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Efficient Synthesis of Some
Unsaturated (1,2,3)-Triazole-
Linked Glycoconjugates

Ronaldo N. de Oliveira and Denis Sinou

Laboratoire de Synthese Asymétrique, ESCPE Lyon, Université Claude Bernard Lyon]1,
Villeurbanne Cedex, France

Rajendra M. Srivastava

Departamento de Quimica Fundamental, Universidade Federal de Pernambuco, Cidade
Universitaria, Recife, PE, Brazil

Thermal 1,3-dipolar cycloaddition of ethyl 4-azido-2,3,4-trideoxy-a-D-erythro-hex-2-eno-
pyranosides with diethyl acetylenedicarboxylate or copper-catalyzed reaction with
various functionalized alkynes gave the corresponding 1-(ethyl 2,3,4-trideoxy-a-D-
erythro-hex-2-enopyranosid-4-yl)-1H-1,2,3-triazole derivatives in quite good yields.
These unsaturated compounds could be transformed into 1-(ethyl 2,3-di-O-acetyl-4-
deoxy-a-D-mannopyranosid-4-yl)-1H-1,2,3-triazoles by a simple dihydroxylation
reaction. Copper-catalyzed condensation of ethyl 6-O-acetyl-4-azido-2,3,4-trideoxy-a-
D-erythro-hex-2-enopyranoside with 1,3,5-triethynylbenzene or 1,3,5-tris(prop-2-yny-
loxy)benzene afforded the corresponding trivalent glycoconjugate clusters.

Keywords Cu-catalyst, [3+2] Cycloaddition, Hexenopyranoside, 1,2,3-Triazole
based-carbohydrate

INTRODUCTION

Glycoconjugates exert important roles in many biological processes, includ-
ing particularly cellular recognition in the case of inflammation,*~® tumor
metastasis,!” immune response,®® and bacterial and viral infections."! In the
course of a project involving the synthesis and biological evaluation of a series
of new aminosugars,1°~1®! we were attracted by N-triazole derivatives of unsa-
turated carbohydrates where the azole nucleus is located at C-4 of the pyranosyl
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structure. Recently, we have published a very convenient access to 4-amino and
2-aminocarbohydrates via a palladium-catalyzed substitution of allylic acetates
or carbonates using NaN3 or Me3SiNj as the azide source.' We perceived that
these azido unsaturated carbohydrates could be valuable precursors to 1-(2,3-
unsaturated pyranosid-4-yl)triazoles. Substituted triazoles have been shown to
display diversified biological activities against different targets."'>~® Surpri-
singly, in view of the easy availability of these glycomimetics, examples of
triazole-substituted carbohydrates are scarce. Triazolylglycosides have been
prepared from the corresponding azidoglycosides via a thermal*®1°-2U or a
copper()-catalyzed cycloaddition'®®?¥! with acetylenic derivatives. The
opposite approach (i.e. the cycloaddition of an acetylenic glycoside with azide
derivatives leading to the C-glycosyl triazoles) is well documented.'?>?* Carbo-
hydrates bearing the N-triazole substituent at position 3 or 4 have also been
prepared.'?>?®! Various multivalent neoglycoconjugates have been obtained by
the regiospecific 1,3-dipolar cycloaddition of carbohydrates bearing an alkyne
function to substituted azides, or vice versa.?®72°" Recently various
pseudo-oligosaccharides and amino acid glycoconjugates were synthesized via
an intermolecular 1,3-dipolar cycloaddition reaction using easily accessible
carbohydrate and amino acid-derived azides and alkynes as building blocks.""

We recently disclosed some preliminary results concerning the synthesis
of 1-(ethyl 6-O-acetyl-2,3,4-trideoxy-a-D-erythro-hex-2-enopyranosid-4-yl)-1H-
1,2,3-triazole derivatives®!; we describe therein a full account concerning
this approach and some applications.

RESULTS AND DISCUSSION

The starting materials, namely ethyl 4-azido-2,3,4-trideoxy-a-D-erythro-hex-2-
enopyranosides 1a and 1b, were prepared according to the method described
previously.™ The thermal 1,3-dipolar cycloaddition of azidosugars la—b
with diethyl acetylenedicarboxylate was first studied; effectively the corre-
sponding 1-(glycosid-4-yl)-1H-1,2,3-triazoles 2a and 2b were obtained at
70°C in quite good chemical yields: 90% and 88%, respectively (Sch. 1).
1-(Glycosid-4-yl)-1,2,3-triazole 2b was also obtained in a one-pot procedure
starting from ethyl 6-O-(tert-butyldimethylsilyl)-4-O-methoxycarbonyl-2,3-
dideoxy-a-D-erythro-hex-2-enopyranoside, without isolation of the interme-
diate azide derivative. Reaction of this unsaturated carbonate with TMSNj;
in THF at rt in the presence of a catalytic amount of Pdy(dba); and PPhg
afforded the crude unsaturated azidocarbohydrate 1b. Reaction of this crude
compound 1b with dimethyl acetylenedicarboxylate under the above
mentioned conditions gave compound 2b in 64% overall yield.

These 1-(glycosid-4-yl1)-1,2,3-triazoles 2a—b were subjected to the dihy-
droxylation reaction in the presence of a catalytic amount of OsO, and N-
methyl morpholine oxide followed by acetylation of the crude mixture
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Scheme 1: Thermal synthesis of 1-(glycopyranosid-4-yl)-1H-1,2,3-triazole derivatives 2 and 3.

(Sch. 1). As expected, the corresponding (ethyl 2,3-di-O-acetyl-4-deoxy-a-D-
mannopyranosid-4-yl)-1H-1,2,3-triazoles derivatives 3a—b were obtained as
the sole products in 86% and 81% yield, respectively. Compounds 3a—b
resulted from the dihydroxylation of the double bond on the less hindered
side, in agreement with the previous findings in this field.®*®3 The assigned
configurations for compounds 3a-b are mainly based on the coupling
constant (J4 5 = 10.5 and 10.9 Hz, and J5 4 = 10.9 Hz, respectively), character-
istic of an axial-axial disposition for H-3, H-4, and H-5.

However, in order to extend this methodology to the preparation of a
large range of 1-(glycosid-4-yl)-1H-1,2,3-triazoles, we have to use the
copper(I)-catalyzed condensation of 4-azidocarbohydrates 1 with various acet-
ylenic compounds. This methodology, described as “click” chemistry,®4~2"
generally afforded the corresponding triazole derivatives quantitatively
under very mild conditions with a very high regioselectivity and a high toler-
ance of other functionalities. The condensation of ethyl 6-O-tert-butyldi-
methylsilyl-4-azido-2,3,4-trideoxy-a-D-erythro-hex-2-enopyranoside ~ (1b)"4
with ethynylbenzene in the presence of Cu(OAc), and sodium ascorbate in
a 1:1 mixture of tert-butanol and water at rt under nitrogen overnight
afforded 1H-1,2,3-triazole derivative 4b as the exclusive product in 75%
yield after column chromatography (Sch. 2), quite close to the value
obtained starting from unsaturated azido carbohydrate la (80%).*! The
regioselectivity of the 1,3-dipolar cycloaddition reaction was assigned accord-
ing to the previous results using this methodology and to the mechanism
proposed by Rostovtsev et al.!3®

p-Bromoethynylbenzene reacted with 4-azidocarbohydrate 1b under the
same conditions to afford 1-(glycosid-4-yl)-1H-1,2,3-triazole 4¢ in 85% yield,
when 4b was obtained in 67% chemical yield starting from 1a.'3"

Functionalization of unsaturated glycosidyltriazole 4b with arylboronic
acid such as phenylboronic acid could be performed very easily at 70°C in the
presence of a catalytic amount of palladium(0)-catalyst to afford the coupling
product 5 in 64% yield after purification (Sch. 3); this methodology leads to
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1
R'O H,Oftert-BUOH (1:1) RC o
o} Cu(OAC), (20 mol%) .
+ RZ; -
NM=/0C,Hs sodium ascorbate (40 mol%?) BT\NN_ OC,H5
R2 N

1a:R' = Ac dak

1b: R" = SiMe,But
4a: R' = SiMe,Bu' R? = CgHs 75%
4b: R' = Ac; R? = 4-BrCgH, 67%!31]
4c: R' = SiMe,Bu’ R? = 4-BrCgH, 85%
4d: R' = SiMe,Bu’; R2 = CH,OH 70%
de: R' = SiMe,Bu‘ R? = CH,OCO,Me 79%
4f. R' =SiMe,Bu’; R2 = (R,5)-CHOHCH;  75%
4g: R' = SiMe,Bu’; R? = CO,Me 78%
4h: R'=H; R2=CO,H 35%
4i: R'=Ac; R?=Pht-OCH, 80%
4j: R'=Ac; R? = SiMe, 30%
4k: R'=Ac;R2=H 53%

Scheme 2: Copper-catalyzed synthesis of 1-(glycopyranosid-4-yl)-1H-1,2,3-triazole
derivatives 4.

an easy entry to a large variety of 4-aryl-1-(ethyl 2,3,4-trideoxy-a-D-erythro-
hex-2-enopyranosid-4-yl)-1H-1,2,3-triazoles.

