
Accepted Manuscript

Synthesis and in vitro antiproliferative activities of (5-aryl-1,2,4-oxadiazole-3-
yl) methyl D-ribofuranosides

Romina E. Avanzo, José M. Padrón, Norma B. D'Accorso, Mirta L. Fascio

PII: S0960-894X(17)30712-6
DOI: http://dx.doi.org/10.1016/j.bmcl.2017.07.015
Reference: BMCL 25128

To appear in: Bioorganic & Medicinal Chemistry Letters

Received Date: 23 April 2017
Revised Date: 23 June 2017
Accepted Date: 4 July 2017

Please cite this article as: Avanzo, R.E., Padrón, J.M., D'Accorso, N.B., Fascio, M.L., Synthesis and in vitro
antiproliferative activities of (5-aryl-1,2,4-oxadiazole-3-yl) methyl D-ribofuranosides, Bioorganic & Medicinal
Chemistry Letters (2017), doi: http://dx.doi.org/10.1016/j.bmcl.2017.07.015

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.bmcl.2017.07.015
http://dx.doi.org/10.1016/j.bmcl.2017.07.015


  

 

 

Bioorganic & Medicinal Chemistry Letters 
jo urn al  h om e pa ge:  w w w.els evi er . com  

 

Synthesis and in vitro antiproliferative activities of (5-aryl-1,2,4-oxadiazole-3-yl) 

methyl D-ribofuranosides 

Romina E. Avanzo
a
, José M. Padrón

b
, Norma B. D’Accorso

a,c
, and Mirta L. Fascio

a,c∗
 

a
 Universidad de Buenos Aires, Facultad de Ciencias Exactas y Naturales, Departamento de Química Orgánica, Buenos Aires, Argentina. 

b
 BioLab, Instituto Universitario de Bio-Orgánica “Antonio González” (IUBO-AG), Centro de Investigaciones Biomédicas de Canarias (CIBICAN), Universidad 

de La Laguna, 38206 La Laguna, Spain 
c
 CONICET- Universidad de Buenos Aires. Centro de Investigaciones en Hidratos de Carbono (CIHIDECAR).Buenos Aires, Argentina 

 

——— 

∗ Corresponding author. Tel.: +0-54-11-45763346; fax: +0-54-11-45763346; e-mail: mfascio@qo.fcen.uba.ar 

The synthesis of small molecules with antitumor activity 

remains the focus of attraction of many research groups. Despite 

ongoing developments in cancer treatments this disease remains 

persistent and prevalent, and therefore there is a high demand to 

develop new therapeutic agents that are more effective, specific 

and with less side effects than current chemotherapeutic drugs. 

As the metabolic profiles of cancer cells are distinct from those 

of normal cells (Warburg effect
1
 and lipogenesis), the metabolic 

pathways involved in these processes could be the target for new 

cytotoxic therapies that are selective for a broad line of cancer 

cells.
2 

Nucleoside analogs have been in clinical use for nearly 50 

years and have become key pieces in the treatment of cancer or 

viral infections. The approval of several additional drugs over the 
past decade demonstrates that this family still possesses strong 

potential.3 

Several recent studies confirm the validity of the use of 

carbohydrates to improve antitumor activity. For example, 

carbohydrate-based sulfamates were shown to be excellent 

carbonic anhydrase (CA) IX inhibitors with Ki values of 1.9−2.4 

nM, with 2−3 orders of magnitude selectivity for the inhibition of 

CA IX over CA I and CA II.4 

Our previous efforts to obtain effective antitumor agents 

showed that 5-deoxy-5-S-(1,2,4-triazol-3-yl)-2,3-O-

cyclopentylidene-β-D-ribofuranoside derivatives 1-4 (Figure 1) 

had a moderate inhibitory activity against BW 5147 lymphoma 

cell line (1-2)
5
 and prostate cancer cell line (PC3) (1-4).

