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Genetic models validated Inhibitor of nuclear factor (NF) kappa B kinase beta (IKKb) as a therapeutic
target for KRAS mutation associated pancreatic cancer. Phosphorylation of the activation loop serine
residues (S177, S181) in IKKb is a key event that drives tumor necrosis factor (TNF) a induced NF-kB
mediated gene expression. Here we conducted structure activity relationship (SAR) study to improve
potency and oral bioavailability of a quinoxaline analog 13e197 that was previously reported as a NFkB
inhibitor for pancreatic cancer therapy. The SAR led to the identification of a novel quinoxaline urea
analog 84 that reduced the levels of p-IKKb in dose- and time-dependent studies. When compared to 13
e197, analog 84 was ~2.5-fold more potent in TNFa-induced NFkB inhibition and ~4-fold more potent in
inhibiting pancreatic cancer cell growth. Analog 84 exhibited ~4.3-fold greater exposure (AUC0-∞)
resulting in ~5.7-fold increase in oral bioavailability (%F) when compared to 13e197. Importantly, oral
administration of 84 by itself and in combination of gemcitabine reduced p-IKKb levels and inhibited
pancreatic tumor growth in a xenograft model.

© 2021 Elsevier Masson SAS. All rights reserved.
1. Introduction

Nitrogen containing heterocycle quinoxaline derivatives are
associated with varied applications [1], including being part of
several approved drugs, such as the smoking cessation agent Var-
enicline [2], Brimonidine that exhibits antiglaucoma activity [3,4],
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served.
the antibacterial agent Quinacillin [5], macrocyclic anti-infectives
Voxilaprevir, Grazoprevir and Glecaprevir that target hepatitis C
virus NS3/4A protease [6,7], and the anticancer agent Erdafitinib
that inhibits fibroblast growth factor receptor [8,9]. Although rare
the quinoxaline core is also found in macrocyclic DNA-binding
quinomycin antibiotics, echinomycin and triostin A [10,11]. The
differential p electron density determined by molecular orbital
calculations among the three sets of (5,8 > 6,7 > 2,3) carbon atoms
on the quinoxaline core, allows extensive derivatization of the core.
Quinoxaline analogs have also been explored as antiangiogenic
agents, DNA targeting agents, topoisomerase II inhibitors and ki-
nase inhibitors [12]. Our high throughput screening campaigns
identified a quinoxaline analog as a hit [13,14]. Follow-up iterative
synthesis and screening led us to a quinoxaline analog (13e197), an
orally bioavailable IKKb inhibitor that exhibited anti-cancer activity
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in multiple cancer models [15e21].
IKKb is a member of the IKK complex that regulates the TNFa

activated canonical NFkB pathway, which is implicated in chronic
inflammatory diseases and cancer [22e24]. The presence of TNFa in
the tumor microenvironment of ~50% of surgically resected sam-
ples suggests constitutive activation (ca) of the canonical NFkB
pathway in these tumors [25]. In Kras mutation-driven cancers,
tissue-specific elimination of IKKb resulted in stalling of the disease
in the premalignant state resulting in increased survival of mice
[26e28]. In contrast, the introduction of ca-IKKb in the presence of
oncogenic insults such as mutant Apc or Kras enhances tumori-
genesis resulting in a dramatic reduction in the median survival of
mice, suggesting that ca-IKKb supports oncogenesis [29e31].

Activation of IKKb results in the rapid phosphorylation of its
endogenous substrate IkBa, resulting in its ubiquitination by beta-
transducin repeat containing E3 ubiquitin ligase (b-TrCP) followed
by proteasomal degradation [32,33]. The primary role of IkBa in
cells is to sequester NFkB in the cytoplasm, therefore TNFa induced
degradation of IkBa results in nuclear translocation and expression
of NFkB regulated genes [34,35].

Dysregulation of TNFa-induced IKKb-mediated NFkB activation
in pathological conditions led to the development of an array of
small molecules and biologics against proteins in this pathway,
including five TNFa blockers and three proteasome inhibitors that
block the degradation of IkBa approved by the FDA [36e41]. The
majority of these inhibitors target NFkB-DNA binding and the
second in that list are IKK and IkBa phosphorylation inhibitors, such
as ML-120B, TPCA1 and BMS345541 developed by pharmaceutical
companies [42e44]. The development of ML-120B and TPCA1
stalled due to unexpected toxicity upon systemic administration
[28,45,46]. This provides the impetus for the development of non-
toxic small molecules that modulate IKKb function and inhibit
TNFa-induced NFkB activation.

Here we used a cell-based luciferase reporter assay that spe-
cifically responds to TNFa stimulation to induce IKKb-mediated
NFkB activity to conduct hit-to-lead optimization of a quinoxaline
analog 13e197. Despite the remarkable in vivo anti-cancer effects
exhibited by 13e197 it suffers from poor oral bioavailability
[15e18]. We addressed the above with a structure activity rela-
tionship (SAR) study that resulted in the identification of analog 84
that was ~2.5-fold more potent in TNFa-induced NFkB inhibition.
Analog 84 was ~4-fold more potent in inhibiting pancreatic cancer
cell growth compared to 13e197. We also observed that 84 had
~4.3-fold greater exposure (AUC0-∞) resulting in ~5.7-fold increase
in oral bioavailability (%F) when compared to 13e197. Importantly,
oral administration of 84 by itself and in combination of gemcita-
bine reduced p-IKKb levels and inhibited pancreatic tumor growth
in a xenograft model.

2. Results and discussion

2.1. Synthesis of 2,3 disubstituted symmetrical quinoxaline analogs

The synthesis of quinoxaline analogs 38e53 are summarized in
Scheme 1. Symmetrical diones (1) were refluxed with 4-
nitrobenzene-1,2-diamine (2) in ethanol to generate 2,3-
substituted nitro quinoxaline analogs 3e6. Reduction of com-
pounds 3e6 under hydrogen atmosphere over Pd/C yielded the
corresponding amines 7e10 [47]. Condensation of the 2,3-
substituted quinoxaline amines with substituted phenyl iso-
cyanates resulted in quinoxaline urea analogs 38e39, 42e45 and
47e53 in moderate to excellent yields. Furan and phenyl
substituted quinoxaline amines 7 and 10 were condensed with 4-
bromophenylacetic acid to generate 2,3-substituted quinoxaline
amide analogs 40 and 46, respectively [48]. The thiourea analog 41
2

was synthesized by condensation of 2,3-di(furan-2-yl)quinoxalin-
6-amine 7 with phenyl isothiocyanate in DCM [49].

2.2. Synthesis of mono-substituted quinoxaline analogs

Scheme 2 summarizes the synthesis of key common in-
termediates 2-chloro-7-nitroquinoxaline (13) and 2-chloro-6-
nitroquinoxaline (22a) required for the synthesis of the mono-
substituted quinoxaline analogs 54e84 and 86e91. Regioisomers
13 and 22a were synthesized in 2-steps from commercially avail-
able 2-quinoxalinol [50]. Under weakly acidic conditions, the 7-
position of 2-quinoxalinol (11) is susceptible to electrophilic
nitration to yield 7-nitroquinoxalin-2-ol (12). The regioselectivity is
dictated by the nitrogen atom at the 4-postion of 2-quinoxalinol.
Nitration of 11 using the strong acid H2SO4 results in protonation of
the tautomer quinoxalin-2(1H)-one resulting in nitration at the 6-
position to yield 6-nitroquinoxalin-2-ol (22). Here the regiose-
lectivity is dictated by the OH group at the 2-position. The OH in 12
and 22 were replaced with Cl using POCl3/PCl5 to yield the key
intermediates 2-chloro-7-nitroquinoxaline (13) and 2-chloro-6-
nitroquinoxaline (22a), respectively. The regioselective nitration
was confirmed by X-ray crystal structures of compounds 13 and 22a
(Figure S1).

Scheme 3 summarizes the synthesis of mono-substituted qui-
noxaline analogs 54e84, 86e91 and a quinoline analog 85. Suzuki
coupling of 13 and 22a with different boronic acids/esters resulted
in analogs 14e17 and 23e26 respectively [51]. Palladium catalyzed
hydrogenation of 14e17 and 23e26 yielded the corresponding
amines 18e21 and 27e30, respectively. Quinoxaline urea analogs
54e61, 70, 72, 75e84 and 86 were synthesized either by conden-
sation of quinoxaline amines 18e21 with different isocyanates or
by generating quinoxaline isocyanates from 18e21 followed by the
addition of the corresponding amines. Addition of various iso-
cyanates to the quinoxaline amines 27e30 yielded the quinoxaline
urea analogs 62e69, 71 and 73e74. Fused quinoxaline urea analogs
(88e92) were generated by the addition of corresponding iso-
cyanates to analog 21. A Skraup-type reaction of 4-nitroaniline with
2,2,3-tribromopropanal gave 3-bromo-6-nitroquinoline (32).
Suzuki coupling of 32 followed by reduction yielded the pyrazole
derivative 34. The quinoline isocyanate was generated from 34 and
condensed with 3-bromo-4-fluoroaniline to yield the pyrazolo-
quinoline analog 85.

2.3. Structure activity relationship study with quinoxaline and
quinoline analogs

The library of 55 quinoxaline and quinoline analogs were
screened in a cell-based luciferase reporter assay that specifically
reports on TNFa-induced NFkB activation (Fig. 1A). The compounds
were screened at 10 mM with 13e197 and the allosteric IKKb in-
hibitor BMS345541 as controls. The substitutions on the 2,3
disubstituted quinoxaline analogs (38e53) was well tolerated and
changes did not have a significant effect on the inhibition of TNFa-
induced IKKb-mediated NFkB activity. All of them exhibited
~15e45% inhibition of the activity, which was comparable to that of
13e197. Among the mono-substituted quinoxaline analogs, the N-
methyl pyrazole substituted analogs 76e78, showed significant
improvement in activity. Replacing the electron donating eOCH3

and OCF3 at the meta-position of 77 and 78 with CF3 in analog 79
resulted in further improvement of activity. Themeta-Cl and para-F
disubstituted analog 80 was ~3-fold more potent than 13e197.
Replacing the Cl in analog 80 with a CH3 in analog 81 dramatically
reduced the activity. The activity was restored when an OCH3 in 82
replaced the CH3 in 80 and further improved with a OCF3 substi-
tution in 83. Incorporating a F atom to the ortho position in analog



Scheme 1. Reagents and conditions: (a) Ethanol, reflux, 85e99%; (b) H2/PdeC, EtOH, rt, 85e96%; (c) Isocyanate derivatives, CH2Cl2, rt, 62e83%; (d) Phenyl isothiocyanate, DIPEA,
CH2Cl2, rt, 70%; (e) 4-Bromophenylacetic acid, EDC, DIPEA, CH2Cl2, rt, 62e83%.

Scheme 2. Reagents and conditions: a) Acetic acid, conc. HNO3, rt, 24 h, 85%; (b) NaNO3, H2SO4, 0oC-rt, 2 h, 88%; (c) PCl5, POCl3, 110 �C, 12 h, 90%.
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79 yielded the most potent inhibitor in analog 84. When compared
to 84, changing the core to a quinoline in 85 or replacing the N-
methylpyrazole with an N-methylpyrrole in 86 resulted in loss of
activity. The three most potent inhibitors were the disubstituted
analogs 79, 80 and 84; however, incorporating a cyclic structure to
replace the di-substitution in analogs 87e91 resulted in a signifi-
cant loss of activity. Together our SAR identified the quinoxaline
urea, N-methylpyrazole and an electron-deficient phenyl as the key
elements required for inhibiting TNFa-induced IKKb-mediated
NFkB activity. Analog 84 with an o-F, m-CF3 substituted phenyl
quinoxaline urea was the most potent inhibitor.

