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Abstract

Protein kinases are promising therapeutic targatedncer therapy. Here, we applied multiple apgea to
optimize the potency and selectivity of our repdrédioxazine scaffold. Flexible moieties at positi® of the
hetero-tricyclic system were incorporated to fibithe ATP binding site and extend to the adjaediosteric

site and selectively inhibit protein kinases. Tlissign led to potential selective inhibition of ABL
CDK1/Cyclin A1, FAK, and SRC kinase by 30-59%. Qgtacity was improved by(b0 times for the
optimized lead 10b; 1Cs¢= 40nM) against breast cancer (MCF-7) cells. Maagngounds revealed potential
cytotoxicity against ovarian (A2780) and colon @aoema (HCT116) cells of10-30 time improvement (kg
5-17nM). The results of the Annexin-V/Pl apoptoassay demonstrated that many compounds induced
significantly early (89-146%) and a dramaticallyeld556—1180%) cell death in comparison to the alehi

control of MCF-7 cells. SAR indicated that 5-dedia@zines have a higher selectivity for Abl-1 aRAK



kinases than alloxazines. The correlations betw@eliScore fitness into FAK and SRC kinases angh IC
against MCF-7 and A2780 cells were considerabfe §f86-0.98).

Keywords: Alloxazine; Antitumor; Kinase inhibitor; Docking§poptosis.

1. Introduction

Cancer is a major global health burden and thergkooost common cause of death in the United States.
2017, about 1.7 million new cancer cases are egfddotbe diagnosed in the United States and 60@D0@m
are expected to die from this diseds&nticancer drug development has shifted from tradal cytotoxic
drugs, which are associated with numerous nonspdoiicities, to agents that target and modulatagins,
such as kinases, whose activities are more spaitjfiassociated with neoplastic cell®rotein and lipid
kinases are the most important widely studied tarf@ drug discovery because of the pivotal robes play
in regulating cellular pathways. Among these kinases, tyrosine kinases catalyze -défendent
phosphorylation of tyrosine residues on target enst to mediate signaling pathways responsiblec#dr
proliferation, differentiation, metabolism, and te®® Protein kinases (PKs) play a crucial role in molac
pathogenesis of different types of candétghey are therefore considered as main targetdi$eovery of new
drugs’ For instance, protein kinase inhibitors (PKIs) m-angiogenic agents can be successfully appked a
new strategy for cancer therapylosteric modulators are now being developed twes these kinases$.
Imatinib (Gleevell) is the first PTKI that has been approved by tBRAFwhich represents a revolutionary
targeted cancer therapy? Type Il inhibitors, such as imatinib, bind at th&P site of bcr-abl and extend into
an adjacent site close to th€ helix therefore inhibiting the enzyme activitytbe protein semi-competitively.
3This binding mode pushes the DFG-motif of the atidn loop (A-loop) towards the ATP binding sitedan
prevents ATP molecules from accessing the hingemégimatinib is a potent kinase inhibitor for BCR-ABL
and a stem-cell factor receptor (c-Kit):°Selective PKls, inhibit both of the receptor and-meceptor kinases
and are attractive avenues for the design of antitudrugs that inhibit tumor development, including

proliferation, invasion, and angiogenesis.



Many researchers have focused on 5-deazaflavipstasitial PKIs and determined their promising antior
activities against different cancer cell linés3 Flavins, 5-deazaflavins, and their alloxazine agaés are
substructures in a number of essential naturallguoihg redox cofactors such as flavin adenine
dinucleotide (FAD) and nicotinamide adenine dinatile (NAD)?* Owing to their important function in redox
reactions, as well as their roles in the repairdamaged DNA in biological systerfis?® 5-deazaflavin
derivatives have received considerable attentiaraircer researci.We previously reported that 5-deazaflavin
derivatives have significant antitumor activitieggaast NCI-H 460, HCT 116, A431, CCRF-HSB-2, KB, MC

7, and Hela cancer cell 1iné§?® 22°By assessing their biological activity, 5-deazéfia inhibit E3 activity

é7-20, 28

of HMD2 and stabilize the wild-type pS30ur previous report contributed to this growing field and

demonstrated that 5-deazaflavins are promisinguantir candidates due to exhibiting good anti-peoétive
activity against different cancer cell lines. Imtstingly, Ali et al*’ reported that 2-deoxo-10-methyl-2-phenyl-
5-deazaflavin exhibited a reduction in tumor siZe BALB/c nude micethat had been subcutaneously
transplanted with A431 xenografts. The size of tamor was reduced by 53.4%, following 10 days of
intraperitoneal (i.p.) administration (100 mg/kg.). Consequently, these compounds are promising leads f
the design of potent and selective antitumor agélite promising results of the flavins, 5-deazaflay and
their corresponding alloxazines analogues in amldito the current challenges of anticancer drugodisry
prompted us to design and develop new scaffolds wigher selectivity against specific kinase(shimide
array of cancer cell lines. Thus, we thought to mithe flexible structure of imatinib and its reddtflexible
analogues and to explore better binding affinityhva higher selectivity to different PKs. This dgsiapplies
multiple approaches to interfere with the hydropgbgiocket of the ATP binding site to enhance thiaupiy of
our potent antitumor alloxazine nucleus and to enbathe selective inhibition of PKs by fitting intbe

allosteric site to selectively interact with thetain kinases containing glutamate residue (Glu286hown in

Figure 1), such as Abl, c-kit, and PDGF-R kinadesthe present study, we designed, synthesized, and



determined different flexible derivatives of allaxae that mimic the flexible structure of imatinémd its
analogues but with potentially better binding affirand higher selectivity to PKs.

2. Results and Discussion

2.1. Structure-based design and lead optimization

The synthesis of compounds in this study was basedl structure-based design strategy, which waslojged
based on the binding mode of different kinase iibiib into their corresponding kinases. An iniaglproach to
drive potency was to design analogues, which cad ta the inactive conformation of different kingseshere
the DFG motif flips out to make a channel beyoreldghtekeeper residue (Thr315) of Abl kinase. Reggrithe
A-loop, the conformation of the DFG motif has theaest effect on the binding pocket of the Ablakia
domain®! The side chain of the gatekeeper residue Thr67€kit kinase should also be kept closer to the
backbone amide of Asp810 in the c-Kit DFG motif.r@uoug design strategy was based on optimizinghyts
manipulating the lead compourd(7-methyl-2-(methylthio)pyrimido[4,B®]quinolin-4(3H)-one) through the
following approaches:

a) To replace the flexible 4-(pyridin-3-yN-o-tolylpyrimidin-2-amine moiety of imatinib by hetitricyclic
systems {benz@jpteridin-4(3)-one or pyrimido[4,F]quinolin-4(3H)-one} to be capable of interfering with
hydrophobic pocket selectivity region 1 of the ABiRding site (Leu248, Tyr253, Val256, Leu370, PHB38

b) To incorporate different analogues of the 4-(4-migiperazinylmethyl)benzylamine moiety of imatinito
be able to form hydrogen bonds with 1le360 and Biis&s well as to properly accommodate the allimssite
to enhance selectivity against different cancdrliveds.

c) To incorporate a 2-carbon spacer to allow the fflextcyclic 2¥ amine to protrude out of the active site to be
directed to the allosteric site, as shown in Figure

A significant limitation was reported to be theKkauf the aqueous solubility of different flavin dogues, which

limits their applications in preclinical studi&sAccordingly, many of the designed derivatives eimta



morpholine ring to enhance their water solubilapd the morpholine nitrogen allows the generatibwater-

soluble amine salts.
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Figure 1. The proposed binding mode of the designed compountdsthe Abl domain to hinder ATP from
reaching its binding sitdhe hetero-tricyclic ring interacts hydrophobicaMth hydrophobic pocket 1, and the
flexible tail moiety at position 2 selectively acemodates into the allosteric site and hydrophobizkpt 2.

This approach improved kg of the lead compound {7-methyl-2-(methylthio)pyita[4,5-b]quinolin-4(3H)-
one}by 10 times, as shown in Figure 2 for the oped lead 1 (unpublished data). In the presentystwd are
going to further ameliorate kgby an additional four times to get optimized |€d.0b) of 1Cso of 0.04uM by

inserting the 4-((4-methylpiperazin-1-yl)methyl)plygd methanamine at position 2.
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Figure 2. Two-phase lead optimization of 5-deazaalloxazimadl compound [) to improve its §€against

MCF-7 from micromolar to nanomolar range.

Here under we described the structural optimizatibthe lead compound)(by the design of 164 different

derivatives of 2-deoxo-alloxazines, 2-deoxo-5-deHdamazines, pyrimido[4,B®]quinolin-4(1(H)-one, and



benzof] pteridine-2,4 (81, 10H)-dione, which have different polar side chainpasition 2 (see Figure 3, and

more details are shown in the supplementary data).

The small library of 164 compound$atldd, 2a-2dd, 3a-3mm, 4a-4i, 5a-5pp, 9a-%and 10a-10j data are
presented in the supplementary data, Table 1SXdesigned by changing the substituents B, R, and X
(Figure 3) based on the literature database. TheBD structures of the designed compounds wenrgeteally
minimized to be investigated as kinase inhibitoysdocking into the crystal structure of Abl (PDBdeo
2hyy) 3 c-kit (PDB code: 1t46¥? FAK (PDB code: 4q9s:Src (PDB: 4mxo} B-raf (PDB: 4rzv)®®> and FLT1
(PDB: 3hngJ® kinases in complex with their co-crystallized léaanhibitors. GOLD software package version

5.2.2 (Cambridge Crystallographic Data Centre, Qédgk, U.K.}’ was used in this study.

Our reported antitumor activities indicated that #lloxazine scaffold has a potential growth infoityi activity
against MCF-7 breast cancer cells withind6f 0.04uM. Therefore the target kinases FARDB code: 495§

and Src (PDB: 4mx3} were selected as templates for docking studyusecthey are the expressed abundantly
in MCF-7 breast cancer celf§ 34 3% On the other hand our lead compounds were optimizgd
incorporating the tail moiety: 4-(4-methylpiperagmethyl)benzylamine of imatinib at position 2 tmprove

the anti-proliferative activities and selectivity the optimized compounds. Therefore the other kiviases,
namely Abl (PDB code: 2hyy)andc-kit (PDB code: 1t46f were selected based on the fact that imatinib
targets specifically targets ABL and the recepyoosine kinases KIT. Other kinases B-raf (PDB:v3fZ and

FLT1 (PDB: 3hng® were selected randomly for comparison.

The molecular docking study involving GOLD 5.2.2apowerful computational drug design tool (theadet!

results of these studies are included in the sopgary information) was applied, and the best ickates that
exhibited the highest binding affinities into thi#fetent kinases were selected for further chemgyadthesis.
The short-listing process started by excludingdbepounds that revealed the lowest GoldScore ftn@st of

the 164 designed derivatives, 60 alloxazine, 5-g@ézxazine, flavin, and 5-deazaalloxazines deitreat
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revealed
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benzylidenchydrazinebenzyvlamine, R?=Me, Ft
R'=H, 7-Et X =N,N-O
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Figure 3. The lead compound (I) and the structures of #sghed derivatives of 2-deoxo-alloxazines, 2-deoxo

5-deazaalloxazines, pyrimido[4igquinolin-4(1H)-one, and benzg] pteridine-2,4 (81, 10H)-dione.

the highest GoldScore fitness into six differenhddes (Table 1). There were 14 synthetically féasib
compounds9a-eand 10a-i) out of the best 60 candidates, which were salefctefurther chemical synthesis in
this study. Interestingly, these candidate compeugdealed multiple hydrogen bonds into the assidm@ases.
They interacted hydrophobically through their hetgicyclic rings {benzaof]pteridin-4(3)-one or
pyrimido[4,5-b]quinolin-4(3H)-one}with the amino acids of hydrophobic seledgiviegion 1 of the ATP binding
site.

Moreover, the flexible 4-((4-methylpiperazinylmethpenzylamine, 4-(morpholinomethyl) benzylamine, 4
(piperidinyl methyl) benzylamine, 4-(dimethylaminethyl) benzylamine, 1-(4-methoxyphenethyl) piperidi

4- amine, andl-phenylethylamine moieties were oriented to padrout of the active site to be directed to
7



the allosteric site, as shown clearly in FigureAdditional and detail docking studies are presenteder

Molecular docking study.

Table 1. The docking results for the top 10 ranks of the poaomds docked into six different kinases in

comparison to their native bound inhibitors accogdio GOLD5.2.2 program.

PK(pdb)  Compd. oo | PK(pdb)  Compd. SO0 | PK(pdb)  Compd. oo
9e 82.41 9b 78.41 3m 74.07

10b 81.90 9a 77.92 3l 73.32
9a 81.78 10b 77.62 5aa 73.16

od 80.47 a9d 76.44 9c 71.32

Abl kinase® 9b 79.94 | kit kinase” 109 76.36| EAK kinase® 109 71.23
(PDB: 2hyy) 6n 78.58 (PDB: 1t46) 10f 74'59, (PDB: 4g9s) 10e 70.51
10e 78.41 3hh 73.772 a9d 69.90

10d 78.16 9c 73.12 9e 68.39

60 77.32 9e 72.91 10d 65.70

9c 76.50 3kk 72.32 9b 65.50

Imatinib 102.08 STI-571  78.19 30G"  35.05

3z 82.326 9e 88.28 10f 80.26

3aa 80.326 9g 82.44 10g 79.91

3bb 79.65 10f 81.28 9b 76.16

3w 79.37 9b 79.06 9a 74.55

Sre kinase 3u 78.44 | B-raf kinase® 10b 78.32| FLT1 kinase' 2i 74.53
(PDB: 4mxo 3t 76.74 | (PDB: 4rzv) 10e 78.30, (PDB: 3hng) 9e 74.51
' 3v 76.14 10a 75.22 a9d 73.80

3s 75.34 9a 74.83 10e 73.17

9d 72.35 5aa 74.80 10i 73.13

3ee 71.37 3aa 74.78 2y 72.82

Bosutinib 77.55 Vemurafenib 94.81 8ST 86.37

#Human Abl kinase domain in complex withatinib (STI571, Gleevec).

b c-kit tyrosine kinase in complex with STI-571.

“Human Focal Adhesion Kinase (FAK)

4Human Src kinase bound to kinase inhibitor boshtini

° BRAF (R509H) kinase domain monomer bound to Verfeunia.

"VEGFR1 in complex with N-(4-chlorophenyl)-2-((pyiid4-ylmethyl)amino)benzamide
94-(4-Methyl-piperazin-1-ylmethyl)-N-[4-methyl- 3{@yridin-3-yl-pyrimidin-2-ylamino)-phenyl]-benzaméd(imatinib).
h3,5-Dihydr0[1,2,4]triazino[3,4:][1,4]benzoxazin- 2(H)-one.
'N-(4-Chlorophenyl)-2-((pyridin-4-ylmethyl)amino)beamide.

