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Abstract

Constitutive activation of STAT3 can play a vitale in the development of melanoma. STAT3-
targeted therapeutics are reported to show effitaayelanomas harboring the BRAFV600E
mutant and also in vemurafenib-resistant melanoMés.designed and synthesized a series of
substituted nitric oxide (NO)-releasing quinolong;4-triazole/oxime hybrids, hypothesizing
that the introduction of a STAT3 binding scaffoldwid augment their cytotoxicity. All the
hybrids tested showed a similar leveliafvitro NO production.7b and 7c exhibited direct
binding to the STAT3-SH domain with 4 of 320 and 250 nM. Also, they abrogated STAT3
tyrosine phosphorylation in several cancer ce##tdinncluding the A375 melanoma cell line that
carries the BRAFV600E mutation. At the same tinheytdid not affect the phosphorylation of
upstream kinases or other STAT isofors.inhibited STAT3 nuclear translocation in mouse
embryonic fibroblast whil&b and7c inhibited STAT3 DNA-binding activity in the A375et
line. Their anti-proliferating activity is attribedl to their ability to trigger the production of
reactive oxygen species and induce G1 cell cyalestin the A375 cell line. Interestinglyb
and 7c showed robust cell growth suppression and apapiosiuction in two pairs of BRAF
inhibitor-naive (-S) and resistant (-R) melanomk loges containing a BRAF V600E mutation.
Surprisingly, MEL1617-R cells that are known to i@re resistance to MEK inhibition by

GSK1120212 than MEL1617-S cells exhibit a compaabsponse téb and7c.
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Introduction

Malignant melanoma is an aggressive form of skincea that arises from the unregulated
proliferation of melanocyte’s.? Despite its low incidence (only 4 percent of alfrdatologic
cancers), it is responsible for 80 percent of de&tbm skin cancer and is characterized by a low
survival rate. Vemurafenib is an FDA approved BRiARibitor used for metastatic melanoma
patients, but the development of resistance to thigy represents a significant hurdle to
successful treatmeRtThis resistance occurs through several mechanistrish often involve

the reactivation of ERK, but also includes mechasiindependent of ERK reactivatibn.

Signal transducers and activators of transcrip{®hATs 1-4, 5a-b and 6) are a family of
transcription proteins that regulate gene expresselated to cellular processes, including
proliferation, differentiation, angiogenesis, apsi$, and immune resporise. STAT3 is
activated through cytokine (e.g. interleukins) oowgth factor (e.g. EGF) binding to cell surface
receptors, which results in its phosphorylation Tat705, followed by dimerization and
translocation to the nucleus, where it binds tocsjge DNA sequences, and induces

transcription® °

STAT3 possesses a secondary phosphorylation sike72% whose
phosphorylation is essential for maximal transaipal activity’® In normal cells, the duration
of STAT3 activation is transient, however; in canaeells, STAT3 signaling is often

constitutive?

STAT3 may play a role in melanoma development.d&@mple, the expression of a STAT3
dominant-negative variant, STAT3b, was found toseainhibition of tumor growth and induce
cell death in murine B16 melanoma célldowever, while STAT3 induces growth inhibition of
normal melanocytes and early-stage melanoma céllgpromotes growth of advanced

melanoma$ and notably, blockage of activated STAT3 in metéstcells suppresses their



invasiveness, and inhibits tumor growth and mesisia nude micé. Mutant BRAF is known
as a significant driver of proliferation, metastasand survival of almost 50% of melanomas.
Interestingly, Becker et Blreport that phosphorylation of STAT3 in melanommanhanced by
the existence of the BRAF (V600E) mutant. STAT3wation leads to phosphorylation and
stabilization of the anti-apoptotic protein Mcl-That drives melanoma survival and

chemoresistance.

Several small-molecule inhibitors of BRAF were deped a few years ago, including
vemurafenib and dabrafenib. Unfortunately, theskibitors generally exhibit a temporary
response, in patients with BRAF-mutant melanomMa$Notarangelo et & reported that the
IL6/STAT3 axis is one of the primary regulatorsamiquired resistance to a BRAF inhibitor in
BRAF mutant thyroid carcinoma cells. Exposure disc® PLX4032 (BRAF inhibitor) triggered
reprogramming of the expression of several gemetyding JAK/STAT3. Interestingly, the dual
targeting of BRAF and STATS3 in these cells showedemhanced response with minimal
acquired resistance to the BRAF inhibitiGnMoreover, another recent report suggested that
targeting the STAT3—paired box homeotic gene 3 (BA3{gnaling pathway could overcome
acquired resistance to Vemurafenib and it was stgdethat combination-targeted therapies

could provide a plausible solution to overcome thiistance in melanoma patiehts.

Over the past years, many peptidic and non-pep8d@i&T3 inhibitors have been discovered
to inhibit STAT3 phosphorylation and dimerizatidtiowever, to date, none of these have been
marketed due to either lack of efficacy (e.g., &<, LLL-3, curcumin, and their analogs) or
unusual side effect profiles (e.g., OPB51602 an®-@P121)'°*° A new generation of OPB
compounds are currently being evaluated in earseltlinical trials, and so far show improved

toxicity profiles®



Here we report the design and synthesis of novétcarcer hybrids comprised of a
quinolone, a triazole, and an oxime moiety (nibicde donor). Quinoline-containing scaffolds
are well-recognized as chemotherapeutic anticaagents® Many triazoles and bistriazoles
possess pharmacological activities (e.g., antibiatteantifungal, anti-inflammatory, and
anticancer}* and several triazoles have been incorporatecciintizally approved drug& These
heterocycles possess significant dipole momentsatigacapable of forming favorable hydrogen
bonds to biomolecule€s. Recently, triazoles have been reported to Supp@FAT3
phosphorylation, which further increases their cbrarapeutic potentiaf: ** Several reports
(reviewed recentl§®) have shown that exposure to elevated concentsatdd NO can suppress

cancer progression.

Compoundsl and Il (Figure 1A) were previously reported to inhibit A3 SH2
domains®® " Compound! suppresses cell progression and induces apoptodiseast and
pancreatic cancer cell lines. It inhibits the gestation of MDA-MB-231 and MCF7 cell lines
with 1Csos Oof 0.1 and 0.29 uM, respectively. Treatment of MDIB-231 cells with 5uM of
compound inhibits STAT3 transcription by 65%, compared to nan-treated contrdf
Compound! inhibits STAT3 transcriptional activity in HeLaltewith an 1Go of 74 pM?’ We
docked these compounds onto the STAT3 SH2 domddB (Pode: 1BG1) using AutoDock
Vina®® ?% 2°and found that the 2-phenyl group on the quinolimg fits effectively into a
hydrophobic cleft near to 1le634. In this currstudy, a newly designed scaffaldl) (Figure
1A), comprised of a quinolone and triazole motifasnvselected based on its similarity to
compoundd andll and was combined with an oxime-based NO donougment its STAT3

inhibitory properties with the cytotoxic releasenitiic oxide.
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Comparison of inhibitory activity towards two normal cell lines and A375
melanoma cell growth.

Cell Line Comp 7b Comp 7¢c Comp 79 Compound Il
HFF-1 54.4+3.7 199.5+11 No inhibition 72.2+1.3

MCF10A 100.0+7 92.9+7.3 No inhibition 33.4+1.7
A375 7.7£1.3 1.9+1.5 >100 16.2+1.6

Values represent Growth Inhibition ICso+Standard Error (n=3)in uM
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Figure 1. (A) Structures of compounds II,
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compoundsrb, 7¢, 7g, 7h, and7i in phosphate buffer (pH 7.4) after 2 and 48 haisimg a
modified Griess colorimetric method (The methodsgiea).

Here we set out to develop a novel series of hglvaked on scaffoldl (Figure 1A) to
identify promising anticancer candidates with theteptial to overcome BRAF-inhibitor
acquired resistance in melanoma cells. The straictariability of the hybrid compounds was
obtained by using different substituen®, R’) on C-2 of the phenyl ring and C-6 of the
guinoline ring, respectively. Compounds were cloaly synthesized, and then their ability to
release NO, bind STAT3, suppress STAT3 activity imumibit cancer cell growth were evaluated
in several cancer cell lines, including both SB-&®sensitive and SB-590885 -resistant

melanoma cell lines.

2. Results and discussion
2.1. Chemistry

The reaction sequence employed to synthesize tiyett@ompounds is outlined in
Scheme 1The initial 2-(substituted phenyl) quinoline-4dgaxylic acidsla—f were obtained by
reacting 5-methoxyisatin or isatin with an appraf@i acetophenone. These acids were then
refluxed with absolute ethanol in the presenceosicc HSO, to afford the corresponding esters
2a-f. Afterward, theethyl esters?a-f were converted to carbohydrazide derivati@asf via
reaction with hydrazine monohydrate. The formatidrthese intermediates was confirmed by
their reported melting points. The carbohydrazidese heated at reflux with allyl or phenyl
isothiocyanate in ethanol. This was followed by #uslition of 2N NaOH, then acidification
with conc. HCI, affording 1,2,4-triazole-3-thiol rleatives 4a-i. The chemical identity of the

synthesized compounds was confirmed'ByNMR and *C-NMR spectra. Compoun8l was



prepared through acetylation of p-aminoacetophemotiebromoacetyl bromide in the presence
of potassium carbonate. Afterward, compound 5 wan tcoupled with the 1,2 4-triazole
derivatives 4a-i in acetonitrile in the presence of triethylaminomling the nine ketone

intermediate$a-i. The final nine NO-donating oxime derivatiVés-i were prepared by reacting

compound$a-i with hydroxylamine hydrochloride in the presentamhydrous sodium acetate.
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2.2 Biology

2.2.1 Screening of anticancer activity and SAR angsis

The overexpression or constitutive activation ofA$8 has been identified in almost
70% of solid and hematological human tumors, aedcdnstitutive activation correlates with
poor survival® Accordingly, the anticancer activity of the hylideveloped in this study was
evaluated in several cancer cell lines. A totatighteen compounds were synthesized: 9 ketones
and 9 oximes. Eleven compounds, 6e, 6gand 7b-i, were selected by the National Cancer
Institute (NCI) for anticancer screening accordinghe protocol of the Drug Evaluation Branch
of the National Cancer Institute, Bethesda, UBAvitro anticancer screening was carried out in
60 cell lines of nine different cancer cell typesarian, renal, prostate, leukemia, melanoma,
lung, colon, CNS, and breast cancers. Compounds adtted at a single concentration of 10 uM
for 48 h. Endpoint determinations were made usingaein-binding dye, sulforhodamine B
(SRB), that enables quantification of the numbercefls in each well. Results for each
compound were reported as the growth percent itbiibiof the treated cells, which are

evaluated spectrophotometrically and comparedabdhthe untreated control cells.

Oximes7b-i showed promising anticancer activity varying fromderate to significant
growth inhibition against most of the 60 cancet eés.7b, 7c, and 7fwere the most effective
hybrids against the cell lines shown in Tal&. Compound/b showed inhibitory activity
against leukemia (MOLT-4 and CCRF-CEM), melanom@XLIMVI and UACC-62), ovarian
(IGROV1), and breast (MCF7 and T-47D) cancer dge#d with percent growth inhibition in the
range of 76-100%. Compourta was effective against leukemia, non-small cell |usngd colon
cancer cell lines. Furthermore, it incurred sigrafit growth inhibition, with complete cell death
in leukemia (MOLT-4), melanoma (LOX IMVI), ovarighGROVI) and renal (UO-31) cell lines

(Table S1). Compoundf caused complete cell death against both leukemia6(H(TB)) and
10



breast (T-47D) cancer cell lines and induced potgoivth inhibition (81-98%) against the
leukemia cell lines; (CCRF-CEM, K-562, MOLT-4, arikPMI-8226). Compound/f also
inhibited the growth of the A549/ATCC and NCI/H588n-small cell lung cancer cell lines as

well as the colon cancer cell line, COLO 205, amdesal other cell lines (Table S1).

We also assessed three of the hybriéts {c and7g) and the lead compound Il (STX-
0119, structure shown in Figure 1A and purchaseh fKey Organics Limited) for their ability
to inhibit the growth of the non-cancer cell linB&CF10A (human breast epithelial cell line) and
HFF1 (Human foreskin fibroblasts). The data showirigure 1B reveal a relative resistance of
these cells to the hybrids when compared to theamogha cell lines A375 (Figure 1B). For
example,7c inhibited cellular growth of HFF1 and MCF10A witBso values of 200+11 and

93+7.3 UM compared to an 4bf 1.9£1.5 uM for the A375 cells.

