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Abstract: Modified nucleosides are the core precursor
nucleic acid, and it has a significant contribution
medicinal chemistry and drug discovery. So that,
prepare different triazolyl scaffolds, ruthenium and
copper catalysed azide-alkyne 1,3-dipolar
cycloaddition reactions also known as click reaction
have developed as a facile and efficient unique tool
because of its simplicity and ideal conditions.
Introduction of a triazole ring in nucleosides, improves
their therapeutic value and different photophysical
attributes. In this article, discussed the synthesis and
application of C-5’-triazolyl nucleosides.

Key words: Triazole, nucleoside, click chemistry, anti-
cancer, anti-viral.

INTRODUCTION

Nucleosides are the building block of biological
system and it has a long and rich history in the area
of drug discovery.! Presently, several nucleosides
and their derivatives are used in the treatment of
different viruses, cancers, parasites, as well as
fungal and bacterial infections.? Apart from this,
several candidates of this class are presently at the
stage of clinical and preclinical trials of drug
discovery.® Continuously in search of new
clinically fruitful nucleosides analogous, in
literature it was found that 1,2,3-triazole scaffold is
a remarkable and well recognized pharmacophore*
and is the bioisostere of ester, amide, carboxylic acid
and other heterocycles. During the last twenty years,
triazole scaffold has achieved special attention for
the development of novel antibiotics medicine
because several compounds carrying 1,2,3-triazole
scaffold such as tazobactam, cephalosporin, and
cefatrizine. Therefore, 1,2,3-triazole could be a
powerful pharmacophore that play a crucial role in
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bioconjugation. Ribavirin (A) (Figure 1) is the first
FDA accepted triazole based nucleoside medicine,
that is used contrary to HCV and the progress of
azidothymidine (AZT, B) (Figure 1) is used as HIV.5
Triazole containing nucleosides also demonstrated a
wide spectrum of pharmacological activities like
antiviral®, anti-microbial’, antitumor properties®,
anti-proliferative®, etc. Beside this, different
triazolyl nucleoside analogues demonstrated
photophysical attributes and other applications.%
Surely, triazolyl nucleosides and their analogues,
might be a promising candidate for future drug
discovery and development.

Figure 1. Structure of drugs Ribavirin A and
Zidovudine B.

In 1960s, Huisgen et al .2 prepared a triazole
compound via 1,3-dipolar cycloaddition reaction
between alkynes and azides through thermal
reaction conditions. Further, the idea of triazole
preparing heterocyclic ring through copper-
catalyzed azides-alkynes cycloaddition, that is also
known as “click chemistry” was recognized first by
Medal and then by Sharpless.*® Click chemistry
provide a simple and regioselective 1,4-isomeric
compound via mild reaction conditions.
Subsequently, Jia research group has been also
developed regioisomer 1,5-disubstituted triazolyl
compound through ruthenium catalysed azide-
alkyne cycloaddition.' It is significant to recognize
that the emergence of click chemistry has been given
a golden platform in drug discovery and
development®1® such as lead discovery via target-
templated in vitro chemistry, bio-conjugation
process and combinatorial chemistry. Due to the
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extraordinary utility of triazolyl nucleoside
compounds in pharmacological applications, in this
paper, we have been discussed the synthesis as well
as biological utility of modified nucleosides
carrying triazole scaffold at C-5' positions of the
nucleoside.

1. Synthesis
Kumar research group’ synthesised a library of C-
5’-triazolo nucleosides (6a-g, 7a-i) by copper(l) -
catalysed 1,3-dipolar cycloaddition reaction of
propargylated nucleoside and substituted fluoro aryl
azides in good to excellent yield (Scheme 1). Firstly,
compound 2 was synthesised from uridine 1 by the
reaction of uridine in 70% acetone and HCIO4.1n the
next step, compound 2 was treated with
propargylbromide under base DBU in acetonitrile
solvent to afford propargylated nucleosides 3.
Further, unmasking of 3 with dil. HCI in methanol