2.2. Chemistry
The 5-deazaalloxazines (substituted 2-aminopyripi@a]quinolin-4(3H)-one; 9a-@ and alloxazines

(substituted 2-amino benzgpteridin-4(3H)-one;10a-i) were prepared as shown$theme 1The precursors of



6-(N-alkylanilino)-2-methylthiopyrimidin-4(Bl)-ones 8a—d were prepared from 6-amino-2-thiouradi) fy an
amine exchange route with the appropriate anilatelsigh temperature. The corresponding aniliniutorate
salts were used as catalysts to afford the 6-anitithioxo-2,3-dihydropyrimidin-4#)-one analogues28-d).
These 2-thioxo analogues were subjected to S-nagibglat position 2 by Mel in an alkaline solutionder a
chilling temperature to afford the 6Halkylanilino)-2-methylthiopyrimidin-4(Bl)-ones 8a—d) in yields of 69—

90%. The 2-deoxo-2-methylthio-5-deazaalloxazidesd) were prepared by the Vilsmeier-Haack cyclization
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Figt]re 4. (A) The molecular overlay view of Abl (PDB code: 2hys-kit (PDB code: 1t46), FAKPDB

code: 4q9s)Src (PDB: 4mxo), B-raf (PDB: 4rzv), and FLT1 (PD#ing) kinases showing the binding site in
yellow surface view.H) The binding mode of compourde into Abl kinase (PDB code: 2hyy), in which its
hetero-tricyclic ring was oriented into hydropholpiocket regionl of the ATP-binding site and orients its

flexible 4-(morpholinomethyl)benzylamine to proteudut of the active site to be directed to thestdioc

site.

reaction from their corresponding open 6-anilinoiadgives @a—d to afford yellow needles in 62-87% yields.
On the other hand, 2-deoxo-2-methylthioalloxazirexles ba—d were prepared from their corresponding

open structure of 6-anilino derivative3af-d) by nitrosative cyclization to afford the orangtproducts in 43—



56% vyields. For the preparation of the polar ammmaiety of our target compounds, the key intermediat

benzonitrile derivatives were prepared with a miodifon of the reported meth&dy reacting 4-bromomethyl

0 9 /O
NH a HoN
2
* /\0 —> HN | % HN g %— HN
5% "NH, )\
=N NH,
H CI H3N

1 2a-d 3a-d

o 2a;3a:R
I‘!l 2b; 3b: R
d HN = S HN “ = e 2¢; 36: R
— |l R PN I R 2d; 3d: R
MeS N N
Sa-d

MeS N N

4a; 5a:R=H da-d

4b; 5b: R = 7-Me

4c; 5¢: R = 7-OMe HN Br
4d; 5d: R = 7-Cl \/©/\N/ﬁ ‘(; /@/\ \) f @/\
NC

8a-c 6

\/Q/\ 7a; 8a: X = N-Me
h 7b; 8b: X = CH,

HoN

9a: R = Me; X =N-Me 10a:R=H; X=0 10e
9b: R = Cl; X = N-Me 10b: R = OMe; X = N-Me
9¢: R=H; X =CH., 10¢: R = Me; X = N-Me

9d: R = Me; X = CH; 10d:R=CI; X=0
%9e: R=0Me; X=0

(o] (o]
\O\/\N HN)JI/N R HNJljf"‘I R
O\EAN \ND/ (j)\uk\hl \N:@/

10f: R=Me 10h:R=H

10g: R = OMe 10i: R=0OMe
Scheme 1.Design of new flexible scaffold from alloxazinedab-deazaalloxazine analogué&®agents and
conditions: (a) NaOEt, EtOH, rt, 1h, then reflux, 2th) Fusion, 178C, 9h;(c) Mel, 2N NaOH, ice bath, 30
min; (d) POCk, DMF, 90C, 1-2h;(e) HOAc, NaNQ, rt, 2-5h;(f) DMF, rt, 0.5-3 h, then 80-9%C, 2-6h;(qg)

THF, LiAlH 4, 25°C, 16-20 h{h) DMF, reflux 7-9h.

benzonitile 6) with an equivalent quantity of appropriate se@yd amines to afford 4-
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(aminomethyl)benzonitrile analogue&atd) in 72—-98% yields. Furthermore, these benzoniamialogues were
subjected to a drastic reduction byLiAIH overnight at room temperature to afford (4-
(aminomethyl)phenyl)methanamine derivativ8s-¢l) in 41-82% yields. The 5-deazaalloxazin8a- were
prepared by coupling reactions for the nucleophigplacement of 2-methylthio group of 2-deoxo-2-
methylthio-5-deazaalloxazinedd-d) by 4-(aminomethyl) phenyl) methanamine derivai@a, bandc). Then
the crude product was purified by Combiflash chriogeaphy (0-30% of methanol in ethyl acetate) foraf
the title compounds as yellow solids in 18—-69%dselSimilarly, the alloxazingd.0a-i) were synthesized by
coupling 2-methylthioalloxazine (5a-d) and the appropriate amine derivatives 4-
((@aminomethyl)phenyl)methanamin@a and 8c), 4-(aminomethyl)phenylN,N-dimethylmethanaming8d), the
commercially available 1-(4-methoxyphen- ethyl)pigm-4-amine 8e), or 1-phenylethan-1-amine3f). The
crude products were further subjected for ComMiflelsromatography (0-30% of methanol in ethyl aegttd
afford the title compounds as yellow-orange soild23—-69% yields. The newly synthesized compouneew
structurally elucidated by different spectrometriethods, includingH NMR (300 or 500 MHz)'*C NMR (75
and 125 MHz), DEPT &°

(75 or 125 MHz), HRMS (ESI), or MS (ES+), in additito the quantitative CHN elemental analysis. The
detected peaks of the different spectra were asdifpr the corresponding atoms. This was achiecedrding

to our previously reported considerable flavin agdi’*® 2223 282%nd the scientific logical and probabilistic
methods for the chemical shifts and coupling cartstaand it was supported by the predictddNMR and**C

NMR provided by ChemDraw Professional (PerkinElnzam)l Mnova NMR 8.0 to be rigorous.

2.3.1n-vitro Protein kinase inhibition assay

PK target profiling is an essential step in drugcdvery to assert the specificity of the designead |
compounds. PK target profiling utilizes a large alinkerse panel of highly active protein-kinase g@notein-
phosphatase targets. The protein kinase profilinglys was conducted by KINEXUS Bioinformatics
Corporation, Vancouver, British Columbia, Canad&INEXUS used a radioactive assay for profiling

11



evaluation of five of our synthesized compourfals Qa, 9b, 10kand 10f) against a panel of 20 protein kinases.
The protein kinase assay was performed at a 10 phentration in a single measurement, including the
reference compound imatinib (also known as Gleebg@mploying the standardized assay methodologyan
experiment. The results reported as percentageitgcéind percentage inhibition changes comparethéo
control are presented in Figure 5 and in the supgigary data Table 2She intra-assay variability was
determined to be less than 10%. Inhibition of taegivity by the compound was assigned negatiyeatues,
while activation of target activity was assignedigige (+) values. The values with greater than 23%nge in
activity compared to control are considered to beptially significant. The profiling data revealethibitions
and activations at low to considerable levels, r@pdgrom 1-59% for inhibitions and 1-60% for actieas.
Potent inhibition (ranging from 30-59%) was obsdrweith the five compounds, compared to the control
against a select number of the kinases testedjdimg compoun®c. ABL1 and FAK; compoun®a: ABL1
and FAK; compound9b: CDK1/CyclinAl and FAK; compoundlOb: CDK1/CyclinAl; compoundlOf:
CDK1/CyclinAl and imatinib: ABL1, BRAF, CDK1/Cyclil, c-KIT, FAK, FLT1, and SRC. Overall, only
four of the 20 kinases tested, including ABL1, CD&¥clinAl, FAK, and SRC showed inhibitions ranging
between 30-50% at 10 uM concentrations with sonteetfest compounds. At the lower end of the iriabi
range (from 20-30%), a few additional kinases vuehnéited, such as ACVR2A, CK1 alphal, and FLT1.

Out of all the kinases tested, only three kinasesevguppressed by all of the compounds, includiGyR2A
(5-25% inhibition), FAK (10-59% inhibition) and SR@7-21% inhibition). Compoun®c showed the
greatest inhibition (59%) with FAK, followed 8a (48%) and9b (42%). Compoundc also inhibited ABL1
(44%) and9a (33%). In addition, three compound3), 10h and 10f had inhibitory effects (34-40%) on
CDK1/CyclinAlactivities. All the other inhibitiongbserved for the test compounds were less than 30%.

In comparison, the reference compound, imatiniulted in reasonably high inhibitions with the ldea
ABL1 (88%) and FAK (62%) and moderate inhibitionghMBRAF (44%), CDK1/Cyclin A1 (31%), c-KIT

(47%), FLT (42%), and SRC (30%). The synthesizeshmmunds in this study are highly soluble in agueous
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solutions due to their polar side chains at pasi2o namely, 4-(4-methylpiperazinylmethyl)benzylami 4-
(morpholino methyl)benzylamine}-(piperidinyl methyl)benzylamine, 4-(dimethylammethyl)benzylamine,

1-(4-methoxy
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Figure 5. Protein kinase profiling for five compound3a( 9b, 9¢, 10b, and 10f) at 10 uM concentration,
represented by percentage activity or percentdgéiiion against 20 protein kinases in comparisoth whe

reference compound imatinib using tiB-ATP radiometric assay method.

phenethyl)piperidin-4-amine, and-phenylethylamine. These polar moieties may beaomesible for the
substantial potency and selectivity (30-59%). Imtcast, some of the kinases were shown to eligh hi
activations (30—60%) compared to the control valueth the following compounds: compoufd: c-KIT and
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HER2; compoun®a: c-KIT and FLT2; compoun@b: c-KIT and FLT2; compoundOb: FLT3; and compound
10f: FLT3. Of the 20 tested kinases, c-KIT, FLT2, FL.BBd HER2 showed varying levels of activation @t 1
MM concentration of the test compounds. Surpriginghly one kinase, CAMK1, was activated (albeitcat
levels, 5-19%). Compourith had the highest activity of the tested compounitls &60% activation above the
control substrate with c-KIT. Imatinib also showsight activation with some of the tested kinagether listed
measurements for activations or inhibitions aresaered insignificant. The activity of the c-Kitnse is
tightly regulated in normal cells, whereas the dalated c-Kit kinase activity is implicated in tpathogenesis
of human canceré.Based on PTK profiling data, compour@s 9b, and9c revealed activation of this c-kit
kinase by 36, 60, and 32%, respectively, as showlFigure 5. Therefore, these compounds were studred
their potential binding into c-kit kinase (PDB: )4 It was found that these compounds were bounidhéo
target kinase within RMSDx 2.5A without a hydrogen bond detected. This bigdinode may explain the
opposite activation profiling results of these @égstompounds against c-kit kinase.

The PTK profiling study exhibited that the 5-deati@xazine analogue®4, 9h and9¢) revealed the most
promising inhibitory effects of -48, -42, and -59féspectively, against human focal adhesion kifgsé) in
comparison to 62% inhibition by imatinib. Highly rcelated to these results, compoudcl which has the
highest inhibitory effect against FAK kinase (-59%Xhibited the highest GOLD fitness score of 71082its
docking into the corresponding FAK kinase (PDB: glg@lata are presented in the supplementary datde T
3S).

2.4. Cell proliferation assay:

Table 2. List of kinases and their expression in breasiceaand K562 cell lines
/tissues
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The Kinase  Other name Cell line (Reference) MTT
38
FAK PTK2 MDA-MB-231 (Chen et al.™)

assay MCF-7 (Li et al and Datta et al.>***°)
SRC - MCF-7, MDA-MB-231(Li et al and Thakur et al ***
FLT2 FGFR1 MCF-TTarkkonen et al and Patel et al **)
SRC - K562 (Pene-Dumitrescu et al *')
HCK - K562 (Pene-Dumitrescu et al*®)
PKC K562 (Murray et al *°)
BCR-ABL K562 (Karimiani et al and Luchetti et al >*")

developed by Mosmafhand modified by Miurd was used to determine the inhibitory effects oft tes
compounds9a-e, 10a,band10d-i) againstMCF-7, K562, A2780, HCT116, and WM793B cell lindhe selected
panel of cancer cells have different genetic bamkgds. MCF-7 breast cancer cells and K562 cell \Wweee

selected because they express many of the targegds in this study as shown in Table 3.

It was found that overexpression of receptor tyregirotein kinase HER2/neu occurs in 20% of inva$ireast
cancers and has been found to predict a poorenpstgythan does normal expression. Several additi®Ks
have been found to be expressed or overexpresdedast cancer, including BRK, c-Src, and FGER. The
K562 cell line, derived from a chronic myeloid lewhkia (CML) patient express SR HCK,*®, PKC isotypes,
%9 and B3A2 bcr-abl hybrid geré>! The ovarian cancer A2780 cells were utilized as/eationally known to
be used to study drug toxicit§.Lapatinib is an FDA-approved treatment of HER2i{des metastatic breast
cancer, acting as a PTK-inhibitdrwas used as a reference in this assay. Imatiaibalso used as a refrence
compound by virtue of Kadivar et #l.who demonstrated that imatinib has an antipraiifee effect and

induces

Table 4. The growth inhibitory activities (I, uM) against MCF-7,
K562, A2780, HCT116, and WM793B cell lines
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Compound MCF7 K562 A2780 HCT116 WM793B

9a 0.5¢ 13.5¢ 0.32 0.82 10.5¢
9% 0.62 26.¢ 0.5¢ 0.72 > 5C
9c 11.61 9.97 10.11 13.0( 38.9¢
ad 2.3¢ 15.9] 1.5Z 7.2¢ 11.01
9e 3.1 23.1¢f 2.8¢ 5.22 49.0¢
10a 1.4¢ >5C 2.01 1.5¢ > 5C
10b 0.04 >5C 0.0¢ 0.0¢ ND
10d 0.2C >5C 0.1¢ 0.31 40.1¢
10e 0.5¢ >5C 0.7C 1.3C > 5C
10f 0.1¢ >5C 0.2¢ 0.17 > 5C
10g 0.8C 17.31 0.9C 0.9¢ 33.14
10h 0.1¢ >5( 0.3¢ 0.14 > 5C
10i 5.7¢ >5C 4.8 5.7¢ > 5C
Imatinik 7.12 3.4 8.9 19.6¢ ND
Lapatinik 6.8( ND 10.4( 10.12 ND

ND: Not determine

apoptosis in breast cancer cell lines compareaitmal cells. Our results demonstrated that 8 olit30(60%)

of the designed compounds showegplléss than 1.0 uM against MCF-7 breast cancer.cBfle most active
compounds were compuridb (IC5,=0.04 pM), compound40f and 10h (IC5,=0.16 puM), compound.Od
(IC50=0.2 uM), and compound3a and 10e (IC5,=0.53 and 0.55 uM), respectively, as depicted iblda.
Against the ovarian cancer A2780 cells, compouBds 9b, 10b, 10e, 10f, 10gand 10h exhibited
antiproliferative activity of less than 1.0 uM d@sb: 0.32, 0.54, 0.05, 0.19, 0.70, 0.2, 0.90, and (84
respectively (Table 4). CompouriDb revealedthe most potent antiproliferative activity g&0.05 pM)
against the same cell line in comparison to otlmenmounds. Furthermore, we examined cell toxicityhgis
colon carcinoma HCT116 cells. Compouridib, 10f,and 10h revealed the most potent activities against the
assigned cells, with Kz of 0.05, 0.17, and 0.14 uM, respectively. Comppaely, compunda, 9b, 10d,and

10gstill showed reasonable antiproliferative actastiat concentrations less than 1.0 M.
16



Compound®a, 9c, 9d,and10g exhibited the lowest IC50 of 13.54, 9.97, 15.91d 4i.31 puM, respectively
against The chronic myeloid leukemia K562 cell lime&omparison to imatinib (IC50 = 3.43 uM) whichused
clinically (Gleevec) to treat chronic myelogenous leukemia (CML). B& other hand, the melanoma cell line
WM793B was screened against our compounds, butethdts declared that WM793B cells are resistauiiée
tested compounds. Nonetheless, coump@adand9d exhibited the maximum inhibitory effects g510.54

and 11.01 uM), which are considered as the highetstities compared to other compounds (Table &g T
results of compoun®a against WM793B cells are compatible with its supernihibtory effects revealed
against other cancer cell lines.

2.5. Annexin V PI/FITC apoptosis assay

Based on previous repofts *>which showed that flavin analogues are capabkctifating and stabilizing the
tumor suppressor p53, and consequently induces telthcycle arrest and apoptosis; we have conducted
annexin V Fluorescein Isothiocyanate/Propidium dediFITC/PI) apoptosis assay. Compouf€b, 10d, 10e,

10f and 10h were tested for their possible apoptosis indueictiyities. MCF7 cells were labeled by annexin-V
PI/FITC, followed by flowcytometry analysis (BC, B@0). The compounds were selected for this assay
depending on their potent antiproliferative actest and selectivity as depicted in Figure 5 andldah
respectively. Each of compound®e, 10fand 10d induced the early apoptotic MCF-7 cell populatiomsa

dose dependent manner by
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Figure 6. Annexin V FITC/PI apoptosis assay for MCF7 cellsated separately with compounds 10b, 10d,
10e, 10f, and 10h at 0, 1, 5 and 10uM (72h). X @&iannexin V and Y axis is PI for each compound: C

necrotic cells (PI+/ annexin V-); C2: late apoptatells (PI+/ annexin V+); C3: live cells (Pl-/amnmeV-); C4:
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early apoptotic cells (PIl-/ annexin V+). Data showwnmean % cell number £ SD (n=3). Experiment was
repeated 3x.

two folds compared to the control as shown in Fegbir Meanwhile, compountDh at its lowest concentration
(1.0 uM) showed a significant early drug apoptagisnore than two folds compared to the control, iehs,
this activity decreased to 14% early apoptotic &vext 5 and 10 pM. Regarding the late apoptoticigés,
compoundl0f and 10h showedthe bestate apoptotic effects at 10uM concentration ofab® 13 times more
than the control, respectively (Figure 6). Compodfd showed no evidence of early apoptotic activityd an
that result is less consistent with its MTT assay BK profiling activity against the panel 20 kiaas

Despite that some of the aforementioned apoptesalts are more or less consistent with the MTRyss
which was conducted for a longer time, we cannetcsiate to use the MTT assay to analyze the apesptos
assay. MTT assay measures the rate of surviving aedl cannot distinguish the manner and stages bf cel
death>® Additionally, it can be suggested that compoundaegally may reveal their antitumor effects by
downregulating any of the different hallmarks oficar without affecting apoptosis.

