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Abstract—We report herein an efficient synthesis of 4-substituted triazolyl-nucleosides and their in vitro cytostatic activity. The syn-
thesis is based on a straightforward 1,3-dipolar cycloaddition between 1-azido-ribose 2 and terminal alkynes under a cooperative
effect of microwave activation and copper (I) catalysis. All cycloadducts were obtained in nearly quantitative yield after a short reac-
tion time (1 to 2 min). After removal of acetyl protecting groups, the free nucleosides were evaluated against L1210, Molt4/C8, and
CEM tumor cell lines. Structure–activity relationship study shows that the substituent on the triazole ring has a major effect since
nucleosides 4c and 4g, containing, respectively, a long alkyl chain and an aryl donor group are the most active compounds in this
series.
� 2007 Elsevier Ltd. All rights reserved.
Figure 1. Examples of five-membered antitumor nucleosides, tiazofu-

rin and Eicar.
Nucleosides, which are the genomic building blocks,
interact with major constituents of living cells such as
nucleic acids, enzymes, and proteins. Naturally occur-
ring and synthetic analogues of nucleosides have been
the cornerstone of antiviral therapy over the last dec-
ades. The growing interest in such analogues arises from
their high potential value not only as therapeutic agents
but also as biochemical probes and as building blocks in
oligonucleotide synthesis following the well-known
phosphoramidite chemistry.1

Among antitumor nucleosides, those anchoring a five-
membered heterocyclic ring are of great interest. Thus,
tiazofurin (Fig. 1) is a synthetic C-nucleoside recently
approved as orphan drug for treatment of chronic
myelogenous leukemia in accelerated phase or blast
crisis. It is a potent inhibitor of inosine monophos-
phate dehydrogenase (IMPDH), a rate-limiting
enzyme of the de novo guanylate pool synthesis.2
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Eicar is an other five-membered N-nucleoside with a
potent antiviral and antitumor activity (Fig. 1).3 These
encouraging results prompted us to investigate the
synthesis of new five-membered nucleosides in the
triazolyl series.

We recently found that azido-deoxyribose and terminal
alkynes undergo fast 1,3-dipolar cycloaddition under the
cooperative effect of microwave activation and cooper(I)
catalysis to give high yield of 2 0-deoxy-triazolyl-nucleo-
sides cycloadducts.4 To get further insight into such a
process, we describe herein a straightforward two-step’s
synthesis of 4-substituted triazolyl-nucleosides 4, in ribo
series, and their cytostatic activity on L1210, Molt4/C8,
and CEM cell lines. The role of SiO2 support or
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Scheme 1. Synthesis of azido-tri-O-acetylribose 2.
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Brønsted acid in the activation of the key 1,3-dipolar
cycloaddition step will also be discussed.

First, the protected azido-ribose starting material
(2) was obtained in high yield from commercially
available tetra-O-acetylribose by using TMSN3 and
BF3Et2O as a catalyst (Scheme 1). The reaction was
completely stereoselective since only the b-anomer 2
was obtained.5

The survey of the 1,3-dipolar cycloaddition conditions
was next examined by using azide 2 and ethyl propiol-
ic ester as a model (Table 1). We found that the reac-
tion, when performed under solvent free microwave
activation, Cu(I) catalysis and supported on SiO2, pro-
vided the desired cycloadduct 3a stereo- and regio-
selectively and almost quantitatively (entry 1). In this
cycloaddition, only the b-anomer-4-substituted-triazole
3a was obtained within a very short reaction time
(1 min).6

The reaction proceeded also efficiently in solution since
high yields were obtained in CH2Cl2 or toluene at reflux
(entry 3). However, poor yields were obtained at room
temperature even with increased reaction times (entry 2).

To get more information about the role of silica gel, we
tested Al2O3 and sand,7 a poorly hydroxylated silicate,
as support. When the reaction was performed directly
on Al2O3 or sand and under microwave, 3a was ob-
tained with yields comparable to those obtained with
Table 1. Survey of cycloaddition reaction and SiO2 effect

Entrya Additives Activation

1 SiO2 MW

2 No CH2Cl2 or toluene

3 No CH2Cl2 or toluene

4 Sand MW

5 Al2O3 MW

6 SiO2 CH2Cl2
7 SiO2 Toluene

8 Al2O3 CH2Cl2
9 Sand CH2Cl2
10 AcOH CH2Cl2
11 AcOHd EtOH

12 AcOHd H2O/t-BuOH

a Azide (1 mmol), alkyne (1.2 equiv), CuI (2 equiv), DIEA (5 equiv), suppor
b Yield based on the isolated product.
c The starting material 2 was recovered.
d 1 equiv/mmol of alkyne.
SiO2 as support (entries 4 and 5). By contrast, in solu-
tion, the best results were obtained with SiO2 (entries
6 and 7) instead of Al2O3 (entry 8) or sand (entry 9).
Moreover, the reaction proceeded in solution more
slowly when carried out with Al2O3 or sand (entries 8
and 9, respectively) than with SiO2.

