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Design, microwave-assisted synthesis of novel 4-aryl (alkyl)amino-3-nitroquinoline (1a-11) and 2,4-dia-
ryl (dialkyl)amino-3-nitroquinolines (2a-2k and 3a) via regioselective and complete nucleophilic substi-
tution of 2,4-dichloro-3-nitroquinoline, respectively in water are presented. The newly synthesized
compounds were evaluated for the first time for antiproliferative activity against EGFR overexpressing
human lung (A-549 and H-460) and colon (HCT-116-wild type and HCT-116-p53 null) cancer cell lines.
Some notions about structure-activity relationships (SAR) are presented. Compounds 2e, 2f, 2j and 3a
overall exhibited excellent anticancer activity comparable to erlotinib which was used as a positive con-
trol. Molecular modeling studies disclosed the recognition pattern of the compounds and also supported
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1. Introduction

Immunomodulatory and antiproliferative imidazoquinolines
[1,2] like imiquimod [3,4], and resiquimod [5] acting through
activation of toll like receptors-7 (TLR-7) [6-9] and 3-nitroquin-
olines [10] as anticancer agents through epidermal growth factor
receptor (EGFR) [11] inhibition are reported and are derived
from a common precursor that is 4-amino(-2-halo)-3-nitroquino-
line (Fig. 1). EGFR belongs to a receptor tyrosine kinase family
and is found to be overexpressed in many of the cancers such
as lung, colon, breast, etc. and is usually associated with poor
prognosis [12]. EGFR is a validated druggable anticancer target
and many inhibitors pertaining to several scaffolds like quinazo-
lines, pyridopyrimidines, benzamides, indolinones and pyrrolotri-
azines targeting its ATP-binding domain have been reported [13].
Out of these, 4-anilinoquinazoline class is the most explored and
represented the effective inhibition which is evident from the
FDA approved drugs such as gefitinib, erlotinib and lapatinib
[13].

In continuation to our interest in the synthesis of new chemical
entities as anticancer agents [14-20], we thought of rationally
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designing new EGFR inhibitors (1-3; Fig. 2) as anticancer agents
through scaffold hoping [21] of previously reported quinazolines
[13] and 3-nitroquinoline frameworks keeping in view that (a)
substitution of C-2 hydrogen atom with a halogen may induce bet-
ter interactions [ 13] due to the formation of a stable protein-ligand
complex [22] and/or resistance to metabolism [23] or (b) an addi-
tional amino alkyl/aryl moiety at C-2 position may also enhance
the EGFR inhibition due to the availability of extra space in the
ATP binding pocket of EGFR [24] and, (c¢) the target compounds
may also be able to bind with mutant type EGFR [25] (T790M
[26,27] and L858R [28]) so that acquired resistance may not be
the major problem of drug resistance as seen with the most of
EGFR inhibitors.

For the synthesis of 1, 2 and 3, their precursor 2,4-dichloro-
3-nitroquinoline (4) prepared [2] from commercially available
2,4-quinolinediol was thought to be substituted with diverse
aryl/alkyl amines. The literature search carried out on aromatic
nucleophilic substitution of haloquinolines such as 2,4-dihalo,
4,7-dihalo or 4-haloquinolines with aryl/alkyl amines highlighted
their limited applications in generation of libraries of compounds
and their scale-up as these methodologies suffer one or other dis-
advantages such as use of high boiling solvents like NMP [29] and
DMEF [30] that are difficult to remove, halogenated solvents like
DCM [2] bases [2,29,30], acids [31,32], Pd catalysis [33] or other
involving long reaction times (4-48 h) [29,31,32].
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2. Materials and methods
2.1. Chemistry

All the reagents were of AR/GR quality and were purchased
from Sigma-Aldrich, Loba-Chemie Pt. Ltd., S.D.F.C.L., Sisco Research
Laboratory and HiMedia Laboratories Ltd. and were used without
further purification. Sartorius analytical balance (BSA224S-CW)
was used for the weighing purposes. Biotage Initiator microwave
synthesizer was used for carrying out reaction. ]SGW heating man-
tle, ILMVAC rotary evaporator was used for drying the compound.
The progress of the reactions were monitored by TLC, using hex-
ane/ethyl acetate and chloroform/methanol as the mobile phase
on pre-coated Merck TLC plates in J[SGW UV/fluorescent analysis
cabinet and/or iodine chamber. Melting points were recorded on
Stuart melting point apparatus (SMP-30) with open glass capillary
tube and were uncorrected. IR spectra of compounds were
recorded with KBr on a Bruker FT-IR spectrophotometer. NMR
and HRMS experiments were performed at SAIF, Panjab University
Chandigarh. 'H NMR and '3C NMR spectra were obtained in CDCls/
dg-DMSO on 400 MHz and 100 MHz Bruker Avance Il NMR spec-
trometer, respectively using TMS (6 = 0) as an internal standard.
All the target compounds were unreported (except 1a and 1i)
and their physical data are presented as below.

