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Abstract

Inhibition of cyclin dependent kinase 4 (Cdk4) prets cancer cells from entering the
early G/G; phase of the cell division cycle whereas inhilgitinbulin polymerization blocks
cancer cells’ ability to undergo mitosis (M) latethe cell cycle. We had reported earlier that
two non-planar and relatively non-toxic fascaplysarivatives, an indole and a tryptoline,
inhibit Cdk4 with 1G, values of 6.2 and 10 uM, respectively. Serendygiyy we had also
found that they inhibited tubulin polymerizatiorhd molecules were efficacious in mouse
tumor models. We have now identified Cink4T in aca®npound quinazolinone library,
designed on the basis of ligand-based virtual sengeas a compound that inhibits Cdk4 and
tubulin. Its 1Go value for Cdk4 inhibition is 0.47 uM and >50 pM fohibition of Cdk1,

Cdk2, Cdk6, Cdk9. Cink4T inhibits tubulin polymeaton with an 1G, of 0.6 uM. Molecular
modelling studies on Cink4T with Cdk4 and tubuligstal structures lend support to these
observations. Cancer cell cycle analyses confiah @ink4T blocks cells at bothy@&; and

M phases as it should if it were to inhibit bothk@dnd tubulin polymerization. Our results
show, for the very first time, that virtual scremgican be used to design novel inhibitors that

can potently block two crucial phases of the celisibn cycle.

Keywords: Quinazolinone; Dual inhibitor; Cdk4; Tubulin polynmation; G/G; arrest;

G,/M arrest
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1. Introduction

Cyclin-dependent kinases (Cdks) are serine/thressprecific kinases that regulate cell
cycle check points through initiation of phosphatidn of proteinaceous substrates, using
adenosine triphosphate (ATP) as a phosphate d@éhdn[order to maintain homeostasis of
normal cells undergoing cellular proliferation,igittes of Cdks are tightly controlled. Any
abnormality in the normal regulation of the celtleyprocess leads to uncontrolled cell
growth, which is often regarded as one of the halk® of cancer cells [2, 3]. Interruption of a
deregulated cell cycle, as a consequence of oweation of a Cdk, has been accepted as a

strategy for treatment of proliferative diseaseshsas cancer [4-7].

Identification of several small molecule inhibitmkthe Cdk family of kinases and their
roles in the treatment of diseased states havefgaished. Several pharmacophores have
been reported as potent Cdkl, Cdk2, Cdk4 and/o® @dkbitors. Flavopiridol (alvocidib)
was one of the first-generation ATP-competitive @ukbitors tested in clinical trials [8].
Olomoucine [9], roscovitine [10], purvalanol [1pgullones [12], butyrolactone [13],
oxindoles [14], aminothiazoles [15], benzocarbag$lé] and pyrimidine [17] derivatives
have also been recognized as Cdk inhibitors. Riceratibociclib has been approved as part
of a combination of two drugs that could be usedutianeously for patients with estrogen

receptor positive advanced breast cancer [18].

Sometime ago we had found that the natural pigri@scaplysin, isolated from the marine
spongd~ascaplysinopsis Bergquist sp [19], was a potent inhibitor of CdRa]. It blocks the
cell cycle at the gG; phase in both normal and tumor cells [20]. Howgeitewas thought
that the planar fascaplysin molecule would berofted use as an anticancer agent because of
its ability to intercalate DNA which causes highitaty [21]. In our attempts to find non-

planar derivatives of fascaplysin, which do noemalate DNA yet inhibit Cdk4, we had
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identified indole and tryptoline derivatives as @dRkhibitors [22-24]. When performing cell
cycle analyses with some representative compowvelbad fortuitously found that certain
non-planar analogues of fascaplysin also prevdntlitu polymerization [25, 26]. These
molecules not only block at the)&; phase of the cell cycle due to Cdk4 inhibitiont &iso
at the G/M phase due to inhibition of tubulin polymerizatidsince they showed high
efficacy in mouse tumor models, we had commentatidhal inhibitors of Cdk4 and tubulin
polymerization, which block cells at two distinatiphases of the cell cycle, should be
invaluable in the treatment of cancer [25, 26]. £dkd tubulin polymerization govern the
two most important checkpoints (i.e. at th¢ & and G/M phases) in the cell division cycle.
The Cdk4 enzyme is considered a target for anteratherapy because it is deregulated in
most, if not all, cancer cells [4-18]. The impouxtarof tubulin polymerization has been
exemplified by the regulatory approval of tubulinding molecules for clinical use,
molecules such as the family of compounds knowiaveanes and the general use of the vinca

alkaloids (one of which is vinblastine) in anticantherapy [27-30].

Here, we report the construction of a chemicahbliprof 59 quinazolinone derivatives
designed on the basis of virtual screening whicpleyed as templates (i.e. ‘queries’) two
molecules which have shown dual inhibitory potdriibaCdk4 enzyme and tubulin
polymerization [25, 26]. The aim of virtual screegiwas to identify molecules that may have
the potential to bind simultaneously to both Cdkd gubulin so that, on the basis of
identified structures, chemical libraries coulddyathesized to seek molecules that would
empirically be capable of inhibiting two cruciatdets in the cancer cell division cycle. A
Cdk4-cyclin D1 protein kinase assay was initialbed to determine whether there were any
compounds in a chemical library of quinazolinorsssithesized on the basis of results
obtained from virtual screening, which inhibitedk@denzyme. A quinazolinone derivative

(i.e. compoundlO; Table 1) was found that inhibits Cdk4 with and@alue of 0.47 uM. The
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ICsp values for inhibition of Cdk2-cyclin A2, Cdkl-cyelB1, Cdk6-cyclin D1 and Cdk9-
cyclin T1 were found to be >50 uM. Compoufflalso inhibits tubulin polymerization with
an 1G;o of 0.6 uM. We have named compoutitlas Cink4T (i.e. Compound that inhibits
Cdk4 and Tubulin polymerization) in analogy to Clnla Cdk4-specific inhibitor with an g
value of 1.5 uM that we had identified through ghkthroughput screen and which was also
shown to be efficacious im vivo mouse tumor models [31]. Molecular modelling datad

to support our experimental findings that Cink4Tnideed a dual inhibitor of Cdk4 and

tubulin.

At 1x EG5o concentration (E6p being the concentration of a drug that gives hadikimal
response, in this case inhibition of cancer calirgh), Cink4T blocks growth of pRb
(retinoblastoma protein)-positive T47D breast camedls at the @G; phase of the cell
cycle. T47D cells are deficient in the mitotic-sgien checkpoint (MSC)[32], MSC
representing the £8M cell cycle checkpoint that is affected by druigat interfere with
microtubule (i.e. tubulin) polymerization [33, 34@ells deficient in MSC are totally
unaffected by such drugs. Hence, Cink4T’s inhilyiteifects on tubulin polymerization
would not be manifested in T47D cells. Howevenvasild be expected of a Cdk4 inhibitor
which mediates its cell proliferative function thigh phosphorylation of pRb [35, 36],
Cink4T arrests pRb-positive T47D cells at the e@diG, phase of the cell cycle and also
inhibits Cdk4-specific pRb phosphorylation whiclrésponsible for progression of cells from
Go/G;,, through the restriction point, further into thelcycle [37-39]. Cink4T also reflects
the ability of a true Cdk4 inhibitor by maintainiagolock at @/G; in serum-starved T47D
and Calu-1 non-small cell lung carcinoma (NSCLGIscéoth cell types being pRb-positive
but MSC-deficient [32, 40]. In stark contrast, vee $hat Cink4T is unable to arrest MDA-
MB-468 breast cancer cells, which are pRb-nullM&C-deficient [41], at @G, even at 2x

ECso concentration, since the absence of cellular gRders a Cdk4 inhibitor (i.e. Cink4T)
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non-functional and, thus, completely ineffective plrallel, in MSC-proficient and pRb-
positive A549 NSCLC cells [40], at 1x B§xoncentration, Cink4T reveals its Cdk4 and
tubulin dual inhibitory potential by trying to blkcells at both @G; and G/M. However, a
G,/M phase block is mainly seen at 2xdg€oncentration reflecting Cink4T’s ability to

inhibit tubulin polymerization.

The results presented here demonstrate, for thyefivstrtime, that virtual screening based
on already discovered templates [25, 26] can ssingly lead to the identification of novel

molecules that can potently inhibit two crucial péa of the cancer cell division cycle.

2. Results and Discussion

2.1. Virtual screen of quinazolinones that could pentially identify a dual inhibitor of
Cdk4 and tubulin polymerization. Shape and electrostatic similarity based virtaegasning
of ligands can be used as tools in drug discovesy enriching a huge database of
compounds to identification of potential ‘hits’ [415]. It has been claimed that ligand-based
virtual screening, used for the identification otlinhibitors of human immunodeficiency
virus-1 (HIV-1) reverse transcriptase and ribonasteH activities, was the first application

of such an approach in the context of HIV-1 rede{é].

We have already reported that certain non-planaloguaes of fascaplysin can act as dual
inhibitors of two important targets of the cancell division cycle, the Cdk4 enzyme and
tubulin polymerization [25, 26]. Originally, we hadly been seeking non-planar molecules,
derived from fascaplysin, which would have the ibtb inhibit Cdk4 specifically [47].

Quite unintentionally, we had found that some mulles that inhibit Cdk4 also inhibit

polymerization of tubulin. These molecules incl@k224 [25, 48] and CA199 [49], which is
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an analogue of BPT [26]. They do not possess fégsiajs DNA intercalating property [21]

and, hence, are devoid of the toxicity that is eisged with fascaplysin.

In an attempt to identify new chemical scaffoldattsimultaneously target inhibition of
Cdk4 enzyme and tubulin polymerization, shape aectrestatic similarity based virtual
screening was performed using OpenEye tools, OMBEBACS and EON. A drug-like
subset in the ZINC13 database, having 13,195,60d8aules, was screened with the
OpenEye tools. The two non-planar fascaplysin anede, CA199 [49] and CA224 [25, 48]
(depicted in Figure 1), already reported as duabitors of Cdk4 enzyme and tubulin
polymerization, were used as templates (i.e. gseriéhe ‘hits’ obtained with both the
queries were merged and the top 30,000 molecules pweked to provide an enriched library
for further molecular docking studies. Protein Rapion Wizard, Ligprep and Glide
modules from Maestro-8.5 (Schrodinger LLC) weredugerun molecular docking
simulation. The enriched-library was subjected tdenular docking against ATP biding site
of Cdk4 using X-ray crystal structure of the Cdkimc of Cdk2 (PDB: 1GlII)[50] using the
XP-protocol in the Glide module. The top 10% ‘higre then selected for molecular
docking against the colchicine ATP-binding pockitudulin using the X-ray crystal
structure of tau-tubulin kinase in complex withnaadl molecule inhibitor (PDB: 4BTK) [51].
The top ten ‘hits’, from molecular docking agaibsth Cdk4 and tubulin, are also shown in
Figure 1. They belong to seven different chemicaffelds which, structurally, are quite

different from the fascaplysin analogues reporteddearlier.

