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Abstract

Cholangiocarcinoma (CCA) is a primary cancer of the bile duct epithelial cells. The
incidence of CCA is low in worldwide, however, it is very high in the northeastern part of
Thailand especially in KhonKaen province. In this research works, we studied the preparation
of triazoleglycoside analogues and their anticancer activities on CCA cell lines. Three type of
triazoleglycoside were synthesized using new method. In the first part, we have successfully
synthesized of seventeen derivatives of triazolylethyl 2,3-unsaturated O-glycoside in three
steps-one-pot manner using sequential O-glycosylation-azidation and click reaction. In the
second part, we have synthesized thirty analogues of 2,3-unsaturated-glycosyl triazoles in two
steps-one-pot manner using sequential O-glycosylation and click reaction. Of all synthetic
analogs, compounds 9a and 9b showed good anticancer activity on CCA cell lines. In the
third part, Thirty-one analogues of of 1,6-bis-triazole 2,3,4-tri-O-acetyl-Ol-D-galactopyranosyl
bearing two triazole group at C-1 and C-6 were synthesized via four steps. Compounds 5ee

exhibited pronounced cytotoxicity against K-100 cholangiocarcinoma cells.



Chapter 1 Introduction and Literature reviews

Introduction

Cholangiocarcinoma (CC) is a primary cancer of the bile duct epithelial cells. With an
incidence of about 3 per 100,000 per year, bile duct cancers represent a rare disease
accounting for about 2-3% of all malignant tumours. Risk factors are primary sclerosing
cholangitis (PSC), extra- and intrahepatic bile duct cysts, hepatolithiasis, liver fluke
infestation.?

Prognosis for cholangiocarcinoma is poor. At the time of diagnosis only 30-50% of the
patients with extrahepatic CC show local lymph node metastases and 10-20% show
distantmetastases (especially in liver and peritoneum). Nevertheless, 70-80% of perihilar
tumours are not resectable due to tumour extension to other adjacent anatomical structures.’
Without treatment, half of the patients die within three to four months due to the indirect
consequences of local tumour progression, i.e. increasing bile duct obstruction, bacterial
cholangitis, gallbladder empyema, liver abscesses, cholestasis and liver failure. Patients with
extrahepatic CC usually present with painless icterus, pruritus, anorexia and rapid weight loss,
or signs of cholangitis. So far, surgical removal of the tumour is the only curative approach.
However, even after curative (RO) resection the 5-year survival rate is limited to 30—40%.* In
most cases (70-80%) resection is precluded by local tumour extension - especially owing to
the distinct anatomical features of the liver hilus comprising three neighbouring vessel systems
(arterial, portal venous and biliary ductal). Liver transplantation may be considered in
exceptional cases, although non-resectable CCs do not represent an assured indication.”

Tumours of the bile duct often show poor response to combination chemotherapy with
median overall survival time up to 15 months at best with gemcitabine/oxaliplatin (or
cisplatin) or gemcitabine/capecitabine. External beam radiation therapy does not improve the
prognosis; nevertheless, CCs appear to respond moderately to combination
radiochemotherapy. However, many of the patients with CC are never fit for aggressive
chemo- or radiochemotherapy because of tumour complications like obstructive cholestasis or
cholangitis and, furthermore, the survival benefit of this combined approach could not be
demonstrated throughout all studies.

The incidence of CCA is low worldwide, however, it is very high in the northeastern
part of Thailand especially in Khon Kaen province.® From population-based cancer registry in
Khon Kaen, the incidence of CHCA is evidently high in area located near water reservoir



with the liver fluke, Opisthorchis viverrini, contamination in the fish. The trend in
incidence of CHCA in Khon Kaen has been slowly declining in both sexes with annual percent
age changes of 0.7% and 0.4% in male and female, respectively. The survival rate of patient
with CHCA is very low according to ineffective treatment modalities. At present, there is no
effective chemotherapy regimen for treating patients with advanced cholangiocarcinoma.
Therefore, novel and effective therapeutic agents and more effective medical treatment options
are urgently needed.

1,2,3-Triazoles are potential targets for drug discovery as they exhibit a broad spectrum
of biological properties and many efforts have been made to optimize methods for their
preparation. One example is the 1,3-dipolar cycloaddition reaction between an azide and a
terminal alkyne in the presence of a copper-based catalyst to give the triazole. This method,
developed is potentially useful in the design and synthesis of new compounds with excellent
regiocontrol.

The triazole-linked glycosides have been extensively studied in research for the design
of various functionalized glycoconjugates, facilitating a multitude of practical physical,
chemical, biological studies and validated pharmaceutical properties. However, they are a few
researches study on the synthesis of bis-triazoleglucosides via dual click chemistry and
elucidation for their biological properties (Song et al., 2011; He et al, 2011).

In this work, part 1, we designed to synthesize a new class of triazolylethyl-2,3-

unsaturated-O-glycosides using sequential one-pot glycosylation-azidation-CuAAc reactions

procedure.
Br
ACO™ o 1) 10moit I, 1.2 eq. HO” " Aco o
CH,Cl, 1t., 3h
AcO P AcO __
AcO ii) 1.5 eq. NaN, Solvent, 80°C, 2h O~
iii) 2.0 eq. Alkyne, 50 mol% Cul, ’?‘/\B/R
1 50 mol% EtsN, t, 2 N=N

Scheme 1 Synthesis of triazolylethyl-2,3-unsaturated-O-glycosides 2



In part 2, a new class of 2,3-unsaturated-glycosyl triazoles via one-pot two steps
glycosylation click reaction and investigatin the anti-proliferative effect of triazoleglycoside

on cholangiocarcinoma KKU-M213.

NI 2 N
AcO ) HO ™= AcO R
Q I, (Cat.) Q /
AcO P AcO __ N
AcO ii) RN i [N
Cu(l) (Cat.) N
n
1 3
n=1,2,3
30 Examples

Scheme 2 Synthesis of 2,3-unsaturated-glycosyl triazoles 2

In part 3, 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl analogues were
synthesized via click chemistry (Scheme 1). All the synthetic anologues of the bistriazole
glycosides will be evaluated for anti-proliferative activity on human cholangiocarcinoma cells
(KKU-M213, HUCCA-1, K-100), cancer cells.

// R.
N
. % Ac
(0] N=y —
AcO R-N3, 0.5 M CuSOy, 0 o R
o) : ACO )
AcO 0.5 M Sodium ascobate, ¢ AcO | N
AcO (o) N

THF, rt
4 O\/ﬁ 5 N

Scheme 3 Synthesis of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl derivatives



Literature reviews

The highest incidence of cholangiocarcinoma has been reported in the Northeastern
area of Thailand. Cholangiocarcinoma has resulted in a high mortality rates and poor
prognosis. At present, surgery is potentially curative approach however unfortunately have no
improvement with long term survival. In addition, the chemotherapy is ineffective. Therefore,
searching for the effective drugs with less adverse effect and high sensitivity to
cholangiocarcinoma are needed. During the past years, several compounds have been
synthesized and study for their cytotoxicity against cholangiocarcinoma cell lines. Here are
some recently reports.

Selected examples of synthetic compounds and their cytotoxicity against
cholangiocarcinoma cell lines

Zerumbone 1, a crystalline sesquiterpene, is the major component in the rhizomes of
Zingiber zerumbet Smith and is readily available from a widespread natural source. A series
of zerumbone derivatives were synthesized and their in vitro cytotoxicity against
cholangiocarcinoma cell lines was evaluated.

Seventeen zerumbone derivatives were prepared by Yenjai and co-worker using
organic reactions.” Reduction of zerumbone 1 using LiAlIH, gave crystalline zerumbol 2 and
acetylation of this compound using Ac,O/pyridine afforded 3 while epoxidation of 2 with
mMCPBA yielded racemic 4 (Scheme 1).

0 OH
12

11 1

10 _a _b
15 A
14 5

8

1013 2

OAc

4
Scheme 1. Reagents and conditions: (a) LiAlH4, THF, 0 °C, 1 h, 88%; (b) Ac,0, pyridine,

reflux, 30 min, 74%; (c) mCPBA, EtOAc, rt, 24 h, 15%. Note: The stereochemistry shown
in all schemes are relative configuration.
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Zerumbone 1 was stirred with excess ammonia, butylamine and benzylamine to
provide monoamines 5, 6 and 7, respectively. Michael addition of amines occurred selectively
at the less hindered conjugated double bond (C2-C3) of zerumbone. Acetylation of amine
groups at C3 position of 5 and 6 using Ac,O/pyridine provided the corresponding amides 8
and 9, respectively.

0] @]
R\ N
1 a X b Y
5 X =NH, 8 Y = NHAc
6 X =NHBu 9Y = NAcBu
7 X =NHBn

Scheme 2. Reagents and conditions: (a) NH; or BuNH; or BnNH,, MeCN, rt, 5 days, 56%
(5), 93% (6), 68% (7); (b) Ac,0, pyridine, 0 °C, 8 h, 92% (8), 85% (9).

The reaction of butylamine 6 with NaBH, afforded hydroxyamine 10 in 81% yield.
The reduction of amide 8 with NaBH, afforded a single diastereoisomer hydroxyamide 11 in
the yield of 54% (Scheme 3).

NOESY NOESY
£ on) £ on)
HG H HG H
w AT
6or8 a NHBu or NHAc
10 11

Scheme 3. Reagents and conditions: (a) NaBH4, MeOH, 0 °C, 3 h, 81% (10), 54% (11).

Epoxidation of the isolated double bond in zerumbone at C6 and C7 using m-CPBA
provided epoxide 12 in 97% yields and treated with an excess amount of various amines
providing corresponding amines 13-15. Further acetylation of 13 using Ac,O in pyridine gave
corresponding amide 16 in 66% yield (Scheme 4).

11



1 a b X [
O O
12 13 X = NH, 16 Y = NHAc
14 X = NHBuU
15 X = NHBn

Scheme 4. Reagents and conditions: (a) mCPBA, EtOAc, rt, 24 h, 97%; (b) NH; or BuNH,

or BnNHz, MeCN, rt, 5 days, 51% (13), 15% (14), 18% (15); (c) Acz0, pyridine, 0 °C, 10 h,
66%.

The reaction of 1 with excess KCN at 40 °C for 3 days provided a mixture of four
diastereoisomeric dicyano derivatives 17. It was reported that in the major diastereocisomer
(17a), two cyano groups were located on the same face of the ring while the two methyl
groups at C2 and C6 lie on the opposite face (Scheme 5).

o]

N\
|‘\

1 —— + 17b-d

17a

Scheme 5. Reagents and conditions: (a) excess KCN, MeCN-H,0, 40 °C, 3 days,
42% (17a).

Treatment of 1 with dimethylamine in the presence of acetonitrile, followed by stirring
with excess KCN, the nitrile derivative 20 was detected. This can be explained as that
conjugate addition of dimethylamine at C3 gave intermediate 18, while conjugate addition of
the cyanide ion at C10 yielded intermediate 19. After the easy elimination of the

dimethylamino group, cyano 20 was observed as a sole product (Scheme 6).
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a NMe, b NC NMe, NC

18 19 20

Scheme 6. Reagents and conditions: (a) Me;NH, MeCN, rt, 5 days; (b) KCN, MeCN-H,0, 15 °C, 2 days, 30% in two steps.

Zerumbone (1) and its derivatives were tested for their cytotoxicity against CCA cell
lines and their activities are shown in Table 1.

Compounds 5, 10, 14 and 20 exhibited cytotoxic activity against all CCA cell lines to
different extents, indicating their broad spectrum of anti-CCA effects. The chemical structure
diversity of the four compounds reflects the biological activities.

The presence of amine (5), hydroxylamine (10), epoxyamine (14), and nitrile (20)
groups is believed to play an important role in potent anticancer activities. Among the tested
compounds, 5, which contained an amine group, exhibited higher potency. The docking result

also indicates that 5 may inhibit the proliferation of cancer through EGFR inhibition.

Table 1
Cytotoxicity of all compounds against cholangiocarcinoma cell lines.”

Compound 1C50(puM)

KKU-100 KKU-M139 KKU-M156 KKU-M213 KKU-M214
Zerumbone NR NR NR NR NR
5 16.44 = 0.59 63.26 + 548 69.04 + 540 51.88 + 2.25 59.65 + 7.39
6 NR NR NR 36.61 = 0.65 41.55 + 0.58
10 35.33 + 5.89 19.63 + 1.26 2634 + 4.0 2719+ 1.29 16.05 = 6.06
12 NR NR NR NR 52.61 + 3.88
13 NR NR NR NR 18.30 + 0.39
14 16.52 + 0.84 NR 48.20 + 1.85 37.63 + 24 51.00 + 0.78
17a—d NR NR NR NR 66.52 + 3.63
20 25.72 £ 2.60 55.88 + 44 37.30 + 3.58 45.12 + 0.89 54.50 + 1.5
Other NR NR NR NR NR
Ellipticine 2521 +02 45 +0.28 9.34 £ 1.66 1.62 £+ 0.08 1.01 £ 0.02

NR = no response at = 75 uM.
¢ Data shown are from triplicate experiments.

Khan and co-worker reported a novel approach to synthesize riccardiphenol B analogs
and have tested the cytotoxic activity against a variety of cancer cell lines including HUCCT-1

which was derived from an intrahepatic cholangiocarcinoma.?
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Scheme 7
Reagents: (a) LIHMDS, HMPA, THF:; (b) pyridine, reflux; (c) sealed tube, toluene;
(d) NaH. Mel, THF: (e) prenyl phosphonate; (f) HCI,

In their synthesis, 3-methyl-3-sufolene was first alkylated with the substituted benzylic
bromides in the presence of HMPA and LIHMDS as the base gave a colorless, viscous liquid,
which was characterized as 2-(2-methoxymethoxy-5-methoxybenzyl)-3-methyl-3-sulfolene
23b. The adduct 23b was subjected to thermolysis by refluxing in pyridine gave compound
24b. The Diels—Alder reaction was carried out between the diene 24b and acrolein as the
dienophile, in the presence of hydroquinone in a sealed tube at 90 °C for 2 h yielded the adduct
25b. The compound 25b was methylated using methyl iodide and NaH in dry THF yielded
26b as a colorless, viscous liquid. The reaction of Prenyl phosphonate with the LDA in THF
gave the corresponding ylide, which was treated with aldehyde 26b to give the required
product 27b in 17% vyield. Further, the deprotection of MOM with HCI in THF gave
compound 28 (Scheme 7). The synthesized compounds were characterized and assessed for its
in vitro activity in a panel of human cancer cell lines of differing origin. The leading
riccardiphenol analog, 28, significantly inhibits the growth of different human cancer cells
including HUCCT-1 which was derived from an intrahepatic cholangiocarcinoma (Figure 1).

14
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Figure 1. MTT assay in a panel of seven human-derived cancer cell
lines from different origins. Relative srowth after exposure to
increasing concentrations of compound 28

Recently, inhibition of ROS1 kinase has proven to be a promising strategy for several
indications such as glioblastoma, non-small cell 1lung cancer (NSCLC), and
cholangiocarcinoma. So Ha Lee and co-worker reported trisubstituted pyrazole-based ROS1
inhibitors by which two inhibitors showed good ICs, values in enzyme-based screening.’

Trisubstituted pyrazole-based scaffold has been built for study the SAR for as ROS1

inhibitors. Consequently, 16 compounds have been designed, synthesized and evaluated for
ROS1 inhibition.

_ - 0 0 _
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a:R= wN O
X/

b:R= wN_>—OH

c:R = NHN\/\/\OH

” 7
XN XN OH
9a-d i0a-d d:R= ~HN_Z_

Scheme 8. Reagents and conditions: (a) LHMDS, 2,4-dichloro-6-methylpyrimidine, THF, N», rt, 24 h, 81%; (b) various amine, Hiinig's base, EtOH, 50 °C, 5 h; (c) DMF-DMA,
90 °C, 12 h; (d) hydrazine hydrate, abs. EtOH, rt, 2 h; (e) K;CO4, iodomethane, DMF, rt, 2 h; (f) 3-pyridineboronic acid, Pd(PPh4),Cl,, K;CO4, Ny, CH5CN/H,0(4:1),78 °C,2 h; (g)
BF3-S(CHs),, dichloromethane, N, rt, 24 h.

The synthesis of trisubstituted pyrazole compounds 7-10 is outlined in Scheme 8.
Lithium hexamethyldisilazide (LHMDS) was selected for attacking a benzoate ester 1 by 2,4-
dichloro-6-methylpyrimidine in dry THF to give the adduct with a mixture of keto and enol
tautomers 2. A SNAr reaction was used to substitute 4-chloro group on pyrimidine of the
resulted tautomeric unsaturated ketone 2 with four amines, morpholine, 3-hydroxyazetidine, 4-
hydroxybutylamine, and (S)-2-hydroxypropylamine to give 3. The conversion of the resulted
6-substituted products 3a—d to the required pyrazole derivative 4a—-d was achieved through
two successive steps. In the first step, compound 3a—-d was heated with excess N,N-
dimethylformamide dimethylacetal for 12 h, and was cyclized with hydrazine monohydrate in
absolute ethanol into the pyrazole derivative 4a—d. The reaction of the resulted pyrazole 4a—d
with iodomethane in the presence of excess potassium carbonate produced two different
regioisomers, compounds 5a—d and 6a—d. Then Suzuki coupling of compound 5a—d and 6a—d
with 3-pyridineboronic acid produced compounds 7a—d and 8a-d in the presence of
dichlorobis(triphenylphosphine)Pd(Il) and potassium carbonate in a mixed solvent of
acetonitrile and water (4/1, v/v). The final hydroxyl products 9a—d and 10a—d were obtained
by demethylation of the methoxy group of compounds 7a—d and 8a—d using 10 equiv of
borontrifluoride—dimethylsulfide complex in dichloromethane (Scheme 8).

The synthesized compounds shown potent ICso values in the enzymatic assay, which
are from 13.6 to 283 nM (Table 2). Among these compounds, compound 9a (IC50 = 13.6 nM)
has exerted 5 fold potency than crizotinib and exhibited high degree of selectivity (selectivity
score value = 0.028) representing the number of non-mutant kinases with biological activity
over 90% at 10 IM. The detailed SAR data demonstrates that pyrazoles having hydrophobic-
disubstituted phenyl ring, small alkyl group, and disubstituted nucleus with solvent exposure
and hinge region is very effective structure for ROS1 inhibition. All of the final potent
compounds possess the essential distal pyridine group which interacts with Met2029

representing the key interaction with ROS1 and being responsible for their inhibitory activity.

16



Table 2

The ICsq values of compounds 7-10 against ROS1 kinase

] AN
N.__~
7-10
Compd Ry R, R3 R4 ROS1, (IC55, nM)?
7a CHs — CH;  Morpholino 59.1
7b CH; — CH;  3-Hydroxyazetidin-1-yl 108
7c CH; — CH; 4-Hydroxbutylamino 63.8
7d CH; — CHs  (S)-2-Hydroxypropylamino 241
8a CH; CHy — Morpholino 104
8b CH; CH; - 3-Hydroxyazetidin-1-yl 74.2
8c CH; CH; -— 4-Hydroxbutylamino 138
8d CH; CH; — (S)-2-Hydroxypropylamino 283
9a H - CH; Morpholino 136
9b H — CH; 3-Hydroxyazetidin-1-yl 86.5
9¢ H — CH; 4-Hydroxbutylamino 133
9d H - CHs  (S)-2-Hydroxypropylamino 105
10a H CH; — Morpholino 91.5
10b H CH; -— 3-Hydroxyazetidin-1-yl 56.6
10c H CH; — 4-Hydroxbutylamino 254
10d H CHy -— (8)-2-Hydroxypropylamino 139

con” — — — 60.0

% 10-dose IC5o mode with 3 fold serial dilutions starting at 20 M concentration.
b Crizotinib.

Several new N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinolines  (14-33)  were
synthesized using the modified Pictete Spengler reaction by treatments of
nitrobenzenesulfonamides 34 with paraformaldehyde in refluxing formic acid to furnish
1,2,3,4-tetrahydroisoquinolines 35 in good yields. Reduction of the nitro derivatives 35 was
performed using stannous chloride in refluxing ethanol to give aminobenzenesulfonamides 36.
Conversion of the amino compounds 36 to the corresponding azidobenzensulfonamides 37
was readily achieved through diazotization reaction using sodium nitrite in a mixture of glacial
acetic acid and concentrated hydrochloric acid in the presence of sodium azide. Finally,
cycloaddition reaction (the Click chemistry) of the azides 37 with various alkynes 38 obtaining
from alkylation of the appropriate phenol derivatives with propargyl bromide afforded a

variety of the desired triazoles 14-33 (Scheme 9) in moderate to good yields (45-94%).%°
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Scheme 9
Synthesis of N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinoline based triazoles

A series of N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinolines were preliminarily
evaluated in vitro as antiproliferative agents against HUCCA-1 (cholangiocarcinoma) cell line.
Results showed that substituents (R) on the isoquinoline ring and substituents (R?) on the
triazole core play important roles in governing their cytotoxicities. The ester analog 20 was

shown to be the most potent compound against HUCCA-1 (ICso 0.63 uM) (Figure 2).

N=N
O
N. 5
,
R"7 5 > 82 &
Os_0OMe

(ICs0, uM) HuCCA-1
0.63 = 0.04

R'=H R*=
Figure 2 The most potent synthetic N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinolines
A series of 2-substituted amino-3-chloro-1,4-naphthoquinone derivatives (3-12) were

synthesized (Scheme 10) as anticancer agents and tested against HUCCA-1

(cholangiocarcinoma) cell line.
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Scheme 10 Synthesis of aminonaphthoquinone derivatives

Cytotoxic activities of the synthesized aminoquinone compounds (3-12) and parent
compound (1) were tested against HUCCA-1 (cholangiocarcinoma) cell line using etoposide
and doxorubicin as reference drugs (Table 3).

Among all the tested compounds, acetylphenylaminoquinone compounds (8 and 9)
were shown to be the most active compounds. Compounds 1, 3, 7, 10 and 11 were inactive to
weakly active compounds. In addition, compounds 4, 5, 6 and 12 displayed cytotoxic activity
against HUCCA-1.

Significantly improved cytotoxic activities were found in compounds bearing
acetylphenylamino substitutions (8 and 9). The enhanced effect of amino substituents is the
following order: acetylphenylamino > quinolinylamino > alkylamino > phenylalkylamino. The
most potent cytotoxic activity was found to be macetylphenylamino-1,4-naphthoquinone (8)
affording ICsq values of 2.364 pM.*
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Table 3
Cytotoxic activity of compounds 1 and 3—12

Compound IC50 (UM)
HuCCA-1
1 19.204 + 0.51¢
3 61.163 + 4.20°
4 8.636 + 0.35"
5 7.916 + 0.64"
6 5.206 + 0.07"
7 50.134 + 0.66°
8 2364 +0.53"
9 3.285 + 1.03"
10 inactive®
11 inactive®
12 10.672 + 0.42°
Etoposide —d
Doxorubicin 0.239 + 0.02

3 Weakly active compound.

b Moderately active compound.

¢ Inactive compound.

4 Not tested.

p-Dodecylaminophenol was developed to be an effective anticancer agent without key

side-effects of these agents.'®> This compound suppresses cell growth of pancreatic cancer
(MIA Paca2) and cholangiocarcinoma (HUCCT1), potentially by inhibiting ras expression and
signaling through ERK pathways in MIA Paca2 cells and both ERK and Akt pathways in
HUCCT1 cells. p-Dodecylaminophenol may represent a potent and useful anti-cancer drug for

use against pancreatic cancer and cholangiocarcinoma that lacks their key side-effects.

/WW\/\NO\
H OH

p-Dodecylaminophenol

Carbohydrates are the most abundant group of natural compounds commonly referred
to sugars and starches. The glycoconjugates, are involved in important functions, as cell-cell
recognition and communication, inflammation, immunological response, bacterial and viral
infection, tumorigenesis and metastasis (Kumar,Seenivasan, Kumar V., &Das, 2011).
Furthermore, carbohydrates linked to a heterocyclic moiety are important for bioactivity
display a significant influence to the pharmacokinetics, drug targeting and mechanism of

action (Kamenecka et al., 2009). Similarly, N-heterocyclic compounds, [1,2,3]-triazoles are
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use as a linker with various active functional moiety to improve the ability to drugs discovery
and exhibit wide range of bioactivities (Brak et a., 2010).