2.6. Structure activity relationship (SAR)

In this study, three main structural features af @mpounds are discussed. These include the aolaamine
moiety at position 2, the substituents at posiiorand the electronic effects of substituents aitpm 7, as
depicted in Figure 7. Regarding MTT assay, comde@a, 9b, 10b, 10d, 10fand 10h reveled the highest
activities against MCF-7, A2780, and HCT116 tumellsc These results indicate that alloxazine skeldtn
compoundslOb, 10d, 10f,and 10h) revealed[3-13 times more potent antiproliferative activitigmn 5-
deazaalloxazine skeleton (in compouf@dsaind9b). The alloxazine derivatives having 4-(4- methyl pgzeny!
methyl)benzylamine moietylQb) at position 2 demonstrated up to five times mpogent activities than
compounds with 4-(morpholinomethyl)benzylamiridd), 1-(4-methoxyphenethyl) piperidin-4-amin&o0f),
and 1-phenylethylamine 10h). In addition, compound®a and 9b with 4-(4-methylpiperazinylmethyl)

benzylamine moiety at position 2 exhibited a ran§é-20 times more potent antiproliferative actestthan
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compounds with other moieties at the same positidre substituents with different electronic effeets
position 7, such as H, Me, OMe, and Cl, have lagsifccant effects on the antiproliferative actiyit
Nevertheless, 7-OMe and 7-Me

CH (5-deazaalloxazines) have
CH a selectivity for PTKI of Abl-1
& FAK more than N (alloxazines)

LN

\/Qt,.. 0 '..""‘-.\ H
o™ \/@’ ' ' oo Me Less significant
L LN /X R ‘OMe on antiproliferative
Most significant HN activity and PTKI
on antiproliferative < O \/©/ ; )\ “Cl
and PTKI activities N LN N
H N N

Figure 7. The structural features of alloxazines and 5-dalémeazines manipulated to improve the selectivity,

antitumor activity, and apoptotic cell death.

substituents revealed the lowesgd@ compoundslOb and 10f against MCF-7 cells (I§g= 0.04 and 0.16,
respectively).

Regarding PK inhibition assay, compourisand 9c similarly have the highest inhibition of FAK kinabg
48%

and 59% and ABL1 by 33 and 44%, respectively amdpmund9b inhibits FAK by 42%. Compoundib, 10b,
and10f inhibited CDK1/CyclinAl equally by 34%. The PK itiory activities of the title compounds confirm
that at position 2, the following moieties: 4-(4tmdpiperazinylmethyl)benzylamine94, 9 and 10b), 4-
(piperidinyl methyl)benzylamine9¢), or (4-methoxyphenethyl) piperidin-4-aming0f) of alloxazines or 5-
deazaalloxazines are responsible for the seletthibition of FAK, ABL1, and CDK1/CyclinAl kinaseS.he
5-deazalloxazines (CH moiety at position 5) reveaeselectivity for inhibition of Abl-1 and FAK kases

more than the alloxazines. In regard to the apaptoeffect, compound 10d with 4-
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(morpholinomethyl)benzylamine at position 2, inddidate cell death significantly at 10uM kY times more
the early death. Furthermore, compound 10f and comg 10h (with 1-(4-methoxyphenethyl) piperidin-4-
amine) showed the best late apoptosis at 10uM concemtratfol2 and 13 times more than the control,
respectively. Whereas, the structure features pldnylethylamine at position 2@h) is correlated with the
early cell death.

2.7. Molecular docking study of the best alloxazineandidates into PKs

2.7.1. Validation of the accuracy and performancefdGOLD docking program

The most straightforward method for validation lé used scoring function is to examine how cloietybest-
docked conformation resembles the native co-ctizdlligands in the experimental biological metfidd

This study was initially performed by re-docking thfe co-crystallized ligands, namely imatinib, $int
(imatinib), 30G (3,5-dihydro [1,2,4] triazino[3@][1,4]benzoxazin-2(H)-one, bosutinib, vemurafenib, and
8ST(N-(4-chlorophenyl)-2-((pyridin-4-ylmethyl)amino)besmide) into their corresponding kinases of Abl, c-
kit, FAK, Src, B-raf, and FLT1, respectively. Alntcal of the docked poses were superimposed ondtieely
co-crystallized bound ligands within a root meanag deviation (RMSD) of 0.21, 1.30, 4.17, 0.9220and
0.37 A, respectively, as shown in Figure 8 AUEAK; PDB: 4g9s andsrc; PDB: 4mxo are not represented).
These results similarly emulate the experimentsiilts, revealing successful docking protocol anafioming

the accuracy of the GOLD docking program for furttiecking of the designed hits.

2.7.2.GoldScore fitnessf the designed alloxazine candidates into PTKs

The Goldscore was implemented in this study asaackealgorithmic function for “drug-like” substarsce
because it has been reported to afford superiokinigaesults to the Chemscore as a scoring fundion
GOLD>2’ All the docking output results, including GoldSeditness, protein-ligand intermolecular hydrogen
bonding S(hb-ext), and protein-ligand intermolecifan der Waals interactions S(vdw-ext) for the foe
candidates o®a-eand10a-i are represented in tlseipplementary data, Table 3S. The docked compautawls
human Abl kinase domain (PDB: 2hyy) revealed Gdlteks scores ranging from 63.55-82.41. Compo@agds
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9b, 9d, 9e,and 10b exhibited the most noteworthy GoldScore fithess/®04-82.41 in comparison to the
reference compound imatinib of 102.08. Many of ¢hesmpounds were docked proximately superimposed on
the native co-crystallized ligand within 1.17-1.55Rhey docked into the binding site through up to two
hydrogen bonds to a higher extent with Thr315 (CBly286 (C=0), and Met318 (NH) amino acids. In this
regard, compoun@a, which exhibited a high remarkable GoldScore seto the Abl kinase of 81.78, was

docked overlapping on

Abl kinase

¢-Kit kinas:
(Chain A)

Co-crystallized
vemurafenib
S

Asp1040
cked Cyed2 |

Figure 8. Validation of the accuracy of GOLD 5.2.2 for dodimto Abl; (PDB: 2hyy;A), c-kit; (PDB: 1t46;
B), B-raf; (PDB: 4rzv;C), andFLT1; (PDB: 3hng,D) kinases. The docked poses are represented bgrizhll
stick view, colored by elements, and the nativecgstallized ligands are shown as yellow stickse Th

hydrogen bonds are depicted by green dashed lines.
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the native bound imatinib within RMSD of 1.24 Awas bound to the binding site of the titled kinagene

hydrogen between its C=N moiety and OH of Thr31%anacids, as shown in Figure 9. Compo@cdvas

His361 ||

B bl kinase
(Chain B)

Figure 9. Docking of compoun®a (ball and stick, colored by element) into chairoBAbl kinase (PDB:

2hyy). It exhibited one hydrogen bond (green dolirees) with Thr315. It was docked within RMSD a4 A

from the native co-crystallized imatinib (yellowck).

docked within RMSD of 1.58 A of the co-crystalliz8&)G ligand and bound into the binding site by two
hydrogens between its carbonyl group at positiceand its terminal piperidine-N atom with NH moietieb

Cys502 and Lys454 amino acids, respectively as showigure 10.
\ - %o ~ .\

\

\\ \ ", lle428
% ~ . D
» 4 Vald36 k AW pe
5 o - - p¥ y
3 v
NV - g " I L A

/
. »
‘B * .
/9ce S Leusss -
-r Co-crystalia Gly505,
* 30G ligand
~ = Hydrogen bond \
Hydrophabic bond .
~ Electrostatic bond

"% FAK kinase

Figure 10. Compoundc is docked into FAK kinase (PDB:4q9s). It reveal® thydrogen bonds with Cys502
and Lys454. Its planar pyrimidoquinoline ring irgets hydrophobically with le428, Val436, and 1185&8nd

the 2-benzyl moiety interacts byrecation electrostatic bond with the quaternary amionm moiety of Lys454.
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Figure 11 LigPlot view of compoundOb docked into SH2 domain of Src kinase (pdb: 4mxihiw RMSD
of 2.14 A. It binds into the binding site via twgdrogen bonds with Tyr340 and Ala390 and interacts

hydrophobically with the key amino acids Leu393|284., Lys295, and Leu273 of the binding site.

In addition, the hydrophobic interaction plays aatal role to binding the pyrimidoquinoline ring cdmpound
9c with 1le428, Val436, and 1le553. Moreover, thd@nzyl moiety interacts by mcation electrostatic bond
with the quaternary ammonium moiety of Lys454 ameracts hydrophobically with the aliphatic hydndozn
moiety of Lys454. Accordingly, compour@t demonstrated a Gold score (external vdw) of 48MEhy of our
compounds exhibited mild human Src kinase inhihitaf -17 to -21% using the radiometric PK-profiling
assay. Further molecular docking studies were atteduo determine their binding affinities and thede of
their interactions into the target kinase. The legtked compounds were embedded into the intraaelfrc
SH2 domain target within RMSD of 1.59-2.53A. Theyubd through up to two hydrogen bonds, mainly with
Met341 and Tyr340 amino acids. Into the Src SH2 @lapcompound.Ob was docked to exhibit a GoldScore

fitness of 69.05, comparable to the score of theévelg bound bosutinib of 77.55. Compourd®db was
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embedded into the binding domain within RMSD of424 from the native co-crystallized bosutinib ligarit
showed two hydrogen bonds between its 2-NH andriie@ties moieties and Tyr340 and Ala390 amino acids
and interacted hydrophobically with Leu393, Val28%s295, and Leu273, as shown in the LigPlot vidw o

Figure 11.

2.9. Correlation between the GoldScore fitness an€ 5o

The analysis of the docking results revealed a biginelation between the antiproliferative actegtiagainst
the human breast adenocarcinoma (MCF-7) cells for camg@ge9a, 9b, 9d, 10a, 10b, 10d, 104nd 10i and
their GoldScore fitness into FAK kinase. The obegirtorrelation coefficient @R was 0.979, as illustrated in
Figure 12-A. Likewise, the docking results of compds9a, 9b, 10a, 10b, 10dand 10i into SRC kinase
exhibited considerable correlations between thaldGitness scores and the antiproliferative at#si (1Go)
against breast adenocarcinoma (MCF-7) and ovadnoer cells (A2780). The obtained correlation goefits
(R% were 0.8811 (not represented) and 0.8595 (Figa@r8), respectively. These results indicated thgh hi
consistency and correlation between the biologiesililits and the GoldScore for compounds reveahiagest
antiproliferative results against the used tumdk loees and the best Po inhibitory activities agsithe target

kinases.
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Figure 12 Correlation between the antiproliferative actest (IGg; UM) and the GoldScore fithess foA)
compounds9a, 9b, 9d, 10a, 10b, 10d, 10&nd 10i) of (R?) was 0.979 between their fithess into FAK kinase
and G against MCF-7 cellsB) compoundsda, 9b, 10a, 10b, 10cind 10i) of (R?) was 0.8595 between their
fitness into SRC kinase andsagainst A2780 cells.

3. Conclusion

In this study, derivatives of 2-deoxo-5-deaza alores 9a-¢ and 2-deoxo-alloxazing4d0a-i) were selected
and synthesized from different side chains at @osi2 and substituents at position 7 with differelgctronic
properties. The corresponding precurscta-g) and Ha-d) were subjected for coupling reactions for the
nucleophilic replacement of their 2-methylthio gosiby the appropriate amine, namélg(aminomethyl)phenyl)
methanaminalerivatives 8a-¢), 4-(aminomethyl)phenylN,N-dimethylmethanaminéd), and the commercially
available 1-(4-methoxyphenethyl) piperidin-4-amir(8e), or 1-phenylethan-1-amine 8{). Combiflash
chromatography was utilized for purification of thelar products in 18-69% and 23-69% vyields, raspsg.
Furthermore, compound inhibition profiling was urtd&en to measure the effect of five test compou@ds

9b, 9c, 10f and10f) in addition to the reference compound imatinibe@@e€) against 20 proteins kinases.
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The profiling data showed potent inhibition (rarggifnom 30-59%) with ABL1, CDK1/Cyclin Al, FAK, and
SRC. Compoun@c exerted the highest inhibition of 59% for FAK amd4% inhibition for ABL1. Compound
9a inhibited FAK and ABL1 by 48% and 33%, respectywebimilarly, compoun®b inhibited FAK by 42%.
Compound®b, 10b, and 10f inhibited CDK1/CyclinAl equally at the 34% rangeheTACVR2A, FAK, and
SRC kinases were inhibited at different levels Bycampounds. Not surprisingly, the reference coommh
imatinib, had the highest inhibitions with ABL1 @3 and with FAK (62%) and moderate inhibitions with
BRAF (44%), CDK1/Cyclin Al (31%), c-KIT (47%), FLTM2%), and SRC (30%). Some of the compounds
exhibited low to moderate activations for a fewtlw# tested kinases, including c-KIT, FLT2, FLT2d&hER?2.
Compound®b was observed to have the greatest activationkdiicat 60%, followed by compound and9a,
with 32—-36% inhibitions. FLT2 kinase was activatyd50% by compoun8a and 37% by9b. CompoundLOf
was recorded with a 46% activation of FLT3 followey 37% with10b. Lastly, compoun®c had a 33%
activation of HER2. All the other activations notedre less than 20%. Many of our designed and sgizld
compounds demonstrated significant apoptotic cbarag different concentrations. Notably, compoaodt
induced early death of MCF-7 cells (145.6%) atlthwest concentration (1.0uM). Likewise, compoui@e
and 10f induced early cell death at 5.0uM (88.9 and 100.6%g 10pM (145.6 and 130.0%), respectively.
Regarding the late apoptotic effects, compoutfafsand 10h exhibited dramatic cell death of 1100 and 1180%,
respectively, at 10.0uM concentration. In additiocompoundlOd at 10uM induced late cell death by 556% in
comparison to the control. Even though compo@t exhibited high antiproliferative activities (3¢ 0.04-
0.05uM) and kinase inhibition activities of -34% (CDKY€nAl), it has a less significant anti-apoptotic
activity using Annexin V/FITC assay. The antipretitive activity, measured by MTT assay, may resain

cell death and/or inhibition of proliferation; hove, cell apoptosis is only one type of cancerrhaik>’
Therefore, evaluating the anti-tumor activity ofeafical compounds by MTT assay may not be enougth, an
further biological tests are needed. Hence, furtitedies are needed to address the mechanism loh whr

compounds reveal their antitumor effects other thampoptotic pathway.
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In summary, our current drug design strategy wadisaied to improve the antitumor activity of ourate
compound—7-methyl-2-methylthio-pyrimido[4[g§guinolin-4(3H)one and its derivatives—by replacing the 2-
methylthio moiety by the more polar 2-hydroxyetimglao moiety?® This approach improved by 10 times,

for the optimized lead (I). In the present stude tG, was improved by an additional four times to get th
optimized lead 2 (10b) of 1G5y of 0.04 uM by inserting the 4-((4-methylpiperazin-1-
yl)methyl)phenyl)methanamine in position 2. In doldl, the overall results suggest that the SARiribibition

of PK and antiproliferative activity in substitutedlloxazines and 5-deazaalloxazines derivatives are
multifactorial events. The moieties at positiondé the most significant influence on antiprolitera and PKI
activities, whereas the substituents at positiblave a less significant effect on these activiiesaddition, the
5-deazaalloxazines have a higher selectivity fod-BAkand FAK kinases, more than the corresponding
alloxazines.

The comparison with the biological activity, alomith the docking binding affinities, and interagtgof the
synthesized compounds afford more insight intorttoele of interaction of the designed compounds th&
target kinases. This study justified the differahictivation and inhibition of the target kinasEsr instance,
the compounds exhibiting an activation of the clitase did not show any hydrogen bonding withtdrget
kinase, whereas the inhibitors revealed hydrogemling specifically with Glu640 amino acids. Moreowvhe
correlation between the docking GoldScore fitnessthe antiproliferative activity (I§; uM) were conducted.
The obtained correlations were considerabfe: (R979), especially for docking of compounga, 9b, 9d, 10a,
10b, 10d, 10fand10iinto FAK kinase.

4. Experimental

Materials quality control & reagents

The mass spectra were recorded on GCMS-QP 1000 HiMa8zu Gas Chromatography MS spectrometer,
E.l.70 ev. Microanalyses were measured by Auton@H& analyzer, Vario H1I, Elementary-Germany at the

Microanalytical unit. All reagents were of commaicguality and were used without further purificati
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Organic solvents were dried in the presence of @rapriate drying agent and were stored over shkitab
molecular sieves. Reaction progress was monitokedralytical thin layer chromatography (TLC) on Jre
coated silica gel matrix with fluorescent indicas4 nm on TLC Al foils (Sigma-Alrich) and the prozts
were visualized by UV light.

