Accepted Manuscript =

6-Aryl substituted 4-(4-cyanomethyl) phenylamino quinazolines as a new class of
isoform-selective PI3K-alpha inhibitors h

Rammohan R. Yadav, Santosh K. Guru, Prashant Joshi, Girish Mahajan, Mubashir 7

J. Mintoo, Vikas Kumar, Sonali S. Bharate, Dilip M. Mondhe, Ram A. Vishwakarma,
Shashi Bhushan, Sandip B. Bharate

PII: S0223-5234(16)30553-0
DOI: 10.1016/j.ejmech.2016.07.006
Reference: EJMECH 8724

To appearin:  European Journal of Medicinal Chemistry

Received Date: 28 April 2016
Revised Date: 4 July 2016
Accepted Date: 5 July 2016

Please cite this article as: R.R. Yadav, S.K. Guru, P. Joshi, G. Mahajan, M.J. Mintoo, V. Kumar,
S.S. Bharate, D.M. Mondhe, R.A. Vishwakarma, S. Bhushan, S.B. Bharate, 6-Aryl substituted 4-(4-
cyanomethyl) phenylamino quinazolines as a new class of isoform-selective PI3K-alpha inhibitors,
European Journal of Medicinal Chemistry (2016), doi: 10.1016/j.ejmech.2016.07.006.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2016.07.006

GRAPHICAL ABSTRACT
N

P

HN\ T iE

AN

g

PI3K-a selective ’ _

{Ehrlich Ascites ¢
carcinoma) Ribosepocket | N

(Ehrlich Solid Tumors) nd

An isoform-selective quinazoline class of PI3K-alpha inhibitor possessing in-vitro and in-vivo

anticancer activity has been identified.
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ABSTRACT:

Isoform-selective inhibition of PI3K- has been identified as one of the important siyate
discover effective and safer anticancer agentseidgwe report discovery of ‘quinazoline’ as a

new chemotype for isoform-selective PI8Kinhibitors. The indolyl substituted quinazolifa



displayed selective inhibition of PI3K-with 1Cs value of 0.201 uM with >49.7 over PI3K-
and &-isoforms. Quinazolin®u also inhibited PI3Ky with 1Cs value of 0.750 uM (3.7 fold
selective fora- versusy-isoform). The isoform-selective inhibition was @ldemonstrated at
protein-expression level by western-blot analysisMCF-7 and PC-3 cells. The isoform-
selective inhibitor9u also showed inhibition of phospho-Akt levels ire$k cells. Quinazoline
9u showed promising cytotoxicity in MCF-7 cells wiBiso of 7 uM, which was highly selective
for cancer cells, as it was non-toxic to normalscéR2, HEK293 and hGF (&> 50 uM).
Compound9u at 25 mg/kg dose showed 62 and 37% TGI in EhrAskites Carcinoma and
Ehrlich Solid Tumor mice models. In nutshell, offods to identify potent and efficacious PI3K
inhibitors resulted in the discovery of a new cladgsisoform-selective PI3Ke inhibitors

possessing promisirig-vivo anticancer activity.
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1. INTRODUCTION

The PI3K signalling pathway coordinates large numifephysiological functions in humans
including cell growth, proliferation, metabolismyrsival and motility [1-4]. Biochemical studies
in large number of tumour tissues revealed thakKRignalling cascade is dysregulated in breast,
colon, enodometrial, brain and prostate cancer8K Rignalling genes PIK3CA, PIK3CB,
PIK3CD and PIK3CG encodes different PI3K isoforr®d3K-«, , 0 andy). Several studies
have demonstrated that PI3Kisoform plays crucial role in cancer progressidoe to the
mutation or amplification of the PIK3CA gene orlieased expression of PLllh most of the
tumor types, whereas PI3K4isoform is involved in PTEN deficient tumors. Howee, both
PIK3CA mutation as well as PTEN deficiency is notnenon in PI3Ké associated tumors [4-6].
The early discovery of pan-PI3K inhibitors wortmanfi/] and LY294002 [8] and GDC-0941
[9, 10] were critical events that allowed rapid lexation of PI3K signalling, which led to their
extensive usage as a tool compounds against awatean tumour histotypes-vitro andin-
vivo. Later, with the discovery of mMTOR as a molecutget of rapamycin, numerous dual
PI3K/mTOR inhibitors were discovered; and manyram reached to clinical stages, including
NVP-BEZ235 () [11-13]. The pan-PI3K inhibitors and dual PI3K/@R inhibitors faced
problems in clinical trials, with limited efficageas a monotherapeutic agent as well as a
relatively high rate of side effects, because d@irtloff-target activity [2, 6, 13-15]. Thus, the
discovery of isoform-selective PI3K kinase inhibg#ohas always remained a priority of

medicinal chemists in order to improve efficacy hminimizing undesirable side effects.

The success of PI3K isoform-selective inhibitorss Heeen demonstrated by idelalisib
(CAL101, 2), a first-in-class PI3B-selective small-molecule inhibitor that has beppraved by

the FDA for the treatment of chronic lymphocyticukemia, relapsed small lymphocytic



lymphoma and B-cell non-Hodgkin's lymphoma [16]rtRarmore, more than a dozen isoform-
selective PI3K inhibitors are in various stage<clofical trials. Some of them includes NVP-
BYL719 (3) [17, 18], GDC-00324) [19, 20] and INK11175) [21] for PI3K<, and AZD8186
(6) [22] and AZD-6482 1) [23] for PI3K{. The clinical success of isoform-selective PI3K
inhibitor idelalisib, a quinazoline class of compduhas motivated us to look for isoform-
selective inhibitors from this scaffold. A pan-Pl3#hibitor BAY 80-6946 8) [24] is reported

from this scaffold, however a P13&selective inhibitor has never been reported.

Amongst all four isoforms of PI3K, the importanaedehigh frequency of PIK3CA mutation
in most of the solid tumors has attracted attentavmards the development of Pld¥selective
inhibitors. The aim of present work was to desgynthesize and optimize quinazoline scaffold
for selective binding to PI3K- ATP binding site. A series of 6-aryl quinazolin@sx were
prepared and screened for PIBKmTOR inhibitory activity and cytotoxicity in a pal of
cancer cell lines; and the best compounds werestigaged for theirn-vivo anticancer activity

in murine tumor models.
<< Figure 1 >>
2. RESULTSAND DISCUSSION

2.1. Design. The close analysis of PI3K-ATP binding site reveals the presence of a small
polypeptide chain (a hinge region) connecting thllig and N-lobe of PI3K, which interacts
with adenine part of ATP. Literature precedencegests that diverse fragments such as
quinazoline (idelalisib), quinoline (GSK2126458 [2thd PF-04979064 [26]), 2-aminothiazole
(NVP-BYL719 and PIK-93) [17] and morpholine grouBl{103 and GDC-0914) [9] interact

with the hinge region. Herein, we chose quinazolsea key hinge binding pharmacophore in



the designed compounds, wherein the “N=CH-N" fragimateracts with the Val851 of hinge

region (Figure 1B).

The chemical association of hinge binding functlidypavith the aromatic and heteroaromatic
rings increases the potency drastically as seethancase of NVP-BEZ235, NVP-BYL719,
GSK2126458 and PF-04979064. Therefore, C6-subistitwn quinazoline with heteroaromatic
rings was selected in order to maintain interasgtiom the affinity pocket. Another common
feature in pan-PI3K inhibitors and isoform-seleetR13K-a inhibitors is their ATP-competitive
inhibition via blockage of substrate lipid phosphorylation, hogrewnteractions with the un-
conserved residues in ATP binding site and solespibsed area, has been reported to provide
isoform-selectivity. Docking studies of NVP-BEZ23&8nd NVP-BYL719 indicated that
introduction of 4-(4-cyanomethyl)phenylamino fuctality at C-4 position led to interactions of
designed analogs with un-conserved residues. Tdrerethis functionality was incorporated in

designed compounds (as shown in Figure 1B).

2.2. Synthesis. The synthetic scheme for preparation of quinaesi@a-x is depicted in Scheme
1. The first step involves treatment of anthraraled (LO) with bromine in acetic acid to produce
2-amino-5-bromobenzoic acidl in 55% vyield [27]. Further, the treatment of 2-amb-
bromobenzoic acidll) with formamide resulted in formation of 4-hydroguinazoline 12) in
72% yield. Treatment of 4-hydroxy quinazolinE2) with phosphorous oxychloride resulted in
formation of 4-chloro 6-bromoquinazolirdd in 92% yield [28]. The intermediate8 was then
treated with 4-amino benzylcyanid@4) to get a key intermediatel) required for Suzuki
coupling reaction [29]. Finally, Suzuki-Miyaura q@ung of intermediatel5 with various aryl
and heteroaryl boronic acids using tetrakis(tripth@mosphine)palladium catalyst produced 6-

aryl substituted 4-(4-cyanomethyl) phenylamino qaimlines9a-x in 43-81% vyield. The 6,7-



dimethoxy 4-(4-cyanomethyl) phenylamino quinazoli®ewas also synthesized using similar

synthetic strategy as depicted in Scheme 1.
<< Scheme 1 >>

2.3. In-vitro screening for PI3K inhibition and cytotoxicity and isoform-selectivity. All
synthesized 6-substituted quinazolines were fested for inhibition of PI3kx and mTOR at
0.5-1 uM. Amongst all tested compounds, anal®gs9p, 9u, 9w and 9x were the potent
inhibitors of PI3Ke showing 70, 48.6, 47.5, 45.6 and 49% inhibitio®.& uM. Other analogs
with >30% inhibition of PI3Ke were9a, 9d, 9f, 9h, and9o. Further, the Ig was determined for
best 10 analogs for PI3K-inhibition and results are shown in Table 1. Agal®e, 9u and9x
were found to inhibit PI3ke with ICsp values of 115, 201 and 150 nM, respectively. Nofrnhe

compound showed inhibition of MTOR at a tested eatration (1 uM).
<< Table 1 >>

The analysis of PI3Ke crystal structures and function reveals that albwn PI3K inhibitors
interacts with the common hinge binding region \#dl8esidue by H-bonding and mimic the
adenine part of ATP, which consequently inhibit Sttdte phosphorylation. However, further
extension and interaction of inhibitor structurabtures in the affinity pocket, and solvent
exposed area defines the enzyme inhibition poteAsyanticipated, molecular docking 6t
and 9x with PI3K-« ATP binding site (using PDB: 4L23) considering 123 as centroid of
docking grid reveals that quinazoline core intesagith the Val851 residue backbone in hinge
pocket by H-bonding and mimic the adenine ring GfPA The bisaromatic heterocyclic core
interacts with the Tyr836 residue of ribose podigtaromaticr-n stacking. H-bonding anghn
stacking at hinge pocket stabilize the conformatbhgands in such a way that it extends its 6-

heteroaryl ring i.e. indolyl and quinolinyl groupvtards the affinity pocket Lys802 and Asp933



through bypassing the gatekeeper 11848 residuehnginysically block entry of donor substrate