Galectin is a growing family of beta-galactoside binding protein. More than 10
galectins have been characterized in mammals, of which galectin-1 (Gal-1) and galectin-3
(Gal-3) have been extensively studied. Galectin-3 is an intra and extra-cellular lectin with a
correlation of expression and functional implication in inflammation and the aggressiveness
and metastatic potential of cancer. Proteomic analysis of the cholangiocarcinoma cell line in
Thai people has shown high expression levels of Gal-3 and 93% of the cholangiocarcinoma
cells were positive for Gal-3 staining. Contrarily, there were decreased Gal-3 expressions in
some tumors, such as prostate and uterine cancers. Natural saccharides have been proposed as
inhibitors of galectins. However, they are difficult to synthesize, sensitive to hydrolysis, and
they are typically too polar to be used as drugs. One approach to circumvent these
disadvantages of glycosides is to prepare inhibitors of galectins in which the saccharide is
replaced by simpler and less polar structures. Salameh, Leffler, and Nilsson (2005) reported
the three inhibitors 11-13 for the tumor and inflammation related galectin-3 with low Ky
values as 107-147 uM. 3-deoxy-3-(1H-1,2,3-triazol-1-yl)-1-thio-galactosides contained with
the phenyl-substituted 11, and the butyl 12 and benzyl amides 13, were synthesized via Cu(l)-
catalyzed cycloaddition of methyl-3-azido-3-deoxy-1-thio-4-D-galactoside 7 with acetylene
derivatives 8 in Cu(l), DIPEA and toluene at 40 °C. 1,4-Disubstituted triazoles 9 and 10 were
obtained in high yield as single regioisomers. Finally, deprotection of 9 with methylamine in
water gave 11 in 95% vyields, whereas the reaction of methyl ester 10 with different amines
gave a panel of 4-carbamoyltriazoles 12 and 13 in 80-90% yields (Scheme 11).

AcO HO
AcO- o HO- o
N< 0, N
A sMe  40%MeNH,-H,0 N/'N\N SMe
>:J OAc 95% >:J HO
Ac o R? 9 R!=Ph R! 11R1=Ph
AcOr o Rl\//
Nj SMe
OAC Cu(l), DIPEA,
toluene, 40 °C AcO
7 95% Ac AcO" o
- N
ﬁco o RZ2NH,, MeOH  N” N SMe
NT N SMe ———> —/  OAc
| Ohc 80-90%

/ 12 R%= (CH,)5CH
R? 1_ R, O 2)3% 13
10R COZMe 13 R2 - CHZPh

Scheme 11 Synthesis of 3-deoxy-3-(1H-1,2,3-triazol-1-yl)-1-thio-galactosides via Cu(l)-

catalyzed cycloaddition.
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Palomo et al. (2008) reported the “click” cycloaddition method to prepare R-(N-
Glycosyltriazolyl)-s-lactams 20a-e from a-Propargyl-p-lactam 18 and O-protected 2-
azidosugars 19a-e in the presence of Cu(ll) source and ascorbate. Glycoside 20a and 20e were
employed to N-denosylation and in situ N-acylation, followed by deprotection of acetyl groups
on sugar moieties to get the desired targets 23a, 23e, 24a, and 24e for lectin binding test
(Scheme 12). The results showed a clear interaction between the bind of Hybrid glycopeptide-
lactam 23e to Ulex Europaeus Lectin-1 (UEL-1) after partially rotatable triazolylmethylene

moiety.
N O—7
N* “Nwl—~Z OR;
= O~
N WORZ
NsHN,, " loae NsHN.,, PhSH, K,COj5 then
o N% sodium ascorbate,CuSO,, g N% R,COClI or Ac,0
18 H,O;t-BUuOH; THF, rt. do
CO,Me 20a-e H>Me
Ns = 2-nosyl)
N// \NWORZ
0
Rl\n/’\'/u NaOMe, NaOH, MeOH Rl\[rN'
fe) N
O
CO,Me CO,Me
2la;R;=Me R, =0OAc 23a;R;=Me;R,=H
21e R, =Me R, =OAc 23e R, =MeR,=H
22a !Rl = CH2CH2C8H17 ,R2 =0OAc 24a ;Rl = CH2CH268H17 ;Rz =H
22e ,Rl = CH2CH2C8H17 ,R2 =0OAc 24e ’Rl = CH2CH2C8H17 !RZ =H
ACO AcO
OAc
AcO BnO OBn BnO OBn OAG
AcO BnO BnO N3 Me OA‘ Me—3=0=—N;
9c 19d Nj 19e

Scheme 12 Synthesis of R-(N-Glycosyltriazolyl)-f-lactams

Schwardt et al. (2011) reported the cycloaddition of mannosyl alkynes 25 and azides
26 under Cu(l)-catalyzed click conditions to yield directly the anti-substituted triazoles 27a-i
in 27-77% vyield. The protected mannosyl alkyne 28 and 29 were coupling with azides by click
conditions to yield the protected triazoles 31g-j and 32e-h. Finally, deacetylation under
Zemplen conditions gave unprotected mannosyl triazoles 33g-j and 34e-h (Scheme 13). All
derivatives showed nanomolar affinities in a cell-based aggregation assay of the lectin FimH

antagonists.

22



: R=CH,Ph

:R = 4-NH,Ph

: R =adamantyl

:R = CH3(4-MeOPh)
R CH,(3-MeOPh)
= 4-NO,Ph

4-pyr

4-F-Ph

3-F-Ph
4-MeOPh

OH R-N3 HO H

HO

HO O 26 HO O N

HO P CuSO0,, Na-ascorbate, HO N” °N-R
o\// t-BUOH/H,0(1:1), rt, 24 h, o\):_/

27-17%

~——:T(Q_"('DQ.OUQJ

;U;U;UJU;U

R-N
AcO Ac 20 ° AcO—. QAC
AcO O ACO 0 N
AcO CuSO,, Na-ascorbateACOH ~ AcO NN -R
o(\/)// t-BUOH/H,O/THF(1:1:1), O(\/))___/
t, 24 h

n ) n
2303 ss-00n Y

HO
HO O, N
NaOMe, MeOH, rt. HO N” N-R
2-6h, O(\/)):J

73-90% 33g-(n=1)
34e-h(n=2)

Scheme 13 Synthesis of unprotected mannosyl triazoles

From above literatures review, we displayed applicability for monosubstituted-
glycosyl-1,2,3-triazole derivatives and their biological activity which utilize click chemistry
for the synthesis. Glycoside substrates such as pyranoses, mannose, fucose, galactose, glucose,
furanose, arabinose, ribose, maltose and disaccharide derivative were employed as substances
to give several substituted 1,2,3-triazoles and their biological activities such as urinary glucose
excretion, chemosensors, anti-mycobacterial, human carbonic anhydrase and enzyme
inhibition were studied to obtain bioactivity data for future pharmaceutical uses.

Based on the literature reports of the importance of the triazole linked glycoside toward
the tumor and inflammation related galectin-3, in this project, we designed to synthesize a
new class of triazolylethyl-2,3-unsaturated-O-glycosides, 2,3-unsaturated-glycosyl triazoles
and 1,4-disubstituted-1,2,3-bistriazole linked C-1, C-6 positions of a-D-glucopyranoside. The
synthetic compounds will be studied as the therapeutic agent for treatment of

cholangiocarcinoma.
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Chapter 2: Results and Discussions

In this work, part 1, we designed to synthesize a new class of triazolylethyl-2,3-

unsaturated-O-glycosides using sequential one-pot glycosylation-azidation-CuAAc reactions
procedure.

Br
ACO i) 10 mol% Iy, 1.2 eq. HO™ >

AcO
Q O,
ACO/E/) ChCl 1, 3 ACO/%A—
AcO

ii) 1.5 eq. NaNs, Solvent, 80°C, 2h o
iii) 2.0 eq. Alkyne, 50 mol% Cul, \/\’}‘/\B/R
1 50 mol% Et3N, to 2 N=N

Scheme 1 Synthesis of triazolylethyl-2,3-unsaturated-O-glycosides 2

In part 2, a new class of 2,3-unsaturated-glycosyl triazoles via one-pot two steps

glycosylation click reaction and investigatation the anti-proliferative effect of

triazoleglycoside on cholangiocarcinoma KKU-M213.

AcO ) HO  n™== AcO R

Q I, (Cat.) Q /

AcO P AcO™\ _ N,
AcO ii) RN i | N

Cu(l) (Cat.) N
n
1 3
n=1,2,3
30 Examples

Scheme 2 Synthesis of 2,3-unsaturated-glycosyl triazoles 2

In part 3, 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl analogues were
synthesized via click chemistry (Scheme 1). All the synthetic anologues of the bistriazole

glycosides will be evaluated for anti-proliferative activity on human cholangiocarcinoma cells
(KKU-M213, HUCCA-1, K-100), cancer cells.

¢ R~
E}—\ Ac

AcO? R-N3, 0.5 M CuSO,, N O- o R
2 > AcO '
AcO 0.5 M Sodium ascobate, ¢ ACO f N
ACO 5 THF, rt o N
4 =

Scheme 3 Synthesis of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl derivatives
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Part 1 Synthesis of 2,3-unsaturated-O-glycosyl triazoles via one-pot three steps
glycosylation azidation click reaction

In this work, we developed a facile protocol for the synthesis triazolylethyl-2,3-

unsaturated-O-glycoside via one-pot glycosylation azidation click reaction of D-glucal 1, 2-

bromoethanol, sodium azide and alkynes by using I, and Cul as catalysts (Scheme 1).

Br
AcO ) 10 mol% I, 1.2 eq. HO™ >~ AcO
O " CH,Cl, 1., 3h Q
AcO P 2> AcO

AcO ii) 1.5 eq. NaNs, Solvent, 80°C, 2h o
i) 2.0 eq. Alkyne, 50 mol% Cul, A R
1 50 mol% EtzN 3 N=N

Scheme 1 Synthesis of 2,3-unsaturated-O-glycosy!| triazoles 3

To optimize this new reaction, we conducted a series of experiments to evaluate the
effect of various solvents and reaction temperature. The results of the preliminary screening

are listed in Table 1.

Table 1 One-pot glycosylation azidation click reaction of D-glucal 1 under various

conditions
Br
AcO i) 10 Mol% Iy, 1.2 eq. HO~ AcO
Q' " CHCly 1t,, 3h Q
A%oO P> 222 T AcO™\__
C .
ii) 1.5 eq. NaN3, Solvent, Temp., t; o)
P N
i) 2.0 eq. 22  OH, 50 mol% Cul, NS\ OH
1 Et3N, tz 2
Entry Solvent Temp (°C) EtsN (equiv) t,(h) t, (h) Yield® (%)

1 CH3CN RTY - 20 - RS
2 DMF RT - 5 5 94
3 DMF 80 - 2 5 >99
4 DMF 80 0.5 2 1 91

2 All reactions were carried out with 0.073 mmol of D-glucal (1).

b|solated yield was obtained as a mixture of isomers, o:p=9:1.

€ Trace product of 2-azidoethyl-4,6-di-O-acetyl-2,3-dideoxy-o-D-erythrohex-2-enopyranoside.
4 Room temperature.
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One-pot glycosylation click reaction was investigated in DMF and CH3CN by using

iodine (10 mol%), D-glucal 1, 2-bromoethanol (1.2 equiv), sodium azide (1.5 equiv) and

benzyl azide (2.0 equiv). In DMF at room temperature, the product 2 was obtained in 94%

yield (Table 1, entry 2). Conversely, 0% yield of product 2 resulted from the reaction carried

out in CH3CN (Table 1, entry 1). Additionally, the influence of the reaction temperature on the

yield and reaction time of the reaction was also studied. Stirring the reaction in DMF at room

temperature for 5 h (T1) gave the product 2 in 94% yield (Table 1, entry 2). Increasing the

reaction temperature to 80 °C, the glycosylation can be completed in 2 h (T,) (Table 1, entry

3) and the chemical yield of the final product 2 was afforded in excellent yield. Addition of

EtsN and shorten the reaction time in click step (T2) to 1 h, 91% vyield 2 was obtained. To

complete the reaction in short time, the optimized reaction conditions for the one-pot synthesis
was found to be 50 mol% of EtzN with DMF as solvent at 80 °C (Table 1, entry 4).

Table 2 Synthesis of 2,3-unsaturated-O-glycosyl triazoles 2 via one-pot glycosylation

azidation click reaction

Br
AcO )10 mol9% 1, 12eq. HO” " AcO—\
AcO CH2C|2, rt., 3h Aco/b
AcO ii) 1.5 eq. NaN, Solvent, 80°C, 2h O~
iii) 2.0 eq. Alkyne, 50 mol% Cul, '\\l/\§/R
1 50 mol% Et3N, tp 3 N=N
Entry Akyne ty (h) Product Yield® (%)
_ o
__ AcO _
1 = 1 91

AcO o
1.5 AcO _ >99
(0]

a All reactions were carried out with 0.073 mmol of pD-glucal (1) .
b Isolated yield was obtained as a mixture of isomers, o.:p = 9:1.
€ The reactions were carried out at 40 °C.
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Table 2 (continued)

Entry Akyne t (h) Product Yield® (%)
AcO o
4 }@ 2 ACO™ \— 79¢
O\/\
2d Nw
N=N
5 }QF 7 AcO e F 780
2 O\/\Nw
N=N
AcO o
AcO __ 88°¢
6 =
OMe 24 1) N\ OMe
2f \
N=N
AcO o
== AcO __ 96

)
O

Ac
AcO

8 =\ 4
OOCHg

OMe
9 :—\ 1
(0]
OMe
0 Ac
AcO

Ac
AcO

H
10 MeO

N
«Q

N

@)
O
(@]

JuS]

)
b

N
=

|

b

P
/
P4

b

7
J

z
1]
=z

\/\N\

2
f

2

5

QO

o
<
)

OMe

>99

>99

>99

a All reactions were carried out with 0.073 mmol of p-glucal (1) .
blsolated yield was obtained as a mixture of isomers, a.:p = 9:1.
¢ The reactions were carried out at 40 °C.
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Table 2 (continued)

Entry Akyne t, (h) Product Yield® (%)
Q
o H AcO o a
1 RS 5 Aco/b H 89
2 O\/\N%
\
MeO NSN (e}
MeO
_ AcO
_—\ (@]
12 O—>_© 15 ACO/%A >99
O\/\
O 2m N%
N=N o
:—\ 0 AcO o O
© ACO%A >99
13 4
O\/\N N (@]
2n \
N=N (0]
_ O o
14 — 1 AcO _ O >99
o]
O\/\N%
20 hy o)
- D
O oo
15 AT N 77
= OH 2
O™ NN OH
2p \
O =D
$<> AC%
= AcO
16 1 — i HO 72
~
2q NW
N=N
__ AcO o
o) AcO P
17 A 3 83
2r

a All reactions were carried out with 0.073 mmol of D-glucal (1) .

b Isolated yield was obtained as a mixture of isomers, o:p = 9:1.

¢ The reactions were carried out at 40 °C.
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To demonstrate the generality of this method, we investigated the scope of this reaction
under the optimum conditions and the results are summarized in Table 2. A variety of alkynes
reacted smoothly with D-glucal 1, 2-bromoethanol and sodium azide to produce a range of 2,3-
unsaturated-O-glycosy!l triazoles 2a-2r in good to excellent isolated yields (up to
>99% in many examples). The propargyl alcohol reacted smoothly to afford 2a in 91% vyield,
and the longer chain butynyl and pentynyl alcohols afforded products 2b and 2c in >99% and
82% vyield, respectively (Table 2, entries 1-3). The use of more hindered alkynes still
afforded the desired product in good yield, providing the triazole glycosides 2d and 2e in 77%
and 72% vyield (entries 4-5). Alkyne-bearing cyclobutanol was found to readily undergo
cycloaddition and is well tolerated. We next examined both electron-rich and electron-
deficient phenyl alkynes which were carried out at 40°C and reacted smoothly to give the
products 2f-2h in good yields (entries 6-8). The yields were found to excellent with the
propargyl ether derivatives (entries 9-12) and (entries 15-17) providing the product in
quantitative yield. The benzaldehyde group-bearing propargyl ether in and were well tolerated
in this one-pot reaction (entries 12-13). Alkyne containing a coumarin substituent was

employed to synthesize triazole glycosides in high yield with this one pot method (entry 14).
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Part 2 Synthesis of 2,3-unsaturated-O-glycosyl triazoles via one-pot glycosylation click
reaction

We designed to synthesize a new class of 2,3-unsaturated-glycosyl triazoles 2 via one-
pot two steps glycosylation click reaction of readily available D-glucal 1 with alkynyl alcohols
and azides using I, and Cul as a catalysts (Scheme 1). Thirty examples were prepared in good
yields (70-99%). Some synthetic anologues will be evaluated for cytotoxic activity against

HUCCA-1 (cholangiocarcinoma) cell line.

. \
AcO ) HOMN AcO R
AcO P> AcO™\__ N,
AcO ii) RN [N
cu(l) (Cat.) O N
n
1 2
n=1,2,3
30 Examples

Scheme 1 Synthesis of 2,3-unsaturated-glycosyl triazoles 2

Synthesis of 2,3-unsaturated-O-glycosyl triazoles via one-pot glycosylation click reaction
by using I,/Cul as catalyst

We herein describe the synthesis of 2,3-unsaturated-O-glycosyl triazoles 2 via one
pot glycosylation click reaction from readily available D-glucal 1, alkynyl alcohols and azides
(Scheme 2).

) 1.2 eq. Ho%
AcO AcO R
Q 10 mol% Iy, CH,Cl, 2 h Q '
A,%\OO P AcO"\ _ / N
¢ ii) 2.0 eq. RN3 OM/[ N
1 50 mol% Cul, 50 mol% Et3N ) n
CHsCN, 1-5h n=123

Scheme 2 Synthesis of 2,3-unsaturated-O-glycosyl triazoles 2

In order to optimize the reaction conditions, including catalyst loading and solvents,
the reaction of D-glucal 1, propargyl alcohol (1.2 equiv) and benzyl azide (2.0 equiv) in the
presence of molecular iodine and Cul as catalyst, was selected as a model reaction in different
solvents. The results are listed in Table 1.

In the presence of varying amounts of molecular iodine, the best results were obtained
with the use of 10 mol% of catalyst (Table 1, entry 2). While 50 mol% of molecular iodine
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was found to afford product in low yield due to the formation of side products (Table 1, entry
1).

In order to establish the best reaction conditions, we examined several organic
solvents. We found that, the combination of CH,Cl,:CH3CN (1:1) (Table 1, entry 3) was the
good solvent system to obtain the high yield of product, while CH3CN (entry 2) afford poor
yield of product. When CH,CI, (Table 1, entry 5) was used as solvent for the synthesis of
2,3-unsaturated-O-glycosyl triazole 2a, the maximum yield of the product was observed.
Moreover, the yield of product decreased when the amount of BnN3; was decreased to 1.5
equivalent (Table 1, entry 4). As mentioned above, the optimum reaction conditions were
determined as following: CH,Cl, was used as solvent and the catalyst loading of molecular
iodine was 10 mol% for glycosylation step and the BnN3 was 2.0 equiv for click reaction step
(Table 1, entry 5).

Table 1 One-pot glycosylation click reaction of D-glucal 1 under various conditions

AcO o Dl 1l2eq. o X AcO o //O
/E/) solvent, 2h. /%A N

AcO AcO \
AcO if) 50 mol% Cul, 50 mol% Et;N O\/[ N
BnN3, CH3CN, 3h N
1 2a
Entry I, (equiv) Solvent BnN3 (equiv) Yield? (%)
1 50 CH3;CN 2.0 27
2 10 CH3CN 2.0 45
3 10 CH,CI,:CHL;CN (1:1) 2.0 82
4 10 CH,Cl,:CH3CN (1:1) 15 76
5 10 CH,Cl, 2.0 86

a All reactions were carried out with 0.146 mmol of p-glucal (1)

In order to determine the scope of this one pot reaction, the reaction sequence
involved glycosylation of D-glucal with propargyl, butynyl, or pentynyl alcohols followed by
CUuACC reaction using various benzyl and long-chain aliphatic azides which were studied
under the optimized reaction conditions (Table 1, entry 5). As shown in Table 2, the tandem
glycosylation—click reactions of benzylazide with butynyl and pentynyl-glycosides were

performed smoothly as propargyl-glycoside to give products 2b and 2c in good yields (entries
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2 and 3). Changing to electron deficient nitro-benzyl azides and electron rich methoxy-and di-
methoxy benzyl azides did not show significant differences in terms of the reactivity and
reaction yields. The reaction went smoothly with m-nitrobenzylazide to complete conversion
in the second step in 1 h, producing 4a—4c in 83-96% vyields (entries 7-9). For the synthesis of
triazole-glycosides with different substituents on the N-1 atom of triazole moiety, the click
reaction was extended using aliphatic azides. The reaction of phenyl ethyl azide works well
under this one pot condition to obtain high yield of product in shorter time (entries 19-21).
Long chain aliphalic azides such as lauryl, omega-undecylenyl, and oleyl azides can be
proceeded smoothly to obtain the product with comparable yield as shown in entries 22—-30
(Table 2). However, the reactions of long carbon chain oleyl azide (entries 28-30) were

carried out in longer time to complete the reaction.
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Table 2 Synthesis of 2,3-unsaturated-O-glycosyl triazoles 2 via one-pot glycosylation

click reaction

) 10 mol% I, 1.2 eq.HO%

CH2C|2, rt., 2h.

i) 50 mol% Cul, 50 mol% EtzN
2.0 eq. RN3, CH3CN

Entry Azide Time (t,)/h Product Yield (%)|O
1 3 Aco/%3 2a, n=1,86
2 N 5 N 2b, n=273
3 3/\@ 2 AcO _ I \N 2c, n=3,79
o N
n
NO,
4 5 ACO™\ o /’®/ 3a, n=1,71
5 N3 2 AcO™\__ N, 3b, n=2, 84
6 2 o LN 3c,n=371
NO, N
n
NO,
7 N3 1 AcO O, 4a, n= 1, 96
8 1 AcO™\__ N, 4b,n=2 84
9 1 OW['N 4c.n=3, 83
NO, LN
OMe
AcO
0
10 N3 3 N 5a,n=1,78
11 3 Ao N [ 5b.n=2 91
12 2 OM/EI\I'N 5c,n=3, 74

OMe

a All reactions were carried out with 0.146 mmol of D-glucal (1)
blsolated yield was obtained as a mixture of isomers, when n=1, a:p =9:1 when n=2, a:p=10:1 when n=3, a:p= 12:1
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Table 2 (continued)

Entry Azide Time (t,)/h Product Yield (%)°
MeO
OMe
13 g AcO o gg, n= % 78(2))
14 N n=2,
15 3 5 ACO/%A / N\N OMe GC, n=3,91
o) N
OMe n OMe
OBn _
16 OMe 2 AcO 0, /’O/ 7a,n=1,79
S N3 5 ACO N 7b,n=2, 73
2 — [ \ 7c,n=3,73
18 o N
OBn N
n
BN L MO0 g can=1.98
21 1 AcO — ’ \ 8c,n=3,75
o N'“
n
22 AcO /—(/ _
2 (e} 9a,n=1,85
23 Ny 2 ACO/%A N 10 9b n =2 >99
24 10 2 [N 9c, n=3,90
o) N
n
AcO /’(’4’
25 2 Q N8 10a,n =1, 86
2% Ny T 2 AcO™\ N 10b n=2.82
27 8 2 o r\fN 10c,n=3,73
n
7R
AcO
28 /WM/ 4 Aco%; N 6 lla,n=1,76
29 N3 7 4 — Y 11b,n=2,75
30 6 4 o) o 1lc,n=3,71

a All reactions were carried out with 0.146 mmol of D-glucal (1)
blsolated yield was obtained as a mixture of isomers, when n=1, o:f=9:1 when n=2, a:f=10:1 when n=3, o:p=12:1

We have developed a convenient and selective one-pot method for the synthesis of 30

corresponding 2,3-unsaturated-O-glycosyl triazoles. The method offers significant advantages,

such as low toxicity, simple operation, mild reaction conditions, high yields, and low cost,

which makes it an attractive process for the synthesis of 2,3-unsaturated-O-glycosyl triazoles.

