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Synthesis and characterization of new 1, 3, 4-thiadiazole
derivatives of naproxen as a potential antineoplastic agent
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Cancer is a dangerous issue affecting the validity of each human community,
which interferes with a cellular connection and results in critical gene
dysfunction. This disorder is efficient in the cell cycle and causes proliferation
abnormality. This study was performed in the synthesis of five derivatives
of 1, 3, and 4-thiadiazole associated with Schiff bases. The synthesis was
initiated by the reaction of Naproxen with thiosemicarbazide in the presence
of Phosphorous Oxychloride (POCI,), which undergoes cyclization reaction
upon neutralization with sodium bicarbonate aqueous solution forming 1, 3,
4-thiadiazole. Then it was reacted with different aromatic aldehydes converted
to Schiff bases. The chemical structure of newly synthesized compounds was
emphasized by using 'H-NMR, *C-NMR, FT-IR, and C, H, N analysis. The
activity of all synthesized compounds by Mit assay to evaluated comparison
with standard drug (Naproxen). It was revealed activity upon cellular inhibition
on Mit. The newly synthesized compounds are successfully prepared
depending on FT-IR, 'H-NMR, *C-NMR, and C, H, N analysis data, and they
revealed anti-neoplastic activity compared with standard Naproxen, They may
be used in the management of various cancer diseases.
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INTRODUCTION

Cancer is a dangerous issue affecting the validity of each human
community. Unfortunately, at the tissue level, it is a diverse
illness, and this diversity is a significant challenge for its special
diagnosis, and treatment effectiveness [1, 2]. It takes place via a
series of sequential gene mutations so that such mutations alter
cell functions. Chemicals have an evident role in the formation
of gene mutations and cancer cells. Smoking contains numerous
carcinogenic chemicals that cause lung cancer [3]. Interestingly,
the carcinogenic environmental chemicals indirectly or directly
impact the cell nucleus and cytoplasm, and resulted in gene
disturbances and mutations [4-7].

Generally, cancer interferes with a cellular connection and
results in critical gene dysfunction. This disorder is efficient in
the cell cycle and causes proliferation abnormality [8, 9]. The
proto-oncogenes are accountable for the growth and division
of the cells in natural circumstances but get oncogenes through
genetic mutation, which is more serious for cell's existence [10].
In addition, the uncontrolled cell division caused by the absence
of tumour suppressor genes causes [11].

Thiadiazole is the more prevail, indispensable heterocyclic
moiety. It is a five-member heterocyclic moiety (Heterocyclic
moiety that has a five-membered ring containing two nitrogen
and one sulphur atom). A scaffold that makes a very important
structure for many naturally occurring compounds and products
of medical importance [12].

Naggar et al. (2019) lately provided design, synthesis, and
molecular docking experiments on the anti-cancer activity of

5-(3,5-dinitrophenyl)-1,3,4-thiadiazole compounds [13].

Aluntop et al. (2018) recently described the synthesis of
1,3,4-thiadiazole derivatives and assessed their anti-neoplastic
activity against CML [14]. Schiff bases are compounds that
contain an imine (-HC=N-) functional group. That produced
by the condensation reaction of primary amines and carbonyl-
containing compounds was first reported by Hugo Schiff [15-
17].

Sabbah et al. (2018) characterized the synthesis, and biological
assessment of phenylimino-1,2- diphenylethanol derivative in
colon carcinoma (HCT-116), and breast carcinoma (T47D) cell
lines [18].

Shokrollahi et al. (2020) newly studied tetrahydro benzothiazole-
based Schiff bases and assessed their cytotoxic activity against
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Hepatocellular carcinoma (HepG2) and human breast cancer

(MCEF-7) cell line [19].

Hazari et al. synthesized the complex of oxovanadium (IV), which
represent a potent DNA cleavage activity and primary tumour
reductions [20].

This study aimed to new synthesize 1,3,4-thiadiazole derivatives
linked with different a ctive groups with a p otential a flinity far
binding DNA and could be used in the management of different
cancer types.

METHODS

Synthesis of 5-(1-(6-methoxynaphthalen-2-yl)
ethyl)-1, 3, 4-thiadiazole-2-amine. Compound (I)

Compound (I) was synthesized based on the reaction between
carboxylic acid (Naproxen) and thiosemicarbazide above
phosphorous oxychloride (POCIL,), As shown in equation (1)
[21].

&)

Equation (1): The synthesis pathway of 1,3,4-thiadiazole

derivative.

In a round-bottomed flask (100 ml), phosphorous oxychloride (3
ml) was added drop by drop to a cold mixture of (1 gm, 0.004 mole)
carboxylic acid (Naproxen) powdered with thiosemicarbazide
(0.37 gm, 0.004 mole) with string, the reflex was continued at
80°C for 3 hours, then cold to room temperature, poured to 250
ml of stirred iced-cold water and neutralized by 10% w/v NaOH
solution. Then filtered the precipitate, was washed with water, and
recrystallized from aqueous ethanol, the pale yellow powder was
filtered out and leave it to dry at room temperature.

Synthesis of compound (a-h) Schiff bases
derivatives

In a (50 ml) round-bottomed flask, an equimolar of compound
(I) dissolved in 10 ml of absolute ethanol with an aromatic
aldehyde, added 3 drops-5 drops of glacial acetic acid, reflex at
80°C for (3 hours-6 hours). The chemical reaction is
summarized in equation (2). The reaction was monitored by
using TLC. Ice-bath is used to cool the mixture until colored
crystals form, the precipitate is filtered out and washed with cold
ethanol, then recrystallization by ethanol and left to dry at room
temperature [22]. The physicochemical properties of synthesized
compounds were listed in table 1.