4.1. Chemistry

All reagents were of commercial quality and weredusvithout further purification. Organic solventene
dried in the presence of an appropriate drying tigad were stored over suitable molecular sievescton
progress was monitored by analytical thin layeroattography (TLC) on pre-coated silica gel matrikhw
fluorescent indicator 254 nm on TLC Al foils (Sigmdrich) and the products were visualized by UVhligAll
chemical reagents and solvents were purchased WafR and Sigma-Aldrich Chemical Co. unless specified
otherwise and used without further purificationl ahhydrous reactions were performed under a séagjon
atmosphere in dried glassware using anhydrous stslvé©rganic phases in the work up were dried over
anhydrous Ng50O,, and removed by evaporation under reduced pres3ime crude final compounds were
purified by a CombiflashRf chromatography system (Teledyne Technologies, Timusand Oaks, CA).
Purities of the intermediates were establishechinylayer chromatography (TLC), melting poitt, NMR, *C
NMR, DEPT-NMR and mass spectrometry. Analytical nFldyer Chromatography (TLC) was run on pre-
coated silica gel TLC aluminum plates (WhatmablV.s,, layer thickness 25Qm), and the chromatograms
were visualized under ultraviolet (UV) light. Melf points were determined on a digital Electrotharm
capillary melting point apparatus (MEL-TEMP) ance amcorrected. The proton magnetic resondite
NMR spectra were recorded on BRUKER AVANCE Il speeneter at 500 MHz an#°C-NMR and
DEPT135 spectra were obtained at 125 MHz (at CellegPharmacy, Umm Al-Qura University, Saudi
Arabia) in the specified solvent at room temperattiH-NMR,**C-NMR, and DEPT135 spectra for few
compounds were recorded on BRUKER spectrometerO@t BHz and 75 MHz, respectively (at

Department of Chemistry, Texas A&M University-Kinje-TAMUK, USA). All NMR spectra were
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recorded using DMS@s as solvent and chemical shifts are reported vialues (ppm) relative to DMSO peak
at 6 2.507 as a reference compound. The chemical siwéte reported on thé scale and were related to
that of the solvent and values are given in Hz. Multiplicities are indiedtas s (singlet), d (doublet), t
(triplet), g (quartet), m (multiplet), and bs (bdasmed singlet), and coupling constardsare reported in hertz
(Hz). All NH and OH protons were exchangeable vid©. DEPT-135 spectrum was used to differentiate the
chemical shifts of the aliphatic Gldnd CH, and the aromatic CH. High resolution mass spawttoy (HRMS)
were performed at Campus Chemical Instrument CG1€iC) Mass Spectrometry and Proteomics Facility a
The Ohio State University, USA. The other mass spdor the intermediate compounds were performetie
School of Chemical Sciences, University of lllin@it UrbanaChampaign USA and in Al Azhar University,
Egypt. The purity of each tested compound was aedlyby combustion elemental analysis performed in
Microanalyses were carried out at the microanafyti€enter, Faculty of Science, Cairo University.
Analyses indicated by the symbols of the elemergsewvithin£0.4%. The purity of final compounds were
determined to be greater than 95% by elementayses(C, H, N).

4.1.1. General procedure (A) for the preparation of2-(methylthio)pyrimido[4,5-b]quinolin-4(3H)-one
analogues; (4a-d) A mixture of 2-(methylthio)-6-(phenylamino)pyricin-4(3H)-one derivative §) and
phosphoryl chloride (5eq) in anhydrobisN-dimethylformamide (10 ml) was heated af®Qwith stirring for
1.0 h. The reaction mixture was poured onto iceragdralized with aqueous ammonia (pH 7) accortbnidpe
reported procedur®. The yellow crystals separated were filtered offashed with water, dried, and
recrystallized from DMF/EO to afford the product as yellow needles in 66-32étds.

4.1.1.1. 2-(Methylthio)pyrimido[4,5b]quinolin-4(3H)-one (4a).The title compound was prepared from 2-
(methylthio)-6-(phenylamino)pyrimidin-4E8)-one @a; 2.0g, 8.57 mmol) according to the general procedu
The crude product was isolated and purified bytatisation from DMF/HO to yield 1.30 g (62 %) of yellow
solid; mp 290-29%C (decompo., Lit® >292-294C); 'H NMR (500 MHz, DMSOd) & 12.79 (1H, br s,

exchangeable with {®, 3-NH), 9.17 (1H, s, 5-H), 8.21 (1H, = 8.0 Hz, 6-H), 8.02 (1H, d, = 8.0 Hz, 9-H),
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7.91 (1H, tJ = 8.0 Hz, 8-H), 7.62 (1H, fl = 8.0 Hz, 7-H), 2.64 (3H, s, 2-${). 3C NMR (125 MHz, DMSO)

0 162.29 (1C, Ar-4c0), 155.83 (1C, Ar-10&), 151.06 (2C, Ar-2= and Ar-9a€), 138.93 (1C, Ar-5cH),
133.28 (1C, 8=H), 129.96 (1C, Ar-62H), 128.62 (1C, Ar-9cH), 126.54 (1C, Ar-%cH), 126.28 (1C, Ar-5a-
C), 115.45 (1C, Ar-4&), 13.53 (1C, 2-6Hs). DEPT G%(125 MHz, DMSO)s 138.93 (1C, Ar-5cH), 133.28
(1C, 8CH), 129.96 (1C, Ar-62H), 128.63 (1C, Ar-3=H), 126.54 (1C, Ar-%cH), 126.28 (1C, Ar-5&),
115.45 (1C, Ar-4&), 13.52 (1C, 2-6Hs). MS (ES+) (RA%)m/z = 243.12 (M) (100%).

4.1.1.2. 7-Methyl-2-(methylthio)pyrimido[4,5b]quinolin-4(3H)-one (4b).The title compound was prepared
from 2-(methylthio)-6-(p-tolylamino)pyrimidin-4¢3)-one @b; 500 mg, 2.02 mmol) according to the general
procedure A. The crude product was isolated andigdiby crystallization from DMF/BEO to yield 400 mg
(77 %) of yellow solid; mp 296-29€ (decompo.);'H NMR (500 MHz, DMSOd) 6 12.76 (1H, br s,
exchangeable with J®, 3-NH), 9.0 (1H, s, 5-H), 8.00-7.86 (2H, m, 6 &x#i), 7.73 (1H, dJ = 7.73 Hz, 8-H),
2.62 (3H, s, 2-SH3), 2.50 (3H, s, 7-83). **C NMR (125 MHz, DMSOY 162.62 (1C, Ar-4c0), 161.67 (1C,
Ar-10aC), 155.17 (1C, Ar-X), 149.63 (1C, Ar-9&), § 137.83 (1C, Ar-5cH), 136.11 (1C, Ar-T), 135.61
(1C, 8CH), 128.35 (1C, Ar-682H), 128.19 (1C, Ar-9=H), 126.26 (1C, Ar-5a&), 115.35 (1C, Ar-4a), 21.38
(1C, 7CHs), 13.51 (1C, 2-6Hs). DEPT C%(125 MHz, DMSO)s 137.83 (1C, Ar-55H), 135.61 (1C, &H),
128.35 (1C, Ar-6SH), 128.19 (1C, Ar-92H), 21.54 (1C, %Hs), 13.51 (1C, 2-8Hs). MS (ES+) (RA%)m/z

= 257.15 (M) (100%).

4.1.1.3. 7-Methoxy-2-(methylthio)pyrimido[4,5bk]quinolin-4(3H)-one (4c).The title compound was prepared
from 6-((4-methoxyphenyl)amino)-2-(methylthio)pyiaim-4(3H)-one @c; 1.0 g, 3.80 mmol) according to the
general procedure A. The crude product was isolatet purified by crystallization from DMFA@ to yield
0.90 mg (87%) of yellow solid; mp 275-2T8 (decompo.)*H NMR (500 MHz, DMSOd) ¢ 12.68 (1H, br s,
exchangeable with J», 3-NH), 9.01 (1H, s, 5-H), 7.93 (1H, 8= 9.1 Hz, Ar-9-H), 7.59 (1H, s, Ar-6-H), 7.57
(1H, d,J = 9.1 Hz, Ar-9-H), 3.91 (3H, s, 7-0G), 2.62 (3H, s, 2-SB3). °C NMR (125 MHz, DMSO)$

162.39 (1C, Ar-4c0), 160.34 (1C, Ar-10&), 157.07 (1C, Ar-X), 154.35 (1C, Ar-T), 147.35 (1C, Ar-9a-
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C), 136.78 (1C, Ar-5H), 130.15 (1C, %H), 127.36 (1C, Ar-5&), 126.56 (1C, Ar-8=H), 124.85 (1C, Ar-8-
CH), 114.39 (1C, Ar-4d&), 56.14 (1C, 7-GHs), 13.47 (1C, 2-8H3). DEPT C**(125 MHz, DMSO) 136.78
(1C, Ar-5-CH), 130.14 (1C, $H), 126.57 (1C, Ar-82H), 124.85 (1C, Ar-82H), 56.14 (1C, 7-QHs), 13.48
(1C, 2-SHs). HRMS (ESI):mVz = 274.06470 (M+1).

4.1.1.4. 7-Chloro-2-(methylthio)pyrimido[4,5b]quinolin-4(3H)-one (4d).The title compound was prepared
from 6-((4-chlorophenyl)amino)-2-(methylthio)pyridin-4(3H)-one @d; 2.0 g, 7.47 mmol) according to the
general procedure A. The crude product was isolatedpurified by crystallization from DMFA@ to yield 1.8
mg (87 %) of yellow solid; mp 292-296(decompo.);’H NMR (500 MHz, DMSOd) § 12.84 (1H, br s,
exchangeable with {», 3-NH), 9.14 (1H, s, 5-H), 8.35 (1H, s, 6-H),3(@QH, d,J = 9.0 Hz, 8-H), 7.89 (1H, d,
J=9.0 Hz, 9-H), 2.63 (3H, s, 2-$3). *C NMR (125 MHz, DMSOY 162.48 (1C, Ar-4<0), 162.10 (1C, Ar-
10aC), 158.77 (1C, Ar-X), 155.74 (1C, Ar-98), 148.96 (1C, Ar-T), 138.68 (1C, Ar-32H), 133.82 (1C, 6-
CH), 130.82 (1C, Ar-5&), 130.33 (1C, Ar-82H), 128.36 (1C, Ar-%H), 126.77 (1C, Ar-4a&), 13.58 (1C, 2-
SCHs). DEPT G* (125 MHz, DMSO)s 138.68 (1C, Ar-5cH), 133.82 (1C, H), 130.33 (1C, Ar-8&H),

128.36 (1C, Ar-9€H), 13.59 (1C, 2-6Hs). MS (ES+) (RA%)mz = 277.11 (M) (100%).

4.1.2. General procedure (B) for the preparation oR2-(methylthio)-4-oxo-3,4-dihydrobenzofjpteridine-5-
oxid analogues; 5a-d) To a mixture of 2-(methylthio)-6-(phenylamino)rpyidin-4(3H)-one @) in acetic acid
(10-20ml) in ice, sodium nitrite (2-5 eq) was addmmitionwise. The mixture was stirred for 2 h abmo
temperature. The separated crystals were filtefedyosuction filtration and washed with water. Tfikrate
was concentrated under vacuum and the residue Nsddwith water to afford the second crop accogdio
the reported procedufé.The collected solids were dried and crystallizeo acetic acid to afford the
compounds as orange-red needles with 43-56% yields.

4.1.2.1. 2-(Methylthio)-4-oxo-3,4-dihydrobenzafpteridine-5-oxid (5a). The title compound was prepared
from 2-(methylthio)-6-(phenylamino)pyrimidin-4@-one Ba; 2.0g, 8.57 mmol) according to the general

procedure B. The crude product was isolated anifiguiby crystallization from DMF/KO to yield 1.30 g (62
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%) of yellow crystals; mp 326-33G (decompo., Lit?® >300°C). The title compound was reported by our
research grouf®

4.1.2.2. 7-Methyl-2-(methylthio)-4-oxo-3,4-dihydobenzop]pteridine-5-oxide (5b). The title compound
was prepared from 2-(methylthio)-6-(p-tolylamino)rimidin-4(3H)-one @b; 3.0 g, 12.0 mmol) according to
the general procedure B. The crude product waatewland purified by crystallization from acetiodaio yield
1.85 g (56 %) of orange crystals; mp 299-3D%decompo., Lit?® >300°C); *H NMR (500 MHz, DMSO#) 5
12.85 (1H, br s, exchangeable witb) 3-NH), 8.15 (1H, s, 6-H), 7.89 (1H, &= 8.6 Hz, 9-H), 7.77 (1H, d,

= 8.6 Hz, 8-H), 2.58 (3H, s, 2-$), 2.55 (3H, s, 7-63). *C NMR (125 MHz, DMSO) 161.94 (1C, Ar-4-
CO), 156.20 (1C, Ar-4&), 154.11 (1C, Ar-108), 144.05 (1C, Ar-X), 140.20 (1C, Ar-58), & 136.87 (1C,
Ar-7C), 136.23 (1C, &H), 129.46 (1C, Ar-82H), 125.34 (1C, Ar-94&), 117.91 (1C, Ar-9=H), 21.82 (1C, 7-
CHs), 13.51 (1C, 2-8H3). DEPT C*(125 MHz, DMSO)s 136.23 (1C, 82H), 129.46 (1C, Ar-62H), 117.91
(1C, Ar-9-CH), 21.82 (1C, TcH3), 13.51 (1C, 2-8H3). MS (ES+) (RA%):mz = 274.12 (M) (34%), 257.13

(100%).

4.1.2.3. 7-Methoxy-2-(methylthio)-4-oxo-3,4-dihydybenzofg]pteridine-5-oxide (5c). The title compound
was prepared from 6-((4-methoxyphenyl)amino)-2-fngkthio)pyrimidin-4(3H)-one @c, 2.0 g, 7.6 mmol)
according to the general procedure B. The cruddymiowas isolated and purified by crystallizatioonh acetic
acid to yield 1.20 g (55 %) of yellow crystals; Bp5-338C (decompo., Lit?® >300°C); *H NMR (500 MHz,
DMSO-) 6 12.83 (1H, br s, exchangeable with@ 3-NH), 7.96 (1HJ = 9.0 Hz, 9-H), 7.69 (1H, s, 6-H), 7.63
(1H, d,J = 9.0 Hz, 8-H), 3.97 (3H, s, 7-0%), 2.59 (3H, s, 2-SB5). 1°C NMR (125 MHz, DMSO) 162.82
(2C, Ar-4CO and Ar-4a€), 160.57 (1C, Ar-108), 153.27 (1C, Ar-T), 141.67 (1C, Ar-X), 137.92 (1C, Ar-
5aC), 131.33 (1C, Ar-CH), 127.04 (1C, Ar-6cH), 125.09 (1C, Ar-9a), 97.44 (1C, Ar-8cH), 56.70 (1C,
7-OCHa), 13.49 (1C, 2-8H3). DEPT C**(125 MHz, DMSO0)5 131.33 (1C, Ar-€H), 127.04 (1C, Ar-62H),
97.44 (1C, Ar-8€H), 56.70 (1C, 7-QHg), 13.49 (1C, 2-8Hs). MS (ES+) (RA%)m/z = 290.13 (M) (40%),

273.13 (100%).
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4.1.2.4. 7-Chloro-2-(methylthio)-4-oxo-3,4-dihydrobnzog]pteridine 5-oxide (5d). The title compound was
prepared from 6-((4-chlorophenyl)amino)-2-(methigjpyrimidin-4(3H)-one 8d; 2.0 g, 7.6 mmol) according
to the general procedure B. The crude product ws@lated and purified by crystallization from acedd to
yield 0.94 g (43 %) of red crystals; mp 321-325decompo.)*H NMR (500 MHz, DMSOd) ¢ 13.14 (1H, br
s, exchangeable with,D, 3-NH), 8.34 (1H, s, Ar-6-H), 8.12 (1d,= 9.1 Hz, 9-H), 8.01 (1H] = 9.1 Hz, 8-H),
2.65 (3H, s, 2-SH5). *C NMR (125 MHz, DMSO) 160.37 (1C, Ar-4c0), 150.54 (1C, Ar-4&), 144.96
(1C, Ar-10a€), 143.53 (1C, Ar-X), 141.22 (1C, Ar-58), 136.47 (1C, Ar-T), 134.55 (1C, Ar-9a), 134.12
(1C, 6CH), 130.72 (1C, Ar-9zH), 128.80 (1C, Ar-82H), 13.86 (1C, 2-6Hs). DEPT C**(125 MHz, DMSO)
§ 134.12 (1C, 62H), 130.72 (1C, Ar-9cH), 128.80 (1C, Ar-8cH), 13.86 (1C, 2-6Hs). MS (ES+) (RA%):

miz = 294.07 (M) (36%), 277.06 (100%).

