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Synthesis and in vitro evaluation of novel triazine analogues as anticancer
agents and their interaction studies with bovine serum albumin
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Abstract

A novel series of triazine-benzimidazole analogs een designed and synthesized for their
in vitro anticancer activities. Four compounds 16, 17 and 20) were identified as highly
potent anticancer agents against 60 human canitéines with Gkg in the nanomolar range.
To improve the drug applications toward cancerscelhere is a need to couple these
compounds to some carrier macromolecules. Following approach, the interaction
between triazine-benzimidazole analogues and bogerim albumin (BSA) has been
investigated with UV-Visible and fluorescence spastopic methods under physiological
conditions. The observed fluorescence quenchingcates that these compounds could

efficiently bind with BSA and be transported to theget site.

Keywords. Triazine, Benzimidazole, Antitumor activity, Boein serum albumin,

Fluorescence resonance energy transfer.

1. Introduction

Cancer is considered one of the world’s most deviast disease [1]. Millions of new cases
are reported every year with high mortality. Impgrments in treatment and prevention led to
diminish the cancer deaths. Considerable efforts giwen to identify molecules with
anticancer properties from both natural and symthsburces [2]. It is well-known that
heterocyclic compounds are abundant and their tetralcsubunits exist in many natural
products such as vitamins, hormones, antibiotiésl@ds and pharmaceuticals. Among the
wide variety of synthetic compounds recognized atential anticancer drugs, molecules
based on triazine [3] and benzimidazole [4] scdBohave attracted great interest. Several
reports describing evaluation of triazine derivasivas antitumor agents appeared in the
recent literature [5-7]. For example, HL010183 [&hd irsogladine [9], possess
antiangiogenic and anticancer properties. Simildgtgophosphatidic acid acyltransfergse-

inhibitor (CT32228), demonstrates a very good ankemic profile [10]. The triazine ring in



altretamine (hexamethylmelamine) is typically resgible for anticancer activity [11].
Gedatolisib with triazine ring has been found tothe dual phosphoinositide 3-kinase and
MTOR kinase inhibitors, which is currently undenidal trials [12]. This structural motif is
also present in reversing anticancer multidrugspant inhibitor of ABCG2 transporter (PZ-
39) [13] and in an aromatase inhibitor (SEF19) (Fégl) [14]. Herein, our strategy is to
discover new cancer chemotherapeutic agents ussmad molecule library that contained
triazine and benzimidazole core structures.
Figurel

It has been observed that low antiproliferatieévity of heterocyclic compounds is due to
restricted access to the target site. This lindtathas hindered the potential clinical use of
heterocyclic compounds. A promising approach toroup their efficacy towards cancer
cells is to couple anticancer drugs to carrier m@wolecules. Various types of
macromolecules have been used including poly(etlegkycol) polymer, nanoparticles,
nanotubes, liposomes, dendrimers and protein biecatds [15]. Among these, bovine serum
albumin (BSA) is used as a promising drug deliveygtem owing to abundance in plasma.
Serum albumin transporter acts as carriers of esmtmgs and exogenous compounds [16]
including fatty acids, amino acids, drugs, and pteeuticals for improvement of
pharmacokinetic and pharmacodynamic behavior oérs¢\drugs. In addition, owing to its
biochemical and pharmacological properties, BSA dlas been used to target diseased and
malignant cells as a versatile drug carrier; rasglin higher efficacy of treatment and
reduced side effects [17-19]. The binding pockeBSA, with two tryptophan residues (Trp-
134 and Trp-212) and phenylalanine possesses sitriftuorescence [20] and binding
changes the fluorescent signal, providing a corarénmethod to understand structural
changes. Therefore, in the present study we hawdiest the interactions of triazine-
benzimidazoles and BSA by using UV-Visible and fesrence spectroscopic techniques.
This method further allowed the determination ohding parameters such as binding
constant, number of binding sites, and bindingagisé of compounds and BSA, which

helped in elucidate the binding probability.

2. Results and Discussion

2.1.Chemistry

Triazine-benzimidazoleb-21) were prepared as shownscheme 1. Cyanuric chloride was
stirred with morpholine in the presence of sodiuicatbonate in THF at 0-8C for 6 h to
give 4,6-dichloro-2-morpholin-4-yl-[1,3,5]triazin€) in 89% yield. Condensation of 4-



aminobenzoic acid witle-phenylenediamine in the presence of polyphosphamid at 200
°C for 5 h afforded 4-#-benzimidazol-2-yl)-phenylamine) as white solid. Compoun2i
was underwent nucleophilic substitution reaction thwi4-(1H-benzimidazol-2-yl)-
phenylamine J) in the presence of potassium carboateg THF at room temperature for 24
h, furnished [4-(Bl-benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholinyd-[1,3,5]triazin-2-
yh)-amine @) in 84 % yield. Further, treatment of compouhadvith different primary and
secondary amines in the presence of potassium matdand 1,4-dioxane at 130 for 8-12
h gave compoundS-15 in 64-78% yields. Various five and six member agybups like
furan, thienyl and phenyl were also substitutechveibmpound via Suzuki-Miyuara cross
coupling reaction in the presence of 10 mol% ofFRRif), and 1.5 equivalents of KO3 in
1,4-dioxane to afford compound$-21 in good vyields (65-72%). The structures of newly
synthesized compounds were confirmed'Hyand**C NMR as well as mass spectrometry
(Supporting Information).

Scheme 1
2.2.  In Vitro anticancer screening

Compound$-21 were submitted to the National Cancer Institut€(lNBethesda, Maryland,
USA for evaluation of antitumor activities. Foumspounds 6, 16, 17 and20) were selected
for in vitro studies against 60 human cancer cell lines atdmse concentration of JOM.
Structures are generally selected for screeningdoapon drug-like properties utilizing the
concept of privileged scaffolds or structures based computer-aided desigtn vitro
antitumor screening data revealed that triazineh wpiperidine 6), phenyl (6), 4-
fluorophenyl 7) and 4-chlorophenyRQ) substitutions showed significant inhibitory adiyv
towards most of the cancer cell lines. Compouddks, 17 and 20 were found to be broad
spectrum against all nine subpanels of cancerlinel at primary single dose concentration
(10 uM) with mean growth percent of 0.72, -56.41, -7&8® -83.19 respectively. Close
examination of the data presented in Table 1 ineccshat compounds6 and20 have been

found to be most potent whiGand17 showed moderate antitumor activities.

Tablel

These four compounds were further screenethstgeell lines representative of the 9
different cancer types, at five doses (0.01-u®) to determine G, TGl and LGo. Results
indicated these compounds were very effective agjawo leukemia cancer cell lines: HL-60
(TB) and SR, with Gb values in the nanomolar range. HL-60 (TB) appe#odoe the most

sensitive to compound6, exhibiting a Gp value of 31 nM with TGI value of 601 nM.



