
Full Paper

Synthesis and anti-tumor activity of some novel cationic 1,3,4-
thiadiazoles as DNA binders

Eman K.A.Abdelall1*, Abdou O.Abdelhamid2

1Department of Pharmaceutical Organic Chemistry, Faculty of Pharmacy, Beni-Suef University,
Beni-suef 62514, (EGYPT)

2Department of Chemistry, Faculty of Science, Cairo University, Giza 12613, (EGYPT)
E-mail : emanabdelall70@ yhoo.com

KEYWORDS

Thiadiazoles;
Benzoxazoles;

Cytotoxic activity;
Benzothiazole;

Hydrazonyl halides.

ABSTRACT
Cationic 2,3-Dihydro-1,3,4-thiadiazoles as hydrochlorides containing
benzoxazole or benzothiazole moieties were designed as DNA binders and
prepared from the reaction of each of 1-(2-(benzo[d]oxazol-2-yl)hydrazono)-
1-chloropropan-2-one and 1-(2-(benzo[d]thiazol-2-yl)hydrazono)-1-
chloropropan-2-one with each of potassium thiocyanate, thiourea and alkyl
carbodithioate. All the newly synthesized compounds were confirmed by
elemental analysis, spectral data, and alternative route synthesis whenever
possible. Some of the newly synthesized compounds were screened to-
ward certain cancer tumors. Docking study was operated to give a hint on
their cytotoxic mechanism.  2015 Trade Science Inc. - INDIA

INTRODUCTION

Cytotoxic drugs and chemotherapy still remain the
most important area of research. Enhancement and
approaches to anticancer drugs seemed to be a major
area of investigation, despite the continuous progress
of anticancer agents, overall control of cancer is still a
dream[1]. Great effort was exerted to develop a new
anticancer agents with high toxicity toward cancer cells
and with a minimal toxicity against normal cells[2-4]. Drug
targeting to DNA specially non covalent minor groove
binder are a subject of interest because they interact
with DNA selectively so could control cell division[5].
Minor groove binder are of four main characters[5].
they all of crescent shape consist of flat aromatic rings
or with amide groups connected by flexible links, carry
positive charge, have electron donner groups in the

concave region and finally they fit in minor groove re-
gion with phosphate sugar wall. these drug could inter-
act with A/T base pairs or C/G in minor grooves by
hydrogen bonding and van der wall forces. In addition,
2-(4-aminophenyl)-benzothiazole and oxazole and their
analogues are a novel class of potent and selective an-
titumor agents[6�10]. However their mechanism of ac-
tion is still a glue without distinctive mechanisms. In view
of these report and continuation of the previous work[11-

16], in our way to investigate their mood of cancer inhi-
bition, Here in we designed some new DNA binders to
be interact with C- G region such design was operated
using computer aided program for molecular represen-
tation showing the synthesized cationic of 9a docked to
DNA duplex obtained from protein (10.2210/pdb) with
a cationic benzimidazole legend[5] (ID, 3gjj/pdb), using
MOE (2008,10, soft ware). These binder formed of a
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benzothiazole-phenyl -thiadiazole cationic head (flat
aromatic), having an acetyl group instead of an ester
group[16] in pervious work and quaternary nitrogen

mimic that of cytosine to interact with guanine DNA
base also include 2- phenyl benzoxazole and thiazole
side chain such group with a free rotation around c2- of
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oxazole or thiazole and c-1 of 2-phenyl. This free rota-
tion enable them to be embedded inside DNA strands
major groves. Also they have the crescent shape with
an electron donner sites in this region we have herein
synthesized new derivatives of Cationic 1,3,4-
thiadiazoline derivatives and evaluated for their co-ad-
herent cytotoxic properties against breast cancer
(MCF-7).