For most cell lines, compountc was the most potent of the compounds tested. For
example, against the A375 melanoma cell line, file@ked a growth inhibition 16 of 1.9+1.5
MM, Figure 1B.7c is characterized by the presence of an electroimewawingp-chlorophenyl
group as well adl-4 allyl moiety. Absence of the chloro substitueantompound/b decreased
its ability to inhibit the growth of several NClIténes, including the A375 cell line that showed
a growth inhibition 1G, of 7.7£1.3 uM (Figure 1B). Replacement of thel allyl group of
compound7c with a bulky phenyl ring completely diminished thetivity in compound7d.
Also, replacement of the chloro group with an elmtidonating methoxy group (e.dgrf),
moderately enhanced the activity comparedd¢Table S1). The activity off sharply declined
upon replacement of thd-4 allyl moiety with a phenyl ring7€). Compounds/h and 7i,
showed an average growth inhibition percent, whit presence of electron-donating methoxy
and dimethoxy substituents decreasing the overditancer activity against most of the cell

lines, except for the melanoma LOX IMVI cell lindn conclusion, compounds with a ketonic
11



group showed very weakly, or no activity againsstrad the cancer cell lines tested (compounds
6a, 66 and6g). While the oximes (compound$-i), exhibited an increase in the activity against
most of the cancer cell lines tested, consisterth i role for NO in the activity. Also,
compounds with a small substituent (allyl group)tba triazole ring exhibited better activity

than those with large substituent (phenyl groupjr(gound?c versus/d).
2.2.2 NO-releasing hybrids

In 2008, Thomas et Rlinvestigated the effect of nitric oxide (NO) on FTcells. While
lower levels of NO promoted cell survival and piedation, higher levels of NQc@. 400 nM)
induced apoptosis, cell cycle arrest, and cytoiti¢n order to determine if our hybrids can
produce the high level of nitric oxide, sufficigotinduce cytotoxicity, the ability of each hybrid
to donate NO was estimated using the modified Greedorimetric method (Figure 1C). Five
hybrids b, 7c, 79, 7h, and 7i) were tested after 2 and 48 hours of incubationoaimr
temperature in phosphate buffer (pH 7.4) and eholved a comparable ability to release NO in
phosphate buffer corresponding to 15-28% (mole Nféntompound) after 2 hours and

increased to 30-85% (mole NO/mole compound) aenaurs (Figure 1C).

12
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Figure 2. (A-B) Predicted conformations of compourtisand7c in the STAT3-SH2 domain
(PDB ID: 1BG1) from docking (AutoDock 4.2)JA-left, B-left) Represents the electrostatic
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potential surface for the binding pocket of the BASH2 domain with compound& and7c.
The electrostatic potential varied frorBKgT/e to +5KgT/e from red to blue(A-right, B-right)
Represents the trajectories for compounds 7b andifding to the STAT3-SH2 domain.
STAT3-SH2 residues engaging the ligand are exylisitown in grey stick representation. The
ligands are shown green ball and stic{S) The effect of7c, 7b, and 7g in a recombinant
STAT3 displacement assay using a FAM labeled 5-GpPTLV-NH2 peptide; Data shows the
average from two independent experime®) The ability of 7b, 7c, 79, compoundll, or
different combinations of compoundls and7g to inhibit proliferation of A375 melanoma cell
line. Cells were treated with different doses atreahibitor or different doses of compound I
in the presence of a fixed concentration7gf(12.5, 25, or 50 uMjor 48 hours, and viability
was determined using MTS assay (Promega). The ¥fapresents G (The concentration that
resulted in 50% Growth inhibition) for each inhisitor each combinationZb, 7c, 7g, and
compoundll bars represent the values shown in Figure 1B. Bladav the average from three

independent experiments.

2.2.3 Direct binding to the STAT3 SH2 domain A binding mode for the binding @%b and7c

to the STAT3-SH2 domain was predicted using mokacuwdocking (Figure 2A and 2B
respectively). Docking calculations were carriethgsAutoDock4.21 (method section) based on
the X-ray structure of the STAB3homodimer (PDB ID: 1BG15§. The docking scores for
compound¥b and7cwere -10.37 and -9.89 kcal mbyl respectively. Therefore,
compound/b can form a slightly more energetically favorabiteraction with STAT3-SH2 than
7c. As shown in Figure 2A and 2B, the 2-phenyl ringfjs7b and 7c are inserted into the
hydrophobic cleft formed by 1634, V637. P639 and326The OH group in the NO @%b and

7cis also stabilized via hydrogen bonds to the sltins of R595.

To further investigate the direct binding of thevneompounds with the SH2 domain of
STAT3, we developed a displacement assay to edirtred ability of these compounds to
displace the 5-FAM-GpYLPQTV-NH2 peptitfefrom recombinant GST-STAT3 (Figure 2C).

7b and 7c showed robust ability to displace the phosphoidepin a dose-dependent manner

14



(ICs0s 0.321£0.19 and 0.25+0.13uM, respectively) wiTitedid not show any tendency to bind
the STAT3 SH2 domain as it was not able to entickgplace the peptide from the surface of

GST-STAT3 (Figure 2C).

It is noticeable in the NCI screening results shawable S1 that despite the limited
growth inhibition caused by the two oximée and7g, their corresponding ketoné& and6g
showed no growth inhibition in comparison (comp@geand6g in Table S1), supporting the
notion that the nitric oxide (NO) donating ability 7e and 7g contributes to the inhibition of
cancer cell proliferatio These results directly correlate with the abitify7b and7c to inhibit
cancer cell proliferation by both targeting the SBASH2 domain and releasing NO while the
mild cytotoxicity observed foi7g was likely due to its ability to produce NO (Table Stda

Figure 1C).

In order to assess the value of combining dualtfans into single hybrid molecules, an
experiment was conducted where the cytotoxicitycompoundsll (Lead STATS3 inhibitor,
Figure 1A), compoundsb and7c (STAT3 inhibitor with NO-releasing moiety) and cooynd
79 (NO-releasing compound) were compared, in additton different combinations of
compoundsl and7gagainst A375 melanoma cell line. The results shimwfigure 2D revealed
higher potency ofb and7c hybrids towards the A375 cell line compared to pormdIl (ICsps
of 7.7, 1.9, and 16.2 uM, respectively) or compoidgdlone. Addition of the NO-releasiy
to compoundl! exhibited an additive cytotoxic effect where compad Il 1Cs, towards A375
cells decreased from 16.2+1.6 to 6.8+1.3 uM inghesence of 12.5 uMg, which is similar to
the 1G of 7b against the same cell line (Figure 2D). The adeligffects observed betwe@g
and compoundl validates the design of these hybrids where thet@yicity of the released NO

enhances the cytotoxicity caused by STAT3 pathwhipition.
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2.2.4 The designed hybrids are selective STATS3 irditors in cancer cells

In order to rationalize the anticancer activity tbése hybrids and to understand if it
correlates with their ability to inhibit STAT3 amd/to donate NO, it was essential to study their
molecular mechanism of action in more detail. Coomuts D and7c exhibited a toxic effect on
most of the cancer cell lines tested (Table S1)s Hignificant cytotoxic activity may be
attributed to their ability to bind and inhibit ST& activity?? besides their ability to release

nitric oxide.

7b and 7c inhibited STAT3 tyrosine phosphorylationin different cancer cell lines
without affecting the upstream kinases- To examine the ability of the new compounds to
inhibit STAT3 signaling, different cancer cell Iseincluding the glioblastoma U87-MG, the
breast cancer cell line MDA-MB-468, the pancreatccinoma cell line Miapaca-2 and the non-
small cell lung cancer cell lines NCI-H157 and A54@re incubated with 25 pM ofb
overnight, before lysing the cells and immunobigti The melanoma cell line A375 that
expresses the BRAF V600E mutant was exposed terdift doses ofb and7c (0, 5, 10, and 25
puM) following the same protocol. As shown in Figure 3Ad 3B, 7b exhibited a robust
inhibition of STAT3 phosphorylation at Y705 and 378 all the cell lines tested with enhanced
potency in A375 cells7cinhibited thephosphorylation of STAT3 with lower potency in A375
cell lines, compared t@b (5-10 uM of 7b or 10-25 pM 7c were enough to inhibit STAT3
phosphorylation) (Figure 3B). Interestingly,7/b and 7c did not show any effect on the
phosphorylation of the upstream tyrosine kinas@d&(2Jand Src) in all the cell lines tested or

ERKZ1/2 in A375 cell line (Figure 3A and 3B).
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A. B.

WT/WT KRAS-Mut BRAF-Mut A375 Cells
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Figure 3 (A) The ability of 7b to suppress STAT3 phosphorylation in three KRASamuand
two wild-type cancer cell lines without affectiniget upstream tyrosine kinases JAK2 and Src.
(B) 7b and7cinhibited STAT3 phosphorylation in the RAF mutaetidine A375 at both Y705
and S727 without affecting the phosphorylationhef STAT-3 activators Src and JAK2 and the
phosphorylation of the STAT-3 regulated protein ERK) 7b and 7c inhibited STAT3
phosphorylation without affecting the phosphorgatof STAT1 at Y701, STAT5 at Y694, and
STATG6 at Y641. In all these experiments, A375 celeye treated with different doses of each
inhibitor for 20 hours. Protein expression and pihasylation were assessed using western

blotting, actin, vinculin, or both were employedl@ading controls.

The selectivity of 7b and 7c towards STAT3 isoform We showed earlier thab and

7c directly bind the STAT3 SH2 domain and inhibit STRAphosphorylation in A375 cell lines
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without affecting upstream kinases (Figure 2C aB)l B this experiment, we investigated the
selectivity towards other STAT isoforms, includi8JAT1, STAT5, and STAT6 (Figure 3C).
Immunoblots shown in Figure 3C for A375 cells inatdd with different doses afb or 7c
overnight suggest that neither inhibitor inhibite {phosphorylation of STAT1 at Y701, STAT5
at Y694 nor STATG6 at Y641 even at high inhibitoncentrations (50 uM). This suggests thiat

and7c are selective STATS3 inhibitors in the BRAF V600ktant A375 melanoma cell line.

7c inhibited STAT3 nuclear translocation - STAT3 immunostaining in mouse
embryonic fibroblasts (MEF) that were maintaine@monght in serum-free media, revealed the
existence of most of the non-phosphorylated STAT3hie cytoplasm. Induction of STAT3
phosphorylation by EGF for 30 minutes before stgniriggered the migration of around 60-
70% of the STAT3 molecules to the nucleus (Figukg & hese observations are comparable to
previous reports> 3*Cells that were incubated in serum-free mediaainintg different doses of
7c for the same time abrogated the EGF response ravermnied the migration of STAT3 to the
nucleus in a dose-dependent manner (Figure 4Ak 3hggests thatc can target STAT3 in

MEFs to inhibit its phosphorylation and nucleanstacation.

18



% Nuclear Localization of STAT3

40-
100+
80+ 30-
60- E’*
~ 20-
o
40- B
204 10+
" - —— L B Wy =y
2 O AL AY AL 4C [ Y b ©
IR IR s 7 & § 3 F § =
f & &Ff &K = & e 3
R A & s 2
BRAF Mut KRAS Mut ~ WT/WT
Nuclear Extract + + 4+ + + + * *
IRDye 700 0ligo + + + + + + + + + + +
Competitor oligo 3
Competitor oligo mutant +
STAT3 IP “
7b 0 10 25 uM
7c 10 25 uM

Oligo/Stat3 H '

m

Free IRDye 700 oligo

19



Figure 4 (A) 7c inhibited EGF triggered nuclear translocation 3333 in MEF cells (Mouse
Embryonic Fibroblasts), in a dose-dependent manBata show the average from three
independent experiment@3) Electrophoretic mobility shift assay (EMSA) were @oyed to
examine the effect ofb and7c on the DNA binding activity of STAT3 in A375 cdlhe using
IRDye 700-labeled DNA oligo (LI-COR Biosciencespnapetitor oligo and oligo mutant (Santa
Cruz Biotechnologies) were employed as positive ragghtive controls, respectively. STAT3-IP
represents nuclear extract of cells where STAT3 imanune-precipitated(C) 7b ability to
inhibit proliferation of various BRAF/KRAS mutanhd wild-type cancer cell lines. Cells were
treated with different doses @t for 48 hours, and viability was determined usin3/assay
(Promega). The Y-axis represents GI50 (The concentration that resulted in 50% Glowt
inhibition) versus the cancer cell line on the XsaxData show the average from three

independent experiments;

7b and 7c inhibit the DNA-binding activity of STAT3 - To examine the ability ofb
and 7c to inhibit the DNA-binding activity of STAT3 in thA375 melanoma cell line, EMSA
(Electrophoretic Mobility Shift Assay) was perforchasing an IRDye® 700 STAT3 consensus
oligonucleotide and nuclear extract of A375 cetiBofwving the manufacture protocol (methods
section)®*3’ As shown in Figure 4B, STAT3 binding to the IRDY(7 oligo was confirmed
using a competitive oligo and mutant. As a furthentrol, STAT3 was immunoprecipitated
from cells. Cells treated overnightith different doses o’b or 7c before nuclear extraction
showed significant dose-dependent inhibition of B®A binding activity of STAT3 (Figure

4B).

The data presented in this section suggest theidsylspecifically target the STAT3
isoform in cancer cells (Figure 2A, 2B and 2C)stppress its phosphorylation (Figure 3A and
3B) and nuclear translocation (Figure 4A), leadmgnhibition of its dimerization and its ability
to bind DNA in the nucleus (Figure 4B). DNA bindirggrequired to trigger STAT3 transcription

activity.
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2.2.5 Sensitivity of mutant KRAS or BRAF-expressingcells towards STAT3 inhibition by

7b

It was recently reported that the survival and ahrsistance of melanoma harboring the
BRAF (V600E) mutant could be attributed to enhan8@&T3 activation’ At the same time, a
recent report by Gough et&investigated the role of STAT3 in a murine K-Rak2B® mutant-
dependent hematopoietic neoplasia. Inhibition oAB3 phosphorylation at S727 by point
mutation caused a substantial delay in the onstteoflisease. This suggested the importance of
mitochondrial STAT3 phosphorylation at S727 as aiater of K-RAS induced neoplastic
hematopoietic cell growth. From these observatioves,hypothesized that our new inhibitors
might show enhanced cytotoxic activities in cekpressing BRAF or KRAS mutants compared

to cells expressing their WT forms.