2.2. Syntheses of thquinazolinone chemical library. Compound$ and9 (shown in
Figure 1), possessing the quinazolinone nucleuss a@ongst the top ten ‘hits’ that showed
affinity towards both Cdk4 and tubulin in the vitiscreen. In a completely separate drug

design program, we had previously identified thengeolinone scaffold [52] as a mimic of
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naphthoflavone (ANF), using isosteric replacemeénattegy.In vitro, ANF is known to inhibit
potently both CYP1Al1 and CYP1B1 isozymes [53] bglog to the drug-metabolizing
cytochrome P450 family of enzymes [54, 55]. Onlihsis of such a screen, we had reported
that certain quinazolinone derivatives, based onpmundss and9 (Figure 1), can act as
potent and specific inhibitors of CYP1B1 enzymeaithis known to have a role in the

progression of different tissue-specific cancefy.[5

A library of fifty-nine compounds, twentyl4-20and22-34 which had been reported
earlier [52] and thirty-nine new compounds, weretkgsized as per the reactions outlined in
Scheme 1All the quinazolinone derivatives were formediingh condensation, in DMF, of
anthranilamide with a corresponding benzaldehydbemresence of sodium acetate, as base,
and iodine as oxidizing agent. Benzaldehydes usethé synthesis of compounti4-34
(Table 1) were synthesized as reported earlier. [B@hzaldehydes required for the synthesis
of compound$5-72 (Table 1) were synthesized by refluxing, in acetone, respe-chloro-
N-aryl-aceatamides with corresponding hydroxy betedtaydes (3-hydroxybenzaldehyde, 4-
hydroxybenzaldehyde, vanillin or isovanillin) iretpresence of potassium carbonate and
potassium iodide. The products thus obtained weriigd by washing with an ethyl
acetate:petroleum ether (40:60) mixture. Structafébe synthesized compoundsable 1)

were confirmed byH-NMR, **C-NMR and MS spectral data (see 4. Experimentdicec
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virtual screening.

O

OHC._~_ Ry I, CH;COONa
NH, + | >
Sy R DMF, 60-70 °C, 24 h

NH,

Anthranilamide benzaldehydes

Scheme 1A general scheme for tlsyntheses of compoundd-72

Compounds (14-72)

9|Page



Table 1 Structure of quinazolinone derivatives (i.e. connpdsl4 to 72) and their

percentage inhibition of Cdk4-cyclin D1 protein &ge, at 10 uM concentration of each

compound.
0
O
N7 S A
X“ R
Compounds 14-72
% inhibition of Cdk4-cyclin D1
Code R R X at 10 uM 2
14 -H -H N 36+ 1.6
15 -NO; -H CH 0+0.3
16 -Br -H CH 31+1.5
17 -OH -H CH 30+1.2
18 —§—0\ -H CH 13+ 0.5
Cl
19 4 OO o H cH 30+ 1.2
F
20 Q H CH 42+1.7
-$-0 F
Q
21 _ —O—§—CH3 H CH 35+1.4
0
Q
27 _ ‘O‘ﬁ’@ H cH 304+ 1.2
0
23 -H -OH CH -6+0.5
24 -OCH; -OH CH 0+0.3
25 -OH -OCHjs CH 39+1.2
26 - —O@F -OCHs CH 55+1.8
Cl
27 —§—OOCI -OCH3 CH 34+11
28 p -OCH; cH 36+ 1.3
—£-0
F
29 -OCHjs CH 78+ 2.3
-$-0 F
Q
30 —~ ~0-5-CHq -OCHs CH 38+1.3
0
31 -OCHs 07 CH 46+ 1.7
32 ocH, - —O@F cH 20+ 1.0
Cl
33 -OCH; 0 z > o CH 45+15
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YR —
Code R R X % inhibition of Cdk4-cyclin D1

at 10 yMm?
F
34 -OCHs Q CH 76+ 2.2
-$-0 F
o}
35 /E/o\)LN -H CH 20+ 0.7
H
o}
36 /E/oQLN -H CH 45+ 1.6
H
o
37 /E/o\)LN H CH -1140.7
CHa
CHj
38 o\)J\ Q/ -H CH 5+0.3
39 /E/OQL H CH -13+0.7
40 Q
(CinkaT) OQL H CH 95+3.1
fe) 2
41 E/O\)L -H CH 26+0.9
OC,Hs
42 O\)L /©/ -H CH -27+0.8
43 o JJ\ /@ -H CH 28+1.1
44 QOL 8£0.6
o) -H CH -8 £ 0.
&

45 oQL OO H CH 0+0.3
46 /§/O\)J\N % -H CH 5+0.4

H
o
47 /?OJJ\N/\Q -H CH 28+0.9
H
0
48 /E/oQLH H CH 37+1.1
o
49 E/OJLN/\/\ -OCH; CH 48+ 1.4
- H
o
50 /E/OQLN -OCH; CH 89+28
H
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% inhibition of Cdk4-cyclin D1

R at 10 yMm?
el
51 /E/OQLH OCH, -OCH; CH 16 £0.7
OCHs
0
52 E/O\)LN O -OCHs CH 41+1.4
- H
53 /OQL /©/ -OCHs CH 0+0.4
4 N
F
o}
54 ?OQJ\N -OCHjs CH 7+0.4
g H
0
55 o -OCHs CH -3+0.3
o CHs
56 XOQLN -OCHj CH 0+0.3
Ho ch,
e
57 /5/0\)\,\, ‘ -OCH3 CH 16 £ 0.5
H
o]
58 -OCHg §/o\)LN CH 20+0.5
g H
o]
59 ocH; oMy cH 21+05
H o ocH,
1,
60 -OCH;, /é/oQLH oon, M 5+0.3
o OCHs
61 -OCHs ?OJJ\N/@/ CH 14+05
D, H
o OC,Hs
62 -OCHs E/O\)J\N/Q/ CH 3+04
- H
o}
63 -OCHs /E/OJLN CH 5+04
H Ch,
o CHs
64 -OCHj3 §/O\)LN/©/ CH 0+0.3
- H
o CHs
65 -OCH; XO\)LN CH -4 +£0.3
Ho o,
o]
66 -OCHs /E/O\)I\N CH 41+1.1
H
cl
o cl
67 -OCHs E/O\)LN CH 0+0.3
- H
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% inhibition of Cdk4-cyclin D1

Code R R X at 10 uM
o F
68 -OCHj /O\)L Q/ CH -12+0.5
B N
o /©/CF3
69 -OCHj3 %/OJLH CH -3+£04
o NO,
70 -OCHj /E/o\)J\N/Q/ CH 1+£03
H

0
71 -OCHs E/O\)J\N/\/Q CH -10+0.5
g H
2L
72 -OCH, /g/o\)LN O CH 39+0.8
H

#Percentage inhibition represent mean and standasidtobns from three independent
experiments.

2.3. Screening of the quinazolinone chemical librgrin the Cdk assaysThe library of
fifty-nine quinazolinones, at 10 uM concentratiam@s at first screened in the Cdk4-cyclin D1
kinase assay using a C-terminal fragment of pRb RBCTF) [56] as substrate, as suggested
by the supplier of the assay (ProQinase, Germa&hyl) of the fifty-nine quinazolinones
synthesized, fifty-six compounds were derived filoydroxy benzaldehydes (3-
hydroxybenzaldehyde, 4-hydroxybenzaldehyde, vaniliiisovanillin) and their derivatives.
The aryl group of these benzaldehydes constithepéndent phenyl ring at“position of
quinazolinones (compoundd to 72, Table 1). Hydroxyl groups of these four benzaldehydes
provided an opportunity to extend the sidechaipesfdent phenyl ring at iteeta- andpara-
positions. 4-hydroxy derivative (compouhd) displayed 30% inhibition at 10 uM
concentration. Substitution of 2,4-diflurobenzylyayroup (compoun@0) marginally
improved its activity to 42%. An additional methadfkyctional grouportho- to 4th-position
did not show any significant improvement in aciwitith reference to compounds bearing
2,4-dichlorophenyl-oxy (compound®, 27) and methyl sulphonyl (compoungg, 30)
substitutions. Whereas, compounds bearing 2,4rdlflenzyl-oxy substitution (compounds

20,29), have significantly improved activity, that is%8nhibition at 10 uM concentration.
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Swapping the position of these two functional gppovided compoun84 with similar
activity (76% inhibition at 10 uM). Introduction e£O-NH- between -OCH2- and -R
provided an oxy-acetanilide side chain (compowit 72; Table 1). Compound6

carrying oxy-acetanilide with unsubstituted phemyt) exhibited 45% inhibition at 10 uM
concentration. Substitution attho- (compounds7, 39) andpara- (compounds38, 41, 42,
44) positions of phenyl ring of oxy-acetanilide groigempounds$7, 39, 40), ring fusion
(compound#13, 45, 49, replacing phenyl with Ar-alkyl (compoundd, 4§ did not provide
better activity in comparison with compou8€ While, chloro- substitution abeta- position
of phenyl ring of oxy-acetanilide group, providée tbest compourdl, in this series, with
95% inhibition at 10 uM concentration. In ordectimment on the effects of additional
methoxy grouportho- to 4-oxyacetanilide substitution would requiretifier library
enumeration as current set of compou#@&7 do not share similarity at 4th position when
comparing with compounds-48. But a compound having tho-methoxy substitution on
phenyl ring of oxy-acetanilidé&() has showed 89% inhibition at 10 uM concentration.
Swapping the position of methoxy and oxy-acetaeiBdbstitutions58-72) decreased the
activity. In summary, (i) diflurobenzyl-oxy substiton at 3rd or 4th position of pendent
phenyl ring with an ortho-methoxy functional groyip, oxy-acetanilide with 3-chloro
substitution in its phenyl ring at 4th positionpEndent phenyl ring and (iii) oxy-acetanilide
with 2-methoxy substitution on its phenyl ring &t fosition of pendent phenyl ring along

with an ortho-methoxy functional group are favoeafdr Cdk4 inhibitory activity.

Four compoundg9, 34, Cink4T @0) and50 were identified as having >75% inhibition at
10 uM concentration (Table 1). These compounds Wetieer screened for percentage
inhibition, at 10 uM concentration, in the Cdk2-y@, Cdkl-cyclin B1, Cdk9-cyclin T1,
and Cdk6-cyclin D1 kinase assays (Table 2), usi@gtarminal fragment of pRb (RBCTF) or

RBER CHKtide as substrates, depending on the Gd&yggested by the supplier (ProQinase,
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Germany). RBER CHKtide consists of an N-terminallG&g linked to amino acids S773-
K928 of pRb (National Center for Biotechnology Infation, NCBI Accession #
NP_000312) which is followed by 11 Arg residues #m&l23-amino acid peptide sequence,

KKKVSRSGLY RSPSMPENLN RPR (CHKtide).

