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INTRODUCTION

Despite many therapeutic successes, cancer is a major worldwide public health problem and the
leading cause of human mortality exceeded only by cardiovascular diseases. In 2015, there are
estimated 16,58,370 new cancer cases diagnosed worldwide and about 5,89,430 cancer deaths
are reported in the United State. This supplemental data set provides the estimated numbers of
new cancer cases and deaths in 2015 by state for 21 cancer sites and by age group for the major
sites (lung, breast, colorectum, and prostate)." More recently, components of the mitotic
machinery have been targeted in an attempt to develop novel anticancer agents® that are used to
control the growth of cancerous cells. Development of new anticancer drugs and more effective
treatment strategies for cancers are of utmost importance as traditionally prescribed
chemotherapeutic agents have problems with toxicity and drug resistance. In recent years, great
advances in elucidating molecular structures have allowed precise determination of the
interaction between proteins and therapeutic agents. ldentifying the exact nature of interaction
for a drug is the key to control its specificity and reducing side effects.® Detailed structural
information are employed to design molecules that bind to specific targets, and many of these
efforts are aimed at enzymes. Enzyme inhibitors have been used as therapeutic agents by
interacting with targets through the weak linkage of hydrogen bonding and van der Waals
contact that result in side effects due to the shorter residency time of the drug at the target,
allowing more nonspecific interactions with non-target molecules. Nitrogen-containing
heterocycles are present in a wide variety of bioactive natural products and biological molecules
that acts as good drug candidates. Specifically, triazine, pyrrolopyridine, quinazolinone,
pyrazolopyrimidine and benzimidazole, and their derivatives, which belong to nitrogen-
containing heterocyclic compounds, caused universal concerns due to their widely and distinct
pharmaceutical activities.

Triazine moiety has been matured into indispensable heterocyclic scaffold that make it one of
the extensively studied heterocycle with wide range of biological activities* like anticancer,’
antimalarial,® antiprotozoal,” antiviral,® antimicrobial,” antitubercular, antiulcer, anti-
inflammatory etc. Some of triazine derivatives available in the market are shown in Figure 1.
These diverse properties of triazine derivatives have prompted us to synthesize new molecules in

order to study their different biological activities.
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Figure 1. Biologically active moieties containing the 1,3,5-triazine core unit.

Fused heterocyclic compounds containing sulphur, nitrogen or oxygen atom(s) in the core
structure shows number of pharmacologically and biologically activity by themselves or are
essential components of very important naturally occurring substances (i.e., nucleic acids,
proteins). Fused rings such as pyrazolopyrimidine®® (1), pyrrolopyridine'* (2), quinazolinone®
3), purine’®  (4), azapurine” (5), thiazolopyrimidine®™ (6), pyrimidopyrimidine,
pyrazolopyridine etc. (Figure 2) have high impact in the field of pharmaceutical sciences like
antimalarial, anticancer, analgesic, antiinflammatory, antiviral, antimicrobial, antileishmanial and
inhibitors of CDK2, EGFR, DHFR and PI3 kinase-A. With their wide range of pharmacological
applications, these fused heterocycles have attracted the attention of numerous researchers over

many years.
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Figure 2. Biologically active compounds containing fused heterocyclic unit.

Moreover, number of important compounds containing benzimidazole nucleus are also used in

different therapeutic areas such as proton pump inhibitors (omeprazole), antihypertensives'®

2



(candesartan), antihistaminics (astemizole), antihelmintics’’ (albendazole), as well as several
other kinds of still investigational therapeutic agents, including antitumors®® and antivirals.'
Benzimidazole is usually attributed to their selective binding to parasite B-tubulin and DNA
minor groove, serotonin receptors (5-HT), histamine (H4) receptors, dopamine (D4) receptors,?
and act as inhibitors of TCS (7), PARP-1 (8),! NK2 antagonist (9)? that inhibit a large array of
DNA and RNA processing enzymes, such as Topoisomerase 1 (10),>> DNA and RNA
polymerase (11)** and DNA intercalating agent (12)% (Figure 3).

NH,
t HoN.__O \ g
& :
H

10 12
11

Figure 3. Biologically active compounds containing benzimidazole moiety.

The strategy of using substituted heterocyclic moieties, benzimidazole linked to triazine
derivatives or other fused heterocycles are particularly attractive as it is expected to provide a
scope of preparing more interactions with the target site and thus, further affect the activity. In
the quest for biologically potent agents, we have designed and synthesized a new series of
triazine and fused heterocyclic molecules and evaluated in vitro as human cancer cell lines and
dihydrofolate reductase kinase inhibitors as anticancer agents. These compounds were further
studied for their interaction with DNA and bovine serum albumin. The role of different structural
fragments in affecting the properties of the drug has also been studied on the basis of structure-
activity relationship (SAR). The present work in this dissertation has been divided into following
parts:

Chapter 1: Review of Literature
Chapter 2: Triazine-benzimidazole analogues

Chapter 3: Fused heterocyclic moieties linked benzimidazoles



CHAPTER-1
REVIEW OF LITERATURE

Design, synthesis and evaluation of molecules with some human therapeutic values remain one
of the main objectives of organic and medicinal chemistry. Synthesis of triazine and fused
heterocyclic motieties has attracted increasing interest because of their utility for various
biological receptors with high degree of binding affinity. In the pharmaceutical industry, over
75% of the top two hundred branded drugs have heterocyclic fragments in their structures.
Nitrogen containing heterocyclic motif is ‘Master Key,” as acting at different targets to elicit

varied pharmacological properties by inhibiting the action of an inducible membrane protein.
1.1. BIOLOGICAL ACTIVITY OF TRIAZINE BASED MOLECULES

Owing to immense synthetic importance and varied bioactivities exhibited by triazine
derivatives, efforts have been made from time to time to generate libraries of these compounds
due to its specific structure and electronic properties that offer access to useful molecules.

Smith et. al.?® has been designed and synthesized a highly selective series of inhibitors of the
class | phosphatidylinositol 3-kinases (P13Ks) that starts from the dual PI3K/mTOR inhibitor 1.
A structure-based approach was used to improve potency and selectivity, resulting in the
identification of compound 2 by the replacement of benzimidazole with pyridyl moiety and
introduction of methylsulphonylpiperazine group at 5-position of pyridine ring,%’ as a potent
inhibitor of the class | PI3Ks with excellent selectivity over mechanistic target of rapamycin
(mTOR). Replacement of phenyl with pyridyl ring at 2-position of pyridyl moiety of triazine ring
3 showed potent, selective, and efficacious activities in both the biochemical and cellular assays.
To pursue a hybrid strategy for second generation potent pan class | PI3K/mTOR inhibitors was
exemplified by generic structure 5 that address the shortcomings of compound 3 that improved
solubility over compound 4.”® The chloropyridyl sulfonamide affinity pocket moiety of 4 has
been replaced with 2-methoxypyridyl group of 3 to give a pan class | PI3K inhibitor 5 with a
moderate (>10-fold) selectivity over the mammalian target of rapamycin.?®
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2-(Difluoromethyl)-1-[4,6-di-(4-morpholinyl)-1,3,5-triazin-2-yl]-1H-benzimidazole®
(ZSTK474), 6a is a potent ATP competitive pan class | PI3K inhibitor. Replacement of both
morpholines in (6a) with 2,6-bridged morpholines (6b) led to 19-fold increase in mTOR
selectivity due to the deeper binding pocket in mTOR relative to PI3K. Substitution at 4 and 6
positions of the benzimidazole ring with 6-amino-4-methoxy analogue 7a displayed greater than

1000-fold potency enhancement over the corresponding 6-aza-4-methoxy analogue 7b.**
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Peterson et. al.** aimed at developing ATP-competitive mTOR inhibitors by transposing
benzimidazole nitrogen (8) to provide imidazopyridine (9) that maintained the broader planarity
between the triazine hinge-binder and the imidazopyridine ring which was essential for good
potency. A series of tetrahydro-f-carbolines and s-triazine hybrids were evaluated for their
cytotoxicity against human cancer cell lines and normal human fibroblasts (NIH3T3) that led to
discovery of racemic compounds (10a-c) which has shown selectivity in cytotoxicity towards

oral cancer cell line; while their enantio pure 10d, trans forms are less active and non-selective.*®



Compound 10d showed 2.5 times more selectivity towards MCF7 cells over normal fibroblast

NIH3T3 cells.

10a DL, Trans; R = 4-methyl;, R; = N-methylpiperazine
10b DL, Trans; R = 4-methyl; R, = propylamine
10c DL, Trans; R = 4-methoxy; R1 = propylamine
10d L, Trans; R = 4-methoxy; R; = N-methylpiperazine

Venkatesan and co-workers**® have been reported a series of morpholino triazine
derivatives bearing 3-oxa-8-azabicyclo[3.2.1]octane as potent dual PI3BK/mTOR inhibitors.
Morpholine in 11 was kept, as it formed a pivotal hinge region hydrogen bond interaction with
Val851 and also urea appendage involved in vital hydrogen bond interactions with PI3Ka in the
solvent exposed region. Replacement of one of the bis-morpholines in lead compound 11 (PKI-
587) resulted in compound 12, as an orally efficacious dual P13-kinase/mTOR inhibitor.
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Saczewski et. al.*® has been synthesized novel 2-amino-4-(3,5,5-trimethyl-2-pyrazolino)-

1,3,5-triazine derivatives that caused considerable growth inhibition on distinct tumor cell lines.

[N
[
I
I

Compound 14 with 5-nitrothienyl substituent is proved to be superior to 6-bromomethyl
derivative (13) but elimination of the nitro group (15) yielded compound with no anticancer
activity. A new series of aromatic benzenesulfonamides incorporating with compact moieties at
the triazine (16), such as amino, hydrazino, ethylamino, dimethylamino or amino acyl groups,
showed more activity but incorporation of bulky groups viz., n-propyl, n-butyl,
diethylaminoethyl, piperazinylethyl, pyridoxal amine or phenoxy have been shown less

effectiveness towards physiologically relevant carbonic anhydrase isozymes.



Raeppel et. al.>" has been diversified new therapeutic agents (s-triazin-2-ylamino)methyl]-N-
(2-aminophenyl)benzamides (17) brought about to an increase in potency against HDAC1 with

concomitant increase in anti-proliferative activity.
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Saczewski et. al.*® has been evaluated triazine derivatives of iminoacetonitriles bearing (4-
phenylpiperazin-1-yl) substituent (18a) at 6-position of triazine ring, exhibited remarkable
activity and selectivity for melanoma MALME-3M cell line. Substitution of the phenyl ring with
either 4-nitro (18b) or 3-chloro (18c) resulted in reduction in activity. Symmetrical trisubstituted
triazine hydrazones 19a and 19b bearing fluoro and chloro substituents respectively exhibited
broad spectrum of antitumor activity against the human liver carcinoma cell line HepG2 with %
inhibition of 4.32 and 6.41, while in case of human cervix carcinoma cell line HeLa, compounds
19c and 19d bearing nitro and methoxy substituents showed % inhibition of 8.36 and 9.37
respectively.®
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Supuran et. al.*’ has revealed that the slow cytosolic isoform hCA | was moderately inhibited
by triazinyl-substituted benzenesulfonamide compounds 20-22, while difluoro- and methylamino
derivatives of sulfanilamide (20a and 22) indicated the best hCA 1 inhibitors than its longer
congener difluoro derivative of 21a, 2.3-fold less effective. The secreted isoform hCA VI was
poorly inhibited by 20 and better inhibited by compounds 20, 21(a-c) and 22. Compounds

possessing a longer spacer between the triazine and benzenesulfonamide rings (n = 2), such as

7



20c and 21(a-c) were more effective inhibitors compared to the sulfanilamide derivatives (n = 0).
Best hCA XIV inhibitor of this series was difluorotriazine derivative of 4-

aminoethylbenzenesulfonamide 21a.

Me.
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20b R = NHCH,CH,OH 21b R = NHCH,COOMe
20c R = NHCH3 21c R = NHCH,COOH

Seo and co-workers** have been attempted to discover and screen the antiproliferative
activities of triazine (23a-c, 24a-c and 25a-b) against gefitinib-resistant H1975 cells. Compound
23a was the most effectively inhibited cell proliferation among other triazine compounds and
most compounds 23(a,c), 24(a-c) and 25a,b blocked cell proliferation in a dose-dependent
manner with modest efficacies in cell proliferative assay. The expression level of Her2 was
substantially decreased upon the treatment of cells with 25b at a concentration of 50 uM, while
the incubation with 100 uM of compound 25b almost completely depleted Her2 protein and
significantly degraded Met and Akt. Thus, by introducing benzyloxy, phenylamino and phenoxy
groups at the hydrophobic moiety of 2,6-dimethylbenzyloxy group at 6-position of 2-amino-4-
chloro-1,3,5-triazine led to significant improvement in the potency. 2-Amino-4-chloro-1,3,5-
triazine moiety of 25b bound to the hydrophilic pocket of Hsp90 through hydrogen bonding
while 2,6- dimethylphenyl moiety of 25b reached the hydrophobic region of Hsp90 for van der

Waals interactions with antiproliferative activity against H1975.

cl cl Cl
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0”7 N7 NH, 2 Nl H,N” N7 0
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Ry 23 24 25 3
Rs 23aR;=Rz=H R, = OMe gizglig?-i:RH—H 25aR; =R3=H R, = OMe
23b R; =R, = CH,OCH, Ry =H 1= 2= 25b Ry =R3=Me R, = H

23c Ry =R, = Ry = OMe 24cR;=H Ry=Cl

Suda et. al.** described 2-amino-1,3,5-triazines bearing a tricyclic moiety as heat shock
protein 90 (Hsp90) inhibitors having strong anti-proliferative activity against human cancer cell
lines (HCT116). The transformation of methyl group on the sulfur atom to other substituent’s
improved the affinity while retaining the tricyclic moiety. Introducing hydrogen bond acceptors
like acetylamino (26a) and mesylamino (26b) increased affinity to Hsp90 by 4- to 8-fold in

comparison with that of compound 27a. Introduction of the acetylamino group 27b to compound
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26a decreased affinity by 10-fold while methyl group (27c) slightly improved affinity and chiral
methyl group (27d) showed almost the same activity as racemate (27c¢). These data suggested
hydrophobic substituents are favorable on a methylene carbon, but introducing the geminal
dimethyl group (27e) as a hydrophobic substituent caused a significant decrease in affinity.
Among these, 27f showed strong in vitro cell growth inhibition against human cancer cell lines
HCT116.

(0]

NH2 NH _ /\)L
By )\2 27aR= Me 2idR= /7 7 NHp
= ‘- O

N cl NN "o
N « L r 2mR= /\)L
O NTTSTR T 26b R=NHSO,Me O NS . N2 e r= '/>%LNH2
26¢ R = NHCONH, NHAC

‘ =
S/((\:HZ)Z 26a R = NHCOMe
o
o) O 26d R = NMe, Io) O 27c R= NH,
26 26e R = OH R NH, ./Wg

27
271fR =

Cl N

Kononowicz et. al.*®

synthesized and evaluated a series of novel triazine derivatives with
different aryl substituent’s at 6-position for histamine H4 receptor (H4R) affinity in Sf9 cells.
Substitution of chlorine in the para position (29a) of phenyl ring was the most potent due to
highest affinity with hH4R. By changing substituent position from para to meta (29b) and to
ortho (29c), affinity has drastically reduced. Change of chlorine, in the para-position for
different substituent’s like fluoro, bromo, iodo led to decrease in potency while unsubstituted
analogue (28) had higher affinity. Two fluorine substituent’s at 2- and 6-positions (29d) were
less beneficial than two (29e) or three atoms (29f) at 3,5- and 3,4,5-positions respectively.
Westwel and co-workers* has been synthesized 4-amino-N-phenyl-6-(arylamino)-1,3,5-
triazin-2-carbohydrazides (30) and 4-amino-N-benzyl-6-(arylamino)-1,3,5-triazin-2-
carboxamides (31) as anticancer agents in Rad6B expressing human cancer cell lines MDA-MB-
231 and MCF-7. Compounds 31a, 31b and 31d were found to be essentially inactive in the
MDA-MB-231 cell line but 31a and 31b were inactive in MCF-7 cells. In contrast, compound
31c was found to be the most active compound tested against the MCF-7 cell line with 1Cs, value

of 1.97 uM, with moderate activity against MDAMB-231 with ICs, value of 32.9 uM.

Ry
= NH
| R 2aR=4cCl P& D
- Z 29b R = 3-Cl N7 N 31aR=R; =H
)N\/ N ) 29¢ R = 2-Cl OY\\N ! " HNfo 31b R=H. R, = OMe
N N©ON = 2,6Di 31cR=R; = OMe
29dR =2,6- )
NN PNEN R-20DF @\ ~NH R NN aidre _
(\N N~ >NH, 29¢ R =3 5-DiF N O I R=OMe, Ry = H
N 28 cl NS 29f R=3,4,5-TriF H N7 N7 ONH
_N ” =34, % N 2



1.2. FUSED HETEROCYCLIC BASED MOLECULES

Fused heterocyclic compounds have provided a platform for the rapid exchange of research in
the areas of organic, pharmaceutical, analytical, and medicinal chemistry. Every year large
number of drugs being introduced in pharmacopeias is fused heterocyclic based molecules to

improve the quality of life for humankind.
1.2.1. Pyrrolopyridine

Small substitution at 3-position of phenyl ring of urea (32a) like methyl, nitro or methoxy group
(32b-d) gave upto 1000-fold increase in activity by targeting the lipophilic sub pocket. Excellent
potency was maintained to both biochemical ADP-Glo and cellular assays by substitution with 6-
fluoro-3-(trifluoromethyl)phenyl ring at the urea with phenyl ring (32¢) pyridyl ring (33) at 5-
position of pyrrolopyridine.* Introduction of phenyl moiety at 6-position of pyrrolo[2,3-
b]pyridine-1-carboxamides resulted in ten-fold increase in activity (34a). Substitution of pyridine
ring with 4-fluoro or 4-methoxyphenyl groups (34b) showed good inhibitory activity against
PARP-1, whereas substitution with 2-fluorophenyl ring (34c) led to decrease in the inhibitory
activity but substitution with 4-phenyl at phenyl ring (34d) resulted in complete loss of the

enzymatic activity.*®

H
OYN*Ar o
NH N NH
O S \ _ 34a R = phenyl
X 32a Ar=Ph ‘ N N R N N 34b R = 4-fluorophenyl/4-methoxyphenyl
| N 32b 3-MePh PN )QO 34c¢ R = 2-fluorophenyl
N H 323 3—N02F’hh NTOH HoN 34d R = 4-phenylphenyl
32d 3-OMeP
32 32e 3-CF4Ph-6-F 33 34

Replacement of N-acylurea moiety in pyrrolopyridine 35a with conformationally constrained
2-pyridone, 4-pyridone, and pyridine N-oxide analogues 35(b-g) resulted in potent Met kinase
inhibitory activity.*” Compound with p-fluorophenyl (35c), in case of 2-pyridone, possessed
potent inhibitory activity against Flt-3 and VEGFR-2 kinases while replacement of the phenyl
ring with tert-butyl (35d) or cyclopropyl groups (35e), significantly reduced the kinase inhibitory
activity. The cycloalkyl ring at 4-position of 1H-pyrrolo[2,3-b]pyridine-5-carboxamide
derivatives was important for JAK3 inhibitory activity, due to the interaction with the
hydrophobic cavity of JAK3.4
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‘ A 35c¢ Ry = p-fluorophenyl 359 R =
| X % N. 35d Ry = tert-butyl | o
_ 1 35e Ry = cyclopropyl _
o Y N

o

Substitution of cycloalkyl ring with piperidine modulates lipophilicity and metabolic stability,
and polar functional groups like acetyl (36a) and mesyl (36b) at piperidine led to weak JAK3
inhibitory activity due to unfavorable for binding to JAK3 while N-benzyl piperidine analogue
36¢ exhibited 4-fold increase in JAK3 inhibitory activity as compared to N-methylpiperidine
36d. Optimization of excellent binding and cellular potencies was performed by keeping the
trifluoromethyl substituent at 4-position of N-phenyl ring in compounds 37a and 37b while small
methyl substituent led to major changes in receptor dissociation half-life with similar binding
potency (37b).*° Isoxazolol, 38b was explored by isosteric replacement of carboxylic group of
38a (VX-787), with improved potency and selectivity that depends on orientation of negative

charge against influenza A.>°
F

37aR=H
R 37b R =Me N \ NH
H,NOC \ 6aR=COCH NN
| 36b R =Ms H
SN N 36¢ R=CH,Ph
H 36d R = CH3 38a R = COOH

36 -o-N
CF3 38b R ‘/LyOH
g

Exploration of pyrrolopyridine substituted with 3-(trifluoromethyl)-1H-pyrazol-5-yl group at
5-position along with 2-chloro-6-fluorophenyl substitution at 2-position (39a), provided the best
potency and inhibiting activity of calcium influx and IL2. The potency was dropped dramatically
by introducing polar groups like tetrahydropyran (39b) or benzyl group (39c).>! Zafforoni et.
al.** synthesized and evaluated 1H-pyrrolo[2,3-b]pyridine derivatives in which the spacer is
constituted by thiazole ring between pyrrolopyridine and substituted indole for their biological
effects in experimental models of diffuse malignant peritoneal mesothelioma. Among this series,
three most active compounds 40(a-c) acted as cyclin-dependent kinase 1 inhibitors that
consistently reduced DMPM cell proliferation and induced a caspase-dependent apoptotic

response. Substitution of methyl substituent at pyrrole nitrogen in compound 40c was the most
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active compound. Fluorine substitution at 5-position of indole had no significant influence on the

biological activity whereas chlorine substitution brought about a decrease in the activity (40b).

NN/

R=
- S
% %
Fse—< N cl o N )
DR
N N ¥ N 40aR=H, R;=F R,=Me
F Lo | 40b R=Me, R;=Cl R,=Me
39 39 39b 39¢

NN 40cR=Me, Ri=R,=H

Dodd et. al.>® optimized a series of 3,5-diaryl-1H-pyrrolo[2,3-b]pyridine having hydroxy
groups (41a), showed high inhibitory potencies for inhibition of DYRKIA kinase as compared to
their methoxy analogue (41b). Substitution on aryl moieties demonstrated that 4-OH function on
C5 phenyl (42a) afforded a slight improvement in inhibitory potency as compared to 3-OH (42b)
and 2-OH (42c) derivatives. Addition of 3,4-dihydroxy group (42e) doubled the DYRK1A
inhibitory potencies with respect to the 4-OH derivative 42a. Compounds in which both aryl
rings were substituted with various patterns of mono- and/or dimethoxy groups found to be less
potent than their corresponding hydroxy derivatives while the trimethoxy derivative 43b was
considerably more active than their corresponding dimethoxy derivative (43a). The presence of
di 4-hydroxy groups was found to be essential for high activity (43c). A 2,4-dihydroxyphenyl
group at C5 led to lowering the activity (43d), while the closely related 3,4-dihydroxy analogue
(43e) displayed an even higher inhibitory potency.

Ry =H
42a R = 4-OH
R 42b R =3-OH
! 42c R=2-OH 43a R = 4-OMe, R, =4-OMe
42d R =2,4-diOH 43b R = 2,4-diOMe, R; = 4-OMe
41aR = OH 42e R = 3,4-diOH 43c R=R;=4-OH
41b R = OMe 42f R = 4-OMe 43d R = 3,4-diOH, R; = 4-OH

42g R=24-diOMe 43e R = 3,4-diOH, R1 = 3,4-diOH

1.2.2. Quinazolinone

A series of 3,5-diaryl isoxazoline and isoxazole linked 2,3-dihydro quinazolin-4-one hybrids
with different linker architectures were evaluated for their anticancer activity. Among the series,
compound 44 exhibited significant anticancer activity against human cancer cell lines and also
identified as an effective cyclin B1 inhibitor as well as CDK1 inhibitor.>* A multi-step solid

phase approach was developed for the parallel synthesis of structurally diverse
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aminobenzimidazole that is separately tethered with a variety of biologically important
heterocycles, such as quinazoline-2,4-diones (45a) and thioxoquinazolin-4-ones (45b), and tested
for IKK and TBK-1 inhibition at concentration of 10 uM. Amongst the series, benzimidazole
tethered thioxoquinazolin-4-one (45b) elicited significant inhibition to IKK2, IKKe and TBK-1

NH,

respectively, while rest of compounds showed activity less than 10%.%°
° 46aX=N,R=H

0 46b X=C,R=H
HN B \A 46¢c X=C, R=2-Cl

MeO O OMe NH R 46d X=C,R=F
O D)E ///\)D O)\ 46e X = C, R=2-Me
46f X =C,R = 4-Cl

45a X =0 469 X = C, R = 4-CH(Me),
45b X =S 46h X = C, R = 4-C(Me)3

a4

Lehtio et. al.>® identified potent tankyrase inhibitors by replacement of A-ring from 46a,
yielded 46b that is twofold more active. The ortho-chlorine substitution at the C-ring in 46¢
caused lower potency and other small substituents like fluoro (46d) and methyl (46e) in this
position did not improve the potency. The increased potency of para-chlorine (46f) was
preserved by highlighting the importance of the hydrophobic substituent at this position as
compared to the chlorine substitution at ortho-position in 46¢. Replacement of the para-chlorine
with a larger aliphatic substituent like isopropyl (46g) and tert-butyl (46h) increased the
hydrophobic interaction that caused 2-fold increase in potency. Increasing the size and
hydrophobicity of the aliphatic para-substituent from methyl, to isopropyl and to tert-butyl
enhanced the potency of the compound.

Despite the poor physico-chemical properties of hit compound 47a, Nencini et. al.>’ has
decided to modify the substituent on the piperazine ring that provided structural novelty to
scaffold with improved activity in glioblastoma, gastric and sarcoma tumors. Replacement of NH
group in compound 47a with N-methyl analogue (47b) had a comparable ICs, that suggested
hydrogen bond donor in this position is not essential for the activity. Compounds bearing N-
benzyl (47c) and N-alkyl (47d) derivatives were inactive suggesting that presence of basic
nitrogen on the piperazine ring were not tolerated for the activity, while beneficial effects on
solubility were achieved with the complete removal of the aromatic portions (47d). However,
replacement of the carbonyl group in 2-position of the quinazoline ring gave inactive compound
(48) that indicates hydrogen bond acceptor in this position was important for activity but removal

of the carbonyl at 4-position (49) did not affect potency.
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47aR =H, Rp=phenyl O
47b R =Me, Ry = phenyl
47c R=H, Ry =benzyl
~N -
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N
o)\ - )3?@ O)\N
O N H
48

N
R 47

49
Compound 50a with 6-nitro-3-allyl at quinazolinone showed very good inhibitory activity>®
but 6-nitro-3-benzyl (50b) exhibited moderate activity. Among all, 6-methyl-3-allyl and 6-
methyl-3-benzyl derivatives (50c and 50d) were very strong inhibitor of hCA 11 and VchCA
along with a medium potency inhibitors of the cytosolic isoform hCA I. Scaffold optimization of
quinazolinedione N-benzyl entity (51a), by increasing steric bulk at the 4-position of phenyl ring
by methyl (51b) to ethyl (51d) to iso-propyl (51e) resulted in improved potency. Consequently,
the 4-nitro (51c) and the 4-isopropyl (51e) groups showed the best potency to viral titer assay
efficacy and cytotoxicity profile.>® Generally, 5-HT7R selectivity and 5-HT1AR affinity for both
receptors is influenced by arylpiperazine moiety with respect to elongation of the alkyl chain
spacer and nature of the terminal amide fragment.®® Elongation of chain linker from four (52a) to
five methylene (52d), lower affinity towards both 5-HT1A and 5-HT7 receptors were observed.
The 3-chlorophenyl derivatives 52b and 52e displayed the highest affinity values for 5-HT1AR
and 5-HT7R, whereas the corresponding 4-chlorophenyl derivatives 52c¢ and 52f showed a
decrease in affinity towards both receptors. Introduction of 2-ethoxyphenyl group (52g) acted as
dual ligand that led to the highest affinity values for 5-HT7R and 5-HT1AR.
(@) Q R. i

/©/ TO(\S N50 ) /©) o1 52 52an-=a4,R =phenyl

508 R =6:NCy, Ry = CHOH=CH RS StaR=H aon 4.~ schorophen

2 R 2 2 51b R = Me 52d n =5, R = phenyl

50b R =6-NOj, Ry = CH,CgHs
50c R =6-Me, Rj= CH,CH=CH, 52en =5, R = 3-chloropheny!
52f n=5, R =4-chlorophenyl

50d R =6-Me, Rj=CH,CgHs
529 n =5, R = 2-ethoxyphenyl

H,NO,S

51c R =NO,

51d R = ethyl

51e R =isopropy!
A series of 2-(1,3,4-thiadiazolyl)thio-6-substituted-quinazolin-4-one analogues (53a-h) and

2-(1,3,4-thiadiazolyl)thio-6-substituted-quinazolin-4-one analogues (54a-g) were evaluated for in

vitro DHFR inhibition, antimicrobial, and antitumor activities.** Compounds 53d, 53g and 53h

proved to be the most active DHFR inhibitors while compounds 53a,b, 54c,d,f, 55, 56a,b were
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shown moderate activity and the rest of compounds were inactive. Compounds 53c, 53e and 53f
showed remarkable broad-spectrum antimicrobial activity against gram negative bacteria while
compounds 54c, 54e and 56a-c appeared to be selective and active against gram positive
bacteria. Compounds 53(a,f,h), 54(a,e,g) and 56a also showed broad spectrum antitumor

activities.
\@ =Me, R,=H Rs o R;=Me, Ry=H
)H/i;[ 53aR3 Me \©\ 54aRz= H @A )D/ @/\N
Rl — \ /k

, 530 Ry =OMe N)ﬁ 54b R3 = OMe S
2 53¢ Ry=Cl S/k\N R, 24¢Rg=0CeHs /k %/
53d Ry = OCgHs 2 Ry=Cl, Rz =H s

>—N Ri=Cl, R,=H s/g/ 54 54d Ry = >*N
53¢ Ry = Me =N 54e Ry= oc6|-|5 HoN 55
53f R3=Cl HoN R1 = Ry = OMe, 56a R1 Me, R,=Rg=H
53g Ry = OCgHs 54f Ry =Cl 56b R,=Cl, R,=R3=H
53h R, = R, = OMe, Ry = OCgHs 549 Ry = OCgHs 56c R; = R, = Rg = OMe

1.2.3. Pyrazolopyrimidine

A series of pyrazolo[3,4-d]pyrimidine analogues were synthesized with various amine and ester
groups at N-1 and C-4 positions for evaluation of antitumor activities. Compound 57a exhibited
good antitumor activity against human hepatoma carcinoma cells 7402 and 7221 that exerted its
cell growth inhibitory effect through partial disruption or suppressed dynamics of microtubules
or even through interactions with other cellular targets. Presence of an ester group at N1 in
compound 57a showed more active antitumor agent than acid group 57b due to increase in
lipid/water partition coefficient. Presence of aminoanilino group at 4-position in 57d enhanced
the antitumor effect in comparison to compound 57¢.%? The hERG activity of 58a may be due to
the presence of a NH, group present at 4-position of cyclohexylmethyl group. Replacement of
NH; group (58b) with a hydroxyl group (58c) decreased the activity by 6-fold. Increasing the
length of the linker between the pyrazole and the cyclohexyl methyl group (58d) also decreased
the activity whereas by decreasing the length of the linker (58e) enhanced Mer activity.®

“NHp

58aR=F, Ry = "\4 :

R R

' H 58b R = SO;NHMe, Ri= & NH;

X 57aR=C,Hs, Ry =
N‘ \N 2Hs, Ry %N‘@*NHCOCH&I 58¢ R = SO,NHMe, R; = “4—<:>“‘OH

P

NN H

O-R 57bR=H, R;= %*N‘@*NHCOCHZCI N
N S 58d R = SO;NHMe, R; =
57 5 57cR=CyHs, Ry =Cl A mOH

H {
57d R = C,Hs, Ry = §*N@NH2 R, 58e R = SO,NHMe, R; =
58

The aliphatic compounds with different carbon-chain lengths have shown good enzyme

OH

SRl

inhibitory activity (59a). The aliphatic chain with —OH at the terminal end was found slightly
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more active (59b). However, when the terminal —OH was replaced with tert-amines (59c), there
was significant loss of activity. In alicyclic compounds, spacing between the amino group of
sulfonamide and the cyclic aliphatic ring showed inverse effect on activity (59d) whereas
activity was reduced upon replacement of oxygen with —CHj in cyclic ring (59¢).8*®® The (4-
methylpiperazin-1-yl)methyl was fixed as R, and varied R; by substitution of trifluoromethyl
group (60a) with hydrogen (60b) led to a slight drop in bioactivities in both enzymatic and
cellular assays. Then, trifluoromethyl group was fixed as R and varied R, with different
substituent’s like 4-methylenemorpholine (60c), decreased the enzymatic activity and the
antiviability potency against MDA-MB-231 cells while with 1-ethyl-4-methylenepiperidine
(60d), enzymatic and cellular potencies remained same. However, introduction of 2-(4-
methylpiperazin-1-yl)ethanol (60e), slightly increased the antiviability against HepG2.
Substitution of ethyl group at R; (60f) showed the highest inhibitory potency against the Src
kinase and the most potent antiviability activity against the typical TNBC cell lines MDA-MB-
231 and MDA-MB-435. Larger size hydrophobic group like isopropyl (60a) at the R; position

: H i 66
afforded a slightly lower bioactivity as compared to 60f.
H ‘ R 60a R = CF3, Ry = isopropyl, R, = ﬂi_ / \N*
N_~_No (¢] 60b R=H, Rj=isopropyl, R, = NG
e Ry
N 59¢ N B .
NN H H 60c R= CFg, Ry =isopropyl, R, & /\
M N~ = \>N o
o N / /
K/ NH,
59d o ; ;'HL / N\
H N 60d R =CF3, R; =isopropyl, R, = N N
N~ l _ N / 4\
/ N N
A Q N 60e R= CF3 Ry =i IRy =
59 R, = 3, Rq = Isopropyl, R = H{*N/—\N
&0 ' oy
60f R = CF3 Ry = ethyl, R, = .
&N N—
/

The isopropyl group conferred weak activity against AKA, AKB and CDK1 in 61b but
showed an improvement in metabolic stability. Increasing the size and the lipophilicity by
replacement of isopropyl with monocyclic (61c), spirobicyclic (61d) and fused bicyclic (61a) led
to dramatic potency enhancement accompanied with significant loss in metabolic stability.
Switching from primary amide to substituted secondary amide like pyrrolidine gave rise to 62(a-
c¢) that exhibited the desired AKA/CDKZ1 inhibition whereas dimethylaminocarbonyl (62a) or
methylaminomethylene substituents (62b) led to weak activity against CDK1 and AKA as
compared to 62¢.%” For Mer activity, the 4-aminocylcohexylmethylene selected as an optimized
group at NH position of pyrazole on the basis of in vitro potency, the effect of substitution on the

phenyl ring at 3-position of pyrazole was then explored and para-methoxy substituted analogue
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(63a) was 5-fold more potent than ortho (63b) and meta (63c). Electron withdrawing group such
as para-CF3 (63d) decreased activity, whereas electron donating group like para-methoxy (63a)
increased activity.%®

A series of highly potent and selective morpholine substituted pyrazolopyrimidine® as
MTOR inhibitors has been synthesized that contain water-solubilizing groups attached to the 6-
arylureidophenyl moiety and displayed superior potency and selectivity over PI3K. Introduction
of basic amine at N-1 position of pyrazole ring gave dimethylamino-substituted analogue (64b),
significant decrease in mTOR and cellular activity was observed as compared to 64a.
Incorporation of basic amine at para position of arylureidophenyl group (64d-f) led to inhibitors
with sub-nanomolar mTOR and cellular potency while PI3Ka activity was less affected by the
addition of basic amines than mTOR activity in the case of dimethylaminoethyl urea (64c).

64aR= S\ ~_ Ri= o_B4eR= Ry =

o) oib R \‘/\ . ) 3 Q PN
= 1= \NI‘ N

N | / \_\ _
NQI\\ 6ac R=>NG Ry= o@}—
[ N : N
N ’ F
o N N N 64f R = Ri= . F
rR., A d Ry G4dR = Ri=" =Y C COY

N N N /\ —N F
H H 64 7161\1 N— /
" \=— _/

1.2.4. Benzimidazole

A new series of acridinyl-benzimidazole analogues for cyclin-dependent kinase (CDK-1 and
CDK-5) has been reported by Sondhi et. al.” Nature of the substituents on benzimidazole ring of
acridinyl-benzimidazoles have major impact on CDK inhibitory activity. The structures of the
active compounds indicated that substitution with chloro (69a) and nitro (69b) groups have
enhanced the potency due to the presence of hydrogen bonding acceptor and donor groups in
benzimidazole that probably favours interaction with the active site of the CDK enzymes,
whereas other analogues have lost their potency. Sharad Verma et. al.”* has been reported the
activity pattern of substituted benzimidazole at C-2 and C-4 positions of pyrimidine. The
presence of aminobenzimidazole group at either C-2 and/or C-4 positions of pyrimidine (70) are
critical for CDK1 inhibitory activity. Trifluoromethyl or bromo groups have been shown optimal
at C-5 position of pyrimidine ring, while substitution with hydrogen and fluorine results in 200-
and 10-fold decrease in potency, respectively.
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O 7O:X:N,R:CF3
Q N 700 X=N,R=Br
FO<I1 o L9y KI p ek
Q 92 v=ci 00 X CH R -r
8 69b v =NO, 705 X=CH. R=F
700 X=CH, R=H
Bamford and co-workers’® modified 2-[3-amino-1,2,5-oxadiazol-5-yl] benzimidazole (71)
(MSK-1 1C5=140 nM), to highly potent (1H-imidazo[4,5-c]pyridin-2-yl)-1,2,5-oxadiazol-3-
ylamine derivative (72) (MSK-1, ICsp= 3 nM). Compound 72 showed improved potency with
respect to compound 71 due to H-bonding interactions of amino-oxadiazole with the hinge
region protein backbone and N5 of imidazopyridine with amino acid residue. Compound 73 had
low nanomolar activity in both ATP competitive enzyme binding and inhibition of TNFa release
in macrophages. Substitution at N1 with lipophilic functionality such as cyclohexyl or
cyclopentyl afforded potent MSK-1 inhibitory compounds.” Introduction of substituents
containing basic nitrogen such as piperidin-4-yl and 4-butylamino derivatives retain MSK-1
potency, advantage from straight alkyl chain analogue, although the shorter chain show some
improved selectivity over RSK-1. However, the more bulky piperidin-4-yl compound (74a)
combined the improved MSK-1 potency, and modest RSK-1 selectivity of cyclohexyl derivative
(74b) with the modest GSK-3 selectivity.

HoN
\ 2 H,N
=N
Cot ol o o Ch O
0 )
N N~ \/ N 5 N
N N~ o

\ /S;

) ) N
71 F O )\ 74aR = Piperidin-4-yl
73

72 " qap R = Cyclohexyl

Compound 75 has been found as a potent inhibitor of both PLK1 and PLK3 and moderately
inhibited the growth of tumor cells and also has a desirable in vitro activity. Compound 76 was
more than 300-fold selective for inhibition of PLK1 over PLK3, for evaluating inhibition of
polo-like kinase as an approach to cancer treatment. In turn, aqueous solubility has dramatically
improved in 76 with heterocyclic substitution at 5- or 6-position of the benzimidazole while
maintaining potency as inhibition of PLK1 and PLK3. However, 5-substituted benzimidazoles
exhibited 2-3 fold increased cellular potency over 6-substituted counterparts. Several examples
have also displayed potent activity against PLK3, although this activity is reduced in the
presence of a heteroatom at the ortho-position of the heteroaryl ring.”* Difference in enzyme
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potency between compounds with 2-CF3 or 2-Cl substitution on the benzyl ether (77a-c), 2-Cl

benzyl ether (77b) has shown slightly more potency at the cellular level.
I

O N ~ N
O\ /©[\> \ N N
77aX =CFg, Y = 5'\©\1
% gi\,( o
@\r NH, 77b Xx=cCl, Y=5- l _N

S
F F 77c X = CF3, Y = 6- N

75 76 7
Compound 78 showed in vivo efficacy in IGF and having potential for drug—drug interactions
due to potent CYP3A4 inhibition (0.5 pM) and poor aqueous solubility (<1 pg/mL). The
unsubstituted piperazine (79) showed three-fold improvement in enzymatic potency while cell-
based activity is maintained relative to morpholine. To improve the overall profile of 78,
modification was done by changing substitution at C-5 position’ with more polar N-substituted
piperazines 80.

P opo PO

R = alkyl groups

IZ

H
80

Compounds 81 and 82 exhibited good selectivity and non toxicity against a panel of protein

Iz

78 79

kinase with 1Cso value in the range of 12 nM. Substitution with 2-methoxyethyl group (83d)
resulted in four-fold loss in potency whereas no effect was observed with removal of methyl
group. Large hydrophobic groups afforded a slight increase in potency like cyclopentylmethyl
group (83c) with respect to cyclohexyl (83a).”®

0
QI(N\C[S%ZE—@CN O\N/\C[:\%zwm Rl‘:&@:\%NwCN

83a R =H, R;=Cyclohexyl
ﬁ f 83b R = Me, Ry = Phenyl
H,N™ ~0 MeO MeO 83c R = Me, Ry = Cyclopentyl methyl
81 82 83d R=H, R;=2-Methoxyethyl

83

Thus, research on triazine and fused heterocyclic moieties have revealed wide range of
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biological activities. It was our interest to make novel derivatives of the benzimidazole with
triazine and fused heterocyclic nucleus and evaluate their in vitro anticancer activities. Therefore,
in the present research programme, we have combined the structures of triazine and fused
heterocyclic moieties like pyrrolopyridine, quinazolinone, pyrazolopyrimidine  with
benzimidazole to develop new hybrid compounds which could act more effectively for human
cancer cell lines and DHFR kinase inhibitors that help in finding the availability of anticancer
agents. The work has also been extended for studied the interaction of hybrid compounds with
calf thymus (ct)-DNA and bovine serum albumin.

Cl Q Cl N
Cy o G i T L
o NTR NJ\@ oSy N H

2[,4,6—'I’]richloro- 1H-Pyrrolo[2,3-b]pyridine  2-Phenyl-3H-quinazolin-4-one  4,6-Dichloro-1H-pyrazolo[3,4-d]pyrimidine ~ Beénzimidazole
1,3,5]triazine
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CHAPTER 2
TRIAZINE-BENZIMIDAZOLE ANALOGUES

2.1. INTRODUCTION

Triazine bearing amino groups at C2- and C4-positions has been attracted considerable attention
due to their chemotherapeutic potential.””"® The synthetic utility and much of the biological
importance of triazine heterocycle arises because of their ease of nucleophilic substitutions on
halogenated 1,3,5-triazines at 2-, 4- and 6-positions that are controlled by temperature, allows the
sequential introduction of various substitutes for the preparation of mono-, di- and tri-substituted
triazines.”*®® Owing to enormous synthetic significance and diverse bioactivities of 1,3,5-triazine
derivatives, several attempts have been made from time to time to generate libraries of modified

triazine derivatives with improved biological activities.
OBJECTIVE

Benzimidazoles are known that have substitution on the imidazole ring and showed significant
antitumor activities but amine at C-5 or C-6 positions of aromatic ring of benzimidazole and
their substitution to triazine is not known. Here, we have designed a series of triazine substituted
benzimidazoles along with substitution of primary and secondary amines as well as arylation
through palladium catalyzed Suzuki reaction. These compounds were then evaluated for their in
vitro 60 human cancer cell lines, dihydrofolate reductase inhibitory activity as well as ct-DNA

interactions.
2.2. DESIGNING OF TRIAZINE-BENZIMIDAZOLE HYBRIDS

Encouraged by the activity profile of triazine and benzimidazole, we have combined the
structural artifacts of 1,2,3-triazine and benzimidazole moieties as hybrid that is enriched with
electronic environment to get single molecular framework. These hybrid molecules consisted of
a heterocyclic ring (triazine) as central core that can act as a scaffold to carry three functionalized
branches at 2-, 4- and 6-positions. The regioisomeric aminobenzimidazole ring has been
accommodated at 2-position, p-fluoroaniline or morpholine at 4-position and different primary

and secondary amines as well as aromatic rings at 6-position of triazine in order to observe the
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effect of donors and acceptors within the moieties (Figure 1). Introduction of different
orientations of benzyl group at 1- or 3-position of regioisomeric aminobenzimidazole moiety can
also affect the activity of the hybrids. These compounds were screened for their in vitro
antitumor activities in full NCI 60 cell lines panel assay and DHFR immunoassay. Binding
interactions of compounds with DNA were also studied using UV-visible and fluorescence

spectroscopy as well as NMR spectrometry.

Design of
benzimidazole and triazine
Hybrid

Improved
solubility and

Improved biologi
activity by intercala

Figure 1. Triazine-benzimidazole hybrid

ydrogen bo
jnteraction dg

< Introducing polar
hydrophillic
substitutents or heterocycle

e

2.2.1. CHEMISTRY

The regioisomeric amino benzimidazoles (4a and 4b) were prepared by alkylation of 2-methyl-5-
nitro-1H-benzimidazole (2) with benzyl chloride in the presence of potassium carbonate at 80 °C
to give mixtures of 3a and 3b followed by reduction with stannous chloride in 2N HCI at 110 °C
(Scheme 1).

Scheme 1°. Synthesis of substituted amino benzimidazole

HzN N
0N N C[ Y—CHs
Y—CHz  (iv) N

LS v
4a
4 3 " 3a
NH i O2N N
SIS o2
NH, N N

: N
1 2 m /@[N\%cm () /@[ S—CHs
O,N N HoN N

3b

4b

®Reagents and Conditions : (i) CH;COOH, 100 °C, 98%; (ii) H,SO4, HNO3, 0 °C, 75%; (iii) Benzyl chloride, K,COs,
C,Hs0H, reflux, 75%; (iv) SnCl,.2H,0, 2N HCI, 110 °C, 25-65%.
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Complete and unambiguous assignments for all *H and *3C resonances could be achieved on the
basis of chemical shift considerations, coupling information and NOE spectra (Figure 2).
Discrimination between N-substitution products 4a and 4b was achieved by considering 2D NOE
difference experiments (positive NOE’s on signals of N-CH, protons due to the benzyl chain and
doublet of phenyl ring of benzimidazole with compound 4a, and positive NOE’s on signal of N-
CH; protons due to the benzyl chain and singlet of aromatic ring of benzimidazole and negative
NOE with doublet of compound 4b).

Figure 2. *H-'H correlations used for structural assignment of compounds 4a and 4b.

Compounds 7-49 were synthesized by nucleophilic substitution reactions of amino
benzimidazole with cyanuric chloride followed by displacement with different primary and
secondary amines as well as substituted boronic acids. Thus, compound 4a was treated with
cyanuric chloride in the presence of 10% sodium bicarbonate at 0-5 °C for 6 h to give (1-benzyl-
2-methyl-1H-benzimidazol-5-yl)-(4,6-dichloro-[1,3,5]triazin-2-yl)-amine (5a) in 96% yield
followed by stirring with 4-fluoroaniline and morpholine at room temperature in the presence of
10% sodium bicarbonate for 4 h gave compounds 6a and 6b respectively (Scheme 2).

Similarly, compound 4b was treated with cynauric chloride in the same reaction conditions
to obtain (3-benzyl-2-methyl-3H-benzimidazol-5-yl)-(4,6-dichloro-[1,3,5]triazin-2-yl)-amine
(5b) in 90% vyield followed nucleophilic substitution with 4-fluoroaniline and morpholine to
obtain compounds 6¢ and 6d respectively. Alternatively, poor overall yields of 6a-d were
obtained with first nucleophilic displacement of cynauric chloride with 4-fluoroaniline or
morpholine and then second nucleophilic substitution with amino benzimidazoles (4). Finally,
treatment of compound 6a-d with different primary and secondary amines in the presence of
potassium carbonate in 1,4-dioxane at 110 °C for 8 h gave compounds 7-40 in moderate to good
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yields (Scheme 3, 4). Compound 18 was well characterized by single X-ray crystallography
(Figure 3).
Scheme 22, Synthesis of monosubstituted and disubstituted triazine

e ¢ O

N \N N (III) N N N
\ /@[ )—CH \ )—CH
Mo N 3 M //‘\N N 3

[0 a” NT N RoRIN™ "N N
j:\l / 53 6a; NR{R, = 4-fluoroaniline
N~ N 6b; NR;R, = morpholine

— O L e
NT N N :

6¢; NR;R, = 4-fluoroaniline
6d; NR;R, = morpholine

®Reagents and conditions: (i) 4a, NaHCOs, THF, 0-5 °C, 96%; (ii) 4b, NaHCO3;, THF, 0-5 °C, 90%; (iii) 4-
fluoroaniline/morpholine, NaHCO;, THF, rt, 70-80%.

Scheme 3% Synthesis of 2,4,6-trisubstituted triazines with respect to 5-aminobenzimidazole

NR3R4 = 7; piperidine
8; 4-fluoroaniline
9; 4-aminophenol
NR3R4 10; N-methylpiperazine

. O e

F N 11; pyrrolidine
E i N N ’
N‘ °N N/%CH 0 . \©\ P RS /@[ »)—CHs 12; 1,2-ethylenediamine
N)\ Ny N 3 N" NN N 13

; 1,2-ethanolamine

H H 14; 2- aminoethylmorpholine
6a 7-18 15; 4- aminothiophenol
16; aniline

17; 2-aminopyrimidine
18; 2-aminobenzonitrile

//@ NR3R4 = 19; morpholine
NR3R4 20; 4-fluoroaniline
¢ O XL |

X N 0} J\“\ N /@N o 21; piperidine
) — / 3 22; N-methylpiperazine
/©[N/ CH3 (\N N/ N N>7
N

23; pyrrolidine

H

ﬁN N H O\) 096 24; 1,2-ethylenediamine
o 19- 25; 1,2-ethanolamine

26; 2-aminoethylmorpholine

*Reagents and conditions: (i) HNR3R, K,COs, 1,4-dioxane, 110 °C, 55-88%.
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Scheme 42, Synthesis of 2,4,6-trisubstituted triazines with respect to 6-aminobenzimidazole

Cl
NR3R4 NR3R4 = 27; morpholine

F
N™ N N\% F N)%N N 28; piperidine
M CHs - \ S—cH ! oyrrolidi
N NN N 0} P N 3 29; pyrrolidine
H H > H N H 30; N-methylpiperazine
6c \\© 31; 1,2-ethylenediamine
32; 1,2-ethanolamine
33; 2-aminoethylmorpholine

N)§N N ) J\I\R3R4 N NR3R4 = 34; morpholine
PP /@[ H—CHj (0] N‘ SN /@[ S—ch 35; piperidine
(\N N™ N N - (\ )\ PN N 3 36; pyrrolidine
O\) H \\© O\) H 37; N-methylpiperazine
6d 34-40 \\© 38; 1,2-ethylenediamine
39; 1,2-ethanolamine
40; 2-aminoethylmorpholine

*Reagents and conditions: (i) HNR3R, K,COs, 1,4-dioxane, 110 °C, 68-88%.

Compounds 6a and 6b were also underwent Suzuki-Miyaura cross coupling reactions with
varieties of aryl boronic acids in the presence of Pd(PPhs), and K,COj3 in 1,4-dioxane to give
compounds 41-49 in 60-78% yields (Scheme 5).

Scheme 5°. Synthesis of trisubstituted triazine with Suzuki-Miyaura reaction

o @ Rs Rg = 41; phenyl
F Ny . F\Cj N‘)*N [ IN%CH i :gﬁgs)’:)?]z%ll
N)\\N/ y N/ CH3 N)\N/)\N N 3 44; 2-thienyl
H H H H 45; 3-methylphenyl
6a 41-46 46; 4-methoxyphenyl

l s ( ,\/ )R\S
C / \//\
N™ >N N Rs = 47; phenyl

)N‘\\N @[N/%cm (\N)\N/)\N/C[N%CHS 48; 4-fuorophery/
(\N N/ H N o H 49; 4-chlorophenyl

0 47-49

6b
®Reagents and conditions: RsB(OH),, Pd(PPh;),, K,COj3, 1,4-dioxane, reflux, 59-78%.

Figure 3. Crystal structure of compound 18 (CCDC No. 1009017).2
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2.2.2. BIOLOGY
2.2.2.1. In vitro Anticancer Evaluation

All the synthesized compounds were submitted to National Cancer Institute (NCI) disease-
oriented human cell lines for their evaluation of in-vitro antitumor activities. Thirty compounds
(6a, 6¢-6d, 8-13, 17, 19-22, 25, 28, 31-34, 36-41, 43, 44, 46 and 49) were selected and evaluated
against 60 human cell lines at one dose concentration level i.e. 10° M which included nine
tumor subpanels namely; leukemia, non-small lung, colon, central nervous system, melanoma,
ovarian, renal, prostate and breast cancer cells and their outputs were reported as mean graph of
the percent growth of treated cells, and presented as percentage growth inhibition (Gl %) as
shown in tables 1-3. Compounds 6c, 6d, 10, 11, 20, 21, 33, 43, 44 and 46 were further screened
against a panel of 60 different tumor cell lines at 5 dose concentration levels: 10 107, 10°°,
10" and 10® M as these have shown prominent cell growth inhibition at 10~> M concentration
against variety of cell lines (Table 4). Three response parameters like median growth inhibitory
(Glsp, uM), total growth inhibitory (TGI, uM) and median lethal concentrations (LCso, UM) were
monitoring for each cell line. MG MID Glsg value (over all the 60 cancer cell lines) of compound
6¢ was found to be 6.09 UM and also showed specificity towards leukemia, colon and breast
cancer cell lines with Glsg values in the range of 3.34-4.91 uM. Nucleophilic displacement with
primary and secondary amines enhanced the antitumor activity by 2 to 4 folds. MG MID Glsy,
TGl and LCsy values of compound 6d has been shown to be 9.79, 28.3 and 35.2 uM
respectively. These are more specific towards colon, melanoma, ovarian and breast cancer cell
lines with Glsg values in the range of 3.31-5.61 uM. Compounds 10, 11 and 33 showed broad
spectrum antitumor activities with Glso, TGl and LCs, values of 1.77, 1.94 and 2.87 uM; 3.96,
5.59 and 16.6 puM and 10.3, 8.59 and 35.2 uM respectively. Compound 10 showed activity
towards leukemia cancer cell lines K-562 and MOLT-4, non small lung cancer cell lines
A549/ATCC, HOP-92 and NCI-H460, melanoma cancer cell line MDA-MB-435, ovarian cancer
cell line OVCAR-8 and renal cancer cell line ACHN. Compound 33 showed specificity towards
leukemia, colon, CNS, melanoma and breast cancer cell lines with Gls, in the range of 1.91-2.72
pM. Compound 20 exhibited remarkable anticancer activity against CNS cancer and renal cancer
cell lines with Glso values of 1.86 and 1.89 uM respectively. Similarly, compound 21 showed

potency against leukemia, colon and renal cancer cell lines with Glsy values ranging from 2.50-
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2.96 uM. Compounds 43, 44 and 46 also showed excellent antitumor activities with MG MID

Glso values over all 60 human tumor cell lines of 7.67, 5.18 and 4.28 UM respectively.

Compound 10 was almost three and tenfolds; compound 11 three and ninefolds; and compound

33 was two and six folds more active than respective triazine® and benzimidazole® analogues

respectively (Table 4).

Table 1. Percent growth promotion of in vitro subpanel tumor cell lines at 10 UM concentration
of compounds 6a, 6¢, 6d, 8-13 and 17.

Subpanel 6a 6C 6d 8 9 10 11 12 13 17
tumor cell

lines

Leukemia

CCRF-CEM 2146 7711 5431 10.61 8.15 L L L 98.07 63.24
HL-60(TB) 46.84 Nt Nt - 6.96 L L L L 30.10
K-562 1484 63.13 7426 18.63 21.28 99.61 9997 L 80.78  41.28
MOLT-4 9.41 41.07 74.20 15.19 19.80 98.894 L L nt 44,58
RPMI-8226 84.70 8749 2563 1427 2673 L L L 85.80 57.39
SR 4249 6393 8149 1858 20.78 L L L 85.06 51.61
Non-small

cell lung

cancer

AB49/ATCC 13.29 23.83 7.99 8.48 22.17  92.79 L 16.10 25.86 17.77
HOP-62 11.56 56.13 49.88 8.91 3.47 41.84 L 20.88 6.05 2.38
HOP-92 49.29 21.19 63.88 37.63 17.75 97.50 L 5148 50.14 18.38
NCI-H226 1955 26.80 1755 13.78 12.75 35.02 L 4.61 8.37 11.51
NCI-H23 nt 11.76 83.50 nt nt nt nt nt nt Nt
NCI-H322M nt 11.92 4897 nt nt nt 7859 0.32 1.09 5.47
NCI-H460 12.02 20.15 9.75 - 18.23  96.58 L 1743 1654 5.20
NCI-H522 L 77.52 L 14.16 15.10 L L 14.09 14.35 22.51
Colon cancer

COLO 205 - 8.82 0.01 2.84 - L L 18.03 5.46 10.54
HCC-2998 554 - 99.33 - 4.67 L L 29.37 - -
HCT-116 96.12 55.77 1876 1218 1055 L L 39.74 2345 15.80
HCT-15 2794 4422 2310 1075 1734 L L - - 12.65
HT29 5.46 15.76  3.96 1.30 4.80 L L 6493 28.11 14.75
KM12 30.77 27.21 4.25 - 17.65 82.97 L 29.39 19.74 11.61
SW-620 15.25 17.19 2958 3.96 18.75 84.44 L 26.05 - -
CNS cancer

SF-268 8.93 2462 2298 3.68 11.24  85.37 L 28.18 7.77 11.25
SF-295 361 2183 1269 8.21 5.35 L L 20.23 1361 15.58
SF-539 29.80 1.83 15.27 10.38 6.34 L L 3.98 5.61 -
SNB-19 764 12.03 5.43 3.99 - 55.84 66.44 8.37 - 7.38
SNB-75 10.01 4.24 4882 2481 1506 L L 15.76 - 15.64
U251 Nt 3091 9.52 - nt nt L 2264 1366 13.25
Melanoma

LOX IMVI 56.68 64.79 32.32 7.80 3.79 L L 41.84 18.11 3.01
MALME-3M - 11.46  3.17 - 0.89 L L 6.46 - 7.94
M14 - 17.68 - - - L L 18.39 6.95 5.65
MDA-MB- 444 1125 - 0.94 4.26 99.81 L 19.61 8.37 9.24
435
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SK-MEL-2
SK-MEL-28
SK-MEL-5
UACC-257
UACC-62
Ovarian
cancer
IGORV1
OVCAR-3
OVCAR-4
OVCAR-5
OVCAR-8
NCI/ADR-
RES
SK-OV-3
Renal cancer
786-0
A498
ACHN
CAKI-1
RXF 393
SN12C
TK-10
U0-31
Prostate
cancer
PC-3
DU-145
Breast cancer
MCF7
MDA-MB-
231/ATCC
HS 578T
BT-549
T-47D
MDA-MB-
468

7.59
10.33
17.62

16.99
5.75
14.18
3.73
18.46
4.36

412

67.01
30.65
63.79
12.30
2291
22.10
41.53
19.30

21.18
35.96

38.52
17.92

20.49
9.39

42.98
23.76

nt
8.45
30.78

48.63

33.34
5.09

57.71
nt

2.61

20.42
22.18
28.42
13.07
15.39
53.32
7.64

62.88

19.20
5.78

37.38
25.91

11.12
39.84
63.16
30.32

17.24
10.51

48.63

1.59
56.00

6.31

31.70
8.26
20.63

34.94
21.78
55.28
26.21

12.86
5.83

35.29
35.55

18.60
16.27
59.37
37.82

1.09
3.11
10.18

16.86
4.79
14.36
4.24
9.21
10.63

13.16
21.95
7.88

10.13

5.75

39.28
23.25

11.50
2451

10.44
5.26
10.69
9.45

5.60
3.73
3.94

2.23
8.38
12.82
3.66
22.25

6.04
13.41
8.70
4.53
18.75
2.54

6.02
10.68
41.57

16.02
11.30

1.42

13.36

L L 9.54
L L -

29.09 L 13.36
L L 9.53
L L nt

75.36 L 18.57
L L 13.34
L 95.21 2298
57.10 L -

99.44 L 10.87
56.85 L -

31.28 L 4,49
L L 17.59
70.79 L 32.64
90.31 88.51 3.22
81.36 L 5.83
L L 28.00
65.11 L 14.88
L L -

L L 10.74
80.27 nt nt

83.26 L 17.77
82.08 96.95 31.21
L L 39.57
L 69.44 -

L L 9.96
L L 30.86
L L 26.83

19.70
1.20
nt

11.11
9.84
4.73

20.04
2.28

5.33
33.83
1.72

9.82
8.89

21.19
nt
11.46

8.72
19.67

34.71
0.84

6.35

Nt

23.97
9.64
20.21

8.83
10.50

2.64

1151
1.60

8.42
26.97
Nt
412

20.10
7.37

20.89

25.13

Table 2. Percent growth promotion of in vitro subpanel tumor cell lines at 10 UM concentration
of compounds 19-22, 25, 28 and 31-34.