RESULTS AND DISCUSSION

Chemistry

Treatment of each diazotized [4-(1,3-benzoxazol-
2-yl)phenyl]amine (1a)[6] and diazotized [4-(1,3-
benzothiazol-2-yl)phenyl]amine (1b)[9] with 2-chloro-
2,4-pentandione in ethanolic sodium acetate gave 1-
(2-(benzo[d]oxazol-2-yl)hydrazono)-1-chloropropan-
2-one (2a) and 1-(2-(benzo[d]thiazol-2-yl)hydrazono)-
1-chloropropan-2-one (2b). Structure 2 was elucidated
by elemental analysis and spectral data. 1H NMR spec-
trum of 2a showed signals at ä = 2.10 (s, 3H, CH

3
CO),

7.40 (d, 2H, J = 8Hz, ArH�s), 7.50 (d, 2H, J = 8Hz,
ArH�s), 8.00 (d, 2H, J = 8Hz, ArH�s), 8.07 (d, 2H, J
= 8Hz, ArH�s) and 10.89 (s, br., 1H, NH). Thus, com-

pound 2a reacted with the alkyl carbodithioates
3Aa[17,18] to give 1-[4-(4-benzooxazol-2-yl-phenyl)-5-
( b e n z yl i d e n e - h yd r a z o n o ) - 4 , 5 - d i h yd r o -
[1,3,4]thiadiazol-2-yl]-ethanone (5a).

The structure of 5a was confirmed by elemental
analysis, spectral data, and alternative synthetic route.
1H NMR spectrum of 5a showed signals at ä = 2.10 (s,
3H, CH

3
), and 7.54-8.53 (m, 11H, ArH�s), 8.40 (d,

2H, ArH�s) and 8.52 CH (vinyl)). Also, treatment of 2a

with each of 3Ab in ethanolic triethylamine gave a prod-
uct identical in all respects (mp, mixed mp, and spec-
tra) with 5a. Products 5a was assumed to be formed
via elimination of alkanethiol (R\SH) from the corre-
sponding cycloadduct 7, which formed from 1,3-dipo-
lar cycloaddition (or 1,3-addition) of nitrile imide (gen-
erated in situ from 2 and triethylamine) to C=S 3
(Scheme 1). Analogously, treatment of the appropriate
2a, b with the appropriate 13a-h in ethanolic triethy-
lamine gave the thiadiazoles 5a-h and 6a-h, respec-
tively (Scheme 1).

Also, treatment of the appropriate 2a, b with po-

tassium thiocyanate gave 1-(4-(benzo[d]oxazol-2-yl)-
4,5-dihydro-5-imino-1,3,4-thiadiazol-2-yl) ethanone
(9a) and 1-(4-(benzo[d]thiazol-2-yl)-4,5-dihydro-5-
imino-1,3,4-thiadiazol-2-yl) ethanone (9b), respectively
(Scheme 2). The structures of 9a and 9b were eluci-
dated on the basis of elemental analyses, spectral data,
and its chemical transformation. These results indicate
that hydrazone 8, is not the final products and that 8
readily gave 9 by cyclization (Scheme 2). Nitrosation
of each 9a and 9b with saturated sodium nitrite in ace-
tic acid at 0�5æ%C gave 1-(4-(benzo[d]oxazol-2-yl)-
4,5-dihydro-5-nitrosoimino-1,3,4-thiadiazol-2-yl)
ethanone (10a) and 1-(4-(benzo[d]thiazol-2-yl)-4,5-
dihydro-5-nitrosoimino-1,3,4-thiadiazol-2-yl) ethanone
(10b), respectively. 5-acetyl-3-(benzo[d]oxazol-2-yl)-
1,3,4-thiadiazol-2(3H)-one (11a) and 5-acetyl-3-
(benzo[d]thiazol-2-yl)-1,3,4-thiadiazol-2(3H)-one
(11b) were prepared by thermolysis of 10a and 10b in
boiling xylene. IR spectra of 11a and 11b revealed a
band near í = 1685 cm�1 (CO). Acylation of 9a with
acetic anhydride or with benzoyl chloride in pyridine
afforded N-(5-acetyl-3-(benzo[d]oxazol-2-yl)-1,3,4-
thiadiazol-2(3H)-ylidene) acetamide (12a) and N-(5-
acetyl-3-(benzo[d]oxazol-2-yl)-1,3,4-thiadiazol-
2(3H)-ylidene) benzamide (13a), respectively. 1H NMR
spectrum of 12a showed signals at ä = 2.10 (s, 3H,
CH

3
CO), 2.40 (s, 3H, CH

3
CON), 7.40 (d, 2H, J =

8Hz, ArH�s), 7.50 (d, 2H, J = 8Hz, ArH�s), 8.00 (d,

4H, J = 8Hz, ArH�s).