After determination of percentage inhibition of floer different Cdk enzymes (Table 2),
ICso values, with respect to inhibition of the four &ses, were ascertained for the four
compound9, 34, Cink4T andb0 (Table 2). All four compounds were found to besstle
inhibitors of Cdk4-cyclin D1 enzyme with low micratar Cdk4 1G values, ranging from
0.47 uM to 3.8 uM (Table 2). Amongst the four commpds, Cink4T was the most potent
with an 1G value of 0.47 uM which was similar to that obserearlier with fascaplysin
(0.41 + 0.04uM)[20] and much lower than the J§&values of fascaplysin’s two published
non-planar analogues BPT (10 = 1.2 uM) [26] and ZA@.2 + 0.9 uM) [25], which had
also been found to be efficacious in mouse tumadets Cink4T (i.e. compourtD) and
compoundb0 were also tested for inhibition of CYP1Al, CYP1a2d CYP1B1 enzymes.
They had IG values of >5 uM for each of the three enzymesiarasomal enzyme assays
[52], microsomal enzymes being endoplasmic retramembrane-bound CYP enzymes
which are isolated from recombinant insect or yealls. Compound29 and34 have never
been reported before. They also have Malues of >5 uM in the three CYP1 microsomal

assays (unpublished observations).

Table 2.1C5q values of the four most potent Cdk4 inhibitorsidestified in Table 1, in
Cdk4-cyclin D1, Cdk2-cyclin A2, Cdkl-cyclin B1, Cé@icyclin T1 and Cdk6-cyclin D1
kinase assays. Results demonstrate Cdk4-specibitttye four compounds vi&vis the three
kinases Cdk2-cyclin A2, Cdk1-cyclin B1 and Cdk94ayd 1. Pablociclib, the US Food and
Drug Administration (FDA)-approved Cdk4 inhibitd ], was used as a control.
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%Inhibition % Inhibition % Inhibition % Inhibition %Inhibition
Code Cdk4/cycD1, Cdk2/cycA2, Cdkl/cycBl, Cdk9/cycTl, Cdk6/cycD1,
at 10 uMm at 10 uMm at 10 uM at 10 uM at 10 uM
(ICs¢, UM) (ICs¢, UM) (ICs0, pM) (ICs0, pM) (ICs0, pM)
: 95+ 3.1 -18£0.8 8+0.3 -15+0.7 22+1.1
CinkdT (40)  947+006)  (>100) (>50) (>100) (>100)
29 78+2.3 -8+04 13+0.6 -5+£0.2 -15+ 08
(3.5+£0.2) (>100) (>50) (>100) (>100)
34 76+2.2 -5+0.2 10+04 8+0.3 -18+0.9
(3.8+0.3) (>100) (>50) (>50) (>100)
50 89+238 14 +0.7 14+0.6 -22+0.8 -14 +0.7
(1.5+0.2) (>50) (>50) (>100) (>100)
P(":‘)tk’)'gi::%'g ?050112'5 42+17 5+0.4 4+05 ‘(%70"-13'3
' . (>10 uM) (>100 uM) (>100 uM) ’ .
values) 0.002) 0.002)
Pablociclib
(published  (ICsp: 0.011)  (IGg: >10 uM)  (IGe: >10 uM) (IGo: ND) (ICs0: 0.016)
values)[57]

4Percentage inhibition of the Cdk4, Cdk2, Cdk1, &d#9 enzymes and the dgvalues for
inhibition of enzyme activities represent mean stahdard deviations (where applicable)
from three independent experiments. ‘ND’ denotasdetermined.

2.4. Comparison of the ability of the four Cdk4 inhbitors, compounds 29, 34, Cink4T
and 50, to inhibit tubulin polymerization in vitro, at 5 uM concentration.Cink4T had
been identified in the chemical library that wasigeed on the basis of a virtual screen which
aimed to find dual inhibitors of Cdk4 and tubulithe templates (‘queries’) that were used for
this virtual screen were two known dual inhibitof€Cdk4 and tubulin polymerization [25,

49]. Hence, we investigated next the action of @inkn tubulin polymerizatiom vitro.

The original procedures [58, 59] for determinatidriubulin polymerization depend on
light being scattered by microtubules in a way tltgit scattering is proportional to increase
in microtubule polymer concentration. The curvatttesults from observations of light
scattering of tubulin polymerization over a peraddime, is representative of the three phases

of microtubule polymerization: (i) nucleation, (gyowth and (iii) steady state equilibrium.

The fluorescence-based tubulin polymerization gasssd in our studies, has been adapted
from a protocol described earlier [60]. It is ackuone-step procedure for determining the

effects of drugs on tubulin polymerization andahtpares well with the absorbance-based
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assay (Tubulin polymerization assay kit; Cytoskaidinc; Cat # BKO11P;

https://www.cytoskeleton.com/bk011p). Tubulin pobmzation is tracked by fluorescence

enhancement due to the incorporation of a fluorgs@porter into microtubules that occurs
with the progression of polymerization. Porcineno@al tubulin, used for the experiments,

was of the highest available purity (>99% pure,dSkeleton, Cat. # T240).

Representative polymerization curves of paclitgaalenhancer of tubulin
polymerization), compound9, 34, 50 and Cink4T are shown in Figure 2. Compounds that
interact with tubulin alter one or more of the dweristic phases of polymerization. For
example, at 3 uM concentration paclitaxel elimisdtee nucleation phase and enhances the
Vmax Of the growth phase. In contrast, vinblastineierotubule destabilizing drug (i.e. a
tubulin polymerization inhibitor belonging to thanfily of vinca alkaloids), causes a drastic
decrease in Max and reduction in final polymer mass (Tubulin pognmation assay Kit;

Cytoskeleton Inc; Cat # BKO11P; https://www.cytdsken.com/bk011p) [61]. Our results

indicate that, at 5 uM concentration, Cink4T intésavith tubulin more strongly than
compoundf9, 34 and50, suggesting that it is the most potent tubulirypwrization
inhibitor identified in our studies. The Cink4T garresembles the one obtained with 3 uM
vinblastine same fluorescence-based assay. Thar@orurve, with no drug, relates to the

reaction when tubulin is incubated alone (i.e hia &bsence of any drug).
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Figure 2. Tubulin polymerization using the fluorescence-iasiulin polymerization assay
(BKO11P; Cytoskeleton Inc). Tubulin was incubatafiglone (Control), (b) with paclitaxel,
and (c) with compounda9, 34, 50 and Cink4T. Each curve represents the averagesafts
performed four times. Polymerization was measutexkeitation wavelength of 360 nm and
emission at 420 nm. The three phases of tubulignpetization are marked for the Control
(no drug) polymerization curve; I: nucleation,drowth, Ill: steady state equilibrium. ‘Cpd’
signifies ‘compound’.

2.5. The ability of the Cdk4 inhibitor, Cink4T, to inhibit tubulin polymerization at
different concentrations. Cink4T was then tested over a range of conceatrafior its
ability to inhibit tubulin polymerization in the se fluorescence-based assay. Again,
paclitaxel was used in the assay as a known enhahtgbulin polymerization. Figure 3

shows the dose response of Cink4T in the procegslgierization of tubulin.
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Figure 3. Dose response of Cink4T to inhibition of tubulimlymerization. Tubulin
polymerization was determined using the fluoresedrased tubulin polymerization assay
(BKO11P; Cytoskeleton Inc). Tubulin was incubatézha (Control, i.e. ‘no drug’), and with
(a) the polymerization enhancer paclitaxel, (b)depolymerization agent CacCand (c)
Cink4T at four different concentrations (0.1, @%]5, 1 uM). Each curve represents the
average of results performed four times. Polyméonavas measured at excitation
wavelength of 360 nm and emission at 420 nm. TheetRhases of tubulin polymerization
are marked for the Control (no drug) polymerizatoinve; I: nucleation, II: growth, III:
steady state equilibrium. Thedgfor inhibition of tubulin polymerization by Cink4was
calculated to be 0.6 uM, vinblastine’ss§®eing also 0.6 uM (Tubulin polymerization assay
kit; Cytoskeleton Inc; Cat # BKO11P).

2.6. Molecular modeling studies with Cink4T and CdWK or tubulin. Cink4T exhibited
~212-fold selectivity towards ATP binding pocket@dk4 in comparison with Cdk2.
Molecular docking simulation was carried out witbtdDock-4.2. High-scoring
conformation from the largest cluster was considéoe the analysis of the molecular
interaction. Cink4T was found to interact with ABiding pocket of Cdk4 in an inverted
bend conformation in comparison with a linear comfation in the ATP-binding pocket of
Cdk2 (Figure 4). Quinazolinone N3 amino hydroged @4 carbonyl oxygen establishes two

H-bonds with backbone carbonyl oxygen and aminadgeh of Val96. These interactions
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keep the quinazolinone nucleus in the pocket vinéhsidechain oxy-acetamido group
extending to the entrance of the pocket. Sidechiaimo hydrogen of the Arg101’s planar
guanidine group establishes an additional H-bonaiteyaction with sidechain carbonyl
oxygen of Cink4T, thus forcing the molecule to adag@s-conformation for maximizing the
hydrophobic interaction of Cink4T with lle12, Val28la33, Lys35, His95, Asp97, GIn98,
Asp99, Glul44, Leuld7 and Aspl58. Interaction ofk@il with Cdk2 in comparison with
Cdk4 revealed that it misses two crucial interactivith Lys88 (Arg101, Cdk4) and
GIn131(Glul41l, Cdk4) and that may be the reasoridaelectivity towards Cdk4. Figure 5

displays 2D-interaction plot for Cink4T with CdkAcCdk2.

® (5In131
2
%ﬂmm

Arglol
. Lys88
\,

(;luw)\
Glusli <

Lys89
Thr102

His84 Asp97

Figure 4. Interactions of Cink4T with Cdk2 and Cdk4. Cdk2\a site residues in orange
ribbon with sidechains represented by orange tabhdsheteroatoms colored by atom type;
Cink4T in Cdk2's pocket is represented by magembas and heteroatoms are colored by
atom type. Cdk4 active site residues are in cylalmon with sidechains represented by cyan
tubes and heteroatoms colored by atom type; Cink4fiie Cdk4 pocket is represented by
forest green tubes and heteroatoms are coloretbhytgpe.
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Figure 5. 2D-plot of Cink4T with Cdk4 (top) and Cdk2 (bottantjydrogen bonds are
represented as green dotted lines; hydrophobicaictiens are shown by red lines and
equivalent residues are shown as red circles.
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Cink4T’s interaction with tubulin has been studedhe binding pocket in the interface of
tubulin«/B subunit. No H-bonding interaction was found. lasteCink4T exhibited
hydrophobic interactions with the following residuathe S-subunit: Val238, Cys241,
Leu242, Leu248, Ala250, Lys254, Leu255, Asn2583ARB, Lys352, Thr353 and Ala354.
The following four residues from the-subunit, Asn101, Serl78, Thr179 and Alal80,
displayed hydrophobic interactions with the sidecloey-acetanilide portion of Cink4T.