The activation of caspases, a class of cysteine proteinases, is
routinely used by us and others as indicators for the induction of
apoptosis [20,40,41,52e55]. We assessed the ability of N-methyl-
pyrazole quinoxaline analogs (78e81, 83 and 84) along with
13e197 and BMS345541 to activate effector caspases 3/7 in
pancreatic cancer (MiaPaCa2) cells (Fig. 1B). The cells were sub-
jected to 10 mM of the 8 compounds and incubated for 24 h and
caspase 3/7 activation was assessed using a luminescence assay.
The results showed that analog 84 most potently induced caspase
activation. This is consistent with the inhibition of TNFa-induced
NFkB activity and 84 was found to be ~4-fold more potent than
13e197. Moreover, we observed remarkable correlation (R2 ¼ 0.74)
between the ability of the compounds to induce caspase 3/7 and
inhibit TNFa-induced NFkB activity (Fig. 1C).
3

The absolute configuration of 84 was assigned using 1D and 2D
NMR spectroscopy. 1H NMR taken in DMSO‑d6 showed a singlet at
3.9 ppm corresponding to H-6 of NeCH3. Three singlets at 9.1, 8.6
and 8.3 ppm correspond to the protons adjacent to nitrogen atoms
of the quinoxaline (9.1 ppm) and pyrazole rings (8.6 and 8.2 ppm).
The doublets appearing at 8.2 ppm (J ¼ 2.2 Hz) and 7.9 ppm
(J ¼ 8.9 Hz) correspond to H-10 and H-13 due to their respective
meta and ortho couplings with H-12. The doublet of doublets at
7.6 ppm correspond to H-12 (J ¼ 9.0, 2.3 Hz) due its coupling with
H-13 and H-10. The multiplets at 8.4 and 7.3 ppm are of H-22 and
H-23/24, respectively. Whereas, the exchangeable protons at 9.6
and 9.0 correspond to amidic NH-17 and NH-20, respectively. The
quantitative 13C NMR of 84 taken in DMSO‑d6 showed a doublet at
149.9 and 148.2 ppm corresponding to C-26 due to its coupling
with an attached fluorine atom (JCF¼ 252 Hz). On the other hand, C-
25 appears as a quartet of doublets at 116 ppm due to its long-range
couplings with fluorine atoms present on C-26 and C-28.13C-HMBC
NMR showed interactions of amidic NH-17 with C-10 and C-12.
Whereas, another amidic NH-20 showed interactions with carbonyl
C-18 as well as with C-22 and C-26 confirming that fluorine atom is
substituted ortho to NH-20. The appearance of C-25 as doublet of
quartet suggests C-25 and C-26 are adjacent to each other (Fig. 1D).



Scheme 3. Reagents and conditions: a) Boronic acids or esters, Pd(PPh3)4, Na2CO3, DMF:Dioxane (1:1), 100 �C, 20 h, 48e88%; (b) Pd/C, H2, EtOH, 18 h, 88e92%; (c) either (i) BTC,
DIPEA, amines, CH2Cl2:THF (4:1), rt or (ii) Isocyanates, CH2Cl2, rt, 1e3 days, 55e74%; (d) 2,2,3,-tribromopropanal, Glacial acetic acid, 110 �C, 38%; (e) 3-Bromo-4-fluoroaniline,
triphosgene, DIPEA, DCM, rt, 32%.
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2.4. Characterization of 84 in cell-based assays

In a follow-up experiment, we show that analog 84 inhibited
TNFa-induced IKKb-mediated NFkB activity in a dose-dependent
manner and had an IC50 value (3.3 ± 0.5 mM) that was ~2.5-fold
greater than the reported value for 13e197 (8.4 ± 1.2 mM)
(Fig. 2A) [16]. Next, we conducted dose-response and time-course
studies to assess the ability of analog 84 to modulate IKKb func-
tion (Fig. 2B). We found that analog 84 reduced the levels of
phosphorylated IKKb in a dose-dependent and a time-dependent
4

manner with low-mM potency. In a 3-day cell growth assay
analog 84 inhibited the growth of pancreatic cancer cell lines
(MiaPaCa2 and T3M4) with low-mM potency (Fig. 2C). Consistent
with caspase 3/7 activation, in a live/dead assay, analog 84 induced
MiaPaCa2 cell death in a dose-dependent manner (Fig. 2D). The
ability of cancer cells to form colonies is assessed by crystal violet
staining in clonogenic assays [56]. Analog 84 inhibited MiaPaCa2
colony forming ability by > 50% when compared to DMSO treated
cells (Fig. 2E). Pancreatic cancer is highly metastatic and wound
healing assays are used to assess the ability of compounds to inhibit



Fig. 1. SAR study identifies 84 as an inhibitor of TNFa-induced NFkB. (A) Quinoxaline and quinoline analogs screened for inhibition of TNFa-induced NFkB activity in a cell-based
(A549) luciferase reporter assay. The data is normalized to viability and reported as Ave ± SEM (n ¼ 4), *p-value < 0.05, **p-value < 0.005. (B) MiaPaCa2 cells were treated with
analogs 78e81, 83 and 84 along with 13e197 and BMS345541 for 24 h. Apoptosis assessed by measuring the induction of caspase 3/7 activity using Caspase-Glo® 3/7 system
(n ¼ 3). (C) Correlation plot derived from the inhibition of TNFa-induced NFkB activity and induction of caspase 3/7 activity by quinoxaline analogs. (D) 13C-HMBC spectra of 84
(blue) overlapped on 13C-HSQC (red).
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migration of cells [57]. In a time course study, when compared to
DMSO treated cells analog 84 was more effective inhibiting the
migration of PDAC cells (Fig. 2F). Together our data shows that
analog 84 reduced the levels of phosphorylated IKKb which results
in the inhibition of TNFa-induced NFkB activity. Moreover, analog
84 inhibited cancer cell growth, induced apoptosis, inhibited colony
formation and migration of PDAC cells. Our SAR studies have
identified analog 84 that does not possess the metabolically labile
5

furan groups and is ~3e4 fold more potent than 13e197 in multiple
cell-based assays.
2.5. Pharmacokinetic studies with 13e197 and analog 84

Furan rings are susceptible to oxidation resulting in the gener-
ation of electrophilic intermediates which could lead to toxic and
carcinogenic effects [58]. We previously showed that 13e197 had



Fig. 2. Evaluation of 84 in PDAC cells. (A) Dose-response study with analog 84 in a dual luciferase reporter assay to assess the inhibition of TNFa-induced IKKb mediated NFkB
activation (n ¼ 3). (B) Dose-response and time-course studies to assess the effect of analog 84 on the activated IKKb in pancreatic cancer cells. Cell lysates were subjected toWestern
blotting and probed using the indicated antibodies. b-actin serves as loading control (C) Growth inhibition studies with analog 84 in pancreatic cancer cell lines. Cell viability was
determined using PrestoBlue following incubation of compounds for 72 h (n ¼ 3). (D) Live and dead cell assay with analog 84 treated (5 and 10 mM for 24 h) MiaPaCa2 cells (n ¼ 3).
(E) Colony formation assay with analog 84 treated (5 mM) MiaPaCa2 cells (n ¼ 3). (F) Scratch assay with analog 84 treated (5 mM at 24 and 48 h) MiaPaCa2 cells (n ¼ 3). All data
represented as Ave ± SEM.
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oral bioavailability's (%F) of 3 and 16% in mice and rats, respectively.
This was attributed to the identification of >20 metabolites and
excretion of <1% of intact 13e197 suggesting extensive metabolism
of 13e197 [17]. Like 13e197, analog 84 obeys the Lipinski's rule of 5,
which suggested > 90% chance that 84would be orally bioavailable
[59]. To determine if replacing the furan rings in 13e197 with a
metabolically stable N-methylpyrazole resulted in improved %F we
conducted PK studies with 13e197 and analog 84. Mice were orally
dosed with 20 mg/kg of 13e197 or 84 and sampled at 0.083, 0.25,
0.5, 1, 2, 4, 8, and 24 h. PK parameters summarized in Table 1 shows
that 13e197 and 84 had similar T1/2, however the Tmax and Cmax for
84was ~2.5 times greater than that of 13e197. Although this did not
have a significant effect on the mean residence time of 84, it
resulted in ~4.3-fold greater exposure (AUC0-∞) when compared to
13e197. To assess oral bioavailability, mice were intravenously
dosed with 10 mg/kg of 84 and sampled at the times described
above. At half the oral dose the intravenous exposure (AUC0-∞) of
84 was ~2.8-fold higher resulting in an oral bioavailability of 17.6%.
In summary, replacing the metabolically labile furan rings in
13e197 with N-methylpyrazole and replacing the bromine atom
with aeCF3 and fluorine on the phenyl ring in 84 resulted in a ~5.7-
fold increase in oral bioavailability (%F).
2.6. In vivo efficacy studies with analog 84 in pancreatic cancer
model

The cellular efficacy data along with the improved oral
6

bioavailability exhibited by analog 84 prompted us to explore 84 as
an anticancer agent in a pancreatic tumor model. Gemcitabine is
used as a first line therapy for pancreatic cancer patients therefore
we also assessed 84 in a combination setting with gemcitabine.
Briefly, MiaPaCa2 cells (2.5�106 cells with Matrigel, 2:1 ratio) were
subcutaneously implanted in the flanks of athymic nude mice. 20
days after implantation, mice were randomized and distributed
into the following treatment groups (n¼ 6/group): Vehicle (100 ml);
84 (40 mg/kg); Gemcitabine (15 mg/kg) and 84 þ Gemcitabine. 84
was dosed orally once a day, Gemcitabine was administered
intraperitoneally (i.p.) every 3 days. Tumor growth was monitored
every 3-days and mice were sacrificed after 4-week treatment
(Fig. 3A). At the end of the 4-weeks, when compared to vehicle
treated mice gemcitabine alone showed ~45% reduction in tumor
volume and tumor weight while 84 alone showed ~75% reduction
in tumor volume and tumor weight (Fig. 3B). More importantly
mice treated with combination of gemcitabine and 84 showed a
>90% reduction in tumor volume and tumor weight when
compared to the vehicle treated mice. We observed reduction in
Ki67 staining in treated mice indicating a reduction in the prolif-
eration index (Fig. 3C). We also observed reduction in p-IKKb levels
in the treated samples indicating modulation of the target by 84 in
an in vivo setting (Fig. 3D). Together these results show that 84 is an
orally bioavailable anticancer agent, combined with gemcitabine is
a novel therapeutic option for pancreatic cancer.



Table 1
Pharmacokinetic studies with 13e197 and analog 84.
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3. Conclusion

Phosphorylation mediated constitutive activation of IKKb has
been implicated in enhancing tumorigenesis in the presence of
oncogenic insults in multiple cancer models. Phosphorylated IKKb
has also been associated with ~50% of all cancers; therefore, agents
that reduce the levels of phosphorylated IKKb offer a novel thera-
peutic option. Here, we used a cell-based mechanism specific assay
to conduct hit-to-lead optimization studies that identified a novel
quinoxaline analog 84 as an inhibitor of TNFa-induced IKKb-
mediated NFkB activity. Among quinoxaline analogs we show an
excellent correlation between their ability to inhibit TNFa-induced
IKKb-mediated NFkB activity and the induction of caspase 3/7 ac-
tivity. In pancreatic cancer cells, analog 84 in a dose- and time-
dependent manner reduces p-IKKb levels, induced apoptosis, in-
hibits cell growth, colony formation and migration, at low-mM
concentrations. Replacing the metabolically labile furan groups in
13e197 with N-methylpyrazole in 84 resulted in ~5.7-fold increase
in orally bioavailability. Most importantly analog 84 alone and in
combination with gemcitabine reduced p-IKKb levels resulting in a
>90% reduction of tumor volume and tumor growth in a xenograft
pancreatic mouse model. In summary, we present 84 as a suitable
pre-therapeutic anticancer agent that is ideal for lead optimization
studies.
7

4. Experimental methods

4.1. Chemistry

4.1.1. General procedures
All reagents were purchased from commercial sources and were

used without further purification. Pre-coated ANALTECH uniplate
was used for Thin layer chromatography (TLC) and monitored un-
der UV light at 254 nm and with potassium permanganate stain.
Silica gel (230e400mesh, grade 60, Fisher scientific, USA) was used
for Column chromatography. 1H NMR and 13C NMR spectra were
recorded in chloroform-d or DMSO‑d6 on a Bruker-400, Bruker-500
and Bruker-600 spectrometer. The purity of final compounds was
determined by analytical HPLC and was found to be � 95% pure.
Analysis of sample purity was performed on aWaters Alliance 2695
HPLC system Phenomenex Luna-2 RP-C18 (5 mm,
4.6 mm � 250 mm, 120 Å, Torrance, CA) column. HPLC conditions:
solvent A, H2O containing 0.1% formic acid (FA); solvent B, CH3CN
containing 0.1% FA; gradient, 10% B to 100% B over 15 min followed
by 100% B over 4 minwith flow rate, 1 mL/min. Mass spectrometric
data was acquired using Quattro Micro triple quadrupole mass
spectrometer with electron-spray ionization (ESI) technique and as
TOF mass analyzer. HRMS data was generated on an Agilent 6230
LC/TOF system with UV detector (254 nm).