[1] 1. (a) Perigaud, C., Gosselin, Imbach, J. L.
Nucleoside Analogues as Chemotherapeutic Agents:
A Review. Nucleoside Nucleotides 1992, 11, 903-
945. (b) De Clercq, E. Strategies in the design of
antiviral drugs. Nat Rev Drug Discov 2002, 1, 13-25.
(c) De Clercq, E. Recent highlights in the
development of new antiviral drugs. Curr Opin
Microbiol 2005, 8, 552-60. (d) De Clercq, E.
Antivirals and antiviral strategies. Nat Rev Microbiol
2004, 2, 704-720. (e) Field, H. J., De Clercq, E.
Antiviral drugs-a short history of their discovery and
development. MicrobiolToday 2004, 31, 58-61. (f)
De Clercq, E. Milestones in the discovery of antiviral
agents: nucleosides and nucleotides. Acta
Pharm Sin B 2012, 2, 535-548.
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Nucleoside Analogues: Mechanisms of drug
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strands in anomeric configuration, Chemistry 27
(2021) 2093-2103. (d) K.L. Seley-Radtke, M.K.
Yates, The evolution of nucleoside analogue
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Part 1: Early structural modifications to the
nucleoside scaffold, Antiviral Res. 154 (2018) 66—
86. (e) E.D. Clercq, G. Li, Approved antiviral drugs
over the past 50 Years, Clin. Microbiol. Rev. 29
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solvent to give the nucleoside 4 in good yield. The
reaction of nucleoside 4 and substituted aryl azide
under click chemistry condition to give the triazolyl
nucleosides 6a-g in good to excellent yield. Lastly,
treatment of 3 with substituted aryl azide 5 under
click chemistry to afford the protected triazolyl
nucleosides 7a-l in quantitative vyield. All
synthesised compounds have been characterised by
spectroscopic  techniques  such as  mass
spectroscopy, *HNMR, 3C NMR etc. Further, all
synthesised compounds have been evaluated for
their antibacterial activity in vitro against
Xanthomonas citri pv. Bacillus siamensis,
malvacearum, Pseudomonas aeruginosa and
Ralstonia ~ solanacearum. All synthesised
nucleosides demonstrated antibacterial activity
contrary to four bacterial strains in the range of
0.318 mm to 3.596 mm.

(2016) 695-747. (f) D. Sampath, V.A. Rao, W.
Plunkett, Mechanisms of apoptosis induction by
nucleoside analogs, Oncogene 22 (2003) 9063-9074.
(9) B. Roy, A. Depaix, C. P'erigaud, S. Peyrottes,
Recent trends in nucleotide synthesis, Chem. Rev.
116 (2016) 7854-7897.
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Dumontet, C. Advances in the development of
nucleoside and nucleotide analogues for cancer and
viral diseases. Nat Rev Drug Discov 2013, 12, 447-
464. (b) Niu, G., Tan, H. Trends Microbiol 2015, 23,
110-119. (c) De Clercq, E., Li, G. Approved antiviral
drugs over the past 50 years. Clin Micro biol Rev
2016, 29, 695-747. (c) Lapponi, M. J., Rivero, C. W.,
Zinni, M. A., Britos, C. N., Trelles, J. A. New
developments in nucleoside analogues biosynthesis:
areview. J Mol Catal B Enzym 2016, 133, 218- 233.
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Dionicio, M.A. Morales-Reza, A. RamirezVillalva,
M. Morales-Rodriguez, B. Jauregui-Rodriguez, E.
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Benites, Azide-enolate 1,3-dipolar cycloaddition in
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Scheme 1. Synthesis of triazolyl nucleosides 6a-g and

Kosiova research group'® has been synthesized a
library of coumarin conjugated thymidine
nucleosides 10a-e and 12a-e (Scheme 2). The
substituted alkynes have been treated with 5'-azido-

[18] 8. Kumar, S. Design and Synthesis of Triazole-
Linked xylo-Nucleoside Dimers. Nucleosides
Nucleotides Nucleic Acids 2015, 34, 371-378.

u
u R N
N3 fo) \X/\ 9a-e R1/X\/</\/\ (0]
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CuSO0,, Sodium ascorbate
HO OH n-BuOH / H,0 HO  OH
8 10a-e
T Ry N
N3 o \X/\\\ 9a-e R1/X\/</\/’\\‘ (o)
N
CuSO0Oy4, Sodium ascorbate
HO n-BUOH / H,0 HO
12a-e
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Scheme 2. Synthesis of coumarin conjugated triazolyl-

Chaudhary research group®® explored new click
reaction facilitated nucleosides as potential chitin
synthase inhibitors. Uridine (1) was transferred into
the key precursor 5'-azido-5'-deoxyuridine (13) in
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Ta-i.

5'-deoxyuridine (8) and 5'-azido-5'-deoxythymidine
(119) under click chemistry conditions via CuSO4
and sodium ascorbate to give nucleosides 10a-e and
12a-e, respectively.

