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ABSTRACT ARTICLE HISTORY
A novel series of fused acridine containing 1,2,4-triazole derivatives Received 19 October 2018
(13a-j) have been synthesized and their structures were confirmed

by "HNMR, 13CNMR and mass spectral data. Further, all these deriva- ~ KEYWORDS

tives were tested for their anticancer activity against four human  Acidine; docking and
cancer cell lines A549 (Lung), MCF7 (Breast), A375 (Melanoma) and ?nzt'ﬁ?i;ez:);mv'ty’
HT-29 (Colon). The ICs, values range of target compounds shown -

0.11 £ 0.02 to 13.8 + 0.99 uM as compared with standard drug range

0.11 + 0.02 to 0.93 £ 0.056 uM. Among them, compounds 13d, 13f,

139, 13h, 13i, and 13j were exhibited more potent activity. Docking

simulation was performed as a trial to study the mechanisms and

binding modes of these compounds towards the DNA target. The

results showed these compounds have intercalated placement in the

active sites and stable interactions similar to the co-crystallized refer-

ence ligand. Further, these compounds (13a-j) were investigated for

Drug-likeness, ADME properties and Toxicity risk assessment.

GRAPHICAL ABSTRACT
Four cancer cell lines: lung (A-549), colon (HT-29), breast (MCF-7) and melanoma (A-375)
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R; 13d =3,4,5-trimethoxy  IC5y = 1.90 £ 0.96, 0.23 +£0.02, 1.23 £0.11 and 0.11 £ 0.03 pM
R; 13f =4-chloro IC50=0.28 £0.03, 1.20+0.13, 0.39 +0.02 and 1.10 £+ 0.09 pM
R; 13h = 4-trifluoromethyl  JC.) = 1.45+0.18, 0.17 +0.01, 1.67 +0.12 and 2.54 + 0.19 pM
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Introduction

Cancer, which is mostly caused by a mutation of normal cell, has become the disease
mostly urgent to be solved because of its high mortality. Novel effective anticancer
drugs with a fewer side effects are urgently needed to be developed. As a large percent-
age of chemotherapeutic drugs currently used in cancer therapeutics are DNA-binding
and/or DNA-modifying agents, such as cisplatin, topotecan, adriamycin, et al.'"! As can-
cer cells express high level of topoisomerase activity and show remarkable sensitivity to
DNA-targeted drugs, a large number of anticancer drugs targeted DNA and topoiso-
merases have been designed and synthesized in these years.!?! In spite of the side effects
caused by DNA-targeted compounds and topoisomerase inhibitors, it is still recognized
as the main choice to prolong the patents’ life. Therefore, the search for novel DNA-
binding agents and topoisomerase inhibitors remain a major role in the fight
against cancer.

The synthesis of acridine and analogs has attracted considerable attention from
organic and medicinal chemists for many years. Further literature survey revealed that
various N-substituted containing acridine is a fused polycyclic heteroaromatic com-
pound and has a main scaffold in natural acridine alkaloids,"®’ which was possessed a
wide range of biological activities such as antitumor,'*>! DNA Topoisomerase—I/II,[6’7]
antimicrobial,’®  fungicidal,'’”')  antiparasitic,!'"!  antiviral,'*!  anti-alzheimer.!"?!
Furthermore, the pyrido-thiazolo-acridine series with potent anticancer properties!'*!*!
of natural alkaloids have suggested that thiazolo-acridine derivatives could be of great
interest. The FDA approved anticancer drug Amsacrine (1a, Fig. 1), was a known acrid-
ine derivative and was used for treatment of acute leukemia.

On the other hand, the chemistry involving triazoles has a significant role due to
their medicinal and industrial properties as drugs and intermediates respectively in vari-
ous areas. In that way of aspect, 1,2,4-triazoles are evident for possessing various appli-
cations like agricultural, industrial and biological activities.'® Triazoles are known as
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Figure 1. Biologically active acridine and 1,2,4-triazole anticancer drugs.
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] [18,19] 20,21]

antimicrobial, antidepressant,!’”! anticancer, anti-inflammatory,! antimalar-
ial’*?! agents. Examples of anticancer drugs with different medicinal important contain-
ing 1,2,4-triazoles are shown in Figure 1.