ATP as displayed in Figure 2.
<< Figure 2 >>

Next, we studied selected 10 best compounds for theform-selectivity against other PI3K
isoforms. Amongst tested compounds, indolyl suld&d analog9u displayed promising
selectivity towards PI3Ke isoform over 3- and &-isoforms (>49 fold selectivity). The
isoquinolinyl substituted analogx displayed high selectivity towards Pl13Kisoform overp-
and y-isoform E56-fold selectivity). In particular, the compourtk did not inhibit (0%
inhibition) PI3KS up to 20 uM. Thus, the compourtdl is a selective dual alpha/gamma
inhibitor with a slight preference for alpha; whasecompoun®x is a selective dual alpha/delta

inhibitor with a slight preference for alpha.

4-Acetylphenyl substituted anal®g was found to be an inhibitor of PI3iKandy isoforms with
ICs50 values of 270 and 150 nM, respectively. Intergdyind-vinylphenyl substituted analdin
was found to be a selective inhibitor of PI$Kand with no inhibition of PI3ky, § and d
isoforms (IGo >10 pM). PISK family member kinases share closendlogy in structural
sequence, function and topology and thereforeeterg of cancer cells by isoform-selective
PI3K inhibitors is challenging due to conservedas@a residues (PI3K-andy share ~35%

overall homology and ~43.5% kinase domain) [30] iflPAbinding site.

Experimentally, it was observed thHait inhibit botha andy isoforms with moderate selectivity
(4-fold selective towards PI3K}, however,9x selectively inhibit PI3Ke enzyme over PI3K-
(>50-fold selective). Comparison of interactions9af with PI3K-o. (PDB: 4L23) and PI3K-

isoform (PDB: 3IBE) reveals that at selectivity kgetlactivation loop of enzymes, benzyl



cyanide group adopts different conformations dudifterence in topology of PI3k-and PI3K-
y isoform. Furthermore, in PI3K-solvent exposed area, neutral GIn859, Ser854,Samd19
residues of PI3kx were replaced by the charged Lys890, Ala885, asPB0 residues, which

leads to loss of vander waal interactions as shavenpporting information (Figure S1).

All compounds were then screened for cytotoxicrtyai panel of cancer lines including HL-60
(human leukemia cells), A-375 (human malignant meataa), MCF-7 (human breast
adenocarcinoma cell line), Panc-1 (human pancreaticer), and PC-3 (human prostate cancer)
using 48 h as incubation time. Results are depictddhble 2. The 6-isoquinolinyl derivatigx
displayed significant cytotoxicity in all testedncr lines with G values in the range of 9-12
KM. Compoundx displayed time-dependent cytotoxicity in PC-3 geflossessing &lof 567,
189, 28 and 9 uM at 6, 12, 24 and 48 h, respegtividie 6-indolyl substituted derivativau
showed promisingn-vitro cytotoxicity in breast cancer MCF-7 cells withsgvalue of 7 uM.
The 6-(2,4-difluorophenyl) substituted anal®p showed significant cytotoxicity in HL-60 and
A375 cells with G4p values of 7 and 9 uM, respectively. Two best conmgs9u and9x were
then screened famn-vitro cytotoxicity in 3 normal cell lines (Table 3). Rédts indicated that
these compound are non-toxic to normals cellgo(€0 uM). In order to address the cell death
caused by compoun@®si and9x, the extent of apoptotic death in MCF-7 and P@iBlmes was
assessed using flow cytometry and by analyzingcefd® mitochondrial membrane potential
(MMP) loss. Both compounds exhibited a dose-depaindecrease in sub-G1 population
(apoptosis), and also showed mitochondrial membpatential (MMP) loss in MCF-7 and PC-3

cells (see, Figure S2 and S3 of supporting infoiont
<< Table 2 >>

<< Table 3 >>



To assess the obtained isoform-selectivity reaflesnzyme assays, the effect of compoudus
and9x on the expression of various isoforms of PI3K[§, y andd) was investigated in MCF-7
and PC-3 cells by western-blot analysis. As seeligare 3a, compoun@iu showed 44, 4, 16
and 30% inhibition of PI3Kx, B, y and & isoforms at 30uM in MCF-7 cells, indicating
selectivity towardsu-isoform. Similarly, another compourgk also displayed higher selectivity
towardsa-isoform over other three isoforms. As seen in Fegdb, compoun®x showed 100,
42, 20 an 32% inhibition of PI3k; B, y andd isoforms at 3QuM in PC-3 cells, respectively

(Figure 3a-d).

The PI3K activation phosphorylates and activates iAkhe plasma membrane. Activated Akt
mediates downstream responses, including cell\alp\growth, proliferation, cell migration and
angiogenesis, by phosphorylating a range of intidee proteins [31-33]. Therefore, the
downstream effect of PI3K inhibition was assessgdniestigating effect of these compounds
on levels of phospho-Akt. Compoun@s and9x displayed 80% and 50% inhibition of phospho-

Akt levels at 30 uM, in MCF-7 and PC-3 cells, regpely (Figure 3a-d).
<< Figure 3 >>

2.4. Solubility, Caco-2 permeability, CYL liability and in-vivo anticancer activity. The
solubility of most potent compoun@s, 9u and9x was determined in water, PBS, SGF and SIF.
All three compounds displayed good solubility inFS@0-125ug/ml), whereas low solubility in
water, PBS and SIF (1-1303/ml) (Table S1 of supporting information). Compd@x does not
have CYP liability against major metabolizing enegmCYP3A4 and CYP2D6 (27 and 0%
inhibition at 10uM). Similarly, another compoun@u also do not have CYP liability (51 and 29

inhibition at 10uM) for these two major CYPs. Further, in Caco-2npeability assay, the efflux



ratio of 1.2 and 1.3, indicated that these compeuaigt not substrates of efflux transporter
pumps. Next, in order to demonstrate the anticam@tivity in in-vivo models, these two
compounds were tested for tumor growth inhibitiorEhrlich Ascites Carcinoma (EAC) model.
EAC has undifferentiated cells and has a rapid graate and thus it resembles human tumors
which are most sensitive to chemotherapy. The effecompound treatment on the body weight
of mice is shown in Table S2, which indicated thatth these compounds does not led to change
in body weight of animals. The tumor growth inhidit results of EAC cells are shown in Table
4. Compound®x showed 25.8% inhibition in the growth of EAC cealisthe peritoneal cavity of
experimental animals at a dose of 70 mg/kg of bedight. While, compoun®u displayed
promising tumor growth inhibition (62%) at 25 mg/kgse. Based on the results obtained in
EAC study, compoun@u was further studied for its effect in Ehrlich Sbliumor (EST) model,
wherein it showed 36.5% TGI at 25 mg/kg dose withzausing any mortality and change in

body weight.

<< Table 4 >>

3. CONCLUSION

In summary, a series of 6-aryl substituted 4-(4noyaethyl)phenylamino quinazolines have
been identified as a new class of potent and setePi3K-a inhibitors. The 6-indolyl substituted
guinazoline9u showed promising PI3kK- inhibition activity with excellent fold selectiyit
towardsa-isoform with respect to PI3Kand PI3Ké isoforms and moderate selectivity over
PI13K-y isoforms in both cell-free enzymatic and cell-thgene expression assay. The drug-like

properties (no CYP/ efflux pump liability) and praimg in-vivo tumor growth inhibition in



solid tumor model, indicated athat compo@udhas a promise for development as an anticancer

agent.
4, EXPERIMENTAL SECTION

4.1. General. All chemicals were obtained from Sigma-Aldrichr@@any and used as received.
'H, 3C and DEPT NMR spectra were recorded on Bruckem&geDPX FT-NMR 500 and 400
MHz instruments. Chemical data for protons are regbin parts per million (ppm) downfield
from tetramethylsilane and are referenced to tlsedwal proton in the NMR solvent (CD£I
7.26 ppm; CROD, 3.31 ppm; DMSQs, 2.50 ppm). The carbon nuclear magnetic resonance
spectra 'C NMR) were recorded at 125 MHz or 100 MHz: cherhidata for carbons are
reported in parts per million (ppra,scale) downfield from tetramethylsilane and arerexiced

to the carbon resonance of the solvent (GDTI.16 ppm; CBOD, 49.0 ppm; DMSQls, 39.52
ppm). HR-ESIMS spectra were recorded on Agilent ERMS-6540-UHD machine. IR spectra
were recorded on Perkin-Elmer IR spectrophotomfedting points were recorded on digital
melting point apparatus. HPLC analysis was done Stiimadzu HPLC system (model:
Shimadzu-LC 10AT) equipped with a PDA detector gdimertsil RP-18 (E-Merck, 5 uM, 4.0 x
250 mm) column and mobile phase used was aceteratrd water as gradient at the flow rate of
0.8 ml/min. All kinase screening was done at Indtional Center for Kinase profiling (ICKP),
University of Dundee UK. The animals used in thedgtwere breed in-house and used. The
animal facility is registered with CPCSEA vide r&gation no. 67/99/CPCSEA. All of the

biologically tested compounds have met the puatyuirement.

