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ABSTRACT

Cationic 2,3-Dihydro-1,3,4-thiadiazoles as hydrochlorides containing
benzoxazol e or benzothiazole moietieswere designed as DNA bindersand
prepared fromthe 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, thioureaand alkyl
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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.

INTRODUCTION

Cytotoxic drugsand chemotherapy sill remainthe
most important area of research. Enhancement and
approachesto anticancer drugs seemed to beamajor
areaof investigation, despite the continuous progress
of anticancer agents, overall control of canceristill a
dream™. Great effort was exerted to develop anew
anti cancer agentswith hightoxicity toward cancer cells
andwithaminima toxicity against norma cdls?4. Drug
targetingto DNA specially non covaent minor groove
binder are asubject of interest becausethey interact
with DNA selectively so could control cell division®.
Minor groove binder are of four main characters®.
they all of crescent shapecons st of flat aromatic rings
or withamidegroups connected by flexiblelinks, carry
positive charge, have el ectron donner groupsin the
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concaveregionandfinally they fitinminor groovere-
gionwith phosphate sugar wall. thesedrug 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)-benzothiazoleand oxazoleand their
analoguesareanovel classof potent and selectivean-
titumor agentg®1%9. However their mechanism of ac-
tionisdtill agluewithout digtinctivemechanisms. Inview
of thesereport and continuation of the previouswork™-
18 in our way to investigate their mood of cancer inhi-
bition, Hereinwedesigned somenew DNA bindersto
beinteract with C- G region such design was operated
using computer aded program for molecular represen-
tation showing the synthesi zed cationic of 9adocked to
DNA duplex obtained from protein (10.2210/pdb) with
acationic benzimidazolelegend® (ID, 3gjj/pdb), using
MOE (2008, 10, soft ware). These binder formed of a
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benzothiazole-phenyl -thiadiazolecationichead (flat  mimic that of cytosineto interact with guanine DNA
aromatic), having an acetyl group instead of anester  basealso include 2- phenyl benzoxazole and thiazole
group™® in pervious work and quaternary nitrogen  sidechain such group with afreerotation around c2- of
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oxazoleor thiazoleand c-1 of 2-phenyl. Thisfreerota
tion enablethem to be embedded inside DNA strands
major groves. Also they have the crescent shapewith
an electron donner sitesin thisregionwe have herein
synthesized new derivatives of Cationic 1,3,4-
thiadiazoline derivativesand eval uated for their co-ad-
herent cytotoxic properties against breast cancer
(MCF-7).

RESULTSAND DISCUSSION

Chemisgtry

Treatment of each diazotized [4-(1,3-benzoxazol-
2-y)phenylJamine (1)1 and diazotized [4-(1,3-
benzothiazol-2-yl)phenyl]amine (1b)® with 2-chloro-
2,4-pentandionein ethanolic sodium acetate gave 1-
(2-(benzo[ d]oxazol-2-yl)hydrazono)- 1-chl oropropan-
2-one(2a) and 1-(2-(benzo[ d]thiazol-2-yl) hydrazono)-
1-chloropropan-2-one (2b). Structure 2 was el ucidated
by elementd anaysisand spectrd data. *H NMR spec-
trumof 2ashowed signdsat 5 =2.10(s, 3H, CH,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
3Ad" 8 to give 1-[4-(4-benzooxazol -2-yl-phenyl)-5-
(benzylidene-hydrazono)-4,5-dihydro-
[1,3,4]thiadiazol-2-yl]-ethanone (5a).

The structure of 5awas confirmed by elemental
analysis, spectra data, and aternative synthetic route.
H NMR spectrum of 5ashowed signalsat 6 =2.10 (s,
3H, CH,), 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 3Abin ethanolictriethylaminegaveaprod-
uct identical in all respects (mp, mixed mp, and spec-
tra) with 5a. Products 5awas assumed to be formed
viaelimination of akanethiol (R'SH) fromthe corre-
sponding cycloadduct 7, which formed from 1,3-dipo-
lar cycloaddition (or 1,3-addition) of nitrileimide (gen-
erated in situ from 2 and triethylamine) to C=S 3
(Scheme1). Andogoudly, trestment of the appropriate
2a, bwith the appropriate 13a-h in ethanolic triethy-
lamine gave the thiadiazoles 5a-h and 6a-h, respec-
tively (Schemel).