34



Anti-proliferative of triazoleglycoside on cholangiocarcinoma KKU-M213

Compounds Cell viability (% of control)
50 uM 100 uM 200 pM
AcO o ‘}———@
A
O N 885 90+1 8245
2a

(@] N\\
TN 9042 8242 6245

AcO 1 N
2 |
O/\/[N’N 886 854 6915

1 3
2c
AcO 4
(@)
Y
" N 85+2 4744 145
9a

(0] ‘ N,
\1‘/\[ N 7512 333 1+4

1
[ )
OVEN'N 84+7 7646 2942

The anti-proliferative activity of the synthesized O-glycosyl triazoles compounds (2, 9
and 10) were evaluated on human cholangiocarcinoma cells (KKU-M213), cancer cells
derived from Thai patient as shown inTable 1. The compounds 9a and 9b showed the greatest

effect on cell viability, at the concentrations ranging from 50 to 200 uM.
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Part 3 Synthesis of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl analogues

In this work, we designed to synthesize a new class of 1,6-bis-triazole 2,3,4-tri-O-
acetyl-a-D-galactopyranosyl analogues via click chemistry (Scheme 1). All the synthetic
anologues of the bistriazole glycosides will be evaluated for anti-proliferative activity on
human cholangiocarcinoma cells (KKU-M213, HUCCA-1, K-100), cancer cells.

In the first part, bis-propargyl glycoside was prepared for using as precursor for
synthesis of our target 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl analogues. Bis-
O-propargyl-D-glucopyranosides was prepared via three-steps process using commercial
available O-methyl-D-glucopyranose as a starting material. The reaction was shown in scheme
1.

OH
HO = HO Z
HO OH HO o= o
HO 1 H,S0,-silica, HO 5 see the table HO o\//
65 °C 82 % HO -
6 h 3

Scheme 1 Synthesis of diacetylene glycoside 3 from galactopyranoside

The synthesis of 4 was commenced with selective O-glycosylation of D-(+)-
galactopyranoside 1 using propargyl alcohol as nucleophile and solvent. H,SOy-slilca was
used as catalyst, the reaction was heat at 65 °C for 6 h to afford the mixture isomer of
galactopyranoside 5 in high yields (82%). Regioselective O-propargylation reaction of primary
alcohol at C-6 position of 5 is a difficult and complicated. Therefore, the optimum conditions
for the synthesis of compound 3 to give the best results were studied. With compound 3 in
hand, acetylation of the remaining hydroxyl grups were performed by using Ac,O in pyridine

to afford 1,6-di-O-propargyl-2,3,4-di-O-acetylgalactoside 4 in high yield.
// //
HO? Ac,0, pyridine Ac
&o - go
HO o _= rt., 5h AcO o —

HO 3 AcO 4
74% (o:f =2.3:1)

Scheme 2 Acetylation of 1,6-di-O-propargyl-2,3,4-tri-hydoxylgalactoside 3

The new derivative of 1,6-di-O-propargyl-2,3,4-tri-O-acetylgalactoside 4 was prepared
via three-steps process using commercial available D-(+)-galactopyranoside (9) as a starting
material. Diacetylene glycoside 4 will be used as a precursor to prepare various bis-triazole
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glycosides as shown in Table 1 for study the cytotoxic activity on human cholangiocarcinoma
cells (KKU-M213, HUCCA-1, K-100).

// R.
N
. % Ac
o N=y _
AcO R-N3, 0.5 M CuSOy, 0 o R
Q > AcO 1
AcO 0.5 M Sodium ascobate, ¢ AcO / N
AcO R Ne) N

THF, rt
4 O\/ﬁ 5 N

Scheme 3 Synthesis of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl derivatives

Synthesis of 1,6-di-triazolyl-glycopyranoside analogues

A series of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl derivatives as were
synthesized as shown in Scheme 2 and Table 1. The corresponding azides include with
derivatives of benzyl, 2-ethoxybenzene, aliphatic, coumarin azides, derivatives of 2-
azidoacetates with diacetylene glycosides were performed by dissolve in THF followed by the
addition of catalytic sodium ascorbate and CuSO45H,0. The products were obtained in short
reaction time and the results of quantitative conversions and purities were found from 37% to
99% yields.

Reaction of the benzylazide derivatives with diacetylene glucoside 11 (Table 1, entries
1-8) showed moderate to high conversions depending on the substituted on aromatic ring (56-
93%yeilds). Click reactions of the phenylether azide derivatives were performed in 5-10 min.
to give the product in 67-91%yields (Table 1, entries 10-14). Moreover, long chain aliphatic
azides gave good vyields of the desired products (Table 1, entries 15-18). Azide with
substituted aromatic gave moderate to high yields of the desired bis-triazole glycoside
depending on the electronic factor of substituents.

Furthermore, three derivertives of coumarin-glycoside were prepared with the high
yields which were showed in the entries 30 and 31, but unstable 3-(2-(triazolyl)acetyl)-
coumarin ee (entry 29) can be decomposed in purification with silica gel column to give low

yield of product.
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Table 1 Synthesis of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl derivatives

// R,
N
5 l{l‘/\>_\ Ac
Ac R-N3, 0.5 M CuSO,, N O- o R
o) > ACO ]
AcO 0.5 M Sodium ascobate, ¢ ACO | N
AcO (@]

THF, rt <N
4 O = 5

entry 12

t(min) %yield

zZ
w

10 82

30 86

N
o
: : ?
’
w
pd
[

OMe
3 ¢ @ANg 5 72
F
4 d @”1@3 5 70
O N
2
ON
5 e \©AN3 5 56

OMe

MeO
7 g ﬁNs 5 60
BnO
N3
8 h 5 85
9 i ©/VN3 10 91
o~
0 j @( N, 5 73
0]
11 K Q >N 5 78
HsC
O\/\N
12 | - 5 83
O/\/N3
13 m 10 73
14 n OI 5 67
N3
15 0 Ay 1h 61
10 3
16 p > 5h 63

—
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Table 1 Synthesis of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl derivatives
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Cytotoxic activity of 1,6-bis-triazole-tri-O-acetyl-a-D-galactopyranosyl derivatives

All the synthetic compounds were assayed for their cytotoxic activity against human
cholangiocarcinoma cells (KKU-M213, HUCCA-1, K-100) cancer cells by MTT assay. The
results were summarized in Table 2.

The structure activity relationship of the compounds showed that compound 5g with
unsaturated aliphatic long chain on triazole rings exhibited moderate activity against all cancer
cell lines compared to other tested compounds. Compounds 5k, 5| and 5aa were found to be
active against KKU-M213 whereas compounds 4 and 5m were active against K-100 cell
lines. Among the tested compounds, compound 5 ee exhibited pronounced cytotoxicity against
K-100 cell lines with IC50 4.87 mM. Remaining compounds displayed no activity against the
cell lines tested.

Table 2 Cytotoxic activity of 1,6-bis-triazole-tri-O-acetyl-a-D-galactopyranosyl derivatives

¢ R\
E}—\ Ac

AcO? R-N3, 0.5 M CuSO,, N O
&% - g AcoNT= "
AcO AcO4 Lo 05M ?a?:lu:‘? ascobate, A;:O O\/[N/,\N
Entry Compounds EDs, (UM)? (SRB assay)
KKU-M213 HUCCA-1 K-100
1 4 >50 >50 28.36+£1.93
2 5a >50 >50 >50
3 5b >50 >50 >50
4 5c >50 >50 >50
5 5d >50 >50 >50
6 5e >50 >50 >50
7 5f >50 >50 >50
8 59 >50 >50 >50
9 5h >50 >50 >50
10 5i >50 >50 >50
11 5] >50 >50 >50
12 5k 48.08+0.28 >50 >50
13 51 37.62+0.96 >50 >50
14 5m >50 >50 42.35+0.82
15 5n >50 >50 >50
16 50 >50 >50 >50
17 5p >50 >50 >50
18 5q 22.58+4.53 28.71+1.17 14.87+1.52
19 5r >50 >50 >50
20 5s >50 >50 >50
21 5t >50 >50 >50
22 5u >50 >50 >50
23 5v >50 >50 >50
24 5w >50 >50 >50
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25 S5X >50 >50 >50

Table 2
Entry Compounds EDs, (UM)? (SRB assay)
KKU-M213 HUCCA-1 K-100

27 5z >50 >50 >50

28 5aa 48.52+2.58 >50 >50

29 5bb >50 >50 >50

30 5cc >50 >50 >50

31 5dd >50 >50 >50

32 See >50 >50 4.87+0.37
ellipticine 3.42+0.74 3.15+1.63 451+0.23

Each value represents mean+SD from three different experiments performed in triplicate.
Cell lines used are human cholangiocarcinoma cells (KKU-M213, HUCCA-1, K-100), cancer
cells derived from Thai patient. Ellipticine (Ellipt) was used as a positive control. The results
were expressed as EDsq values (drug concentration causing 50% growth inhibition) in uM.
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Chapter 3: Conclusions

Part 1, We have successfully demonstrated the efficient synthesis of new class of
triazolylethyl 2,3-unsaturated O-glycoside derivatives with good a-anomeric selectivity in a
one-pot manner using sequential O-glycosylation-azidation-cycloaddition procedure avoiding
the isolation and handling of potentially explosive organic azides. This method can be applied
to various alkyne substrates and should be of general utility for the synthesis of this unique

scaffold in efficient way.

Br
ACO™\ o, 1)10mol% 1y, 1.2 eq. HO” ™" Aco o
CH,Cly, 1t., 3h
AcO P AcO __
AcO ii) 1.5 eq. NaN, Solvent, 80°C, 2h O~
iii) 2.0 eq. Alkyne, 50 mol% Cul, ’?‘/\B/R
1 50 mol% EtsN, t, 2 N=N

Scheme 1 Synthesis of triazolylethyl-2,3-unsaturated-O-glycosides 2

Part 11, we have developed an efficient and convenient method for the synthesis of 2,3-
unsaturated-glycosyl triazoles. This method used inexpensive iodine reagent to promote the
glycosylation and allows for subsequent copper catalyzed click reaction to proceed in one pot
which limiting the experimental, work-up and purification step. Thirty examples of new

triazoleglycosideswere obtained in high yields, with a-anomeric selectivity.

N 2 N
AcO ) HO ™= AcO R

Q I, (Cat.) Q /

AcO P AcO __ N
AcO ii) RN i [N

Cu(l) (Cat.) N

n
1 3
n=1,2,3
30 Examples

Scheme 2 Synthesis of 2,3-unsaturated-glycosyl triazoles 2
In this study, eight novel mono-triazole glycosides were tested for their anticancer
activities in CCA cell lines. Among glycosides tested, compounds 9a and 9b exhibited the
most potent anticancer activity. These synthetic triazole glycosides might be a promising

anticancer agent for CCA.
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Part 3, A new series of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl
derivatives were synthesized and evaluated for their in vitro cytotoxic activities against Thai

human cholangiocarcinoma cells.
// R,
AcO R-N3, 0.5 M CuSOy,, N o— o R
0 > /
ACO% 0.5 M Sodium ascobate, AcO ACO | N
AcO “ o N

THF, rt
4 O\/ﬁ 5 N

zZ

Scheme 3 Synthesis of 1,6-bis-triazole 2,3,4-tri-O-acetyl-a-D-galactopyranosyl derivatives

The preliminary screening results indicated that some of the compounds demonstrated
low to moderate cytotoxic activities, comparable to the anticancer drug ellipticin. Compounds
5 ee exhibited pronounced cytotoxicity against K-100 cell lines.

20

Compounds 5 ee
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1. Introduction

1,2,3-Triazole moiety has proven to be an important structural
scaffold in biomaterials' for drug discovery that show a broad range
of biological activities such as anti-bacterial, anti-viral, anti-fungal,
anti-parasitic, anti-HIV, anti-tumor, and anti-tuberculosis. In addi-
tion, triazoles are advantageously employed in the fields of materi-
als science and polymer chemistry.? Consequently, interest in the
development of efficient methods for the synthesis of triazoles,
bearing multiple and diverse substitution patterns, has continued.
The most prominent method to synthesize 1,2,3-triazole is the
Cu(l)-catalyzed Huisgen 1,3-dipolar cycloaddition of azide and al-
kyne (CuAAC), the most widely used click reaction.’

In the field of carbohydrate research, several attempts have been
made to utilize click chemistry for the synthesis of bioactive tria-
zole-glycosides and consequently screening for their biological data.*
1,2,3-Triazole-glycosides have been reported to posses galactin-3
inhibitory effect®® in which galectin-3 has been demonstrated to be
involved in cancer and inflammation. Triazole-glycosides can be gen-
erally prepared from the reaction of propargyl glycosides and azides
or azido glycosides and alkynes.” For example, Miller et al.% synthe-
sized analogues of neoglycopeptide using microwave-assisted CuAAC
reaction of a propargylated glycoside with an azido-functionalized
amino acid. Alternatively, Salunke et al.°® reported the synthesis of
1,2,3-benzotriazole-linked glycoconjugates via CuAAC reactions of
azido glycosides with various terminal alkynes.

* Corresponding author. Tel.: +66 81 656 7524; fax: +66 3 839 3494.
E-mail addresses: rungnaph@yahoo.com, rungnaph@buu.ac.th (R. Saeeng).

0008-6215/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.carres.2013.04.029

Recently, one-pot synthetic strategies have become a very
attractive alternative to traditional sequential approaches for pre-
paring triazole compounds. Muller reported the one-pot three
component  Sonogashira  coupling-TMS-deprotection-CuAAC
sequence for the rapid synthesis of triazolyl NH-heterocycle.” Ya-
dav et al.® reported the tandem synthesis of 2,3-unsaturated-N-
glycosyl triazoles which was started with glycosylation of glucal
with azide followed by click reaction of the resulting azidoglyco-
side to obtain the product. However, Yadav's method provided only
one type of target with a certain triazole ring bearing directly to
the glycoside. To search the new methods for the synthesis of
diverse triazole glycosides, alternative ways that could lead to
more targets with convenient procedures are desired. In this work,
we report herein a concise synthetic approach to new analogues of
2,3-unsaturated-O-glycosyl triazoles (2) using one pot reaction
involving an iodine catalyzed glycosylation followed by click reac-
tion (Scheme 1). 2,3-Unsaturated-0O-glycosyl triazoles have been
reported to posses o-glucosidase, glycogen phosphorylase, and
glucose-6-phosphatase inhibitory activities which is important in
development of new anti-diabetic agents.®

In our previous reports, we demonstrated a practical approach
to 2,3-unsaturated O-glycosides via Ferrier reaction'® from glycal
by iodine catalyst. Several O-glycosides could be obtained in high
yield and high stereoselective, for example O-propargyl, butynyl,
and pentynyl glycosides could be obtained in 94-99% yields in
the presence of iodine as a promoter.'' We envisioned that molec-
ular iodine catalyst in the glycosidation step could be combined
with Meldal's copper catalyzed [3+2] cycloaddition of azides and
alkynes to produce glycosyl triazoles in one pot.
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AcO
i) 10 mol% I, 1.2 eq.HoHN /%&w
CH,Cl, rt. 2 h. A0\ g

i) 50 mol% Cul, 50 mol% Et;N
2.0 eq. RN,, CH,CN, rt. N=N

AcO o
AcO P>
AcO

Scheme 1. Synthesis of 2,3-unsaturated-O-glycosyl triazoles.

Table 1
Optimization of tandem O-glycosidation-Click reactions®
AcO
AO—, o 1)lporBF;0EY, 12 q. Ho X 0
ACO%/) Solvent, Temp., T4 AcO™ \__Ang
AcO i) 50 mol% Cul, 50 mol% Et,N —N
2.0 eq. BN, CHyCN, 1t., T, N=N
1 2a
Entry Lewis acid Solvent® Temp. Ty/T, Yield®
(equiv) (°0) (h) (%)
1 1> (0.5) CH3CN t 2/3 27
2 1> (0.1) CH3CN It 2/3 45
3 1> (0.1) CH3CN/CHCly It 2/3 82
(1:1)
4 1> (0.1) CHaCly It 2/3 86
5 BF;0Et; (0.2) CH3CN 0 0.5/24 94

# All reactions were carried out with 0.146 mmol of p-glucal (1), concentration
0.146 M.

b Solvent used for step 1.

¢ Isolated yield.

¢ The reaction was completed in longer time when using Cul less than 50 mol %.

2. Results and discussion

We desired the synthesis involving glycosylation of p-glucal (1)
with different alkynyl alcohols subsequently followed by click
reaction with various azides to obtain the target O-glycosyl tria-
zoles. The click reaction in the second step was carried out using
copper iodide as the Cu(l) source and triethylamine and acetoni-
trile as the solvent.

First, tandem glycosylation of p-glucal (1) with propargyl alco-
hol followed by CuACC reaction with benzyl triazole in acetonitrile
was studied as a model reaction as shown in Table 1. [odine was
used as catalyst in glycosylation step and to study the ability to
allow tandem glycosylation-click reaction. When using 0.5 equiv
of iodine in acetonitrile, product 2a was obtained in low yield (en-
try 1). Using iodine 0.1 equiv, triazole glycoside 2a was obtained in
moderate yield (entry 2). Among the reactions using iodine, the use
of dichloromethane as solvent was found to provide triazole glyco-
side in the highest yields (entries 3 and 4). BF;-OEt, was used as
catalyst to compare the activity with iodine both in the first step
and the ability to allow tandem click reaction in the second step.
It was observed that O-glycoside formation was completed in
30 min on TLC, however finishing the second step of click reaction
was observed after 24 h (entry 5).

In order to determine the scope of this one pot reaction, the
reaction sequence involved glycosylation of p-glucal with propar-
gyl, butynyl, or pentynyl alcohols followed by CuACC reaction
using various benzyl and long-chain aliphatic azides which were
studied under the optimized reaction conditions (Table 1, entry
4). As shown in Table 2, the tandem glycosylation-click reactions
of benzylazide with butynyl and pentynyl-glycosides were per-
formed smoothly as propargyl-glycoside to give products 2b and
2c in good yields (entries 2 and 3). Changing to electron deficient
nitro-benzyl azides and electron rich methoxy-and di-methoxy
benzyl azides did not show significant differences in terms of the

reactivity and reaction yields. The reaction went smoothly with
m-nitrobenzylazide to complete conversion in the second step in
1 h, producing 4a-4c in 83-96% yields (entries 7-9). For the syn-
thesis of triazole-glycosides with different substituents on the
N-1 atom of triazole moiety, the click reaction was extended using
aliphatic azides. The reaction of phenyl ethyl azide works well un-
der this one pot condition to obtain high yield of product in shorter
time (entries 19-21). Long chain aliphalic azides such as lauryl,
omega-undecylenyl, and oleyl azides can be proceeded smoothly
to obtain the product with comparable yield as shown in entries
22-30 (Table 2). However, the reactions of long carbon chain oleyl
azide (entries 28-30) were carried out in longer time to complete
the reaction.

3. Conclusion

In conclusion, we have developed an efficient and convenient
method for the synthesis of 2,3-unsaturated-glycosyl triazoles.
This method used inexpensive iodine reagent to promote the gly-
cosylation and allows for subsequent copper catalyzed click reac-
tion to proceed in one pot which limiting the experimental,
work-up and purification step. Thirty examples of new triazole-
glycosides were obtained in high yields, with o-anomeric
selectivity.

4. Experimental
4.1. General methods

All chemicals were purchased from commercial sources and
used without further purification. Proton NMR spectra were re-
corded on a Bruker Avance (400 MHz). All spectra were measured
in CDCl; solvent and chemical shifts are reported as § values in
parts per million (ppm) relative to tetramethylsilane (¢ 0.00) or
CDCl5 (6 7.26) as internal standard. Data are reported as follows;
chemical shift (multiplicity, integrate intensity or assignment, cou-
pling constants in Hz, and assignment). Carbon NMR spectra were
recorded on a BRUKER AVANC (100 MHz). All spectra were mea-
sured in CDCl5 solvent and chemical shifts are reported as ¢ values
in parts per million (ppm) relative to CDCl; (6 77.0) as internal
standard. High-resolution mass spectral (HRMS) data were ob-
tained with a Finnigan MAT 95. Infrared spectra were determined
on a PERKIN ELMER FT/IR-2000S spectrophotometer and are
reported in wave number (cm™!). Analytical thin-layer chromatog-
raphy (TLC) was conducted on precoated TLC plates; silica gel 60F-
254 [E. Merck, Darmstadt, Germany]|. Silica gel columns for open-
column chromatography utilized silica gel 60 (0.040-0.063 mm)
[E. Merck, Darmstadt, Germany]. Melting points were measured
using a Melting point apparatus (Griffin) and are uncorrected.

4.2. General procedure for the synthesis of 2,3-unsaturated
0-glycosyl triazole derivatives

i) 10 mol% I, 1.2 eq. not s A o
CH,Cl,, 1t,, 2 h. ADT Sy
ii) 50 mol% Cul, 50 mol% Et;N (\J;(\N»R

AcO o
AcO -
AcO
2.0 eq. RNy, CH,CN, t. N=N

1 2a-11a;n=1
2b-11b;n=2
2c-11e;n=3
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Table 2
0-Glycosidation-Click reactions

AcO

W. Mangsang et al./ Carbohydrate Research 375 (2013) 79-89

AcO o
AcO~ P

i) 10 mol% I, 1.2 eq. HO"")n\‘-.““
CH,Cly, 1t 2 h.

ii) 50 mal% Cul, 50 mol% Et;N
2.0eq RNy CH,ON, 1. T,

81

Eniry Azide® Major product Yield™ (%) Time® (T2)/h
1 Ny 2a,n=186 3
2 AcO 2b,n=273 5
3 AcO™ 2c,n=3,79 5
4 5
5 NJ/\©\ AcO 2
6 NO, ACO%; 2
7 N 4a,n=196 1
8 4b, n=2,84 1
9 AcO o 4c,n=3,83 1
NO, AcO"b
0
“'n
10 Ni OMe 5a,n=178 3
11 = 5b, n=2,91 3
12 AcO 4 5¢,n=3,74 2
OMe A0 N__ s
I N
OW”
13 OMe MeQ, 6a, n=170 3
14 N = 6b, n=2,89 2
15 1 Ac(%; I 6c,n=3,91 5
AcO™N__ ‘TNN OMe
OMe Oy
n
16 N ,_-OMe OMe 7a,n=179 2
17 s/\@: - 7b,n=2,73 2
18 0Bn A ,——& ;o8 7c,n=3,73 2
= N
|
19 Ny 8a,n=198 1
20 w@ 8b,n=279 1
21 8c,n=3,75 1
2 Ny { 9a, n=185 2
23 "o AO— , 9b, =2, >99 2
24 A0 N N 9¢, n=3,90 2
N
O N
n
75 NJ/\:\(‘\ = 10a, n=1,86 2
26 8 10b, n =2, 82 2
27 10, n=3, 73 2
28 N/\‘*‘ﬁw 11a,n=1,76 4
29 s k] 11b,n=2, 75 4
30 11c,n=3,71 4

® Azides were freshly prepared.

" Yields are given for isolated compound.
© Mixture of isomers, o:p=9:1 for n=1, ouf=10:1 for n=2, o:f=12:1 for n =3 (determined by 'H NMR of the crude reaction mixture).