4.2. Synthesis of 2-amino-5-bromobenzoic acid (11). The solution of anthranilic acid@, 1
g, 7.3 mmol) in glacial acetic acid (10 mL) was leabto 15 °C. Bromine solution (0.45 mL,

8.76 mmol) was added dropwise to the reaction maxtwhich resulted in thick mass of white



glistening crystals consisting of the hydrobromidéshe mono and dibromo anthranilic acid.
The product was filtered off, washed with benzend dried. It was then refluxed with dilute
hydrochloric acid (20 mL) and filtered while hotder suction. The insoluble residue was
extracted twice with boiling water (500 ml). Thdtrate, upon cooling yielded an abundant
precipitate of 2-amino-5-bromobenzoic acid)( Yield: 55%; light brown solid; m.p. 209-211
°C; *H NMR (CD;OD, 500 MHz):5 7.87 (t, 1HJ = 5.2 Hz), 7.31-7.28 (m, 1H), 6.67 (dd, 1H,

= 8.8, 5.2 Hz); IR (CHG): vnax 3474, 3360, 2919, 1674, 1608, 1581, 1548, 1481]1,14211,
1293, 1168, 1127, 1089, 1019 ¢mHR-ESIMS: m/z 215.9654 calcd for EsBrNO+H*

(215.9655).

4.3. Synthesis of 6-bromoquinazolin-4-ol (12) and 6,7-dimethoxyquinazolin-4-ol (17). To
the solution of 2-amino-5-bromo-benzoic acidl,( 1 g, 4.63 mmol) or 2-amino-4,5-
dimethoxybenzoic acidl6, 1 g, 5.08 mmol), formamide (0.74 mL, 18.52 mnmai I1 and 0.8
mL, 20.3 mmol forl6) was added and the resultant mixture was allowedftux at 150 °C for 6
h. After completion of reaction, the reaction migtwvas filtered through Whatmann filter paper

and dried under vacuum to get desired prodi2isr 17.

4.3.1. 6-Bromoquinazolin-4-ol (12): Yield: 70%; white solid; m.p. 273-275 °CH NMR
(DMSO-ds, 500 MHz):6 8.20-8.16 (m, 1H), 7.98-7.95 (m, 1H), 7.63 (d, TH; 8.7 Hz); IR
(CHCl): vmax3442, 2922, 2852, 1726, 1697, 1605, 1465, 13898,18272, 1239, 1220, 1178,

1019 cn; HR-ESIMS:m/z 226.9633 calcd for s> BrN,O+H' (226.9658).

4.3.2. 6,7-Dimethoxyquinazolin-4-ol (17): Yield: 76%:; white solid; m.p. 296-298 °CH
NMR (DMSO-ds, 400 MHZz):6 7.99 (s, 1H), 7.44 (s, 1H), 7.13 (s, 1H), 3.9(8(3), 3.87 (s, 3H);
IR (CHCL): vmax 3416, 2919, 1649, 1606, 1505, 1438, 1402, 13567,13R87, 1270, 1247,

1212, 1125, 1074, 1025 émHR-ESIMS:m/z 207.0766 calcd for GH1oN,0s+H"* (207.0764).



44. Synthess of  6-bromo-4-chloroquinazoline (13) and  4-chloro-6,7-
dimethoxyquinazoline (18). The solution of 6-bromoquinazolin-4-014, 1 g, 4.44 mmol) or
6,7-dimethoxyquinazolin-4-ol17, 1 g, 4.13 mmol) in phosphorous oxychloride (5 nwas
refluxed for 6 h at 120 °C. The mixture was cooledoom temperature and poured into ice-
water containing sodium bicarbonate to quench phmsms oxychloride. The mixture was
extracted with dichloromethane (3 x 100 ml) and sbkvent was evaporated to get chlorinated

productsl3 or 18.

4.4.1. 6-Bromo-4-chloroquinazoline (13): Yield: 74%,; light yellow solid; m.p. 161-163 °C;
'H NMR (CDCk, 500 MHz):5 9.07 (s, 1H), 8.44 (d, 1H,= 2.0 Hz), 8.05 (dd, 1H] = 8.9, 2.2
Hz), 7.96 (d, 1HJ = 8.9 Hz); IR (CHG)): vmax 2922, 1632, 1559, 1546, 1474, 1461, 1388, 1360,

1241, 1160, 1019 ¢ HR-ESIMS:mz 242.9326 calcd for 4BrCIN+H* (242.9319).

4.4.2. 4-Chloro-6,7-dimethoxyquinazoline (18): Yield: 82%; light yellow solid; m.p. 184-186
°C; 'H NMR (CDCk, 400 MHz):5 8.88 (s, 1H), 7.40 (s, 1H), 7.34 (s, 1H), 4.096€); IR
(CHCL): vmnax1674, 1614, 1557, 1510, 1473, 1455, 1442, 1435314357, 1349, 1281, 1259,
1204, 1164, 1124, 1071, 1029, 1013CHR-ESIMS:m/z 225.0428 calcd for GHgCIN,Ox+H”

(225.0425).

4.5. Synthesis of 6-bromo-4-(4-cyanomethyl)phenylamino quinazoline (15) and 6,7-
dimethoxy-4-(4-cyanomethyl)phenylamino quinazoline (19). The mixture of 6-bromo-4-
chloroquinazolinei3, 0.2 g, 0.83 mmol) or 4-chloro-6,7-dimethoxyquiokze (18, 0.2 g, 0.89
mmol) and 4-amino benzyl cyanidé4, 0.142 g, 1.07 mmol fat3 and 0.153 g, 1.16 mmol for
18) in isopropanol (5 mL) was allowed to stir for 3ihder reflux condition. After completion of
reaction, the mixture was filtered through Whatnfiter paper and dried under vacuum to get

the desired productsb or 19.



4.5.1. 6-Bromo-4-(4-cyanomethyl)phenylamino quinazoline (15): Yield: 82%; brown solid;
m.p. 275-277 °C*H NMR (DMSO-ds, 400 MHz):8 9.20 (s, 1H), 8.93 (s, 1H), 8.30-8.23 (m,
1H), 7.96-7.89 (m, 1H), 7.83-7.76 (m, 2H), 7.48 284, J = 7.2 Hz), 4.10 (s, 2H)**C NMR
(DMSO-ds, 100 MHz): 6 158.71, 151.16, 138.71, 138.18, 135.91, 129.5@.482 127.17,
124.96, 122.15, 120.86, 119.05, 115.01, 21.98,ARk): vmax3437, 2922, 1649, 1621, 1594,
1545, 1464, 1406, 1273, 1098, 1018 crhIR-ESIMS: m/z 339.0243 calcd for GH11BrN+H"

(339.0240).

4.5.2. 6,7-Dimethoxy-4-(4-cyanomethyl)phenylamino quinazoline (19): Yield: 72%; brown
solid; m.p. 268-270 °C; HPLC purity99% ¢z = 24.58 min);"H NMR (DMSO-ds, 400 MHz):8
11.40 (s, 1H), 8.82 (s, 1H), 8.31 (s, 1H), 7.722d, J = 8.4 Hz), 7.47 (d, 2H] = 8.4 Hz), 7.35
(s, 1H), 4.10 (s, 2H), 4.02 (s, 3H), 4.0 (s, 3t} NMR (Pyridinees + DO, 100 MHz):5
159.45, 157.24, 155.19, 151.90, 148.72, 141.53,7/03028.24, 121.57, 111.88, 108.97, 104.32,
58.68, 58.25, 24.69; IR (CHE} vnax 3369, 2953, 2921, 2852, 1738, 1628, 1508, 15753,145
1402, 1363, 1320, 1152, 1065, 1018 GHR-ESIMS: m/z 321.1348 calcd for gH1eN4Oo+H*

(321.1346).

4.6. Procedure for Suzuki coupling: Synthesis of compounds 9a-x. A solution of 2M
K2CO; solution (3 ml) in dioxane (3 ml) was taken in rdupottom flask and was purged with
nitrogen balloon for 5 min at room temperature. Atore of boronic acid (1.2 mmol) and
compoundl5 (0.1 g, 1 mmol) was added to this reaction mixtarg] it was again purged with
nitrogen for 5 min. Pd(PRh (0.05 mmol) was then added, followed by purgind atlowed the
reaction mixture to stir at 90 °C for overnight.té&f completion of the reaction, product was

extracted with ethyl acetate (2 x 50 ml). The camebiorganic layer was concentrated in vacuo



and crude reaction mixture was purified by silieh @100-200) column chromatography using

EtOAc: hexane as eluent to get desired prodects

4.6.1. 6-Phenyl-4-(4-cyanomethyl)phenylamino quinazoline (9a). Yield: 81%, brick red solid;
m.p. 253-255 °C; HPLC purit@6% (s = 33.92 min);'H NMR (DMSO-ds 400 MHz):$ 10.01
(s, 1H), 8.85 (s, 1H), 8.60 (s, 1H), 8.21 (d, THs 7.0 Hz), 7.91-7.87 (m, 4H), 7.62-7.58 (m,
4H), 7.57-7.39 (m, 2H), 4.04 (s, 2HJC NMR (DMSO4ds 125 MHz):5 157.83, 154.42, 149.01,
139.12, 138.49, 138.07, 131.79, 131.50, 131.42,0P2928.78, 128.69, 128.37, 128.22, 127.92,
127.14, 126.39, 122.95, 120.45, 119.40, 115.33121R (CHCh): vnax3400, 2924, 2853, 1609,

1437, 1192, 1119 ¢ HR-ESIMS:m/z 337.1452 calcd for §H1eNs+H" (337.1448).