4.1.2. Synthesis

4.1.2.1. General methods



Fig. 3. Tumor growth studies with 84 and gemcitabine. (A) MiaPaCa2 cells were subcutaneously implanted in nude mice and treated with 84 (40 mg/kg, P$O.) or gemcitabine
(15 mg/kg i.p.) or the combination and tumor growth monitored for 4-weeks (n ¼ 6). (B) Tumor weights measured at the end of the study. (C) Ki67 staining indicates proliferation
index in tumor tissue (n ¼ 5). (D) Levels of p-IKKb in the tumor tissue indicates in vivo target modulation (n ¼ 5). All the data represented as average ± SEM. *P < 0.05, **P < 0.005
and ***P < 0.0005.
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4.1.2.1.1. General procedure of Suzuki coupling (Method A).
Respected halide (1 eq), Na2CO3 (4 eq) in DMF:Dioxane (1:1) and
water (0.2 mL) were taken a round bottom flask. The mixture was
sonicated and degassed for 5 min by passing nitrogen through it.
Degassing was followed by addition of Pd(Ph3)4 (0.05 eq) and
corresponding boronic acids or esters (1 eq). The reaction mixture
was stirred under inert atmosphere overnight at 100 �C and
quenched by addition of water. The precipitates formed were
filtered and triturated in THF and hexane (70e88%).

4.1.2.1.2. General procedure of reduction of nitro compounds to
amines (Method B). Respected quinaxoline-nitro compound (1 eq)
was dissolved in EtOH followed by the addition of Pd/C (10% w/w)
under inert conditions. The reaction mixture was stirred under H2
atmosphere for 4e12 h at room temperature. After completion of
reaction, the mixture was filtered through Celite and solvent was
evaporated under reduced pressure to yield corresponding
quinaxoline-amine which were used without purification for next
transformations (85e99%).

4.1.2.1.3. General procedure of synthesis of urea analogs (Method
C). To a suspension of respected quinaxoline amine (1 eq) in DCM
was added corresponding isocyanate (1.5 eq). The reaction mixture
was stirred for 24e48 h at room temperature. Product was filtered
and washed with DCM, hexane and dried under vacuum (55e88%).

4.1.2.1.4. General procedure of synthesis of urea analogs (Method
D). Compound 21, 21a, or 34 was dispersed in THF and
8

diisopropylethylamine (2 eq) and added slowly to a solution of BTC
(0.35 eq) in dichloromethane at 0 �C. The mixture was further
stirred for 3e6 h until the startingmaterial disappears. Amixture of
corresponding amine (1.5 eq) and diisopropylethylamine (2 eq) was
added to this mixture and reaction was stirred for next 10e24 h at
room temperature. After completion of reaction, the crude was
purified by column chromatography using MeOH and DCM as
eluting system (55e88%).

Compounds 3e10, 12e13, 22, 22a, 38e39 and 41e45 have been
reported previously [19,20,50]. Compounds 14e17a, 23e26 were
synthesized according to Method A and compounds 18e21a,
27e30 were synthesized according to Method B described in gen-
eral methods. Compounds 47e81, 84, 86 and 88e92 were synthe-
sized according to Method C described in general methods.
Compounds 82, 83 and 87were synthesized according toMethod D
described in general methods.

4.1.2.1.5. 7-Nitro-2-(thiophen-2-yl)quinoxaline (15).
Yield ¼ 51%; 1H NMR (500 MHz, Chloroform-d) d 9.36 (s, 1H), 8.96
(d, J ¼ 2.6 Hz, 1H), 8.46 (dd, J ¼ 2.5, 9.1 Hz, 1H), 8.21 (d, J ¼ 9.1 Hz,
1H), 7.95 (dd, J ¼ 1.1, 3.8 Hz, 1H), 7.66 (dd, J ¼ 1.1, 5.0 Hz, 1H),
7.34e7.16 (m, 1H); 13C NMR (125 MHz, CDCl3) d 149.5, 148.6, 145.1,
143.8, 141.5, 141.3, 131.7, 131.0, 129.0, 128.6, 125.5, 122.6; HRMS (ESI-
MS) calcd for C12H8N3O2Sþ m/z (M þ H)þ 258.0332, found:
258.0338.
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4.1.2.1.6. 7-Nitro-2-(thiophen-3-yl)quinoxaline (16).
Yield ¼ 49%; 1H NMR (500 MHz, DMSO‑d6) d 9.72 (s, 1H), 8.84 (d,
J ¼ 2.6 Hz, 1H), 8.77 (dd, J ¼ 1.3, 2.9 Hz, 1H), 8.49 (dd, J¼ 2.5, 9.0 Hz,
1H), 8.31 (d, J ¼ 9.1 Hz, 1H), 8.04 (dd, J ¼ 1.2, 5.0 Hz, 1H), 7.83 (dd,
J ¼ 2.8, 5.1 Hz, 1H); HRMS (ESI-MS) calcd for C12H8N3O2Sþ m/z
(M þ H)þ 258.0332, found: 258.0342.

4.1.2.1.7. 2-(1-Methyl-1H-pyrazol-4-yl)-7-nitroquinoxaline (17).
Yield ¼ 78%; 1H NMR (400 MHz, DMSO‑d6) d 9.47 (s, 1H), 8.74e8.67
(m, 2H), 8.42 (dd, J ¼ 9.1, 2.6 Hz, 1H), 8.34 (s, 1H), 8.25 (d, J ¼ 9.1 Hz,
1H), 3.97 (s, 3H); HRMS (ESI-MS) calcd for C12H10N5O2

þ m/z
(M þ H)þ 256.0829, found: 256.0838.

4.1.2.1.8. 2-(1-Methyl-1H-pyrrol-3-yl)-7-nitroquinoxaline (17a).
Yield ¼ 48%; 1H NMR (400 MHz, CDCl3) d 9.20 (s, 1H), 9.02 (d,
J ¼ 2.5 Hz, 1H), 8.40 (dd, J ¼ 9.1, 2.5 Hz, 1H), 8.17 (d, J ¼ 9.1 Hz, 1H),
7.73 (t, J ¼ 2.0 Hz, 1H), 6.95 (dd, J ¼ 2.9, 1.8 Hz, 1H), 6.80e6.77 (m,
1H), 3.82 (s, 3H); HRMS (ESI-MS) calcd for C13H11N4O2

þ m/z
(M þ H)þ 255.0877, found: 255.0882.

4.1.2.1.9. 6-Nitro-2-phenylquinoxaline (23). Yield ¼ 58%; 1H
NMR (400 MHz, DMSO‑d6) d 9.83 (s, 1H), 8.94 (d, J ¼ 2.5 Hz, 1H),
8.59 (dd, J ¼ 9.2, 2.6 Hz, 1H), 8.44 (dd, J ¼ 6.7, 2.9 Hz, 2H), 8.37 (d,
J ¼ 9.2 Hz, 1H), 7.66 (m, 3H); HRMS (ESI-MS) calcd for C14H10N3O2

þ

m/z (M þ H)þ 252.0768, found: 252.0778.
4.1.2.1.10. 6-Nitro-2-(thiophen-2-yl)quinoxaline (24).

Yield ¼ 62%; 1H NMR (500 MHz, CDCl3) d 9.38 (s, 1H), 8.98 (d,
J ¼ 2.5 Hz, 1H), 8.53 (dd, J ¼ 2.5, 9.2 Hz, 1H), 8.24 (d, J ¼ 9.2 Hz, 1H),
8.04 (d, J¼ 3.7 Hz, 1H), 7.68 (dd, J¼ 1.2, 5.1 Hz, 1H), 7.27 (dd, J¼ 3.8,
5.0 Hz, 1H); HRMS (ESI-MS) calcd for C12H8N3O2Sþ m/z (M þ H)þ

258.0332, found: 258.0326.
4.1.2.1.11. 6-Nitro-2-(thiophen-3-yl)quinoxaline (25).

Yield ¼ 54%; 1H NMR (500 MHz, CDCl3) d 9.38 (s, 1H), 8.98 (d,
J ¼ 2.5 Hz, 1H), 8.53 (dd, J ¼ 2.5, 9.2 Hz, 1H), 8.24 (d, J ¼ 9.2 Hz, 1H),
8.04 (d, J¼ 3.7 Hz, 1H), 7.68 (dd, J¼ 1.2, 5.1 Hz, 1H), 7.27 (dd, J¼ 3.8,
5.0 Hz, 1H); HRMS (ESI-MS) calcd for C12H8N3O2Sþ m/z (M þ H)þ

258.0332, found: 258.0342.
4.1.2.1.12. 2-(1-Methyl-1H-pyrazol-4-yl)-6-nitroquinoxaline (26).

1H NMR (400 MHz, DMSO‑d6) d 9.49 (s, 1H), 8.82 (d, J ¼ 2.4 Hz, 1H),
8.74 (s, 1H), 8.50 (dd, J ¼ 9.2, 2.5 Hz, 1H), 8.37 (s, 1H), 8.16 (d,
J¼ 9.2 Hz,1H), 3.98 (s, 3H); HRMS (ESI-MS) calcd for C12H10N5O2

þm/
z (M þ H)þ 256.0829, found: 256.0839.

4.1.2.1.13. 2-(4-bromophenyl)-N-(2,3-di(furan-2-yl)quinoxalin-6-
yl)acetamide (40). A mixture of Compound 7 (1 eq) and DIPEA (3
eq) was dissolved in DCM. To this mixture was added EDC (2 eq)
and was stirred for 10 min at 0 �C followed by addition of 4-
bromophenylacetic (3eq). The reaction mixture was further stir-
red for 8 h at room temperature and then extractedwith EtOAc. The
organic layer was washed with brine, dried over Na2SO4 and
evaporated under reduced pressure. Then crude was purified on
silica gel chromatography using hexane/EtOAc as eluting solvents
to yield 40 as pure compound; Yield ¼ 85%; 1H NMR (500 MHz,
Chloroform-d) d 8.24 (d, J ¼ 2.3 Hz, 1H), 8.04 (d, J ¼ 9.1 Hz, 1H), 7.88
(dd, J ¼ 9.1, 2.4 Hz, 1H), 7.75 (s, 1H), 7.60 (d, J ¼ 1.7 Hz, 2H),
7.56e7.50 (m, 2H), 7.25 (s, 1H), 6.65 (dd, J ¼ 14.8, 3.4 Hz, 2H), 6.55
(dd, J ¼ 3.5, 1.8 Hz, 2H), 3.77 (s, 2H); HRMS (ESI-MS) calcd for
C24H17BrN3O3

þ m/z (M þ H)þ 474.0448, found: 474.0155.
4.1.2.1.14. 2-(4-bromophenyl)-N-(2,3-diphenylquinoxalin-6-yl)

acetamide (46). Same method as used for the synthesis of 40
starting from compound 10; Yield ¼ 90%; 1H NMR (500 MHz,
DMSO‑d6) d 10.74 (s, 1H), 8.56 (d, J ¼ 2.3 Hz, 1H), 8.10 (d, J ¼ 9.0 Hz,
1H), 7.94 (dd, J ¼ 9.0, 2.3 Hz, 1H), 7.55 (d, J ¼ 8.1 Hz, 2H), 7.49e7.42
(m, 4H), 7.42e7.31 (m, 8H), 3.78 (s, 2H); HRMS (ESI-MS) calcd for
C24H17BrN3O3

þ m/z (M þ H)þ 474.0448, found: 474.0452.
4.1.2.1.15. 1-(3-bromophenyl)-3-(2,3-diphenylquinoxalin-6-yl)

urea (47). Yield ¼ 72%; 1H NMR (500 MHz, DMSO‑d6) d 9.37 (s, 1H),
9.11 (s, 1H), 8.43e8.29 (m, 1H), 8.07 (d, J ¼ 9.0 Hz, 1H), 7.90 (d,
J ¼ 1.8 Hz, 1H), 7.88e7.76 (m, 1H), 7.52e7.42 (m, 4H), 7.37 (dt,
9

J ¼ 8.3, 13.2 Hz, 7H), 7.28 (t, J ¼ 8.0 Hz, 1H), 7.19 (d, J ¼ 7.9 Hz, 1H);
13C NMR (125 MHz, DMSO‑d6) d 153.1, 152.3, 150.8, 141.4, 141.0,
138.9, 138.9, 136.8, 130.7, 129.6, 129.6, 129.2, 128.6, 128.4, 128.0,
128.0, 124.7, 123.7, 121.7, 120.7, 117.3, 113.4. HRMS (ESI-MS) calcd for
C27H20BrN4Oþ m/z (M þ H)þ 495.0815, found: 495.0817.