Similarly, compounds5, 16, 17 and 20 also showed effective growth inhibition against
leukemia cancer cell line SR with 4glvalues of 731 nM, 125 nM, 539 nM and 31 nM,
respectively. All four compounds were also actigaiast renal cancer cell line RXF393 with
respective Gb values of 808 nM, 501 nM, 459 nM and 222 nM. Commub20 (MG MID
Glso value of 720 nM) is almost four fold, two fold arlree fold more active than
compoundss, 16 and 17 with MG MID Glsg values of 2680 nM, 1380 nM and 2370 nM
respectively (Table 2 and Figures S39-S54) [21-24].

Table2

2.3. Bovine serum albumin interactions.

To examine the structural interaction of bovineausealbumin (BSA) with compounds?21,
absorbance and emission spectral measuremants carried out. The UV-visible spectrum
of BSA (10u«M) showed an intense band at 279 nm in phosphdtertat pH 7.4 that arises
due to the presence of phenyl rings in Trp (tryptop, Tyr (tyrosine), and Phe
(phenylalanine) residues. Subsequent addition ofpomunds5-14, 16, 17 and 20 to BSA
solution resulted in a gradual increase in thensitg of peak at 279 nm with the appearance
of new band at 324 nm. These changes in absorb@eady indicated the interaction of
compounds with BSA and leading to an increase dfdphobicity in the vicinity of Trp, Tyr
and Phe residues (Figure 2). As shown in Tablé& addition of compounds-14, 16, 17
and20 to BSAresulting in hyperchromicity within range of 65.29%7.67% (Figures S55-
S63),while compoundsl5, 18, 19 and 21 did not show any significant change with BSA.
Moreover, the maximum absorption wavelength of B®#&ains unchanged, implying that
the interactions between compounds and BSA arecowalent in nature and likely occur
throughz—z stacking between aromatic rings of compounds dreahyd rings of Trp, Tyr and

Phe residues located in the binding cavity of BSA.

Figure?2

These interaction studies were further inveséid through fluorescence spectroscopy. On
excitation at 280 nnthe emission spectrum showad intense band at 350 niirhe emission
is sensitive to changes in local environment of Tmp-134 and Trp-212 and so can be
attenuated by binding of a small molecule at orrribé residue. In all cases, 350 nm
fluorescence emission of the protein was decreasiidl increasing concentrations of
compoundsb-14, 16, 17 and 20, indicating the binding of compounds to the protéihe
decrease in the fluorescence intensity of BSA ad 3Bn was accompanied by the



enhancement of new band within the range of 370anch 373nm, which is attributed to
formation of a complex between compounds and prdiggure 3 and Figures S55-S63).

Figure3

These absorption and emission results indicttat the microenvironment of the three
aromatic acid residues might be altered and theaterstructure of BSA destroyed.
Compoundsl5, 18, 19 and21 did not show any significant change with the comfation of
BSA, indicating for the requirement of linker ort@éatom at C-6 position of triazine. As a
result all further testing was carried out on compis5-14, 16, 17 and20. The changes in
absorption and fluorescence intensities clearlycated the interacting properties of triazine-
benzimidazoles with BSA. When a small molecule bimtiependently to a set of equivalent
sites on a macromolecule, the photophysical pregserbinding constants (determined by
Benesi—Hildebrand equation) [25] and the numbersbiofling sites (n) (using double-
logarithmic equation) [26,27] can be determinedtHis way, we quantitated the binding
strength between triazine-benzimidazole analogaed BSA. The binding constant of
complexes confirmed a significant role for the cgufation of triazine-benzimidazole
analogues around BSA as shown in Table 3. Therlifidig plots of respective 1/(AA)
and 1/(k-F) vs. 1l/[compounds] (Inset Figures 2 and 3) wabserved for the interaction
between BSA and compoundsl4, 16, 17 and 20 (Figures S55-S63). The value of n is
helpful to know the number of binding sites for gmunds and BSA which in most of the
cases has been found to be nearly 1. Thus, thes@maindependent class of binding site on
BSA for compounds, and the molar ratio of prote@ircéompound$-14, 16, 17 and20 is 1:1
in the binding reactions.

Table3

2.4.  Energy transfer between triazine-benzimidazold@nees and BSA

To further confirm the vicinity of the analoguesthe BSA (distance between compound and
BSA) [28,29], fluorescence resonance energy tran($fReET) from protein to ligands was
verified. According to the Forster theory of nowlmactive energy transfer, the transfer of
energy can take place through a direct electrodymanteraction between the primarily
excited molecule and its neighbour. Using the #isgcence resonance energy transfer
(FRET), the distance r of binding between compouni4, 16, 17 and20 and BSA has been
calculated by the equation-1 [30].



= 6
E=1-—= % ________ 1

F, Ry +r
where E denotes the efficiency of energy transfettvben donor and acceptor, r is the
distance between donor and acceptor, and F gadeHluorescence intensities of BSA in the
presence and absence of quencher, respectivglihdRcritical energy transfer distance when

the transfer efficiency is 50%, is given by the &gpn-2 [31].

R, = 87910 5[K 20| —eereeee- 2

K? is the orientation factor of the donor and acceplipoles,n is the refraction index of
medium,® is the fluorescence quantum yield of the dondh& presence of acceptor, ahd
expresses the degree of spectral overlap betweerddhor emission and the acceptor
absorption, which could be calculated by the equa®:

[ “F(A)e(A)A*dA
J=2
jo F(A)dA

where F{) is the normalized donor emission spectrum inrémge fromi to A + AL, ande(A)

is the molar absorption coefficient of the acce@tbwavelength.. According to the above
equations (eq. 1-3) and using K 2/3, n = 1.33 an@® = 0.15 [32],J, Ry, I, and E were
calculated (Table 4). On gradual addition of commusb-14, 16, 17 and 20, fluorescence
intensity of the tryptophan residue (Trp-212) présa BSA decreased with a concomitant
increase in the fluorescence intensity throughsaemissive point within range of 339 nm
and 357 nm (Figure 3, Table 3). This indicates &itient energy transfer from the
tryptophan residue (Trp-212) present in BSA to commus5-14, 16, 17 and 20 (Figures
S64-S67). The overlap of absorption spectrum of pmumds6, 16, 17 and 20 and the
emission spectrum of BSA are shown in Figure fads been observed that distance (r)
between the Trp residue (as donor) and the initagacompound (as acceptor) is in the range
of 4-8 nm. According to Valuest. al, the maximum academic value fog $hould be < 10
nm and r should be less than 8 nm [33]. In thegmestudy, both Rand r values are well
within the permissible limits. These results intchthat the energy transfer from BSA to

compounds occur with high probability.
Figure4

Table4



3. Conclusions

In summary, a series of novel substituted triaieezimidazole analogs have been
synthesized and characterized 1Yy and **C NMR. These compounds were evaluated for
growth inhibition properties against a panel offé®nan cancer cell lines, and theis&ETGI
and LGy values have been determined. Four compoufddg, 17 and 20) have been
identified with Gko's in the nanomolar range for most of the cell $inédhese compounds
also strongly interacted with BSA, as determined by-Visible and fluorescence
spectroscopy. The binding constant values suggestttiazine-benzimidazole binds to the
high affinity binding sites within albumin. From Eter non-radiative energy transfer
equations, it has been found that the distanc®mipounds from BSA is in the range of 4-8
nm which predicts the possibility of energy tramsfehe biological significance of this work
is evident since the anticancer activity and théeraction of triazine-benzimidazole
conjugates with albumin was not characterized earlihus, triazine-benzimidazole studies
clearly demonstrate that hybrids with heterocydiygdrophobic groups are beneficial in
biological and anticancer activity. These prelinnjnaiological screening results offer

encouragement and further mechanistic studieseskthypes of analogues are in progress.
4. Experimental section
4.1. Chemistry