In contrast treatment of the appropriate 2a, b with
thiourea in boiling ethanol gave 4-(2-(benzo[d]oxazol-
2-yl) diazenyl)-5-methylthiazol-2-amine (14a) and 4-
(2-(benzo[d]thiazol-2-yl)diazenyl)-5-methylthiazol-2-
amine (14b). Spectral data and elemental analyses con-
firmed their structures. 1H NMR spectrum of 14a
showed signals at ä = 2.54 (s, 3H, thiazole 4-CH

3
),

5.60 (s, br, 2H, NH
2
), 7.57-7.66 (m, 6H, ArH�s) and

8.43 (d, 2H, J = 8H, ArH�s).

Treatment of 2b with methyl
benzoylhydrazinecarbodithioate (15a) in ethanolic tri-
ethylamine gave 2,3-dihydro-1,3,4-thiadiazole 17
(Scheme 3). Its structure was elucidated on the basis
of elemental analysis, spectral data, and alternative syn-
thetic route. 1H NMR spectrum of 17 showed signals
at ä = 2.15 (s, 3H, CH

3
), 7.42�8.35 (m, 13H, ArH�s),

11.42 (s, br., 1H, NH); Thus, treatment of 2b with each
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of 15b or 5-phenyl-1,3,4-oxadiazole-2-thione (18)
gave products identical in all respects (mp, mixed mp,
and spectra) with 17a (Scheme 4). Similarly, treatment
of the appropriate 2a, b with the 19 gave thiadiazoles
20a and 20b, respectively.

Theoretical evaluation of DNA binding affinity
(docking)

Several benzothiazole and oxazoles have found to
be antitumor agent scince they are structurally analogues
of purine bases. These analogues could interact with
DNA replication or its functions. This interaction with
DNA occurred through hydrogen bonding as being ei-
ther electron donor or acceptor moities in presence of
water or metal ion as zinc or magnesium and also through
ring stacking. These interactions were investigated to
increase the anticipation of reactivity and potency of
expected drug. We previously described a co-simillar
series of potent benzothiazole and oxazoles as antican-

cer agent[16]. Such evaluation was maintained using com-
puter aided program MOE, 2008,10, soft ware. The
synthesized compounds were docked into DNA du-
plex obtained from protein (10.2210/pdb) [5] with a
benzimidazole legend I (ID, 3gjj/pdb).

From benzimidazole ligand 9(Hoechst 33258)[5] X-
crystal DNA complex (C-G-C-G-A-T-T-C-G-C-G)
structure At 2.2 Ao resolution using data collected at
room temperature by teng etal at 1998. The binding
affinity of any active legand with DNA bases is usually
satisfied through hydrogen bonding with the following
DNA bases DG822 and DCA9 as that reported for
the active benzimidazole ligand[5]and the result of newly
synthesized compounds are listed in table.

Antitumor activity

The newly synthesized cationic compounds were
evaluated for their in vitro cytotoxic activity against
human breast cell line (MCF7) using doxorubicin as
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the reference drug according to the method described
as reported[19]. The cytotoxicity was assessed at con-
centrations 1,2.5,5, 10 µg/mL. The relation between

surviving fraction and drug concentration was plotted
to obtain the survival curve of MCF7 tumor cell line
after addition of the specified compound. The param-
eter used here is IC

50
, which corresponds to the con-

centration required for 50% inhibition of cell viability.
The IC

50
 of the synthesized compounds compared to

the reference drug.
The obtained data revealed that most of the newly

synthesized compounds showed potent antitumor ac-
tivity.