Figure 4C shows the effect @b on inhibiting the proliferation of different camnceell
lines including the glioblastoma and breast caredlrlines (U87-MG and MDA-MB-468) that
express wild type forms of BRAF and KRAS, the paatic carcinoma cell line Miapaca-2 and
the non-small cell lung cancer cell lines NCI-H1&idd A549 that express mutated form of
KRAS as well as the BRAF V600E mutant melanoma los#ls A375, 451 Lu and MEL 1617.
Interestingly, cells expressing the BRAF-mutant arere sensitive t&b compared to cells
expressing wild type BRAF and KRAS, as well as muteRAS (Figure 4C), and in all cases,
sensitivity appears to correlate with inhibition®FAT3 phosphorylation at both Y705 and S727

(Figure 3A, 3B and 7A).

2.2.5 Sensitivity of mutant KRAS or BRAF-expressingcells towards STAT3 inhibition by

7b
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It was reported recently that the survival and ahrsistance of melanoma harboring the
BRAF (V600E) mutant could be attributed to enhan88AT3 activation'’ At the same time, a
recent report by Gough et&investigated the role of STAT3 in a murine K-Rak2BG mutant-
dependent hematopoietic neoplasia. Inhibition oAB3 phosphorylation at S727 by point
mutation caused a substantial delay in the onstiteoflisease. This suggested the importance of
mitochondrial STAT3 phosphorylation at S727 as aiater of K-RAS induced neoplastic
hematopoietic cell growth. From these observatioves,hypothesized that our new inhibitors
might show enhanced cytotoxic activities in cekpressing BRAF or KRAS mutants compared

to cells expressing their WT forms.

Figure 4C shows the effect @b on inhibiting the proliferation of different canceell
lines including the glioblastoma and breast caredirlines (U87-MG and MDA-MB-468) that
express wild type forms of BRAF and KRAS, the paatic carcinoma cell line Miapaca-2 and
the non-small cell lung cancer cell lines NCI-H1&idd A549 that express mutated form of
KRAS as well as the BRAF V600E mutant melanoma los#ls A375, 451 Lu and MEL 1617.
Interestingly, cells expressing the BRAF-mutant arere sensitive t&b compared to cells
expressing wild type BRAF and KRAS, as well as muteRAS (Figure 4C), and in all cases,
sensitivity appears to correlate with inhibition®FAT3 phosphorylation at both Y705 and S727

(Figure 3A, 3B and 7A).
2.2.6 The mechanism of anticancer activity in the BAF mutant A375 melanoma cell line.

7b and 7c inhibited A375 cell proliferation - As the STAT3 pathway regulates cell
survival and proliferatioR,*, we measured the colony formation of the BRREF mutant A375
melanoma cell line following incubation with diffart doses ob and 7c. Dose-dependent

suppression of cell proliferation was noted whemsoeed over 10 days (Figure 5A).
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Figure 5. (A) 7b and 7c inhibited the anchorage-dependent growth of A37% ¢a a dose-
dependent manner. (Experiment has been repeatetini@s, and the results were consistent).
(B) Western blot analysis showed inhibition of STAT3gphorylation and induction of Cyclin
D1 expression in A375 cells that were treated wifferent doses of b then induced with IL-6.
(C) Compound7b induced ROS generation in A375 cells, ROS germratias quantified using
DCFH-DA staining and analysis by flow cytometry.
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7b inhibited STAT3 cytokine-induced activation in the A375 melanoma cell line -
Induction of STAT3 activation by cytokines suchlas (interleukin-6) can be abrogated using
a STAT3 inhibitor targeting the SH2 domam? To test this hypothesis in the A375 melanoma
cell line, cells were incubated overnight in serire®e media containing different doses 7#f
then induced in full media containing 25 ng/mL Ilf&8 30 minutes. Cells were then harvested
and lysed. The immunoblot shown in Figure 5B sugggasdose-dependent inhibition of IL-6-
mediated STAT3 activation byb with significant inhibition starting at a conceation of ~
5uM. This was evidenced by suppression of STAT35¢&0d S727 phosphorylation besides a

dose-dependent inhibition of the expression of @ybll, the STAT3 downstream protein.

Reactive oxygen species (ROS) generation in A373Isdreated with different doses
of 7b - STAT3 acts as one of the primary regulators ofahBoxidant response that eliminate
cytotoxic ROS from the cell. Inhibition of STAT3tagty is expected to cause accumulation of
ROS, leading to apoptosi3ROS generation was detected in A375 cells that rerebated
with different doses o¥b overnight in full media, followed by treatment Wwi2’,7’-dichloro-
fluorescein diacetate (DCFH-DA) for 30 minutes. Emount of 2’,7-dichloro-fluorescein that
corresponds to the level of ROS in the treatecs aglls estimated using flow cytometry. Figure
5C shows the dose-response generation of ROS ib A8Ks treated with different doses #d.

This suggests that ROS generation may contributeltaleath.
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Figure 6. (A) FACS analysis of A375 cell nuclei stained with Reéatreatment with DMSO, 10,
and 25 puM of 7b or 7c for 24 hours. The modelingtdee of FlowJo V10 software was

employed to analyze the PI fluorescence followingatel that was reported by Watson éf.al

RMS (root mean square) deviation used to evaluategbodness of the fit. The percentage of

cells modeled in each experiment was compardgBleHistogram showing the percentages of
cells in each phase of the cell cycle (An averagthee independent experiments, error bars:
SEM). (C) Western blot analysis showed inhibition of PAX3 dbgclin D1 expression and

induction of p-72 expression in A375 cells that evreated for one night with different doses of

7b and7c before lysis.
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Cell cycle arrest induction by the new hybrids in 875 cells -Inhibition of the
JAK1/2/STAT3 pathway by a small-molecule inhibiteas been reported to block the cell cycle
in the G1 phas#: Cell cycle analysis of A375 cells treated withh and7c for 24 hours revealed
a dose-dependent cell cycle arrest in the G1 ptiagare 6A and 6B). In this experiment, the
GO0/G1-phase fraction increased from 56.2% (DMSa@téd) to 63.0% and 75.4%, at 10, 25 uM
7b, respectively, while increased from 55.5% (DMSe@ated) to 56.7% and 61.1%, at 10, 25
UM 7c, respectively (Figure 6A and 6B). These obserwatiare consistent with dose-response
upregulation of p27kipl expression and downregaitatif Cyclin D1 expression that was shown
by immunoblotting using cells that have been treatethe same way (Figure 6C), suggesting

that inhibiting the STAT3 pathway by the new hyBrldocks cell cycle progression.

2.2.7 The mechanism of anticancer activity in BRAFMutant melanoma with SB-590885-

acquired resistance.

Enhanced STAT3 activation has recently been defasedne of the significant drivers of
tumor acquired resistance to different treatmdnts.example, Lee et al. suggested that STAT3
activation promotes Erlotinib resistance in EGFRtantilung cancer cell§? Notarangelo et al.
reported that STAT3 activation could be the primeegulator of the acquired resistance to a
BRAF inhibitor in BRAF-mutant thyroid carcinoma k=t And it was also reported that
activation of STAT3 or overexpression of paired bleameotic gene 3 (PAX3) triggered
resistance to vemurafenib in melanoma cell linesbdring the BRAE®F mutation.
PAX3/STAT3 downregulation or STAT3 inhibition bysanall molecule suppressed the growth

of vemurafenib-resistant melanoma cell lifies.

In order to investigate the ability of our new higsrto combat the resistance to BRAF

inhibitors in melanoma cell lines harboring the WEOBRAF mutant, we tested the ability s,
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7¢, 79, 7Thand7ito inhibit STAT3 activity and overcome the acquiredistance of two different
melanoma cell lines to a BRAF inhibitor. The preisty reportetf SB-590885-resistant cell
lines 451 Lu-R and MEL 1617-R, bearing the BRA¥F mutant, were obtained by treatment
with increasing concentrations of the BRAF inhibi8B-590885. These resistant cell lines were

reported to exhibit cross-resistance to other $iggBRAF inhibitors including PLX47204°

7b and 7c inhibited STAT3/PAX feedback activation m melanoma cell lines
resistant to BRAF inhibitor - To investigate the ability of the compounds thiloit the STAT3
pathway in resistant melanoma, we examined thecteftd the inhibitors on STAT3
phosphorylation and the expression of its downsirégarget PAX3 in the four melanoma cell
lines. Each cell line was treated with two diffeardnses of each inhibitor (10 and 25 uM) for 12
hours and the expression levels of STAT3 phosphteglion Ser727 (Ser-STAT3), Tyr705 (Tyr-
STAT3), total STAT3 (STAT3), total PAX3 and actinere determined and compared to a
DMSO control. Figure 7A showed the ability 6 and7c to inhibit STAT3 phosphorylation
and PAX3 expression in a dose-dependent mannentin&B-590885-sensitive and SB-590885-
resistant 451 Lu cell lines, however the less acttempoundsg, 7h, and7i showed either
limited or no ability to inhibit the STAT3 pathwawg the cell lines tested’ti and7i data not
shown). This suggests a correlation between thenp@nticancer activity of these compounds
and their ability to inhibit the STAT3 pathway. Slan effects were observed in SB-590885-

sensitive and SB-590885-resistant MEL 1617 cedldi(Figure 7A).

The inability of 7g, 7h, and7i to inhibit STAT3 phosphorylation in-cells suggetitat their
anticancer activities are predominantly due torthéility to release NO. Noticeably, whé&yg
loses its ability to donate NO (compare to the egponding ketonég), it shows no anticancer
activity (6g exhibited average growth inhibition 2% in Table S1). The potent activity @b

and 7c can, therefore, be attributed to a combinatiorS®AT3 pathway inhibition and NO
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production.As expectedy/b and7c showed a similar ability to inhibit the phosphartybn of
STAT3 in both SB-590885-sensitive and SB-59088%stast cell lines, with more potent

inhibitory activity towards the phosphorylation¥6705 than S727.

Inhibition of STAT3-dependent luciferase reporter expression in both SB-590885-
sensitive and resistant cell lines To further examine i¥b and7c are potent STAT3 inhibitors
in both SB-590885-sensitive and SB-590885-resistait lines, we evaluated their dose-
response effect on the activity of a STAT3 promotising a dual-luciferase reporter assay. The
STATS3 transcription activity in the four cell linggas estimated after the transient transfection of
a mixture of an inducible STAT3-responsive fireflyciferase construct and a constitutively
active renilla luciferase construct. As shown Fgg8A and in the table in Figure 7Bh and7c
inhibited STAT3 transcription in both 451-Lu-S a#81 Lu-R cell lines with similar potencies
(ICs0s are 6.3 + 0.7 uM and 4.7 = 0.8 uM féb and 7.9 + 1.3 and 17.0 + 3.0 uM féc,
respectively). A comparable effect of the two intals was observed on the other two cell lines
(MEL 1617-S and MEL 1617-R)7b exhibited 1Gys of 10.3+2.4 and 9.9+1.3 uM, antt
showed 1Gys of 21.4 + 4 and 15.6 + 4 uM, respectively. The toaninhibitor 7g showed a
limited ability to inhibit STAT3 transcription inllathe cell lines tested (I§g's in the range of
35-70 uM), suggesting that the sensitivity of thecancer activity of these inhibitors resides in
their ability to both inhibit STAT3 and release NDthe same time. However, we cannot rule
out the possibility that the presence of the oxstracture itself is responsible for the enhanced

anticancer activity of these STAT3 inhibitors.
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B, Inhibitory Activity on STAT3 Transcription and Melanoma Cells growth.
Cell Line Comp7b | Comp7c | Comp7g | PLX-4720
STAT3 T'ﬁ'és”('g}\',l")“ 6.3:0.66 | 7.9+1.3 | 54.0+19.0 N.A
451 Lu-S st
o My | 1.7741.07 | 11.345.2 >50 | 0.062+0.06
"STATS T’algm(‘ﬁ}fﬂ")“ 47408 | 17.083.0 | 40.516.0 N.A
451 Lu-R Growth Inhibition No
ic, (M) | 78435 47+8.4 >50 Inhibition
ST Ty | 103124 | 21.434 75¢11 N.A
MEL 1617-S Growth Inibition
.My | 84335 | 46.1x10 >50 0.084+0.01
STATS Traecy | 99813 | 156240 | 35215 N.A
MEL 1617-R Growth Inhibition No
iC,, (M) | 10.78%25 | 54.1%15 >50 Inhibition

*STAT3-dependent luciferase reporter gene assay in melanoma cell lines. N.A-Not Applicable.