Propargylic alcohol and its methyl carbonate also reacted with 4-azidocar-
bohydrate 1b under the above described conditions to give the corresponding
1-(glycosid-4-yl)-1H-1,2,3-triazoles 4d and 4e in 70% and 79% yield, respect-
ively. Unfortunatly, all attempts to functionalize carbonate 4e failed. When
racemic but-3-yn-2-ol was used as the acetylenic compound, triazole 4f was
obtained as a 1:1 mixture of the two epimers, in 75% yield. When copper-
catalyzed condensation of methyl propiolate with 4-azidocarbohydrate 1b
gave the corresponding triazole derivative 4g in 78% yield, the condensation
of propiolic acid with unsaturated 4-azidocarbohydrate la afforded triazole
4h in moderate yield only (35%); it is to be noted that the cleavage of the
acetoxy group, in this case, is probably due to the final treatment of the
mixture at the end of the reaction.

AcO CyHsB(OH),, cat. Pd(PPhy), HO
Q toluene/ethanol, Na,CO5, 70 °C 0
NY=0C,H5 64% N==OC,Hs
N N
W \ o
N N
4-Br-CgH 4-CgHs-CoHy
ab 5

Scheme 3: Synthesis of 1-(glycopyranosid-4-yl)-1H-1,2,3-triczole derivative 5.
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Copper-catalyzed condensation of 2-(ethynyloxy)isoindoline-1,3-dione with
4-azidocarbohydrate 1a afforded compound 4i in 80% yield. Under the same
conditions, ethynyltrimethylsilane gave a mixture of silylated triazole 4j
and desilylated triazole 4k in 30% and 53% yield, respectively. The formation
of compound 4k could be explained by the reaction of a copper-acetylide inter-
mediate formed from the alkyne and CuCl with extrusion of TMSCI at the
initial stage of the catalytic cycle, and not the formation of the expected
copper-TMS acetylide intermediate leading to the formation of 4j.'%®

We extended this reaction to more complex propargylic substrates. Unsatu-
rated 4-azidocarbohydrate 1a reacted smoothly with other carbohydrate moiety
such as propargyl 4,6-di-O-acetyl-2,3-dideoxy-a-D-erythro-hex-2-enopyranoside
(6)!3°! to afford the corresponding disaccharide 7 in 80% yield (Sch. 4).

This cycloaddition reaction was also extended to multivalent alkynes, to
investigate the potentiality of this methodology for the preparation of polyvalent
glycoconjugate clusters. It is well known that interactions between
glycoconjugates and receptors play an important role in biological systems.*"!
The copper-catalyzed condensation of unsaturated 4-azidocarbohydrate 1a,
used in excess, occurred readily with 1,3,5-triethynylbenzene (11) or with
1,3,5-tris(prop-2-ynyloxy)benzene (16) to afford a single product 12 or 17 in
80% and 61% yields, respectively, after column chromatography (Sch. 5 and 6).
However, all attempts to dihydroxylate compounds 12 and 17 under the above
mentioned conditions were unsuccessful. Fortunately, the copper-catalyzed con-
densation of ethyl 4-azidomannopyranoside 14, obtained by bishydroxylation of
unsaturated azidopyranoside 1a,'** with unsaturated benzene derivatives 11 or
16 afforded conveniently the corresponding tris[4-(ethyl—2,3,6-tri-O-acetyl-4-
deoxy-a-D-mannopyranosid-4-yl)-1H-1,2 3-triazol-1-yl] derivatives 13 or 18 in
80% chemical yield after column chromatography (Sch. 5 and 6).

CONCLUSION

In conclusion, thermal 1,3-dipolar cycloaddition of ethyl 4-azido-2,3,4-trideoxy-
a-D-erythro-hex-2-enopyranosides with diethyl acetylenedicarboxylate followed

AcO
o}

ACQ
= o
Ny —40C,H; H,Oftert-BuOH (1:1) AcO
0,
1a Cu(QAG); (20 mol%) . { o =00, H,
AcO + . ) N
sodium ascorbate (40 mol%) _ } !
b 80% AcC @] N

AcO o\/// !

6

Scheme 4: Copper-catalyzed synthesis of 1,2,3-triazole derivative 7.

411



20:58 22 January 2011

Downl oaded At:

412

R. N. de Oliveira et al.

AcO
o]
Nyt 1 0C,Hs
1a

H,O/tert-BUOH (1:1)
Cu(OAC), (20 mol%) .

Nt
sodium ascorbate (40 mol%)
_ 80%
/ 11
AcO
CzHsC
o] y
Na" "“OC2H5
AcO OAc AcO
14 H,O/tert-BuOH (1:1)

CU(OAC) (20 mol%) .

\\ sodium ascorbate (40 mol%) -
80% N
— N
; OAc
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Scheme 5: Copper-catalyzed synthesis of tris(1,2,3-triazole) derivatives 12 and 13.

by dihydroxylation of the obtained 1-(ethyl 2,3,4-trideoxy-a-D-erythro-hex-2-eno-
pyranosid-4-yl)-1H-1,2,3-triazoles afforded 1-(ethyl 2,3-di-O-acetyl-4-deoxy-a-D-
mannopyranosid-4-yl)-1H-1,2,3-triazoles in quite good yields. Copper-catalyzed
reaction of ethyl 6-O-acetyl-4-azido-2,3,4-trideoxy-a-D-erythro-hex-2-enopyrano-
side with various functionalized alkynes gave the corresponding 1-(ethyl 2,3,4-
trideoxy-a-D-erythro-hex-2-enopyranosid-4-yl)-1H-1,2,3-triazole derivatives
bearing different functionnalities. These unsaturated compounds could also be
transformed into 1-(ethyl 2,3-di-O-acetyl-4-deoxy-a-D-mannopyranosid-4-yl)-
1H-1,2,3-triazoles by usual dihydroxylation. Copper-catalyzed condensation of
ethyl 6-O-acetyl-4-azido-2,3,4-trideoxy-a-D-erythro-hex-2-enopyranoside with
1,3,5-triethynylbenzene or 1,3,5-tris(prop-2-ynyloxy)benzene afforded the corre-
sponding trivalent unsaturated glycoconjugate clusters, when the same reaction
performed with ethyl 2,3,6-tri-O-acetyl-4-azido-4-deoxy-a-D-mannopyranoside
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Scheme 6: Copper-catalyzed synthesis of tris(1,2,3-tfriazole) derivatives 17 and 18.

allowed the preparation of the corresponding tris[4-(ethyl 2,3,6-tri-O-acetyl-4-
deoxy-a-D-mannopyranosid-4-yl)-1H-1,2,3-triazol-1-yl] derivatives.

EXPERIMENTAL

General Procedure

All commercially available reagents were used as received. All reactions
were monitored by TLC analysis (TLC plates GFs54 Merck). Air- and

413
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moisture-sensitive reactions were performed under inert atmosphere. Melting
points were determined on a Biichi apparatus and are uncorrected. Column
chromatography was performed on silica gel 60 (230-240 mesh, Merck).
Optical rotations were recorded using a Perkin-Elmer 241 polarimeter. NMR
spectra were recorded with a Bruker AMX 300 spectrometer and referenced
as following: 'H (300 MHz), internal SiMe, at &= 0.00 ppm, *C (75 MHz),
internal standard at &= 77.23 ppm. Exact mass measurements of the
molecular ions were obtained on a Finnigan Mat 95 XL spectrometer. 1,3,5-
Triethynylbenzene (11) was commercially available. Ethyl 4-azido-2,3,4-
trideoxy-a-D-erythro-hex-2-enopyranosides la and 1b,** ethyl 2,3,6-tri-O-
acetyl-4-azido-4-deoxy-a-D-mannopyranoside (14),"*  3-butynyl 4,6-di-O-
acetyl-2,3-dideoxy-a-D-erythro-hex-2-enopyranoside,*!! methyl prop-2-ynyl
carbonate,*? methyl propiolate,*® and 1,3,5-tris(pro-2-ynyloxy)benzene
(16)"*4 were prepared according to the literature. The preparation and charac-
terization of triazole derivative 4b has already been described.®!!

General procedure for the preparation of (ethyl «a-D-erythro-hex-2-
enopyranosid-4-yl)-triazoles 2. A mixture of azido carbohydrate 1
(0.16 mmol) and dimethyl acetylenedicarboxylate (34 mg, 0.24 mmol) was
heated at 70°C for 5h. The crude product was directly purified by column
chromatography on silica to afford the corresponding triazole derivatives 2.