Figures 6 shows the interactions of Cink4T withvactite residues of tubulin.

ASN 101.C

~_¥YS 2540 /

-\
_ ( ASN 258.0

ALA 180.
ALA 250.D(£u 255 \; R
THR179.C
\
\ tEV 242
v '
SER 178.C
), CYS 241.0 LYS 352.0
/ (

/
ALK T54.04 THR 353.0

Figure 6. Interaction of Cink4T with tubulin. Sidechainsresidues frong-subunit lining the
pocket are in orange wires with heteroatoms colbsedtom type; sidechains of residues
from a-subunit lining the pocket are in cyan wires witdttdroatoms colored by atom type.
Cink4T is represented by forest green tubes witbrbatoms colored by atom type.

2.7. Cancer cell growth inhibition. ECsp values for inhibition of cell growth by the four
compound29, 34, Cink4T @0) and50 were then determined. The four cancer cell lines:
A549 (mitotic spindle checkpoint-(MSC)-proficiepiRb-positive, p53-positive), Calu-1
(MSC-deficient, pRb-positive, p53-null), MDA-MB-4681SC-deficient, pRb-null, p53
mutant), and T47D (MSC-deficient, pRb-positive, pbGtant) were chosen for these studies.
The EGp values (an E€g value being the concentration of a drug that ghaémaximal

response, in this case specifically inhibition adwth of cancer cells) obtained are presented
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in Table 3. Compound?9, 34 and50 displayed cell proliferation inhibitory activitg 10 uM
concentration in the three pRb-positive cell lisaglied (i.e. T47D, Calu-1 and A549), pRb
being the sole mediator of active Cdk4-triggerrelil groliferation [35, 36], while Cink4T
(40) inhibited cell proliferation at sub-micromolarraentrations in the pRb-positive cell

lines.

Table 3. Growth inhibition of four cancer cell lines tredteith the four Cdk4 inhibitors
which were identified in the quinazolinone chemidaldary, designed on the basis of ligand-

based virtual screening.

Compound Ab49, . Calu-1, . MDA-MB-46a8, T47D, .
ECso (LM) ECso (LM) ECso (LM) ECso (LM)
Cink4T (40) 0.8 £ 0.05 0.9 £ 0.05 10.85+£0.6 0.75 +0.06
29 7+0.6 9+0.7 >50 8+0.7
34 7507 9.8+0.6 >50 8.2 £ 0.65
50 3+0.2 6+04 >50 4+0.3
Palbociclib 0.4 £0.02 33+2.2 1.9+0.2 0.35+0.03

4Percentage inhibition represent mean and standaidtibns from three independent
experiments.

2.8. Cink4T blocks growth of asynchronous MSC-defient, pRb-positive T47D breast
cancer cells at G/G;. Upon treatment with 1x Bg(0.75 pM) concentration of Cink4T for
18 h, T47D cells were found to be blocked giGz (compare Figures 7A and 7B). T47D
cells are not arrested ap/@! by Cink4T because they are mitotic spindle clpedht (MSC)-
deficient[32]; MSC-proficiency is required for a/6! block mediated by a compound that
has a role in tubulin polymerization [25, 26, 33].6I'he block at @G; phase observed in
cells treated with Cink4T would suggest inhibitimincellular Cdk4 which acts aty&s;.
Further cell cycle analysis showed that treatméwrets with 2x EGo (1.5 M) concentration

of Cink4T leads to induction of apoptosis, whicldisplayed by the sub-G1 peak in Figure
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7C. It has been observed that a compound whiclcexlblock of cancer cells ab/G; often

induces apoptosis [31, 63, 64].

The phosphorylation status of Cdk4-specific serastdues, Ser780, Ser795 and
Ser807/811 in pRb (i.e. serine residues in pRbakaspecifically phosphorylated by Cdk4-
cyclin D1) [38, 39, 65] was assessed in untreadtDIcells together with cells treated with
Cink4T, at 1x EG (0.75 uM) and 2x E& (1.5 uM) concentrations, via Western blotting
(Figures 7D to 7G). Phosphorylation of these ressdmodify the conformation of pRb to
allow progression of cells in the cell cycle [38he Western blots (Figures 7E and 7F)
demonstrate that Cink4T, at both 1xdg@nd 2x EGy concentrations, inhibits the
phosphorylation of pRb at the Ser780 and Ser798ues, thus suggesting Cdk4-specific
activity of Cink4T. Although Cink4T fails to prevephosphorylation of pRb at the Ser807/11
residues at 1x Efg concentration, it does so at the higher 2xd&0ncentration (Figure 7G).
Lower levels of pRb at 2x Egconcentration of Cink4T (Figure 7D) may suggeat ttells
were apoptotic which was actually seen from theGupeak in the cell cycle analysis

(Figure 7C).

24|Page



| Inhibitor
_ Untreated Control 0.75 uM 1.5 yM concentrations

5 8 - T

. P G, :Sratio =22 | 8 G,:Sratio =12

g CuSTatio =265) i GbG, = 0% | | Sub-G, = 20%
K k iy
8g 8g 881

100
100
L
100

. Wl @l Ak ©

0 00 400 600 0 W0 400 600 0 200 400 600 800 1000
FL2% FL2A FL2-A

Cink4T Cink4T
Control  0.75pM 1.5pM

(D) o . -« pRb

(E) Ser780
(F) s Ser795
(G) o Ser807/811

Figure 7. (A) to (C): Cell cycle analyses of T47D (MSC-dédiat, pRE) cells which are
treated with 1x E€ (0.75 pM) and 2x E& (1.5 uM) concentrations of Cink4T for 18 h. The
ratio between @G; and S phases of the cell cycle (i.e:$>ratio), increases dramatically
upon treatment with Cink4T which is indicative dblack at G/G;. The sub-G peak
indicates apoptosis. (D) to (G): Western blot asialpf proteins from untreated cells (i.e.
Control) and T47D cells treated for 18 h with 1xs&(0.75 pM)) and 2x E& (1.5 pM)
concentrations of Cink4T, using phospho-specifitbanlies (Ser780, New England Biolabs,
Cat # 9307; Ser795, New England Biolabs, Cat # 93@e#307/811, New England Biolabs,
Cat # 9308) and an antibody to pRb (New EnglandaBg Cat # 9309). An appropriate
HRP-conjugated secondary antibody was used toitiata the different forms of pRb
(phosphorylated and unphosphorylated).

2.9. Cink4T maintains block of cell growth at G/G,, induced by serum starvation, of
MSC-deficient, pRb-positive T47D breast cancer an€alu-1 non-small cell lung
carcinoma (NSCLC) cells.Cdk4 is the first cyclin dependent kinase thatdsvated upon
entry of cells in the cell division cycle, that &,the G/G; phase transition. The activation of

Cdk4 by cyclin D1 initiates the phosphorylationpdtb that ultimately causes its dissociation
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from the E2F family of transcription factors leaglito a cascade of events that result in the
entry of cells into the S phase [66]. The tranaifiom G to G, phase of the cell cycle is
dependent on serum growth factors present in thewé&ire medium. When cells are starved
of serum, they undergo arrest at th#G boundary but when fresh serum is added to these
cells, the arrested cells re-enter the cell cydle.hypothesized that if Cink4T truly inhibits
Cdk4-cyclin D1 enzyme in cells, serum-starved oglhslld not re-enter the cell cycle if they
were released in the presence of Cink4T. In ométdck the cells at early:(phase, T47D
and Calu-1 cells were serum starved by incubatimrgedium containing 0.1% FBS (fetal
bovine serum) for 24 h. They were then releasemimplete growth medium supplemented

with 10% FBS in the presence or absence of tespoand for a further 18 h.

Flow cytometric analysis of T47D and Calu-1 celisw that, upon serum starvation,
~85% and ~88% percentage of cells reside at #hé:(@hase of the cell cycle (Figures 8A
and 7E). Serum-starved cells, when released jubkipresence of fresh medium, entered the
cell cycle normally with 60% and 69% cells af/ G, and percentage increase in S phase of
around 11% (Figures 8B and 8F). Serum-starved, glixhronized at §85,, released in the
presence of 1x Efg concentration of Cink4T is prevented from fullyaetering the cell cycle
(Figures 8C and 8G). They®&; block is somewhat maintained with 77% and 75%sdsting
found in the G/G; phase. When the serum starved cells were reléaslked presence of 2x
ECso concentration of Cink4T (Figures 8D and 8H)/& arrest was fully maintained in
Calu-1 cells but apoptosis was induced in T47Dscé&l8.6% of T47D cells were detected in
the sub-G peak which indicates apoptotic cells (Figure 8ggesting that at the higher
concentration of Cink4T induction of apoptosisess only in T47D cells, which carrypa3
mutant allele, at the 85, phase of the cell cycle. Calu-1 cells, which costglly lack thg53

gene (i.e. are p53-null), are resistant to apopi@si]. Overall, cell cycle analyses show that
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Cink4T displays the typical characteristic of aet@dk4 inhibitor by maintaining 85, arrest

in the cell cycle when cells are released in fragldium after serum starvation [25, 26].
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Figure 8. Cell cycle analyses of the response of T47D arld-Ca&ells, synchronized through
serum starvation, to treatment with Cink4T. (A)):(&nchronized, serum-starved T47D and
Calu-1 cells; (B), (F): serum-starved cells relelaisefresh medium for 18 h; (C), (G): serum-
starved cells released into fresh medium in thegree of 1x E€; concentration of Cink4T
for 18 h; and (D), (H): serum-starved cells reledisgo fresh medium in the presence of 2x
ECso concentration of Cink4T for 18 h.

2.10. Cink4T is unable to block growth of asynchroous MSC-deficient but pRb-null
MDA-MB-468 breast cancer cells at G/G;. Inhibition of Cdk4-mediated block of cell
growth at G/G; depends on the presence of pRb within the celis38], while cells which
are mitotic spindle checkpoint (MSC)-deficient araffected by tubulin polymerization
inhibitors[33, 62]. Hence, it would be expectedt thi®A-MB468 cells which lack the
retinoblastoma geneRb, and are also MSC-deficient [41] are mainly unctid by
increasing concentrations of Cink4T (compare Fig@kevith 9B and 9C). Indeed, MDA-
MB468 cells do not undergo cell cycle block af& or undergo apoptosis as is indicated by

the ratio of the peaks observed at th3pand S phases (& ratio), and the subi(eak,
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upon treatment of cells with 1x B§310.85 puM) and 2x E4g (22 uM) concentrations of

Cink4T for 18 h (Figures 9B and 9C).
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Figure 9. (A) to (C): Cell cycle analyses of MDA-MB-468 (M&d&ficient, pRb-null) cells
which are treated with 1x E¢(10.85 uM; B) and 2x Efg (22 uM; C) concentrations of
Cink4T for 18 h. The ratio between/G; and S phases of the cell cycle (&ratio), with
increasing concentrations of Cink4T, are shown widach cell cycle analysis, (A) to (C).
The sub-G peak, which is ‘zero’, would indicate that MDA-M&568 cells do not undergo any
apoptosis upon treatment with Cink4T.