Figure 7: (A) Compounds7b, 7c, and 7g inhibited STAT3 phosphorylation and PAX3
expression in melanoma cell lines with SB-59088&uaed resistance. Sensitive and resistant

451 Lu and MEL 1617 melanoma cell lines were expdedlifferent doses of each inhibitor for

12 hours before cell lysis. Protein expression ®AE3, phospho-STAT3, and PAX3 were

analyzed by western blot using actin as a loadorgrol. (Experiment was repeated at least two

times @) This table represents the inhibitory activityddf, 7¢ and7g towards the growth and
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the STAT3 transcription activity of the Sensitivedaresistant 451 Lu and MEL 1617 melanoma

cell lines.

The new hybrids inhibited proliferation of melanoma cell lines with acquired
resistance to BRAF-inhibition - We have demonstrated thab and 7c block STAT3 signal
activation in four cell lines. Consistent with th8TAT3—PAXS3 inhibition by7b and7c resulted
in growth inhibition (Figure S1 and 7B) in both $BO0885-resistant and SB-590885-sensitive
cell lines. The IGy's of sensitive cell lines 451 Lu-S and MEL 161%8&re 1.8 and 8.4 uM for
7b, 11.3, and 46.1 uM forc and 0.06 and 0.084 uM for PLX-4720 respectivelye TGy's of
the resistant 451 Lu-R and MEL 1617-R cell linegt ttiid not exhibit any growth inhibition by
PLX-4720 were 7.8 and 10.8 uM féb and 47 and 54 uM fafc respectively, which are similar
to the IGo's of inhibition of the sensitive cell lines by tlsame compounds. This suggests the
capability of these inhibitors to overcome the aegfliresistance to SB-590885. Noticeally,

did not show any growth inhibition for any testesdl ines up to a concentration of 50 pM.

It has been reported that MEL1617-R cells exhilmtreresistance to the MEK inhibitor
GSK1120212 than MEL1617-S cells. In order to impE&K phosphorylation and cell viability,
and to induce GO/G1 cell cycle arrest, 10-fold mae GSK1120212 was requir&d
Interestingly, comparable cytotoxic effects of 8iIBAT3 inhibitors,7b and7c, were observed in
both cell lines (Figure S1 and 7B). The similafeef of the inhibitors on STAT3
phosphorylation and transcription activity in theotcell lines (Figures 7A, 7B, and 8A) is
consistent with the notion that some BRAF inhibitesistant cells lines may exhibit less

resistance to STAT3 inhibitors than to MEK inhilsgo

We also performed MTS assays to monitor the effeictthe inhibitors on cell
proliferation at different time points (Figure SBach cell line has been incubated with three

concentrations ofb (DMSO, 1, 5, and 50 uM), and the MTS assay waipaed after 24, 48,
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and 72 hours of incubation. The results represemtd#igure S2) indicated that compound
was capable of effectively suppressing 451 Lu-SRNMEL 1617-S and R cell proliferation in
a dose-dependent manner, with comparable effebbtinSB-590885 sensitive and resistant cell

lines.

7b favorably inhibited resistant melanoma cell surwwal by apoptosis induction -
Suppressing STAT3 signaling in several cancer cefislted in growth arrest and apoptosis. To
investigate the ability ofb to induce apoptosis in SB-590885 sensitive andteed cell lines,
we determined its ability to enhance the formabboleaved PARP and caspase-7 using western
blotting. As shown in Figure 8B/b increased the formation of cleaved PARP and caspase
levels in both 451 Lu-S and R cell lines in a ddependent manner, suggesting the ability of
7bto induce apoptosis of these cell lines. Furtheenwe established these results using the
Caspase 3/7 activity assay using the Caspase-@las3ay Kit (Promega). As shown in Figure
8C, compoundb induced caspase activity and apoptosis in 45lekistant cell lines in a dose-

dependent manner.

31



A. 451 Lu-S 451 Lu-R

@ 80 8 80
© ©
ks 3
S & 60 S & 60
= > S5 >
S ® 40 28 40|
k= k-
¢ 20 ® 20
| O | O
-4 -2 0 4 -2
Log [Inhibitor], uM Log [Inhibitor], uM
MEL 1617-S MEL 1617-R
80 @ 80
S @
K k3
52 60} s & 60
= > = >
2w 40 $& 40
k< K
g 20 ¢ 20
| a) L 0
4 2 0 -4 -2 0
Log [Inhibitor], uM Log [Inhibitor], uM
B C
15 451 Lu-R (Comp 7b)
451 Lu-S 451 Lu-R W 45 Hrs
60 Hrs

7b[uM] 0 10 25 0 10 25
PARP [t b bl e |

Cl. PARP [ e

=
o

&)

35 KDa
Casp-7 [t S W 20 D

VINCUIIN [l o it st ot s |

% Apoptosis (Caspase 3/7 +)

ol

DMSO 10uM 25uM 50 uM

Figure 8: (A) Compound«b, 7c, and7ginhibited STAT3 signaling in melanoma cell lineghw
SB-590885-acquired resistance. Sensitive and aesigthl Lu and MEL 1617 melanoma cell
lines were transfected with a mixture of induciBIEAT3-responsive firefly luciferase construct
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and constitutively expressing renilla luciferasestouct (40:1), after 48 hours of transfection,
cells were treated with different doses of eachbidr with vehicle (DMSO). A dual-luciferase
assay was performed. The dose-response curvesseapr&TAT3 transcriptional activity
(Experiments were done in triplicate§3-C) 7b induced caspase activity and apoptosis in the
451 Lu-R cell line(B) 7b induced PARP and caspase-7 cleavage in both isenaitd resistant
451 Lu cell lines. Cells were exposed to differ@ases of each inhibitor for 12 hours before cell
lysis. Protein expression of PARP, cleaved PARP @aspase-7 were analyzed by western blot
using vinculin as a loading control. (Experimensweapeated two times)C) Cells were treated
with different doses of compountb, and then Apoptosis was analyzed using the InaCyt
Caspase-3/7 reagent and IncuCyte® ZOOM equipmetht svix10 objective at indicated time
points. Error bars: SEM (n = 4). The number of @aptip cells was normalized to the percentage
area coverage (confluency) at the final time ptanaccount for cell proliferation. Caspase-3/7

activity was significantly increased in a dose-defent manner. Error bars: SEM (n = 3).

3. Conclusion

Here we report the synthesis of several hybrid aamgs with an ability to
simultaneously inhibit STAT3 signaling and to redeaNO into cells.7b and 7c showed
promising anticancer activity in several cell lin€irect binding to STAT3 was confirmed
using molecular docking studies, and a displacenasstay using a FAM-labeled phospho-
peptide that binds STAT3 in the SH2 domain. The rwdrids inhibited STAT3 tyrosine
phosphorylation in several cancer cell lines. Thay not affect the phosphorylation of other
STAT isoforms.7cinhibited STAT3 nuclear translocation in mouse eyohic fibroblasts and
STAT3 DNA binding in the A375 melanoma cell linehél'sensitivity of cancer cells carrying a
BRAF mutation to STAT3 inhibition was confirmed ngithese new inhibitors/b, and7c
which inhibited STAT3 phosphorylation in the A378&lldine carrying the V60OE mutant after

exposure to cytokine (IL-6), induced productionrefctive oxygen species and arrested cell
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growth at the G1 phase. These effects resulteadt@np inhibition of A375 colonies formation
by 7b and7c in a dose-dependent manner. Moreovér,and 7c were able to inhibit cellular
growth and proliferation and induce apoptosis of39B885-sensitive and resistant cell lines
with comparable potency. This anticancer activigsvattributed to their ability to both inhibit
STAT3 transcription and release NO. The compoundsodered in this study may have
potential as lead compounds for further developneérdual-functional NO-releasing STAT3
inhibitors for treating BRAF-inhibitor resistant lmaomas and/or other resistant types of cancer

that is susceptible to STAT3 inhibition.

4. Materials and Methods
4.1. Chemistry:

Chemicals and solvents are of analytical grade.tiMgelpoints were determined on a Stuart
electro-thermal melting point apparatus and wereotnected. IR spectra were performed on
Nicolet iS5 (ATR) FT-IR spectrometer at the facufypharmacy, Minia UniversityH spectra
were recorded on Bruker Advance 11l 400 MHz, faguf Benisweif University and Burker AG,
Switzerland, 500 MHz, faculty of Pharmaceuticaleébces, Umm Al-Qura University, Mecca,
Saudi Arabia using TMS as a reference standard>d80-d; as solvent. Chemical shifts)(
are expressed in parts per million (ppm), and daogptonstantsJ) are expressed in Hertz. The
signals are designated as follows: s, singletodibtet; t, triplet; m, multiplet:*C spectra were
recorded on Burker AG, Switzerland, 125 MHz, Facwoit Pharmaceutical Sciences, Umm Al-
Qura University, Mecca, Saudia Arabia using TM& asference standard, and DMSgas the

solvent. Chemical shiftd) are expressed in parts per million (ppm). Electianization mass
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spectra were collected in the Faculty of PharmacautSciences, University of British

Columbia, Vancouver, Canada.
General procedure for the synthesis of compounds fa

A mixture of isatin or 5-methoxyisatin (10 mmolB% potassium hydroxide (10 mL) in ethanol
(20 mL), and appropriate acetophenone derivati@enginol) was heated under reflux for 9-18 h.
The reaction mixture was concentrated under redpoeskure, and the residue was diluted with
water (50 mL) and extracted with ether (3 x 50 nilfj)e aqueous layer was neutralized with 1 M
hydrochloric acid. The formed precipitate was fétkroff, washed with water, dried, and

crystallized from ethanol.

2-Phenylquinoline-4-carboxylic acid (1af*.

White needles (0.19 g; 80 % yield); m.p. 212-2C4reported 208-218C.
2-(4-Chlorophenyl)quinoline-4-carboxylic acid (1b)*.

Pale yellow powder (0.24 g; 85 % yield); m.p. 1446 IC; reported 142-142C.
2-(4-Methoxyphenyl)quinoline-4-carboxylic acid (1c¥*.

White powder (0.22 g; 72 % vyield); m.p. 197-198 reported 195-196&C.
2-(4-Chlorophenyl)-6-methoxyquinoline-4-carboxylicacid (1d)“.

White powder (0.22 g; 71 % vyield); m.p. 265-2€% reported 264-26&C.
6-Methoxy-2-(4-methoxyphenyl)quinoline-4-carboxylicacid (1e)*.

White powder (0.23 g; 75 % vyield); m.p. 242-24 reported 243-242C.

2-(3,4-Dimethoxyphenyl)-6-methoxyquinoline-4-carboylic acid (1f) *°.
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Yellowish white powder (0.23 g; 70 % yield); m.8®233°C; reported 235C.
General procedure for the synthesis of compounds &2f)

A mixture of the appropriate 4-carboxylic add—f (10 mmol), absolute ethanol (20 mL), and
concentrated sulfuric acid (2 mL) was refluxed fori The solution was concentrated under
reduced pressure; the mixture was allowed to comb@m temperature, diluted with water then
rendered alkaline with a sodium bicarbonate satutithe formed precipitate was filtered off,

washed with water and crystallized from ethanol.
Ethyl 2-phenylquinoline-4-carboxylate (2a)*’.

Yellow liquid (0.20g; 75 % yield); m.p; reported &1.

Ethyl 2-(4-chlorophenyl)quinoline-4-carboxylate (2B “,

White solid (0.24 g; 80 % yield); m.p. 79-8T; reported 72-73C.

Ethyl 2-(4-methoxyphenyl)quinoline-4-carboxylate (2) “°.

White solid (0.21 g; 69 % vyield); m.p. 87-88; reported 86-87C.

Ethyl 2-(4-chlorophenyl)-6-methoxyquinoline-4-carbaylate (2d)*°.

White solid (0.28 g; 85 % yield); m.p. 129-130; reported 128-12%C.

Ethyl 6-methoxy-2-(4-methoxyphenyl)quinoline-4-carioxylate (2e)*.
Yellowish white solid (0.26 g; 79 % yield); m.p.-991°C; reported 96-98C.
Ethyl 2-(3,4-dimethoxyphenyl)-6-methoxyquinoline-4earboxylate (2f)°°.

Yellow solid (0.21 g; 59 % yield); m.p. 106-188; reported 105-10%C.
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General procedure for the synthesis of compounds &3).

To a solution of2a-f (10 mmol) in ethanol (20 mL), hydrazine monohydréd7%, 3 mL) was
added and refluxed for 3-7 h. After cooling, tharied precipitate was filtered off, washed with

water dried, and crystallized from ethanol.
2-Phenylquinoline-4-carbohydrazide (3aj".

