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ABSTRACT

The 1H- and 13C-NMR spectra of 1-b-D-glucopyranosyl-1,2,3-triazole-

4,5-dimethyl carboxylate, 1-b-D-glucopyranosyl-1,2,3-triazole-4,5-dicar-

boxamide, -dialkylcarboxamide-N-nucleosides 4–18, and 6-amino-4H-1-

(1-b-D-glucopyranosyl)-8-hydroxy-1,2,3-triazolo[4,5-e][1,3]-diazepin-4-

one 19 had been studied. Resonance signals and anomeric configurations

were assigned by homo- and heteronuclear two dimensional methods

(DQF-COSY, HSQC, HMBC, HMQC, ROESY).
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INTRODUCTION

Various triazolates are known for their biological activities, e.g. as

anticancer,[1 – 5] and antiviral agents,[6,7] or as deaminase inhibitors.[8] 1-[b-D-

Glycopyranosyl-(halomethyl)]-1,2,3-triazoles, 1-(b-D-glycopyranosyl)-1,2,3-

triazole-4,5-dicarboxamide and 8-azainosine(3-b-D-ribofuranosyl-n-1,2,3-

triazolo[4,5-d]pyrimid-7-one are examples showing cytotoxic activities in

vitro against several tumor cell lines [human B-lymphoblast (WI-L2),

ID50 = 41 mM; human myeloid leukemia (K562), ID50 = 26 mM; and HL-60,

ID50 = 32 mM]. However, two analogues of the nucleoside antibiotic

conformycines, 1 and (8R)-7,8-dihydro-3-b-D-ribofuranosyl-6H-n-tria-

zolo[4,5-d][1,3] diazepin-8-ol (2, 2-aza-conformycine),[8] bearing imidazole

and 1,2,3-triazole residues, respectively fused to expanded ring diazepine

have been reported as inhibitors of the enzyme adenosine deaminase. These

findings prompted several laboratories to synthesize numerous analogues of

such compounds by different methods.[9,10] A combination of 1H-1H DQF-

COSY, 1H-13C-HSQC, ROESY, HMQC and HMBC spectra enabled us to

deduce the structures of the potentially antitumor agents 1-b-D-glycosyl(car-

boxamide)-1,2,3-triazole nucleosides[9] and to assign completely their 1H and
13C NMR spectra.

EXPERIMENTAL

The NMR spectra were recorded using Bruker spectrometer DRX 600

(1H: 600.13 MHz; 13C: 150.91 MHz) and WM-250 (1H: 250 MHz). Internal

reference TMS; d-scale. Assignments of protons resonances were confirmed

by homo decoupling and by COSY spectra. 1H-13C COSY, DFQ-COSY,

HSQC, HMQC and HMBC spectra were used for assignments of the 13C

resonances. The 2,3,4,6-tetra-O-acetyl-b-D-glucosyl azide (3)[12] was

prepared from b-D-glucose azide.[11] Dimethyl-1-(2,3,4,6-tetra-O-acetyl-b-
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D-glucopyranosyl)-1,2,3-triazole-4,5-dicarboxylate (4), the free nucleo-

side analogue 5, the corresponding amides 6–12, the hydrazide 13, the

dicarboxylic acid 14, the piperazines, and the thiomorpholine carbonyl

compounds 15–18, the 1,2,3-triazolo[4,5-e]-diazepines 19, 20, were

prepared by a reported method.[9]

RESULTS AND DISCUSSION

1,3-Dipolar cycloaddition[10] of dimethyl acetylenedicarboxylate

(DMAD) to the acetylated b-D-glucopyranosyl azide 3[11,12] in boiling

toluene afforded the nucleoside 4, which was deacetylated with NaOMe/

Scheme 1. Reagents: (i) MeO2C CO2Me/toluene/80�C; (ii) NaOMe/MeOH;

(iii) RNH2, 23�C, 16–18 h; (iv) R2NH/NaOMe; (v) 2.5 M NaOH/80�C/4 h; (vi)

guanidine.HCl/NaOMe, 23�C, 48 h; (vii) Ac2O/pyridine, 23�C, 48 h; (viii) NaOMe/

MeOH, 23�C, 24 h.

1-( -D-Glucopyranosyl)-1,2,3-triazoles 463

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



T
a

b
le

1
.