All materials were obtained from commercial gligrs and used without further
purification unless otherwise noted. Melting pointsre determined in open capillaries and
were uncorrected. Reactions were monitored by ldyar chromatography (TLC) carried out
on silica gel plates (GF 254) using UV light asuaizing agents'H NMR and**C NMR
spectra were recorded on Jeol-46, (400 MHz;**C, 100 MHz) spectrometer at ambient
temperature, using CDEIDMSO-ds and trifluoroacetic acid (TFA) as solvents. Cherhica
shifts are reported in parts per million (ppm) wWIthIS as an internal reference ahdalues
are given in Hz. Mass spectrometric data were dmxmbat Waters Micromass Q-Tof Micro.
Elemental analysis was done with Thermo Scientifilash 2000) analyzer. Hexane:ethyl
acetate and chloroform:methanol were the adopte@iosystems. UV-Visible studies were
carried out Shimadzu-2400 PC spectrometer. Thedioence spectra were determined on a
Varian Cary Eclipse fluorescence spectrometer.

4.2.  Synthesis of 4,6-dichloro-2-morpholin-4-yl-[1,3/idzine Q)



To a stirred solution of cyanuric chloride (10 g0®4 mol) in anhydrous THF (150 mL),
morpholine (5.65 g, 0.065 mol) was added at W5 To this mixture, 10% NaHGQwas
added and stirred at the same temperature forTeé.resulted reaction mixture was then
poured into crushed ice, filtered, dried and colwwhromatographed on silica gel in hexane :
ethylacetate to afford the desired product 4,64dich2-morpholin-4-yl-[1,3,5]triazine?) as
white solid; (11.33 g, 89%); mp: 277-2%0 [34].

4.3.  Synthesis of 4-(1H-benzimidazol-2-yl)-phenylani@e

A mixture of 4-aminobenzoic acid (5 g, 5.78 mmahda-phenylenediamine (3.9 g, 3.68
mmol) were stirred in a syrupy polyphosphoric gdi#l.5 gm) at 208C for 5 h. The reaction
was monitored by TLC. The reaction mixture was edoand poured into crushed ice. The
white precipitate was then stirred in cold watemrmonium hydroxide solution was added
until the pH 7.0 was achieved. The resulting solas filtered and washed several times with
methanol and column chromatographed on silica méiexane : ethylacetate to afford the
desired product 4-f@-benzimidazol-2-yl)-phenylaming) as white solid; (82%); mp: 207-
209°C; 'H NMR (400 MHz, DMSOsdg): & = 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, 28,= 8.24 Hz, ArH), 4.45 (bs, 2H, Ni *°C
NMR (100 MHz, CDC} + DMSO-g): 6 = 152.2, 148.4, 127.5, 120.9, 118.6, 113.8 (ArC);
MS(ESI), m/z: 209.2 (Vk1).

4.4.  Synthesis of [4-(3H-benzimidazol-5-yl)-phenylleforo-2-morpholin-4-yl-
[1,3,5]triazin-2-yl)-amine 4)

To a stirred solution of 4,6-dichloro-2-morpholingd[1,3,5]triazine @) (10 g, 0.042 mol) in
anhydrous THF (150 mL), 4¥kbenzimidazol-2-yl)-phenylamined) (10.67 g, 0.051 mol)
was added at room temperature. To this mixture, KQ&O; was added and stirred for 24 h.
The resulted reaction mixture was then poured antshed ice, filtered, dried and column
chromatographed on silica gel using hexane : etbkyde to afford the desired product [4-
(3H-benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholinyd-[1,3,5]triazin-2-yl)-amine  (4)
as white solid; 84%; mp: 277-27€; 'H NMR (400 MHz, CDC}+ DMSO-dg): & = 9.94 (bs,
1H, NH), 8.14 (d, 2H, = 8.68 Hz, ArH), 7.81 (d, 2Hl = 8.72 Hz, ArH), 7.62-7.56 (m, 2H,
ArH), 7.21-7.18 (m, 2H, ArH), 3.87-3.86 (m, 4H, mBH,), 3.77-3.75 (m, 4H, mor-Cl}
¥C NMR (100 MHz, CDG)): & = 152.9, 142.8, 135.6, 129.1, 128.1, 126.2, 102&), 66.7
(O-CHy), 47.3 (N-CH); MS(ESI), m/z: 409.5 (M+2); Anal. Calcd for GgH1gCIN;O: C,
58.90; H, 4.45; N, 24.04, Found: C, 58.99; H, 44]124.20.



4.5.  General procedure for the synthesis of compo&ats

To a stirred solution of [4-(3-benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholinyd-
[1,3,5]triazine-2,4-diaminé4) (0.200 g, 0.463 mmol) in 1,4-dioxane (20 mL), aen({0.556
mmol) and potassium carbonate (0.095g, 0.695 mmeiy added and heated at Pf0for
8-12 h. Extracted the reaction mixture with chlorof, dried over NgO, filtered and
concentrated to get crude product which was thetiigul through column chromatography

using chloroform:methanol (50:1) as eluents to gempound$-15.

4.5.1. [4-(3H-Benzimidazol-5-yl)-phenyl]-(2,6-di-morpholtryl-[1,3,5]triazin-2-yl)-amine
©)

White solid; yield: 78%; mp: 268-27C; 'H NMR (400 MHz, CDCJ): 5 = 8.00 (d, 2H,J =
7.76 Hz, ArH), 7.70 (d, 3H] = 8.24 Hz, ArH), 7.27-7.25 (m, 3H, ArH), 6.87 (i34, NH),
3.81-3.76 (m, 8H, mor-C#), 3.74-3.70 (m, 8H, mor-Cit *C NMR (100 MHz, CDGJ): & =
165.1, 151.6, 135.8, 129.2, 128.2, 128.0, 125.8,91115.5, 101.1 (ArC), 66.8 (O-GH
43.6 (N-CH); MS(ESI), m/z: 481.3 (M+23); Anal. Calcd for gHo6NgO.: C, 62.87; H,
5.72; N, 24.44, Found: C, 62.98; H, 5.67; N, 24.55.