These differences are likely attributable to an acid cata-
lytic role of the SiO2 support for this 1,3-dipolar cyclo-
addition.8 The importance of this acid catalytic property
was unambiguously proven by the use of acetic acid (1
equiv/mmol of alkyne) instead of SiO2, which resulted
in a fast reaction and high cycloaddition yield (20 min,
95%, entry 10). This cycloaddition could also be carried
out efficiently in protic solvents and aqueous media as
shown in entries 11 and 12, respectively. To our knowl-
edge, this is the first report of such acid catalysis in
azide-alkyne 1,3-dipolar cycloaddition. It offers further
new perspectives in the well-known click chemistry field.
However, the mechanism by which Brønsted acid is
involved in the catalytic cycloaddition process is not
very clear and further experiments are required for its
elucidation.

The synthesis of the various protected triazolyl-nucleo-
sides 3 listed in Table 2 was performed applying the
most efficient procedure indicated in entry 1 of Table
1.9 It should be noted that all these nucleosides were ob-
tained with high yields whatever the chemical nature of
the starting alkyne. The different alkynes were chosen in
order to increase the molecular diversity around the tri-
azole nucleobase (long chain, polar, and aromatic
alkynes).

The acetyl groups of the protected nucleosides 3a–i were
then cleaved using NH3/MeOH solution to afford in
high yields the corresponding free analogues 4a–i,
respectively (Table 2).
Time T (�C) Yieldb (%)

1 min 110 96

24 h rt 20c

16 h Reflux 85

1 min 110 95

1 min 110 95

16 h rt 90

236 h rt 65c

16 h rt 37c

16 h rt 35c

20 min rt 95

8 h rt 82

8 h rt 79

t (100 mg/mmol of azide).



Table 2. Two-steps synthesis of free nucleosides 4a–i

Entrya Alkyne Time (min) Products 3a–p (yieldb %) Products 4a–p (yieldb %)

1 1 3a (97) 4a (85) (R = CONH2)

2 2 3b (95) 4b (87)

3 2 3c (95) 4c (90)

4 1 3d (93) 4d (94)

5 1 3e (96) 4e (92)

6 2 3f (93) 4f (90)

7 2 3g (95) 4g (88)

8 2 3h (94) 4h (95)

9 2 3i (93) 4i (92)

a Conditions: azide (1 mmol), alkyne (2 equiv), CuI (2 equiv), and DIEA (5 equiv) were adsorbed on silica gel (1 g/mmol of azide) and irradiated

(95 �C < T < 115 �C, reaction temperature was digitally measured).
b Yields of isolated products.
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The newly synthesized free nucleosides 4a–i were evalu-
ated for their in vitro inhibitory effects on the prolifera-
tion of murine leukemia cells (L1210) and human
T-lymphocyte cells (Molt4/C8 and CEM) as described
elsewhere.10 5-Fluorouracil (5FU) was used as a control.
The results are listed in Table 3.

Among all the nucleosides tested, 4c with a C8 alkyl
chain was the most active one on the three cell lines
though its activity was much lower than that of 5-FU.
It is surprising that its structurally close analogue 4b
with a C6 alkyl chain did not show any cytostatic activ-
ity (at least at a concentration below 200 lM). Further-
more, the aromatic substituted triazoles 4f–i showed
moderate to low activities, the most active one on the
Table 3. Inhibitory effects of triazolyl-nucleosides 4a–i on L1210,

Molt4/C8, and CEM cells

Compound R IC50 (lM)

L1210 Molt4/C8 CEM

4a –CONH2 >200 >200 >200

4b –(CH2)5–CH3 >200 >200 >200

4c –(CH2)7–CH3 56 50 44

4d –CH2OH >200 >200 >200

4e –CH(OH)CH3 >200 >200 >200

4f –2-Pyridine 236 170 245

4g –p-Ph–OMe 152 36 73

4h –p-Ph–F 209 171 217

4i –3-Thiophenyl 182 126 139

5-Fluorouracil 0.28 23 9.0
three cell lines being p-methoxyphenyltriazolyl-nucleo-
side 4g.

In summary, we reported an efficient microwave-assisted
eco-friendly synthesis of 4-substituted triazolyl-nucleo-
sides together with their cytostatic activity on L1210,
Mol4/C8, and CEM tumor cell lines. All cycloadducts
were obtained in high yields by using 1,3-dipolar cyclo-
addition between azido-ribose and a range of terminal
alkynes when proceeded in the presence of a Brønsted
acid such as SiO2 and AcOH. Of the various target
nucleosides tested, we found that nucleosides 4c and
4g bearing a C8 alkyl chain or p-methoxyphenyl on
the triazolyl ring are the most active compounds. They
can be used as lead compounds in the search for more
active and potent nucleosides to be applied in cancer
chemotherapy.
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