1
H

-N
M

R
ch

em
ic

al
sh

if
ts

[p
p

m
]

an
d

co
u

p
li

n
g

co
n

st
an

ts
1

)
fo

r
th

e
1

,2
,3

-t
ri

az
o

le
N

-n
u

cl
eo

si
d

es
4

–
2

0
(3

0
0

K
,

6
0

0
M

H
z,

C
5
D

5
N

).

H
-1
’

H
-2
’

H
-3
’

H
-4
’

H
-5
’

H
-6
’a

H
-6
’b

O
H

N
H

/N
H

2
C

H
2

2
) /O

M
e

4
a
,3

)
6

.1
2

5
.9

4
5

.4
1

5
.2

4
4

.0
0

4
.2

9
4

.1
4

–
–

3
.9

8

5
5

.6
9

4
.1

0
 

3
.4

5
–

2
.8

9
!

3
.8

2
3

.6
8

5
.5

6
,

5
.3

1
,

5
.1

9
,

4
.6

2

–
3

.9
9

6
6

.4
5

4
.0

3
 

3
.3

1
–

3
.2

1
!

3
.6

4
3

.4
3

5
.4

4
,

5
.3

0
,

5
.1

6
,

4
.1

5

(1
0

.2
1

,
8

.5
6

),
8

.1
9

5
)

7
6

.4
7

4
.0

1
 

3
.3

4
–

3
.1

7
!

3
.6

7
3

.4
4

5
.3

9
,

5
.5

.1
9

,

5
.1

3
,

4
.6

1

1
0

.7
4

,
9

.1
8

6
)

8
6

.4
6

4
.0

1
 

3
.3

4
–

3
.2

0
!

3
.6

6
3

.4
4

5
.4

9
,

5
.2

6
,

5
.1

4
,

4
.6

1

1
0

.8
3

,
9

.2
3

7
)

1
.5

2
–

1
.2

2

9
6

.3
9

4
.0

4
 

3
.3

6
–

3
.2

3
!

3
.6

6
3

.4
5

5
.4

4
,

5
.2

8
,

5
.1

5
,

4
.6

1

1
1

.0
9

,
9

.8
1

8
)

4
.6

4
–

4
.4

1

1
0

6
.3

6
4

.0
0

3
.3

3
3

.1
6

3
.2

5
3

.6
6

3
.4

4
5

.3
7

,
5

.2
4

,

5
.1

2
,

4
.5

9

1
0

.7
5

,
9

.2
0

9
)

2
.9

1
–

2
.8

3
,

0
.7

7
–

0
.5

2

1
1

6
.4

6
4

.0
3

3
.3

2
3

.2
4

3
.3

3
3

.6
7

3
.3

3
5

.3
5

,
5

.2
4

,

5
.1

2
,

4
.5

9

1
0

.8
0

,
8

.9
6

3
.5

2
,

3
.3

6

1
2

6
.4

7
4

.0
3

3
.3

2
3

.2
4

3
.3

3
3

.6
7

3
.4

6
5

.3
4

,
5

.2
1

,

5
.0

9
,

4
.5

5

1
0

.8
0

,
9

.1
7

1
0

)
3

.3
7

,
3

.2
7

,
1

.5
3

,

1
.4

0
,

1
.3

0
,

1
.2

9

1
2

b
7

.7
5

5
.2

4
4

.4
9

4
.4

2
4

.3
9

4
.5

6
4

.3
7

5
.2

4
1

1
.5

9
,

9
.8

0
3

.8
1

(1
3

a,
b

)1
1

3
.6

0
(8

a)
1

2

3
.4

3
(b

)1
2

1
.7

1
(1

2
a,

b
)

464 Al-Soud and Al-Masoudi

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



1
.6

9
(1

1
a)

1
.6

7
(1

1
b

)

1
.4

9
(9

a)

1
.4

3
(9

b
)

1
.4

0
(1

0
a,

b
)

1
3

6
.4

9
4

.0
4

3
.3

3
3

.2
4

3
.3

6
3

.6
6

3
.4

3
5

.3
1

,
5

.2
5

,

5
.1

4
,

4
.8

3

1
2

.9
,

1
1

.9
4

,

1
0

.6
,

9
.0

1
4

c
6

.3
2

4
4

.7
1
 

3
.2

6
–

3
.0

3
!

3
.6

6
3

.4
7

–
–

–

1
5

5
.1

0
4

.1
7
 

3
.5

2
–

3
.2

0
!