4,5-Di(methoxycarbonyl)-1-(ethyl 6-O-acetyl-2,3,4-trideoxy-«-D-erythro-
hex-2-enopyranosid-4-yl)-1H-1,2,3-triazole (2a). Yield 90%; colorless solid;
mp 66-68°C; R¢ 0.3 (petroleum ether/EtOAc 6:4); [aly + 68 (c = 1, CHyCly);
'H NMR (300 MHz, CDCly): 1.27 (t, J = 7.1 Hz, 3 H, CH,CH;), 2.01 (s, 3H,
CH;3CO), 3.60 (dq, J =9.6, 7.1 Hz, 1 H, OCH>CH3y), 3.86 (dq, J = 9.6, 7.1 Hz,
1H, OCH,CHy), 3.96 (s, 3 H, CH30), 3.99 (s, 3 H, CH30), 4.04 (dd, J =12.2,
3.8 Hz, 1H, H-6), 4.08 (dd, J = 12.2, 3.8 Hz, 1 H, H-6), 4.74 (ddd, J = 9.9, 3.8,
3.8Hz, 1H, H-5), 5.15 (br s, 1 H, H-1), 5.67 (ddd, J =9.9, 3.8, 1.5 Hz, 1 H,
H-4), 5.92 (br d, J =10.2 Hz, 1 H, H-3), 6.02 (ddd, J = 10.2, 2.5, 2.5 Hz, 1 H,
H-2); '*C NMR (75.5 MHz, CDCly): 15.6, 20.9, 53.1, 54.1, 56.0, 63.0, 65.0, 67.7,
94.6, 127.5, 129.0, 131.6, 139.9, 159.3, 160.6, 170.7.

Anal. Caled for C16H2105N3 (383.353): C, 50.13; H, 5.52. Found: C, 50.34;
H, 5.53.

4,5-Di(methoxycarbonyl)-1-(ethyl 6-O-tert-butyldimethylsilyl-2,3,4-
trideoxy-a-D-erythro-hex-2-enopyranosid-4-yl)-1H-1,2,3-triazole (2b).
Yield 88%; colorless oil; Ry 0.5 (petroleum ether/EtOAc 7:3); [a]® + 58
(c = 2.4, CH,Cly); '"H NMR (300 MHz, CDCl,): 5-0.03 (s, 6 H, SiMe,), 0.80
(s, 9H, CMej3), 1.26 (t, J = 7.1 Hz, 3H, CH;CH3), 3.52 (dd, J = 11.7, 3.8 Hz,
1H, H-6), 3.60 (dq, J=9.6, 7.1 Hz, 1H, OCH,CHj), 3.69 (dd, J =11.7,
2.8Hz, 1 H, H-6), 3.87 (dq, J =9.6, 7.1 Hz, 1H, OCH,CHs), 3.96 (s, 3 H,
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CH;0), 3.98 (s, 3 H, CH;0), 4.55 (ddd, J = 9.7, 3.8, 2.8 Hz, 1 H, H-5), 5.11 (br s,
1H, H-1), 5.7 (br dd, J = 9.7, 1.1 Hz, 1 H, H-4), 5.93 (br d, J = 10.2 Hz, 1 H,
H-3), 5.98 (ddd, J = 10.2, 2.2, 2.2 Hz, 1 H, H-2); *C NMR (75.5 MHz, CDCl;):
s5.1, 15.6, 18.7, 26.2, 53.0, 54.0, 55.7, 62.8, 64.6, 69.9, 94.5, 128.0, 128.9,
132.0, 139.6, 159.4, 160.7.

Anal. Caled for Co0H3307,N35Si1 (455.577): C, 52.73; H, 7.30. Found: C, 52.61;
H, 7.14.

Procedure for the one-pot synthesis of compound 2b. To a mixture of
Pdy(dba)s (13 mg, 14 pmol) and PPhs (30 mg, 112 pmol) in THF (2 mL) was
added a solution of ethyl 6-O-(tert-butyldimethylsilyl)-4-O-methoxycarbonyl-
2,3-dideoxy-a-D-erythro-hex-2-enopyranoside (98 mg, 0.28 mmol) in THF
(1 mL), followed by TMSN; (102 mg, 0.84 mmol). The solution was stirred at
50°C for 2 h. Elimination of the solvent under reduced pressure afforded the
crude azido compound 1b. Dimethyl acetylenedicarboxylate (120 mg,
0.84 mmol) was added to this residue, and the mixture was heated at 70°C
for 2 h. The crude product was purified by column chromatography on silica
using petroleum ether/EtOAc (7:3) as the eluent to give compound 2b
(82 mg, 64%).

General procedure for the dihydroxylation of (ethyl a-D-erythro-hex-
2-enopyranosid-4-yl)-triazoles 2. To a solution of unsaturated 4-triazolyl
carbohydrate derivative 2 (1 mmol) in a 4:1 mixture of acetone/water (2 mL)
were added OsO4 (0.25 mg, 1 mmol, 2mol%) and N-methylmorpholine-N-
oxide (465 mg, 4 mmol) at 0°C. The reaction mixture was stirred overnight at
rt, NaHSO;3; (500 mg) was added, and the contents were stirred for 30 min at
rt. The reaction mixture was diluted with water (5 mL), and extracted with
EtOAc (2 x 10 mL). The organic phase was separated and dried over
NayS0,, and the solvent was evaporated to give the corresponding diol. The
crude residue was directly acetylated using AcyO (306 mg, 3 mmol) in
pyridine (4 mL) for 1 day. After removing the solvent under reduced
pressure, the residue was purified by column chromatography on silica using
the corresponding eluent to afford the 4-triazolyl carbohydrate 3.

4,5-Di(methoxycarbonyl)-1-(ethyl 2,3,6-tri-O-acetyl-4-deoxy-a-D-man-
nopyranosid-4-yl)-1H-1,2,3-triazole (3a). Yield 86%; colorless solid; mp
124-127°C; R¢ 0.3 (petroleum ether/EtOAc 1:1); [a]® + 80 (¢ = 0.5, CH,Cly);
'H NMR (300 MHz, CDCl;): 1.31 (t, J = 7.0 Hz, 3 H, CH,CH;), 1.82 (s, 3 H,
CH;CO), 2.04 (s, 3H, CH3CO), 2.19 (s, 3 H, CH3CO), 3.61 (dq, J =9.8,
7.0Hz, 1 H, OCH,CHs), 3.85 (dq, J =9.8, 7.0Hz, 1H, OCH,CHj), 3.98
(s, 3H, CH30), 4.02 (s, 3 H, CH30), 4.07 (dd, J = 12.4, 3.5 Hz, 1 H, H-6), 4.12
(dd, J =12.4, 3.3 Hz, 1H, H-6), 4.93 (ddd, J = 10.5, 3.5, 3.3 Hz, 1 H, H-5),
495 d, J =1.7Hz, 1H, H-1), 5.36 (dd, J = 3.2, 1.7 Hz, 1 H, H-2), 5.38 (dd,
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J=10.9, 10.5Hz, 1 H, H-4), 5.72 (dd, J = 10.9, 3.2 Hz, 1 H, H-3); 3C NMR
(75.5 MHz, CDCl,): 5 14.7, 19.6, 19.8, 20.0, 52.1, 52.8, 61.6, 63.7, 67.3, 68.0,
96.9, 158.1, 159.4, 167.9, 169.0, 169.5.

Anal. Caled for Co9oHso7015N3 (5601.441): C, 47.90; H, 5.43. Found: C, 47.71;
H, 5.61.

4,5-Di(methoxycarbonyl)-1-(ethyl 2,3-di-O-acetyl-6-O-tert-butyldimeth-
ylsilyl-a-D-mannopyranosid-4-yl)-1H-1,2,3-triazole (3b). Yield 81%;
colorles solid; mp 101-103°C; R 0.4 (petroleum ether/EtOAc 7: 3); [a]® + 99
(¢ = 1.2, CHyCly); 'H NMR (300 MHz, CDCls): 0.02 (s, 6 H, SiMe,), 0.87 (s,
9 H, CMey), 1.30 (t, J = 7.0 Hz, 3 H, CH,CH3), 1.84 (s, 3 H, CH5CO), 2.17 (s,
3 H, CH5CO), 3.46 (dd, J = 11.9, 3.2 Hz, 1 H, H-6), 3.58 (dq, J = 9.7, 7.0 Hz,
1 H, OCH,CHj3), 3.70 (dd, J =11.9, 2.1 Hz, 1 H, H-6), 3.82 (dq, J =9.7,
7.0 Hz, 1 H, OCH,CH3y), 3.98 (s, 3 H, CH30), 4.00 (s, 3 H, CH30), 4.69 (br d,
J=109Hz, 1 H, H-5), 491 d, J=1.6Hz, 1 H, H-1), 5.35 (dd, J = 3.1,
1.6 Hz, 1 H, H-2), 5.49 (dd, J =10.9, 10.9 Hz, 1 H, H-4), 5.73 (dd, J = 10.9,
3.1Hz, 1 H, H-3); '3C NMR (75.5 MHz, CDCly): -5.1, 15.3, 18.7, 20.8, 21.1,
26.1, 53.1, 53.7, 62.2, 64.3, 69.4, 71.0, 97.8, 137.1, 139.6, 160.7, 169.3, 170.2,
170.8.

Anal. Caled for Co4H390,;N3Si (573.665): C, 50.25; H, 6.85. Found: C,
50.68; H, 7.05.

