Accepted Manuscript =

Synthesis and biological evaluation of 5,10-Dihydro-11H-dibenzol[b,e]
[1,4]diazepin-11-one structural derivatives as anti-cancer and apoptosis inducing h

agents

Chintakunta Praveen Kumar, T. Srinivasa Reddy, Prathama S. Mainkar, Vipul Bansal,
Ravi Shukla, Srivari Chandrasekhar, Helmut M. Higel

PII: S0223-5234(15)30391-3
DOI: 10.1016/j.ejmech.2015.12.007
Reference: EJMECH 8247

To appearin:  European Journal of Medicinal Chemistry

Received Date: 20 August 2015
Revised Date: 19 November 2015
Accepted Date: 2 December 2015

Please cite this article as: C.P. Kumar, T.S. Reddy, P.S. Mainkar, V. Bansal, R. Shukla, S.
Chandrasekhar, H.M. Hiigel, Synthesis and biological evaluation of 5,10-Dihydro-11H-dibenzo[b,e]
[1,4]diazepin-11-one structural derivatives as anti-cancer and apoptosis inducing agents, European
Journal of Medicinal Chemistry (2016), doi: 10.1016/j.ejmech.2015.12.007.

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.ejmech.2015.12.007

ACCEPTED MANUSCRIPT

MTT Assa

B et

0 / ° Inhibition of cancer
g - l cell migration

cell cycle arrest



Synthesis and biological evaluation of 5,10-Dihydrd1H-dibenzolb,€][1,4]diazepin-11-
one structural derivatives as anti-cancer and apojfsis inducing agents

Chintakunta Praveen Kunidr T. Srinivasa Reddy®! Prathama S. Mainkar Vipul
Bansal®® Ravi Shukl&*®! Srivari Chandrasekh#r Helmut M. Huige®

@School of Applied Sciences, RMIT University, Melbourne 3001, Australia

P |ICT-RMIT Research Centre SIR-Indian Institute of Chemical Technology, Hyderabad 500
007, India

“Division of Natural Products Chemistry, CSR-1I1CT, Hyderabad 500 007, India

9Health Innovations Research Institute, RMIT University, Melbourne 3083, Australia

°lan Potter NanoBioSensing Facility, NanoBiotechnology Research Laboratory, School of
Applied Sciences, RMIT University, Melbourne 3000, Australia

'Centre for Advanced Materials and Industrial Chemistry, RMIT University, Melbourne
3000, Australia

*Corresponding authors:

Associate Prof. Helmut M. Hugel

School of Applied Sciences, RMIT University
GPO Box 2476, Melbourne 3001 VIC Australia
E-mail: helmut.hugel@rmit.edu.au

Tel:  +61 3 9925 2626

Dr. S. Chandrasekhar

Director

CSIR-Indian Institute of Chemical Technology,
Tarnaka, Hyderabad, India-500 007

E-mail: srivaric@iict.res.in

Fax: +91-40-27160512




Abstract

A series of thirteen B-dibenzo p,e][1,4]diazepin-11(161)-one structural derivatives has
been synthesized and evaluated for anti-prolifeeadictivity against five human cancer cell
lines. Compound®a exhibited potent tumour growth inhibition in alllicénes with 1Cso
values in the range of 0.71-7.29 uM. Experimenttuog (A549) and breast (MDAMB-231)
cancer cell lines to investigate the mechanismgroith inhibition and apoptosis inducing
effects of9a showed that it arrested both cancer cell lineséenG2/M phase of cell cycle in a
dose dependent manner. Hoechst staining analysealezl that9a inhibited tumour cell
proliferation through apoptosis induction. Additadly, the mitochondrial membrane
potential AYm) was affected and the levels of reactive oxygeeties (ROS) were raised.
The simple synthetic preparation and their biolabicproperties make these
dibenzodiazepinone-triazole scaffolds promising mities for the development of cancer

therapeutics.
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1.0 Introduction

Cancer is the leading global health burden thabate time will directly or indirectly affect
the lives of most people. Local cancer treatmesush as surgical and radiation therapies are
not always viable due to the position of the tumiouthe body. Furthermore, these methods
are often unsuccessful in completely removing tursoGhemotherapy is a systemic cancer
treatment and chemotherapeutic drugs interfere thighcell cycle and thus cell division,

angiogenesis or induce tumour cell apoptosis bgra¢signalling pathways. However, due



to the high cancer mortality rate, developmentrofgdesistance and undesirable side effects
there is an urgent need to design and synthesigamni-cancer drugs.

The dibenzodiazepinone [5,10-dihydroHtdlibenzop,g][1,4]diazepin-11-ond|(Figurel)
scaffold is known to exhibit wide range of biologli@ctivities including neuroleptic [1], anti-
inflammatory [2], anti-depressant [3], anti-micrabj4], anti-hypertensive [5] and anti-viral
[6] efficacies. Moreover, dibenzodiazepinone resleded to the discovery of drug leads such
as Chk1 kinase inhibitora (Figure 1) [7] and the histone deacetylase HDACij8]bitor 3.
Diazepinomicin 4 is an unusual farnesylated-dibenzodiazepinone skcgnmetabolite
isolated [3, 9] fromMicromonospora and contains dibenzodiazepinone skeleton that is
unprecedented among natural products and its ktlossis [10] has been described recently.
The anti-tumour, anti-bacterial and anti-inflammgtactivities of4 have also been reported
[11]. Compound4 (Figure 1) induces apoptosis by selectively tamgetthe peripheral

benzodiazepine receptor (PBR) [12].

<Figure 1>

On the other hand, many triazole containing compsuexhibit extensive range of
pharmacological activities including potent antican properties [13]. For instance,
cefatrizine, tazobactam and carboxyamidotriazole some of the triazole containing
compounds which are in clinical or preclinical sasd[14, 15]. Among the triazoles, 1,2,3-
triazoles are capable of interacting with the hyidal targets througlid-bonding and are
stable to metabolic degradation [16]. Based onehesservations and inspired by the
promising anticancer activities of dibezodiazepe®rand 1,2,3-triazoles, we designed a
series of dibezodiazepinone-triazole hybrid compisurwith a view to produce promising

anticancer agents.