2.1.1. 3-Nitroquinoline-2,4-diol (4a)

4a was synthesized using protocol reported in the literature.
Mp 210-212°C ; IR (KBr, cm™'): 3313 (OH stretch), 2850 (C—C
stretch), 2350 (C=N stretch), 1522 (NO, stretch); '"H NMR (CDCls,
400 MHz, § with TMS=0): 12.00 (1H, s), 8.05-8.03 (1H, dd,
Ji2=1.2Hz; J;3=84Hz), 7.62-7.58 (1H, m), 7.35-7.33 (1H, d,
J=8Hz), 7.26-7.22 (1H, m); "*CNMR (CDCl3, 100 MHz, 6 with
TMS=0) ¢6: 157.11, 155.78, 138.21, 132.98, 126.41, 124.41,
122.06, 115.76, 113.77; MS (ESI): m/z=207.1 [M +1]".

2.1.2. 2,4-dichloro-3-nitroquinoline (4b)

4b was synthesized using protocol reported in the literature [2].
Mp 94-96°C; IR (KBr, cm™'): 1614 (C=N), 1490 (C=C), 1215
(C—N), 748 (C—Cl); 'HNMR (CDCl;, 400 MHz, 6 with TMS = 0):
8.28-8.26 (1H, dd, J;»=1.2Hz; J;3=8.8Hz), 8.13-8.10 (1H, d,
J=8.4Hz), 7.97-7.92 (1H, m), 7.83-7.79 (1H, m); '*C NMR (CDCls,
100 MHz, § with TMS = 0) 6: 147.3, 144.78, 141.3, 132.19, 129.6,
128.6, 125.5, 124.4.
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2.1.3. Synthesis of 1a-1j: representative procedure for synthesis of
N-benzyl-2-chloro-3-nitroquinolin-4-amine (1a)

To a reaction vial, a suspension of 2,4-dichloro-3-nitroquinoline
(243 mg, 1 mmol) in water (1 mL) was added benzyl amine (0.11 mL,
1 equiv.) and the mixture was heated under microwave irradiation
using Biotage initiator for 10 min at 80 °C. After the completion
of the reaction (TLC), water was removed from mixture, dried
and purified through column chromatography to afford 1a.

2.1.4. N-benzyl-2-chloro-3-nitroquinolin-4-amine (1a)

Yield: 87%, Yellow solid [2], Mp 170-172°C; IR (KBr, cm™'):
3269 (NH stretch), 2278 (C=N stretch), 1512 (NO, stretch), 822
(C—Cl stretch); '"H NMR (CDCls, 400 MHz, § with TMS =0): 7.88
(1H, d, J=8Hz), 7.77 (1H, d, J=8.4Hz), 7.70-7.66 (1H, m),
7.45-7.41 (1H, m), 7.39-7.35 (3H, m), 7.32-7.30 (2H, m), 5.8
(D0 exchangeable NH, s), 5.23 (s, 2H); HRMS (TOF-ESI) Calcd for
C16H12CIN30,, 313.0618 (M)*; observed: 314.0672 (M + H)".

All the remaining reactions were carried out using this general
procedure with different substituted anilines.

2.1.5. 2-Chloro-N-(2-chlorobenzyl)-3-nitroquinolin-4-amine (1b)

Yield: 76%, Yellow solid, Mp 180-182°C; 'HNMR (CDCls,
400 MHz, 6 with TMS=0): 844 (D,0 exchangeable NH, s),
8.10-8.06 (1H, m), 7.83 (1H, dd, J;2 = 0.8 Hz, J;3 =8 Hz), 7.78-7.74
(1H, m), 7.61-7.50 (1H, m), 7.41-7.35 (2H, m), 7.31-7.24
(2H, m), 4.54 (2H, d, J =6 Hz); '3C NMR (CDCl;, 100 MHz, § with
TMS = 0): 145.4, 144.1, 141.2, 134.4, 132.4, 131.4, 129.0, 1284,
126.6, 126.2, 122.7, 119.3, 45.0. HRMS (TOF-ESI) Calcd for Cy6H1q
CI;N50,, 347.0228 (M)*; observed: 348.0230 (M + H)".

2.1.6. 2-Chloro-N-(4-fluorobenzyl)-3-nitroquinolin-4-amine (1c)

Yield: 78%, Yellow solid, Mp 150-152°C; 'HNMR (CDCls,
400 MHz, § with TMS =0): 7.95 (1H, dd, J1» = 0.8 Hz; J;3 = 8.4 Hz),
7.82 (1H, d, J=8.4Hz),7.78-7.74 (1H, m), 7.54-7.50 (1H, m),
7.36-7.33 (2H, m), 7.14-7.09 (2H, m), 5.8 (D,0 exchangeable NH,
s),4.55 (2H, d, ] = 4.8 Hz). HRMS (TOF-ESI) Calcd for C;6H;1CIFN30,,
331.0524 (M)*; observed: 332.0620 (M + H)".