General procedure for the preparation of (ethyl «a-pD-erythro-hex-2-
enopyranosid-4-yl)-triazoles 4. The 4-azido sugar 1 (1 mmol) and the
alcyne derivative (3 mmol) were suspended in a 1:1 mixture of tert-butanol
and water (4 mL), and THF (2 mL). To this solution was added a mixture of
Cu(OAc), (36 mg, 0.2 mmol) and sodium ascorbate (79 mg, 0.4 mmol) in tert-
BuOH/H20 (1 mL). The reaction was stirred under nitrogen at rt until TLC
analysis indicated complete consumption of the product; water (3 mL) was
added, and the product was extracted with CHyCly (3 x 5 mL). The combined
organic layers were dried over NaySO4. Evaporation of the solvent under
reduced pressure gave a residue that was purified by column chromatography
on silica using the indicated eluent to give the corresponding compounds 4.

1-(Ethyl 6-O-tert-butyldimethylsilyl-2,3,4-trideoxy-a-D-erythro-hex-2-
enopyranosid-4-yl)-4-phenyl-1H-1,2,3-triazole (4a). Yield 75%; yellow
oil; Ry 0.4 (petroleum ether/EtOAc 9:1); [a]® + 119 (¢ = 1.2, CH,Cl,); 'H
NMR (300 MHz, CDCl3): —0.02 (s, 3 H, SiMey), 0.00 (s, 3 H, SiMe,), 0.84
(s, 9 H, CMey), 1.24 (t, J = 7.1 Hz, 3 H, CH,CH3), 3.53—-3.63 (m, 2 H, H-6,
OCH,CHjy), 3.68 (dd, J = 11.7, 2.2 Hz, 1 H, H-6), 3.88 (dq, J = 9.6, 7.1 Hz, 1
H, OCH,CH3), 4.11 (ddd, J = 9.8, 5.0, 2.2 Hz, 1 H, H-5), 5.13 (br s, 1 H, H-1),
5.38 (br dd, J = 9.8, 1.7 Hz, 1 H, H-4), 5.98 (br d, J = 10.0 Hz, 1 H, H-3), 6.05
(ddd, J = 10.0, 2.5, 2.5 Hz, 1 H, H-2), 7.30-7.42 (m, 3 H, Harom), 7.78-7.81
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(m, 3 H, Hayom, =CH-N); 13C NMR (75.5 MHz, CDCl;): —5.0, 15.6, 18.7, 26.3,
55.3,62.8,64.7,71.6,94.2, 118.7, 126.1, 129.3, 128.3, 128.7, 129.8, 130.8, 148.5.

Anal. Caled for Cy5H3305N35Si (415.601): C, 63.58; H, 8.00. Found: C, 64.17,
H, 8.32.

1-(Ethyl 6-O-tert-butyldimethylsilyl-2,3,4-trideoxy-a-D-erythro-hex-2-eno-
pyranosid-4-yl)-4-(4-bromophenyl)-1H-1,2,3-triazole (4c). Yield 85%; col-
orless oil; Ry 0.4 (petroleum ether/EtOAc 9:1); [a]® + 133 (¢ = 2.8, CH,Cly);
'H NMR (300 MHz, CDCl,): 5 0.02 (s, 6 H, SiMe,), 0.86 (s, 9 H, CMes), 1.29
(t, J=17.2Hz, 3 H, CH,CHS), 3.55-3.66 (m, 2 H, OCH,CHs,, H-6), 3.70 (dd,
J=11.7, 2.3 Hz, 1 H, H-6), 3.90 (dq, J =9.6, 7.1 Hz, 1 H, OCH,CH3), 4.12
(ddd, J =9.8, 4.7, 2.3 Hz, 1 H, H-5), 5.14 (br s, 1 H, H-1), 5.40 (ddd, J = 9.8,
3.4, 1.7Hz, 1 H, H-4), 5.99 (br d, J = 10.2 Hz, 1 H, H-3), 6.07 (ddd, J = 10.2,
2.5, 2.5Hz, 1 H, H-2), 7.53 (dd, J = 6.6, 1.9 Hz, 2 H, H,,om), 7.69 (dd, J = 6.6,
1.9 Hz, 2 H, Harom), 7.82 (s, 1 H, =CH-N); *C NMR (75.5 MHz CDCly): —5.0,
15.6, 18.7, 26.2, 55.4, 62.8, 64.7, 71.6, 94.2, 118.8, 122.7, 127.6, 128.1, 129.8,
129.9, 132.4, 147.5.

Anal. Caled for CysH3503BrN3Si (494.497): C, 53.44; H, 6.52. Found: C,
53.44; H, 6.84.

1-(Ethyl 6-O-tert-butyldimethylsilyl-2,3,4-trideoxy-«a-D-erythro-hex-2-
enopyranosid-4-yl)-4-(hydroxymethyl)-1H-1,2,3-triazole (4d). Yield 70%;
colorless oil; Ry 0.3 (petroleum ether/EtOAc 4:6); (2] +80 (c=0.5,
CH,Cly); 'H NMR (300 MHz, CDCl;): —0.01 (s, 6 H, SiMey), 0.85 (s, 9 H,
CMes), 1.23 (t, J =7.1Hz, 3 H, CH,CH3), 2.49 (t, J =5.8Hz, 1 H, OH),
3.563-3.60 (m, 2 H, H-6, OCH,CHj), 3.65 (dd, J = 11.7, 2.3 Hz, 1 H, H-6),
3.85 (dq, J = 9.4, 7.0 Hz, 1 H, OCH,CH3), 4.07 (ddd, J = 9.8, 4.9, 2.3 Hz, 1 H,
H-5), 4.77 (d, J =5.8Hz, 2 H, CH,OH), 5.11 (br s, 1 H, H-1), 5.34 (dd,
J=9.8, 1.7Hz, 1 H, H-4), 592 (br d, J=10.4Hz, 1 H, H-3), 6.02 (ddd,
J =104, 2.6, 2.6 Hz, 1 H, H-2), 7.59 (s, 1 H, =CH-N); '*C NMR (75.5 MHz,
CDCls): —5.0, 15.6, 18.7, 26.3, 55.2, 57.0, 62.8, 64.6, 71.5, 94.2, 121.0, 128.1,
129.7, 148.3.

Anal. Caled for C;7H3,04N3Si (369.531): C, 55.25; H, 8.46. Found: C, 55.77,
H, 8.29.

1-(Ethyl 6-O-tert-butyldimethylsilyl-2,3,4-trideoxy-a-D-erythro-hex-2-
enopyranosid-4-yl)-4-(methoxymethylcarbonyl)-1H-1,2,3-triazole (4e).
Yield 79%; colorless oil; Ry 0.6 (petroleum ether/EtOAc 6:4); [al® + 65
(¢ = 2.0, CH,Cly); 'H NMR (300 MHz, CDCl3): 0.04 (s, 3 H, SiMe,), 0.05 (s, 3
H, SiMey), 0.85 (s, 9 H, CMe3), 1.24 (t, J = 7.2 Hz, 3H, CH3CHy), 3.52-3.60
(m, 2H, H-6, OCH,CH3y), 3.65 (dd, J = 11.7, 2.1 Hz, 1H, H-6), 3.78 (s, 3 H,
OCHy), 3.87 (dq, J =17.3, 9.6 Hz, 1 H, OCH,CHjy), 4.07 (ddd, J =9.9, 4.9,
2.1Hz, 1 H, H-5), 5.11 (br s, 1 H, H-1), 5.26 (br s, 2 H, CH,0CO3;Me), 5.34
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(br dd, J = 9.9, 1.5 Hz, 1 H, H-4), 5.92 (br d, J = 10.0 Hz, 1 H, H-3), 6.01 (ddd,
J =10.0, 2.8, 2.8 Hz, 1 H, H-2), 7.69 (s, 1 H, =CH-N); 3C NMR (75.5 MHz,
CDCly): —5.1, —5.0, 15.6, 18.7, 26.2, 55.3, 55.4, 61.3, 62.8, 64.6, 71.4, 94.2,
123.0, 127.9, 129.8, 143.0, 156.0.

Anal. Caled for C19H3304N3Si1 (427.567): C, 53.37; H, 7.78. Found: C, 53.91;
H, 8.16.