Based on the above literature survey, we designed newly synthesized fused acridine
containing 1,2,4-triazole derivatives and explored for their in vitro anticancer profile
against a panel of the selected human cancer cell in lines and also correlated with dock-
ing studies. In addition, structure-activity relationship (SAR) studies, ADME and risk of
toxicity screening properties were evaluated.

Results and discussion
Chemistry

The synthesis of fused acridine containing 1,2,4-triazole derivatives (13a-j) was shown
in (Scheme 1). Accordingly, Compound 3 was coupled with benzo[d]thiazol-6-amine 4
in the presence of Cu,O and K,CO; by using amyl alcohol at 135-140 °C for 12 hours
to give compound 5 in 77% yield. Then the resulting compound 5 was subjected to cyc-
lization using POClI; at 150 °C for 3 hours to obtain 10-chlorothiazolo[4,5-b]acridine 6
in 81% yield, which was then subjected to Suzuki coupling reaction with 4-hydroxy-
phenyl boronic acid 7 in the presence of Pd(PPh;),, K,CO; in dry THF at 70 °C for 6
hours to afford 4-(thiazolo[4,5-b]acridin-10-yl)phenol 8 in 80% yield. Later, The com-
pound 8 was treated with ethyl 2-chloroacetate 9 in the presence of K,CO; in dry acet-
one at 60 °C for 6 hours to afford ester compound 10 in 86% yield. The resulting ester
intermediate 10 was then converted to acid hydrazide 11 using hydrazine hydrate in
ethanol under reflux conditions for 6 hours to produce acid hydrazide compound 11 in
86% yield.

Finally, compound 11 was cyclized with various substituted aromatic aldehydes (12a-j)
by using ammonium acetate and acetic acid at room temperature for 24 hours to afford
compounds (13a-j) in 56-85% yields.

Biological evaluation
Anticancer activity

The anticancer activity of the target compounds (13a-j) were evaluated against four dif-
ferent human cancer cell lines such as A549 (Lung), MCF7 (Breast), A375 (Melanoma)
and HT-29 (Colon) were assessed utilizing an MTT assay. Here combretastatin-A4 used
as reference anticancer drug and the results were expressed in terms of ICs, values sum-
marized in Table 1. Most of the compounds showed moderate to excellent activity
against all the tested cancer cell lines as compared with the standard. Among them,
compounds 13d, 13f, 13 g, 13h, 13i, and 13j were exhibited more potent anticancer
activity. In general, the highest activity showed by compounds 13f, 13d, and 13h were
the most active and effective against four cell lines, in which compounds 13f (IC5, =
0.28 + 0.03, 1.20 + 0.13, 0.39 £ 0.02 and 1.10 £ 0.09 uM), 13d (IC5o = 1.90 + 0.96, 0.23
+ 0.02, 1.23 £ 0.11 and 0.11 + 0.03 uM) and 13h (IC5, = 1.45 + 0.18, 0.17 £ 0.01, 1.67
+ 0.12, and 2.54 + 0.19 pM) for A549 (Lung), MCF7 (Breast), A375 (Melanoma) and

+
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Scheme 1. Synthesis of fused acridine containing 1,2,4-triazole derivatives.