4 T, =Reaction time of the second step.
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To a stirred solution of 3,4,6-tri-O-acetyl-o-glucal 1 (40.0 mg,
0.146 mmol) in dried CH,Cl5 (1.0 mL) were added alkynyl alcohol
(0.176 mmol) and iodine powder (3.7mg, 0.015mmol) under
gas-nitrogen at room temperature. Stirring was continued at room
temperature for 2 h. After TLC showed the completed conversion,
the volatiles were removed to obtain the residue which was dis-
solved with CH3CN (1.0mlL), followed by the addition of Cul
(13.9 mg, 0.073 mmol), Et;N (10.2 pL, 0.073 mmol), and alkyl azide
(0.292 mmol) respectively. The reaction mixture was stirred at
room temperature for 1-5 h. After TLC showed the completed con-
version, the reaction mixture was diluted with EtOAc (20 mL),
washed with satd aq NH4Cl (20 mL), and extracted with EtOAc
(3 x 20 mL). The combined organic layer was washed with brine
(20 mL), dried over anhydrous Na,SO4, and then concentrated un-
der reduced pressure. The residues were purified by silica gel col-
umn chromatography (EtOAc/n-hexane) to give the 23-
unsaturated O-glycosyl triazole products 2-11 in good to excellent
yields.

4.3. Spectral data of 2,3-unsaturated 0-glycosyl triazole
derivatives

| N
o\v/\_Nt
2a

e O
|

4.3.1. 1-Benzyl-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-erythro-hex-
2-enopyranos-1-yloxymethyl)-1,2,3-1H-triazole (2a)

Pale yellow solid; o-anomer Ry=0.43 (50% EtOAc/n-hexane);
mp 52-54°C; []2* +54.3 (¢ 1.00, CHCly); IR (CHCly): 2923, 2848,
1741, 1657, 1632, 1494, 1450, 1428, 1370, 1228, 1038, 964 cm ';
'H NMR (400 MHz, CDCly): 6 7.49 (s, 1H, triazolyl-H), 7.41-7.36
(m, 3H, Ph), 7.32-7.27 (m, 2H, Ph), 5.90 (br d, 1H, = 10.0Hz, H-
2), 5.82 (ddd, 1H, J=10.0, 2.5, 1.5 Hz, H-3), 5.54 (s, 2H, CH2Ph),
5.34 (ddd, 1H, J=10.0, 2.5, 1.0 Hz, H-4), 5.17 (br s, 1H, H-1), 490
(d, 1H, J=12.0Hz, H-1'a), 4.71 (d, 1H, J=12.0Hz, H-1'b), 4.25
(dd, 1H, J=12.0, 5.0Hz, H-6a), 4.16 (dd, 1H, J=12.0, 2.5 Hz, H-
6b), 4.13 (ddd, 1H, J=10.0, 5.0, 2.5 Hz, H-5), 2.01 (s, 3H, OAc),
2.00 (s, 3H, OAc); "*C NMR (100 MHz, CDCl3): § 170.78 (C=0),
170.23 (C=0), 14492 (C-2’), 134.51 (Ph), 129.52 (C-2), 129.15
(2 x Ph), 128.82 (Ph), 128.19 (2 x Ph), 127.44 (C-3), 122,51 (C-3)),
93.87 (C-1), 67.07 (C-5), 65.25 (C-4), 62.82 (C-6), 61.64 (C-1'),
54.20 (C-4"), 20.93 (CH3), 20.79 (CH5); HRMS (ESI) myz calcd for
CaoHz3N306Na [M+Na]™ 424.1485, found 424.1484.

L N
" 0

4.3.2. 1-Benzyl-4-(4,6-di-0-acetyl-2,3-dideoxy-o-p-erythro-hex-
2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole (2b)

Pale orange oil; o-anomer Rr= 0.39 (50% EtOAc/n-hexane); [o]5’
+57.1 (¢ 1.00, CHCl;); IR (CHCl3): 2923, 2848, 1740, 1657, 1633,
1465, 1454, 1421, 1370, 1275, 1260, 1225, 1038, 971cm ™ '; 'H
NMR (400 MHz, CDCl3): 6 7.42-7.24 (m, 5H, Ph), 7.32 (br s, 1H,
triazolyl-H), 5.88 (br d, 1H, J=10.0Hz, H-2), 5.76 (dm, 1H,
J=10.0Hz, H-3), 5.52 (s, 2H, CHyPh), 5.29 (d, 1H, J = 10.0 Hz, H-

4), 5.03 (br s, 1H, H-1), 421 (dd, 1H, J=12.0, 5.5 Hz, H-6a), 4.12
(dd, 1H, J=12.0, 2.0 Hz, H-6b), 4.08-3.97 (m, 2H, H-5, H-1'a),
3.84-3.75 (m, 1H, H-1'b), 3.05 (t, 2H, ] = 6.0 Hz, H-2'), 2.01 (s, 3H,
0Ac), 1.97 (s, 3H, OAc); '*C NMR (100 MHz, CDCl3): & 170.80
(€=0), 17022 (C=0), 145.33 (C-3'), 134.83 (Ph), 129.24 (C-2),
129.08 (2 =< Ph), 128.69 (Ph), 128.00 (2 x Ph), 127.60 (C-3),
121.60 (C-4'), 94.52 (C-1), 67.63 (C-1'), 67.00 (C-5), 65.31 (C-4),
62.91 (C-6), 54.11 (C-5'), 26.58 (C-2'}), 20.97 (CH3), 20.76 (CH3);
HRMS (EST) m/z calcd for C5Ha5N306Na [M+Na|”™ 438.1641, found:
438.1599.

AcO—, ¢ ?—-<\:>
AcON__ s N
2z [N

4.3.3. 1-Benzyl-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-erythro-hex-
2-enopyranos-1-yloxypropyl)-1,2,3-1H-triazole (2c)

Pale yellow oil; a-anomer Ry = 0.42 (50% EtOAc/n-hexane); [o;)
+66.4 (c 1.02, CHCl5); IR (CHCl3): 2928, 2870, 1740, 1550, 1497,
1456, 1435, 1370, 1230, 1039, 978 cm™'; 'H NMR (400 MHz,
CDCls): 6 7.39 (br s, TH, triazolyl-H), 7.39-7.35 (m, 2H, Ph), 7.30-
7.22 (m, 3H, Ph), 5.89 (br d, 1H, J=10.0Hz, H-2), 5.82 (ddd, 1H,
J=100, 3.0, 20 Hz, H-3), 551 (s, 2H, CH-Ph), 5.32 (ddd, 1H,
J=100, 3.0, 2.0Hz, H-4), 502 (br s, 1H, H-1), 4.24 (dd, 1H,
J=12.0, 5.0Hz, H-6a), 4.17 (dd, 1H, J=12.0, 2.5 Hz, H-6b), 4.10
(ddd, 1H, J=10.0, 5.0, 2.5 Hz, H-5), 3.82 (dt, 1H, J=10.0, 6.0 Hz,
H-1'a), 3.56 (dt, 1H, J=10.0, 6.0 Hz, H-1'b), 2.85-2.76 (m, 2H, H-
3'), 2.10 (s, 3H, OAc), 2.08 (s, 3H, OAc), 2.04-1.95 (m, 2H, H-2');
3C NMR (100 MHz, CDCly): & 17079 (C=0), 170.28 (C=0),
147.94 (C-4'), 134.89 (Ph), 129.08 (2 x Ph), 129.06 (C-2), 128.68
(Ph), 128.01 (2 x Ph), 127.82 (C-3), 120.63 (C-5'), 94.43 (C-1),
67.94 (C-1'), 66.94 (C-5), 65.32 (C-4), 63.00 (C-6), 54.04 (C-6'),
29.38 (C-2'), 22.49 (C-3'), 20.97 (CH3), 20.77 (CHs); HRMS (ESI)
my/z caled for CaoHz7N30gNa [M+Na]* 452.1798, found: 452.1793.

v T N-no
AcO o /'Q,} 2
AcCON__y1 N
| N
O N
3a

4.3.4. 1-(4-Nitrobenzyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-o-p-
erythro-hex-2-enopyranos-1-yloxymethyl)-1,2,3-1H-triazole
(3a)

Orange solid; o-anomer Ry= 024 (50% EtOAc/n-hexane); mp
78-80°C; [ofp} +31.2 (¢ 1.02, CHCly); IR (CHCly): 2922, 2852,
1741, 1657, 1632, 1524, 1465, 1421, 1260, 1229, 1038, 967 cm  ;
'H NMR (400 MHz, CDCl5): ¢ 8.24 (d, 2H, J]=8.0Hz, Ph), 7.61 (br
s, 1H, triazolyl-H), 7.44 (d, 2H, J=8.0Hz, Ph), 591 (d, 1H,
J=10.0Hz, H-2), 5.83 (d, 1H, ] = 10.0 Hz, H-3), 5.66 (s, 2H, CH-Ph),
5.34 (d, 1H, J=10.0 Hz, H-4), 5.19 (br s, 1H, H-1), 492 (d, 1H,
J=12.0Hz, H-1'a), 4.74 (d, 1H, J]=12.0 Hz, H-1'b), 4.23 (dd, 1H,
J=12.0, 5.0 Hz, H-6a), 4.17 (dd, 1H, ] = 12.0, 2.0 Hz, H-6b), 4.15-
4.08 (m, 1H, H-5), 2.03 (s, 3H, OAc), 2.01 (s, 3H, OAc); "*C NMR
(100 MHz, CDCl;): § 170.80 (C=0), 170.23 (C=0), 148.13 (Ph),
145.50 (C-2'), 141.51 (Ph), 129.68 (C-2), 128.72 (2 x Ph), 127.28
(€-3), 124.32 (2 x Ph), 122.97 (C-3'), 94.03 (C-1), 67.07 (C-5),
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65.26 (C-4), 62.77 (C-6), 61.61 (C-1'), 53.16 (C-4'), 20.93 (CH,),
20.81(CH3); HRMS (ESI) m/z calcd for CyoHzN4OgNa [M+Na]*
469.1335, found: 469.1282.

4.3.5. 1-(4-Nitrobenzyl)-4-(4,6-di- 0-acetyl-2,3-dideoxy-a-p-
erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole (3b)

Pale yellow oil; o-anomer Ry= 0.24 (50% EtOAc/n-hexane); [«]3
+70.9 (c 0.26, CHCI3); IR (CHCl5): 2922, 2852, 1739, 1659, 1633,
1521, 1468, 1421, 1421, 1346, 1273, 1260, 1225, 1036, 971cm ™ };
'H NMR (400 MHz, CDCl5): 6 8.25 (d, 2H, ] = 9.0 Hz, Ph), 7.44 (br
s, 1H, triazolyl-H), 7.41 (d, 2H, J=9.0 Hz, Ph), 5.89 (br d, 1H,
J=10.0 Hz, H-2), 5.79 (dt, 1H, J=10.0, 2.0Hz, H-3), 5.66 (s, 2H,
CH:Ph), 5.31 (dm, 1H, J = 10.0 Hz, H-4), 5.06 (br s, 1H, H-1), 4.22
(dd, 1H, J=12.0, 5.0 Hz, H-6a), 4.17 (dd, 1H, J=12.0, 2.5 Hz, H-
6b), 4.12-4.04 (m, 1H, H-1"a), 4.10 (ddd, 1H, J=10.0, 5.0, 2.5 Hz,
H-5), 3.87-3.78 (m, 1H, H-1'b), 3.09 (t, 2H, ] = 6.0 Hz, H-2"), 2.10
(s, 3H, OAc), 2.08 (s, 3H, OAc): '*C NMR (100 MHz, CDCls): &
170.84 (C=0), 170.24 (C=0), 148.03 (Ph), 145.95 (C-3), 141.94
(Ph), 129.40 (C-2), 128.49 (2 x Ph), 127.49 (C-3), 124.27 (2 = Ph),
121.89 (C-4"), 94.54 (C-1), 67.49 (C-1"), 65.00 (C-5), 65.34 (C-4),
62.90 (C-6), 53.00 (C-5'), 26.57 (C-2'), 20.97 (CH3), 20.79 (CHs);
HRMS (ESI) m/z caled for Co1Hp4N40gNa [M+Na]" 483.1492, found:
483.1435.

& /7 S-NO
A0~ g I’Q_}_ 2
AcON\__ 1 —N

z !N

4.3.6. 1-(4-Nitrobenzyl)-4-(4,6-di- 0-acetyl-2,3-dideoxy-a-p-
erythro-hex-2-enopyranos-1-yloxypropyl)-1,2,3-1H-triazole
(39

Pale yellow oil; -anomer Ry=0.28 (50% EtOAc/n-hexane); [o];
+32.7 (c 0.25, CHCl3); IR (CHCls): 2922, 2848, 1738, 1657, 1627,
1522, 1465, 1421, 1346, 1275, 1260, 1229, 1039, 975cm™'; 'H
NMR (400 MHz, CDCls): 6 8.24 (d, 2H, J=8.5 Hz, Ph), 7.41 (d, 2H,
J=85Hz, Ph), 734 (br s, 1H, triazolyl-H), 5.90 (br d, 1H,
J=10.0Hz, H-2), 5.83 (dt, 1H, J=10.0, 3.0Hz, H-3), 5.63 (s, 2H,
CH,Ph), 5.33 (ddd, 1H, J = 10.0, 3.0, 2.0 Hz, H-4), 5.03 (br s, 1H, H-
1), 424 (dd, 1H, J=12.0, 5.0 Hz, H-6a), 4.17 (dd, 1H, J=12.0,
2.5 Hz, H-6b), 4.10 (ddd, 1H, J= 10,0, 5.0, 2.5 Hz, H-5), 3.84 (dt,
1H, J=10.0, 6.0 Hz, H-1'a), 3.58 (dt, 1H, J=10.0, 6.0 Hz, H-1'b),
2.89-2.80 (m, 2H, H-3), 2.10 (s, 3H, OAc), 2.09 (s, 3H, OAc),
2.06-1.97 (m, 2H, H-2"); *C NMR (100 MHz, CDCl5): é 170.84
(C=0), 170.30 (C=0), 148.49 (C-4'), 148.03 (Ph), 141.96 (Ph),
129.18 (C-2), 128.51 (2 x Ph), 127.72 (C-3), 124.30 (2 x Ph),
120.96 (C-5'), 94.45 (C-1), 67.85 (C-1'), 66.91 (C-5), 65.27 (C-4),
62.93 (C-6), 52.99 (C-6'), 29.33 (C-2'), 22.46 (C-3'), 21.00 (CH,),
20.82 (CH3); HRMS (ESI) my/z caled for CypyHagNsOgNa [M+Nal*
497.1648, found: 497.1613.

4.3.7. 1-(3-Nitrobenzyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-o-p-
erythro-hex-2-enopyranos-1-yloxymethyl)-1,2,3-1H-triazole
(4a)

Pale yellow solid; a-anomer Ry=0.32 (50% EtOAc/n-hexane);
mp: 96-98°C; [ofy’ +36.8 (c 0.5, CHCL); IR (CHCly): 2922,
2851, 1740, 1659, 1633, 1533, 1468, 1421, 1351, 1230, 1039,
964 cm'; 'H NMR (400 MHz, CDCls):  8.24 (d, 1H, J=8.0 Hz,
Ph), 8.19 (br s, 1H, Ph), 7.69 (br s, 1H, triazolyl-H), 7.64 (d,
1H, J=8.0Hz, Ph), 7.59 (t, 1H, J=8.0Hz, Ph), 5.91 (d, 1H,
J=100Hz, H-2), 5.83 (d, 1H, J=100Hz, H-3), 5.67 (s, 2H,
CH,Ph), 5.34 (d, 1H, J=10.0 Hz, H-4), 5.19 (br s, 1H, H-1), 492
(d, 1H, J=10.0Hz, H-1'a), 4.74 (d, 1H, J=10.0 Hz, H-1'b), 424
(dd, 1H, J=12.0, 5.0 Hz, H-6a), 4.17 (dd, 1H, J=12.0, 2.0 Hz, H-
6b), 4.12 (ddd, 1H, J=10.0, 5.0, 2.0Hz, H-5), 2.02 (s, 3H, OAc),
2.00 (s, 3H, OAc); '*C NMR (100 MHz, CDCl;): § 170.82 (C=0),
17024 (C=0), 148.57 (Ph), 146.00 (C-2), 136.63 (Ph), 134.03
(Ph), 13033 (Ph), 129.65 (C-2), 127.31 (C-3), 123.76 (Ph),
122.95 (Ph, C-3'), 94.02 (C-1), 67.06 (C-5), 65.27 (C-4), 62.78
(C-6), 61.34 (C-1"), 53.17 (C-4'), 20.93 (CH3), 20.81 (CH5); HRMS
(ESI) mjz caled for CyoHz3N4OgNa [M+Na]™ 469.1335, found:
469.1273.

4.3.8. 1-(3-Nitrobenzyl)-4-(4,6-di-0-acetyl-2,3-dideoxy--p-
erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole (4b)

Pale yellow oil; o-anomer Ry=0.35 (50% EtOAc/n-hexane);
[@]? +39.2 (c 0.5, CHCl3); IR (CHCl3): 2923, 2852, 1740, 1659,
1632, 1531, 1468, 1421, 1350, 1229, 1038, 971 cm™'; 'H NMR
(400 MHz, CDCl3): & 8.26-8.21 (m, 1H, Ph), 8.16 (br s, 1H, Ph),
7.63-7.55 (m, 2H, Ph), 7.43 (br s, 1H, triazolyl-H), 5.89 (br d,
1H, J=10.0 Hz, H-2), 5.79 (ddd, 1H, J=10.0, 3.0, 2.0 Hz, H-3),
5.65 (s, 2H, CH,Ph), 5.30 (ddd, 1H, J=10.0, 3.0, 2.0Hz, H-4),
5.06 (br s, 1H, H-1), 422 (dd, 1H, J=12.5, 5.0Hz, H-Ga), 4.16
(dd, 1H, J=12.5, 2.0Hz, H-6b), 4.12-4.06 (m, 1H, H-1'a), 4.03
(ddd, 1H, J=10.0, 5.0, 2.0 Hz, H-5), 3.82 (ddd, 1H, J=10.0, 6.0,
3.0Hz, H-1'b), 3.08 (t, 2H, J=6.0Hz, H-2'), 2.10 (s, 3H, OAc),
2.08 (s, 3H, OAc); ¥ (100 MHz, CDCls): & 170.82 (C=0), 170.24
(C=0), 148.58 (Ph), 14597 (C-3'), 136.98 (Ph), 133.98 (Ph),
130.26 (Ph), 129.38 (C-2), 127.51 (C-3), 123.69 (Ph), 12275
(Ph), 121.76 (C-4), 94.57 (C-1), 67.52 (C-1"), 67.01 (C-5), 65.36
(C-4), 62.94 (C-6), 53.02 (C-5'), 26.59 (C-2'), 20.97 (CH3), 20.77
(CHs); HRMS (ESI) mjz caled for Cy;Hy4N4OgNa [M+Na]"
483.1492, found: 483.1448.
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4.3.9. 1-(3-Nitrobenzyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-o-p-
erythro-hex-2-enopyranos-1-yloxypropyl)-1,2,3-1H-triazole
(4c)

Pale orange oil; o-anomer Ry=0.25 (50% EtOAc/n-hexane);
(25t +43.1 (c 0.5, CHCl3); IR (CHCls): 2922, 2848, 1734, 1528,
1454, 1365, 1349, 1273, 1260, 1222, 1035, 975cm™'; '"H NMR
(400 MHz, CDCl3): § 8.25-8.20 (m, 1H, Ph), 8.15 (br s, 1H, Ph),
7.61-7.55 (m, 3H, triazolyl-H, Ph), 5.89 (br d, 1H, J=10.0 Hz,
H-2), 5.83 (dm, 1H, J=10.0 Hz, H-3), 5.65 (s, 2H, CH,Ph), 5.32
(d, 1H, J=10.0Hz, H-4), 5.03 (br s, 1H, H-1), 424 (dd, 1H,
J=12.0, 5.0Hz, H-6a), 418 (dd, 1H, J=12.0, 2.0 Hz, H-6b),
4.15-4.07 (m, 1H, H-5), 3.91-3.79 (m, 1H, H-1'a), 3.66-3.54
(m, 1H, H-1'b), 2.93-2.75 (m, 2H, H-3’), 2.10 (s, 3H, OAc), 2.09
(s, 3H, OAc), 2.11-2.07 (m, 2H, H-2'); *C NMR (100 MHz, CDCls):
4 170.82 (C=0), 170.28 (C=0), 148.50 (Ph), 148.48 (C-4'), 137.04
(Ph), 133.81 (Ph), 130.26 (Ph), 129.14 (C-2), 127.75 (C-3), 123.67
(Ph), 122.75 (Ph), 120.88 (C-5'), 94.46 (C-1), 67.85 (C-1"), 67.23
(C-5), 65.33 (C-4), 62.97 (C-6), 52.98 (C-6'), 29.32 (C-2'), 22.45
(C-3), 20.97 (CHs), 20.78 (CHs); HRMS (ESI) my/z caled for
Ca9HaN40gH [M+H]* 475.1857, found: 475.1784.
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4.3.10. 1-(3-Methoxybenzyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-o-
p-erythro-hex-2-enopyranos-1-yloxymethyl)-1,2,3-1H-triazole
(5a)

Pale yellow solid; «#-anomer Ry= 0.27 (50% EtOAc/n-hexane); mp:
74-76°C; ]2 +50.0 (¢ 1.02, CHCl3); IR (CHCl5): 2922, 2848, 1735,
1649, 1598, 1487, 1457, 1432, 1365, 1260, 1233, 1038, 967 cm™';
'H NMR (400 MHz, CDCl3): 749 (s, 1H, triazolyl-H), 7.29 (t, 1H,
J=8.0Hz Ph), 6.91-6.83 (m, 2H, Ph), 6.81 (br s, 1H, Ph), 5.89 (br d,
1H, J = 10.0 Hz, H-2), 5.82 (dt, 1H, J=10.0, 2.5 Hz, H-3), 5.44 (s, 2H,
CH>Ph), 532 (ddd, 1H, J=10.0,2.5, 1.0 Hz, H-4), 5.16 (br s, 1H, H-1),
4.89 (d, 1H, J = 12.0Hz, H-1’a), 4.70 (d, 1H, ] = 12.0 Hz, H-1'b), 4.24
(dd, 1H, = 12.0, 5.0 Hz, H-6a), 4.15 (dd, 1H, J= 12.0, 2.0 Hz, H-6b),
4.15-4.08 (m, 1H, H-5), 3.80 (s, 3H, OMe), 2.08 (s, 3H, OAc), 2.07 (s,
3H, OAc); *C NMR (100 MHz, CDCl5): § 170.80 (C=0), 170.25
(C=0), 160.13 (Ph), 144.89 (C-2'), 135.91 (Ph), 130.22 (Ph), 129.50
(C-2), 127.44 (C-3), 122.57 (C-3'), 120.37 (Ph), 114.20 (Ph), 113.88
(Ph), 93.86 (C-1), 67.06 (C-5), 65.25 (C-4), 62.82 (C-6), 61.61 (C-1),
55.31 (C-4'), 54.13 (OMe), 20.93 (CH;), 20.79 (CHs); HRMS (ESI) m/z
caled for CoHasN30;Na [M+Na]”™ 454.1590, found: 454.1547.
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4.3.11. 1-(3-Methoxybenzyl)-4-(4,6-di-O-acetyl-2,3-dideoxy-a-
p-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole
(5b)