4.1.3. General procedure (C) for the preparation o#-(aminomethyl)benzonitrile analogueg7a-d). The
reported procedure was appalied with modificaffos-(Bromomethyl)benzonitrileé{ 10g, 0.05 mol), sodium
carbonate (5.95g, 56.0 mmol, 1.1eq), and apprepaatine (56.0 mmol, 1.1eq) and DMF (75 ml) wereadix
together and stirred for 3 h at room temperatuimen theated for 5 h at 90°C. The reaction mixturs eaoled,
water (200 ml) was added, and the mixture wasestifor 0.5 h at 0 - 5°C. The deposited crystalarif) were
filtered off and washed with cold water (2 x 50 @t)d dried under vacuo to afford the first crope Thmbined
filtrates were extracted with ethyl acetate (3 xrBl), dried over sodium sulfate, and evaporategaicuo to
afford the second crop. The products were obtaim@&@-98% total yields.

4.1.3.1. 4-((4-Methylpiperazin-1-yl)methyl)benzoniile (7a). The title compound was prepared from 4-
(bromomethyl)benzonitrile6{ 10 g, 0.05 mol), 1-methylpiperazine (6.2 ml, 561tol), and sodium carbonate
(5.95 g, 56.0 mmol) according to the general praced. 10.8 g (98 %) of white solid was isolatexy 117-
119°C. *H NMR (500 MHz, DMSOd) & *H NMR (500 MHz, DMSO#) § 7.87 (2H, d,J = 8.0 Hz, Ar-2,6-H),
7.50 (2H, dJ = 8.0 Hz, Ar-3,5-H), 3.53 (2H, br s, Ph-44g), 2.48-2016 (8H, br m, 2', 3, 5', 6'-H), 2.15 (3H

N-CH3). 3C NMR (125 MHz, DMSO) 145.02 (1C, Ar-4€), 132.60 (2C, Ar-2,6H), 129.99 (2C, Ar-3,5-
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CH), 119.38 (1CCN), 110.12 (1C, Ar-16H), 61.79 (1C, Ph-£H,), 55.11 (2C, 3', 5GH,), 52.97 (2C, 2', 6"
CH,), 46.14 (1C, NcHs). DEPT C* (125 MHz, DMSO)5 132.61 (2C, Ar-2, 8H), 129.99 (2C, Ar-3, EH),
61.79 (1C, Ph-45H,), 55.11 (2C, 3', 5GHy), 52.96 (2C, 2', 6GH,), 46.14 (1C, NSHs). MS (El): m/z = 216.3

(100%, M+1).

4.1.3.2. 4-(Morpholinomethyl)benzonitrile (7b).The title compound was prepared from 4-(bromométhyl
benzonitrile 6; 10 g, 0.05 mol), morpholine (4.9 ml, 56.0 mmalhd sodium carbonate (5.95 g, 56.0 mmol)
according to the general procedure C. 9.5 g (92P#)hite solid was isolated; mp 85-88. *H NMR (500
MHz, DMSO-) é 7.80 (2H, dJ = 8.0 Hz, Ar-2,6-H), 7.52 (2H, d,= 8.0 Hz, Ar-3,5-H), 3.63-3.52 (4H, m, 3',
5-H), 3.55 (2H, br s, Ph-448), 2.35 (4H, br s, 2', 6-H}*C NMR (125 MHz, DMSO) 144.56 (1C, Ar-4),
132.64 (2C, Ar-2,62H), 130.10 (2C, Ar-3,5H), 119.38 (LCCN), 110.22 (1C, Ar-1€), 66.63 (2C, 3', 5'-
CHy,), 62.15 (1C, Ph-£H,), 53.59 (2C, 2', 6GH,). DEPT ¢3%(125 MHz, DMS0)5132.64 (2C, Ar-2, H),
130.11 (2C, Ar-3, 5H), 66.63 (2C, 3', 5GH,), 62.15 (1C, Ph-&H,), 53.59 (2C, 2', 6GH,). MS (El): m/z =
203.4 (100%, N1).

4.1.3.3. 4-(Piperidin-1-ylmethyl)benzonitrile  (7c). The title compound was prepared from 4-
(bromomethyl)benzonitrile& 10 g, 0.05 mol), piperidine (5.54 ml, 56.0 mmai)d sodium carbonate (5.95 g,
56.0 mmol) according to the general procedure @2 § (80 %) of white solid was isolated; mp 42°@4'H
NMR (500 MHz, DMSO#) § 7.87 (2H, d,J = 8.0 Hz, Ar-2,6-H), 7.50 (2H, d,= 8.0 Hz, Ar-3,5-H), 3.50 (2H,
br s, Ph-4-El,), 2.31 (4H, br s, 2', 6'48,), 1.53-1.46 (4H, m, 3', 5'46), 1.42-1.34 (2H, m, 4'48,). °C NMR
(125 MHz, DMSO) 145.45 (1C, Ar-4€), 132.56 (2C, Ar-2,65H), 129.89 (2C, Ar-3,5H), 119.42 (1CCN),
110.0 (1C, Ar-1€), 62.61 (1C, Ph-H,), 54.38 (2C, 2', 6GH,), 26.02 (2C, 3', 5GH,), 24.34 (1C, Ar-4'-
CH,). DEPT C**(125 MHz, DMSO0)5 132.56 (2C, Ar-2, &H), 129.89 (2C, Ar-3, %H), 62.61 (1C, Ph-4-
CH,), 54.38 (2C, 2', 6GH,), 26.02 (2C, 3', 5GH,), 24.34 (1C, Ar-4€H,). MS (El): miz = 201.4 (100%,

M™+1).
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4.1.3.4. 4-((Dimethylamino)methyl)benzonitrile (7d) The title compound was prepared from 4-
(bromomethyl)benzonitrile& 10 g, 0.05 mol), dimethylamine (2.84 ml, 56.0 Mimand sodium carbonate
(5.95 g, 56.0 mmol) according to the general praced. 5.85 g (72%) of yellow oil was isolated.eTérude

compound was subjected for reduction to get comg@arwithout further purification.

4.1.4. General procedure (D) for the preparation of4-(aminomethyl)phenyl)methanamine derivatives
(8a-d). The reported procedure was applied with modifice*” A solution of 4-(aminomethyl)benzonitril&),
dissolved in tetrahydrofuran was added dropwisesuachitrogen atmosphere to a stirred suspensiamiAt 4
(4 eq) in tetrahydrofuran. The reaction mixture wg#sed overnight at room temperature. The reactias
guenched by minimum amount of aqueous saturatedmeosllfate solution under a chilling temperaturbe
slurry mixture was filtered under vacuo and thedws washed with ethyl acetate. The combined fésalried
over sodium sulfate, and evaporatedanuo to afford oil or white solid products in 41-82%elds.

4.1.4.1. (4-((4-Methylpiperazin-1-yl)methyl)phenylinethanamine (8a).The title compound was prepared by
reduction of 4-((4-methylpiperazin-1-yl)methyl)bematrile (7a; 10g, 46.4 mmol), using suspension of LiAlH
(7.05¢g, 0.186 mol) in THF (150 ml) according to teneral procedure D. 6.76 g (66 %) of oil produas
isolated; mp 95-97C. *H NMR (500 MHz, DMSO#) 8 7.26 (2H, d,J = 7.5 Hz, Ar-2,6-H), 7.20 (2H, d,= 7.5
Hz, Ar-3,5-H), 3.69 (2H, br s, Ph-4K3), 3.32-3.24 (4H, m, Ph-1#Gand CHNH,), 2.40-2.19 (8H, m, 2', 3,
5', 6'-CHy), 2.14 (3H, s, N-Bl3). & 143.20 (1C, Ar-4€), 136.55 (1C, Ar-1€), 129.09 (2C, Ar-2,6H), 127.30
(2C, Ar-3,5CH), 62.37 (1C, Ph-£H,), 55.20 (2C, 2, 65H,), 52.99 (2C, 3', 5GH,), 46.22 (1C, Ph-TH,),
45.85 (1C, NEH3). DEPT G* (125 MHz, DMSO0)5 129.10 (2C, Ar-2, 8H), 127.30 (2C, Ar-3,55H), 62.37
(1C, Ph-4€H,), 55.20 (2C, 2', 6GH,), 52.99 (2C, 3', 5GH,), 46.23 (1C, Ph-TH,), 45.85 (1C, NEHs3). MS

(EI): mz = 220.2 (100%, Ni1).

4.1.4.2. (4-(Morpholinomethyl)phenyl)methanamine (B). The title compound was prepared by reduction of
4-(morpholinomethyl)benzonitrile7p; 10.5 g, 52.0 mmol) using suspension of LIAIFF.88 g, 0.21 mol) in

THF (150 ml) according to the general procedur@ 35 g (72 %) of white solid product was isolatexq 96-
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99°C. *H NMR (500 MHz, DMSOd) § 7.27 (2H, dJ = 7.7 Hz, Ar-2,6-H), 7.22 (2H, d,= 7.7 Hz, Ar-3,5-H),
3.69 (2H, br s, Ph-448,), 3.58-3.53 (4H, m, 3', 5'-H), 3.30-2.54 (4H, nh-RCH,and PhCHNH,), 2.33 (4H,
br s, 2', 6'-H)*C NMR (125 MHz, DMSO) 143.46 (1C, Ar-4c), 135.99 (1C, Ar-C), 129.21 (2C, Ar-2,6-
CH), 127.31 (2C, Ar-3,5H), 66.67 (2C, 3', 5GH), 62.74 (1C, Ph-TGH), 53.61 (2C, 2', 6GH), 45.89 (1C,
Ph-CH,NH,). DEPT G%(125 MHz, DMSO0)s 129.21 (2C, Ar-2, &H), 127.31 (2C, Ar-3,%H), 66.66 (2C,
3', 5'CH), 62.74 (1C, Ph-TH), 53.61 (2C, 2', 6GH), 45.89 (1C, PIEH,NH,). MS (El): mVz = 207.5 (100%,
M*+1).

4.1.4.3. (4-(Piperidin-1-ylmethyl)phenyl)methanamie (8c).The title compound was prepared by reduction
of 4-(piperidin-1-ylmethyl)benzonitrile7¢; 8.0 g, 40.0 mmol), using suspension of LiAlE.06 g, 0.16 mol) in
THF (150 ml) according to the general procedure@®8 g (82 %) of oil product was isolatétl NMR (500
MHz, DMSO-d) *H NMR (500 MHz, DMSOd) § 7.25 (2H, dJ = 7.7 Hz, Ar-2,6-H), 7.20 (2H, d, = 7.7 Hz,
Ar-3,5-H), 3.68 (2H, br s, Ph-44@3), 3.27-2.75 (4H, m, Ph-1#@;and PhCHNH,), 2.28 (4H, br s, 2", 6'463),
1.51-1.43 (4H, m, 3', 5'4@,), 1.41-1.32 (2H, br m, 4'48;). 1°C NMR (125 MHz, DMSO) 143.18 (1C, Ar-4-
C), 136.85 (1C, Ar-1€), 129.04 (2C, Ar-2, &H), 127.22 (2C, Ar-3, 8H), 63.17 (1C, Ph-GH,), 54.32 (2C,
2', 6'CHy), 45.91 (1C, PIGH,NH,), 26.03 (2C, 3', 5GH,), 24.53 (1C, Ar-4EH,). DEPT G% (125 MHz,
DMSO) § 129.04 (2C, Ar-2, &H), 127.22 (2C, Ar-3, BH), 63.18 (1C, Ph-£H,), 54.32 (2C, 2', 6GH,),

45,91 (1C, PIGH,NH,), 26.03 (2C, 3', 5GH,), 24.53 (1C, Ar-4EH,). MS (El):mVz = 205.6 (100%, Nk1).
4.1.4.4. 1-(4-(aminomethyl)phenyIN,N-dimethylmethanamine (8d)

The title compound was prepared by reduction ofdéiv(ethylamino)methyl) benzonitrile 7¢; 2.50 g, 15.6
mmol), using suspension of LiAIH2.37 g, 62.4 mmol) in THF (150 ml) according e general procedure D.
1.06 g (41 %) of oil product was isolatéth NMR (500 MHz, DMSOsd) *H NMR (500 MHz, DMSO#) § 7.26
(2H, d,J = 7.5 Hz, Ar-2,6-H), 7.20 (2H, d,= 7.5 Hz, Ar-3,5-H), 3.69 (2H, br s, Ph-44g), 3.50-3.40 (4H, m,
Ph-1-GH,and PhCHNH,), 2.12 (6H, s, N-(El3),). °C NMR (125 MHz, DMSO) 143.23(1C, Ar-4€), 137.19

(1C, Ar-1C), 128.97 (2C, Ar-2, &H), 127.26 (2C, Ar-3, BH), 63.61 (1C, Ph-GH,), 45.86 (1C, Ph-
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CHNH;), 45.40 (2C, N-CHs),). DEPT G (125 MHz, DMSO)5 129.98 (2C, Ar-2, &H), 127.26 (2C, Ar-3,
5-CH), 63.59 (1C, Ph-GH,), 45.86 (1C, PIEH,NH,), 45.40 (2C, N-CHs),). HRMS (ESI):m/z = 165.1389

(M+1).

4.1.5. General procedure (E) for the preparation of5-deazaalloxazines (N-(substituted amino)-
pyrimido[4,5-b]quinolin-4(3H)-one; 9a-e).

A mixture of 2-methylthio-5-deaza-alloxazi(¥) and 4-(aminomethyl) phenyl) methanamiBg4-10 eq) in 10
ml anhydrous DMF was refluxed with stirring 10-204clear yellow solution was obtained at the refhwint.
Upon completion of the coupling reaction, which wasnitored by TLC (20% methanol in ethyl acetatieg,
mixture was refrigerated overnight. The depositeltbyv crystalline solids was collected by filtratido get the
first crop. The filtrate was concentratedvercuo to provide the second crop product. The crude ystsdwere
then purified by Combiflash chromatography (0-30%nwethanol in ethyl acetate) to afford yellow solid

products in 18-69% yields.

4.1.5.1. 7-Methyl-2-((4-((4-methylpiperazin-1-yethyl)benzyl)amino)pyrimido[4,5-b]quinolin-4(3H)-
one (9a).The title compound was prepared from 7-methyl-2tfiiéhio)pyrimido[4,5-b]quinolin-4(81)-one
(4b; 250 mg, 0.97 mmol) and (4-((4-methylpiperazintimethyl)phenyl)methanamin&€; 1.50 g, 6.80 mmol)
according to the general procedure E. The crudedymto was isolated and purified by Combiflash
chromatography (0-30% of methanol in ethyl acettigjield 287 mg (69 %) of yellow solid; mp 245-249
(decompo.)!H NMR (500 MHz, DMSO#d) 5 11.79 (1H, br s, exchangeable witb@ 3-NH), 8.85 (1H, s, 5-
H), 8.14 (1H, br s, exchangeable with@ 2-NH), 7.83 (1H, s, 6-H), 7.74 (1H, 8= 7.0 Hz, 9-H), 7.67-7.54
(1H, m, 8-H), 7.34 (2H, d] = 8.2 Hz, 35-H), 7.27 (2H, dJ = 8.2 Hz, 26-H), 4.63 (2H, br s, Ph*4CH,),
3.65-3.52 (4H, m, "2, 6'-H), 3.45-3.42 (4H, m,'3 5'-H), 3.16 (2H, br s, PhtACH,), 2.46 (3H, s, N-4-CHs),
2.21 (3H, s, 7-Bl3). *C NMR (125 MHz, DMSO} 161.49 (1C, Ar-4c0), 138.63 (1C, Ar-10&), 138.16 (1C,

Ar-2-C), 137.27 (1C, Ar-9a), 136.30 (1C, Ar-4C), 134.95 (1C, Ar-52H), 129.44 (4C, Ar-5a3, and Ar-9,
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3, 5-CH), 129.34 (1C, Ar-1C), 127.79 (2C, Ar-T and Ar-8CH), 127.59 (4C, Ar-4& and Ar-6, 2, 6-CH),
62.07 (1C, Ph“4CH,), 54.80 (2C, 2, 6'-CH,), 52.46 (2C, 3, 5'-CH,), 45.69 (1C, N-4-CHj), 43.75 (1C, Ph-
1'-CH,), 21.35 (1C, 7-Ch). DEPT CG*°(125 MHz, DMSO0)s 134.95 (1C, Ar-55H), 129.44 (3C, Ar-9, '3 5-
CH), 127.78 (1C, Ar-82H), 127.59 (3C, Ar-6, 2 6-CH), 62.07 (1C, Ph‘4CH,), 54.81 (2C, 2, 6'-CH,),
52.47 (2C, 3, 5'-CH,), 45.65 (1C, N-4-CHg), 43.86 (1C, Ph‘iCH,), 21.40 (1C, 7-Ch). MS (ES+) (RA%):
m/z = 415.4 (M-CHg+2) (20%), 215.5 (100%). Anal. Calcd for £8,6NeO): C, 70.07; H, 6.59; N, 19.61.
Found: C, 69.82; H, 6.27; N, 19.93.