The diverse therapeutic application of dibenzogame derivatives and related compounds in
medicinal chemistry has stimulated considerabléhggis interest in the construction of this
tricyclic ring privileged scaffold. Eight chemicedtro synthetic approaches are presented in
Figure 2. In 1985, a one-step synthesis delivareamodest 30% yield the dibenzodiazepine
scaffold [17, 18] by refluxing 2-chlorobenzoic aeiddo-phenylendiamine in the presence of
copper as catalyst and chlorobenzene as solvehtighdenoted as route |. The reaction
product from 2-iodoaniline and a substituted1-fat@rnitrobenzene was then employed in a
palladium mediated intramolecular carbonylation cteam [19] to provide the 1,4-
benzodiazepine product identified as route Il. Tivg closing reductive lactamization
methodology [20] using the dissolving-metal coratitiof iron and acetic acid was another
synthesis approach [route Ill]. The amine ring alespath gave an efficient synthesis of 1,4-
benzodiazepines [21] via the double amination dimsubstituted aryl bromides is shown as
route IV. The one step preparation of dibenzodismep [22] and related derivatives
illustrated as route V was accomplished by thegplalim-catalyzed reaction between alkyl 2-
(2-chlorophenylamino)benzoate and ammonia. Thezatibn of POC] enabled substituted
ethyl 2-(phenylamino)phenylcarbamate to particigatan intramolecular lactamizatiomna
the electrophilic aromatic substitution to furnigiute VI to the desired 1,4-benzodiazepine
[23]. The synthesis of the target compound was atdveved through a high temperature,
CsCQO; driven, double nucleophilic aromatic substitutimmaction [24] of anthranilamide
with 2,5-dichloronitrobenzene depicted as route.VRecently, route VI, the 1,4-
benzodiazepine core [25] structure was assembledh fthe substitutedN-methoxy-2-
(methylphenylamino)benzamide through an intramdéc®IDA-mediated oxidative -Gl

bond synthesis in 82% yield in this cyclisationpste

<Figure 2>



2.0 Results and Discussion

2.1 Chemistry

We utilized a slightly modified one step dibenzadipine synthesis [route | in Figure 2]. Our
dibenzodiazepinone-triazole analogues were prepd&odldwing the reaction sequence
depicted in Schemg Initially, ethyl-2-iodobenzoatb was reacted witb-phenylenediamine
6 in presence of 10 mol% Cul in a pressure tubeDat’C to give the dibenzodiazepinofe
in 50% yield [26]. Propargylation df was first carried out with propargyl bromide andHN

in anhydrous THF solvent at ice-bath temperaturg, Biese conditions did not afford the
required compound (Scheme 1). When, the reaction was carried out mBuLi at -20°C

in freshly distilled THF, the desired N-proparggdtcompound was obtained in 72% vyield.

Decreasing the reaction temperature to°8lid not improve the reaction yield.

<Scheme 1>

The formation of product was evident frontH NMR and**C NMR spectroscopy. Thef,
was subjected to click reaction conditions to cartdtthe 1,2,3-triazole ring. Various benzyl
azides8a-k used in the reaction were prepared from respeatokehydes following literature
procedures [27]. Azides underwent 3+2 cycloaddit{f@uAAC) with 7 in presence of
CuSQ-5H,0and sodium ascorbate BuOH/H,O (1:1) to give triazole-product8a-k
(Schemel). Formation of triazole ring was deterchibg the characteristic singlet in the
aromatic region imH, by peak at around 120 ppm ¥C NMR, and from mass spectral

analysis.



2.2 Biological studies

2.2.11In vitro cytotoxic activity

All the synthesised dibenzodiazepinone-triazole ivdéives were screened for their
anticancer activity against five different humamtr cell lines including prostate (PC3),
lung (A549), brain (U87MG), and breast (MCF7 and MMIB-231) using MTT assay and
the results are illustrated in Table.1. The resfrten Table 1 indicated that most of the
synthesised compoundg, (9a-) except9k displayed moderate to potent growth inhibition
against the tested cancer cells and selective pptyainst MDA-MB-231 cells. Compounds
9a, 9c-9dand9f-9i displayed remarkable growth inhibition on MDA-MB-R8ells which are
superior to the standard 5-Fluorouracil. Moreo@a,9c and 9f displayed significant broad
spectrum growth inhibition against all the testadaer cells with Ig values in the range of
0.71-8.23 uM. Further9c displayed selective potency growth inhibition of-B (IGs-
0.47uM) and MCF-7 (165-0.65uM) cell lines which are superior to the stmdddrug 5-
Flurouracil. InterestinglyN-propargylated compoundthat doesn’t contain triazole ring also
exhibited considerable anti-tumour activity agaiR§t-3 tumour cells (I6g- 0.98 uM) and
breast cancer cells MCF-7 @&7.63uM). Substituents ateta-position of the ringC seemed
to have significant effect on activity for exampée, both 3-N@(9¢) and 3-F 9f) substituted
compounds exhibited significant growth inhibitioctigities. However, the unsubstituted
compound 9a) on theC ring also displayed substantial growth inhibiti@n the other hand,
para-substituted compounds displayed mixed results. stance, 4-fluoro 9d), 4-
trifluoromethoxy @k), and 4-nitro 9b) substituted compounds are ineffective and 4-chlor
(99) scaffold showed remarkable cytotoxic activity.

<Table 1>



2.2.2 Colony formation inhibition assay

Anti-proliferative activity of the most active compnd in the serie8a was further confirmed
by clonogenic cell survival assay on A549 and MD&I231 cells.This assay reflects the
capability of a single cell to rise into a colonydait is also considered as the standard for
determining long term cell viability because theftect all modes of cell death or arrest [28].
As shown in Figure 3 treatment of A549 and MDA-MB12cells with 9a resulted in
inhibition of colony formation in a dose dependamnner. The formation of colonies was
completely inhibited by the compou®& at 10 uM concentration in both the treated cells.
This indicates the ability dda on dose dependent inhibition of colony formatidility and

proliferation of A549 and MDA-MB-231 cells.

<Figure 3>

2.2.3In vitro cell migration assay

Migratory and invasive activities of tumor cellgdhe important characteristics of metastatic
cancers. Therefore, it was of interest to invedéghe effect of compourtth on tumor cell
migration using wound healing assay [29]. Artifloi@ounds were created in the confluent
monolayer A549 and MDA-MB-231 cells using steril@02uL pipette tip and were treated
with the different concentrations of compoua Images were taken immediately (0 h) and
24 and 48 h after treatment. As depicted in Figuneatment witl9a resulted in suppression
of A549 and MDA-MB-231 cell migration to the wourdarea in a concentration dependent
manner in comparison to the control.

<Figure 4>



2.2.4 Cell cycle analysis
We next analysed the effect of compo@abn cell cycle distribution using flow cytometry.
A549 and MDA-MB-231 tumor cells were treated witlffetent concentrations (0.5, 1and 2
KM) of 9a for 48 h; cells were fixed in ethanol and stainathvwpropidium iodide. Results
from the Figure 5 revealed that the proportion &48 and MDA-MB-231 cells in G2/M
phase gradually increased respectively from 31%tfot to 51% (2 uM) and 20% (control)
to 63 % (2 uM). Similarly, the population in GO/@hase declined from 49% to 34% and
73% to 33%, respectively after treatment with tbmpound. This indicates th@& treatment
resulted in the arrest of A549 andMDA-MB-231 céli$52/M phase of cell cycle.