4.6.2. 6-(2,4-Difluorophenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9b). Yield: 45%;
yellow solid; m.p. 186-188 °C; HPLC purit98% ¢z = 30.25 min);'H NMR (CDCk, 400
MHz): & 8.74 (s, 1H), 8.15 (s, 1H), 7.98-7.92 (m, 2H),07(8, 1H,J = 8.8 Hz), 7.55-7.46 (m,
2H), 7.38 (d, 2H,) = 8.4 Hz), 7.06-6.97 (m, 2H), 3.78 (s, 2P NMR (DMSO4s, 376 MHz):

8 -110.14to -110.23 (m, 1F), -113.3t% -113.41 (m, 1F)**C NMR (CDCk + CD;OD, 100
MHz): & 162.53 (d,"Jcr = 237 Hz), 159.62 (d'Jcr = 238 Hz), 154.55, 148.49, 138.13, 133.96,
133.44, 131.60-131.46 (m), 128.23, 127.45, 12512R.14, 121.90, 117.86, 115.31, 111.79-
111.54 (m), 104.26 (BJcr = 26 Hz), 22.72; IR (CHG): vmax 3391, 2955, 2923, 2854, 1606,
1574, 1532, 1515, 1495, 1424, 1401, 1269, 1142111020 crit; HR-ESIMS:m/z 373.1258

calcd for Q2H14F2N4+H+ (3731259)

4.6.3. 6-(2-Formylphenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9c). Yield: 67%; brick
red solid; m.p. 177-179 °C; HPLC puri98% ¢ = 28.7 min);*H NMR (CDCk + CD;OD, 400
MHz): 6 9.99 (s, 1H), 8.80 (s, 1H), 8.32 (s, 1H), 8.121H, J = 1.6 Hz), 7.99 (t, 2HJ = 8.8

Hz), 7.84-7.76 (m, 2H), 7.71-7.62 (m, 1H), 7.5787(f, 2H), 7.43-7.39 (m, 1H), 7.32-7.30 (m,



1H), 3.74 (s, 2H)**C NMR (CDC} + CD;OD, 100 MHz):8 192.32, 154.88, 148.58, 144.54,
136.48, 134.82, 134.00, 133.56, 131.95, 131.85,1431128.73, 128.60, 128.45, 128.42, 128.22,
127.45, 123.72, 123.41, 118.03, 115.22, 22.88;0RQk): vnax 3369, 2956, 2924, 2854, 2250,
1689, 1626, 1596, 1571, 1529, 1515, 1479, 14232,14860, 1307, 1252, 1194, 1173, 1120,

1070, 1021 cifi; HR-ESIMS:m/z 365.1397 calcd for §H1gN4O+H' (365.1397).

4.6.4. 6-(4-Acetylphenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9d). Yield: 45%; pale
yellow solid; m.p. 157-159 °C; HPLC purit93% ¢z = 31.16 min);"H NMR (CDCk+ CDsOD,
400 MHz):$ 8.65 (d, 1H,J = 9.0 Hz), 8.12 (t, 2H] = 8.5 Hz), 7.95-7.91 (m, 2H), 7.83-7.82 (m,
1H), 7.42 (s, 2H), 7.41 (s, 1H), 7.40 (s, 3H), 3(84 2H), 2.70 (s, 3H}C NMR (DMSO4;,125
MHz): 6 197.59, 157.93, 154.87, 149.53, 143.38, 138.3®.68B3 135.90, 132.05, 131.50,
131.42, 128.95, 128.80, 128.71, 128.58, 128.26,212126.57, 123.08, 121.20, 119.41, 115.33,
26.85, 21.90; IR (CHG): vmax 3369, 2953, 2924, 2855, 2250, 1738, 1678, 16033,15332,
1515, 1424, 1362, 1265, 1020 ¢tm HR-ESIMS: m/z 379.1555 calcd for GH1aN4O+H'

(379.1553).

4.6.5. 6-(3-Hydroxyphenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9¢). Yield: 62%;
brown solid; m.p. 222-224 °C: HPLC puri§8% (s = 32.75 min);'"H NMR (DMSO-ds, 400
MHz): 6 10.01 (s, 1H), 9.65 (s, 1H), 8.81 (d, 1H 1.6 Hz), 8.59 (s, 1H), 8.13 (dd, 1H = 8.4,
2.0 Hz), 7.90-7.84 (m, 2H), 7.65-7.55 (m, 4H), 7426 (m, 2H), 6.87-6.85 (m, 1H), 4.05 (s,
2H); °C NMR (DMSO4ds 100 MHz):8 157.89, 157.85, 154.34, 149.01, 140.59, 138.58,283
131.76, 129.99, 128.29, 128.19, 126.36, 122.96,382019.35, 117.95, 115.30, 114.87, 114.05,
21.91; IR (CHGY): vmax 3400, 3055, 2955, 2924, 2854, 1731, 1591, 14847,14800, 1275,
1219, 1189, 1119, 1072, 1020 ¢mHR-ESIMS: mVz 353.1402 calcd for £H1gN4O+H'

(353.1397).



4.6.6. 6-(3-Nitrophenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9f). Yield: 57%; pale
yellow solid; m.p. 216-218 °C; HPLC purit95% z= 33.91 min);*H NMR ( CDCk+ CD;OD,
400 MHz):$ 8.69 (d, 2H,) = 8.4 Hz), 8.29 (d, 1H] = 8.0 Hz), 8.14 (d, 1Hl = 7.2 Hz), 7.97 (d,
1H, J = 8.8 Hz), 7.83 (d, 2H] = 8.0 Hz), 7.73 (t, 1H) = 8.0 Hz), 7.65-7.58 (m, 2H), 7.51 (s,
2H), 3.84 (s, 2H)**C NMR (CDCE + CD;OD 125 MHz):§ 158.67, 154.75, 148.69, 141.30,
136.79, 133.06, 132.30, 131.87, 131.77, 131.69,9829.28.59, 128.49, 128.29, 127.99, 126.09,
123.36, 122.37, 121.85, 120.86, 117.96, 22.63;ARGls): vmax3401, 2955, 2923, 2853, 1733,
1607, 1536, 1423, 1384, 1157, 1021 GHR-ESIMS: m/z 382.1302 calcd for £H1sNsO-+H*

(382.1299).

4.6.7. 6-(2-Methylphenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9g). Yield: 57%;
orange solid; m.p. 173-175 °C; HPLC puri®% ¢z = 33.79 min);'H NMR (CDCk, 400
MHz): 5 8.83-8.81 (m, 1H), 8.03-8.00 (m, 1H), 7.98-7.96 @H), 7.55 (s, 1H), 7.43-7.27 (m,
6H), 3.78 (s, 2H), 2.32 (s, 3H)®*C NMR (CDCE 100 MHz):§ 157.67, 154.73, 148.95, 140.83,
140.54, 138.33, 135.42, 134.63, 130.60, 129.79,6828 28.37, 128.09, 126.06, 125.66, 122.52,
120.74, 117.97, 115.07, 23.14, 20.47; IR (CHlClmax 3368, 2955, 2924, 2853, 2252, 1626,
1604, 1572, 1527, 1515, 1486, 1421, 1403, 13607 18942, 1190, 1020 cmHR-ESIMS:m/z

351.1602 calcd for §H1gNa+H* (351.1604).

4.6.8. 6-(4-Vinylphenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9h). Yield: 71%; pale
yellow solid; m.p. 216-218 °C; HPLC purit93% ¢z = 35.16 min);'"H NMR (CDCk + CD;0D,
400 MHz):5 8.58 (d, 1HJ = 17.2 Hz), 8.10 (d, 1H] = 8.4 Hz), 7.89 (d, 1H] = 8.4 Hz), 7.82-
7.75 (m, 4H), 7.60-7.51 (m, 3H), 7.44-7.39 (m, 2Bl83-6.76 (m, 1H), 5.85 (d, 1H,= 17.6
Hz), 5.33 (d, 1H,) = 10.8 Hz), 3.84 (s, 2H}*C NMR (DMSO+s 125 MHz): 5 158.30, 154.92,

149.57, 138.96, 138.87, 137.93, 137.19, 136.56,063231.97, 128.89, 128.70, 127.72, 127.27,



126.90, 123.48, 120.64, 119.87, 115.83, 115.3BR2R (CHCE): vmax3369, 2951, 2923, 2857,
2248, 1741, 1623, 1603, 1571, 1514, 1497, 14230,18621 crit; HR-ESIMS: m/z 363.1605

calcd for G4H1gN4+H™ (363.1604).

4.6.9. 6-(4-Fluorobenzyl oxyphen-4-yl)-4-(4-cyanomethyl)phenylamino  quinazoline  (9i).
Yield: 58%; pale yellow solid; m.p. 230-232 °C; HPIpurity: 96% ¢z = 33.92 min);'H NMR
(CDCl; + CD;OD, 500 MHz):8 8.61 (s, 1H), 8.45 (s, 1H), 8.04 (d, 1Hs 2.0 Hz), 7.88 (d, 1H,
J=8.8 Hz), 7.81 (d, 2H] = 8.4 Hz), 7.73-7.70 (m, 2H), 7.47 (d, 2H= 5.4 Hz), 7.45-7.39 (m,
3H), 7.13-7.11 (m, 3H), 5.12 (s, 2H), 3.83 (s, 2K¢ NMR (CDCE + CD:OD, 125 MHz): &
158.42, 153.75, 147.84, 139.15, 132.2620@& = 37.5 Hz), 129.20, 129.13, 128.17, 127.26,
125.84, 123.26, 119.11, 117.95, 115.59, 115.21,0815115.04, 69.15, 22.50°F NMR
(DMSO-ds, 376 MHz):6 -114.38 to -114.45 (m, 1F); IR (CH{PIvimnax 3400, 2955, 2923, 2854,
1605, 1573, 1498, 1514, 1423, 1401, 1384, 12257,11620 crit; HR-ESIMS: m/z 461.1777

calcd for GeHo FN,O+H" (461.1772).