CONCLUSION

Docking experiment showed that compounds
5c,5g, and 17 exhibit the same lead interactions. Com-
pounds 5g and 6g with R�-R��= 2,3-C

6
H

4
(NHCOC=)

increase their affinity to recptor pocket by two hydro-
gen bonding and 5g showed a cytotoxic activity with
IC

50
of (1.75 µg). On the other hand the other com-
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pounds e.g. 5h and 6h, were interact to different resi-
due and all of them showed higher binding scores than
lead compound. their fitting to receptor is not sufficient
hence they show lower molecular impactation to re-
ceptor. that the R�-R��= 1,2-C

6
H

4
(COC=CO) moiety

faced one of the hydrogen bonding areas mean no in-
teraction at this site and this result was going in coinci-
dence with the biological activities as they all showed
negative result. Generally all compounds of Scheme 2
show good affinity to receptor especially compounds
9a and 9b. Both of them interact with DNA at D
(CTACCT) with two hydrogen bonds and also interact
with DT819 residue showing best fitting in DNA du-
plex. Compound cationic 9a was showed to be the least
binding energy score When compared with lead com-
pound and it was showing the best cytotoxic activity
with IC

50
 of (o.98 µg) against MCF7 tumor cell line.

REFERENCES

[1] R.Lesyk, O.Validzimirska, S.Holota, L.Zaprutko,
A.Gazell; Eur.J.Med.Chem., 42, 641-648 (2007).



210

Full  Paper

Synthesis and anti-tumor activity of some novel cationic 1,3,4-thiadiazoles OCAIJ, 11(6) 2015

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

[2] K.Tanabe, Z.Zhang, I.H.Hatta, S.H.Nishimoto;
Org.Bimol.Chem., 5, 3745-3757 (2007).

[3] J.Drews ; Science, 287,1960-1964 (2000).
[4] T.Raj, R.K.Bhatia, A.Kapur, M.Sharma,

A.K.Saxena, M.P.S.Ishar; Eur.J.Med.Chem., 45,
790-794 (2010).

[5] J.R.Quintana, A.A.Lipanov, E.R.Dickerson; Bio-
chemistry, 30, 10294-10306 (1991).

[6] I.Hutchinson, M.S.Chua, H.L.Browne, V.Trapani,
T.D.Bradshaw, A.D.Westwell, M.F.G.Stevens;
J.Med.Chem., 44, 1446-1455 (2001).

[7] D.F.Shi, T.D.Bradsaw, S.Wrigley, C.J.McCall,
P.Lelieveld, I.Fichtner, M.F.G.Stevens;
J.Med.Chem., 39, 3375-94 (1996).

[8] T.D.Bradsaw, S.Wrigley, S.D.F.Shi, R.J.Schuitz,
K.D.Paull, M.F.G.Stevens; Br.J.Cancer, 77, 745-
52 (1998).

[9] T.D.Bradsaw, D.F.Shi, R.J.Schuitz, K.D.Paull,
L.Kelland, A.Wilson, H.H.Fiebig, S.Wrigley,
M.F.G.Stevens; Br.J.Cancer, 78, 421-429 (1998).

[10] M.S.Chua, D.F.Shi, S.Wrigley, T.D.Bradsaw,
L.Hutchinson, P.N.Shaw, D.Barrett, L.A.Stanley,
M.F.G.Stevens; J.Med.Chem., 42, 381-92 (1999).

[11] A.O.Abdelhamid, M.A.M.Afifi; J.Advanced Re-
search, 1, 137-144 (2010).

[12] A.O.Abdelhamid, M.A.M.Afifi; Synthetic commu-
nication, 40, 1539-1550 (2010).

[13] A.O.Abdelhamid, E.K.A.Abdelall, N.A.Abdel-
Riheem; S.A.Ahmed; Phosphorus, Sulfur, Silicon
and Relat. Elem., 185, 709 -718 (2010)..

[14] A.O.Abdelhamid; J.Heterocycl.Chem., 46, 680-686
(2010).

[15] A.O.Abdelhamid, Z.H.Ismail, S.M.Abdel-Gawad,
M.M.Ghorab, A.Abdel-Aziem; Phosphorus, Sulfur,
and Silicon, 184, 58-75 (2009).

[16] E.K.A.Abdelall, A.M.Mohamed, A.O.Abdelhamid ;

Phosphorus, Sulfur, and Silicon, 185, 1862-1874
(2010)..

[17] M.Busch, M.J.Starke; Prakt.Chem., 93, 49-73
(1916).

[18] L.Rubenstein; J.Chem.Soc., 127, 1998-2004
(1925).

[19] P.Skehan, A.Scudiero, A.Monks, J.Mcmahen,
D.Vistca, J.Worren, S.Pokesch, S.Kenney,
M.Poyed; J.Nat.Cancer inst., 82,1107-1112 (1990).