2.11. Cink4T blocks growth of asynchronous MSC-pra€ient, pRb-positive A549
non-small cell lung carcinoma (NSCLC) cells at @M. In MSC-proficient A549 cells
which also carry a functiongRb gene [40], cells undergo an increase in tiS@atio (from
2.7 to 6.5) together with an increase in the pasgnof cells at @M (from 18% to 28%)
when treated, for 18 h, with 1x B§30.8 uM) concentration of Cink4T (compare Figut@s
and 10B). However, afBV block becomes obvious, with percentage of cll&,/M being
70%, when A549 cells are treated with 2xsEQ.6 uM) concentration of Cink4T (Figure
10C). The results show the accumulation of A548cael which the mitotic spindle
checkpoint is intact, predominantly at mitosis.(G&/M) only when cells are treated with the
higher concentration of Cink4T. They also indiciduat Cink4T, designed on the basis of a
virtual screen, not only arrests cells at the e@gl{s, phase of the cell cycle but also at

mitosis (i.e. G/M phase of the cell cycle).
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Upregulation of expression of cyclin B1 is cons&teas a marker forM arrest of the
cell cycle that is induced by tubulin inhibitorsf@8]. Hence, we assessed the status of cyclin
B1, together with its cognate protein Cdk1, in As#&ds after treatment with Cink4T
(Figures 10D and 10F), via Western blotting. Treuls show that cells blocked ai/[,
when treated with 2x B (1.6 uM) concentration of Cink4T, do have remat&abcrease in
the levels of cyclin B1 (Figure 10D) but, as wobklexpected, Cdk1 levels remain
unchanged (Figure 10F). Our cell cycle results\Afes$tern blot data strongly indicate that
Cink4T very likely affects a target at the/d phase of the cell cycle. The target is very

likely to be tubulin.

0 pM 0.8 pM, 18 h 1.6pM, 18h  <— Inhibitor
GI:' ratio =27 || G:S§ ratio = 6.5 G,:S ratio = 0.5 concentrations
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G/M =18 % G,/M=28% | G/M=70%
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Figure 10.(A) to (C): Cell cycle analyses of A549 (MSC-purifint, pRB) cells treated with
1x EGs (0.8 uM) and 2x E&p (1.6 pM)) concentrations of Cink4T. The percentafeells at
each phase of the cell cyclel(G;; S; G/M), at increasing concentrations of Cink4T, are
shown. (D) to (G): Western blot analysis of prosgirom untreated cells (i.e. Control) and
A459 cells treated with 1x Bgand 2x EGy concentrations of Cink4T for 18 h, using
antibodies to Cdkl (CR-UK, Cat # V152), cyclin EHafita Cruz Biotechnology, Cat # sc-98)
andp-tubulin (Santa Cruz Biotechnology, Cat # sc-528®)e 3-tubulin blots were used as
loading controls. An appropriate HRP-conjugatedadary antibody was used to detect the
different proteins.
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2.12. Mimosine-synchronizedVISC-proficient, pRb-positive A549 NSCLC cells at
Gi1/S, when released in the presence in the presenck @nk4T, undergoes arrest at
G2/M. Mimosine, a non-protein amino acid, inhibits DNAlyueraseo in eukaryotic cells
which results in a block at theiS boundary of the cell cycle [71]. Since the fumttof the
Cdk4 enzyme is crucial while cells progress throtighearly G (i.e. G/G;) phase of the cell
cycle we hypothesized that if Cink4T selectivelhibits Cdk4 and not Cdk2, it would not
affect the progression of cells which have alrepasgsed early z|and are blocked at the//S
boundary. If Cink4T were to be tubulin inhibitohet cells should progress from/6 and get
arrested at @M. Studies on the effect of Cink4T on mimosineatesl/blocked cells were

performed in order to test these hypotheses.

A549 cells were blocked with mimosine for 32 h &nen released in the presence of fresh
medium or fresh medium that contained Cink4T. Tdrages were evaluated by cell cycle
analysis after release from block at the 18 h wmiat. When released in fresh medium, cells
re-entered the cell cycle (compare Figures 11AZIR). At an 1x EG (0.8 uM)
concentration of Cink4T, cells also re-enteredablécycle but underwent a partial arrest at
G,/M (i.e. 35% cells at @M; Figure 11C). However, cells treated with 2x45(.6 M)
concentration of Cink4T were arrested more proftyat G/M (i.e. 68% cells were at M,
Figure 11D). These results again suggest that teemeother protein at£ which Cink4T
targets. From our results from tivevitro kinase assays (Table 2), we ruled out the
involvement of Cdk1 which acts abM& phase of the cell cycle. From our tubulin

polymerization results (Figures 2 and 3), we sugtied the target protein must be tubulin.
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Figure 11.Cell cycle analyses shows that Cink4T does notgirethe re-entry of mimosine-
blocked A549 cells from late Gi.e. G/S), where Cdk2 acts, into the cell cycle. (A) A549
cells blocked with 200 uM mimosine for 32 h; (B)rivbsine-blocked cells released into fresh
medium for 18 h; (C) Mimosine-blocked cells relehseo fresh medium in the presence of
1x EGso concentration of Cink4T for 18 h; (D) Mimosine-bked cells released in the
presence of 2x Efg concentration of Cink4T for 18 h.

3. Conclusions

Virtual screening of more than 13 million compoumnd$he drug-like subset of the
ZINC13 database, using two relatively weak inhitstof Cdk4 which also inhibited tubulin
polymerization has revealed seven unique scaffblaispossibly inhibit simultaneously both
Cdk4 enzyme and tubulin polymerization. We havdaga only one of the scaffolds that
contains a quinazolinone nucleus. A 59-compounaiibof quinazolinone derivatives was
synthesized on the basis of this virtual screewalt significant that four compounds were
identified in the synthetic library which inhibit&idk4, one of them (Cink4T) being quite a
potent inhibitor of Cdk4 (16, 0.47 uM), relative to CA224 (g, 6.2 uM [25]) and BPT
(ICs0, 10 uM [26]) which had been reported earlier. Hegrelike CA224 and BPT, all four
compounds inhibited tubulin polymerization to difat extents, Cink4T being the most

potent.

The results presented here have further establitlag¢dirtual screens can be extremely
useful tools in drug discovery. They may also hsigaificant implications in the design of
novel anticancer agents that simultaneously intwot crucial targets of the cancer cell

division cycle, i.e. Cdk4-cyclin D1 and tubulin goierization. Continuation of such studies
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is likely to lead to the development of novel calades, with improved potencies, for clinical

development.

4. Experimental

4.1. Materials & Methods

Chemicals & solvents used for the synthesis werehased from Spectrochem, Hi-Media,
Acros Organics, Sigma Aldrich and Rankem. Reactwaee conducted in dried flask under
open air and are monitored using pre-coated syetaluminum plates (Merck) under UV
light. Final compounds were purified by column ahedography using Merck silica gel (60-
100 mesh). Carbort3C) and Proton’H) nuclear magnetic resonance (NMR) spectra were
recorded on JEOL 400 MHz or Bruker 300 MHz instratsausing dimethyl sulfoxide
(DMSO-a;) solvent and tetramethylsilane (TMS) as an intestendard.(C NMR DMSO:$

39.5, TMS:5 0.00 ppm andH NMR: DMSOS 2.5 ppm).

Recombinant protein kinase Cdk4-cyclin D1 (#014231), Cdk2-cyclin A2 (#0050-
0054-1), Cdk1-cyclin B1 (#0134-0135-1) and Cdk9Heyd 1 (#0371-0375-1), C-terminal
fragment of pRb (RBCTF; #0040-0000-6), RBER CHK{{#6581-0000-5) were purchased
from ProQinase, Germany. The pRb-GST fusion prqieB796-GST; #SC-4112) was
bought from Santacruz Biotech. ADP-Glo kinase deiadit was from Promega (#VvV9101)

and the tubulin polymerization assay kit from Clelston, (#BK011P).

Propidium iodide (#81845 and #P4170), DMSO (#D84h8yine serum albumin (BSA,
#B4287), DNase-free ribonuclease (# R5503) werehased from Sigma. 1,4-dithiothreitol
was from Melford (#MB1015), and palbociclib (PD-@2®1) as control Cdk4 inhibitor, was

obtained from Selleck (#1116-SEL).
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The cancer cell lines were bought from ATCC: A48(CL-185), Calul (# HBT-54),
MDA-MB-468 (# HTB-132), and T47D (# HTB-133). Theyere maintained in RPMI1640
(Sigma #R0883) supplemented with 10% FBS (Gibc@0#4862) and with L-glutamine
(Gibco, #25030-024). TrypLE express was bought f@itmco (#12604-021), Pluronic F68
from Gibco (#24040-032), Dulbeco’s phosphate beffesaline without calcium and
magnesium from Gibco (#14190-094), Lookout mycapla$ CR kit from Sigma

(#MP0035), and 96-well flat-bottomed white polystye plates from Corning (#3912).

Statistical Analyses: Data from experiments werayaed by Microsoft Excel 2010 or
GraphPad Prism. Student’s t tests were performeetermine 16, and EGq values, using

Excel.

4.2. General procedure for synthesis of benzaldehydes required for the preparation of

compounds 35-72:

Various substituted anilines were dissolved in iglaacetic acid at 0 °C, to this was added
over 30 min choloroacetylchloride (2 equivaleni®)e reaction mixture was brought to room
temperature and stirred overnight. Saturated sodmicarbonate solution was added till
complete neutralization. The resulting precipitates filtered off and washed with n-hexane
and dried. The resultant product was used furthinowt any purification. Either of 3-
hydroxy benzaldehyde, 4-hydroxy benzaldehyde, {mandr isovanillin (1 equivalent) was
dissolved in acetone and potassium carbonate (2aguts) was added. Then corresponding
substituted acetamide was mixed to the stirringitsml. Finally, potassium iodide (1.5
equivalent ) was added. The reaction mixture wéaxed for 8-10 hrs. After completion of
reaction, the resultant mixture was concentratedl tesated with water and extracted with

ethyl acetate (3 x 20 mL). The organic layers weEnabined and treated with brine and dried
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over sodium sulfate and concentrated. The crudéuneixvas purified over silica gel (60-120)

using petroleum ether: ethyl acetate (9:1).
4.3. General procedure for the synthesis of the newly synthesized compounds 35-72:

To the stirring solution of antranilamide (4.1 edplents) in dimethylformamide, sodium
acetate (2 equivalents) was added. After stirring I0 min appropriate benzaldehyde
derivative (1 equivalent) and iodine (2 equivalgm®re added. The reaction mixture was
heated at 70-80 °C for 20-24 hrs. Then reactiontunéxwas poured on to crushed-ice. The
resulting mixture was treated with sodium thiosaligh(10% w/v in water) to reduce the
remaining iodine. The precipitate was filtered affd washed with n-hexane: ethyl acetate

(50:50).