Pale yellow oil; o-anomer Re = 0.46 (50% EtOAc/n-hexane); [#]2°
+80.7 (c 051, CHCl3); IR (CHCl5): 2923, 2848, 1723, 1659, 1627,
1601, 1587, 1410, 1369, 1321, 1273, 1260, 1225, 1041, 975 cm " ';
'H NMR (400 MHz, CDCl;): & 7.33 (br s, 1H, triazolyl-H), 7.29 (t,
1H, J=8.0Hz Ph), 6.89 (dd, 1H, J= 8.0, 2.5 Hz, Ph), 6.85 (d, 1H,
]=8.0Hz, Ph), 6.79 (br s, 1H, Ph), 5.88 (br d, 1H, J = 10.0 Hz, H-2),
5.77 (dt, 1H, J = 10.0, 2.5 Hz, H-3), 5.48 (s, 2H, CH,Ph), 5.29 (ddd,
1H, J= 10.0, 2.5, 1.0 Hz, H-4), 5.03 (br s, 1H, H-1), 4.21 (dd, 1H,
J=12.0, 55 Hz, H-6a), 4.12 (dd, 1H, J=12.0, 2.0 Hz, H-6b), 4.08-
3.98 (m, 1H, H-1a), 401 (ddd, 1H, J=100, 5.5, 2.0Hz, H-5),
3.83-3.73 (m, 1H, H-1'b), 3.80 (s, 3H, OMe), 3.04 (t, 2H, ] = 6.0 Hz,
H-2'), 2.10 (s, 3H, OAc), 2.06 (s, 3H, OAc); *C NMR (100 MHg,
CDCl3): 6 170.82 (C=0), 170.26 (C=0), 160.10 (Ph), 14536
(C-3"), 136.38 (Ph), 130.15 (Ph), 129.23 (C-2), 127.61 (C-3),
121.54 (C-4'), 120.17 (Ph), 114.00 (Ph), 113.73 (Ph), 94.53 (C-1),
67.66 (C-1'), 67.00 (C-5), 65.29 (C-4), 62.91 (C-6), 55.30 (OMe),
54.00 (C-5'), 26.53 (C-2'), 20.97 (CHs), 20.76 (CHs); HRMS (ESI)
myz calcd for Co;Hp7N30-Na [M+Na]® 468.1747, found: 468.1706.
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4.3.12. 1-(3-Methoxybenzyl)-4-(4,6-di-O-acetyl-2,3-dideoxy-a-
p-erythro-hex-2-enopyranos-1-yloxypropyl)-1,2,3-1H-triazole
(5¢)

Pale yellow oil; c-anomer R = 0.29 (50% EtOAc/n-hexane); [o]2!
+70.2 (c 0.51, CHCl;); IR (CHCl5): 2922, 2848, 1736, 1657, 1631,
1598, 1587, 1465, 1432, 1368, 1273, 1260, 1225, 1038, 978 cm ';
TH NMR (400 MHz, CDCl3): & 7.33-7.23 (m, 2H, triazolyl-H, Ph),
6.92-6.79 (m, 3H, Ph), 5.89 (br d, 1H, J=10.0 Hz, H-2), 5.82 (dt,
1H, J=10.0, 3.0 Hz, H-3), 5.47 (s, 2H, CH,Ph), 5.32 (ddd, 1H,
J=100, 3.0, 2.0 Hz, H-4), 503 (br s, 1H, H-1), 425 (dd, 1H,
J=12.0, 5.0Hz, H-6a), 4.16 (dd, 1H, J=12.0, 2.0 Hz, H-6b), 4.11
(ddd, 1H, J=10.0, 5.0, 2.0 Hz, H-5), 3.84 (dt, 1H, J=10.0, 6.0 Hz,
H-Ta), 3.81 (s, 3H, OMe), 3.57 (dt, 1H, J=10.0, 6.0 Hz, H-1'b),
2.85-2.76 (m, 2H, H-3"), 2.10 (s, 3H, OAc), 2.09 (s, 3H, DAC),
2.04-1.96 (m, 2H, H-2'); '3C NMR (100 MHz, CDCl3): § 170.75
(C=0), 17025 (C=0), 160.08 (Ph), 147.88 (C-4'), 13635 (Ph),
130.11 (Ph), 129.01 (C-2), 127.82 (C-3), 120.70 (C-5), 120.16
(Ph), 114.02 (Ph), 113.67 (Ph), 94.39 (C-1), 67.90 (C-1'), 66.92 (C-
5), 65.31 (C-4), 62.99 (C-6), 55.26 (OMe), 53.92 (C-6'), 29.35 (C-
27), 22.46 (C-3'), 20.93 (CHs), 20.73 (CH3); HRMS (ESI) m/z calcd
for Cp3HagN30,Na [M+Na]' 482.1903, found: 482.1890.
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4.3.13. 1-(2,5-Dimethoxybenzyl)-4-(4,6-di-0-acetyl-2,3-
dideoxy-a-p-erythro-hex-2-enopyranos-1-yloxymethyl)-1,2,3-
1H-triazole (6a)

Pale orange solid; o-anomer Ry=0.35 (50% EtOAc/n-hexane);
mp: 90-92°C; [#)3! +57.5 (¢ 1.02, CHCl3); IR (CHCl5): 2923, 2852,
1742, 1657, 1632, 1505, 1466, 1428, 1227, 1042, 964cm ™ '; 'H
NMR (400 MHz, CDCls): § 7.58 (br s, 1H, triazolyl-H), 6.89-6.86
(m, 2H, Ph), 6.81 (br s, 1H, Ph), 5.90 (br d, 1H, J=10.0 Hz, H-2),
5.84 (br d, 1H, J = 10.0 Hz, H-3), 5.52 (s, 2H, CH,Ph), 5.35 (d, 1H,
]=10.0Hz, H-4), 5.19 (br s, 1H, H-1), 4.90 (d, 1H, J=12.0 Hz, H-
1'a), 470 (d, 1H, ] = 12.0Hz, H-1b), 427 (dd, 1H, J=12.0, 5.0 Hz,
H-6a), 4.17 (dd, 1H, J=12.0, 2.0 Hz, H-6b), 4.17-4.11 (m, 1H, H-
5), 3.85 (s, 3H, OMe), 3.76 (s, 3H, OMe), 2.02 (s, 3H, OAc), 2.00 (s,
3H, OAc); '*C NMR (100 MHz, CDCl3): § 170.86 (C=0), 170.28
(C=0), 153.65 (Ph), 151.28 (Ph), 14432 (C-2"), 129.91 (C-2),
127.49 (C-3), 123.61 (Ph), 122.91 (C-3"), 116.28 (Ph), 114.92 (Ph),
111.88 (Ph), 93.75 (C-1), 67.05 (C-5), 65.25 (C-4), 62.83 (C-6),
61.52 (C-1"), 55.99 (OMe), 55.75 (OMe), 49.07 (C-4'), 20.93 (CH;),
20.77 (CHz); HRMS (ESI) m/z caled for Cu3HasN3OgNa [M+Na]
484.1696, found: 484.1640.
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4.3.14. 1-(2,5-Dimethoxybenzyl)-4-(4,6-di-0-acetyl-2,3-
dideoxy-a-p-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-
triazole (6b)

Pale orange oil; o-anomer Ry = 0.39 (50% EtOAc/n-hexane); [2]3
-0.53 (¢ 1.00, CHCl3); IR (CHCl3): 2924, 2852, 1742, 1660, 1633,
1505, 1466, 1430, 1371, 1227, 1044, 975cm '; 'H NMR
(400 MHz, CDCly): 6 7.38 (br s, 1H, triazolyl-H), 6.88-6.85 (m, 2H,
Ph), 6.75 (br s, 1H, Ph), 5.88 (br d, 1H, J = 10.0 Hz, H-2), 5.78 (dt,
1H, J=10.0, 2.0Hz, H-3), 550 (s, 2H, CH,Ph), 531 (dm, 1H,
J=10.0Hz, H-4), 504 (br s, 1H, H-1), 423 (dd, 1H, J=12.0,
5.5 Hz, H-6a), 4.13 (dd, 1H, ] =12.0, 2.0 Hz, H-6b), 4.08-3.99 (m,
2H, H-5, H-1'a), 3.87-3.73 (m, 1H, H-1'b), 3.85 (s, 3H, OMe), 3.75
(s, 3H, OMe), 3.04 (t, 2H, J= 6.0 Hz, H-2'), 2.10 (s, 3H, OAc), 2.07
(s, 3H, OAc); '*C NMR (100 MHz, CDCls): 6 170.84 (C=0), 170.27
(C=0), 153.71 (Ph), 151.18 (Ph), 144.80 (C-3'), 129.22 (C-2),
127.66 (C-3), 124.06 (Ph), 121.79 (C-4'), 116.03 (Ph), 114.63 (Ph),
111.78 (Ph), 94.59 (C-1), 67.82 (C-1'), 66.99 (C-5), 65.26 (C-4),
62.90 (C-6), 56.01 (OMe), 55.76 (OMe), 48.95 (C-5'), 26.63 (C-2'),
20.84 (CHs), 20.79 (CH3); HRMS (ESI) m/z caled for Ca3HzoN30gNa
[M+Na]" 498.1852, found: 498.1801.

4.3.15. 1-(2,5-Dimethoxybenzyl)-4-(4,6-di-0-acetyl-2,3-
dideoxy-a-p-erythro-hex-2-enopyranos-1-yloxypropyl)-1,2,3-
1H-triazole (6¢)

Pale yellow oil; c-anomer R¢= 0.30 (50% EtOAc/n-hexane); [t}
+71.6 (¢ 1.00, CHCls); IR (CHCl5): 2923, 2848, 1740, 1657, 1632,
1504, 1467, 1428, 1369, 1273, 1260, 1225, 1043, 978 cm '; 'H
NMR (400 MHz, CDCly): 6 7.31 (br s, 1H, triazolyl-H), 6.88-6.81
(m, 2H, Ph), 6.76 (br s, 1H, Ph), 5.89 (br d, 1H, J = 10.0 Hz, H-2),
5.83 (dm, 1H, J=10.0 Hz, H-3), 5.49 (s, 2H, CH,Ph), 5.31 (dm, 1H,
J=10.0Hz, H-4), 5.02 (br s, 1H, H-1), 425 (dd, 1H, J=120,
5.0 Hz, H-6a), 4.16 (dd, 1H, [ = 12.0, 2.0 Hz, H-6b), 4.08-4.07 (m,
1H, H-5), 3.85 (s, 3H, OMe), 3.76-3.68 (m, 1H, H-1"a), 3.75 (s, 3H,
OMe), 3.60-3.58 (dt, 1H, J=10.0, 6.0 Hz, H-1'b), 2.85-2.75 (m,
2H, H-3"), 2.10 (s, 3H, OAc), 2.08 (s, 3H, OAc), 2.02-1.94 (m, 2H,
H-2'); 3C NMR (100 MHz, CDCls): § 170.84 (C=0), 170.32 (C=0),
153.68 (2 x Ph), 147.40 (C-4'), 129.05 (C-2), 127.83 (C-3), 123.93
(Ph), 121.05 (C-5'), 116.04 (Ph), 114.52 (Ph), 111.45 (Ph), 94.42
(C-1), 68.01 (C-1"), 66.92 (C-5), 6529 (C-4), 63.01 (C-6), 55.95
(OMe), 55.71 (OMe), 49.09 (C-6"), 31.24 (C-2'), 22.82 (C-3"), 21.00
(CH3), 20.79 (CHs); HRMS (ESI) m/z caled for Co4H3 N3OgNa
[M+Na]" 512.2009, found: 512.1985.
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4.3.16. 1-(4-Benzyloxy-3-methoxybenzyl)-4-(4,6-di-0-acetyl-
2,3-dideoxy-o-p-erythro-hex- 2-enopyranos- 1-yloxymethyl)-
1,2,3-1H-triazole (7a)

White solid; o-anomer Ry= 0.27 (50% EtOAc/n-hexane); mp:
64-66°C; [o]f° +13.9 (c 1.02, CHCly); IR (CHCly): 2923, 2848,
1741, 1657, 1633, 1515, 1465, 1417, 1369, 1261, 1229, 1037,
964 cm '; 'H NMR (400 MHz, CDCls): é 7.42 (br s, 1H, triazolyl-
H), 7.48-7.29 (m, 5H, Ph), 6.87 (d, 1H, J=8.5 Hz, Ph), 6.84 (br s,
1H, Ph), 6.81 (dd, 1H, J=8.5, 2.0Hz, Ph), 590 (br d, 1H,
J=10.0Hz, H-2), 5.82 (dt, 1H, J=10.0, 2.0Hz, H-3), 5.44 (s, 2H,
CH,Ph), 5.34 (dm, 1H, ] = 10.0 Hz, H-4), 5.16 (br s, 3H, H-1, CH;Ph),
4.89(d, 1H, J= 12.0Hz, H-1'a),4.70 (d, 1H, ] = 12.0 Hz, H-1'b), 4.25
(dd, 1H, J=12.0, 5.0 Hz, H-6a), 4.17 (dd, 1H, J = 12.0, 2.5 Hz, H-6b),
4.12 (ddd, 1H, J = 10.0, 5.0, 2.5 Hz, H-5), 3.88 (s, 3H, OMe), 2.00 (s,
3H, 0Ac), 1.99 (s, 3H, OAc); *C NMR (100 MHz, CDCls): 6 170.78
(C=0), 170.24 (C=0), 150.13 (Ph), 148.64 (Ph), 144.82 (C-2'),
136.75 (Ph), 129.53 (C-2), 127.34 (Ph), 128.60 (2 x Ph), 127.97
(Ph), 127.42 (C-3), 127.22 (2xPh), 122.41 (C-3'), 120.86 (Ph),
113.98 (Ph), 111.88 (Ph), 93.86 (C-1), 71.00 (CH,Ph), 67.05 (C-5),
65.24 (C-4), 62.80 (C-6), 61.31 (C-1"), 56.09 (OMe), 54.09 (C-4'),
20.94 (CHs), 20.80 (CH3); HRMS (ESI) m/z calcd for CogHzN3OgNa
[M+Na]" 560.2009, found: 560.2008.

AcOr o
AcO™N\_ a1

53



86 W. Mangsang et al. f Carbehydrate Research 375 (2013) 79-89

4.3.17. 1-(4-Benzyloxy-3-methoxybenzyl)-4-(4,6-di-O-acetyl-
2,3-dideoxy-a-p-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-
1H-triazole (7b)

Pale yellow oil; a-anomer Ry = 0.36 (50% EtOAc/n-hexane); [off’
+67.9 (¢ 0.51, CHCl3); IR (CHCl3): 2923, 2848, 1734, 1605, 1590,
1508, 1455, 1417, 1366, 1260, 1273, 1222, 1031, 967 cm '; 'H
NMR (400 MHz, CDCls): 6 7.45-7.30 (m, 6H, triazolyl-H, Ph),
6.88-6.75 (m, 3H, Ph), 5.87 (br d, 1H, ] = 10.0 Hz, H-2), 5.76 (dt,
1H, J=10.0, 2.5Hz, H-3), 5.42 (s, 2H, CH,Ph), 530 (ddd, 1H,
J=10.0, 2.5, 1.0 Hz, H-4), 5.16 (s, 2H, CH-Ph), 5.03 (br s, 1H, H-1),
4.22 (dd, 1H, J=12.0, 5.5 Hz, H-6a), 4.14 (dd, 1H, J=12.0, 2.0 Hz,
H-6b), 4.04 (dt, 1H, J=9.5, 7.0 Hz, H-1'a), 4.02 (ddd, 1H, J=10.0,
5.5, 2.0 Hz, H-5), 3.85 (s, 3H, OMe), 3.79 (dt, 1H, J=9.5, 7.0 Hz,
H-1b), 3.06-2.98 (m, 2H, H-2"), 2.08 (s, 3H, OAc), 2.05 (s, 3H,
0Ac); *C NMR (100 MHz, CDCl3): 6 170.80 (C=0), 170.26 (C=0),
150.07 (Ph), 148.52 (Ph), 145.00 (C-3'), 136.77 (Ph), 129.28 (C-2),
128.60 (2 = Ph), 127.97 (Ph), 127.69 (Ph), 127.59 (C-3), 127.22
(2 =% Ph), 121.32 (C-4'), 120.60 (Ph), 113.88 (Ph), 111.69 (Ph),
9453 (C-1), 70.98 (CH,Ph), 67.66 (C-1'), 66.99 (C-5), 65.25 (C-4),
62.88 (C-6), 56.07 (OMe), 53.94 (C-5'), 26.61 (C-2'), 20.96 (CH3),
20.77 (CH;); HRMS (ESI) my/z calcd for CogH33N30gNa [M+Na]*
574.2165, found: 574.2091.
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4.3.18. 1-(4-Benzyloxy-3-methoxybenzyl)-4-(4,6-di-O-acetyl-
2,3-dideoxy-a-p-erythro-hex-2-enopyranos-1-yloxypropyl)-
1,2,3-1H-triazole (7c)

Pale yellow oil; a-anomer Ry = 0.35 (50% EtOAc/n-hexane); [o]f’
+42.1 (c 0.51, CHCl;); IR (CHCls): 2923, 2848, 1738, 1657, 1632,
1517, 1465, 1421, 1365, 1275, 1260, 1034, 971 cm™'; 'H NMR
(400 MHz, CDCl3): 6 7.46-7.30 (m, 6H, triazolyl-H, Ph), 6.89-6.77
(m, 3H, Ph), 5.89 (br d, 1H, J= 10.0 Hz, H-2), 5.82 (dt, 1H, | = 10.0,
3.0Hz, H-3), 542 (s, 2H, CH,Ph), 532 (ddd, 1H, J=10.0, 3.0,
2.0Hz, H-4), 5.17 (s, 2H, CH,Ph), 5.03 (br s, 1H, H-1), 4.25 (dd,
1H, =120, 5.0Hz, H-6a), 4.17 (dd, 1H, J=120, 2.0Hz H-6b),
4.14-4.07 (m, 1H, H-5), 3.90-3.79 (m, 1H, H-1'a), 3.86 (s, 3H,
OMe), 3.56 (dt, 1H, J=10.0, 6.0 Hz, H-1'b), 2.84-2.75 (m, 2H, H-
3'), 2.10 (s, 3H, OAc), 2.08 (s, 3H, OAc), 2.02-1.94 (m, 2H, H-2');
3C NMR (100 MHz, CDCl3): ¢ 170.84 (C=0), 170.33 (C=0),
150.08 (Ph), 148.52 (Ph), 148.00 (C-4'), 136.78 (Ph), 129.09 (C-2),
128.62 (2xPh), 127.98 (Ph), 127.80 (C-3), 127.71 (Ph), 127.24
(2 x Ph), 12065 (Ph), 120.50 (C-5'), 113.88 (Ph), 111.68 (Ph),
94.42 (C-1), 71.00 (CH,Ph), 67.93 (C-1'), 66.92 (C-5), 65.29 (C-4),
62.99 (C-6), 56.08 (OMe), 53.96 (C-6"), 29.39 (C-2"), 22.50 (C-3"),
21.00 (CH3), 20.80 (CH3); HRMS (ESI) m/z calcd for C3oH35N30gNa
[M+Na]" 588.2322, found: 588.2291.

4.3.19. 1-(2-Phenylethyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-
erythro-hex-2-enopyranos-1-yloxymethyl)-1,2,3-1H-triazole
(8a)

Pale yellow oil; ¢-anomer Ry = 0.33 (50% EtOAc/n-hexane); [¢]5}
+58.9 (¢ 1.02, CHCls); IR (CHCls): 2923, 2851, 1740, 1454, 1435,
1368, 1228, 1038, 1020, 965 cm ™ '; 'H NMR (400 MHz, DMSO-
dg): § 8.03 (br s, 1H, triazolyl-H), 7.32 (t, 2H, J= 7.0 Hz, Ph), 7.24
(t, 2H, ] = 7.0 Hz, Ph), 7.23 (d, 1H, ] = 7.0 Hz, Ph), 5.89 (m, 2H, H-2,
H-3), 5.24 (d, 1H, J= 10.0 Hz, H-4), 5.16 (s, 1H, H-1), 474 (d, 1H,
J=12.0Hz, H-1'a), 464 (t 2H, J=7.0Hz H-4), 462 (d, 1H,
]=12.0Hz, H-1'b), 4.18 (dd, 1H, J=12.0, 5.0 Hz, H-6a), 4.14 (dd,
1H, J=12.0, 3.0 Hz, H-6b), 4.00 (ddd, 1H, J=10.0, 5.0, 2.0 Hz, H-
5), 3.19 (t, 2H, J]=7.0Hz, H-5'), 2.09 (s, 3H, OAc), 2.07 (s, 3H,
0Ac); 3C NMR (100 MHz, CDCl5): 6 170.85 (C=0), 170.30 (C=0),
144.90 (C-2'), 136.96 (Ph), 129.48 (C-2), 128.83 (2 x Ph), 128.63
(2% Ph), 127.48 (Ph), 127.13 (C-3), 123.05 (C-3'), 93.53 (C-1),
67.19 (C-5), 65.28 (C-4), 62.86 (C-6), 61.33 (C-1'), 54.64 (C-4'),
37.03 (C-5'), 20.98 (CHs), 20.85 (CHs); HRMS (ESI) m/z calcd for
C2HasNsOgH [M+H]* 416.1822, found: 416.1822.

4.3.20. 1-(2-Phenylethyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-o-p-
erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole (8b)
Pale yellow oil; a-anomer Rr = 0.26 (50% EtOAc/n-hexane); [27°
+94.2 (c 0.52, CHCl3); IR (CHCl3): 2924, 2851, 1741, 1454, 1435,
1370, 1256, 1228, 1068, 971 cm '; 'H NMR (400 MHz, DMSO-
de): 6 7.84 (br s, 1H, triazolyl-H), 7.31 (t, 2H, J= 7.0 Hz, Ph), 7.25
(d, 1H, J = 7.0 Hz, Ph), 7.23 (t, 2H, J = 7.0 Hz, Ph), 5.88 (m, 2H, H-2,
H-3), 5.20 (d, 1H, /= 10.0 Hz, H-4), 5.11 (s, 1H, H-1), 4.60 (t, 2H,
J=7.0Hz, H-5'), 4.14 (d, 2H, | = 4.0 Hz, H-6), 3.95-3.87 (m, 2H, H-
5, H-1'a), 3.77-3.70 (m, 1H, H-1'b), 3.17 (t, 2H, J= 7.0 Hz, H-6'),
2.92 (t, 2H, J=7.0Hz, H-2"), 2.07 (s, 3H, OAc), 2.03 (s, 3H, OAc)
13c NMR (100 MHz, CDCly): & 17078 (C=0), 170.67 (C=0)
144.59 (C-3'), 137.15 (Ph), 129.19 (C-2), 128.77 (2 = Ph), 128.66
(2 x Ph), 127.68 (Ph), 127.05 (C-3), 121.88 (C-4), 94.50 (C-1),
67.78 (C-1"), 66.99 (C-5), 65.33 (C-4), 62.93 (C-6), 51.47 (C-5),
36.76 (C-6'), 26.54 (C-2'), 20.94 (CHs), 20.77 (CHs); HRMS (ESI)
myz calcd for CaaHa7N30gH [M+H]™ 430.1978, found: 430.1975.

4.3.21. 1-(2-Phenylethyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-o-p-
erythro-hex-2-enopyranos-1-yloxypropyl)-1,2,3-1H-triazole
(8¢)

Yellow oil; o-anomer Ry=0.23 (50% EtOAc/n-hexane); [«3
+45.5 (¢ 0.50, CHCl3); IR (CHCl3): 2924, 2874, 1741, 1454, 1435,
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1370, 1253, 1230, 1040, 979 cm': "H NMR (400 MHz, DMSO-d5): &
7.83 (br s, 1H, triazolyl-H), 7.31 (t, 2H, J=7.0 Hz, Ph), 7.25 (d, 1H,
J=7.0Hz, Ph), 722 (t, 2H, J=7.0 Hz, Ph), 5.93 (dt1H, J=10.0,
1.0 Hz, H-2), 5.88 (d, 1H, ] = 10.0 Hz, H-3), 5.20 (d, 1H, J=10.0 Hz,
H-4), 5.06 (s, 1H, H-1), 458 (t, 2H, J=7 Hz, H-6'), 4.17 (dd, 1H,
J=12.0, 5.0 Hz, H-6a), 4.12 (dd, 1H, J=12.0, 3.0 Hz, H-6b), 4.00
(ddd, 1H, J=10.0, 5.0, 2.0 Hz, H-5), 3.70 (dt, 1H, J= 10.0, 7.0 Hz,
H-1a), 3.60 (dt, 1H, J=10.0, 7.0Hz, H-1'b), 3.17 (t, 2H, /=7 Hz,
H-7'), 267 (t, 2H, J=7.0 Hz, H-3'), 2.09 (s, 3H, OAc), 2.02 (s, 3H,
OAc), 1.87 (p, 2H, J=7.0Hz, H-2'); 13C NMR (100 MHz, CDCly): &
170.79 (C=0), 170.28 (C=0), 147.08 (C-4'), 137.18 (Ph), 129.36
(C-2), 128.84 (2 x Ph), 128.67 (2 = Ph), 127.83 (Ph), 127.03 (C-3),
121.13 (C-5'), 94.43 (C-1), 67.90 (C-1), 66.94 (C-5), 65.33 (C-4),
63.00 (C-6), 51.48 (C-6), 36.78 (C-7'), 29.46 (C-2'), 22.34 (C-3"),
2095 (CHs), 20.77 (CHs): HRMS (ESI) m/z calcd for CasHasNsOgH
[M+H]" 444.2135, found: 444.2129.