Subpanel 19 20 21 22 25 28 31 33 34
tumor cell

lines

Leukemia

CCRF-CEM - 53.35 37.81 3.80 L 20.52 51.94 25.27 70.53 4.80
HL-60(TB) 9.73 43.59 25.02 - nt nt nt nt Nt
K-562 4,18 42.12 15.68 9.72 2.77 26.52 61.30 25.67 96.96 6.32
MOLT-4 9.66 66.96 63.58 8.19 nt 30.69 40.69 27.46 7727  25.02
RPMI-8226 25.25 60.37 82.31 - 12.18 25.24 46.20 33.68 96.89 541
SR 22.78 82.23 74.79 7.01 - 50.70 88.93 28.28 99.85 19.53
Non-small cell

lung cancer

AB49/ATCC 3.58 32.96 L - 2.27 29.20 13.23 13.78 53.72 9.63
HOP-62 8.85 - 55.47 5.05 16.34 - 20.59 0.23 52.16 4,56
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HOP-92
NCI-H226
NCI-H23
NCI-H322
NCI-H460
NCI-H522
Colon cancer
COLO 205
HCC-2998
HCT-116
HCT-15
HT?29
KM12
SW-620
CNS cancer
SF-268
SF-295
SF-539
SNB-19
SNB-75
U251
Melanoma
LOX IMVI
MALME-3M
M14
MDA-MB-435
SK-MEL-2
SK-MEL-28
SK-MEL-5
UACC-257
UACC-62
Ovarian
cancer
IGORV1
OVCAR-3
OVCAR-4
OVCAR-5
OVCAR-8
NCI/ADR-
RES
SK-0OV-3
Renal cancer
786-0

A498
ACHN
CAKI-1
RXF 393
SN12C
TK-10
UO-31
Prostate
cancer
PC-3
DU-145
Breast cancer
MCF7

73.53
23.54
nt
nt
6.85
17.58

20.79
5.71
4.92

41.13

14.92
4.61
19.30

29.22

2.27

0.88
8.02

13.70

12.52
11.04

9.05
13.91
10.09

18.71
25.10
10.63
15.07
28.04
8.69
8.12
56.12

9.01
38.08

2.21

80.20
21.70
nt
nt
33.42
6.88

66.80
6.08
52.44
53.36
78.39
8.07
19.68

27.69

32.61
9.49
14.42

9.73
33.93

15.00
17.76
21.35
36.94

19.91

28.60
25.32
19.77

24.56
22.44

67.59
59.66
40.24

73.05
20.15
14.84
45.70

38.02
21.60

35.55

L
71.63
nt
nt
95.13
62.08

58.96
5.67

78.73

91.68
55.90

31.02
21.10
18.39
34.67
nt

98.56
51.58
47.19
81.03
53.43

45.11
39.62

67.88

52.99

44.17
72.41
72.96
60.19

89.06
61.23

36.69

47.77

98.39

52.90

94.64

34.50

17.15
28.74

2.49
7.61
3.40
6.70

18.32
3.31

1.21

18.81
21.30

15.26

3.84
0.15
3.50
4.18

10.35
0.25
11.04

15.17

4.76
419

nt
nt
5.99
12.46
7.76

5.81
0.90

12.30
6.52
nt

0.66
22.06
9.49
6.18
9.20

6.50
28.40
11.62
50.98

10.26

24.70
12.32
5.43

17.67
30.10

2.32

26.52

16.55

28.90
8.36
5.34

431
9.64
2.48
17.50
431
21.47

7.86
3.66
nt
3.66
22.87

9.98

nt
0.84

6.90
nt

2.27

11.83
24.93
3.60
151
13.80
3.75
7.88
15.65

21.34

38.84

56.77
13.76
10.37
7.76
21.75
30.98

33.57
39.72

55.46
26.84
1.71

19.17
11.59
0.19
10.08
19.99
46.54

29.99
25.97
16.39
9.38
19.94

25.48
15.87

9.33

0.38
6.85

6.17
17.69
nt

13.16

20.52
25.46
8.19
1.79
25.76
24.80
26.14
13.69

26.95
8.56

39.07

19.38
11.08
6.24
4.15
20.36

6.67

13.33
8.36
7.50
0.58

11.00
3.59
2.43
8.89
6.96

6.95

6.68

2.54
nt

26.04

6.56

3.09

4.04
18.13

11.90
25.34
4.66

26.06
1.60
13.16

0.89

19.76

69.74
27.92
32.98
35.85
70.59
41.31

98.81
55.41
72.10

56.62
57.58

37.22

70.24
21.27
49.41
71.27

94.30

47.79
nt

85.81

30.96
26.28
1.85
15.88
49.85
nt

20.97

95.83

47.84
44.43
87.99
38.15
39.43
62.71

28.48
40.78

66.43

14.75
10.44

3.20
30.42

8.79

4.14
7.94
8.73

13.79
40.26

3.62
13.72

23.67

9.52
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MDA-MB-
231/ATCC

HS 578T
BT-549

T-47D
MDA-MB-468

19.97

20.15
7.34
17.51
17.51

16.07

22.58
15.45
30.02
58.21

90.40

65.43
36.83
L
29.93

- 14.30

- 4.97
- 8.38
0.38 36.69
- 28.11

0.58
5.37
34.66
17.23

42.88

20.53
17.04
23.18
49.49

7.95

8.56
20.63
39.28
23.02

66.68

59.44
50.15
47.00
86.03

7.46

2.02
8.71
19.23
6.18

Table 3. Percent growth promotion of in vitro subpanel tumor cell lines at 10 UM concentration

of compounds 36-41, 43, 44, 46 and 49.

Subpanel 36 37 38 39 40 41 43 44 46 49
tumor cell

lines

Leukemia

CCRF-CEM 11.27 20.13 5.33 - 2.33 - 96.12 72.84 L Nt
HL-60(TB) 21.36 nt nt nt nt 36.26 L 71.91 L 32.83
K-562 22.06 70.72 9.61 1.48 7.20 38.16 66.35 56.89 83.37 6.54
MOLT-4 22.53 nt 11.53 nt 22.71 41.75 99.16 76.49 L 9.83
RPMI-8226 36.91 34.60 6.93 1.88 - 53.00 99.81 L L 32.52
SR 32.70 75.13 21.70 - 10.45 68.16 L 81.96 L 33.40
Non-small cell

lung cancer

AB49/ATCC 15.62 14.87 - 2.38 2.61 32.53 42.62 56.91 67.99 13.79
HOP-62 1.08 13.41 0.97 3.31 - 5.32 19.39 7.68 46.67 1.49
HOP-92 73.72 35.48 27.62 18.92 21.22 35.58 64.95 78.03 60.27 25.17
NCI-H226 15.61 4.23 11.62 9.28 8.78 19.27 13.47 34.96 33.39 5.33
NCI-H23 nt nt - 0.07 0.59 nt nt nt nt nt
NCI-H322 nt 7.95 - - - nt 5.98 nt 17.58 -
NCI-H460 9.40 23.91 1.16 1.18 - 16.83 28.86 60.41 69.67 2.42
NCI-H522 11.21 6.77 11.24 7.50 7.61 24.14 17.19 46.54 44.64 0.77
Colon cancer

COLO 205 5.78 26.80 - - - 29.49 38.20 43.20 71.76 14.44
HCC-2998 - 3.67 - - - 11.99 18.36 27.88 54.47 -
HCT-116 37.75 28.69 9.66 0.24 - 39.66 49.72 75.82 76.61 22.71
HCT-15 43.06 12.64 2.79 0.27 - 32.39 35.56 69.71 66.63 10.83
HT29 33.02 47.02 - - - 40.57 44.18 79.52 91.13 18.57
KM12 24.32 6.81 - - - 39.81 62.81 74.82 74.05 3.10
SW-620 - 3.11 1.34 3.01 - 15.41 31.93 31.93 54.34 -
CNS cancer

SF-268 5.31 31.24 4.01 8.14 1.49 23.76 45.07 36.32 53.08 -
SF-295 8.04 9.95 3.72 - - 17.30 9.63 48.11 51.05 -
SF-539 22.90 23.50 - - - 0.21 7.42 40.09 32.19 -
SNB-19 - - 4.05 7.90 - 31.50 16.60 33.28 39.32 1.10
SNB-75 - 37.60 - 7.73 7.08 28.42 34.76 47.76 31.99 12.30
U251 26.54 8.22 - 12.37 36.60 30.34 60.79 12.13
Melanoma

LOX IMVI 5.80 25.26 0.54 - - 12.26 23.45 35.15 61.06 -
MALME-3M - 34.32 - 0.71 - 11.44 27.53 22.37 47.18 -
M14 - 16.59 5.56 - - 34.08 41.73 46.92 61.08 3.50
MDA-MB-435 - 8.97 - - - 40.00 33.83 56.19 65.89 3.72
SK-MEL-2 1.38 nt - - 25.40 16.44 27.12 51.82 7.08
SK-MEL-28 - 35.86 - - - 5.63 7.37 25.70 43.45 -
SK-MEL-5 12.00 28.60 12.28 - 13.03 14.49 16.62 23.50 52.93 15.20
UACC-257 - 17.45 - - - 18.71 31.10 42.54 56.20 2.52
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UACC-62
Ovarian
cancer
IGORV1
OVCAR-3
OVCAR-4
OVCAR-5
OVCAR-8
NCI/ADR-
RES
SK-OV-3
Renal cancer
786-0
A498
ACHN
CAKI-1
RXF 393
SN12C
TK-10
U0-31
Prostate
cancer
PC-3
DU-145
Breast cancer
MCF7
MDA-MB-
231/ATCC
HS 578T
BT-549
T-47D
MDA-MB-468

9.16

12.59
4.19

4.30
23.90
10.83

22.50
32.86
7.95
5.12
28.89
9.28

45.20

30.81
8.23

10.98

24.39
15.84
31.18
17.79

1.82
5.26

6.37
nt

3.82

27.23
59.42
531

38.87

12.79
37.34

9.97
1.56

17.40
31.46

30.71
33.90
8.14
33.21

2.77
1.79

8.02
10.55
4.80

11.37

14.06

2.22
3.35
10.61
15.53

3.39

8.66

9.21
nt

5.60
20.22
2.57

15.88
15.14

15.75

11.41
12.76

4.59
9.63
9.91
14.42

2.84
17.30
1.04
5.61
0.45

13.27

6.32

12.17
7.60
9.43
7.58

nt

31.00
18.80
39.75

32.25
29.49

1.78

18.37
23.21
23.62

30.91
21.89
0.81
43.41

nt
2.93

54.93
9.76

20.36
4.60
55.48
27.62

nt

51.27
42.74
41.39
7.71
37.21
40.95

7.08

8.96
29.70
28.37

9.60
31.49
22.91

55.55
nt
18.56

57.58
33.97

24.65

69.27
25.71

38.46

51.73
33.34
48.99
7.98
62.97
42.68

4.89

62.45
44.00
54.43
29.82
74.14
29.74
37.29
63.55

70.56
24.80

67.06
30.86

49.74
30.49
76.65
66.79

nt

63.58
49.54
57.40
11.89
82.07
73.43

23.18

53.33
27.28
62.85
16.76
64.33
51.61
25.08
70.72

nt
45.28

77.38
68.85

45.53
29.34
88.45
71.63

nt

2.94
11.63

10.96
6.93

1.14

16.68
5.07
23?53
Nt
16.82
3.85

0.42

12.53

- Inactive, nt- not tested

Table 4. Average Glso (uM), TGI (uM) and LCso (uM) over 60 cancer
6c, 6d, 10, 11, 20, 21, 33, 43, 44 and 46 at 5 dose concentration levels.

cell lines for compounds

Compds. Acti [ I " v Vv VI VII VIII IX MIG-
vity MID?

6c Gly, 334 6.23 491 639 592 810 749 827 421 6.09
TGI 868 203 18.1 243 184 298 300 277 119 21.0

LCsx  ° 69.6 54.6 435 539 788 555 525 758 60.5

6d Gly, 186 11.9 3.31 103 381 356 121 190 561 9.79
TGl b 17.4 35.6 530 162 212  40.0 b 15.3 28.3

LCsy, ° 7.89 7.22 b 6.18 b 45.7 b 67.9 35.3

10 Gls, 143 184 1.66 177 181 216 177 189 161 1.77
TGl 4.04 3.86 3.44 394 337 525 381 438 3.60 3.96

LCs, 847 7.52 7.15 108 627 155 966 205 7.54 10.3

11 Gls, 254 1.82 1.81 208 181 1.9 1.75 182 198 1.94
TGl 528  4.02 3.54 176 368 401 356 3.82 488 5.59

LCx b 14.5 6.93 864 137 110 126 6.00 6.69 8.59

20 Gls, 371 256 2.76 186 270 241 189 275 258 2.58
TGl 549 402 3.65 b 418 398 3.8 b 5.47 4.28

LCs b b b b b b 5.88 b b 5.88

21 Gly, 250 557 2.61 373 315 598 296 386 4.00 3.81
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TGl 765 221 10.2 195 107 253 135 178 233 16.6
LCsy, ° 75.6 196 387 469 586 309 612 59.1 48.8
33 Gly, 196 3.21 2.60 272 191 401 303 441 204 2.87
TGl 6.82 185 8.51 12.0 408 274 193 439 899 16.6
LCs, 550 385 24.0 153 242 623 146 625 206 35.2
43 Gls, 339  8.37 497 844 636 610 115 135 6.46 7.67
TGl 955 386 59.8 486 317 244 454 b 50.8 38.6
LCy ° 83.8 b 61.4 80.6 654 b b 72.8
44 Gls, 259  7.62 323 466 472 883 454 520 524 5.18
TGl 949 331 17.0 144 197 273 435 522 219 26.5
LCy, B 55.4 25.3 430 390 757 b b 79.2 52.9

b

46 Gly, 337 514 3.52 498 443 479 340 535 3.60 4.28
TGl 679 209 14.4 b 312 405 277 b 23.4 32.2
LCso b b 18.2 b b b b b b 18.2

Triazine Gly, 118 3.84 4.47 705 2042 6.82 146 331 148 5.49
Analogue® TGI 292 115 14.6 189 140 195 120 463 224 15.4
LCs, 346 271 44.3 442 355 480 363 13.0 494 42.6

Benzimidazole Glsg 17b.4 62.0 6.?2 6.80 17b.5 21b.8 11.2 7.90 12b.1 18.1

Analogue® TGl 38.2 34.8 36.8 238 334
LCsyp " b b 51.5 b b b 61.8 b 56.7
I, leukemia; 11, non-small cell lung cancer; IllI, colon cancer; 1V, CNS cancer; V, melanoma; VI, ovarian cancer; VII, renal

cancer; V111, prostate cancer; IX, breast cancer, ® Full panel mean-graph midpoint (uM), ® Compounds showed values >100 uM

Based on these in vitro studies, number of cell lines proved sensitive towards individual
compound. It has been revealed that the benzimidazole and 4-fluoroaniline or morphine at
triazine moiety improve biological function. Due to the presence of aromatic ring systems and
protonated amine sites in triazine-benzimidazole hybrids, enzyme inhibition or DNA interaction
may participate for tumor growth inhibitory activities of these compounds. This has led us to
check the interaction of these compounds with dihydrofolate reductase (DHFR, enzyme involved
in the process of propagation of cancer). UV-Visible and fluorescence studies along with thermal
denaturation experiments have also been done with calf thymus (ct)-DNA which is responsible
for polymerase for protein synthesis. It was envisaged that these studies may help in further
refinement of the compounds for increasing their drug efficacy and also to check if the

compounds exhibit promiscuity or not.
2.2.2.2. Dihydrofolate Reductase Inhibition Assay

Dihydrofolate reductase inhibition assay kit was used to investigate the inhibition of DHFR in
the presence of triazine-benzimidazole analogues. It involves the DHFR mediated conversion of
dihydrofolate to tetrahydrofolate in the presence of NADPH. It was observed that these
compounds showed excellent inhibitory activity with 1Cs, values ranging from 0.002 uM to 42.4
MM (Table 5). Most of these compounds (6d, 10 and 11) are comparable to that of methotrexate,
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while compound 33 exhibited more inhibition of DHFR activity as evident from its ICs, value of
2.0 £ 0.01 nM and exhibited almost tenfold higher DHFR inhibitory activity than methotrexate
(MTX). The inhibition of DHFR activities of compounds 44 and 46 showed ICs, values of 0.72 +
0.2 puM and 0.32 = 0.05 pM respectively, indicating slightly lower activity than that of
compounds 10 and 11 while compound 43 revealed least active member with 1Cs, value of 42.4

+ 0.7 uM. However, compound 20 showed inactivity in DHFR enzymatic assay.

Table 5. DHFR inhibitory activity of compounds 6c, 6d, 10, 11, 20, 21, 33, 43, 44 and 46 with
their binding constants and ligand efficiency.

Compounds ICs () K, (M Ki(uM)  LE (M)?
6C 0.31 uM % 0.03 -- -- 0.28
6d 1.05 uM + 0.07 4.03 x 10* 0.470 0.27
10 0.31 uM £ 0.02 - -- 0.23
11 0.11 uM £ 0.07 8.51 x 10* 0.041 0.26
20 - -- - --
21 2.07 UM £ 0.02 -- - 0.22
33 2.23nM % 0.01 1.77 x 10° 0.031 0.30
43 42.4uM £ 0.7 -- - 0.16
44 0.72 uM £ 0.2 - -- 0.23
46 0.32 uM % 0.05 - -- 0.23

MTX 0.02 uM + 0.03 - 0.23

®Ligand Efficiency (LE) = [ -1.4x log 1 (ICso (M))]/(number of non hydrogen atoms).

2.2.2.3. UV-Visible Spectral Studies for Interaction of Compounds with DHFR

In order to support the enzyme immunoassay for DHFR inhibitory activity of compounds, UV-
Visible studies in the presence of DHFR were performed. A solution of DHFR in HEPES buffer
(103 M) at pH 7.2 exhibited UV—Vis absorption band at 269 nm. An appreciable change in the
UV-Vis spectrum was observed on stepwise addition of compound 33 (20 puM, 10—40 pL) into
DHFR solution. The presence of compound 33 caused hyperchromic shift in absorption maxima

(Figure 4a). On the other hand, hyperchromic effect at Amax = 285 nm in absorption band was

04
‘ 133 M
035 -

04

263 313 363 413 250 300 350 400 250 %0 320 330
Wavelength (nm) w ﬂ\'?l?llgth (l].ll’l) “"ﬂVEIEllgtll (l]ll'l)

Figure 4. UV-Vis spectrum of DHFR in the presence of increasing concentration of (a)
compound 33; (b) compound 6d; (c) compound 11 (20 uM, pH =7.2).
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observed with the addition of compound 11 into DHFR solution (5-50 uL) (Figure 4c).
Therefore, changes in absorption spectra of compounds 11 and 33 in the presence of DHFR
clearly indicated their binding capacities with the enzyme. The association constant (K,) and
inhibition constant (K;) obtained from UV-Vis titrations are in parallel with the results of DHFR
enzyme immunoassay (Table 5). Compound 33 with K, = 1.77 x 10° M, K; = 0.031 pM and
Ligand Efficiency = 0.30 clearly predicted the higher inhibitory activity of DHFR amongst other
compounds. K; of these compounds was calculated through following equation 1.2
Ki = ICs/1+ [L]/Kg --------- 1
where K; is inhibition constant required to produce half maximum inhibition, L is ligand

concentration and Ky is dissociation constant.

Similar results were observed in the presence of DHFR (5-50 uL) in case of compound 6d that
resulted in a hypochromic effect in absorption band (Figure 4b). However, compounds 6c, 10,
20, 21, 43, 44 and 46 caused no significant change in absorption band in the presence of DHFR.
Therefore, changes in absorption spectra of these compounds with increasing concentration of
DHFR clearly indicated binding capacities of the molecules with DHFR. The association and
inhibition constants obtained through UV-Vis titration experiments with DHFR are in parallel
with the results obtained through DHFR enzyme immunoassay.

2.2.2.4.*H NMR Spectral Investigations

To find out the site of interaction of compounds with DHFR, *H NMR spectral studies have been
performed. *H NMR spectra of compound 33 (30 mM), 10 (41 mM), and DHFR (6 pl) were
recorded in 0.7 mL of DMSO-dg at 25 °C. In the 'H NMR spectrum of compound 33 (lower
trace, Figure 5), signals at 6 7.45, 6.80 and 5.60 correspond to exchangeable protons (NH) as
confirmed by their D,O exchange (middle trace, Figure 5). On addition of 6 uL of DHFR
solution to compound 33 (DMSO-dg), NH signal at & 5.60 ppm has been diminished and signal
due to NH at 6 7.45 ppm shifted downfield while signal at & 6.90 ppm shifted upfield. Shifting of
NH signals clearly predicted the interaction of compound 33 with residues of DHFR. A change
in chemical shift and linewidth of some of the peaks of DHFR in the region 3—4 ppm (the region
most distinctively visible in *H NMR spectrum of enzyme) (pink trace, Figure 5) also indicated

interactions of compound 33 with DHFR.
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Figure 5. (A) (a) Part of *H NMR spectrum of compound 33. (b) D,O exchange showing
exchangeable protons NH at 6 7.5, 6.9 and 5.6. (¢) Compound 33 in presence of DHFR; (B) (a)
Part of *H NMR spectrum of DHFR in region of & 3.14-3.42 (6 ul in 0.7 mL of DMSO-ds). (b)
Changes in resonance in presence of compound 33. (c) Changes in resonance in presence of
compound 10.

Addition of 6 uL of DHFR to solution of compound 10 (41 mM, DMSO-ds) also showed
changes in splitting pattern of DHFR signals in the region & 3—4 ppm (green trace, Figure 5).
However, compounds 6c, 6d, 11, 20, 21, 43, 44 and 46 did not exhibit appreciable change either
in the spectrum of compounds or dihydrofolate reductase. Hence, results of NMR spectral
investigations are in parallel with those of UV—Vis studies, supporting significant interactions of

compound 33 with DHFR.
2.2.2.5. DNA Binding Studies

We therefore investigated the binding of the most active series, 5 dose compounds viz., 6c¢, 6d,
10, 11, 20, 21, 33, 43, 44 and 46 towards ct-DNA, through stepwise addition of DNA to a
solution of compound at constant concentration and physiological pH. Compound 33 (25 pM)
showed absorption maxima at 276 nm (Figure 6a). Upon incremental addition of ct-DNA caused
tailing in absorption intensity between 325 nm and 1000 nm that might be due to aggregation in
the presence of DNA. In emission spectra, the incremental addition of ct-DNA to compound 33
did not show any significant change in emission band at 340 nm but cause emission

enhancement between 370 nm-500 nm (Figure 6b).
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Figure 6. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 33
(25 uM, pH 7.0) in phosphate buffer.

In order to confirm the aggregation, UV-Vis experiment was performed on compound
33.DNA complex with increasing H,O ratio from 0-100% in ethanol which showed, upon
increasing the water ratio up to 60%, tailing in absorption was formed whereas further increase
in H,O ratio did not affect the absorption intensity. However, compound 33, in the absence of
DNA, with increasing H,O ratio, did not cause any tailing in the region 325-1000 nm. These
aggregations in the presence of DNA were also confirmed through fluorescence spectroscopy
(Figure 7). Compound 33.DNA complex with increasing H,O ratio upto 60% caused emission
enhancement at 340 nm, which clearly predicts the aggregation induced emission phenomenon in

the presence of DNA.
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Figure 7. Effect of changing H,O (0-100 %) ratio on (a) absorption and (b) emission spectra of
compound 33.

Similarly, we investigated the binding behavior of compounds 6c, 6d 10, 11, 20, 21, 43, 44
and 46 towards ct-DNA. There is increase in the absorption intensity upon incremental addition
of ct-DNA to the solution of compound 6¢, 10 and 43 (Figures 8a, 10a and 14a) while

compounds 11, 44 and 46 (Figures 1la, 15a and 16a) showed decrease in the absorption
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intensity. Compound 20 (25 uM) showed absorption maxima at 255 nm and 306 nm as shown in
Figure 12a. Upon incremental addition of ct-DNA to the solution of compound 20, there is
increase in the absorption intensity at Amax 255 nm with concomitant decrease in the absorption
intensity at Amax 306 nm with isobestic point at 294 nm. The presence of isobestic point during
titration with compound 20 and DNA revealed that different species are in equilibrium and there
is no stepwise formation of the complex species. In case of emission spectra, compound 6c, 10,
20 and 46 (Figures 8b, 10b, 12b and 16b) caused emission quenching while compounds 11, 43
and 44 (Figures 11b, 14b and 15b) caused emission enhancement in the presence of DNA.

The stepwise increase in concentration of DNA in compound 6d also caused increase in
absorption intensity along with tailing in absorption intensity between 325 nm-1000 nm which
indicated the aggregation of compound in the presence of DNA (Figure 9) whereas compound 21
caused decrease in absorption intensity at their respective Amax (Figure 13) In case of emission
spectra, compound 6d caused fluorescence enhancement typically due to aggregation whereas
compound 21 showed emission quenching in the presence of DNA. The binding constant K, for
ligand-DNA binding was determined from the Benesi—Hildebrand® equation-2 for UV-Vis and
fluorescence titrations, suggested strong interaction of ct-DNA with compounds.

1/(As— Aobs) = LI(As — Are) + {1/[Ka(As— Ar)]Hligand] ....... 2
where K, is the binding constant, A is the absorbance of the free host, Aqps is the absorbance

observed, and Ag is the absorbance at saturation.
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Figure 8. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 6c in
phosphate buffer.

37



600 -

(b)
0.8 () 500
400
. 06 - _
z =
2 =
0.4 2
200
0.2
100 -
0 Lf = —_——— 0 : : : :
260 380 500 620 740 860 980 11 315 365 415 465 515
Wavelength (nm) Wavelength (nm)

Figure 9. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 6d
in phosphate buffer.
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Figure 10. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 10
in phosphate buffer.
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Figure 11. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 11
in phosphate buffer.
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Figure 12. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 20
in phosphate buffer (pH 7.0).
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Figure 13. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 21
in phosphate buffer.
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Figure 14. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 43
in phosphate buffer.
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Figure 15. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 44
in phosphate buffer.
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Figure 16. Effect of addition of ct-DNA on (a) absorption (b) emission spectra of compound 46
in phosphate buffer.

Table 6. Binding constant of compounds with ct-DNA.

Compd K, (UV studies) in M™ K. (Fluorescent studies) in M Tn(°C)
6c 6.03 x 10° 2.97 x 10° 57.0
6d 1.01 x 10° 7.84 x 10* Nd
10 2.92 x 10* 3.36 x 10* 65.6
11 5.23 x10* 5.46 x 10* 71.5
20 3.06 x10* 5.46 x 10* 62.6
21 3.75 x 10* 2.6 x 10* 85.0
33 7.19 x 10* 8.58 x 10* 80.1
43 3.39 x 10* 1.97 x 10* Nd
44 3.19 x 10* 4.21 x 10* 68.5
46 2.96 x 10* 1.50 x 10* 67.5

nd- not determined
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In order to evaluate strength of intercalative nature of compounds with DNA, thermal
behaviour of ct-DNA in the presence of hybrids was also determined. Intercalation of molecules
into the double helix is known to stabilize the DNA against thermal strand separation and thus
increases thermal melting temperature (Tn,). The thermal denaturation temperature of ct- DNA
(60 °C), increased significantly in the presence of compounds 21 (85.0 °C) and 33 (80.1 °C)

which showed strong intercalation properties of these compounds with DNA (Table 6).
2.2.2.6. Physicochemical Parameters

As a part of our study; variation of fragments to the triazine and benzimidazole have allowed us
to evaluate the influence of different parameters at the pharmacophoric part of the molecules.
The compliance of compounds 6c, 6d, 10, 11, 20, 21, 33, 43, 44 and 46 were evaluated with
different physicochemical descriptors, favouring their drug like properties (Table 7). Within the
series of compounds, it has been observed that descriptors like total polar surface area (TPSA),
molar refractivity, polarizability and solvent accessibility surface area showed great influence on
the DHFR activity. Thus, the lipophilicity does not exert any effect on activity in all compounds
but hydrophilicity produces an important parameter for the activity. Compound 33, most active
in DHFR interaction, showed higher values in all these parameters that also supported the

inhibitory activity.

Table 7. Physicochemical parameters for compounds 6c¢, 6d, 10, 11, 20, 21, 33, 43, 44 and 46.

Compd log P TPSA (A nON  nOHNH molar dipole  polarizability solvent
refractivity —moment accessibility
(debye) surface area(A?)
6c 5.94 80.55 7 2 128.30 6.14 51.96 454.81
6d 4.47 81.00 8 1 123.11 531 52.83 436.57
10 5.82 87.03 9 2 153.23 5.89 63.18 529.91
11 6.34 83.79 8 2 144.72 5.77 59.95 499.74
20 4.88 84.23 9 1 139.24 4.83 57.17 491.32
21 5.27 93.02 9 2 144.12 5.50 58.76 494.69
33 4.96 105.05 10 3 160.04 6.41 65.60 550.42
43 7.65 80.55 7 2 152.97 4.22 63.84 519.11
44 5.96 80.55 7 2 147.03 5.24 58.70 498.16
46 6.88 89.79 8 2 154.63 5.66 64.33 531.90
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2.2.2.7. Structure Activity Relationship

Structure-activity correlation, based upon the cancer cell lines and dihydrofolate reductase
revealed that the nature of the substituents at C2- and C6-positions of triazine significantly
affected the biological activity. Regarding 60 human tumor cell line studies; compounds with 1-
benzyl-2-methyl-1H-benzimidazol-5-yl at C2-position of triazine (7-26) showed comparatively
higher activity than their isomers, 3-benzyl-2-methyl-3H-benzimidazol-5-yl (27-40), suggested
that there is much difference in antitumor activity with orientation of benzyl group of
benzimidazole. In the first series of fluorophenyl compounds (7-18), substitution of chloro group
6a with primary/secondary amines and aryl groups improved the inhibitory activity of
compounds. Secondary amine substitutions at this position showed higher activity, as illustrated
by 4-methylpiperazine (10) and pyrrolidine (11) groups in comparison to primary amines (8, 9,
12, 13 and 17). Similarly, in case of Pd catalyzed arylation reaction of 6a with aryl boronic acids
(compounds 43, 44 and 46), the activities were slightly decreased due to hydrophobic aryl
groups. In another series of fluorophenyl compounds (27-33), substitution of 6¢c with 4-
aminoethylmorpholine (33) enhanced the antitumor activity in comparison to other primary and
secondary amines. Similarly, with the series of morpholine substituted compounds, it has been
observed that compounds 6b and 19-26 showed comparatively higher activity than their isomers
6d and 34-40. Regarding 60 human tumor cell lines, in the series of compounds 6b and 19-26
substitution at C6 position of triazine, 4-fluoroaniline (20) showed higher activity. In another
series of compounds (6d and 19-26), chloro substitution at C6 position of triazine, showed
selectivity as compared to substitution of primary and secondary amines.

The dihydrofolate reductase inhibitory activity results revealed that substitution of 6¢ with
secondary amine 4-methylpiperazine did not effect the reactivity but substitution with
pyrrolidine (11), showed almost three fold increase in activity while hydrophobic aryl groups
like 2-thienyl (44) and 4-methoxyphenyl (46) showed slightly decrease in affinity. However,
much higher activity was observed with small alkyl group linker, 2-aminoethylmorpholine (33)
in the nanomolar range. These studies indicated that the substitution of the triazine-
benzimidazole heterocycles with various primary and secondary amines led to highly potency
towards 60 human cancer cell line activities as well as dihydrofolate reductase inhibition. The
structure-activity relationship emerged from the activity towards cancer cell lines, DHFR and
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DNA revealed that permutation of triazine and benzimidazole hybrid was well tolerated for in

vitro anticancer and DHFR inhibitory activity.
2.2.2.8. Molecular Modeling

In order to have an insight into the molecular interaction of compounds with DHFR, their
docking was planned to scrutinize the mode of interaction of compound with amino acids in the
active site of the enzyme.®® Molecular docking was carried out with compound 33, which has
been proven to be the most active in DHFR enzyme immunoassay. Compound 33 (Figure 17)
sits in the active site of the enzyme (PDB ID 3GHW), interacting through H-bonding between
oxygen atom of morphoine with a-helix of A124 (d = 2.87 A) and M125 (d = 2.78 A) amino acid
residues. Nitrogen atom of morpholine (d = 0.98 A), NH group of aminoethylmorpholine (d =
2.41 A) and nitrogen atoms of triazine (d = 2.47 A and d = 2.14 A) showed hydrogen bonding

with B-strand of C6 amino acid residue.

k)

_./4__, ‘:ﬂ'(‘. K132

Figure 17. Compound 33 docked in the active site of DHFR (3GHW).%’

Nitrogen atoms of triazine (d = 2.39 A and d = 1.73 A) and NH group of benzimidazole (d = 2.40
A) showed hydrogen bonding interaction with B-strand of 17 amino acid residue. NH group of

benzimidazole (d = 2.40 A) also showed hydrogen bonding interaction with a-helix of Y121
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amino acid residue. NH group of 4-fluorophenylamine (NH...O=C, d = 1.62 A) and nitrogen
atom of triazine (N...O=C, d = 2.26 A) showed hydrogen bonding interaction with B-strand of
N5 and 1114 amino acid residues respectively. Therefore, the crystal coordinates of the DHFR in
association with compound 33 supported the experimental results, as these compounds exhibited

interactions with active site of enzymes.

2.2.3. CONCLUSION

The present work has led to the development of novel triazine-benzimidazole hybrids bearing 4-
fluoroaniline and morpholine with different substitution of primary and secondary amines as well
as substituted aryl groups. The anticancer activity profile of these hybrid compounds towards 60
human cancer lines indicated effective inhibition towards tumor growth for most of the cancer
cell lines. As per the results of enzyme immunoassay (DHFR), these compounds exhibited
significant inhibition towards DHFR with 1Csq values in micromolar range while compound 33
showed highest activity with ICs value of 2.0 nM. These interactions have also been confirmed
by UV-Visible and NMR experiments. These compounds also showed strong intercalating
properties with ct-DNA, determined by UV-Visible and fluorescence spectroscopy as well as
thermal denaturation experiment. Moreover, molecular docking analysis of most active
compound 33 in the active site of DHFR also supported the experimental results for their
interactions. Overall results revealed that: (i) regioisomeric aminobenzimidazoles at triazine ring
play a key role in varying the efficiency of antitumor activities, (ii) fluoroaniline or morpholine
at one of position of triazine ring positively influences the antitumor effectiveness, inducing
good activity against most of the cancer cell lines, (iii) chloro substitution at C6-position of
triazine ring also imparts antitumor activity, (iv) introduction of 4-fluoroaniline (8), piperidine
(9) and aminoethylmorpholine (33) at the C6 position of triazine ring led to a broad spectrum of
selectivity with respect to other primary and secondary amines, thus essential for activity, (v)
linker between triazine and benzimidazole is essential as H-bond region.These preliminary
encouraging results of biological screening could offer an excellent framework in medicinal
field.
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2.2.4. EXPERIMENTAL SECTION

All materials were obtained from commercial suppliers and used without further purification
unless otherwise noted. Melting points were determined in open capillaries and are uncorrected.
'H NMR and **C NMR spectra were recorded on a Bruker Avance 400 (*H, 400 MHz; *C, 100
MHz) or Jeol-400 (*H, 400 MHz; **C, 100 MHz) spectrometer at ambient temperature, using
CDCI3; and DMSO-ds as solvents. Chemical shifts are reported in ppm. Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, b = broad, m
= multiplet), coupling constants and number of protons. Mass spectrometric data were recorded
at Waters Micromass Q-Tof Micro. Elemental analysis was done with Thermo Scientific (Flash
2000) analyzer. UV-Visible studies were carried out Shimadzu-2400 PC spectrometer. The
fluorescence spectra were determined on a Varian Cary Eclipse fluorescence spectrometer. The
crystal structure was collected on Bruker AXS KAPPA APEX Il CCD diffractometer. Reactions
were monitored by thin-layer chromatography (TLC) carried out on silica gel plates (GF 254)
using UV light as visualizing agents. Silica gel 60-120 mesh was used for column

chromatography. Hexane:ethyl acetate and chloroform:methanol were adopted solvent systems.

Chemicals and Solvents

0-Phenylenediamine, acetic acid, nitric acid, hydrochloric acid, sulphuric acid, benzyl chloride,
potassium carbonate, sodium bicarbonate, ethanol, sodium hydroxide, stannous chloride,
cyanuric chloride, tetrahydrofuran, 1,4-dioxane, chloroform, methanol, ethyl acetate, hexane, p-
fluoroaniline, morpholine, piperidine, pyrrolidine, N-methylpiperazine, p-aminophenol, p-
aminothiophenol, 1,2-ethylenediamine, 1,2-ethanolamine, aminoethylmorpholine, aniline, 2-
aminopyrimidine, 2-aminobenzonitrile, phenylboronic acid, p-fluorophenylboronic acid, p-
chlorophenylboronic acid, p-methoxyphenylboronic acid, m-methylphenylboronic acid and

thiophene-2-boronic acid.

Procedure for synthesis of 1-benzyl-2-methyl-1H-benzimidazol-5-ylamine (4a) and
3-benzyl-2-methyl-3H-benzimidazol-5-ylamine (4b)

0-Phenylenediamine (1.08 g, 10.0 mmol) and acetic acid (0.52ml, 13.6 mmol) was refluxed on a
water bath for 2 hr at 100 °C, cooled and 10% NaOH solution was added slowly with constant

rotation of the flask, until the mixture was just alkaline to litmus. Crude benzimidazole was
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filtered off at the pump, washed with ice cooled water and dried to give pure 2-methyl-1H-
benzimidazole (1) in 98% yield. To a stirring solution of 2-methyl-1H-benzimidazole (1) (3.50 g,
24.1 mmol) in conc. H,SO4 (15 mL) at -5 °C, was added conc. HNOj3 (15 mL) dropwise ensuring
the reaction temperature was < 20 °C. The solution was stirred at -5 °C for 30 min and then
poured onto ice. The precipitate that formed was filtered and washed with water to give 2-
methyl-5-nitro-1H-benzimidazole (2) (75%) as a light yellow solid. To a solution of 2-methyl-5-
nitro-1H-benzimidazole (2) (9.0 g, 0.05 mol) in ethanol (50 mL), K,COj3 (6.98 g, 0.075 mol) and
benzyl chloride (9.63 g, 0.075 mol) were refluxed for 8 h. After the completion of the reaction
(monitored by TLC), the reaction mixture was filtered and concentrated to get yellow solid. The
residual mass was crystallized from ethanol to give mixture of 1-benzyl-2-methyl-5-nitro-1H-
benzimidazole and 3-benzyl-2-methyl-5-nitro-3H-benzimidazole (3) in 75% vyield. To a
suspension of SnCl,.2H,0 (15.45 g, 0.067 mol) in 2N HCI (47.6 mL), 1/3-benzyl-2-methyl-5-
nitro-1H/3H-benzimidazole (3) (4.25 g, 0.019 mol) was heated at 110 °C for 7 h. After
completion of the reaction, the suspension was neutralized with 2N NaOH and diluted with
ethanol. Filtered the solid product and extracted the filtrate with chloroform, dried over Na,SO,,
filtered and concentrated to get mixture of products which were separated through column
chromatography using ethylacetate:methanol (19:1) as eluent to get solid compounds 4a and 4b.
1-Benzyl-2-methyl-1H-benzimidazol-5-ylamine (4a)
”Z“@:\HA& Brownish powder; (2.6 g, 69%); M.p. 137-139 °C; 'H NMR (400 MHz, CDCls):
©) 8 = 7.48 (d, 1H, J = 8.24 Hz, ArH), 7.30-7.24 (m, 3H, ArH), 7.03 (d, 2H, J =
6.88 Hz, ArH), 6.63 (dd, 1H, 2J = 8.24, %) = 1.84 Hz, ArH), 6.47 (d, 1H, J = 1.36
Hz, ArH), 5.19 (s, 2H, N-CH,), 2.51 (s, 3H, CHs); *C NMR (100 MHz, CDCl;): & = 149.2,
142.3, 136.7, 136.0, 129.0, 127.9, 127.8, 126.2, 119.5, 119.4, 112.0, 111.1, 95.1 (ArC), 47.0
(N-CHy), 13.9 (CHs); MS(ESI), m/z: 238.2 (M*+1).
3-Benzyl-2-methyl-3H-benzimidazol-5-ylamine (4b).
HN/CEZ\%MQ Brownish powder; (1.0 g, 26%); M.p. 137-139 °C; 'H NMR (400 MHz,
’ ©) CDCly): 6 = 7.28-7.24 (m, 3H, ArH), 7.02 (s, 1H, ArH), 7.01 (d, 2H, J = 5.52
Hz, ArH), 6.97 (d, 1H, J = 8.24 Hz, ArH), 6.60 (d, 1H, J = 8.24 Hz, ArH),
5.22 (s, 2H, N-CHy), 2.52 (s, 3H, CH3); *C NMR (100 MHz, CDCl3): 6 = 151.7, 143.2, 142.1,
135.9, 129.3, 129.0, 127.9, 126.2, 112.3, 109.8, 104.3 (ArC), 47.1 (N-CH,), 13.8 (CHy);
MS(ESI), m/z: 238.2 (M*+1).
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General procedure for the preparation of (1/3-Benzyl-2-methyl-1H/3H-
benzimidazol-5-yl)-(4,6-dichloro-[1,3,5]triazin-2-yl)-amine (5a, 5b).

To a stirred solution of cyanuric chloride (10.0 g, 0.054 mol) in anhydrous THF (150 mL) was
added 1/3-benzyl-2-methyl-1H/3H-benzimidazol-5-ylamine (4a/4b) (11.56 g, 0.048 mol) at 0-5
°C. To this mixture, 10% NaHCO3 was added drop wise and stirred at the same temperature for 6
h. The resulted reaction mixture was then poured into crushed ice and filtered, dried and then
column chromatographed on silica gel in chloroform:methanol (50:1) as eluents to give (1/3-
benzyl-2-methyl-1H/3H-benzimidazol-5-yl)-(4,6-dichloro-[1,3,5]triazin-2-yl)-amine (5a/5b).

(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-(4,6-dichloro-[1,3,5]triazin-2-yl)-amine (5a).
f\' @ Yellow powder; (20.02 g, 96%); M.p. > 300 °C;'H NMR (400 MHz,
N \/N @[,y% DMSO-ds): 6 = 11.22 (s, 1H, NH), 7.98 (s, 1H, ArH), 7.60 (d, 1H, J = 3.60
Hz, ArH), 7.42 (dd, 1H, 2J = 8.72 Hz, 3J = 1.92 Hz, ArH), 7.34-7.29 (m,

5H, ArH), 5.49 (s, 2H, N-CHy), 2.50 (s, 3H, CH3); *C NMR (100 MHz, DMSO-dg): & = 154.8,
152.2, 150.4, 134.3, 132.3, 129.5, 128.9, 128.5, 128.3, 120.6, 114.8, 105.3 (ArC), 48.3 (N-CHy),
12.4 (CHs); MS(ESI), m/z: 385.1 (M*+1); Anal. Calcd for C1gH14CloNg: C, 56.12; H, 3.66; N,
21.81, Found: C, 56.42; H, 3.60; N, 21.44.
(3-Benzyl-2-methyl-3H-benzimidazol-5-yl)-(4,6-dichloro-[1,3,5]triazin-2-yl)-amine (5b).

C' Yellow powder; (18.78 g, 90%); M.p. > 300 °C; *H NMR (400 MHz,

@[ g DMSO-ds): & = 8.60 (bs, 1H, NH), 8.07 (d, 1H, J = 1.84 Hz, ArH), 7.36
(d, 1H, J = 8.72 Hz, ArH), 7.29-7.21 (m, 3H, ArH), 7.16 (d, 1H, J = 8.68

Hz, ArH), 7.05 (d, 1H, J = 5.96 Hz, ArH), 6.85 (d, 1H, J = 8.68 Hz, ArH), 5.31 (s, 2H, CH,), 2.57
(s, 3H, CHs); *C NMR (100 MHz, DMSO-dg): & = 154.8, 152.2, 150.4, 136.4, 134.2, 132.2,
129.5, 129.0, 128.3, 126.8, 120.7, 114.9, 105.0 (ArC), 48.4 (N-CH,), 12.0 (CH3); MS(ESI), m/z:
385.1 (M*+1); Anal. Calcd for C1gH14CLNg: C, 56.12; H, 3.66; N, 21.81, Found: C, 56.37; H,
3.41; N, 21.87.
General procedure for the preparation of compounds 6a-d.
To a stirred solution of (1/3-benzyl-2-methyl-1H/3H-benzimidazol-5-yl)-(4,6-dichloro-
[1,3,5]triazin-2-yl)-amine (5a/5b) (10 g, 0.026 mol) in anhydrous THF (150 mL) was added 4-
fluoroaniline/morpholine (3.46 g, 0.031 mol) at room temperature. To this mixture, 10% NaHCO3
was added drop wise and stirred for 4 h. The resulted reaction mixture was then poured into
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crushed ice, filtered, dried and column chromatographed on silica gel in chloroform:methanol
(50:1) to afford the desired products.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-6-chloro-N’-(4-fluoro-phenyl)-[1,3,5]triazine-
2,4-diamine (6a).
- @ White powder; (8.35 g, 70%); M.p. > 300 °C; *H NMR (400 MHz,
FQN)N\);N\N z/%cm DMSO-dg): 6 = 10.15 (s, 1H, NH), 10.11 (s, 1H, NH), 7.90-7.84 (m,
H . 2H, ArH), 7.72-7.57 (m, 2H, ArH), 7.47 (d, 1H, J = 8.52 Hz, ArH),

7.37 (d, 1H, J = 8.44 Hz, ArH), 7.47 (d, 1H, J = 8.52 Hz, ArH), 7.37 (d, 1H, J = 8.44 Hz, ArH),
7.29-7.20 (m, 3H, ArH), 7.09-6.90 (m, 3H, ArH), 5.19 (s, 2H, N-CH,), 2.50 (s, 3H, CH5); *C
NMR (100 MHz, DMSO-dg): 6 = 163.6, 151.5, 138.4, 134.9, 132.9, 128.3, 127.2, 126.5, 125.9,
122.4, 117.6, 116.1, 114.7, 114.5, 101.8 (ArC), 46.4 (N-CH,), 13.5 (CH3); MS(ESI), m/z: 460.2
(M*+1); Anal. Calcd for Co4H19CIFN7: C, 62.68; H, 4.16; N, 21.32, Found: C, 62.92; H, 4.56; N,
21.47.
(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-(4-chloro-6-morpholin-4-yl-[1,3,5]triazin-2-yl)-
amine (6b).

o @ White powder; (9.07 g, 80%); M.p. > 300 ° C; 'H NMR (400 MHz,
~ i N\iN/@[zﬂHs CDCls): & = 7.76 (bs, 1H, NH), 7.66 (d, 1H, J = 8.72 Hz, ArH), 7.32-
o/ " 7.26 (m, 5H, ArH), 7.10 (d, 1H, J = 8.24 Hz, ArH), 7.02 (s, 1H, ArH),
5.30 (s, 2H, N-CHy), 3.80 (s, 2H, mor-CHy), 3.67 (s, 2H, mor-CHz), 3.50 (s, 2H, mor-CH,), 3.40
(s, 2H, mor-CH,), 2.55 (s, 3H, CHs); *C NMR (100 MHz, CDCls): & = 164.6, 163.8, 152.4,
139.4, 135.6, 132.8, 129.2, 128.1, 125.7, 119.2, 116.2, 102.1 (ArC), 66.7 (O-CHy), 66.5 (O-CHy),
46.9 (N-CH,), 44.0 (N-CH,), 14.0 (CHs); MS(ESI), m/z: 436.2 (M'+1); Anal. Calcd for
C22H2,CION7: C, 60.62; H, 5.09; N, 22.49, Found: C, 61.01; H, 5.41; N, 22.14.
N-(3-benzyl-2-methyl-3H-benzimidazol-5-yl)-6-chloro-N'-(4-fluoro-phenyl)-[1,3,5]triazine-
2,4-diamine (6¢).
. Ni'N \ White powder; (9.21 g, 77%); M.p. > 300 ° C; *H NMR (400 MHz,
\@H*N/*H ‘P CDCly): 6 = 7.73 (bs, 1H, NH), 7.51-7.26 (m, 7H, ArH), 7.17 (d, 1H, J

=8.28 Hz, ArH), 7.08 (d, 4H, J = 1.36 Hz, ArH), 6.86 (bs, 1H, NH),

5.34 (s, 2H, N-CH,), 2.61 (s, 3H, CHa3); *C NMR (100 MHz, CDCls): & = 153.2, 142.9, 135.6,
133.4, 129.2, 128.3, 128.2, 126.8, 126.3, 125.4, 124.5, 122.4, 115.7, 114.6, 109.4 (ArC), 47.4 (N-
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CHy,), 14.2 (CHa); MS(ESI), m/z: 460.2 (M*+1); Anal. Calcd for C,4H19CIFN;: C, 62.68; H, 4.16;
N, 21.32, Found: C, 63.04; H, 4.43; N, 21.37.
(3-Benzyl-2-methyl-3H-benzimidazol-5-yl)-(4-chloro-6-morpholin-4-yl-[1,3,5]triazin-2-yl)-

j\\'N . White powder; (8.38 g, 74%); M.p. > 300 °C; 'H NMR (400 MHz,
O\J N/)\H/C[N%% CDCl3): 6 =8.08 (s, 1H, NH), 7.34-7.30 (m, 3H, ArH), 7.23 (d, 1H, J =
(@)

C 3.68 Hz, ArH), 7.17 (d, 2H, J = 8.72 Hz, ArH), 7.06 (d, 1H, J = 7.80 Hz,

ArH), 7.04 (d, 1H, J = 1.40 Hz, ArH), 5.32 (s, 2H, N-CH,), 3.85 (t, 4H, J = 9.16 Hz, mor-CH,),
3.74-3.73 (m, 4H, mor-CH,), 2.58 (s, 3H, CHs); *C NMR (100 MHz, CDCls): & = 163.8, 152.9,
142.8, 135.6, 132.5, 129.3, 129.1, 128.1, 128.0, 126.2, 125.9, 122.9, 116.6, 116.5, 111.6, 109.4
(ArC), 66.7 (O-CH,), 47.3 (N-CH,), 44.1 (N-CH,), 14.1 (CHs); MS(ESI), m/z: 436.2 (M*+1);
Anal. Calcd for C;,H2,CION7: C, 60.62; H, 5.09; N, 22.49, Found: C, 60.65; H, 5.36; N, 22.30.
General procedure for the preparation of compounds 7-40.
To a stirred solution of  N-(1/3-benzyl-2-methyl-1H/3H-benzimidazol-5-yl)-6-chloro-N'-(4-
fluoro-phenyl)-[1,3,5]triazine-2,4-diamine (6a/6b) (0.200 g, 0.435 mmol) in 1,4-dioxane (20 ml)
piperidine (0.147 g, 1.74 mmol) and potassium carbonate (0.076 g, 0.551 mmol) was added and
refluxed for 8 h. Extracted the reaction mixture with chloroform, dried over Na,SO,, filtered and
concentrated to get crude product which was then purified through column chromatography using
chloroform:methanol (50:1) as eluents to give the desired products.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-piperidin-1-yl-
[1,3,5]triazine-2,4-diamine (7).

[Nj @ White powder; (0.179 g, 81%); M.p. > 300 °C; *H NMR (400 MHz,
F@N)N\?I\NQZ%CHS CDCl3): 8 = 7.85 (bs, 1H, NH), 7.60 (d, 1H, J = 8.68 Hz, ArH), 7.45

HOD A (d, 1H, J = 4.60 Hz, ArH), 7.43 (d, 1H, J = 4.56 Hz, ArH), 7.29-7.26

(m, 3H, ArH), 7.10 (d, 1H, J = 2.28 Hz, ArH), 7.08 (d, 1H, J = 1.84 Hz, ArH), 7.05 (s, 1H, ArH),
7.01 (d, 1H, J =5.96 Hz, ArH), 6.94 (t, 2H, J = 8.72 Hz, ArH), 5.20 (s, 2H, N-CHy), 3.68 (s, 4H,
pip-CH,), 2.49 (s, 3H, CHa), 1.61 (t, 2H, J = 3.64 Hz, pip-CH,), 1.49 (s, 4H, pip-CH.); *C NMR
(100 MHz, CDCl3): 6 = 164.7, 164.3, 151.7, 138.4, 135.9, 135.8, 135.3, 129.0, 127.9, 126.1,
121.9, 118.9, 115.4, 115.1, 101.4 (ArC), 46.8 (N-CH,), 44.5 (N-CH,), 29.7 (CH,), 25.7 (CH,),
24.8 (CH,), 14.0 (CH3); MS(ESI), m/z: 509.3 (M*+1); Anal. Calcd for Co9H,oFNg: C, 68.49; H,
5.75; N, 22.03, Found: C, 68.84; H, 5.70; N, 21.88.
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N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N*,N"*-bis-(4-fluoro-phenyl)-[1,3,5]triazine-
2,4,6-triamine (8).

F\@ White powder; (0.154 g, 66.5%); M.p. > 300 °C; *H NMR (400 MHz,
F@ Y . CDCls): 6 = 7.61 (d, 2H, J = 8.72 Hz, ArH), 7.57 (bs, 1H, NH), 7.41
N Vass
NN (d, 2H, J = 4.60 Hz, ArH), 7.39 (d, 2H, J = 4.60 Hz, ArH), 7.26-7.24

(m, 3H, ArH), 7.18 (s, 1H, ArH), 7.16 (d, 1H, J = 1.40 Hz, ArH), 7.13 (d, 1H, J = 1.80 Hz, ArH),
6.95-6.93 (m, 4H, ArH), 6.90 (bs, 1H, NH), 5.13 (s, 2H, N-CH,), 2.50 (s, 3H, CHs); *C NMR
(100 MHz, CDClIs): 6 = 164.5, 160.2, 157.8, 152.2, 139.2, 135.8, 135.7, 134.4, 133.4, 129.0,
127.9, 126.3, 122.9, 119.0, 116.7, 115.5, 115.3 (ArC), 47.0 (N-CH,), 14.1 (CH3); MS(ESI), m/z:
535.3 (M"+1); Anal. Calcd for CzgH,4FoNg: C, 67.40; H, 4.53; N, 20.96, Found: C, 66.00; H, 4.50;
N, 20.87.
4-[4-(1-Benzyl-2-methyl-1H-benzimidazol-5-ylamino)-6-(4-fluoro-phenylamino)-
[1,3,5]triazin-2-ylamino]-phenol (9).
\@ e White powder; (0.162 g, 70%); m.p. > 300 °C; *H NMR (400 MHz,
@ x\ Q%Ca DMSO-dg): & = 9.42 (bs, 1H, NH), 8.96 (bs, 1H, NH), 7.74-7.70 (m,
4H, ArH), 7.44 (d, 2H, J = 13.96 Hz, ArH), 7.37 (d, 3H, J = 7.52 Hz,
ArH), 7.21-7.11 (m, 3H, ArH), 7.01 (d, 3H, J = 7.12 Hz, ArH), 6.67 (d, 1H, J = 8.80 Hz, ArH),
5.11 (s, 2H, N-CH,), 2.50 (s, 3H, CHs); **C NMR (100 MHz, CDCly): & = 164.4, 164.2, 152.7,
140.9, 135.6, 133.2, 129.1, 128.1, 126.2, 123.9, 119.2, 115.8, 115.6, 101.9 (ArC), 47.0 (N-CHy),
14.2 (CHs); MS(ESI), m/z: 533.3 (M"+1); Anal. Calcd for C3gH,sFNgO: C, 67.66; H, 4.73; N,
21.04, Found: C, 67.46; H, 4.42; N, 21.42.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-(4-methyl-piperazin-1-
yl)-[1,3,5]triazine-2,4-diamine (10).
[&] White powder; (0.193 g, 85%); M.p. > 300 °C; *H NMR (400 MHz,
@ *i ”;9 CDCl3): 8 =7.82 (bs, 1H, NH), 7.63 (d, 1H, J = 8.52 Hz, ArH), 7.48-7.45
A (m, 2H, ArH), 7.32-7.29 (m, 3H, ArH), 7.16 (d, 1H, J = 12.36 Hz, ArH) ,
7.09-7.04 (m, 4H, ArH), 6.90 (d, 1H, J = 7.88 Hz, ArH), 6.69 (s, 1H, NH), 5.31 (s, 2H, N-CH,),
3.75 (s, 4H, pip-CH,), 2.58 (s, 3H, CHs), 2.35 (s, 3H, N-CHs), 2.30 (s, 4H, pip-CH,); *C NMR
(100 MHz, CDCls3): & = 164.9, 164.3, 159.9, 157.5, 151.8, 139.9, 135.8, 135.7, 129.1, 127.9,
126.0, 122.1, 118.9, 115.5, 115.2, 101.7 (ArC), 54.7 (N-CH,), 46.2 (N-CH,), 43.1 (N-CH,), 31.3
(N-CHg), 14.2 (CH3); MS(ESI), m/z: 524.3 (M*+1); Anal. Calcd for CagHsoFNg: C, 66.52; H,
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5.77; N, 24.08, Found: C, 66.37; H, 5.51; N, 24.07.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N*-(4-fluoro-phenyl)-6-pyrrolidin-1-yl-
[1,3,5]triazine-2,4-diamine (11).

® @ White powder; (0.180 g, 84%):; M.p. > 300 °C; *H NMR (400 MHz,
F@Nf:iN :%CHs CDCl): 6 = 8.19 (bs, 1H, NH), 7.57-7.55 (m, 2H, ArH), 7.31-7.26

! (m, 3H, ArH), 7.11 (d, 2H, J = 8.72 Hz, ArH), 7.06 (d, 2H, J = 6.44

Hz, ArH), 6.98 (d, 2H, J =8.72 Hz, ArH), 6.89 (s, 1H, ArH), 5.30 (s, 2H, N-CH,), 3.64 (d, 4H, J
= 16.52 Hz, pyrr.-CH,), 2.56 (s, 3H, CHs), 1.95 (s, 4H, pyrr.-CH,); *C NMR (100 MHz, CDCls):
d = 163.9, 163.6, 152.4, 152.2, 143.0, 135.9, 135.5, 131.5, 129.1, 128.0, 126.2, 121.3, 115.4,
115.2, 109.1, 108.8 (ArC), 47.2 (N-CH,), 46.3 (N-CH,), 25.3 (N-CH,), 14.1 (CH3); MS(ESI),
m/z: 495.3 (M*+1); Anal. Calcd for C,gH,7FNg: C, 68.00; H, 5.50; N, 22.66, Found: C, 67.66; H,
5.59; N, 22.43.
N-(2-amino-ethyl)-N'-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N"'-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4,6-triamine (12).