Tab. 1. Physicochemical properties of newly Comp. MW
synthesized compounds I 285
Ila 418
Ilb 418
lic 389
Iid 389
lle 373
I 403
lg 403
Ilh 419

R=a(2-NO,),b (4-NO,), c (3-OH),d (4-OH), ¢ (H), f (3-OMe),
g (2-Me), h (3-OMe, 4-OH)
Equation (2): The synthesis pathway of Schiff base derivatives.

RESULTS

The newly synthesized compounds were prepared by conversion
of Naproxen to 1,3,4- thiadiazole derivative linked to Schiff bases.
The chemical structure of newly synthesized compounds was
emphasized by using 'H-NMR, *C-NMR, FT-IR, and C, H,
N analysis. The physic-chemical properties of a compound are
summarized in table 2.

Biological activity

The half-maximal inhibitory concentration (IC50) of all
synthesized compounds against both normal and cancer cells is
summarized in table 3.

DISCUSSION

The compound IIf show good cytotoxic activity with significant
selectivity against cancer cell than normal cell. While other
compounds Ila, ITb, and IIg lack selectivity toward cancer cells.

The compound IIb exhibit a potent cytotoxic activity compared
with other compounds tested with comparable IC50 (57.30 ug/1),
The compound Ila has lesser potency than compound IIb, both
of them have a nitro group substituted at a different position
on the phenyl ring. The nitro group at the para position reflects
more potency than the ortho position of the same electron with
drawing group.

Compound IIf shows a more potent cytotoxicity than compound
Mg related to ICS50 values respectively (70.91 ug/l, 77.51 ug/l).
Both of them contain a methoxy group substituted on a different
position on the phenyl ring. The meta position of IIf shows
a most potent cytotoxic effect than the ortho position. The
electron donating methoxy group on meta position exhibit good
cytotoxicity with good selectivity toward cancer cells than normal
cells as shown above IC50 for both normal and cancer cells.

The position of the substituted group (para, meta) plays an
important role in the potency of the cytotoxic effect, while the
substitution of the electron-donating group on meta position
reflects the selectivity toward cancer cells over normal cells.
The substitution of the electron-withdrawing group on the

M.p. (2C) Appearances Yield (%)
160-163 Yellow powder 90
179-181 Yellow crystals 77
167-169 Yellow crystals 70
172-175 White crystals 65
170-173 White crystals 73
162-165 Yellow crystals 80
189-192 White powder 76
186-188 White crystals 74
208-211 White crystals 86
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Tab. 2. The spectroscopic analysis of newl i i i
synthesized ct';)mpound.iJ ! ! Comp. l\ﬂgl:::::r The:fb:T(:II'sT:r:'?)and The chemical shifts of *H- NMR (ppm) T(:s:(?-:lrm;a(l:::)s
. |cnnos 3273-3433 w H1(3.8),H2(1.6),H3(4.5),H4(7.0),Arom  No signal of Schiff
15715 (NH,)3116 s (NH) .C-H (H5&H6) (7.2-7.8) base
s CH.NOS 1529w (HC=N)1344 H1(3.8),H2(L.6),H3(4.5)Arom.C- 190 (s, C=N )148 (s,
283 w (NO,) H(H5&HS) (7.2-7.9)N=CH(Imine)(10.50) C-NO,)
b C.H.NOS 1516 w (HC=N)1342 H1(3.8),H2(1.6),H3(4.5) Arom. C-H 193 (s, C=N)151 (s,
218 a3 W(NOZ) (H5&H®6) (7.2- 7.8)N=CH(Imine)(10.15) C—NOZ)
le CHNOs 1557w (HC=N)3267 H1(3.8),H2(1.6), H3(4.5)Arom. 193 (s, C=N )158 (s,
w (OH) C-H(H5&H6)(7.2-7.8) N=CH(Imine)(9.90) C-OH)
id  CHNoOs 1014 ww(lgig;)N)3269 Hl-(|:I(Ssésl-z;Sl-)|(27(.tf3)7’.H7i§4N5=)c?-|r((|)rr:i.r(1:e) 190 (s, CC_BOH;156 (s,
(10.0),0-H (6.4)
5 O-CH,(3.6) 3
N=CH(Imine)(10.30) 3
o CNos SIS Sianmorm oror  SLnCRIE
! 3 O-CH3(3.6), 0O-H(6.5) ! 3
Tab. 3. IC50 values of newly synthesized No Compounds 1C50 ug.L* / Normal cell 1C50 ug.L? / cancer
compounds 1 Ilb 46.85 57.3
2 Iif 122.68 70.91
3 Ila 43.75 74.92
4 g 66.57 77.51
5 | 43.06 119.29
6 lle 163.36 211.24
7 llc 18.85 239.26
8 Ild 70.54 568.78
9 Ilh 84.93 1062.06
ortho position gives more potent cytotoxicity when compared CONCLUSION

to compound Ila and IIg containing nitro and methoxy group
respectively at the same ortho position on the phenyl ring.

Compound I (starting compound) show lower cytotoxicity
compared with compound Ila, IIb, IIf, and IIg. The compounds
Ile, Ilc, IId. Show very lower cytotoxicity compared with both
started and all above compounds containing phenyl ring only and
hydroxyl group substituted respectively.

The compound ITh showed very low or no cytotoxic effect related
to IC50 values for both normal and cancer cells. This compound
contains both methoxy and hydroxyl groups substituted on the
phenyl ring which lack their anticancer activity due to steric
hindrance.

The newly synthesized compounds are successfully prepared
dependingon FT-IR, 'TH-NMR, *C-NMR, and C, H, N analysis
data, and they revealed anti-neoplastic activity compared with
standard Naproxen, They may be used in the management of
various cancer diseases.
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