3
.9

0
3

.6
5

5
.7

2
,

5
.6

5
,

5
.4

5
,

5
.1

0

2
.5

8
,

2
.4

8
,

2
.1

5

1
6

a
5

.1
0

4
.1

7
 

3
.5

2
–

3
.2

0
!

3
.9

0
3

.6
5

5
.7

2
,

5
.6

5
,

5
.4

5
,

5
.1

0

2
.5

8
,

2
.4

8
,

2
.1

5
,

1
7

5
.2

0
3

.8
5
 

3
.5

2
–

3
.1

8
!

3
.6

9
3

.6
0

5
.5

8
,

5
.3

8
,

5
.2

0
,

4
.6

9

3
.7

1
–

3
.6

9
,

2
.9

8

1
8

5
.1

3
3

.8
5
 

3
.5

0
–

3
.1

8
!

3
.7

0
3

.6
2

5
.5

1
,

5
.3

3
,

5
.1

3
,

4
.6

8

3
.5

0
–

3
.1

8
,

2
.6

3

2
0

a
,4

)
6

.2
7

6
.1

4
5

.3
4

5
.2

7
4

.1
3

4
.2

5
4

.1
3

9
.4

9

1
9

6
.4

1
4

.0
1

3
.3

4
3

.2
4

3
.3

6
3

.6
7

3
.4

5
8

.3
8

,
5

.7
5

,
4

.7
5

6
.2

5

A
ll

sp
ec

tr
a

w
er

e
m

ea
su

re
d

in
D

M
S

O
-d

6
,

ex
ce

p
t:

a
)

in
C

D
C

l 3
,

b
)

in
C

5
D

5
N

,
c
)

in
D

M
S

O
-d

6
/D

2
O

1
) ri

n
g

co
u

p
li

n
g

s:
J 1

’,2
’
=

9
.0

–
9

.5
H

z
(d

);

J 5
’,6
’a

=
4

.2
–

6
.1

H
z

(d
d

)
o

r
(m

);
J 6

’a
,6
’b

=
�

1
0

.5
–
�

1
2

.6
H

z
(d

d
);

J 2
’,O

H
=

5
.4

–
5

.8
H

z
(d

),
(b

r
s)

o
r

(m
);

J 3
’,O

H
=

3
.6

–
5

.2
H

z
(d

),
(b

r
s)

o
r

(m
);

J 6
’a

,6
’b

,O
H

=
5

.0
–

5
.8

(t
),

(b
r

s)
o

r
(m

).
2

)
C

H
2
:

(m
);

3
,4

) J 2
’,3
’
=

J 3
’,4

=
J 4

’,5
’
�

9
.4

H
z

(t
);

J N
H

,N
H

:
5

)
9

.0
H

z
(d

);
6

)
4

.7
H

z
(d

);
7

)
=

5
.2

H
z

(t
);

8
)

6
.0

H
z

(p
t)

;
9

)
4

.5
H

z
(d

);
1

0
)

5
.7

H
z

(p
t)

;
1

1
)

J
=

6
.5

H
z

(t
);

1
2

)
J

=
7

.0
H

z
(t

).
(b

r
s)

:
b

ro
ad

si
n

g
le

t;
(d

):
d

o
u

b
le

t;
(t

):
tr

ip
le

t;
(p

t)
:

p
se

u
d

o
-t

ri
p

le
t;

(d
d

):
d

o
u

b
le

t
o

f
d

o
u

b
le

ts
,

(m
):

m
u

lt
ip

le
t.

1-( -D-Glucopyranosyl)-1,2,3-triazoles 465

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MeOH to give 5. Treatment of 4 with primary amines such as NH3/MeOH,

MeNH2, n-butylamine, benzylamine, cyclopropylamine, ethanolamine, 1-

amino-6-hexanol, and hydrazine furnished the carboxamides 6–13. The

dicarboxylic acid 14 was obtained by hydrolysis of the ester 4 with aqueous

base. Treatment of compound 4 with the secondary amines piperazine,

morpholine and thiomorpholine in the presence of base afforded the mo-

nocarboxamides 15, 17, 18, respectively. The sodium salt obtained from 4
with N-methylpiperazine was neutralized with hydrochloric acid to give the

acid 16. With guanidine, compound 4 reacted to yield the triazolo-diazepine

19, acetylation of which resulted in the formation of 20 (Scheme 1).