White solid (0.22 g; 84 % yield); m.p. 225-228; reported 222C.
2-(4-Chlorophenyl)quinoline-4-carbohydrazide (3by%

White solid (0.27 g; 91 % yield); m.p. 234-238; reported 235-237C.
2-(4-Methoxyphenyl)quinoline-4-carbohydrazide (3c§>

White solid (0.25 g; 87 % yield); m.p.208-230.
2-(4-Chlorophenyl)-6-methoxyquinoline-4-carbohydraide (3d)*.
White solid (0.22 g; 78 % vyield); m.p. 233-235; reported 233-232C.
6-Methoxy-2-(4-methoxyphenyl)quinoline-4-carbohydraide (3e)*.
White solid (0.21 g; 66 % vyield); m.p. 158-18D; reported 159-16%C.
2-(3,4-Dimethoxyphenyl)-6-methoxyquinoline-4-carbofdrazide (3f)

White solid (0.19 g; 55 % yield); m.p. 223-2%6 ; IR (KBr, cm): 3360, 3257 (NH, Nb), 1645
(CO): *H NMR (400 MHz, CDC}) & (ppm): 10.04 (s, 1H, CO-NH), 8.06 (s, 1H, Ar-H)03 (d,

J=9.2 Hz 1H, Ar-H), 7.87 (s, 1H, Ar-H), 7.83 (@~ 8.4 Hz, 1H, Ar-H), 7.65 (s, 1H, Ar-H),
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7.46 (d,J = 9.2 Hz, 1H, Ar-H), 7.11 (d] = 8.4 Hz 1H, Ar-H), 4.74 (s, 2H, N 3.91 (s, 3H, -

OCHg), 3.89 (s, 3H,-OC#), 3.85 (s, 3H,-OC}H).
General procedure for the synthesis of compounds &4i).

The detailed synthesis and spectral analysis o$ethatermediates have been previously
reported®. In brief, equimolar quantities of the appropriaggbohydrazid@a-f (100 mmol) and
allyl or phenyl isothiocyanate (100 mmol) in 125 mft absolute ethanol were heated under
reflux for 4 h. The solvent was evaporated undeuuan. Then 100 mL of 2N NaOH solution
was added. The solution was refluxed for 3 h. Taetion mixture was cooled and acidified to
pH 2 with concentrated HCI. The formed precipitaias filtered off, washed with water, and

recrystallized from ethanol.

4-Phenyl-5-(2-phenylquinolin-4-yl)-4-1,2 4-triazole-3-thiol (4af*.

Orange needles (0.22 g; 60 % yield); m.p. 280-Z3Ireported 278-28¢C.
4-Allyl-5-(2-phenylquinolin-4-yl)-4H-1,2,4-triazole-3-thiol (4b§>.

White solid (0.21 g; 62 % vyield); m.p. 266-2838; reported 266-26&C.
4-Allyl-5-(2-(4-chlorophenyl)quinolin-4-yl)-4H-1,2,4-triazole-3-thiol (4c}>.
Yellow solid (0.28 g; 75 % yield); m.p. 182-183; reported 182-18%C.
5-(2-(4-Chlorophenyl)quinolin-4-yl)-4-phenyl-4H-1,2,4-triazole-3-thiol (4d}>.
White solid (0.29 g; 70 % vyield); m.p. 198-2%0; reported 198-208C.
5-(2-(4-Methoxyphenyl)quinolin-4-yl)-4-phenyl-44-1,2,4-triazole-3-thiol (4e}>.

White solid (0.28 g; 69 % yield); m.p. 260-288; reported 260-26%C.
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4156 4-Allyl-5-(2-(4-methoxyphenyl)quinolin-4yl)-4H-1,2,4-triazole-3-thiol (4f}>.
White solid (0.23 g; 62 % vyield); m.p. 135-138; reported 135-13%C.
5-(2-(4-Chlorophenyl)-6-methoxyquinolin-4-yl)-4-phayl-4H-1,2,4-triazole-3-thiol (4g§>.
White solid (0.35 g; 79 % vyield); m.p. 238-24D; reported 238-24%C.
5-(6-Methoxy-2-(4-methoxyphenyl)quinolin-4-yl)-4-ptenyl-4H-1,2,4-triazole-3-thiol (4h}>.
Yellow solid (0.31 g; 71 % yield); m.p. 269-213; reported 269-27C.

5-(2-(3,4-Dimethoxyphenyl)-6-methoxyquinolin-4-yl)4-phenyl-4H-1,2,4-triazole-3-thiol

(4i)%.
Yellowish white solid (0.31 g; 66 % yield); m.p.@231°C; reported 230-23C.
Synthesis ofN-(4-acetylphenyl)-2-bromoacetamide 5°.

To a stirred mixture op-aminoacetophenone (0.85 g, 6.3 mmol) in dichloriaee (20 mL)

and potassium carbonate (0.17 g, 1.3 mmol) in 10Quater cooled in an ice bath, bromoacetyl
bromide (1.86 g, 9.2 mmol) in 30 mL dichloromethaves added in a drop-wise manner with
stirring over 30 minutes. Stirring was continued h at 0°C, then at room temperature
overnight. The reaction mixture was extracted wdibhloromethane (3 x 50 mL), and the
organic layer was washed with distilled water (20xmL), dried over anhydrous sodium sulfate,
filtered off, evaporated on a rotary evaporator #mel residue was recrystallized from 95 %
ethanol to give compounst off-white crystals (0.24 g, 95 % yield); m.p. 1%5; reported 157

°C.

General procedure for the synthesis of compounds &6).
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An equimolar mixture ofla-i, compound (1 mmol), and TEA (0.12 g, 1.2 mmol) in acetongril
(50 mL) was heated at reflux for 4-8 h. The reactmixture was evaporated to dryness. The

residue was crystallized from aqueous ethanol difigrcompoundéa-i.

N-(4-Acetylphenyl)-2-((4-phenyl-5-(2-phenylquinolin4-yl)-4H-1,2,4-triazol-3-

yhthio)acetamide (6a).

White solid (0.36 g; 65 % yield); m.p. 124-1%6; IR (KBr, cm*): 3310 (NH), 1670 (COCH),
1660 (CONH):*H NMR (500 MHz, DMSO-g) & (ppm): 10.79 (s, 1H, NH), 8.13-8.09 (m, 2H,
Ar-H), 8.06 (s, 1H, Ar-H), 8.03 (d] = 7.3 Hz, 2H, Ar-H), 7.97 (d] = 8.6 Hz, 2H, Ar-H), 7.82

(t, J = 7.6 Hz, 1H, Ar-H), 7.76 (d] = 8.6 Hz, 2H, Ar-H), 7.62 (t) = 7.6 Hz, 1H, Ar-H), 7.50-
7.48 (m, 5H, Ar-H), 7.48-7.41 (m, 3H, Ar-H), 4.33, @H, S-CH), 2.54 (s, 3H, CO-Ch); *°C
NMR (125 MHz, DMSO-g) & (ppm): 197.01, 166.61, 155.68, 152.56, 152.32,21918143.57,
138.24, 133.66, 133.59, 132.47, 131.02, 130.55,4830.30.43, 130.28, 130.07, 129.42, 127.99,
127.81, 127.47, 126.02, 124.99, 120.89, 118.9%453726.93; Anal. Calcd. For 3gH25Ns0,S
(555.65): C, 71.33; H, 4.53; N, 12.60; Found: C,561 H, 4.61; N, 12.87; EI-MS (ESI) m/z:

calcd. (555.66); Found: (555.20) (M

N-(4-Acetylphenyl)-2-((4-allyl-5-(2-phenylquinolin-4yl)-4H-1,2,4-triazol-3-

yl)thio)acetamide (6b).

White solid (0.31 g; 60 % yield); m.p. 212-23@; IR (KBr, cmi%): 3311 (NH), 1681 (COCH),
1658 (CONH);*H NMR (400 MHz, DMSO-g) § (ppm): 10.76 (s, 1H, NH), 8.32-8.29 (m, 3H,
Ar-H), 8.20 (d,J = 8.4 Hz , 1H, Ar-H), 7.97 (d] = 8.4 Hz, 2H, Ar-H), 7.89-7.84 (m, 2H, Ar-H),
7.76 (d,J = 8.4 Hz, 2H, Ar-H), 7.63-7.53 (m, 4H, Ar-H), 5.9081 (m, 1H, CkCH=CH,), 5.11
(d, Jgs = 10.4 Hz, 1H, CH=Ch), 4.83(d,Jyrans = 17.2 Hz, 1H, CH=CH), 4.66-4.63 (m, 2H, CH
CH), 4.33 (s, 2H, S-CH), 2.50 (s, 3H, CO-CH); *C NMR (125 MHz, DMSO-g) & (ppm):
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197.14, 168.06, 162.94, 156.93, 153.97, 153.28,2643.38.84, 138.06, 134.17, 131.62, 130.45,
130.18, 130.03, 129.26, 129.02, 128.10, 128.04,2623.20.64, 119.58, 119.16, 118.02, 47.98,
32.93, 27.78; Anal. Calcd. Forsgi2sNsO.S (519.62): C, 69.34, H, 4.85; N, 13.48; Found: C,

69.18; H, 4.92; N, 13.72.

N-(4-Acetylphenyl)-2-((4-allyl-5-(2-(4-chlorophenyljquinolin-4-yl)-4H-1,2,4-triazol-3-

yhthio)acetamide (6c).

White solid (0.49 g; 89 % yield); m.p. 191-182; IR (KBr, cmi%): 3310 (NH), 1667 (COCH),
1599 (CONH):*H NMR (500 MHz, DMSO-g) 5 (ppm): 10.79 (s, 1H, NH), 8.33 (d= 8.5 Hz,
2H, Ar-H), 8.31 (s, 1H, Ar-H), 8.20 (d, = 8.2 Hz, 1H, Ar-H), 7.97 (d] = 8.5 Hz, 2H, Ar-H),
7.88 (t,J = 7.7 Hz, 1H, Ar-H), 7.84 (d] = 8.2 Hz, 1H, Ar-H), 7.76 (d] = 8.5 Hz, 2H, Ar-H),
7.64 (d,J = 8.5 Hz, 2H, Ar-H), 7.63-7.61 (m, 1H, Ar-H), 5:8679 (m, 1H, Ck-CH=CH,), 5.10

(d, Jis = 10.5 Hz, 1H, CH=C}), 4.82 (d,Jyans = 17.0 Hz, 1H, CH=C}), 4.64-4.63 (m, 2H,
CH,-CH), 4.33 (s, 2H, S-C}), 2.54 (s, 3H, CO-Ch); *C NMR (125 MHz, DMSO-g) 5 (ppm):
197.01, 166.78, 154.90, 152.41, 151.62, 148.41,564337.19, 135.48, 134.32, 132.61, 132.49,
131.24, 130.18, 130.06, 129.55, 129.48, 128.31,6129.25.40, 120.08, 118.92, 118.01, 47.18,
38.25, 26.92; Anal. Calcd. Forg24CINsO,S (554.06): C, 65.03; H, 4.37; N, 12.64; Found: C,

65.28; H, 4.45; N, 12.89; EI-MS (ESI) m/z: calcs54.07); Found: (554.1) (N).

N-(4-Acetylphenyl)-2-((5-(2-(4-chlorophenyl)quinolir4-yl)-4-phenyl H-1,2,4-triazol-3-

yhthio)acetamide (6d).

White solid (0.52 g; 89 % vyield); m.p. 295-28C; *H NMR (500 MHz, DMSO-¢) & (ppm):
10.80 (s, 1H, NH), 8.11-8.07 (m, 5H, Ar-H), 7.98 Jc= 8.5 Hz, 2H, Ar-H), 7.83-7.81 (m, 1H,
Ar-H), 7.77 (d,d = 8.7 Hz, 2H, Ar-H), 7.64-7.62 (m, 3H, Ar-H), 7.88, J = 8.7 Hz, 2H, Ar-H),
7.54-7.42 (m, 3H, Ar-H), 4.38 (s, 2H, S-@H2.55 (s, 3H, CO-Ch); *C NMR (125 MHz,
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DMSO-d) 6 (ppm): 197.01, 166.61, 154.45, 152.59, 152.27,2018143.58, 137.03, 135.46,
133.92, 133.53, 132.47, 131.16, 130.56, 130.26,083@30.01, 129.49, 129.21, 128.21, 127.77,
126.01, 125.07, 120.81, 118.90, 37.43, 26.93; AGalcd. For GzH,4CINsO,S (590.09) : C,
67.17; H, 4.10; N, 11.87; Found: C, 67.42; H, 4M47]12.04; EI-MS (ESI) m/z: calcd. (590.09);

Found: (590.10) (W).

N-(4-Acetylphenyl)-2-((5-(2-(4-methoxyphenyl)quinol-4-yl)-4-phenyl-4H-1,2 4-triazol-3-

yhthio)acetamide (6e).

White solid (0.50 g; 87 % vyield); m.p. 185-18Z; *H NMR (500 MHz, DMSO-¢) & (ppm):
10.81 (s, 1H, NH), 8.08-8.06 (m, 3H, Ar-H), 8.086 (m, 4H, Ar-H), 7.82-7.76 (m, 3H, Ar-H),
7.57 (t,J = 7.3 Hz, 1H, Ar-H), 7.52-7.49 (m, 5H, Ar-H), 7.0d,J = 8.0 Hz, 2H, Ar-H), 4.37 (s,
2H, S-CH), 3.84 (s, 3H, O-CHJ, 2.55 (s, 3H, CO-CH); **C NMR (125 MHz, DMSO-g) 5
(ppm): 197.01, 166.62, 161.42, 155.37, 152.47,452148.30, 143.58, 133.61, 133.49, 132.50,
130.87, 130.69, 130.53, 130.25, 130.05, 129.78.,962827.80, 127.49, 125.94, 124.68, 120.50,
118.93, 114.82, 55.83, 37.49, 26.91; Anal. Calad. G4H,/Ns05S (585.68): C, 69.73; H, 4.65;
N, 11.96; Found: C, 69.98; H, 4.67; N, 12.28; EI-{ESI) m/z: calcd. (585.68); Found: (585.5)

M™).