Al White powder; (0.185 g, 88%); M.p. > 300 °C; *H NMR (400 MHz,
FQ X ¢ . CDCls): 3 =801 (bs, 1H, NH), 7.50-7.48 (m, 3H, ArH), 7.31-7.26 (m,
X Ve
NN 4H, ArH), 7.11 (d, 2H, J = 8.24 Hz, ArH), 7.06 (d, 1H, J = 7.32 Hz,

ArH), 6.95 (d, 2H, J = 7.36 Hz, ArH), 5.29 (s, 2H, N-CHy), 3.49 (s, 2H, aliphatic-CH,), 2.91 (s,
2H, aliphatic-CH,), 2.56 (s, 3H, CHs), 1.80 (bs, 2H, NH,); *C NMR (100 MHz, CDCls): & =
166.4, 166.3, 164.4, 163.4, 152.3, 151.9, 136.1, 136.0, 129.0, 127.9, 119.0, 115.5, 115.3, 115.2
(ArC), 43.5 (N-CH,), 43.4 (N-CH,), 41.4 (N-CH,), 14.1 (CHs); MS(ESI), m/z: 484.3 (M*+1);
Anal. Calcd for CogH2sFNg: C, 64.58; H, 5.42; N, 26.07, Found: C, 64.47; H, 5.21; N, 25.87.
2-[4-(1-Benzyl-2-methyl-1H-benzimidazol-5-ylamino)-6-(4-fluoro-phenylamino)-
[1,3,5]triazin-2-ylamino]-ethanol (13).

HOINH @ White powder; (0.181 g, 86%); M.p. > 300 °C; *H NMR (400 MHz,
F Ny N CDClg): 8 = 7.62 (d, 1H, J = 6.88 Hz, ArH), 7.44 (d, 3H, J = 7.80

\Qu*N/*HQNHHB Hz, ArH), 7.34-7.26 (m, 6H, ArH), 7.03-6.94 (m, 3H, ArH, NH),

5.20 (s, 2H, N-CH), 3.78 (m, 2H, aliphatic-CH,), 3.55 (m, 2H, aliphatic-CH,), 2.54 (s, 3H, CHy3);
3C NMR (100 MHz, CDCls): & = 167.0, 163.8, 152.4, 152.2, 141.8, 133.1, 131.5, 129.1, 128.8,
128.0, 126.3, 121.6, 114.7, 108.4 (ArC), 47.5 (O-CH,), 43.5 (N-CHy), 43.3 (N-CH,), 13.8 (CH3);
MS(ESI), m/z: 485.3 (M*+1); Anal. Calcd for CsH2sFNgO: C, 64.45; H, 5.20; N, 23.13, Found:
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C, 64.35; H, 5.12; N, 23.49.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N*-(4-fluoro-phenyl)-N*'-(2-morpholin-4-yl-
ethyl)-[1,3,5]triazine-2,4,6-triamine (14).
‘a White powder; (0.209 g, 87%); M.p. > 300 °C; *H NMR (400 MHz,
IiH (Q CDCl3): & = 8.08 (bs, 1H, NH), 7.50-7.45 (m, 2H, ArH), 7.31-7.26 (m,
QHKN\% o 3H, ArH), 7.17 (d, 1H, J = 9.64 Hz, ArH), 7.11 (d, 2H, J = 8.72 Hz,
ArH), 7.05 (d, 2H, J = 7.80 Hz, ArH), 6.97 (t, 2H, J = 15.60 Hz, ArH), 5.59 (bs, 1H, NH), 5.29
(s, 2H, N-CH,), 3.69 (s, 6H, mor.-CH,), 3.51 (s, 2H, mor.-CH), 2.56 (s, 3H, CH3), 2.55 (t, 2H, J
= 11.88 Hz, aliphatic-CH,), 2.44-2.40 (m, 2H, aliphatic-CH,); **C NMR (100 MHz, CDCls): & =
165.8, 164.4, 152.0, 151.9, 135.9, 135.7, 129.1, 129.0, 127.9, 126.3, 119.0, 115.5, 115.3 (ArC),
66.9 (O-CHy,), 57.2 (N-CHy), 53.4 (N-CH,), 46.9 (N-CH,), 37.1 (N-CH,), 22.8 (N-CH,), 14.2
(CHs); MS(ESI), m/z: 554.5 (M*+1); Anal. Calcd. for C3H3,FNoO: C, 65.08; H, 5.83; N, 22.77,
Found: C, 65.47; H, 5.44; N, 23.14.
6-(4-Amino-phenylsulfanyl)-N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N*-(4-fluoro-
phenyl)-[l 3,5]triazine-2,4-diamine (15).
Q @ White powder; (0.143 g, 60%); M.p. > 300 °C; *H NMR (400 MHz,
@ \ \N %CHs CDClg): & = 7.52 (bs, 1H, NH), 7.33-7.30 (m, 4H, ArH), 7.29-7.26
(m, 5H, ArH), 7.14-7.03 (m, 4H, ArH), 6.84 (d, 2H, J = 6.88 Hz,
ArH), 6.67 (bs, NH, ArH), 6.57 (d, 1H, J = 8.72 Hz, ArH), 5.14 (s, 2H, N-CH,), 4.01 (bs, 2H,
NH,), 2.48 (s, 3H, CH3); *C NMR (100 MHz, CDCls): & = 162.3, 152.4, 148.0, 135.8, 134.4,
129.1, 129.0, 128.0, 127.9, 126.4, 126.3, 118.8, 118.5, 115.4, 115.1 (ArC), 49.9 (N-CH,), 14.0
(CH3); MS(ESI), m/z: 549.3 (M*+1); Anal. Calcd for C3oHsFNgS: C, 65.68; H, 4.59; N, 20.42; S,
5.84, Found: C, 65.32; H, 4.85; N, 20.82; S, 5.47.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-N"'-phenyl-[1,3,5]triazine-
2,4,6-triamine (16).
@NH White powder; (0.139 g, 62%); M.p. > 300 °C; 'H NMR (400 MHz,
"\@\fk “cu  CDCl): =761 (d, 2H, J = 824 Hz, ArH), 7.49 (d, 2H, = 824 Hz,
" ArH), 7.42-7.41 (m, 2H, ArH), 7.26-7.24 (m, 6H, ArH), 7.23 (s, 1H,
NH), 7.16 (d, 1H, J = 8.72 Hz, ArH), 7.05 (d, 1H, J = 6.92 Hz, ArH), 6.95-6.90 (m, 3H, ArH,
NH), 5.12 (s, 2H, N-CH,), 2.49 (s, 3H, CHs); *C NMR (100 MHz, CDCls): § = 164.5, 164.4,
157.6, 152.1, 140.0, 135.9, 129.0, 128.8, 127.9, 126.3, 123.5, 122.9, 122.8, 120.9, 119.0, 115.5,
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115.3 (ArC), 47.0 (N-CH,), 14.1 (CHs); MS(ESI), m/z: 517.3 (M*+1); Anal. Calcd for
CaoH2sFNg: C, 69.75; H, 4.88; N, 21.69, Found: C, 69.47; H, 4.44; N, 21.97.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-N"'-pyrimidin-2-y|-
[1,3,5]triazine-2,4,6-triamine (17).

QﬁNH White powder; (0.124 g, 55%); M.p. > 300 °C; *H NMR (400 MHz,
F@,qifih, :/HHS CDCl3): 6 =7.65 (d, 1H, J = 8.24 Hz, ArH), 7.48-7.46 (m, 3H, ArH),

H H 7.28-7.26 (m, 6H, ArH), 7.02 (d, 5H, J = 8.24 Hz, ArH), 6.80 (bs, 1H,
NH), 5.21 (s, 2H, N- CH,), 2.55 (s, 3H, CH3); *C NMR (100 MHz, CDCls): § = 164.5, 164.6,
160.3, 157.9, 152.1, 140.0, 135.9, 135.7, 134.4, 129.0, 127.9, 126.3, 122.9, 122.8, 119.1, 116.7,
115.6, 115.3 (ArC), 47.0 (N-CH,), 14.1 (CH3). MS(ESI), m/z: 519.3 (M*+1). Anal. Calcd for
CagHo3FN1g: C, 64.85; H, 4.47; N, 27.01, Found: C, 64.73; H, 4.41; N, 27.44.
2-[4-(1-Benzyl-2-methyl-1H-benzimidazol-5-ylamino)-6-(4-fluoro-phenylamino)-
[1,3,5]triazin-2-ylamino]-benzonitrile (18).

@E White powder; (0.143 g, 61%); M.p. > 300 °C; *H NMR (400 MHz,
\@fx o CDCls): 8 =7.90 (bs, 1H, NH), 7.64 (d, 2H, J = 8.68 Hz, ArH), 7.59 (s,

H 1H, ArH), 7.44-7.42 (m, 3H, ArH), 7.26-7.20 (m, 4H, ArH), 7.15-7.13

(m, 2H, ArH), 7.02-6.90 (m, 4H, ArH), 5.28 (s, 1H, N-CH,), 5.08 (s, 1H, N-CH,), 2.53 (s, 3H,
CHs); *C NMR (100 MHz, CDCly): & = 164.5, 160.3, 157.9, 152.1, 150.2, 150.0, 142.4, 136.5,
136.0, 134.5, 129.0, 127.9, 126.3, 126.2, 119.6, 116.3, 115.6, 115.3, 113.0 (ArC), 95.2 (CN), 47.1
(N-CH,), 14.1 (CHs); MS(ESI), m/z: 542.4 (M*+1); Anal. Calcd for Ca;HosFNg: C, 68.75; H,
4.47; N, 23.28, Found: C, 68.52; H, 4.20; N, 23.20.
(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-(4,6-di-morpholin-4-yl-[1,3,5]triazin-2-yl)-amine
(19).

) White powder; (0.158 g, 71%); M.p. > 300 °C; 'H NMR (400 MHz,
oy jon CDCls): & = 7.94 (d, 1H, J = 1.8 Hz, ArH), 7.62 (d, 1H, J = 8.52 Hz, ArH),
IS 7.32-7.26 (m, 3H, ArH), 7.07 (d, 3H, J = 1.92 Hz, ArH), 7.03 (s, 1H, NH),

5.29 (s, 2H, N-CH,), 3.75-3.61 (m, 16H, mor-CHy), 2.51 (s, 3H, CHs); *C NMR (100 MHz,
CDCls): & = 165.1, 164.2, 151.6, 138.1, 135.8, 134.8, 129.2, 128.0, 125.7, 118.9, 115.5, 101.1
(ArC), 66.8 (O-CHy,), 46.7 (N-CHy), 43.6 (N-CH,), 13.9 (CHs); MS(ESI), m/z: 487.3 (M*+1);
Anal. Calcd for C,6H3oNgO,: C, 64.18; H, 6.21; N, 23.03, Found: C, 64.33; H, 6.29; N, 23.40.
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N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-morpholin-4-yl-
[1,3,5]triazine-2,4-diamine (20).

F\@ White powder; (0.159 g, 68%): M.p. > 300 °C; '*H NMR (400 MHz,
iN\Hi ("~ CDCly): 8 = 7.81 (bs, 1H, NH), 7.64 (d, 1H, J = 8.56 Hz, ArH), 7.47-7.32
oy (M, 2H, ArH), 7.31-7.26 (m, 3H, ArH), 7.13 (dd, 1H, 2J = 1.84 Hz, 3] =

8.56 Hz, ArH), 7.03-7.01 (m, 4H, ArH, NH), 6.98 (d, 1H, J = 8.6 Hz, ArH), 6.67 (s, 1H, ArH),
5.26 (s, 2H, N-CH,), 3.69 (m, 8H, mor-CHy), 2.53 (s, 3H, CH3); *C NMR (100 MHz, CDCl5): &
=165.1, 159.9, 151.5, 138.4, 135.8, 134.9, 134.0, 132.9, 129.1, 128.0, 126.0, 122.1, 119.1, 115.5,
115.3, 101.7 (ArC), 66.7 (O-CH,), 46.9 (N-CH,), 43.7 (N-CH,), 14.1 (CH3); MS(ESI), m/z: 511.3
(M*+1); Anal. Calcd for CsH27FNgO: C, 65.87; H, 5.33; N, 21.95, Found: C, 65.37; H, 5.30; N,
21.77.

(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-(4-morpholin-4-yl-6-piperidin-1-yl)-
[1,3,5]triazin-2-yl)-amine (21).

O White powder; (0.172 g, 77.5%); M.p. > 300 °C; *H NMR (400 MHz,
i@” CDCls): 8 =8.01 (s, 1H, ArH), 7.61 (d, 1H, J = 8.56 Hz, ArH), 7.32-7.25
(m, 3H, ArH), 7.06 (d, 3H, J = 1.84 Hz, ArH), 6.78 (bs, 1H, NH), 5.28 (s,
2H, N-CH,), 3.75-3.61 (m, 12H, mor- CH,, pip-CH,), 2.51 (s, 3H, CH3), 1.56 (t, 4H, J = 7.44 Hz,
pip-CH.), 1.27 (t, 2H, J = 7.56 Hz, pip-CH,); *C NMR (100 MHz, CDCls): & = 165.3, 164.8,
164.4, 151.5, 138.2, 135.9, 135.8, 135.1, 129.1, 127.9, 125.9, 118.9, 115.2, 100.8 (ArC), 66.7 (O-
CH,), 46.8 (N-CH,), 44.2 (N-CH,), 43.6 (N-CH,), 25.8 (CH,), 24.9 (CH,), 14.0 (CHs); MS(ESI),
m/z: 485.3 (M*+1); Anal. Calcd for C,7H3,0ONg: C, 66.92; H, 6.66; N, 23.12, Found: C, 66.95; H,
6.48; N, 23.29.
(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-[4-(4-methyl-piperazin-1-yl)-6-morpholin-4-yl-
[1,3,5]triazin-2-yl]-amine (22).

White powder; (0.176 g, 77%); M.p. > 300 °C; 'H NMR (400 MHz,

|
W0
b | DMSO-d): & = 9.12 (bs, 1H, NH), 8.51 (s, 1H, ArH), 8.02 (d, 1H, J = 7.20
N /N (I%CHs
Q*N*u " Hz, ArH), 7.49 (dd, 1H, 2J = 29.84 Hz, %) = 7.28 Hz, ArH), 7.25-7.18 (m,

3H, ArH), 6.97-6.95 (m, 2H, ArH), 5.31 (s, 2H, N-CH,), 3.69-3.44 (m, 12H, mor-CH,, pip-CH,),
2.51 (s, 3H, CHa3), 2.45 (t, 4H, J = 4.36 Hz, pip-CH,), 2.26 (s, 3H, N-CHj3); *C NMR (100 MHz,
CDCls): & = 164.9, 164.8, 151.8, 138.6, 135.9, 135.7, 135.0, 134.2, 129.2, 129.1, 127.9, 126.0,
122.1, 119.0, 115.4, 115.2 (ArC), 54.7 (O-CH,), 46.8 (N-CH,), 46.2 (N-CH,), 43.2 (N-CH,), 29.7
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(N-CHs), 14.0 (CHa3); MS(ESI), m/z: 500.3 (M*+1); Anal. Calcd for C,7H33NoO: C, 64.91; H,
6.66; N, 25.23, Found: C, 64.65; H, 6.41; N, 25.34.
(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-(4-morpholin-4-yl-6-pyrrolidin-1-yl-
[1,3,5]triazin-2-yl)-amine (23).

@ @ White powder; (0.159 g, 74%); M.p. > 300 °C; 'H NMR (400 MHz,
OQNN“\/N H@E:/HHS CDCl): & = 8.11 (s, 1H, NH), 7.61 (d, 1H, J = 8.52 Hz, ArH), 7.32-7.03

(m, 3H, ArH), 7.04 (dd, 2H, 2J = 1.72 Hz, ] = 8.36 Hz, ArH), 7.02 (d, 1H,
J =9.28 Hz, ArH), 6.79 (s, 1H, ArH), 5.30 (s, 2H, N-CH,), 3.75-3.73 (m, 6H, mor-CH,), 3.72-
3.69 (m, 4H, pyrr-CH,), 3.61-3.59 (m, 2H, mor-CH), 2.52 (s, 3H, CH3), 1.95 (s, 4H, pyrr-CHy);
3C NMR (100 MHz, CDCls): § = 151.4, 151.3, 138.0, 135.9, 135.6, 135.2, 129.1, 127.8, 125.8,
118.9, 118.7, 115.1, 115.0, 100.8 (ArC), 66.8 (O-CH,), 46.8 (N-CHy), 46.0 (N-CH,), 43.6 (N-
CH,), 29.7 (CH,), 25.4 (CH.), 14.0 (CHs); MS(ESI), m/z: 471.3 (M*+1); Anal. Calcd for
Ca6H30NgO: C, 66.36; H, 6.43; N, 23.81, Found: C, 66.37; H, 6.47; N, 23.76.
N-(2-amino-ethyl)-N'-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-6-morpholin-4-yl-
[1,3,5]triazine-2,4-diamine (24).
e (@ White powder; (0.172 g, 82%); M.p. > 300 °C; 'H NMR (400 MHz,
pNiN\iu V"% CDCly): 8=7.93 (d, 1H, J = 8.72 Hz, ArH), 7.75 (bs, 1H, NH), 7.61 (d, 1H,
’ J=4.32 Hz, ArH), 7.28-7.26 (m, 3H, ArH), 7.08-6.99 (m, 3H, ArH), 5.25
(s, 2H, N-CH,), 3.67 (s, 12H, mor-CHy, aliphatic-CH,), 2.49 (s, 3H, CH3), 1.91 (bs, 2H, NH,); **C
NMR (100 MHz, CDCls): 6 = 165.1, 164.3, 151.8, 151.7, 135.8, 129.1, 127.9, 126.2, 126.0,
125.7, 119.0, 115.4, 101.0 (ArC), 66.8 (O-CHy,), 46.9 (N-CH,), 46.7 (N-CH,), 43.6 (N-CH,), 29.7
(CH,), 14.0 (CHs); MS(ESI), m/z: 460.3 (M*+1); Anal. Calcd for CsHxNgO: C, 62.73; H, 6.36;
N, 27.43, Found: C, 62.37; H, 6.41; N, 27.63.
2-[4-(1-Benzyl-2-methyl-1H-benzimidazol-5-ylamino)-6-morpholin-4-yl-[1,3,5]triazin-2-
ylamino]-ethanol (25).
HO~ @ White powder; (0.173 g, 82%); M.p. > 300 °C; *H NMR (400 MHz,
miN\iN O CDCly): & = 8.07 (bs, 1H, NH), 7.61 (d, 2H, J = 8.68 Hz, ArH), 7.32-7.26
(m, 3H, ArH), 7.07-7.05 (m, 1H, ArH), 6.85 (d, 2H, J = 8.28 Hz, ArH),

5.59 (bs, 1H, NH), 5.29 (s, 2H, N-CH,), 3.69 (s, 6H, mor-CH,), 3.51 (s, 2H, mor-CH,), 2.56 (t,
2H, J = 5.60 Hz, aliphatic-CH,), 2.50 (m, 2H, aliphatic-CHy), 2.44 (s, 3H, CHs), 2.04 (bs, 1H,
OH); **C NMR (100 MHz, CDCls): 5 = 166.8, 164.9, 151.8, 138.7, 135.9, 134.1, 129.1, 127.9,
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125.9, 119.0, 116.2, 101.8 (ArC), 67.8 (O-CHy,), 46.9 (N-CH,), 43.8 (N-CH,), 43.6 (N-CH,), 14.0
(CHs); MS(ESI), m/z: 461.3 (M*+1); Anal. Calcd for CyH2sNgO,: C, 62.59; H, 6.13; N, 24.33,
Found: C, 62.70; H, 6.31; N, 24.65.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-6-morpholin-4-yl-N'-(2-morpholin-4-yl-ethyl)-
[1,3,5]triazine-2,4-diamine (26).

"QNwN @ White powder; (0.191 g, 83%); M.p. > 300 °C; 'H NMR (400 MHz,

H

miNjN /@@ CDCl3): & = 7.91 (bs, 1H, NH), 7.60 (d, 1H, J = 8.72 Hz, ArH), 7.30-7.27
oS T (m, 3H, ArH), 7.17 (s, 1H, ArH), 7.08 (d, 1H, J = 8.72 Hz, ArH), 7.03 (d,

2H, J = 6.40 Hz, ArH), 5.41 (t, 1H, J = 6.40 Hz, NH), 5.28 (s, 2H, N-CH,), 3.67-3.47 (m, 20H,
mor-CH,, aliphatic-CH,), 2.50 (s, 3H, CH3); *C NMR (100 MHz, CDCls): & = 165.2, 164.3,
151.7, 138.4, 135.9, 135.8, 134.7, 129.1, 127.9, 125.9, 118.9, 115.5, 101.4, 101.1 (ArC), 66.9 (O-
CHy), 66.7 (O-CHy), 57.3 (N-CHy), 53.4 (N-CH,), 46.8 (N-CH,), 43.6 (N-CHy), 36.9 (N-CHy),
14.0 (CHs); MS(ESI), m/z: 530.3 (M*+1); Anal. Calcd for CygHasNgO,: C, 63.50; H, 6.66; N,
23.80, Found: C, 63.90; H, 6.32; N, 23.60.
N-(3-benzyl-2-methyl-3H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-morpholin-4-yl-
[1,3,5]triazine-2,4-diamine (27).

[Z] White powder; (0.159 g, 68%); M.p. > 300 °C; 'H NMR (400 MHz,
F@ l*\i I e CDClg): 8=28.03 (bs, 1H, NH), 7.50 (d, 1H, J = 4.60 Hz, ArH), 7.48 (d, 1H,

P J =4.60 Hz, ArH), 7.31-7.26 (m, 4H, ArH), 7.13 (d, 2H, J = 8.72 Hz, ArH),

7.06 (d, 2H, J = 6.88 Hz, ArH), 6.99-6.98 (m, 2H, ArH), 6.88 (s, 1H, NH), 5.30 (s, 2H, N-CHy),
3.81 (d, 4H, J = 8.72 Hz, mor-CH,), 3.74 (d, 4H, J = 5.12 Hz, mor-CH,), 2.57 (s, 3H, CHs); **C
NMR (100 MHz, CDCls): & = 165.3, 164.6, 164.3, 159.8, 157.4, 152.6, 143.0, 135.8, 135.1,
133.6, 132.0, 129.1, 128.0, 126.2, 121.7, 115.5, 115.3, 109.1 (ArC), 66.9 (O-CH,), 47.2 (N-CHy),
43.8 (N-CHy,), 14.1 (CHs); MS(ESI), m/z: 511.3 (M*+1); Anal. Calcd for CsH»7FNgO: C, 65.87;
H, 5.33; N, 21.95, Found: C, 65.97; H, 5.76; N, 21.80.
N-(3-benzyl-2-methyl-3H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-piperidin-1-yl-
[1,3,5]triazine-2,4-diamine (28).

@ White powder; (0.179 g, 81%); M.p. > 300 °C; *H NMR (400 MHz,
F@Nﬁ% S CDCl3): & = 8.01 (bs, 1H, NH), 7.53 (d, 1H, J = 4.60 Hz, ArH), 7.50 (d,

S 1H, J=5.04 Hz, ArH), 7.32-7.26 (m, 4H, ArH), 7.13 (d, 1H, J = 2.40 Hz,

ArH), 7.07 (d, 2H, J = 1.84 Hz, ArH), 6.99 (t, 2H, J = 8.72 Hz, ArH), 6.84 (s, 1H, ArH), 6.76 (s,
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1H, NH), 5.31 (s, 2H, N-CH,), 3.79 (d, 4H, J = 5.48 Hz, pip-CH,), 2.57 (s, 3H, CH3), 1.72-1.70
(m, 2H, pip-CH,), 1.61 (d, 2H, J = 4.12 Hz, pip-CH,), 1.53 (s, 2H, Pip-CH,); *C NMR (100
MHz, CDCl3): 6 = 164.9, 164.8, 164.3, 159.6, 152.4, 143.0, 135.9, 135.4, 133.9, 129.1, 128.0,
126.3, 121.4, 115.4, 115.2, 111.4, 109.1 (ArC), 47.4 (N-CH,), 47.2 (N-CH,), 44.5 (N-CH,), 27.1
(CHy), 25.9 (CH,), 24.9 (CH,), 14.1 (CHs); MS(ESI), m/z: 509.3 (M*+1); Anal. Calcd for
CaoH29FNg: C, 68.49; H, 5.75; N, 22.03, Found: C, 68.67; H, 5.75; N, 22.00.
N-(3-benzyl-2-methyl-3H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-pyrrolidin-1-yl-
[1,3,5]triazine-2,4-diamine (29).

. White powder; (0.180 g, 84%); M.p. > 300 °C; *H NMR (400 MHz,
F\@Nif/iN :\HHa CDCly): 6 = 8.19 (bs, 1H, NH), 7.57 (m, 2H, ArH), 7.31-7.26 (m, 5H,

S ArH), 7.06 (dd, 2H, 2 = 6.44 Hz, 3J = 12.04 Hz, ArH), 6.98 (d, 3H, J =

8.72 Hz, ArH), 6.89 (s, 1H, NH), 5.30 (s, 2H, N-CH,), 3.64 (d, 4H, J = 16.52 Hz, pyrr-CH,), 2.56
(s, 3H, CHa), 1.95 (s, 2H, pyrr-CH,), 1.80 (s, 2H, pyrr-CH,); *C NMR (100 MHz, CDCls): & =
163.9, 163.6, 152.4, 152.2, 143.0, 135.9, 135.5, 131.5, 129.1, 128.0, 126.2, 121.3, 115.4, 115.2,
109.1, 108.8 (ArC), 47.2 (N-CHy), 46.3 (N-CH,), 25.3 (CH,), 14.1 (CHs); MS(ESI), m/z: 495.3
(M*+1); Anal. Calcd for CysH»7FNg: C, 68.00; H, 5.50; N, 22.66, Found: C, 68.27; H, 5.55; N,
22.59.
N-(3-benzyl-2-methyl-3H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-(4-methyl-piperazin-1-
yl)-[1,3,5]triazine-2,4-diamine (30).

* White powder; (0.193 g, 85%); M.p. > 300 °C; *H NMR (400 MHz,

N

\@ N N CDCly3): 6 = 8.02 (bs, 1H, NH), 7.49 (d, 2H, J = 4.62 Hz, ArH), 7.30-7.27
A

P

D—CHy
5 (M, 4H, ArH), 7.10 (d, 2H, J = 8.68 Hz, ArH), 7.05 (d, 2H, J = 7.80 Hz,

ArH), 6.97 (m, 2H, ArH), 5.28 (s, 2H, N-CH,), 3.84 (s, 4H, pip-CH,), 2.55 (s, 3H, CH3), 2.44 (s,
3H, N-CHs), 2.31 (s, 4H, pip-CH,); *C NMR (100 MHz, CDCls): § = 165.1, 164.3, 160.0, 157.1,
152.5, 142.9, 135.8, 134.0, 133.5, 131.7, 129.1, 128.0, 126.2, 121.7, 115.5, 115.2, 109.1 (ArC),
56.3 (N-CH,), 54.9 (N-CH,), 47.2 (N-CH,), 46.2 (N-CH,), 46.0 (N-CH,), 43.3 (N-CH3), 14.1
(CHs); MS(ESI), m/z: 524.3 (M*+1); Anal. Calcd for CagHsoFNg: C, 66.52; H, 5.77; N, 24.08,
Found: C, 66.65; H, 5.99; N, 23.78.
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N-(2-Amino-ethyl)-N'-(3-benzyl-2-methyl-3H-benzimidazol-5-yl)-N"*-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4,6-triamine (31).
i ”ZNwN\H ) White powder; (0.185 g, 88%): M.p. > 300 °C; *H NMR (400 MHz,
Qik/@[* CDCly): 5 = 8.04 (bs, 1H, NH), 7.50-7.46 (m, 2H, ArH), 7.31-7.28 (m,
4H, ArH), 7.11 (d, 2H, J = 8.24 Hz, ArH), 7.06 (d, 2H, J = 7.32 Hz,
ArH), 6.95 (d, 2H, J = 7.36 Hz, ArH), 6.90 (bs, 1H, NH), 5.29 (s, 2H, N-CH,), 3.49-3.45 (m, 2H,
aliphatic-CH,), 2.91-2.88 (m, 2H, aliphatic-CH,), 2.56 (s, 3H, CHs), 1.80 (bs, 2H, NH,); *C
NMR (100 MHz, CDCl): 6 = 166.5, 166.4, 163.8, 152.5, 142.9, 136.0, 135.8, 129.1, 128.0,
126.4, 126.3, 115.4, 115.2, 109.1 (ArC), 47.2 (N-CHy,), 43.5 (N-CH,), 41.4 (N-CH,), 14.1 (CHs3);
MS(ESI), m/z: 484.3 (M*+1); Anal. Calcd for CosHa6FNg: C, 64.58; H, 5.42; N, 26.07, Found: C,
64.88; H, 5.41; N, 25.68.
2-[4-(3-benzyl-2-methyl-3H-benzimidazol-5-ylamino)-6-(4-fluoro-phenylamino)-
[1,3,5]triazin-2-ylamino]-ethanol (32).
T . White powder; (0.181 g, 86%); M.p. > 300 °C; *H NMR (400 MHz,
\@”i}iu/@[ﬁ% CDCls): & = 8.08 (bs, 1H, NH), 7.44 (d, 2H, J = 4.60 Hz, ArH), 7.29-
7.26 (m, 5H, ArH), 7.03-7.02 (m, 3H, ArH), 6.89-6.88 (m, 2H, ArH),

5.24 (s, 2H, N-CH,), 3.80 (m, 2H, aliphatic-CHy), 3.56 (m, 2H, aliphatic-CH,), 2.52 (s, 3H, CH3),
1.84 (s, 1H, OH); **C NMR (100 MHz CDCls): & = 167.0, 163.9, 163.8, 152.4, 152.2, 141.8,
133.1, 131.5, 129.1, 128.8, 128.0, 126.3, 121.6, 121.2, 114.7, 108.4 (ArC), 47.5 (O-CH,), 43.5
(N-CH,), 43.3 (N-CH,), 13.6 (CH3); MS(ESI), m/z: 485.3 (M*+1); Anal. Calcd for CasH25FNgO:
C, 64.45; H, 5.20; N, 23.13, Found: C, 64.47; H, 5.42; N, 23.01.
N-(3-benzyl-2-methyl-3H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-N"'-(2-morpholin-4-yl-
ethyl)-[1,3,5]triazine-2,4,6-triamine (33).

OQN$NH White powder; (0.209 g, 87%); M.p. > 300 °C; 'H NMR (400 MHz,
FQNitiN/@[:\H“ CDCls): 8 = 8.08 (s, 1H, ArH), 7.50-7.46 (m, 3H, NH, ArH), 7.33-7.26

o (m, 4H, ArH), 7.11 (d, 2H, J = 8.72 Hz, ArH), 7.05 (d, 2H, J = 7.80 Hz,

ArH), 6.97-6.95 (m, 2H, ArH), 5.60 (bs, 1H, NH), 5.29 (s, 2H, N-CH,), 3.69 (s, 6H, mor-CH,),
3.51 (s, 2H, mor-CH,), 2.56-2.53 (m, 4H, aliphatic-CH,), 2.50 (s, 3H, CHs); **C NMR (100 MHz,
CDCl): 6 = 166.0, 164.6, 152.5, 142.9, 135.8, 129.1, 129.0, 128.0, 127.5, 126.3, 122.1, 121.7,
115.5, 115.2, 109.1, 108.1 (ArC), 66.9 (O-CH,), 57.2 (N-CH,), 53.4 (N-CH,), 47.2 (N-CH,), 37.1
(N-CH,), 14.1 (CHs); MS(ESI), m/z: 554.3 (M*+1); Anal. Calcd. for Cs0Hs,FNgO: C, 65.08; H,
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5.83; N, 22.77, Found: C, 64.87; H, 5.44; N, 22.78.
(3-Benzyl-2-methyl-3H-benzimidazol-5-yl)-(4,6-di-morpholin-4-yl-[1,3,5]triazin-2-yl)-amine
(34).

[:] White powder; (0.158 g, 71%); M.p. > 300 °C; 'H NMR (400 MHz, CDCly):
. N‘?N/@[Sycm 6=28.04 (d, 1H, J = 1.80 Hz, ArH), 7.30-7.26 (m, 4H, ArH), 7.11 (d, 1H, J =
o =0 8.72 Hz, ArH), 7.05 (d, 3H, J = 7.80 Hz, ArH, NH), 5.28 (s, 2H, N-CHy),
3.79 (s, 8H, mor-CH,), 3.72 (s, 8H, mor-CHy), 2.57 (s, 3H, CH3); *C NMR (100 MHz, CDCls): &
= 165.3, 164.5, 152.4, 143.0, 135.9, 134.3, 131.6, 129.0, 128.0, 126.2, 116.2, 110.7, 109.1 (ArC),
67.0 (O-CH,), 66.9 (O-CH,), 47.1 (N-CH,), 47.0 (N-CH,), 43.7 (N-CH,), 14.1 (CH3); MS(ESI),
m/z: 487.3 (M"+1); Anal. Calcd for CsH3oNgO,: C, 64.18; H, 6.21; N, 23.03, Found: C, 64.32; H,
6.12; N, 22.69.
(3-Benzyl-2-methyl-3H-benzimidazol-5-yl)-(4-morpholin-4-yl-6-piperidin-1-yl)-
[1,3,5]triazin-2-yl)-amine (35).

(Nj White powder; (0.172 g, 77.5%): M.p. > 300 °C; '*H NMR (400 MHz,
. N‘?/N N@[:\H“ CDCl3): 3 =8.03 (d, 1H, J = 1.84 Hz, ArH), 7.31-7.26 (m, 4H, ArH), 7.11
o " () (d, 1H, J=8.72 Hz, ArH), 7.04 (d, 2H, J = 6.88 Hz, ArH), 6.90 (bs, 1H,
NH), 5.28 (s, 2H, N-CH,), 3.79-3.71 (m, 12H, mor-CHj,, pip-CH>), 2.54 (s, 3H, CHj3), 1.64 (d, 2H,
J = 4.60 Hz, pip-CHy), 1.57 (d, 4H, J = 5.12 Hz, pip-CH,); *C NMR (100 MHz, CDCls): § =
165.5, 164.9, 164.6, 152.3, 143.0, 135.9, 134.6, 131.4, 129.0, 127.9, 126.2, 116.1, 110.5, 109.0
(ArC), 67.0 (O-CH,), 47.1 (N-CH,), 44.2 (N-CH,), 43.7 (N-CH,), 31.0 (CH,), 25.9 (CH,), 25.0
(CH>), 14.1 (CHs); MS(ESI), m/z: 485.3 (M*+1); Anal. Calcd for C,;H3,NgO: C, 66.92; H, 6.66;
N, 23.12, Found: C, 66.68; H, 6.43; N, 23.52.
(3-Benzyl-2-methyl-3H-benzimidazol-5-yl)-(4-morpholin-4-yl-6-pyrrolidin-1-yl-
[1,3,5]triazin-2-yl)-amine (36).

() White powder; (0.159 g, 74%); M.p. > 300 °C; *H NMR (400 MHz, CDCls):
pNifiH oo § =815 (s, 1H, ArH), 7.30-7.26 (m, 4H, ArH), 7.11 (d, 1H, J = 8.72 Hz,

ArH), 7.05 (d, 2H, J = 7.76 Hz, ArH), 6.83 (s, 1H, NH), 5.29 (s, 2H, N-
CH,), 3.80 (t, 4H, J = 9.16 Hz, mor-CH), 3.73 (t, 4H, J = 9.20 Hz, mor-CHy), 3.60 (s, 2H, pyrr-
CH,), 3.58 (s, 2H, pyrr-CHy), 2.55 (s, 3H, CHa), 1.92 (s, 4H, pyrr-CH,); *C NMR (100 MHz,
CDCls): 6 = 165.1, 164.2, 163.7, 152.2, 143.0, 136.0, 134.8, 131.3, 129.0, 127.9, 126.2, 115.8,
110.3, 109.0 (ArC), 67.0 (O-CHy), 47.1 (N-CHy), 46.1 (N-CHy), 43.7 (N-CHy), 25.4 (CHy), 25.3
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(CH,), 14.1 (CHs); MS(ESI), m/z: 471.3 (M*+1); Anal. Calcd for C,sH3oNgO: C, 66.36; H, 6.43;
N, 23.81, Found: C, 66.37; H, 6.49; N, 23.77.
(3-Benzyl-2-methyl-3H-benzimidazol-5-yl)-[4-(4-methyl-piperazin-1-yl)-6-morpholin-4-yl-
[1,3,5]triazin-2-yl]-amine (37).
N White powder; (0.176 g, 77%); M.p. > 300 °C; *H NMR (400 MHz,
N[ﬁN CDCl3): 6 =8.02 (d, 1H, J =1.84 Hz, ArH), 7.32-7.26 (m, 4H, ArH), 7.12
Oy *Q*@ (d, 1H, J = 8.24 Hz, ArH), 7.05 (d, 2H, J = 7.80 Hz, ArH), 6.85 (bs, 1H,
NH), 5.29 (s, 2H, N-CH,), 3.82-3.78 (m, 8H, mor-CH,, pip-CH,), 3.73 (t,
4H, J = 8.72 Hz, mor-CHy), 2.55 (s, 3H, CHg), 2.44 (t, 4H, J = 10.08 Hz, pip-CH,), 2.39 (s, 3H,
N-CHs); *C NMR (100 MHz, CDCls): & = 165.4, 165.1, 165.0, 164.5, 152.5, 152.1, 143.0, 142.7,
135.9, 134.4, 131.1, 129.0, 127.9, 126.2, 116.1, 110.6, 109.1 (ArC), 66.9 (O-CH,), 56.3 (N-CHy),
55.0 (N-CH,), 47.1 (N-CH,), 46.3 (N-CHy), 43.7 (N-CH,), 43.1 (N-CHs), 14.1 (CHs). MS(ESI),
m/z: 500.3 (M*+1). Anal. Calcd for C,;H33NgO: C, 64.91; H, 6.66; N, 25.23, Found: C, 64.70; H,
6.53; N, 25.31.
N-(2-Amino-ethyl)-N'-(3-benzyl-2-methyl-3H-benzimidazol-5-yl)-6-morpholin-4-yl-
[1,3,5]triazine-2,4-diamine (38).
w* ; White powder; (0.172g, 82%); M.p. > 300 °C; *H NMR (400 MHz, CDCls):
Q W u@[N\HHa d = 8.05 (bs, 1H, NH), 7.31-7.26 (m, 5H, ArH), 7.11-7.08 (m, 3H, ArH),
5.29 (s, 2H, N-CHy), 3.79 (s, 4H, mor-CHy), 3.72 (s, 4H, mor-CHy), 3.48 (t,
2H, J = 5.48 Hz, aliphatic-CHy), 2.91 (t, 2H, J = 5.52 Hz, aliphatic-CH), 2.55 (s, 3H, CHj3), 1.65
(bs, 2H, NH,); **C NMR (100 MHz, CDCls): § = 166.2, 165.8, 164.5, 152.4, 143.0, 135.9, 134.9,
132.9, 131.7, 129.1, 128.0, 126.2, 109.1 (ArC), 69.1 (O-CH,), 47.2 (N-CH,), 43.7 (N-CH,), 43.6
(N-CH,), 41.8 (N-CHy,), 14.1 (CHs); MS(ESI), m/z: 460.3 (M*+1); Anal. Calcd for C24H290No: C,
62.73; H, 6.36; N, 27.43, Found: C, 62.33; H, 6.40; N, 27.87.
2-[4-(3-Benzyl-2-methyl-3H-benzimidazol-5-ylamino)-6-morpholin-4-yl-[1,3,5]triazin-2-
ylamino]-ethanol (39).
“"wﬁ . White powder; (0.173 g, 82%); M.p. > 300 °C; *H NMR (400 MHz,
miN\iHQN\H“ CDCly): & = 8.14 (bs, 1H, NH), 7.30-7.27 (m, 4H, ArH), 7.04-7.02 (m, 4H,
’ ArH), 6.40 (bs, 1H, NH), 5.21 (s, 2H, N-CH_), 3.76-3.70 (m, 8H, mor-
CHy), 3.63-3.62 (m, 2H, aliphatic-CH,), 2.86 (t, 2H, J = 10.08 Hz, aliphatic-CH,), 2.54 (s, 3H,
CHs); °C NMR (100 MHz, CDCls): & = 166.8, 165.0, 152.5, 142.8, 135.8, 133.9, 131.8, 129.1,
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128.0, 126.2, 116.6, 111.4, 109.1 (ArC), 69.1 (O-CH,), 66.9 (O-CHy), 47.2 (N-CH,), 43.7 (N-
CHy,), 43.6 (N-CH,), 14.1 (CHs); MS(ESI), m/z: 461 (M*+1); Anal. Calcd for Cy4H2sNgO,: C,
62.59; H, 6.13; N, 24.33, Found: C, 62.50; H, 6.31; N, 24.47.
N-(3-benzyl-2-methyl-1H-benzimidazol-5-yl)-6-morpholin-4-yl-N'-(2-morpholin-4-yl-ethyl)-
[1,3,5]triazine-2,4-diamine (40).

"ON$ White powder; (0.191 g, 79%); M.p. > 300 °C; *H NMR (400 MHz,

H

Y 1%  CDCly): 8 =8.08 (s, 1H, NH), 7.30 (d, 4H, J = 7.36 Hz, ArH), 7.10-7.05
SR () (m, 4H, ArH), 5.42 (bs, 1H, NH), 5.29 (s, 2H, N-CH;), 3.80 (s, 8H, mor-
CH,), 3.71 (s, 8H, mor-CH,), 3.50 (s, 2H, aliphatic-CH,), 2.53 (s, 3H, CHs), 2.45 (s, 2H,
aliphatic-CH,); *C NMR (100 MHz, CDCly): § = 167.8, 167.2, 166.9, 152.4, 143.0, 135.9, 134.8,
132.9, 129.1, 128.0, 127.5, 126.2, 118.9, 109.1 (ArC), 69.1 (O-CH,), 57.4 (N-CH,), 53.4 (N-
CHy,), 47.2 (N-CH,), 43.7 (CHy), 37.0 (CH,), 14.1 (CHs); MS(ESI), m/z: 530 (M*+1); Anal. Calcd

for CosHasNeO2: C, 63.50; H, 6.66; N, 23.80, Found: C, 63.55; H, 6.92; N, 23.88.

General procedure for the preparation of compounds 41-49.

zZ

-

To a stirred solution of N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-6-chloro-N'-(4-fluoro-
phenyl)-[1,3,5]triazine-2,4-diamine (6a) (0.200 g, 0.435 mmol) in 1,4-dioxane (20 ml) was added
boronic acid (0.516 mmol), Pd(PPhs), (10 mol%) and potassium carbonate (0.076g, 0.516 mmol)
and refluxed for 8 h in an inert atmosphere. After completion of reaction, extracted the reaction
mixture with chloroform, dried over Na,SQO,, filtered and concentrated to get crude product which
were purified through column chromatography using chloroform:methanol (50:1) as eluents to
give desired products.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-phenyl-[1,3,5]triazine-
2,4-diamine (41).
White powder; (0.162 g, 74%); M.p. > 300 °C; 'H NMR (400 MHz,

F@ T N CDCl3): 6 = 8.37 (bs, 1H, NH), 8.33 (d, 2H, J = 7.36 Hz, ArH), 7.55-

N " 7.53 (m, 4H, ArH), 7.48-7.43 (m, 5H, ArH), 7.28-7.06 (m, 2H, ArH),
7.22 (d, 1H, J = 8.72 Hz, ArH), 7.04-7.01 (m, 3H, ArH), 5.25 (s, 2H, N-CHy), 2.55 (s, 3H, CHa);
3C NMR (100 MHz, CDCls): & = 171.7, 164.6, 160.3, 157.9, 152.2, 138.9, 136.5, 136.4, 133.8,
132.9, 132.2,132.1, 129.1, 128.6, 128.5, 128.4, 128.0, 126.2, 115.7, 115.4, 102.9 (ArC), 47.0 (N-
CHy,), 14.2 (CHs); MS(ESI), m/z: 502.2 (M*+1); Anal. Calcd for C3oH,4FN7: C, 71.84; H, 4.82; N,
19.55, Found: C, 71.94; H, 4.48; N, 19.52.

61



N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-6-(4-fluoro-phenyl)-N*-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4-diamine (42).

I White powder; (0.162 g, 72%); M.p. > 300 °C; 'H NMR (400 MHz,
X 0 cDCly): 5 =8.33 (bs, 1H, NH), 7.83 (bs, 1H, NH), 7.68 (d, 2H, J = 8.72
@ukw/*u e Hz, ArH), 7.54 (d, 2H, J = 2.76 Hz, ArH), 7.29-7.25 (m, 7H, ArH), 7.04-
7.02 (m, 5H, ArH), 5.27 (s, 2H, N-CH,), 2.54 (s, 3H, CHs); **C NMR (100 MHz, CDCls): & =
170.6, 164.7, 152.2, 139.5, 135.9, 134.3, 133.4, 132.5, 130.6, 129.1, 126.2, 122.8, 119.2, 115.7,
115.5, 102.2 (ArC), 46.9 (N-CH,), 14.0 (CHs); MS(ESI), m/z: 520.3 (M*+1); Anal. Calcd for
CaoH23F2N7: C, 69.35; H, 4.46; N, 18.87, Found: C, 69.37; H, 4.40; N, 18.88.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-6-(4-chloro-phenyl)-N*-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4-diamine (43).

T White powder; (0.152 g, 66%): M.p. > 300 °C; *H NMR (400 MHz,
i [ (Q CDCl3): 6 = 8.23 (bs, 1H, NH), 7.90 (d, 2H, J = 9.60 Hz, ArH),
Quimiu e 7.67-7.65 (m, 3H, ArH), 7.48-7.46 (m, 9H, ArH), 7.26-7.25 (m, 2H,
ArH), 7.08 (bs, 1H, NH), 5.27 (s, 2H, N-CH,), 2.63 (s, 3H, CHs); **C NMR (100 MHz, CDCls): &
=164.5, 151.9, 138.1, 135.6, 135.1, 135.0, 134.7, 132.8, 132.2, 132.1, 131.1, 129.7, 129.3, 128.7,
128.5, 128.3, 127.8, 127.2, 115.7, 115.5 (ArC), 47.1 (N-CH,), 13.9 (CHz); MS(ESI), m/z: 536.3
(M*+1); Anal. Calcd for C3oH23CIFN7: C, 67.22; H, 4.33; N, 18.29, Found: C, 66.89; H, 4.44; N,
18.67.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-thiophen-2-yl-
[1,3,5]triazine-2,4-diamine (44).
s/% @ White powder; (0.132 g, 60%); M.p. > 300 °C; *H NMR (400 MHz,
"@\ oy o-on CDClg): =7.90 (bs, 1H, NH), 7.69 (d, 2H, J = 6.88 Hz, ArH), 7.54 (d,
o 4H, J = 5.96 Hz, ArH), 7.30-7.25 (m, 4H, ArH), 7.05-7.02 (m, 5H,
ArH), 5.39 (s, 2H, N-CH,), 2.55 (s, 3H, CHs); **C NMR (100 MHz, CDCls): § = 152.2, 135.9,
135.8, 132.9, 132.2, 131.6, 129.1, 128.6, 128.5, 128.2, 128.1, 127.9, 127.8, 127.5, 126.2, 125.7,
125.4,119.2, 119.1, 115.7, 115.5 (ArC), 46.9 (N-CHy), 13.4 (CH3); MS(ESI), m/z: 508.3 (M*+1);
Anal. Calcd for CygH2oFN;S: C, 66.25; H, 4.37; N, 19.32; S, 6.32, Found: C, 66.47; H, 4.60; N,
19.21; S, 6.10.
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N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-m-tolyl-[1,3,5]triazine-
2,4-diamine (45).
e White powder; (0.155 g, 69%); M.p. > 300 °C; *H NMR (400 MHz,
F\@ oy N;? CDCl3): 6 =8.18 (s, 1H, NH), 8.13 (d, 1H, J = 7.32 Hz, ArH), 7.68 (d,
H " 1H, J=8.72 Hz, ArH), 7.56 (bs, 1H, NH), 7.50 (s, 1H, ArH), 7.31-7.26
(m, 9H, ArH), 7.22-7.22 (m, 4H, ArH), 5.26 (s, 2H, N-CHy), 2.54 (s, 3H, CH3), 2.40 (s, 3H, CH3);
3C NMR (100 MHz, CDCls): & = 163.6, 151.0, 136.7, 136.0, 133.2, 131.5, 127.8, 125.3, 125.0,
1245, 121.2, 118.0, 114.2, 113.1 (ArC), 46.2 (N-CHy), 20.8 (CHs), 13.2 (CHs3); MS(ESI), m/z:
516.3 (M*+1); Anal. Calcd for C3;Ho6FN7: C, 72.22; H, 5.08; N, 19.02, Found: C, 72.01; H, 5.10;
N, 18.93.
N-(1-benzyl-2-methyl-1H-benzimidazol-5-yl)-N'-(4-fluoro-phenyl)-6-(4-methoxy-phenyl)-
[1,3,5]triazine-2,4-diamine (46).
White powder; (0.172 g, 74%); M.p. > 300 °C; *H NMR (400 MHz,
F@ vy NC? CDCl3): 6 =8.29 (d, 1H, J = 6.88 Hz, ArH), 7.69 (d, 1H, J = 6.88 Hz,
e ArH), 7.66 (d, 1H, J = 6.84 Hz, ArH), 7.54 (d, 2H, J = 5.96 Hz, ArH),
7.48 (d, 2H, J = 7.76 Hz, ArH), 7.28-7.26 (m, 3H, ArH), 7.20 (d, 1H, J = 6.88 Hz, ArH), 7.11-
7.08 (m, 5H, ArH), 7.06 (bs, 1H, NH), 5.24 (s, 2H, N-CH,), 3.83 (s, 3H, OCHj3) 2.53 (s, 3H,
CHs); *C NMR (100 MHz, CDCly): & = 164.6, 164.5, 160.3, 157.9, 152.1, 135.9, 135.7, 134.4,
133.3, 129.0, 128.0, 126.3, 122.8, 119.0, 116.7, 115.6, 115.4 (ArC), 47.1 (N-CH,), 29.8 (O-CHy),
14.1 (CH3); MS(ESI), m/z: 532.3 (M*+1); Anal. Calcd for Ca;HyFN;O: C, 70.04; H, 4.93; N,
18.44, Found: C, 70.27; H, 4.78; N, 18.77.
(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-(4-morpholin-4-yl-6-phenyl-[1,3,5]triazin-2-yl)-
amine (47).
White powder; (0.150 g, 69%); M.p. > 300 °C; *H NMR (400 MHz,
leN\iN :/HHB CDCl): 8 = 8.34 (d, 2H, J = 7.32 Hz, ArH), 8.02 (bs, 1H, NH), 7.67 (d,
o " 1H, J=6.28 Hz, ArH), 7.48 (d, 1H, J=7.32 Hz, ArH), 7.35 (d, 1H, J =
3.20 Hz, ArH), 7.34-7.30 (m, 3H, ArH), 7.16 (d, 2H, J = 8.24 Hz, ArH), 7.07 (d, 2H, J = 6.40 Hz,
ArH), 5.33 (s, 2H, N-CH,), 3.98 (s, 4H, mor-CH,), 3.73 (s, 4H, mor-CH,), 2.55 (s, 3H, CH3); *C
NMR (100 MHz, CDCls): & = 170.9, 165.1, 165.0, 152.0, 138.7, 136.8, 135.8, 134.1, 131.6,
129.6, 129.2, 128.3, 128.0, 125.9, 119.1, 115.6, 101.4 (ArC), 66.9 (O- CH,), 46.9 (N-CH,), 43.7
(N-CH,), 14.0 (CH3); MS(ESI), m/z: 478.3 (M*+1); Anal. Calcd for CosHxN;O: C, 70.42; H,
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5.70; N, 20.53, Found: C, 70.26; H, 5.62; N, 20.29.
(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-[4-(4-fluoro-phenyl)-6-morpholin-4-yl-
[1,3,5]triazin-2-yl]-amine (48).
White powder; (0.162 g, 71%); M.p. > 300 °C; *H NMR (400 MHz, CDCls):
? ;9 0 =8.34 (t, 2H, J = 7.32 Hz, ArH), 7.98 (bs, 1H, NH), 7.66 (d, 2H, J = 8.68
ﬁ” o Hz, ArH), 7.32-7.26 (m, 4H, ArH), 7.05 (d, 4H, J = 5.96 Hz, ArH), 5.30 (s,
2H, N-CH,), 3.95 (s, 4H, mor-CH,), 3.72 (s, 4H, mor-CH,), 2.52 (s, 3H, CHs); **C NMR (100
MHz, CDCl3): 6 = 170.0, 165.1, 164.4, 152.0, 138.9, 137.7, 135.8, 134.0, 132.1, 132.0, 129.7,
129.2, 128.6, 128.5, 128.0, 125.8, 119.2, 115.7, 101.5 (ArC), 66.8 (O-CH,), 46.9 (N-CH,), 43.7
(N-CH,), 14.0 (CHa3); MS(ESI), m/z: 496.3 (M"+1); Anal. Calcd for CysH»6FN;O: C, 67.86; H,
5.29; N, 19.79, Found: C, 67.67; H, 4.99; N, 19.80.
(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-[4-(4-chloro-phenyl)-6-morpholin-4-yl-
[1,3,5]triazin-2-yl]-amine (49).
L White powder; (0.184 g, 78%); M.p. > 300 °C; *H NMR (400 MHz, CDCls):
Ay f® 3 =28.33 (t, 2H, J = 7.32 Hz, ArH), 8.00 (bs, 1H, NH), 7.66 (d, 2H, J = 8.68
@”*“AN e Hz, ArH), 7.34-7.26 (m, 3H, ArH), 7.15 (dd, 1H, 2J = 1.84 Hz, 3J = 8.72 Hz,
ArH), 7.05 (d, 4H, J = 5.96 Hz, ArH), 5.30 (s, 2H, N-CH,), 3.95 (s, 4H, mor-CH,), 3.72 (s, 4H,
mor-CH,), 2.52 (s, 3H, CH3); *C NMR (100 MHz, CDCls): 6 = 170.0, 165.1, 164.4, 152.0, 138.9,
137.7, 135.8, 135.4, 134.0, 132.2, 132.1, 132.0, 129.7, 129.2, 128.6, 128.5, 128.0, 125.8, 119.2,
115.7, 101.5 (ArC), 66.8 (O-CH,), 46.9 (N-CHy), 43.7 (N-CH,), 14.1 (CHs); MS(ESI), m/z: 512.3
(M*+1); Anal. Calcd for CgH26CIN;O: C, 65.68; H, 5.12; N, 19.15, Found: C, 65.88; H, 5.21; N,
19.10.

2.3. TRIAZINE-BENZIMIDAZOLE WITH PHENYL LINKER (4-FLUOROANILINE)

DNA is the molecule present in all cellular forms of life that contains the genetic information for
biological development. DNA is a major drug target because of its vital role in the cell. New and
more effective drugs are designed which recognize a specific site or conformation of DNA. The
ability to identify structural elements of a drug, responsible for specificity of binding to DNA, may
improve the screening process for new drugs. Small molecules targeting DNA have attracted
significant scientific interest due to their medicinal, biochemical and biological applications. These

molecules interact with DNA through three different non-covalent modes such as intercalation,®
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groove binding,® and electrostatic interactions.”® These interactions are helpful in understanding
the mechanisms of DNA damage and planning the design of more efficient compounds. Generally,
drug upon binding to DNA are stabilized through a series of weak interactions such as n-stacking
interactions of aromatic heterocyclic groups between the base pairs (intercalation), hydrogen
bonding and van der Waals interactions of functional groups bound along the groove of the DNA
helix.* Hybrid or conjugate molecules have also been studied for the interaction with DNA.%>%
Biological applications associated with triazine and benzimidazole, prompted us to investigate the
corresponding structure as a potential new molecular probe for interaction with calf thymus DNA

by in vitro experiments.
2.3.1. CHEMISTRY

2,4,6-Trisubstituted triazines (4-21) were prepared in moderate to good yields using nucleophilic
substitution and Suzuki-Miyaura cross coupling reactions (Scheme 6). Cyanuric chloride was
reacted with 4-fluoroaniline in the presence of 10% NaHCO; in THF at 0-5 °C for 6 h to obtain
(4,6-dichloro-[1,3,5]triazin-2-yl)-(4-fluoro-phenyl)-amine (1) in 85% yield. Compound 1 was
treated with 4-(1H-benzimidazol-2-yl)-phenylamine (2) (synthesized by the condensation of 4-
aminobenzoic acid and o- phenylenediamine in the presence of polyphosphoric acid at 200 °C for 5
h) in the presence of potassium carbonate and THF at room temperature for 24 h to provide the N-
[4-(1H-benzimidazol-2-yl)-phenyl]-6-chloro-N'-(4-fluoro-phenyl)-[1,3,5]triazine-2,4-diamine  (3)
in 82 % vyield.
Scheme 6°. Synthesis of triazine-benzimidazole analogues.

F
L F
Cl NH
. ; NH N
N‘)Q)N\ 0} N‘)§)N\ (if) *N I/NQ
o N e N el i /)\ H

Cl
1

iV

(iii)) ®)
NR;R; = 4; morpholine
5; piperidipe

6; pyrrolidine F
7; N-methylpiperazine R3 = 16.; phenyl
8; 1,2-ethylenediamine NH N/Q NH N/@ 1; g-;:#lorolphenyl
9; 1,2-ethanolamine | ; 2-thieny
;1 ) ;
10; 2-aminoethylmorpholine N)%N N N&N N 19f 2-furan
11; 2-hydroxyethylpiperazine ] )\ H )\\ P H 20; o-methoxyphenyl
12; benzylamine RoR1N N/ N R3 N N 21; p-methoxyphenyl
- 2R1
13; allylamine H H
14; cyclohexylamine 4-15 16-21

15; hydrazine

®Reagents and conditions: (i) fluoroaniline, NaHCO3, THF, 0-5 °C; (ii) 2, K,COs, THF, rt; (iii) NHR;R,, K,COs3,
1,4-dioxane, reflux; (iv) R;B(OH),, Pd(PPhs),, K,CO3, 1,4-dioxane, reflux.
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Further, treatment of 3 with different primary and secondary amines in the presence of 10%
potassium carbonate in 1,4-dioxane at 110 °C for 6-8 hrs gave compounds 4-15 in 66-78% yields.
Compound 3 was also treated with five and six membered aryl boronic acids through Suzuki
coupling, in the presence of 10 mol % of Pd(PPhs), and 1.5 equivalents of K,COgs in 1,4-dioxane
afforded compounds 16-21 in 65-71% yields.