4.5.2. [4-(3H-Benzimidazol-5-yl)-phenyl]-(2-morpholin-4-§tpiperidin-1-yl-[1,3,5]triazin-
2-yl)-amine 6)

White solid; yield: 72%; mp: 271-27€: *H NMR (400 MHz, CDCJ): 6 = 8.00 (d, 2H,J =
8.72 Hz, ArH), 7.72 (d, 2H) = 8.72 Hz, ArH), 7.62 (s, 1H, ArH), 7.26-7.24 (8H, ArH),
6.88 (bs, 1H, NH), 3.79 (t, 40,= 5.42 Hz, mor-CH), 3.75-3.68 (m, 8H, mor-Ciip-CH,),
1.68-1.59 (m, 6Hpip-CHy); *C NMR (100 MHz, CDGJ): § = 152.3, 143.0, 135.9, 134.6,
131.4, 129.0, 127.9, 126.2, 116.1, 110.5, 109.6CJA67.0 (O-CH), 44.2 (N-CH), 43.7 (N-
CH,), 25.9 (CH), 25.0 (CH); MS(ESI), m/z: 479.5 (M+23); Anal. Calcd for gHeNgO: C,
65.77; H, 6.18; N, 24.54, Found: C, 65.65; H, 6M424.62.

4.5.3. [4-(3H-Benzimidazol-5-yl)-phenyl]-(2-morpholin-4-gtpyrrolidin-1-yl-
[1,3,5]triazin-2-yl)-amine )

White solid; yield: 76%; mp: 277-27€; *H NMR (400 MHz, CDCJ): § = 7.99 (d, 2H, =
8.68 Hz, ArH), 7.75 (d, 2H) = 8.68 Hz, ArH), 7.61 (bs, 1H, NH), 7.25-7.23 (4, ArH),
6.94 (bs, 1H, NH), 3.82-3.79 (m, 4H, mor-g§H3.74-3.72 (m, 4H, mor-ChHi 3.57 (t, 4HJ
= 5.04 Hz, pyrr-Chl), 1.96-1.94 (m, 4H, pyrr-Ch; *C NMR (100 MHz, CDGJ): § = 152.2,
143.0, 136.0, 134.8, 129.0, 127.9, 126.2, 115.8,311109.0 (ArC), 67.0 (O-ChH 46.1 (N-



CHy), 43.7 (N-CH), 25.4 (CH); MS(ESI), m/z: 442.3 (); Anal. Calcd for GsH,eNsO: C,
65.14; H, 5.92; N, 25.32, Found: C, 65.25; H, 518825.39.

4.5.4. [4-(3H-Benzimidazol-5-yl)-phenyl]-[6-(4-methyl-pi@ain-1-yl)-2-morpholin-4-yl-
[1,3,5]triazin-2-yl]-amine B)

White solid; yield: 77%; mp: 282-28€; 'H NMR (400 MHz, CDCJ): 6 = 8.01 (d, 2H,J =
8.72 Hz, ArH), 7.70 (d, 2H] = 8.72 Hz, ArH), 7.63 (bs, 1H, NH), 7.27-7.24 (4, ArH),
6.87 (bs, 1H, NH), 3.84 (t, 4H,= 4.12 Hz, mor-Ch), 3.80-3.78 (m, 4H, mor-Chl 3.75-
3.72 (m, 4H, piperazine-Gi 2.46 (t, 4H,J = 4.60 Hz, piperazine-Gij{ 2.35 (s, 3H, N-
CHs); **C NMR (100 MHz, CDGJ): 6 = 138.2, 135.9, 135.8, 135.1, 129.1, 127.9, 125.9,
118.9, 115.2, 100.8 (ArC), 66.8 (O-gH46.8 (N-CH), 44.2 (N-CH), 43.6 (N-CH), 14.0
(N-CHg); MS(ESI), m/z: 471.5 (M); Anal. Calcd for GsHzoNgO: C, 63.68; H, 6.20; N,
26.73, Found: C, 63.79; H, 6.15; N, 26.66.

4.5.5. N-[4-(3H-Benzimidazol-5-yl)-phenyl]-2-morpholin-4-y'-(6-morpholin-4-yl-ethyl)-
[1,3,5]triazine-4,6-diamineq)

White solid; yield: 69%; mp: 289-29C; 'H NMR (400 MHz, CDC)): § = 8.05 (s, 1H,
ArH), 7.30 (t, 4H,J = 7.36 Hz, ArH, NH), 7.10 (d, 2H] = 8.24 Hz, ArH), 7.05 (d, 2H] =
11.36 Hz, ArH), 3.82-3.80 (m, 8H, mor-GH 3.72-3.69 (m, 8H, mor-CHl 3.51-3.49 (m,
2H, N-CHp), 2.20-2.17 (m, 2H, N-CB; *C NMR (100 MHz, CDG)): § = 166.0, 164.6,
152.5, 142.9, 135.8, 129.1, 128.0, 126.3, 122.1,7,2115.5, 115.2, 109.1 (ArC), 66.9 (O-
CH,), 57.2 (N-CH), 53.4 (N-CH), 47.2 (N-CH), 37.1 (N-CH); MS(ESI), m/z: 524.3
(M*+23); Anal. Calcd for gHz1NgO»: C, 62.26; H, 6.23; N, 25.13, Found: C, 62.306H.8;
N, 25.25.

4.5.6. 2-(4-{4-[4-(3H-Benzimidazol-5-yl)-phenylamino]-2-npbiolin-4-yl-[1,3,5]triazin-6-
yl}-piperazin-1-yl)-ethanolX0)

White solid; yield: 68%; mp: 287-28€; 'H NMR (400 MHz, CDCJ): 6 = 7.60 (d, 1H,J =
8.72 Hz, ArH), 7.33-7.27 (m, 3H, ArH), 7.17 (s, 1AkH), 7.08 (d, 1HJ = 8.72 Hz, ArH),
7.03 (d, 2HJ = 6.40 Hz, ArH), 3.67-3.57 (m, 12H, mor-gidiperazine-CH), 3.47 (d, 2H,]
= 8.28 Hz, O-CH)), 2.43-2.42 (m, 2H, N-CH), 2.15-2.13 (m, 4H, piperazine-Gt**C NMR
(100 MHz, CDC}): 6 = 151.7, 138.4, 135.9, 135.8, 134.7, 129.1, 121298,9, 118.9, 115.7,
115.5 (ArC), 66.9 (O-Ch), 66.7 (O-CH), 57.3 (N-CH), 53.4 (N-CH), 43.6 (N-CH), 36.9
(N-CHp); MS(ESI), m/z: 501.3 (M); Anal. Calcd for GeH3iNgOy: C, 62.26; H, 6.23; N,
25.13, Found: C, 62.15; H, 6.18; N, 25.24.



4.5.7. N-(6-Amino-ethyl)-N'-[4-(3H-benzimidazol-5-yl)-ph#h2-morpholin-4-yl-
[1,3,5]triazine-4,6-diaminell1)

White solid; yield: 73%; mp: 265-26'C; *H NMR (400 MHz, CDC}): § = 7.95 (d, 2H, =
7.76 Hz, ArH), 7.62-7.59 (m, 4H, ArH, NH), 7.25-2.2m, 3H, ArH), 3.75-3.73 (m, 4H,
mor-CH,), 3.71-3.67 (m, 4H, mor-Ch 3.46 (t, 2H,J = 5.96 Hz, N-CH), 2.91 (t, 2HJ =
5.48 Hz, N-CH); **C NMR (100 MHz, CDGJ): § = 152.4, 143.0, 135.9, 134.2, 131.7, 129.1,
128.0, 126.2, 109.1 (ArC), 66.9 (O-@H 47.2 (N-CH), 43.7 (N-CH), 41.8 (N-CH);
MS(ESI), m/z: 431.3 (M); Anal. Calcd for G,H,sNgO: C, 61.24; H, 5.84; N, 29.21, Found:
C, 61.39; H, 5.80; N, 29.14.