1-(Ethyl 6-O-tert-butyldimethylsilyl-2,3,4-trideoxy-a-D-erythro-hex-2-
enopyranosid-4-yl)-4-[(R,S)-1-hydroxyethyl]-1H-1,2,3-triazole (4f). Yield
75%; colorless oil; Ry 0.4 (petroleum ether/EtOAc 4:6); 'H NMR (300 MHz,
CDCl3): — 0.01 (s, 6 H, SiMe,), 0.84 (s, 9 H, CMe3), 1.21 (t, J = 7.1 Hz, 3 H,
CHyCHs,), 1.55 (d, J = 6.4 Hz, 3 H, CH;CHOH), 2.58 (d, J =4.5Hz, 0.5 H,
OH), 2.61 (d, J =4.5Hz, 0.5 H, OH), 3.53-3.60 (m, 2 H, H-6, OCH,CHy),
3.64 (dd, J=11.7, 25Hz, 1 H, H-6), 3.86 (dq, J=9.6, 7.1Hz, 1 H,
OCH,CH3), 4.06 (ddd, J=9.8, 5.1, 2.5Hz, 1 H, H-5), 5.06 (dq, J = 6.4,
4.5Hz, 1 H, CHOH), 5.11 (br s, 1 H, H-1), 5.31 (br d, J = 9.8 Hz, 1 H, H-4),
5.92 (br d, J = 10.2 Hz, 1 H, H-3), 6.02 (ddd, J =10.2, 2.5, 2.5 Hz, 1 H, H-2),
7.53 (s, 1 H, =CH-N); '3C NMR (75.5 MHz, CDCly): —5.0, 15.6, 18.7, 23.4
(0.5 CHOH), 23.5 (0.5 CHOH), 26.3, 55.2 (0.5 C-4), 55.3 (0.5 C-4), 62.8, 64.5,
71.5 (0.5 C-5), 71.4 (0.5 C-5), 94.1, 119.2, 119.3, 128.1, 129.6.

Anal; Caled for C;sH3304N3Si (383.558): C, 56.37; H, 8.67. Found: C, 56.64;
H, 8.66.

1-(Ethyl 6-O-tert-butyldimethylsilyl-2,3,4-trideoxy-a-D-erythro-hex-2-
enopyranosid-4-yl)-4-(methoxycarbonyl)-1H-1,2,3-triazole (4g). Yield
78%; colorless oil; Ry 0.6 (petroleum ether/EtOAc 6:4); [a]® +81 (c=1.1,
CH,Cly); '"H NMR (300 MHz, CDCl3): —0.01 (s, 6 H, SiMe,), 0.85 (s, 9 H,
CMes), 1.24 (t, J =7.1Hz, 3 H, CH,CH3), 3.55 (dd, J =11.7, 4.7Hz, 1 H,
H-6), 3.60 (dq, J =9.8, 7.1 Hz, 1 H, OCH,CH3), 3.68 (dd, J = 11.7, 2.4 Hz, 1
H, H-6), 3.88 (dq, J = 9.8, 7.1 Hz, 1 H, OCH,CHy), 3.94 (s, 3 H, OCH3), 4.08
(ddd, J =9.7, 4.7, 24 Hz, 1 H, H-5), 5.12 (br s, 1 H, H-1), 5.43 (dd, J = 9.7,
1.7Hz, 1 H, H-4), 5.93 (br d, J = 10.1 Hz, 1 H, H-3), 6.07 (ddd, = 10.1, 2.6,
2.6 Hz, 1 H, H-2), 8.15 (s, 1 H, =CH-N); >C NMR (75.5 MHz, CDCl,): 5.1,
15.6, 18.7, 26.2, 52.6, 55.5, 62.6, 64.7, 71.4, 94.2, 127.0, 127.3, 130.3, 140.6,
161.4.
HRMS-FAB Calcd for CogH3105N3Si: 398.2111. Found: 398.2107.

4-(Carboxylic acid)-1-(ethyl 2,3,4-trideoxy-a-D-erythro-hex-2-enopyra-
nosid-4-yl)-1H-1,2,3-triazole (4h). Yield 35%; colorless solid; mp 155°C
(decomposition); R 0.3 (methanol/EtOAc 1:1); [a]® + 104 (¢ = 0.5, CH;0H);
'H NMR (300 MHz, CD;0D): 1.26 (t, J = 7.1 Hz, 3 H, CH,CH3,), 3.45 (dd,
J=124, 46 Hz, 1 H, H-6), 3.41 (dd, J =12.4, 2.1 Hz, 1 H, H-6), 3.64 (dq,
J=9.6, 71Hz, 1 H OCHyCH3), 3.91 (dq, J =9.6, 7.1 Hz, 1 H, OCH,CHs),
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4.18 (ddd, J =9.9, 4.6, 2.1 Hz, 1 H, H-5), 5.19 (br s, 1 H, H-1), 5.42 (br d,
J=99Hz, 1 H, H-4), 6.03 (br d, J=10.2Hz, 1 H, H-3), 6.08 (br dd,
J=10.2, 2.1Hz, 1 H, H-2), 8.15 (s, 1 H, =CH-N); *C NMR (75.5 MHz,
CD;0D): 16.0, 56.5, 62.1, 65.7, 72.5, 95.8, 127.0, 129.2, 130.5, 148.0, 168.3.
HRMS-FAB Caled for C1;H1605N35: 270.1090. Found: 270.1091.

4-{[(1,3-Dioxo0-1,3-dihydro-2H-isoindol-2-yl)oxylmethyl}-1-(ethyl 6-O-
acetyl-2,3,4-trideoxy-a-D-erythro-hex-2-enopyranosid-4-yl)-1H-1,2,3-
triazole (4i). Yield 80%; colorless solid; mp 86—88°C; R¢ 0.6 (petroleum ether/
EtOAc 1:1); [al® + 52 (c = 1.2, CH5Cly); '"H NMR (300 MHz, CDCly): 5 1.28
(t,J =7.1Hz, 3 H, CH,CH3), 2.09 (s, 3 H, CH3CO), 3.63 (dq, J = 9.6, 7.1 Hz,
1 H, OCH,CHs,), 3.87 (dq, J=9.6, 7.1Hz, 1 H, OCH,CHj3), 3.99 (dd,
J =124, 48Hz, 1 H, H-6), 4.19 (dd, J = 12.4, 2.5 Hz, 1 H, H-6), 4.34 (ddd,
J=10.0, 4.8, 25Hz, 1 H, H-5), 5.17 (br s, 1 H, H-1), 534 (s, 2 H,
CH,OPhth), 5.43 (dd, J = 10.0, 1.5 Hz, 1 H, H-4), 5.98 (br d, J = 10.2 Hz, 1
H, H-3), 6.10 (ddd, J =10.2, 2.6, 26 Hz, 1 H, H-2), 7.71-7.76 (m, 2 H,
Harom), 7.77-17.81 (m, 2 H, Harom), 7.95 (s, 1 H, =CH-N); '*C NMR (75.5 MHz
CDCls): 15.7, 21.2, 55.6, 63.0, 65.0, 70.5, 68.8, 94.5, 124.0, 129.1, 127.5,
130.1, 134.9, 142.7, 140.90, 163.8, 170.9.

Anal. Caled for C14,H1906N5 (325.317): C, 57.01; H, 5.01. Found C, 56.31; H,
5.02.

1-(Ethyl 6-O-acetyl-2,3,4-trideoxy-a-D-erythro-hex-2-enopyranosid-4-
yD-4-trimethylsilyl-1H-1,2,3-triazole (4j). Yield 30%; colorless oil; R; 0.8
(petroleum ether/EtOAc 1:1); [ald+99 (c=1.8, CH.Cly); 'H NMR
(300 MHz, CDCl3): 0.34 (s, 9 H, SiMes), 1.30 (t, J = 7.1 Hz, 3 H, CH>CH3),
2.07 (s, 3 H, CH3CO), 3.65 (dq, J =9.7, 7.1 Hz, 1 H, OCH,CH3y), 3.88 (dq,
J="171,9.7THz, 1 H, OCH,CH3), 4.07 (dd, J =12.2, 5.3 Hz, 1 H, H-6), 4.17
(dd, J =12.2, 2.9 Hz, 1 H, H-6), 4.29 (ddd, J = 10.0, 5.3, 3.0 Hz, 1 H, H-5),
5.18 (br s, 1 H, H-1), 5.48 (dd, J =10.0, 1.9Hz, 1 H, H-4), 5.98 (br d,
J=10.0Hz, 1 H, H-3), 6.09 (ddd, = 10.0, 2.6 Hz, 1 H, H-2), 7.58 (s, 1 H,
=CH-N); '*C NMR (75.5 MHz, CDCl,): 0.0, 16.4, 21.8, 55.9, 64.1, 65.8, 69.5,
95.2, 128.2, 128.9, 130.3, 148.6, 171.6.

Anal. Caled for C;5H2504N35Si (339.462): C, 53.07; H, 7.42. Found: C, 53.11;
H, 7.50.

1-(Ethyl 6-O-acetyl-2,3,4-trideoxy-«a-D-erythro-hex-2-enopyranosid-4-
yD-1H-1,2,3-triazole (4k). Yield 53%; colorless oil; R¢ 0.4 (petroleum ether/
EtOAc 1:1); [al +43 (c = 1.2, CHyCly); '"H NMR (300 MHz, CDCly): 1.27
(t,J =7.1Hz, 3 H, CH,CH3), 2.06 (s, 3 H, CH3CO), 3.63 (dq, J = 9.8, 7.1 Hz,
1 H, OCHy,CHj3), 3.86 (dq, J=7.1, 9.8Hz, 1 H, OCH,CHs), 4.02 (dd,
J =121, 5.1 Hz, 1 H, H-6), 4.17 (dd, J = 12.1, 2.7 Hz, 1 H, H-6), 4.29 (ddd,
J=10.0, 5.1, 2.7Hz, 1 H, H-5), 5.16 (br s, 1 H, H-1), 5.45 (dd, J = 10.0,
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1.5 Hz, 1 H, H-4), 5.97 (br d, J = 10.2 Hz, 1 H, H-3), 6.09 (ddd, J = 10.2, 2.6,
2.6Hz, 1 H, H-2), 7.63 (s, 1 H, =CH-N=), 7.76 (s, 1 H, =CH-N); *C NMR
(75.5 MHz, CDCly): 15.6, 21.1, 55.5, 63.2, 65.0, 68.7, 94.4, 122.7, 127.7, 129.9,
134.8, 170.8.