Compdounds
9,10,12 R¢-X- R4-X
LI i
a
0”0 0% OMe H%
d X
[¢) (@) Oj21
o]
(0]
5 N
N H
H e R
X
c (@) (0]
HO (o]

thymidine/uridine nucleosides 10a-e and 12a-e.

multiple steps. Firstly, uridine 1 was reacted with
dimethoxy propane in acetone solvent in the
availability of para-toluenesulfonic acid, followed
by para toluene sulfonyl chloride in pyridine and
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sodium azide & DMF in second and third steps,
respectively to give nucleoside 13 (Scheme 3).
Further, compound 13 was treated with different
alkynes 14a-g and 16a-g, through sodium ascorbate
and copper sulphate in a solvent mixture of t-BuOH
and water. It afforded two series of nucleosides i.e.

[19] . Bussolari, J.C., Ramesh, K., Stoeckler, J. D.,
Chen, S-F., Panzica, R.P. Synthesis and biological
evaluation of N4-substituted imidazo-and v-triazolo

Aro/\

14a-g

15a-g and 17a-g, respectively. Nucleoside 15d, 15e,
15f, and 17f have been observed the most potent
chitin synthase inhibitors in comparison to
nikkomycin. Triazolyl nucleosides 15a-d and 17a-b
have been observed to possess better antifungal
attributes against human and plant pathogens.

[4, 5-d] pyridazine nucleosides. J Med Chem 1993,
36, 4113-4120.

Sodium ascorbate,
CuSOy, t-BuOH / H,0 o_ O

Rooc/\ ﬁ(/\'.“ o v

16a-g

u u
HO N o
o —_— PR
—_—
—_—
HO OH o_ 0
1 X
13
Compds.
14, 15 Ar Ar

Sodium ascorbate,
CuSOy, t-BuOH / H,O

Compds.
16,17

ey
e

MeO

g -CH,CI

Scheme 3. Synthesis of triazolyl-uridine nucleosides 15a-g and 17a-g.

Yu research group®® prepared a library of C-5'-
triazolonucleosides starting from the furanoside 18.
Firstly, the furanoside has been tosylated at 5'-
hydroxyl position in dichloromethane, followed by
treated  with  sodium  azide in  polar
dimethylformamide solvent to afford azido
nucleoside 19 (Scheme 4). In next step, click
chemistry was achieved between the furanoside 19
and substituted alkynes 20a-i through Cu and CuSO,
in an equimolar mixture of solvent n-butanol and
water produced 5'-triazolo-furanosides 21la-i.
Further, reaction of triazolofuranosides with

[20] 2°. Bussolari, J.C.,Panzica, R.P. Synthesis and anti-
HIV evaluation of 2', 3’-dideoxy imidazo-and v-
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silylatednucleobases of thymine, uracil, and N*-
benzol-cytosine afforded 23a-e, h-1, 22a-i, and 24a
in good yields, respectively. Apart from this,
antitumor activity has been screened for synthesised
compounds and it was observed that due to the
conjugation effects of aromatic rings, the
synthesised compound exhibited remarkable
activity towards extensive range of tumor cell lines
as compared to others. Therefore, these results
proposed that on the triazole scaffold with the
aromatic ring was a significant for bioactivity.

triazolo [4, 5-d] pyridazine nucleosides. Bioorg Med
Chem 1999, 7, 2373-2379.

865



© February 2025| JIRT

| Volume 11 Issue 9 | ISSN: 2349-6002

_N NﬁN\
N’ \
Me 20a-i )%/N OMe giylated )NN 0 i
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¢ Ph(p-OMe) | h | CH,COOCH,
d Ph(0-CF3) | i | thiophene-2-yl
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Scheme 4. Synthesis of triazolyl nucleosides 22a-i, 23a-e, h-i and 24a.

Ruddarraju  research group® designed and
synthesised a library of theophylline carrying 5'-
triazolo nucleosides and evaluated them contrary to
antimicrobial and anticancer activities with in silico
analysis. Firstly, uridine (1) was masking by
acetonide and followed by mesylation at the primary
hydroxyl and azidation by sodium azide in
dimethylformamide, that afforded nucleoside 13
(Scheme 5). In next step, N-3 of nucleobase uridine
was masking by ethyl group through ethyl iodide in
dimethylformamide with sodium hydride as a base
to afford the corresponding nucleoside 26. Lastly,
reaction of nucleoside 26 with trifluoroacetic acid in
an equimolar solvent mixture of tetrahydrofuran and
H,0, followed by methylation of 27 to produce
compound 28 in excellent yield (Scheme 5).