4.3.22. 1-(Dodecyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-erythro-
hex-2-enopyranos-1-yloxymethyl)-1,2,3-1H-triazole (9a)

Pale yellow oil; o-anomer Ry=0.55 (50% EtOAc/n-hexane);
[o]p®” +53.1 (c 0.50, CHCly); IR (CHCls): 2925, 2851, 1745, 1460,
1437, 1370, 1228, 1039, 1018, 965cm™'; 'H NMR (400 MHz,
CDCly): 6 7.48 (s, 1H, triazolyl-H), 5.84 (d, 1H, J = 10.0 Hz, H-2),
5.77 (d, 1H, J=10.0 Hz, H-3), 5.27 (d, 1H, | = 10.0 Hz, H-4), 5.12
(s, 1H, H-1), 4.85 (dd, 1H, J=12.0, 1.2 Hz, H-1'a), 4.65 (dd, 1H,
]=12.0, 1.2Hz, H-1'b), 4.27 (t, 2H, ] = 7.6 Hz, H-4'), 4.20 (dd, 1H,
J=12.0, 5.0Hz, H-6a), 4.13 (dd, 1H, J=12.0, 2.0 Hz, H-6b), 4.13-
4.05 (m, 1H, H-5), 2.05 (s, 3H, OAc), 2.01 (s, 3H, OAc), 1.90-1.77
(m, 2H, H-5'), 1.33-1.10 (m, 18H, CH,), 0.81 (dd, 3H, J=7.0,
5.2 Hz, CH3); "C NMR (100 MHz, CDCls): 6 170.81 (C=0), 170.25
(C=0), 144.35 (C-2), 129.51 (C-2), 127.49 (C-3), 12240 (C-3"),
93.77 (C-1), 67.32 (C-5), 65.30 (C-4), 62.88 (C-6), 61.59 (C-1"),
50.41 (C-4'), 31.88 (CH:), 30.29 (CH,), 29.57 (2 x CH,), 2943
(CHa), 29.36 (CH3), 29.30 (CH), 28.99 (CH,), 26.51 (CH.), 22.66
(CH,), 20.94 (CH3), 20.80 (CH3), 14.09 (CH3); HRMS (ESI) m/z calcd
for CasHyiN3OgH [M+H]" 480.3074, found: 480.3068.

4.3.23. 1-(Dodecyl)-4-(4,6-di-0-acetyl-2,3-did eoxy-a-p-erythro-
hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole (9b)

Pale yellow oil; o-anomer Ry=0.44 (50% EtOAc/n-hexane);
[o]p® +81.7 (¢ 1.00, CHCly); IR (CHCl): 2925, 2851, 1744, 1460,
1435, 1368, 1256, 1227, 1040, 971cm'; 'H NMR (400 MHz,
CDCl3): 6 7.36 (s, 1H, triazolyl-H), 5.89 (d, 1H, J= 10.0Hz, H-2),
5.81 (d, 1H, J=10.0 Hz, H-3), 531 (d, 1H, J=10.0 Hz, H-4), 5.07
(s, 1H, H-1), 433 (t, 2H, J=7.6 Hz, H-5'), 4.23 (dd, 1H, J=12.0,

5.6 Hz, H-6a), 4.15 (dd, 1H, ] = 12.0, 2.4 Hz, H-6b), 4.10-4.00 (m,
2H, H-5, H-1"a), 3.80 (dt, 1H, J = 10.0, 3.2 Hz, H-1'b), 3.05 (dt, 2H,
J=6.8, 5.2 Hz, H-2'), 2.09 (s, 3H, OAc), 2.08 (s, 3H, OAc), 1.96-
1.83 (m, 2H, H-6'), 1.43-1.18 (m, 18H, CH,), 0.88 (t, 3H,
J=6.8Hz, CH3); *C NMR (100 MHz, CDCl3): & 170.81 (C=0),
170.23 (C=0), 144.75 (C-3"), 129.26 (C-2), 127.67 (C-3), 121.33
(C-4'), 94.53 (C-1), 67.77 (C-1"), 67.03 (C-5), 65.33 (C-4), 62.93
(C-6), 50.24 (C-5'), 31.89 (CHs), 3033 (CHy), 29.59 (2 x CHy),
29.51 (CHy), 29.39 (CH3), 29.31 (CH,), 29.01 (CH,), 26.60 (C-2'),
26.52 (CHy), 22.66 (CH,), 20.96 (CHs), 20.77 (CHs), 14.09 (CH3);
HRMS (ESI) my/z caled for CogHysN3OgH [M+H]" 494.3230, found:
4943225,

4.3.24. 1-(Dodecyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-erythro-
hex-2-enopyranos-1-yloxypropyl)-1,2,3-1H-triazole (9c¢)

Pale yellow oil; c-anomer Ry=0.45 (50% EtOAc/n-hexane); [¢];
+62.7 (¢ 1.00, CHCls); IR (CHCls): 2925, 2851, 1744, 1460, 1435,
1371, 1229, 1041, 1018, 979cm™'; 'H NMR (400 MHz, CDCls): &
7.30 (s, 1H, triazolyl-H), 5.89 (d, 1H, J = 10.0 Hz, H-2), 5.84 (ddd,
1H, J=10.0, 2.4, 1.6 Hz, H-3), 5.31 (ddd, 1H, J=10.0, 2.4, 1.2 Hz,
H-4), 5.05 (s, 1H, H-1), 4.30 (t, 2H, ] = 7.6 Hz, H-6'), 4.25 (dd, 1H,
J=12.0, 5.2Hz, H-6a), 4.17 (dd, 1H, J= 12.0, 2.4 Hz, H-6b), 4.08-
4.15 (m, 1H, H-5), 3.84 (dt, 1H, J=10.0, 6.0 Hz, H-1'a), 3.58 (dt,
1H, J=10.0, 6.0 Hz, H-1b), 2.81 (m, 2H, H-3), 2.09 (s, 3H, OAc),
2.08 (s, 3H, OAc), 2.07-1.95 (m, 2H, H-2'), 1.93-1.82 (m, 2H, H-
7), 1.38-1.18 (m, 18H, CH,), 0.88 (t, 3H, J=6.4 Hz, CH3); '°C
NMR (100 MHz, CDCls):  170.81 (C=0), 170.30 (C=0), 147.37
(C-4'), 129.08 (C-2), 127.84 (C-3), 120.49 (C-5'), 94.46 (C-1),
68.01 (C-1), 66.95 (C-5), 65.33 (C-4), 63.02 (C-6), 50.24 (C-6'),
31.89 (CHy), 30.34 (CHa), 29.59 (2 x CH,), 29.50 (C-2', CHy), 29.38
(CH,), 29.31 (CHa), 29.00 (CH,), 26.52 (CHa), 22.67 (CHy), 22.47
(C-3'), 20.96 (CH3), 20.77 (CHs), 14.10 (CHs); HRMS (ESI) m/z calcd
for C7H4sN30gH [M+H]" 5083387, found: 508.3389.
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4.3.25. 1-(Undecylenyl)-4-(4,6- di-0-acetyl-2,3-dideoxy-o-p-
erythro-hex-2-enopyranos-1-yloxymethyl)-1,2,3-1H-triazole
(10a)

Pale yellow oil; a-anomer Ry = 0.26 (40% EtOAc/n-hexane); [#]3
+66.5 (¢ 0.25, CHCl); IR (CHCls): 2927, 2851, 1744, 1457, 1438,
1368, 1256, 1228, 1039, 1015, 962cm™'; 'H NMR (400 MHz,
CDCLy): 6 7.55 (s, 1H, triazolyl-H), 5.91 (d, 1H, J= 10.0 Hz, H-2),
5.89-5.73 (m, 2H, H-3, CH=CH,), 535 (d, 1H, J=10.0Hz, H-4),
5.19 (s, 1H, H-1), 5.05-4.87 (m, 2H, CH=CH,), 4.92 (d, 1H,
J=12.0Hz, H-1'a), 472 (d, 1H, J=12.0Hz, H-1'b), 4.34 (t, 2H,
J=6.8Hz, H-4'), 427 (dd, 1H, J=12.0, 5.2 Hz, H-6a), 4.24-4.11
(m, 2H, H-6b, H-5), 2.19-1.99 (m, 2H, CH,CH=CH,), 2.09 (s, 3H.
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0Ac), 2.08 (s, 3H, OAc), 1.97-1.84 (m, 2H, H-5), 1.45-1.20 (m, 12H,
CH,); '3C NMR (100 MHz, CDCls); & 170.87 (C=0), 170.80 (C=0),
14434 (C-2'), 139.14 (HC=CH,), 129.53 (C-2), 127.48 (C-3),
122.46 (C-3), 114.19 (HC=CH,), 93.78 (C-1), 67.06 (C-5), 65.27
(C-4), 62.87 (C-6), 61.59 (C-1), 50.40 (C-4'), 33.77 (CHy), 30.31
(CH»), 2932 (2 x CH,), 29.03 (CH.), 28.97 (CH,), 28.87 (CH,),
26.50 (CH,), 20.98 (CH3), 20.85 (CH,); HRMS (ESI) m/z calcd for
C24H37N506H [M+H]" 464.2761, found: 464.2755.

AcO
AcON__ a1

4.3.26. 1-(Undecylenyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-
erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole
(10b)

Yellow oil; o-anomer Ry=037 (50% EtOAc/n-hexane); [o]7’
+58.3 (c 1.00, CHCls); IR (CHCl5): 2926, 2851, 1744, 1460, 1438,
1368, 1227, 1039, 973 cm '; 'H NMR (400 MHz, CDCl;): 4 7.36
(s, 1H, triazolyl-H), 5.90 (d, 1H, J = 10.0Hz, H-2), 5.87-5.74 (m,
2H, H-3, CH=CH,), 5.31 (dd, 1H, j= 9.6, 1.6 Hz, H-4), 5.07 (s, 1H,
H-1), 5.04-4.90 (m, 2H, CH=CH,), 4.32 (t, 2H, J=7.2 Hz, H-5'),
4.24 (dd, 1H, J=12.0, 5.2 Hz, H-6a), 4.16 (dd, 1H, J=12.0, 2.4 Hz,
H-6b), 4.10-4.00 (m, 2H, H-5, H-1a), 3.90-3.70 (m, 1H, H-1'b),
3.06 (t, 2H, ] = 6.4 Hz, H-2'), 2.17-1.98 (m, 2H, CH,CH=CH,), 2.09
(s, 3H, OAc), 2.08 (s, 3H, OAc), 1.96-1.77 (m, 2H, H-6’), 1.45-1.20
(m, 12H, CH,); '*C NMR (100 MHz, CDCly): & 170.81 (C=0),
17023 (C=0), 14476 (C-3), 139.11 (HC=CH,), 12925 (C-2),
127.66 (C-3), 121.33 (C-4'), 114.17 (HC=(CH), 94.52 (C-1), 67.76
(C-1), 67.02 (C-5), 65.32 (C-4), 62.92 (C-6), 50.23 (C-5), 33.75
(CH5), 30.32 (CHy), 2932 (2 x CH,), 29.02 (CH,), 28.97 (CH>),
28.86 (CH2), 26.60 (C-2'), 26.50 (CH,), 20.96 (CHs), 20.77 (CHs);
HRMS (ESI) m/z caled for CosH3oN3OgH [M+H]" 478.2917, found:
478.2919.

4.3.27. 1-(Undecylenyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-
erythro-hex-2-enopyranos-1-yloxypropyl)-1,2,3-1H-triazole
(10¢)

Pale yellow oil; o-anomer Ry = 0.40 (50% EtOAc/n-hexane); [o]2°
+49.8 (¢ 0.50, CHCl3); IR (CHCl3): 2927, 2851, 1743, 1454, 1435,
1368, 1275, 1260, 1228, 1040, 1018, 979cm '; 'H NMR
(400 MHz, CDCl3): & 7.30 (s, 1H, triazolyl-H), 5.89 (d, 1H,
J=10.0Hz, H-2), 5.87-5.75 (m, 2H, H-3, CH=CH>), 5.31 (d, 1H,
J=9.6, 1.2 Hz, H-4), 5.04 (s, 1H, H-1), 4.99-4.89 (m, 2H, CH=CH,),
430 (t, 2H, J=7.6 Hz, H-6'), 425 (dd, 1H, J=12.0, 5.2 Hz, H-6a),
4.17 (dd, 1H, J=12.0, 2.4 Hz, H-6b), 4.14-4.08 (m, 1H, H-5), 3.84
(dt, 1H, ] = 9.6, 6.0 Hz, H-1a), 3.58 (dt, 1H, J=9.6, 6.0 Hz, H-1'b),
2.91-2.73 (m, 2H, H-3"), 2.10-1.95 (m, 4H, H-2', CH,CH=CH,),
2.09 (s, 3H, DAc), 2.08 (s, 3H, OAc), 1.95-1.80 (m, 2H, H-7),

1.45-1.20 (m, 12H, CH,); "*C NMR (100 MHz, CDCl5): § 170.78
(C=0), 170.28 (C=0), 147.36 (C-4'), 139.12 (HC=CH,), 129.07 (C-
2), 127.84 (C-3), 12047 (C-5'), 114.16 (HC=CH;), 94.45 (C-1),
68.00 (C-1'), 66.95 (C-5), 65.33 (C-4), 63.01 (C-6), 50.19 (C-6),
33.74 (CH,), 30.32 (2 = CH3), 29.30 (C-2’, CH;), 29.02 (CH,), 28.96
(CH,), 28.86 (CH,), 26.49 (CH,), 22.47 (C-3'), 20.95 (CH3), 20.77
(CHs); HRMS (ESI) m/z calcd for CogHyN3OgH [M+H|" 492.3074,
found: 492.3078.

4.3.28. 1-(Oleyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-o-p-erythro-
hex-2-enopyranos-1-yloxymethyl)-1,2,3-1H-triazole (11a)

Pale yellow oil; a-anomer R = 0.28 (30% EtOAc/n-hexane); [o3
+52.9 (c 1.00, CHCl;); IR (CHCls): 2928, 2851, 1744, 1457, 1438,
1371, 1230, 1040, 1018, 971 cm '; "H NMR (400 MHz, €DCl3): &
7.56 (s, 1H, triazolyl-H), 5.92 (d, 1H, J = 10.0 Hz, H-2), 5.85 (ddd,
1H, J=10.0, 2.8, 2.0Hz, H-3), 542-5.29 (m, 3H, H-4, CH=CH),
5.19 (s, 1H, H-1), 493 (d, 1H, J=12.0 Hz, H-1'a), 4.73 (d, 1H,
J=12.0Hz, H-1b), 4.35 (t, 2H, J=7.2Hz, H-4') 4.28 (dd, 1H,
J=12.0, 52 Hz, H-6a), 4.21 (dd, 1H, J=12.0, 2.4 Hz, H-6b), 4.20-
4.13 (m, 1H, H-5), 2.13 (s, 3H, OAc), 2.09 (s, 3H, OAc), 2.07-1.97
(m, 4H, CH,CH=CHCH,), 1.96-1.86 (m, 2H, H-5"), 1.42-1.21 (m,
22H, CH,), 0.89 (t, 3H, ] = 6.8 Hz, CHs); "*C NMR (100 MHz, CDCl5):
§ 170.84 (C=0), 170.27 (C=0), 144.36 (C-2’), 130.05 (HC=CH),
129.68 (HC=CH), 129.52 (C-2), 127.49 (C-3), 122.40 (C-3"), 93.78
(C-1), 67.08 (C-5), 65.30 (C-4), 62.88 (C-6), 61.60 (C-1'), 5040 (C-
4'), 31.90 (CHs), 30.30 (CHa), 29.75 (CH>), 29.68 (2 x CHa), 29.51
(CHz), 29.31 (2 x CHp), 29.15 (CH3), 28.98 (CH,), 2721 (CH,),
27.15 (CHy), 26.52 (CHy), 22.67 (CH,), 20.95 (CH3), 20.82 (CH3),
14.10 (CH3); HRMS (ESI) myz caled for C31H5N3OgH [M+H]"
562.3856, found: 562.3856.

4.3.29. 1-(Oleyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-erythro-
hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole (11b)

Pale yellow oil; -anomer Ry = 0.20 (30% EtOAc/n-hexane); [o]5"
+66.8 (c 1.00, CHCl;); IR (CHCl;): 2927, 2851, 1745, 1460, 1438,
1371, 1228, 1040, 1015, 971 cm'; "H NMR (400 MHz, €DCl3): &
7.36 (s, 1H, triazolyl-H), 5.90 (d, 1H, ] = 10.0 Hz, H-2), 5.82 (d, 1H,
J=100Hz, H-3), 5.42-5.27 (m, 3H, H-4, CH=CH), 5.07 (s, 1H, H-
1), 432 (t, 2H, J=7.2Hz, H-5'), 4.24 (dd, 1H, J=12.0, 5.6 Hz, H-
6a), 4.16 (dd, 1H, J=12.0, 2.4 Hz, H-6b), 4.10-4.00 (m, 2H, H-5,
H-1'a), 3.81 (dt, 1H, ] = 9.6, 6.8 Hz, H-1'b), 3.06 (t, 2H, J=6.4 Hz,
H-2'), 2.09 (s, 3H, OAc), 2.08 (s, 3H, OAc), 2.07-1.94 (m, 4H,
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CH,CH=CHCH,), 1.94-1.80 (m, 2H, H-6'), 1.50-1.19 (m, 22H, CH),
0.88 (t, 3H, ] = 6.4 Hz, CH3): '3C NMR (100 MHz, CDCls): 5 170.82
(C=0), 170.24 (C=0), 144.76 (C-3'), 130.04 (HC=CH), 129.68
(HC=CH), 129.26 (C-2), 127.66 (C-3), 121.32 (C-4), 94.52 (C-1),
67.77 (C-1), 67.02 (C-5), 65.32 (C-4), 62.92 (C-6), 5022 (C-5'),
31.89 (CH,), 30.34 (CH.), 29.75 (CH,), 29.69 (2 x CH,), 2951
(CHu). 2931 (2 x CHy), 29.16 (CH,), 28.99 (CH,), 27.21 (CHy)
27.15 (CH,), 26.60 (C-2'), 26.52 (CH,), 22.67 (CH,), 20.96 (CHs),
20.77 (CHs), 14.10 (CH3); HRMS (ESI) m/z caled for C3,Hs3NsOgNa
[M+Na]* 598.3832, found: 598.3829.
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4.3.30. 1-(Oleyl)-4-(4,6-di-0-acetyl-2,3-dideoxy-a-p-erythro-
hex-2-enopyranos-1-yloxypropyl)-1,2,3-1H-triazole (11c)

Pale yellow oil; a-anomer Ry=0.26 (40% EtOAc/n-hexane); [o]%'
+62.3 (c 1.00, CHCl3); IR (CHCl3): 2927, 2851, 1743, 1457, 1435,
1370, 1275, 1260, 1228, 1041, 1015, 976cm '; 'H NMR
(400 MHz, CDCl3): 6 7.20 (s, 1H, triazolyl-H), 5.82 (d, 1H,
J=10.0 Hz, H-2), 5.77 (d, 1H, J = 10.0 Hz, H-3), 5.35-5.20 (m, 3H,
H-4, CH=CH), 4.97 (s, 1H, H-1), 4.23 (t, 2H, = 7.6, H-6'), 4.18 (dd,
1H, J=12.0, 5.6 Hz, H-6a), 4.14-4.01 (m, 1H, H-5), 4.10 (dd, 1H,
J=12.0, 2.4 Hz, H-6b), 3.77 (dt, 1H, ] = 9.6, 3.6 Hz, H-1'a), 3.50 (dt,
1H, J = 9.6, 6.0 Hz, H-1'b), 2.85-2.67 (m, 2H, H-3'), 2.11-1.75 (m,
6H, H-2’, CH,CH=CHCH>), 2.02 (s, 3H, OAc), 2.01 (s, 3H, OAc),
2.00-1.75 (m, 2H, H-7'), 1.37-1.05 (m, 22H, CH,), 0.80 (t, 3H,
J=6.4Hz, CHs); *C NMR (100MHz, CDCl;): & 170.81 (C=0),
170.29 (C=0), 147.38 (C-4'), 130.04 (HC=CH), 129.70 (HC=CH),
129.09 (C-2), 127.84 (C-3), 120.47 (C-5'), 94.46 (C-1), 68.02 (C-
17, 66.96 (C-5), 6534 (C-4), 63.02 (C-6), 50.22 (C-6"), 32.21
(CH,), 3035 (CH,), 29.76 (CH,), 29.69 (3 x CHy), 29.51 (CH,),
29.31 (2 x CHp), 29.16 (CH,), 29.00 (CHy), 27.22 (CH,), 27.16
(CH,), 26.40 (CH,), 22.68 (CH,), 22.49 (C-3'), 20.97 (CH;), 20.79
(CH3), 14.11 (CH3); HRMS (ESI) m/z calcd for Ci3HssN3OgNa
[M+Na]" 612.3989, found: 612.3986.

Acknowledgments

This work was supported by the Burapha University annual
grant (to R.S) and the Center of Excellence for Innovation in Chem-

istry (PERCH-CIC). Special thanks to Miss Suthiporn Pikulthong
(Mahidol University) for high resolution mass analysis and to Dr.
Poolsak Sahakitpichan (Chulabhorn Research Institute) for specific
rotation measurement.

References

1. (a) Kolb, H. C;; Sharpless, K. B. Drug Discovery Today 2003, 8, 1128-1137; (b)
Link, A. J.; Tirrell, D. A. J. Am. Chem. Soc. 2003, 125, 11164-11165; (¢) Link, A.].;
Vink, M. K. S,; Tirrell, D. A. |. Am. Chem. Soc. 2004, 126, 10598-10602; (d) Speers,
ALE.; Cravatt, B. F. ChemBioChem 2004, 5, 41-47; (e) Speers, A E.; Cravatt, B. F.
Chem. Biol. 2004, 11, 535-546; (f) Ballell, L.; Scherpenzeel, M.; Buchalova, K.;
Liskamp, R. M. ].; Pieters, R ]. Org. Biomol. Chem. 2006, 4, 4387-4394.

2. (a) Aluntas, O.; Hizal, G.; Tunca, U. J. Polym. Sci 2006, 44, 5699-5707; (b)
Dichtel, W. R.; Miljanic, O. S.; Spruell, . M.; Heath, ]. R.; Stoddart, J. F. J. Am.
Chem. Sec. 2006, 128, 10388-10390; (c) Malkoch, M.; Vestberg, R.; Gupta, N.;
Mespouille, L.; Dubois, P.; Mason, A. F.; Hedrick, J. L; Liao, Q.; Frank, C. W.;
Kingsbury, K.; Hawker, C. ]. Chem. Commun. 2006, 26, 2774-2776; (d) Yilmaz,
M. D.; Bozdemir, O. A.; Akkaya, E. U. Org. Lett. 2006, 8, 2871-2873; (e) Bew, S.
P.; Brimage, R. A.; L'Hermite, N.; Sharma, S. V. Org. Lett. 2007, 9, 3713-3716; (f)
Agalave, S. G.; Maujan, S. R; Pore, V. S. Chen. Asian J. 2011, 6, 2696-2718.

3. (a)Kolb, H. C.; Finn, M. G.; Sharpless, K. B. Angew. Chem., Int. Ed. 2001, 40, 2004~
2021; (b) Rostovtsev, V.; Green, L.; Fokin, V.; Sharpless, K. B. Angew. Chem., Int.
Ed. 2002, 41, 2596-2599; (c) Tornee, C. W.; Christensen, C.; Meldal, M. J. Org.
Chem. 2002, 67, 3057-3064.