HT-29 (Colon) respectively. The next better activity showed by compounds 13i, 13g
and 13j against three cancer cell lines, in which compounds 13i (IC5, = 0.19 + 0.02,
0.98 + 0.08, and 2.34 + 0.21 pM), 13g (IC5, = 1.36 + 0.24, 0.52 * 0.04, and 2.66 + 0.23
uM) for A549 (Lung), MCF7 (Breast), HT-29 (Colon) and 13j (ICsq = 0.87 + 0.06, 1.44
+ 0.12, and 1.78 + 0.14 pM) for A549 (Lung), MCF7 (Breast), and A375 (Melanoma)
respectively. Interestingly the highest activity compounds 13f, 13d and 13h as compared
with reference drug by cell wise showing top highest activity compounds such as lung
for 13i (ICs59 = 0.19 £ 0.02 uM), breast for 13h (IC5, = 0.17 + 0.01 pM) and melanoma
for 13f and 13d (IC5y = 1.10 + 0.09 and 0.11 + 0.03 pM), respectively.
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Table 1. In vitro anticancer activities of compounds (13a-j) against various cancer cell lines.

Compound R A549 MCF-7 A375 HT-29
13a H 3.78 £ 0.25 2.88 £ 0.21 - 745 £ 0.76
13b 4-methyl 12.3 + 0.98 6.39 £ 0.54 - -

13c 4-methoxy 13.8 £ 0.99 213 £ 0.26 4.89 = 0.39 104 = 0.94
13d 3,4,5-trimethoxy 1.90 + 0.96 0.23 + 0.02 1.23 £ 0.11 0.11 + 0.03
13e 4-bromo 2.88 £ 0.15 3.54 £ 033 - 2.10 £ 0.19
13f 4-chloro 0.28 £ 0.03 1.20 £ 0.13 0.39 £ 0.02 1.10 = 0.09
139 4-fluro 136 = 0.24 0.52 £ 0.04 9.78 £ 0.74 2.66 + 0.23
13h 4-trifluoromethyl 145 £ 0.18 0.17 = 0.01 1.67 £ 0.12 254 £0.19
13i 4-nitro 0.19 £+ 0.02 0.98 + 0.08 - 2.34 £ 0.21
13j 4-cyano 0.87 £+ 0.06 1.44 = 0.12 1.78 = 0.14 5.78 £ 0.46
Combretastatin-A4 0.11 £ 0.02 0.18 £ 0.01 0.21 £ 0.02 0.93 £+ 0.05
The anticancer activities of the compounds determined by using the MTT assay. The results were expressed as the (ICso

uM). “="= Not active.

Values are mean + SEM.

Based on the results of anticancer activity of the tested compounds, the structure-
activity relationship (SAR) can be summarized which indicate that the change of sub-
stituent affects anticancer activity. Introduction of electron-donating groups such as
3,4,5-trimethoxy 13d in di-meta and para positions of the phenyl ring results in a sig-
nificant increased anticancer activity against four cell lines. Next, decreases these
methoxy groups at phenyl ring and to the only para position 4-methoxy 13c results
shown decreased anticancer activity as compared with compound 13d. Additional, the
introduction of the methyl group at para-position of the phenyl ring 13b resulted in a
decrease of the anticancer activity as compared with 13c and 13d respectively.
Furthermore, a dramatic increase in activity was observed by compounds 13e-j, in
which para position is introduced by electron withdrawing groups at the phenyl ring
compound of 13a. In the halogen withdrawing series 13e-g, results show that 4-chloro
13f at the para position of phenyl ring displayed most potent anticancer activity against
four cell lines and as compared with 4-fluoro 13g lost one cell line and 4-bromo 13e
lost three cell lines. After that, compounds 13h-j introduced strong electron withdraw-
ing groups, it is an interesting point to note that all three compounds shown good
activity, in which phenyl group at para position 4-trifluoromethyl 13h shown highest
activity against four cell lines. Compounds with 4-cyano 13j and 4-nitro 13i also shown
good promising activity as compared with compound 13h. In particular, compounds
with strong donating 13d and strong with-drawing substitutions 13f-j at the phenyl
were found to be the most active compound of the series. In summary, the information
of SAR provided us a guideline to improve the anticancer activity in the future struc-
tural modification.