6
  In the 

latter, compounds 1, 3 and 4 were found to arrest cells at the 

G0/G1 phase of the cell cycle, while compound 2 induced 

apoptosis. In these cases, five-membered heterocyclic rings of 

known medicinal relevance (triazole, isoxazole and isoxazoline)
7
 

were selected to synthesize the novel diheterocyclic D-
ribofuranoside derivatives 1-4. 

 
Figure 1. Structure of diheterocyclic D-ribofuranoside derivatives 1-4. 
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The emergence of multidrug resistance cell lines is one of the major obstacles in the success of 

cancer chemotherapeutic treatment. Therefore, it remains a big challenge the development of 

new and effective drugs to defeat cancer. The presence of nitrogen heterocycles in the 

architectural design of drugs has led to the discovery of new leading compounds. Herein, we 

report the synthesis, characterization and in vitro antiproliferative activity against six cancer cell 

lines of D-ribofuranosides derivatives bearing a 1,2,4-oxadiazolic ring, with the aim of 

developing new active compounds. Most of these derivatives exhibit significant antiproliferative 

activities in the micromolar range. Noteworthy, the most potent compound of the series showed 

better selectivity towards the more resistant colon cancer cell line WiDr.  

2017 Elsevier Ltd. All rights reserved.

 

Keywords: 

1,2,4-Oxadiazole 

1,2,4-Triazole 

5-Amino-1,3,4-thiadiazole 

D-Ribose  

Antiproliferative activity 

 



  

Oxadiazole is a molecular scaffold with versatile biological 

behavior. Particularly, the 1,2,4-oxadiazole ring is an interesting 
pattern for the synthesis of novel bioactive compounds and they 

are often used with the intention of being bioisosteric 

replacements for ester and amide functionalities.
8
 Some drugs 

containing this heterocyclic ring are commercially available, such 

as prenoxdiazine (anti-tussive), oxolamina (anti-inflammatory) or 

irrigor (vasodilator). Besides this, the development of novel 
biologically active compounds containing a 1,2,4-oxadiazole ring 

were recently reported. 3,5-Disubstituted-1,2,4-oxadiazole is the 

principal scaffold of a new generation of agonists of the 

sphingosine 1-phosphate receptor 1 (S1P1), exhibiting high 

potency and selectivity.
9
 Pyrazole-pyrimidine derivatives bearing 

1,2,4-oxadiazole were tested in vitro for anti-tumor activity in a 
panel of 12 human tumor cell lines, finding that  N

3
-(4-(3-(tert-

butyl)-1,2,4-oxadiazol-5-yl)phenyl)-6-phenyl-1H-pyrazolo[3,4-

d]pyrimidine-3,4-diamine has a moderate overall potency, 

combined with good selectivity towards the renal cancer cell line 

RXF 393.
10 

4-Chloro-benzamides derivatives containing the 

1,2,4-oxadiazole core, afforded a new class of receptor tyrosine 
kinase inhibitors, showing comparable activity to the multi-

targeted tyrosine-kinase inhibitor Ponatinib.
11 

Considering that the 1,2,4-oxadiazolic ring is an important 

part of many biologically active compounds and the potential 

antitumor activity of the diheterocyclic 2,3-O-cyclopentylidene-

β-D-ribofuranoside compounds, we envisioned the preparation of 
a small and focused library of compounds bearing both structural 

features. The antiproliferative activity was explored against a 

panel of six human solid tumor cell lines. The results were 

compared to those obtained for compounds 2-4. 

Previous studies
5
 suggested that a 1,2,4-triazole linked to the 

C-5 position of ribose by a sulfur improved the antiproliferative 
activity. Therefore, we designed an alternative synthetic route to 

incorporate a 1,2,4-oxadiazolic ring to the D-ribofuranoside 

scaffold preserving the thioheterocyclic group at C-5. In addition, 

an analogous set of compounds substituting the 1,2,4-triazole 

group by 5-amino-1,3,4-thiadiazole, a core structural component 

in drug arrays,
12

 was synthesized. 