4.5.8. 2-{4-[4-(3H-Benzimidazol-5-yl)-phenylamino]-2-moxdm-4-yl-[1,3,5]triazin-6-
ylamino}-ethanol 12)

White solid; yield: 71%; mp: 262-26%C; 'H NMR (400 MHz, CDCY): § = 8.05 (s, 1H,
ArH), 7.31 (d, 3H,J = 7.36 Hz, ArH), 7.24-7.22 (m, 1H, ArH), 7.11 (tH, J = 8.24 Hz,
ArH), 7.05 (d, 2HJ = 6.88 Hz, ArH), 3.79-3.72 (m, 8H, mor-GK3.49 (t, 2HJ = 5.48 Hz,
O-CH,), 2.91-2.88 (m, 2H, N-CB); **C NMR (100 MHz, CDGJ): § = 152.5, 142.8, 135.8,
133.9, 131.8, 129.1, 128.0, 126.2, 116.6, 111.9,11QArC), 66.8 (O-Ch), 63.8 (O-CH),
47.2 (N-CH), 43.7 (N-CH); MS(ESI), m/z: 455.9 (M+23); Anal. Calcd for @H»4NgO,: C,
61.10; H, 5.59; N, 25.91, Found: C, 61.01; H, 518525.99.

4.5.9. N-[4-(3H-Benzimidazol-5-yl)-phenyl]-N'-benzyl-2-rpbolin-4-yl-[1,3,5]triazine-4,6-
diamine (3)

White solid; yield: 66%; mp: 275-27C; *H NMR (400 MHz, CDCJ): 5 = 8.04 (d, 1H,J =
1.80 Hz, ArH), 7.30-7.27 (m, 4H, ArH), 7.24 (d, 1Hs 1.80 Hz, ArH), 7.22 (d, 1Hl = 2.28
Hz, ArH), 7.11 (d, 2H,) = 8.72 Hz, ArH), 7.05 (d, 2H] = 1.84 Hz, ArH), 7.03 (d, 2H] =
4.12 Hz, ArH), 5.28 (s, 2H, N-GH| 3.72 (t, 8H,J = 8.72 Hz, mor-Ch); **C NMR (100
MHz, CDCk): 6 = 151.9, 138.8, 135.8, 134.9, 134.0, 129.1, 12®%6,0, 122.1, 119.1, 115.5,
115.3, 101.7 (ArC), 66.7 (O-G} 46.9 (N-CH), 43.7 (N-CH); MS(ESI), m/z: 478.3 (M);
Anal. Calcd for G/H26NgO: C, 67.77; H, 5.48; N, 23.42, Found: C, 67.715H3; N, 23.49.

4.5.10.N-[4-(3H-Benzimidazol-5-yl)-phenyl]-N'-cyclohexyr2orpholin-4-yl-[1,3,5]triazine-
4,6-diamine {4)

White solid; yield: 68%; mp: 283-28%&:; 'H NMR (400 MHz, CDCJ): = 8.00 (d, 2H,J =
7.76 Hz, ArH), 7.76 (d, 1H) = 6.88 Hz, ArH), 7.67-7.62 (m, 2H, ArH), 7.25-7.28, 2H,



ArH), 6.95 (s, 1H, ArH), 4.95 (m, 1H, N-CH), 3.7973 (m, 8H, mor-Ch), 2.05-2.02 (m,
2H, CHy), 1.77-1.74 (m, 2H, CH), 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, CDG)): 6 = 165.8, 164.4, 152.0, 151.9, 135.9,
135.7, 129.0, 127.9, 126.3, 126.1, 119.0, 115.5,3L{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: 471.3 (M+1); Anal. Calcd
for Co6H3oNgO: C, 66.36; H, 6.43; N, 23.81, Found: C, 66.486138; N, 23.89.

4.5.11.[4-(3H-Benzimidazol-5-yl)-phenyl]-(6-hydrazino-2-mpbolin-4-yl-[1,3,5]triazin-4-
yl)-amine (5)

White solid; yield: 64%; mp: 296-29&: *H NMR (400 MHz, CDCJ): § = 7.67 (d, 1H,J =

8.60 Hz, ArH), 7.61 (d, 1H] = 8.72 Hz, ArH), 7.48 (bs, 1H, NH), 7.25-7.23 (24, ArH),

7.11-6.98 (m, 4H, ArH), 3.67-3.65 (m, 4H, mor-§H3.50-3.47 (m, 4H, mor-Cht **C

NMR (100 MHz, CDCY): 6 = 152.4, 139.4, 135.6, 132.8, 129.2, 128.1, 12519,2, 116.2,
102.1 (ArC), 66.6 (O-Ch), 43.9 (N-CH); MS(ESI), m/z: 403.7 (M); Anal. Calcd for
CooH21NgO: C, 59.54; H, 5.25; N, 31.25, Found: C, 59.645121; N, 31.28.

4.6. General procedure for the synthesis of compouGezl

To a stirred solution of [4--benzimidazol-5-yl)-phenyl]-(6-chloro-2-morpholinyd-
[1,3,5]triazin-2-yl)-amine(4) (0.200 g, 0.490 mmol) in 1,4-dioxane (20 mL), boybnic
acids (0.556 mmol), Pd(PBRh (10 mol%) and potassium carbonate (0.101g, 0.73@®linm
were added and refluxed for 8-10 h in an inert afphere. After the completion of reaction,
extracted the reaction mixture with chloroform.edriover NgSQy, filtered and concentrated
to get crude product which was purified through uomh chromatography using

chloroform:methanol (50:1) as eluents to give coumuts16-21.

4.6.1. [4-(3H-Benzimidazol-5-yl)-phenyl]-(2-morpholin-4-§tphenyl-[1,3,5]triazin-2-yl)-

amine (6)

White solid; yield: 72%; mp: 267-26; 'H NMR (400 MHz, CDCJ): 5 = 8.06 (d, 1H,J =
8.72 Hz, ArH), 8.00 (d, 1H] = 4.68 Hz, ArH), 7.85 (d, 1H} = 8.24 Hz, ArH), 7.77 (d, 1H
=8.96 Hz, ArH), 7.72 (d, 2H] = 8.72 Hz, ArH), 7.62 (bs, 1H, NH), 7.54-7.52 (3h, ArH),
7.08 (t, 2H,J = 8.72 Hz, ArH), 6.77-6.70 (m, 2H, ArH), 3.99-3.9%, 8H, mor-CH); °C
NMR (100 MHz, CDCY): 6 = 152.0, 137.6, 135.8, 134.0, 132.1, 129.7, 12108,6, 128.5,
128.0, 125.8, 119.2, 115.7, 101.5 (ArC), 66.8 (O;CH3.7 (N-CH); MS(ESI), m/z: 472.6
(M*+23); Anal. Calcd for gH23N;O: C, 69.47; H, 5.16; N, 21.81, Found: C, 69.645H2;
N, 21.98.