4.1.2.1.16. 1-(2-bromophenyl)-3-(2,3-diphenylquinoxalin-6-yl)
urea (48). Yield ¼ 69%; 1H NMR (500 MHz, DMSO‑d6) d 10.02 (s,
1H), 8.42 (d, J ¼ 2.4 Hz, 1H), 8.36 (s, 1H), 8.10 (t, J ¼ 8.2 Hz, 2H), 7.80
(dd, J ¼ 2.5, 9.0 Hz, 1H), 7.65 (d, J ¼ 8.0 Hz, 1H), 7.53e7.42 (m, 4H),
7.42e7.26 (m, 7H), 7.03 (t, J ¼ 7.7 Hz, 1H); 13C NMR (125 MHz,
DMSO‑d6) d 153.2, 152.1, 150.8, 141.5, 141.1, 138.9, 136.8, 136.7, 132.6,
129.7, 129.6, 129.4, 128.7, 128.5, 128.2, 128.0, 128.0, 124.6, 123.6,
122.6, 113.5, 113.3; HRMS (ESI-MS) calcd for C27H20BrN4Oþ m/z
(M þ H)þ 495.0815, found: 495.0821.

4.1.2.1.17. 1-(2,3-Diphenylquinoxalin-6-yl)-3-(4-fluorophenyl)
urea (49). Yield ¼ 64%; 1H NMR (500 MHz, DMSO‑d6) d 9.30 (s, 1H),
8.95 (s, 1H), 8.36 (d, J¼ 2.3 Hz, 1H), 8.06 (d, J¼ 9.0 Hz, 1H), 7.83 (dd,
J ¼ 2.4, 9.1 Hz, 1H), 7.53 (dd, J ¼ 4.9, 8.8 Hz, 2H), 7.45 (dd, J ¼ 7.0,
11.0 Hz, 4H), 7.35 (h, J¼ 6.7 Hz, 6H), 7.16 (t, J¼ 8.7 Hz, 2H); 13C NMR
(125 MHz, DMSO‑d6) d 158.5, 156.6, 154.1, 153.1, 152.5, 150.7, 141.5,
141.4, 139.0, 139.0, 136.7, 135.7, 129.7, 129.6, 129.2, 128.7, 128.4,
128.0, 128.0, 123.7, 120.4, 120.3, 115.5, 115.4, 115.3, 115.2, 113.1;
HRMS (ESI-MS) calcd for C27H20FN4Oþ m/z (M þ H)þ 435.1616,
found: 436.1623.

4.1.2.1.18. 1-(4-chlorophenyl)-3-(2,3-diphenylquinoxalin-6-yl)
urea (50). Yield ¼ 68%; 1H NMR (500 MHz, DMSO‑d6) d 9.34 (s, 1H),
9.06 (s, 1H), 8.36 (d, J¼ 2.3 Hz, 1H), 8.07 (d, J¼ 9.0 Hz, 1H), 7.84 (dd,
J ¼ 2.4, 9.1 Hz, 1H), 7.54 (d, J ¼ 8.6 Hz, 2H), 7.51e7.42 (m, 4H), 7.36
(dt, J¼ 6.7, 9.7 Hz, 8H); 13C NMR (125MHz, DMSO‑d6) d 153.1, 152.3,
150.7, 141.5, 141.2, 139.0, 138.9, 138.3, 136.8, 129.7, 129.6, 129.3,
128.7, 128.7, 128.5, 128.0, 128.0, 125.8, 123.7, 120.0, 113.3; HRMS
(ESI-MS) calcd for C27H20ClN4Oþ m/z (M þ H)þ 451.1320, found:
451.1327.

4.1.2.1.19. 1-(2,3-Diphenylquinoxalin-6-yl)-3-(4-methoxyphenyl)
urea (51). Yield ¼ 81%; 1H NMR (500 MHz, DMSO‑d6) d 9.23 (s, 1H),
8.72 (s, 1H), 8.36 (s, 1H), 8.05 (d, J ¼ 9.0 Hz, 1H), 7.83 (d, J ¼ 9.2 Hz,
1H), 7.50e7.32 (m, 12H), 6.91 (d, J ¼ 8.4 Hz, 2H), 3.73 (s, 3H); 13C
NMR (125 MHz, DMSO‑d6) d 154.8, 153.1, 152.6, 150.5, 141.5, 139.0,
136.7, 132.3, 129.7, 129.6 (3C), 129.2, 128.6, 128.4, 128.0, 128.0 (2C),
123.7, 120.4 (2C), 114.1 (2C), 112.8, 55.2; HRMS (ESI-MS) calcd for
C28H23N4O2

þ m/z (M þ H)þ 447.1816, found: 447.1817.
4.1.2.1.20. 1-(2,3-Diphenylquinoxalin-6-yl)-3-(4-(trifluoromethyl)

phenyl)urea (52). Yield ¼ 83%; 1H NMR (500 MHz, DMSO‑d6) d 9.43
(s, 1H), 9.34 (s, 1H), 8.38 (s, 1H), 8.08 (d, J ¼ 9.0 Hz, 1H), 7.85 (d,
J¼ 9.1 Hz, 1H), 7.77e7.61 (m, 4H), 7.46 (dd, J¼ 7.3, 11.5 Hz, 4H), 7.36
(h, J ¼ 6.9 Hz, 6H); 13C NMR (125 MHz, DMSO‑d6) d 153.2, 152.2,
150.9,143.1,141.4,141.0,138.9,138.9,136.9,129.7,129.6,129.3,128.7,
128.5, 128.0, 128.0, 126.1, 125.6, 123.7, 123.4, 122.0, 118.1, 117.8, 113.5,
67.0; HRMS (ESI-MS) calcd for C28H20F3N4Oþ m/z (M þ H)þ

485.1584, found: 485.1587.
4 .1.2 .1.21. 1-(2 ,4-b is ( t r ifluoromethyl )phenyl )-3- (2 ,3-

diphenylquinoxalin-6-yl)urea (53). Yield ¼ 59%; 1H NMR (500 MHz,
DMSO‑d6) d 9.61 (d, J ¼ 8.9 Hz, 2H), 8.38 (d, J ¼ 2.3 Hz, 1H), 8.19 (s,
2H), 8.07 (d, J¼ 9.0 Hz,1H), 7.89 (dd, J¼ 2.3, 9.0 Hz,1H), 7.67 (s, 1H),
7.53e7.42 (m, 4H), 7.42e7.24 (m, 6H); 13C NMR (125 MHz,
DMSO‑d6) d 153.1, 152.4, 151.0, 141.5, 141.3, 140.7, 138.9, 136.9, 131.1,
130.9, 130.6, 130.3, 129.7, 129.6, 129.2, 128.7, 128.5, 128.0, 124.4,
123.9, 122.2, 118.3, 114.7, 114.1; HRMS (ESI-MS) calcd for
C29H19F6N4Oþ m/z (M þ H)þ 553.1458, found: 553.1462.

4.1.2.1.22. 1-(4-fluorophenyl)-3-(3-phenylquinoxalin-6-yl)urea
(54). Yield ¼ 54%; 1H NMR (500 MHz, DMSO‑d6) d 9.39 (s, 1H), 9.27
(s, 1H), 8.94 (s, 1H), 8.36 (d, J ¼ 2.3 Hz, 1H), 8.34e8.27 (m, 2H), 8.02
(d, J ¼ 9.0 Hz, 1H), 7.78 (dd, J ¼ 2.4, 9.0 Hz, 1H), 7.64e7.46 (m, 5H),
7.16 (t, J ¼ 8.8 Hz, 2H); 13C NMR (125 MHz, DMSO‑d6) d 158.7, 156.8,
152.7, 151.3, 142.7, 141.7, 141.4, 137.6, 136.4, 135.8, 130.4, 129.4, 129.2,
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127.5, 123.3, 120.5, 120.4, 115.6, 115.4, 113.8; HRMS (ESI-MS) calcd
for C21H16FN4Oþ m/z (M þ H)þ 359.1303, found: 359.1313.

4.1.2.1.23. 1-(4-chlorophenyl)-3-(3-phenylquinoxalin-6-yl)urea
(55). Yield ¼ 61%; 1H NMR (500 MHz, DMSO‑d6) d 9.40 (s, 1H), 9.32
(s, 1H), 9.06 (s, 1H), 8.36 (d, J ¼ 2.4 Hz, 1H), 8.35e8.29 (m, 2H), 8.03
(d, J ¼ 9.0 Hz, 1H), 7.79 (dd, J ¼ 9.0, 2.4 Hz, 1H), 7.64e7.52 (m, 5H),
7.40e7.34 (m, 2H); 13C NMR (125 MHz, CDCl3) d 152.6, 151.4, 142.7,
141.6, 138.6, 137.7, 136.5, 130.5, 129.5, 129.3, 129.0, 127.6, 126.0,
123.4, 120.3, 114.0; HRMS (ESI-MS) calcd for C21H16ClN4Oþ m/z
(M þ H)þ 375.1007, found: 375.1017.

4.1.2.1.24. 1-(4-bromophenyl)-3-(3-phenylquinoxalin-6-yl)urea
(56). Yield ¼ 83%; 1H NMR (500 MHz, DMSO‑d6) d 9.40 (s, 1H), 9.32
(s, 1H), 9.06 (s, 1H), 8.40e8.27 (m, 3H), 8.03 (d, J ¼ 9.0 Hz, 1H), 7.79
(dd, J¼ 2.4, 9.1 Hz,1H), 7.59 (dd, J¼ 7.1, 11.5 Hz, 3H), 7.50 (s, 4H); 13C
NMR (125 MHz, DMSO‑d6) d 152.3, 151.1, 142.5, 141.3, 141.2, 138.8,
137.5, 136.2, 131.5, 131.5, 130.2, 129.2, 129.0, 127.3, 123.1, 120.4,
120.2, 113.8, 113.6; HRMS (ESI-MS) calcd for C21H16BrN4Oþ m/z
(M þ H)þ 419.0502, found: 419.0507.

4.1.2.1.25. 1-(3-bromophenyl)-3-(3-phenylquinoxalin-6-yl)urea
(57). Yield ¼ 63%; 1H NMR (500 MHz, DMSO‑d6) d 9.39 (d,
J ¼ 8.3 Hz, 2H), 9.13 (s, 1H), 8.39e8.27 (m, 3H), 8.03 (d, J ¼ 9.0 Hz,
1H), 7.91 (t, J ¼ 2.0 Hz, 1H), 7.79 (dd, J ¼ 2.4, 9.0 Hz, 1H), 7.64e7.50
(m, 4H), 7.39 (dd, J¼ 1.9, 8.2 Hz,1H), 7.28 (t, J¼ 8.0 Hz,1H), 7.20 (dd,
J ¼ 1.8, 7.9 Hz, 1H); 13C NMR (125 MHz, DMSO‑d6) d 152.3, 151.1,
142.4, 141.3, 141.2, 141.0, 137.5, 136.2, 130.7, 130.3, 129.2, 129.1, 127.3,
124.7, 123.2, 121.7, 120.7, 117.3, 113.9; HRMS (ESI-MS) calcd for
C21H16BrN4Oþ m/z (M þ H)þ 419.0502, found: 419.0505.