Computational analysis
Molecular docking studies

Docking studies were performed using Autodock Vina to investigate the synthesized
compounds for binding affinity with DNA. The DNA was downloaded from protein
data bank using PDB ID: 1DSC octamer duplex complexed with Actinomycin D. Ten
different ligands 13a-j was used for the docking studies for DNA intercalation. Energy
minimization for all compounds were carried out using UCSF Chimera. The initial
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Table 2. Binding energy (kcal/mole) of acridine-1,2,4-triazole and their interactions with DNA.

Binding energy Interactions No of

S.No Ligand (kcal/mole) (DNA-ligand) hydrogen bonds Bond-length

1 13a —6.3 DA3, DG4, DC5, 01 2.00
DT14, DC13

2 13b -7 DA11, DC13, 01 3.05

3 13c —6.8 DC5, DC13, DA 02 244, 3.03

4 13d —6.7 DA3, DA11, 02 266, 3.23
DG12, DT15

5 13e —7.1 DA3, DT6, DA11, - -
DG12, DC13, DT15,

6 13f —71 DT6, DA3, DT15, 01 3.05
DA11, DG12, DT15

7 13g —7.1 DA3, DC5, DC13, 02 278, 3.05
DT6, DAT1,
DG12, DT15,

8 13h —74 DA3, DG4, DC5, 01 1.80
DT6, DG12,
DC13, DT14

9 13i —7.2 DA3, DC5, DT6, 02 214,273
DA11, DC13, DT15

10 13j —74 DA3, DG4, DC5, 01 2.89
DA11, DG12, DC13,
DT14, DT15

1 Actinomycin D -36 DT6, DT7, DC8, 03 1.80, 2.60, 2.66
DA11, DG12

DNA  duplex  selected for docking was  octodecamer  5-D(*GP*AP
*AP*GP*CP*TP*TP*C)-3’ (PDB ID: 1DSC). Docking results are presented in Table 2.

Detailed view of the acridine part of compound 13j and 13h in docked conformation
is shown in Figure 2.

The crystal ligand was removed and sequence of DNA was used for the docking
experiments. The model was selected which show the best fit with least RMSD value.
The interaction energies between DNA fragment and different compounds were esti-
mated by using the docking experiment. The binding energy values in kcal/mol of the
docked structure were reported in Table 2. The calculated binding free energy values of
all the ligands were ranges from -6.3 to -7.4 kcal/mol and are comparable with the
crystal ligand Actinomycin D -3.6 kcal/mol. From the results, it has been observed that
13j and 13h have shown effective binding energy than the other ligands. The binding
energy for the 13j and 13h was found to be -7.4 kcal/mol and 13i is -7.2 kcal/mol. The
13j exhibited the best value and from the (Fig. 3) indicated that acridine moiety could
influence the interaction with DNA and have shown interaction with nucleotides DA3,
DG4, DC5, DA11, DGI12, DC13, DT14, DT15 and these could have played a key role in
the binding site of DNA. Moreover, the derivatives 13a, 13b, 13c¢ and 13d formed
hydrogen bonds with the 1,2,4-triazole ring. The compounds 13f-j have shown the best
value of binding energy by forming the interaction of acridine with DNA than the com-
pounds have weak binding energy by the interaction of 1,2,4-triazole with DNA.

Drug-likeness and ADME properties

Bioavailability of acridine containing 1,2,4-triazole derivatives (13a-j) was accessed
through ADME (Adsorption, Distribution, Metabolism, and Excretion) using
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Figure 3. Docking Interactions of 13j, 13h and 13i with DNA (1DSC).

molinspiration. In order to explore drug-like properties of compounds (13a-l), the lipo-
philicity, expressed as the octanol/water partition coefficient and here it is called logP(o/
w), as well as other theoretical calculations such as molecular size, the number of
hydrogen bond acceptors and donors, TPSA and % ABS: Percentage of absorption as
shown in Table 3.