4.1.5.2. 7-Chloro-2-((4-((4-methylpiperazin-1-yl)rathyl)benzyl)amino)pyrimido[4,5-b]quinolin-4(3H)-
one (9b). The title compound was prepared from 7-chloro-2tfipléhio)pyrimido[4,5b]quinolin-4(3H)-one
(4d; 150 mg, 0.54 mmol) and (4-((4-methylpiperazintimethyl)phenyl)methanamin&€; 1.18 g, 5.40 mmol)
according to the general procedure E. The crudedymto was isolated and purified by Combiflash
chromatography (0-30% of methanol in ethyl acettieyield 56 mg (23 %) of yellow solid; mp 230-283
(decompo.)!H NMR (500 MHz, DMSO#d) 5 11.78 (1H, br s, exchangeable witb@ 3-NH), 8.96 (1H, s, 5-
H), 8.54 (1H, br s, exchangeable witb@ 2-NH), 8.22 (1H, s, 6-H), 8.17-7.92 (1H, m, 9-RA)0-7.78 (1H, m,
8-H), 7.34 (2H, dJ = 7.8 Hz, 35-H), 7.26 (2H, d,J = 7.8 Hz, 2,6-H), 4.64 (2H, br s, Ph4CH,), 4.31-3.66
(4H, m, 2, 6'-H), 3.22-2.56 (4H, m,'3 5'-H), 2.32 (2H, br s, Ph*iCH,), 2.14 (3H, s, N-4-CHs). *C NMR
(125 MHz, DMSO) 161.49 (1C, Ar-420), 138.04 (2C, Ar-10& and Ar-4-C), 137.46 (2C, Ar-32H and Ar-
2-C), 132.88 (1C, Ar-94&:, Ar-8-CH), 129.38 (4C, Ar-5&, and Ar-9, 2 6-CH), 128.25 (2C, Ar-1C and Ar-
7C), 127.58 (4C, Ar-4& and Ar-6, 3, 5-CH), 61.99 (1C, Ph‘4CH,), 55.08 (2C, 2, 6'-CH,), 52.66 (2C, 3,
5''-CH,), 46.07 (1C, N-4-CHs), 43.77 (1C, Ph‘4CH,). DEPT C*(125 MHz, DMSO)8 137.47 (1C, Ar-5-
CH), 132.89 (1C, Ar-82H), 129.39 (3C, Ar-9, '3 5-CH), 127.58 (3C, Ar-6, 2 6-CH), 62.23 (1C, Ph4

CH,), 55.08 (2C, 2, 6'-CH,), 52.87 (2C, 3, 5'-CH,), 46.08 (1C, N-4-CHs), 43.77 (1C, Ph‘iCH,). MS
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(ES+):m/z = 449.4 (M+1) (5%), 225.7 (100%). Anal. Calcd for £€,sCINgO): C, 64.21; H, 5.61; N, 18.72.
Found: C, 63.86; H, 5.54; N, 18.97.

4153.  2-((4-(piperidin-1-ylmethyl)benzyl)aming)yrimido[4,5-b]quinolin-4(3H)-one (9c). The title
compound was prepared from 2-(methylthio)pyrimiddfdlquinolin-4(3H)-one éa; 300 mg, 1.23 mmol) and
(4-(piperidin-1-ylmethyl)phenyl)methanamin&c( 2.52 g, 12.33 mmol) according to the general gdoce E.
The crude product was isolated and purified by Gfadh chromatography (0-20% of methanol in ethyl
acetate) to yield 170 mg (35 %) of yellow solid; 2§5-237C (decompo.)!H NMR (500 MHz, DMSO#d) &
'H NMR (500 MHz, DMSOs) § 11.44 (1H, br s, exchangeable with@ 3-NH), 8.96 (1H, s, 5-H), 8.48 (1H,
br s, exchangeable with,D, 2-NH), 8.14-8.03 (1H, m, 9-H), 7.85-7.73 (2H, Am;7,8-H), 7.34 (2H,dJ) =7.0
Hz, 3,5-H), 7.48-7.41 (1H, m, 6-H), 7.26 (2H, 3= 7.0 Hz, 26-H), 4.64 (2H, br s, Pht4CH,), 4.28 (2H, br
s, Ph-1-CHy), 2.36-2.20 (4H, m,’2 6'-H), 1.50-1.41 (4H, m,’3 5'-H), 1.36 (2H, br s, '4H). **C NMR (125
MHz, DMSO) 6 161.48 (1C, Ar-420), 138.07 (1C, Ar-10&), 137.92 (2C, Ar-2= and Ar-1, 4-C), 132.60
(2C, Ar-5CH and 8CH), 129.91 (1C, Ar-%cH), 129.35 (4C, Ar-5&, and Ar-9, 3 5-CH), 127.58 (4C, Ar-
4aC, Ar-9a-C, and Ar-2', 6-CH), 124.78 (1C, Ar-6cH), 63.04 (1C, 4CH,), 54.31 (2C, 2, 6'-CH,), 43.88
(1C, I-CH,), 26.00 (2C, 3, 5'-CH,), 24.47 (1C, 4-CH,). DEPT G%(125 MHz, DMSO)s 132.61 (2C, Ar-5-
CH and 8CH), 129.90 (1C, Ar-TcH), 129.35 (3C, Ar-9, '3 5-CH), 127.58 (2C, Ar-2 6-CH), 124.78 (1C,
Ar-6-CH), 63.04 (1C, 4CH,), 54.31 (2C, 2, 6'-CH,), 43.87 (1C, tCHy), 26.00 (2C, 3, 5'-CH,), 24.47 (1C,
4"-CH,). MS (ES+) (RA%)m/z = 400.5 (M+1) (48%), 200.4 (100%). Anal. Calcd for8,sNs0): C, 72.16;
H, 6.31; N, 17.53. Found: C, 71.73; H, 6.12; N6®/.

4.1.5.4. 7-Methyl-2-((4-(piperidin-1-ylmethyl)benzi{)amino)pyrimido[4,5-b]quinolin-4(3H)-one (9d). The
titte compound was prepared from 7-methyl-2-(methg)pyrimido[4,5b]quinolin-4(3H)-one @b; 300 mg,
1.17 mmol) and (4-(piperidin-1-ylmethyl)phenyl)mattamine 8c; 1.67 g, 8.16 mmol) according to the general
procedure E. The crude product was isolated andfiguiby Combiflash chromatography (0-30% of metblan

in ethyl acetate) to yield 298 mg (62 %) of yell@alid; mp 243-248C (decompo.)!H NMR (500 MHz,
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DMSO-d) 6 11.40 (1H, br s, exchangeable with() 3-NH), 8.84 (1H, s, 5-H), 8.12 (1H, br s, exoyeable
with D,O, 2-NH), 7.83 (1H, s, 6-H), 7.73 (1H, 8= 8.6 Hz, 9-H), 7.62 (1H, d,= 8.6 Hz, 8-H), 7.33 (2H, d},
= 7.5 Hz, 35-H), 7.26 (2H, dJ = 7.5 Hz, 2,6-H), 4.63 (2H, br s,'4CH,), 3.10 (2H, br s,"¥CH),), 2.47 (3H, s,
7-CHs), 2.34-2.22 (4H, m,'2 6'-H), 1.54-1.30 (6H, m,’3 4’, 5'-H). **C NMR (125 MHz, DMSO) 161.47
(1C, Ar-4C0), 138.01 (1C, Ar-108), 137.85 (1C, Ar-X), 137.15 (1C, Ar-9&), 134.89 (1C, Ar-5cH),
129.74 (1C, Ar-4C), 129.34 (4C, Ar-5&, and Ar-9, 3 5-CH), 128.19 (1C, Ar-1C), 127.78 (2C, Ar-C and
Ar-8-CH), 127.56 (4C, Ar-4& and Ar-6, 2, 6-CH), 63.05 (1C, 4CH,), 54.32 (2C, 2, 6'-CH.), 43.83 (1C,
1'-CH,), 26.06 (2C, 3, 5'-CH,), 24.49 (1C, 4-CH,), 21.39 (1C, 7-Ck). DEPT C3°(125 MHz, DMSO0)5
134.93 (1C, Ar-5cH), 129.24 (3C, Ar-9, '3 5-CH), 127.58 (1C, Ar-8&H), 127.55 (3C, Ar-6, 2 6-CH),
62.95 (1C, 4CH,), 54.11 (2C, 2, 6'-CH,), 43.70 (1C, tCHy), 26.16 (2C, 3, 5'-CH,), 24.10 (1C, 4-CH,),
21.57 (1C, 7-CH). MS (ES+) (RA%)mz = 414.8 (M+1) (8%), 208.0 (100%). Anal. Calcd for £El,;NsO):
C, 72.61; H, 6.58; N, 16.94. Found: C, 73.09; B56N, 16.71

4.1.5.5. 7-Methoxy-2-((4-(morpholinomethyl)benzyl)aino)pyrimido[4,5-b]quinolin-4(3H)-one (9e). The
titte compound was prepared from 7-methoxy-2-(miting)pyrimido[4,5b]quinolin-4(3H)-one éc, 300 mg,
1.10 mmol) and (4-(morpholinomethyl)phenyl)methaimrsem8b; 1.70 g, 8.23 mmol) according to the general
procedure E. The crude product was isolated andiguiby Combiflash chromatography (0-30% of methlan
in ethyl acetate) to yield 85 mg (18 %) of yellowlid; mp 234-236C (decompo.)H NMR (500 MHz,
DMSO-d) 6 11.21 (1H, br s, exchangeable with() 3-NH), 8.85 (1H, s, 5-H), 8.12 (1H, br s, exoyeable
with D,O, 2-NH), 7.76 (1H, dJ = 9.0 Hz, 8-H), 7.50 (1H, s, 6-H), 7.45 (1H,Jd 9.0 Hz, 9-H), 7.35 (2H, d,
= 7.2 Hz, 35-H), 7.28 (2H, dJ = 7.2 Hz, 26-H), 4.62 (2H, br s, Ph*4H,), 3.88 (3H, s, 7-O-83), 3.57-
3.50 (4H, m, 3, 5'-H), 3.43 (2H, br s, Ph*ACH,), 2.35-2.29 (4H, m,’2 6'-H). **C NMR (125 MHz, DMSO)
8 163.02 (1C, Ar-4c0), 161.5 (1C, Ar-10&), 156.20 (1C, Ar-ZX=), 147.83 (1C, Ar-9&), 138.24 (1C, Ar-4
C), 137.02 (1C, Ar-T), 136.33 (1C, Ar-52H), 129.51 (4C, Ar-5&, and Ar-9, 3 5-CH), 127.86 (1C, Ar-%

C), 127.63 (3C, Ar-4& and Ar-2', 6-CH), 125.66 (1C, Ar-8<H), 106.88 (1C, Ar-62H), 66.64 (2C, 2, 6'-
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CH,), 62.45 (1C, Ph‘4CH,), 55.99 (1C, 7-GEHs), 53.61 (2C, 3, 5'-CH,), 43.83(1C, Ph‘1CH,). DEPT C*
(125 MHz, DMSO)s 136.35 (1C, Ar-52H), 129.51 (3C, Ar-9,'35-CH), 127.62 (2C, Ar-2 6-CH), 125.67
(1C, Ar-8CH), 106.88 (1C, Ar-82H), 66.64 (2C, 2, 6'-CH,), 62.63 (1C, Ph‘4CH,), 55.99 (1C, 7-GzHj3),
53.61 (2C, 3, 5'-CH,), 43.82 (1C, Ph!iCH,). MS (ES+) (RA%)m/z = 432.5 (M+1) (9%), 217.0 (100%).
Anal. Calcd for (G4H25Ns03): C, 66.81; H, 5.84; N, 16.23. Fourd; 67.23; H, 6.21; N, 16.17

4.1.6. General procedure (F) for the preparation of alloxazines (2N-(substituted amino)
benzolg]pteridin-4(3H)-one; 10a-i). A mixture of 2-methylthioalloxazing5) and the appropriate amine
derivatives 4-((aminomethyl)phenyl)methanamineg(8a and 8c), the commercially available 1-(4-
methoxyphenethyl) piperidin-4-amin8¢), or 1-phenylethan-1-aminef)} (8; 2.5-10 eq) in 10 ml anhydrous
DMF was refluxed with stirring 10-20 h. A clear fbtbwn solution was obtained at the reflux poinpod
completion of the coupling reaction, which was norgéd by TLC (20% methanol in ethyl acetate), thetane
was refrigerated overnight. The deposited yelloange crysaline solids was collected by filtrationget the
first crop. The filtrate was concentratedviacuo to provide the the second crop product. The cpuoeucts
were then purified by Combiflash chromatography (84 of methanol in ethyl acetate) to afford yellovenge
solid products in 23-69% vyields.

4.1.6.1. 2-((4-(Morpholinomethyl)benzyl)amino)bena]g]pteridin-4(3H)-one (10a).The title compound was
prepared from 2-(methylthio)-4-oxo-3,4-dihydroberigipteridine 5-oxide %b; 350 mg, 1.34 mmol) and (4-
(morpholinomethyl)phenyl)methanamin8b( 2.77 g, 13.4 mmol) according to the general piace F. The
crude product was isolated and purified by Comslflahromatography (0-30% of methanol in ethyl de¢te
yield 370 mg (69 %) of yellow solid; mp 325-329(decompo.)*H NMR (500 MHz, DMSOs) & 9.96 (1H, br
s, exchangeable with;D, 3-NH), 8.53 (1H, br s, exchangeable witsOD2-NH), 8.22-8.02 (1H, m, Ar-8-H),
7.95-7.69 (2H, m, Ar-6 and 9-H), 7.57-7.07 (5H, An;2', 3, 5, 6, and 7-H), 4.64 (2H, s, PH-&€H,), 3.55
(4H, s, 3, 5'-H), 3.45 (2H, s, Ph!iCH,), 2.34 (4H, s, 2, 6'-H). 3C NMR (125 MHz, DMSO) 163.99 (1C,

Ar-4-CO), 161.87 (1C, Ar-108), 133.54 (2C, Ar-4a and Ar-8CH), 132.29 (1C, Ar-X), 130.02 (2C, Ar-6
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and 9€CH), 129.76 (3C, Ar-3and 5%CH, and Ar-9a), 128.62 (1C, Ar-GH), 128.18 (2C, Ar-5&, and Ar-4-
C), 127.72 (2C, 2 6-CH), 127.36 (1C, Ar-1C), 66.41 (2C, 2, 6'-CHj), 62.40 (1C, Ph*4CH,), 53.39 (2C,
3", 5'-CH,), 43.38 (1C, Ph‘4CH,). DEPT C**(125 MHz, DMSO)s 133.54 (1C, Ar-82H), 130.02 (2C, Ar-6
and 9€CH), 129.77 (2C, Ar-3 5-CH), 128.62 (1C, Ar-9H), 127.71 (2C;,B-CH), 66.39 (2C, 2, 6'-CH,),
62.41 (1C, Ph-4CH,), 53.38 (2C, 3, 5'-CH,), 43.38 (1C, Ph-‘iCH,). MS (ES+):m/z = 415.2053 (2%),
256.12 (100%). Anal. Calcd for §&H,,N6O,): C, 65.66; H, 5.51; N, 20.88. Fourfd; 65.83; H, 5.64; N, 20.45.
4.1.6.2. 7-methoxy-2-((4-((4-methylpiperazin-1-yl)ethyl)benzyl)amino)benzof]pteridin-4(3 H)-one
(10b). The title compound was prepared from 7-methoxy-2tfiylthio)-4-oxo-3,4-dihydrobenzgjpteridine 5-
oxide 6¢; 300 mg, 1.03 mmol) and (4-((4-methylpiperazinfimethyl)phenyl)methanamin&4; 2.27 g, 10.35
mmol) according to the general procedure F. Thalermroduct was isolated and purified by Combiflash
chromatography (0-30% of methanol in ethyl acetébeyield 109 mg (24 %) of orange solid; mp >3560
(decompo.)H NMR (500 MHz, DMSOd) & 9.98 (1H, br s, exchangeable with@ 3-NH), 8.12 (1H, br s,
exchangeable with J®, 2-NH), 7.51 (1H, s, 6-H), 7.41 (1H, 8= 8.0 Hz, 9-H), 7.33 (2H, d,= 7.5 Hz, 35-
H), 7.25-7.19 (3H, m, Ar‘26 and 8-H), 4.63 (2H, br s, Ph-@H,), 3.90 (3H, s, 7-O-85), 2.48-2.17 (8H, m,
2", 3' 5’ 6'-H), 2.13 (2H, br s, PhtACH,), 2.11 (3H, s, N-4-CHs). °C NMR (125 MHz, DMSOY 161.49
(1C, Ar-4CO), 155.18 (1C, Ar-T), 138.02 (1C, Ar-10&), 137.41 (1C, Ar-X), 136.91 (1C, Ar-4&),
134.84 (1C, Ar-9a), 129.32 (2C, Ar-€ and Ar-9-H), 129.16 (2C, Ar-5&; and Ar-8CH), 127.62 (3C, Ar-1
C and Ar-3, 5-CH), 127.37 (2C, 2 6-CH), 107.59 (1C, Ar-6cH), 63.37 (1C, Ph*4CH,), 56.07 (1C, 7-O-
CHa), 55.17 (2C, 2, 6'-CH,), 53.02 (2C, 3, 5'-CH,), 46.22 (1C, N-4-CH3), 43.97 (1C, Ph‘iCH,). DEPT
C'¥(125 MHz, DMSO0)3 129.33 (2C, Ar-9H), 129.17 (1C, Ar®@H), 127.63 (2C, Ar-3 5-CH), 127.37 (3C,
Ar-8, 2, 6-CH), 107.59 (1C, Ar-82H), 63.37 (1C, Ph-4CH,), 56.07 (1C, 7-GEHj3), 55.17 (2C, 2, 6'-CHy),
53.00 (2C, 3, 5'-CHy), 46.22 (1C, N-4-CH3), 43.97 (1C, Ph‘1CH,). MS (ES+):m/z = 446.5 (M+1) (28%),

224.0 (100%). Anal. Calcd for ¢gH,7N7O.): C, 64.70; H, 6.11; N, 22.01. Fourd; 64.32; H, 5.87; N, 21.76.