4.4. Spectroscopic data for the newly synthesized compounds 35-72 (for spectra, see

Supporting I nformation)

4.4.1. N-cyclohexyl-2-[ 4-(4-oxo-3,4-dihydroquinazolin-2-yl)phenoxy] acetamide (35): White
powder, 1.214 g (yield 87.5%np: 264-267 °C*H-NMR (400 MHz, DMSO-¢) § 1.20 (d,J
= 10.4 Hz, 4H, ChH) 1.52 (d,J = 11.5 Hz, 1H, CH), 1.64-1.69 (m, 4H, ©H2.46 (s, 3H,
CH,), 4.52 (s, 2H, OC}), 8.11-7.04 (m, 9H, ArH), 12.36 (s, 1H, CO-NHJC-NMR (101
MHz, DMSO-Ds) & 25.48, 25.68, 32.79, 48.13, 67.45, 115.16, 116M4.,.25, 126.37,
127.53, 129.98, 131.10, 134.90, 149.49, 160.83,6666{RMS (ESI): m/z [M+H]calculated

378.1818, found 378.1819

4.4.2. 2-[4-(4-oxo-3,4-dihydroquinazolin-2-yl)phenoxy] -N-phenylacetamide (36): White
powder, 1.281 g (yield 93.98%); mp: 252-253 *8;NMR (400 MHz, DMSO-¢) § 4.81 (s,
2H, OCH), 8.18-7.07(m, 13H, Ar-H), 10.15 (s, 1H, CO-NHP.43 (s, 1H, CO-NH)**c-

NMR (101 MHz, DMSO-¢) 6 67.62, 114.92, 117.64, 120.20, 124.21, 126.37,802829.27,
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129.98, 133.78, 134.62, 135.12, 138.91, 148.54,38562158.52, 160.94, 164.23, 166.97.

HRMS: (ESI): m/z [M+H] Calculated 372.13, Found 372.2.

4.4.3. N-(4-methylphenyl)-2-[ 4-(4-oxo-3,4-dihydr oquinazolin-2-yl)phenoxy] acetamide (38):
White powder, 1.401 g (yield 98%); mp: 248-250 *&:NMR (400 MHz, DMSO-g) § 2.24
(s, 3H, Ar-CHy), 4.79 (s, 2H, OCb), 8.18-7.13(m, 12H, Ar-H), 10.08 (s, 1H, CO-NH},.42
(brs., 1H, CO-I\I_H)fL3C-NMR (101 MHz, DMSO-g) 6 20.89, 67.52, 115.14, 120.15, 125.87,
126.27, 127.74, 129.57, 129.57, 129.87, 133.16,0635136.24, 149.33, 162.72, 166.34,

HRMS (ESI): m/z [M+H]+ calculated 386.1505, foun8631501

4.4.4. N-(3-chlorophenyl)-2-[ 4-(4-oxo-3,4-dihydr oquinazolin-2-yl )phenoxy] acetamide (40):
White powder, 1.317 g (yield 92.13%); mp: 252-2%% *H NMR (400 MHz, DMSO-¢) &
4.83 (s, 2H, OCh), 8.18-7.14 (m, 12H, Ar-H), 10.35 (s, 1H, CO-NH).43 (br. s, 1H, CO-
NH); ¥3C-NMR (101 MHz, DMSO-¢) 6 67.47, 112.71, 115.19, 115.29, 118.55, 119.63,
121.17, 123.95, 126.02, 126.30, 126.69, 127.77,8627129.93, 130.96, 133.54, 135.04,
140.25, 149.35, 152.27, 160.79, 162.77, 167.09. BRMSI): m/z [M+H] calculated

406.0958, found 406.0951

4.4.5. N-(4-nitrophenyl)-2-[ 4-(4-oxo-3,4-dihydroquinazolin-2-yl)phenoxy] acetamide (41):
Yellowish orange powder, 0.674 g (yield 87.96%):ri51-155 °C;"H NMR (400 MHz,
DMSO-d) § 4.95 (s, 2H, OCH), 8.18-7.17 (m, 12H, Ar-H), 9.86 (s, 1H, CO-NHD.a1 (s,
1H, CO-NH); **C-NMR (101 MHz, DMSO-¢) & 67.44, 115.69, 119.35, 125.73, 130.56,
132.55, 143.29, 144.82, 163.23, 167.39, 191.95. SR(&SI): m/z [M+H][ calculated

417.1199, found 417.1198

4.4.6. N-(4-ethoxyphenyl)-2-[ 4-(4-oxo-3,4-dihydroquinazolin-2-yl)phenoxy] acetamide (42):
White powder, 0.707 g (yield 92.66%); mp: 102-1@ *H NMR (400 MHz, DMSO-g) &

1.29 (t,J = 6.85 Hz, 3H, Ch), 3.96 (q,J = 6.85 Hz, 2H, OCh), 4.79 (s, 2H, OC}), 7.88-
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6.86 (M, 12H, Ar-H), 9.86 (s, 1H, CO-NH), 10.01 {4, CO-NH); *C-NMR (101 MHz,
DMSO-t) & 14.7, 63.11, 114.40, 115.22, 121.34, 130.11, B31131.78, 162.80, 165.38,

191.38. HRMS (ESI): m/z [M+H]calculated 416.161, fourdd 6.1605

4.4.7. N-(naphthalen-2-yl)-2-[ 4-(4-oxo-3,4-dihydr oquinazolin-2-yl)phenoxy] acetamide (45):
Light brown powder, 1.22 g (yield 83.5%); mp: 1992 °C;*H NMR (400 MHz, DMSO-¢)

§ 4.89 (s, 2H, OCh), 8.26 - 7.06 (m, 15H, Ar-H), 10.37 (s, 1H, CO-NHP.44 (br. s., 1H,
CO-NH); ¥C-NMR (101 MHz, DMSO-¢) 6 67.62, 115.26, 116.42, 120.75, 121.24, 125.38,
126.00, 126.37, 126.76, 127.04, 127.89, 128.97,9829130.48, 133.84, 135.13, 136.47,
149.43, 152.46, 160.82, 162.83, 166.69. HRMS (E@fz [M+H] calculated 422.1505,

found 422.1499

4.4.8. N-(naphthalen-1-yl)-2-[ 4-(4-oxo-3,4-dihydr oquinazolin-2-yl)phenoxy] acetamide (46):
Cream powder, 0.913 g (yield 59%); mp: 199-201#CNMR (400 MHz, DMSO-g) § 5.13
(s, 2H, OCH), 7.25 -8.00 (m, 13H, Ar-H), 9.89 (s, 1H, CO-NHJ.23 (s, 1H, CO-NH)**C-
NMR (101 MHz, DMSO-¢) 6 67.62, 115.79, 122.92, 123.32, 126.09, 126.50,61/26.28.66,
130.65, 132.32, 133.27, 134.23, 163.34, 167.33.900HRMS (ESI): m/z [M+H]calculated

422.15, found 422.2

4.4.9. 2-(4-[4-oxo-3,4-dihydroquinazolin-2-yl)phenoxy] -N-(phenylethyl) acetamide (48):
White powder, 1.319 g (yield 91%); mp: 252-253 *B:NMR (400 MHz, DMSO-g) & 2.46
(9, J = 1.8 Hz, 2H, Ch), 2.72 (t,J = 7.4 Hz, 2H, CH), 4.54 (s, 2H, OC}), 7.04-8.21 (m,
13H, Ar-H), 12.40 (s, 1H, CO-NH}?C-NMR (101 MHz, DMSO-g) § 35.62, 40.90, 67.47,
115.26, 121.21, 125.93, 126.38, 126.67, 127.72,8828129.17, 129.97, 135.13, 139.79,

152.40, 160.81, 167.71. HRMS (ESI): m/z [M¥Hhlculated 400. 1661, found 400.1655

4.4.10. (N-butyl-2-[ 2-methoxy-4-(4-oxo-3,4-di hydroquinazolin-2-yl)phenoxy] acetamide)

(49): Yellowish powder, 0.607 g (yield 88.5%); mp: 18861°C; *H NMR (400 MHz,
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DMSO-&) 6 0.85 (3 H, tJ=7.24 Hz, CH), 1.25 (2 H, m, Ch), 1.39 (2 H, m, Ch), 3.11 (2
H, q,J=6.58 Hz, CH), 3.89 (3 H, s, OC}), 4.55 (2 H, s, OC}), 7.01-8.07 (m, 7H, Ar-H),
8.38 (1 H, s, CO-NH), 12.57 (1 H, br. s, CO-NH). MR (ESI): m/z [M+H] calculated

382.1767, foun®82.1759.

4.4.11. 2-[ 2-methoxy-4-(4-oxo-3,4-dihydroquinazolin-2-yl)phenoxy] -N-(2- methoxy phenyl)
acetamide (50): White powder, 0.268 g (yield 84.54%): mp: 253-265*H NMR (400 MHz,
DMSO-d) § 3.864 (s, 3H, OCH), 3.93 (s, 3H, OCH), 4.803 (s, 2H, OCh), 6.883-8.353 (m,
11H, Ar-H) 9.286 (s, 1H, CO-NH), 12.585 (s, 1H, ©®; **C-NMR (101 MHz, DMSO-g)

0 56.48, 68.36, 111.55, 113.83, 120.39, 121.05, /M21124.96, 126.38, 127.10, 134.53,
143.42, 149.13, 149.23, 166.40. HRMS (ESI): m/z i+ calculated 432.1559, found

432.1559.

4.4.12. 2-[ 2-methoxy-4-(4-oxo-3,4-dihydroquinazolin-2-yl ) phenoxy] -N-(3-methoxyphenyl)
acetamide (51): White powder, 0.263 g (yield 82.96%): mp: 201-2G3'"A NMR (400 MHz,
DMSO-d) § 3.71(s, 3H, OCH), 3.86 (s, 3H, OCH), 4.75 (s, 2H, OChHJ, 6.85-8.34 (m, 11H,
Ar-H), 9.994 (s, 1H, -CO-NH), 12.40 (s, 1H, -CO-NHKC-NMR (101 MHz, DMSO-D6)
55.80, 56.38, 68.82, 112.37, 113.77, 114.43, 121.720.63, 125.21, 126.39, 126.75, 131.81,

135.13, 147.79, 152.43, 156.11, 166.44.