The violation of more than one of these rules may indicate problems in the bioavail-
ability of the potential drugs. The results showed that most of the compounds complied
with Lipinski’s rule (Table 3), with exception slightly higher values were observed in
TPSA ad also a spectra wereslightly molecular size more than 500. Finally summarizing
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Table 3. ADME properties.
Compound rule logP(o/w) <5 MW <500 TPSA <140 HBA <10 HBD <5 nRotB <10 Volume

13a 7.21 485 104 6 1 5 4151

13b 7.35 499 104.8 6 1 5 431.66
13¢ 7.26 515 114 7 1 6 440.65
13d 6.84 575 132.5 9 1 8 491.74
13e 8.02 563 104.8 6 1 5 432.18
13f 7.88 519 104.8 6 1 5 428.64
139 7.37 503 104.8 6 1 5 420.03
13h 8.1 553 104.8 6 1 6 446.05
13i 7.7 530 150.6 9 1 6 438.44
13j 6.96 510 128.6 7 1 5 431.96

Table 4. Toxicity risk assessment of compounds (13a-j).

Compound cLogP  Solubility Drug likeness Drugscore Mutagenic Tumorigenic Irritant  Reproductive effect

13a 5.56 —7.86 2.83 0.17 Medium Medium No No
13b 59 —8.2 0.93 0.14 Medium Medium No No
13¢ 5.49 —7.87 2.39 0.16 Medium Medium No No
13d 5.35 —7.91 5.83 0.15 Medium Medium No No
13e 6.28 —8.69 0.4 0.11 Medium Medium No No
13f 6.16 —8.59 3.21 0.14 Medium Medium No No
139 5.66 -8.17 1.48 0.15 Medium Medium No No
13h 6.4 —8.63 —5.03 0.07 Medium Medium No No
13i 4.63 —8.32 —7.89 0.09 Medium Medium No No
13j 5.39 —8.63 —6.16 0.08 Medium Medium No No

the physicochemical properties of acridine analogs (13a-j), we could conclude that
almost they obey the rule-of-five and meet the criteria.

Toxicity risk assessment screening

The toxic properties such as mutagenic, tumorigenic, irritant and reproductive effects
were screened for the acridine analogs (13a-j) using Molinsperation server. The server
is inbuilt with list of about 5300 distinct substructure fragments created by 15,000 com-
mercially available fragments with reported drug score and drug likeness. Drug score
associate with clogP, drug likeness and toxicity risks as a total value may be used to
judge the overall potential to qualify it as a drug. The toxicity screening of all com-
pounds (13a-j) showed that no risk of mutagenic, tumorigenic, irritant and reproductive
toxicity (Table 4).

Experimental

All chemicals and reagents were obtained from Aldrich (Sigma-Aldrich, St. Louis, MO,
USA), Lancaster (Alfa Aesar, Johnson Matthey Company, Ward Hill, MA, USA) and
were used without further purification. Reactions were monitored by TLC, performed
on silica gel glass plates containing 60F-254, and visualization on TLC was achieved by
UV light or iodine indicator. '"H and 13C NMR spectra were recorded on Gemini
Varian-VXR-unity (300 MHz) instrument. Chemical shifts (5) are reported in ppm
downfield from internal TMS standard. ESI spectra were recorded on Micro mass,
Quattro LC using ESI + software with capillary voltage 3.98 kV and ESI mode positive
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ion trap detector. Melting points were determined with an electrothermal melting point
apparatus, and are uncorrected.

General procedure for the synthesis of compounds (13a-j). All the reactions (13a-j)
were performed by 500 mg scale. Compound (11) (1.25 mmol) in acetic acid (20 mL), a
pinch of ammonium acetate (1.25 mmol) was added followed by the addition of differ-
ent substituted benzaldehydes (12a-j) (1.25 mmol). The mixture was stirred at room
temperature for 24 hours. After completion of the reaction as monitored by TLC, the
reaction mixture was neutralization with aqueous NaHCOj solution to gave solid, which
was filtered and/or recrystallized from ethanol to afford pure compounds (13a-j).