<Figure 5>
2.2.5 Apoptosis detection studies
Apoptosis is a programmed cell death which playsngportant role in the maintenance of
tissue homeostasis and cell survival. Disruptionim@ppropriate regulation of apoptotic
processes results in several diseases includirgecéB0]. Thus, inducing apoptosis in cancer
cells has emerged as an attractive strategy inecaherapy [31].
2.2.5.1Hoechst staining
Chromatin condensation, nuclear shrinking and DNAgientation are the typical
characteristics of an apoptotic cell. Thereforamgpsis inducing effect of compouBa was
investigated using the Hoechst staining (H 3324%ag. A549 and MDA-MB-231 cells
treated with different concentrations @ for 48 h were stained with Hoechst. As evident
from Figure 6, control, A549 and MDA-MB-231 cellseated with DMSO showed
uniformly dispersed chromatin, whereas compoua treated cells displayed typical
apoptotic characteristics such as condensationuofen (arrowheads indicates apoptotic
nuclei).These finding demonstrates tBatcould induce apoptosis in A549 and MDA-MB-

231 cells.



<Figure 6>
2.2.5.2 Effect of compounds on mitochondrial membrge potential A¥m)
Mitochondrial membrane potential regulates the amtmdrial permeability and plays an
important role in triggering apoptosis [32]. In erdto further investigate the apoptosis-
inducing effect of compoun®a, changes in the mitochondrial membrane potentiatew
measured using rhodamine-123 staining. Mitochonditla the intactA¥m can hold the Rh-
123 probe and exhibits strong green fluorescenoss bfAYm results in decrease in green
fluorescence due to the lack of Rhodamine-123 tietefi33]. A549 and MDA-MB-231 cells
were treated witl®afor 48 h, and then stained with Rhodamine-123. fBsalts from Figure
7 indicated that, treatment 8& induced 20-35% decreaseA¥’m in MDA-MB-231 cancer
cells and 15-30% in A549 cells in concentrationedegfant manner in compared to respective
control cells, which indicates th&a induces apoptosis in A549 and MDA-MB-231 cells
through change in¥m.

<Figure 7>
2.2.5.3 Measurement of reactive oxygen species (RQ&vels
Decline in mitochondrial membrane potentiat{m) and increase in the level of intracellular
ROS are closely related in the course of apoptddisteover, generation of ROS is
considered as one of the key mediators of apopsigitalling and many if not most of the
anti-tumour agents exhibit their cytotoxic effedtsough the generation of ROS [34,
35].Thus to investigate whether ROS accumulatios waolved in compoun®a induced
apoptosis, A549 and MDA-MB-231 cells were treatedhwdifferent concentrations of
compoundafor 48 h and incubated with carboxy-DCFDA to ingp@gemediated production
of ROS. As shown in Figure 8, there is a graduaaase in green carboxy-DCF fluorescence
(correlates with ROS concentration) with increasthg concentration of compour@ha

treated A549 (1.8-2.5 times) and MDA-MB-231(2.09&times) (Figure 8) cells and it is



more prominent with MDA-MB-231 cells. These resulksarly indicate tha®a could induce
the ROS generation.

<Figure 8>

2.2.5.4 AnnexinV-FITC/Propidium iodide dual staining assay
To quantify the percentage of apoptosis inducedhieycompoun®a, Annexin V-FITC-PI
dual staining assay has been carried out whiclittdes the detection of live cells (Q1-LL;
AV-/Pl-), early apoptotic cells (Q1-LR; AV+/PI- Jate apoptotic cells (Q1-UR-AV+/PI+)
and necrotic cells (Q1-UL; AV-/PI+). As shown ingkre 9, the percentage of total apoptotic
cells (early and late apoptotic cells) was incrdage32.4 % (MDA-MB-231) and 34.9%
(A549) after treatment with compour®é (2 puM),in comparison to the control MDA-MB-
231 (9.8%) and A549 (6.5%) cells respectively. Pleecentage of early and late apoptotic
cells were markedly increased with increase in eatration of the compour@a. Therefore,
these results confirmed that the compo@adreated MDAMB-231 and A549 cells undergo
apoptosis in a dose dependent manner.

<Figure 9>
3.0 Conclusion
In an effort to discover novel anti-cancer agemtsseries $a-k) of dibenzodiazipinone-
triazole derivatives were prepared, characterizedl @valuated against five human tumour
cell lines. All the synthesized compounds exhibitedderate to good activity against five
cancer cell lines. In particular, compoufd exhibited potenin vitro anti-cancer activity
among the tested compounds with thegl@alues in the range of 0.71 to 7.29 uM. It is
evident from the cell migration and clonogenic expents that, migration and colony
formation of the A549 and MDA-MB-231 cells was sigrantly affected by compounfla.

Flow cytometry analysis revealed tid arrested both these cells in G2/M phase. Further



apoptosis studies conducted on A549 and MDA-MB-28lls revealed that compour®a
effectively induces apoptosis through drop in nhtmedrial membrane potentiaA¥m) and
increases the ROS generation in A549 and MDA-MB:-Z3\lerall, these results suggest that
compound 9a has the potential to be developed as lead and fieiher structural

modification may produce promising anticancer agjent

4.0 Experimental section

4.1 Chemistry

All reagents and solvents were of commercial gradechased and used without further
purification. Melting points were recorded aftedwaon chromatography of compound on
Electro thermal melting point apparatus and wertnected*H NMR,**F NMR (300 MHz)
and*C NMR (75 MHz) spectra were recorded in CP6t CD;SOCD; solvents on Bruker
Avance 300 MHz spectrometer at ambient temperat@hemical shiftsd) are reported in
ppm downfield from internal TMS standard. Signal ltiplicities are represented by s
(singlet), d (doublet), t (triplet), dd (double dbet), m (multiplet) and br s (broad singlet).
HRMS results were run on the AB Sciex QSTAR ELITRs® spectrometer using an electron
spray ionization ESI source. IR spectra were resbimh Perkin-Elmer Infrared spectrometer
and samples were scanned in grounded KBr powdeuti®omonitoring of reaction was
performed by TLC (Thin layer chromatography) onnailtium silica plates obtained from E-
Merck. For TLC visualisation UV light and iodine e used. All the column
chromatographic separations were done by usingasifjel (Acme’s, 60-120 mesh).
Evaporation of solvents was performed at reducedsure on a rotary evaporator.

4.1.1 5,10-Dihydro-1H-dibenzolb,€][1,4]diazepin-11-one (1)

To a dried pressure tube was addeg@ghenylenediamine (0.3 g, 2.7 mmol), ethyl-2-
iodobenzoate (1.5 g, 5.5 mmol) under nitrogen fedld by ethylene glycol (6 mL), 10 mol %

Cul (52 mg, 0.27 mmol) and 3RO, tribasic (1.17 g, 5.5 mmol). Pressure tube wasetlo



tightly and heated at 10 for 4 h. After completion of the reaction (moméd by TLC)
reaction mixture was cooled to room temperature filleted over a pad of silica with
CH.Cl, to remove Cul and base residues. Then solventrerasved on rotary evaporator
and the residue was purified on silica column clatwgraphy using 25-30% EtOAc in
hexane as solvent to giteYield 50% (0.29 g)

mp: 251-253°C; IR (may:3320, 3025, 1603, 1579, 1471, 1394, 1157, 748;chH NMR
(300 MHz, DMSO¢): 6 8.63 (s, 1H, Amide NH), 6.60 (s, 1H, Amine NH), ®.@d,J = 7.9,
1.4 Hz, 1H, ArH), 6.19 — 6.08 (m, 1H, ArH), 5.875-63 (m, 6H, ArH)}!*CNMR (75 MHz,
DMSO0): 0 168.1, 150.4, 140.0, 133.2, 131.9, 129.6, 124.8,01222.7, 121.2, 120.9, 119.8,
119.0 ;HRMS (ESI/z calculated for [M+H] [C13H1:N20O] 211.0866, found 211.0860.