4.1.2.1.26. 1-(2-bromophenyl)-3-(3-phenylquinoxalin-6-yl)urea
(58). Yield ¼ 64%; 1H NMR (500 MHz, DMSO‑d6) d 9.19 (s, 1H), 8.56
(s, 1H), 7.58 (d, J ¼ 2.3 Hz, 1H), 7.53 (s, 1H), 7.50e7.45 (m, 2H), 7.27
(dd, J ¼ 1.5, 8.3 Hz, 1H), 7.20 (d, J ¼ 8.9 Hz, 1H), 6.90 (dd, J ¼ 2.3,
9.1 Hz, 1H), 6.81 (dd, J ¼ 1.3, 8.0 Hz, 1H), 6.74 (dq, J ¼ 7.1, 13.9 Hz,
3H), 6.55 (t, J ¼ 7.7 Hz, 1H), 6.18 (t, J ¼ 7.5 Hz, 1H); 13C NMR
(125 MHz, DMSO‑d6) d 152.1, 151.1, 142.5, 141.3, 141.2, 137.5, 136.7,
136.2, 132.5, 130.3, 129.4, 129.1, 128.1, 127.3, 124.5, 123.0, 122.6,
113.8, 113.5; HRMS (ESI-MS) calcd for C21H16BrN4Oþ m/z (M þ H)þ

419.0502, found: 419.0507.
4.1.2.1.27. 1-(4-methoxyphenyl)-3-(3-phenylquinoxalin-6-yl)urea

(59). Yield ¼ 59%; 1H NMR (500 MHz, DMSO‑d6) d 9.38 (s, 1H), 9.21
(s, 1H), 8.71 (s, 1H), 8.35 (d, J ¼ 2.3 Hz, 1H), 8.34e8.26 (m, 2H), 8.01
(d, J ¼ 9.0 Hz, 1H), 7.77 (dd, J ¼ 2.4, 9.0 Hz, 1H), 7.66e7.52 (m, 3H),
7.46e7.34 (m, 2H), 6.97e6.85 (m, 2H), 3.73 (s, 3H); 13C NMR
(125 MHz, CDCl3) d 155.0, 152.8, 151.4, 142.8, 142.0, 137.6, 136.5,
132.5, 130.5, 129.4, 129.3, 127.6, 123.4, 120.7, 114.3, 113.6, 55.4;
HRMS (ESI-MS) calcd for C22H19N4O2

þ m/z (M þ H)þ 371.1503,
found: 371.1509.

4.1.2.1.28. 1-(3-Phenylquinoxalin-6-yl)-3-(4-(trifluoromethyl)
phenyl)urea (60). Yield ¼ 53%; 1H NMR (500 MHz, DMSO‑d6) d 8.60
(s, 1H), 8.57 (s, 1H), 8.53 (s, 1H), 7.55 (d, J ¼ 2.3 Hz, 1H), 7.52e7.45
(m, 2H), 7.20 (d, J¼ 9.0 Hz, 1H), 6.97 (dd, J¼ 2.4, 9.0 Hz, 1H), 6.89 (d,
J ¼ 8.6 Hz, 2H), 6.84 (d, J ¼ 8.6 Hz, 2H), 6.79e6.68 (m, 3H); 13C NMR
(125 MHz, DMSO‑d6) d 152.2, 151.1, 143.1, 142.4, 141.4, 141.1, 137.5,
136.2, 130.3, 129.3, 129.1, 127.3, 126.1, 123.4, 123.2, 118.1, 114.0;
HRMS (ESI-MS) calcd for C22H16F3N4Oþ m/z (M þ H)þ 409.1271,
found: 409.1277.

4 .1.2 .1.29 . 1 - (2 , 4 -b i s ( t r ifluoromethyl )phenyl ) -3 - (3 -
phenylquinoxalin-6-yl)urea (61). Yield ¼ 82%; 1H NMR (500 MHz,
DMSO‑d6) d 9.64 (s, 1H), 9.61 (s, 1H), 9.43 (s, 1H), 8.40 (d, J ¼ 2.3 Hz,
1H), 8.37e8.30 (m, 2H), 8.20 (s, 2H), 8.05 (d, J ¼ 9.0 Hz, 1H), 7.85
(dd, J ¼ 2.4, 9.0 Hz, 1H), 7.69 (s, 1H), 7.64e7.50 (m, 3H); 13C NMR
(125 MHz, DMSO‑d6) d 152.4, 151.2, 142.5, 141.5, 137.6, 136.2, 130.3,
129.2, 129.1, 127.3, 123.3, 118.3, 114.6; HRMS (ESI-MS) calcd for
C23H15F6N4Oþ m/z (M þ H)þ 477.1145, found: 477.1151.

4.1.2.1.30. 1-(4-fluorophenyl)-3-(2-phenylquinoxalin-6-yl)urea
(62). Yield ¼ 68%; 1H NMR (500 MHz, DMSO‑d6) d 9.48 (s, 1H), 9.28
10
(s, 1H), 8.93 (s, 1H), 8.35 (d, J ¼ 2.3 Hz, 1H), 8.32e8.24 (m, 2H), 8.06
(d, J ¼ 9.0 Hz, 1H), 7.83 (dd, J ¼ 2.4, 9.2 Hz, 1H), 7.64e7.47 (m, 5H),
7.16 (t, J ¼ 8.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) d 158.7, 156.8,
152.7,149.0,144.0,142.3,141.1, 137.8,136.5,135.8, 130.1,129.8,129.2,
127.2, 124.0, 120.6, 120.5, 115.6, 115.4, 113.6; HRMS (ESI-MS) calcd
for C21H16FN4Oþ m/z (M þ H)þ 359.1303, found: 359.1310.

4.1.2.1.31. 1-(4-chlorophenyl)-3-(2-phenylquinoxalin-6-yl)urea
(63). Yield ¼ 54%; 1H NMR (500 MHz, DMSO‑d6) d 9.49 (s, 1H), 9.32
(s, 1H), 9.04 (s, 1H), 8.35 (d, J ¼ 2.3 Hz, 1H), 8.33e8.26 (m, 2H), 8.07
(d, J ¼ 9.0 Hz, 1H), 7.83 (dd, J ¼ 2.4, 9.1 Hz, 1H), 7.63e7.50 (m, 5H),
7.41e7.31 (m, 2H); 13C NMR (125 MHz, CDCl3) d 152.3, 148.9, 143.8,
142.0, 140.8, 138.3, 137.7, 136.3, 129.9, 129.6, 129.0, 128.7, 127.0,
125.7, 123.8,120.0, 113.5; HRMS (ESI-MS) calcd for C21H16ClN4Oþm/
z (M þ H)þ 375.1007, found: 375.1014.

4.1.2.1.32. 1-(4-bromophenyl)-3-(2-phenylquinoxalin-6-yl)urea
(64). Yield ¼ 83%; 1H NMR (500 MHz, DMSO‑d6) d 9.49 (s, 1H), 9.34
(s, 1H), 9.06 (s, 1H), 8.35 (d, J ¼ 2.3 Hz, 1H), 8.30 (dd, J ¼ 1.7, 7.6 Hz,
2H), 8.06 (d, J ¼ 9.0 Hz, 1H), 7.83 (dd, J ¼ 2.4, 9.1 Hz, 1H), 7.63e7.53
(m, 3H), 7.50 (s, 4H); 13C NMR (125 MHz, DMSO‑d6) d 152.3, 148.9,
143.8, 142.0, 140.7, 138.8, 137.7, 136.3, 131.6, 129.9, 129.6, 129.0,
127.0, 123.8, 120.4, 113.6, 113.5; HRMS (ESI-MS) calcd for
C21H16BrN4Oþ m/z (M þ H)þ 419.0502, found: 419.0506.

4.1.2.1.33. 1-(3-bromophenyl)-3-(2-phenylquinoxalin-6-yl)urea
(65). Yield ¼ 64%; 1H NMR (500 MHz, DMSO‑d6) d 10.55 (s, 1H),
10.28 (s, 1H), 9.42 (s, 1H), 8.41 (d, J ¼ 2.3 Hz, 1H), 8.25 (d, J ¼ 7.4 Hz,
2H), 7.96e7.87 (m, 3H), 7.54 (dq, J ¼ 13.5, 7.2 Hz, 4H), 7.20e7.07 (m,
2H); 13C NMR (125MHz, DMSO‑d6) d 152.7, 148.5, 143.5, 142.1, 141.8,
141.5, 137.5, 136.4, 130.4, 129.8, 129.1, 129.0, 127.0, 124.2, 121.6,
120.6, 117.2, 113.4; HRMS (ESI-MS) calcd for C21H16BrN4Oþ m/z
(M þ H)þ 419.0502, found: 419.0503.

4.1.2.1.34. 1-(2-bromophenyl)-3-(2-phenylquinoxalin-6-yl)urea
(66). Yield ¼ 59%; 1H NMR (500 MHz, DMSO‑d6) d 10.08 (s, 1H),
9.48 (s, 1H), 8.50e8.36 (m, 2H), 8.29 (d, J ¼ 7.5 Hz, 2H), 8.07 (t,
J ¼ 8.3 Hz, 2H), 7.91e7.77 (m, 1H), 7.64 (d, J ¼ 8.0 Hz, 1H), 7.56 (dt,
J ¼ 7.4, 24.5 Hz, 3H), 7.38 (t, J ¼ 7.8 Hz, 1H), 7.03 (t, J ¼ 7.7 Hz, 1H);
13C NMR (125 MHz, DMSO‑d6) d 152.2, 148.9, 143.8, 142.1, 140.8,
137.7, 136.8,136.3,132.5,129.9,129.7, 129.1, 128.1, 127.0, 124.6,123.7,
122.8, 113.8, 113.5; HRMS (ESI-MS) calcd for C21H16BrN4Oþ m/z
(M þ H)þ 419.0502, found: 419.0505.

4.1.2.1.35. 1-(4-methoxyphenyl)-3-(2-phenylquinoxalin-6-yl)urea
(67). Yield¼ 51%; 1H NMR (500MHz, DMSO‑d6) d 10.18 (s, 1H), 9.66
(s, 1H), 9.47 (s, 1H), 8.40 (m, 2H), 8.30 (d, J ¼ 7.6 Hz, 2H), 8.04 (d,
J ¼ 8.0 Hz, 1H), 7.91 (dd, J ¼ 8.0 Hz, 1H), 7.63e7.50 (m, 6H), 3.71 (s,
3H). 13C NMR (126 MHz, CDCl3) d 154.7, 152.5, 148.7, 143.7, 142.1,
141.1, 137.5, 136.3, 132.2, 129.8, 129.6, 129.0, 127.0, 123.8, 120.4,
114.0, 113.1, 55.2; HRMS (ESI-MS) calcd for C22H19N4O2

þ m/z
(M þ H)þ 371.1503, found: 375.1511.

4.1.2.1.36. 1-(2-Phenylquinoxalin-6-yl)-3-(4-(trifluoromethyl)
phenyl)urea (68). Yield ¼ 63%; 1H NMR (500 MHz, DMSO‑d6) d 9.50
(s, 1H), 9.43 (s, 1H), 9.34 (s, 1H), 8.37 (d, J ¼ 1.9 Hz, 1H), 8.35e8.25
(m, 2H), 8.08 (d, J ¼ 9.0 Hz, 1H), 7.92e7.80 (m, 2H), 7.73 (d,
J ¼ 8.5 Hz, 2H), 7.68 (d, J ¼ 8.5 Hz, 2H), 7.64e7.48 (m, 3H); 13C NMR
(125 MHz, DMSO‑d6) d 152.2, 149.0, 143.8, 143.1, 142.0, 140.5, 137.8,
136.2, 129.9, 129.7, 129.0, 127.0, 126.1, 123.9, 118.1, 113.8; HRMS (ESI-
MS) calcd for C22H16F3N4Oþm/z (M þ H)þ 409.1271, found:
409.1279.

4 .1.2 .1.37 . 1 - (2 , 4 -b i s ( t r ifluoromethyl )phenyl ) -3 - (2 -
phenylquinoxalin-6-yl)urea (69). Yield ¼ 66%; 1H NMR (500 MHz,
DMSO‑d6) d 10.62 (s, 1H), 10.48 (s, 1H), 9.38 (s, 1H), 8.31 (d,
J ¼ 2.1 Hz, 1H), 8.28e8.19 (m, 2H), 8.16 (s, 2H), 7.93e7.76 (m, 2H),
7.59e7.35 (m, 4H); 13C NMR (125 MHz, DMSO‑d6) d 152.5, 148.7,
143.5, 142.0, 141.9, 140.8, 137.6, 136.3, 130.6, 130.4, 130.1, 129.8,
129.2, 129.0, 127.0, 124.3, 124.0, 122.2, 117.9, 114.1, 114.0; HRMS (ESI-
MS) calcd for C23H15F6N4Oþ m/z (M þ H)þ 477.1145, found:
477.1149.
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4.1.2.1.38. 1-(4-bromophenyl)-3-(3-(thiophen-2-yl)quinoxalin-6-
yl)urea (70). Yield ¼ 81%; 1H NMR (500 MHz, DMSO‑d6) d 9.39 (s,
1H), 9.29 (s, 1H), 9.06 (s, 1H), 8.26 (d, J¼ 2.4 Hz,1H), 8.20 (dd, J¼ 1.1,
3.8 Hz, 1H), 7.99 (d, J ¼ 9.0 Hz, 1H), 7.86 (dd, J ¼ 1.0, 5.0 Hz, 1H), 7.72
(dd, J ¼ 2.4, 9.1 Hz, 1H), 7.50 (s, 4H), 7.30 (dd, J ¼ 3.7, 5.0 Hz, 1H);
HRMS (ESI-MS) calcd for C19H14BrN4OS þ m/z (M þ H)þ 425.0066,
found: 425.0066.

