlite IR 120 (H*). The solution was filtered, and the
filtrate was concentrated. The residue was purified by silica gel
column chromatography (hexane—ethyl acetate 1:4) to give 21
(33 mg, 85%) as a white foamy solid. [a]§ +65 (c 0.2, CHCl3); 'H
NMR (600 MHz, CDCl3): 6 7.99—7.78 (m, 4 H, ArH), 7.56 (br d,
J = 7.2 Hz, 2 H, ArH), 7.45—7.36 (m, 5 H, ArH), 7.33—7.28 (m, 3 H,
ArH), 5.69 (d, ] = 9.6 Hz, 1 H, -NHAc), 5.55 (s, 1 H, CHPh), 5.33 (d,
J =7.8Hz,1H,H-154N) 528 (s, 1 H, CHPh), 5.07 (d, ] = 4.2 Hz, 1 H,
H-163N) 4,84 (s, 1 H, H-1’"3), 4.72—4.63 (m, 2 H, H-2C3N, H-3CalNy,
456 (dt, J = 10.2, 3.6 Hz, 1 H, H-2¢3V) 437 (d, ] = 12.0 Hz, 1 H, H-
6a%¥N) 434 (d, ] = 3.0 Hz, 1 H, H-4%®N) 414 (d, ] = 12.0 Hz, 1 H, H-
6b%NY 403 (t, ] = 6.0 Hz, 1 H, H-3""), 400-3.95 (m, 1 H,
-OCH,CH;-), 3.92 (d, ] = 6.0 Hz, 1 H, H-2R"®) 3,87 (d,J = 3.0 Hz, 1 H,
H-4%3N 3,76 (d, J = 11.4 Hz, 1 H, H-6a%"), 3.74—3.69 (m, 1 H, H-
5Rhay 3 61 (s,1 H, H-5%N), 3.59—3.54 (m, 1 H, -OCH,CH>-), 3.44 (dd,
J=10.2,3.0 Hz, 1 H, H-3%3"), 3.37 (d, J = 11.4 Hz, 1 H, H-6b%3N"),
3.28(q,J = 6.0 Hz, 1 H, H-4""®),3.25-3.15 (m, 2 H, -CH,CH3N3), 2.97
(s, 1 H, H-554N') 239 (d, J = 6.0 Hz, 1 H, -OH), 1.84—1.76 (m, 1 H,
-OCH;CH,CH;N3), 1.75—1.66 (m, 1 H, -OCH,CH>CH;N3), 1.46 [s, 3 H,
-C(CHs)3], 142 (s, 3 H, -NHCOCH3), 1.26 [s, 3 H, -C(CH3),], 1.08 (d,
J = 6.0 Hz, 3 H, H-68"): 13C NMR (150 MHz, CDCl3): § 170.1 (C=0),
168.3 (C=0), 167.8 (C=0), 137.3, 137.1, 134.8, 134.7, 131.3, 131.2,
129.6,129.1,128.6, 128.2, 126.5, 126.1, 124.1, 123.1, 109.2 [-C(CH3)3],
101.6 (CHPh), 101.0 (CHPh), 100.0 (C-1R’"), 98.2 (C-1%3N), 95.3 (C-
162Ny 775 (C-3Rha) 769 (C-3GaIN') 753 (C-2RM), 74.9 (C-4CaINY,
73.4 (C-48h2) 71,34 (C-3%2N), 71.32 (C-4%3N), 69.4 (C-6%2N), 68.5 (C-
6CaINY 675 (C-58M) 6.4 (C-5%4N) 661 (-OCH,CH,-), 63.39 (C-
56Ny 521 (C-204N), 481 (-CH,CH,N3), 47.3 (C-2¢3N) 288
(-OCH,CH,CH,N3), 277  [-C(CHs)y], 258 [-C(CH3)y], 22.7
(-NHCOCH3), 181 (C-6""®); ESI-TOF HRMS m/z: Caled for
C4gHs5N5016Na [M+Na]™ 980.3536; Found 980.3547; Calcd for
CagHs55N5016K [M+K]* 996.3275; Found 996.3286.