The synthetic route consists of two parts. The first one 

comprises the transformation of commercially available D-ribose 

into the appropriate intermediate to introduce the heterocyclic 

rings (Scheme 1). The second relates to the introduction of both 

heterocyclic groups (Scheme 2). 

 

Scheme 1. Reagents and conditions, yield %: a) CuSO4, cyclopentanone or 

acetone, glycerol, H2SO4, 40°C, 4 days, 34% (5a), 25% (5b); b) AcOH 70%, 

2 h, 89% (6a), 90% (6b); c) i. NaIO4, EtOH/H2O, 1 h; ii. NH2OH· HCl, 

NaOH, H2O/EtOH, 87% (7a), 97% (7b); d) Ac2O, pyridine, 73% (8a), 57% 

(8b); e) NH2OH·HCl, NaOH, H2O/MeOH, 65°C, 89% (9a), 87% (9b). 

The synthesis started with the simultaneous protection of D-

ribose and glycerol in a one-step reaction to afford compound 5 

as a diastereomeric pair (Scheme 1). The cyclopentylidene group 

of the glycerol moiety was selectively removed in acetic acid 

70% at room temperature for 2 h yielding compound 6. 
Compound 7 was obtained by cleavage of diol 6 with sodium 

periodate followed by reaction with hydroxylamine. 

Cyanomethyl derivative 8 was achieved by treating compound 7 

with acetic anhydride in pyridine at 50 °C for 3 h. Finally, a 

methanol solution of cyanomethyl derivative 8 was refluxed for 3 

h to give the 2-amino-2-(hydroxyimino)ethyl derivative 9. 

The 1,2,4-oxadiazoles 10a-d (Scheme 2) were obtained by 

reacting 2-amino-2-(hydroxyimino)ethyl derivative 9 with a 

variety of substituted benzoyl chlorides in dichloromethane, 

using DIPEA as base, at room temperature, overnight and in the 

dark. Given that reports in the literature show that electron 

withdrawing groups (Cl and NO2) attached at position 4 of the 
phenyl group enhanced the cytotoxic activity,

13
 we speculated 

that the introduction of these substituents could be promising to 

obtain compounds with better antiproliferative activities. Next, 

compounds 10a-d were converted to their corresponding tosyl 

derivatives 12a-d by successive deprotection with 

NaOMe/MeOH (1.3 M) and tosylation steps. Finally, compounds 
13a-d and 14a-d were obtained by the nucleophilic displacement 

of the tosyl group with sodium 1,2,4-triazole-3-thiolate and 

sodium 1,3,4-thiadiazole-5-amino-2-thiolate, respectively. 

Scheme 2. Reagents and conditions, yields %: a) i. substituted benzoyl 

chlorides, DIPEA, CH2Cl2; ii. toluene, reflux, 18-46%; b) NaOMe/MeOH, 

74-96%; c) TsCl, pyridine, 80-95%; d) sodium 1,2,4-triazole-3-thiolate, 

DMF, 50°C, 60-77%; e) sodium 5-amino-1,3,4-thiadiazole-2-thiolate, DMF, 

50°C, 56-86%.  

The diheterocyclic compounds 13-14 were evaluated for their 

in vitro antiproliferative activity against the human cancer cell 

lines A549 (lung), HeLa (cervical), HBL-100 (breast), SW1573 

(lung), T-47D (breast), and WiDr (colon).
14

 In addition, 
compounds 2-4 and selected intermediates (10-12) were tested 

for comparison purposes. The results, expressed as GI50 values, 

are shown in Table 1. 