Anal. Calced for C16H2105N3 (353.383): C, 53.92; H, 6.41. Found: C, 54.35;
H, 6.56.

4-Biphenyl-1-(ethyl 2,3,4-trideoxy-a-D-erythro-hex-2-enopyranosid-4-
yD-1H-1,2,3-triazole (5). To a solution of carbohydrate 4b (80 mg,
0.19 mmol), phenyl boronic acid (35 mg, 0.286 mmol), and Pd (PPhjs), (14 mg,
12 pmol), in a mixture of toluene (2 mL) and ethanol (1 mL) in a Schlenk
tube under argon, was added a solution of NayCOj3 (76 mg, 0.714 mmol) in
water (0.5 mL). The mixture was stirred at 70°C for 4 h. After cooling the
contents to rt, a 1:1 solution of ethanol/water (4 mL) was added, the
solution was extracted with toluene (3 x 10 mL), and the organic phase was
dried over NasSO,. Solvent evaporation under reduced pressure gave a
residue that was purified by column chromatography on silica using petroleum
ether/EtOAc 6:4) as the eluent to provide compound 5. Yield: 46 mg (64%, col-
orless solid); mp 143—145°C; R 0.3 (petroleum ether/EtOAc 6:4); [a]® + 145
(c =1.2, CHyCly); 'H NMR (300 MHz, CDCls): 5 1.28 (t, J=7.1Hz, 3 H,
CH,CH3), 3.59-3.69 (m, 2 H, H-6, OCH,;CH3y), 3.76 (br d, J = 12.5 Hz, 1 H,
H-6), 3.89 (dq, J =9.6, 7.1Hz, 1 H, OCHyCHj3), 4.15 (ddd, J =19.9, 4.0,
2.4 Hz, 1 H, H-5), 5.20 (br s, 1 H, H-1), 5.55 (dd, J = 9.9, 1.1 Hz, 1 H, H-4),
6.08 (br d, J = 10.5 Hz, 1 H, H-3), 6.13 (ddd, J = 10.5, 2.1, 2.1 Hz, 1 H, H-2),
7.26 (m, 1 H, Hapom), 7.46 (m, 2 H, Hypom), 7.65 (m, 4 H, Hypom), 7.88-7.92
(m, 3 H, Harom, =CH-N); *C NMR (75.5 MHz, CDCl,): 15.7, 54.9, 61.9, 65.0,
71.0, 94.4, 118.7, 126.5, 127.4, 127.9, 128.0, 129.2, 129.6, 129.9, 140.9, 141.5,
148.4.

Anal. Calced for Co5H303N3 (377.436): C, 70.01; H, 6.14. Found: C, 70.31;
H, 6.40.

Ethyl 6-O-acetyl-2,3,4-trideoxy-4-(4-{[(4,6-di-O-acetyl-2,3-dideoxy-«-
D-erythro-hex-2-enopyranosyl)oxylmethyl}-1H-1,2,3-triazol-1-yl)-«a-D-
erythro-hex-2-enopyranoside (7). Yield 80%; colorless solid; mp 99-101°C;
R; 0.3 (petroleum ether/EtOAc 4:6); [a]® 4+ 99 (c = 2.8, CH,Cly); 'H NMR
(300 MHz, CDCls): 1.28 (t, J = 7.1 Hz, 3 H, CH,CHj5), 2.07 (s, 3 H, CH5CO),
2.09 (s, 3 H, CH;CO), 2.12 (s, 3 H, CH5CO), 3.63 (dq, J = 9.7, 7.1 Hz, 1 H,
OCH,CHjy), 3.86 (dq, J =9.7, 7.1 Hz, 1 H, OCH;CHjy), 4.05 (dd, J = 12.2,
5.3 Hz, 1 H, H-6), 4.10-4.31 (m, 5 H, 2 X H-5, 3 X H-6), 4.71 (d, J = 12.2 Hz,
1H, CHy), 494 (d, J=12.2Hz, 1 H, CH,), 5.16 (s, 1 H, H-1), 5.19 (br s, 1 H,
H-1), 5.35 (dd, J =9.6, 1.3 Hz, 1 H, CH-N), 5.40 (dd, J =9.9, 1.5Hz, 1 H,
OCHOCH=), 5.85 (ddd, J=10.3, 2.3, 2.3Hz, 1 H, H-2), 592 (br d,
J =10.3 Hz, 1 H, H-3), 5.96 (br d, J = 10.3 Hz, 1 H, H-3), 6.09 (ddd, J = 10.0,
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2.6,2.6 Hz, 1 H, H-2), 7.63 (s, 1 H, =CH-N); 13C NMR (75.5 MHz, CDCl;): 15.6,
21.1, 21.2, 21.3, 55.6, 62.0, 63.1, 63.2, 65.0, 65.6, 67.4, 68.6, 94.3, 94.4, 121.5,
127.6, 127.7, 130.0, 145.6, 170.6, 170.8, 171.2.

Anal. Caled for Co3H31010N3 (5609.506): C, 54.22; H, 6.13. Found: C, 54.17;
H, 6.14.

General procedure for the synthesis of compounds 12, 13, 17, and 18.
4-Azido sugar la (386 mg, 1.6 mmol) or 14 (574.4 mg, 1.6 mmol) and the
alkyne derivative (0.4 mmol) were suspended in 1:1 mixture of tert-butanol
and water (4 mL). To this solution was added a mixture of Cu(OAc), (43 mg,
0.24 mmol) and sodium ascorbate (95 mg, 0.48 mmol) in tert-BuOH/Hy;0
(1 mL). The reaction was stirred under nitrogen at rt until TLC analysis
indicated complete consumption of the product; water (3 mL) was added, and
the product was extracted with CH5Cls (3 x 5 mL). The combined organic
layers were dried over NasSO,. Evaporation of the solvent under reduced
pressure gave a residue that was purified by column chromatography
on silica using the indicated eluent to give the corresponding triazole
derivatives.

1,3,5-Tris[4-(ethyl 6-0O-acetyl-2,3,4-trideoxy-a-D-erythro-hex-2-enopyra-
nosid-4-yl)-1H-1,2,3-triazol-1-yl]benzene (12). Yield 80%; colorles solid;
mp 98-100°C; R¢ 0.6 (EtOAc); [al® +280 (c=0.5, CHyCly); 'H NMR
(300 MHz, CDCl3): 5 1.32 (t, J = 7.2 Hz, 9 H, CH;CH3), 2.09 (s, 9 H, CH3CO),
3.67 (dq, J =9.6, 7.2Hz, 9 H, OCH,CH3y), 3.90 (dq, J =9.6, 7.2Hz, 3 H,
OCH,CHjy), 4.12 (dd, J = 12.2, 5.0 Hz, 3 H, H-6), 4.23 (dd, J = 12.2, 2.6 Hz, 3
H, H-6), 4.38 (ddd, 4 = 10.0, 5.0, 2.6 Hz, 3 H, H-5), 5.20 (br s, 3 H, H-1), 5.49
(br d, J =10.0Hz, 3 H, H-4), 6.04 (br d, J =10.1Hz, 1 H, H-3), 6.17 (ddd,
J=10.1, 2.5, 25 Hz, 1 H, H-2), 8.06 (s, 3 H, =CH-N), 8.32 (s, 3 H, H.rom);
3¢ NMR (75.5 MHz, CDCl,): 15.6, 21.1, 55.8, 63.2, 65.0, 68.7, 94.4, 119.2,
122.8, 131.9, 127.4, 130.2, 147.9, 170.8.
HRMS Calcd for C4oH55015Ng: 874.3735. Found: 874.3730.

1,3,5-Tris{methylenoxy[4-(ethyl 6-O-acetyl-2,3,4-trideoxy-«-D-erythro-
hex-2-enopyranosid-4-yl)-1H-1,2,3-triazol-1-yll}benzene (17). Yield
61%; colorless oil; R¢ 0.5 (EtOAc); [ald + 123 (¢ = 1.5, CH,Cl,); 'H NMR
(300 MHz, CDCl3): 5 1.27 (t, J = 7.1 Hz, 9 H, CH;CH3), 2.07 (s, 6 H, CH3CO),
3.62 (dq, J = 9.6, 7.1 Hz, 3 H, OCH,CHs), 3.86 (dq, J = 9.6, 7.1 Hz, 3 H,
OCH,CHsy), 4.05 (dd, J = 12.2, 5.0 Hz, 3 H, H-6), 4.19 (dd, J = 12.2, 2.6 Hz, 3
H, H-6), 4.31 (ddd, J=9.9, 5.0, 2.6 Hz, 3 H, H-5), 5.15 (br s, 9 H, H-1,
CH,O0Ar), 542 (dd, J =9.9, 1.7Hz, 3 H, H-4), 5.98 (br d, J = 10.2 Hz, 3 H,
H-3), 6.09 (ddd, / = 10.2, 2.6, 2.6 Hz, 3 H, H-2), 6.29 (s, 3H, H,yom), 7.73 (s, 3
H, =CH-N); '3C NMR (75.5 MHz, CDCl,): 15.7, 21.1, 55.8, 62.5, 63.2, 65.0,
68.6, 94.4, 95.4, 121.8, 127.6, 130.0, 144.9, 160.5, 170.8.
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Anal. Calced for C45H57015Ng (963.985): C, 56.07; H, 5.96. Found: C, 55.77;
H, 6.17.
HRMS Caled for C45H55015Ng: 964.4052. Found: 964.4059.