4.6.10. 6-(3-Acetylaminophenyl)-4-(4-cyanomethyl ) phenylamino quinazoline (9j). Yield: 61%;
pale yellow solid; m.p. 195-197 °C; HPLC puri82% (s = 34.26 min);'H NMR (DMSO-ds,
400 MHz):5 10.10 (s, 1H), 10.01 (s, 1H), 8.80 (d, 1H: 1.2 Hz), 8.60 (s, 1H), 8.09 (dd, 18,
= 8.8, 1.6 Hz), 8.00 (s, 1H), 7.89 (dd, 3H= 8.8, 1.6 Hz), 7.66-7.46 (m, 3H), 7.39 (d, ZH:

8.4 Hz), 4.04 (s, 2H), 2.09 (s, 3HJC NMR (DMSO4s 125 MHz): 5 168.40, 157.79, 154.38,
148.98, 139.85, 139.80, 138.43, 138.23, 131.42,3431129.30, 128.71, 128.61, 128.38, 128.14,
126.32, 122.87, 122.05, 120.57, 119.31, 118.50,781715.26, 23.95, 21.83; IR (CHEIvmax
3368, 2921, 1676, 1608, 1534, 1515, 1480, 14269 tii’; HR-ESIMS:nm/z 394.1667 calcd for

CosH1oN 5O‘|'H+ (394. 1662).



4.6.11. 6-(4-Phenylphenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9k). Yield: 54%;
yellow solid; m.p. 214-216 °C; HPLC purit99% ¢x = 34.25 min):'"H NMR (DMSO-ds, 400
MHz): & 10.03 (s, 1H), 8.92 (d, 1H,= 1.6 Hz), 8.61 (s, 1H), 8.29-8.27 (m, 1H), 8.632H,J =
8.4 Hz), 7.92-7.87 (m, 5H), 7.80 (d, 2H= 1.2 Hz), 7.52 (t, 2H] = 7.6 Hz), 7.43-7.40 (m, 3H),
4.01 (s, 2H),13C NMR (DMSOds, 125 MHz):6 157.84, 154.47, 149.11, 139.59, 139.41, 138.46,
138.01, 137.44, 131.64, 129.02, 128.47, 128.25,6822127.62, 127.25, 126.65, 123.03, 120.27,
119.42, 115.38, 21.90; IR (CHflvmax 3401, 2953, 2927, 1604, 1567, 1515, 1486, 14238,135

cnT, - -z . calca 1or 20Nt . .
1021 cn; HR-ESIMS:m/z 413.1769 calcd for £gHaoNs+H" (413.1761)

4.6.12. 6-(4-(4-Ethoxyphenyl)phenyl)-4-(4-cyanomethyl)phenylamino quinazoline (91). Yield:
47%; brown solid; m.p. 195-197 °C; HPLC puri®@% ¢z = 37.33 min);'H NMR (DMSO-ds,
400 MHz):$ 10.04 (s, 1H), 8.91 (s, 1H), 8.61 (s, 1H), 8.271(d,J = 8.8 Hz), 7.99 (d, 2H] =
8.8 Hz), 7.91-7.88 (m, 3H), 7.83 (d, 28i= 8.4 Hz), 7.72 (d, 2H] = 8.4 Hz), 7.41 (d, 2H] =
8.4 Hz), 7.06 (d, 2H) = 8.8 Hz), 4.12-4.07 (m, 2H), 4.06 (s, 2H), 1.873H,J = 6.8 Hz);**C
NMR (DMSO-dg, 125 MHz):6 158.37, 157.85, 154.41, 149.03, 139.31, 138.48,563 137.22,
131.58, 128.43, 128.24, 127.73, 127.54, 126.63,022320.08, 114.90, 63.12, 21.91, 14.64; IR
(CHCL): vmax 3306, 2956, 2925, 2855, 1729, 1604, 1568, 15154,14824, 1401, 1360, 1252,

1190, 1082, 1019 ciHR-ESIMS:m/z 457.2012 calcd for £5H24N,O+H" (457.2023).

4.6.13. 6-(4-Phenyl-2-fluorophenyl)-4-(4-cyanomethyl)phenylamino quinazoline (9m). Yield:
57%: pale yellow solid; m.p. 229-231 °C; HPLC pur28% (r = 34.64 min);*H NMR (CDCk
+ CD;OD, 400 MHZz):5 8.64-8.61 (m, 2H), 8.13 (dd, 1H= 8.4, 2.0 Hz), 7.93 (d, 1H},= 8.8
Hz), 7.83 (d, 2H,) = 8.4 Hz), 7.68-7.61 (m, 4H), 7.51-7.47 (m, 2H}¥3#7.38 (m, 4H), 3.85 (s,
2H): % NMR (DMSO4s, 376 MHz): 5 -117.72 (t, 1F, J = 11.3 Hz);**C NMR (CDC} +

CDs0OD, 125 MHz):6 162.53, 160.56, 160.21, 155.89, 150.11, 142.10,313 136.60, 133.53,



132.63, 132.60, 130.25, 130.22, 129.86, 129.83,2829.29.15, 127.63, 124.94, 124.43, 121.75,
119.58, 117.2, 116.07 (Alcr= 23.7 Hz), 24.13; IR (CHG): vmax 3392, 2951, 2924, 2853, 2250,
1604, 1573, 1515, 1483, 1424, 1021 criiR-ESIMS: m/z 431.1666 calcd for fH1gFNs+H"

(431.1667).

4.6.14. 6-(Naphthalen-2-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9n). Yield: 57%;
pale yellow solid; m.p. 204-206 °C; HPLC puri§t% ¢z = 36.18 min);"H NMR (DMSO-ds,
400 MHz):5 9.98 (s, 1H), 8.93 (d, 1H,= 1.6 Hz), 8.55 (s, 1H), 8.37 (s, 1H), 8.30 (dd, 1 =
8.8, 2.0 Hz), 8.04 (s, 2H), 7.98 (d, 1H= 7.2 Hz), 7.93 (d, 1H] = 6.8 Hz), 7.87-7.83 (m, 2H),
7.54-7.50 (m, 3H), 7.34 (d, 2H,= 8.4 Hz), 3.98 (s, 2H)*C NMR (DMSOds, 125 MHz): &
157.85, 154.48, 149.12, 136.42, 133.24, 132.34,003231.46, 131.38, 128.75, 128.66, 128.56,
128.46, 128.20, 127.55, 126.59, 126.42, 126.39,7/829.25.28, 123.03, 120.69, 115.40, 21.89;
IR (CHCl): vmax 3369, 3053, 2955, 2924, 2854, 2250, 1733, 16032,15329, 1515, 1468,
1422, 1404, 1385, 1361, 1245, 1175, 1119, 1070) t&2; HR-ESIMS:m/z 387.1611 calcd for

C26H18N4+H+ (3871604)

4.6.15. 6-(2,3-Dihydrobenzo[ b] [ 1,4] dioxin-6-yl)-4-(4-cyanomethyl)phenylamino quinazoline
(90). Yield: 69%; pale yellow solid; m.p. 207-209 °C; HBlpurity: 96% ¢ = 30.66 min):*H
NMR (DMSO-ds, 400 MHz):8 9.95 (s, 1H), 8.76 (d, 1H,= 1.6 Hz), 8.57 (s, 1H), 8.15 (dd, 1H,
J=8.8, 2.0 Hz), 7.89 (d, 2H,= 8.4 Hz), 7.82 (d, 1H] = 8.8 Hz), 7.65-7.53 (m, 1H), 7.46 (d,
1H,J = 2.0 Hz), 7.41-7.37 (m, 2H), 7.03 (d, 1Hs 8.4 Hz), 4.32 (s, 4H), 4.05 (s, 2H)c NMR
(CDClz + CD3OD, 125 MHz):6 158.43, 153.87, 148.00, 143.73, 143.59, 139.08,0£3 132.12,
131.78, 131.70, 128.59, 128.49, 128.24, 127.37,7/823923.26, 120.13, 119.17, 118.00, 117.58,
115.79, 64.32, 64.26, 22.65; IR (CHECIvmax3400, 2922, 2853, 1602, 1514, 1495, 1422, 1307,

1249, 1068, 1021 ¢ HR-ESIMS:m/z 395.1508 calcd for 5H1gN4Ox+H" (395.1503).



4.6.16. 6-(Benzo[d][ 1,3] dioxol-5-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9p). Yield:
57%; yellow solid; m.p. 241-243 °C; HPLC puri8l% ¢ = 29.68 min):*H NMR (DMSO-ds,
400 MHz):$ 9.90 (s, 1H), 8.76 (d, 1H),= 1.6 Hz), 8.58 (s, 1H), 8.23-8.15 (m, 1H), 7.9917
(m, 3H), 7.53 (d, 1HJ = 1.6 Hz), 7.41-7.39 (m, 2H), 7.12 (d, 1Hs 4.8 Hz), 6.12 (s, 2H), 4.05
(s, 2H);13C NMR (DMSOds, 100 MHz):6 157.74, 154.21, 148.78, 148.13, 147.26, 138.52,
137.73, 133.28, 131.58, 128.25, 128.20, 126.38,952220.85, 119.71, 119.33, 115.29, 108.74,
107.42, 101.32, 21.91R (CHCl): vmax 3400, 2923, 1603, 1514, 1419, 1220, 1039' cHR-

ESIMS:m/z 381.1317 calcd for H16N4O+H" (381.1346).