2.3.2. BIOLOGY
2.3.2.1. In vitro Anticancer Evaluation

All the synthesized compounds were submitted to National Cancer Institute (NCI) disease-oriented
human cell lines for their evaluation of in-vitro antitumor activities. One compound (6) was
selected and evaluated against 60 human cell lines at one dose concentration level i.e. 10° M
(Table 8). Compound 6 showed activity towards leukemia cancer cell lines CCRF-CEM, HL-
60(TB), K-562, SR and RPMI-8226, melanoma cancer cell lines LOXIMVI and colon cancer cell
line SW-620. Compound 6 was further screened against a panel of 60 different tumor cell lines at 5
dose concentration levels: 10, 107,107, 10" and 10 ® M as these have shown prominent cell
growth inhibition at 10> M concentration against variety of cell lines. Three response parameters
like median growth inhibitory (Glsg, M), total growth inhibitory (TGI, uM) and median lethal
concentrations (LCso, M) were monitoring for each cell line. MG MID Glsg value (over all the 60
cancer cell lines) of compound 6 showed specificity towards leukemia, colon and CNS cancer cell
lines with Glsp values in the range of 2.22-2.45 puM. MG MID Glsy, TGI and LCsy values of
compound 6 has been shown to be 3.58, 9.87 and 35.5 uM respectively (Table 9).

Table 8. Percent growth promotion of in vitro subpanel tumor cell lines at 10 UM concentration
of compound 6.

Leukemia CNS cancer Breast cancer Colon cancer
CCRF-CEM 535  SF-268 91.23 MCF7 32.73  COLO 205 85.97
HL-60(TB) 597  SF-295 90.89 MDA-MB- 61.57 HCC-2998

231/ATCC

K-562 -38.79  SF-539 81.60 HS578T 8457 HCT-116 -53.56
MOLT-4 48.23 SNB-19 102.59 BT-549 85.13 HCT-15 -8.99
RPMI-8226 -11.63  SNB-75 65.38 T-47D 4460  HT29 36.12
SR 10.72 U251 MDA-MB-468 83.64 KM12 83.80
SW-620 0.69

Ovarian cancer Melanoma Renal cancer Non-small cell lung

cancer
IGORV1 83.05 LOX IMVI 3.18  786-0 85.22  AB549/ATCC  61.16
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OVCAR-3 9441 MALME-3M 85.71  A498 75.28  EKVX 71.93

OVCAR-4 88.61 M14 -58.32  ACHN 73.15  HOP-62 78.61
OVCAR-5 97.39 MDA-MB-435 98.12 CAKI-1 88.01 HOP-92 64.38
OVCAR-8 81.70  SK-MEL-2 95.20 RXF 393 77.78  NCI-H226 79.93
NCI/ADR-RES 6299 SK-MEL-28 47.66  SN12C 81.20 NCI-H23 75.10
SK-OV-3 75.10  SK-MEL-5 87.00 TK-10 151.24  NCI-H322M 96.03
Prostate cancer UACC-257 97.47 UO-31 68.13  NCI-H460 70.39
PC-3 33.80 NCI-H522 78.80
DU-145 93.29
30-40% growth inhibition; 50-70% growth inhibition; 90-100% growth inhibition; highly potent

Table 9. Average Glso (uM), TGI (uM) and LCsp (1M) over 60 cancer cell lines for compound 6.

Compound Activity | I Il v V VI VIl VI IX MIG-
MID?
6 Glso 222 385 223 245 4.71 508 5.68 348 2.48 3.58
TGI 6.82 121 555 7.57 10.4 132 134 117 8.07 9.87
LCsg b 388 282 305 23.8 46.5 357 38.8 420 35.5
I, leukemia; 11, non-small cell lung cancer; Ill, colon cancer; 1V, CNS cancer; V, melanoma; VI, ovarian cancer; VII, renal

cancer; VIII, prostate cancer; IX, breast cancer; ® Full panel mean-graph midpoint (uM); ® Compounds showed values >100 pM

2.3.2.2. DNA Binding Study

These synthesized compounds were further screened for their interaction with DNA. Absorption
and emission spectroscopies are extensively used as effective methods for monitoring complex
formation between DNA and small molecules. The interaction of compounds 4-21 (20 puM)
towards ct-DNA were investigated by UV-Visible spectroscopy in phosphate buffer (10 mM, pH
7.4). The electronic spectra of all the tested compounds showed intense band at the range of 300-
335 nm due to the transitions between n-n* energy levels. Addition of ct-DNA to the solution of
compounds 7, 9-11, 16 and 21 in phosphate buffer resulted in gradual decrease in the absorption
intensity. These compounds showed comparatively more hypochromicity in the respective
percentage of 58.3%, 51%, 63%, 58.9%, 62.5% and 64.5% (Figure 18) as compared to compounds
4-6, 8, 12, 14, 15, 18 and 20 which showed hypochromicity in the range of 21% - 49.3% (Figures
20-28). Compounds 13, 17 and 19 did not show any significant change in the presence of ct-DNA.
As there is no change in position of the absorption band (bathochromic or hypsochromic shift) of
conjugates, it can be inferred that these compounds exhibit groove binding interactions to ct-
DNA.*
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Figure 18. UV-vis spectral changes of compounds 7, 9-11, 16 and 21 (20 uM) upon addition of
ct-DNA (0 uM-15 uM) in phosphate buffer (10 mM, pH 7.4).

In order to further investigate the interaction between triazine-benzimidazole analogs,
fluorescence titration experiments were performed. On exciting the compounds 7, 9-11, 16 and
21, the emission spectra showed intense band between 375-473 nm. The fluorescence intensity
of compounds regularly decreased while maximum emission wavelength did not apparently

shifts with increase of ct-DNA concentration. As shown in Figure 19, addition of ct-DNA (0-17

Compound 7 Compound 9 Compound 10

DNA O M DNAO M DNA O M

!

330 380 430 480 530 280 310 360 410 460 s10 s60 330 380 430 480 30 280

Wavelength (um) Wavelength (am) Wavelength ()
Compound 11 Compound 16 Compound 21
600
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00
400
Z 300
1~
200
100
° .
310 360 410 460 s10 60 330 380 430 480 530 =80 320 370 420 470 520 s70

‘Wavelength (un) Wavelength (mn) Wavelength (mm)

Figure 19. Fluorescence spectral changes of 7, 9-11, 16 and 21 (20 uM) upon addition of ct-DNA
(0 uM-17 uM) in phosphate buffer (10 mM, pH 7.4).
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uM), compounds 7, 9- 11, 16 and 21 showed quenching of 52.4%, 44.3%, 46.0%, 35.4%, 54.3%
and 48.0% respectively while the intensities of compounds 4-6, 8, 12, 14, 15, 18 and 20 were
quenched in the range of 20-58% (Figures 20-28). Compounds 13, 17 and 19 did not show any
significant change in the presence of ct-DNA in emission spectroscopy. The change in absorption
and fluorescence intensities clearly indicated the interacting properties of compounds 7, 9-11, 16
and 21 with DNA.

Abs.
=)
2]

230 280 330 380 430 480 330 380 430 480 530 580
Wavelength (nm) Wavelength (n)

Figure 20. (a) Absorption (b) emission spectra of compound 4 (20.0 uM) with increasing
concentration of ct-DNA in phosphate buffer.

S00

275 325 375 425 475 340 390 440 490 540 590
Wavelength (nm) Wavelength (mm)

Figure 21. (a) Absorption (b) emission spectra of compound 5 (20.0 uM) with increasing
concentration of ct-DNA in phosphate buffer.
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Figure 22. (a) Absorption (b) emission spectra of compound 6 (20.0 uM) with increasing

concentration of ct-DNA in phosphate buffer.
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Figure 23. (a) Absorption (b) emission spectra of compound 8 (20.0 uM) with

concentration of ct-DNA in phosphate buffer.
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Figure 24. (a) Absorption (b) emission spectra
concentration of ct-DNA in phosphate buffer.
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Figure 25. (a) Absorption (b) emission spectra of compound 14 (20.0 uM) with increasing
concentration of ct-DNA in phosphate buffer.
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Figure 26. (a) Absorption (b) emission spectra of compound 15 (20.0 uM) with increasing
concentration of ct-DNA in phosphate buffer.
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Figure 27. (a) Absorption (b) emission spectra of compound 18 (20.0 uM) with increasing
concentration of ct-DNA in phosphate buffer.
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Figure 28. (a) Absorption (b) emission spectra of compound 20 (20.0 uM) with increasing
concentration of ct-DNA in phosphate buffer.

For the quantitative investigation of binding strength, the binding constants of these compounds
with ct-DNA were determined from UV-Visible and fluorescence titration data using Benesi—
Hildebrand equation® (Figure 29 and Figure 30). The K values indicated that there is strong
binding interaction between triazine-benzimidazole analogs and ct-DNA as shown in table 10.
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Figure 29. Plot of 1/(As— Ap) vs. 1/[DNA] for absorption spectra of compounds 7, 9-11, 16 and 21
in the presence of ct-DNA.
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Figure 30. Plot of 1/(F; — Fo) vs. /[DNA] for emission spectra of compounds 7, 9-11, 16 and 21 in
the presence of ct-DNA.

To evaluate the possible mode of binding of compounds 7, 9-11, 16 and 21 with DNA, thermal
denaturation study was performed. Stabilization of the double helix is commonly observed for
intercalating ligands, whereas groove binders may lead to stabilization or destabilization in the
melting temperature (Tr) of double standard DNA.* The T,, value for free ct-DNA has been found
to be 65.6 °C whereas complexes of compounds 7, 9-11, 16 and 21 with DNA, the T, was
measured in the range of 57.0-64.4 °C. It has been found that triazine-benzimidazole analogues
destabilize DNA double helix by 1.2-8.6 degrees (Table 10). This indicated that the mode of
binding of compounds with DNA is not due to intercalation but some other interactions are

responsible for their binding.

Table 10. Photophysical properties, binding constants (K), Tr, and ATy, of compounds with ct-
DNA.

Compds Hypochromicity (%) in  Quenching (%) in K of absorption K of emission T (°C) AT, °C)
absorption spectra emission spectra spectra (M) spectra (M™)  (ct-DNA = 65.6)
7 58.3 52.4 1.7 x 10* 2.3x10° 60.1 5.5
9 51.0 44.3 5.4 x 10° 9.7 x 10* 57.0 -8.6
10 63.0 46.0 1.8 x 10* 2.8 x 10 58.8 6.8
11 58.9 35.4 1.3 x10* 2.7 x10* 62.4 3.2
16 62.5 54.3 4.1 x10* 4.8 x 10 64.4 -1.2
21 64.5 48.0 2.3x 10 2.8 x 10 59.3 6.3
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In order to rationalize the binding mode, a competitive binding experiment was performed
with compounds 7, 9-11, 16 and 21 and DNA in the presence of minor groove binder (Hoechst
33258) and an intercalator (ethidium bromide).***” DNA (0 uM- 30 uM) was added to Hoechst
33258 (20 uM) solution and the fluorescence emission spectra were recorded when saturation was
reached. In this case, the emission intensity gradually increased and reached a maximum
(saturation). With increasing concentration of compounds 7, 9-11 and 16, the emission intensity of
Hoechst.DNA complex was enhanced to a significant level while in case of compound 21 the
emission intensity of Hoechst. DNA complex was quenched (Figure 31). This indicated that the
Hoechst dye was replaced with compounds 7, 9-11, 16 and 21 from the minor groove of DNA. A
similar experiment was performed with addition of DNA to a solution of ethidium bromide (EB)
that provided an increase in emission intensity of ethidium bromide to saturation. Ethidium
bromide is one of the most sensitive fluorescent probes having a planar structure that binds to
DNA via the intercalative mode. The extent of fluorescence quenching of the EB.DNA system can
be used to determine the extent of intercalation between molecule and DNA.% However, in this
case, on subsequent addition of compounds 7, 9-11, 16 and 21 to the ethidium bromide.DNA
complex, there was no significant change in emission intensity of ethidium bromide.DNA
complex, suggesting that triazine-benzimidazoles bind to DNA in the non-intercative mode. These

results further supported the binding of compounds 7, 9-11, 16 and 21 through groove mode.

Compound 10
Compound 7

360 410 460 510 560 610 660

Wavelength () Wavelength (nm) Wavelength (nn)

Compound 11 ("""l"':‘"" 16 ’ Compound 21

5 Hoechst.DNA

FI(au)
2

Wavelength (nm)

Figure 31. Gradual addition of ligands 7, 9-11, 16 and 21 (2-30 pM) results in significant
changes in the fluorescence intensity of Hoechst bound ct-DNA.
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Further, viscosity titration method was performed to confirm the binding mode between
triazine-benzimidazoles and ct-DNA. The intercalation of compound into DNA causes a
significant increase in viscosity due to increase in separation of base pairs at the intercalation site
of DNA helix as the base pairs are pushed apart to accommodate the binding molecule. On the

other hand, groove or electrostatic binding leads to minor or no increment in the DNA viscosity.*®

1/3

A viscosity plot of (n/mo)~" versus ligand.DNA ratio was obtained to study any change in the

viscosity of ct-DNA solution in the presence of compounds. As shown in figure 32, with

1155 —=—7.DNA

—e— 9.DNA
—a— 10.DNA
—v— 11.DNA
—<— 16.DNA
—»—21.DNA

1.10 ~

1.05 4

=
S

(m/n)*?
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0.90 T T T T T 1
0.2 0.4 0.6 08 1.0 12

Ligand-DNA ratio

Figure 32. The relative specific viscosity of an aqueous solution of ct-DNA in the presence of
ligands 7, 9-11, 16 and 21.

continuous addition of compounds 7, 9-11, 16 and 21 to ct-DNA solution, small increase in
viscosity was observed which was not as pronounced as observed for classical intercalators, thus
confirming that these compounds interacts with minor groove of DNA and ruling out the
possibility of intercalation.

The effect of ionic strength was determined to evaluate whether there is electrostatic binding
between triazine-benzimidazoles and ct-DNA. The addition of NaCl weakens the surface-binding
interactions because positively charged sodium ions can bind to negatively charged ct-DNA
phosphate groups via electrostatic attractions, and then neutralize the negative charges of the helix
backbone to ct-DNA. If there is no electrostatic binding, there is no effect on the ratio of

100

fluorescence quenching.” An increase in NaCl concentration did not significantly change the

slopes of Fo/F of the free compounds (Figure 33a) and compound.DNA complexes (Figure 33b),
indicating that triazine-benzimidazoles do not bind to ct-DNA by electrostatic binding.
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Figure 33. Fluorescence quenching plots of compounds 7, 9-11, 16 and 21 and compound.DNA
complexes by (a,b) NaCl and (c,d) KI.

To further explore the binding mode between compounds and ct-DNA, iodine quenching
experiments were performed. When small molecules intercalate into DNA base pairs, the bound
molecules are protected by the double helix of DNA, thus it is difficult for the anionic quenchers
to come into contact with small molecules. Therefore, the quenching constant of
compound.DNA complex should be smaller than that of the free small molecules.*® Potassium
iodide is highly negative charged quencher, which is often used to determine the binding mode
of compound with DNA.% The ratio of fluorescent intensity of compounds 7, 9-11, 16 and 21
and DNA complexes did not show any significant changes upon successive addition of iodide
that further eliminated the possibility of intercalation. These results signified the interaction of
compounds 7, 9-11, 16 and 21 with DNA through groove binding mode or/and electrostatic

binding (Figure 33c-d).
2.3.2.3. Molecular Modeling

Docking experiments were performed to find the most stable and favourable orientation as

blind dockings using Argus lab.®® The structures of the ligands (7, 9-11, 16 and 21) were
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optimized to true minima on the potential energy surface. The structural coordinates of DNA was
obtained from the protein data bank (PDB ID: 1BNA).'%? Based on the energies and the number
of occurrences of each conformation, the conformation with highest number of occurrences was
obtained, and had the most optimal energy of all the clusters, and thus was chosen for the final
binding orientation analysis (Figure 34). In the docking analysis, the binding site was assigned
across the entire grooves of the DNA molecule. The docking studies of the synthesized ligands
clearly showed the importance of mode of action through the interaction between the triazine
derivatives and DNA. Moreover, hydrogen bonds were formed between compounds (7, 9-11, 16
and 21) with DNA base pairs (Table 11). Due to differences in the functional group, there are
differences in their hydrogen bonding interaction with ct-DNA, and thus differences in the values
of binding constants. The molecular modelling study shows that all the six ligands bind DNA
preferably through the groove mode.

Table 11. H-bonding of compounds 7, 9-11, 16 and 21 with DNA base pairs.

Compds. NH of fluoroaniline  NH of phenyl  NH of imidazole ring of Variable substitutent No. of H-

linker benzimidazole bonding
7 7DT (2.26 A), 6DA 18DA (3.35A), 17DA (2.78 A), 8DT 9
(1.86 A), 7DA (1.74 18DA (1.69 A) (2.89 A), 16DG (2.16 A), -
A 9DC (2.38 A)
9 22DG (2.28 A), 23DC 5DA (1.46 A),  22DG (0.76 A), 3DC  NH of ethanolamine with 12
(2.75A) 5DA (1.38 A) (2.95A), 22DG (2.81 A) DC (1.17 A), DG (2.09 A),

24DG (2.82 A);
OH of ethanolamine with
2DG (2.09 A), 1DC (1.17

A)
10 6DA (1.66 A) 6DA (2.36 A), 16DG (2.13 A) NH of 9
7DT (2.30 A), aminoethylmorpholine with
19DT (2.75 A), 5DA (2.66 A), 6DA (2.40
18DA (2.10 A) A),5DA (1.21 A)
11 5DA (2.58 A), 5DA 20DT (2.38 A), 18DA (1.54 A), 7DT OH of 11
(1.51 A),5DC (2.87 5DA(2.61A) (1.73A),5DA (2.65 A)  hydroxyethylpiperazine
A with 24DG (2.74 A), 2DG
(1.84 A), 2DG (2.41 A)
16 7DT (1.38 A) 17DA (2.22 A), 10DG (2.95 A), 15DC - 7
18DA (2.03A) (2.63A),9DC (2.74 A),
16DG (2.34 A)
21 8DT (2.57 A), 7DT 17DA (1.67 A), 10DG (2.48 A), 9DC - 6

(2.30 A) 17DA (2.99 A) (2.97 A)

77



Compound 7 Compound 9 Compound 10

Figure 34. Docked poses of compounds (7, 9-11, 16 and 21) with DNA.
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2.3.3. CONCLUSIONS

Triazine-benzimidazole analogues with different substitution of primary and secondary amines
as well aryl groups were synthesized in moderate to good yields. These compounds were
characterized by 'H and **C NMR as well as mass spectrometry. The interaction of triazine-
benzimidazole analogs with ct-DNA was carried out using various spectroscopic techniques.
Through the analysis of UV absorbance and fluorescence spectra, formation of compound.DNA
complexes was confirmed. Competitively displacement assay with ethidium bromide and
Hoechst 33258 revealed that compounds interact with DNA through groove binding. Thermal
denaturation experiments and viscosity techniques also supported the interaction of these
compounds through groove binding mode. The effect of ionic strength and iodide quenching
again confirmed the involvement of groove binding and not intercalation. Molecular docking
experiments were further confirmed that triazine analogs bind to the groove of DNA. These
results provide valuable information regarding drug-DNA interactions, which may be useful for

the greater clinical efficacy of rational drug design.
2.3.4. EXPERIMENTAL SECTION

Synthesis of (4,6-dichloro-[1,3,5]triazin-2-yl)-(4-fluoro-phenyl)-amine (1).

To a stirred solution of cyanuric chloride (10 g, 0.054 mol) in anhydrous THF (150 mL), 4-
fluoroaniline (7.21 g, 0.065 mol) was added at 0-5 °C. To this mixture, 10% NaHCO3 was added
and stirred at the same temperature for 6 h. The resulted reaction mixture was then poured into
crushed ice, filtered, dried and column chromatographed on silica gel in ethylacetate:hexane
(1:4) to afford the desired product (4,6-dichloro-[1,3,5]triazin-2-yl)-(4-fluoro-phenyl)-amine (1)
as white solid; (11.93 g, 85%); mp: 222-224 °C 1%

Synthesis of 4-(1H-benzimidazol-2-yl)-phenylamine (2).

A mixture of 4-aminobenzoic acid (5 g, 5.78 mmol) and o-phenylenediamine (3.9 g, 3.68
mmol) were stirred in a syrupy polyphosphoric acid (12.5 gm) at 200 °C for 5 h. The reaction
was monitored with TLC. The reaction mixture was cooled and poured into crushed ice. The
precipitate was then stirred in cold water. Ammonium hydroxide solution was added until pH

7 was achieved. The resulting solid was filtered and washed several times with methanol and

column chromatographed on silica gel in ethylacetate:hexane (4:1) to afford the desired
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product 4-(1H-benzimidazol-2-yl)-phenylamine (2).
@E@NW White solid; yield: 82%; mp: 207-209 °C'**: 'H NMR (400 MHz, DMSO-
" dg): 8=7.96 (d, 2H, J = 8.72 Hz, ArH), 7.55-7.51 (m, 2H, ArH), 7.16-7.14

(m, 2H, ArH), 6.75 (d, 2H, J = 8.24 Hz, ArH), 4.45 (bs, 2H, NH,); *C NMR (100 MHz,
CDCl3; + DMSO-dg): 6 = 152.2, 148.4, 127.5, 120.9, 118.6, 113.8 (ArC); MS (ESI), m/z: 209.2
(M*+1).

Synthesis of N-[4-(1H-benzimidazol-2-yl)-phenyl]-6-chloro-N'-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4-diamine (3).

To a stirred solution of (4,6-dichloro-[1,3,5]triazin-2-yl)-(4-fluoro-phenyl)-amine (1) (10 g,
0.026 mol) in anhydrous THF (150 mL), 4-(1H-benzimidazol-2-yl)-phenylamine (2) (8.06 g,
0.038 mol) was added at room temperature. To this mixture, 10% K,CO; was added and
stirred for 24 h. The resulted reaction mixture was then poured into crushed ice, filtered, dried
and column chromatographed on silica gel using ethylacetate:hexane (4:1) to afford the desired
product  N-[4-(1H-benzimidazol-2-yl)-phenyl]-6-chloro-N'-(4-fluoro-phenyl)-[1,3,5]triazine-
2,4-diamine (3).

\@\ N @ white solid; yield: 82%; mp: 249-251°C; *"H NMR (400 MHz, CDCl; +

] N@N /@k DMSO-ds): & = 10.12 (bs, 1H, NH), 9.97 (bs, 1H, NH), 8.19 (d, 1H, J =
; 8.72 Hz, ArH), 8.14 (d, 1H, J = 7.76 Hz, ArH), 8.00 (d, 1H, J =3.20

Hz, ArH), 7.86 (d, 2H, J = 7.80 Hz, ArH), 7.71-7.67 (m, 2H, ArH), 7.60 (s, 1H, ArH), 7.22-
7.19 (m, 2H, ArH), 7.10-7.06 (m, 2H, ArH); *C NMR (100 MHz, CDCls): § = 169.4, 141.2,
134.9, 133.9, 133.6, 131.4, 129.1, 128.4, 126.3, 122.3, 119.8, 118.0, 110.3, 108.3 (ArC); MS
(ESI), m/z: 431.8 (M"+1); Anal. Calcd for CoH1sCIFN;: C, 61.19; H, 3.50; N, 22.70, Found:
C,61.18; H, 3.47; N, 22.71.
General procedure for the synthesis of compounds 4-15.

To a stirred solution of N-[4-(1H-benzimidazol-2-yl)-phenyl]-6-chloro-N'-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4-diamine (3) (0.200 g, 0.463 mmol) in 1,4-dioxane (20 mL), amines (0.556
mmol) and potassium carbonate (0.095g, 0.695 mmol) were added and heated at 110 °C for 6-8
hrs. Extracted the reaction mixture with chloroform, dried over Na,SO,, filtered and
concentrated to get crude product which was then purified through column chromatography

using chloroform:methanol (50:1) as eluents to give compounds 4-15.
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N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N*-(4-fluoro-phenyl)-6-morpholin-4-yl-
[1,3,5]triazine-2,4-diamine (4).

Fj@\ @ White solid; yield: 75%; mp: 248-250 °C; 'H NMR (400 MHz, CDCly):
NH N

NS 'H 6 =28.00 (d, 2H, J = 4.72 Hz, ArH), 7.83 (s, 1H, NH), 7.72 (d, 2H, J =
Q "N 8.24 Hz, ArH), 7.52-7.48 (m, 3H, ArH), 7.07 (t, 3H, J = 8.68 Hz, ArH),

6.96 (s, 1H, ArH), 6.80 (s, 1H, ArH), 3.82-3.76 (m, 4H, mor-CH,), 3.70-3.69 (m, 4H, mor-
CHy); *C NMR (100 MHz, CDCl; + DMSO-de): & = 163.7, 159.1, 148.6, 144.5, 134.8, 131.5,
128.2, 125.2, 122.1, 119.6, 114.9, 114.6, 114.4, 113.3 (ArC), 65.9 (O-CH,), 43.4 (N-CH,); MS
(ESI), m/z: 482.5 (M*+1); Anal. Calcd for Co6H,3FNgO: C, 64.72; H, 4.80; N, 23.22, Found: C,
64.65; H, 4.77; N, 23.18.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N*-(4-fluoro-phenyl)-6-piperidin-1-yl-
[1,3,5]triazine-2,4-diamine (5).

F\Q @ White solid; yield: 78%; mp: 252-254 °C; *H NMR (400 MHz, CDCly):
NS 'H 0 =8.00 (d, 2H, J = 8.28 Hz, ArH), 7.73 (bs, 1H, NH), 7.72 (d, 2H, J =
QN "R 7.72 Hz, ArH), 7.53-7.49 (m, 3H, ArH), 7.05-7.00 (m, 4H, ArH), 6.85 (s,

1H, ArH), 3.79-3.78 (d, 4H, J = 5.04 Hz, N-CH,), 1.55-1.51 (m, 6H, CH,); *C NMR (100
MHz, CDCl; + DMSO-dg): 6 = 147.6, 131.1, 128.0, 125.1, 123.3, 120.8, 116.0, 114.7, 114.5,
113.1 (ArC), 43.5 (N-CHy,), 24.8 (CH,), 21.6 (CH,); MS (ESI), m/z: 480.5 (M*+1); Anal. Calcd
for Co7H2sFNg: C, 67.48; H, 5.24; N, 23.32, Found: C, 67.50; H, 5.20; N, 23.39.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N’-(4-fluoro-phenyl)-6-pyrrolidin-1-yl-
[1,3,5]triazine-2,4-diamine (6).

F\©\ @ White solid; yield: 72%; mp: 242-244 °C; *H NMR (400 MHz, CDCls):
NH N

v 5= 7.96 (d, 1H, J = 8.68 Hz, ArH), 7.70 (d, 2H, J = 8.72 Hz, ArH),
Cr 7.59-7.52 (m, 4H, ArH), 7.25-7.22 (m, 1H, ArH), 7.10 (bs, 1H, NH),

7.02-6.97 (m, 4H, ArH), 3.59-3.57 (m, 4H, N-CH,), 1.96-1.95 (m, 4H, CH,); **C NMR (100
MHz, CDCl3): & = 163.9, 163.6, 152.4, 143.0, 135.9, 135.5, 134.2, 129.1, 128.0, 126.2, 121.3,
115.4, 115.2, 109.1 (ArC), 47.2 (N-CH,), 25.3 (CH,); MS (ESI), m/z: 466.5 (M*+1); Anal.
Calcd for CosH23FNg: C, 66.94; H, 4.97; N, 24.02, Found: C, 66.85; H, 4.93; N, 24.15.
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N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N*-(4-fluoro-phenyl)-6-(4-methyl-piperazin-1-yl)-
[1,3,5]triazine-2,4-diamine (7).

F@N N @ White solid; yield: 77%; mp: 268-270 °C; 'H NMR (400 MHz,

o~ N CDCly): 8 = 7.97 (d, 2H, J = 8.72 Hz, ArH), 7.71 (bs, 1H, NH), 7.63

/Q N (d, 2H, J=7.76 Hz, ArH), 7.48-7.45 (m, 2H, ArH), 7.25-7.23 (m, 3H,
ArH), 7.13 (s, 1H, ArH), 7.02 (t, 2H, J = 8.24 Hz, ArH), 3.82-3.80 (m, 4H, N-CH,), 2.43-2.41
(m, 4H, N-CH,), 2.32 (s, 3H, CHs); *C NMR (100 MHz, CDCls): 5 = 164.9, 164.3, 151.8,
138.6, 138.5, 135.7, 135.0, 134.2, 129.1, 127.9, 126.2, 126.0, 122.1, 118.9, 116.4, 116.0, 115.5,
115.2 (ArC), 54.7 (N-CHy), 43.1 (N-CH,) 14.0 (N-CHs); MS (ESI), m/z: 495.5 (M*+1); Anal.
Calcd for Co7H26FNg: C, 65.44; H, 5.29; N, 25.44, Found: C, 65.35; H, 5.25; N, 25.50.
N-(2-Amino-ethyl)-N'-[4-(1H-benzimidazol-2-yl)-phenyl]-N"'-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4,6-triamine (8).

I

F@ @ White solid; yield: 72%; mp: 273-275 °C; 'H NMR (400 MHz,
f\i “y CDCls): & = 8.02 (bs, 1H, NH), 7.50-7.48 (m, 3H, ArH), 7.31 (d, 3H,
RN J=7.32 Hz, ArH), 7.11 (d, 2H, J = 8.24 Hz, ArH), 7.06 (d, 2H,

J =7.32 Hz, ArH), 6.95 (d, 2H, J = 7.36 Hz, ArH), 3.50-3.48 (m, 2H, N-CH,), 2.93 (t, 2H, J =
5.48 Hz, N-CH,); *C NMR (100 MHz, CDCls): 5 = 166.4, 152.5, 142.9, 135.9, 135.8, 129.1,
128.0, 126.3, 115.4, 115.2, 109.1 (ArC), 43.5 (N-CH,), 41.4 (N-CHy); MS (ESI), m/z: 455.4
(M*+1); Anal. Calcd for Co4H2,FNg: C, 63.28; H, 4.87; N, 27.68, Found: C, 63.35; H, 4.80; N,
27.60.
2-[4-[4-(1H-Benzimidazol-2-yl)-phenylamino]-6-(4-fluoro-phenylamino)-[1,3,5]triazin-2-
ylamino]-ethanol (9).

FQNH N@ White solid; yield: 69%; mp: 261-263 °C; 'H NMR (400 MHz, CDCly):

Ny N /@* 8 =8.02 (bs, 1H, NH), 7.44-7.42 (m, 2H, ArH), 7.29-7.26 (m, 5H, ArH),

" 7.03-6.98 (m, 3H, ArH), 6.90-6.84 (m, 2H, ArH), 3.81-3.79 (m, 2H, O-
CH,), 3.57-3.53 (m, 2H, N-CH,), 1.84 (bs, 1H, OH); *C NMR (100 MHz, CDCls): & = 166.5,
164.1, 1525, 142.6, 135.7, 129.1, 128.0, 126.3, 122.0, 115.4, 115.1, 109.1 (ArC), 47.2 (O-
CHy,), 43.7 (N-CH,); MS (ESI), m/z: 456.4 (M*+1); Anal. Calcd for C4H2:FNgO: C, 63.15; H,
4.64; N, 24.55, Found: C, 63.05; H, 4.60; N, 24.65.
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N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N*-(4-fluoro-phenyl)-N**-(2-morpholin-4-yl-ethyl)-
[1,3,5]triazine-2,4,6-triamine (10).

F\@N N @ White solid; yield: 74%; mp: 278-280 °C; 'H NMR (400 MHz,
@NwN i@% CDCl3): & = 7.94-7.90 (m, 2H, ArH), 7.61 (d, 1H, J = 9.16 Hz,

H H ArH), 7.55-7.51 (m, 3H, ArH, NH), 7.50-7.43 (m, 3H, ArH), 7.23-

7.21 (m, 1H, ArH), 7.02 (d, 1H, J = 6.40 Hz, ArH), 6.99 (d, 1H, J = 2.28 Hz, ArH), 6.97 (d,
1H, J = 1.84 Hz, ArH), 3.71-3.65 (m, 4H, O-CH,), 3.53-3.46 (m, 2H, N-CH,), 2.56-2.49 (m,
2H, N-CH,), 2.46-2.42 (m, 4H, N-CH,); *C NMR (100 MHz, CDCls): § = 166.0, 164.6, 152.5,
142.9, 135.8, 129.1, 128.0, 126.3, 122.1, 121.7, 115.5, 115.2, 109.1 (ArC), 66.9 (O-CH,), 53.4
(N-CHy), 47.2 (N-CH,), 37.1 (N-CH,); MS (ESI), m/z: 525.5 (M"+1); Anal. Calcd for
CasH2sFNgO: C, 63.99; H, 5.37; N, 23.98, Found: C, 64.10; H, 5.33; N, 24.05.
2-{4-[4-[4-(1H-Benzimidazol-2-yl)-phenylamino]-6-(4-fluoro-phenylamino)-[1,3,5]triazin-
2-yl]-piperazin-1-yl}-ethanol (11).

I

F@ White solid; vyield: 73%; mp: 274-276 °C; *H NMR (400 MHz,

X L _ _
. ) x@k CDCly): 6=7.97 (d, 1H, J = 8.28 Hz, ArH), 7.61 (d, 2H, J = 8.28 Hz,
o~ ArH), 7.50-7.44 (m, 3H, ArH), 7.26-7.24 (m, 3H, ArH), 7.03-6.97 (m,

3H, ArH), 6.81 (bs, 1H, NH), 3.92 (t, 2H, J = 0.44 Hz, O-CH,), 3.83-3.79 (m, 4H, N-CH,),
3.67 (t, 2H, J = 4.12 Hz, N-CH,), 2.55-2.53 (m, 4H, N-CH,), 1.83 (bs, 1H, OH); *C NMR
(100 MHz, CDCl3): 6 = 152.4, 143.0, 135.9, 134.3, 131.6, 129.0, 128.0, 126.2, 116.2, 110.7,
109.1, 109.0 (ArC), 66.9 (O-CH,), 47.1 (N-CHy), 43.7 (N-CH,), 43.6 (N-CH,); MS (ESI), m/z:
525.5 (M*+1); Anal. Calcd for CagH2sFNgO: C, 63.99; H, 5.37; N, 23.98, Found: C, 64.11; H,
5.29; N, 23.91.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N'-benzyl-N"'-(4-fluoro-phenyl)-[1,3,5]triazine-
2,4,6-triamine (12).

FQNH N@ White solid; yield: 78%; mp: 247-249 °C; *H NMR (400 MHz,

oy “ CDCl3): 8=9.09 (d, 1H, J = 6.88 Hz, ArH), 8.81 (d, 2H, J = 7.80 Hz,

Oy ArH), 8.52 (s, 1H, ArH), 8.45 (bs, 1H, NH), 8.06-8.04 (m, 3H, ArH),
7.99 (d, 1H, J = 7.76 Hz, ArH), 7.91 (d, 3H, J = 8.24 Hz, ArH), 7.86 (d, 1H, J = 7.76 Hz, ArH),
7.74 (d, 1H, J = 6.40 Hz, ArH), 7.35-7.28 (m, 3H, ArH), 7.16 (t, 1H, J = 7.36 Hz, ArH), 5.98 (s,
2H, N-CH,); *C NMR (100 MHz, CDCl3): & = 168.7, 152.6, 142.1, 135.6, 133.4, 133.1, 132.7,
132.5, 129.1, 128.2, 128.1, 126.3, 116.9, 110.8, 109.5 (ArC), 47.3 (N-CHy); MS (ESI), m/z:
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502.5 (M*+1); Anal. Calcd for CyH23FNg: C, 69.31; H, 4.61; N, 22.30, Found: C, 69.22; H,
4.58; N, 22.39.
N-Allyl-N'-[4-(1H-benzimidazol-2-yl)-phenyl]-N"'-(4-fluoro-phenyl)-[1,3,5]triazine-2,4,6-
triamine (13).

F@NH N@ White solid; yield: 70%; mp: 288-290 °C; 'H NMR (400 MHz,
. ”w*il CDCl3): 6 =9.04 (d, 1H, J = 7.36 Hz, ArH), 8.45 (m, 1H, ArH), 7.97

HoYOR (d, 2H, J = 7.80 Hz, ArH), 7.83 (d, 1H, J = 7.76 Hz, ArH), 7.73 (d, 2H,

J =5.96 Hz, ArH), 7.43-7.39 (m, 2H, ArH), 7.29-7.25 (m, 2H, ArH, NH), 7.15-7.11 (m, 2H,
ArH), 6.20-6.10 (m, 1H, allylic-CH), 5.40-5.29 (m, 4H, allylic-CH,); *C NMR (100 MHz,
CDCl): 6 = 148.5, 144.5, 143.8, 142.7, 133.9, 130.8, 129.6, 129.5, 128.4, 122.7, 122.0, 120.6,
120.1, 110.0, 109.9, 108.8 (ArC), 54.6 (N-CH,); MS (ESI), m/z: 452.4 (M*+1); Anal. Calcd for
CasHa1FNg: C, 66.36; H, 4.68; N, 24.76, Found: C, 66.48; H, 4.64; N, 24.88.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N'-cyclohexyl-N"'-(4-fluoro-phenyl)-[1,3,5]triazine-
2,4,6-triamine (14).

F@ @ White solid; yield: 72%; mp: 281-283 °C; *H NMR (400 MHz,
L CDCly): = 7.98 (d, 2H. J = 7.60 Hz, ArH), 7.73-7.63 (m, 3H, ArH).
o 9 5= 798 ) ( )
NN 7.52-7.47 (m, 2H, ArH), 7.24-7.16 (m, 3H, ArH), 7.13 (bs, 1H, NH),

7.01 (t, 2H, J = 8.04 Hz, ArH), 5.05 (bs, 1H, NH), 3.81 (s, 1H, N-CH), 2.04-2.02 (m, 2H, CH,),
1.76-1.63 (m, 4H, CH,), 1.38-1.19 (m, 4H, CH,); *C NMR (100 MHz, CDCl; + TFA): § =
152.5, 147.6, 141.5, 130.8, 128.3, 126.7, 123.5, 123.4, 121.3, 116.7, 116.6, 115.8, 115.5, 113.6
(ArC), 51.7 (CH), 31.9 (CH,), 25.0 (CH,), 24.7 (CH,); MS (ESI), m/z: 494.5 (M*+1); Anal.
Calcd for CygH,7FNg: C, 68.00; H, 5.50; N, 22.66, Found: C, 68.19; H, 5.46; N, 22.75.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N'-(4-fluoro-phenyl)-6-hydrazino-[1,3,5]triazine-
2,4-diamine (15).
F@NH N@ White solid; yield: 66%; mp: 289-291 °C; *H NMR (400 MHz, CDCl;
L, + DMSO-dg): 5 = 8.30 (s, 1H, NH), 8.25-8.12 (m, 3H, ArH), 8.00-7.85
) (m, 3H, ArH), 7.76-7.59 (m, 3H, ArH), 7.35-7.19 (m, 3H, ArH); *C
NMR (100 MHz, CDCl3; + DMSO-dg): 6 = 151.5, 138.4, 134.9, 132.9, 128.3, 127.2, 126.5,
125.9, 122.4, 117.6, 116.1, 114.7, 114.5 (ArC); MS (ESI), m/z; 427.4 (M*+1); Anal. Calcd for
CxHigFNg: C, 61.82; H, 4.24; N, 29.49, Found: C, 61.80; H, 4.21; N, 29.40.

P
HZN\N*N/)\N
H H
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General procedure for the synthesis of compounds 16-21.
To a stirred solution of N-[4-(1H-benzimidazol-2-yl)-phenyl]-6-chloro-N'-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4-diamine (3) (0.200 g, 0.463 mmol) in 1,4-dioxane (20 mL), arylboronic
acids (0.556 mmol), Pd(PPhs)4 (10 mol%) and potassium carbonate (0.095g, 0.695 mmol) were
added and refluxed for 8-10 hrs in an inert atmosphere. After the completion of reaction,
extracted the reaction mixture with chloroform, dried over Na,SOy,, filtered and concentrated to
get crude product which was purified through column chromatography using
chloroform:methanol (50:1) as eluents to give compounds 16-21.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N*-(4-fluoro-phenyl)-6-phenyl-[1,3,5]triazine-2,4-
diamine (16).
F\QNH N@ White solid; yield: 69%; mp: 246-248 °C; *H NMR (400 MHz, CDCl5):
N‘*\i @A 8 =792 (d, 2H, J = 6.84 Hz, ArH), 7.69-7.60 (m, 3H, ArH, NH), 7.52
(d, 3H, J=5.96 Hz, ArH), 7.45 (d, 4H, J = 4.60 Hz, ArH), 7.21-7.20 (m,
3H, ArH), 6.96 (t, 3H, J = 8.24 Hz, ArH); *C NMR (100 MHz, CDCls): & = 164.5, 160.3,
157.8, 152.2, 139.2, 135.8, 135.7, 134.4, 129.0, 127.9, 126.3, 122.9, 122.8, 119.0, 116.7, 115.5,
115.3 (ArC); MS (ESI), m/z: 473.5 (M*+1); Anal. Calcd for CpsHxFN7: C, 71.02; H, 4.26; N,
20.71, Found: C, 71.23; H, 4.22; N, 20.79.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-6-(4-chloro-phenyl)-N'-(4-fluoro-phenyl)-
[1,3,5]triazine-2,4-diamine (17).
N@ White solid; yield: 68%; mp: 262-264 °C; 'H NMR (400 MHz, CDCl;
N’%\ @/ﬁ + DMSO-dg): 6 = 8.69 (d, 2H, J = 7.76 Hz, ArH), 8.10-8.05 (m, 4H,
o . ArH), 7.84-7.77 (m, 2H, ArH), 7.69-7.63 (m, 4H, ArH), 7.56 (d, 1H,
J =7.36 Hz, ArH), 7.50 (d, 1H, J = 6.88 Hz, ArH), 7.28 (t, 2H, J = 6.88 Hz, ArH); **C NMR
(100 MHz, CDCl3): 6 = 170.0, 165.1, 164.4, 152.0, 138.8, 137.7, 135.8, 135.4, 134.0, 132.2,
132.1, 132.0, 129.7, 129.2, 128.6, 128.5, 128.0, 125.8, 119.2, 115.7, 101.5 (ArC); MS(ESI),
m/z: 507.9 (M*+1); Anal. Calcd for CsHigCIFN7: C, 66.21; H, 3.77; N, 19.30, Found: C,
66.11; H, 3.74; N, 19.38.
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N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N*-(4-fluoro-phenyl)-6-thiophen-2-yl-[1,3,5]triazine-
2,4-diamine (18).

@ @ White solid; yield: 67%; mp: 274-276 °C; 'H NMR (400 MHz,
il L, CDCly): 8 = 7.98 (d, 3H, J = 8.72 Hz, ArH), 7.73-7.62 (m, 4H, ArH),
WE 7.54-7.50 (m, 3H, ArH), 7.35 (d, 2H, J = 3.64 Hz, ArH), 7.06 (t, 3H, J

= 9.16 Hz, ArH); *C NMR (100 MHz, CDCls): § = 170.9, 165.1, 164.5, 152.0, 138.7, 136.8,
135.8, 134.1, 131.6, 129.2, 128.3, 128.0, 125.9, 119.1, 115.6, 101.4 (ArC); MS (ESI), m/z:
479.5 (M+1); Anal. Calcd for C,sH1sFN-S: C, 65.12; H, 3.78; N, 20.45; S, 6.69, Found: C,
65.29; H, 3.75; N, 20.42; S, 6.75.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N'-(4-fluoro-phenyl)-6-furan-2-yl-[1,3,5]triazine-
2,4-diamine (19).

K@\ @ White solid; yield: 71%: mp: 248-250 °C; *H NMR (400 MHz, CDCly):
NH

“‘*l \ §=7.95(d, 2H, J = 8.24 Hz, ArH), 7.58-7.52 (m, 4H, ArH), 7.48-7.45
e VR (m, 3H, ArH), 7.24-7.22 (m, 4H, ArH), 7.02-6.98 (m, 2H, ArH); **C

NMR (100 MHz, CDCl3): 8 = 170.6, 164.7, 152.2, 139.5, 135.9, 134.3, 132.5, 130.6, 129.1,
126.2, 122.8, 119.2, 115.7, 115.5, 102.2 (ArC); MS (ESI), m/z: 463.4 (M*+1); Anal. Calcd for
CosH1sFN;O: C, 67.38; H, 3.91; N, 21.16, Found: C, 67.46; H, 3.88; N, 21.29.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N'-(4-fluoro-phenyl)-6-(2-methoxy-phenyl)-
[1,3,5]triazine-2,4-diamine (20).
\@ White solid; yield: 65%; mp: 288-290 °C; 'H NMR (400 MHz,
‘*\A CDCl3): 6 7.98 (d, 3H, J = 8.72 Hz, ArH), 7.81 (s, 1H, ArH), 7.67 (d,
3H, J =8.00 Hz, ArH), 7.52-7.50 (m, 5H, ArH, NH), 7.27 (d, 2H, J =
2.76 Hz, ArH), 7.06 (t, 3H, J = 8.24 Hz, ArH), 3.96 (s, 3H, OCHs); *C NMR (100 MHz,
CDCl3): 8 = 152.7, 144.8, 139.2, 135.5, 132.6, 132.0, 129.2, 129.0, 127.9, 127.4, 126.7, 126.2,
122.5, 121.5, 117.0, 113.9, 111.9, 109.4 (ArC), 55.3 (OCHs); MS (ESI), m/z: 503.5 (M*+1);
Anal. Calcd for CogH2oFN;O: C, 69.17; H, 4.40; N, 19.47, Found: C, 69.03; H, 4.33; N, 19.41.
N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N'-(4-fluoro-phenyl)-6-(4-methoxy-phenyl)-
[1,3,5]triazine-2,4-diamine (21).
F@N ) @ White solid; yield: 70%; mp: 266-268 °C; 'H NMR (400 MHz,
N‘&/N dﬁ CDCl3): 6=7.97 (d, 3H, J = 8.72 Hz, ArH), 7.66 (d, 3H, J = 8.24 Hz,
MQO@N N ArH), 7.52-7.50 (m, 3H, ArH), 7.32 (bs, 1H, NH), 7.28-7.27 (m, 3H,

I
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ArH), 7.25 (s,1H, ArH), 7.05 (t, 3H, J = 8.72 Hz, ArH), 3.96 (s, 3H, OCHs); *C NMR (100
MHz, CDCly): § = 163.2, 159.7, 157.0, 147.2, 136.4, 132.2, 130.2, 128.5, 127.6, 126.8, 122.4,
116.6, 114.0, 113.6, (ArC), 55.4 (OCHs); MS (ESI), m/z: 503.5 (M*+1); Anal. Calcd for
CasH2oFN;0: C, 69.17; H, 4.40; N, 19.47, Found: C, 69.05; H, 4.37; N, 19.40.

2.4. TRIAZINE-BENZIMIDAZOLE WITH PHENYL LINKER (MORPHOLINE)

Bovine serum albumin is used as a promising drug delivery system owing to abundance in
plasma and executing as transporter carriers of endogenous and exogenous compounds®®
including fatty acids, amino acids, drugs, and pharmaceuticals for prognosis of pharmacokinetic
and pharmacodynamics behavior of several drugs. BSA has two tryptophan residues (Trp-134
and Trp-212) possess intrinsic fluorescence.’®%" It provides a convenient mode for detecting
structural changes upon ligand binding that significantly influences drug efficacy, the rate of
drug delivery, and its elimination. In addition, owing to its biochemical and pharmacological
properties, BSA has been used to target diseased and malignant cells as a versatile drug carrier;

resulting in higher efficacy of treatment and reduced side effects.'***?

2.4.1. CHEMISTRY

The triazine-benzimidazole analogues were synthesized by their substitution with primary and
secondary amines as well as aryl boronic acids (5-21), reported in Scheme 7. Cyanuric chloride
was reacted with morpholine in the presence of sodium bicarbonate in THF at 0-5 °C for 6 h to
obtain 4,6-dichloro-2-morpholin-4-yl-[1,3,5]triazine (2) in 89% vyield. Condensation of 4-
aminobenzoic acid with o-phenylenediamine in the presence of polyphosphoric acid at 200 °C
for 5 h afforded 4-(1H-benzimidazol-2-yl)-phenylamine as white solid. Compound 2 was
underwent nucleophilic substitution reaction with 4-(1H-benzimidazol-2-yl)-phenylamine (3) in
the presence of potassium carbonate and THF at room temperature for 24 h provided [4-(3H-
benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholin-4-yl-[1,3,5]triazin-2-yl)-amine (4) in 84 %
yield. Further, treatment of compound 4 with different primary and secondary amines in the
presence of potassium carbonate and 1,4-dioxane at 110 °C for 8 h gave compounds 5-15 in 66-
75% vyields. Compound 4 was also treated with five and six membered aryl boronic acids
through Suzuki-Miyaura cross coupling reaction, in the presence of 10 mol % of Pd(PPh3), and
1.5 equivalents of K,COs in 1,4-dioxane to afford compounds 16-21 in 64-75% vyields.
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Scheme 72. Synthesis of triazine-benzimidazole analogues.

| —> N —_—
A | LA LA §
Cl N Cl Z 7
cl N)\CI S N R,R:N7 N N
1 2 4
5-15
) NR;R, = 5; morpholine
6; piperdine
7; pyrrolidine
8; N-methylpiperazine
- O. 9; 2-aminoethylmorpholine
Rs 16_ phenyl [ j 10; 2-hydroxyethylpiperazine
17; 4-fluorophenyl N N 11; 1,2-ethylenediamine
18; 2-furan )\ | 12;1,2-ethanolamine
19; 2-thienyl NN N 133 benzylamine
20; 4-chlorophenyl )‘\ /)\ H ig' rc]yglohgxylamlne
. - R3 N N ; hydrazine
21; 4-trifluorophenyl H

16-21
®Reagents and conditions: (i) morpholine, NaHCOs;, THF, 0-5 °C; (ii) 3, K,COg, THF, rt; (iii) NHR;R,, K,COs,
1,4-dioxane, reflux; (iv) R3B(OH),, Pd(PPhs),, K,COs3, 1,4-dioxane, reflux.
2.4.2. BIOLOGY

2.4.2.1. In vitro Anticancer Evaluation

These compounds were submitted to the National Cancer Institute (NCI) disease oriented human
cell lines for in vitro evaluation as antitumor activities. Four compounds (6, 16, 17 and 20) were
selected for evaluation against 60 human cancer cell lines at one dose concentration of 10> M. In
vitro antitumor screening data revealed that compounds with piperidine substitution and aryl
groups such as phenyl, 4-fluorophenyl and 4-chlorophenyl showed significant activity for most
of the cancer cell lines. The obtained results of the tested triazine-benzimidazole analogous
showed distinctive potential pattern of selectivity. Compounds 6, 16, 17 and 20 were found to be
broad spectrum against all nine subpanels of cancer cell lines at primary single dose (10 uM)
with mean growth percent of 0.72, -56.41, -7.32 and -83.19 respectively. Close examination of
the data presented in Table 12 indicated that compounds 16 and 20 are the most potent while 6
and 17 possessed moderate antitumor activity.

Table 12. Percent growth promotion of in vitro subpanel tumor cell lines at 10 uM concentration
of compounds 6, 16, 17 and 20.

Subpanel 6 16 17 20 Subpanel 6 16 17 20
tumor cell tumor cell

lines lines

Leukemia SK-MEL-5 -90.75  -95.41 -90.65 -97.59

CCRF-CEM 8.74 -15.74  -1.84 -91.49  UACC-257 -19.30  -56.40 -27.63 -82.52
HL-60(TB) -22.74  -32.69 -46.01 -81.44 Ovarian
cancer
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K-562 -6.74  -30.14 -22.02 -100.0 IGORV1 -38.08 33.68 -71.16

MOLT-4 13.72  -37.78 1.78 -91.61 OVCAR-3 1091  -73.44 5.15 -95.58
RPMI-8226 2.47 -22.64  -13.83 -73.43 OVCAR-4 61.19  -47.23 -73.91
SR 9.79 8.94 6.01 -83.32 OVCAR-5 73.94 0.63 66.34 -74.72
Non-small OVCAR-8 45.70 -50.44 39.24 -73.82
cell lung
cancer
AB49/ATCC 13.89 -68.45 11.23 -75.19 NCI/ADR- 45.64  -60.81 34.23 -87.53
EKVX 27.70  -66.92 7.91 -91.35 RES
HOP-62 -45.21 -64.49 -27.31 -73.89  SK-OV-3 2249  -30.32 19.61 -89.89
HOP-92 4335 -66.25 6.57 Nt Renal
cancer
NCI-H226 3270 -19.29 17.11 -64.52  786-0 -57.34  -88.93 -60.02 -94.51
NCI-H23 19.72 -59.05 11.34 -83.39  A498 -28.59  -83.40 -32.12 -81.51
NCI-H322M 35.03 -0.47 27.03 -92.85 ACHN 22.92  -58.90 9.00 -90.60
NCI-H460 0.81 -67.25 0.13 -80.31 CAKI-1 -46.89  -89.38 -56.60 -93.57
NCI-H522 9.25 -68.19 11.94 -73.93 RXF 393 -56.14 -75.14 -67.46 -91.12
Colon cancer SN12C -62.79 40.78 -79.48
COLO 205 -61.28 -68.80 -43.73 -68.39 TK-10 -58.06 43.87 -94.44
HCC-2998 -1.07 -80.71 -19.85 -89.86 UO-31 -37.82  -60.57 -43.52 -87.59
SF-295 -51.43 -76.36 -63.50 -94.37  Prostate
cancer
SF-539 7.95 -76.83 0.31 -92.73  PC-3 12.41  -35.46 2.31 -93.48
SNB-19 10.38 -18.63  17.47 -81.19 DU-145 3896  -27.79 38.47 -93.96
SNB-75 -0.68 -89.65 -19.21 -92.64  Breast
U251 8.02 -67.51 6.38 -93.05 cancer
Melanoma MCF7 3.49 -76.15 -44.29 -73.81
LOX IMVI -77.07 -88.99  -75.60 -92.98 MDA-MB- 23.15 -63.34 5.74 -76.74
231/ATCC
MALME-3M  -50.20 -77.26  -65.73 -73.43  HS578T -12.59  -39.90 -11.86 -40.25
M14 -2453  -80.66 -7.64 -82.62 BT-549 23.12 33.65 5.16 -73.63
MDA-MB- -27.26 -81.06 -38.01 -86.10 T-47D 23.39 -62.31 16.08 -64.77
435
SK-MEL-2 -20.55 -52.66 -19.20 -71.35 MDA-MB- -3.66 -62.73 -1.23 -83.99
468

SK-MEL-28 -30.22  -82.85 -34.04 -84.68

nt, not tested; 30-40% growth inhibition; 50-70% growth inhibition; 90-100% growth inhibition; highly potent.

These four compounds were further screened for five dose concentration level (0.01-100 uM) as
these have shown prominent cell growth inhibition at 10 puM concentration against variety of cell
lines. Further evaluation of these compounds was very effective against two cancer cell line: HL-
60 (TB) and SR, with Glsg values in the nanomolar range. Leukemia cancer cell line HL-60 (TB)
appeared to be the most sensitive to the growth inhibition effects to compound 16, exhibited Glsg
value of 31 nM with TGI value of 601 nM against this cell type. Similarly, compounds 6, 16, 17
and 20 also showed effective growth inhibition against Leukemia cancer cell line SR with Gls
values of 731 nM, 125 nM, 539 nM and 31 nM respectively. All four compounds were active
against renal cancer cell line RXF393 with Gls, values of 808 nM, 501 nM, 459 nM and 222 nM

respectively. Compound 20 also showed specificity towards all subpanels with MG MID Gls
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value of 720 nM. Thus, compound 20 is almost four fold, more active than compounds 6, 16 and
17 with MG MID Gls, values of 2680 nM, 1380 nM and 2370 nM respectively (Table 13).

Table 13. Compounds 6, 16, 17 and 20 with Glsy (UM), TGI (uM) and LCsq (UM) of in vitro
subpanel tumor cell lines at five different concentrations.

Compds.  Activity I 1 Il v \Y VI Vil VI IX MIG-
MID?
6 Glsg 237 285 243 2.54 1.95 346 246 3.67 2.36 2.68

TGI 6.50 9.66 5.52 23.2 4.18 226 118 9.13 6.72 11.0
LCs b 9.54 30.2 46.6 11.8 269 8.29 b 92.7 32.3

16 Glsg 0.57 1.74 0.99 1.41 1.56 1.85 1.20 151 1.63 1.38
TGI 217  3.67 2.55 3.04 3.18 3.88 272 3.07 4.08 3.15
LCxp 16.3 14.2 6.53 5.98 6.52 6.84 6.27 6.25 8.74 8.63
17 Glsg 202 2.68 2.15 2.23 1.91 274  2.03 3.46 2.09 2.37
TGI 6.11 6.65 4.73 11.8 4.04 115 7.36 6.66 5.55 7.16
LCso b 776 790 847 743 b 7.83 b b 7.88
20 Glsg 0.19 1.15 0.26 0.77 1.07 0.92 1.11 0.41 0.62 0.72
TGI 0.58 2.59 0.69 1.92 2.48 230 225 1.49 1.86 1.80
LCso b 558  2.75 b 579 520 560 4.33 b 4.88
I, leukemia; 11, non-small cell lung cancer; 111, colon cancer; 1V, CNS cancer; V, melanoma; VI, ovarian cancer; VI, renal cancer; VIII, prostate
cancer; IX, breast cancer. ® Full panel mean-graph midpoint (uM). ® Compounds showed values >100 M.

2.4.2.2. Structure Activity Relationship

Structure-activity correlation, based upon the cancer cell lines revealed that the nature of the
substituents at C6-position of triazine significantly affected the biological activity. Regarding 60
human tumor cell line studies; substitution of chloro group (4) with secondary amines and aryl
groups improved the inhibitory activity of compounds. Secondary amine substitutions at this
position showed higher activity, as illustrated by piperdine (6) in comparison to other secondary
and primary amines. Similarly, in case of Pd catalyzed arylation reaction of 4 with aryl boronic
acids (compounds 16, 17 and 20), the activities showed higher due to hydrophobic aryl groups.
These studies indicated that the substitution of the triazine-benzimidazole heterocycles with
various aryl groups led to highly potency as compared to primary and secondary amines towards

60 human cancer cell line activities.

2.4.2.3. Bovine serum albumin interactions

To examine the structural changes of BSA with these synthesized compounds 5-21, absorbance
and fluorescence spectral measurements were carried out. The binding properties of BSA (10
uM) towards compounds 5-21 were investigated by UV-Visible spectroscopy in phosphate
buffer (10 mM, pH 7.4). The electronic spectrum of BSA showed an intense band at 279 nm that
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arises due to presence of phenyl rings in Trp (tryptophan), Tyr (tyrosine), and Phe
(phenylalanine) residues. However, subsequent addition of compounds 5-14, 16, 17 and 20 to
BSA solution resulted in gradual increase in the intensity of peak at 279 nm to some extent, but
with the appearance of a new band at 324 nm indicating the interaction of compounds with the
protein by extending the peptide strands of BSA and leading to an increase of hydrophobicity in
the vicinity of this residue (Figure 35).
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Figure 35. Absorption spectral change of BSA (10 uM) in phosphate buffer upon addition of
compounds 6 (a), 16 (b), 17 (c) and 20 (d) at 0-20 uM; Inset shows Benesi—Hildebrand plot of
1/[Ao-A] vs. 1/[compounds] for binding of BSA with compounds through absorption spectral
titrations.

As shown in Table 14, addition of compounds 5-14, 16, 17 and 20 to BSA showed
hyperchromicity within range of 65.2% - 97.6% (Figures 37-45), while compounds 15, 18, 19
and 21 did not show any significant change. However, the maximum absorption wavelength of

BSA remains unchanged, implying that the interaction between compounds and BSA is a
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noncovalent in nature that occur through the z—= stacking between aromatic rings of compounds
and phenyl rings of Trp, Tyr and Phe residues located in the binding cavity of BSA.