4.1.2 10-(Prop-2-yn-1-yl)-5,10-dihydro-1H-dibenzolb,e][1,4]diazepin-11-one (7)

H
L
N
7 (@)
\

In a two neck round bottom flask compou2d0.1 g, 0.47 mmol) was dissolved in freshly

distilled dry THF (5 mL), under inert conditionso That was added 1.5 mL of 1.6 iWBuLi

(5 equiv) at -20C. After 5 min 80% propargyl bromide in toluened® mL, 0.52 mmol)
was added to the reaction and the mixture stiroedLfh at the same temperature. Reaction
was monitored by TLC after consumption of the stgrtnaterial reaction was quenched with
saturated NECI solution and partitioned between,® and EtOAc. Organic layers were
separated, combined, dried over anhydrousSBia and concentrated on rotary evaporator
below 46°C. Product was purified on silica column chromaapiry to yield propargylated
scaffold7.

Yield: 72 % (80 mg); mp: 165-17C ; IR (oma): 3321, 3292, 2923, 1623, 1546, 1454, 1160

cmi’; *H NMR (300 MHz, CDCY): 6 7.94 (dd,J = 7.8, 1.3 Hz, 1H, ArH), 7.72 — 7.57 (m, 1H,



ArH), 7.39 — 7.25 (m, 1H, ArH), 7.20 — 6.90 (m, 4AtH), 6.83 (d,J = 8.0 Hz, 1H, ArH),
5.53 (s, 1H, NH), 4.68 (d] = 2.4 Hz, 2H, propargylic-Chl, 2.39 (t,J = 2.4 Hz, 1H, triple
bond H); ®CNMR (75 MHz, CDCJ): ¢ 168.1, 150.6, 143.1, 134.3, 133.1, 132.8, 126.2,
124.4, 124.2, 122.9, 122.6, 120.3, 118.6, 80.10,70.3 ; HRMS (ESI)nV/z calculated for
[M+H] * [C16H1aN20] is 249.1022 found 249.1015

4.1.3 General procedure for the click reaction:

To the propargylated compoui@d50 mg, 0.20 mmol) and azida-k (0.60 mmol) in 3 mL
of 1:1t-BuOH/H,O was added 100 pL saturated CySbBLOsolution followed by catalytic
amount of Na-ascorbate at ambient temperature.tiRerawas allowed to stir for 5-6 h,
solvent was removed and product was extracted @HaCl,. Dichloromethane layer was
dried over anhydrous sodium sulphate, solvent waparatedin vacuo and residue was
purified using silica column chromatography to aib@a-k.

4.1.3.1 10-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyi5,10-dihydro-11H-

dibenzolb,€][1,4]diazepin-11-one (9a)

N=N,

%
aR°

NH g,

Yield: 82% (50 mg); mp: 128-13%; IR (bma): 3301, 3069, 2936, 2123, 1631, 1480, 1320,
1160, 765 crit;'H NMR (300 MHz, CDCJ) §: 7.77 — 7.65 (m, 2H), 7.61 (dd,= 7.5, 1.6
Hz, 1H, ArH), 7.35 — 7.10 (m, 6H, ArH), 7.05 — 6.86, 3H, ArH), 6.80 (ddJ = 7.4, 3.8 Hz,
1H, ArH), 6.71 (dJ = 7.9 Hz, 1H, ArH), 5.42 (s, 3H, benzyl- G&NH), 5.13 (d,J = 12.5
Hz, 2H, triazole-Ch);'>CNMR (75 MHz, CDC4)5:168.6, 150.8, 143.4, 134.7, 134.7, 132.6,
129.0, 128.6, 127.9, 126.1, 125.0, 124.6, 124.2,61220.2, 118.6, 54.1, 47.1; HRMS (ESI):

m/z calculated for [M+H] [C23H20N50] 382.1662 found 382.1663.



4.1.3.2 10-((1-(4-Nitrobenzyl)-H-1,2,3-triazol-4-yl)methyl)-5,10-dihydro-1H-

dibenzolb,€g][1,4]diazepin-11-one (9b)

NH 9b

&Qb

Yield: 61% (31 mg); mp: 159-16%C; IR (vmay): 3132, 3075, 1628, 1522, 1474, 1344, 1049,
767 cm' :*H NMR (300 MHz, CDCJ) J: 8.13 (d,J = 8.7 Hz, 2H, ArH ), 7.79 (s, 1H, triazole
H), 7.68 (d,J = 8.1 Hz, 1H, ArH), 7.60 (dl= 7.6 Hz, 1H)7.32-7.16 (m, 3H, ArH), 7.06-6.88
(m, 3H, ArH), 6.81 (dJ = 7.5 Hz, 1H, ArH), 6.72 (d) = 8.0 Hz, 1H, ArH), 5.54 (s, 2H,
benzylic-CH), 5.33 (brs, 1H, -NH), 5.13 (s, 2H, triazole-§H*CNMR (75 MHz, CDC}) :
168.7, 150.7, 148.0, 145.9, 143.3, 141.7, 134.2,713132.5, 128.5, 126.2, 124.9, 124.8,
124.7,124.2, 124.1, 122.7, 120.2, 118.6, 53.0,;47RMS (ESI):m/z calculated for [M+H]
[C23H10N6O5] 427.1513, found 427.1504.