4.18. 3-Azidopropyl 2,3-di-O-benzoyl-4-0-chloroacetyl-a-L-
rhamnopyranosyl-(1 — 3)- 2-acetamido-4,6-0O-benzylidene-2-
deoxy-a-D-galactopyranosyl-(1 — 3)-4,6-O-benzylidene-2-deoxy-
2-phthalimido-g-D-galactopyranosyl-(1 — 4)-2,3-isopropylidene-
a-L-rhamnopyranosyl-(1 — 3)-2-acetamido-4,6-0O-benzylidene-2-
deoxy-«a-D-galactopyranosyl-(1 — 3)-4,6-0-benzylidene-2-deoxy-
2-phthalimido-(-D-galactopyranoside (22)

After a mixed solution of 3 (20 mg, 0.016 mmol), 21 (13 mg,
0.013 mmol), and activated MS 4 A (200 mg) in anhydrous CH,Cl,
(3 mL) was stirred at rt for 2 h under a N, atmosphere, it was cooled
to —40 °C, and NIS (5 mg, 0.02 mmol) and AgOTf (2 mg, 7.7 umol)
were then added. The reaction mixture was stirred —40 °C for
30 min and slowly warmed to 0 °C and stirred for another 1 h, and
then neutralized with Et3N. The resulting mixture was diluted with
CH,Cl;, (20 mL), filtered through a pad of Celite, and the filtrate was
washed successively with saturated aq. Na;S;03 (20 mL) and brine

(15 mL). The organic phase was dried over Na;SO4 and concen-
trated. The residue was purified by flash column chromatography
(hexane—ethyl acetate 1:4) to give 22 (21 mg, 76%) as a white foamy
solid. [a]& +98 (c 0.2, CHCl3); '"H NMR (600 MHz, CDCl3): 6 7.98 (d,
J = 8.4 Hz, 2 H, ArH), 7.95—7.92 (m, 1 H, ArH), 7.88—7.84 (m, 2 H,
ArH), 7.82—7.76 (m, 5 H, ArH), 7.73—7.68 (m, 2 H, ArH), 7.59 (t,
J=7.8Hz,1H, ArH), 7.56—7.50 (m, 4 H, ArH), 7.45 (t,] = 7.8 Hz, 3 H,
ArH), 7.43—7.34 (m, 10 H, ArH), 7.34—7.26 (m, 8 H, ArH), 5.72 (d,
J=9.6Hz, 1 H, -NHAc), 5.60 (d, ] = 10.2 Hz, 1 H, -NHAc), 5.54 (s, 1 H,
CHPh), 5.51 (s, 1 H, CHPh), 5.44—5.39 (m, 2 H, H-2,3%%) 535 (d,
J=8.4Hz,1H, H-19") 533 (d, ] = 8.4 Hz, 1 H, H-1%¥N), 5.28 (s,
1H, CHPh), 5.27 (t, ] = 9.6 Hz, 1 H, H-4""), 5.24 (s, 1 H, CHPh), 5.12
(d,J =3.6 Hz,1 H, H-1%N") 503 (d, ] = 3.6 Hz, 1 H, H-1%\) 4.92
(d,J = 1.2 Hz,1 H, H-1""") 4,86 (dd, J = 10.8, 3.6 Hz, 1 H, H-3¢aN"),
4.78 (s, 1 H, H-1""), 4.71 (dt, ] = 10.2, 3.6 Hz, 1 H, H-2%N"), 4.66
(dd, J = 11.4, 8.4 Hz, 1 H, H-2%¥N), 462 (dd, J = 11.4, 3.6 Hz, 1 H, H-
363Ny 454 (dd, J = 114, 8.4 Hz, 1 H, H-24N"), 4.48 (dt, ] = 10.2,