43



4.1.6.3. 7-Methyl-2-((4-(morpholinomethyl)benzyl)armo)benzof]pteridin-4(3H)-one (10c). The title
compound was prepared from 7-methyl-2-(methyltdi@)xo-3,4-dihydrobenzg]pteridine 5-oxide §b; 250
mg, 0.91 mmol) and (4-((4-methylpiperazin-1-yl)mgjhhenyl)methanamine8§ 500.0 mg, 2.28 mmol)
according to the general procedure F. The crudedyatowas isolated and purified by Combiflash
chromatography (0-20% of methanol in ethyl acettigyield 140 mg (36 %) of orange solid; mp 225-228
(decompo.)H NMR (300 MHz, DMSOd) & 9.98 (1H, br s, exchangeable with@ 3-NH), 8.11 (1H, br s,
exchangeable with D, 2-NH), 8.09-7.89 (1H, m, 6-H), 7.86 (2H,Xx 8.0 Hz, 35-H), 7.82-7.56 (1H, m, 9-
H), 7.52 (2H, dJ = 8.0 Hz, Ar-2,6), 7.34-7.11 (1H, m, 8-H), 3.80 (2H, br s, Ph&H,), 2.43-2.31 (8H, m,'2
3", 5', 6’-H), 2.06 (2H, br s, PhtACH,), 2.18 (3H, s, N“4-CHz), 1.90 (3H, s, 7-83). *C NMR (75 MHz,
DMSO) & 161.78 (1C, Ar-420), 146.13 (2C, Ar-10& and Ar-2C), 135.63 (2C, Ar-4& and Ar-9ac),
130.14 (1C, Ar-5&), 129.97 (3C, Ar-8,'35-CH), 129.75 (3C, Ar-9,'26-CH), 126.80 (1C, Ar-4C), 125.91
(1C, Ar-1-C), 125.76 (1C, Ar-6cH), 125.65 (1C, Ar-T), 61.99 (1C, Ph:4CH,), 54.96 (2C, 2, 6'-CH,),
52.80 (2C, 3, 5'-CH,), 45.91 (1C, N-4-CHs), 44.57 (1C, Ph‘1CH,), 22.56 (1C, Ar-7cHs). DEPT C®(75
MHz, DMSO)é 129.97 (3C, Ar-8,'35-CH), 129.75 (3C, Ar-9,26-CH), 125.77 (1C, Ar-62H), 61.99 (1C,
Ph-4-CHy), 54.96 (2C, 2, 6'-CH;), 52.80 (2C, 3, 5'-CH,), 45.91(1C, N-4-CHs), 43.38 (1C, Ph*iCH,),
21.56 (1C, Ar-7€Hs). HRMS (ESI):m/z = 429.21811 (). Anal. Calcd for (GH2/N-O): C, 67.11; H, 6.34; N,
22.83. FoundC, 66.90; H, 5.88; N, 22.51.

4.1.6.4. 7-Chloro-2-((4-(morpholinomethyl)benzy§mino)benzop]pteridin-4(3H)-one (10d). The title
compound was prepared from 7-chloro-2-(methyltdia)xo-3,4-dihydrobenzg]pteridine 5-oxide %d; 300
mg, 1.02 mmol) and (4-(morpholinomethyl)phenyl)nagthmine 8b; 2.10 g, 10.2 mmol) according to the
general procedure F. The crude product was isolatedpurified by Combiflash chromatography (0-2086 o
methanol in ethyl acetate) to yield 156 mg (35 $prange solid; mp 223-22°C (decompo.)’H NMR (500
MHz, DMSO-) & 9.99 (1H, br s, exchangeable with@ 3-NH), 8.49 (1H, br s, exchangeable withOD 2-

NH), 8.13 (1H, s, 6-H), 7.88 (1H, d= 8.0 Hz, 9-H), 7.52 (1H, dd,= 31.8, 8.0 Hz, 8-H), 7.26 (2H, di= 7.6
44



Hz, 3,5-H), 7.21 (2H, dJ = 7.6 Hz, 26-H), 4.27 (2H, br s, Ph*CH,), 3.59-3.53 (4H, m,'3 5'-H), 3.21
(2H, br s, Ph-tCH,), 2.41-2.23 (4H, m,'2 6'-H). *C NMR (125 MHz, DMSO) 161.48 (1C, Ar-4c0),
138.14 (1C, Ar-1045), 136.89 (1C, Ar-X), 133.25 (1C, Ar-4&) 130.14 (1C, Ar-9a&), 130.00 (1C, Ar-4
C), 129.87 (1C, Ar-T), 129.65 (1C, Ar-5&), 129.55 (1C, Ar-1C), 129.44 (2C, Ar-3 5-CH), 128.70 (1C,
Ar-6-CH), 128.25 (1C, Ar-9SH), 127.65 (2C, Ar-2 6-CH), 127.39 (1C, Ar-8H), 66.64 (2C, 2, 6'-CH,),
62.59 (1C, Ph“4CH,), 53.59 (2C, 3, 5'-CH,), 40.94 (1C, Ph‘iCH,). DEPT C* (125 MHz, DMS0)&
129.44 (2C, Ar-3 5-CH), 128.70 (1C, Ar-6cH), 128.25 (1C, Ar-9zH), 127.65 (2C, Ar-2 6-CH), 127.39
(1C, Ar-8<CH), 66.64 (2C, 2, 6'-CH,), 62.59 (1C, Ph‘4CH,), 53.59 (2C, 3, 5'-CH,), 40.94 (1C, Ph*iCH,).
HRMS (ESI):m/z = 437.14862 (M+1). Anal. Calcd for §61,1CINgO,): C, 60.48; H, 4.85; N, 19.24. Four@;
60.76; H, 5.26; N, 19.10.

41.6.5. 2-((4-((dimethylamino)methyl)benzyl)amin)-7-methoxybenzog]pteridin-4(3H)-one (10e).The
titte compound was prepared from 7-methoxy-2-(mighiny)-4-oxo-3,4-dihydrobenzg]pteridine 5-oxide %c;
250 mg, 0.86 mmol) and 1-(4-(aminomethyl)pheryiN-dimethylmethanamine8¢l; 0.99 g, 6.03 mmol)
according to the general procedure F. The crudedyatowas isolated and purified by Combiflash
chromatography (0-20% of methanol in ethyl acetébeyield 78 mg (23 %) of orange solid; mp >360
(decompo.)H NMR (500 MHz, DMSOd) & 9.97 (1H, br s, exchangeable with@ 3-NH), 8.37 (1H, br s,
exchangeable with J®, 2-NH), 8.18-8.08 (1H, m, 9-H), 7.76 (1H,H= 7.3 Hz, 8-H), 7.48 (1H, s, 6-H), 7.36
(2H, d,J = 7.6 Hz, 35-H), 7.24 (2H, dJ = 7.6 Hz, 26-H), 4.66 (2H, br s, PhtACH,), 3.92 (3H, s, 7-O-Bs),
3.08 (2H, br s, Ph!4CHy), 2.11 (6H, s, N(Bl3)2). °C NMR (125 MHz, DMSO0)5 161.64 (1C, Ar-4c0),
158.53 (1C, Ar-T), 140.70 (1C, Ar-10&), 138.74 (1C, Ar-X), 137.88 (1C, Ar-4a), 133.95 (1C, Ar-98),
133.09 (1C, Ar-4C), 129.17 (4C, Ar-5&, and Ar-9, 3 5-CH), 127.46 (4C, Ar-1C andAr-8, 2, 6-CH),
107.38 (1C, Ar-6cH), 63.63 (1C, Ph44CH,), 56.21 (1C, 7-OcHs), 45.42 (2C, NCHa),), 43.95 (1C, Ph'1

CH,). DEPT G%(125 MHz, DMSO)5s 133.10 (1C, Ar-4C), 129.18 (3C, Ar-9, 3 5-CH), 127.46 (3C, Ar-8,
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2', 6-CH), 107.37 (1C, Ar-62H), 63.63 (1C, Ph-4CH,), 56.21 (1C, 7-G=H3), 45.42 (2C, NCHs),), 43.94
(1C, Ph-1-CH,). MS (ES+):mVz = 391.4 (M+1) (13%), 197.1 (100%). Anal. Calcd for£€,:N0>): C, 64.60;
H, 5.68; N, 21.52. Found, 64.19; H, 5.34; N, 21.67.

4.1.6.6. 2-((1-(4-Methoxyphenethyl)piperidin-4-yl)anino)-7-methylbenzopj]pteridin-4(3H)-one (10f). The

titte compound was prepared from 7-methyl-2-(methg)-4-oxo-3,4-dihydrobenzg]pteridine 5-oxide §b;

300 mg, 1.09 mmol) and the commercially availabl@-Inethoxyphenethyl)piperidin-4-amin8g 2.56g, 10.9

mmol) according to the general procedure F. Thelermroduct was isolated and purified by Combiflash

chromatography (0-5% of methanol in ethyl acetdte)yield 115 mg (24 %) of orange solid; mp 281-

295°C(decompo.)*H NMR (300 MHz, DMSO#) 5 9.94 (1H, br s, exchangeable with@ 3-NH), 8.12 (1H,
br s, 6-H), 8.05-7.92 (2H, m, Ar-8kCand Ar-9-(H), 7.89-7.55 (2H, m,'26"-CH), 7.37-6.95 (2H, m,'35"-

CH), 6.87 (1H, br s, exchangeable with@@ 2-NH), 3.73 (3H, s, '40-CHj3), 3.19 (4H, br s, '4NCH,CH,),

2.80-2.75 (1H, m,’1CH), 2.50 (3H, s, 7-65), 2.07-1.51 (4H, m,'®-CH,), 1.46-0.98 (4H, m,'®-CH,). **C

NMR (75 MHz, DMS0)5 162.85 (1C, Ar-420), 161.16 (1C, Ar-10&), 160.69 (2C, Ar-4& andAr-4"-C),

143.97 (1C, Ar-€), 135.34 (1C, Ar-8H), 130.35 (2C, Ar-7 and Ar-1'-C), 130.07 (1C, Ar-6cH), 129.40
(1C, Ar-5a<), 128.62 (2C, Ar-2, 6'-CH), 124.38 (1C, Ar-9&), 127.44 (1C, Ar-9cH), 114.15 (2C, Ar-3,

5"-CH), 55.46 (1C, 4-OCHs), 44.92 (1C, 1CH), 43.85 (2C, 3 5-CH,), 37.78 (1C, NSH,), 32.44 (2C, 2 6-

CH,), 31.17 (1C, Ar€H,), 21.56 (1C, %eH3). DEPT C*(75 MHz, DMSO0)$ 135.36 (1C, Ar-8H), 130.02
(1C, Ar-6-CH), 128.68 (2C, Ar-2, 6'-CH), 127.44 (1C, Ar-9%H), 114.15 (2C, Ar-3, 5'-CH), 55.48 (1C, 4-

OCHjz), 44.91 (1C, tCH), 43.85 (2C, 3 5-CHy), 37.77 (1C, 4NCH,), 32.44 (2C, 2 6-CHy), 31.17 (1C, Ar-
1"-CH,).21.55 (1C, TcHs). MS (EI): m/z = 447.7 (M+3) (3%), 256.3 (100%). Anal. Calcd for £8,eNeO>):

C, 67.55; H, 6.35; N, 18.91. Four@; 67.37; H, 6.22; N, 18.60.

4.1.6.7. 7-methoxy-2-((1-(4-methoxyphenethyl)pipatin-4-yl)amino)benzo[g]pteridin-4(3H)-one (10g).
The title compound was prepared from 7-methoxy-2tfiylthio)-4-ox0-3,4-dihydrobenzo[g]pteridine 5-dgi

(5¢; 200 mg, 0.69 mmol) and the commercially availabig-methoxyphenethyl)piperidin-4-aminge( 1.629,
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6.90 mmol) according to the general procedure e diude product was isolated and purified by Colaulif
chromatography (0-10% of methanol in ethyl acet&teyield 78mg (25 %) of orange solid; mp 297-300
(decompo.)!H NMR (300 MHz, DMSOd) 5 9.87 (1H, br s, exchangeable withd@ 3-NH), 8.14 (1H, br s, 9-
H), 7.99-7.93 (2H, m, Ar-6-8 and Ar-8-CH), 7.81 (1H, m, 2,6'-CH), 7.45-7.13 (2H, m,'35"-CH), 6.97
(1H, br s, exchangeable with,O, 2-NH), 3.94 (3H, s, 7-O4d3), 3.73 (3H, s, 4-O-CHj3), 3.18 (4H, br s, '4
NCH,CH,), 2.85 (1H, br s, '*CH), 1.97-1.53 (4H, m,'3&-CH,), 1.41-1.01 (4H, m, ' -CH,). *C NMR (75
MHz, DMSO) 3 162.01 (1C, Ar-420), 161.20 (2C, Ar-4& andAr-4"-C), 160.82 (1C, Ar-10&), 159.12
(1C, Ar-7C), 141.23 (1C, Ar-X), 130.17 (1C, Ar-1-C), 128.96 (2C, Ar-9=H and Ar-9a€), 128.62 (2C,
Ar-2"", 6'-CH), 126.74 (1C, Ar-8&H), 124.82 (1C, Ar-5&), 114.17 (2C, Ar-3, 5'-CH), 107.25 (1C, Ar-6-
CH), 56.28 (1C, 7-QHa), 55.48 (1C, 4-OCHs), 44.91 (1C, tCH), 43.86 (2C, 3 5-CH,), 37.77 (1C, 4
NCH,), 32.44 (2C, 2 6-CHy), 31.15 (1C, Ar-1-CH,). DEPT C%*(75 MHz, DMSO)5 128.94 (1C, Ar-€H),
128.53 (2C, Ar-2, 6'-CH), 126.68 (1C, Ar-82H), 114.12 (2C, Ar-3, 5'-CH), 107.21 (1C, Ar-82H), 56.28
(1C, 7-0CHa), 55.48 (1C, 4-OCHs), 44.92 (1C, tCH), 43.85 (2C, 3 5-CH,), 37.76 (1C, NcH,), 32.43 (2C,
2', 6-CH,), 31.15 (1C, Ar€H,). HRMS (ESI):m/z = 461.27985 (NH1). Anal. Calcd for (GH»sNsOs): C,
65.20; H, 6.13; N, 18.25. Foun@, 64.78; H, 5.77; N, 18.03.