4.1.3.3 10-((1-(3-Nitrobenzyl)-H-1,2,3-triazol-4-yl)methyl)-5,10-dihydro-1H-

dibenzolb,€][1,4]diazepin-11-one (9c)

~ G-

NH 9c

Yield: 68 % (35 mg); mp: 124-130 °C; IByy): 3314, 3012, 2102, 1634, 1528, 1477, 1350,
758 cm;*H NMR (300 MHz, CDCJ) §: 8.26-8.17 (m, 1H), 8.14 (s, 1H), 7.89 (s, 1HROY.
(dd,J = 12.2, 8.2 Hz, 1H, ArH), 7.67 (d,= 8.8 Hz, 1H, ArH), 7.62 — 7.52 (m, 2H, ArH),
7.31 (m, 1H, ArH), 7.14-6.86 (m, 4H, ArH), 6.81 @= 7.9 Hz, 1H, ArH), 5.63 (s, 2H,
benzylic-CH), 5.45 (s, 1H, -NH), 5.24 (s, 2H, triazole-§H"C NMR (75 MHz, CDC}))

0:168.7, 150.7, 143.4, 136.8, 134.6, 133.8, 132325, 130.2, 126.2, 124.9, 124.7, 124.1,



123.6, 122.8, 122.7, 120.3, 118.6, 53.1, 47.0; HR(&SI): nvz calculated for [M+H]
[C23H19N603] 427.1513, found 427.1503.
4.1.3.4 10-((1-(4-Fluorobenzyl)H-1,2,3-triazol-4-yl)methyl)-5,10-dihydro-1H-

dibenzolb,€][1,4]diazepin-11-one (9d)

Yield: 70% (43 mg); mp: 109-114 °C; IRy): 3305, 3129, 3069, 1628, 1513, 1474, 1154,
764 cmi;*H NMR (300 MHz, CDCY) 8: 7.70 (s, 1H, triazole H), 7.68 (dd= 1.6, 7.8 Hz,
1H, ArH), 7.62 (ddJ = 1.8, 7.8 Hz, 1H, ArH), 7.25-7.12 (m, 3H, ArH)05-6.89 (m, 5H,
ArH), 6.80 (dd,J = 1.9, 7.4 Hz, 1H, ArH), 6.72 (dl = 7.9 Hz, 1H, ArH) 5.40 (s, 2H,
benzylic-CH), 5.31 (brs, 1H, NH), 5.10 (s, 2H, triazole-§H*CNMR (75 MHz, CDC}) :
168.6, 150.7, 145.6, 143.3, 134.7, 132.6, 132.6,613130.5, 129.9, 129.8, 126.1, 124.9,
124.7, 124.4, 124.2, 122.7, 120.1, 118.5, 116.5.9,153.3, 47.1'°F NMR (300 MHz,
CDCl) ¢: -112.7-112.9 (m);HRMS (ESI)nvz calculated for [M+H] [C3H19FNsO]
400.1568 found 400.1567.

4.1.3.5 10-((1-(2-Fluorobenzyl)H#-1,2,3-triazol-4-yl)methyl)-5,10-dihydro-1H-

dibenzolb,€][1,4]diazepin-11-one (9e)

N=N,
S

Yield: 73 % (35 mg); mp: 168-17%; IR (omay): 3326, 3151, 3057, 1613, 1486, 1226, 1042,

758 cmit;*H NMR (300 MHz, CDCY) 6:7.87 (s, 1H, triazole H), 7.80 (dd,= 7.8, 1.3 Hz,

1H, ArH), 7.70 (dd,= 7.4, 1.6 Hz, 1H, ArH), 7.46-6.97 (m, 8H, ArH)96.(d,J = 7.3 Hz,



1H, ArH), 6.82 (dJ = 7.9 Hz, 1H, ArH), 5.59 (s, 2H, benzylic-G}15.45 (s, 1H, -NH), 5.22
(s, 2H, triazole-Ch); *CNMR (75 MHz, CDC}) 6: 168.6, 162.1, 158.8, 150.7, 143.3, 134.7,
132.6 (split), 130.8 (split), 130.7, 130.3, 1261R5.0, 124.7, 124.2 (split), 122.7, 122.0,
121.9, 120.2, 118.5, 115.9 115.6, 47.6 (split)147PF NMR (300 MHz, CDGJ) ¢ -117.8-
118.0 (m); HRMS (ESI):mvz calculated for [M+H] [CasH1sFNsO] 400.1568 found
400.1563.

4.1.3.6 10-((1-(3-Fluorobenzyl)H#-1,2,3-triazol-4-yl)methyl)-5,10-dihydro-1H-

dibenzolb,€g][1,4]diazepin-11-one (9f)

N=N,
d
NH o

Yield: 70% (33 mg); mp: 143-148 °C ; IRy): 3312, 3051, 1622, 1471, 1120, 766 GriH

NMR (300 MHz, CDCY) §: 7.73 (s, 1H, triazole H), 7.69 (dd= 7.8, 1.4 Hz, 1H, ArH), 7.60
(dd,J= 7.6, 1.7 Hz, 1H, ArH), 7.31-7.15 (m, 3H, ArH)P7:6.87 (m, 6H, ArH), 6.81 (dd,=
12.6, 5.3 Hz, 2H, ArH), 6.72 (d, = 7.9 Hz, 1H, ArH), 5.42 (s, 2H), 5.14 (s, 2Hanole-
CHy); B¥CNMR (75 MHz, CDC}) 0:168.6, 164.6, 161.3, 150.7, 143.4, 137.0, 13432.4,
130.7, 130.6, 126.2, 124.9, 124.7, 124.2, 123.2,712120.2, 118.6, 115.8, 115.5, 115.0,
114.7, 53.5, 47.0°F NMR (300 MHz, CDG)) & -111.6 (td,J= 8.9, 5.9 Hz); HRMS (ESI):
m/z calculated for [M+H] [C23H19FNsO] 400.1568 found 400.15609.

4.1.3.7 10-((1-(4-Chlorobenzyl)Hi-1,2,3-triazol-4-yl)methyl)-5,10-dihydro-1H-

dibenzolb,€][1,4]diazepin-11-one (99)




Yield: 75% (50 mg); mp: 135-14%C; IR (omay: 3307, 3135, 1624, 1479, 1395, 1157, 1052,
766 cm’; *H NMR (300 MHz, CDGJ) 6: 7.71 (s, 1H, triazole H), 7.68 (dd~= 1.7, 8.0 Hz,
1H, ArH), 7.60 (ddJ = 2.0, 7.4 Hz, 1H, ArH), 7.28-7.16 (m, 4H, Art),12-7.06 (m, 2H,
ArH), 7.04-6.88 (m, 3H, ArH), 6.79 (dd,= 1.8, 7.1 Hz, 1H, ArH), 6.71 (d,= 7.9 Hz, 1H,
ArH) 5.39 (s, 2H, benzylic-Ch), 5.34 (brs, 1H, NH), 5.11 (s, 2H, triazole-§HCNMR
(75 MHz, CDC}) J: 168.6, 150.7, 145.6, 143.3, 134.7, 134.6, 13832.6, 132.6, 129.3,
129.2, 126.1, 124.9, 124.7, 124.5, 124.1, 122.0,212118.5, 53.6, 47.2; HRMS (ESHvz
calculated for [M+H] [Co3H1oCINsO] 416.1273, found 416.1236.