4. (a) Rossi, L. L.; Basu, A. Bioorg Med. Chem. Lett. 2005, 15, 3596-3599; (b)
Salameh, B. A,; Leffler, H.; Nilsson, U. ]. Bioorg. Med Chem. Lett. 2005, 15, 3344
3346; (c) Li, J.; Zheng, M.; Tang, W.; He, P. L; Zhu, W.; Li, T.; Zuo, . P.; Liu, H.;
Jiang, H. Bioorg. Med. Chem. Lett. 2006, 16, 5009-5013; (d) Tejler, ].; Skogman,
F.; Leffler, H.; Nilsson, U. |. Carbohydr. Res 2007, 342, 1869-1875; (e) Wilkinson,
B. L; Bornaghi, L. F.; Houston, T. A.; Innocenti, A; Vulle, D.; Supuranc, C. T.;
Poulsen, S. A. Bioorg. Med. Chem. Lett. 2007, 17, 987-992; (f) Wilkinson, B. L.;
Bornaghi, L. F.: Houston, T. A.; Innocenti, A.; Vullo, D.; Supuran, C. T.; Poulsen, S.
A.J. Med. Chem. 2007, 50, 1651-1657; (g) Wilkinson, B. L.; Innocenti, A.; Vullo,
D.; Supuran, C. T; Poulsen, 5. A. J. Med. Chem. 2008, 51, 1945-1953; (h) Cheng,
K.; Liu, J.; Liu, X.; Li, H.; Sun, H.; Xie, J. Carbohydr. Res. 2009, 344, 841-850; (i)
Yeoh, K. K.; Butters, T. D.; Wilkinson, B. L.; Fairbanks, A. ]. Carbohydr. Res. 2009,
344, 586-591; (j) Dedola, S.; Hughes, D. L.; Nepogodiev, 5. A.; Rejzek, M.; Field,
R. A. Carbohydr. Res. 2010, 345, 1123-1134; (k) Li, T.; Guo, L.; Zhang, Y.; Wang,
] Li, Z; Lin, L; Zhang, Z.; Li, L; Lin, J.; Zhao, W.; Li, J.; Wanga, P. G. Carbohydr.
Res. 2011, 346, 1083-1092; (1) Song, Z.; He, X. P.; Jin, X. P.; Gao, L. X.; Sheng, L;
Zhou, Y. B; Li, ].; Chen, G.R. Tetrahedron Lett. 2011, 52, 894-898; (m) Singh, B.
K.; Yadav, A. K.; Kumar, B.; Gaikwad, A.; Sinha, S. K;; Chaturvedi, V.; Tripathi, R.
P. Carbohydr. Res. 2008, 343, 1153-1162.

5. (a) Stefani, H. A.; Silva, N. C. S.; Manarin, F.; Ludtke, D. S.; Schpector, J. Z.;
Madureira, L. 5.; Tiekink, E. R. T. Tetrahedron Lett. 2012, 53, 1742-1747; (b)
Nascimento, W. S.; Camara, C. A,; Oliveira, R. N. Synthesis 2011, 3220-3224; (c)
Leoneti, V. A;; Campo, V. L; Gomes, A. S.; Field, R. A;; Carvalho, L. Tetrahedron
2010, 66, 9475-9492,

6. (a) Miller, N.; Williams, G. M.; Brimble, M. A. Org. Lett. 2009, 11, 2409-2412; (b)
Salunke, S. B.; Babu, N. S.; Chen, C. Chem. Commun. 2011, 47, 10440-10442.

7. Merkul, E.; Klukas, F.; Dorsch, D.; Gradler, U.; Greiner, H. E;; Muller, T. ]. ]. Org.
Biomol. Chem. 2011, 9, 5129-5136.

8. Yadav, ]. 5.; Subba Reddy, B. V.; Narasimha Chary, D.; Suresh Reddy, Ch.
Tetrahedron Lett. 2008, 49, 2649-2652.

9. Anand, N.; Jaiswal, N.; Pandey, S. K.; Srivastava, A. K.; Tripathi, R. P. Carbohydr.
Res. 2011, 346, 16-25.

10. (a) Ferrier, R. |.; Prasad, N. J. |. Chem. Soc. C 1969, 570-574; (b) Ferrier, R. ]. Top.
Curr. Chem. 2001, 215, 153-175.

11. (a) Saeeng, R.; Sirion, U.; Sirichan, Y.; Trakulsujaritchok, T.; Sahakitpichan, P.
Heterocycles 2010, 81, 2569-2580: (b) Sirion, U.. Purintawarrakun, S.
Sahakitpichan, P.; Saeeng, R. Carbohydr. Res. 2010, 345, 2401-2407.

57



Tetrahedron 71 (2015) 85938600

Contents lists available at ScienceDirect

Tetrahedron

journal homepage: www.elsevier.com/locate/tet

Convenient one-pot synthesis of triazolylethyl-2,3-unsaturated-0-

glycoside derivatives

@ CrossMark

Wadchara Mangsang, Uthaiwan Sirion, Rungnapha Saeeng *

Department of Chemistry and Center for Innovation in Chemistry, Faculty of Science, Burapha University, Sangsook, Chonburi 20131, Thailand

ARTICLE INFO ABSTRACT

Article history:

Received 15 April 2015

Received in revised form 20 August 2015
Accepted 10 September 2015

Available online 14 September 2015

Keywords:
Triazolylethyl-2,3-unsaturated-O-glycosides
Huisgen 1,3-dipolar cycloaddition
Glycosylation

Azidoethylglycoside

One pot

An efficient and convenient synthesis of new derivatives of triazolylethyl-2,3-unsaturated-0-glycoside
has been developed using sequential one-pot glycosylation-azidation-CuAAc reactions procedure. Vari-
ous substituted alkynes have been employed for the click reaction to obtain a variety of O-glycosylethyl
triazole adducts in good to excellent yields with good e-anomeric selectivity.
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1. Introduction

The Huisgen 1,3-dipolar cycloaddition of azides and alkynes
catalyzed by Cu(l) (CuAAC) to afford triazoles is one of the most
powerful reactions in click chemistry to connect two distinct
molecules, used in various fields of organic and medicinal chem-
istry.! In the field of carbohydrate chemistry, the application of
CuAAc reaction has gained increasing interested for the synthesis of
triazole-glycoside substrates for drug discovery.” Glycosides with
a 1,2,3-triazole ring possess a variety of biological activities such as
a-glucosidase inhibitory,® anti-oxidant,” anti-tuberculosis,” anti-
proliferative  anti-microbial,” SGLT2 inhibitors,® anti-in-
flammatory,” cytotoxicity,'® anti-cancer,’ anti-parasite’® and
galactin-3 inhibitory effects.”” Since 1,2,3-triazole glycosides have
become increasingly useful and important, the development of
a simple and efficient method for their synthesis in a one-pot op-
eration, thus avoiding isolation, handling and chromatography,
would be desirable to provide the desired products in good yield
and in the most efficient way."*

Triazole-glycosides can be prepared from the coupling of
propargyl glycosides and azides, or azido glycosides and alkynes.
The azide and alkyne functionalities can be introduced at the
desired position but generally at the C-1 position of the glyco-
side. Although a large number of triazole-glycosides derivatives

* Corresponding author. Tel.: +66 81 656 7524; fax: +66 3 839 3494; e-mail
address: rungnaph@buu.acth (R. Saeeng).

http://dx.doi.org/10.1016[j.tet.2015.09.026
0040-4020/@ 2015 Elsevier Ltd. All rights reserved.

have been synthesized so far, the development of the unique
structure of triazolyl-2,3-unsaturated-O-glycosides has been
limited."”

In our previous reports, we demonstrated a convenient one-
pot approach to 2,3-unsaturated-glycosyl triazoles via tandem
O-glycosylation using an iodine promoter and a mild CuAAC
reaction.'® In this work, we report herein the convenient and
efficient procedure for synthesizing new analogs of tri-
azolylethyl-2,3-unsaturated-0-glycosides from p-glucal by using
a sequential one-pot glycosylation-azidation-CuAAc procedure,
without any purification of the intermediates generated at each
stage (Scheme 1),

Br
AcO D10 mol% b, 12 ec. HO” "' AcO o
Aﬁoc,c)) CH,Cly, ., 3h Aco,b
ii) 1.5 eq. NaN3, Solvent, 80°C, 2h fo)
iii) 2.0 eq, Alkyne, 50 mol% Cul, \/\N/\" R
1 50 mol% EtzN 3 N=p

Scheme 1. Synthesis of triazolylethyl-2 3-unsaturated-0-glycosides.

2. Results and discussion

In our initial investigations, the synthesis of azidoethyl glycoside
was studied and was found to be easily prepared by iodine cata-
lyzed glycosylation of p-glucal with bromoethanol, for in situ
generation of O-glycosyl ethyl bromide, followed by subsequent

58



8594

nucleophilic substitution in the presence of sodium azide to obtain
azidoethylglycoside in excellent yield in one pot (Scheme 2).

AcO o
AcO~ ; >
AcO -~

B
010 mol I, 1.2q.HOT ™" ACO—
CH,Cl, tt., 3h ACO’;EEZfH
ii) 1.5 eq. NaNs, DMF, 80°C, 2h 0\/\N3
97%

Scheme 2. Synthesis of azidoethyl glycosides.

The presence of the 2-azidoethyl aglycon would enable click
reaction approaches with a variety of alkynes. The click reaction of
the resulting isolated azidoethylglycoside with propargyl alcohol
was performed smoothly using Cul as catalyst to afford tri-
azolylethyl-2,3-unsaturated-O-glycosides in  excellent yield
(Scheme 3). Based on the good results of two reactions process, we
chose to combine and examine the sequential addition of reagents
and other reactants in one-pot. We first performed the glycosyla-
tion for in situ generation of O-glycosyl ethyl bromide, followed by
addition of sodium azide to obtain azidoethyl glycoside, which
underwent the Huisgen CuACC reaction with a variety of alkynes to
furnish a series of O-glycosyl ethyl triazole derivatives.

AcOr o

AcO
Q 2.0eq. = CH,
=) o

O, 50 mol% Cul, 50 mol% EtsN, 0“/\'N/\§_
3 98% Ney o

DMF, 1h
Scheme 3. Synthesis of triazolylethyl-2,3-unsaturated-0-glycosides.

H

As shown in Table 1, our initial investigations focused on gly-
cosylation via Ferrier rearrangement of p-glucal with bromoethanol
using 10 mol % iodine to promote the reaction at room temperature.
It was observed on TLC that O-glycoside formation was completed
to obtain O-glycosylethylbromide in 3 h. Next, to the reaction was
added 1.5 equiv of sodium azide to generate in situ glycosyl azide,
followed by the click reaction with 2.0 equiv of propargyl alcohol in
the presence of 50 mol % Cul. The use of DMF as solvent in the
second step was found to be necessary to promote the azidation
reaction to furnish the product in 5 h at RT (Table 1, entry 2). When

Table 1
One-pot glycosylation azidation click reaction of p-glucal 1 under various conditions

W. Mangsang et al. / Tetrahedron 71 (2015) 85938600

product (entry 3). The use of EtzN as a base was found to promote
the click reaction to completion in 1 h affording the desired product
in 91% yield with a-anomeric selectivity (Table 1, entry 4). The one
pot reaction progress can be conveniently monitored at each step
by TLC, and the reactions clearly proceed without noticeable
amount of by product.

Using the optimal conditions shown in Table 1, entry 4, the
scope and limitations of this one pot methodology have been ex-
amined. Various substituted alkynes have been employed to fur-
nish a series of O-glycosylethyl triazole adducts and the results are
summarized in Table 2.

The propargyl alcohol 2a reacted smoothly to afford 3a in 91%
yield, and the longer chain butynyl and pentynyl alcohols afforded
products 3b and 3c in >99% and 82% yield, respectively (Table 2,
entries 1-3). The use of more hindered alkynes 2d and 2e still
afforded the desired product in good yield, providing the triazole
glycosides 3d and 3e in 77% and 72% yield (entries 4—5). Alkyne-
bearing cyclobutanol was found to readily undergo cycloaddition
and is well tolerated. We next examined both electron-rich and
electron-deficient phenyl alkynes 2f—2h, which were carried out at
40 °C and reacted smoothly to give the products 3f—3h in good
yields (entries 6—8). The yields were found to excellent with the
propargyl ether derivatives 2i-2I (entries 9—12) and 20-2q (entries
15—17) providing the product in quantitative yield. The benzalde-
hyde group-bearing propargyl ether in 21 and 2m were well tol-
erated in this one-pot reaction (entries 12—13). Alkyne 2n
containing a coumarin substituent was employed to synthesize
triazole glycosides in high yield with this one pot method (entry
14).

3. Conclusion

We have successfully demonstrated the efficient synthesis of
new class of triazolylethyl 2,3-unsaturated O-glycoside derivatives
with good w-anomeric selectivity in a one-pot manner using se-
quential O-glycosylation-azidation-cycloaddition procedure, thus
avoiding the isolation and handling of potentially explosive organic
azides. This method can be applied to various alkyne substrates and
should be of general utility for the synthesis of this unique scaffold
in an efficient way.

~~_-Br

i) 10 mol% Iy, 12 eq. HO
CHCly, 1t., 3h.

AcO
AcO™ ; /S
AcO

i) 1.5 eq. NaNs, Solvent, Temp.,
M}2Deq,é2/f\OH‘ﬂ]m0WhCuL

AcO o
AcO™\ _

O~~~
N/}*\
NSy OH

1 EtaN, to 3a
Entry Solvent” Temp (°C) EtsN (equiv) t;(h) ta(h) Yield* (%)
1 CH3CN RT —_ 20 - —d
2 DMF RT - 5 5 94
3 DMF 30 - 2 5 >99
4 DMF 30 0.5 2 1 91

“ All reactions were carried out with 0.073 mmol of p-glucal (1).
b Solvent used for step 2.

© Yields are given for isolated compound. The ratio «:p=9:1 was determined on the basis of '"H NMR integration of the crude reaction mixture.
¢ Trace product of 2-azidoethyl-4,6-di-O-acetyl-2,3-dideoxy-z-D-erythrohex-2-enopyranoside.

using acetonitrile, we were unable to obtain the desired product
(entry 1).

To shorten the reaction time in the azidation step, the reaction
temperature was raised to 80 °C. Under these conditions, azidation
could be complete to afford product in 2 h, however the click re-
action step took as long as 5 h to afford a quantitative yield of

4. Experimental
4.1. General methods

All chemicals were purchased from commercial sources and
used without further purification. Proton NMR spectra were
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Table 2
Synthesis of 2, 3-unsaturated-0-glycosyl triazoles 3 via one-pot glycosylation azidation click reaction
Br
AcO o 10mol% s 12 eq.HO ™ ACO o
_ CH,Cly, rt, 3h i
Aioo P> AcOTN\__
c
ii) 1.5 eq. NaN3, Solvent, 80°C, 2h o
iii) 2.0 eq. Alkyne, 50 mol% Cul, \‘/\l‘;' /‘\f——n
1 50 mol% EtsN, t3 3 N=y
Entry Alkyne ty (h) Product Yield*” (%)
AcO o
1 A\ 1 AcO™ \__ 91
2a OH o
3a \/\N x'”\
N=N OH
AcO o

I

B O OH
NN

AcO o

— AcO~ b
2 —o 15 >99
2b

3c

?\_\ AcO b
3 2 o _\/\N 82

}'7\'*\

N=N OH

77

2f 3f N:N\f —
AcO 0
7 = @F 7 A0 N o ”>_ F 78°
29 3g \/\NNQ/‘Q y
AcO o
= )—ome AT N = .
8 N \ 24 N 0\/\%2?”&_}’0”9 88

AcO o
= AcO /b
0 .

(continued on next page)
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Table 2 (continued )

W. Mangsang et al. / Tetrahedron 71 (2015) 8593—-8600

Entry Alkyne ta (h) Product vield*" (%)
AcO o
— — AcO” % %
10 0‘<_}CH 4 =99
2 - 3 0\/\‘N/§ - = \‘—‘CHg
3j o- K\.J'
11 - o 1 — o) a9
\'/‘-. . =
% N/»' o {
OMe
= 0 o .
o] — 7
12 " 4 O\/“I\! /\w_,.\ ) }‘Q 99
2l MeO N= 0T Ny S H
MeO
fo) AcO o
H AGD”; — W\-H
13 — o 5 O\/\N Ny ’J? 89
) 3m N=N SN
™ MeO MeO
o AcO o
- o AcO™ gf a
R\ == )
14 n S 3 >/\ 83
o) -
o}
AcO —
o AcO u \5
15 o 1 - 99
20 b
7N <"\\
— =/
AcO o
= AcO™ g_ A
16 © \*/ 1.5 O™ . /_:,- =99
2p 3p NS O~ |
o N=N N )
0
AcO 0
= p AcO"b ~99
(0] 0
17 4 TN
29 /N 39 N og

“ All reactions were carried out with 0.073 mmol of p-glucal (1).

b Yields are given for isolated compound. The ratio z:p=9:1 was determined on the basis of 'H NMR integration of the crude reaction mixture.

© The reactions were carried out at 40 °C.

recorded on a Bruker Avance (400 MHz). All spectra were measured
in CDCl; solvent and chemical shifts are reported as d values in parts
per million (ppm) relative to tetramethylsilane (4 0.00) or CDCl5 (&
7.26) as internal standard. Data are reported as follows; chemical
shift (multiplicity, integrate intensity or assignment, coupling
constants in Hertz, assignment). Carbon NMR spectra were recor-
ded on a BRUKER AVANC (100 MHz). All spectra were measured in

CDCl3 solvent and chemical shifts are reported as ¢ values in parts
per million (ppm) relative to CDClz (¢ 77.0) as internal standard.
High-resolution mass spectra (HRMS) data were obtained with
a Finnigan MAT 95. Infrared spectra were determined on a PERKIN
ELMER FT/IR-2000S spectrophotometer and are reported in wave
number (cm™!). Analytical thin-layer chromatography (TLC) was
conducted on precoated TLC plates; silica gel 60F-254 |E. Merck,
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Darmstadt, Germany]. Silica gel columns for open-column chro-
matography utilized silica gel 60 (0.040—0.063 mm) [E. Merck,
Darmstadt, Germany]. Melting points were measured using
a Melting point apparatus (Griffin) and are uncorrected. Yields are
given for isolated compound after purification. The ratio of isomer
a:p was determined on the basis of TH NMR integration of the
crude reaction mixture. The spectroscopic data for major isomer ()
outlined as followed.

4.2. General procedure for synthesis of 2,3-unsaturated O-
glycosyl triazole derivatives

8597

n-hexane) 0.23; [«]2° +74.30 (¢ 1.01, CHCl3); ¥max (CHCl3): 3468,
2952, 2924, 2851, 1741, 1454, 1432, 1371, 1275, 1259, 1236, 1048,
1021, 982 cm™'; 6y (400 MHz, CDCl5) 7.55 (1H, br s), 5.87 (1H, d,
J=10.0 Hz), 5.76 (1H, dt, J=10.0, 2.0 Hz), 5.25 (1H, d, J=10.0 Hz),
4.98 (1H, s), 4.56 (2H, t, J=5.0 Hz), 418—4.07 (5H, m), 4.05—3.85
(1H, m), 3.86—3.78 (1H, m), 2.99—2.87 (2H, m), 2.08 (3H, s), 2.05
(3H, s): éc (100 MHz, CDCl;) 170.8, 170.2, 145.6, 129.7, 126.9,
122.7, 94.5, 67.2, 66.8, 65.1, 62.8, 61.8, 50.2, 28.7, 20.9, 20.7;
HRMS (ESI): found 392.1434; CygH33N307Na (M+Na)' requires
392.1434.

Br
AcO )10 mol% I, 1.2 eq. HO/\‘/
AcO" CH,Cl5, 1t., 3h.
AcO

1 50 mol% Et3N.

For the first step, a stirred solution of 3,4,6-tri-O-acetyl-p-
glucal 1 (20.0 mg, 0.073 mmol) in dried CH»Cly (1.0 mL) was added
2-bromoethanol (0.088 mmol) and I» catalyst (10 mol %) under
nitrogen at room temperature. The stirring was continued at room
temperature for 3.0 h. After TLC showed complete conversion, the
volatiles were removed using a rotary evaporator. The obtained
residue was redissolved in DMF (1.0 mL), followed by addition of
sodium azide (7.1 mg, 0.109 mmol). The reaction mixture was
stirred at 80 °C for 2.0 h. After TLC showed complete conversion,
the following reagents were added in the order: Cul (6.6 mg,
0.037 mmol), EtsN (3.7 mg, 0.037 mmol) and alkyne (0.146 mmol),
respectively. The reaction mixture was stirred at room temperature
for 1-24 h. After TLC showed complete conversion, the reaction
mixture was diluted with EtOAc (20 mL), washed with satd aq
NH4Cl (20 mL), and extracted with EtOAc (3 <20 mL). The combined
organic layer was washed with brine (20 mL), dried over anhydrous
Na»S0y4, and then concentrated under reduced pressure. The resi-
dues were purified by silica gel column chromatography to give the
2,3-unsaturated-0-glycosyl triazole products 3.

5. Spectroscopic data of 2,3-unsaturated 0-glycosyl triazole
derivatives

5.1. 4-(1-Hydroxymethyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-=«-D-
erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole
(3a)

91% yield (23.6 mg) as a mixture (o:p=9:1); isolated u-form was
obtained as a pale yellow oil; Ry (80% EtOAc/n-hexane) 0.23; [2]3°
+35.98 (¢ 1.02, CHCl3); vmax (CHCl3): 3468, 2952, 2924, 2851, 1740,
1454, 1435, 1371, 1047, 1015, 982 cm dy (400 MHz, CDCl3) 7.67
(1H, s), 5.89 (1H, d, J=10.0 Hz), 5.77 (1H, dt, J=10.0, 2.0 Hz), 5.25
(1H, ddd, J=10.0, 4.0, 2.0 Hz), 499 (1H, s), 4.78 (2H, s), 4.62—4.56
(2H, m), 4.18-4.05 (3H, m), 3.94-3.84 (1H, m), 3.84 (1H, ddd,
J=10.0, 5.0, 2.0 Hz), 2.09 (3H, s), 2.04 (3H, 5): éc (100 MHz, CDCl3)
170.9, 170.3, 1479, 129.8, 126.9, 1221, 94.5, 67.2, 66.8, 65.2, 62.9,
50.4, 209, 20.8: HRMS (ESI): found: 378.1272; CysHaiN3O;Na
(M+Na)' requires 378.1277.

5.2. 4-(2-Hydroxyethyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-o-D-
erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole
(3b)

=99% yield (27.1 mg) as a configuration mixture (e&:f=9:1);
isolated a-form was obtained as a pale yellow oil; Ry (80% EtOAc/

ii) 1.5 eq. NaN;,. Solvent, 80°C, 2h.
iii) 2.0 eq. Alkyne, 50 mol% Cul,

5.3. 4-(3-Hydroxypropyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-a-D-
erythro-hex-2-enopyranos- 1-yloxyethyl)-1,2,3-1H-triazole
(3c)

82% yield (23.0 mg) as a configuration mixture (x:f=9:1);
isolated a-form was obtained as a pale yellow oil: Ry (100% EtOAc)
0.31; []A® +55.36 (c 0.50, CHCl3); ¥max (CHCl3): 3468, 2947, 2924,
2851, 1743, 1454, 1438, 1368, 1273, 1256, 1231, 1046, 1018,
973 cm™!; 6y (400 MHz, CDCl3) 742 (1H, s), 589 (1H, d,
]=10.0 Hz), 5.77 (1H, dt, J=10.0, 2.0 Hz), 5.26 (1H, d, ]=10.0 Hz),
499 (1H, s), 455 (2H, t, J]=5.0 Hz), 4.20—4.10 (2H, m), 4.10 (1H, dd,
J=12.0, 2.0 Hz), 3.89 (1H, dt, J=11.0, 5.0 Hz), 3.84 (1H, ddd, J=10.0,
5.0, 2.0 Hz), 3.69 (2H, t, J=7.0 Hz), 2.83 (2H, t, ]=7.0 Hz), 2.08 (3H,
s), 2.06 (3H, s), 1.97—1.88 (2H, m); éc (100 MHz, CDCl3) 170.8,
170.2, 147.5, 129.8, 126.9, 121.9, 94.5, 67.3, 66.9, 65.1, 62.8, 61.8,
50.2, 319, 22.0, 209, 20.7, HRMS (ESI): found 406.1590;
Cy7H25N307Na (M+Na)* requires 406.1590.