1,3,5-Tris[4-(ethyl 2,3,6-tri-O-acetyl-4-deoxy-a-D-mannopyranosid-4-yl)-
1H-1,2,3-triazol-1-yl]benzene (13). Yield 80%; colorles solid; mp > 250°C;
Rf 0.4 (petroleum ether/EtOAc 1:4); [ald + 51 (¢ = 2.0, CH,Cly); '"H NMR
(300 MHz, CDCls): 5 1.29 (t, J = 7.0 Hz, 9 H, CH,CHs), 1.98 (s, 9 H, CH5CO),
2.27 (s, 18 H, CH5CO), 3.70 (dq, J = 10.1, 7.1 Hz, 3 H, OCH,CH3), 3.82 (dq,
J=10.1, 7.1Hz, 3 H, OCH,CHy), 3.91 (br s, 6 H, H-6), 450 (br d,
J =10.5 Hz, 3 H, H-5), 5.00 (br s, 3 H, H-1), 5.27 (dd, J = 10.7, 10.5 Hz, 3 H,
H-4), 5.40 (br s, 3 H, H-2), 6.31 (br d, J = 10.7 Hz, 3 H, H-3), 7.62 (br s, 3 H,
Harem), 8.74 (br s, 3 H, =CH-N); *C NMR (75.5 MHz, CDCly): 15.1, 21.0,
21.4,21.5,58,63.1, 64.3, 68.0, 69.2,69.7, 97.9, 119.3, 131.5, 147.8,170.4, 170.7.

Anal. Caled for C5,Hg9O24Ng (1228.172): C, 52.81; H, 5.66. Found: C, 51.91;
H, 5.71.

HRMS-FAB Calcd for C5,H70024Ng: 1228.4534. Found: 1228.4539.

1,3,5-Tris{methylenoxy[4-(ethyl 2,3,6-tri-O-acetyl-4-deoxy-a-D-manno-
pyranosid-4-yl)-1H-1,2,3-triazol-1-yl]}benzene (18). Yield 80%; colorles
solid; mp 93-95°C; Ry 0.3 (petroleum ether/EtOAc 2:8); [a]® + 48 (¢ = 1.8,
CH,Cly); 'H NMR (300 MHz, CDCl,): 5 1.29 (t, J = 7.1 Hz, 9 H, CH,CH;),
1.77 (s, 9 H, CH3CO), 2.04 (s, 9 H, CH3CO), 2.18 (s, 9 H, CH3CO), 3.60 (dq,
J=9.6, 71Hz, 3 H, OCH,CH3), 3.80 (dq, J =9.6, 7.1 Hz, 3 H, OCH,CHjy),
3.92 (dd, J =12.3, 4.2 Hz, 3 H, H-6), 4.15 (dd, J = 12.3, 2.6 Hz, 3 H, H-6),
4.35 (ddd, J =10.4, 4.2, 3.0 Hz, 3 H, H-5), 4.93 (br s, 3 H, H-1), 4.90 (dd,
J =11.0, 10.2 Hz, 3 H, H-4), 5.13 (br s, 6 H, CH0Ar), 5.32 (dd, J = 3.2,
1.7 Hz, 3 H, H-2), 5.81 (br d, J = 11.0, 3.2 Hz, 3 H, H-3), 6.20 (s, 3 H, Haom),
7.70 (s, 3 H, =CH-N); *C NMR (75.5 MHz, CDCly): 15.3, 20.6, 21.0, 21.2,
57.7, 62.4, 62.9, 64.7, 68.8, 68.9, 69.2, 95.4, 97.9, 123.3, 144.5, 160.4, 169.4,
170.2, 170.7.
HRMS-FAB Calcd for C57H76027Ng: 1318.4851. Found: 1318.4846.

ACKNOWLEDGEMENTS

We are indebted to the CAPES/COFECUB programme no. 334 /01 for financial
support and CNPq-Brazil for providing a fellowship to one of us (R. N.O.).

REFERENCES

[1] Varki, A. Biological roles of oligosaccharides: all of the theories are correct.
Glycobiology 1993, 3, 97—130.



20:58 22 January 2011

Downl oaded At:

(2l

[3]

(4]

(5]

Synthesis of Unsaturated (1,2, 3)-Triazole-Linked Glycoconjugates

Sears, P.; Wong, C.-H. Enzyme action in glycoprotein synthesis. Cell. Mol. Life Sci.
1998, 54, 223-252.

Bertozzi, C.R.; Kiessling, L.L. Chemical glycobiology. Science 2001, 291,
2357-2364.

Phillips, M.L.; Nudelman, E.; Gaeta, F.C.A.; Perez, M.; Singhal, AK,;
Hakomori, S.I.; Paulson, J.C. ELAM-1 mediates cell adhesion by recognition of a
carbohydrate ligand, sialyl-Lex. Science 1990, 250, 1130-1132.

Giannis, A. The sialyl Lewis-X group and its analogs as ligands for selectins:
chemo-enzymic syntheses and biological functions. Angew. Chem., Int. Ed. Engl.
1994, 33, 178-180.

[6] Yuen, C.-T.; Bezouska, K.; O’Brien, J.; Stoll, M.; Lemoine, R.; Lubineau, A,

[7]

[8]

[l

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Kiso, M.; Hasegawa, A.; Bockovich, N.J.; Nicolaou, K.C.; Feizi, T. Sulfated blood
group Lewis. A superior oligosaccharide ligand for human E-selectin. J. Biol.
Chem. 1994, 269, 1595-1598.

Feizi, T. Oligosaccharides that mediate mammalian cell-cell adhesion. Curr. Opin.
Struct. Biol. 1993, 3, 701-710.

Ryan, C.A. Oligosaccharide signals: from plant defense to parasite offense. Proc.
Natl. Acad. Sci. U.S.A. 1994, 91, 1-2.

Rudd, P.M.; Elliott, T.; Cresswell, P.; Wilson, I.A.; Dwek, R.A. Glycosylation and the
immune system. Science 2001, 291, 2370—-2376.

de Freitas Filho, J.R.; Srivastava, R.M.; da Silva, W.J.P.,; Cottier, L.; Sinou, D.
Synthesis of new branched-chain amino sugars. Carbohydr. Res. 2003, 338,
673-680.

de Freitas Filho, J.R.; Cottier, L.; Srivastava, R.M.; Sinou, D. Synthesis, configura-
tional and conformational studies of six amino sugar precursors formed by [3+
2]cycloaddition of alkylnitrile oxides to enone sugars. Synlett 2003, 1358-1360.

de Brito, TM.B.; da Silva, L.P.; Siqueira, V.L.; Srivastava, R.M. Synthesis of
2,3-unsaturated 4-amino sugars and cyclohexyl 2,3-di-O-acetyl-4,6-di-O-methyl-
a-D-mannopyranoside from cyclohexyl 4,6-di-O-acetyl-2,3-dideoxy-a-D-erythro-
hex-2-enopyranoside. J. Carbohydr. Chem. 1999, 18, 609-716.

de Freitas Filho, J.R.; Srivastava, R.M.; Soro, Y.; Cottier, L.; Descotes, G. Synthesis
of new 23-unsaturated O-glycosides through Ferrier rearrangement.
dJ. Carbohydr. Chem. 2001, 20, 561-568.

de Oliveira, R.N.; Cottier, L.; Sinou, D.; Srivastava, R.M. Stereocontrolled
palladium(0)-catalyzed preparation of unsaturated azido-sugars: an easy access
to 2- and 4-amino-glycosides. Tetrahedron 2005, 61, 8271—-8281.

Lalezari, I.; Gomez, L.A.; Khorshidi, M. Synthesis of 1-aryl-1,2,3-triazole-4,5-
dimethanol-4,5-bis(isopropylcarbamates) as potential antineoplastic agents.
dJ. Heterocycl. Chem. 1990, 27, 687—689.

Alvarez, R.; Velasquez, S.; San-Félix, A.; Aquaro, S.; de Clercq, E.; Perno, C.-F.;
Karlsson, A.; Balzarini, J.; Camarasa, M.J. 1,2,3-Triazole-[2',5'-bis-O-(tert-butyldi-
methylsilyl)-B-D-ribofuranosyl]-3'-spiro-5"-(4"-amino-1",2"-oxathiole 2”,2”-dioxide)
(TSAO) analogues: synthesis and anti-HIV-1 activity. J. Med. Chem. 1994, 37,
4185-4194.