4.6.2. [4-(3H-Benzimidazol-5-yl)-phenyl]-[6-(4-fluoro-phgh-2-morpholin-4-yl-
[1,3,5]triazin-2-yl]-amine (7)

White solid; yield: 71%; mp: 279-28C; *H NMR (400 MHz, CDCJ): § = 8.34 (d, 2H,J =
7.32 Hz, ArH), 8.03 (bs, 1H, NH), 7.67 (d, 18z 8.28 Hz, ArH), 7.48 (d, 1H] = 7.32 Hz,
ArH), 7.40-7.37 (m, 2H, ArH), 7.35-7.29 (m, 3H, AH.16 (d, 1H,) = 2.32 Hz, ArH), 7.07
(d, 2H,J = 6.40 Hz, ArH), 3.98-3.61 (m, 8H, mor-GH**C NMR (100 MHz, CDG)): 6 =
151.9, 138.8, 135.8, 134.9, 134.0, 129.1, 128.6,012122.1, 119.1, 115.5, 115.3, 101.7
(ArC), 66.7 (O-CH), 43.7 (N-CH); MS(ESI), m/z: 467.3 (M); Anal. Calcd for
Ca6H2oFN;O: C, 66.80; H, 4.74; N, 20.97, Found: C, 66.854H,1; N, 21.05.

4.6.3. [4-(3H-Benzimidazol-5-yl)-phenyl]-(6-furan-2-yl-2erpholin-4-yl-[1,3,5]triazin-4-
yl)-amine (8)

White solid; yield: 66%; mp: 282-28€; 'H NMR (400 MHz, CDCJ): § = 8.00 (d, 2H, =
4.72 Hz, ArH), 7.83 (bs, 1H, NH), 7.72 (d, 2Hz= 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 (bs, IRK), 3.77-3.69 (m, 8H, mor-
CH,); *C NMR (100 MHz, CDGJ): & = 152.9, 142.8, 135.6, 132.5, 129.1, 128.1, 126.2,
109.4 (ArC), 66.7 (O-Cl), 44.1 (N-CH); MS(ESI), m/z: 439.2 (M); Anal. Calcd for
Co4H21N7Oy: C, 65.59; H, 4.82; N, 22.31, Found: C, 65.864187; N, 22.39.

4.6.4. 4-(3H-Benzimidazol-5-yl)-phenyl]-(2-morpholin-4-8dthiophen-2-yl-[1,3,5]triazin-
2-yl)-amine 19)

White solid; yield: 67%; mp: 288-2H€C; *H NMR (400 MHz, CDCJ): § = 7.50 (g, 3H,) =

5.04 Hz, ArH), 7.37-7.31 (m, 3H, ArH), 7.14 (d, 2H+ 5.96 Hz, ArH), 7.03 (t, 3H] = 8.72
Hz, ArH), 6.86 (bs, 1H, NH), 3.79-3.78 (m, 4H, n®H,), 3.75-3.74 (m, 4H, mor-Cft *C

NMR (100 MHz, CDCY): 6 = 152.6, 143.0, 135.8, 135.1, 133.6, 132.0, 12m28,0, 126.2,
121.7, 115.5, 115.3, 109.1 (ArC), 66.9 (O<H43.8 (N-CH); MS(ESI), m/z: 478.3
(M*+23); Anal. Calcd for gH.1N;OS: C, 63.28; H, 4.65; N, 21.52; S, 7.04, Foundd&15;

H, 4.61; N, 21.59; S, 7.08.

4.6.5. [4-(3H-Benzimidazol-5-yl)-phenyl]-[6-(4-chloro-phg2-morpholin-4-yl-
[1,3,5]triazin-2-yl]-amine 20)

White solid; yield: 68%; mp: 276-27&; 'H NMR (400 MHz, CDCJ): 6 = 8.35 (d, 2H,J =
5.48 Hz, ArH), 8.01 (bs, 1H, NH), 7.67 (d, 18z 8.24 Hz, ArH), 7.33-7.31 (m, 4H, ArH),
7.16 (d, 2H,J = 8.68 Hz, ArH), 7.07 (d, 3Hl = 5.96 Hz, ArH), 3.99-3.73 (m, 8H, mor-GH
3C NMR (100 MHz, CDGJ): & = 152.4, 139.4, 135.6, 132.8, 129.2, 128.1, 1251B.2,



116.2, 102.1 (ArC), 66.6 (O-Gh 43.9 (N-CH); MS(ESI), m/z: 484.3 (Nk1); Anal. Calcd
for CogH22CIN;O: C, 64.53; H, 4.58; N, 20.26, Found: C, 64.644H1; N, 20.31.

4.6.6. [4-(3H-Benzimidazol-5-yl)-phenyl]-[6-(4-trifluorontieyl-phenyl)-2-morpholin-4-yl-
[1,3,5]triazin-2-yl]-amine 21)

White solid; yield: 65%; mp: 279-28%C: 'H NMR (400 MHz, CDCJ): 5 = 8.03 (s, 1H,
ArH), 7.50-7.46 (m, 2H, ArH), 7.31-7.28 (m, 2H, AxH.24-7.22 (m, 2H, ArH), 7.13 (d, 1H,
J = 8.72 Hz, ArH), 7.06 (d, 2H] = 6.88 Hz, ArH), 6.99-6.97 (m, 2H, ArH), 6.86 (i,
NH), 3.81-3.78 (m, 4H, mor-CH 3.74-3.71 (m, 4H, mor-Ct *C NMR (100 MHz,
CDCly): & = 152.0, 138.7, 136.8, 135.8, 134.1, 131.6, 12928.2, 128.3, 128.0, 125.9,
119.1, 115.6, 101.4 (ArC), 66.8 (O-@H43.7 (N-CH); MS(ESI), m/z: 517.3 (M; Anal.
Calcd for G7H2F3N;O: C, 62.66; H, 4.28; N, 18.95, Found: C, 67.594H38; N, 18.85.

4.7. Procedure for in vitro anticancer screening

The human tumor cell lines of cancer screening wgnm@vn in RPMI 1640 medium
containing 5% fetal bovine serum and 2 mM L-glutaeiCells were inoculated in 96 well
plates in 10QuL per well at plating densities ranging from 5,0@040,000 cells/well that
depends upon the doubling time of individual céles. The microtiter plates were then
incubated at 37C, 95% air, 5% Cg and 100% relative humidity for 24 h. Two platds o
each cell line were then fixed situwith TCA. Experimental drugs were dissolved in D®IS
at 400-fold the desired final maximum test concign and stored frozen prior to use. At
the time of drug addition, an aliquot of frozen centrate was used and diluted to two times
the desired final maximum test concentration witimplete medium containing 50 pg/ml
gentamicin. Additional four, 10-fold or %2 log sdrdilutions were made to give total of five
drug concentrations plus control. Aliquots of 300 of these drug dilutions were added to
the appropriate microtiter wells. Following the #ieh, plates were incubated at 32, 5%
CO,, 95% air, and 100% relative humidity for 48 h. Faatherent cells, the assay was
terminated by the addition of cold TCA. Cells wéred in situ by the addition of 5QL of
cold 50% (w/v) TCA and incubated at @ for 60 min. The plates were washed five times
with tap water by discarding the supernatant andraed. Sulforhodamine B (SRB) solution
(100 pL) at 0.4% (w/v) in 1% acetic acid was adteéach well followed by incubation of
plates for 10 min at room temperature. After staghiunbound dye was removed by washing
five times with 1% acetic acid and the plates waredried before subsequent solubilization
with 10 mM trizma base. The absorbance was read atavelength of 515 nm on an



automated plate reader. With seven absorbance neeasots [time zero (], control growth
(C), and test growth in the presence of drug at fiencentration levels {J], percentage
growth was calculated at each of the drug conceoitrdevels. Percentage growth inhibition
was calculated as:

[(Ti -TZ)/(C - Tz)] x 100 for concentratiorigr which T, > Tz; [(Ti -Tz)/Tz] x 100 for

concentrations for which Ti < Tz.