4.1.2.1.39. 1-(4-bromophenyl)-3-(2-(thiophen-2-yl)quinoxalin-6-
yl)urea (71). Yield ¼ 57%; 1H NMR (500 MHz, DMSO‑d6) d 9.48 (s,
1H), 9.30 (s, 1H), 9.05 (s, 1H), 8.31 (d, J ¼ 2.3 Hz, 1H), 8.15 (d,
J ¼ 3.6 Hz, 1H), 7.97 (d, J ¼ 9.0 Hz, 1H), 7.84e7.71 (m, 2H), 7.50 (s,
4H), 7.28 (dd, J ¼ 3.7, 5.0 Hz, 1H); 13C NMR (125 MHz, DMSO‑d6)
d 152.3, 145.3, 142.9, 142.0, 141.7, 140.5, 138.8, 137.4, 131.6, 130.1,
129.0, 128.8, 127.6, 123.9, 120.4, 113.9, 113.7; HRMS (ESI-MS) calcd
for C19H14BrN4OS þ m/z (M þ H)þ 425.0066, found: 425.0068.

4.1.2.1.40. 1-(4-bromophenyl)-3-(3-(thiophen-3-yl)quinoxalin-6-
yl)urea (72). Yield ¼ 52%; 1H NMR (500 MHz, DMSO‑d6) d 9.36 (s,
1H), 9.30 (s, 1H), 9.05 (s, 1H), 8.61 (dd, J ¼ 1.3, 2.8 Hz, 1H), 8.33 (d,
J ¼ 2.4 Hz, 1H), 8.03e7.96 (m, 2H), 7.78 (dd, J ¼ 2.9, 5.1 Hz, 1H), 7.73
(dd, J ¼ 2.4, 9.0 Hz, 1H), 7.50 (s, 4H); 13C NMR (125 MHz, DMSO‑d6)
d 151.8, 147.4, 142.0, 141.2, 140.7, 138.8, 138.3, 136.6, 131.1, 131.0,
128.7, 127.2, 126.4, 125.9, 122.1, 119.8, 113.1, 113.1; HRMS (ESI-MS)
calcd for C19H14BrN4OSþm/z (Mþ H)þ 425.0066, found: 425.0071.

4.1.2.1.41. 1-(4-bromophenyl)-3-(2-(thiophen-3-yl)quinoxalin-6-
yl)urea (73). Yield ¼ 59%; 1H NMR (500 MHz, DMSO‑d6) d 9.43 (s,
1H), 9.29 (s, 1H), 9.04 (s, 1H), 8.52 (d, J ¼ 2.9 Hz, 1H), 8.30 (d,
J ¼ 2.3 Hz, 1H), 8.00 (d, J ¼ 9.0 Hz, 1H), 7.95 (d, J ¼ 5.0 Hz, 1H), 7.80
(dd, J¼ 2.4, 9.1 Hz, 1H), 7.76 (dd, J¼ 2.9, 5.1 Hz, 1H), 7.49 (s, 4H); 13C
NMR (125 MHz, DMSO‑d6) d 152.3, 145.9, 144.3, 141.7, 140.4, 139.3,
138.8, 137.6, 131.6 (2C), 129.3, 127.7, 126.3, 126.1, 123.7, 120.4 (2C),
113.8,113.7; HRMS (ESI-MS) calcd for C19H14BrN4OSþm/z (MþH)þ

425.0066, found: 425.0074.
4.1.2.1.42. 1-(4-bromophenyl)-3-(2-(1-methyl-1H-pyrazol-3-yl)

quinoxalin-6-yl)urea (74). Yield ¼ 80%; 1H NMR (500 MHz,
DMSO‑d6) d 9.35 (s, 1H), 9.30 (s, 1H), 9.06 (s, 1H), 8.34 (d, J ¼ 2.3 Hz,
1H), 8.05 (d, J ¼ 9.0 Hz, 1H), 7.85 (dd, J ¼ 2.4, 9.1 Hz, 1H), 7.61 (d,
J ¼ 2.0 Hz, 1H), 7.50 (s, 4H), 7.19 (d, J ¼ 2.0 Hz, 1H), 4.30 (s, 3H); 13C
NMR (125 MHz, DMSO‑d6) d 151.7, 144.7, 141.9, 140.9, 140.6, 138.2,
137.6, 137.5, 136.2, 131.1, 129.0, 123.4, 119.9, 113.2, 113.1, 107.4; HRMS
(ESI-MS) calcd for C19H16BrN6Oþ m/z (M þ H)þ 423.0563, found:
423.0571.

4.1.2.1.43. 1-(4-fluorophenyl)-3-(3-(1-methyl-1H-pyrazol-4-yl)
quinoxalin-6-yl)urea (75). Yield ¼ 61%; 1H NMR (500 MHz,
DMSO‑d6) d 9.20 (s, 1H), 9.12 (s, 1H), 8.91 (s, 1H), 8.62 (s, 1H),
8.34e8.18 (m, 2H), 7.94 (d, J ¼ 9.0 Hz, 1H), 7.68 (dd, J ¼ 9.0, 2.3 Hz,
1H), 7.61e7.46 (m, 2H), 7.17 (t, J ¼ 8.7 Hz, 2H), 3.96 (s, 3H) ppm; 13C
NMR (100MHz, CDCl3) d 151.8, 144.2, 142.1, 141.2, 141.0, 138.2, 137.6,
137.4, 136.2, 131.1 (2C), 128.8, 122.9, 120.0 (2C), 113.2, 113.1, 107.9,
38.5; HRMS (ESI-MS) calcd for C19H15FN6Oþm/z (MþH)þ 362.1291,
found: 362.1299.

4.1.2.1.44. 1-(3-(1-methyl-1H-pyrazol-4-yl)quinoxalin-6-yl)-3-
(p-tolyl)urea (76). Yield ¼ 70%; 1H NMR (500 MHz, CDCl3) d 9.16 (s,
1H), 9.11 (s, 1H), 8.76 (s, 1H), 8.62 (s, 1H), 8.27 (s, 1H), 8.24 (d, 1H,
J ¼ 2.0 Hz), 7.93 (d, 1H, J ¼ 9.0 Hz), 7.66 (dd, 1H, J ¼ 9.0, 2.0 Hz), 7.40
(d, 2H, J ¼ 8.5 Hz), 7.13 (d, 2H, J ¼ 8.5 Hz), 3.96 (s, 3H), 2.27 (s, 3H);
13C NMR (100 MHz, CDCl3) d 151.9, 166.8, 142.2, 140.9, 140.7, 137.4,
136.3, 136.1, 130.6, 130.4, 128.7 (2C), 121.3, 119.7, 118.0 (2C), 117.7,
112.5, 38.5, 19.8; HRMS (ESI-MS) calcd for C20H19N6O þ m/z
(M þ H)þ 358.1542, found: 358.1551.

4.1.2.1.45. 1-(3-methoxyphenyl)-3-(3-(1-methyl-1H-pyrazol-4-yl)
quinoxalin-6-yl)urea (77). Yield ¼ 61%; 1H NMR (400 MHz,
DMSO‑d6) d 9.17 (s, 1H), 9.10 (s, 1H), 8.87 (s, 1H), 8.60 (s, 1H),
8.28e8.21 (m, 2H), 7.92 (d, J ¼ 9.0 Hz, 1H), 7.65 (dd, J ¼ 9.0, 2.4 Hz,
1H), 7.26e7.16 (m, 2H), 6.98 (dd, J¼ 7.8, 2.0 Hz,1H), 6.59 (dd, J¼ 8.2,
2.5 Hz, 1H), 3.94 (s, 3H), 3.75 (s, 3H); 13C NMR (125 MHz, DMSO‑d6)
11
d 159.77, 152.41, 147.36, 142.77, 141.40, 141.28, 140.61, 138.01, 136.72,
130.98, 129.69, 129.30, 121.89, 120.28, 113.21, 110.82, 107.70, 104.29,
55.01, 41.39; HRMS (ESI-MS) calcd for C20H19N6O2

þ m/z (M þ H)þ

375.1564, found: 375.1564.
4.1.2.1.46. 1-(3-(1-methyl-1H-pyrazol-4-yl)quinoxalin-6-yl)-3-

(3-(trifluoromethoxy)phenyl)urea (78). Yield ¼ 55%; 1H NMR
(500 MHz, DMSO‑d6) d 9.41 (s, 1H), 9.20 (s, 1H), 9.13 (d, J ¼ 7.3 Hz,
1H), 8.62 (d, J ¼ 5.6 Hz, 1H), 8.30e8.23 (m, 2H), 7.96 (dd, J ¼ 15.0,
9.0 Hz,1H), 7.74 (dd, J¼ 5.7, 3.1 Hz,1H), 7.68 (dd, J¼ 9.2, 2.4 Hz,1H),
7.47e7.29 (m, 2H), 6.98 (t, J ¼ 9.6 Hz, 1H), 3.95 (d, J ¼ 4.9 Hz, 3H);
13C NMR (125 MHz, DMSO‑d6) d 152.84, 149.21, 147.85, 143.15,
141.99, 141.71, 141.47, 138.45, 137.25, 131.43, 130.95, 129.82, 129.75,
122.34, 120.69, 117.54, 114.51, 113.99, 110.89, 40.26. MS calcd for
C20H15F3N6O2 m/z 428.12, found: 429.09 (Mþ1).

4.1.2.1.47. 1-(3-(1-methyl-1H-pyrazol-4-yl)quinoxalin-6-yl)-3-
(3-(trifluoromethyl)phenyl)urea (79). Yield ¼ 71%; 1H NMR
(500 MHz, DMSO‑d6) d 9.44 (s, 1H), 9.36 (s, 1H), 9.12 (s, 1H), 8.61 (s,
1H), 8.29e8.24 (m, 2H), 8.06 (d, J ¼ 2.5 Hz, 1H), 7.94 (d, J ¼ 9.0 Hz,
1H), 7.71 (dd, J ¼ 9.0, 2.3 Hz, 1H), 7.65 (d, J ¼ 8.2 Hz, 1H), 7.55 (t,
J ¼ 8.0 Hz, 1H), 7.35 (d, J ¼ 7.7 Hz, 1H), 3.95 (s, 3H); 13C NMR
(125 MHz, DMSO‑d6) d 152.95, 147.81, 143.12, 141.99, 141.45, 140.74,
138.44, 137.24, 131.40, 130.48, 129.73, 122.61, 122.40, 120.67, 114.88,
114.06, 79.59, 41.80; MS calcd for C20H15F3N6O m/z 412.13, found:
413.17 (Mþ1).

4.1.2.1.48. 1-(3-Chloro-4-fluorophenyl)-3-(3-(1-methyl-1H-pyr-
azol-4-yl)quinoxalin-6-yl)urea (80). Yield ¼ 72%; 1H NMR
(500 MHz, DMSO‑d6) d 9.44 (s, 1H), 9.24 (s, 1H), 9.12 (s, 1H), 8.61 (s,
1H), 8.28e8.22 (m, 2H), 7.93 (d, J ¼ 9.0 Hz, 1H), 7.85 (dd, J ¼ 6.8,
2.4 Hz, 1H), 7.70 (dd, J ¼ 9.0, 2.4 Hz, 1H), 7.43e7.30 (m, 2H), 3.95 (s,
3H); 13C NMR (125 MHz, DMSO‑d6) d 153.50, 152.46, 151.58, 147.32,
142.67, 141.45, 137.96, 136.78, 130.92, 129.24, 121.85, 120.22, 119.82,
118.84, 117.02, 116.94, 116.84, 116.77, 113.45, 42.10; HRMS (ESI-MS)
calcd for C19H15ClFN6Oþ m/z (M þ H)þ 397.0974, found: 397.0979.