4.1.3.8 10-((1-(3,4,5-Trimethoxybenzyl)H-1,2,3-triazol-4-yl)methyl)-5,10-dihydro-

11H-dibenzolb,e][1,4]diazepin-11-one (9h)

H

Yield: 90% (80 mg); mp: 122-12%C; IR (vmay: 3311, 3132, 3946, 1631, 1504, 1462, 1238,
1126, 761 cnf;*H NMR (300 MHz, CDCY) 6: 7.76 (s, 1H, triazole H ), 7.68 (dii= 7.8, 1.4
Hz, 1H, ArH), 7.61 (ddJ= 7.5, 1.7 Hz, 1H, ArH), 7.27-7.17 (m, 2H, ArH)08:6.89 (m, 3H,
ArH), 6.85-6.76 (m, 1H, ArH), 6.73 (d,= 7.9 Hz, 1H, ArH), 6.41 (s, 2H, ArH), 5.36 (s, 2H
benzylic-CH), 5.14 (s, 2H, triazole-CH, 3.79 — 3.72 (m, 9H, -OGH CNMR (75 MHz,
CDCly) d: 168.6, 153.6, 150.7, 143.3, 138.2, 134.7, 13232,5, 130.1, 126.2, 124.9, 124.7,
124.6, 124.1, 122.7, 120.2, 118.6, 105.2, 60.8,5%.5, 47.1; HRMS (ESI)n/z calculated
for [M+H]" [C2eH2604N5] 472.1979 found 472.1961.

4.1.3.9 10-((1-(2,5-Dimethoxybenzyl)H-1,2,3-triazol-4-yl)methyl)-5,10-dihydro-1H-

dibenzolb,€g][1,4]diazepin-11-one (9i)



OMe

Yield: 68% (50 mg); mp: 111-11%; IR (may: 3259, 3220, 2948, 1640, 1504, 1226, 1036,
770 cni; *H NMR (300 MHz, CDCYJ) §: 7.84 (s, 1H, triazole H), 7.76 (ddii= 1.6, 7.7, 13.9
Hz, 2H, ArH), 7.34-7.27 (m, 1H, ArH), 7.14-6.97 (8H, ArH), 6.92-6.83 (m, 3H, ArH),
6.80 (d,J= 7.9 Hz, 1H, ArH), 6.72 (d] = 7.6 Hz, 1H, ArH), 6.75-6.71 (m, 1H, ArH), 5.5, (
2H, benzylic-CH), 5.37 (brs, 1H, NH), 5.20 (s, 2H, triazole-§H3.83 (s, 3H,-OC¥k), 3.74

(s, 3H, -OCH); ¥CNMR (75 MHz, CDCY) o: 168.5, 153.6, 151.2, 150.7, 144.9, 143.3,
134.8, 132.6, 132.5, 126.0, 125.1, 124.8, 124.4,312124.0, 122.6, 120.1, 118.5, 115.8,
114.7, 111.7, 55.9, 55.7, 49.0, 47.1; HRMS (EB¥ calculated for [M+H] [CasH240sNs]
442.1874 found 442.1876.

4.1.3.10 10-((1-(Benzol[d][1,3]dioxol-4-ylmethyl)H-1,2,3-triazol-4-yl)methyl)-5,10-

dihydro-11H-dibenzolb,€e][1,4]diazepin-11-one (9))

NH 9j

X8

Yield: 80% (41 mg); mp: 118-12%C; IR (may): 3328, 2922, 1670, 1451, 1035, 772 ¢riH
NMR (300 MHz, CDC}) 6:7.86-7.75 (m, 2H, ArH& triazole-H), 7.71 (d,= 7.5 Hz, 1H,
ArH), 7.36-7.24 (m, 1H, ArH), 7.17- 6.97 (m, 3H, Y, 6.94-6.70 (m, 5H, ArH), 5.99 (s,
2H, -O-CH-0-), 5.42 (s, 2H, benzylic-Ci{ 5.38 (brs, 1H, -NH), 5.20 (s, 2H, triazole-gH
BCNMR (75 MHz, CDCJ) §: 168.6, 150.7, 148.2, 147.9, 145.4, 143.3, 13432,6, 132.6,
128.3, 126.1, 125.0, 124.7, 124.2, 122.7, 121.0,112118.5, 108.5, 108.5, 101.3, 54.0, 47.1;

HRMS (ESI):nV/z calculated for [M+H] [C24H2003N5] 426.1566 found 426.1563.



4.1.3.11 10-((1-(2-(Trifluoromethoxy)benzyl)-#H-1,2,3-triazol-4-yl)methyl)-5,10-

dihydro-11H-dibenzolb,€][1,4]diazepin-11-one (9k)

N=N

KS/N OCF,
S,
o

Yield: 80% (45 mg); mp:130-13%; IR (ma): 3305, 2927, 2958, 1628, 1477, 1253, 1048,

761 cm™; 'H NMR (300 MHz, CDC)) 6 7.76 (s, 1H, triazole-H), 7.71 (dd,= 7.8, 1.4 Hz,
1H, ArH), 7.66-7.56 (m, 1H, ArH), 7.33 (m, 1H, ArHj.29-7.16 (m, 4H), 7.13-6.90 (m, 4H,
ArH), 6.85-6.77 (m, 1H, ArH), 6.72 (dl = 7.9 Hz, 1H, ArH), 5.55 (s, 2H, benzylic-gH
5.28 (s, 1H, -NH), 5.15 (s, 2H, triazole-@HC NMR (75 MHz, CDCJ) §:168.5, 150.6,
146.8, 143.3, 134.7, 132.6, 130.2, 130.1, 127.4.112125.0, 124.7, 124.2, 122.7, 120.5,
120.1, 118.5, 48.4, 47.06°%F NMR (300 MHz, CDG)) ¢ -57.21 (d,J = 1.5 Hz).; HRMS
(ESI): mVz calculated for [M+H] [Co4H1oF3 N5O,] 466.1491 found 466.1504.

4.3 Biology

4.3.1 Cell culture

PC-3, A549, U87MG, MCF-7 and MDA-MB-231 cells wemurchased from ATCC
(Manassas, VA). The PC-3, A549 and MDA-MB-231 cellsre grown in RPMI 1640
medium (GIBCO-Invitrogen, NY) with 10% fetal bovirserum (FBS) and supplemented
with penicillin G (100 pg/mL), glutamine (2 mmol/Land streptomycin (100 pg/mL) at 37
°C under 5% C@ U87MG and MCF-7 cells were cultured in Dulbeccoisdified Eagle’s
medium (DMEM) containing 10% fetal bovine serum §B1% penicillin/ streptomycin at
37 °C under 5% CQ@ The medium was changed every two days. Afterhiegc80-90%
confluence, cells were treated with 0.25% trypsiiif& for further passage. For all the

experiments cells were used at passages 4-10.