The interaction studies were further investigated through emission spectroscopy. On exciting
the BSA at 280 nm, the emission spectra showed an intense band at 350 nm. The emission is
sensitive to the changes in local environment of the tryptophan and so can be attenuated by
binding of a small molecule at or near this residue. In all cases the fluorescence intensities of the
protein are decreased regularly with increasing concentration of compounds 5-14, 16, 17 and 20,
indicating the binding of compounds to the protein. On gradual addition of compounds 5-14, 16,
17 and 20, a decrease in the fluorescence intensity of BSA at 350 nm accompanies the
appearance of one peak within range of 370 nm and 373 nm, which can be attributed to the
complexation between compounds and protein (Figures 36-45). Compounds 15, 18, 19 and 21
did not show any significant change in the conformation of BSA. The change in absorption and
fluorescence intensities clearly indicated the interacting properties of compounds 5-14, 16, 17
and 20 with BSA.

550 + 0.03 - 350 b
(a) (b)
| 2y 0025
440 l / . 80 - l
~330 i 00156 ~210
20 | El 140 -
| | 5
110 \ 70 03 1
N\ o 1/[Compound 16] pM
4 ——
0+ T T N 0 T T
280 330 380 430 480 280 330 380 430 480
Wavelength (nm) Wavelength (mm)
0.14
2

R*=09981

0 05 1
1/[Compound 18] pM

1/[Compound 20] pM

380 430 480
Wavelength ()

t T T — ]
280 330 380 430 480
Wavelength (mm)

Figure 36. Fluorescence spectral change of BSA (10 uM) in phosphate buffer upon addition of 6
(@), 16 (b), 17 (c) and 20 (d) at 0-20 uM. Inset shows Benesi—Hildebrand plot of 1/[Fo-F] vs.
1/[compounds] for binding of BSA with compounds through emission spectral titrations.

When a small molecule bind independently to a set of equivalent sites on a macromolecule,

the photophysical properties, binding constants (K) using Benesi—Hildebrand equation® and the

111,112

numbers of binding sites (n) using double-logarithmic equation can be determined for the
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quantitative investigation of the binding strength between triazine-benzimidazole analogues and

BSA. The binding constant of complexes confirmed the significant role of configuration of

triazine-benzimidazole analogues around BSA as shown in Table 14. According to the

absorbance and fluorescence titration results (Inset Figures 35 and 36), the linear fitting plots of

1/(Fo-F) vs. 1/[compounds] can be observed for the interaction between BSA and compounds 5-
14, 16, 17 and 20 (Figures 37-45). The value of n is helpful to know the number of binding sites
and to locate the binding site in BSA for the compounds 5-14, 16, 17 and 20, which was nearly

1, indicating that there was one independent class of binding site on BSA for compounds and the

molar ratio of protein to compounds 5-14, 16, 17 and 20 is 1:1 in the binding reactions.

Table 14. Photophysical properties and binding constants of BSA with compounds 5-14, 16, 17

and 20.
Sr.No.  Hyperchromicity Enhancement  Isoemissive  Red Shift in K of K of n
(%) in absorption (%) in emission Point emission absorption emission

spectra spectra (nm) intensity (nm)  spectra (M™)  spectra (M™)
5 72.93 63.43 350 24 7.0 x 10° 6.9 x 10* 1.24
6 72.31 49.74 350 25 9.7 x 10* 5.7 x 10 0.91
7 65.29 68.99 341 22 1.0 x 10° 5.4 x 10* 1.67
8 75.98 7753 339 22 8.5 x 10* 2.6 x 10 1.19
9 85.95 57.22 345 23 8.4 x 10* 5.7 x 10 0.90
10 68.72 73.21 343 25 1.2 x 10° 5.4 x 10* 1.61
11 70.53 69.01 347 22 6.3 x 10* 1.3 x 10° 0.94
12 90.60 71.82 340 23 9.5 x 10* 8.0 x 10* 1.01
13 88.44 42.06 352 24 1.2 x 10* 1.8 x 10° 1.14
14 85.87 23.12 349 17 1.0 x 10° 1.6 x 10° 1.58
16 72.27 22.78 357 20 1.2 x 10° 3.2 x 10 1.47
17 86.80 71.83 341 23 1.0 x 10° 7.9 x 10 0.99
20 97.67 49.10 349 22 1.0 x 10° 4.2 x 10’ 0.87
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Figure 37. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous

solution upon addition of compound 5.
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Figure 38. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous
solution upon addition of compound 7.
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Figure 39. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous
solution upon addition of compound 8.
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Figure 40. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous
solution upon addition of compound 9.
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Figure 41. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous
solution upon addition of compound 10.
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Figure 42. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous
solution upon addition of compound 11.
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Figure 43. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous
solution upon addition of compound 12.
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Figure 44. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous
solution upon addition of compound 13.
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Figure 45. (a) Absorption and (b) Fluorescence spectra change of BSA (10 uM) in aqueous
solution upon addition of compound 14.

2.4.2.4. Fluorescence Resonance Energy Transfer (FRET)

The spectral studies suggested that the triazine-benzimidazole analogues form complexes with
BSA. To further confirm the vicinity of the analogues to the fluorophore BSA (the drug binding
site distance between the site and fluorophore),"**''* fluorescence resonance energy transfer
(FRET) from protein to ligands have been verified. According to the Forster theory of
nonradioactive energy transfer, the transfer of energy can take place through a direct
electrodynamic interaction between the primarily excited molecule and its neighbors. Using the
fluorescence resonance energy transfer (FRET), the distance R of binding between triazine-

benzimidazole analogues and BSA could be calculated by the equation.'*

E = 1-(F/Fo) = R’/(Re® + RY)
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where E denotes the efficiency of energy transfer between the donor and acceptor, and r is the
distance between the donor and acceptor. Ry, the critical distance at which the transfer efficiency

equals to 50%, is given by the following equation.™*°

Ro® = 979 (K*n™$J)"* nm

K? is the orientation factor to the donor and acceptor of dipoles and is equal to 2/3 for random
orientation as in fluid solution, n is the refraction index of medium, @ is the fluorescence
quantum vyield of the donor, and J expresses the degree of spectral overlap between the donor
emission and the acceptor absorption, which could be calculated by the equation:
j: F(A)e(A)A%dA

[ F(ayda

where F(A) is the normalized donor emission spectrum in the range from A to A + AL, and g(}) is
the molar absorption coefficient of the acceptor at wavelength A. In the present case, we took n =
1.36 and ® = 0.32. According to the above equations and experimental data, J(A), Ro, R, and E
were evaluated (Table 15). On gradual addition of compounds 5-14, 16, 17 and 20, fluorescence
intensity of the tryptophan residue present in BSA decreased with a concomitant increase in the
fluorescence intensity through an isoemissive point within range of 339 nm - 357 nm (Figure 46,
Table 14).

This indicates an efficient energy transfer from the tryptophan residue present in BSA to
compounds 5-14, 16, 17 and 20 (Figures 47-50). The overlap of the absorption spectrum of
compounds 6, 16, 17 and 20 and the emission spectrum of BSA are shown in figure 50. It has
been reported that the energy transfer will most probably take place when the average distance
between a donor fluorescence and acceptor fluorescence is on the 2—8 nm scale and 0.5R, < R
<1.5R,. This is in accord with conditions of Forster’s nonradioactive energy transfer theory
which indicated again a static quenching interaction between triazine-benzimidazole analogues
and BSA.
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Table 15. Forster Energy Transfer Parameters for BSA.triazine-benzimidazole complexes 5-14,

16, 17 and 20.
St. D igandsy P compley %0 Overlapping Energy J (mol‘1 R Ro
No. Area efficiency (E) cm*nm*) (nm) (nm)
5 0.31 0.20 24.98 37.50 1.25x 10" 441 478
6 0.24 0.29 30.29 2.63 1.28 x10® 443  7.90
7 0.23 0.23 9.60 26.86 1.35x 10" 447 528
8 0.30 0.25 2.30 21.62 1.21x10® 440 5.45
9 0.36 0.24 14.50 24.41 129 x 10® 444 5.38
10 0.34 0.22 19.35 29.30 1.28x10% 443 514
11 0.23 0.27 19.46 15.58 1.24x10% 441 581
12 0.32 0.22 10.78 31.71 1.46 x 10 453 513
13 0.38 0.29 26.74 7.39 1.42x10%® 451 6.94
14 0.28 0.28 18.57 11.28 1.44 x10%® 452  6.40
16 0.22 0.29 27.55 9.56 159 x10%® 459  6.61
17 0.31 0.20 23.80 3.74 1.39x 10" 449 7.62
20 0.30 0.31 37.63 3.10 1.63x10"® 461 7.98
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2.4.2.5. Molecular Docking Studies

To study the exact conformation of compounds 6, 16, 17 and 20 at the binding sites to BSA, we
have run a docking program with the lowest binding free energy to stimulate the binding mode
between compounds 6, 16, 17 and 20 and BSA (PDB: 4F5S).""8 The calculated free energy
change between compounds 6, 16, 17 and 20 and BSA was found to be -6.74 kcal/mol, -8.29
kcal/mol, -8.30 kcal/mol and -7.47 kcal/mol respectively. These molecules bind to the site
essentially via hydrophobic and Van der Waals forces (Figure 51). It has been reported that in
some cases these amino acid residues undergo hydrogen bonding interactions as well. These
results suggested that the formation of hydrogen bonds in BSA decrease the hydrophilicity and
increased the hydrophobicity to stabilize the BSA.triazine-benzimidazole complexes. The
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findings from docking studies provided a good structural basis to correlate the results with that of

the emission quenching studies of BSA in presence of triazine-benzimidazole analogues.
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Figure 51. Docking of BSA with (a) compound 6; (b) compound 16; (c) compound 17 and (d)
compound 20.
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2.4.3. CONCLUSIONS

A series of novel substituted triazine-benzimidazole analogs have been synthesized and
evaluated for growth inhibition properties against a panel of 60 human cancer cell lines, and their
Glso, TGI and LCsq values have been determined. Four compounds (6, 16, 17 and 20) have been
identified with Glsp’s in the nanomolar range for most of the cell lines. These compounds were
also shown strong interacting properties with BSA, determined by UV-Visible and fluorescence
spectroscopy. The experimental results demonstrated that fluorescence intensity of BSA was
quenched with subsequent appearance of new band at the range of 370nm and 373 nm. The large
binding constant values suggest that triazine-benzimidazole binds to the high affinity binding
sites to albumin. These preliminary encouraging results of biological screening could offer an

excellent framework in medicinal and pharmaceutical chemistry.
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2.4.4. EXPERIMENTAL SECTION

Synthesis of 4,6-dichloro-2-morpholin-4-yl-[1,3,5]triazine (2).
To the stirred solution of cyanuric chloride (10 g, 0.054 mol) in anhydrous THF (150 mL),
morpholine (5.65 g, 0.065 mol) was added at 0-5 °C. To this mixture, 10% NaHCO3 was added
and stirred at the same temperature for 6 h. The resulted reaction mixture was then poured into
crushed ice, filtered, dried and column chromatographed on silica gel in ethylacetate:hexane
(1:4) to afford the desired product 4,6-dichloro-2-morpholin-4-yl-[1,3,5]triazine (2) as white
solid; (11.33 g, 89%); mp: 277-279 °C.
Synthesis of [4-(3H-benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholin-4-yl-[1,3,5]triazin-2-
yl)-amine (4): To the stirred solution of 4,6-dichloro-2-morpholin-4-yl-[1,3,5]triazine (2) (10 g,
0.042 mol) in anhydrous THF (150 mL), 4-(1H-benzimidazol-2-yl)-phenylamine (3) (10.67 g,
0.051 mol) was added at room temperature. To this mixture, 10% K,CO3 was added and stirred
for 24 h. The resulted reaction mixture was then poured into crushed ice, filtered, dried and
column chromatographed on silica gel using ethylacetate:hexane (4:1) to afford the desired
product [4-(3H-benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholin-4-yl-[1,3,5]triazin-2-yl)-
amine (4).
[CN’] N@ white solid; yield: 84%; mp: 277-279 °C; 'H NMR (400 MHz, CDCl; +
N‘N\/N N/@*H DMSO-dg): 6 = 9.94 (bs, 1H, NH), 8.14 (d, 2H, J = 8.68 Hz, ArH), 7.81 (d,
" 2H, J = 8.72 Hz, ArH), 7.62-7.56 (m, 2H, ArH), 7.21-7.18 (m, 2H, ArH),
3.87-3.86 (m, 4H, mor-
CH,), 3.77-3.75 (m, 4H, mor-CH,); *C NMR (100 MHz, CDCls): & = 152.9, 142.8, 135.6,
129.1, 128.1, 126.2, 109.4 (ArC), 66.7 (O-CHy), 47.3 (N-CHy); MS(ESI), m/z: 407.8 (M"+1);
Anal. Calcd for CoH15CIN;O: C, 58.90; H, 4.45; N, 24.04, Found: C, 58.99; H, 4.41; N, 24.20.

General procedure for the synthesis of compounds 5-15.

Cl

To the stirred solution of [4-(3H-benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholin-4-yl-
[1,3,5]triazine-2,4-diamine (4) (0.200 g, 0.463 mmol) in 1,4-dioxane (20 mL), amine (0.556
mmol) and potassium carbonate (0.095g, 0.695 mmol) were added and heated at 110 °C for 8 h.
Extracted the reaction mixture with chloroform, dried over Na,;SOy, filtered and concentrated to
get crude product which was then purified through column chromatography using

chloroform:methanol (50:1) as eluents to give compounds 5-15.
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[4-(3H-Benzimidazol-5-yl)-phenyl]-(2,6-di-morpholin-4-yl-[1,3,5]triazin-2-yl)-amine (5).

[Oj @ White solid; yield: 78%: mp: 268-270 °C; *H NMR (400 MHz, CDCls): & = 8.00
mﬁ% (d, 2H, J = 7.76 Hz, ArH), 7.70 (d, 3H, J = 8.24 Hz, ArH), 7.27-7.25 (m, 3H,
o) " ArH), 6.87 (bs, 1H, NH), 3.81-3.76 (m, 8H, mor-CH,), 3.74-3.70 (m, 8H, mor-
CH,); *C NMR (100 MHz, CDCls): & = 165.1, 151.6, 135.8, 129.2, 128.2, 128.0, 125.7, 118.9, 115.5,
101.1 (ArC), 66.8 (O-CH,), 43.6 (N-CH,); MS(ESI), m/z: 458.5 (M*+1); Anal. Calcd for C4H26NgO>:
C, 62.87; H,5.72; N, 24.44, Found: C, 62.98; H, 5.67; N, 24.55.

[4-(3H-Benzimidazol-5-yl)-phenyl]-(2-morpholin-4-yl-6-piperidin-1-yl-[1,3,5]triazin-2-yl)-amine
(6).

[:] N@ White solid; yield: 72%; mp: 271-273 °C; *H NMR (400 MHz, CDCls): & =

WSy “y 8.00 (d, 2H, J = 8.72 Hz, ArH), 7.72 (d, 2H, J = 8.72 Hz, ArH), 7.62 (s, 1H,
Oy ArH), 7.26-7.24 (m, 3H, ArH), 6.88 (bs, 1H, NH), 3.79 (t, 4H, J = 5.42 Hz,
mor-CHy,), 3.75-3.68 (m, 8H, mor-CH, N-CH,), 1.68-1.59 (m, 6H, CH,); **C NMR (100 MHz,
CDCly): 6 = 152.3, 143.0, 135.9, 134.6, 131.4, 129.0, 127.9, 126.2, 116.1, 110.5, 109.0, (ArC), 67.0
(O-CH,), 44.2 (N-CH,), 43.7 (N-CH,), 25.9 (CH,), 25.0 (CH,); MS(ESI), m/z: 456.5 (M*+1); Anal.
Calcd for Cy5H2gNgO: C, 65.77; H, 6.18; N, 24.54, Found: C, 65.65; H, 6.14; N, 24.62.
[4-(3H-Benzimidazol-5-yl)-phenyl]-(2-morpholin-4-yl-6-pyrrolidin-1-yl-[1,3,5]triazin-2-yl)-
amine (7).

[z] N@ White solid; yield: 76%; mp: 277-279 °C; *H NMR (400 MHz, CDCls): § =
. W 7.99 (d, 2H, J = 8.68 Hz, ArH), 7.75 (d, 2H, J = 8.68 Hz, ArH), 7.61 (bs,
@NXN/*” 1H, NH), 7.25-7.23 (m, 4H, ArH), 6.94 (bs, 1H, NH), 3.82-3.79 (m, 4H,

mor-CHy), 3.74-3.72 (m, 4H, mor-CHy), 3.57 (t, 4H, J = 5.04 Hz, N-CH,), 1.96-1.94 (m, 4H, CH,); **C
NMR (100 MHz, CDCl3): 6 = 152.2, 143.0, 136.0, 134.8, 129.0, 127.9, 126.2, 115.8, 110.3, 109.0
(ArC), 67.0 (O-CHy), 46.1 (N-CHy), 43.7 (N-CHy), 25.4 (CH,); MS(ESI), m/z: 442.5 (M*+1); Anal.
Calcd for C,4HNgO: C, 65.14; H, 5.92; N, 25.32, Found: C, 65.25; H, 5.88; N, 25.39.
[4-(3H-Benzimidazol-5-yl)-phenyl]-[6-(4-methyl-piperazin-1-yl)-2-morpholin-4-yl-[1,3,5]triazin-
2-yl]-amine (8).

[Oj @ White solid; yield: 77%; mp: 282-284 °C; 'H NMR (400 MHz, CDCls): & =
N‘*\JN\ @N 8.01 (d, 2H, J = 8.72 Hz, ArH), 7.70 (d, 2H, J = 8.72 Hz, ArH), 7.63 (bs, 1H,
/@ o NH), 7.27-7.24 (m, 4H, ArH), 6.87 (bs, 1H, NH), 3.84 (t, 4H, J = 4.12 Hz, mor-
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CHy), 3.80-3.78 (m, 4H, mor-CHy), 3.75-3.72 (m, 4H, N-CH), 2.46 (t, 4H, J = 4.60 Hz, N-CH,), 2.35
(s, 3H, N-CHs); **C NMR (100 MHz, CDCls): & = 138.2, 135.9, 135.8, 135.1, 129.1, 127.9, 125.9,
118.9, 115.2, 100.8 (ArC), 66.8 (O-CH,), 46.8 (N-CHy), 44.2 (N-CH,), 43.6 (N-CH), 14.0 (N-CHy);
MS(ESI), m/z: 471.5 (M*+1); Anal. Calcd for CsHxNoO: C, 63.68; H, 6.20; N, 26.73, Found: C,
63.79; H, 6.15; N, 26.66.
N-[4-(3H-Benzimidazol-5-yl)-phenyl]-2-morpholin-4-yl-N*-(6-morpholin-4-yl-ethyl)-
[1,3,5]triazine-4,6-diamine (9).

O.

) @ White solid; yield: 69%; mp: 289-291 °C; 'H NMR (400 MHz, CDCl,): & =
o™ N)l /@*u 8.05 (s, 1H, ArH), 7.30 (t, 4H, J = 7.36 Hz, ArH, NH), 7.10 (d, 2H, J = 8.24

|
K/N\/\H N“ N

" Hz, ArH), 7.05 (d, 2H, J = 11.36 Hz, ArH), 3.82-3.80 (m, 8H, mor-CHy),
3.72-3.69 (m, 8H, mor-CHy,), 3.51-3.49 (m, 2H, N-CH,), 2.20-2.17 (m, 2H, N-CH,); **C NMR (100
MHz, CDCls): & = 166.0, 164.6, 152.5, 142.9, 135.8, 129.1, 128.0, 126.3, 122.1, 121.7, 115.5, 115.2,
109.1 (ArC), 66.9 (O-CHy), 57.2 (N-CH,), 53.4 (N-CH,), 47.2 (N-CH,), 37.1 (N-CH,); MS(ESI), m/z:
501.5 (M*+1); Anal. Calcd for CysH31NgO,: C, 62.26; H, 6.23; N, 25.13, Found: C, 62.30; H, 6.18; N,
25.25.

2-(4-{4-[4-(3H-Benzimidazol-5-yl)-phenylamino]-2-morpholin-4-yl-[1,3,5]triazin-6-yl}-
piperazin-1-yl)-ethanol (10).

[Oj @ White solid; yield: 68%; mp: 287-289 °C; *H NMR (400 MHz, CDCly): & =
v or ¥ 7.60(d, 1H, J = 8.72 Hz, ArH), 7.33-7.27 (m, 3H, ArH), 7.17 (s, 1H, ArH),

H

Ho N 7.08 (d, 1H, J = 8.72 Hz, ArH), 7.03 (d, 2H, J = 6.40 Hz, ArH), 3.67-3.57
(M, 12H, mor-CH,, N-CHy), 3.47 (d, 2H, J = 8.28 Hz, O-CH,), 2.43-2.42 (m, 2H, N-CH}), 2.15-2.13
(M, 4H, N-CH,); *C NMR (100 MHz, CDCl3): & = 151.7, 138.4, 135.9, 135.8, 134.7, 129.1, 127.9,
125.9, 118.9, 115.7, 115.5 (ArC), 66.9 (O-CH,), 66.7 (O-CH,), 57.3 (N-CHy), 53.4 (N-CH5,), 43.6 (N-
CH,), 36.9 (N-CH,); MS(ESI), m/z: 501.5 (M*+1); Anal. Calcd for CasHsiNgOs: C, 62.26; H, 6.23; N,
25.13, Found: C, 62.15; H, 6.18; N, 25.24.

N-(6-Amino-ethyl)-N’-[4-(3H-benzimidazol-5-yl)-phenyl]-2-morpholin-4-yl-[1,3,5]triazine-4,6-
diamine (11).

C @ White solid; yield: 73%; mp: 265-267 °C; 'H NMR (400 MHz, CDCls): & =
N N
f\i W 7.95(d, 2H, J = 7.76 Hz, ArH), 7.62-7.59 (m, 4H, ArH, NH), 7.25-7.22 (m,
HZN\/\H N/ H
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3H, ArH), 3.75-3.73 (m, 4H, mor-CHy), 3.71-3.67 (m, 4H, mor-CH,), 3.46

(t, 2H, J = 5.96 Hz, N-CH,), 2.91 (t, 2H, J = 5.48 Hz, N-CH,); **C NMR (100 MHz, CDCly): =
152.4, 143.0, 135.9, 134.2, 131.7, 129.1, 128.0, 126.2, 109.1 (ArC), 66.9 (O-CH,), 47.2 (N-CH,), 43.7
(N-CH,), 41.8 (N-CH,); MS(ESI), m/z: 431.5 (M*+1); Anal. Calcd for C»HsNgO: C, 61.24; H, 5.84;
N, 29.21, Found: C, 61.39; H, 5.80; N, 29.14.
2-{4-[4-(3H-Benzimidazol-5-yl)-phenylamino]-2-morpholin-4-yl-[1,3,5]triazin-6-ylamino}-
ethanol (12).
[:j N@ White solid; yield: 71%; mp: 262-264 °C; 'H NMR (400 MHz, CDCls): 6 =
N‘*\iN/@A” 8.05 (s, 1H, ArH), 7.31 (d, 3H, J = 7.36 Hz, ArH), 7.24-7.22 (m, 1H, ArH),

" 7.11 (d, 1H, J =8.24 Hz, ArH), 7.05 (d, 2H, J = 6.88 Hz, ArH), 3.79-3.72 (m,
8H, mor-CHy), 3.49 (t, 2H, J = 5.48 Hz, O-CH,), 2.91-2.88 (m, 2H, N-CH,); **C NMR (100 MHz,
CDCls): 8 = 152.5, 142.8, 135.8, 133.9, 131.8, 129.1, 128.0, 126.2, 116.6, 111.4, 109.1 (ArC), 66.8
(O-CHy,), 63.8 (O-CHy,), 47.2 (N-CHy,), 43.7 (N-CH,); MS(ESI), m/z: 432.4 (M*+1); Anal. Calcd for
C22H24Ng0O,: C, 61.10; H, 5.59; N, 25.91, Found: C, 61.01; H, 5.55; N, 25.99.
N-[4-(3H-Benzimidazol-5-yl)-phenyl]-N’-benzyl-2-morpholin-4-yl-[1,3,5]triazine-4,6-diamine
(13).

HO\/\N
H

[Oj @ White solid; yield: 66%; mp: 275-277 °C; *H NMR (400 MHz, CDCls): § =

lli N‘H 8.04 (d, 1H, J = 1.80 Hz, ArH), 7.30-7.27 (m, 4H, ArH), 7.24 (d, 1H, J =1.80
SRR Hz, ArH), 7.22 (d, 1H, J = 2.28 Hz, ArH), 7.11 (d, 2H, J = 8.72 Hz, ArH),
7.05 (d, 2H, J = 1.84 Hz, ArH), 7.03 (d, 2H, J = 4.12 Hz, ArH), 5.28 (s, 2H, N-CH,), 3.72 (t, 8H, J =
8.72 Hz, mor-CH,); *C NMR (100 MHz, CDCls): 5 = 151.9, 138.8, 135.8, 134.9, 134.0, 129.1, 128.0,
126.0, 122.1, 119.1, 115.5, 115.3, 101.7 (ArC), 66.7 (O-CH,), 46.9 (N-CH,), 43.7 (N-CH,); MS(ESI),
m/z: 478.5 (M*+1); Anal. Calcd for C,7H26NgO: C, 67.77; H, 5.48; N, 23.42, Found: C, 67.71; H,
5.43; N, 23.49.
N-[4-(3H-Benzimidazol-5-yl)-phenyl]-N'-cyclohexyl-2-morpholin-4-yl-[1,3,5]triazine-4,6-
diamine (14).

[oj White solid; yield: 68%; mp: 283-285 °C; *H NMR (400 MHz, CDCls): § =
thx @ 8.00 (d, 2H, J = 7.76 Hz, ArH), 7.76 (d, 1H, J = 6.88 Hz, ArH), 7.67-7.62 (m,
" 2H, ArH), 7.25-7.23 (m, 2H, ArH), 6.95 (s, 1H, ArH), 4.95 (m, 1H, N-CH),
3.79-3.73 (m, 8H, mor-CH,), 2.05-2.02 (m, 2H, CH,), 1.77-1.74 (m, 2H, CHy), 1.66-1.64 (m, 2H,
CH,), 1.41-1.38 (m, 2H, CH,), 1.25-1.19 (m, 2H, CH,); *C NMR (100 MHz, CDCls): & = 165.8,
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164.4, 152.0, 151.9, 135.9, 135.7, 129.0, 127.9, 126.3, 126.1, 119.0, 115.5, 115.3 (ArC), 66.9 (O-CH,),
57.2 (N-CH), 53.4 (N-CH,), 37.1 (CH>), 32.0 (CH,), 22.7 (CH,); MS(ESI), m/z: 470.5 (M*+1); Anal.
Calcd for C26H3oNgO: C, 66.36; H, 6.43; N, 23.81, Found: C, 66.48; H, 6.38; N, 23.89.
[4-(3H-Benzimidazol-5-yl)-phenyl]-(6-hydrazino-2-morpholin-4-yl-[1,3,5]triazin-4-yl)-amine
(15).
[:] N@ White solid; yield: 64%; mp: 296-298 °C; *H NMR (400 MHz, CDCls): § =
A L, 7.67 (d, 1H, J = 8.60 Hz, ArH), 7.61 (d, 1H, J = 8.72 Hz, ArH), 7.48 (bs, 1H,
Sy ) NH), 7.25-7.23 (m, 2H, ArH), 7.11-6.98 (m, 4H, ArH), 3.67-3.65 (m, 4H,
mor-CHy), 3.50-3.47 (m, 4H, mor-CH,); **C NMR (100 MHz, CDCls): & = 152.4, 139.4, 135.6, 132.8,
129.2, 128.1, 125.7, 119.2, 116.2, 102.1 (ArC), 66.6 (O-CHy), 43.9 (N-CHy); MS(ESI), m/z: 403.4
(M*+1); Anal. Calcd for CyH,;NgO: C, 59.54; H, 5.25; N, 31.25, Found: C, 59.64; H, 5.21; N, 31.28.
General procedure for the synthesis of compounds 16-21.
To the stirred solution of [4-(3H-benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholin-4-yl-
[1,3,5]triazin-2-yl)-amine (4) (0.200 g, 0.490 mmol) in 1,4-dioxane (20 mL), arylboronic acids (0.556
mmol), Pd(PPh3)4 (10 mol%) and potassium carbonate (0.101g, 0.736 mmol) were added and refluxed
for 8-10 hrs in an inert atmosphere. After the completion of reaction, extracted the reaction mixture
with chloroform, dried over Na,SOy,, filtered and concentrated to get crude product which was purified
through column chromatography using chloroform:methanol (50:1) as eluents to give compounds 16-
21.
[4-(3H-Benzimidazol-5-yl)-phenyl]-(2-morpholin-4-yl-6-phenyl-[1,3,5]triazin-2-yl)-amine (16).

[Oj @ White solid; yield: 72%; mp: 267-269 °C; 'H NMR (400 MHz, CDCly): § =
N N
N‘*\i @AH 8.06 (d, 1H, J = 8.72 Hz, ArH), 8.00 (d, 1H, J = 4.68 Hz, ArH), 7.85 (d, 1H,
@” i J=8.24 Hz, ArH), 7.77 (d, 1H, J = 8.96 Hz, ArH), 7.72 (d, 2H, J = 8.72 Hz,

ArH), 7.62 (bs, 1H, NH), 7.54-7.52 (m, 3H, ArH), 7.08 (t, 2H, J = 8.72 Hz, ArH), 6.77-6.70 (m, 2H,
ArH), 3.99-3.95 (m, 8H, mor-CH,); *C NMR (100 MHz, CDCls): § = 152.0, 137.6, 135.8, 134.0,
132.1, 129.7, 129.2, 128.6, 128.5, 128.0, 125.8, 119.2, 115.7, 101.5 (ArC), 66.8 (O-CHy), 43.7 (N-
CH,); MS(ESI), m/z: 449.5 (M*+1); Anal. Calcd for C,6H23N;O: C, 69.47; H, 5.16; N, 21.81, Found:
C, 69.64; H, 5.12; N, 21.98.
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[4-(3H-Benzimidazol-5-yl)-phenyl]-[6-(4-fluoro-phenyl)-2-morpholin-4-yl-[1,3,5]triazin-2-yl]-

amine (17).
[Oj @ White solid; yield: 71%; mp: 279-281 °C; *H NMR (400 MHz, CDCly): § =
N'i\i Q/LH 8.34 (d, 2H, J = 7.32 Hz, ArH), 8.03 (bs, 1H, NH), 7.67 (d, 1H, J = 8.28 Hz,
FdN H ArH), 7.48 (d, 1H, J = 7.32 Hz, ArH), 7.40-7.37 (m, 2H, ArH), 7.35-7.29 (m,

3H, ArH), 7.16 (d, 1H, J = 2.32 Hz, ArH), 7.07 (d, 2H, J = 6.40 Hz, ArH), 3.98-3.61 (m, 8H, mor-
CH,); "*C NMR (100 MHz, CDCls): & = 151.9, 138.8, 135.8, 134.9, 134.0, 129.1, 128.0, 126.0, 122.1,
119.1, 115.5, 115.3, 101.7 (ArC), 66.7 (O-CH,), 43.7 (N-CH,); MS(ESI), m/z: 467.4 (M*+1); Anal.
Calcd for Cp6H2,FN7O: C, 66.80; H, 4.74; N, 20.97, Found: C, 66.85; H, 4.71; N, 21.05.
[4-(3H-Benzimidazol-5-yl)-phenyl]-(6-furan-2-yl-2-morpholin-4-yl-[1,3,5]triazin-4-yl)-amine
(18).

[oj @ White solid; yield: 66%; mp: 282-284 °C; *H NMR (400 MHz, CDCls): § =
N N
“‘*\i /©x 8.00 (d, 2H, J = 4.72 Hz, ArH), 7.83 (bs, 1H, NH), 7.72 (d, 2H, J = 8.24 Hz,
@“ i ArH), 7.52-7.48 (m, 3H, ArH), 7.07 (t, 3H, J = 8.68 Hz, ArH), 6.96 (s, 1H,

ArH), 6.80 (bs, 1H, NH), 3.77-3.69 (m, 8H, mor-CH,); *C NMR (100 MHz, CDCls): § = 152.9, 142.8,
135.6, 132.5, 129.1, 128.1, 126.2, 109.4 (ArC), 66.7 (O-CH,), 44.1 (N-CH,); MS(ESI), m/z: 439.4
(M*+1); Anal. Calcd for C4H,1N;O,: C, 65.59; H, 4.82; N, 22.31, Found: C, 65.86; H, 4.87; N, 22.39.
4-(3H-Benzimidazol-5-yl)-phenyl]-(2-morpholin-4-yl-6-thiophen-2-yl-[1,3,5]triazin-2-yl)-amine
(19).
[:j N@ White solid; yield: 67%; mp: 288-290 °C; *H NMR (400 MHz, CDCl3): & =
N‘*\i /@XH 7.50 (g, 3H, J =5.04 Hz, ArH), 7.37-7.31 (m, 3H, ArH), 7.14 (d, 2H, J = 5.96
@f "R Hz, ArH), 7.03 (t, 3H, J = 8.72 Hz, ArH), 6.86 (bs, 1H,

NH), 3.79-3.78 (m, 4H, mor-CH,), 3.75-3.74 (m, 4H, mor-CH,); *C NMR (100 MHz, CDCls): § =
152.6, 143.0, 135.8, 135.1, 133.6, 132.0, 129.1, 128.0, 126.2, 121.7, 115.5, 115.3, 109.1 (ArC), 66.9
(O-CH,), 43.8 (N-CH,); MS(ESI), m/z: 455.5 (M*+1); Anal. Calcd for C,H,1N,OS: C, 63.28; H,
4.65; N, 21.52; S, 7.04, Found: C, 63.15; H, 4.61; N, 21.59; S, 7.08.
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N-[4-(1H-Benzimidazol-2-yl)-phenyl]-N*-(4-fluoro-phenyl)-6-(2-methoxy-phenyl)-[1,3,5]triazine-
2,4-diamine (20).

F\©\ White solid; yield: 65%; mp: 288-290 °C; *H NMR (400 MHz, CDCls): &
N‘*\i @/ﬁp 7.98 (d, 3H, J =8.72 Hz, ArH), 7.81 (s, 1H, ArH), 7.67 (d, 3H, J = 8.00 Hz,
OMZ H ArH), 7.52-7.50 (m, 5H, ArH, NH), 7.27 (d, 2H, J = 2.76 Hz, ArH), 7.06

(t, 3H, J = 8.24 Hz, ArH), 3.96 (s, 3H, OCHs); **C NMR (100 MHz, CDCls): § = 152.7, 144.8, 139.2,
135.5, 132.6, 132.0, 129.2, 129.0, 127.9, 127.4, 126.7, 126.2, 122.5, 121.5, 117.0, 113.9, 111.9, 109.4
(ArC), 55.3 (OCHa); MS (ESI), m/z: 503.5 (M*+1); Anal. Calcd for CogH»,FN,O: C, 69.17; H, 4.40;
N, 19.47, Found: C, 69.03; H, 4.33; N, 19.41.
[4-(3H-Benzimidazol-5-yl)-phenyl]-[6-(4-chloro-phenyl)-2-morpholin-4-yl-[1,3,5]triazin-2-yl]-

amine (20).

[j White solid; yield: 68%; mp: 276-278 °C; *H NMR (400 MHz, CDCls): § =
Q%Ni /@* 8.35 (d, 2H, J = 5.48 Hz, ArH), 8.01 (bs, 1H, NH), 7.67 (d, 1H, J = 8.24 Hz,
ArH), 7.33-7.31 (m, 4H, ArH), 7.16 (d, 2H, J = 8.68 Hz, ArH), 7.07 (d, 3H,

J = 5.96 Hz, ArH), 3.99-3.73 (m, 8H, mor-CH,); *C NMR (100 MHz, CDCls): § = 152.4, 139.4,
135.6, 132.8, 129.2, 128.1, 125.7, 119.2, 116.2, 102.1 (ArC), 66.6 (O-CHy), 43.9 (N-CH;); MS(ESI),
m/z: 483.5 (M*+1); Anal. Calcd for Cx6H,,CIN;O: C, 64.53; H, 4.58; N, 20.26, Found: C, 64.64; H,
4.41; N, 20.31.
[4-(3H-Benzimidazol-5-yl)-phenyl]-[6-(4-trifluoro-phenyl)-2-morpholin-4-yl-[1,3,5]triazin-2-yl]-
amine (21).

o

/any
/

=z

@ White solid; yield: 65%; mp: 279-281 °C; *H NMR (400 MHz, CDCls): § =
b @ 8.03 (s, 1H, ArH), 7.50-7.46 (m, 2H, ArH), 7.31-7.28 (m, 2H, ArH), 7.24-
7.22 (m, 2H, ArH), 7.13 (d, 1H, J = 8.72 Hz, ArH),
7.06 (d, 2H, J = 6.88 Hz, ArH), 6.99-6.97 (m, 2H, ArH), 6.86 (bs, 1H, NH), 3.81-3.78 (m, 4H, mor-
CH,), 3.74-3.71 (m, 4H, mor-CH,); *C NMR (100 MHz, CDCls): § = 152.0, 138.7, 136.8, 135.8,
134.1, 131.6, 129.6, 129.2, 128.3, 128.0, 125.9, 119.1, 115.6, 101.4 (ArC), 66.8 (O-CHy,), 43.7 (N-
CH,); MS(ESI), m/z: 517.5 (M*+1); Anal. Calcd for Cy;H»FsN;O: C, 62.66; H, 4.28; N, 18.95,
Found: C, 67.59; H, 4.18; N, 18.85.

/%

N
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CHAPTER 3
FUSED HETEROCYCLIC MOIETIES LINKED BENZIMIDAZOLES

Nitrogen based heterocycles have received a great deal of attention in the literature due to their
role as active pharmacophores. Fused heterocyclic systems are often considered important
scaffolds in medicinal and pharmaceutical chemistry. Amongst these heterocyclic systems,
pyrrolopyridine, quinazolinone and pyrazolo[3,4-d]pyrimidine frameworks hve been exploited to

encompass an array of pharmacological activities.

3.1. PYRROLOPYRIDINE
3.1.1. INTRODUCTION

1H-Pyrrolo[2,3-b]pyridine (7-azaindole), a fused heterocyclic molecular framework, has been
drawing much attention in biochemical and physicochemical studies,***'*® due to its
characteristic condensed ring system. It consists of fused pyridine and pyrrole ring system and
having opposite a-electron densities. As 1H-pyrrolo[2,3-b]pyridine differs from indole by the
presence of additional ring nitrogen on the six membered ring, it shows an excellent potential as
bioisostere of the indole ring. Due to the presence of an additional nitrogen atom, this structural
moiety possesses an advantage to act as hydrogen-bond donor and acceptor framework, a
property that has been successfully utilized in drug discovery.®*?* The 1H-pyrrolo[2,3-
b]pyridine ring system is a key structural unit present in a number of therapeutically important
pharmaceutical agents, such as anticancer, anti-inflammatory, anti-psychotic, antiallergic,
angiotensin Il antagonists, melatonin receptor MT1 agonists, COX-2 inhibitors, selective ligand

124,125

for G2 binding sites, and influenza virus inhibitor.*® Apart from biological activities, this

moiety is also used as key intermediate in the synthesis of various active compounds.

OBJECTIVE

There are only N-alkylated/acylated pyrrolopyridine have been known in literature but with
respect to azoles (benzimidazoles, benzothiazole) and imidazopyridine at position C3 of pyrrole
ring of pyrrolopyridine along with acylation and alkylation at N1 position has not been known.
Further, Suzuki-Miyaura cross coupling reaction at C6 position of imidazopyridine has not given

any report.
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3.1.2. CHEMISTRY

The synthesis of Nj-substituted-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-azole ring system has been
depicted in Tables 1-3 and Scheme 1. Duff reaction was first carried out by heating of 1H-
pyrrolo[2,3-b]pyridine 1 in the presence of hexamethylenetetramine (HMTA) in acetic acid at
110 °C for 2 h to give 1H-pyrrolo[2,3-b]pyridine-3-carboxaldehyde 2 in 55% yield. The formyl
function at C3-position provided a convenient handle for the generation of the corresponding
azoles. Thus, compound 2 was allowed to heat with 2-aminothiophenol at 160 °C for 15 h to
obtain 2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-benzothiazole (3) in 89% vyield (Table 1). The
influence of the electronic properties of amines on the yield was evaluated by varying the
structure of aryl ring viz., benzene-1,2-diamine, 4-nitro-benzene-1,2-diamine and 6-
bromopyridine-2,3-diamine. Generally, the substrate with thio groups gave higher yield of
products than those with amino groups and electron withdrawing nitro and bromo groups are
more predominant than that of unsubstituted benzimidazole.

The potential of the present strategy was further expanded to the acylation and alkylation of
1H-pyrrolo[2,3-b]pyridine-azoles with different acyl and alkyl halides. 2-(1H-Pyrrolo[2,3-
b]pyridine-3-yl)- benzothiazole (3) was first treated with benzoyl chloride in the presence NaH
in dry THF under inert atmosphere at 0-10 °C for 2 h to give compound 7 in 85% yield (Table 2).
By comparing the reactivity and reaction vyields, it seems that the ability of acylating agent is
considerably important for the reaction results. Acyl chlorides regardless of aliphatic or aromatic
could be smoothly converted into the corresponding products in excellent yields.

Table 1. Synthesis of azoles substituted 1H-pyrrolo[2,3-b]pyridine

o VH; 7 R
cHo. | . X
| N\ HMTA | SN\ X Ry NS R,
N N CH4COOH, N N Nitrobenzene, (\/Eg
110°C 160 °C B
1 2 N/ N
H
X =CH,N;R =H, Br, NO,; R, = S, NH 3-6
Compounds Starting material Yield (%) mp (°C)
3 2-aminothiophenol 89 219-221
4 benzene-1,2-diamine 75 134-136
5 4-nitro-benzene-1,2-diamine 77 149-151
6 6-bromopyridine-2,3-diamine 78 249-251
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At the same time, allyl bromide was also amenable to this reaction system and delivered good
yield of product (Table 2, entry 3). Subsequently, all other tested substrates (butyl bromide and
oxiranyl chloride) were provided the corresponding products with excellent results (Table 2,
entries 4,5), but these reactions could be possible at the temperature of 100 °C. Similarly,
compounds 4 and 5 were also treated with various acyl chlorides viz., benzoyl chloride and
chloroacetyl chloride as well as alkyl halides such as allyl bromide, butyl bromide and oxiranyl
chloride at the same reaction conditions to give respective compounds 12-16 (Table 2, enteries 6-
10) and 17-21 (Table 2, enteries 11-15). The acylation and alkylation were observed selectively
only in the NH group of 1H-pyrrolo[2,3-b]pyridine. This perhaps implies the more reactivity of
NH group of 1H-pyrrolo[2,3-b]pyridine that may be due to the presence of adjacent nitrogen of
pyridine ring. It has also been observed that acylation and alkylation of benzothiazole derivatives
have been proved to be the suitable reaction component than benzimidazole analogues, due to
the requirement of low temperature, and higher yields of products were obtained.
Table 2. Acylation and alkylation 1H-pyrrolo[2,3-b]pyridine

R

N \
Ry R,X, NaH Ry
e N
X
| N Dry THF Bk
7 N N
N'OH

R,
36 R=H,Br,NOy;R; =S, NH 7-26

S.No Compounds Reactant R,X Yield (%) mp (°C)
1 7 3 benzoyl chloride 85 209-211
2 8 3 chloroacetyl chloride 79 129-131
3 9 3 allyl bromide 92 69-71
4 10 3 butyl bromide 85 99-101
5 11 3 oxiranyl chloride 82 149-151
6 12 4 benzoyl chloride 77 209-211
7 13 4 chloroacetyl chloride 65 159-161
8 14 4 allyl bromide 82 169-171
9 15 4 butyl bromide 74 179-181
10 16 4 oxiranyl chloride 62 169-171
11 17 5 benzoyl chloride 68 219-221
12 18 5 chloroacetyl chloride 71 216-218
13 19 5 allyl bromide 77 171-173
14 20 5 butyl bromide 72 189-191
15 21 5 oxiranyl chloride 69 174-176
16 22 6 benzoyl chloride 81 222-224
17 23 6 4-nitrobenzoyl chloride 79 249-251
18 24 6 4-flourobenzoyl chloride 77 209-211
19 25 6 4-methoxybenzoyl chloride 74 199-201
20 26 6 chloroacetyl chloride 72 229-231
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With excellent results of 1H-pyrrolo[2,3-b]pyridine in the presence of benzothiazole and
benzimidazole, this moiety was further explored with imidazopyridine for acylation and
alkylation with different acyl and alkyl halides. Thus, compound 6 was treated with benzoyl
chloride in the presence of sodium hydride in THF gave monoacylated product 22 in 81% vyield.
Substituted acyl chlorides having electron withdrawing groups such as nitro and fluoro as well as
an electron releasing group for example, methoxy group at para position were also used to this
reaction system and good yield of products were obtained (Table 2, entries 16-20).

Further experiments were conducted to explore the generality and scope of the present
protocol by using other alkyl halides. Treatment of compound 3 with benzyl chloride and methyl
iodide at the same reaction conditions to give compounds 27a and 28a in 88% and 84% vyields
respectively (Table 3). But, when the alkylation of 4 and 5 were carried out with benzyl chloride
and methyl iodide, NH group of benzimidazole was also alkylated. This may be due to the more
reactivity of these halides towards both 1H-pyrrolo[2,3-b]pyridine as well as benzimidazole, and
the feasibility for the formation of dialkylation is more than the monoalkylation on comparing
with the yields of both the products. On the other hand, treatment of compound 6 with benzyl
halides as well as chloro and fluoro substituted benzyl halides at the same reaction conditions,
gave monoalkylation and dialkylation products.

Table 3. Monoalkylation and dialkylation 1H-pyrrolo[2,3-b]pyridine
R R R
Ng R, N R, N N
R,X + R,
—
N NT N Z>N

N H \ N \
RZ RZ
3-6 27a-38a 29b-38b
R=H,Br,NO, R, =S,NH
S.No. Reactant RoX Products (%)
Monoalkylation Dialkylation

1 3 benzyl chloride 27a (88)
2 3 methyl iodide 28a (84) --
3 4 benzyl chloride 29a (< 5) 29b (84)
4 4 methyl iodide 30a (29) 30b (68)
5 5 benzyl chloride 31a (27) 31b (73)
6 5 methyl iodide 32a (<5) 32b (81)
7 6 benzyl chloride 33a (34) 33b (69)
8 6 4-chlorobenzyl chloride 34a (26) 34b (69)
9 6 3-chlorobenzy! chloride 35a (23) 35b (62)
10 6 2-chloro benzyl chloride 36a (19) 36b (61)
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11 6 4-fluorobenzyl chloride 37a (33) 37b (61)
12 6 2-fluorobenzyl chloride 38a (32) 38b (58)

Suzuki-Miyaura coupling reactions were also performed with compound 6 and aryl boronic
acids in the presence of Cs,COj3 in 1,4-dioxane using Pd(PPh3), to give arylation at C6 position
of imidazopyridine 39-44 in 70-86% vyields. A survey of different bases (Cs,COs, Na;COs,
K,CO3 and DIPEA) and solvents (DMF, THF, toluene, 1,4-dioxane) revealed that Cs,CO3 and
1,4-dioxane were found to be the best choice for arylation of imidazopyridine. It has been
observed that arylation with unsubstituted phenyl gave higher yield of product than electron
donating or electron withdrawing groups, present at phenyl ring (Scheme 1).

Scheme 1% Arylation at C6 position of imidazopyridine functionalized 1H-pyrrolo[2,3-
b]pyridine.

Ar
Br
7
7 \N \N
=
N = N 39, Ar = phenyl
\_NH ) \—NH 40, Ar = 4-methoxyphenyl
N 41, Ar = 2-methoxyphenyl
N\ | A 42, Ar = 4-fluorophenyl
\ _ N/ N 43, Ar = 4-chlorophenyl
N H H 44, Ar = 4-trifluorophenyl
6 39-44

#®Reagents and conditions: (i) ArB(OH),, Pd(PPh3),, Cs,COs, 1,4-dioxane, reflux.

3.1.3. BIOLOGY

In order to examine the binding modes of compounds 39-44 with ct-DNA, absorption spectral
titrations were performed by maintaining constant concentration of compounds at 15 uM and
varying the DNA concentration in the range of 0-20 uM. These compounds were selected for
DNA binding studies due to presence of aryl group at C6-position of imidazopyridine ring that
were contributed for the formation of conjugated backbone, responsible for absorption of
photons. In the electronic spectrum of all these tested compounds, an intense band at 322-327 nm
was observed, attributed to m-m* transitions. A decrease in absorption intensity i.e.
hypochromism was observed in compounds 39-44 with the addition of ct-DNA, that indicates
change in the conformation of DNA (compound 39: 47%, compound 40: 12%, compound 41:
16%, compound 42: 28%, compound 43: 10% and compound 44: 31%). No shift in Amax Was

noticed by incremental addition of DNA for all the tested compounds (Figure 1).
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Figure 1. Absorption spectra of compounds (a) 39; (b) 40; (c) 41; (d) 42; (e) 43; (f) 44 upon
successive addition of ct-DNA.

Fluorescence emission titrations were also carried out with compounds 39-44; compounds 39
and 44 showed respective 44% and 35% quenching after 8 uM and 10 uM addition of DNA,
while compounds 40 and 41 caused enhancement in the fluorescence intensity after gradual
addition of DNA (40 - 30% and 41 - 26%). Compounds 42 and 43 showed no significant changes
in their fluorescence emission with addition of DNA (Figure 2). Binding studies of acylated and
alkylated 1H-pyrrolo[2,3-b]pyridine compounds with ct-DNA were also performed but no
significant change in absorption and emission spectra were observed. In order to further
illustrate the binding strength of the compounds with DNA, the binding constants (K) were
determined by monitoring the changes in absorbance and emission intensity at the corresponding
Amax With increasing concentration of DNA (Table 4), using Benesi-Hildbrand equation.®

Table 4. Binding constants of compounds 39-44 with ct-DNA

Compd Hypochromism (%)  Quenching/enhancement K through UV-vis. K through fluorescence

(M) (MY
39 47 44 (q) 2.52 x 10* 1.91 x 10*
40 12 35 (q) 6.50 x 10* 1.50 x 10*
41 16 30 (e) 2.66 x 10° 2.79 x 10*
42 28 26 (e) 2.96 x 10* --
43 10 -- 3.97 x 10* --
44 31 -- 472 x 10° 9.97 x 10°
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Figure 2. Emission spectra of compounds (a) 39; (b) 40; (c) 41; (d) 42; (e) 43; (f) 44 upon
successive addition of ct-DNA.

The effect of ionic strength*?’ and iodide?® on the binding of compounds 39-44 with ct-DNA
was investigated with UV-Visible and fluorescence spectroscopy. The results indicated that the
absorbance and emission intensities of compounds 39, 42 and 44 were quenched with increasing
concentration of Na* and I (0—10 uM) that signified the electrostatic interaction of compounds
with DNA while the absorbance and emission intensities of compounds 40, 41 and 43 did not
give significant change with increasing concentration of Na* (Figure 3) and I (Figure 4) that

indicated for their non-electrostatic type of binding to DNA.

2 5 1.6 -

®
(a) e o #39.DNA (b) - & * #39.DNA
®
® ¢ 4 = H40.DNA
15 - o ? W 40.DNA - - $ @ $ o ¥
& . ¥ 2 A 41.DNA % g T EE EEER A41.DNA
- e $ 2 : . mEE RN <42.DNA = . 42.DNA
T 1A M R omomm =08
< ¢ 43.DNA ( 43.0NA
©44.DNA ®44.DNA
05 04 -
0 , ; ; : 0 : : ; :
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[NaCl] pM

Figure 3. Effects of salt concentration on the (a) absorption and (b) emission spectra of
compounds 39-44.DNA complexes where Ag or Fo and A or F are the absorbance or fluorescence
intensities of compound in the absence and presence of ct-DNA.
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Figure 4. Effects of iodide concentration on the (a) absorption and (b) emission spectra of
compounds 39-44.DNA complex where Ag or Fg and A or F are the absorbance or fluorescence
intensities of compound in the absence and presence of ct-DNA.

3.1.4. CONCLUSION

We have reported the first benzothiazole, benzimidazole and imidazopyridine mediated 1H-
pyrrolo[2,3-b]pyridine at C3 position. Acylation and alkylation of these 1H-pyrrolo[2,3-
b]pyridine derivatives have been done with varieties of acyl and alkyl halides in moderate to
good vyields. Palladium catalyzed Suzuki-Miyaura cross-coupling reactions have also been
approached for arylation with substituted aryl boronic acids at C6 position of imidazopyridine.
Further, UV-visible and fluorescence studies with compounds 39-44, having aryl groups at C6
position of imidazopyridine, showed significant interactions with ct-DNA. The effect of ionic
strength and iodide were also supported for the binding of compounds with ct-DNA. Overall, we
believed that these novel series of azole and imidazopyridine functionalizations of 1H-
pyrrolo[2,3-b]pyridine and their binding studies with ct-DNA can be considered as an important

advancement in the medicinal and pharmaceutical chemistry.
3.1.5. EXPERIMENTAL SECTION

All chemicals and solvents of commercial grade were used without further purification and were
supplied by spectrochemicals and Sigma-Aldrich. Melting points were determined in open
capillaries and were uncorrected. *H and **C NMR spectra were recorded on Jeol ECS-400 MHz
spectrometer at 400 MHz and 100 MHz respectively, using CDCl3, DMSO-dg and trifluoroacetic
acid (TFA) as solvents. The chemical shifts were expressed in parts per million with TMS as an
internal reference and J values are given in Hz. Mass spectra of the synthesized compounds were

recorded at Waters Micromass Q- Tof Micro. Elemental Analysis has been done with Thermo
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Scientific (Flash 2000) analyzer. Reactions were monitored by thin layer chromatography (TLC)
with silica plate coated with silica gel HF-254 and column chromatography was performed with
silica gel 60-120 mesh. Hexane : ethyl acetate and chloroform : methanol were the adopted
solvent systems.
Procedure for the synthesis of 1H-Pyrrolo[2,3-b]pyridine-3-carboxaldehyde (2).
A solution of 1H-pyrrolo[2,3-b]pyridine (1 g, 0.008 mol) and hexamethylenetetramine (1.71 g,
0.012 mol) in 3 ml of acetic acid was heated at 110 °C over a period of 2 h. After the completion
of the reaction (monitored by TLC), cold water was added to the reaction mixture. White
crystalline solid of 1H-pyrrolo[2,3-b]pyridine-3-carboxaldehyde (2) was separated out (0.680 g,
55%); mp*?® 214-215 °C.
General procedure for synthesis of compounds (3-6).
1H-Pyrrolo[2,3-b]pyridine-3-carboxaldehyde (2) (1 g, 0.6 mmol) and 2-aminothiophenol
/benzene-1,2-diamine/pyridine-2,3-diamine (0.6 mmol) were dissolved in minimum quantity of
nitrobenzene and heated to 160 °C for 15 h. The reaction mixture was cooled to room
temperature. The solid was separated out, filtered and washed with diethyl ether. The crude
product was further purified by column chromatography on silica gel in hexane : ethylacetate
(5:2) as eluents to afford the desired products 3-6.
2-(1H-Pyrrolo[2,3-b]pyridine-3-yl)-benzothiazole (3).
White solid; yield: 89%; mp: 219-221°C; *H NMR (400 MHz, CDCl3): & = 10.95 (bs,
N{ s 1H, NH), 8.84 (dd, 1H, 2J = 9.16 Hz, *J = 6.44 Hz, ArH), 8.46 (d, 1H, J = 4.56 Hz,
KIN\? ArH), 8.10 (s, 1H, ArH), 8.06 (d, 1H, J = 8.28 Hz, ArH), 7.90 (d, 1H, J = 7.32 Hz,
ArH), 7.49 (t, 1H, J = 7.32 Hz, ArH), 7.38-7.32 (m, 2H, ArH); *C NMR (100 MHz,
CDCl3): 8 = 162.0, 153.9, 148.8, 144.1, 133.6, 130.4, 126.5, 126.1, 124.5, 121.3, 118.0, 117.8,
111.1 (ArH); MS (ESI), m/z: 252.0 (M*+1); Anal. Calcd for C14HgNsS: C, 66.91; H, 3.61; N,
16.72; S, 12.76, Found: C, 66.93; H, 3.58; N, 16.73; S, 12.74,
2-(1H-Pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (4).
Yellow solid; yield: 75%; mp: 134-136 °C; 'H NMR (400 MHz, CDCls): § = 11.04
Monn (bs, 1H, NH), 8.84 (d, 1H, J = 7.76 Hz, ArH), 8.46 (d, 1H, J = 4.56 Hz, ArH), 8.10 (s,
(Njhg 1H, ArH), 8.06 (d, 1H, J = 7.80 Hz, ArH), 7.90 (d, 1H, J = 7.76 Hz, ArH), 7.50 (t, 1H,
J =7.32 Hz, ArH), 7.38-7.32 (m, 2H, ArH); **C NMR (100 MHz, CDCly): § = 163.3,
154.3, 150.1, 147.6, 133.6, 130.9, 130.0, 125.7, 123.7, 121.7, 121.2, 120.6, 112.0, 111.8 (ArH);

H
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MS (ESI), m/z: 235.0 (M*+1); Anal. Calcd for C14H1oN4: C, 71.78; H, 4.30; N, 23.92, Found: C,
71.48; H, 4.27; N, 23.82.
5-Nitro-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (5).
N QOrange solid; yield: 77%; mp: 149-151 °C; 'H NMR (400 MHz, CDCl; + DMSO-
NG de): & = 8.72 (dd, 2H, 2 = 7.32 Hz, 3J = 5.96 Hz, ArH), 8.20 (t, 2H, J = 5.96 Hz,
fj/g ArH), 8.18 (bs, 1H, NH), 7.74-7.68 (m, 2H, ArH), 7.04 (d, 1H, J = 7.36 Hz, ArH);
) 3C NMR (100 MHz, CDCls): & = 162.0, 153.8, 148.7, 144.1, 133.6, 130.4, 126.5,
126.1, 124.5, 122.4, 122.3, 121.3, 118.0, 117.8, 111.1 (ArH); MS (ESI), m/z: 280.0 (M*+1);
Anal. Calcd for C14H9NsO,: C, 60.21; H, 3.25; N, 25.08, Found: C, 60.00; H, 3.22; N, 25.01.
5-Bromo-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-3H-imidazo[4,5-b]pyridine (6).
~¢ Yellow solid; yield: 78%; mp: 249-251°C; "H NMR (400 MHz, CDCly): & = 8.84 (d,
N[, 1H,J =7.80 Hz, ArH), 8.46 (bs, 1H, NH), 8.11 (s, 1H, ArH), 8.06 (d, 1H, J = 8.28
fj\? Hz, ArH), 7.90 (d, 1H, J = 7.76 Hz, ArH), 7.50 (t, 1H, J = 7.32 Hz, ArH), 7.38-7.32
: (m, 1H, ArH); *C NMR (100 MHz, CDCls): & = 162.0, 153.8, 148.7, 144.1, 133.6,

H

130.4, 126.5, 126.1, 124.5, 122.3, 121.3, 118.0, 117.8, 111.1; MS (ESI), m/z: 314.0 (M*+1);
Anal. Calcd for C13HgBrNs: C, 49.70; H, 2.57; N, 22.29, Found: C, 50.00; H, 2.56; N, 22.43.
General procedure for the synthesis of compounds 7-38.