4.1.6.8. 2-((1-phenylethyl)amino)benzg]pteridin-4(3H)-one (10h).The title compound was prepared from
2-(methylthio)-4-oxo-3,4-dihydrobenagjpteridine 5-oxide %a; 500 mg, 1.92 mmol) and the commercially
available 1-phenylethan-1-amingf;(2.48 ml, 19.21 mmol) according to the generakpdure F. The crude
product was isolated and purified by Combiflashoamatography (0-20% of methanol in ethyl acetatg)iétd
233 mg (38 %) of orange solid; mp 224-227(decompo.)*H NMR (500 MHz, DMSOd) & 10.23 (1H, br s,
exchangeable with @, 3-NH), 8.25 (1H, br s, exchangeable witOD2-NH), 8.09 (1H, dJ = 8.1 Hz, 6-H),
8.06-7.73 (3H, m, Ar-7-8, Ar-8-CH, and Ar-9-(H), 7.71-7.51 (2H, m,'®-H), 7.47-7.06 (3H, m,'3 ,5-H),

4.70 (1H, g, Ph“3CH-CH;), 1.23 (3H, br s, PhXCH-CH3). *C NMR (125 MHz, DMSO) 163.11 (1C, Ar-4-
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CO), 154.08 (1C, Ar-108), 145.52 (1C, Ar-X5), 139.75 (1C, Ar-4&), 134.04 (1C, Ar-94), 133.23 (3C,
Ar-6, 7, 8CH), 132.93 (4C, Ar-1C), 130.36 (3C, Ar-9, 3 5-CH), 129.27 (1C, Ar-4C), 128.72 (4C, Ar-5a-
C), 127.85 (3C, Ar-2 4, 6-CH), 38.21(1C, Ph*1CH-CHs), 29.47 (1C, Ph!iCH-CHs). DEPT C%°(125
MHz, DMSO0)$ 132.93 (3C, 6, 7, &H), 130.35 (3C, 9,'35-CH), 127.85 (3C, 2 4, 6-CH), 38.21(1C, Ph-1
CH(CHs)), 29.47 (1C, Ph!iCH(CH3)). HRMS (ESI):mVz = 479.26144 (M + 7Na +1). Anal. Calcd for
(C1gH1sNs0): C, 68.13; H, 4.76; N, 22.07. Four@;: 67.26; H, 4.56; N, 22.41.

4.1.6.9. 7-Methoxy-2-((1-phenylethyl)amino)benzg]pteridin-4(3H)-one (10i). The title compound was
prepared from 7-methoxy-2-(methylthio)-4-oxo-3,#dirobenzof]pteridine 5-oxide %c; 350 mg, 1.21 mmol)
and the commercially available 1-phenylethan-1-a&mBf; 1.25 ml, 9.65 mmol) according to the general
procedure F. The crude product was isolated andiguiby Combiflash chromatography (0-10% of metblan
in ethyl acetate) to yield 140 mg (33 %) of orarsgpdid; mp 227-230C (decompo.)!H NMR (500 MHz,
DMSO-d) 8 10.96 (1H, br s, exchangeable with@ 3-NH), 8.01 (1H, br s, exchangeable witfOD 2-NH),
7.81 (1H, dJ = 9.3 Hz, 9-H), 7.52 (1H, d} = 2.6 Hz, 6-H), 7.48-7.44 (3H, m, 8, B-H), 7.38 (2H, tJ = 7.3
Hz, 3, 5-H), 7.27 (1H, tJ = 7.3 Hz, 4H), 5.27 (1H, q, Ph‘4CH-CHs), 3.94 (3H, 7-O-El3), 1.54 (3H, d,J =
6.8 Hz, Ph-:CH-CHs). 3C NMR (125 MHz, DMSO) 162.02 (1C, Ar-40), 159.14 (1C, Ar-T), 153.54
(1C, Ar-10a€), 151.54 (1C, Ar-X), 144.32 (2C, Ar-4a, 5&), 133.40 (1C, Ar-945), 129.85 (1C, Ar-4CH),
128.98 (2C, Ar-3 5-CH), 127.51 (2C, Ar-%C, Ar-8-CH), 126.72 (1C, Ar-%cH), 126.49 (2C, Ar-2, 6-CH),
107.27 (1C, Ar-6cH), 56.32 (1C, 7-GEHs), 50.24 (1C, Ph!iCH-CHs), 23.12 (1C, Ph‘iCH-CHs). DEPT
C'%(125 MHz, DMSO0)s 129.85 (1C, Ar-4CH), 128.98 (2C, Ar-3 5-CH), 127.51 (1C, Ar-8SH), 126.72
(1C, Ar-9-CH), 126.49 (2C, Ar-2, 6-CH), 107.27 (1C, Ar-6sH), 56.32 (1C, 7-QEH3), 50.23 (1C, Ph*iCH-
CHs), 23.13 (1C, Ph‘4CH-CH3). HRMS (ESI):m/z = 348.14493 (Nk1). Anal. Calcd for (@H17NsO,): C,
65.69; H, 4.93; N, 20.16. Foun@; 66.12; H, 5.33; N, 19.78.

4.2. Pharmacology
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Materials quality control and reagents

The protein kinases employed in the compound pmgfiprocess were cloned, expressed and purifiegigusi
proprietary methods. Quality control testing wasitireely performed to ensure compliance to acceptabl
standards*P-ATP was purchased from PerkinElmer. All other emiats were of standard laboratory grade.
The compounds were supplied by the client in povioien.

4.2.1. The assay condition for the protein kinasesas optimized to yield acceptable enzymatic atgtivin
addition, the assays were optimized to give higinaito-noise ratio. A radioisotope protein kinassay
format was used for profiling evaluation of protéinase target and all assays are performed inseymkged
radioactive working area. Protein kinase assayg werformed at ambient temperature for 30 minutesfinal
volume of 25 pL according to the following assagatéon recipe: Component 1. 5 pl of diluted acfvetein
kinase (~10-50 nM final concentration in the ass@pmponent 2. 5 pl of stock solution of substrate
Component 3.5 pl of kinase assay buffer Componebtd of compound or 10% DMSO Component 5. 5 pl of
3p.ATP (50 uM stock solution, 0.8 pCi). The assag tiated by the addition 6fP-ATP and the reaction
mixture incubated at ambient temperature for 30uteis. After the incubation period, the assay wasiteated

by spotting 10 pL of the reaction mixture onto altreareen phosphocellulose P81 plate. The Multecre
phosphocellulose P81 plate was washed 3 timespjaroaimately 15 minutes each in a 1% phosphorid aci
solution. The radioactivity on the P81 plate wasinted in the presence of scintillation fluid in aldx
scintillation counter. Blank control was set upttimciuded all the assay components except thetiaddif the
appropriate substrate (replaced with equal volumaseay dilution buffer). The corrected activity farotein

kinase target was determined by removing the btamirol value.

4.2.2. Cell culture

MCF-7 (human breast adenocarcinoma), A2780 (humwaarian cancer), HCT116 (human colorectal
carcinoma) and WM7983B (melanoma) cell lines warelpased from ATCC. Cells were cultured at 37 °C at
atmosphere of 5% GO95 % air and 100 % relative humidity, to maintgmowth. RPMI-1640 media was
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supplemented with 10% heat inactivated fetal boviserum (FBS), L-glutamine and 1%
penicillin/streptomycin. Cells were used within 2é@ssages; and were checked for Mycoplasma eveignéhs

by measuring the bio-luminescence (Myco Alert sarg®tection kit; Lonza, Switzerland) using a mugtie
reader (Synergy HT, BioTek, USA).

4.2.3. Cell proliferation assay

Thein vitro cell viability assay was used to determine cetlpl@liferation, inhibitory activity and cytotoxiky

[ of the 6 compounds. 3-(4,5-Dimethylthiazol-2-yB2liphenyltetrazolium bromide (MTT) is a yellow
tetrazole which is reduced to formazan (purple) mhetochondrial dehydrogenase enzymes are acti, a
therefore reduction indicates cell viability, whichn be measured as optical density (OD). About8D% of

cell confluency was used in all experiments. Cealeve seeded in 96-well plates (Nalgene- Nunc, Therm
Fisher Scientific, USA) at density of 5 *1@ells per each well in 180L of culture medium. Cells were
incubated at 37 °C overnight to allow cells attaehtn The final concentrations of each compound atisv
were 0.0, 0.005, 0.05, 0.5, 5, 25, andiMImL in 200 uL of media (DMSO 0.1%). Following incubation up to
72 h, 50uL MTT was added into each well. Plates were thenlated for 3 hr, supernatant was aspirated, and
100 puL of DMSO was added to each well. Plates were ghéde5 min and the absorbance was read on multi-
plate reader. The O.D. of the purple formazan 8tryh is proportional to the number of viable célithen the
amount of formazan produced by treated cells ispaoed with the amount of formazan produced by aidic
control cells, the strength of the drug in caust®§o growth inhibition (IGy) can be determined. GraphPad
Prism version 5.00 for Windows was used for staattanalyses (GraphPad Software, San Diego, CA,

www.graphpad.com).

4.2.4. Annexin V PI/FITC apoptosis assay
Apoptosis was quantified by detecting cell surfagposure of phosphatidylserine (PS) in apoptotils eesing
Annexin V Fluorescein Isothiocyanate/Propidium te{FITC/PIf®. MCF-7 cells were seeded in 6 well plates

at 1x10 cells/well in 2 mL medium. They were left to atiaovernight at 37 °C, before treatment with
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compoundslOb, 10d, 10f and10h for 72 h incubation periods at final concentratioh®, 1, 5, 10, 100 uM.
Cells were inspected microscopically before anérateatment to observe morphological changes.tiflpa
cells were collected in tubes and kept on ice, evieimaining cells were detached with trypsin, iratat at 37
°C for 3 min, and pooled. Cells were centrifuged. @00 rpm for 5 min at 4 °C. Supernatants wereadded
and 2 mL fresh medium added to each tube, anddepte. Each sample was syringed with 23 G needie,
1x105 cells were transferred to new 12x75mm tuBed. solutions were washed (1 mL PBS) and centeilg
again. Supernatants were discarded and pelletsspesded in 10QL x1 binding buffer (10 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPE.14 M NaCl, 2.5 mM CaCl2, pH 7.4, diluted idD
1:10, stored at 4 °C), and shaken gently. AnnexiMC (10pL, stored at 4 °C) was added to each sample and
allowed to incubate for 1f®in in the dark at room temperature. A further 4001x binding buffer and 1QL

P1 (0.05 mg/mL in PBS) were added. Tubes were shageatly and left to set for 10 min in the darkioe.
Annexin-PI positive cells were assessed withinHLiising a Becton Dickinson FACScan flow cytomeD (
Biosciences, San Jose, CA). Data were acquiredaaatiized using CellQuest Software. Viable cellsewer
differentiated from early and late apoptotic/neicraells by Annexin V (x axis) and PI staining (¥ig). The

percentage of apoptosis was calculated according teported metho8%®* by the formula:

Sample—Control

Cortrol x 100. The results were expressed as the percentage®ofoss and necrosis, calculated from

the ratio of absorbance of treated (apoptotic) $esno that of untreated (control) ones.

4.3. Molecular docking study

4.3.1. GOLD docking parameters and Docking Protocol

GOLD (Genetic Optimization for Ligand Docking) sefire package, version 5.2.2 (Cambridge
Crystallographic Data Centre, Cambridge, U¥ vas used for the docking. Discovery Studio 4.Laiizer
was used to further prepare the receptors for dgcklhe region of interest used for GOLD dockingswa
defined as all the protein residues within the 10f&he reference ligands that accompanied the taded

protein complexes. Default values of speed settamgsall other parameters were used for both peleeton
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and enrichment studies. The input structure wasrbk file with ligand extracted. The water molexsilwere
deleted. The fitness function was set to the GaldSGtness function (ChemScore disabled) with digfaput
and annealing parameters. The Gold Score was opteelect the best docked conformations of thebitdris

in the active site. The best docking poses werecssl based on the gold fithess score and theatriti
interactions reported in the literatures. Gold 8c@llow early termination” and soft potentials wetrned off,
and 200% search efficiency was employed to allowimal exploration of ligand conformation. When tio@
three solutions attained root-mean-square deviaiorsd) values within 0.5 A, docking was terminated
Empirical parameters used in the fitness functibydfogen bond energies, atom radii and polarizasli
torsion potentials, hydrogen bond directionalities;.) are taken from the GOLD parameter file. These
parameters are independent of the scoring fundteng used. With respect to ligand flexibility, sja care
was taken by including options such as flippingadif planar RNR1R2, ring NH-R ring, flip protonated
carboxylic acids —(O=C)-OH. As well as torsion andistribution and post process rotatable bondieault.
We used 10 genetic algorithm (GA) docking runs viitternal energy offset. For pose reproduction ysig)
the radius of the binding pocket was set as theimaxatomic distance from the geometrical centethef
ligand plus 3A. The top ranked docking pose wasimetl for the 3D cumulative success rate analysis.
Rescoring was conducted with the GOLD rescore apiio which poses would be optimized by the program
The Genetic Algorithm default settings were accgpte population size 100, selection pressure urhper of
operations 100,000, number of islands 5, niche 8jzenigrate 10, mutate 95, and crossover 95. Aleot

parameters accepted the default settings.

4.3.2. Preparing the target macromolecule and flekle residues

The target crystal structures involved in this gtudiere retrieved from the Protein Data Bank,

http://www.rcsb.org/pdb/home/home.do. For each tmrkarget, crucial amino acids of the active sitel

flexible residues were identified using data in RDB), _http://www.ebi.ac.uk/pdbsum/. Using the Accely

Discovery Studio visualize v4.1 client softward, laldrogen atoms were added to the receptor atantsthe
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receptor was saved in MOL2 format for docking w@lold. The binding site was defined by including all
residues within the flood fill radius 10 A of thégin for each kinase as mentioned below.

All of free rotamer Library Operation of the sekttflexible residues were set at 0(180) 0 ((180).
4.3.2.1.Human Abl kinase domain in complex with imatinibT (571, Gleevec) (PDB code: 2HY YjChain B
was used of the quality of 79%. The binding sites wlafined by including all residues within the obll
radius 10 A of the origin: 16.2367, 60.4440 anc990 with Glu286, Thr315 and Asp381 as flexiblédess.
4.3.2.2. Structural basis for the autoinhibition and STLSnhibition of c-kit tyrosine kinase(PDB code:
1T46).%

Chain A was used of the quality of 83%. The bindsitg was defined by including all residues witthe flood

fill radius 10 A of the origin: 26.106, 26.016 a#d.454 with Glu640, Thr670 and Asp810 as flexilgsidues.
4.3.2.3.The crystal structure of human Focal Adhesion Kenéisak) bound to compound 1 (3,5-dihydro
[1,2,4] triazino[3,4€][1,4]benzoxazin-2(H)-one) (PDB code: 4Q9S¥ Chain A was used of the quality of
85%. The binding site was defined by including rakidues within the flood fill radius 10 A of theigin:
6.0543, 2.9797 and 25.4389 with Glu500 and CysS02aible residues.

4.3.2.4.Human Src kinase bound to kinase inhibitor bo#nfRDB code: 4MXO}*Chain A was used of the
quality of 72%. The binding site was defined byliing all residues within the flood fill radius 0 of the
origin: 12.00, -37.18 and -6.85 with Leu273 and 34dt as flexible residues.

4.3.2.5.Crystal structure of the BRAF (R509H) kinase domaionomer bound to vemurafenib (PDB code:
4rzvY®. Chain A was used of the quality of 78%. The higdsite was defined by including all residues withi
the flood fill radius 10 A of the origin: 78.44,7& and 12.51 with Asp594, Gly596, and GIn530 azitfle
residues.

4.3.2.6. Crystal structure of VEGFR1 in complex with N-(4i@tophenyl)-2-((pyridin-4-

ylmethyl)amino)benzamide (PDB code: 3htigiChain A was used of the quality of 58%. The hiny$ite was
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defined by including all residues within the floéitl radius 10 A of the origin: 4.74, 17.58 and 33.with

Asp1040, Cys912 and Glu878 as flexible residues.
4.3.3.Preparing a ligand file for GOLD Docking

The three-dimensional structures 8&-d and 10a-i were constructed using Chem3D Ultra 15.1 software
[Cambridge Soft corporation, Perkinelmer, USA (2016 obtain standard 3D structures (pdb formdtgnt
they were energetically minimized by using MOPAQGhaL0O iterations and minimum RMS gradient of 0,10.

and finally saved as SYBYL (MOL2) format for docgimsing GOLD program
4.3.4. Analyzing the docking results by Accelrys DS

GOLD program outputs a detailed record to the tdgalof Gold configuration file and Gold resultef has the
extension ".sd". The similarity of docked strucgire measured by computing the root-mean-squaretay,
RMSD, between the coordinates of the atoms. Theidgcoutput results including the output GoldScore
fitness, external vdw, and external Hydrogen boedeweported. The top ranked pose with highest Gotite
fitness was analyzed using Accelrys Discovery studsualized 4.1 was usdd reveal the hydrogen bond

interaction and binding mode within the binding dom
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Highlights:
= |Cs Of the lead compound was remarkably improved by computational design using PTK's

= Many aloxazines reveaed potent inhibition of ABL1, CDK1/Cyclin A1, FAK and SRC
= Significant late (up t01180%) and early apoptosis (up to 145.6%) were demonstrated
» The correlation between docking scores and 1Cs, were highly considerable (R 0.98)

» 5-Deazaall oxazine have the highest selectivity for Abl-1 and FAK kinases