4.6.17. 6-(Benzofuran-2-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9q). Yield: 62%;
pale yellow solid; m.p. 245-247 °C; HPLC puri82% (g = 32.17 min);*H NMR (DMSO-ds,
400 MHz):$ 10.14 (s, 1H), 9.09 (d, 1H,= 1.6 Hz), 8.61 (s, 1H), 8.41-8.38 (m, 1H), 7.9887
(m, 2H), 7.75 (d, 1HJ) = 7.2 Hz), 7.71-7.69 (m, 1H), 7.65-7.60 (m, 2H}H87.53 (m, 1H),
7.42-7.39 (m, 2H), 7.32-7.30 (m, 1H), 4.06 (s, 2H% NMR (DMSO4ds, 125 MHz):§ 157.84,
154.88, 154.57, 154.46, 149.84, 138.42, 131.50.4P31128.79, 128.70, 128.65, 128.23, 125.09,
123.46, 123.06, 121.45, 119.42, 118.65, 115.39,1511103.34, 21.91; IR (CHE)l vmax 3400,
2955, 2923, 2853, 1605, 1572, 1515, 1422, 1385) £62"; HR-ESIMS:m/z377.1399 calcd for

Cz4H16N40+H+ (3771397)

4.6.18. 6-(Benzo[ b] thiophen-2-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9r). Yield:
65%; yellow solid; m.p. 263-265 °C; HPLC puri88% ¢z = 32.98 min):'H NMR (DMSO-ds,
400 MHz):§ 10.04 (s, 1H), 8.91 (s, 1H), 8.58 (s, 1H), 8.2d, (tH,J = 8.4, 2.0 Hz), 8.05-8.02
(m, 2H), 7.91-7.84 (m, 4H), 7.44-7.38 (m, 4H), 4(622H);**C NMR (DMSO+s 100 MHz):5
157.69, 154.65, 149.52, 142.35, 140.22, 138.89,303831.42, 130.88, 128.63, 128.14, 126.51,

124.90, 124.86, 123.76, 123.09, 122.45, 121.09,8819.19.25, 115.36, 21.8R (CHCL): vmax



3392, 2951, 2922, 2852, 1603, 1572, 1514, 14193,14861, 1157, 1020 clnHR-ESIMS: vz

393.1163 calcd for GH1gNsS+H' (393.1168).

4.6.19. 6-(Dibenzo(b,d)furan-4-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9s). Yield:
42%; pale yellow solid; m.p. 207-209 °C; HPLC pur3% ¢z = 37.87 min);*H NMR
(DMSO-ds, 400 MHz) :5 10.03 (s, 1H), 9.02 (d, 1H,= 1.6 Hz), 8.66 (s, 1H), 8.46 (dd, 18z
8.8, 2.0 Hz), 8.26-8.23 (m, 2H), 7.99 (d, 18I 8.8 Hz), 7.91 (d, 3H] = 8.0 Hz), 7.79 (d, 1H]
= 8.0 Hz), 7.65-7.55 (m, 3H), 7.48-7.39 (m, 2HPH(s, 2H)}*C NMR (CDC} + CDsOD, 125
MHz): 6 156.04, 154.55, 153.18, 148.63, 134.29, 131.94,.863 128.70, 128.60, 128.44,
127.50, 127.02, 123.39, 123.31, 123.04, 120.76,442011.73, 22.93R (CHCk): vmax 3392,
2955, 2923, 2853, 1604, 1573, 1530, 1515, 14901 11402, 1362, 1189, 1120, 1020 trHR-

ESIMS:m/z 427.1553 calcd for £gH1gN4O+H" (427.1553).

4.6.20. 6-(Dibenzo(b,d)thiophene-4-yl)-4-(4-cyanomethyl)phenylamino  quinazoline (9t).
Yield: 45%: pale yellow solid; m.p. 199-201 °C; HPIpurity:91% ¢z = 34.88 min);"H NMR
(CDCl; + CD;0OD, 400 MHz):5 8.57 (s, 1H), 8.17-8.15 (m, 2H), 7.89 (d, 1H; 8.8 Hz), 7.78-
7.70 (m, 2H), 7.56-7.51 (m, 5H), 7.44-7.39 (m, 3AHRO (d, 1HJ = 8.8 Hz), 3.75 (s, 2H)*C
NMR (CDCk + CD30OD, 125 MHz):3 148.58, 139.38, 138.51, 135.59, 133.53, 132.48,483
131.94, 131.86, 128.75, 128.66, 128.42, 127.22,0827126.17, 125.26, 124.61, 123.53, 122.59,
122.01, 121.80, 121.07, 118.12, 22.79; IR (CHtGlnax 3392, 2922, 2853, 1605, 1571, 1537,

1514, 1421, 1026 cm HR-ESIMS:m/z 443.1320 calcd for H1gN,S+H" (443.1325).

4.6.21. 6-(1H-Indol-5-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9u). Yield: 63%;
brown solid; m.p. 267-269 °C; HPLC puri95% (g = 29.14 min);'H NMR (DMSO-ds 400
MHz): 6 11.23 (s, 1H), 9.99 (s, 1H), 8.85 (d, 1Hs 1.2 Hz), 8.58 (s, 1H), 8.23 (dd, 1HF 8.8,

1.6 Hz), 8.08 (s, 1H), 7.93-7.84 (m, 3H), 7.66-7(88 3H), 7.44-7.39 (m, 2H), 6.55 (s, 1H),



4.05 (s, 2H)*C NMR (DMSOds 125 MHz):§ 157.70, 153.86, 148.37, 139.94, 138.63, 135.70,
131.50, 131.42, 130.21, 128.79, 128.70, 128.27,1924.26.39, 126.25, 122.94, 120.72, 119.57,
119.43, 118.79, 111.91, 101.61, 21.90; IR (CitGlmax 3212, 2923, 2853, 1603, 1572, 1529,

1514, 1437, 1421, 1309, 1175, 1119, 1070'cHR-ESIMS: m/z 376.1564 calcd for

C24H]_7N5‘|'H+ (3761557)

4.6.22. 6-(Quinolin-3-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9v). Yield: 49%; off-
white solid; m.p. 225-227 °C; HPLC purit99% ¢z = 31.57 min);'H NMR (DMSO-ds, 400
MHz): § 10.06 (s, 1H), 9.52 (d, 1H,= 2.0 Hz), 9.10 (d, 1H] = 1.6 Hz), 8.86 (d, 1H] = 2.0
Hz), 8.64 (s, 1H), 8.45-8.42 (m, 1H), 8.12 (d, 2 8.4 Hz), 7.97 (d, 3H] = 8.4 Hz), 7.91 (d,
1H, J = 8.4 Hz), 7.83 (d, 1HJ = 1.2 Hz), 7.42 (d, 2HJ = 8.8 Hz), 4.05 (s, 2H}:°C NMR
(DMSO-ds, 125 MHz): 6 157.87, 154.84, 149.70, 149.42, 146.93, 138.39.883 133.29,
131.95, 131.82, 129.86, 128.74, 128.45, 128.27,58B2127.27, 126.55, 123.01, 121.18, 119.38,
115.44, 21.92; IR (CHG): vmax3400, 2922, 1617, 1423, 1130 ¢nHR-ESIMS: vz 388.1559

calcd for GsHi7Ns+H" (388.1557).

4.6.23. 6-(Pyridin-4-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9w). Yield: 61%; pale
yellow solid; m.p. 234-236 °C; HPLC purit99% ¢z = 25.18 min);"H NMR (CDCk + CD;OD,
400 MHz):$ 8.69-8.62 (m, 3H), 8.09 (t, 1H,= 1.6 Hz), 7.97 (d, 1H] = 8.4 Hz), 7.83 (d, 4H]
= 8.4 Hz), 7.41-7.32 (m, 3H), 3.81 (s, 2HC NMR (CDC} + CD;OD, 125 MHz):5 158.51,
154.91, 149.30, 147.56, 137.93, 135.52, 131.31,182827.95, 125.94, 123.18, 121.70, 120.98,
117.80, 115.54, 22.50; IR (CH{Plvinax3392, 2957, 2923, 2850, 1606, 1573, 1532, 14935,142

1021 cnit; HR-ESIMS:miz 338.1365 calcd for §HisNs+H* (338.1400).

4.6.24. 6-(Isoquinolin-4-yl)-4-(4-cyanomethyl)phenylamino quinazoline (9x). Yield: 37%;

pale yellow solid; m.p. 237-239 °C; HPLC purity99% ¢ = 32.66 min):"*H NMR (DMSO-d,



400 MHz):5 9.90 (s, 1H), 9.45 (s, 1H), 8.81 (s, 1H), 8.691(4), 8.63 (s, 1H), 8.30 (d, 1H,=

8.0 Hz), 8.06 (dd, 1H,) = 8.8, 1.6 Hz), 7.98 (d, 1H,= 8.8 Hz), 7.92-7.77 (m, 4H), 7.37 (d, 2H,
J = 8.8 Hz), 4.03 (s, 2H)°C NMR (DMSO4s, 125 MHz):5 157.76, 154.84, 152.44, 149.23,
142.99, 138.46, 134.75, 134.55, 133.22, 131.71,4531.28.20, 128.04, 127.97, 127.73, 126.36,
124.17, 124.10, 122.72, 119.35, 115.26, 21IBXCHCL): vmax 3400, 2923, 2853, 1624, 1423,

1042 cn; HR-ESIMS:m/z 388.1564 calcd for &H17/Ns+H" (388.1557).

4.7. PI3K-a assay. PI3K-o (diluted in 12.5 mM Glycine-NaOH (pH 8.5), 50 mMCK 2.5
mM MgCl,, 1 mM DTT, 0.05% CHAPS) is assayed in total volunie20 uL containing 12.5
mM glycine-NaOH (pH 8.5), 50 mM KCI, 2.5 mM Mgg£Ill mM DTT, 0.05% CHAPS, 0.01
mM ATP and 0.05 mM diC8 PIP2. The enzyme is assdged0 min after which 20 pL of
ADP-Glo reagent is added. After a further incutratof 40 min, 40 pL of kinase detection
buffer is added. The assays are incubated for ihCand then read on PerkinElmer Envision for

1sec/well.

4.8. PI3K-p assay. PI3K beta (diluted in 12.5 mM glycine-NaOH (pHs8.50 mM KCl,
2.5mM MgCh, 1 mM DTT, 0.05% CHAPS) is assayed in total volush0 pL containing 12.5
mM Glycine-NaOH (pH 8.5), 50 mM KCI, 2.5 mM Mg£Ill mM DTT, 0.05% CHAPS, 0.01
mM ATP and 0.05 mM diC8 PIP2. The enzyme is assdge 60 min after which 20 pL of
ADP-Glo reagent is added. After a further incutratof 40 min, 40 pL of kinase detection
buffer is added. The assays are incubated for 40amd then read on PerkinElmer Envision for

1 sec/ well.