4.1.2.1.49. 1-(4-Fluoro-3-methylphenyl)-3-(3-(1-methyl-1H-pyr-
azol-4-yl)quinoxalin-6-yl)urea (81). Yield ¼ 57%; 1H NMR
(500 MHz, DMSO‑d6) d 9.20 (s, 1H), 9.11 (s, 1H), 8.83 (s, 1H), 8.60 (s,
1H), 8.25 (d, J ¼ 13.3 Hz, 2H), 7.92 (d, J ¼ 9.0 Hz, 1H), 7.66 (d,
J ¼ 9.1 Hz, 1H), 7.44e7.38 (m, 1H), 7.34e7.29 (m, 1H), 7.08 (t,
J ¼ 9.1 Hz, 1H), 3.95 (s, 3H), 2.24 (s, 3H); 13C NMR (125 MHz,
DMSO‑d6) d 157.74, 155.84, 153.10, 147.87, 143.30, 141.89, 138.53,
137.22, 135.87, 131.49, 129.80, 124.97, 122.41, 122.15, 120.79, 118.35,
115.66, 113.72, 39.51, 14.98; MS calcd for C20H17FN6O m/z 376.14,
found: 377.10 (Mþ1).

4.1.2.1.50. 1-(4-Fluoro-3-methoxyphenyl)-3-(3-(1-methyl-1H-
pyrazol-4-yl)quinoxalin-6-yl)urea (82). Yield ¼ 65%; 1H NMR
(500 MHz, DMSO‑d6) d 9.24 (s, 1H), 9.11 (s, 1H), 8.96 (s, 1H), 8.61 (s,
1H), 8.31e8.24 (m, 2H), 7.93 (d, J ¼ 9.0 Hz, 1H), 7.67 (dd, J ¼ 9.0,
2.4 Hz, 1H), 7.46 (dd, J ¼ 8.0, 2.5 Hz, 1H), 7.14 (dd, J ¼ 11.4, 8.7 Hz,
1H), 6.94 (ddd, J ¼ 8.8, 3.7, 2.5 Hz, 1H), 3.95 (s, 3H), 3.84 (s, 2H); 13C
NMR (125 MHz, DMSO‑d6) d 152.24, 147.04, 146.73, 145.83, 142.45,
141.10, 137.71, 136.43, 135.94, 135.91, 130.68, 128.97, 121.58, 119.97,
115.53, 112.95, 110.00, 104.44, 55.55, 40.20; HRMS (ESI-MS) calcd
for C20H18FN6O2

þ m/z (M þ H)þ 393.1470, found: 393.1482.
4.1.2.1.51. 1-(4-Fluoro-3-(trifluoromethoxy)phenyl)-3-(3-(1-

methyl-1H-pyrazol-4-yl)quinoxalin-6-yl)urea (83).
Yield ¼ 60%; 1H NMR (400 MHz, DMSO‑d6) d 9.32 (s, 1H), 9.20 (s,
1H), 9.12 (s, 1H), 8.61 (s, 1H), 8.29e8.21 (m, 2H), 7.97e7.86 (m, 2H),
7.69 (dd, J¼ 9.0, 2.4 Hz,1H), 7.46 (t, J¼ 9.6 Hz,1H), 7.39 (ddd, J¼ 9.1,
4.2, 2.6 Hz,1H), 3.95 (s, 3H); 13C NMR (125MHz, DMSO‑d6) d 153.00,
138.59, 137.45, 131.62, 127.54, 124.95, 123.03, 120.08, 119.96, 119.90,
117.27, 117.09, 114.24, 108.03; MS calcd for C20H14F4N6O2 m/z 446.11,
found: 447.02 (Mþ1).

4.1.2.1.52. 1-(4-Fluoro-3-(trifluoromethyl)phenyl)-3-(3-(1-
methyl-1H-pyrazol-4-yl)quinoxalin-6-yl)urea (84).
Yield ¼ 64%; 1H NMR (600 MHz, DMSO‑d6) d 9.63 (s, 1H), 9.11 (s,
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1H), 9.01 (s, 1H), 8.60 (s, 1H), 8.46 (m, 1H), 8.27 (d, J ¼ 2.9 Hz, 1H),
8.26 (s, 1H), 7.94 (d, J ¼ 8.9 Hz, 1H), 7.62 (dd, J ¼ 9.0, 2.3 Hz, 1H),
7.41e7.37 (m, 2H), 4.01e3.82 (s, 3H); 13C (125 MHz, DMSO‑d6)
d 151.97, 149.89, 148.23, 147.39, 142.66, 141.61, 140.64, 137.98,
136.82, 130.97, 129.41, 128.67, 128.61, 125.36, 125.01, 124.98, 123.56,
121.76, 121.64, 120.17, 119.95, 119.45, 116.83, 116.76, 116.61, 116.54,
113.43, 38.89; 19F NMR (564MHz, DMSO‑d6) d�119.00 (3F),�60.68
(1F); HRMS (ESI-MS) calcd for C20H15F4N6Oþ m/z (M þ H)þ

431.1238, found: 431.1240.
4.1.2.1.53. 3-Bromo-6-nitroquinoline (32). 4-nitroaniline (5.0 g,

36.2 mmol) in acetic acid (35 mL) was treated with 2,2,3 tri-
bromopropanal (11.7 g, 39.8 mmol) and the mixture was heated at
110 �C for 2 h. AcOH was evaporated in vacuum followed by
extraction of crude with ethyl acetate and water. Organic layer was
washed with sat. NaHCO3 and brine, respectively and dried over
Na2SO4. Crude product was purified by column chromatography
using ethyl acetate and hexane as eluting solvents; Yield ¼ 38.2%
(3.5 g); 1H NMR (400MHz, DMSO‑d6) d 9.23 (dt, J¼ 17.1, 8.6 Hz, 1H),
9.14 (d, J ¼ 2.4 Hz, 1H), 8.89e8.73 (m, 2H), 7.86 (dd, J ¼ 8.3, 4.2 Hz,
1H); HRMS Calculated for C9H6BrN2O2þ m/z 252.9607, found
mass ¼ 252.9611.

4.1.2.1.54. 3-(2-Methyl-1H-2l4-pyrazol-4-yl)-6-nitroquinoline
(33). Compound 32 (250 mg, 0.987 mmol), Na2CO3 (209.4 mg,
1.97 mmol), DMF (3 mL), Dioxane (3 mL) and water (0.2 mL) were
mixed together in a round bottom flask. The mixture was sonicated
and degassed for 5 min by passing nitrogen through it. Degassing
was followed by addition of Pd(Ph3)4 (57.0 mg, 0.04 mmol) and 1-
Methylpyrazole-4-boronic acid pinacol ester (246.6 mg,
1.185 mmol). The reaction mixture was stirred under inert atmo-
sphere at 100 �C overnight and quenched by addition of water to
the reaction mixture. Precipitates formed were filtered and tritu-
rated in THF and hexane; Yield ¼ 47.8% (120 mg); 1H NMR
(400 MHz, CDCl3) d 9.15 (dd, J ¼ 4.1, 1.8 Hz, 1H), 8.65 (dd, J ¼ 12.2,
2.5 Hz, 2H), 8.56 (s, 1H), 8.38 (dd, J ¼ 8.3, 1.7 Hz, 1H), 8.23 (s, 1H),
7.62 (dd, J¼ 8.3, 4.2 Hz,1H), 4.07 (s, 3H); 13C NMR (100MHz, CDCl3)
d 152.6, 147.1, 139.3, 138.4, 134.2, 132.0, 122.7, 121.8, 119.5, 39.2;
HRMS Calculated for C14H13N3O2

þ m/z 255.1002, found
mass ¼ 255.0891.

4.1.2.1.55. 3-(1-Methyl-1H-pyrazol-4-yl)quinolin-6-amine (34).
Compound 34 was synthesized according to Method B;
Yield¼ Quantitative; 1H NMR (400MHz, DMSO‑d6) d 8.59e8.53 (m,
1H), 8.50 (s, 1H), 7.99 (s, 1H), 7.94 (d, J ¼ 8.3 Hz, 1H), 7.42 (d,
J ¼ 2.4 Hz, 1H), 7.30 (dd, J ¼ 8.3, 4.1 Hz, 1H), 6.70 (d, J ¼ 2.3 Hz, 1H),
5.51 (s, 2H), 3.93 (s, 3H); HRMS Calculated for C13H13N4

þ m/z
225.1135, found mass ¼ 225.1208.

4.1.2.1.56. 1-(3-Bromo-4-fluorophenyl)-3-(3-(1-methyl-1H-pyr-
azol-4-yl)quinolin-6-yl)urea (85). Compound 86 was synthesized
according to Method D; Yield ¼ 32%; 1H NMR (400 MHz, CDCl3)
d 8.77 (d, J¼ 2.1 Hz, 2H), 8.72 (s, 1H), 8.34 (s, 1H), 8.07e7.90 (m, 3H),
7.76 (dd, J ¼ 6.0, 2.4 Hz, 1H), 7.73 (d, J ¼ 2.0 Hz, 1H), 7.36 (m, 1H),
7.33e7.21 (m, 1H), 6.96 (t, J ¼ 8.5 Hz, 1H), 3.95 (s, 3H); 13C NMR
(100 MHz, CDCl3) d 153.2, 147.5, 141.6, 138.7, 137.0, 136.3, 136.0,
131.7, 131.6, 129.7, 123.7, 121.3, 120.9, 119.6, 118.9, 116.3116.1, 113.2,
108.8, 108.6, 46.3; HRMS (ESI-MS) calcd for C20H16BrFN5Oþ m/z
(M þ H)þ 440.0517, found: 440.0511.

4.1.2.1.57. 1-(3-Bromo-4-fluorophenyl)-3-(3-(1-methyl-1H-pyr-
rol-3-yl)quinoxalin-6-yl)urea (86). Yield ¼ 65%; 1H NMR (400 MHz,
DMSO‑d6) d 9.27 (s, 1H), 9.09 (s, 1H), 9.06 (s, 1H), 8.18 (d, J ¼ 2.3 Hz,
1H), 7.98 (dd, J ¼ 6.3, 2.6 Hz, 1H), 7.89 (d, J ¼ 9.0 Hz, 1H), 7.78 (t,
J ¼ 2.0 Hz, 1H), 7.63 (dd, J ¼ 9.0, 2.4 Hz, 1H), 7.42 (ddd, J ¼ 9.0, 4.5,
2.7 Hz, 1H), 7.34 (t, J ¼ 8.8 Hz, 1H), 6.90 (t, J ¼ 2.5 Hz, 1H), 6.84 (t,
J ¼ 2.0 Hz, 1H), 3.73 (s, 3H); 13C NMR (100 MHz, DMSO‑d6) d 158.21,
157.98,154.38,152.79,152.40,149.32,140.80,136.96,136.26,129.09,
124.12, 123.77, 122.55, 121.35, 120.93, 119.35, 116.77, 116.62, 113.53,
107.24, 36.15; HRMS (ESI-MS) calcd for C20H16BrFN5Oþ m/z
12
(M þ H)þ 440.0517, found: 440.0518.
4.1.2.1.58. 1-(benzo[d] [1,3]dioxol-5-yl)-3-(3-(1-methyl-1H-pyr-

azol-4-yl)quinoxalin-6-yl)urea (87). Yield ¼ 70%; 1H NMR
(500 MHz, DMSO‑d6) d 9.13 (d, J ¼ 26.8 Hz, 2H), 8.77 (s, 1H), 8.60 (s,
1H), 8.33e8.13 (m, 2H), 7.92 (d, J ¼ 9.0 Hz, 1H), 7.65 (dd, J ¼ 8.9,
2.4 Hz, 1H), 7.25 (d, J ¼ 2.1 Hz, 1H), 6.93e6.80 (m, 2H), 5.97 (d,
J ¼ 16.7 Hz, 2H), 3.95 (s, 3H); 13C NMR (125 MHz, DMSO‑d6)
d 152.99,147.75,147.73,143.21,142.84,141.85,138.42,137.09,134.14,
131.39, 129.69, 122.29, 120.70, 113.50, 111.89, 108.64, 101.67, 101.37,
40.53, 39.36; MS calculated for C20H16N6O3 m/z 388.13, found:
389.15 (Mþ1).