N-(4-Acetylphenyl)-2-((4-allyl-5-(2-(4-methoxyphenykquinolin-4-yl)-4H-1,2 4-triazol-3-

yl)thio)acetamide (6f).

White solid (0.45 g; 83 % vyield); m.p. 214-236; *H NMR (500 MHz, DMSO-¢) & (ppm):
10.79 (s, 1H, NH), 8.27 (d, = 8.8 Hz, 2H, Ar-H), 8.23 (s, 1H, Ar-H), 8.14 @ = 8.4 Hz, 1H,
Ar-H), 7.97 (d,J = 8.6 Hz, 2H, Ar-H), 7.84 (t) = 7.6 Hz, 1H, Ar-H), 7.80 (d] = 8.4 Hz, 1H,
Ar-H), 7.76 (d,J = 8.6 Hz, 2H, Ar-H), 7.57 (t) = 7.6 Hz, 1H, Ar-H), 7.12 (d] = 8.8 Hz, 2H,
Ar-H), 5.88-5.81 (m, 1H, CHCH=CH), 5.11 (dJsis = 10.5 Hz, 1H, -CH=CH), 4.83 (d,Jrans =
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17.2 Hz, 1H, -CH=CH), 4.62-4.60 (m, 2H, CHCH), 4.33 (s, 2H, S-Ch), 3.86 (s, 3H, O-Ch),
2.54 (s, 3H, CO-Ch); *C NMR (125 MHz, DMSO-¢) & (ppm): 197.01, 166.80, 161.47,
155.75, 152.59, 151.52, 148.49, 143.56, 133.92,6132432.49, 130.98, 130.80, 130.06, 129.95,
129.26, 127.60, 125.59, 124.96, 119.73, 118.92,9B17114.84, 55.84, 47.18, 38.29, 26.92;
Anal. Calcd. For GH27NsOsS (549.64): C, 67.74; H, 4.95; N, 12.74; Found68.01; H, 4.88;

N, 12.98.

N-(4-Acetylphenyl)-2-((5-(2-(4-chlorophenyl)-6-methry-quinolin-4-yl)-4-phenyl-4H-1,2,4-

triazol-3-yl)thio)acetamide (69).

Yellowish white solid (0.55 g; 90 % vyield); m.p.£2225°C; 'H NMR (500 MHz, DMSO-¢) &
(ppm): 9.57 (s, 1H, NH), 7.95 (s, 1H, ArH), 7.93%.(m, 4H, Ar-H), 7.84 (dJ = 7.5 Hz, 1H,
Ar-H), 7.61 (d,J = 7.5 Hz, 2H, Ar-H), 7.60-7.58 (m, 1H, Ar-H), 75451 (m, 2H, Ar-H), 7.45
(d,J = 7.5 Hz, 2H, Ar-H), 7.35 (s, 1H, Ar-H), 7.16 {t= 7.5 Hz, 2H, Ar-H), 7.05 (t) = 7.4 Hz,
1H, Ar-H), 3.99 (s, 2H, CHS), 3.81 (s, 3H, O-C§), 2.49 (s, 3H, CO-CH; *C NMR (125
MHz, DMSO-d) & (ppm) 197.00, 166.65, 162.95, 158.68, 151.92, 434143.55, 137.19,
134.92, 133.69, 133.29, 131.69, 130.49, 130.27,0430.30.01, 129.39, 128.84, 127.67, 126.26,
123.53, 121.08, 119.64, 118.93, 103.90, 56.20,43726.91; Anal. Calcd. For $gH26CINsO3S

(620.12): C, 65.85; H, 4.23; N, 11.29; Found: CQ86H, 4.31; N, 11.57.

N-(4-Acetylphenyl)-2-((5-(6-methoxy-2-(4-methoxypheyl)-quinolin-4-yl)-4-phenyl-4H-

1,2,4-triazol-3-yl)thio)acetamide (6h).

Yellowish white solid (0.44 g; 73 % vyield); m.p.2230°C; 'H NMR (500 MHz, DMSO-¢) &
(ppm): 10.79 (s, 1H, NH), 7.95-7.93 (m, 6H, Ar-HJ.75 (d,J = 7.9 Hz, 2H, Ar-H), 7.50-7.38
(m, 9H, Ar-H), 7.04 (dJ = 7.9 Hz, 2H, Ar-H), 4.36 (s, 2H, S-GK13.85 (s, 3H, OCEJ) 3.82 (s,
3H, OCH), 2.54 (s, 3H, CO-Ch; °C NMR (125 MHz, DMSO-¢) 5 (ppm): 197.14, 168.06,
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164.02, 162.50, 159.48, 159.17, 156.10, 152.74,264337.40, 137.19, 131.62, 131.14, 130.69,
130.59, 130.18, 130.07, 128.75, 128.40, 128.01,292120.88, 119.58, 114.11, 104.91, 56.04,
32.93, 27.79; Anal. Calcd. ForsfH,9NsO,S (615.70): C, 68.28; H, 4.75; N, 11.37; Found: C,

68.54; H, 4.87; N, 11.49; EI-MS (ESI) m/z: caldgll$.71); Found: (615.1) (N).

N-(4-Acetylphenyl)-2-((5-(2-(3,4-dimethoxyphenyl)-Gnethoxyquinolin-4-yl)-4-phenyl-4H-

1,2,4-triazol-3-yl)thio)acetamide (6i).

Yellow solid (0.39 g; 62 % yield); m.p. 150-18C; *H NMR (500 MHz, DMSO-¢) & (ppm):
10.79 (s, 1H, NH), 8.00-7.97 (m, 4H, Ar-H), 7.76 Jck 8.3 Hz, 2H, Ar-H), 7.60 (s, 1H, Ar-H),
7.56-7.52 (m, 3H, Ar-H), 7.44-7.41 (m, 5H, Ar-H)08 (d,J = 8.3 Hz, 1H, Ar-H), 4.37 (s, 2H,
S-CHp), 3.86 (s, 6H, OCH), 3.82 (s, 3H, OCH, 2.55 (s, 3H, CO-CH); **C NMR (125 MHz,
DMSO-ds) & (ppm): 197.01, 166.66, 158.20, 152.99, 152.73,3%2150.77, 149.48, 144.39,
143.55, 133.75, 132.51, 132.00, 131.46, 131.02,4830.30.26, 130.04, 127.70, 125.77, 123.09,
120.91, 120.03, 118.93, 112.27, 110.25, 104.04,%5656.08, 37.49, 26.91; Anal. Calcd. For

Cs6H31Ns0sS (645.73): C, 66.96, H, 4.84, N, 10.85; Found6T21; H, 4.92; N, 11.07.

General procedure for the synthesis of compounds &7) *°.

A mixture of equimolar amounts of the appropriagtoke6a-i (1.00 mmol), hydroxylamine
hydrochloride (0.35 g, 5.00 mmol) and anhydrousisadacetate (0.08 g, 1.00 mmol) in
absolute ethanol (30 mL) was heated under reflu8{b2 h then left to cool. The separated solid
was filtered off, washed with dil. ammonia solutid® %), dried and crystallized from agueous

ethanol affording the pure novel produgtsi.
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N-(4-(1-(Hydroxyimino)ethyl)phenyl)-2-((4-phenyl-5-@-phenylquinolin-4-yl)-4H-1,2,4-

triazol-3-yl)thio)acetamide (7a).

White solid (0.33 g; 59 % yield); m.p. 158-16C; IR (KBr, cm): 3243 (OH, NH), 1660
(CONH); *H NMR (500 MHz, DMSO-¢) 5 (ppm): 11.11 (s, 1H, OH), 10.57 (s, 1H, NH), 8.13
(d,J = 8.4 Hz, 2H, Ar-H), 8.10 (d] = 8.4 Hz, 2H, Ar-H), 8.06 (s, 1H, Ar-H), 7.03 @z 7.1 Hz,
1H, Ar-H), 7.82 (t,J = 7.1 Hz, 1H, Ar-H), 7.64-7.60 (m, 4H, Ar-H), 75149 (m, 5H, Ar-H),
7.45-7.42 (m, 3H, Ar-H), 4.35 (s, 2H, S-@H2.14 (s, 3H, -Ch); *C NMR (125 MHz, DMSO-
de) 8 (ppm): 166.04, 155.68, 152.87, 152.64, 152.30,3018139.64, 138.24, 133.68, 133.61,
132.59, 131.01, 130.53, 130.49, 130.27, 130.01,422927.99, 127.82, 127.48, 126.60, 126.03,
125.01, 120.89, 119.30, 37.46, 11.85; Anal. Cafcd. GsH26N6O.S (570.66): C, 69.45, H, 4.59;

N, 14.73; Found: C, 69.72; H, 4.55; N, 15.01.

2-((4-Allyl-5-(2-phenylquinolin-4-yl)-4H-1,2,4-triazol-3-yl)-thio)-N-(4-(1-

(hydroxyimino)ethyl)phenyl)acetamide (7Db).

Yellowish white solid (0.29 g; 55 % yield); m.p.3178°C; IR (KBr, cmi'): 3249 (OH, NH),
1658 (CONH);*H NMR (600 MHz, DMSO#€g) & (ppm): 11.11 (s, 1H, NH), 10.53 (s, 1H, OH),
8.31 (d,J = 7.2 Hz, 2H, Ar-H), 8.29 (s, 1H, Ar-H), 8.21 (@= 8.4 Hz, 1H, Ar-H), 7.88 (iJ =

7.5 Hz, 1H, Ar-H), 7.85 (dJ = 8.4 Hz, 1H, Ar-H), 7.68-7.61 (m, 5H, Ar-H), 7.6@.53 (m, 3H,
Ar-H), 5.88-5.82 (m, 1H, CHCH=CHp), 5.12 (d Jcis = 10.2 Hz, 1H, CH=C}), 4.83 (d Jtrans

= 17.4 Hz, 1H, CH=Ch), 4.64 (d,J = 3.6 Hz, 2H,_CHCH), 4.30 (s, 2H, S-C}), 2.14 (s, 3H,
CHz); C NMR (151 MHz, DMSO-g) & (ppm): 166.21, 156.10, 152.85, 152.49, 151.62,
148.49, 139.58, 138.39, 134.17, 132.67, 131.09,523@.30.18, 129.53, 129.44, 128.08, 127.78,
126.59, 125.65, 125.32, 120.14, 119.34, 117.9619%738.35, 11.85; Anal. Calcd. For

CsoH26N602S (534.63): C, 67.40; H, 4.90; N, 15.72; Found6Z.65; H, 4.98; N, 16.04.
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2-((4-Allyl-5-(2-(4-chlorophenyl)quinolin-4-yl)-4H-1,2,4-triazol-3-yl)thio)-N-(4-(1-

(hydroxyimino)ethyl)phenyl)acetamide (7c).

White solid (0.39 g; 70 % yield); m.p. 232-28@; IR (KBr, cm): 3371 (OH, NH), 1557
(CONH); *H NMR (600 MHz, DMSO€g) 5 (ppm): *H NMR (600 MHz, DMSO€g) & (ppm):
11.11 (s, 1H, NH), 10.53 (s, 1H, OH), 8.34 Jc& 9.0 Hz, 2H, Ar-H), 8.32 (s, 1H, Ar-H), 8.20
(d, J = 8.4 Hz, 1H, Ar-H), 7.90-7.87 (m, 1H, Ar-H), 7.8d, J = 8.4 Hz, 1H, Ar-H), 7.65—7.62
(m, 7H, Ar-H), 5.86-5.80 (m, 1H, GHCH=CH), 5.10 (d,Jsis = 10.2 Hz, 1H, CH=C}), 4.82 (d,
Jyans = 16.8 Hz, 1H, CH=C}}, 4.64 (d,J = 4.8 Hz, 2H, CH-CH), 4.30 (s, 2H, S-C¥), 2.14 (s,
3H, CHy); *C NMR (151 MHz, DMSOds) § (ppm): 166.19, 154.90, 152.84, 152.39, 151.65,
148.41, 139.59, 137.20, 135.48, 134.36, 132.63,2131.30.18, 129.54, 129.46, 128.29, 126.59,
125.67, 125.41, 120.08, 119.33, 118.93, 118.01194738.33, 11.85; Anal. Calcd. For

C30H25CINgO,S (569.08): C, 63.32; H, 4.43; N, 14.77; Found68.59; H, 4.40; N, 14.89.

2-((5-(2-(4-Chlorophenyl)quinolin-4-yl)-4-phenyl-4-1,2,4-triazol-3-yl)thio)-N-(4-(1-

(hydroxyimino)ethyl)phenyl)acetamide (7d).