4.9. PI3K-6 assay. PI3K delta (diluted in 12.5 mM glycine-NaOH (pkbg 50 mM KCI, 2.5
mM MgCl,, 1 mM DTT, 0.05% CHAPS) is assayed in total volunie20 pL containing 12.5

mM Glycine-NaOH (pH 8.5), 50 mM KCI, 2.5 mM Mg£Ill mM DTT, 0.05% CHAPS, 0.01



mM ATP and 0.05 mM diC8 PIP2. The enzyme is assdged20 min after which 20 pL of
ADP-Glo reagent is added. After a further incutratof 40 min, 40 pL of kinase detection
buffer is added. The assays are incubated for 40amd then read on PerkinElmer Envision for

1 sec/well.

4.10. PI3K-y assay. PI3K gamma (diluted in 12.5 mM Glycine-NaOH (pt5)8 50 mM KCl,
2.5 mM MgC}h, 1 mM DTT, 0.05% CHAPS) is assayed in total volumh@0 pL containing 12.5
mM glycine-NaOH (pH 8.5), 50 mM KCI, 2.5 mM Mg£I1l mM DTT, 0.05% CHAPS, 0.01
mM ATP and 0.05 mM diC8 PIP2. The enzyme is assdge 75 min after which 20 pL of
ADP-Glo reagent is added. After a further incubatxd 40 min, 40 pL of kinase detection buffer
is added. The assays are incubated for 40 mirtterdread on PerkinElmer Envision for 1sec/
well. All PI3K assays were carried out at Interoaél center for kinase profiling, University of

Dundee UK on commercial basis.

4.11. mTOR assay. mTOR assay was performed at Reaction Biology @atpn using the
‘HotSpot’ assay platform. Kinase assay protocaédction buffer: base reaction buffer; 20 mM
Hepes (pH 7.5), 10 mM Mggll mM EGTA, 0.02% Brij35, 0.02 mg/ml BSA, 0.1 mNVaiVOy,,

2 mM DTT, 1% DMSO. Required cofactors were addetividually to kinase reaction. Reaction
procedure: To a freshly prepared buffer solutiors wdded required cofactor for the enzymatic
reaction, followed by the addition of kinase abaeentration of 1 pM. The contents were mixed
gently, then the compounds under test dissolvddMEO was added to the reaction mixture in
the appropriate concentratioiP-ATP (specific activity 500 pCi/pL) was added he mixture

in order to initiate the reaction, and the mixtuwras incubated at room temperature for 2 h. All

compounds were tested by single dose duplicate mdeoncentration of 1 uM. Reaction was



carried out at 10 uM ATP concentration. Reactios sotted onto P81 ion exchange paper and

detected the kinase activity by filter-binding medh

4.12. In-vitro cytotoxicity. In-vitro cytotoxicity of all compounds was detenad in five
cancer cell linesiz. Panc-1 (pancreatic cancer), MCF-7 (breast canP€1)3 (prostate), HL-60
(leukemia) and A-375 (melanoma) using MTT assayedoh well of a 96-well plate, 3 x 30
cells were grown in 100L of medium. After 24 h, each test molecules weteea to achieve a
final concentration of 10 to 0.0dmol/L, respectively. After 48 h of treatment, gQ of 2.5
mg/mL MTT (Organics Research, Inc.) solution in gpivate buffer saline was added to each
well. After 48h, supernatant was removed and foanaarystals were dissolved in 2Q0Q of
DMSO. Absorbance was then measured at 570 nm @sirgbsorbance plate reader (Bio-Rad
Microplate Reader). Data are expressed as the miage of viable cells in treated relative to
non-treated conditions. Each experiment was refgdhtece and data was expressed as mean +

SD of three independent experiments [34].

4.13. Preparation of total cell lysates for immunoblotting. MCF-7 and PC-3 Cells (1 x
10°) were collected, washed with cold PBS, and incetbatith cold lysis buffer (50 mM Tris pH
8.0, 150 mM NaCl, 5 mM EDTA, 1% v/v Nonidet P-40pM PMSF, and 1% v/v eukaryotic
protease inhibitor cocktail) for 30 min on ice. Belere centrifuged at 12,000 g for 10 min at 4
°C, and the supernatant was collected as wholdysaltes for Western blot analysis of various

proteins.

4.14. Western-blot analysis. The protein lysates prepared were subjected tauisrious
SDS-PAGE analysis. Proteins aliquots (&) were resolved on SDS-PAGE and then electro
transferred to PVDF membrane overnight at 4 °COa¥3Nonspecific binding was blocked by

incubation with 5% nonfat milk in tris-buffered sa containing 0.1% Tween-20 (TBST) for 1 h



at room temperature. The blots were probed witlpeesve primary antibodies for 2 h and
washed three times with TBST. The blots were theubated with horseradish peroxidase
conjugated mouse or rabbit secondary antibodie4 for washed again three times with TBST,
and signals detected using ECL plus Chemiluminesesnkit on X-ray film. Protein was

measured employing the Bio-Rad protein assay kitgusovine serum albumin as the standard

[35].

4.15. Cdll cycle analysis by flow cytometry. The effect of compound3u and9x on the DNA
content was analysed by cell cycle phase distobutnalysis in MCF-7 and PC-3 cells,
respectively. Cells were incubated wi®la and 9x at indicated concentrations for 24 h time
period. Cells were collected at 400ug, washed wighcold PBS and fixed with ice-cold 70%
ethanol for overnight at 4 °C. Next day cells wereubated with RNase at concentration of 0.2
mg/mL at 37 °C for 1 h time period and stained vatbpidium iodide (1Qug/mL) for 30 min in
dark. Cells were analysed on flow-cytometer (FACSililir, Becton Dickinson) and data were
collected in list mode on 10,000 events for FL2-9A FL2-W. Resulting DNA distributions were
analyzed by Modfit (Verity Software House Inc., Bbpm, ME) for the proportions of cells in

apoptosis, @phase, S- phase, and-M phases of the cell cycle.

4.16. Flow cytometric determination of mitochondrial membrane potential. Change in
mitochondrial transmembrane potential#,) due to mitochondrial perturbation was measured
after staining with Rhodamine-123. MCF-7 and PCeBscwere incubated with the indicated
doses of compoundSu and 9x, respectively for 24 h. Rhodamine- 123u(4) was added 1 h
before the termination of the experiment and celsre collected, washed in PBS. The

fluorescence intensity of 10,000 events was andlyae-L-1 channel on a BD FACS Calibur



(Becton Dickinson, USA) flow cytometer. The deceeas fluorescence intensity caused by loss

of mitochondrial membrane potential was analyzelLirl channel.

4.17. Determination of thermodynamic equilibrium solubility by 96-well plate-based
assay. The compound was dissolved in methanol to geD30§/mL stock solution. The stock
solution was introduced into 96-well plates andw#d to evaporate at room temperature to
ensure that the compound (1, 2, 4, 8, 16, 25, 80,180 and 300 pg) is in solid form in the
beginning of the experiment. Thereafter, 200 pthaf dissolution medium (water, PBS, SGF,
and SIF) was added to the wells and plates werkeshhorizontally at 300 rpm (Eppendorf
Thermoblock Adapter, North America) for 4 h at roemperature (25 + 1 °C). The plates were
covered with aluminium foil and were kept overnidbt equilibration. Later, the plates were
centrifuged at 3000 rpm for 15 min (Jouan centeflR4i). Samples of 50 ul was withdrawn
into UV 96-well plates (Corning® 96 Well Clear FIBbttom UV-Transparent Microplate) for
analyses with plate reader at correspondintax of the sample (SpectraMax Plus384). The
analysis was performed in triplicate for each couommb The solubility curve of concentration
(ug/mL) vs absorbance was plotted to find out sdimm point and the corresponding

concentration was noted [36].

4.18. hr CYP P450 isoenzyme assay. hrCYP P450 isoenzyme were aliquoted as per tiad¢ to
concentration required to conduct the study andedtat -70 °C until use. Total assay volume
was adjusted to 20QL and consists of three components: cofactors,bitdrivehicle, and
enzyme-substrate (ES) mix. The pD of working cofactor stock solution was dispensedll
the specified wells in a black colored nunc midestpolypropylene plate. The %Q of diluted
working concentrations of test compounds/positwetiml/vehicle were dispensed in triplicate to

the specified wells as per the plate map desigactn plate with cofactor and test item was



preincubated at 37 £ 1 °C in a shaking incubatorlf® min. Simultaneously, the ES mix was
prepared by mixing the hrCYP P450 isoenzyme. Reimgwolume was made up with the buffer
and preincubated for 10 min at 37 + 1 °C. Then 10D®f ES mix was dispensed per well as per
the plate map design and incubated at 37 £ 1 “€haking incubator for predetermined time. A
set of controls were incubated with hrCYP P450 nggees and substrate without test or
reference item. A set of blanks were incubated withstrate and test or reference item, in the
absence of hrCYP P450 isoenzymes. Reaction wasneied by adding specific quenching
solutions (for CYP1A2, CYP2C19, and CYP3A4-ib of 100% acetonitrile, for CYP2C9-20
uL of 0.25 M Tris in 60% methanol, and for CYP2D6+75 of 0.25 M Tris in 60% methanol).
The reaction was quenched by thoroughly mixing fthal contents of the wells by repeated
pippeting using multichannel pipet. The producioflescence per well was measured using a
multimode reader at excitation and emission wagleof respective hrCYP P450 isoenzyme
fluorogenic metabolites. Data was analysed usingeEgpreadsheet, and the % inhibition was

calculated [37].