3.6 Hz, 1 H, H-2%3) 437 (d, ] = 12.6 Hz, 1 H, H-6a), 4.32 (d,
J = 3.6 Hz, 1 H, H-4%¥N), 430—4.26 (m, 2 H, H- 4GaN" 6a%aN"y,
422-416 (m, 1 H, H-58M") 414—4.09 (m, 2 H, H-6b, H-6b%N"),
4.01-3.93 (m, 2 H, H-4%N" _.OCH,CH,-), 3.86,3.82 (2d,] = 14.4 Hz,
2 H, -OCOCH,Cl), 3.77 (d, J = 114 Hz, 1 H, H-6a%N), 3.73 (d,
J = 3.0 Hz, 1 H, H-4%N") 3.70-3.50 (m, 8 H, H-2Rh2, H-3Rha H-
3GaIN" y_5GalN p_5GalN” "y sRha hy_gaGalN" - _oCcH,CH,-), 3.37 (d,
J =114 Hz, 1 H, H-6b%N"), 3.34 (dd, ] = 10.8, 3.0 Hz, 1 H, H-3%N),
3.27(d,J = 12.0 Hz, 1 H, H-6b%N") 323 (dd, ] = 10.8, 7.2 Hz, 1 H, H-
4Rhay 3 33314 (m, 2 H, -CH,CH,N3), 3.00 (s, 1 H, H-5%3N"), 2.92 (s,
1 H, H-5%4N') 1.83—1.67 (m, 2 H, -OCH,CH,CH,N3), 1.61 (s, 3 H,
-NHCOCH3), 1.35 [s, 3 H, -C(CHs)>], 1.33 (s, 3 H, -NHCOCH3), 1.12 (d,
J = 6.6 Hz, 3 H, H-6%"),0.94 (d, ] = 6.0 Hz, 3 H, H-68"¥), 0.81 [s, 3 H,
-C(CHs)3]; *C NMR (150 MHz, CDCl3): 6 170.5 (C=0), 169.9 (C=0),
168.3 (C=0), 168.2 (C=0), 167.84 (C=0), 167.77 (C=0), 166.7 (C=0),
165.3 (C=0), 164.8, (C=0) 137.4, 137.3, 1371, 134.8, 134.7, 1341,
1335, 1331, 132.1, 1313, 131.2, 131.1, 129.8, 129.64, 129.60, 129.5,
129.21,129.18,129.1, 128.9, 128.6, 128.54, 128.49, 128.3,128.2, 1281,
126.5, 126.2, 126.1, 1241, 124.0, 123.1, 122.5, 108.8 [-C(CH3),], 101.6
(CHPh), 101.5 (CHPh), 101.1 (CHPh), 101.0 (CHPh), 99.7 (C-18"), 99.6
(C-1%4N"y 986 (C-1Rh?), 98.2 (C-1%4Ny, 96.3 (C-1¢3IN") 95.0 (C-
162Ny 829 (C-4Rh2) 77.8 (C-3%3N"), 77.1 (C-3RM?), 76.3 (C-3C3IN),
75.8 (C-2RM8) 751 (C-4%3NY 745 (C-45aN"), 72.8 (C-4Rh?) 719 (C-
36aN"y 71,6 (C-4%aIN"), 71.2 (C-4%3INy, 711 (C-3%IN), 70,5 (C-2Rh?),
69.7 (C-3RMy 69.40 (C-6%4IN"), 69.36 (C-652IN), 68.6 (C-6%4IN"Y, 68.5
(C-6%3NY 66.5 (C-5R8), 66.4 (C-5%2N), 66.1 (-OCH,CH;-), 66.0 (C-
5GaN"y 64,7 (C-5R8M2), 63 .4 (C-5%2N'), 63.0 (C-5%2IN"), 52,5 (C-262IN"y,
521 (C-262IN) 48.0 (-CH,CHuN3), 47.2 (C-293NY 47,0 (C-26aN"),
40.5 (-OCOCH.Cl), 28.8 (-OCH2CH,CHN3), 27.7 [-C(CH3)a], 25.7
[-C(CH3)a], 22.8 (-NHCOCH3), 22.6 (-NHCOCH3), 17.7 (C-68M?), 17.4
(C-6RMY; ESI-TOF HRMS my/z: Caled for CiggH109CIN7O34 [M+H]*
2058.6698; Found 2058.6721.