To the suspension of sodium hydride (60% in mineral oil, 1.19 mmol) in dry THF (20 ml), 2-
(1H-pyrrolo[2,3-b]pyridine-3-yl)-azoles (3-6) (0.8 mmol), and acyl/alkyl halides (1.1 mmol)
were added under nitrogen atmosphere. The reaction mixture was stirred at 0-100 °C for 2 h. The
reaction was poured into water and extracted with chloroform. The organic layer was washed
with brine, dried over anhydrous sodium sulphate and filtered. The filtrate was concentrated to
get the crude product. The crude was purified by column chromatography eluting 5% methanol
in chloroform to afford the desired products 7-38.
(3-Benzothiazol-2-yl-pyrrolo[2,3-b]pyridine-1-yl)-phenyl-methanone (7).

White solid; yield: 85%; mp: 209-211 °C; *H NMR (400 MHz, CDCls): & = 8.83 (d,
fi/? 1H, J = 7.36 Hz, ArH), 8.39 (s, 1H, ArH), 8.11-8.01 (m, 3H, ArH), 7.88 (d, 2H, J =
" : . 824 Hz, ArH), 7.49-7.30 (m, 6H, ArH); B3C NMR (100 MHz, CDCls): § = 162.0,

©/E 153.8, 148.3, 142.8, 133.6, 131.2, 129.8, 128.3, 127.0, 126.1, 124.5, 122.3, 121.3,
118.6, 117.5, 110.9 (ArH); MS (ESI), m/z: 356.0 (M*+1); Anal. Calcd for CyH13N30S: C,
70.97; H, 3.69; N, 11.82; S, 9.02, Found: C, 70.78; H, 3.66; N, 11.83; S, 9.0.
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1-(3-Benzothiazol-2-yl-pyrrolo[2,3-b]pyridine-1-yl)-2-chloro-ethanone (8).
Green solid; yield: 79%; mp: 129-131 °C; *H NMR (400 MHz, CDCls): = 9.01 (d,
(YN\?S 1H, J = 7.76 Hz, ArH), 8.30 (d, 1H, J = 1.04 Hz, ArH), 8.06 (d, 2H, J = 5.04 Hz,
i _ ArH), 7.90 (d, 1H, J = 4.24 Hz. ArH), 7.49 (t, 1H, J = 7.36 Hz, ArH), 7.40-7.35 (m,
c 2H, ArH), 4.21 (s, 2H, aliph-CH,); *C NMR (100 MHz, CDCls): 6 = 172.7, 161.4,
153.8, 146.6, 140.6, 133.6, 133.0, 127.5, 126.2, 124.7, 122.4, 121.4, 119.7, 117.4, 111.3 (ArH),
42.0 (CH,); MS (ESI), m/z: 328.0 (M*+1); Anal. Calcd for C16H1oCIN;OS: C, 58.63; H, 3.07; N,
12.82; S, 9.78, Found: C, 58.71; H, 3.05; N, 12.84; S, 9.60.
2-(1-Allyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-benzothiazole (9).
Q Yellow solid; yield: 92%; mp: 69-71 °C; *H NMR (400 MHz, CDCls): § = 9.02 (d,
ﬁ(s 1H, J = 7.36 Hz, ArH), 8.44 (s, 1H, ArH), 7.96 (d, 1H, J = 7.80 Hz, ArH), 7.82 (d,
‘N/ 1H, J = 7.76 Hz, ArH), 7.72 (d, 1H, J = 5.96 Hz, ArH), 7.41 (t, 1H, J = 6.88 Hz,
( ArH), 7.28-7.23 (m, 1H, ArH), 7.13 (t, 1H, J =5.96 Hz, ArH), 6.19-6.09 (m, 1H,

allyl-CH), 5.39-5.28 (m, 4H, allyl-CH,); *C NMR (100 MHz, CDCls): & = 163.3, 154.3, 150.1,
147.6, 133.6, 133.4, 130.9, 130.0, 127.3, 125.7, 123.7, 121.7, 121.2, 120.6, 112.0, 111.8 (ArH),
54.8 (N-CHy); MS (ESI), m/z: 292.0 (M*+1); Anal. Calcd for C;7H13NsS: C, 70.08; H, 4.50; N,
14.42; S, 11.00, Found: C, 70.10; H, 4.46; N, 14.43; S, 10.85.
2-(1-Butyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-benzothiazole (10).

Q Yellow solid; yield: 85%; mp: 99-101 °C; *H NMR (400 MHz, CDCls): § = 9.06 (d,
fi/\(s 1H, J = 7.32 Hz, ArH), 8.47 (s, 1H, ArH), 7.98 (d, 1H, J = 7.80 Hz, ArH), 7.85 (d,
oy 1H, J = 7.76 Hz, ArH), 7.75 (d, 1H, J = 5.96 Hz, ArH), 7.45 (t, 1H, J = 7.36 Hz,

j ArH), 7.31-7.27 (m, 1H, ArH), 7.15 (t, 1H, J = 6.84 Hz, ArH), 4.75 (t, 2H, J = 7.32
Hz, N-CHy), 2.10-2.02 (m, 2H, CH,), 1.46-1.39 (m, 2H, CHy), 0.99 (t, 3H, J = 7.36 Hz, CHy);
3C NMR (100 MHz, CDCly): & = 163.2, 154.2, 153.8, 149.5, 146.7, 133.7, 133.4, 130.8, 125.7,
123.8, 122.3, 121.7, 121.2, 112.2, 111.6 (ArH), 53.9 (N-CH,), 31.7 (CH,), 19.9 (CHy), 13.6
(CHs); MS (ESI), m/z: 308.1 (M*+1); Anal. Calcd for C1gH17NsS: C, 70.33; H, 5.57; N, 13.67; S,
10.43, Found: C, 70.22; H, 5.51; N, 13.63; S, 10.29.

4
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2-(1-Oxiranylmethyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-benzothiazole (11).
White solid; yield: 82%: mp: 149-151 °C; *H NMR (400 MHz, CDCl3 + DMSO-ds):

S 6=28.78 (t, IH, J = 8.28 Hz, ArH), 8.40 (t, 1H, J = 4.60 Hz, ArH), 8.03 (d, 2H, J =

NT N 8.24 Hz, ArH), 7.99 (s, 1H, ArH), 7.87 (d, 1H, J = 7.80 Hz, ArH), 7.49 (t, 1H, J =
%2 8.20 Hz, ArH), 7.37 (t, 1H, J = 8.24 Hz, ArH), 4.65-4.62 (m, 3H, CH, CHy), 4.65
-4.62 (m, 3H, CH, CH,), 4.47-4.42 (m, 2H, CH,); *C NMR (100 MHz, CDCls + TFA): &
=163.9, 140.2, 140.1, 138.1, 137.1, 137.0, 136.6, 131.1, 129.4, 128.7, 123.1, 122.6, 119.5, 117.9,
116.1, 113.2, 105.0 (ArH), 69.4 (N-CH,), 51.2 (CH.); MS (ESI), m/z: 308.0 (M*+1); Anal. Calcd
for C17H13N30S: C, 66.43; H, 4.26; N, 13.67; S, 10.43, Found: C, 66.23; H, 4.23; N, 13.63; S,

10.31.
3-(1H-Benzimidazol-2-yl)-pyrrolo[2,3-b]pyridine-3-yl]-phenyl-methanone (12).

Q White solid; yield: 77%; mp: 209-211 °C; *H NMR (400 MHz, CDCl; + DMSO-dg):
K%NH 3 =10.81 (bs, 1H, NH), 8.86 (d, 2H, J = 7.80 Hz, ArH), 8.38 (d, 2H, J = 3.68 Hz,
L . ArH), 8.14 (s, 2H, ArH), 7.58-7.50 (m, 3H, ArH), 7.13-6.97 (m, 4H, ArH); BC NMR
@ﬁ (100 MHz, CDCl3): 6 = 168.4, 167.4, 154.0, 140.3, 134.8, 129.4, 129.3, 129.1, 128.4,
126.3, 125.0, 122.9, 121.5, 119.6 (ArH); MS (ESI), m/z: 339.1 (M*+1); Anal. Calcd for
CxH14N4O: C, 74.54; H, 4.17; N, 16.56, Found: C, 74.33; H, 4.12; N, 16.51.
1-[3-(1H-Benzimidazol-2-yl)-pyrrolo[2,3-b]pyridine-3-yl]-2-chloro-ethanone (13).

Yellow solid; yield: 65%; mp: 159-161 °C; *"H NMR (400 MHz, CDCls): = 10.09

"N (s, 1H, NH), 8.32 (g, 1H, J = 4.60 Hz, ArH), 7.93 (s, 1H, ArH), 7.82-7.80 (m, 1H,
(Ni/g ArH), 7.72 (q, 1H, J = 7.80 Hz, ArH), 7.46-7.44 (m, 1H, ArH), 7.34 (s, 1H, ArH),

b ° 7.30-7.27 (m, 1H, ArH), 7.07-7.03 (m, 1H, ArH), 5.51 (s, 2H, CH,); *C NMR (100
MHz, CDCl3): 6 = 168.7, 152.6, 142.1, 135.6, 133.4, 133.1, 132.7, 132.5, 129.1, 128.2, 128.1,
126.3, 116.9, 110.8, 109.5 (ArH), 47.3 (CH,); MS (ESI), m/z: 311.0 (M*+1); Anal. Calcd for
C16H11CIN4O: C, 61.84; H, 3.57; N, 18.03, Found: C, 61.93; H, 3.54; N, 18.00.
2-(1-Allyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (14).

”7) Yellow solid; yield: 82%; mp: 169-171 °C; *H NMR (400 MHz, CDCl5): § = 7.98
fi/\( (s, 1H, ArH), 7.89 (s, 1H, ArH), 7.80-7.77 (m, 2H, ArH, NH), 7.67 (d, 1H, J = 5.96
N g Hz, ArH), 7.51-7.49 (m, 1H, ArH), 7.29-7.27 (m, 2H, ArH), 6.87 (t, 1H, J = 6.40

\ Hz, ArH), 6.18-6.11 (m, 1H, allyl-CH), 5.56 (d, 2H, J = 4.56 Hz, allyl-CH,), 5.41-

5.33 (m, 2H, allyl-CH,); **C NMR (100 MHz, CDCl5): & = 152.6, 142.1, 135.6, 133.4, 133.1,
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132.7, 132.5, 129.1, 128.2, 128.1, 126.3, 116.9, 110.8, 109.5 (ArH), 47.3 (N-CH,); MS (ESI),
m/z: 275.1 (M*+1); Anal. Calcd for C17H14N4: C, 74.43; H, 5.14; N, 20.42, Found: C, 74.25; H,
5.10; N, 20.36.
2-(1-Butyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (15).
Q Brown solid; yield: 74%; mp: 179-181 °C; *H NMR (400 MHz, CDCls): 6 = 7.97 (s,
" 1H, ArH), 7.89 (s, 1H, ArH), 7.81-7.76 (m, 2H, ArH, NH), 7.63 (d, 1H, J = 5.96 Hz,
N ArH), 7.52-7.50 (m, 1H, ArH), 7.29-7.27 (m, 3H, ArH), 4.68 (t, 2H, J = 7.32 Hz, N-
/( CHy), 2.07-2.01 (m, 2H, CH>), 1.46-1.40 (m, 2H, CH), 0.99 (t, 3H, J =7.32 Hz,
CHy); 3¢ NMR (100 MHz, CDCl3): 6 = 148.7, 144.8, 143.8, 143.5, 142.7, 133.9, 129.8, 129.3,
128.5, 126.8, 122.7, 122.0, 120.1, 110.0, 109.5, 108.4 (ArH), 53.4 (N-CH,), 41.0 (CH,), 19.9
(CH,), 13.5 (CH3); MS (ESI), m/z: 291.1 (M*+1); Anal. Calcd for CigH1gN4: C, 74.46; H, 6.25;
N, 19.30, Found: C, 74.38; H, 6.20; N, 19.24.
2-(1-Oxiranylmethyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (16).
Yellow solid; yield: 62%: mp: 169-171 °C; *H NMR (400 MHz, CDCls): § = 9.17
VN (bs, 1H, NH), 9.09 (d, 1H, J = 8.24 Hz, ArH), 8.93 (s, 1H, ArH), 8.67 (d, 1H, J =
LAy 5.96 Hz, ArH), 8.17 (d, 1H, J = 8.24 Hz, ArH), 8.12 (d, 1H, J = 8.24 Hz, ArH), 7.96-
J 7.89 (m, 2H, ArH), 7.84 (t, 1H, J = 7.80 Hz, ArH), 5.38-5.36 (m, 1H, CH), 5.10 (d,
2H, J = 12.84 Hz, CH,), 4.88-4.78 (m, 2H, CH,); **C NMR (100 MHz, CDCls): & = 148.5,
1445, 143.8, 142.7, 133.9, 130.8, 129.6, 129.5, 128.4, 122.7, 122.0, 120.6, 120.1, 110.0, 109.9,
108.8 (ArH), 54.6 (CH,), 41.0 (CH,); MS (ESI), m/z: 291.1 (M*+1); Anal. Calcd for C17H14N4O:
C, 70.33; H, 4.86; N, 19.30, Found: C, 70.10; H, 4.82; N, 19.35.
3-(5-Nitro-1H-benzimidazol-2-yl)-pyrrolo[2,3-b]pyridine-3-yl]-phenyl-methanone (17).
Q Yellow solid; yield: 68%; mp: 219-221 °C; *H NMR (400 MHz, CDCls): § = 8.34-
ﬁ( 8.31 (m, 1H, ArH), 8.25 (d, 1H, J = 7.80 Hz, ArH), 8.15-8.11 (m, 3H, ArH), 7.85 (t,
W . 1H, J =6.88 Hz, ArH), 7.69 (d, 1H, J = 7.80 Hz, ArH), 7.54 (t, 1H, J = 7.80 Hz,
ﬁ ArH), 7.22-7.13 (m, 4H, ArH); **C NMR (100 MHz, CDCls): & = 163.0, 162.9,
154.2, 149.8, 146.4, 146.3, 146.1, 134.2, 133.5, 131.8, 127.0, 125.8, 123.9, 121.8, 117.7, 112.4,
111.9 (ArH); MS (ESI), m/z: 384.1 (M*+1); Anal. Calcd for C»;H13Ns03: C, 65.79; H, 3.42; N,
18.27, Found: C, 65.62; H, 3.39; N, 18.22.
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2-Chloro-1-[3-(5-nitro-1H-benzimidazol-2-yl)-pyrrolo[2,3-b]pyridine-3-yl]-ethanone (18).

"“* Yellow solid; yield: 71%; mp: 216-218 °C; 'H NMR (400 MHz, DMSO-ds): & =
q”é““ 8.52 (d, 2H, J = 8.28 Hz, ArH), 8.01 (d, 1H, J = 1.84 Hz, ArH), 7.98 (d, 1H, J = 1.36
L . Hz, ArH), 7.63 (t, 2H, J = 8.18 Hz, ArH), 7.21 (t, 1H, J = 7.80 Hz, ArH), 4.43 (s,

2H, CH,); °C NMR (100 MHz, CDCls): & = 148.5, 144.5, 143.8, 142.7, 130.8,
129.6, 129.5, 128.4, 122.7, 122.0, 120.6, 120.1, 110.0, 109.9, 108.8 (ArH), 41.0 (CHy); MS
(ESI), m/z: 356.0 (M*+1); Anal. Calcd for C15H10CINsO3: C, 54.02; H, 2.83; N, 19.69, Found: C,
54.08; H, 2.81; N, 19.71.
2-(1-Allyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-5-nitro-1H-benzimidazole (19).

Q Yellow solid; yield: 77%; mp: 171-173 °C; *H NMR (400 MHz, CDCls): § = 8.22-
ﬁ? 8.19 (m, 1H, ArH), 8.08 (d, 1H, J = 3.20 Hz, ArH), 8.01 (m, 1H, ArH), 7.85-7.83
(A (m, 1H, ArH), 7.72-7.69 (m, 1H, ArH), 7.55 (d, 1H, J = 9.16 Hz, ArH), 6.93-6.86

( (m, 1H, ArH), 6.20-6.10 (m, 1H, allyl-CH), 5.64 (d, 1H, J = 7.80 Hz, allyl-CH),
5.42-5.32 (m, 3H, allyl-CH,); *C NMR (100 MHz, CDCls): & = 149.2, 147.1, 146.1, 145.6,
143.6, 143.3, 138.0, 130.8, 129.6, 129.2, 120.7, 120.4, 118.6, 117.9, 117.1, 110.0, 109.9, 107.5,
107.0 (ArH), 54.6 (N-CH,); MS (ESI), m/z: 320.1 (M*+1); Anal. Calcd for Ci7H13NsO2: C,
63.94; H, 4.10; N, 21.93, Found: C, 63.75; H, 4.07; N, 21.87.
2-(1-Butyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-5-nitro-1H-benzimidazole (20).

" Brown solid; yield: 72%; mp: 189-191 °C; *H NMR (400 MHz, CDCls): 5 = 8.47 (s,
@\? 1H, NH), 7.98 (d, 1H, J = 7.80 Hz, ArH), 7.85 (d, 1H, J = 7.76 Hz, ArH), 7.75 (d,

NN 1H, J=5.96 Hz, ArH), 7.47-7.41 (m, 1H, ArH), 7.39-7.27 (m, 2H, ArH), 7.16 (t, 1H
)) , J=6.84 Hz, ArH), 4.75 (t, 2H, J = 7.32 Hz, N-CH), 2.10-2.02 (m, 2H, CH,), 1.46-
1.39 (m, 2H, CH,), 0.99 (t, 3H, J = 7.36 Hz, CHs); **C NMR (100 MHz, CDCls): & = 163.4,
163.2, 163.0, 154.2, 153.8, 149.5, 146.7, 133.7, 133.4, 130.8, 125.7, 123.8, 121.7, 121.2, 112.2,
111.6 (ArH), 53.9 (N-CH,), 31.7 (CH>), 19.9 (CH,), 13.6 (CH3); MS (ESI), m/z: 336.1 (M"+1);
Anal. Calcd for C1gH17N50,: C, 64.47; H, 5.11; N, 20.88, Found: C, 64.28; H, 5.07; N, 20.83.
5-Nitro-2-(1-oxiranylmethyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (21).

" Yellow solid; yield: 69%; mp: 174-176 °C; 'H NMR (400 MHz, CDCl; + DMSO-

e de): 6 = 8.67-8.64 (m, 1H, ArH), 8.31 (d, 1H, J = 7.80 Hz, ArH), 7.81 (t, 1H, J =
qg 7.80 Hz, ArH), 7.40 (d, 1H, J = 8.24 Hz, ArH), 7.07 (d, 1H, J = 8.24 Hz, ArH), 6.81

2

: (d, 2H, J = 8.24 Hz, ArH), 4.42-4.38 (m, 2H, CH,), 4.09-4.07 (m, 2H, CH,), 3.61-

N
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3.60 (m, 1H, CH); **C NMR (100 MHz, TFA+DMSO-dg+CDCls): & = 165.3, 150.2, 140.8,
139.6, 137.1, 136.5, 133.3, 130.7, 122.0, 119.0, 113.8 (ArH), 62.0 (CH>), 40.0 (CH,); MS (ESI),
m/z: 336.1 (M*+1); Anal. Calcd for C;7H13Ns03: C, 60.89; H, 3.91; N, 20.89, Found: C, 60.71;
H, 3.86; N, 20.83.
2-(1-Benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-benzothiazole (22a).
Yellow solid; yield: 88%; mp: 149-151 °C; *H NMR (400 MHz, CDCls): § = 9.06
m:( (d, 1H, J = 6.44 Hz, ArH), 8.83 (d, 1H, J = 7.80 Hz, ArH), 8.52 (s, 1H, ArH), 8.08-
LA 8.04 (m, 1H, ArH), 7.99 (d, 1H, J = 8.24 Hz, ArH), 7.90 (d, 1H, J = 7.80 Hz, ArH),
Q) 7.86 (d, 1H, J = 7.76 Hz, ArH), 7.71 (d, 1H, J = 6.44 Hz, ArH), 7.50-7.41 (m, 1H,
ArH), 7.38-7.29 (m, 3H, ArH), 7.13 (t, 1H, J = 5.96 Hz, ArH), 5.96 (s, 2H, N-CH,); **C NMR
(100 MHz, CDCl3): & = 163.3, 154.3, 153.9, 150.6, 147.8, 134.4, 133.5, 130.2, 129.1, 128.8,
1285, 127.4, 125.7, 123.7, 121.7, 121.2, 112.1, 111.9 (ArH), 55.8 (N-CH,); MS (ESI), m/z:
342.0 (M*+1); Anal. Calcd for C2;H1sN3S: C, 73.87; H, 4.43; N, 12.31; S, 9.39, Found: C, 73.68;
H, 4.39; N, 12.28; S, 9.30.
2-(1-Methyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-benzothiazole (23a).
Yellow solid; yield: 84%; mp: 219-221 °C; 'H NMR (400 MHz, CDCls): 6 = 9.09
N\s  (d, 1H, J = 7.32 Hz, ArH), 8.47 (s, 1H, ArH), 7.99 (d, 1H, J = 8.28 Hz, ArH), 7.86
@:g (d, 1H, J = 8.24 Hz, ArH), 7.76 (d, 1H, J = 5.96 Hz, ArH), 7.46 (t, 1H, J = 1.40 Hz,
ArH), 7.32 (t, 1H, J = 7.32 Hz, ArH), 7.18-7.14 (m, 1H, ArH), 4.39 (s, 3H, CHx);
%C NMR (100 MHz, CDCls): & = 163.0, 154.2, 149.8, 146.4, 134.2, 133.5, 131.8, 127.0, 125.8,
123.9, 121.8, 121.2, 112.4, 111.9 (ArH), 40.9 (N-CHa); EIMS, m/z: 266.0 (M*+1); Anal. Calcd
for CisH11N3S: C, 67.90; H, 4.18; N, 15.84; S, 12.08, Found: C, 67.66; H, 4.15; N, 15.74; S,
12.01.
1-Benzyl-2-(1-benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (24b).
Q Yellow solid; yield: 84%; mp: 199-201 °C; *H NMR (400 MHz, CDCls): 6 = 8.00
@r(“@ (s, 1H, ArH), 7.94 (s, 1H, ArH), 7.80 (d, 3H, J = 7.76 Hz, ArH), 7.63 (d, 1H, J =
td 5.96 Hz, ArH), 7.51-7.48 (m, 1H, ArH), 7.35-7.32 (m, 7H, ArH), 7.30-7.24 (m, 3H,
ArH), 6.85 (t, J = 6.40 Hz, 1H, ArH), 5.91 (s, 2H, N-CH,), 5.56 (s, 2H, N-CH,); **C
NMR (100 MHz, CDCls): § = 147.9, 143.1, 142.7, 133.9, 130.1, 129.2, 128.9, 128.7, 128.2,
122.9, 122.2, 120.2, 110.7, 110.0, 109.1 (ArH), 56.0 (N-CH,), 41.0 (N-CH,); MS (ESI), m/z:
415.1 (M*+1); Anal. Calcd for CogH2oN4: C, 81.13; H, 5.35; N, 13.52, Found: C, 81.15; H, 5.31;

\
CHj
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N, 13.48.
2-(1-Methyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (25a).

Yellow solid; yield: 29%; mp: 190-192 °C; *H NMR (400 MHz, CDCls): 6 = 9.09
m:( (d, 1H, J = 7.32 Hz, ArH), 8.47 (s, 1H, ArH), 7.99 (d, 1H, J = 8.28 Hz, ArH), 7.86
" \ (d, 1H, J=8.24 Hz, ArH), 7.76 (d, 1H, J =5.96 Hz, ArH), 7.46 (t, 1H, J = 1.40 Hz,

N
3

ArH), 7.32 (t, 1H, J = 7.32 Hz, ArH), 7.18-7.14 (m, 1H, ArH), 4.39 (s, 3H, N-CH3); **C NMR
(100 MHz, CDClg): 6 = 150.3, 149.7, 144.8, 143.5, 136.0, 134.4, 131.5, 128.9, 122.3, 122.1,
118.7, 112.1, 110.7, 106.2 (ArH), 41.4 (N-CHs); MS (ESI), m/z: 249.1 (M*+1); Anal. Calcd for
CisH12N4: C, 72.56; H, 4.87; N, 22.57, Found: C, 72.38; H, 4.83; N, 22.48.
1-Methyl-2-(1-methyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-1H-benzimidazole (25b).

Yellow solid; yield: 68%; mp: 215-217 °C; *H NMR (400 MHz, CDCls): § = 9.01
(Y? (d, 1H, J = 7.80 Hz, ArH), 8.30 (s, 1H, ArH), 8.09 (s, 1H, ArH), 7.81-7.71 (m, 2H,
Ry ArH), 7.39-7.34 (m, 1H, ArH), 7.28-7.23 (m, 1H, ArH), 7.12-7.08 (m, 1H, ArH),

CHy

4.38 (s, 3H, N-CHz), 4.01 (s, 3H, N-CH3); *C NMR (100 MHz, CDCls): § = 150.3, 149.7, 145.0,
1435, 134.4, 131.5, 128.9, 122.3, 122.1, 121.2, 118.7, 112.1, 110.7, 106.2 (ArH), 41.4 (N-CHy),
40.6 (N-CHs); MS (ESI), m/z: 263.1 (M*+1); Anal. Calcd for Ci6H14N4: C, 73.26; H, 5.38; N,
21.36, Found: C, 73.00; H, 5.34; N, 21.27.
2-(1-Benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-5-nitro-1H-benzimidazole (26a).

Q Yellow solid; yield: 27%; mp: 134-136 °C; 'H NMR (400 MHz, CDCls): & = 8.59

“oan o (d, 2H, J = 2.28 Hz, ArH), 8.16 (s, 1H, ArH), 7.72 (d, 1H, J = 2.28 Hz, ArH), 7.41-
hf\( 7.34 (m, 6H, ArH, NH), 7.19-7.17 (m, 3H, ArH), 5.34 (s, 2H, N-CH,); *C NMR

©) (100 MHz, CDCl3): & = 154.8, 146.1, 146.0, 134.3, 133.9, 133.8, 129.8, 129.4,

129.2,128.9, 128.8, 127.0, 120.8, 114.2 (ArH), 49.5 (CH>); MS (ESI), m/z: 370.1 (M*+1); Anal.
Calcd for CH1sNs0,: C, 68.28; H, 4.09; N, 18.96, Found: C, 68.40; H, 4.06; N, 18.91.
1-Benzyl-2-(1-benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-5-nitro-1H-benzimidazole (26b).

" Yellow solid; yield: 73%; mp: 172-174 °C; *"H NMR (400 MHz, CDCl3): 6 = 9.18
@?V@ (d, 1H, J = 7.32 Hz, ArH), 8.94 (s, 1H, ArH), 8.06 (s, 1H, ArH), 7.70 (d, 1H, J =
3 6.44 Hz, ArH), 7.57 (d, 1H, J = 0.92 Hz, ArH), 7.49 (d, 1H, J = 4.12 Hz, ArH), 7.47

(d, 1H, J = 2.28 Hz, ArH), 7.40-7.34 (m, 9H, ArH), 7.13 (t, 1H, J = 7.76 Hz, ArH),

5.96 (s, 2H, N-CH,), 5.83 (s, 2H, N-CH,); **C NMR (100 MHz, CDCls): § = 148.5, 144.5, 143.8,

123



142.7, 133.2, 130.8, 129.6, 129.5, 128.4, 126.5, 126.4, 122.7, 122.0, 120.6, 120.1, 110.0, 109.9,
108.8 (ArH), 54.6 (N-CH,), 41.0 (N-CH,); MS (ESI), m/z: 460.1 (M*+1); Anal. Calcd for
CasH21N50,: C, 73.19; H, 4.61; N, 15.24, Found: C, 73.04; H, 4.57; N, 15.21.
1-Methyl-2-(1-methyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-5-nitro-1H-benzimidazole (27b).

" Orange solid; yield: 81%; mp: 189-191 °C; *H NMR (400 MHz, CDCls): 6 = 9.16
A (t, 1H, J = 8.24 Hz, ArH), 8.41-8.37 (m, 1H, ArH), 8.22 (d, 1H, J = 2.28 Hz, ArH),
W ? 7.83(d, 1H, J = 5.96 Hz, ArH), 7.77 (d, 1H, J = 8.72 Hz, ArH), 7.39 (d, 1H, J = 9.16
Hz, ArH), 7.21 (t, 1H, J = 6.40 Hz, ArH), 4.42 (s, 3H, N-CH3), 4.11 (s, 3H, N-CH3); *C NMR
(100 MHz, CDCl3): 6 = 155.2, 153.9, 146.1, 143.3, 143.0, 142.3, 140.4, 135.9, 134.9, 134.8,
132.0, 128.9, 118.2, 117.6, 115.0, 112.2, 112.1, 108.3, 105.6 (ArH), 40.6 (2xN-CHj3); MS (ESI),
m/z: 308.1 (M*+1); Anal. Calcd for C1H13NsO2: C, 62.53; H, 4.26; N, 22.79, Found: C, 62.54;
H, 4.23; N, 22.72.
3-(5-Bromo-3H-imidazo[4,5-b]pyridine-2-yl)-pyrrolo[2,3-b]pyridine-1-yl]-phenyl-
methanone (28).
~"  Yellow solid; yield: 81%: mp: 222-224 °C; *H NMR (400 MHz, CDCl5): 5 = 8.33 (d,

N

S

N

@\{ 1H, J = 8.24 Hz, ArH), 8.13 (d, 3H, J = 8.24 Hz, ArH), 7.71 (d, 1H, J = 7.32 Hz,
¥ ArH), 7.64-7.56 (m, 2H, ArH), 7.54-7.48 (m, 3H, ArH), 7.46 (s, 1H, ArH); **C NMR
§ (100 MHz, CDCl3): 6 =172.8, 171.9, 169.5, 165.9, 142.2, 141.7, 135.6, 134.7, 133.8,
132.0, 131.9, 130.1, 129.1, 128.8, 128.4, 127.3, 122.8, 120.5, 114.5; MS (ESI), m/z: 418.0
(M*+1); Anal. Calcd for CxH12BrNsO: C, 57.43; H, 2.89; N, 16.74, Found: C, 57.55; H, 2.87; N,
16.78.
[3-(5-Bromo-3H-imidazo[4,5-b]pyridine-2-yl)-pyrrolo[2,3-b]pyridine-1-yl]-(4-nitro-phenyl)-
methanone (29).
~*  Yellow solid; yield: 79%; mp: 249-251 °C; *H NMR (400 MHz, CDCl3): § = 8.52

=~

N

@:\?NH (d, 2H, J = 7.82 Hz, ArH), 8.38 (d, 2H, J = 8.72 Hz, ArH), 8.29-8.22 (m, 3H, ArH),

N 7.93 (t, 1H, J = 8.24 Hz, ArH), 7.77 (d, 1H, J = 7.80 Hz, ArH), 7.64 (t, 1H, J =7.80
ﬁ Hz, ArH); *C NMR (100 MHz, CDCl5): & = 162.0, 153.8, 148.3, 142.8, 133.6,
131.2, 129.8, 128.3, 127.0, 126.1, 124.5, 122.3, 121.3, 118.6, 117.5, 110.9 (ArH); MS (ESI),
m/z: 463.0 (M*+1); Anal. Calcd for CyH1:BrNgOs: C, 51.85; H, 2.39; N, 18.14, Found: C,
51.94; H, 2.38; N, 18.18.
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[3-(5-Bromo-3H-imidazo[4,5-b]pyridine-2-yl)-pyrrolo[2,3-b]pyridine-1-yl]-(4-fluoro-
phenyl)-methanone (30).
Q Yellow solid; yield: 77%; mp: 209-211 °C; *H NMR (400 MHz, CDCl;): 5 = 8.34
F}( (t, 1H, J = 5.52 Hz, ArH), 8.25 (d, 1H, J = 7.80 Hz, ArH), 8.15 (d, 2H, J = 5.52
;@O Hz, ArH), 7.85 (t, 1H, J = 6.88 Hz, ArH), 7.69 (d, 1H, J = 7.80 Hz, ArH), 7.54 (t,
1H, J = 7.80 Hz, ArH), 7.22-7.13 (m, 3H, ArH); *C NMR (100 MHz, CDCls): &
= 166.8, 164.2, 159.3, 156.1, 146.8, 136.6, 130.7, 130.6, 128.6, 128.2, 127.1, 126.3, 116.7,
116.0, 115.8 (ArH); MS (ESI), m/z: 436.0 (M*+1); Anal. Calcd for CyH11BrFNsO: C, 55.07; H,
2.54; N, 16.05, Found: C, 55.17; H, 2.52; N, 16.09.
[3-(5-Bromo-3H-imidazo[4,5-b]pyridine-2-yl)-pyrrolo[2,3-b]pyridine-1-yl]-(4-methoxy-
phenyl)-methanone (31).
~"  Yellow solid; yield: 74%; mp: 199-201 °C; *H NMR (400 MHz, CDCly): § = 8.27
&NH (d, 2H, J = 8.68 Hz, ArH), 8.07 (d, 2H, J = 6.88 Hz, ArH), 7.82 (t, 1H, J = 6.40 Hz,
Ly _ ArH), 7.66 (d, 1H, J = 8.24 Hz, ArH), 7.49 (t, 1H, J = 6.64 Hz, ArH), 7.01 (d, 1H, J
ﬁ =9.16 Hz, ArH), 6.95 (d, 2H, J = 7.36 Hz, ArH), 3.87 (s, 3H, OCHs); **C NMR
(100 MHz, CDCl3): 6 = 171.1, 163.9, 163.2, 159.7, 157.0, 147.2, 136.4, 132.2, 130.2, 128.5,
127.6, 126.8, 122.4, 121.6, 116.6, 114.0, 113.6 (ArH), 55.4 (OCHz3); MS (ESI), m/z: 448.0
(M*+1); Anal. Calcd for C,;H14BrNsO,: C, 56.27; H, 3.15; N, 15.62, Found: C, 56.37; H, 3.13;
N, 15.65.
1-[3-(5-Bromo-3H-imidazo[4,5-b]pyridine-2-yl)-pyrrolo[2,3-b]pyridine-1-yl]-2-chloro-
ethanone (32).

“1" White solid; yield: 72%; mp: 229-231 °C; *H NMR (400 MHz, CDCl3): § = 12.20
M (bs, NH, ArH), 8.69 (d, 2H, J = 8.28 Hz, ArH), 8.12 (d, 1H, J = 1.80 Hz, ArH), 8.10
Ao (d, 1H, J = 1.36 Hz, ArH), 7.58 (t, 1H, J = 7.32 Hz. ArH), 7.17 (t, 1H, J = 7.32 Hz,
ArH), 4.21 (s, 2H, CH,); *C NMR (100 MHz, CDCly): § = 172.7, 161.4, 153.9,
146.6, 140.6, 133.7, 133.0, 127.5, 126.2, 124.7, 122.4, 121.4, 119.7, 117.4, 111.3 (ArH), 42.0
(CH,); MS (ESI), m/z: 390.0 (M*+1); Anal. Calcd for CisHoBrCINsO: C, 46.12; H, 2.32; N,
17.93, Found: C, 46.39; H, 2.31; N, 18.04.
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2-(1-Benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-5-bromo-3H-imidazo[4,5-b]pyridine (33a).
~* Yellow solid; yield: 34%; mp: 169-171 °C; *"H NMR (400 MHz, CDCls): & = 8.00

N

=~

N

@\( (d, 1H, J = 1.84 Hz, ArH), 7.63 (d, 1H, J = 8.68 Hz, ArH), 7.51 (s, 1H, ArH), 7.31-

NN 7.28 (m, 4H, ArH), 7.06 (d, 3H, J = 8.24 Hz, ArH), 6.95 (d, 1H, J = 8.68 Hz, ArH),

©) 5.29 (s, 2H, N-CH,); *C NMR (100 MHz, CDCls): & = 159.8, 157.0, 147.2, 136.4,
132.2, 130.2, 128.5, 127.6, 126.8, 122.4, 116.6, 114.0, 113.6 (ArH), 55.4 (N-CH,); MS (ESI),
m/z: 404.0 (M*+1); Anal. Calcd for CyHw4BrNs: C, 59.42; H, 3.49; N, 17.32, Found: C, 59.55;
H, 3.47; N, 17.36.
3-Benzyl-2-(1-benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl)-5-bromo-3H-imidazo[4,5-b]pyridine
(33b).

~~"  Yellow solid; yield: 69%; mp: 182-184 °C; 'H NMR (400 MHz, CDCls): § = 8.36

N

(\I\@v@ (d, 1H, J = 7.80 Hz, ArH), 7.81 (d, 1H, J = 3.68 Hz, ArH), 7.65-7.60 (m, 1H, ArH),
?dj 7.55-7.51 (m, 1H, ArH), 7.30-7.28 (m, 4H, ArH), 7.21-7.14 (m, 2H, ArH), 7.09-7.04
(m, 3H, ArH), 6.99 (d, 1H, J = 1.80 Hz, ArH), 6.94 (d, 1H, J = 8.72 Hz, ArH), 6.87-
6.84 (m, 1H, ArH), 5.31 (s, 2H, N-CH,), 5.19 (s, 2H, N-CH,); **C NMR (100 MHz, CDCls): & =
149.1, 147.1, 146.1, 145.8, 145.6, 143.6, 143.3, 138.0, 129.6, 129.2, 120.7, 120.4, 118.6, 117.9,
117.1, 110.0, 109.9, 107.0 (ArH), 54.6 (N-CH,), 41.8 (N-CHy); MS (ESI), m/z: 494.0 (M*+1);
Anal. Calcd for Co7H,0BrNs: C, 65.59; H, 4.08; N, 14.17, Found: C, 65.72; H, 4.05; N, 14.19.
5-Bromo-2-[1-(4-chloro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-imidazo[4,5-b]pyridine
(34a).
~"  Yellow solid; yield: 26%; mp: 157-159 °C; 'H NMR (400 MHz, CDCls): & = 8.85
“owo(d, 1H, J = 7.36 Hz, ArH), 8.39 (s, 1H, ArH), 8.11 (bs, 1H, NH), 8.05 (d, 1H, J =
@g 8.28 Hz, ArH), 8.01 (s, 1H, ArH), 7.88 (d, 1H, J = 8.24 Hz, ArH), 7.49-7.44 (m, 3H,
ﬁ ArH), 7.37-7.30 (m, 2H, ArH) 5.17 (s, 2H, N-CH,): *C NMR (100 MHz, CDCls):

d = 163.3, 154.3, 150.1, 147.6, 133.6, 133.4, 130.9, 130.0, 125.7, 123.7, 121.7, 121.2, 120.6,
112.0 (ArH), 54.8 (N-CH,); MS (ESI), m/z: 438.0 (M*+1); Anal. Calcd for CyH13BrCINs: C,
54.75; H, 2.99; N, 15.96, Found: C, 54.91; H, 2.97; N, 16.01.
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5-Bromo-3-(4-chloro-benzyl)-2-[1-(4-chloro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-
imidazo[4,5-b]pyridine (34b).

Q Yellow solid; yield: 69%; mp: 179-181 °C; *H NMR (400 MHz, CDCl; . DMSO-
@A{“@ de): 6 =9.20 (d, 1H, J = 6.88 Hz, ArH), 8.94 (s, 1H, ArH), 7.68 (d, 1H, J = 5.48

\
de Hz, ArH), 7.54 (d, 1H, J = 1.36 Hz, ArH), 7.50-7.47 (m, 2H, ArH), 7.41-7.35 (m,
: 7H, ArH), 7.12 (t, 1H, J = 6.44 Hz, ArH), 5.98 (s, 2H, N-CH,), 5.84 (s, 2H, N-
CHy); *C NMR (100 MHz, CDCls): & = 159.9, 155.2, 153.5, 147.4, 141.0, 134.9, 134.7, 132.7,
131.6, 130.4, 129.3, 128.9, 128.1, 127.6, 127.5, 127.0, 126.2, 123.6, 120.6, 118.9, 113.8, 113.2,
110.9 (ArH), 55.1 (N-CH,), 47.2 (N-CH,); MS (ESI), m/z: 563.2 (M*+1); Anal. Calcd for
Co7H18BrCl;Ns: C, 57.57; H, 3.22; N, 12.43, Found: C, 57.75; H, 3.20; N, 12.47.
5-Bromo-2-[1-(3-chloro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-imidazo[4,5-b]pyridine
(35a).

~"  Yellow solid; yield: 23%; mp: 209-211 °C; *"H NMR (400 MHz, CDCls): & = 8.32
ﬁ\(”“ (d, 1H, J =4.52 Hz, ArH), 7.93 (s, 1H, ArH), 7.82-7.80 (m, 1H, ArH), 7.72 (g, 1H, J
Q; = 7.80 Hz, ArH), 7.46-7.44 (m, 1H, ArH), 7.34 (s, 1H, ArH), 7.30-7.27 (m, 3H,

ArH), 7.07-7.03 (m, 1H, ArH), 6.50 (bs, 1H, NH), 5.51 (s, 2H, N-CH,); *C NMR

(100 MHz, CDCls): 6 = 149.2, 148.9, 147.1, 146.1, 145.6, 138.5, 133.4, 130.8, 129.6, 129.2,
120.7, 118.6, 117.3, 117.1, 110.0, 109.9, 107.5 (ArH), 54.6 (N-CH,); MS (ESI), m/z: 438.0
(M*+1); Anal. Calcd for CH13BrCINs: C, 54.75; H, 2.99; N, 15.96, Found: C, 54.81; H, 2.91;
N, 15.85.
5-Bromo-3-(3-chloro-benzyl)-2-[1-(3-chloro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-
imidazo[4,5-b]pyridine (35b).

Q Yellow solid; yield: 62%; mp: 259-261 °C; 'H NMR (400 MHz, CDCly): § = 7.61
@gﬁ (d, 2H, J = 8.68 Hz, ArH), 7.43-7.40 (m, 2H, ArH), 7.33-7.27 (m, 3H, ArH), 7.24-

7.12 (m, 3H, ArH), 7.02-7.00 (m, 2H, ArH), 6.95 (d, 2H, J = 8.24 Hz, ArH), 5.18 (s,

2H, N-CH,), 5.06 (s, 2H, N-CH,); *C NMR (100 MHz, CDCls): & = 162.4, 152.7,

N

142.4, 139.2, 135.5, 132.8, 132.6, 132.0, 129.2, 129.0, 127.9, 127.4, 126.7, 126.2, 122.5, 121.5,
117.0, 113.9, 111.9, 109.4, 55.3 (N-CH,), 47.1 (N-CH,); MS (ESI), m/z: 563.2 (M*+1); Anal.
Calcd for Co7H1gBrCIoNs: C, 57.57; H, 3.22: N, 12.43, Found: C, 57.72; H, 3.15; N, 12.39.
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5-Bromo-2-[1-(2-chloro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-imidazo[4,5-b]pyridine
(36a).
~"  Yellow solid; yield: 19%; mp: 169-171 °C; *H NMR (400 MHz, CDCls): & = 9.10

N

=

ﬁ§ (d, 1H, J = 8.24 Hz, ArH), 9.01-8.97 (m, 2H, ArH), 8.95 (d, 1H, J = 7.32 Hz, ArH),
NN 8.56 (t, 2H, J = 7.32 Hz, ArH), 8.43 (t, 2H, J = 8.24 Hz, ArH), 7.84-7.80 (m, 2H,
dm ArH), 5.27 (s, 2H, N-CH,); *C NMR (100 MHz, CDCl;+ TFA): § = 140.2, 140.1,
138.1, 137.1, 137.0, 136.6, 131.1, 129.4, 128.7, 123.1, 122.6, 119.5, 118.5, 117.9, 116.1, 115.6,
113.2, 112.8, 110.0, 105.0 (ArH), 51.2 (N-CH,); EIMS, m/z: 438.0 (M*+1); Anal. Calcd for
Ca0H13BrCINs: C, 54.75; H, 2.99; N, 15.96, Found: C, 54.78; H, 2.93; N, 16.20.
5-Bromo-3-(2-chloro-benzyl)-2-[1-(2-chloro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-
imidazo[4,5-b]pyridine (36Db).
™ Yellow solid; yield: 61%; mp: 194-196 °C; *H NMR (400 MHz, CDCls+ DMSO-
N \NVQ de): 6 = 7.64 (d, 2H, J = 8.68 Hz, ArH), 7.59 (s, 2H, ArH), 7.52-7.43 (m, 4H,
Ly ArH), 7.31-7.25 (m, 1H, ArH), 7.15 (d, 2H, J = 5.96 Hz, ArH), 7.03 (d, 1H, J =
dc' 4.56 Hz, ArH), 6.91-6.90 (m, 2H, ArH), 5.28 (s, 2H, N-CH,), 5.08 (s, 2H, N-CH,):
3¢ NMR (100 MHz, CDCls): 6 = 149.2, 148.9, 147.1, 146.1, 145.6, 130.8, 129.6, 129.2, 120.7,
118.6, 117.1, 110.0, 109.9, 107.5 (ArH), 54.6 (N-CH,), 41.8 (N-CH,); MS (ESI), m/z: 563.2
(M*+1); Anal. Calcd for C;H1gBrCIoNs: C, 57.57; H, 3.22; N, 12.43, Found: C, 57.81; H, 3.21;
N, 12.53.
5-Bromo-2-[1-(4-fluoro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-imidazo[4,5-b]pyridine
(37a).
~"  Yellow solid; yield: 33%; mp: 189-191 °C; *H NMR (400 MHz, CDCls): & = 7.98 (s,
" 1H, ArH), 7.61 (d, 1H, J = 8.24 Hz, ArH), 7.46 (s, 1H, ArH), 7.32-7.28 (m, 3H,
NN ArH), 7.05 (d, 3H, J = 6.84 Hz, ArH), 6.95 (d, 1H, J = 8.72 Hz, ArH), 5.29 (s, 2H,
d N-CH,); *C NMR (100 MHz, CDCls): & = 152.6, 142.1, 135.6, 133.4, 133.1, 132.7,
1325, 129.1, 128.2, 128.1, 126.3, 116.9, 110.8, 109.5 (ArH), 47.3 (N-CH,); MS (ESI), m/z:
422.2 (M*+1); Anal. Calcd for CyH13BrFNs: C, 56.89; H, 3.10; N, 16.59, Found: C, 56.71; H,
3.19; N, 16.51.
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5-Bromo-3-(4-fluoro-benzyl)-2-[1-(4-fluoro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-
imidazo[4,5-b]pyridine (37b).

Q Yellow solid; yield: 61%; mp: 219-221 °C; *H NMR (400 MHz, CDCl; + DMSO-
Q{v@ dg): & =7.79-7.70 (m, 1H, ArH), 7.59-7.57 (m, 2H, ArH), 7.48 (d, 2H, J = 8.72 Hz,
B ArH), 7.35 (d, 1H, J = 7.32 Hz, ArH), 7.27-7.20 (m, 4H, ArH), 6.98-6.88 (m, 4H,
. ArH), 5.32 (s, 2H, N-CHy), 5.16 (s, 2H, N-CH,); **C NMR (100 MHz, CDCl3): &

= 164.9, 164.3, 151.8, 138.6, 135.9, 135.7, 135.0, 134.2, 129.1, 127.9, 126.0, 122.1, 119.0,
115.4, 115.2 (ArH), 54.7 (N-CH,), 46.8 (N-CH,); MS (ESI), m/z: 530.3 (M*+1); Anal. Calcd for
Co7H18BrF:Ns: C, 61.14; H, 3.42; N, 13.20, Found: C, 61.19; H, 3.48; N, 13.11.
5-Bromo-2-[1-(2-fluoro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-imidazo[4,5-b]pyridine
(38a).

Q Yellow solid; yield: 32%; mp: 219-221 °C; *H NMR (400 MHz, CDCls): 6 =8.13 (s,
ﬁ:g 1H, ArH), 7.72 (s, 1H, ArH), 7.51 (d, 1H, J = 8.24 Hz, ArH), 7.28-7.26 (m, 3H,

N

(. ArH),7.12(d, 1H, ] = 8.28 Hz, ArH), 7.02 (d, 3H, J = 7.36 Hz, ArH), 5.26 (5, 2H,

z

CH,); *C NMR (100 MHz, CDCls): & = 153.2, 142.9, 135.6, 133.9, 132.8, 129.8, 129.7, 129.5,
129.2, 128.2, 128.2, 126.3, 122.4, 120.8, 115.7, 109.4, 47.4 (CH,); EIMS, m/z: 422.2 (M"+1);
Anal. Calcd for CyoH13BrFNs: C, 56.89; H, 3.10; N, 16.59, Found: C, 57.00; H, 3.08; N, 16.62.
5-Bromo-3-(2-fluoro-benzyl)-2-[1-(2-fluoro-benzyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-3H-
imidazo[4,5-b]pyridine (38b).

at Yellow solid; yield: 58%; mp: 229-231 °C; 'H NMR (400 MHz, CDCly): § = 7.60
@g@ (d, 2H, J = 8.72 Hz, ArH), 7.46-7.42 (m, 3H, ArH), 7.34 (d, 1H, J = 3.20 Hz, ArH),
) 7.29-7.28 (m, 2H, ArH), 7.21 (s, 1H, ArH), 7.16-7.13 (m, 1H, ArH), 7.01-7.00 (m,

2H, ArH), 6.97-6.91 (m, 2H, ArH), 5.60 (s, 2H, N-CH,), 5.20 (s, 2H, N-CH,); **C

NMR (100 MHz, CDCls3): 6 = 162.8, 159.9, 153.5, 147.4, 134.9, 132.7, 130.4, 128.9, 128.1,
127.5, 127.0, 126.2, 123.6, 118.9, 113.2, 110.9 (ArH), 55.1 (N-CH,), 47.2 (N-CH,); MS (ESI),
m/z: 530.3 (M*+1); Anal. Calcd for Co7H1sBrFoNs: C, 61.14; H, 3.42; N, 13.20, Found: C, 61.16;
H, 3.33; N, 13.13.

General procedure for synthesis of compounds (39-44).

E

To a stirred solution of 5-bromo-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-3H-imidazo[4,5-b]pyridine
(6) (0.200 g, 0.6 mmol) in 1,4-dioxane (20 mL), arylboronic acid (0.7 mmol), Pd(PPhs), (10

mol%) and cesium carbonate (0.076g, 0.9 mmol) were added and refluxed for 8 h in an inert
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atmosphere. After completion of reaction, extracted the reaction mixture with chloroform, dried
over Na,SOq, filtered and concentrated to get crude product which was purified through column
chromatography using chloroform:methanol (50:1) as eluents afforded compounds 39-44.
5-Phenyl-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-3H-imidazo[4,5-b]pyridine (39).

White solid; yield: 86%; mp: 122-124 °C; *H NMR (400 MHz, CDCls): & = 8.14 (d,
\/\ N 3H, J = 8.00 Hz, ArH), 7.79 (d, 3H, J = 8.68 Hz, ArH), 7.59-7.57 (m, 3H, ArH,
@( NH), 7.23-7.20 (m, 3H, ArH); *C NMR (100 MHz, CDCls): & = 168.4, 167.4,

154.0, 140.3,134.8, 129.4, 129.3, 128.4, 126.3, 125.0, 122.9, 121.5, 119.6; MS

(ESI), m/z: 311.1 (M*+1); Anal. Calcd for Ci9H13Ns: C, 73.30; H, 4.21; N, 22.49, Found: C,
73.31; H, 4.18; N, 22.50.
5-(4-Methoxy-phenyl)-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-3H-imidazo[4,5-b]pyridine (40).
™ White solid; yield: 82%; mp: 149-151 °C; 'H NMR (400 MHz, CDCls): & = 7.98
S (d, 1H, J = 8.72 Hz, ArH), 7.73 (d, 2H, J = 8.68 Hz, ArH), 7.68 (d, 2H, J = 8.24
Hz, ArH), 7.53-7.50 (m, 2H, ArH), 7.30 (bs, 1H, NH), 7.25 (s, 1H, ArH), 7.06 (t,
2H, J = 9.16 Hz, ArH), 3.97 (s, 3H, OCHj); *C NMR (100 MHz, CDCl; +
DMSO- dg): & = 168.9, 168.6, 165.3, 164.9, 150.2, 140.8, 139.6, 136.5, 133.3, 130.7, 126.9,
122.3, 122.0, 121.0, 119.0, 118.8, 113.8 (ArH), 62.0 (OCHj3); MS (ESI), m/z: 341.1 (M"+1);
Anal. Calcd for CyoH1sNsO: C, 70.37; H, 4.43; N, 20.52, Found: C, 70.38; H, 4.39; N, 20.52.
5-(2-Methoxy-phenyl)-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-3H-imidazo[4,5-b]pyridine (41).
White solid; yield: 79%; mp: 129-131 °C; *H NMR (400 MHz, CDCls): § = 7.92 (d,
N ™ 2H, J = 6.84 Hz, ArH), 7.69-7.64 (m, 2H, ArH), 7.52 (d, 2H, J = 5.96 Hz, ArH),
@g 7.45-7.43 (m, 3H, ArH, NH), 7.21 (s, 1H, ArH), 6.96 (t, 1H, J = 8.24 Hz, ArH), 3.85
H (s, 3H, OCHa); 3C NMR (100 MHz, CDCls): § = 163.2, 159.7, 157.0, 147.2, 136.4,
132.2, 130.2, 128.5, 127.6, 126.8, 122.4, 116.6, 114.0, 113.6 (ArH), 55.4 (OCHz3); MS (ESI),
m/z: 341.1 (M*+1); Anal. Calcd for Co0H15Ns0: C, 70.37; H, 4.43; N, 20.52, Found: C, 70.49; H,
4.35; N, 20.50.
5-(4-Fluoro-phenyl)-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-3H-imidazo[4,5-b]pyridine (42).
" White solid; yield: 78%; mp: 111-113 °C; *H NMR (400 MHz, CDCl3): & = 8.96 (d,
N 1H, J = 8.24 Hz, ArH), 8.17-8.15 (m, 2H, ArH, NH), 8.03 (d, 2H, J = 7.32 Hz,
@\( ArH), 7.66 (t, 1H, J = 7.80 Hz, ArH), 7.56-7.48 (m, 3H, ArH), 7.17 (d, 2H, J = 7.36
: Hz, ArH); *C NMR (100 MHz, CDCl5): & = 153.8, 148.3, 142.8, 133.6, 131.2,
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129.8, 128.3, 127.0, 126.1, 124.5, 122.3, 121.3, 118.6, 117.5, 110.9 (ArH); MS (ESI), m/z: 329.1
(M*+1); Anal. Calcd for CigH1,FNs: C, 69.29; H, 3.67; N, 21.27, Found: C, 69.30; H, 3.64; N,
21.27.
5-(4-Chloro-phenyl)-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-3H-imidazo[4,5-b]pyridine (43).
“ White solid; yield: 77%; mp: 159-161 °C; *H NMR (400 MHz, CDCl; + DMSO-
N/\\N de): 6 = 8.10 (d, 3H, J = 8.24 Hz, ArH), 8.05 (s, 1H, ArH), 7.75 (d, 2H, J = 8.72
@\( Hz, ArH), 7.56-7.54 (m, 3H, ArH, NH), 7.18 (d, 1H, J = 5.96 Hz, ArH), 7.16 (d,
o 1H, J = 5.96 Hz, ArH); *C NMR (100 MHz, CDCl; + DMSO-dg): & = 149.9,
146.6, 142.2, 141.7, 136.5, 136.4, 127.8, 127.6, 125.3, 124.6, 120.3, 119.5, 119.3, 115.6, 114.3,
113.0, 102.9; MS (ESI), m/z: 345.7 (M*+1); Anal. Calcd for C1gH1,CINs: C, 66.00; H, 3.50; N,
20.25, Found: C, 65.89; H, 3.47; N, 20.20.
2-(1H-Pyrrolo[2,3-b]pyridine-3-yl)-5-(4-trifluoromethyl-phenyl)-3H-imidazo[4,5-b]pyridine
(44).
“ White solid; yield: 70%; mp: 149-151 °C; *H NMR (400 MHz, CDCl3): & = 8.85 (d,
N 1H, J = 7.80 Hz, ArH), 8.45 (d, 1H, J = 3.68 Hz, ArH), 8.11 (s, 1H, ArH), 8.06 (d,
@(@ 2H, J = 8.24 Hz, ArH), 7.90 (d, 1H, J = 7.80 Hz, ArH), 7.50 (t, 2H, J = 7.32 Hz,
/ ArH), 7.37-7.32 (m, 3H, ArH, NH); **C NMR (100 MHz, CDCls): = 161.4,

153.9, 146.6, 140.6, 133.7, 133.6, 133.4, 133.0, 127.5, 126.2, 124.9, 124.7, 124.5, 122.4, 121.4,
119.7, 117.4, 111.3, 111.1 (ArH); MS (ESI), m/z: 379.3 (M*+1); Anal. Calcd for CooH12FsNs: C,
63.32; H, 3.19; N, 18.46, Found: C, 63.30; H, 3.16; N, 18.25.

3.2. QUINAZOLINONE

3.2.1. INTRODUCTION

Quinazolin-4-one exists as a privileged structure in many pharmaceutical molecules and

130 131 132 133
l, I, l,

antibacteria antimalaria
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biologically active compounds,
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such as antifunga

I 135 6

antivira antimycobacteria antiinflammatory,*® antioxidant,**" and anticancer.’® The
substitution pattern and spatial considerations of the m-systems with quinazolin-4-one nucleus
proved to be critical for DHFR inhibition. Free radicals and oxygen derivatives can easily react
with most biological molecules, including proteins, lipids, lipoproteins, and DNA,; they can be

responsible for wide range of human conditions, such as arthritis, hemorrhagic shock, coronary
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artery diseases, cancer, AIDS, and age-related degenerative brain diseases.**® Hence, there is a
constant need for searching new and effective therapeutic agents. DNA and proteins are the most

abundant macromolecules in cells and are crucial in maintaining normal cell functions.
OBJECTIVE

A novel series of quinazolin-4-one analogs was designed bearing benzimidazol-yl-amine at 3-
position as hydrophobic z-system regions and substituting phenyl or phenyl functions with
electron withdrawing and electron donating groups at 2-position of quinazolin-4-one as isosteres
of the prototypes to explore the scope of this class as DHFR inhibitors as well as for ct-DNA and

BSA interactions.