54. 4-(1,1-Diphenyl-1-hydroxymethyl)-1-(4,6-di-0-acetyl-2,3-
dideoxy-a-D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-
1H-triazole (3d)

77% yield (28.5 mg) as a configuration mixture («:f=9:1);
isolated o-form was obtained as a pale yellow oil; Rf (50% EtOAc/
n-hexane) 0.45; [«|3” +40.83 (¢ 1.01, CHCl3); vmax (CHCl3): 3468,
2941, 2924, 2846, 1742, 1491, 1449, 1371, 1234, 1046, 1015,
973 cm™'; éy (400 MHz, CDCl3) 7.40—7.24 (10H, m), 7.23 (1H, s),
5.88 (1H, d, J=10.0 Hz), 5.66 (1H, d, J=10.0 Hz), 5.25 (1H, d,
]=10.0 Hz), 4.96 (1H, s), 4.63-4.49 (2H, m), 4.22-4.10 (2H, m),
4,08 (1H, dd, J=12.0, 2.0 Hz), 3.90-3.76 (2H, m), 2.05 (6H, s); dc
(100 MHz, CDCl3) 170.8, 170.2, 154.0, 145.9, 145.7, 129.8, 128.0,
127.5, 1272, 127.2, 126.8, 123.9, 94 .4, 77.2, 67.2, 66.6, 65.2, 62.9,
50.2, 20.9, 20.7; HRMS (ESI): found 530.1903; C37H29N307Na
(M+Na)* requires 530.1903.

5.5. 4-(1-Hydroxycyclobutyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-
u-D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-tri-
azole (3e)

72% yield (20.8 mg) as a configuration mixture (a:p=9:1); iso-
lated -form was obtained as a pale yellow oil; Ry (60% EtOAc/n-
hexane) 0.19; [«]2° +50.58 (¢ 0.50, CHCl3); ¥max (CHCl3): 3445, 2926,
2851, 1743, 1463, 1449, 1432, 1371, 1230, 1046, 1015, 971 cm '; éy
(400 MHz, CDCly) 7.56 (1H, s), 5.89 (1H, d, J=10.0 Hz), 5.78 (1H, d,
J=10.0 Hz), 5.24 (1H, ddd, J=10.0, 4.0, 2.0 Hz), 499 (1H, s),
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4.65—4.50 (2H, m), 4.18—4.08 (3H, m), 3.93-3.84 (1H, m),
3.83—3.75 (1H, m), 2.08 (3H, s), 2.05 (3H, s), 2.02—1.92 (2H, m)
1.92—1.82 (2H, m), 1.82—1.69 (2H, m); 6 (100 MHz, CDCls): § 170.9,
170.2,155.6,129.7,126.9,120.7, 94.3, 69.4, 67.2, 66.7, 65.2, 62.8, 50.2,
382, 22.0, 20.9, 20.8; HRMS (ESI): found 418.1825; C1gHosN3NaO7
(M+Na)" requires 418.1590.

5.6. 4-(Phenyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-o-D-erythro-
hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole (3f)

79% yield (23.1 mg) as a configuration mixture (o:p=9:1);
isolated o-form was obtained as a orange s oil; Ry (50% EtOAc/n-
hexane) 0.44; [«]p? +0.27 (¢ 1.00, CHCl3); rmax (CHCl3): 2952,
2925, 1741, 1483, 1466, 1441, 1412, 1370, 1229, 1071, 1042,
968 cm ! 4y (400 MHz, CDCl3) 7.88 (1H, s), 7.83 (2H, d, J=7.0 Hz),
743 (2H, t, ]=70 Hz), 734 (1H, t, J=7.0 Hz), 590 (1H, d,
J=10.0 Hz), 5.79 (1H, dt, J=10.0, 2.0 Hz), 5.26 (1H, d, J=10.0 Hz),
5.02 (1H, s), 4.65 (2H, t, J=5.0 Hz), 4.20 (1H, dt, J=11.0, 5.0 Hz),
4.14 (1H, dd, J=12.0, 5.0 Hz), 4.07 (1H, dd, J=12.0, 2.0 Hz), 3.95
(1H, dt, J=11.0, 5.0 Hz), 3.86 (1H, ddd, J=10.0, 5.0, 2.0 Hz), 2.06
(3H, s), 2.03 (3H, s): éc (100 MHz, CDCl5) 170.7, 170.2, 147.7, 130.6,
129.7,128.8, 128.3, 126.9, 125.7, 120.7, 94.5, 67.2, 66.8, 65.0, 62.8,
50.3, 20.8, 20.7; HRMS (ESI): found 424.1481; CoH23N30gNa
(M+Na)" requires 424.1485.

5.7. 4-(4-Fluorophenyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-o-D-
erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole
(32)

78% yield (23.9 mg) as a configuration mixture (o:p=9:1); iso-
lated u-form was obtained as an orange oil; Ry (80% EtOAc/n-hex-
ane) 0.84; [o]3” +97.49 (¢ 1.00, CHCl3); #max (CHCl3): 2952, 2924,
2851, 1741, 1608, 1558, 1497, 1454, 1435, 1407,1370, 1227, 1155, 1041,
973 cm'; 6y (400 MHz, CDCl3): 6 7.83 (1H, s), 7.83—7.76 (2H, m),
7.20-7.08 (2H, m), 5.91 (1H, d, ]=10.0 Hz), 5.80 (1H, dt, J=10.0,
2.0 Hz), 5.27 (1H, d, J=10.0 Hz), 5.02 (1H, s), 4.65 (2H, t, J=5.0 Hz),
4.27-4.16 (1H, m),4.14 (1H, dd, J=12.0, 5.0 Hz), 4.08 (1H, dd, J=12.0,
2.0 Hz), 4.00-3.90 (1H, m), 3.90—3.82 (1H, m), 2.06 (3H, s), 2.04
(3H, s); dc (100 MHz, CDCl3) 170.7, 170.1, 163.9, 146.9, 135.2, 129.8,
127.5, 1274, 126.9, 120.4, 115.9, 115.7, 94.5, 67.3, 66.8, 65.1, 62.8,
504, 209, 20.7; HRMS (ESI): found 442.1390; CyoH22FN3NaOg
(M+Na)* requires 442.1390.

5.8. 4-(4-Methoxyphenyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-o-
D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole
(3h)

88% yield (27.7 mg) as a configuration mixture (o:f=9:1); iso-
lated o-form was obtained as an orange oil; Ry (80% EtOAc/n-hex-
ane) 0.81; [a]f’ +0.68 (c 1.00, CHCl3); ¥max (CHCl3): 2947, 2923,
2853,1741,1617, 1558, 1499, 1456, 1440, 1371,1247,1225,1074, 1040,
973 cm™'; 6n (400 MHz, CDCls) 7.79 (1H, s), 7.75 (2H, d, J=9.0 Hz),
6.95 (2H, d, J=9.0 Hz), 5.89 (1H, d, J=10.0 Hz), 5.78 (1H, dt, J=10.0,
2.0 Hz), 5.26 (1H, d, J=10.0 Hz), 5.02 (1H, s), 463 (2H, t, ]=5.0 Hz),
420 (1H, dt, J=11.0, 5.0 Hz), 414 (1H, dd, J=12.0, 5.0 Hz), 4.08 (1H,
dd, j=12.0, 2.0 Hz), 3.95 (1H, dt, J=11.0, 5.0 Hz), 3.91-3.82 (1H, m),
3.84 (3H, s), 2.06 (3H, s), 2.04 (3H, s); 6¢ (100 MHz, CDCl3) 170.7,
170.2, 159.6, 147.7, 135.2, 129.8, 127.0, 126.9, 119.8, 114.3, 94.5, 67.3,
66.9, 65.1, 62.8, 55.3, 50.3, 20.9, 20.7; HRMS (ESI): found 454.1597;
C21H25N307Na (M+Na)" requires 454.1590.

5.9. 4-(Phenoxymethyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-o-D-
erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole (3i)

96% yield (30.2 mg) as a configuration mixture (2:f=9:1); iso-
lated a-form was obtained as a orange oil; R;(50% EtOAc/n-hexane)
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0.39; [«]” +25.70 (¢ 1.00, CHCl3); ¥max (CHCl3): 2952, 2923, 2851,
1741, 1597, 1586, 1491, 1454, 1429, 1371, 1239, 1045, 1029, 1010,
987 cm ' éy (400 MHz, CDCl3) 7.73 (1H, s), 7.29 (1H, t, J=8.0 Hz),
7.28 (1H, t, J=8.0 Hz), 6.99 (2H, d, ]=8.0 Hz), 6.97 (1H, t, ]=8.0 Hz),
5.90 (1H, d, J=10.0 Hz), 5.72 (1H, dt, J=10.0, 2.0 Hz), 5.27 (1H, d,
J=10.0 Hz), 5.23 (2H, s), 4.98 (1H, s), 4.66—4.57 (2H, m), 4.23—4.13
(2H, m), 409 (1H, dd, J=12.0, 2.0 Hz), 3.96-3.84 (2H, m), 2.06 (GH,
s); 6c (100 MHz, CDCl3) 170.7,170.2, 158.2, 144.3,129.8,129.5, 126.9,
123.6,121.3,114.8, 94.6, 67.3, 66.9, 65.1, 62.8, 61.9, 50.3, 20.9, 20.7;
HRMS (ESI): found 454.1593; C51H2sN307Na (M+Na)® requires
454.1590.

5.10. 4-(4-Methylphenoxymethyl)-1-(4,6-di-0-acetyl-2,3-
dideoxy-a-D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-
1H-triazole (3j)

=>99% yield (32.8 mg) as a configuration mixture (z:B=9:1);
isolated a-form was obtained as an orange oil; Ry (50% EtOAc/n-
hexane)0.29; [a]f° +22.57 (¢ 1.02, CHCI3); rmax (CHCl3): 2952, 2922,
2851, 1741, 1611, 1583, 1510, 1460, 1435, 1370, 1230, 1045, 1013,
976 cm 1; 6y (400 MHz, CDCl3) 7.71 (1H, s), 7.08 (2H, d, [=8.0 Hz),
6.87 (2H, d, J=8.0 Hz), 5.88 (1H, d, J=10.0 Hz), 5.71 (1H, dt, J=10.0,
2.0Hz),5.27 (1H,d, J=10.0 Hz), 519 (2H, s), 497 (1H, s), 4,60 (2H, d,
J=6.0, 40 Hz), 4.24—-4.12 (2H, m), 409 (1H, dd, J=12.0, 2.0 Hz),
3.96-3.84 (2H, m), 2.28 (3H, s), 2.07 (3H, s), 2.06 (3H, s); 6¢
(100 MHz, CDCl3) 170.7,170.2,156.1, 144.5, 130.5, 129.9, 129.8, 126.9,
123.6, 114.6, 94.7, 67.3, 66.9, 65.1, 62.8, 62.1, 50.3, 20.9, 20.7, 20.5;
HRMS (ESI): found 468.1731; CaaHa7N3OsNa (M+Na)® requires
468.1747.

5.11. 4-(3,5-Dimethoxyphenoxymethyl)-1-(4,6-di-0-acetyl-
2,3-dideoxy-u-D-erythro-hex-2-enopyranos-1-yloxyethyl)-
1,2,3-1H-triazole (3Kk)

>99% yield (35.9 mg) as a configuration mixture (z:f=9:1);
isolated z-form was obtained as a pale yellow oil; Rf(50% EtOAc/n-
hexane) 0.20; [z]3° +34.82 (¢ 1.02, CHCl3); ¥max (CHCl3): 2952,
2925, 2851, 1740, 1597, 1471, 1459, 1429, 1368, 1229, 1203, 1192,
1152, 1046, 976 cm ™ '; 6y (400 MHz, CDCls) 7.73 (1H, 5), 6.17 (2H, s),
6.16 (1H, s), 5.88 (1H, d, J=10.0 Hz), 5.73 (1H, dt, J=10.0, 2.0 Hz),
526 (1H, d,J=10.0 Hz), 5.16 (2H, s), 4.97 (1H, 5), 4.66—4.54 (2H, m),
422-4.13 (2H, m), 410 (1H, dd, J=12.0, 2.0 Hz), 3.96—3.84 (2H, m),
3.75 (6H, s), 2.06 (6H, s); 6¢ (100 MHz, CDCl3) 170.7, 170.2, 161.5,
160.1, 144.0,129.8, 126.9,123.6,94.7,93.7, 93 .4, 67.8, 66.9, 65.1, 62.8,
62.0, 554, 50.3, 209, 20.8; HRMS (ESI): found 514.1806;
Co3HagN30gNa (M+Na) ™ requires 514.1801.

5.12. 4-Vanillinyloxymethyl-1-(4,6-di-0-acetyl-2,3-dideoxy-u-
D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-triazole
(31

>99% yield (35.9 mg) as a configuration mixture (z:f=9:1);
isolated o-form was obtained as an orange oil; Ry (70% EtOAc/n-
hexane)0.32; [2]3” +16.65 (¢ 1.00, CHCl3); ¥max (CHCl3): 2952, 2924,
2851, 1740, 1678, 1594, 1583, 1510, 1488, 1452, 1427, 1371, 1260,
1233, 1074, 1045, 982 cm'; 61 (400 MHz, CDClz) 9.85 (1H, s), 7.81
(1H, s), 7.44 (1H, d, J=8.0 Hz), 7.42 (1H, s), 7.25 (1H, d, J=8.0 Hz),
5.89 (1H, d, J=10.0 Hz), 5.73 (1H, dt, J=10.0, 2.0 Hz), 5.40 (2H, s),
528 (1H, d, [=10.0 Hz), 498 (1H, s), 468—4.53 (2H, m), 4.24—4.12
(2H, m), 4.12 (1H, dd, J=12.0, 2.0 Hz), 3.97—3.84 (2H, m), 3.93 (3H,
s), 2.09 (3H, s), 2.07 (3H, s); éc (100 MHz, CDCl;) 190.9, 170.7, 170.2,
153.0,149.9, 143.5,130.6, 129.8,126.9, 126.9, 123.8, 114.5, 114.0, 94.7,
673, 66.8, 65.1, 62.8, 56.9, 50.3, 209, 20.7; HRMS (ESI): found
512.1644: C33Ha7N309Na (M+Na)™ requires 512.1645.
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5.13. 4-(Isovanillinyloxymethyl)-1-(4,6-di-0-acetyl-2,3-
dideoxy-o-D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-
1H-triazole (3m)

89% yield (31.8 mg) as a configuration mixture (o:f=9:1); iso-
lated o-form was obtained as a yellow oil; Rf(70% EtOAc/n-hexane)
0.42; [a]g” +24.65 (c 1.00, CHCl); vmax (CHCl3): 2963, 2925, 2846,
1740, 1684, 1594, 1585, 1510, 1460, 1435, 1370, 1266, 1236, 1134,
1134, 1046, 1010, 973 cm ™ '; éy (400 MHz, CDCl3) 9.85 (1H, s), 7.78
(1H, s), 7.57 (1H, s), 7.51 (1H, d, J=8.0 Hz), 7.00 (1H, d, J=8.0 Hz),
5.89 (1H, d, ]=10.0 Hz), 5.74 (1H, dt, J=10.0, 2.0 Hz), 5.32 (2H, s),
5.27(1H,d,J=10.0Hz),4.99 (1H, br 5),4.68—4.53 (2H, m), 4.24—4.12
(1H, m), 4.20 (1H, dd, J=12.0, 5.0 Hz), 4.12 (1H, dd, ]=12.0, 2.0 Hz),
3.97-3.86 (2H, m), 3.94 (3H, s), 2.07 (3H, s), 2.06 (3H, s); dic
(100 MHz, CDCl3) 190.7,170.8,170.2,154.9,148.2,143.4,130.0,129.8,
126.9,126.8,124.0,112.1, 111.0,94.7, 67.3, 66.9, 65.1, 62.9, 62.8, 56.2,
50.4, 209, 20.7; HRMS (ESI): found 512.1646; CazHa7N30gNa
(M+Na)* requires 512.1645.

5.14. 4-(Coumarinyloxymethyl)-1-(4,6-di-0-acetyl-2,3-
dideoxy-a-D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-
1H-triazole (3n)

83% yield (30.3 mg) as a configuration mixture («:f=9:1); iso-
lated u-form was obtained as a orange oil; Ry (50% EtOAc/n-hexane)
0.12; [2]f° +26.43 (¢ 1.00, CHCl3); ¥max (CHCl3): 2947, 2924, 2851,
1734, 1612, 1552, 1505, 1460, 1426, 1401, 1373, 1275, 1230, 1124,
1046, 1004, 985 cm ™ '; 6y (400 MHz, CDCl3) 7.78 (1H, 5), 7.63 (1H, d,
J=9.0 Hz), 7.39 (1H, d, J=9.0 Hz), 6.97-6.91 (2H, m), 6.27 (1H, d,
J=9.0Hz),5.89 (1H, d, J=10.0Hz), 5.73 (1H, dt, ]=10.0, 2.0 Hz), 5.28
(1H, d, J=10.0 Hz), 5.26 (2H, s), 499 (1H, s), 470—4.55 (2H, m),
4.25-414(1H, m), 418 (1H,dd, ]=12.0, 5.0 Hz), 410 (1H, dd,J=12.0,
2.0 Hz), 3.97—-3.84 (2H, m), 2.07 (3H, s), 2.06 (3H, s); dc (100 MHz,
CDCl3) 170.7, 1701, 160.3, 160.9, 155.7, 143.3, 142.9, 129.9, 128.9,
127.8,123.9,113.5,112.8,102.1, 94.6,67.3,66.8,65.1, 62.8, 62.3, 50.4,
20.9, 20.7; HRMS (ESI): found 522.1487; Ca4H25N309Na (M+Na)*
requires 522.1488.

5.15. 4-(Benzhydryloxymethyl)-1-(4,6-di-O-acetyl-2,3-
dideoxy-a-D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-
1H-triazole (30)

=99% yield (38.2 mg) as a configuration mixture (&:p=9:1);
isolated o-form was obtained as an orange oil; Ry (50% EtOAc/n-
hexane) 0.43; [«]t° +21.17 (c 1.00, CHCl3); vmax (CHCl3): 2952,
2924, 2851, 1742, 1488, 1454, 1367, 1275, 1256, 1228, 1088, 1049,
1029, 973 cm™'; 6y (400 MHz, CDCl3) 7.59 (1H, s), 7.34-7.15
(10H, m), 5.82 (1H, d, J=10.0 Hz), 5.67 (1H, dt, J=10.0, 2.0 Hz),
5.45 (1H, s), 5.20 (1H, d, ]=10.0 Hz), 492 (1H, s), 4.60 (2H, s),
457-4.47 (2H, m), 418—4.06 (2H, m), 404 (1H, dd, j=12.0,
2.0 Hz), 3.90-3.79 (2H, m), 199 (3H, s), 196 (3H, s); ic
(100 MHz, CDCl3) 170.7, 170.2, 145.5, 141.7, 129.8, 128.4, 127.6,
1231, 126.9, 123.5, 94.7, 82.9, 67.3, 66.9, 65.1, 62.8, 62.4, 50.2,
20.9, 20.7; HRMS (ESI): found 544.2061; CagH3;N307Na (M+Na)*
requires 544.2060.

5.16. 4-(Phenacyloxymethyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-
o-D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3-1H-tri-
azole (3p)

=>99% yield (34.8 mg) as a configuration mixture (o:f=9:1);
isolated z-form was obtained as a pale yellow oil: Ry (50% EtOAc/n-
hexane) 0.48; [a]2” +16.18 (¢ 0.50, CHCl3); vmax (CHCl3): 2952, 2925,
2851, 1741, 1629, 1600, 1510, 1463, 1438, 1382, 1370, 1256, 1228,
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1046,1029,1007, 962 cm™'; 6y (400 MHz, CDCls) 7.80—7.70 (4H, m),
743 (1H, t,J=7.0 Hz), 7.34 (1H, t, J=7.0 Hz), 7.29-7.14 (2H, m), 5.85
(1H, d, J=10.0 Hz), 5.66 (1H, dt, J=10.0, 2.0 Hz), 533 (2H, s), 5.25
(1H, d, J=10.0 Hz), 4.95 (1H, s), 4.65—4.54 (2H, m), 4.22—4.11 (2H,
m), 409 (1H, dd, J=12.0, 2.0 Hz), 3.96-3.84 (2H, m), 2.05 (3H, s),
2.04 (3H, s); éc (100 MHz, CDCl3) 170.7, 170.2, 156.1, 144.1, 134.4,
129.8, 129.6,127.6,126.9, 126.9, 126.5,123.9, 123.7, 118.8, 94.6, 67.3,
66.8, 65.1, 62.7, 62.0, 50.4, 20.9, 20.7; HRMS (ESI): found 496.1675;
Coy3H37N3NaOg (M+Na)' requires 496.1696.

5.17. 4-(Benzoyloxymethyl)-1-(4,6-di-0-acetyl-2,3-dideoxy-o-
D-erythro-hex-2-enopyranos-1-yloxyethyl)-1,2,3- 1H-triazole
(3q)

=99% yield (33.5 mg) as a configuration mixture («:f=9:1);
isolated a-form was obtained as a pale orange oil; Ry (50% EtOAc/
n-hexane) 0.27; [«]3" +45.61 (c 0.52, CHC3); rmax (CHCl3): 2952,
2924, 2851, 1741, 1717, 1600, 1583, 1452, 1371, 1272, 1237, 1108,
1068, 1046, 1024, 971 cm '; 6y (400 MHz, CDCl3) 8.03 (2H, d,
J=8.0Hz), 781 (1H, 5), 7.55 (1H, t, ]=8.0 Hz), 7.42 (2H, t, ]=8.0 Hz),
5.88 (1H, d, J=10.0 Hz), 5.73 (1H, dt, J=10.0, 2.0 Hz), 5.47 (2H, s),
526 (1H, d, J=10.0 Hz), 497 (1H, s), 4.67—4.54 (2H, m), 4.22—4.13
(2H, m), 4.09 (1H, dd, J=12.0, 2.0 Hz), 3.95-3.84 (2H, m), 2.06
(6H, s); 6c (100 MHz, CDCl3) 170.7,170.2,166.5,142.9, 133.3, 129.8,
129.7, 128.4, 126.8, 124.4, 94.7, 67.3, 66.8, 65.1, 62.8, 58.1, 50.3,
20.9, 20.8; HRMS (ESI): found 482.1539; C22H25N30gNa (M+Na)™
requires 482.1539.
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Abstract

Cholangiocarcinoma (CCA) is a primary cancer of the bile duct epithelial cells. The
incidence of CCA is low in worldwide, however, it is very high in the northeastern part of
Thailand especially in KhonKaen province. In this research works, we studied the
preparation of triazoleglycoside analogues and their anticancer activities on CCA cell lines.
Three type of triazoleglycoside were synthesized using new method. In the first part, we
have successfully synthesized of seventeen derivatives of triazolylethyl 2,3-unsaturated O-
glycoside in three steps-one-pot manner using sequential O-glycosylation-azidation and click

reaction. In the second part, we have synthesized thirty analogues of 2,3-unsaturated-



glycosyl triazoles in two steps-one-pot manner using sequential O-glycosylation and click
reaction. Of all synthetic analogs, compounds 9a and 9b showed good anticancer activity
on CCA cell lines. In the third part, Thirty-one analogues of of 1,6-bis-triazole 2,3,4-tri-O-
acetyl-0l-D-galactopyranosyl bearing two triazole group at C-1 and C-6 were synthesized via
four steps. Compounds 5ee exhibited pronounced cytotoxicity against K-100

cholangiocarcinoma cells.
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