[21] 2%, Ruddarraju, R. R., Murugulla, A.C., Kotla, R.,
Tirumalasetty, M.C.B., Wudayagiri, R.,
Donthabakthuni, S., Maroju, R., Baburao, K., Parasa,

L.S. Design, synthesis, anticancer, antimicrobial
U
Acetone - —w Etl, NaH
st04 TFA DMF
HO OH
R :
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Nucleoside 13 has been treated with alkynes 29a-f,
h in the availability of CuSO4 and sodium ascorbate
in an equimolar solvent mixture of EtOH and H»O
to produce the compounds 30a-f, h. Similarly,
compound 27 and 28 have been reacted via similar
reaction conditions with alkynes 29c, g-i and 29c, h,
respectively, to afford the corresponding
compounds 31c, g-i and 32c, h, respectively.
Further, nucleosides 31c and 31h demonstrated
significant cytotoxic effect on all four cancer cells
such as melanoma (A375), colon (HT-29), breast
(MCF-7) and lung (A549). Nucleosides 30b and
30h demonstrated remarkable antimicrobial activity
with minimum inhibitory concentrations (MIC)
against Bacillus cereus, Staphylococcus aureus,
Escherichia coli, and Pseudomonas aeruginosa.

activities and molecular docking studies of
theophylline containing acetylenes and theophylline
containing 1,2,3-triazoles with variant nucleoside
derivatives. Eur J Med Chem 2016, 123, 379-396.

0]
0

N/go
0]

N3 N3
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e —
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Scheme 5. Synthesis of triazolyl nucleosides 30a-f, h, 31c, g-1, 32c, h.

Bodnar research group? prepared a triazolyl
nucleosides using copper catalyzed azide-alkyne
click chemistry (Scheme 6). Firstly, nucleosides 5'-
O-DMTr-2'-deoxynucleosides 33a-c, was acetylated
by acetic anhydride at 3'-position followed by
unmasking of DMTr from primary hydroxyl group
and then masking with tosyl group through tosyl
chloride in pyridine as a base to afford nucleosides
34a-c. Further, azido nucleosides 35a-c have been
achieved by the reaction of tosylated nucleosides
34a-c with sodium azide in the availability of

[22] %2, Bodnar, B., Mernyak, E., Wolfling, J., Schneider,
G., Herman, B.E., Szécsi, M., Sinka, I., Zupké, 1.,
Kupihéar, Z., Kovacs, L. Synthesis and Biological

lithium bromide. Click chemistry was achieved
between the reaction between 5'-azido-2'5'-
dideoxynucleosides 35a-c and compound 36 in
toluene or THF with Cul and DIPEA at 50 °C.
Further, deacylation of 37a-c was achieved in the
presence of methanolic ammonia to afford the
corresponding nucleosides 38a-c (Scheme 6). Apart
from this, all the prepared compounds demonstrated
moderate to remarkable antiproliferative property
against HelLa, A2780, and MCF-7 on human
adherent cell lines.

Evaluation of Triazolyl 13a-Estrone—Nucleoside
Bioconjugates. Molecules 2016, 21, 1212-1227.

_ o
&

7 O
B o R
DMTrO— 0 o NaN, 2O = 6 N B
—_ . o
R — Ligr DIPEA, Cul, Toluene
AcO
HO AcO
33a-c 34a-c 35a-c Aco 37a<

N (e}
NH, N”\T\ a

MeOH N B b
o
c
38a-c

HO
Scheme 6. Synthesis of triazolyl nucleoside 38a-c.

2. CONCLUSION
Recent studies demonstrated that triazolyl

nucleosides have been enormous potential in the
area of biochemistry and chemistry as possible drug

1IJIRT 172494

B Compd 38‘ B
NO-Bz-A a A
T
N*-Bz-C c C
candidates. Modified nucleosides containing

triazole scaffolds have been exhibited a wide range
of biological utility such as antimicrobial,
antifungal, antiviral, anti-proliferative and antitumor
activities. In this article, we discussed the synthesis
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via click chemistry and biological application of C-
5’-triazolyl nucleosides. The aim of this article is to
give the recent development in the field of modified
nucleosides containing triazole scaffold and their
analogues and motivate further research to develop
new biologically prominent triazolyl nucleosides.
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