3.2.2. CHEMISTRY

The synthetic strategy to prepare the quinazolin-4-one benzimidazole conjugates (14-25) is
depicted in Scheme 2. Anthranilic acid was reacted with aromatic and aliphatic acyl chlorides in
the presence of triethylamine in chloroform at room temperature for 2 h to get compounds 1-6
followed by cyclization through dehydrative cyclization mechanism, in the presence of pyridine
in ethanol at 70-80 °C for 8 h to obtain 2-aryl/methyl-4H-benzo[d][1,3]oxazin-4-one (7-12). 1-
Benzyl-2-methyl-1H-benzimidazol-5-ylamine (13a) and 3-benzyl-2-methyl-3H-benzimidazol-5-
ylamine (13b) were synthesized by refluxing of 2-methyl-5-nitro-1H-benzimidazole with benzyl
chloride in the presence of K,COj3 in ethanol for 8 h followed by reduction with SnCl,.2H,0 in
2N HCI. Finally, 1/3-benzyl-2-methyl-1H/3H-benzimidazol-5-ylamine (13a and 13b) and 2-
aryl/methyl-4H-benzo[d][1,3]oxazin-4-one (7-12) were refluxed in ethanol in the presence of
pyridine for 4 h to afford corresponding 3-(1/3-benzyl-2-methyl-1H/3H-benzimidazol-5-yl)-2-
aryl/methyl-3H-quinazolin-4-one (14-25) in 68-80% vyield (Table 5). 'H NMR spectrum of
compound 14 showed 3H singlet at & 2.57 of CH3; 2H singlet at 6 5.32 of benzyl-CH,, 2H
doublet at & 7.05, 3H, 3H and 5H multiplets at 6 8.02, 7.34 and & 7.53, three 1H doublets at &
8.73, 7.23 and 7.07, and 1H singlet at & 8.65 of aromatic-H. *C NMR spectrum also showed the
peaks at 6 13.4 of CH3 6 47.2 of benzyl-CH, and 6 162.1 of carbonyl of quinazolin-4-one. The
probable mechanism of the reaction involves the ring opening of 2-aryl/methyl-4H-
benzo[d][1,3]oxazin-4-one (7-12) by the attack of substituted 1/3-benzyl-2-methyl-1H/3H-
benzimidazol-5-ylamine, followed by removal of water molecule to close the ring. The above
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reaction was also attempted in the presence of glacial acetic acid but desired product was not
formed, instead, N-(1/3-benzyl-2-methyl-1H/3H-benzimidazol-5-yl)-acetamide was obtained.
These synthesized compounds were further evaluated for their DHFR immunoassay as well as
DNA intercalations and BSA bindings.

Scheme 2°. Synthesis of quinazolinone-benzimidazole conjugates.

COOH coon o] 14-19 R = 14; phenyl
@[ (0] (ii) o (iti) 15; 4-fluorophenyl
NH NH )\ 16; 4-chlorophenyl
Me

2 7
o N R 17; 4-nitrophenyl
1-6 7-12 (i) 18; 4-methoxypheny!
N7 19; methyl
N N .
\>*Me o) 20; phenyl
HON N 21; 4fluorophenyl
z )N\ 22; 4-chlorophenyl
N/ R 23; 4-nitrophenyl

24; 4-methoxyphenyl

13b 20-25 25; methyl

*Reagents and conditions: (i) RCOCI, triethylamine, CHCI;, room temperature, 78-89%; (ii) pyridine,
ethanol, 70-80 °C, 90%; (iii) 13a/13b, pyridine, ethanol, reflux, 68-80%.

Table 5. Physicochemical properties and DHFR activities of synthesized compounds 14-25.

Compd Benzimidazole R mp (°C) % Yields Molecular I1Csp (UM)
formulae
14 13a phenyl 182-184 76 CyH2N,O 0.011
15 13a 4-fluorophenyl 164-166 74 Cy9H»FN,O 0.034
16 13a 4-chlorophenyl 161-163 71 CyH,;CIN,O -
17 13a 4-nitrophenyl 214-216 69 CaoH»N504 0.532
18 13a 4-methoxyphenyl 149-151 69 C3oH24N40, -
19 13a methyl 112-114 80 CasHyN,O 27.62
20 13b phenyl 175-177 75 CaoH»,N,O 1.075
21 13b 4-fluorophenyl 158-160 72 CaH2FN,O 0.095
22 13b 4-chlorophenyl 167-169 72 CyH,:CIN,O -
23 13b 4-nitrophenyl 234-236 71 CaoH»N5O5 -
24 13b 4-methoxyphenyl 163-165 68 CzoH2N,4O, -
25 13b methyl 121-123 79 Cy4H»oN,O 13.84

3.2.3. BIOLOGY

3.2.3.1. Dihydrofolate Reductase Inhibition and Structure-Activity Relationship

In the present investigation, two groups of quinazolin-4-one analogous were synthesized; differ
in the types of benzimidazole, attached at C2-position. These compounds were evaluated as

DHFR inhibitors using DHFR inhibitory assay kit using methotrexate (MTX), as a positive
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control. The obtained results are shown in table 5 that revealed effective inhibition of the
dihydrofolate reductase enzyme, with ICsy values ranging from 0.011 pM to 27.62 M.
Structure-activity relationship (SAR) studies indicated that different substitution on the aromatic
ring, exerted varied DHFR activity. 1-Benzyl-2-methyl-1H-benzimidazol-5-ylamine (14-19) and
3-benzyl-2-methyl-3H-benzimidazol-5-ylamine (20-25) functions affected the magnitude of
DHFR inhibition. By introducing different substituents at C2-position of quinazoline ring, the
order of activity proved to be; phenyl (14, 1Csy = 0.011 pM) > 4-fluorophenyl (15, ICsp = 0.034
UM) > 4-nitrophenyl (17, 1Cso = 0.532 uM) > methyl (19, ICsp = 27.62 uM). The 4-chlorophenyl
(16) and 4-methoxyphenyl (18) at C-2 position of quinazolin-4-one did not exert any DHFR
inhibitory activity. In the 3-benzyl-2-methyl-3H-benzimidazol-5-ylamine series, the presence of
phenyl ring, as in case of 20 with 1Csy = 1.075 puM, showed tenfold decrease in activity
compared to its analogue 14. Replacing the phenyl group 20 with 4-fluorophenyl group,
produced 21 with ICsy = 0.095 uM with slightly increase in activity. While replacing the phenyl
group with methyl group, as in case of 25 with 1Csy = 13.84 uM, decreased thirteen fold DHFR
activity. Thus, it has been observed that quinazolin-4-one and benzimidazole conjugates 14 gave
comparable or even superior dihydrofolate reductase enzyme inhibitory activity (ICso = 0.011
uM) to methotrexate with 1Cso value of 0.020 uM. These results demonstrated the great effects
of functional groups on phenyl ring at C2 position of quinazolin-4-one on biological activities,
indicated that electron withdrawing chloro or nitro groups and electron donating methoxy group
have detrimental effect on the activity of compounds.

3.2.3.2. Interactions of Compound 14 with Calf Thymus DNA

The binding studies of small molecules with DNA are important and helpful for developing
novel and more efficient drugs, which are attracting considerable attention in biomedical science.
Thus, the binding behavior of active compound 14 with calf thymus (ct)-DNA was studied on the
molecular level by UV-visible and fluorescence spectroscopic methods.

In absorption spectroscopy, hypochromism and hyperchromism are very important spectral
features to know the changes in DNA double-helical structure.’*® Due to the strong interactions
between the electronic states of the intercalating chromophore and DNA bases; the change in
absorption strongly suggests a close proximity of the aromatic chromophore to the DNA bases.
We, therefore, investigated the binding of the most active compound 14 at fixed concentration
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(25 uM and pH = 7.0) towards ct-DNA with stepwise addition of DNA into it. As shown in
figure 5a, compound 14 (25 uM) showed absorption maxima at 258 nm. With incremental
addition of ct-DNA to the solution of compound 14, decrease in the absorption intensity at 258
nm was observed with concomitant formation of new band at Amax 307 nm. This was attributed to
the formation of compound 14.DNA complex. An isobestic point at about 273 nm, revealed that
different species are in equilibrium and there is no stepwise formation of the complexed species.
Upon incremental addition of ct-DNA, tailing in absorption intensity between 350nm and 800
nm was observed which indicated the possibility of aggregation in the presence of DNA.

300 -
0.8
5
A

247 347 447 547 647 747 330 380 430 480 530 580
Wavelength (nm) Wavelength (nm)

Figure 5. Effect of addition of ct-DNA on (a) absorption and (b) emission spectra of compound
14 (25 uM, pH 7.0) in phosphate buffer.

Compound 14 on excitation at 330 nm showed an emission band at 411 nm. Upon incremental
addition of ct-DNA (0-5.5 puM) to compound 14, emission at 411 nm quenched and led to
formation of new emission band at 365 nm (Figure 5b). The binding constant K, for ligand—DNA
binding was determined from the Benesi-Hildebrand equation-2® for UV-visible and

fluorescence titrations that suggested strong interactions with ct-DNA.

1/(As— Adbs) = L/(As — Arc) + {I/[K(As - Arc)]}[DNA]  ------ 2

where K is the binding constant, A; is the absorbance of the free host, Aqps IS the absorbance
observed, and Ay is the absorbance at saturation. The plot of 1/(As— Aobs) Versus 1/[DNA] was
constructed using the titration data and linear fitting, yielding the binding constant, 3.91 x 10*
M through absorption titration and 9.08 x 10* M through emission titration.

The binding of ligand to nucleic acids of DNA may possibly induced conformational changes
depending upon the strength and mode of its interaction with nucleic acids. In order to evaluate

strength of interaction of compound with DNA, the thermal behavior of ct-DNA in the presence
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of compound 14 was also determined. An increase of 15.0 °C in thermal melting temperature of
ct-DNA (67.7 °C) in the presence of compound 14 (82.7 °C) also indicated strong intercalation
properties of this compound with DNA.

In order to study the interaction properties of compound 14 with DNA, ethidium bromide
(EB) was employed. The incremental addition of compound 14 to EB.DNA complex, decrease in
absorption band at 285 nm and 480 nm was observed due to formation of its complex (Figure 6a)
whereas, addition of EB to 14.DNA complex caused increase in absorption intensity at 298 nm
with slight increase at 525 nm (Figure 6b). These results clearly indicated that compound 14
intercalated into double helix of DNA by replacing EB.DNA complex. The EB.DNA complex
showed emission band at 606 nm. Upon incremental addition of compound 14 into it, decrease in
emission intensity at 606 nm was observed (Figure 7a). Compound 14.DNA complex showed the
emission band at 370 nm which on addition of EB, was decreased (Figure 7b).

(a) 0.4 -

1.2 4
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Wavelength (nm) ‘

596 53"0 36 73‘0 2;8 348 44‘;8 54;8 648 748
Wavelength (nm) Wavelength (nm)

Figure 6. (a) Effect of increasing concentrations of compound 14 on UV absorption spectra of

EB.DNA complex, and (b) effect of increasing concentrations of ethidium bromide on UV

absorption spectra of compound 14.DNA complex.
400

560 5.;0 660 6.;0 760 '7.<'0 860 325 37‘0 45,5 450 505 550
Wavelength (nm) Wavelength (nm)
Figure 7. (a) Effect of increasing concentrations of compound 14 on the emission spectra of
EB.DNA complex and (b) effect of increasing concentrations of ethidium bromide on the
emission spectra of com
pound 14.DNA complex.
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3.2.3.3. Interactions of Compound 14 with BSA

Bovine serum albumin (BSA) was chosen as a target protein molecule for studying the
interaction because of its medically important, unusual ligand-binding properties, availability,
and structural homology with Human serum albumin (1).** In order to explore the structural
changes of protein and its complex formation with drug molecule, UV-visible and fluorescence
studies were performed on compound 14 and BSA. As shown in figure 8a, absorption peak
observed at 278 nm was attributed to the aromatic rings of tryptophan (Trp-214), tyrosine (Tyr-
411) and phenylalanine (Phe) residues in BSA. Upon incremental addition of compound 14 to
the solution of BSA, a new absorption band appeared at 329 nm, indicating that compound 14
interacted with BSA by changing the environment around the mentioned amino acids by
extending the peptide strands of BSA. However, the absorption maximum remains unchanged,
implying that the interactions of compound 14 and BSA were non-covalent interactions. These
occurred via m—r stacking between the aromatic rings of compound 14 and amino acid residues.
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Figure 8. Effect of compound 14 on (a) absorption and (b) emission of BSA.

Upon excitation of BSA solution at Trp-214 absorption (290 nm), showed the emission band
at 345 nm, owing to the tryptophan (Trp), tyrosine (Tyr), and phenylalanine (Phe) residues as
shown in figure 8b.2* Incubation of BSA solution with different concentration of compound
caused a gradual enhancement in fluorescence intensity of the mixture; however, the maximum
emission wavelength of BSA remains unchanged.

On the basis of the variations in the absorption spectra of BSA upon binding to 14, the
binding constant K, for ligand-BSA binding was determined from the Benesi-Hildebrand
equation for UV-visible and fluorescence titrations that again suggested strong interaction of
compound 14 with BSA. A plot of 1/(Ar — Aobs) Vversus 1/[BSA] was constructed using the
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titration data and linear fitting, yielding the binding constant, 2.29 x 10* M at 340 nm through

absorption titration and 4.20 x 10* M™ through emission titration.

3.2.3.4. Molecular Modeling Studies

Based on in vitro DHFR enzyme inhibition studies, the most active compound 14 was selected to
evaluate the putative binding mode with amino acids in the active site of the enzyme using
molecular docking technique. We have carried out the docking studies by placing compound 14
into the binding site of target-specific region of the DHFR (PDB ID 1B0Z).*** The docked
model of compound 14 and DHFR enzyme was described in figure 9, in which compound 14 is
surrounded by side chains of various amino acids such as L131, A124, H127 and F148 indicating
that molecule is well fitted in the active pocket. The docking results revealed that the interaction
of compound 14 with DHFR for the binding site is dominated by hydrogen bonding interactions
with C6, Y156 and M125 amino acid residues.

Figure 9. Compound 14 docked in the active site of DHFR (1BOZ).
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As shown in figure 9, N1 of quinazolin-4-one of compound 14 showed hydrogen bonding
interactions with OH and NH of Y156 and M125 amino acid residues respectively of 1BOZ
(bond distance: N...HO = 2.20 A in case of tyrosine and N...HN = 2.92 A in case of
methionine). Nitrogen atom of benzimidazole of compound 14 also showed hydrogen bonding
interactions with SH of C6 amino acid residue (bond distance: N...HS = 2.10 A in case of
cysteine). Therefore, docking of compound 14 in the active site of enzyme indicated the probable

mode of action for DHFR activity.

3.2.4. CONCLUSION

The present work led to the development of novel quinazolin-4-one - benzimidazole conjugates
and some of which shown promising dihydrofolate reductase inhibitory activity. As per the
results of dihydrofolate reductase enzyme immunoassay, compound 14 exhibited significant
activity for inhibition of dihydrofolate reductase with 1Cs value of 0.011 uM. The preliminary
interactive investigations of compound 14 with calf thymus DNA by UV-visible and
fluorescence spectroscopy revealed that compound 14 was effectively intercalated with ct-DNA
to form 14.DNA complex. The binding studies of compound 14 with bovine serum albumin
demonstrated that BSA could effectively store and carry compound by electrostatic interaction.
Molecular modeling studies indicating considerable interactions of compound in the active site
of amino acids of dihydrofolate reductase enzyme that also favor the enzyme immunoassay
results. All these results should be a promising starting point to optimize the structure of

quinazoline-benzimidazoles to access potent antitumor agents.

3.2.5. EXPERIMENTAL SECTION

All materials were obtained from commercial suppliers and used without further purification
unless otherwise noted. Melting points were determined in open capillaries and were
uncorrected. Reactions were monitored by thin-layer chromatography (TLC), carried out on
silica gel plates (GF 254) using UV light as visualizing agents. Column chromatography was
performed with silica gel 60-120 mesh. *H NMR and *C NMR spectra were recorded on Jeol
ECS 400 (*H, 400 MHz; *C, 100 MHz) NMR spectrometer at ambient temperature, using
CDCl; as solvent. Chemical shifts are reported in parts per million (ppm) with TMS as an

internal reference and J values are given in Hz. Mass spectrometric data were recorded at Waters
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Micromass Q-Tof Micro. Elemental analysis has been done with Thermo Scientific (Flash 2000)
analyzer. Hexane: ethyl acetate and chloroform: methanol was the adopted solvent systems. UV-
visible studies were carried out on Specord PC machines using slit width of 1.0 nm and matched
quartz cells. The fluorescence spectra were determined on Varian Cary Eclipse fluorescence
spectrometer.

General procedure for the synthesis of compounds 1-6.'%

To a stirred solution of anthranilic acid (0.1 mol) in chloroform (20 ml), acyl chloride (0.2 mol)
and triethylamine (0.12 mol) were added dropwise with constant stirring by maintaining the
temperature near 0-5 °C for 1 h. The reaction mixture was then stirred for another 2 h at room
temperature. After the completion of reaction, the reaction mixture was neutralized with
saturated sodium bicarbonate solution. The solid was separated out, filtered, washed with water
and dried. The crude product obtained was purified through column chromatography using ethyl
acetate:hexane as eluents to get solid compounds 1-6.

General procedure for the preparation of compounds 7-12.

Compounds 1-6 (0.05 mol) was dissolved in anhydrous ethanol (10 ml) and pyridine (0.05 mol)
and heated at 70-80 °C for 8 h with vigorous stirring until a solid product was formed. The
solvent was evaporated by vacuum under reduced pressure and further purified through column
chromatography using ethylacetate:hexane (9:1) as eluents to get solid of 2-substituted-4H-
benzo[d][1,3]oxazin-4-one 7-12.

General procedure for the preparation of 1-benzyl-2-methyl-1H-benzimidazol-5-
ylamine and 3-benzyl-2-methyl-1H-benzimidazol-5-ylamine (13a, 13b).

To a solution of 2-methyl-5-nitro-1H-benzimidazole (9.0 g, 0.05 mol) in ethanol (50 mL),
K2CO3 (6.98 g, 0.075 mol) and benzyl chloride (9.63 g, 0.075 mol) were added and refluxed for
8 h. After the completion of the reaction (monitored by TLC), the reaction mixture was filtered
and concentrated to give yellow solid. The residual mass was crystallized from ethanol to give
mixture of 1-benzyl-2-methyl-5-nitro-1H-benzimidazole and 3-benzyl-2-methyl-5-nitro-3H-
benzimidazole in 75% vyield. To a suspension of SnCl,.2H,0 (15.45 g, 0.067 mol) in 2N HCI
(47.6 mL), 1/3-benzyl-2-methyl-5-nitro-1H/3H-benzimidazole (4.25 g, 0.019 mol) was added
and heated at 110 °C for 7 h. After completion of the reaction, the suspension was neutralized
with 2N NaOH and diluted with ethanol. Filtered the solid product and extracted the filtrate with

chloroform, dried over Na,SQO,, filtered and concentrated to get mixture of products which were
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separated through column chromatography using ethyl acetate: methanol (20:1) as eluent to get
pure solid compounds 13a and 13b.
General procedure for the synthesis of compounds 14-25.
To a solution of 2-substituted-4H-benzo[d][1,3]oxazin-4-one 7-12 (0.01 mol) in ethanol, 1/3-
benzyl-2-methyl-1H-benzimidazol-5-ylamine 13a/13b (0.012 mol) and catalytic amount of
pyridine were added, and refluxed for 4 h. On cooling, solid product was separated out. Filtered
the solid and purified through column chromatography using chloroform:methanol (2:1) as
eluents to get solid compounds 14-25.
3-(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-phenyl-3H-quinazolin-4-one (14).
N:<M White solid; yield: 76%; mp: 182-184 °C; *H NMR (400 MHz, CDCls): §
o) @N =8.73 (d, 1H, J = 8.24 Hz, ArH), 8.65 (s, 1H, ArH), 8.02-8.00 (m, 3H,
©\A/N b ArH), 7.53-7.45 (m, 5H, ArH), 7.34-7.29 (m, 3H, ArH), 7.23 (d, 1H, J =
NJ\@ 8.72 Hz, ArH), 7.07 (d, 1H, J = 1.84 Hz, ArH), 7.05 (d, 2H, J = 1.36 Hz,
ArH), 5.32 (s, 2H, N-CH,), 2.57 (s, 3H, CH3); **C NMR (100 MHz, CDCls): & = 162.1, 154.0,
153.1, 150.2, 147.4, 146.8, 141.1, 140.9, 135.0, 134.5, 131.7, 129.6, 129.0, 128.4, 127.7, 126.0,
123.9, 123.5, 123.4, 123.0, 120.8, 119.2, 111.1 (ArC), 47.2 (N-CH,), 13.4 (CHs); MS (ESI), m/z:
4425 (M*+1); Anal. Calcd for CygH,,N4O: C, 78.71; H, 5.01; N, 12.66, Found: C, 78.73; H,
4.97; N, 12.68.
3-(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-(4-fluoro-phenyl)-3H-quinazolin-4-one (15).
NAMQ White solid; yield: 74%; mp: 164-166 °C; *H NMR (400 MHz, CDCls): &
0 @N =9.21 (s, 1H, ArH), 8.48 (d, 1H, J = 8.24 Hz, ArH), 7.99 (d, 3H, J = 7.32
@5{“ b Hz, ArH), 7.94 (s, 1H, ArH), 7.71 (d, 1H, J = 8.24 Hz, ArH), 7.57 (t, 2H,
Nﬁ J =7.32 Hz, ArH), 7.50-7.43 (m, 3H, ArH), 7.10 (d, 2H, J = 7.32 Hz,
ArH), 6.84 (t, 2H, J = 7.32 Hz, ArH), 5.31 (s, 2H, N-CHy), 2.57 (s, 3H, CHa3); **C NMR (100
MHz, CDCl3): 6 = 167.4, 165.8, 152.4, 139.4, 138.9, 135.5, 134.4, 132.9, 132.1, 131.9, 128.9,
128.7, 128.5, 127.9, 127.3, 126.4, 126.1, 122.9, 121.7, 119.1, 116.1, 102.3 (ArC), 47.1 (N-CH,),
13.9 (CHs); MS (ESI), m/z: 460.5 (M*+1); Anal. Calcd for CoH.FN,O: C, 75.64; H, 4.60; N,
12.17, Found: C, 75.75; H, 4.56; N, 12.34.

E
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3-(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-(4-chloro-phenyl)-3H-quinazolin-4-one (16).
N:<Me White solid; yield: 71%; mp: 161-163 °C; *H NMR (400 MHz, CDCls): &
o @Nb =8.33 (d, 1H, J = 7.36 Hz, ArH), 7.70-7.64 (m, 2H, ArH), 7.56-7.53 (m,
@\A)‘ 3H, ArH), 7.48-7.46 (m, 3H, ArH), 7.39 (d, 1H, J = 5.96 Hz, ArH), 7.31-
N)©C| 7.28 (m, 3H, ArH), 7.22 (d, 1H, J = 8.72 Hz, ArH), 7.06-7.01 (m, 2H,
2H, ArH), 5.28 (s, 2H, N-CH,), 2.55 (s, 3H, CH3); *C NMR (100 MHz, CDCls): & = 162.2,
153.9, 153.2, 147.5, 146.9, 141.3, 140.8, 135.1, 134.6, 134.4, 131.7, 130.0, 129.1, 128.4, 128.0,
127.8, 127.3, 126.1, 123.8, 123.6, 123.1, 121.0, 119.5, 110.2 (ArC), 47.4 (N-CHy), 13.4 (CHgy);
MS (ESI), m/z: 476.9 (M*+1); Anal. Calcd for CyH»CIN,O: C, 73.03; H, 4.44; N, 11.75,
Found: C, 73.10; H, 4.56; N, 11.88.
3-(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-(4-nitro-phenyl)-3H-quinazolin-4-one (17).
N:<M White solid; yield: 69%:; mp: 214-216 °C; *H NMR (400 MHz, CDCls): §
o) @N = 8.87 (s, 1H, ArH), 8.55 (d, 1H, J = 8.24 Hz, ArH), 8.01-7.97 (m, 2H,
@5:”\@\ b ArH), 7.91 (s, 1H, ArH), 7.72 (d, 1H, J = 8.72 Hz, ArH), 7.58 (d, 1H, J =
N

7.80 Hz, ArH), 7.37-7.28 (m, 4H, ArH), 7.17 (t, 2H, J = 8.72 Hz, ArH),

NO,
7.10 (d, 2H, J = 6.08 Hz, ArH), 6.92 (t, 1H, J = 7.32 Hz, ArH), 5.34 (s, 2H, N-CHy), 2.58 (s, 3H,
CHs); *C NMR (100 MHz, CDCl3): & = 167.4, 166.2, 164.6, 163.7, 139.1, 135.5, 132.4, 130.7,
129.8, 129.7, 129.0, 128.0, 127.1, 126.3, 125.9, 123.0, 121.7, 121.4, 119.2, 116.1, 115.9, 115.7,
102.4 (ArC), 47.2 (N-CH,), 14.0 (CHs); MS (ESI), m/z: 487.5 (M"+1); Anal. Calcd for
CxH21Ns503: C, 71.45; H, 4.34; N, 14.37, Found: C, 71.59; H, 4.31; N, 14.43.
3-(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-(4-methoxy-phenyl)-3H-quinazolin-4-one
(18).
N:<Me White solid; yield: 69%; mp: 149-151 °C; *H NMR (400 MHz, CDCls): &
o @N =8.32 (d, 1H, J = 7.80 Hz, ArH), 8.20 (d, 1H, J = 10.08 Hz, ArH), 8.02
@\A/N b (d, 2H, J = 4.48 Hz, ArH), 7.76-7.72 (m, 2H, ArH), 7.58-7.49 (m, 1H,
NJ\Q\O% ArH), 7.28-7.26 (m, 2H, ArH), 7.15 (t, 3H, J = 8.68 Hz, ArH), 7.01 (s,
1H, ArH), 6.93 (d, 1H, J = 8.24 Hz, ArH), 6.84 (d, 1H, J = 5.04 Hz,
ArH), 6.59 (d, 1H, J = 8.24 Hz, ArH), 5.10 (s, 2H, N-CHy), 3.71 (s, 3H, OCHj3), 2.55 (s, 3H,
CHs); *C NMR (100 MHz, CDCls): & = 162.8, 159.9, 155.2, 153.5, 147.4, 141.0, 134.9, 134.7,
132.7, 130.4, 129.3, 128.9, 128.1, 127.5, 127.0, 126.2, 123.6, 122.1, 120.6, 118.9, 113.8, 113.2,
110.9 (ArC), 55.1 (O-CHjs), 47.2 (N-CHy), 13.6 (CHs); MS (ESI), m/z: 472.5 (M*+1); Anal.
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Calcd for C3oH24N4O2: C, 76.25; H, 5.12; N, 11.86, Found: C, 76.15; H, 5.08; N, 11.84.
3-(1-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-methyl-3H-quinazolin-4-one (19).
Me White solid; yield: 80%; mp: 112-114 °C; 'H NMR (400 MHz,

o @N CDCl3): 8 =7.98 (s, 2H, ArH), 7.61 (d, 2H, J = 8.24 Hz, ArH), 7.46 (s,
d\N b 1H, ArH), 7.32-7.28 (m, 2H, ArH), 7.05 (d, 3H, J = 6.84 Hz, ArH),

N™ “CHa 6.95 (d, 2H, J =8.72 Hz, ArH), 5.29 (s, 2H, N-CH,), 2.54 (s, 3H,
CHs), 2.16 (s, 3H, CHs); *C NMR (100 MHz, CDCls): & = 168.7, 152.6, 142.1, 135.6, 133.1,
132.5, 129.1, 128.2, 128.1, 126.3, 116.9, 110.8, 109.5 (ArC), 47.3 (N-CH,), 24.9 (CH3), 14.0
(CHs); MS (ESI), m/z: 380.1 (M*+1); Anal. Calcd for Co4H2oN4O: C, 75.77; H, 5.30; N, 14.73,
Found: C, 75.80; H, 5.26; N, 14.76.
3-(3-Benzyl-2-methyl-3H-benzimidazol-5-yl)-2-phenyl-3H-quinazolin-4-one (20).

White solid; yield: 75%; mp: 175-177 °C; *H NMR (400 MHz, CDCls): § =

Q me 8.39 (d, 1H, J = 7.76 Hz, ArH), 8.26-8.14 (m, 3H, ArH), 8.00 (d, 1H, J =4.24

o KNE?N Hz, ArH), 7.86 (t, 2H, J = 7.32 Hz, ArH), 7.61-7.52 (m, 4H, ArH), 7.32 (d,
©\*N 3H, J = 5.04 Hz, ArH), 7.12 (d, 1H, J = 8.72 Hz, ArH), 7.02 (t, 2H, J = 9.16
”/KQ Hz, ArH), 5.29 (s, 2H, N-CH,), 2.58 (s, 3H, CHa); *C NMR (100 MHz,

CDCl3): 8 = 167.5, 165.7, 152.7, 141.4, 139.5, 135.2, 132.6, 132.4, 131.8, 129.0, 128.7, 128.2,
128.0, 127.3, 127.2, 126.2, 122.9, 121.6, 121.2, 117.5, 111.8, 109.6 (ArC), 47.2 (N-CHy), 13.6
(CHs); MS (ESI), m/z: 442.5 (M*+1); Anal. Calcd for CH2,N4O: C, 78.71; H, 5.01; N, 12.66,
Found: C, 78.75; H, 4.95; N, 12.70.
3-(3-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-(4-fluoro-phenyl)-3H-quinazolin-4-one (21).
White solid; yield: 72%; mp: 158-160 °C; *H NMR (400 MHz, CDCly): § =

Q ve 8.98(s, 1H, ArH), 8.63 (d, 1H, J =8.24 Hz, ArH), 8.00 (d, 1H, J = 1.36 Hz,
N*\N ArH), 8.02-7.98 (m, 2H, ArH), 7.64 (d, 1H, J = 8.24 Hz, ArH), 7.53 (d, 1H,
©\)OLN@ J=8.72 Hz, ArH), 7.41 (t, 2H, J = 7.68 Hz, ArH), 7.32-7.30 (m, 2H, ArH),

N/)\©\ 7.22 (d, 1H, J =8.72 Hz, ArH), 7.15 (t, 2H, J = 8.72 Hz, ArH), 7.07 (d, 1H,

F J=7.80Hz ArH), 6.96 (t, 1H, J = 6.88 Hz, ArH), 5.31 (s, 2H, N-CH,),

2.56 (s, 3H, CHs); *C NMR (100 MHz, CDCls): § = 167.6, 166.2, 164.6, 163.7, 152.8, 141.9,
139.3, 135.3, 132.7, 132.4, 130.6, 129.8, 129.0, 128.0, 127.2, 126.2, 122.9, 121.6, 121.2, 117.3,
115.9, 111.9, 109.6 (ArC), 47.2 (N-CH,), 13.8 (CH3); MS (ESI), m/z: 460.5 (M*+1); Anal. Calcd
for Co9H,1FN4O: C, 75.64; H, 4.60; N, 12.17, Found: C, 75.74; H, 4.59; N, 12.16.
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3-(3-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-(4-chloro-phenyl)-3H-quinazolin-4-one (22).
White solid; yield: 72%; mp: 167-169 °C; *H NMR (400 MHz, CDCls): § =
%Me 7.61 (d, 1H, J = 8.24 Hz, ArH), 7.49 (d, 2H, J = 8.24 Hz, ArH), 7.42-7.39 (m,
o @N 2H, ArH), 7.26-7.24 (m, 5H, ArH), 7.16 (d, 1H, J = 8.68 Hz, ArH), 7.05 (t,
Q\)i'“ 1H, J =7.32 Hz, ArH), 6.97-6.90 (m, 4H, ArH), 5.12 (s, 2H, N-CHy), 2.49 (s,
ﬁm 3H, CHs); *C NMR (100 MHz, CDCls): & = 164.5, 160.3, 157.9, 152.1,
140.0, 135.9, 135.7, 134.4, 129.0, 127.9, 126.3, 122.8, 119.1, 116.7, 115.6, 115.3 (ArC), 47.0
(N-CHy), 14.1 (CHs); MS (ESI), m/z: 476.9 (M*+1); Anal. Calcd for CoH»1CIN,O: C, 73.03; H,
4.44; N, 11.75, Found: C, 73.12; H, 4.40; N, 11.72.
3-(3-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-(4-nitro-phenyl)-3H-quinazolin-4-one (23).
Q White solid; yield: 71%; mp: 234-236 °C; 'H NMR (400 MHz, CDCls): 6 =

e 839(d, 1H,J=7.76 Hz, ArH), 8.25 (d, 2H, J = 7.36 Hz, ArH), 8.16 (d, 1H, J

A\

0 @“ = 8.28 Hz, ArH), 8.00 (d, 1H, J = 4.24 Hz, ArH), 7.86 (t, 2H, J = 8.24 Hz,
N

@5& ArH), 7.61-7.53 (m, 3H, ArH), 7.32 (d, 2H, J = 5.48 Hz, ArH), 7.19 (d, 2H, J

KQN@ = 8.24 Hz, ArH), 7.00 (t, 2H, J = 3.84 Hz, ArH), 5.30 (s, 2H, N-CH,), 2.59 (s,
3H, CHs); *C NMR (100 MHz, CDCly): & = 163.3, 162.2, 153.9, 153.3, 149.5, 147.5, 146.9,
141.3, 140.9, 135.1, 134.6, 130.8, 130.0, 129.1, 128.5, 128.0, 127.7, 126.1, 123.8, 123.3, 121.0,
120.0, 119.6, 115.3, 110.2 (ArC), 47.4 (N-CHy), 13.5 (CH3); MS (ESI), m/z: 487.5 (M*+1);
Anal. Calcd for Cy9H21N503: C, 71.45; H, 4.34; N, 14.37, Found: C, 71.49; H, 4.36; N, 14.32.
3-(3-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-(4-methoxy-phenyl)-3H-quinazolin-4-one
(24).

White solid; yield: 68%; mp: 163-165 °C; *H NMR (400 MHz, CDCls): § =

%Me 9.27 (s, 1H, ArH), 8.55 (d, 1H, J = 8.24 Hz, ArH), 8.15 (d, 1H, J = 1.84
N

N Hz, ArH), 7.96 (d, 1H, J = 6.84 Hz, ArH), 7.95 (d, 1H, J = 7.36 Hz, ArH),

@\iN 7.58 (t, 2H, J = 8.24 Hz, ArH), 7.30-7.26 (m, 3H, ArH), 7.21 (d, 1H, J =
N 8.68 Hz, ArH), 7.06 (d, 1H, J = 7.80 Hz, ArH), 6.97-6.95 (m, 2H, ArH),
6.84 (t, 1H, J = 8.24 Hz, ArH), 5.28 (s, 2H, N-CH,), 3.85 (s, 3H, OCHj),
2.53 (s, 3H, CHs); *C NMR (100 MHz, CDCls): § = 167.6, 165.4, 162.4, 152.7, 142.4, 139.2,
135.5, 132.8, 132.6, 132.0, 129.2, 129.0, 127.9, 127.4, 126.7, 126.2, 122.5, 121.5, 117.0, 113.9,
111.9, 109.4 (ArC), 55.3 (O-CHjs), 47.1 (N-CH,), 13.9 (CHs); MS (ESI), m/z: 472.5 (M*+1);
Anal. Calcd for C3H24N4O,: C, 76.25; H, 5.12; N, 11.86, Found: C, 76.30; H, 5.19; N, 11.82.

OCH3
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3-(3-Benzyl-2-methyl-1H-benzimidazol-5-yl)-2-methyl-3H-quinazolin-4-one (25).
White solid; yield: 79%; mp: 121-123 °C; *H NMR (400 MHz, CDCls): & =
@ ve 8.13 (s, 1H, ArH), 7.72 (s, 1H, ArH), 7.51 (d, 1H, J = 8.24 Hz, ArH), 7.31-
. KNj\N 7.26 (m, 4H, ArH), 7.12 (d, 2H, J = 8.28 Hz, ArH), 7.02 (t, 3H, J = 5.28
(:fLN Hz, ArH), 5.26 (s, 2H, N-CH,), 2.53 (s, 3H, CHa), 2.15 (s, 3H, CHs); **C
S N/)\CH3 NMR (100 MHz, CDCl3): 6 =169.4, 151.4, 141.2, 136.8, 134.9, 133.9,
133.6, 131.4, 130.3, 128.4, 126.3, 122.3, 119.8, 118.0, 117.1, 110.3, 108.3 (ArC), 47.5 (N-CH,),
24.1 (CHs), 12.6 (CH3); MS (ESI), m/z: 380.1 (M*+1); Anal. Calcd for CosH2N4O: C, 75.77; H,
5.30; N, 14.73, Found: C, 75.73; H, 5.22; N, 14.71.

3.3. PYRAZOLOPYRIMIDINE

3.3.1. INTRODUCTION

The pyrazolo[3,4-d]pyrimidine nucleus represents an interesting scaffold for the development of

146,147

drug-candidates aiming at a wide range of biological targets and has been exploited to

encompass an array of pharmacological activities such as antiviral,"*®* CNS depressant,**°

130 antimicrobial,™** antitumor,*? antileishmanial,**® antiinflammatory,™* and in

tuberculostatic
the development of kinase inhibitors.**>*>® Due to its structure, isosteric to that of purine, this
nitrogen-containing heterocycle behaves as a ‘privileged scaffold’,"" acting in antagonism with
natural purines and showing different specificity for the biological targets depending on its
chemical functionalization. Pharmacological actions of this moiety have mediated by means of
interaction with biological molecules, including DNA and bovine serum albumin. The mode and
affinity of DNA binding was interfered with its replication that leads to inhibit the growth of
tumor cells and study of protein binding explored the structural changes of protein and its

complex formation with drug molecule.
OBJECTIVE

A novel series of pyrazolo[3,4-d]pyrimidine analogs was designed bearing aminobenzimidazole
at C4-position as hydrophobic z-system regions and substituting primary and secondary amine
functions at C6-position of pyrazolopyrimidine as isosteres of the prototypes to explore the scope
of this class for ct-DNA and BSA interactions.
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3.3.2. CHEMISTRY

Our first key intermediate was the 5-aminopyrazole-4-carbonitrile 1, which was easily prepared
from condensation of ethoxymethylenemalonitrile with hydrazine. On further hydrolysis with
sulphuric acid and then fused with molten urea at 190 °C gave the intermediate product 3,
followed by POCIs-mediated chlorination provided 4,6-dichloropyrazolopyrimidine (4). The
aromatic nucleophilic substitution of chloro-containing heterocycles (4) at C4 position with 4-
(1H-benzimidazol-2-yl)-phenylamine (5) in the presence of potassium carbonate in isopropyl
alcohol at room temperature yielded the desired product [4-(1H-benzimidazol-2-yl)-phenyl]-(6-
chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-amine 6 in 79% yield, followed by different amines
substitution at C6 position in the presence of potassium carbonate in n-butanol at reflux
condition gave target compounds 7-18 in 66-78% yields that have been outlined in Scheme 3.

Scheme 3?. Synthetic route for the preparation of target compounds 7-18.

H NC o NH, o cl
N 0 j)ﬁ (i) (i) v N7
oA AN —U o a1 O 5 N — H)/N\ N W PNy
H HoN N,N o N N cl N N
OH ) H H H 4
2 3

N
NR;R, = 7; morpholine HZN@—( ]@
8; pyrrolidine N
9; piperdine N/@ /@ H
10; N-methylpiperazine | N 5
11; 1,2-ethylenediamine N !
12; 2-hydroxyethylpiperazine H H
HN HN

13; 2-aminoethylmorpholine . )
14; benzylamine (vi) <—/
15; 1,2-ethanolamine NZ ‘ Sy « N7
16; allyl amine )\\ ; | N N
17; 4-fluorophenylamine RoRiN™ N H Cl)\\N N
18; cyclohexylamine H
7-18 6

®Reagents and conditions: (i) hydrazine, 100 °C; (ii) H,SO,, 0-5 °C; (iii) urea, 190 °C; (iv) POCIs, triethylamine,
100 °C; (iv) 5, K,COs, IPA, 1t; (V) HNR;R,, K,COs, n-butanol, reflux.

3.3.3. BIOLOGY

All the synthesized compounds were submitted to National Cancer Institute (NCI) disease-
oriented human cell lines for their evaluation of in-vitro antitumor activities. Six compounds (7,
8, 11, 12, 14 and 17) were selected and evaluated against 60 human cell lines at one dose
concentration level i.e. 10 M which included nine tumor subpanels namely; leukemia, non-

small lung, colon, central nervous system, melanoma, ovarian, renal, prostate and breast cancer
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cells. Further, we used these compounds for DNA binding interaction studies and fluorescence

quenching studies for bovine serum albumin interaction.

3.3.3.1. DNA Binding Interaction

In order to seek for the potential anti-tumor target of pyrazolopyrimidine derivatives, both UV-
Visible and fluorescence spectroscopy were used to ascertain the binding properties of
compounds 7, 8, 11, 12, 14 and 17 with calf thymus (ct) DNA in phosphate buffer (10 mM, pH
7.4). As shown in Figure 10, upon incremental addition of ct-DNA to compounds 7, 8, 11, 12, 14
and 17 (10 uM) showed decrease in the absorption maxima intensity (Amax) at 324-335 nm along
with concomitant increase in absorption intensity within range of 257-265 nm Anax With an
isobestic point within range of 277-292 nm (Table 6). These results revealed that different

species are in equilibrium and there is no stepwise formation of the complexed species.

335 38 435 485 238 285 s 388 438 488 235 285 33s ass 438 485
Wavelength (um) Wavelength () Wavelength (nm)

Figure 10. UV-Vis spectral changes of compounds 7, 8, 11, 12, 14 and 17 at the concentration of
10 uM upon addition of ct-DNA (0 uM- 20 uM) in phosphate buffer (10 mM, pH 7.4).

On excitation at 300 nm, compounds 7, 8, 11, 12, 14 and 17 showed an intense emission
band between 382 nm and 466 nm. On incremental addition of ct-DNA to compounds 7, 8, 11,
12, 14 and 17 caused, 68%, 28%, 57%, 67%, 33% and 65% emission quenching as shown in

figure 11. On the basis of these variations in absorption and emission spectra of compounds 7, 8,
11, 12, 14 and 17 upon binding with DNA, the binding constant K, for compound.DNA

147



complexes were determined from the Benesi—Hildebrand equation® for UV-visible and

fluorescence titrations that suggested strong interactions with ct-DNA (Table 6).

Compound § Compound 11

320 370 420 470 520 570 620 330 380 430 480 s30
Wavelength (nn) Wavelength (nm)

Compound 14

Figure 11. Fluorescence spectral changes of compounds 7, 8, 11, 12, 14 and 17 (Aex = 300 nm) at
the concentration of 10 uM upon addition of ct-DNA (0 uM- 20 uM) in phosphate buffer (10
mM, pH 7.4).

Table 6. Photophysical properties of compounds 7, 8, 11, 12, 14 and 17 with ct-DNA.

Compds. Hypochromism  Hyperchromism  Isobestic K, through ~ Quenchin K, through

(%) at (%) at point UV-visible g (%) at fluorescence
Amax (NM) A (nm) (nm) (M%) Aem (NM) (M)
7 19 (324) 70 (260) 292 1.92x10* 68 (383) 8.39 x 10°
8 12 (335) 52 (259) 298 7.70 x 10° 28 (460) 2.74 x 10°
11 33 (327) 12 (259) 277 1.47 x10* 57 (466) 1.68 x 10*
12 27 (326) 37 (259) 292 7.20x10° 67 (461) 5.64 x 10*
14 22 (330) 13 (264) 280 2.63x10°  33(382) 8.42 x 10°
17 14 (332) 40 (257) 294 8.37x10° 65 (461) 2.61 x 10°

3.3.3.2. Fluorescence Quenching for Bovine Serum Albumin Interaction

To explore the complex formation of protein with drug molecule, fluorescence quenching
studies were performed. Upon excitation of BSA solution at Trp-214 absorption (280 nm),
showed the emission band at 352 nm, owing to the tryptophan (Trp), tyrosine (Tyr), and
phenylalanine (Phe) residues as shown in figure 12. Incubation of BSA solution with different
concentrations of compounds 7, 8, 11, 12, 14 and 17 caused a gradual quenching i.e. 44%, 21%,

35%, 31%, 54% and 33% in the fluorescence intensity of the mixture indicating the interaction
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of compounds 7, 8, 11, 12, 14 and 17 with BSA by changing in the environment around the
mentioned amino acids by extending the peptide strands of BSA. However, the emission
maximum remains unchanged, implying that the interactions of compounds and BSA were non-
covalent interactions via n—r stacking between the aromatic rings of compounds 7, 8, 11, 12, 14

and 17 and amino acid residues located in the binding cavity of BSA.

500
400

~ 300

Wavelength (nm) Wavelength (mn)

Figure 12. An emission spectral change of BSA at the concentration of 10 uM upon addition of
compounds 7, 8, 11, 12, 14 and 17 (0 uM- 30 uM) in phosphate buffer (10 mM, pH 7.4).

3.3.4. CONCLUSION

The present work has led to the development of novel pyrazolo[3,4-d]pyrimidine benzimidazole
analogues and some of which shown promising interacting property with DNA and BSA. The
preliminary interactive investigations of compounds 7, 8, 11, 12, 14 and 17 with calf thymus
DNA by UV-visible and fluorescence spectroscopy revealed that compounds 7, 8, 11, 12, 14 and
17 were effectively intercalated with ct-DNA to form compound.DNA complexes. The binding
studies of compounds 7, 8, 11, 12, 14 and 17 with bovine serum albumin demonstrated that BSA
were effectively store and carry compound to the active target site. These compounds could be
considered as useful tempelates for future development and further derivatization or modification

to obtain more potent compounds.

3.3.5. EXPERIMENTAL SECTION

All materials were obtained from commercial suppliers and used without further purification

unless otherwise noted. Melting points were determined in open capillaries and were
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uncorrected. Reactions were monitored by thin-layer chromatography (TLC), carried out on
silica gel plates (GF 254) using UV light as visualizing agents. Column chromatography was
performed with silica gel 60-120 mesh. *H NMR and *C NMR spectra were recorded on Jeol
ECS 400 (*H, 400 MHz; *C, 100 MHz) NMR spectrometer at ambient temperature, using
CDCIj; as solvent. Chemical shifts are reported in parts per million (ppm) with TMS as an
internal reference and J values are given in Hz. Mass spectrometric data were recorded at Waters
Micromass Q-Tof Micro. Elemental analysis has been done with Thermo Scientific (Flash 2000)
analyzer. Hexane: ethyl acetate and chloroform: methanol was the adopted solvent systems. UV-
visible studies were carried out on Specord PC machines using slit width of 1.0 nm and matched
quartz cells. The fluorescence spectra were determined on Varian Cary Eclipse fluorescence
spectrometer.

Procedure for the synthesis of 5-amino-1H-pyrazole-4-carbonitrile (1).

Hydrazine (5 g, 0.156 mol) was carefully added into ethoxymethylenemalononitrile (8.64 g,
0.070 mol) in ethanol and heated on the steam-bath for 30 minutes. After completion of the
reaction, white precipitate gradually appeared and placed in a refrigerator overnight. The product
was then filtered and washed with a small amount of cold absolute ethanol to afford the desired
product 5-amino-1H-pyrazole-4-carbonitrile (1) as white solid; (3.05 g, 86%); mp 170-172 °C.**®
Procedure for the synthesis of 5-amino-1H-pyrazole-4-carboxylic acid amide (2).
5-Amino-1H-pyrazole-4-carbonitrile (1, 5g) was added to cooled concentrated sulfuric acid (10
ml) with stirring so that the temperature did not rise above 20 °C. The addition took about one-
half hour and solution was stirred at room temperature for 4 h. The acid solution was then poured
with stirring into ice and the solution set aside overnight in the refrigerator. The solution was
then filtered and the product washed free of excess sulfuric acid to afford the desired product 5-
amino-1H-pyrazole-4-carboxylic acid amide (2) as white solid; (5.19 g, 89%); mp 215-217 °C.**®
Procedure for the synthesis of 1,7-dihydro-pyrazolo[3,4-d]pyrimidine-4,6-dione (3).
5-Amino-1H-pyrazole-4-carboxylic acid amide (2, 59, 0.0396 mol) and urea (10 g, 0.1666 mol)
were heated together at 190 °C for 20 minutes. The clear solution went mushy and heating was
continued for another 20 minutes at 190 °C until the mushy melt became too solid to stir. The
resulting solid was dissolved in hot dilute sodium hydroxide and the boiling basic solution was
then carefully acidified with hydrochloric acid. The solution was allowed to stand approximately

ten minutes and was then filtered to afford the desired product 1,7-dihydro-pyrazolo[3,4-
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d]pyrimidine-4,6-dione (3) as white solid; (3.73 g, 62%).
Procedure for the synthesis of 4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidine (4).
To 1,7-dihydro-pyrazolo[3,4-d]pyrimidine-4,6-dione (3) (1.233 mol), phosphorus oxychloride
(2.84 mol) was added with stirring at 20 °C. After stirring for 15 min, the mixture was heated at
55 °C, and triethylamine (2.53 mol) was added over a period of 1 h at a rate that maintains the
internal temperature below 65 °C then mixture was slowly heated to an internal temperature of
85 °C for 10 min and then heated at 108-110 °C for 4 h to obtain a clear brown-yellow solution.
The reaction mixture was cooled to an internal temperature of 40 °C and added to warm water
over a period of 30-40 min. and solid was collected by filtration to afford pure 4,6-dichloro-1H-
pyrazolo[3,4-d]pyrimidine (4) as light yellow solid; (5.35 g, 87 %); mp: 173-175 °C.
General procedure for the synthesis of 4-(1H-benzimidazol-2-yl)-phenylamine (5).
A mixture of 4-aminobenzoic acid (5 g, 5.78 mmol) and o-phenylenediamine (3.9 g, 3.68 mmol)
were stirred in a syrupy polyphosphoric acid (12.5 gm) at 200 °C for 5 h. The reaction was
monitored with TLC. The reaction mixture was cooled and poured into crushed ice. The
precipitate was then stirred in cold water. Ammonium hydroxide solution was added until the pH
7 was achieved. The resulting solid was filtered and washed several times with methanol and
column chromatographed on silica gel in ethylacetate: hexane (4:1) to afford the desired product
4-(1H-benzimidazol-2-yl)-phenylamine (5).
Synthesis of [4-(1H-benzimidazol-2-yl)-phenyl]-(6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-
yl)-amine (6).
To a solution of 4-(1H-benzimidazol-2-yl)-phenylamine (5, 1 g, 0.005 mol) in isopropyl alcohol
(25 ml), 4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidine (4) (0.99 g, 0.005 mol) was added and
stirred at room temperature for 24 h. After washing the crude solid with isopropyl alcohol, dried
to obtain pure [4-(1H-benzimidazol-2-yl)-phenyl]-(6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-
amine (6).
@ White solid; yield: 79%; mp: > 300 °C; *H NMR (400 MHz, CDCl; +
@H DMSO-ds): & = 9.75 (s, 1H, ArH), 8.13-8.08 (m, 2H, ArH), 7.92 (d, 1H,
P J = 8.60 Hz, ArH), 7.72 (d, 1H, J = 8.28 Hz, ArH), 7.62 (bs, 1H, NH),
N)\/QN 7.15-7.13 (m, 2H, ArH), 6. 66 (d, 2H, J = 8.72 Hz, ArH), 5.02 (bs, 1H,

NS

Cl N y
NH): *C NMR (100 MHz, CDCly): & = 147.6, 142.5, 132.2, 130.2, 129.3, 124.0, 120.8 (ArC);
MS (ESI), m/z: 361.7 (M*+1); Anal. Calcd for C1gH1,CIN;: C, 59.76; H, 3.34; N, 27.10, Found:
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C, 59.83; H, 3.32; N, 27.14.

General procedure for the synthesis of compounds 7-18.

[4-(1H-Benzimidazol-2-yl)-phenyl]-(6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-amine (6)
(0.100 g, 2 mmol) was refluxed with various amines (7 mmol) and potassium carbonate (0.057 g,
4 mmol) in n-butanol (20 ml) for 24 h and reaction was monitored by TLC. Crude solid was
obtained with evaporation of the solvent under vacuum that was purified by column
chromatography using chloroform:methanol as eluents to give pure compounds 7-18.
[4-(1H-Benzimidazol-2-yl)-phenyl]-(6-morpholin-4-yl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-

amine (7).

N@ White powder; yield: 77%; mp: > 300 °C; *H NMR (400 MHz, CDCls
©/lu + DMSO-dg): 8 = 8.08 (d, 2H, J = 8.72 Hz, ArH), 7.85 (s, 1H, ArH),
" 7.82 (d, 2H, J = 8.72 Hz, ArH), 7.76 (d, 2H, J = 8.68 Hz, ArH), 7.50
* g (bs, 1H, NH), 6.75 (d, 2H, J = 8.72 Hz, ArH), 3.86 (t, 6H, J = 5.04 Hz,
OQ mor-CH,), 3.73-3.71 (m, 2H, mor-CH,); *C NMR (100 MHz, CDCl; +
DMSO-dg): & = 164.6, 163.8, 150.8, 142.6, 137.3, 127.1, 122.3, 120.8, 119.1, 114.1 (ArC), 66.0
(O-CHy,), 63.0 (N-CH,); MS (ESI), m/z: 495.5 (M*+1); Anal. Calcd for Co;H26FNg: C, 65.44; H,
5.29; N, 25.44, Found: C, 65.55; H, 5.25; N, 25.49.

[4-(1H-Benzimidazol-2-yl)-phenyl]-(6-pyrrolidin-1-yl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-

amine (8).
@ White powder; yield: 69%; mp: > 300 °C; *H NMR (400 MHz, CDCl; +
@ DMSO-dg): & = 8.01 (d, 1H, J = 9.16 Hz, ArH), 7.98 (s, 1H, ArH), 7.88
N% (bs, 1H, ArH), 7.86 (d, 1H, J = 8.68 Hz, ArH), 7.69 (d, 1H, J = 5.04 Hz,
GN*\N | H'N ArH), 7.67 (d, 1H, J = 5.04 Hz, ArH), 7.18 (d, 1H, J = 3.20 Hz, ArH),

7.17 (d, 1H, J = 3.20 Hz, ArH), 7.00 (t, 2H, J = 8.72 Hz, ArH), 3.61-3.59
(m, 4H, pyrr-CHy), 1.99-1.94 (m, 4H, pyrr-CH,); *C NMR (100 MHz, CDCl; + DMSO-dg): 6 =
163.9, 151.6, 138.7, 135.6, 135.2, 134.3, 133.2, 128.6, 127.5, 125.9, 122.7, 118.1, 116.4, 114.9,
114.7, 101.8 (ArC), 46.4 (N-CHy,), 29.2 (CH,); MS (ESI), m/z: 410.4 (M*+1); Anal. Calcd for
CxH2Ns: C, 67.30; H, 5.40; N, 27.30, Found: C, 67.49; H, 5.32; N, 27.39.
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[4-(1H-Benzimidazol-2-yl)-phenyl]-(6-piperidin-1-yl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-

amine (9).
N’@ White powder; yield: 72%; mp: > 300 °C; *H NMR (400 MHz, CDCl; +
" ﬁ I DMSO-dg): & = 8.46 (s, 1H, ArH), 8.31 (s, 1H, ArH), 8.12 (d, 1H, J =
* \ 8.72 Hz, ArH), 7.89 (d, 1H, J = 8.24 Hz, ArH), 7.70-7.66 (m, 1H, ArH),
Q ” 7.61-7.59 (m, 2H, ArH), 7.22-7.19 (m, 1H, ArH), 7.03 (t, 2H, J = 8.24

Hz, ArH), 3.83-3.80 (m, 4H, pip-CH,), 1.71-1.62 (m, 6H, pip-CH,); **C NMR (100 MHz, CDCl;
+ DMSO-dg): 6 = 151.6, 142.2, 135.7, 135.5, 128.4, 127.3, 125.8, 120.8, 114.4, 114.2, 108.5
(ArC), 46.5 (N-CH,), 26.2 (CH,), 25.2 (CH,); MS (ESI), m/z: 412.4 (M*+1); Anal. Calcd for
C22HyoNgO: C, 64.07; H, 4.89; N, 27.17, Found: C, 64.34; H, 4.76; N, 27.27.
[4-(1H-Benzimidazol-2-yl)-phenyl]-[6-(4-methyl-piperazin-1-yl)-1H-pyrazolo[3,4-
d]pyrimidin-4-yl]-amine (10).