4.19. Caco-2 permeability assay. Permeability study was conducted with the Caco-2
monolayer cultured for 21days (TEER full form vauwe500 crfiin each well) and by adding an
appropriate volume of buffer (HBSS buffer contagnii0 mM HEPES) containing test
compounds to apical chamber. Test sample was tatenboth apical and basolateral chambers
at 0 and 90 min after incubation at 37 °C and aea\by LC-MS/MS. Same experiment was
repeated by adding an appropriate volume of byff8SS buffer containing 10 mM HEPES)
containing test compound to basolateral chambeg. AUC defined the net influx and outflow

of the test compound across the Caco-2 cell moealay



4.20. In vivo anticancer activity of compounds 9u and 9x in Ehrlich Ascites Carcinoma
(EAC) [38]. Ehrlich ascites carcinoma (EAC) cells werdemied from the peritoneal cavity of
the Swiss mice harbouring 8-10 days old asciticauni x 16 EAC cells were injected
intraperitoneally in Swiss mice selected for thpeskment on day 0. The next day, animals were
randomized and divided into different groups. Tieatment groups contained 7 animals each
and control group contained 10 animals. Treatmenumgs were treated with 70 mg/kg of
compound9x and 25 mg/kg of compour@l intraperitoneally from day 1-9. One more of the
treatment groups received 5-fluorouracil (20 mgfkg) and it served as positive control. The
tumor bearing control group was similarly administenormal saline (0.2 ml, i.p.). On day 12,
animals were sacrificed and ascitic fluid was aéte from peritoneal cavity of each mouse for
the evaluation of tumor growth. Percent tumor glowhibition was calculated based on the
total number of tumor cells present in the peritdr@avity as on day 12 of the experiment using

the following formula.

Average no. of cells  Average no. of cells

in control grou in treated grou
Percent tumor _ gropr group

growth inhibition —

X 100
Average no. of cells
in treated group

4.21. In vivo anticancer activity of compound 9u in Ehrlich solid tumor model. Ehrlich
ascites carcinoma (EAC) cells were collected frdra peritoneal cavity of the swiss mice
harbouring 8-10 days old ascitic tumor. 1XHAC cells were injected intramuscularly in right
thigh of 31 swiss male mice selected for the expent on day 0. The next day, animals were
randomized and divided into four groups. Two tmeatt groups contained 7 animals each and

one control group contained 10 animals. Treatmestgiven as follows:

Group [ 9u (15 mg/kg i/p) from day 1-9



Group I 9u (25 mg/kg i/p) from day 1-9

The third treatment group was treated with 5-flusemil (22 mg/kg, i.p) from day 1-9 and it
served as positive control. The control group waslarly administered normal saline (0.2 ml,
i.p.) from day 1-9. On day 9 and 13, tumor beathigh of each animal was shaved and longest
and shortest diameters of the tumor were measurgdtiae help of vernier caliper. Tumor

weight of each animal was calculated using thewalhg formula.

Length (mm) x [width (mm)]?

Tumor weight (mg) =
2

The percent tumor growth inhibition was calculatedday 13 by comparing the average values
of treated groups with that of control group. Turgoowth in saline treated control animals was

taken to be 100%.

The experimental procedures employed in this siuelse approved by the Institutional Animal

Ethics Committee, Indian Institute of Integrativedicine, Jammu, India.

4.22. Molecular docking. The crystal structure of PI3K-with co-crystallized ligand P1-103
(PDB: 4L23) [39] and PI3K- with pyrazolopyrimidine class of inhibitor (PDBIBE) [40]
were retrieved from protein data bank and wereesiegl to protein preparation wizard for
filling missing loops and side chains (using Prin&1), H-bond optimization, heterogeneous
state generation, protonation and overall mininiratising OPLS-2005 force field. Grid file for
docking was constructed considering PI-103 ligasdccentroid of grid box of 10 A° size. All

ligands were sketched in Maestro, prepared usgwdp and docked by induced fit docking



module using XP docking embedded in Maestro vOfithitkg flexible residues close enough of

10 A° distance to PI-103/pyrazolopyrimidine [30].41
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Scheme 1.

(A) Structures of pan-PI3K/mTOR inhibitor NVP-BEB5 ()/ BAY 80-6946
(8), isoform-selective inhibitors idelalisil2); NVP-BYL719 @), GDC-032 4)
and INK1117 ), AZD-8186 @), AZD-6482 (7). (B) Structure-based design of 6-
aryl substituted 4-(4-cyanomethyl)phenylamino gmoienes 9 as a potential

isoform-selective PI3Ke inhibitors.
Interactions of compounds (a) andOx (b) with PI3Ka

Western-blot analysis of compour@s and9x. (a-b) the effect of compourfai

on the expression of various isoforms of PI3K in MT cells. (c-d) the effect of
compounddx on the expression of various isoforms of PI3K @-® cells. Cells
(2 x 10) were treated with the indicated concentrationsashpound®u and9x.
Cells were lysed, and Western blot for differenbtpms was performed as
described in biology protocol$-Actin was used as internal control. *p-values/

<0.001 were considered significant.

Synthesis of 6-aryl quinazolines 9a-x and 19.geats and conditions: (a) (i) Br
AcOH, 0°C-rt (i) dil.HCI, 100°C, 55%; (b) NHCHO, 150°C, 6 h, 70-76%; (c)
POCE, 120°C, 6 h, 74-82%; (d) Isopropanol, 8CQ, 3 h, 37-81%; (e) Pd(PBh
2M aqueous KCO;, dioxane, 90C, 12 h, 43-81%.



Table 1. In-vitro PI3K-u inhibition and isoform-selectivity over other isomg

% Inhibition PI3K inhibition (1G in uM) Isoform-selectivity fou-
Entry of PI3K-w at isoformversus other isoforms

0.5 uM ” 3 . — 5 —
9a 36.8 0.475 >10 6.95 >10 >21 14.6 >21
9b 17 nd nd nd nd nd nd nd
9c 13 nd nd nd nd nd nd nd
9d 44 0.270 >10 0.15 >10 >37 0.5 >37
%e 69.9 0.115 0.67 1.84 0.27 5.8 16 2.3
of 38.1 0.451 >10 0.85 >10 >22.2 1.9 >22.2
99 4.1 nd nd nd nd nd nd nd
%h 36.4 >10 >10 0.52 >10 1 - 1
9i 11 nd nd nd nd nd nd nd
9 16.4 nd nd nd nd nd nd nd
9k NIP nd nd nd nd nd nd nd
9l NI nd nd nd nd nd nd nd
9m 20.3 nd nd nd nd nd nd nd
9n 8.2 nd nd nd nd nd nd nd
90 33 0.342 >10 1.37 >10 >29.2 4 >29.2
9p 48.6 0.321 >10 0.19 >10 >31.1 0.6 >31.1
9q 29.8 nd nd nd nd nd nd nd
or 2.7 nd nd nd nd nd nd nd
9s 15 nd nd nd nd nd nd nd
ot NI nd nd nd nd nd nd nd
9u 47.5 0.201 >10 0.75 >10 >49.7 3.7 >49.7
9v NI nd nd nd nd nd nd nd
ow 45.6 0.704 >10 0.36 >10 >14.2 0.5 >14.2
9x 48.8 0.150 >20 8.44 0.88 >133 56 5.9



19 NI 47 19 40 55 nd nd nd

1 nd 0.004 0.076 0.007 0.005 19 17.5 1.25

& all compounds were tested for mTOR inhibition at\M, however none of the compound was active.

® NI, no inhibition at tested concentration; nd: determined.



Table 2. In-vitro cytotoxicity of 6-aryl substituted 4-(4-cyanomefiphenylamino quinazolineSa-x and 19 in a

panel of cancer cells

In-vitro cytotoxicity (Gkg in uM)

Entry
HL-60 A375 MCF-7 Panc-1 PC-3

%a 23 38 14 38 26
9 7 9 10 21 28
9% 42 39 91 90 21
od 28 32 45 13 24
% 24 28 15 36 37
of 15 23 12 7 29
9 36 32 >100 68 38
%h 16 27 11 32 34
9i 14 16 12 13 13
9 32 24 23 40 27
9k 16 13 29 30 10
9l 16 30 26 33 17
9m 16 32 13 33 14
9n 25 31 16 48 22
9% 21 27 34 32 34
9% 27 24 34 33 7

9q 17 10 9 28 8

or 14 14 8 24 13
9s 12 36 27 31 16
ot 31 34 34 33 18
u 18 31 7 16 24

v 44 89 32 90 23
9w 32 35 32 39 76

9x 10 12 12 9 9



ACCEPTED MANUSCRIPT

19 a7 19 40 55 34




Table 3. In-vitro cytotoxicity of 6-aryl substituted 4-(4-cyanometiphenylamino quinazoline@x and9u in MCF-
7 and normal cell lines

Cell line In-vitro cytotoxicity (Gko in uM)
O9x u
MCF-7 7 12
fR2 >50 >50
HEK-293 >50 >50

hGF >50 >50




Table 4. In-vivo anticancer activity of compounddu and 9x in Ehrlich Ascites carcinoma

(EAC) and Ehrlich Solid Tumor (EST) models

EAC EST
Entry

Dose Dose % TGI

% TGI (mortality)

(mag/kg, i/p) (mg/kg, i/p) (mortality)
ControIN.S.i/p 0.2 ml 0 (0/10) 00.2ml 0 (0/10)
u 25 62.01 (0/7) 15 34.33 (0/7)

25 36.50 (0/7)

9x 70 25.79 (0/7) nd nd
5-FU 2C 96.93 (0/7) 22 50.04 (0/7)

nd; not determined, 5-FU: 5-flurouracil.
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Highlights

'‘Quinazoline’ as a new chemotype for isoform-seledP|3K-a inhibition.
Isoform-selectivity demonstrated at protein-expmssevel.

These PI3K-alpha inhibitors showed inhibition obppho-Akt.
Quinazolineu and9x showed promising cytotoxicity in MCF-7 cells.
These were highly selective for cancer cells, amttoxic to normal cells.

Showed in-vivo activity in murine cancer models.