Also, treatment of the appropriate 2a, b with po-
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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-yl1)-4,5-dihydro-5-
imino-1,3,4-thiadiazol-2-yl) ethanone (9b), respectively
(Scheme 2). The structures of 9aand 9b were eluci-
dated onthe basisof elementa anayses, spectra data,
anditschemical transformation. Theseresultsindicate
that hydrazone 8, isnot thefinal productsand that 8
readily gave 9 by cyclization (Scheme2). Nitrosation
of each 9aand 9b with saturated sodium nitritein ace-
ticacid at 0-52%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-1,34-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 thermolysisof 10aand 10bin
boiling xylene. IR spectraof 11aand 11brevealed a
band near v = 1685 cm™ (CO). Acylation of 9awith
acetic anhydride or with benzoyl chloridein 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.'HNMR
spectrum of 12a showed signalsat 6 = 2.10 (s, 3H,
CH,CO), 2.40 (s, 3H, CH,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
thioureain boiling ethanol gave4-(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). Spectrd dataand d ementd anaysescon-
firmed their structures. 'H NMR spectrum of 14a
showed signals at 6 = 2.54 (s, 3H, thiazole 4-CH,),
5.60 (s, br, 2H, NH,), 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). Itsstructurewas elucidated onthe basis
of dementd analys's, spectra data, and dternativesyn-
thetic route.*H NMR spectrum of 17 showed signals
at6=215(s,3H, CH,), 7.42-8.35 (m, 13H, ArH’s),
11.42 (s, br., 1H, NH); Thus, trestment of 2b witheach
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of 15b or 5-phenyl-1,3,4-oxadiazole-2-thione (18)
gaveproductsidentical inal respects(mp, mixed mp,
and spectra) with 17a(Scheme4). Similarly, treatment
of the appropriate 2a, b with the 19 gave thiadiazoles
20aand 20b, respectively.

Theoretical evaluation of DNA binding affinity
(docking)

Several benzothiazole and oxazoleshavefoundto
be antitumor agent scincethey arestructuraly analogues
of purine bases. These analogues could interact with
DNA replication or itsfunctions. Thisinteraction with
DNA occurred through hydrogen bonding asbeing e -
ther electron donor or acceptor moitiesin presence of
water or metd ionaszincor magnesumand asothrough
ring stacking. Theseinteractionswereinvestigated to
increase the anticipation of reactivity and potency of
expected drug. We previously described aco-simillar
seriesof potent benzothiazole and oxazol esas antican-
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cer agent!*®, Such eva uationwas 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] witha
benzimidazolelegend| (1D, 3gjj/pdb).

From benzimidazoleligand 9(Hoechst 33258)1! X -
crystal DNA complex (C-G-C-G-A-T-T-C-G-C-G)
structureAt 2.2 A° resol ution using data collected at
room temperature by teng etal at 1998. The binding
affinity of any activelegand with DNA basesisusualy
sati sfied through hydrogen bonding with thefollowing
DNA bases DG822 and DCA9 as that reported for
the active benzimidazol eligand®and theresult of newly
synthesized compoundsarelistedintable.

Antitumor activity

The newly synthesized cationic compoundswere
evaluated for their in vitro cytotoxic activity against
human breast cell line (MCF7) using doxorubicin as
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thereference drug according to themethod described
asreported®¥. The cytotoxicity was assessed at con-
centrations1,2.5,5, 10 pg/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 hereis|C_, which correspondsto the con-
centration required for 50% inhibition of cell viability.
ThelC,, of the synthesized compounds compared to
thereferencedrug.

The obtained datareved ed that most of the newly
synthesi zed compounds showed potent antitumor ac-
tivity.

CONCLUSION

Docking experiment showed that compounds
5¢,5g, and 17 exhibit the samelead interactions. Com-
pounds5gand 6gwith R”-R*=2,3-C H (NHCOC=)
increasetheir affinity to recptor pocket by two hydro-
gen bonding and 5g showed acytotoxic activity with
IC,of (1.75 pg). On the other hand the other com-

poundse.g. 5h and 6h, wereinteract to different resi-
dueand dl of them showed higher binding scoresthan
lead compound. their fitting to receptor isnot sufficient
hence they show lower molecular impactationtore-
ceptor. that theR”-R*’= 1,2-C H,(COC=CO) moiety
faced one of the hydrogen bonding areasmean noin-
teraction at thissite and thisresult wasgoing in coinci-
dencewiththebiologica activitiesasthey al showed
negativeresult. Generaly al compounds of Scheme?2
show good affinity to receptor especialy compounds
9a and 9b. Both of them interact with DNA at D
(CTACCT) withtwo hydrogen bondsand d sointeract
with DT819 residue showing best fittingin DNA du-
plex. Compound cationic 9awas showed to be the least
binding energy score When compared withlead com-
pound and it was showing the best cytotoxic activity
withIC_; of (0.98 ug) against MCF7 tumor cell line.
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