Genin, M.J.; Hutchinson, D.K.; Allwine, D.A.; Hester, J.B.; Emmert, D.E.;
Garmon, S.A.; Ford, C.W.; Zurenko, G.E.; Hamel, J.C.; Schaadt, R.D.;
Stapert, D.; Yagi, B.H.; Friis, J.M.; Shobe, E.M.; Adams, W.J. Nitrogen-
carbon-linked (azolylphenyl)oxazolidinones with potent antibacterial activity

423



20:58 22 January 2011

Downl oaded At:

424

R. N. de Oliveira et al.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

against the fastidious gram-negative organisms Haemophilus influenzae and
Moraxella catarrhalis. J. Med. Chem. 1998, 41, 5144-5147.

Genin, M.J.; Allwine, D.A.; Anderson, D.J.; Barbachyn, M.R.; Emmert, D.E,;
Garmon, S.A.; Graber, D.R.; Grega, K.C.; Hester, J.B.; Hutchinson, D.K;
Morris, J.; Reischer, R.J.; Ford, C.W.; Zurenko, G.E.; Hamel, J.C.; Schaadt, R.D.;
Stapert, D.; Yagi, B.H. Substituent effects on the antibacterial activity of
nitrogen-carbon-linked (azolylphenyl)oxazolidinones with expanded activity
against the fastidious Gram-negative organisms Haemophilus influenzae and
Moraxella catarrhalis. J. Med. Chem. 2000, 43, 953—-970.

Broéder, W.; Kunz, H. A new method of anomeric protection and activation based on
the conversion of glycosyl azides into glycosyl fluorides. Carbohydr. Res. 1993, 249,
221-241.

Marco-Contelles, J.; Jiménez, C.A. N-Azole substituted carbohydrates Synthesis
and transformations of 1-(3'-deoxy-1',2":5",6'-di-O-isopropylidene-a-D-glucofura-
nos-3'-yl)-azole derivatives. Tetrahedron 1999, 55, 10511-10526.

Al-Masoudi, N.A.; Al-Soud, Y.A. Synthesis of 1’-8-D-glucopyranosyl-1,2,3-triazole-
4,5-dimethanol-4,5-bis(isopropylcarbamate) as potential antineoplastic agent.
Tetrahedron Lett. 2002, 43, 4021-4022.

Kuijpers, B.H.M.; Groothuys, S.; Keereweer, A.R.; Quaedflieg, P.J.L.M.;
Blaauw, R.H.; van Delft, F.L.; Rutjes, F.P.J.T. Expedient synthesis of triazole-
linked glycosyl amino acids and peptides. Org. Lett. 2004, 6, 3123-3126.

Chittaboina, S.; Xie, F.; Wang, Q. One-pot synthesis of triazole-linked glycocon-
jugates. Tetrahedron Lett. 2005, 46, 2331—-2336.

Dondoni, A.; Giovannini, P.P.; Massi, A. Assembling heterocycle-tethered
C-glycosyl and a-amino acid residues via 1,3-dipolar cycloaddition reactions. Org.
Lett. 2004, 6, 2929-2932.

Périon, R.; Ferriéres, V.; Garcia-Moreno, M.I.; Mellet, C.O.; Duval, R,
Fernandez, J.M.G.; Plusquellec, D. 1,2,3-Triazoles and related glycoconjugates as
new glycosidase inhibitors. Tetrahedron 2005, 61, 9118—-9128.

Calvo-Flores, F.G.; Isac-Garcia, J.; Hernandez-Mateo, F.; Pérez-Balderas, F.;
Calvo-Asin, J.A.; Sanchéz-Vaquero, E.; Santoyo-Gonzalez, F. 1,3-Dipolar cycloaddi-
tions as a tool for the preparation of multivalent structures. Org. Lett. 2000, 2,
2499-2502.

Perez-Balderas, F.; Ortega-Munoz, M.; Morales-Sanfrutos, J.; Hernandez-
Mateo, F.; Calvo-Flores, F.G.; Calvo-Asin, J.A.; Isac-Garcia, J.; Santoyo-
Gonzalez, F. Multivalent neoglycoconjugates by regiospecific cycloaddition of
alkynes and azides using organic-soluble copper catalysts. Org. Lett. 2003, 5,
1951-1954.

Casas-Solvas, J.M.; Vargas-Berenguel, A.; Capitan-Vallvey, L.F.; Santoyo-
Gonzalez, F. Convenient methods for the synthesis of ferrocene-carbohydrate
conjugates. Org. Lett. 2004, 6, 3687—-3690.

Chen, Q.; Yang, F.; Du, Y. Synthesis of a C3-symmetric (1 — 6)-N-acetyl-B-D-gluco-
samine octadeca-saccharide using click chemistry. Carbohydr. Res. 2005, 340,
2476-2482.

Hotha, S.; Kashyap, S. “Click chemistry” inspired synthesis of pseudo-oligosacchar-
ides and amino acid glycoconjugates. J. Org. Chem. 2006, 71, 364—367.



20:58 22 January 2011

Downl oaded At:

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Synthesis of Unsaturated (1,2,3)-Triazole-Linked Glycoconjugates

de Oliveira, R.N.; Sinou, D.; Srivastava, R.M. A very simple synthesis of 1-(ethyl
6-O-acetyl-2,3,4-trideoxy-a-D-erythro-hex-2-enopyranos-4-yl)-1,2,3-triazole  deri-
vatives. Synthesis 2006, 467—-470.

Stevens, C.L.; Filippi, J.B.; Taylor, K.G. Hydroxylation of ethyl 2,3-didehydro-2,3-
dideoxy-a-D-glucopyranoside. J. Org. Chem. 1966, 31, 1292—-1293.

Donohoe, T.J.; Garg, R.; Moore, P.R. On the dihydroxylation of cyclic allylic
alcohols. Tetrahedron Lett. 1996, 37, 3407—-3410.

Tornoe, C.W.; Christensen, C.; Meldal, M. Peptidotriazoles on solid phase: [1,2,3]-
triazoles by regiospecific copper(I)-catalyzed 1,3-dipolar cycloaddition of terminal
alkynes to azides. J. Org. Chem. 2002, 67, 3057—-3064.

Rostovtsev, V.V.; Green, L.G.; Fokin, V.V,; Sharpless, K.B. A stepwise Huisgen
cycloaddition process: copper(I)-catalyzed regioselective “ligation” of azides and
terminal alkynes. Angew. Chem. Int. Ed. 2002, 41, 2596-2599.

Bock, V.D.; Hiemstra, H.; van Maarseveen, J.H. Cu(I)-catalyzed alkyne-azide click
cycloadditions from a mechanistic and synthetic perspective. Eur. J. Org. Chem.
2006, 51-68.

Wang, Q.; Chittaboina, S.; Barnhill, H.N. Advances in 1,3-dipolar cycloaddition
reaction of azides and alkynes — A prototype of “click” chemistry. Lett. Org.
Chem. 2005, 2, 293-301.

Lindsell, W.E.; Preston, P.N.; Rettie, A.B. Synthesis and characterization of hexa-
carbonyldicobalt complexes derived from 2-propynyl and 3-butynyl 4,6-di-O-acetyl-
2,3-dideoxy-a-D-erythro-hex-2-enopyranosides. Carbohydr. Res. 1994, 254,
311-316.

Kamijo, S.; Jin, T.; Yamamoto, Y. Four-component coupling reactions of silylacety-
lenes, allyl carbonates, and trimethylsilyl azide catalyzed by a Pd(0)-Cu(I) bimetal-
lic catalyst. Fully substituted triazole synthesis from seemingly internal alkynes.
Tetrahedron Lett. 2004, 45, 689—-691.

Lundquist, J.J.; Toone, E.J. The cluster glycoside effect. Chem. Rev. 2002, 102,
555-578.

Minami, I.; Yuhara, M.; Watanabe, H.; Tsuji, J. A new furan annulation reaction by
the palladium-catalyzed reaction of 2-alkynyl carbonates or 2-(1-alkynyl)oxiranes
with B-keto esters. J. Organomet. Chem. 1987, 334, 225—-242.

Jung, M.E.; Buszek, K.R. The stereochemistry of addition of trialkylammonium
and pyridinium tetrafluoroborate salts to activated acetylenes. Preparation of
novel dienophiles for Diels-Alder reactions. J. Am. Chem. Soc. 1988, 110,
3965-3969.

Khan, S.1.; Grinstaff, M.W. Palladium(0)-catalyzed modification of oligonucleotides
during automated solid-phase synthesis. J. Am. Chem. Soc. 1999, 121, 4704—-4705.

Berscheid, R.; Niegerb, M.; Vogtle, F. Orientational selectivity for the inclusion of
acetonitrile in tailor-made macrobicyclic host molecules. J. Chem., Chem.
Commun. 2005, 1364—1366.

425