N White powder; yield: 74%; mp: > 300 °C; *H NMR (400 MHz, CDCl; +
@AH DMSO-de): 6 = 8.14 (d, 1H, J = 8.68 Hz, ArH), 8.04 (s, 1H, ArH), 7.95

HN

)\
A

(bs, 1H, ArH), 7.81 (d, 1H, J = 8.68 Hz, ArH), 7.64-7.60 (m, 2H, ArH),
7.22 (d, 1H, J = 3.20 Hz, ArH), 7.20 (d, 1H, J = 3.20 Hz, ArH), 7.04 (t,
2H, J = 8.68 Hz, ArH), 3.88 (t, 4H, J = 5.04 Hz, pip-CH,), 2.53 (t, 2H, J
= 4.56 Hz, pip-CHy), 2.48 (t, 2H, J = 5.04 Hz, pip-CH,), 2.30 (s, 3H, N-CHs); *C NMR (100
MHz, CDCl; + DMSO-dg): & = 165.8, 158.5, 156.1, 151.6, 142.1, 135.6, 128.4, 127.3, 125.8,
114.4, 114.2, 108.5 (ArC), 46.5 (N-CH,), 40.9 (N-CH,), 13.4 (N-CH3); MS (ESI), m/z: 425.4
(M*+1); Anal. Calcd for Cy3Ha3Ng: C, 64.92; H, 5.45; N, 29.63, Found: C, 64.99; H, 5.32; N,
29.68.
N°-(2-Amino-ethyl)-N*-[4-(1H-benzimidazol-2-yl)-phenyl]-1H-pyrazolo[3,4-d]pyrimidine-
4,6-diamine (11).
@ White powder; yield: 73%; mp: > 300 °C; *H NMR (400 MHz, CDCls

@ + DMSO-dg): & = 8.12 (d, 1H, J = 8.68 Hz, ArH), 7.82-7.79 (m, 2H,
g ArH), 7.62-7.60 (m, 2H, ArH), 7.22-7.20 (m, 2H, ArH), 7.03 (t, 2H, J =
8.72 Hz, ArH), 3.64 (bs, 1H, NH), 3.53 (t, 2H, J = 4.12 Hz, N-CHy),
2.99 (t, 2H, J = 5.52 Hz, N-CH,); **C NMR (100 MHz, CDCl; +

N

N/
HZN\/\N)\\N Ly
H
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DMSO-dg): 6 = 148.7, 144.7, 135.1, 131.5, 128.3, 125.2, 119.5, 114.7, 114.5, 113.3 (ArC), 52.3
(N-CH,), 42.6 (N-CH,); MS (ESI), m/z: 385.4 (M*+1); Anal. Calcd for CyHysNg: C, 62.32; H,
4.97; N, 32.71, Found: C, 62.45; H, 4.93; N, 32.65.
2-(4-{4-[4-(1H-Benzimidazol-2-yl)-phenylamino]-1H-pyrazolo[3,4-d]pyrimidin-6-yl}-
piperazin-1-yl)-ethanol (12).
@ White powder; yield: 72%; mp: > 300 °C; 'H NMR (400 MHz,
@ CDCls+ DMSO-dg): = 8.14 (d, 1H, J = 9.16 Hz, ArH), 7.95 (s, 1H,
N% ArH), 7.85 (bs, 1H, NH), 7.80 (d, 1H, J = 8.68 Hz, ArH), 7.63-7.59
Ho/v@)\\ N (m, 3H, ArH), 7.23-7.19 (m, 2H, ArH), 7.04 (t, 1H, J = 8.92 Hz,
ArH), 3.88 (t, 4H, J = 4.56 Hz, N-CH,), 3.72 (t, 2H, J = 5.48 Hz,
N-CH,), 3.67 (t, 2H, J = 5.48 Hz, N-CH,), 2.62-2.57 (m, 4H, N-CH,); *C NMR (100 MHz,
CDClI3; + DMSO-dg): 6 = 164.4, 163.5, 163.1, 151.4, 142.2, 135.7, 134.8, 130.3, 128.3, 127.2,
125.8, 115.2, 109.2, 108.5 (ArC), 66.1 (O-CH,), 46.4 (N-CH,), 45.4 (N-CH,), 43.0 (N-CHy); MS
(ESI), m/z: 455.5 (M*+1); Anal. Calcd for Co4H2sNgO: C, 63.28; H, 5.53; N, 27.67, Found: C,
63.49; H, 5.49; N, 27.75.
N*-[4-(1H-Benzimidazol-2-yl)-phenyl]-N°-(2-morpholin-4-yl-ethyl)-1H-pyrazolo[3,4-
d]pyrimidine-4,6-diamine (13).
@ White powder; yield: 70%; mp: > 300 °C; *"H NMR (400 MHz,
Q/L CDCl3 + DMSO-dg): 6 = 8.43-8.23 (m, 1H, ArH), 8.10 (d, 2H, J =
P 8.68 Hz, ArH), 7.86 (s, 1H, ArH), 7.66-7.58 (m, 3H, ArH), 7.20 (d,
)TN 1H, J =3.20 Hz, ArH), 7.19 (d, 1H, J = 3.20 Hz, ArH), 7.04 (t, 1H,
J=8.24 Hz, ArH), 5.93 (bs, 1H, NH), 3.71-3.55 (m, 8H, mor-
CH,), 2.62 (t, 2H, J = 5.96 Hz, N-CH,), 2.57-2.52 (m, 2H, N-CH>); **C NMR (100 MHz, CDCls
+ DMSO-dg): 6 = 165.3, 164.5, 163.7, 150.6, 137.2, 135.7, 135.1, 135.0, 128.4, 127.2, 125.3,
117.7, 114.8, 100.5 (ArC), 66.1 (O-CH,), 52.9 (N-CH,), 42.9 (N-CH,), 36.5 (N-CH,); MS (ESI),
m/z: 455.5 (M*+1); Anal. Calcd for CsH2sNgO: C, 63.28; H, 5.53; N, 27.67, Found: C, 63.12; H,
5.47; N, 27.76.
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N*-[4-(1H-Benzimidazol-2-yl)-phenyl]-N°-benzyl-1H-pyrazolo[3,4-d]pyrimidine-4,6-
diamine (14).
@ White powder; yield: 66%; mp: > 300 °C; 'H NMR (400 MHz,

@/k CDCl; + DMSO-dg): & = 8.57 (s, 1H, ArH), 8.03 (d, 1H, J = 1.84 Hz,

“/N ArH), 7.32 (d, 1H, J = 8.72 Hz, ArH), 7.26 (d, 3H, J = 7.32 Hz, ArH),
@Aﬁ\m” 7.21-7.16 (m, 3H, ArH), 7.13 (d, 3H, J = 8.72 Hz, ArH), 7.01 (d, 3H,
J =5.92 Hz, ArH), 5.27 (s, 2H, N-CH,); *C NMR (100 MHz, CDCl;

+ DMSO-dg): 6 = 164.0, 163.8, 158.8, 156.4, 151.0, 137.9, 135.7, 135.3, 135.1, 134.2, 128.3,
127.2, 125.9, 121.8, 117.7, 116.1, 114.4, 114.2, 101.6 (ArC), 46.2 (N-CH,); MS (ESI), m/z:
432.4 (M*+1); Anal. Calcd for CosHoNg: C, 69.43; H, 4.66; N, 25.91, Found: C, 69.54; H, 4.60;
N, 25.98.
2-{4-[4-(1H-Benzimidazol-2-yl)-phenylamino]-1H-pyrazolo[3,4-d]pyrimidin-6-ylamino}-
ethanol (15).
@ White powder; yield: 78%; mp: > 300 °C; *H NMR (400 MHz,
@ CDCl; + DMSO-dg): 6 = 8.12 (t, 2H, J = Hz, ArH), 8.02 (bs, 1H,
P S NH), 7.80 (s, 1H, ArH), 7.63-7.61 (m, 2H, ArH), 7.50-7.45 (m, 1H,
N ArH), 7.19-7.16 (m, 1H, ArH), 7.00 (d, 1H, J = 7.32 Hz, ArH), 6.31

N7
HO\/\N)\\N ‘
H

(s, 1H, ArH), 3.75 (t, 2H, J = 4.56 Hz, O-CH,), 3.57 (t, 2H, J = 3.20 Hz, N-CH,); *C NMR (100
MHz, CDCl; + DMSO-dg): & = 165.4, 163.6, 163.3, 151.3, 141.6, 135.1, 128.1, 127.0, 125.5,
121.0, 120.7, 114.1, 113.9, 108.2 (ArC), 60.5 (O-CH,), 46.2 (N-CH,); MS (ESI), m/z: 386.4
(M*+1); Anal. Calcd for Cy0H1sNgO: C, 62.17; H, 4.70; N, 29.00, Found: C, 62.10; H, 4.66; N,
29.20.
N°-Allyl-N*-[4-(1H-benzimidazol-2-yl)-phenyl]-1H-pyrazolo[3,4-d]pyrimidine-4,6-diamine
(16).

@ White powder; yield: 69%; mp: > 300 °C; *H NMR (400 MHz, CDCl; +
@ DMSO-ds): 5 = 8.13 (d, 1H, J = 8.68 Hz, ArH), 8.01 (d, 1H, J = 8.72
8 Hz, ArH), 7.76 (t, 1H, J = 8.72 Hz, ArH), 7.64-7.61 (m, 2H, ArH), 7.29-
7.23 (m, 2H, ArH), 7.02 (d, 2H, J = 8.92 Hz, ArH), 6.62 (bs, 1H, NH),
6.02-5.93 (m, 1H, allyl-CH), 5.29 (d, 2H, J = 18.32 Hz, allyl-CH,), 5.15

N~ | N

~ ,

\/\N N N
H H

N
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(d, 2H, J = 10.08 Hz, N-CH,); *C NMR (100 MHz, CDCl; + DMSO-ds): & = 164.4, 150.5,
126.5, 121.8, 121.7, 119.2, 114.2, 114.0 (ArC), 53.9 (N-CH,); MS (ESI), m/z: 382.4 (M*+1);
Anal. Calcd for C,1H1gNg: C, 65.95; H, 4.74; N, 29.30, Found: C, 65.76; H, 4.71; N, 29.39.
N*-[4-(1H-Benzimidazol-2-yl)-phenyl]-N°-(4-fluoro-phenyl)-1H-pyrazolo[3,4-d]pyrimidine-
4,6-diamine (17).

N@ White powder; yield: 67%; mp: > 300 °C; *"H NMR (400 MHz,

|
@/Lu CDCl; + DMSO-dg): 5 = 8.47 (bs, 1H, NH), 8.27 (s, 1H, ArH), 8.22
- " (d, 1H, J = 8.72 Hz, ArH), 7.92 (d, 1H, J = 8.68 Hz, ArH), 7.87 (d,
N7 Q
\@NA\N | H’N 1H, J = 7.80 Hz, ArH), 7.69-7.66 (m, 4H, ArH), 7.29-7.27 (m, 1H,

ArH), 7.09 (s, 1H, ArH), 7.05 (d, 2H, J = 8.68 Hz, ArH); *C NMR (100 MHz, DMSO-dg): & =
150.6, 139.8, 138.3, 138.1, 127.3, 124.4, 122.7, 122.5, 120.6, 120.5, 114.6, 114.8 (ArC); MS
(ESI), m/z: 436.4 (M*+1); Anal. Calcd for Cp4H17FNg: C, 66.05; H, 3.93; N, 25.67, Found: C,
66.05; H, 3.79; N, 25.61.
N*-[4-(1H-Benzimidazol-2-yl)-phenyl]-N°-cyclohexyl-1H-pyrazolo[3,4-d]pyrimidine-4,6-
diamine (18).

@ White powder; yield: 68%; mp: > 300 °C; *H NMR (400 MHz,

@/lm CDCls + DMSO-d): & = 8.27 (bs, 1H, NH), 8.16 (s, 1H, ArH), 8.11
HN (d, 1H, J = 8.72 Hz, ArH), 7.90 (d, 1H, J = 6.88 Hz, ArH), 7.84 (s,
Q ) N 1H, ArH), 7.68-7.65 (m, 3H, ArH), 7.20-7.17 (m, 1H, ArH), 7.01 (t,
N N
B H

1H, J = 8.68 Hz, ArH), 5.54 (bs, 1H, NH), 3.87-3.84 (m, 1H, CH),
2.06-2.04 (m, 2H, CH,), 1.86-1.60 (m, 4H, CH,), 1.39-1.08 (m, 4H, CH,); **C NMR (100 MHz,
CDCl; + DMSO-dg): & = 151.6, 142.2, 135.3, 133.8, 130.8, 128.3, 127.2, 125.6, 115.7, 110.2,
108.5 (ArC), 52.8 (N-CH,), 46.5 (CHy), 43.0 (CH,), 36.4 (CH.); MS (ESI), m/z: 424.5 (M*+1);
Anal. Calcd for Co4H14Ng: C, 67.90; H, 5.70; N, 26.40, Found: C, 67.72; H, 5.40; N, 26.21.
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In Vitro Anticancer Screening Protocol**®!

The human tumor cell lines of the cancer screening panel were grown in RPMI 1640 medium
containing 5% fetal bovine serum and 2 uM L-glutamine. For a typical screening experiment,
cells were inoculated into 96 well microtiter plates in 100 pL at plating densities ranging from
5000 to 40,000 cells/well depending on the doubling time of individual cell lines. After cell
inoculation, the microtiter plates were incubated at 37° C, 5% CO,, 95% air and 100% relative
humidity for 24 h prior to addition of experimental drugs. After 24 h, two plates of each cell line
were fixed in situ with TCA, to represent a measurement of the cell population for each cell line
at the time of drug addition (Tz). Experimental drugs were solubilized in dimethyl sulfoxide at
400 fold the desired final maximum test concentration and stored frozen prior to use. At the time
of drug addition, an aliquot of frozen concentrate was thawed and diluted to twice the desired
final maximum test concentration with complete medium containing 50 pg/mL gentamicin.
Additional four, 10-fold or ¥ log serial dilutions were made to provide a total of five drug
concentrations plus control. Aliquots of 100 uL of these different drug dilutions were added to the
appropriate microtiter wells already containing 100 uL of medium, resulting in the required final
drug concentrations. Following drug addition, the plates were incubated for an additional 48 h at
37° C, 5% CO,, 95% air, and 100% relative humidity. For adherent cells, the assay was
terminated by the addition of cold TCA. Cells were fixed in situ by the gentle addition of 50 uL of
cold 50% (w/v) TCA (final concentration, 10% TCA) and incubated for 60 mins at 4 °C. The
supernatant was discarded, and the plates were washed five times with tap water and air dried.
Sulforhodamine B (SRB) solution (100 uL) at 0.4% (w/v) in 1% acetic acid was added to each
well, and plates were incubated for 10 mins at room temperature. After staining, unbound dye was
removed by washing five times with 1% acetic acid and the plates were air dried. Bound stain was
subsequently solubilized with 10 mM trizma base, and the absorbance was read on an automated
plate reader at a wavelength of 515 nm. For suspension cells, the methodology was the same
except that the assay was terminated by fixing settled cells at the bottom of the wells by gently
adding 50 pL of 80% TCA (final concentration, 16% TCA). Using the seven absorbance
measurements [time zero, (Tz), control growth, I, and test growth in the presence of drug at the
five concentration levels (Ti)], the percentage growth was calculated at each of the drug
concentrations levels. Percentage growth inhibition was calculated as:

[(Ti—Tz)/(C-TZz)] x 100
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for concentrations for which Ti>/= Tz

[(Ti—Tz)/Tz] x 100

for concentrations for which Ti < Tz.

Three dose response parameters were calculated for each experimental agent. Growth inhibition
of 50% (Glsp) was calculated from [(Ti-Tz)/(C-Tz)] x100 = 50, which was the drug concentration
resulting in a 50% reduction in the net protein increase (as measured by SRB staining) in control
cells during the drug incubation. The drug concentration resulting in total growth inhibition (TGI)
was calculated from Ti =Tz. The LCs (concentration of drug resulting in a 50% reduction in the
measured protein at the end of the drug treatment as compared to that at the beginning) indicating
a net loss of cells following treatment was calculated from [(Ti-Tz) / Tz] x100 = -50. Values were
calculated for each of these three parameters if the level of activity was reached; however, if the
effect was not reached or was exceeded, the value for that parameter was expressed as greater or

less than the maximum or minimum concentration tested.

Dihydrofolate Reductase Inhibition Assay

The dihydrofolate reductase inhibition assay was performed as per the manual of the DHFR assay
kit (Sigma product code CS0340). All the dilutions were made in assay buffer, pH 7.5. 10 mM
stock solutions of dihydrofolic acid and NADPH in assay buffer were prepared. Stock solutions of
the test compounds with different concentrations were prepared in DMSO, and an amount of 20
uL of each was taken to attain final concentration of 107, 107, 107 and 10~ M in the respective
wells of 96-well plate containing assay buffer. An amount of 0.1 unit of DHFR as supplied in the
kit was diluted, and an amount of 20 pL of its 3 x 10> unit was used in each reaction. Each well
of the 96-well plate was charged with 157.8 uL of assay buffer. Then 1.2 uL. of NADPH solution
was added to each well except 1A and 1B, and 20 uL of test compound (including methotrexate
as positive control) was added to each well except LA—H. The reaction was started by the addition
of 1uL of dihydrofolic acid to each well except 1C and 1D. 1G and 1H contained 20 pL of DMSO
to check any inhibition of enzyme activity due to DMSO. The change in absorbance at 340 nm
was monitored as a function of time. Percentage inhibition of enzymatic activity was calculated
after nullifying the effects of NADPH, folate, and solvent. ICso was calculated by plotting a graph
between percentage inhibition and the corresponding concentration of the compound using

Graphpad Prism version 6.01.
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DNA Binding Study Protocol

Preparation of stock and ct-DNA solution: Stock solution of compounds (10 mM) was prepared in
AR grade DMSO. The DNA binding experiments were carried out by making dilution of the
stock solution with phosphate buffer. Stock solution of ct-DNA (Sigma product code D4522) was
prepared by dissolving powdered lyophilized DNA in phosphate buffer (10 mM, pH 7.0). The
purity of ct-DNA was verified by monitoring the ratio of the absorbance at 260 nm and 280 nm,
and the ratio of A260/A280 was 1.82, indicating that the ct-DNA was sufficiently free of protein
contamination. The concentration of ct-DNA in terms of the nucleotide phosphate (i.e. nucleotide)
was determined to be 2.56 x 10° mol L™ by UV-vis absorption at 260 nm using a molar
absorption coefficient of ex5 = 6600 L mol™cm™ (expressed as the molarity of phosphate groups).
Al stock solutions were stored at 04 °C.

UV-vis absorption spectra: All the spectra were recorded at ambient temperature (300 K). UV-Vis
spectra were recorded on a Shimadzu-2400 PC spectrometer with a 1 cm cuvette. Any
background buffer signal was electronically subtracted. Absorption titrations were performed with
constant ligand concentration of 20 uM and increasing ct-DNA concentration (up to 20 uM). The
control experiment was done by adding equal volumes of buffer solution instead of DNA solution
to the same concentration of compound. The control experiment showed no significant change in
the absorption spectra of the compound.

Fluorescence spectra: Emission spectra were recorded with a Cary Eclipse Fluorescence
Spectrophotometer at ambient temperature. A slit width of 10 nm was used with suitable Aex. The
titration experiment was accomplished with a constant ligand concentration (20 uM) and by
varying the concentration of DNA in cuvette (0.5-150 uM).

Binding Constants: Binding constant K, for the ligand.DNA complex was estimated from
absorbance and fluorescence titration data using the Benesi—Hildebrand equation that is
represented as follow:

1/(At— Aabs) = L/(As — Arc) + {1/[Ka(Ar — Arc)]}Hligand]

where K, is the binding constant, As is the absorbance of the free host, Agps IS the absorbance
observed, and Ar is the absorbance at saturation. K, was determined from the ratio of intercept to

slope obtained from the linear fit of the plot of 1/( As— Aqps) vs.1/[ligand].
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DNA thermal denaturation: Thermal melting curves were measured with Shimadzu-2400 PC
spectrometer equipped with a Peltier temperature controller system (£0.1 °C). ct-DNA was
treated with compounds (ratio of DNA to compound = 1:1) and kept at 25 °C for 5 minutes. All
the solutions were degassed before the experiment. The absorbance of ct-DNA (50 uM) in buffer
(pH 7.4) was measured at 260 nm. DNA melting experiment was carried out by monitoring the
absorbance of ct-DNA at 260 nm at various temperatures in the presence and absence of drug
with a ramp rate of 0.5 °C/min in a phosphate buffer (pH 7.0). T, was determined from the 1°
derivative of the absorbance vs. temperature curve.

Competitive binding study with Ethidium bromide and Hoechst 33258: Competitive binding of
ligands with DNA in the presence of intercalator, ethidium bromide and classical minor groove
binder, Hoechst 33258 were also studied. Ethidium bromide and Hoechst 33258 (Sigma) were
dissolved in Milli-Q water to prepare a stock solution with 1 mM strength and diluted
immediately before use. Fluorescence spectra were taken in the presence of ethidium bromide and
Hoechst 33258 (10 uM) while increasing the amount of ct-DNA (0 to 20 uM) and using an
excitation wavelength of 480 nm and 353 nm. Compounds were added with an increasing
concentration of 2 uM (up to 30 uM), mixed thoroughly after each addition and the emission
spectrum was recorded with Aex = 480 nm and Aex = 353 nm.

Viscosity measurements: Viscosity measurements were conducted on a viscometer, immersed in a
thermostated water-bath maintained at a constant temperature at 25 + 0.1 °C. The experiments
were carried out by adding different amounts of ligand into the viscometer while keeping the ct-
DNA concentration constant. The flow time (t) of the solution through the capillary was measured
with a digital stopwatch, and the average flow time of five parallel measurements was used to
evaluate the relative viscosity of the samples. The data were presented as the relative viscosity of
Ct-DNA (n/no)*® versus LDR (ligand-DNA ratio), where 1 and 1o represent the viscosity of ct-
DNA in the presence and absence of ligand, respectively. Viscosity values were calculated from
the observed flow time DNA-containing solutions corrected for the flow time of buffer alone (to),
n = (t-to)/to.

lonic strength and iodide quenching effect: The concentration of sodium chloride/potassium
iodide was increasing gradually when the concentration of the complex and DNA was fixed. The

fluorescence spectrum was recorded after the system reaching equilibrium in 10 minutes.
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BSA Binding Study Protocol

Materials and methods: The stock solution of BSA (Sigma Chemical Co., USA) was prepared by
dissolving an appropriate amount of solid BSA in 0.1 M phosphate buffer at pH 7.4 and stored at
0—4 °C in the dark. Stock solutions of compounds (10 mol L ™) were prepared in DMSO
because of their lower solubility in water. All stock solutions were diluted to the required
concentrations with phosphate buffer (pH 7.4). All other reagents were of analytical reagent
grade.
UV-Visible absorption and fluorescence spectra: The UV-visible absorption and fluorescence
emission spectra were measured with a 1 cm quartz cell. All the spectra were recorded at
ambient temperature (300 K). UV-Vis spectra were recorded on Shimadzu-2400 PC
spectrometer. The wavelength of the spectra was between 200 and 800 nm. All the UV-visible
spectra were recorded after equilibration of solution for 5 min. Emission spectra were recorded
with Varian Cary Eclipse fluorescence spectrometer. The excitation and emission wavelengths
for BSA were 280 nm and 351 nm with a slit width of 10 nm. Very dilute solutions of BSA and
compounds 5-21 were used to avoid inner filter effect. The titration experiments were performed
by varying the concentration of compounds 5-21 and keeping the BSA concentration (10 puM).

Binding constant K was estimated from absorption and fluorescence titration data using the
Benesi—Hildebrand equation. K was determined from the ratio of intercept to slope obtained
from the linear fit of the plot of 1/(Aq — A) vs. 1/[ligand] and 1/(Fo — F) vs. 1/[ligand], where A
and A are the absorption intensities and Fo and F are the emission intensities of the BSA in the
absence and presence of compounds, respectively.

U(Ag— A) = 1/(Ao — Ar) + {1/[K(Ao — As)]}Hligand]
To determine the binding number of triazine-benzimidazole analogues with BSA, the double-
logarithmic equation was used:
log[(Fo-F)/F] =log K + n log [Q]

where, Fo and F are the emission intensities of BSA in the absence and presence of triazine-
benzimidazole analogues, respectively. A plot of log[(Fo-F)/F] vs. log[Q] will produce a straight
line; whose slope is equal to n. The number of binding sites n as calculated from the plot is

approximately equal to 1 for BSA and it is in good agreement with the literature reports.
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Docking Study Protocol

Compounds were built using the builder tool kit of the software package Argus Lab 4.0.1.23 and
energy minimized with semi-empirical quantum mechanical method PM3. Crystal coordinates
was downloaded from protein data bank and in the molecule tree view of the software, the
monomeric structures of the crystal co-ordinate was selected and the active site was defined as
15 A around the ligand. Validation of the docking programme was checked by docking the
known inhibitors of the respective enzymes in their binding sites. The molecule to be docked in
the active site of the enzyme was pasted in the work space carrying the structure of the enzyme.
The docking programme implements an efficient grid based docking algorithm which
approximates an exhaustive search within the free volume of the S19 binding site cavity. The
conformational space was explored by the geometry optimization of the flexible ligand (rings
were treated as rigid) in combination with the incremental construction of the ligand torsions.
Thus, docking occurs between the flexible ligand parts of the compound and enzyme. The
docking was repeated several times (approx. 10000 iterations) until no change in the position of
the ligand and a constant value of the binding energy was observed. The ligand orientation was
determined by a shape scoring function based on Ascore and the final positions were ranked by
lowest interaction energy values. H-bond between the respective compound and enzyme were
explored. During computational docking, a pose is typically generated, scored and compared to
the previous pose(s). The current pose is then accepted or rejected on the basis of the score for
that pose.
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SUMMARY

Despite many therapeutic successes, cancer is a major worldwide public health problem and the
leading cause of human mortality exceeded only by cardiovascular diseases. In 2015, there are
estimated 16,58,370 new cancer cases diagnosed worldwide. More than 5,89,430 cancer deaths
are reported only in US. More recently, components of the mitotic machinery have been targeted
in an attempt to develop novel anticancer agents® that are used to control the growth of cancerous
cells. Development of new anticancer drugs and more effective treatment strategies for cancers
are of utmost importance as traditionally prescribed chemotherapeutic agents have problems with
toxicity and drug resistance. In recent years, great advances in elucidating molecular structures
have allowed precise determination of the interaction between proteins and DNA with various
therapeutic agents. Identifying the exact nature of interaction for a drug is the key to control its
specificity and reducing unwanted side effects.? Detailed structural information can be employed
to design molecules that bind to specific targets, and many of these efforts are aimed at enzymes.
Enzyme inhibitors have been used as therapeutic agents with organic molecules by interacting
with targets through the weak linkage of hydrogen bonding and van der Waals contact that result
in undesirable side effects due to the shorter residency time of the drug at the target, allowing
more nonspecific interactions with non-target molecules. Nitrogen-containing heterocycles are
present in a wide variety of bioactive natural products and biological molecules that may be good
drug candidates. Specifically, triazine, pyrrolopyridine, quinazolinone, pyrazolopyrimidine,
benzimidazole and their derivatives, which belong to the N-containing heterocyclic compounds,
have caused universal concerns due to their widely and distinct pharmaceutical activities.

Keeping in view the above points, the following objectives have been designed.

(1) To synthesize triazine derivatives linked to azoles

(benzimidazole/benzotriazole/benzothiazole) and primary/secondary amines.

(2) To synthesize substituted azoles linked with fused heterocyclic moieties followed by

substitution with primary/secondary amines.

(3) To characterize synthesised compounds through spectroscopy techniques.

(4) To evaluate these compounds with different in vitro biological studies and predict the

structure activity relationship (SAR).
In the present investigation, we have combined the structural artifacts of benzimidazole with

triazine, pyrrolopyridines, quinazolinones and pyrazolopyrimidines moieties to make a hybrid
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and substituted them with different secondary and primary amines in order to observe the effect
of electron-donor and acceptor nitrogen groups within the moieties. Introduction of benzyl group
at 1- or 3-position of benzimidazole are also known to increase lipid solubility of polar
compounds, a character very much needed for the activity. The strategy of using substituted
azoles linked to triazine derivatives or other fused heterocycles are particularly attractive as it is
expected to provide a scope of preparing more interactions with the target site and thus, further
affect the activity. Characterizations of these molecules were done with different spectroscopic
techniques such as NMR and mass spectrometry. In the quest for biologically potent agents,
these synthesized molecules were evaluated in vitro over 60 human cancer cell lines and
dihydrofolate reductase inhibition. These compounds were further evaluated for their interactions
with DNA and bovine albumin. SAR study was used to identify the structural features required
for the antitumor properties of these new hybrid series and also the role of different structural
fragments in affecting the properties of the drug. In order to have an insight into the molecular
interaction of compounds, their docking were also planned to scrutinize the mode of interactions
of compound with amino acids in the active site of the enzyme.

Chapter 2: Covers synthesis, characterization, evaluation and molecular modelling of
triazine-benzimidazole analogous

2.1.1. Synthesis of regioisomeric triazine-benzimidazole hybrids (7-49):

Treatment of o-phenylenediamine with acetic acid at 100 ‘C for 24 h to give brown solid of 2-
methylbenzimidazole (1). Nitration has been done with equal amounts of nitric acid and
concentrated sulphuric acid at 0 'C for 5 h to give 2-methyl-5-nitro-1H-benzimidazole (2).
Treatment of 2 with benzyl chloride in the presence of K,CO3 and ethanol at reflux temperature
for 8 h to give mixture of 1-benzyl-2-methyl-5-nitro-1H-benzimidazole (3a) and 3-benzyl-2-
methyl-5-nitro-3H-benzimidazole (3b). Reduction of 3a and 3b with stannous chloride and 2 N
HCI at 110 'C for 7 h gave mixture of products which were separated through column
chromatography to pure regioisomeric 1-benzyl-2-methyl-1H-benzimidazol-5-ylamine (4a) and

3-benzyl-2-methyl-3H-benzimidazol-5-ylamine (4b) (Scheme 1).
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Scheme 12, Synthesis of substituted amino benzimidazole
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®Reagents and Conditions : (i) CH;COOH, 100 °C, 98%; (ii) H,SO,4, HNOs, 0 °C, 75%; (iii) Benzyl
chloride, K,CO;, C,HsOH, reflux, 75%; (iv) SnCl4.2H,0, 2N HCI, 110 °C, 25-65%.

Compounds 7-49 were synthesized by nucleophilic substitution reactions of 4a and 4b with
cyanuric chloride followed by displacement with different primary and secondary amines as well
as substituted boronic acids. Thus, compound 4a was treated with cyanuric chloride in the
presence of 10% sodium bicarbonate at 0-5 °C for 6 h gave (1-benzyl-2-methyl-1H-
benzimidazol-5-yl)-(4,6-dichloro-[1,3,5]triazin-2-yl)-amine (5a) in 96% vyield followed by
stirring with 4-fluoroaniline and morpholine at room temperature in the presence of 10% sodium
bicarbonate for 4 h gave compounds 6a and 6b respectively (Scheme 2).

Scheme 2%, Synthesis of monosubstituted and disubstituted triazine

O
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6¢; NR1R;, = 4-fluoroaniline
6d; NR;R, = morpholine

“Reagents and conditions: (i) 4a, NaHCOs, THF, 0-5 °C, 96%; (ii) 4b, NaHCO3, THF, 0-5 °C, 90%; (iii)
4-fluoroaniline/morpholine, NaHCO3, THF, rt, 70-80%.

Similarly, compound 4b was also treated with cynauric chloride in the same reaction
conditions to obtain (3-benzyl-2-methyl-3H-benzimidazol-5-yl)-(4,6-dichloro-[1,3,5]triazin-2-
yl)-amine (5b) in 90% vyield followed nucleophilic substitution with 4-fluoroaniline and
morpholine to obtain compounds 6¢ and 6d respectively. Finally, treatment of compound 6a-d
with different primary and secondary amines in the presence of K,COj in 1,4-dioxane at 110 °C
for 8 h gave compounds 7-40 in moderate to good yields (Scheme 3, 4).
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Scheme 32, Synthesis of 2,4,6-trisubstituted triazines with respect to 5-aminobenzimidazole

NR3R4 = 7; piperidine
8; 4-fluoroaniline
9; 4-aminophenol

cl //@7 NR3R, f@ 10; N-methylpiperazine
F A N o F NAN N 11; pyrrolidine
NTSN cH . -
\Q PPN )—CHy —————— N M /)\N N/f 3 12; 1,2-ethylenediamine
H N” N N

N N N 13; 1,2-ethanolamine
H 14; 2- aminoethylmorpholine
6a 7-18 15; 4- aminothiophenol
16; aniline

17; 2-aminopyrimidine
18; 2-aminobenzonitrile

NR3R,4 = 19; morpholine
a //@ J\TGIR“ //® 20; 4-fluoroaniline
)\ [0} NTSN N 21; piperidine
NN N%CH . { /)\ />7CH3 22; N-methylpiperazine
L. 7 3 ﬁN N H N 23; pyrrolidine
(\N NN N o) ’ -
\) H 1926 24; 1,2-ethylenediamine
o 25; 1,2-ethanolamine
26; 2-aminoethylmorpholine

®Reagents and conditions: (i) HNRs;R4, K,COs, 1,4-dioxane, 110 C, 55-88%.

Scheme 4°. Synthesis of 2,4,6-trisubstituted triazines with respect to 6-aminobenzimidazole

E NR3Ry NR3R4 = 27; morpholine
NTSN /@:N\%CH F N)%N N 28; piperidine
N)‘\N/)\N N 3 10 \©\ )\\ /)\ /@:’\?ﬁc"b 29; pyrrolidine
H H \\© _ H N N 30; N-methylpiperazine
6c \\© 31; 1,2-ethylenediamine
27-33 32; 1,2-ethanolamine
33; 2-aminoethylmorpholine

PY NR3R4 . )
NN N\ ) )§ N NR3R4 = 34; morthIlne
PPN D—CHsg (0] N‘ N S—CHy 35; piperidine
K\N N N E——— PPN N 36; pyrrolidine
\\© 37; N-methylpiperazine
34-40 38; 1,2-ethy|ened|§m|ne
39; 1,2-ethanolamine
40; 2-aminoethylmorpholine

{
&

*Reagents and conditions: (i) HNR3R,, K,COs, 1,4-dioxane, 110 °C, 68-88%.

Compounds 6aand 6b were also underwent Suzuki-Miyaura cross coupling reactions

with

varieties of aryl boronic acids in the presence of Pd(PPhs), and K,COj3 in 1,4-dioxane to give

compounds 41-49 in 60-78% yields (Scheme 5).
Scheme 5% Synthesis of trisubstituted triazine with Suzuki-Miyaura reaction

Cl R Rs = 41; phenyl
42; 4-fluorophenyl

5
F )\ N F )§ N
NTSN N™SN /@: CH 43; 4-chlorophenyl
\QN A /)\N/Q:N/%CHa \QNJ\N/)\N N/% : a4; 2thienyl
H

H 45; 3-methylphenyl

6a 41-46 46; 4-methoxypheny!
x
Cl
PR NTSN (IN Rs = 47; phenyl
B N, . CH
)N‘\ )N\ /©: )—CHa N)‘\N/)\N N/% 3 48; 4-fluorophenyl
NONTN N \) H 49; 4-chlorophenyl
o H ©
- 47-49

®Reagents and conditions: RsB(OH),, Pd(PPh3),, K,COs, 1,4-dioxane, reflux, 59-78%.
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2.1.2. Characterization:

(a) All the synthesized compounds were characterized by *H and *C NMR spectra (Bruker FT-
NMR 400 MHz and JEOL ECS-400 MHz spectrometers) as well as Mass Spectra (Waters
Micromass Q-Tof Micro, Milford, MA).

(b) Single crystal X-ray crystallography of compound 29 was grown in ethanol to develop single
crystal with Crystalispro diffractometer with graphite monochromated Mo Ka radiation (A =
0.71073 A) using SHELX-97, full-matrix least-square refinement method.

2.1.3. Biological Evaluation:

(@) All the synthesized compounds were submitted to National Cancer Institute (NCI) disease-
oriented human cell lines for their evaluation of in-vitro antitumor activities.*® Thirty
compounds (6a, 6¢-6d, 8-13, 17, 19-22, 25, 28, 31-34, 36-41, 43, 44, 46 and 49) were selected
and evaluated against 60 cell lines at 10 M which included nine tumor subpanels and their
outputs were reported as a mean graph of the percent growth of treated cells, and presented as
percentage growth inhibition (GI %). Compounds 6c, 6d, 10, 11, 20, 21, 33, 43, 44 and 46 were
further screened against a panel of 60 different tumor cell lines at 5 dose concentration levels
against variety of cell lines. MG MID Glsg value (over all the 60 cancer cell lines) of compound
6c was found to be 6.09 UM and also showed specificity towards leukemia, colon and breast
cancer cell lines with Glsy values in the range of 3.34-4.91 uM. Nucleophilic displacement with
primary and secondary amines enhanced the antitumor activity by 2 to 4 folds. MG MID Glsy,
TGl and LCsy values of compound 6d has been shown to be 9.79, 28.3 and 35.2 uM
respectively. Compounds 10, 11 and 33 showed broad spectrum antitumor activities with Gls,
TGI and LCsg values of 1.77, 1.94 and 2.87 uM; 3.96, 5.59 and 16.6 uM and 10.3, 8.59 and 35.2
MM respectively. Compound 33 showed specificity towards leukemia, colon, CNS, melanoma
and breast cancer cell lines with Glsy in the range of 1.91-2.72 uM. Compound 20 exhibited
remarkable anticancer activity against CNS cancer and renal cancer cell lines with Glso values of
1.86 and 1.89 uM respectively. Similarly, compound 21 showed potency against leukemia, colon
and renal cancer cell lines with Glsy values ranging from 2.50-2.96 puM. Compounds 43, 44 and
46 also showed excellent antitumor activities with MG MID Glsg values over all 60 human

tumor cell lines of 7.67, 5.18 and 4.28 uM respectively.
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(b) Interaction of these compounds with dihydrofolate reductase has also been studied using
dihydrofolate reductase inhibition assay Kit. It was observed that these compounds showed
excellent inhibitory activities with ICs values ranging from 0.002 uM to 42.4 uM. Compound
33 exhibited more inhibition of DHFR activity as evident from its 1Cs, value of 2.0 £ 0.01 nM
and exhibited almost tenfold higher DHFR inhibitory activity than methotrexate (MTX). To find
out the site of interaction of these compounds with DHFR, UV-Visible spectral studies and *H
NMR spectral studies have been performed.
(c) We therefore investigated the binding of the most active series, 5 dose compounds viz., 6¢-d,
10, 11, 20, 21, 33, 43, 44 and 46 towards ct-DNA, through stepwise addition of DNA at constant
concentration and physiological pH. The binding constant K, was determined from the Benesi—
Hildebrand’ equation for UV-Vis and fluorescence titrations, suggested strong interaction of ct-
DNA with compounds. In order to evaluate strength of intercalative nature of compounds with
DNA, thermal behaviour of ct-DNA in the presence of hybrids was also determined. The thermal
denaturation temperature of ct- DNA (60 °C), increased significantly in the presence of
compound 33 (80.1 °C) and 21 (85.0 °C) which showed strong intercalation properties of these
compounds with DNA.
(d) The compliance of compounds were evaluated with different physicochemical descriptors,
favouring their drug like properties. It has been observed that descriptors like total polar surface
area (TPSA), molar refractivity, polarizability and solvent accessibility surface area showed
great influence on the DHFR activity. Lipophilicity does not exert any effect on activity in all
compounds but hydrophilicity produces an important parameter for the activity. Compound 33,
most active in DHFR interaction, showed higher values in all these parameters that also
supported the inhibitory activity. In order to have an insight into the molecular interaction of
most active compound 33 with DHFR, docking was planned to scrutinize the mode of interaction
of compound with amino acids of the DHFR enzyme that indicated the probable mode of action
of this compound for anticancer activities.
2.2.1. Synthesis of 4-fluoroaniline linked triazine-benzimidazole analogues (4-21):
2,4,6-Trisubstituted triazines (4-21) were prepared in moderate to good yields using
nucleophilic substitution and Suzuki-Miyaura cross coupling reactions (Scheme 6). Cyanuric
chloride was reacted with 4-fluoroaniline in the presence of 10% NaHCO3; in THF at 0-5 OC for 6
h to obtain (4,6-dichloro-[1,3,5]triazin-2-yl)-(4-fluoro-phenyl)-amine (1) in 85% yield.
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Compound 1 was treated with 4-(1H-benzimidazol-2-yl)-phenylamine (2) in the presence of
potassium carbonate and THF at room temperature for 24 h to provide N-[4-(1H-benzimidazol-2-
yl)-phenyl]-6-chloro-N'-(4-fluoro-phenyl)-[1,3,5]triazine-2,4-diamine (3). Further, treatment of 3
with different primary and secondary amines in the presence of 10% potassium carbonate in 1,4-
dioxane at 110 °C for 6-8 h gave compounds 4-15 in 66-78% yields. Compound 3 was also
treated with different aryl boronic acids through Suzuki coupling, in the presence of Pd(PPhs),
and K,COg in 1,4-dioxane afforded compounds 16-21.
Scheme 6°. Synthesis of triazine-benzimidazole analogues.

Q
F
: . ol
Ay 0 A (i) NH N/@

Cl
iV
(iii) ®)
NR;R; = 4; morpholine
5; piperidine

6; pyrrolidine F F

7; N-methylpiperazine \©\ R3 = 16; phenyl

8; 1,2-ethylenediamine NH N NH N 17; p-chlorophenyl
9; 1,2-ethanolamine Y | Py | 18; 2-thieny!

10; 2-aminoethylmorpholine NN N NN N 19; 2-furan

11; 2-hydroxyethylpiperazine | )\ H )\\ P H 203 o-methoxyphenyl
12; benzylamine RoR;N NN Ry N7 N 21; p-methoxypheny!
13; allylamine H H

14; cyclohexylamine 4-15 16-21

15; hydrazine

®Reagents and conditions: (i) fluoroaniline, NaHCO3, THF, 0-5 °C; (ii) 2, K,COs, THF, rt; (iii) NHR;R,, K,COs3,
1,4-dioxane, reflux; (iv) RsB(OH),, Pd(PPhs),, K,CO3, 1,4-dioxane, reflux.

2.2.2. Characterization:

All the synthesized compounds were characterized by *H and *C NMR spectra (JEOL ECS-400
MHz spectrometers), Mass Spectra (Waters Micromass Q-Tof Micro, Milford, MA).

2.2.3. Biological Evaluation:

These synthesized compounds were further screened for their interaction with DNA using UV-
Visible and fluorescence spectroscopic techniques. The electronic spectra of all the tested
compounds showed intense band at the range of 300-335 nm due to the transitions between n-*
energy levels. Addition of ct-DNA to the solution of compounds 4-21 in phosphate buffer
resulted in gradual decrease in the absorption intensity. Compounds 7, 9-11, 16 and 21 showed
comparatively more hypochromicity as compared to other compounds. As there is no change in
position of the absorption band (bathochromic or hypsochromic shift) of conjugates, it can be

inferred that these compounds exhibit groove binding interactions to ct-DNA.2 On exciting the

182



compounds 4-21 at 305 nm, the emission spectra showed intense band between 375-473 nm. The
fluorescence intensity of compounds regularly decreased while the maximum emission
wavelength did not apparently shift with the increase of ct-DNA concentration. For the
quantitative investigation of the binding strength, the binding constants of these compounds with
ct-DNA were determined from UV-Visible and fluorescence titration data using Benesi—
Hildebrand equation,’ that indicated strong binding interaction between triazine-benzimidazole
analogues and ct-DNA. Thermal melting (T) value for the free ct-DNA has been found to be
65.6 °C whereas complexes of compounds 7, 9-11, 16 and 21 with DNA, the T, was measured in
the range of 57.0-64.4 °C. It has been found that triazine-benzimidazole analogues destabilize
DNA double helix by 1.2-8.6 degrees which indicated the mode of groove binding of compounds
to DNA. In order to rationalize the binding mode, a competitive binding experiment was
performed with compounds and DNA in the presence of minor groove binder (Hoechst 33258)

and an intercalator (ethidium bromide).**°

With increasing concentration of compounds 7, 9-11
and 16, the emission intensity of Hoechst. DNA complex was enhanced to a significant level
while in case of compound 21 the emission intensity of Hoechst. DNA complex was quenched.
This indicated that the Hoechst dye was replaced with compounds 7, 9-11, 16 and 21 from the
minor groove of DNA. A similar experiment was performed with addition of DNA to a solution
of ethidium bromide (EB) that provided no significant change in emission intensity of ethidium
bromide.DNA complex. Further, viscosity titration method was performed to confirm the
binding mode between triazine-benzimidazoles and ct-DNA.

The effect of ionic strength and iodine quenching were determined to evaluate whether there is
electrostatic binding between triazine-benzimidazoles and ct-DNA. The ratio of fluorescent
intensity of compounds 7, 9-11, 16 and 21 and DNA complexes did not show any significant
changes upon successive addition of salt and iodide that further eliminated the possibility of
intercalation. These results signified the interaction of compounds 7, 9-11, 16 and 21 with DNA
through groove binding mode or/and electrostatic binding. The docking studies of the
synthesized ligands clearly showed the importance of the mode of action through the interaction
between the triazine derivatives and DNA.

2.3.1. Synthesis of morpholine linked triazine-benzimidazole analogues:
The triazine-benzimidazole analogues were synthesized by their substitution with primary and

secondary amines as well as Suzuki-Miyaura cross coupling reactions (5-21) that has been
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reported in Scheme 7. Cyanuric chloride was reacted with morpholine in the presence of sodium
bicarbonate in THF at 0-5 °C for 6 h to give 4,6-dichloro-2-morpholin-4-yl-[1,3,5]triazine (2) in
89% vyield followed by nucleophilic substitution with 4-(1H-benzimidazol-2-yl)-phenylamine (3)
in the presence of potassium carbonate and THF at room temperature for 24 h provided the [4-
(3H-benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholin-4-yl-[1,3,5]triazin-2-yl)-amine  (4) in
84% yield. Further, treatment of compound 4 with different primary and secondary amines in the
presence of potassium carbonate and 1,4-dioxane at 110 °C for 8 h gave compounds 5-15 in
moderate to 66-75% yields. Compound 4 was also treated with five and six membered aryl
boronic acids in the presence of Pd(PPhs), and K,COs in 1,4-dioxane afforded compounds 16-21
in 64-75% vyields.

Scheme 72, Synthesis of triazine-benzimidazole analogues.
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w0 A e Cy Oy e vy !
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c” NT N el 7NN RoR;N N)\H
1 2 4
5-15
™) NR;R, = 5; morpholine
6; piperdine
7; pyrrolidine
8; N-methylpiperazine
oaa O 9; 2-aminoethylmorpholine
Rs = 16j phenyl [ j 10; 2-hydroxyethylpiperazine
17; 4-fluorophenyl N N 11; 1,2-ethylenediamine
18; 2-furan )\ | 12;1,2-ethanolamine
19; 2-thienyl NN 13; benzylamine
. A | H 14; cyclohexylamine
20i 4 chlorophenyl R3/LN/)\N 15: hydrazine
21; A4-trifluorophenyl H

®Reagents and conditions: (i) morpholine, NaHCOs;, THF, 0-5 °C; (ii) 3, K,COs, THF, rt; (iii) NHR;R,, K,COs3,
1,4-dioxane, reflux; (iv) RsB(OH),, Pd(PPhs),, K,CO3, 1,4-dioxane, reflux.

2.3.2. Biological Evaluation:

(a) Regarding the activity toward individual cell lines; all compounds showed selective potency
towards leukemia and melanoma cancer cell lines. In leukemia cancer cell lines CCRF-CEM,
MOLT-4, RPMI-8226 and SR, compound 6 showed activity with Gl values of 91%, 86%, 99%,
90% respectively. Compound 6 showed selectivity towards non small cell lung cancer cell lines
like NCI-H460, NCI-H522, A549/ATCC and NCI-H23 with GI values of 99%, 91%, 86% and
80%; compound 17 with GI values of 88%, 92%, 93%, 99%, 82%, 88% and 88% towards
A549/ATCC, EKVX, HOP-92, NCI-H460, NCI-H226, NCI-H23 and NCI-H522. Compound 6
and 17 showed selectivity toward colon cancer cells HCT-116, SW-620 and KM12 with Gl
values of 91% and 95%, 94% and 96%, 85% and 87% respectively; CNS cancer cells SF-539,
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SNB-19 and U251 with GI values of 92% and 99%, 89% and 82%, 91% and 93%; ovarian
cancer cell OVCAR-3 with Gl value of 89% and 94%; prostate cancer cell PC-3 with GI values
of 87% and 97% respectively. Compound 17 showed selectivity towards renal cancer cell ACHN
with Gl values of 91% and breast cancer cell MDA-MB-231/ATCC, MCF7 and BT-549 with Gl
value in range of 94-96%. Compounds 6, 16, 17 and 20 were further screened against a panel of
60 different tumor cell lines at five dose concentration range as these have shown prominent cell
growth inhibition at one dose concentration level against variety of cell lines. Compounds 6, 16,
17 and 20 showed broad spectrum antitumor activities with Glsp, TGI and LCs values of 2.68,
11.0 and 32.3 uM; 1.38, 3.15 and 8.63 uM; 2.37, 7.16 and 7.88 uM and 0.72, 1.80 and 4.88 uM
respectively.

(b) To examine the structural changes of BSA with these synthesized compounds 5-21,
absorbance and fluorescence spectral measurements were carried out. The electronic spectrum of
BSA showed an intense band at 279 nm that arises due to phenyl rings in Trp (tryptophan), Tyr
(tyrosine), and Phe (phenylalanine) residues. However, subsequent addition of compounds 5-21
to BSA solution resulted in a gradual increase in the intensity of peak at 279 nm to some extent,
but with the formation of a new band at 324 nm indicating the interaction of compounds with
protein by extending the peptide strands of BSA and leading to an increase of hydrophobicity in
the vicinity of this residue. On gradual addition of compounds 5-21, decrease in the fluorescence
intensity of BSA at 350 nm accompanies the appearance of one peak within range of 370-373
nm, which can be attributed to the complexation between compounds and protein. On gradual
addition of compounds 5-21, fluorescence intensity of the tryptophan residue present in BSA
decreased with a concomitant increase in the fluorescence intensity through an isoemissive point
that indicates an efficient energy transfer from the tryptophan residue present in BSA to
compounds.

Chapter 3: Covers synthesis, characterization, in-vitro evaluation and molecular modelling of
fused heterocyclic moieties linked benzimidazoles.

3.1. PYRROLOPYRIDINE

3.1.1. Synthesis of azoles and imidazopyridine substituted pyrrolopyridine (3-44):

The synthesis of Nj-substituted-2-(1H-pyrrolo[2,3-b]pyridine-3-yl)-azole ring system (3-44) has
been depicted in scheme 8. Duff reaction was first carried out by heating of 1H-pyrrolo[2,3-

b]pyridine 1 in the presence of hexamethylenetetramine (HMTA) in acetic acid at 110 °C for 2 h
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to give 1H-pyrrolo[2,3-b]pyridine-3-carboxaldehyde 2 in 55% yield. The formyl function at C3-
position provided a convenient handle for the generation of the corresponding azoles. Thus,
compound 2 was allowed to heat with 2-aminothiophenol/benzene-1,2-diamine/4-nitro-benzene-
1,2-diamine/6-bromopyridine-2,3-diamine at 160 °C for 15 h to obtain desired products 3-6
followed by selective mono-acylation and alkylation at N; position of 1H- pyrrolo[2,3-b]pyridine
with respective acyl and alkyl halides, and in case of benzyl and methyl halides, dialkylations are
predominant.

Scheme 8%: Synthesis of azoles substituted 1H-pyrrolo[2,3-b]pyridine

CHO . <X N
N S S G O
NN NN RTXTRH (T\C (j/N\(
1 2 z
NN Nk,
X=CH,N; R=H, Br,NO,; R; = S, NH 3-6 126
R=H, Br,NO,; R, = S, NH
R=H,X=CH,R; =S R=NO,, X=CH, Ry =NH
7; R, =benzoyl 17; R, = benzoyl
8; R, = Chloroacetyl 18; R, =Chloroacetyl
9; Rp=allyl 19; R, =allyl
10; R, = butyl 20; R, =butyl
11; R, = oxiranyl 21; R, =oxiranyl
R=H,X=CH,R; =NH R=Br,X=N, Ry =NH
12; R, = benzoyl 22; Ry = benzoyl
13; R, = Chloroacetyl 23; R, = 4-nitrobenzoyl
14; R, = allyl 24; R, = 4-flourobenzoyl
15; R, = butyl 25; R, = 4-methoxybenzoyl
16; R, = oxiranyl 26; R, = chloroacetyl

®Reagents and conditions: (i) HMTA, CH;COOH, 110 °C; (ii) Nitrobenzene, 160 °C; (iii) R,X, NaH, dry THF.

Treatment of compound 3 with benzyl chloride and methyl iodide at the same reaction
conditions to give compounds 27a and 28a in 88% and 84% vyields respectively (Scheme 9). But,
when the alkylation of 4 and 5 were carried out with benzyl chloride and methyl iodide, NH
group of benzimidazole was also alkylated. On the other hand, treatment of compound 6 with
benzyl halides at the same reaction conditions, gave monoalkylation and dialkylation products.

Scheme 9% Monoalkylation and dialkylation 1H-pyrrolo[2,3-b]pyridine

R R R
N
Ry 3 AN Ry AN N,
(@) + R,
o
NN NN NN
Ry Ry
36 27a-38a 29b-38b
R=H, Br,NOy; Ry = S, NH
R=H,X=CH,R; =S R=Br,X=N

27a; Ry = benzyl 33a; Ry = NH, R; = benzyl
28a; R, = methyl 33b; Ry = R = benzyl

R=H,X=CH 34a; Ry = NH, R; = 4-chlorobenzyl
29a; Ry = NH, R; = benzyl 34b; Ry = R = 4-chlorobenzyl
29b; R; = Ry = benzyl 35a; Ry = NH, Rj; = 3-chlorobenzyl
30a; Ry = NH, R; = methyl 35b; R; = R, = 3-chlorobenzyl
30b; Ry = R, = methyl 36a; R; = NH, R; = 2-chlorobenzyl

R=NO,, X=CH 36b; Ry = R, = 2-chlorobenzyl
3la; Ry = NH, R; = benzyl 37a; Ry = NH, R; = 4-fluorobenzyl
31b; Ry = Ry = benzyl 37b; Ry = R = 4-fluorobenzyl
32a; Ry = NH, R; = methyl 38a; Ry = NH, Rj; = 2-fluorobenzyl
32b; Ry = Ry = methyl 38b; Ry = Ry = 2-fluorobenzyl
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®Reagents and conditions: (i) R,X, NaH, dry THF.
Suzuki-Miyaura coupling reactions were also performed with 6 and aryl boronic acids in

the presence of Cs,CO; in 1,4-dioxane using Pd(PPhs), to give arylation at C6 position of
imidazopyridine 39-44 in 70-86% vyields. It has been observed that arylation with unsubstituted
phenyl gave higher yield of product than electron donating or electron withdrawing groups,
present at phenyl ring (Scheme 10).

Scheme 10°% Arylation at C6 position of imidazopyridine functionalized 1H-pyrrolo[2,3-

b]pyridine.
Ar
Br
7
7 \N \N
=
N = N 39, Ar = phenyl
\_NH 0 \—NH 40, Ar = 4-methoxypheny!
N N 41, Ar = 2-methoxyphenyl!
N | A\ 42, Ar = 4-fluorophenyl
‘ _ PN 43, Ar = 4-chlorophenyl!
N H N H 44, Ar = 4-trifluorophenyl
6 39-44

®Reagents and conditions: (i) ArB(OH),, Cs,COs, Pd(PPhs),, 1,4-dioxane, reflux.
3.1.2. Characterization:
() All the synthesized compounds were characterized by *H and **C NMR spectra (JEOL ECS-
400 at 400 and 100 MHz NMR spectrometers) and Mass Spectra (Waters Micromass Q-Tof
Micro, Milford, MA).
3.1.3. Biological Evaluation:
(@) In order to examine the binding modes of compounds 39-44 with ct-DNA, absorption and
emission spectral titrations were performed. A decrease in absorption intensity i.e.
hypochromism was observed in compounds 39-44 with the addition of ct-DNA, that indicates
change in the conformation of DNA (compound 39: 47%, compound 40: 12%, compound 41:
16%, compound 42: 28%, compound 43: 10% and compound 44: 31%) while in fluorescence
emission titrations; compounds 39 and 44 showed 44% and 35% quenching after 8 M and 10
#M addition of DNA, and compounds 40 and 41 caused enhancement in the fluorescence
intensity after gradual addition of DNA (40 - 30% and 41 - 26%).
3.2. QUINAZOLINONE
3.2.1. Synthesis of quinazolinone-benzimidazole hybrids (14-25):
The synthetic strategy to prepare the quinazolin-4-one benzimidazole conjugates (14-25) is
depicted in Scheme 11. Initially, anthranilic acid was reacted with aromatic and aliphatic acyl
chlorides in the presence of triethylamine in chloroform at room temperature for 2 h to give

compounds 1-6 followed by cyclization, in the presence of pyridine in ethanol at 70-80 °C for 8 h
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to obtain  2-aryl/methyl-4H-benzo[d][1,3]oxazin-4-one  (7-12). 1-Benzyl-2-methyl-1H-
benzimidazol-5-ylamine (13a) and 3-benzyl-2-methyl-3H-benzimidazol-5-ylamine (13b) were
synthesized by refluxing of 2-methyl-5-nitro-1H-benzimidazole with benzyl chloride in the
presence of K,COs in ethanol for 8 h followed by reduction with SnCl,.2H,0 in 2N HCI. Finally,
1/3-benzyl-2-methyl-1H/3H-benzimidazol-5-ylamine (13a and 13b) and 2-aryl/methyl-4H-
benzo[d][1,3]oxazin-4-one (7-12) were refluxed in ethanol in the presence of pyridine for 4 h to
afford corresponding  3-(1/3-benzyl-2-methyl-1H/3H-benzimidazol-5-yl)-2-aryl/methyl-3H-
quinazolin-4-one (14-25).

Scheme 112, Synthesis of quinazolinone-benzimidazole conjugates.

HaN N Me
T -
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oéj\© N" R
1-6 e
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*Reagents and conditions: (i) RCOCI, triethylamine, CHCI;, room temperature, 78-89%; (ii) pyridine,
ethanol, 70-80 °C, 90%; (iii) 13a/13b, pyridine, ethanol, reflux, 68-80%.

3.2.2. Characterization:

All the synthesized compounds were characterized by *H and **C NMR spectra (JEOL ECS -400
at 400 and 100 MHz NMR spectrometers) and Mass Spectra (Waters Micromass Q-Tof Micro,
Milford, MA).

3.2.3. Biological Evaluation:

(&) These compounds were evaluated as DHFR inhibitors using DHFR assay kit. The obtained
results revealed effective inhibition of the dihydrofolate reductase enzyme, with ICs, values
ranging from 0.011 uM to 27.62 pM.

(b) The binding behaviour of active compound 14 with ct-DNA was studied on the molecular
level by UV-visible, fluorescence spectroscopic methods and thermal denaturation study as well
as ethidium bromide displacement study.

(c) In order to explore the structural changes of protein and its complex formation with drug

molecule, UV-visible and fluorescence studies were performed on compound 14 and BSA.
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(d) Based on the in vitro DHFR enzyme inhibition studies, the most active compound 14 was
selected to evaluate the putative binding mode with amino acids in the active site of the enzyme

using molecular docking technique.

3.3. PYRAZOLOPYRIMIDINE

3.3.1. Synthesis of Pyrazolopyrimidine-benzimidazole analogues (7-18):

Our first key intermediate was the 5-aminopyrazole-4-carbonitrile 1, which was easily prepared
from condensation of ethoxymethylenemalonitrile with hydrazine. Hydrolysis with sulphuric
acid and then fusion with molten urea at 190 °C gave the intermediate product 3, followed by
POCI;-mediated chlorination provided 4,6-dichloropyrazolopyrimidine. The aromatic
nucleophilic substitution at C4 position of 4,6-dichloropyrazolopyrimidine with 4-(1H-
benzimidazol-2-yl)-phenylamine (5) under mild reaction condition yielded [4-(1H-benzimidazol-
2-yl)-phenyl]-(6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-amine (7) followed by substitution
with different amines at C6 position in n-butanol gave target compounds 7-18 (Scheme 12).

Scheme 122, Synthetic route for the preparation of target compounds 7-18.

H NG o NH, o cl
N () iﬁ 0) i) v NZ
~_OA_F ———» HN //‘N — J N ——— *ﬁ‘\ | N _wm o PN LN
N HNTR N 0“>N" N NN
OH H § H
1 2 4

+
N
NR;R; = 7; morpholine HzN/©—</
8; pyrrolidine N
9; piperdine N H
10; N-methylpiperazine | N 5
11; 1,2-ethylenediamine N ,
12; 2-hydroxyethylpiperazine H H
HN HN

13; 2-aminoethylmorpholine i
14; benzylamine (vi)
15; 1,2-ethanolamine N7 ‘ N

-
16; allyl amine PS N N IR
17; 4-fluorophenylamine RoRIN"™ "N™ 4 Cl)\\N N
18; cyclohexylamine H
7-18 6

®Reagents and conditions: (i) hydrazine, 100 °C; (ii) H,SOy,, 0-5 °C; (iii) urea, 190 °C; (iv) POCIs, triethylamine,
100 °C; (iv) 5, K,COs, IPA, 1t; (V) HNR;R,, K,COs, n-butanol, reflux.

3.3.2. Characterization :

(a) All the synthesized compounds were characterized by *H and **C NMR spectra (JEOL ECS -
400 at 400 and 100 MHz NMR spectrometers) and Mass Spectra (Waters Micromass Q-Tof
Micro, Milford, MA).
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3.3.3. Biological Evaluation:

(@) In order to seek for the potential anti-tumor target of pyrazolopyrimidine derivatives, both
UV-visible and fluorescence spectroscopy were used to ascertain the binding properties of
compounds 6, 8, 11, 12, 14 and 17 with ct-DNA. Upon incremental addition of ct-DNA to
compounds (10 uM), decrease in the absorption maxima intensity (Amax) along with concomitant
increase in absorption intensity at another Ama along with an isobestic point were shown. In
emission spectral studies, compounds 6, 8, 11, 12, 14 and 17 caused 68%, 28%, 57%, 67%, 33%
and 65% emission quenching.

(b) To explore the complex formation of protein with drug molecule, fluorescence quenching
studies were performed. Incubation of BSA solution with different concentrations of compounds
6, 8, 11, 12, 14 and 17, caused a gradual quenching i.e. 44%, 21%, 35%, 31%, 54% and 33% in
the fluorescence intensity of the mixture indicating the interaction of compounds 6, 8, 11, 12, 14
and 17 with BSA by changing in the environment around the mentioned amino acids by

extending the peptide strands of BSA.

CONCLUSION

We have successfully designed and synthesized the different fragments of amino benzimidazole
linked triazine and fused heterocyclic hybrids. These novel molecules have been well
characterized by 'H, *C NMR, mass spectroscopy and in some cases by single X-ray
crystallography. These compounds were evaluated in vitro towards 60 human cancer cell lines
and dihydrofolate reductase inhibition for their anticancer activities. These compounds were then
evaluated for their DNA binding study and BSA interactions. Structure activity relationship was
studied to find out for the activity of each fragment of compound. Molecular modelling studies
indicating considerable interactions of these compounds in the active site of enzyme. The
experimental (60 human cancer cell lines and dihyrofolate reductase kinase enzyme) as well as
DNA binding and BSA interaction study clearly predicted activity of triazine and fused

heterocyclic-benzimidazole hybrids.
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