4.4.13. 2-[ 2-methoxy-4-(4-oxo-3,4-dihydroquinazolin-2-yl ) phenoxy] -N-(4-methoxyphenyl)
acetamide (52): White powder, 1.234 g (yield 77. 91%); mp: 161-F&3 *H NMR (400
MHz, DMSO-a) 6 3.70 (s, 3H, OCH), 3.86 (s, 3H, OCH},4.80 (s, 2H, OCH), 7.76-6.88 (m,
11H, Ar-H), 9.83 (s, 1H, -CO-NH), 10.04 (s, 1H, @®4); “C-NMR (101 MHz, DMSO-g)

o0 55.64, 56.11, 68.21, 110.59, 113.28, 114.39,4®21126.07, 130.75, 131.91, 149.80,
153.29, 156.00, 165.78, 191.88. HRMS (ESI): m/z W+ calculated 432.1559, found

432.1553.
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4.4.14. N-(4-ethoxyphenyl)-2-[ 2-methoxy-4-(4-oxo-3,4-dihydroquinazolin-2-yl)  phenoxy]
acetamide (53): White powder, 1.414 g (yield 86.43%); mp: 150-162*H NMR (400 MHz,
DMSO-d) § 1.300 (t,J = 7.2Hz, 3H, CH), 3.856 (s, 3H, OC}H}, 3.983-3.931 (g, 2H, OGH
4.792(s, 2H, OCh), 7.530-6.870 (m, 11H, Ar-H), 9.830 (s, 1H, CO-NH.015 (s, 1H, CO-
NH); ¥C-NMR (101 MHz, DMSO-¢) 6 15.12, 56.1, 63.56, 68.21, 110.58, 113.28, 114.91,
121.46, 126.08, 130.75, 131.81, 149.80, 153.30,2859.65.76, 191.88. HRMS (ESI): m/z

[M+H] " calculated 446.1716, found 446.1711.

4.4.15.  N-(4-fluorophenyl)-2-[ 2-methoxy-4-(4-oxo-3,  4-dihydroquinazolin-2-yl)phenoxy]
acetamide (54): Yellowish powder, 1.412 g (Yield 91.6%); mp: 13581%C; 'H NMR (400
MHz, DMSO-d) 5 3.827 (s, 3H, OC}H), 4.827 (s, 2H, OCH), 7.626-7.09 (m, 10H, Ar-H),
9.831, (s, 1H, CO-NH),10.241 (s, 1H, CO-NHJC-NMR (101 MHz, DMSO-¢) § 56.11,
68.10, 110.61, 113.30, 115.75, 115.97, 121.69, 7721126.06, 130.79, 135.22, 149.79,
153.23, 157.50, 159.89, 166.25, 191.89. HRMS (E8/}. [M+H]" calculated 420.136, found

420.1265.

4.4.16. 2-[2-methoxy-5-(4-oxo-3,4-dihydroquinazolin-2-yl)phenoxy] -N-phenyl  acetamide
(58): White powder, 1.314 g (yield 89.14%); mp: 227-229 *H-NMR (400 MHz, DMSO-
de) & 3.86 (s, 3H, OCH) 4.78 (s, 2H, OCh), 7.04-8.33 (m, 12H, Ar-H), 10.08 (s, 1H, CO-
NH), 12.46 (d, J = 52.8 Hz, 1H, CO-NH}(C-NMR (101 MHz, DMSO-g) & 56.38, 68.87,
112.38, 113.76, 120.07, 124.25, 126.60, 127.77,3629134.67, 138.89, 143.42, 147.68,

161.30, 162.74, 167.12. HRMS (ESI): m/z [M¥Héhlculated 402.1454, found 402.1448.

4.4.17. 2-[ 2-methoxy-5-(4-oxo-3,4-di hydroquinazolin-2-yl ) phenoxy] -N-(2-methoxyphenyl)
acetamide (59): White powder, 0.252 g (yield 79.49%); mp 254.5-2&7 'H NMR (400
MHz, DMSO-&) & 3.85 (s, 6H, 2 x OC#J, 4.818 (s, 2H, OC}), 6.904-8.338 (m, 11H, Ar-

H), 9.275 (s, 1H, CO-NH), 12.392 (s, 1H, CO-NEE-NMR (101 MHz, DMSO-¢) § 56.49,
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56.60, 68.60, 111.81, 112.47, 113.53, 121.06, 223.P4.92, 125.24, 126.37, 127.09, 127.84,
135.23, 147.00, 148.95, 152.02, 162.85, 166.74. BR{&SI): m/z [M+H] calculated

432.1559, found 432.1551.

4.4.18. 2-[ 2-methoxy-5-(4-o0xo-3,4-dihydroqui nazolin-2-yl ) phenoxy] -N-(3-methoxyphenyl)
acetamide (60): Light brown powder, 0.587 g (yield 92.7%); mp41117 °C:*H NMR (400
MHz, DMSO-d) & 3.710 (s, 3H, OCH), 3.904 (s, 3H, OCH), 4.764 (s, 2H, OC}H), 6.639 -
7.606 (m, 10H, Ar-H), 9.804 (s, 1H, CO-NH), 10.1@8 1H, CO-NH);"*C-NMR (101 MHz,
DMSO-a) 6 55.52, 56.54, 68.27, 105.70, 109.62, 111.68, B12127.68, 130.18, 140.08,
148.50, 155.20, 160.06, 166.75, 191.83. HRMS (EBi)k [M+H]" calculated 432.1559,

found 432.1552.

4.4.19. 2-[ 2-methoxy-5-(4-o0xo-3,4-dihydroquinazolin-2-yl ) phenoxy] -N-(4-methoxyphenyl)
acetamide (61): White powder, 1.387 g (yield 87%): mp: 239-240 *B:NMR (400 MHz,
DMSO-D6) 3.68 (s, 3H, OCH), 3.88 (s, 3H, OCH), 4.71 (s, 2H, OCh}, 6.86-7.57 (m, 11H,
Ar-H), 9.78 (s, 1H, CO-NH)$ 9.97 (s, 1H, CO-NH). HRMS (ESI): m/z [M+Hgalculated

432.1559, found 432.1554.

4.4.20. N-(4-ethoxyphenyl)- 2-(2-methoxy-5- (4-oxo- 3,4-di hydr oquinazolin-2-yl)-phenoxy)
acetamide (62): White powder, 1.469 g (yield 92.73%); mp: 251-2%3 'H NMR (400
MHz, DMSO-d) & 2.72 (t,J = 7.09 Hz, 3H, OCH), 3.33 - 3.39 (m, 2H, OCH3.83 (s, 3H,
OCHg), 4.58 (s, 2H, OCBJ, 6.98-7.49 (m, 11H, Ar-H), 8.03(s, 1H, CO-NH) 2.8, 1H, CO-
NH); *C-NMR (101 MHz, DMSO-¢) § 14.68, 55.78, 63.08, 68.33, 111.75, 113.28, 114.40
121.16, 126.04, 127.26, 131.35, 134.40, 147.32,7851154.78, 162.43, 166.00. HRMS

(ESI): m/z [M+HT calculated 446.1716, found 446.1712.

4.4.21. 2-[ 2-methoxy-5-(4-oxo-3,4-dihydr oquinazolin-2-yl ) phenoxy] -N-(2-methyl phenyl)

acetamide (63): Cream powder, 0.507 g (yield 82.97%); mp: 124-F27 Mass (M+1)
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Calculated 416.16, found 416.1%j NMR (400 MHz, DMSO-D6)5 2.204 (s, 3H, CH),

3.87 (s, 3H, OCh), 4.872 (s, 2H, OCH), 7.08-7.55 (m, 11H, Ar-H), 9.392 (s, 1H, CO-NH),
9.851 (s, 1H, CO-NH)**C-NMR (101 MHz, DMSO-D6p 18.07, 39.38, 39.59, 39.80, 40.01,
40.22, 40.43, 40.63, 56.21, 68.03, 110.54, 1131@8,57, 125.82, 126.18, 126.68, 130.93,

135.86, 149.85, 153.05, 166.18, 192.01.

4.4.22. N-(2-chlorophenyl)-2-[ 2-methoxy-5-(4-oxo-3,4-dihydroquinazolin  -2-yl)-phenoxy]
acetamide (66): Yellowish powder, 1.296 g (yield 81.05%); mp: 22292°C;*H NMR (400
MHz, DMSO-d) & 3.867 (s, 3H, OCH), 4.876 (s, 2H, OCh), 7.143-8.035 (m, 11H, Ar-H),
9.564 (s, 1H, CO-NH), 12.406 (s, 1H, CO-NFSC-NMR (101 MHz, DMSO-g) § 56.46,
68.47, 112.40, 113.58, 122.94, 124.32, 125.22,3026127.80, 128.34, 130.03, 134.57,
135.17, 147.11, 149.37, 152.28, 162.86, 167.32. BRMSI): m/z [M+H] calculated

436.1064, found 436.1057

4.4.23.  N-(4-chlorophenyl)-2-[ 2-methoxy-5-(4-oxo-3,4-dihydroquinazolin-2-yl)  phenoxy]
acetamide (67): Light brown powder, 0.662 g (yield 82.86%); mp:922C; *H NMR (400
MHz, DMSO-d;) & 3.879 (s, 3H, OCH); 4.820 (s, 2H, OC}H), 8.109-7.71(m, 11H, Ar-H),
10.32 (s, 1H, CO-NH), 12.71 (s, 1H, CO-NHJC-NMR (101 MHz, DMSO-¢) & 56.33,
68.76, 112.37, 113.68, 121.62, 125.14, 126.31, 7R7127.78, 129.18, 137.79, 147.64,

167.15. HRMS (ESI): m/z [M+H]calculated 436.1064, found 436.1061

4.4.24.  N-(4-fluorophenyl)-2-[ 2-methoxy-5-(4-oxo-3,4-dihydroquinazolin-2-yl)  phenoxy]
acetamide (68): White powder, 1.41 g (yield 91.5%): mp: 124-1%Z8 *H NMR (400 MHz,
DMSO-a;) 6 3.898 (s, 3H, OCHJ; 4.792 (s, 2H, OC}), 7.810-7.114(m, 10H, Ar-H),9.779 (s,
1H, CO-NH),10.364 (s, 1H, CO-NHYC-NMR (101 MHz, DMSO-¢) & 39.39, 39.59, 39.80,

40.01, 40.22, 40.43, 40.63, 56.44, 68.22, 111.82.38, 118.61, 119.49, 123.93, 127.68,

40 |Page



131.09, 133.95, 140.53, 148.41, 154.80, 167.00,8B9HRMS (ESI): m/z [M+H]calculated

420.136,found19.9925.