Off-white solid (0.48 g; 80 % vyield); m.p. 178-1%9; *H NMR (500 MHz, DMSO-g) 5 (ppm):
11.10 (s, 1H, OH), 10.40 (s, 1H, NH), 8.08 J&; 7.5 Hz, 1H, Ar-H), 8.02 -7.98 (m, 2H, Ar-H),
7.90-7.88 (m, 3H, Ar-H), 7.80 (d,= 7.5 Hz, 1H, Ar-H), 7.66 -7.62 (m, 2H, Ar-H), B.57.54
(m, 3H, Ar-H), 7.47-7.43 (m, 2H, Ar-H), 7.40 &,= 7.5 Hz, 1H, Ar-H), 7.14-7.09 (m, 3H, Ar-
H), 4.00 (s, 2H, S-CB), 2.27 (s, 3H, -Ch); °C NMR (125 MHz, DMSO-g) 5 (ppm): 168.086,
164.02, 163.36, 159.48, 156.33, 153.99, 138.82,783837.40, 135.59, 135.10, 130.41, 130.07,
130.03, 129.69, 129.58, 129.26, 128.75, 128.40,212826.44, 125.26, 121.23, 120.64, 119.61,
32.93, 17.67; Anal. Calcd. Forf,sCINgO,S (605.11): C, 65.50; H, 4.16; N, 13.89; Found: C,

65.78; H, 4.11; N, 14.08.
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N-(4-(1-(Hydroxyimino)ethyl)phenyl)-2-((5-(2-(4-metloxy-phenyl)quinolin-4-yl)-4-phenyl-

4H-1,2,4-triazol-3-yl)thio)acetamide (7e).

Yellow solid (0.45 g; 75 % yield); m.p. 175-178; 'H NMR (500 MHz, DMSO-¢) & (ppm):
11.12 (s, 1H, OH), 10.59 (s, 1H, NH), 8.05 Jd 8.4 Hz, 2H, Ar-H), 8.01-7.99 (m, 3H, Ar-H),
7.78 (t,J = 7.6 Hz, 1H, Ar-H), 7.66-7.63 (m, 4H, Ar-H), 7.%7J = 7.6 Hz, 1H, Ar-H), 7.49 (d,

J = 5.4 Hz, 2H, Ar-H), 7.44-7.41 (m, 2H, Ar-H), 7-7909 (m, 1H, Ar-H), 7.06 (d] = 8.8 Hz,
2H, Ar-H), 4.32 (s, 2H, S-C}), 3.83 (s, 3H, -OCH), 2.13 (s, 3H, -Ch); *C NMR (125 MHz,
DMSO-d;) & (ppm): 166.08, 161.42, 155.36, 152.96, 152.56,3/2148.17, 139.60, 133.56,
132.59, 130.97, 130.55, 130.24, 130.00, 129.67,0129.28.20, 127.77, 127.56, 126.60, 125.92,
124.65, 120.53, 119.33, 114.83, 55.82, 37.43, 11A86l. Calcd. For gH,sNsOsS (600.69): C,

67.98; H, 4.70; N, 13.99; Found: C, 68.27; H, 4N514.32.

2-((4-Allyl-5-(2-(4-methoxyphenyl)quinolin-4-yl)-4H-1,2,4-triazol-3-yl)thio)-N-(4-(1-

(hydroxyimino)ethyl)phenyl)acetamide (7f).

White solid (0.33 g; 59 % vyield); m.p. 224-226; *H NMR (500 MHz, DMSO-¢) & (ppm):
11.10 (s, 1H, OH), 10.19 (s, 1H, NH), 8.12 Jds 7.5 Hz, 1H, Ar-H), 7.91 (d] = 7.5 Hz, 2H,
Ar-H), 7.86 (d,J = 7.5 Hz, 1H, Ar-H), 7.82 (d] = 7.5 Hz, 2H, Ar-H), 7.64 () = 7.5 Hz, 1H,
Ar-H), 7.56 (s, 1H, Ar-H), 7.49 (4 = 7.5 Hz, 1H, Ar-H), 7.44 (d] = 7.5 Hz, 2H, Ar-H), 7.04
(d, J = 7.5 Hz, 2H, Ar-H), 5.84-5.76 (m, 1H, -GI€H=CH,), 5.11 (d,Jyans = 14.0 Hz, 1H, -
CH=CH,), 5.06 (d,J¢is = 11.0 Hz, 1H, -CH=C}), 4.55 (d,J = 5.2 Hz, 2H, CH-CH=CH,), 4.01

(s, 2H, S-CH), 3.78 (s, 3H, OCH, 2.28 (s, 3H, CNCH; *C NMR (125 MHz, DMSO-¢) &
(ppm): 168.06, 162.94, 162.50, 156.93, 156.33,9/3153.29, 138.84, 138.82, 134.17, 131.14,

130.03, 129.26, 128.22, 128.04, 128.01, 126.45,2623.20.64, 119.62, 119.17, 118.03, 114.10,
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56.04, 47.98, 32.93, 17.67; Anal. Calcd. FatHzsNsOsS (564.66): C, 65.94; H, 5.00; N, 14.88;

Found: C, 65.87; H, 4.94; N, 15.03.

2-((5-(2-(4-Chlorophenyl)-6-methoxyquinolin-4-yl)-4phenyl-4H-1,2,4-triazol-3-yl)thio)-N-

(4-(1-(hydroxyimino)ethyl)phenyl) acetamide (79).

Yellow solid (0.50 g; 80 % yield); m.p. 267-268; 'H NMR (500 MHz, DMSO-¢) & (ppm):
11.10 (s, 1H, OH), 10.56 (s, 1H, NH), 8.05-7.99 @H, Ar-H), 7.75 (dJ = 8.4 Hz, 1H), 7.64-
7.61 (m, 3H, Ar-H), 7.56 (dJ = 8.0 Hz, 2H, Ar-H), 7.51 (d] = 8.0, 2H, Ar-H), 7.45-7.41 (m,
5H, Ar-H), 7.39 (s, 1H, Ar-H), 4.34 (s, 2H, S-@H3.86 (s, 3H, -OCH), 2.12 (s, 3H, -Ch); °C
NMR (125 MHz, DMSO-¢) 8 (ppm): 168.06, 164.02, 159.48, 156.33, 156.10,7452138.82,
137.40, 135.59, 135.10, 130.69, 130.08, 129.69,582928.76, 128.75, 128.40, 128.22, 128.21,
126.44, 121.29, 120.88, 119.62, 104.91, 56.03,33219.67; Anal. Calcd. For £H»7CINgO3S

(635.14): C, 64.30; H, 4.28; N, 13.23; Found: Ch64H, 4.38; N, 13.57.

N-(4-(1-(Hydroxyimino)ethyl)phenyl)-2-((5-(6-methoxy2-(4-methoxy  phenyl)quinolin-4-

yl)-4-phenyl-4H-1,2 4-triazol-3-yl)thio)- acetamide (7h).

Yellow solid (0.44 g; 71 % vyield); m.p. 182-186; 'H NMR (500 MHz, DMSO-g) & (ppm):
11.10 (s, 1H, OH), 10.55 (s, 1H, NH), 7.96-7.93 &H, Ar-H), 7.65-7.61 (m, 4H, Ar-H), 7.51
(d,J = 6.4 Hz, 2H, Ar-H), 7.45-7.38 (m, 5H, Ar-H), 7.0d,J = 8.7 Hz, 2H, Ar-H), 4.33 (s, 2H,
S-CHp), 3.84 (s, 3H, -OCH), 3.82 (s, 3H, -OCh), 2, 127.70, 126.58, 125.73, 123.16, 120.77,
119.30, 114.74, 103.95, 56.11, 55.77, 37.50, 11A84. Calcd. For GHsNsO4S (630.72): C,

66.65; H, 4.79; N, 13.32; Found: C, 66.91; H, 418613.60.

2-((5-(2-(3,4-Dimethoxyphenyl)-6-methoxyquinolin-4¢l)-4-phenyl-4H-1,2 4-triazol-3-

yhthio)- N-(4-(1-(hydroxyimino)ethyl)- phenyl)acetamide (7i).
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Yellowish orange solid (0.38 g; 59 % vyield); m.774178°C; *H NMR (500 MHz, DMSO-g) §
(ppm): 11.09 (s, 1H, OH), 10.57 (s, 1H, NH), 7.89XH, Ar-H), 7.97 (s, 1H, Ar-H), 7.69-7.63
(m, 5H, Ar-H), 7.56-7.51 (m, 3H, Ar-H), 7.45-7.40(5H, Ar-H), 7.06 (dJ = 8.5 Hz, 1H, Ar-
H), 4.34 (s, 2H, S-C), 3.85 (s, 6H, OCHh), 3.82 (s, 3H, OCH), 2.13 (s, 3H, -Ch); *°C NMR
(125 MHz, DMSO-@) § (ppm): 166.09, 158.21, 152.94, 152.85, 152.67,4652150.78, 149.46,
144.23, 139.62, 133.76, 132.59, 132.14, 131.33,863130.48, 130.26, 127.71, 126.58, 125.79,
123.19, 120.96, 120.06, 119.30, 112.23, 110.22,0M)4%66.12, 56.10, 56.06, 37.46, 11.84; Anal.
Calcd. For GgH3:NgOsS (660.74): C, 65.44; H, 4.88; N, 12.72; Found:66,70; H, 4.79; N,

12.96.
4.2. Biological evaluation

Screening of anti-cancer activityAnti-cancer activity of some synthesized compounds
evaluated at the National Institute of Cancer (N&gJainst 60 cell lines of different nine cancer
cell types. NCI selected 21 Compounds tittad 6e, 6g, 7b-i, 8a, 8d-f, 9a, @mnd9e-hfor in-
vitro anti-cancer screening. The procedures of the assag described at

(http://www.dtp.nci.nih.gov). The human cancer delés are grown in Roswell Park Memorial

Institute medium (RPMI) that contains 5% fetal bwvserum and 2% puM L-glutamine. Cancer
cells are inoculated into 96 well microtiter plaies100 pL at plating densities ranging from
5,000 to 40,000 cells/well depending on the doupltime of individual cell lines. Then
microtiter plates are incubated at 37 °C, 5%,C¥%% air and 100% relative humidity for 24 h
prior to the addition of the tested compounds. A2 h, two plates of each cell line are fixed
situ with trichloroacetic acid (TCA). The tested compds were dissolved in dimethyl sulfoxide
(DMSO) and stored in the freezer before use. Aquali of frozen drug concentrate is diluted to
the desired concentration with complete medium aaitg 50pug/mL gentamicin. The

compounds were added to the microtiter platesviahb by incubation for further 48 h at 37 °C,
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5 % CQ, 95 % air and 100% relative humidity. Fixation adncer cell lines is carried out
through gentle addition of 50 pL of cold 50 %w/v A(final concentration, 10% TCA) then
incubated for 60 min. at 4 °C. The plates are wagive times with tap water after getting rid of
the supernatant and allowed to dry in air. Sulfddmine B (SRB) solution (100 uL) at 0.4 %
w/v in 1% acetic acid is added to each well, aral gtates are incubated for 10 min. at room
temperature. The unbound dye is discarded by wgdhia times with 1% acetic acid, and the
plates are air-dried. While the bound stain is egbently solubilized in 10uM trizma base, and
the absorbance is recorded on an automated plateretimax of 515 nm. The growth
percentage is calculated for each of the drug curations. Results are expressed as a mean
graph of the percent growth of treated cells reéato untreated control as well as to the time

zero number of cells.

STAT3 Displacement Assay- Following our previously published protocdl18 mL of 2 uM GST
tagged STAT3 were mixed with 2 mL GST-beads (Amanshand agitated for 1 hour at 4 °C in PBS
buffer containing 0.1%B-mercaptoethanolThen the beads were washed 3 times with 20 mL PBS b
spinning down at 2500 rpm for 5 minutes to remomg mon-bound STAT3 and re-suspended in 10 ml
PBS 100 pL homogeneous solution of STAT3 bound GST-beadre distributed in each well of
Millipore MultiScreenyrs, 96-Well Filter Plates (Cat number: MSHVN4B10)w8lIs contained only 100
pL of the buffer were used as a contrdDifferent concentrations of each compound were dddehe
beads with DMSO concentration adjusted to 2.25%uplicate The plates were shaken on an orbital
shaker (60 rpm/min) for 30 minutes at room tempeeabfter sealing both the upper surface and the ba
with aluminum seal (AlumaSealCS Films, sigma) 12.5 pM FAM-labeled 5-GpYLPQTV-NH2
peptide was added to every well, and the shakimgroges for another 30 minutes at room temperature
The fluorescence background was adjusted usingviils that contain buffer and peptidehe plates
have been transferred to MultiScregnVacuum Manifold, and the resins were washed tws$i with

PBS buffer to remove any unbound labeled peptidfoarcompound. Avoid drying the resin during the
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washing stepThe resins were re-suspended in 100 uL PBS budfat,the plates have been sealed very
tightly with aluminum seal. The plates have beareited upside-down, spinet down at 5000 rpm for 10
minutes until all the resins were settled on ther@hum foil side. The filters were removed then the
fluorescence has been measured by a Perkin-Elmaithsivh, MA) VICTOR3V 1420 multilabel counter
plate reader (Excitation filter F485 and emissidterf F535) The measured fluorescenckssf) is
directly proportional to the bound labeled peptideSTAT3. If the compound displaces the peptide, th
fluorescence should decrees. The % displacementbkas calculated considering the measured

fluorescence in the absence of any compound asi€$tadement.