4.19. 3-Azidopropyl a-L-rhamnopyranosyl-(1 — 3)-2-acetamido-
2-deoxy-«-D-galactopyranosyl-(1 — 3)-2-acetamido-2-deoxy-(-D-
galactopyranosyl-(1 — 4)-a-L-rhamnopyranosyl-(1 — 3)-2-
acetamido-2-deoxy-a-D-galactopyranosyl-(1 — 3)-2-acetamido-2-
deoxy-(-D-galactopyranoside (2)

After a solution of 22 (15 mg, 7.3 umol) in ethanol (4 mL) and
80% hydrazine hydrate (1 mL) was refluxed for 6 h, the solvent was
then concentrated and the resulting residue was purified by size
exclusion chromatography on a Bio-Gel LH-20 column with
methanol as the eluent to get a white solid. The product was dis-
solved in pyridine (6 mL) containing acetic anhydride (2 mL). The
reaction mixture was stirred at rt for 8 h and then concentrated to
give a pale yellow solid, which was then dissolved in 80% HOAc
(6 mL) and stirred at 70 °C for overnight. The reaction mixture was
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then co-evaporated with toluene (2 x 5 mL), and the resulting
product was then dissolved MeOH (4 mL) followed by addition of
NaOMe (0.5 M) in MeOH until the pH value reached 10. The mixture
was stirred at rt for overnight, and then neutralized with Amberlite
IR 120 (H"). The solution was filtered, and the filtrate was
concentrated. The resulting residue was purified by size exclusion
chromatography on a Sephadex G-10 column with distilled water
as the eluent and then lyophilized to give 2 (5.6 mg, 64%) as a white
solid. [¢]#° +105 (c 0.1, H20); "TH NMR (600 MHz, D,0): 6 4.91 (d,
J=3.0Hz 2 H, 2 x H-1%N) 468 (s, 2 H, 2 x H-1R"), 461 (d,
J=9.6Hz,1H, H-1%N), 435 (d, J = 8.4 Hz, 1 H, H-1%4N), 420 (dd,
J =108, 3.0 Hz, 2 H, 2 x H-2%4™) 397 (br d, J = 6.6 Hz, 2 H),
3.90—3.79 (m, 5 H), 3.75—3.40 (m, 24 H), 3.26 (t, ] = 9.6 Hz, 1 H),
322 (t,J = 6.6 Hz, 2 H, -CH,CH,N3), 1.90, 1.85 (2's, 4 x 3 H, 4 x -
NHCOCH3), 1.73—1.64 (m, 2 H, -OCH,CH,CH;N3), 1.16 (d, J = 6.0 Hz,
3 H, H-6"19), 1.09 (d, ] = 6.0 Hz, 3 H, H-68M); 13C NMR (150 MHz,
D,0): 6 174.5, 174.4, 174.31, 174.30, 102.2, 101.9, 101.5, 101.0, 93.2,
93.1, 79.8, 76.0 (2C), 74.9, 74.7, 744, 74.2, 71.8, 71.40, 71.39, 70.4,
70.2,70.1, 69.8, 69.1, 68.1, 68.0, 67.5, 67.0, 63.1 (2C), 60.9, 60.8, 60.7
(20), 51.0, 50.6, 48.1 (2C), 47.7, 28.0, 22.2, 22.1, 21.8 (2C), 16.9, 16.5;
ESI-TOF HRMS myz: Calcd for C47HgoN7029 [M+H]™ 1206.4995;
Found 1206.5015; Calcd for C47H79N7020Na [M+Na]™ 1228.4814;
Found 1228.4809.
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