Three dose response parameters were calculategaftt experimental agent. Growth
inhibition of 50% (Gidg) was calculated from [(Ti -Tz)/(C - Tz)] x 100 =05Drug
concentration resulting in total growth inhibitigfGl) was calculated fromE Tz. LG
was calculated from [(Ti-Tz)/Tz]x100 = 50

4.8. Procedure for BSA screening
4.8.1. Materials and methods

The stock solution of BSA (Sigma Chemical Co., US®3s prepared by dissolving an
appropriate amount of solid BSA in 0.1 M phospHhat#er at pH 7.4 and stored at 0—4 °C in
the dark. Stock solutions of compourB®1 (102 mol L™ were prepared in DMSO. All

stock solutions were diluted to the required cotregions with phosphate buffer (pH 7.4).

All other reagents were of analytical reagent grade
4.8.2. UV-Visible absorption and fluorescence spectra

UV-visible absorption and fluorescence emissiorcspewere measured with a 1 cm quartz
cell. All the spectra were recorded at ambient teragure (300 K). UV-Vis spectra were
recorded on Shimadzu-2400 PC spectrometer. Theleraytd of the spectra was between
200 and 800 nm. All the UV-visible spectra wereorded after equilibration of solution for 5
min. Emission spectra were recorded with Variany(elipse fluorescence spectrometer.
The excitation and emission wavelengths for BSAen280 nm and 351 nm with a slit width
of 10 nm. Very dilute solutions of BSA and composibel1 were used to avoid inner filter
effect. The titration experiments were performedvlgying the concentration of compounds
5-21 and keeping the BSA concentration (i@).

Binding constant K was estimated from absorpéind fluorescence titration data using the
Benesi—Hildebrand equation. K was determined frbenraitio of intercept to slope obtained
from the linear fit of the plot of 1/(A—- A) vs. 1/[compound] and 1/{F—- F) vs.



1/[compound], where Aand A are the absorption intensities agdaRd F are the emission

intensities of the BSA in the absence and presehcempounds, respectively.

1/(Ao= A) = 1(Ao = Arc) + {L/[K(A o = Ar)]}ligand]
To determine the binding number of triazine-bendmzble analogues with BSA, the double-
logarithmic equation was used:
log[(Fo-F)/F] =log K + n log [Q]

where, 5 and F are the emission intensities of BSA in theeace and presence of triazine-
benzimidazole analogues, respectively. A plot af[(l6-F)/F] vs. log[Q] will produce a
straight line; whose slope is equal to n. The nunabdinding sites n as calculated from the
plot is approximately equal to 1 for BSA and itims good agreement with the literature

reports.
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Figures Captions
Figure 1. Triazines possessing anticancer activity.

Figure 2. Absorption spectral changes of BSA (A1) in phosphate buffer upon addition of
compounds (a), 16 (b), 17 (c) and20 (d) at 0-2QuM; Insets indicate Benesi—Hildebrand plot
of 1/[Ao-A] vs. 1/[compounds] for binding of BSA with comyadsé6 (a), 16 (b), 17 (c) and

20 (d) through absorption spectral titrations.

Figure 3. Fluorescence spectral changes of BSA/{Y) in phosphate buffer upon addition
of 6 (a), 16 (b), 17 (c) and20 (d) at 0-2QuM. Insets indicate Benesi—Hildebrand plot of §/[F
F] vs. 1/[compounds] for binding of BSA with compuals 6 (a), 16 (b), 17 (c) and20 (d)
through emission spectral titrations.

Figure 4. Overlap of the fluorescence emission spectra3A Bith UV-Visible absorption
spectra of compounds(a), 16 (b), 17 (c) and20 (d).

Scheme 1. Synthesis of triazine-benzmidazoles

Table 1. Effects of 1QuM of compounds, 16, 17 and20 on cell proliferation in a subpanel

tumor cell lines

Table 2. Compoundst, 16, 17 and 20 with median growth inhibitory (G4, puM), total
growth inhibitory (TGI,uM) and median lethal concentrations geGQuM) of in vitro tumor
cell lines at five different concentrations vizQ® 10°, 10° 10" and 1M

Table 3. Photophysical properties and binding constan®83# with compound$§-14, 16,

17 and20.

Table 4. Forster energy transfer parameters for BSA aaditre-benzimidazole$14, 16,
17 and20).
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Figure 1. Triazines possessing anticancer activity.
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N N 18; 2-furan

|
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Scheme 1. Synthesis of triazine-benzmidazoles
Table 1. Effects of 1QuM of compounds$, 16, 17 and20 on cell proliferation in a subpanel

tumor cell lines

Subpanel tumor cell lines 6 16 17 20
Leukemia

CCRF-CEM 8.74 -15.74 -1.84 -91.49
HL-60(TB) -22.74 -32.69 -46.01 -81.44
K-562 -6.74 -30.14 -22.02 -100.0
MOLT-4 13.72 -37.78 1.78 -91.61
RPMI-8226 2.47 -22.64 -13.83 -73.43
SR 9.79 8.94 6.01 -83.32
Non-small cell lung cancer

A549/ATCC 13.89 -68.45 11.23 -75.19
EKVX 27.70 -66.92 7.91 -91.35
HOP-62 -45.21 -64.49 -27.31 -73.89
HOP-92 43.35 -66.25 6.57 -72.10
NCI-H226 32.70 -19.29 17.11 -64.52
NCI-H23 19.72 -59.05 11.34 -83.39
NCI-H322M 35.03 -0.47 27.03 -92.85
NCI-H460 0.81 -67.25 0.13 -80.31
NCI-H522 9.25 -68.19 11.94 -73.93
Colon cancer

COLO 205 -61.28 -68.80 -43.73 -68.39
HCC-2998 -1.07 -80.71 -19.85 -89.86
SF-295 -51.43 -76.36 -63.50 -94.37
SF-539 7.95 -76.83 0.31 -92.73
SNB-19 10.38 -18.63 17.47 -81.19
SNB-75 -0.68 -89.65 -19.21 -92.64
U251 8.02 -67.51 6.38 -93.05
M elanoma