4.3.2 MTT assay

MTT cell proliferation assay was conducted on P&349, U87MG, MCF-7 and MDA-
MB-231 cancer cell lines to test the compoufidk, 1 and’. Cells were seeded at a density
of 3000-5000 cells per well in a 96 well plate degiag on the doubling time. Seeded plates
were allowed for 24 h at 3 and 5% CQ@in incubator. After 24 h, the culture media was
removed; 100puL of test compounds dissolved in DM@ culture media was added to the
cells in each well. Wells in which test compoundswet added (containing only culture
medium and DMSO) were used as the control. Thea,ctbmpound treated cells were
incubated for 72 h maintaining the same conditi@i2zsh later, culture medium was removed
and 100 pL of MTT (Thiazoyl blue tertrazolium brata) solution (5 mg/mL in culture
media) was added to each well including controllsvahd further incubated for 4 h. When
the purple precipitate was visible in wells, medantaining MTT was aspirated from the
wells and to each well 100 pL of DMSO was addedissolve the Formazan product. Plate
covers were removed and absorbance in each welmeasured in microtiter plate reader at
570 nm and a reference wavelength of 630 nm. TiserBhnce readings at 630 nm were
subtracted from the 570 nm readings and the reseits adjusted by dividing the average by
the DMSO control to adjust for any toxicity that yrf@aave occurred in this control treatment
set. The percentage inhibition was calculated &s[@@ean OD of treated cell x100)/Mean
OD of vehicle treated cells (DMSO)]. Thesf3/alues were calculated using Probit Software.
All the tests were repeated in at least three iaddpnt experiments.

4.3.3 Colony formation inhibition assay

A549 and MDA-MB-231 cells at the exponential phas&e plated at a single cell density
(500 cells/well) in two separate 6 well plates afldwed to adhere for 24 h in the incubator.
Then, cells were incubated with culture medium ammtg compoun®ain 10, 1and 0.1 uM

concentrations. After 24 h, the medium was reglaseh fresh culture medium and cells



were incubated for further 14 days. The cells weashed with PBS, fixed with 4 % para
formaldehyde and stained with 0.5% methylene blu®BS for 30 min. Then, excess dye
was rinsed off with distilled water several tim&dates were photographed with a digital
camera.

4.3.4 Cell cycle analysis

A549 and MDA-MB-231 cells were seeded in 6 welltefaat a density of 1xi@ells/well
and after 24 h; cells were treated with compo@adn three different concentrations 0.5,
land 2uM. Cells treated with DMSO were used asrobrt8 h after treatment, both floating
and trypsinised cells were harvested and washed REBS. Cells were fixed with 70%
ethanol for 30 mins at 4C. Then, cells were centrifuged (1200 rpm for 5 )nithe
supernatant was discarded and the pellet was waslled®BS and stained the cells with
propidium iodide staining buffer (Pl (200 pg), 0.1%v) Triton X-100, 2 mg DNAse-free
RNAse A (Sigma) in 10 mL PBS)) for 15 min at ambiggmperature in absence of light.
Later, samples were analysed for propidium iodidéACluorescence from 10000 events by
flow cytometry using BD-C6 accuri flow cytometer.

4.3.5 Invitro Migration Assay

The wound healing assay has been used to examnarezhmigration. In two separate 6 well
plates A549 cells and MDA-MB-231 cells (5¥1€ells per well) were cultured as confluent
monolayers for 24 h. Then, using 200uL sterile geip the monolayers were gently
scraped one time in the middle from one end toctiher end to create a denuded zone of
constant width. The wounded mono layers were twieshed with phosphate saline buffer
(PBS) to remove non-adherent cells. Then, cellewsated with compour@h in different
concentrations (0.5, 1 and 2uM). Cell migration oasr the inflicted wounds were
photographed under the phase contrast microscager(Nin 0 , 24 and 48 h time intervals

in three or more randomly selected fields.



4.3.6 Hoechst staining

A549/MDA-MB-231 cells (25x1bcells/well) at their growth phase were seededadiotved

for 24 h to adhere. Test compoufd in three different concentrations 0.5, 1 and 2ioM i
culture medium was added to the cells and incubfdedt8 h at 37°C. Then, culture
medium was removed from the wells, washed with RB8 stained with Hoechst 33242
(5ug/mL) for half an hour at room temperature. Escdye was removed by PBS washing
twice after which, morphological changes in thelscelere examined with fluorescence
microscope using 350 nm excitation and 460 nm eamg®ikon, magnification 10X).

4.3.7 Measurement of Mitochondrial membrane Potensil (MMP)

In a 6 well plate A549/ MDA-MB-231MDA-MB-231 cellsvere cultured at a density of
5x1Ccells/mL and incubated for overnight. Then the tesmpound at 0.5, 1 and 2uM
concentrations was added to the wells. 24 h dfetreatment, adherent cells were collected
by trypsinisation, washed with PBS (500uL) andtedavith the 400uL/well of Rhodamine-
123 solution in PBS (2uM) in the absence of lightter 30 min of incubation at room
temperature, cells were twice washed with PBS asdspended in PBS. The samples were
then analysed for fluorescence using spectrofluetem

4.3.8 Measurement of reactive Oxygen Species (RO&Yels

A549 cells were seeded in a 6 well plate at a de$i5x10cells/mL and allowed to grow
overnight. The cells were incubated with the 0.&an#l 2uM concentration of compoufd

for 24 h. After which the medium was removed frdme wells, culture medium containing
DCFDA (10uM) was added to the wells in the dark srudibated for half an hour at ambient
temperature. Cells were washed with PBS, colleatetiresuspended in PBS. Intensity of the
formed 2', 7'-dichlorofluorescein as a result offoay-DCFDA hydrolysis, was analysed in

spectrofluorometer at an excitation and emissionelength of 488 and 525 nm respectively.



Qualitative cellular fluorescence images were aaatuby Nikon ECLIPSETE2000-S
fluorescence microscope.

4.3.9. AnnexinV-FITC/Propidium iodide

The Annexin V-FITC/propidium iodide dual stainingsay has been carried out to quantify
the percentage of apoptotic cells. Briefly, A549 AfDA-MB-231 cells (1x18&mL per well)
were plated in six-well plates and allowed to grfow24. Cells were treated with increasing
concentrations of compounéa (0.5, 1 and 2 uM) for 24 h and were collected by
trypsinisation. The collected cells were washedawvith ice-cold PBS, then incubated with
200uL1xbinding buffer containing L Annexin V-FITC, and then in 300L1xbinding
buffer containing uL Propidium iodide (PI) for 5 min at room temperatin the dark. After

15 min incubation, cells were analysed using BCacéuri flow-cytometer.
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Table 1. Anti-proliferative  activities %ICsouM) of the 5,10-Dihydro-14i-
dibenzop,€][1,4]diazepin-11-one and derivatives {and9a-k ).

Figure 1. Other Dibenzodiazepinones therapeutic compounds

Figure 2. Retrosynthetic routes | to VIl providing the meidial dibenzodiazepine scaffold
Figure 3. Effect of compoun®a on the colony formation ability of A549 and MDA-MB31
cells.

Figure 4. Effect of compoun®aon A549 and MDA-MB-231 cells migratiam vitro. A549
and MDA-MB-231 cells were treated wiha and artificial wounds were induced with 200
ML pipette. The edges of wound were captured imatelgi (O h), 24 and 48 h after
respective treatments. Images were captured udingr@scence microscope (Nikon).

Figure 5. Effect of compoun®a on A549 and MDA-MB-231 cell cycle arrest. Cells wer
treated with9a and harvested after 24 h. The cells were fixed wthanol, stained with
propidium iodide and analyzed by BD-C6 accuri floygemeter. For each sample, 10,000

cells were used for sorting.