From the results of biological activity some preliminary 

structure-activity relationships can be inferred. When compared 

to the prototype compounds 2-4, the 1,2,4-oxadiazolic analog 
13d showed overall a slight increase in the antiproliferative 

activity. A comparable positive effect was observed for the 

corresponding 5-amino-1,3,4-thiadiazole derivative 14d. As 

anticipated by other authors,
13

 compounds with electron 

withdrawing groups on the phenyl ring (13a, 13c, 14a and 14c) 

presented an improvement on the biological activity, based on 
GI50 values. From this group, compound 13c resulted the most 

active of the series, with GI50 values against all cell lines in the 

range 4.5-24 µM. Noteworthy, 13c was more active in the most 

resistant cell line to conventional antitumor drugs WiDr. Next, 

the replacement of the cyclopentadienyl group (13a, 14a) by an 

isopropylidene substituent (13b, 14b) produced a remarkable loss 
in activity. Finally, when considering the synthetic intermediates 



  

10-12, we observe that only the tosyl derivative showed inactive 

(GI50 > 100 µM). 

 

Table 1. Antiproliferative activity (GI50) against human solid tumor cell lines.
a
 

Compound A549 HBL-100 HeLa SW1573 T-47D WiDr 

2 37 ± 4.9 43 ± 3.0 38 ± 3.0 >100 55 ± 8.9 53 ± 8.2 

3 59 ± 8.6 87 ± 15 67 ± 2.2 97 ± 4.8 94 ± 1.3 74 ± 9.7 

4 33 ± 4.0 84 ± 13 30 ± 9.6 >100 41 ± 8.8 26 ± 2.3 

10a 29 ± 6.0 23 ± 6.4 17 ± 2.0 29 ± 0.4 52 ± 3.6 36 ± 2.8 

11a 32 ± 4.1 17 ± 2.6 15 ± 2.0 27 ± 2.4 50 ± 9.4 41 ± 5.4 

11b 99 ± 1.7 99 ± 2.3 99 ± 0.8 60 ± 11 >100 >100 

12a >100 >100 >100 >100 >100 >100 

13a 10 ± 2.4 24 ± 1.1 20 ± 0.5 15 ± 5.0 20 ± 3.5 20 ± 5.0 

13b 90 ± 14 >100 89 ± 15 >100 >100 >100 

13c 13 ± 0.4 24 ± 3.3 14 ± 7.2 10 ± 4.9 10 ± 1.5 4.5 ± 1.6 

13d 28 ± 0.8 34 ± 3.8 37 ± 12 36 ± 2.4 44 ± 17 42 ± 6.0 

14a 14 ± 2.5 26 ± 1.6 28 ± 3.1 16 ± 4.0 19 ± 4.0 26 ± 4.2 

14b >100 >100 >100 >100 >100 >100 

14c 15 ± 2.1 30 ± 1.4 16 ± 2.6 17 ± 3.1 18 ± 2.5 15 ± 4.1 

14d 36 ± 13 33 ± 4.3 31 ± 6.8 38 ± 0.5 42 ± 2.6 41 ± 1.1 

a Values are expressed in µM and are means of two to three experiments ± standard deviation. 

 

In conclusion, we have synthesized a small and focused 

library of diheterocyclic-ribose derivatives containing a 5-aryl-
1,2,4-oxadiazole unit. These compounds as well as some of their 

precursors were evaluated for their cell proliferation inhibition 

properties against six human cancer cell lines. Our results 

correlate to previous studies, which suggested that compounds 

containing a sulfur-linked 1,2,4-triazole group on position 5 of 

the ribose framework improved the antiproliferative activity. 
Although several of the synthesized derivatives exhibited 

moderate potency against all cell lines, the 1,2,4-triazole group 

resulted more effective than the 5-amino-1,3,4-thiadiazole ring. 

The p-chlorophenyl turned out to be the most effective aryl 

group. Compound 13c was found to be the most active in the 

series showing a moderate overall potency with good selectivity 
towards the colon cell line WiDr (GI50= 4.5 µM). 
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