The 1H NMR spectra of 4 and 5 showed signals located at 3.98 ppm

and 3.99 ppm, respectively, which are characteristic of the OMe groups.The

large coupling magnitudes between the diaxial protons H-2’–H-5’ indicated

a pyranosidic ring form with equatorial substituents, and indicatitive of the
4C1-conformation of the sugar moiety. The 1H NMR data of compounds 4–
20 as obtained from the phase-sensetive double quantum filtered (DFQ-

COSY) spectra,[13] are listed in Table 1. When the six-membered ring of a

sugar moiety is in a chair conformation, the geminal coupling contants are

ca 12.0 Hz. Axial-axial vicinal protons generally have coupling constants of

8.0–12.0 Hz, while axial-equatorial vicinal protons and equatorial-

equatorial vicinal protons have J values of 0–5.0 Hz.[14] Therefore, the

large coupling constants (9.0–9.5 Hz) of the anomeric protons of 4–20 are

typical for b-configurated glucopyranose. In this case, phase-sensetive

DQF-COSY spectra provide not only connectivity information but also the

ability to measure coupling constants for the off-diagonal responses.

Additional proofs for b-configurations came from rotating frame nuclear

Overhauser enhencement spectroscopy (ROESY)[15 – 17] suggesting small

distances between H-1’ and H-5’. In agreement with 4C1-conformations of

the pyranose rings are, for instance, the observed large couplings between

the protons H-4’ and H-5’ (approximately 9.4 Hz), as well as the cross

signals in the ROESY spectra between the signals of H-1’, H-2’ and H-5’
(e.g: compound 12; 7.75, 5.24, and 4.39 ppm, respectively) (Figure 3).

Heteronuclear multiple quantum coherence spectra (HMQC),[18] het-

eronuclear multiple bond correlation (HMBC),[19] and gradient selected

heteronuclear single quantum coherence (HSQC)[20,21] spectra made possible

the assignments of the carbon resonances (Table 2). Compound 12 is selected

for this study as a typical example since it bears the long chain methylene

groups (C-8a,b–C-13a,b). The gradient selected 1H,13C-HSQC spectrum in

D5-pyridine of 12 is shown in Figure 1 and Figure 2. The doublet for H-1’
(7.75 ppm, J1’,2’ = 9.1 Hz) is coupled to C-1’ (88.0 ppm). The multiplet

resonance of H-2’ at about 5.24 ppm, superposed by signals of the hydroxyl

groups, is coupled to C-2’ at 70.0 ppm, while the triplet at 4.49 ppm (J = 9.0

466 Al-Soud and Al-Masoudi
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Hz) for H-3’ is coupled to C-3’ at 76.8 ppm. Correspondingly, the resonances

for H-4’ as doublet of doublets at 4.42 ppm (J4’,5’ = 9.5 Hz), is cross linked to

C-4’ at 72.0 ppm, and the doublet of triplets of H-5’ at 4.39 ppm, is coupled

to C-5’ at 80.0 ppm. The two doublet of doublets at 4.56 ppm and 4.37 are

assigned to H-6a’ (J6a’,5a’= 4.5 Hz), and H-6b’ (J6a’,6b’= � 13.0 Hz),

respectively, are coupled to C-6’ at 61.0 ppm. The triplets at 3.81 ppm

(J = 6.5 Hz), 3.60 ppm (J = 7.0 Hz), and 3.43 ppm (J = 7.0 Hz) were assigned

to the protons 13a,b and 8a,b, cross linked to C-13a,b (62.0 ppm) and C-8a,b

(38.2 ppm). For the groups CH2-12a,b, CH2-11a, CH2-11b, CH2-9a, CH2-9b,

and CH2-10a,b signals were found at dH/dC 1.71/33.4, 1.69/30.1, 1.67/29.4,

1.49/26.2, 1.43/26.2, 1.40/27.3. In DMSO-d6 slightly different chemical

shifts were observed (Tables 1, 2).

More arguments might arise concerning the configuration assignment of

compound 12 from the HSQC spectrum, measured at room temerature, in

comparison to those of some b-D-glycosylpyranosyllumazine and isopterine-

N-nucleosides,[21] which revealed a mixture of syn- and anti-rotamers,

showing espectially the H-1’ signals as two doublets (J1’,2’ = 9.5–10.4 Hz) in

the region of 6.13–6.72 ppm. The appearance of the anomeric protons of 8–
12 and 15–18 in the HSQC spectra as single doublets, indicative for the

existence of these compounds in the more stable configuration (anti) where

the sugar moiety is located stereochemically in the less hindered position to

Figure 1. 2D Gradient selected HSQC spectrum of 12 in C5D6N (600 MHz, 300 K)

showing proton/carbon correlation.
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the mono- and disubstituted triazole groups, and excluded the precence of

two rotamers.