Cell culture — A375, 451 Lu-S, and MEL 1617-S melanoma cell linese cultured in RPMI-

1640 medium (Invitrogen) supplemented with 1X Ghugx (Invitrogen). The resistant form of
these cell lines (451 Lu-R and MEL 1617-R) werentaned in the same media containing 1
UM of PLX4720. Cells were cultured in a humidifis®% CO2 incubator at 37 °C. For Western
blotting, cells were seeded at 800,000-1000,008 pek well in a 6-well plate and incubated for
24 hours before incubation with or without compasifiak 12 hours. Human non-small cell lung
cancer cell line (NCI-H157-ATCC CRL-5802) was pmaet as a gift from Prof. Jonathan M.
Kurie lab, The University of Texas MD Anderson Can€enter, Houston, TX, USA. (A549-

ATCC CCL-185) was purchased from the American tgpkure collection (ATCC; Manassas,
VA) and both were maintained in RPMI-1640 mediumheThuman pancreas ductal
adenocarcinoma cell line (MIA PaCa-2 — ATCC CRL-Q¥®&as purchased from ATCC. Human
Glioma cell line (U87-MG-ATCC HTB-14) was obtainé@m the Neurosurgery Tissue Bank,
University of California, San Francisco, USA, amttbwere maintained DMEM medium. The
human breast adenocarcinoma cell line (MCF7-ATC@#2PR) was purchased from ATCC and
(MDA-MB-468 — ATCC HTB-132) was provided as a difom Prof. Chandra Bartholomeusz
lab, The University of Texas MD Anderson Cancer t€erHouston, TX, USA. and both were

cultured in DMEM/F12 medium. All media were supptnted with FBS (FBS; 10%; US-
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Origin, heat-inactivated, Life Technologies), 10tl-1 penicillin, and 100 pgml—1

streptomycin (Life Technologies) and maintained i87°C incubator with 5% C®

Western Blotting - After 12 hours of drug incubation, cell lysatesravprepared in M-PER ™
Mammalian Protein Extraction Reagent (Thermo-Fishé&er washing in PBS (Invitrogen). The
lysates were cleared by centrifugation, and Bratiforalysis (Bio-Rad) was used to measure the
protein concentration. Lysates containing 60 utptdl protein were fractionated on a 10% SDS
polyacrylamide gel (Bio-Rad) and transferred to biythP PVDF Membrane (GE Healthcare).
Primary antibodies were incubated overnight at 448idg 1: 1,000 antiphospho-Stat3 (Tyr-705),
rabbit mAb (Cell Signaling Technology); 1:1000 gptiospho-Stat3 (Ser727) rabbit polyclonal
Ab (Cell Signaling Technology); 1:1000 anti-StatB24H6) mouse mAb (Cell Signaling
Technology); 1:1000 anti-PARP (46D11) rabbit mAke(CSignaling Technology); 1:1000 anti-
cleaved-PARP (D214) rabbit polyclonal Abs (Cellr&ling Technology); 1:1000 anti-Caspase-
7 rabbit polyclonal Abs (Cell Signaling Technolog$)10000 anti-PAX3 (16H22L10) ABfinity
rabbit mAb (Invitrogen); 1:1000 anti-Cyclin D1 (D65 mouse mAb (Cell Signaling
Technology); 1:1000 anti p27 Kipl (D69C12) XP rdbimAb (Cell Signaling Technology);
1:1000 anti-phospho-Jak2 (Tyr1007/1008) rabbitkaraty (Cell Signaling Technology); 1:1000
anti-Jak2 (D2E12) XP® rabbit mAb (Cell Signaling cheology); 1:1000 anti-Src (L4Al)
mouse mAb (Cell Signaling Technology), 1:1000 &tiespho-Src Family (Tyr416) rabbit
antibody (Cell Signaling Technology); 1:1000 antieBpho-Statl (Tyr701) (D4A7) rabbit mAb
(Cell Signaling Technology); 1:1000 anti-Statl (M) rabbit mAb (Cell Signaling
Technology), 1:1000 anti-Phospho-Stat5 (Tyr694) 1B4) XP® rabbit mAb (Cell Signaling
Technology), 1:1000 anti-Stat5 (D206Y) rabbit mAZe(l Signaling Technology); 1:1000 anti-
Phospho-Stat6 (Tyr641) antibody (Cell Signaling Aredogy); 1:1000 anti-Stat6 (D3H4) rabbit

mAb (Cell Signaling Technology); 1/2000 anti-Vincul (ELEQV) XP rabbit mAb (Cell

52



Signaling Technology) and 1:5000 anti-actin, cldn@ouse mAb (Millipore). Either anti-rabbit
(Bio-Rad) or anti-mouse (Cell Signaling Technologgbrseradish peroxidase-conjugated
secondary antibodies and Western Bright ECL Weddotting Reagents (Advansta) were used
to develop the blots. All experiments were repradldn independent experiments. All

experiments were performed two times.

STAT3 Reporter Assay -Cignal STAT3 Reporter (luc) Kit: CCS-9028L was dise this assay

according to the reported protocol (www.sabiosasmmom). The Cignal Reporter Assays (luc)
include pre-formulated, transfection-ready repontegative control, and positive control. Cells
were seeded in white (clear bottom) 96-well platd &ansfected with a mixture of inducible
STAT3-responsive firefly luciferase construct armhstitutively expressing Renilla luciferase
construct (40:1) using Lipofectamine 3000 reagefullofving manufacturer protocol-

Invitrogen), after 48 hours of transfection, cellere treated with different doses of each
inhibitor with vehicle (DMSQO) for 12 hours. Dualdiferase assay was performed using
Promega dual luciferase assay reagent. The chanthe iactivity of each signaling pathway is
determined by comparing the normalized luciferastivities of the reporter in treated versus
untreated cells. The identically treated negatioato| transfectants serve as a specificity
control. The positive control serves as a contooltfansfection efficiency by monitoring GFP

expression, as well as a positive control for lbthfirefly and Renilla luciferase assays.

Cell growth and proliferation assays -The MTS assay (CellTiter 96® Aqueous One Solution
Cell Proliferation Assay from Promega) was usedldtect the viability and/or proliferation of

cells following the manufacturer protocol. All exjpeents were performed in triplicate.

ROS production assessment by flow cytometry 1X106A375 cells were seeded in 60 mm

plate and incubated overnight to settle. Next dals avere treated with either DMSO, 10, or 25
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UM 7b in full RPMI medium for 18 hours. Cells weattigested with trypsin, and washed three
times with PBS and incubated with a final concemira of 10uM DCFH-DA (2, 7-
dichlorofluorescein diacetate, ROS-sensitive dge)30minat 37°C in the dark with a density
of 1X106cells/mL. Cells were washed two times in pre-warrBS before resuspension in
DPBS. The fluorescence was detected by flow cyton{dB8 nm laser for excitation and
detected by 535 nm filter) using BD LSR Fortess&RB0-low Cytometer. Data were processed

using FlowJo v10 (Tree Star, Inc., Ashland, OR, )JSéftware.

Colony formation assay -A375 cells were plated (2500 cells per well) in éHwplate
containing RPMI media with 5% FBS. Cells were akmmo settle overnight then treated with
different doses ofb or 7c. Cells were allowed to grow for 14 days, then dixter 15 min in 4%
paraformaldehyde and stained with 0.2% crystaletibh 20% methanol) for 10 min. Cells were

washed several times with PBS before imaging.

Immunofluorescence study 2000 MEF (Mouse Embryonic Fibroblast) cells weredsal in
each well of a 96-well black plate with clear battdCells were incubated to adhere for 24 hours
and then incubated with different doses of eaclibitdr in serum-free media for another night
before induction by full RPMI media containing 1081 EGF for 30 minutes. Cells were washed
by PBS, fixed by 4% paraformaldehyde in PBS fomiil at room temperature. The cells were
permeabilized with 0.2% Triton X-100 for 5 min abtbcked with 10% Goat serum (Cell
Signaling Technology). Immunostaining was perfornisdincubating cells with monoclonal
anti-STAT3 antibody produced in mouse (124H6) (Ggjhaling Tech), followed by anti-mouse
IgG (H+L), F(ab')2 Fragment (Alexa FI{@#88 Conjugate) (Cell signaling Tech). DAPI (4',6'-
diamidino-2-phenylindole) was included in the mongtmedium as a counterstain for nuclei.

Cells were visualized and quantified using the @gte5 cell imaging system.

54



IncuCyte single-cell apoptosis analysis 2000 451 Lu-R cells were seeded in each well of 96
well plates, cells were left for 24 hours to adhiren treated with different doses@s in full
media with a constant concentration of the Incu@aspase-3/7 reagent. Cells were incubated
and imaged in the IncuCyte® ZOOM equipment with 18 >objective at different time points.
The number of apoptotic cells was normalized to gbecentage confluency at the final time

point to account for cell proliferation.

Cell Cycle Analysis -A375 cells were treated with DMSO, 10, or 25 pMrbfor 7c for 24 hrs.

in full media. Cells were harvested and washedewiith phosphate-buffered saline (PBS) and
fixed in ice-cold 70% ethanol overnight at -20°Cpasviously described. The next day, cells
were washed two times with PBS and re-suspenddetapidium lodide (PI)/RNase Staining

Solution (cell signaling Cat # 4087) for 30 minuegsroom temperature, light-protected. Cell-
cycle analysis was performed using BD LSRFortesS&®FS Flow Cytometer. Data obtained

from the cell cycle distributions were analyzedngsboth FlowJo v10 (Tree Star, Inc., Ashland,
OR, USA) software FlowJo v10 was employed to edenthe percentage of cells in G1, S, and

G2.

Measurement of NO release The amount of nitric oxide released was determumsadg Griess

Reagent Kit for Nitrite Determination (Moleculard®es, Eugene, Oregon. kit no. G-7921).

280 pL of the nitrite-containing sample (100 uM edch compound in a solution of either
phosphate buffer (pH 7.4) or 0.1 N HCI (pH 1), 5 BT and 2% DMSOQO) were added in each
well of a microplate. The mixture was incubated ddferent time points at room temperature,
then 20 pL of Griess Reagent (equal volumes of Ngfihthyl)ethylenediamine and sulfanilic
acid) was added. After 30 minutes, the absorbarfcéh@® nitrite-containing samples was

measured at 548 nm relative to the reference sathatecontains 20 pL of Griess Reagent and
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280 pL of phosphate buffer (pH 7.4), 2 mM DTT afd DMSO. Sodium nitrite solutions were
prepared at different concentrations to constrbet t¢alibration curve. The amount of NO
released (mol/mol) was measured relative to theuatnof NO released from standard sodium

nitrite solutions.

Nuclear extract preparation and gel shift assaysA375cells were seeded in 60 mm plate then
treated overnight with different concentrations7af, 7c, or DMSO in full RPMI media. The
cells were harvested, and the nuclear extract wapaped as previously describ@dAfter
washing the cells with PBS, cells were suspende&2bthL low salt lysis buffer containing 10
mM Hepes (pH 8), 10 mM NaCl, 5 mM MgCI2, and 0.5 lBMIT. Cells were incubated in ice
for 30 minutes, nuclei were pelleted by centrifugiatat 1200g for 4 minutes, supernatant was
discarded and 25 pL of high salt lysis buffer (18 idepes pH 8, 300 mM Kcl, 5 mM MgCI2,
0.5 mM DTT, 20% glycerol) was added to the pelketextract the nucleus. The tubes were
incubated in a rotating wheel for 30 minutes at #&fre centrifugation for 20 minutes at 11000
g. The protein content of the supernatant was fiehusing Bradford reagent, anduf were
used for each EMSA reaction. All buffers were sepmnted with 1X Complete EDTA-free
Protease Inhibitors Cocktail and PhosSTOP Phosphatmhibitors Cocktail (Roche
Diagnostics). EMSA analysis was carried out usingDye® 700 STAT3 Consensus
Oligonucleotide following the manufacture protoc@Cat. Number 829-07922, LI-COR
Biosciences). Stat3 Consensus and Mutant Oligoaotides were purchased from Santa Cruze

Biotechnologies (Cat. numbers # sc-2571 and sc)2572

Docking Studies -Docking was carried out with AutoDock 4°2The atomic coordinate of the
STAT3-SH2 domain (res586-688) (PDB ID: 1B&1as used as the receptor model for

docking. Docking was carried out centered at GIné86 a grid box of 100 x 100 x 100 points
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in three dimensions with a spacing of 0.375TAe charges of proteins were assigned using the
PDB2PQR" server, and electrostatic potential was calculasidg APBS? The electrostatic
potential varied from-5KgT/e to +5KgT/e and was depicted using Chim&m panels A and B

from red to blue, respectively.
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Highlights:

Design and synthesis of hybrid compounds containing dual-functional NO-releasing
STAT3 inhibitors.

They inhibited STAT3 phosphorylation in several cancer cell lines without affecting
other STAT isoforms.

They abrogated STAT3 nuclear translocation, DNA binding, and transcriptional activity
in cancer cells.

The exhibited higher sensitivity towards cancer cells carrying a BRAF mutation, induced
ROS production, cell cycle arrest, and apoptosis.

They showed comparabl e cytotoxicity towards both SB-590885-sensitive and resistant
melanoma cell lines.



Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

[(IThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