4.1.2.1.59. 1-(2,3-dihydrobenzo[b] [1,4]dioxin-6-yl)-3-(3-(1-
methyl-1H-pyrazol-4-yl)quinoxalin-6-yl)urea (88). Yield ¼ 61%; 1H
NMR (500 MHz, DMSO‑d6) d 9.12 (d, J ¼ 15.1 Hz, 2H), 8.69 (s, 1H),
8.61 (s, 1H), 8.31e8.14 (m, 2H), 7.92 (d, J ¼ 9.0 Hz, 1H), 7.65 (dd,
J ¼ 9.0, 2.4 Hz, 1H), 7.14 (d, J ¼ 2.5 Hz, 1H), 6.94e6.70 (m, 2H),
4.37e4.14 (m, 4H), 3.95 (s, 3H); 13C NMR (125 MHz, DMSO‑d6)
d 152.91,147.75, 143.60, 143.22, 141.89,141.71, 139.20, 138.41, 137.08,
133.41, 131.38, 129.68, 122.28, 120.71, 117.38, 113.42, 112.40, 108.27,
64.71, 64.37, 40.38; MS calculated for C21H18N6O3 m/z 402.14,
found: 403.13 (Mþ1).

4.1.2.1.60. 1-(benzo[b]thiophen-4-yl)-3-(3-(1-methyl-1H-pyr-
azol-4-yl)quinoxalin-6-yl)urea (89). Yield ¼ 52%; 1H NMR
(500 MHz, DMSO‑d6) d 9.28 (s, 1H), 9.11 (s, 1H), 9.02 (s, 1H), 8.61 (s,
1H), 8.27 (d, J¼ 2.0 Hz, 2H), 8.15 (d, J¼ 2.0 Hz,1H), 7.93 (t, J¼ 9.0 Hz,
2H), 7.75 (d, J ¼ 5.4 Hz, 1H), 7.70 (dd, J ¼ 9.0, 2.4 Hz, 1H), 7.46e7.39
(m, 2H), 3.95 (s, 3H); 13C NMR (125MHz, DMSO‑d6) d 152.69,147.34,
142.78, 141.47, 141.38, 140.15, 138.04, 136.72, 136.35, 133.14, 131.00,
129.31, 128.25, 124.05, 122.79, 121.93, 120.27, 117.13, 113.16, 112.76,
41.40; MS calculated for C21H16N6OS m/z 400.11, found: 401.02
(Mþ1).

4.1.2.1.61. 1-(2,3-Dihydro-1H-inden-4-yl)-3-(3-(1-methyl-1H-
pyrazol-4-yl)quinoxalin-6-yl)urea (90). Yield ¼ 56%; 1H NMR
(500 MHz, DMSO‑d6) d 9.16 (s, 1H), 9.10 (s, 1H), 8.74 (s, 1H), 8.60 (s,
1H), 8.28e8.21 (m, 2H), 7.92 (d, J ¼ 8.9 Hz, 1H), 7.66 (dd, J ¼ 9.0,
2.4 Hz, 1H), 7.42 (d, J ¼ 1.9 Hz, 1H), 7.20 (dd, J ¼ 8.1, 2.1 Hz, 1H), 7.15
(d, J ¼ 8.1 Hz, 1H), 3.95 (s, 3H), 2.83 (dt, J ¼ 22.5, 7.4 Hz, 4H), 2.54 (s,
2H), 2.01 (p, J¼ 7.4 Hz, 2H); 13C NMR (125MHz, DMSO‑d6) d 152.45,
147.25, 144.27, 142.74, 141.44, 141.21, 137.92, 137.48, 137.41, 136.59,
130.88, 129.19, 124.24, 121.75, 120.22, 116.75, 114.78, 112.92, 40.43,
32.55, 31.70, 25.21; MS calculated for C22H20N6Om/z 384.17, found:
385.13 (Mþ1).

4.1.2.1.62. 1-(2,3-Dihydrobenzofuran-4-yl)-3-(3-(1-methyl-1H-
pyrazol-4-yl)quinoxalin-6-yl)urea (91). Yield ¼ 66%; 1H NMR
(400 MHz, DMSO‑d6) d 9.11 (d, J ¼ 14.7 Hz, 2H), 8.62 (d, J ¼ 13.3 Hz,
2H), 8.30e8.18 (m, 2H), 7.91 (d, J ¼ 9.0 Hz, 1H), 7.66 (dd, J ¼ 9.0,
2.4 Hz, 1H), 7.41 (d, J¼ 2.2 Hz, 1H), 7.13 (dd, J¼ 8.5, 2.3 Hz, 1H), 6.71
(d, J ¼ 8.5 Hz, 1H), 4.50 (t, J ¼ 8.6 Hz, 2H), 3.95 (s, 3H), 3.18 (t,
J ¼ 8.6 Hz, 2H); 13C NMR (125 MHz, DMSO‑d6) d 155.71, 153.15,
147.69, 143.19, 142.09, 141.64, 138.42, 137.03, 132.56, 131.38, 129.66,
128.01, 122.28, 120.68, 119.36, 117.33, 113.27, 109.06, 71.29, 40.37,
29.92; MS calculated for C21H18N6O2 m/z 386.15, found: 387.07
(Mþ1).

4.2. Biology

4.2.1. kB luciferase reporter assay
The following modifications were made to the previously re-

ported method [16]. Cells were pre-incubated with compounds for
30 min, which was followed by a 6 h TNFa stimulation.

4.2.2. Caspase 3/7 assay
MiaPaCa2 cells (2.5 � 104) were plated in 96-well white walled

clear bottom plate and allowed to attach overnight. DMSO solutions
of the inhibitors were added (final concentration of DMSO 0.1%)
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and incubated for 24 h. 21 h post drug addition, alamarBlue®
(Biorad, BUF012B) was added at a volume of 1/10 total volume per
well (10 mL) and cells were allowed to incubate for 3 h. The plate
was then read for fluorescence at 560ex/590em on a Spectrmax
m5e. The plate was then allowed to equilibrate to room tempera-
ture for 15 min. 100 mL of Caspase-Glo (Promega G8093) reagent
was added and 2 h later the plate was read for luminescence at
1000 ms. Values were calculated by: ([Luminescence*100]/Fluo-
rescence)/DMSOavg [60].

4.2.3. Immunoblotting
T3M4 cells were treated with analog 84 at indicated doses (0.5,

1.0, 2.0 and 5.0 mM for 6 h) and the indicated time points, (5 mM at
0.5, 3.0, 6.0, 12 and 24 h) and harvested. Equal amounts of protein
(40 mg) were separated on 4e20% gradient SDS-PAGE gels (Bio rad,
USA) and transferred to 0.45 mmPVDFmembranes (Millipore, USA).
After blocking in 5% nonfat skim milk powder for 1 h, the mem-
branes were probed with the following primary antibodies p-IKKb,
IKKb and b-actin (Cell Signaling Technology, USA) overnight at 4 �C
and secondary antibody (Horse anti-mouse and Goat anti-rabbit,
Cell Signaling Technology, USA) at room temperature for 1 h.
Membranes were visualized with chemiluminescent detection kits
(Bio rad, USA).

4.2.4. Live/dead cell assay
MiaPaCa2 cells were treated with 5 and 10 mM of analog 84 for

24 h and subjected to live/dead cell assay as per the manufacturer's
instruction (Invitrogen, USA). Briefly, vehicle and compound 84
treated cells were washed with 1x PBS. 20 ml ethidium homodimer-
1 (EthD-1, 2 mM) was dissolved in 10 mL PBS. To this solution, 5 ml
of calcein acetoxymethyl ester (calcein-AM, 4 mM) was added.
500 ml of this mixture was added to the well and incubated for
30 min. The numbers of live and dead cells were detected with
Nikon fluorescent microscopy (Nikon, Japan). The ratio of dead cells
to total cells was calculated for quantitative comparisons using
ImageJ (NIH, USA) software.

4.2.5. Colony formation assay
MiaPaCa2 cells (1.0 � 103) were seeded in 6-well plates. Cells

were treated with 5 mM of analog 84 for 24 h. Next day cells were
washed with 1x PBS and allowed to grow for 8e10 days, with a
medium change every 3 days. The vehicle and compound 84
treated cells were fixed with 4% paraformaldehyde for 15 min,
washed and stained with 0.5% crystal violet for 2 h at room tem-
perature. The colony number was determined in triplicate after
capturing the image in 10x bright field microscope.

4.2.6. Cell scratch assay
MiaPaCa2 cells were seeded in a 6-well plate. The next day

media was discarded, scratched with 200 ml pipette tips, washed
with 1x PBS. Scratched cells were treated with 5 mM of analog 84.
The gap generated by the pipette tip was examined and captured by
a bright-field microscope (Nikon, Japan) at 0, 24 and 48 h. The
result was analyzed using ImageJ (NIH, USA) software. The per-
centage of gap closure was calculated for quantitative comparisons.

4.2.7. Growth inhibition assay
We followed the method previously reported by us [61]. Con-

centrations (20, 10, 5, 2.5, 1.25 and 0,625 mM) of analog 84 used in
the study to derive the reported IC50 values.

4.2.8. Pharmacokinetic studies
CD1 mice were orally administered 20 mg/kg of 13e197 or 84 in

DMSO:PEG400:H2O ¼ 1:4:5 or intravenously administered 10 mg/
kg of 84 in DMSO:PEG400:H2O ¼ 1:5:4. At following time points
13
(0.083, 0.25, 0.5, 1, 2, 4, 8, 24 h) mice were sacrificed and the plasma
was subjected to LC/MS/MS (AB Sciex Triple Quad 5500) and the
compound levels determined using an internal standard method
(Carbamazepine). The PK parameters were calculated using non-
compartmental approach with PhoenixTM WinNonlin®, version
8.3 (Pharsight, CA).
4.2.9. Pancreatic tumor model
To assess in vivo efficacy of analog 84, MiaPaCa2 cells (2.5 �

106 cells and Matrigel, 2:1 ratio) were subcutaneously implanted in
left flank of athymic nude mice (Crl: NU-Foxn1nu, Charles River
laboratories, USA). After 20 days of implantation, mice were ran-
domized and grouped into the following treatment groups:
Wehicle (100 ml daily orally), analog 84 (40 mg/kg body weight
daily orally), gemcitabine (15 mg/kg body weight every 72 h
intraperitoneally), and analog 84 plus gemcitabine (n ¼ 6, per
group). The tumor volume was measured every 3-days for 4-weeks
by using digital calibers. Tumor volumes were determined by
measuring (1/2 � length � width2) in cubic millimeters. After the
27th day of treatment, the mice were sacrificed, and the tumor
weight was determined.
4.3. Proliferation index

Vehicle and analog 84 treated subcutaneous tumor tissue were
formalin-fixed, paraffin-embedded sections (5 mm) were stained
with anti-Ki-67 antibody (Abcam, USA) in Tissue Science Facility,
UNMC, USA. Results were expressed as percentage of Ki-
67epositive cells mean ± SEM per original magnification. A total of
4 fields per tumor were examined and counted from vehicle and
treated groups (n ¼ 5). The values were subjected to unpaired
Student t-test.
4.4. Immunohistochemistry

The paraffin-embedded vehicle and treated slides were depar-
affinized with xylene, re-hydrated with series of alcohol, antigen
retrieval in citrate buffer (pH¼ 6.0) for 10min heating chamber and
quenched with hydrogen peroxide. After blocking with a universal
blocker (Thermo Fisher Scientific, USA), the slides were incubated
with antibody p-IKKb (Cell Signaling Technology, USA) overnight at
4 �C. Next day, the slides were washed and incubated with HRP
conjugated secondary antibody (Dako, USA) for 1 h at room tem-
perature. Further, the slides were washed and developed using
3,30-diaminobenzidine tetrahydrochloride (DAB, Vector Labora-
tories, USA) substrate. The slides were counterstained with hema-
toxylin, washed with water, dehydrated with alcohol series, and
after xylene washes, the slides were mounted with the coverslip.
Image were captured by bright field microscope (Nikon, Japan). The
histological scoring was performed based on staining intensity (0,
negligible; 1, low; 2, moderate; 3, high) and proportion (0%e100%).
The histoscore was created by multiplying the stain proportion
score (1, <5%; 2, 5%e25%; 3, 26%e50%; 4, 51%e75%; 5, >75%) with
the intensity score (0e3) to obtain values between 0 and 15.
4.5. Statistical analysis

Data are presented as the average ± SEM. Live/dead cell assay
was analyzed by 2-way ANOVA with Bonferroni's multiple com-
parisons test. Colony formation, gap closure, tumor weight, tumor
volume, Ki-67 and Histoscore of p-IKKb was analyzed by unpaired
student's t-test. The p value less than 0.05 was considered statis-
tically significant.
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