4.4.25. 2-(2-methoxy-5-(4-oxo-3,4-dihydr oguinazolin-2-yl ) phenoxy)-N-(4-nitrophenyl)

acetamide (70): Yellowish powder, 0.279 g (yield 85%): mp: 269-212 *H-NMR (400
MHz, DMSO-d;) & 3.86 (s, 3H, OCHl), 4.86 (s, 2H, OCh, 7.14- 8.33 (m, 11H, Ar-H ),
10.75 (s, 1H, -CO-NH), 12.52 (s, 1H, -CO-NKJC-NMR (101 MHz, DMSO-g) & 56.62,
68.68, 112.45, 113.74, 119.73, 122.86, 124.925823.34.67, 143.02, 143.41, 145.28,

147.65, 152.51, 168.03. HRMS (ESI): m/z [M+Hhlculated 447.1305, found 447.1275.

4.5. Cyclin dependent kinase (Cdk) assays (ADP-Glominescence).The ADP-Glo
cyclin dependent kinase (Cdk) assays were perfoamgmer manufacturer’s instructions. The
ADP-Glo kinase assay is a two-step reaction whielagares kinase activity by quantifying
the amount of ADP formed during a kinase react®&iep 1: After the kinase reaction, an
equal volume of ADP-Glo™ Reagent is added to teateinhe kinase reaction and deplete the
remaining ATP. Step 1: A Kinase Detection Reageiaitided to convert ADP to ATP
allowing the newly synthesized ATP to be measusgdgua luciferase/luciferin (Ultra-Glo
luciferase) reaction. For initiation of kinase réas, inhibitors (10x concentrations), enzyme
(200 ng per reaction), 2.5x ultrapure ATP and gabst(125 uM and 25 pg respectively)
were diluted in 4x kinase buffer with 4% DMSO (40ntris, 20mM MgC}, 0.1 mg/mL
BSA, 50 uM DTT, with 3 mM MnGClas cofactor). 5uL 10x inhibitors prepared in 1xadge
buffer containing 5% DMSO were added to wells 8bawell white microtiter plate followed
by addition of 10 puL (0.05 pug/uL) of Cdk enzyme dfiduL of ATP/substrate mix. Reaction
mixtures were mixed on a shaker and the plate magoated for 1h at 21°C (room
temperature). ADP-Glo reagent (25 pL) was adddbeaeaction mixture and plate was

incubated for 40 min at 21°C. 50 pL of kinase dataaeagent was added and the plate was
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further incubated for another 40 min at 21°C. A@templetion of incubation, the plate was
read on a plate reader (Fluo Star Omega, Germamighoinescence mode (measurement
time 1 sec, cycle time 60 sec, number of cycles R8Jative luminescence counts were
determined and data was computed in Excel or Gragfism for graphical representation.
The enzyme inhibition was plotted using sigmoidalve (4 parameter variable slope
equation) and half inhibitory concentration {§jCvalues were analysed statistically using
Graph-Pad Prism Software (Version 6.0). TheyMalues for Cdk4 inhibition were
determined by fitting a non-linear curve of uninted fraction against incubation
concentration of the inhibitors, using the follogifour-parameter model (Hill equation):

y =1 — (Bottom + (Top — Bottom)/(1 + (IC50/x)"s)), where ‘Top’ denotes maximum
inhibited fraction, ‘Bottom’ denotes minimum inhied fraction, ‘'S’ is slope factor, ‘x’,
inhibitor concentration, and ‘y’ denotes the unbited fraction. The parameters ‘Top’ and
‘Bottom’ were limited between 0 and 1 by the GraptiBoftware. To identify potential
candidates that inhibit Cdk4 enzyme, a quinazoknoompound library (consisting of ~60
compounds) was initially screened at a single poamicertation (10 uM). The potential hits
identified from the initial screen were further dder the determination of dose response

studies.

4.6. Cell proliferation assay using the propidiumadide (PI) dye.The compounds
showing inhibition in Cdk4 enzyme biochemical ass@ye further tested for their ability to
inhibit cancer cell growth. The four cancer calds that were used were: (i) NSCLC A549
(MSC-proficient, pRb, p53), (i) NSCLC Calu-1 (MSC-deficient, pRpbp53-null), (iii)
breast cancer cells MDA-MB-468 (MSC-deficient, pRit}, p53mut) and (iv) breast cancer
cells T47D (MSC-deficient, pRbp53mut). All cell lines were chosen for theiratate
resistance to chemotherapeutic agents. Pablociibtent Cdk4 inhibitor, was included as a

positive control. The genotypes within bracketsgatk the status of the retinoblastoma
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protein pRb and p53 (TP53), two tumor suppressateprs. The cell lines were maintained at
37°C in 5% CQin RPMI-1640 medium, supplemented with 10% FBSISCEL0,000 cells

per well) from different cell lines, were seeded®iwell plates in complete growth medium
and incubated for 24 h. 10 mM stock solutions ahpounds in DMSO were serially diluted
in medium, without serum. 20 puL of compounds weleéeal into the wells of the microtiter
plates, in triplicate, while equivalent amount2d1SO were added to the control wells. The
contents of the wells were mixed gently and inceddurther for 72 h. After exposure to
compound, wells were washed three times with PRE2&0 uL of an aqueous PI solution (7
png/mL) was added. As Pl dye only penetrates thrdegky or lysed cell membranes, DNA
of dead cells will be stained and measured, whdreasells will not be stained. To measure
the proportion of live cells, cells were permeatati by freezing the plates, resulting in death
of all cells. After thawing of the plates, fluorescce was measured using the BMG Labtech
fluorescence reader (excitation, 530 nm; emis$80,nm). Percentage of growth inhibition

was expressed as treated/control x 100 (%T/C).

4.7. Flow cytometric analysesThe untreated (control) and treated (with Cinkddl)s
were harvested by trypsinization, washed once R&5, and then fixed in 70% chilled
(-20°C) ethanol for a minimum of 1 h. After the tixa step, cells were centrifuged for 5
min at 3000g at room temperature, and the pellsttivan suspended in PBS containing 50
pug/mL propidium iodide and 0.5 mg/mL DNase-free nholease. The cells were stained for
1 hin the dark at 4°C. Cell cycle analysis wadqrared on a Beckman Coulter (Epics Altra)
fluorescence-activated cell sorter. In order to gdtef the events that represent single cells
and to exclude cell doublets or cell clumps, tHe¥ang analyses were performed on the
samples. Cytograms of propidium iodide fluorescqreak signal versus integrated
fluorescence or the linear signal were plotted.datia points on the straight line were isolated

in a single gate, and the gated data were furtbed €or plotting a histogram that represents a
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complete cell cycle. The total number of events m@sallowed to exceed 200 events/second.

Data acquisition was stopped after a minimum 00Q0,events had been collected.

4.8. Cell synchronization for flow cytometric analgis. The cell synchronization of
T47D and Calu-1 cells atg&s; was achieved by incubating cells in medium commagi®.1%
FBS for 24 h and then the synchronised cells weleased in the presence or absence of
Cink4T. To synchronize A549 cells at/@l, mimosine (Calbiochem) was prepared as a 10
mM stock solution in 100% DMSO and then added ttuces to obtain a final concentration
of 200 mM; cells were incubated at 37°C for 32 bli€were washed and incubated in fresh
medium in the absence or presence of compoundsr Aation the samples were analysed
by flow cytometry. The detail procedure for fixatiand flow cytometric analysis has been

described previously [25, 26, 48].

4.9. Tubulin polymerization assayin vitro. Standard polymerization assay was carried
out to determine whether a Cdk4 inhibitor was aptal inhibitor or enhancer of tubulin
polymerization, in the presence of 2 mg/mL tubui6,mM PIPES, pH 6.6, 2 mM Mg&£10.5
mM EGTA, 1 mM GTP and 15% Glycerol. 5 pL of contboiffer and 10x stock solutions of
inhibitors, paclitaxel (as enhancer control) an€zéas inhibitor control) was added in
duplicates to the 96 half-well black plate providgdthe kit manufacturer. After quick
addition of test compounds to wells, plate wasgiiaa the plate reader to warm up the
contents at 37°C for no more than a minute, togaegvaporation of solution in wells.
Immediately, 50 pL of tubulin reaction pre-mix sidm, which had been placed on ice, was
carefully added to wells to avoid formation of blésh The reaction buffer contained enough
Buffer 1 (205 pL), tubulin glycerol buffer (150 wLB TP stock solution (4.4 L) and Tubulin

stock solution (85 pL). Relative fluorescence u(iREU) were measured at 360 (excitation)
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and 460 (emission) for 60 min and the trend ofrdaetion was compared with paclitaxel as

an enhancer and CaGls destabilizing agent.

4.10. Molecular modeling of Cink4T with Cdk4 and tulin. Hybrid-Cdk4 model based
on the X-ray crystal structure of Cdk4 (PDB:2W9@)[published by Shafiq et al [73] and X-
ray crystal structure of Cdk2 (PDB:1FIN) [74] wenaployed to study the binding mode of
Cink4T with Cdk4 and Cdk2, respectively. Proteireyevprepared for molecular docking
simulation through pdb2pqr web-server [75]. Botbtpms were superimposed on 1GlI [50]
and co-ordinates were rewritten using Chimera. €habled the location of active sites of
2W96 and 1FIN using the co-ordinates of 1GllI-cotalsed ligand. Autodock-4.2 [76]
program was used to run the molecular docking stran. Grid parameter file (.gpf) and
Docking parameter files (.dpf) were written usingtdDock Tools (ADT) implemented in
MGLTools-1.5.6 [76]. Grid of volume 50x50x50 wasstructed using the co-ordinates of
co-crystallized ligand (1PU) of 1GlI using the apticenter of the grid as center of the ligand.
Grid maps for protein and ligand atom type spediite.gpf file were generated using
autogrid-4.2. Cink4T was sketched and preparedhfdecular docking simulation through
prodrg web-server [77]. Each docking simulation wasied out with 100 runs using
autodock-4.2. All the other parameters were kepieéult values. Similar protocol was
adopted for molecular docking simulation of Cinkdith tubulin. Chains C and D from the
X-ray crystal structure of tubulin complexed witblchicine (PDB: 1SA0)[78] were selected
for the study. Protein and ligand preparations vademree using the pdb2pqr [75] and prodrg
[77] web-servers, respectively. Co-ordinates ofdberystallized ligand (CN2) have been
used to construct the grid with the volume of 50&8Dwith the center of the ligand as center
of the grid and docking run was kept at 100. Doglanalysis were performed through
MGLTools-1.5.6. The 3D (3-dimensional) and 2D (Zadnsional) interaction images were

created using UCSF Chimera [79] and Ligp[80], respectively.
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Highlights

= Dual inhibitors of Cdk4 & tubulin polymerization PJ identified employing HTVS
= Quinazolinone scaffold selected from the hits gatid--> structure-based HTVS
= Four dual inhibitorsZ9, 34, 40 & 50) were identified from enumerated library

= Cink4T (40), inhibited Cdk4 & TP with 16, of 0.47 and.6 uM, respectively