10-(4-((5-Phenyl-4H-1,2,4-triazol-3-yl)methoxy)phenyl)thiazolo[4,5-b]acridine (13a).
The general procedure 13a-j was followed for the synthesis of 13a, 326.4 mg with 56%
yield. Mp: 358-360 °C; IR (KBr): 3266, 3039, 3022, 1514, 1435, 1262, 1033; '"H NMR
(300 MHz, DMSO-d,): & 5.12 (s, 2H), 6.93 (d, 2 H, J = 8.16 Hz), 7.57-7.68 (m, 6H),
771 (t, 1H, ] = 7.5 Hz), 8.23-8.34 (m, 3H), 8.39 (s, 1H), 8.42 (d, 1H, J = 8.20 Hz),
8.49 (d, 2H, J = 8.09 Hz), 8.54 (s, 1H); 13C NMR (75 MHz, DMSO-d): é 67.4, 117.5,
120.6, 126.4, 127.3, 127.6, 128.3, 128.9, 130.4, 130.7, 132.4, 132.8, 133.5, 135.2, 139.5,
140.4, 142.3, 143.7, 146.4, 149.6, 149.7, 151.3, 157.5, 159.6, 162.8; HRMS (ESI): m/z cal-
culated for C,oH,;oNsONaS [M + Na] ™ 508.1208, found 508.1213.

Biological evaluation
MTT assay

The cytotoxic activity of the compounds was determined using MTT assay, 1 x 10*
cells/well were seeded in 200 mL DMEM, supplemented with 10% FBS in each well of
96-well microculture plates and incubated for 24 hours at 37 °C in a CO, incubator.
Compounds, diluted to the desired concentrations in culture medium, were added to
the wells with respective vehicle control. After 48 hours of incubation, 10 mL MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) (5 mg/mL) was added to
each well and the plates were further incubated for 4 hours. Then the supernatant from
each well was carefully removed, formazon crystals were dissolved in 100 mL of DMSO
and absorbance at 540 nm wavelength was recorded.

Molecular docking

2D Structure of molecules were built on chemdraw and saved as mol2 format and these
were converted into 3 D structures with open babel in .pdb. The structures were opti-
mized with MM2 force field and refined using Chimera. The ligands were geometry
optimized and Gasteiger partial atomic charges were added. Molecular docking was car-
ried out for ligands into DNA using Autodock (v 4.2). DNA (1DSC) obtained from
PDB data bank [www.rcsb.org], the crude structure of DNA was cleaned by using
Discover studio visualizer and removed water molecules, other ligands are refined by
competing the incomplete residues, then add hydrogen’s and optimized up to the RMS
gradient 0.01. The optimized protein was saved as pdb file, which is further used for
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molecular docking studies. The grid box was set in dimensions of 60 x 60 x 60 and
spacing of 0.375 A°. Docking runs were carried out using LGA with population set to
150. Each experiment was set to following parameters viz as energy evaluations 2.5 X
10°, mutation 0.02, and other are set to default. Ten docking runs were performed. At
the end of the docking process, minimum energy of interaction between the ligand and
DNA was obtained.”?! The results of the docking scores for each ligand are shown in
Table 2 (refer in the supplementary material).

Conclusions

In conclusion, a series of fused acridine containing 1,2,4-triazole derivatives 13a-j were
synthesized and evaluated for their in vitro anticancer activity. Among the series, com-
pound 13d, 13f and 13h with 3,4,5-trimethoxy, 4-chloro, and 4-trifluoromethyl group
at the para position of the phenyl ring exhibited the most potent anticancer activity
against four cancer cell lines. The mechanism of such derivatives in inhibition of cancer
activity was investigated through the docking studies revealed with selectivity tendency
for the compounds 13h and 13j have shown highest binding energy and in addition the
reaming activity compounds have shown good binding energy scores. Overall, the cur-
rent studies demonstrate that the acridine linked triazole hybrids have the potential to
be developed as lead and their further structural modifications may generate promising
new anticancer agents in cancer therapy.
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