Figure 6. Compoundainduced nuclear morphological changes of A549 amAMMB-231
cells. Images were captured by a fluorescence stope (Nikon).

Figure 7. Compound9a induced loss of mitochondrial membrane potentirf) in A549
and MDA-MB-231 cells analysed using Rhodamine-128ng1g. The loss in intensity of
fluorescence was measured by spectrofluorometeta Rae mean = SD from three
independent experiments.

Figure 8. Effect of compoun®a on intracellular levels of RO%) A549 and MDA-MB-231
cells were treated with different concentration®a{0.5, 1 and 2 uM) for 48 h and stained
with carboxy-DCFDA. Images were captured by a fasmence microscope (Nikornl))
Quantitative estimation of ROS was carried out filmetrically using an excitation
wavelength of 485 nm and an emission waveleng&86fnm.

Figure 9. Annexin V- FITC/propidium iodide dual staining ags A549 cells were treated
with increased concentrations of compo@ad(0.5, 1 and 2 uM) and stained with Annexin
V-FITC and propidium iodide. 10000 cells from easample were analysed by flow-
cytometry.The percentage of cells positive for Riiymn lodide and/or Annexin V-FITC is
reported inside the quadrants. Cells in the Low#rduadrant (Q1-LL: AV-/PI-) : Live cells,
lower right quadrant (Q1-LR: AV+/PI-) : Early apopit cells, upper right quadrant (Q1-UR:
AV+/PI +) Late apoptotic, upper left quadrant (QL:lAV-/PI+) : necrotic cells.

Scheme 1Synthesis of dibenzodiazepinone-triazole analagdeagents and conditions: (a)
Cul, K3PQ,, ethylenegycol, 100 °C, 5 h, 50%; (BBuLi, propargylbromide, -20 °C to RT, 4

h, 72%; (c)8a-k, CuSQ-5H,0, sodium ascorbate BuOH/H,O (1:1), RT, 12 h, 61-90%.



Table 1.

Anti-proliferative

activities  ¥ICsouM)

of the

dibenzop,€][1,4]diazepin-11-one and derivatives {and9a-k ).

5,10-Dihydro-1H-

Compound PC-3 AB4YF U87MG® MCF-7¢ MDA-MB-231°
1 41.89+2.7 | 37.10+1.3 8.97+0.9 >50 >50
7 0.98+0.3 19.01+3.7 22.19+0.8 7.63+1.3 16.51+1.3
9a 4.21+0.6 0.71+0.2 6.97+2.1 7.29+0.8 0.73+0.2
9b >50 47.86+2.7 32.85+1.6 0.930.5 42.62+3.9
9c 0.47+0.08 >50 39.39+1.9 0.65+0.1 1.52+0.3
od 17.28%1.1 | 26.68+0.4 37.72+0.6 >50 4.08+0.9
%e 8.63x1.0 11.32+0.5 48.21+2.7 5.27+0.9 >50
of 7.21+0.8 8.37+1.0 2.06+0.5 4.12+0.09 3.53%0.1
9g 1.12+1.2 4.97+0.9 24.32+1.4 39.01+0.8 2.31+0.5
oh >50 8.78+1.11 1.78+1.3 10.26+0.8 0.43+0.8
9i >50 13.30+0.5 31.21+1.0 7.48+0.7 3.50+0.6
9j 10.67+1.2 | 10.70%1.0 13.4820.6 17.78+0.5 10.19+0.8
9k >50 >50 >50 29.61+1.3 >50
5-FU' 1.44+0.3 3.47+0.9 3.61+0.5 nd nd

#50% inhibitory concentration and mean + SD of ¢hirdividual experiments performed in
triplicate; "prostate cancefiung cancerglioblastoma andbreast cancer cell$s-Fluoro

uracil was included as reference stand?aﬂrmbt determined.
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Figure 4. Effect of compoun®aon A549 and MDA-MB-231 cells migratiam vitro. A549
and MDA-MB-231 cells were treated wifha and artificial wounds were induced with 200
puL pipette. The edges of wound were captured imatelyi (O h), 24 and 48 h after

respective treatments. Images were captured udingra@scence microscope (Nikon).
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Figure 5. Effect of compoun®a on A549 and MDA-MB-231 cell cycle arrest. Cells wer
treated with9a and harvested after 24 h. The cells were fixed wthanol, stained with
propidium iodide and analyzed by BD-C6 accuri floygemeter. For each sample, 10,000

cells were used for sorting.
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Figure 6. Compoundainduced nuclear morphological changes of A549 amAMMB-231

cells. Images were captured by a fluorescence stoge (Nikon).
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Figure 8.Effect of compoun®a on intracellular levels of RO%) A549 and MDA-MB-231

cells were treated with different concentration®af{0.5, 1 and 2 uM) for 48 h and stained

with carboxy-DCFDA. Images were captured by a fasmence microscope (Nikor)

Quantitative estimation of ROS was carried out rilmetrically using an excitation

wavelength of 485 nm and an emission waveleng&86fnm.
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Figure 9. Annexin V- FITC/propidium iodide dual staining ags A549 cells were treated

with increased concentrations of compo@ad(0.5, 1 and 2 pM) and stained with Annexin

V-FITC and propidium iodide. 10000 cells from easample were analysed by flow-



cytometry.The percentage of cells positive for Riiym lodide and/or Annexin V-FITC is
reported inside the quadrants. Cells in the Low#rdquadrant (Q1-LL: AV-/PI-): Live cells,
lower right quadrant (Q1-LR: AV+/PI-): Early apopitocells, upper right quadrant (Q1-UR:

AV+/PI +) Late apoptotic, upper left quadrant (QL:lAV-/PI+): necrotic cells.
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C. | 7
R /\R
R=8a=9a=H R=8e=9e=2-F R=8i = 9i = 2,5-dimethoxy
R=8b=9b=4-NO, R=8f=9f=3-F R=8j =9 = 2,3-dioxole
R=8c=9c=3-NO, R=8g=9g=4-Cl R=8k = 9k = 2-trifluoromethoxy

R=8d=9d = 4-F R=8h =9h = 3,4,5-trimethoxy
Scheme 1Synthesis of dibenzodiazepinone-triazole analagdeagents and conditions: (a)
Cul, K3PQ,, ethylenegycol, 100 °C, 5 h, 50%; (BBuLi, propargylbromide, -20 °C to RT, 4

h, 72%; (c)8a-k, CuSQ-5H,0, sodium ascorbate BuOH/H,O (1:1), RT, 12 h, 61-90%.



Highlights

The anticancer applications of the readily synthesised dibenzodiazepinone-triazole
scaffold is promising

Studies with compound 9a on lung and breast cancer linesreveaed its anticancer activity
(invitro)occurred in the G2/M phase of the cell cycle

Furthermore this compound is also an effective apoptosis inducing agent

Evidence for the presence of elevated reactive oxygen species was found