LOX IMVI -77.07 -88.99 -75.60 -92.98
MALME-3M -50.20 -77.26 -65.73 -73.43
M14 -24.53 -80.66 -7.64 -82.62
MDA-MB-435 -27.26 -81.06 -38.01 -86.10
SK-MEL-2 -20.55 -52.66 -19.20 -71.35
SK-MEL-28 -30.22 -82.85 -34.04 -84.68

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



UACC-257
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

Uo-31
Prostate cancer
PC-3

DU-145

Breast cancer
MCF7

MDA-MB-231/ATCC

HS 578T
BT-549
T-47D
MDA-MB-468

-19.30

10.91
61.19
73.94
45.70
45.64
22.49

-57.34
-28.59
22.92
-46.89
-56.14

-37.82

12.41
38.96

3.49
23.15
-12.59
23.12
23.39
-3.66

-56.40

-38.08
-73.44
-47.23
0.63
-50.44
-60.81
-30.32

-88.93
-83.40
-58.90
-89.38
-75.14
-62.79
-58.06
-60.57

-35.46
-27.79

-76.15
-63.34
-39.90
33.65
-62.31
-62.73

-27.63

33.68
5.15

66.34
39.24
34.23
19.61

-60.02
-32.12
9.00
-56.60
-67.46
40.78
43.87
-43.52

231
38.47

-44.29
5.74
-11.86
5.16
16.08
-1.23

-82.52

-71.16
-95.58
-73.91
-74.72
-73.82
-87.53
-89.89

-94.51
-81.51
-90.60
-93.57
-91.12
-79.48
-94.44
-87.59

-03.48
-93.96

-73.81
-76.74
-40.25
-73.63
-64.77
-83.99

20-40% growth inhibition; 40-50% growth inhibition; 50-70% growth inhibition;
inhibition; 80-90% growth inhibition; 90-100% growth inhibition; highly potent compounds.
Table 2. Compoundst, 16, 17 and 20 with median growth inhibitory (G4, uM), total

growth inhibitory (TGI,uM) and median lethal concentrations gsGQuM) of in vitro tumor

cell lines at five different concentrations vizQ* 10°, 10°, 10" and 1GM

70-80% growth

Compds. Activity [ I 0T vV Y, VI VIl VIl IX  MIG-M ID?

6 Glso 237 285 243 254 195 346 246 367 2.36 2.68
TGI 650 9.66 552 232 418 226 118 913 672 .011
LCso b 954 302 466 118 269 829 ° 92.7 32.3

16 Glso 057 174 099 141 156 185 120 151 1.63 1.38
TGl 217 367 255 304 318 388 272 307 408 .153
LCs, 163 142 653 598 652 684 627 625 874 8.63

17 Glso 202 268 215 223 191 274 203 346 209 2.37
TGI 6.11 665 473 118 4.04 115 736 666 555 .167
LCso b 776 790 847 743 ° 783 P b 7.88

20 Glso 019 1.15 026 0.77 107 092 111 041 0.62 0.72
TGI 058 259 069 192 248 230 225 149 186 .801
LCxo b 558 275 ° 579 520 560 433 ° 4.88

I, leukemia; Il, non-small cell lung cancer; llblon cancer; IV, CNS cancer; V, melanoma; VI, ogartancer;

VII, renal cancer; VIII, prostate cancer; IX, breaancer? Full panel mean-graph midpoint\). > Compounds

showed values >104M.
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Figure 2. Absorption spectral changes of BSA () in phosphate buffer upon addition of
compounds (a), 16 (b), 17 (c) and20 (d) at 0-2QuM; Insets indicate Benesi—Hildebrand plot
of 1/[Ao-A] vs. 1/[compounds] for binding of BSA with comads6 (a), 16 (b), 17 (c) and

20 (d) through absorption spectral titrations.
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Figure 3. Fluorescence spectral changes of BSA/Y) in phosphate buffer upon addition
of 6 (a), 16 (b), 17 (c) and20 (d) at 0-2QuM. Insets indicate Benesi—Hildebrand plot of §/[F
F] vs. 1/[compounds] for binding of BSA with compuls 6 (a), 16 (b), 17 (c) and20 (d)

through emission spectral titrations.



Table 3. Photophysical properties and binding constanB3#4 with compound$-14, 16,

17 and20.
Sr. Hyperchromicity = Enhancement Isoemissive Red shiftin K (absorption K (emission n
No.  (%)in absorption (%)in emission point emission spectra, M)  spectra, M)

spectra spectra (nm) intensity (nm)

5 72.93 63.43 350 24 7.0x10 69x1d 1.24
6 72.31 49.74 350 25 9.7x%0 57x10 091
7 65.29 68.99 341 22 1.0x%0 54x1d 1.67
8 75.98 77.53 339 22 85x10 26x10 1.19
9 85.95 57.22 345 23 84x%10 57x10 0.90
10 68.72 73.21 343 25 1.2x%0 54x1d 161
11 70.53 69.01 347 22 6.3x40 1.3x10 094
12 90.60 71.82 340 23 95x40 80x1d 1.01
13 88.44 42.06 352 24 1.2x%40 1.8x1§ 1.14
14 85.87 23.12 349 17 1.0x%10 16x10 1.58
16 72.27 22.78 357 20 1.2x%0 32x1d 1.47
17 86.80 71.83 341 23 1.0x%0 79x1d 0.99
20 97.67 49.10 349 22 1.0x%0 42x16 0.87
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Figure4. Overlap of the fluorescence emission spectraA Bith UV-Visible absorption
spectra of compounds(a), 16 (b), 17 (c) and20 (d).



Table 4. Forster energy transfer parameters for BSA aaditre-benzimidazole$14, 16,
17 and20).

Sr.No. @ (igangy P complexy % Overlapping Energy J(mortcm®nm®) Ry (hm) r(hm)
area efficiency (E)
5 0.31 0.20 24.98 37.50 1.25 x110 4.41 4.78
6 0.24 0.29 30.29 2.63 1.28 x40 4.43 7.90
7 0.23 0.23 9.60 26.86 1.35 x40 4.47 5.28
8 0.30 0.25 2.30 21.62 1.21 x40 4.40 5.45
9 0.36 0.24 14.50 24.41 1.29 x'{0 4.44 5.38
10 0.34 0.22 19.35 29.30 1.28 x'10 4.43 5.14
11 0.23 0.27 19.46 15.58 1.24 x110 4.41 5.81
12 0.32 0.22 10.78 31.71 1.46 x'10 453 5.13
13 0.38 0.29 26.74 7.39 1.42 x40 451 6.94
14 0.28 0.28 18.57 11.28 1.44 x110 4.52 6.40
16 0.22 0.29 27.55 9.56 1.59 x40 4.59 6.61
17 0.31 0.20 23.80 3.74 1.39 x40 4.49 7.62

20 0.30 0.31 37.63 3.10 1.63 x1f0 4.61 7.98




Highlights

» A seriesof triazine-benzimidazol e ana ogs has been synthesized.

Compounds were evaluated in vitro for their antitumor activity.
» Four compounds showed excellent activity towards 60 human cancer cell lines.

* |nteraction with bovine serum albumin has been determined.