Furthermore, all the methylenes of the carboxamide groups at 8–12 as

well as those of the piperazine, morpholine, and thiomorpholine residues at

15–18 were inferred from the COSY, HMQC, and HMBC spectra, via the
3JCO,CH2 couplings. Carbons 4 and 5 of the triazole ring were elucidated

from the HMBC spectra, as shown in Table 2, which is located between

137.7–144.8 ppm and 132.0–140.0 ppm, respectively. Also, this technique

allowed also a clear interpretation for the monosubstitution of the ester

group of compound 4 by sec-amine at C-4 and not C-5 of the triazole ring.

The monosubstitition was visible in the HMBC spectra of 15–18, when

carbonyl groups at C-4 resonated at highest fields (142.1, 144.3, 142.7,

144.8 ppm, respectively) in comparison to those of the disubstituted

carboximdes 6–13 (between 137.7–138.9 ppm).

The ROESY spectrum of 12 shows cross signals between the resonances

of the anomeric proton and of both H-2’ and H-3’. Similarly, cross signals

were observed for the signals of H-8a,b and the other CH2 groups (Figure 3).

The gradient selected heteronuclear single quantum coherence spectrum of 12

Figure 2. Enlarged portion of the gradient selected HSQC spectrum of 12 between

1.0–2.0 ppm.

468 Al-Soud and Al-Masoudi

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



allowed for assignments of the resonances of the substituent at C-5 via 3JC,H

couplings (Figure 4). The carbonyl carbon atoms C-6a, C-6b at dC 162.0 and

158.0 ppm show 3JC,H correlations to CH2-8a (dH 3.60) and CH2-8b (dH

3.43). C-5 (dC 132.0) of the triazole ring was identified by its 3JC,H coupling

to the anomeric proton H-1’. For C-12a,b and C-11a,b 2JC,H and 3JC,H

couplings to the protons H-13 were observed. Similarly, 3JC,H couplings of

the anomeric protons H-1’ to the carbon atoms 5 of compounds 15–17
provided evidence for assignments of these atoms. Since the chemical shifts

of carbon atoms substituted with a carboxyl group are upfield from the shifts

of similar carbon atom substituted with a carboxamide group, the observed
3JC,H couplings of the anomeric protons H-1’ to carbon atoms 5 of compounds

15–17 indicated that these carbon atoms (C-5: 133.3–135.5 ppm) are

substituted with a carboxyl group (C-6a: 160.2–163.6 ppm), while carbon

atoms C-4 (142.1–144.3 ppm) are connected to a carboxamide group (C-6b:

159.4–176.7 ppm).

Figure 3. 2D ROESY spectrum of 12 in C5D5N (300 K, 600 MHz).
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Although several tautomeric structures are possible for compounds 19
and 20, the NMR spectra showed the presence of only the one tautomer

shown in Scheme 1.

CONCLUSION

Solution structures of 4–20 were determined through a variety of two

dimensional NMR techniques. DFQ-COSY was applied to obtain proton

connectivities and their stereochemical configurations. The ROESY

technique was the key to the assignment of the b-anomeric configurations

with large coupling constants of the sugar moiety (J1’,2’� 9.0–9.5 Hz), as

well as the identification of CH2-8a-b–CH2-13a,b of compound 12. The

Figure 4. Gradient selected HMBC spectrum of 12 in C5D5N (600 MHz, 300 K).

One-bond couplings are highlighted by brackets. Both pairs of methylene groups were

assigned via their heteronuclear 3J couplings.
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ROESY technique also provided conformation for the proton and carbon

assignments and as their stereochemical configurations e.g.: the 4C1

conformation of the sugar moiety, as have been shown from the large

coupling constants (JH,H � 9.0–12.6 Hz) . In this study, the HSQC technique

clearly showed the direct heteronuclear correlations, and proved the

existence of compound 12 as a single, stable rotamer (anti). In addition,

the HMBC technique assigned, via 2JC,H and 3JC,H couplings, the C/H

correlation of CH2-8a,b–CH2-13a,b of compound 12 and other methylene

groups. The mono substitution of the C-4 ester group at compound 4 by the

sec-amines was explained in term of the highest field resonance at 13C NMR

spectra, in comparison to those of the disubstituted carboxamide nucleosides.
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