2.1.7. 2-Chloro-3-nitro-N-phenylquinolin-4-amine (1d)

Yield: 77%, Yellow solid, Mp 178-180 °C; IR (KBr, cm™'): 3234
(NH stretch), 2212 (C=N stretch), 1568 (NO, stretch), 889 (C—Cl
stretch); 'H NMR (CDCls, 400 MHz, 5 with TMS =0): 8.06 (D,0
exchangeable NH, s), 7.97 (1H, d, J=8.4Hz), 7.75-7.68 (2H, m),
7.34-7.30 (3H, m), 7.21-7.17 (1Ht, J=7.6Hz), 7.02 (2H, d,
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Fig. 1. Medicinal agents derived from 4-amino-3-nitroquinoline.
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Scaffolds for EGFR inhibitors
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Fig. 2. Design of target compounds (1-3).

] =7.6 Hz). HRMS (TOF-ESI) Calcd for C;5H;oCIN30,, 299.0462 (M)*;
observed: 300.0472 (M + H)".

2.1.8. 2-Chloro-N-(2-methoxyphenyl)-3-nitroquinolin-4-amine (1e)

Yield: 73%, Yellow solid, Mp 230-232 °C; IR (KBr, cm~!): 3259
(NH stretch), 2365 (C=N stretch), 1578 (NO, stretch), 854 (C—Cl
stretch); 'H NMR (CDCls;, 400 MHz, & with TMS =0): 8.03 (D,0
exchangeable NH, s), 7.96 (1H, d, J=8.4Hz), 790 (1H, d,
J=8.52 Hz), 7.78-7.73 (1H, m), 7.42-7.38 (1H, m), 7.17-7.12 (1H,
m), 6.97 (1H, d, J = 8.4 Hz), 6.84 (2H, m), 3.87 (3H,s); HRMS (TOF-
ESI) Calcd for CygH;,CIN303, 329.0567 (M)*; observed: 330.0640
(M+H)".

2.1.9. 2-Chloro-N-(4-methoxyphenyl)-3-nitroquinolin-4-amine (1f)
Yield: 81%, Yellow solid, Mp 142-144°C; 'HNMR (CDCls,
400 MHz, § with TMS =0): 9.64 (D,0 exchangeable NH, s), 8.50
(1H, d, J = 8.4 Hz), 7.33-7.29 (3H, m), 7.08 (2H, d, ] = 8.8 Hz), 6.83
(2H, d, J = 8.8 Hz), 3.8 (3H, s); 3C NMR (CDCls, 100 MHz, § with
TMS =0): 157.1, 145.8, 143.0, 141.3, 139.2, 131.7, 130.2,128.8,
127.1,126.3,125.0,123.7,120.1, 113.6, 54.9. HRMS (TOF-ESI) Calcd
for C16H12CIN303, 329.0567 (M)*; observed: 330.0570 (M + H)".

2.1.10. 2-Chloro-N-(2-fluorophenyl)-3-nitroquinolin-4-amine (1g)

Yield: 77%, Yellow solid, Mp 170-172 °C; IR (KBr, cm™!): 3252
(NH stretch), 2201 (C=N stretch), 1560 (NO, stretch), 762 (C—Cl
stretch); 'H NMR (CDCls, 400 MHz, § with TMS =0): 8.01 (D,0
exchangeable NH, d, J=8 Hz), 7.79-7.73 (3H, m), 7.42-7.37 (1H,
m), 7.19-7.14 (2H, m), 7.05-7.01 (1H, m), 6.92 (1H,t, J = 8.4 Hz).
HRMS (TOF-ESI) Calcd for C;5sHoCIFN30,, 317.0367 (M)"; observed:
318.0468 (M + H)".

2.1.11. 2-Chloro-N-(3-chloro-4-fluorophenyl)-3-nitroquinolin-4-
amine (1h)

Yield: 72%, Yellow solid, Mp 188-190°C; 'HNMR (CDCls,
400 MHz, § with TMS =0): 8.12 (1H, dd, J;» = 2.4 Hz; J;3 = 6.4 Hz),
8.02 (1H, dd, Ji = 1.2 Hz; J;3=8.4Hz), 7.81-7.76 (1H, m), 7.70-
7.63 (1H, m), 7.60-7.56 (1H, m), 7.44-7.38 (2H, m), 7.13 (1H;,
_I=88 HZ) HRMS (TOF—ES]) Calcd for C15H3C12FN302, 351.9978
(M)*; observed: 352.1012 (M + H)".

2.1.12. 2-Chloro-N-(4-methoxybenzyl)-3-nitroquinolin-4-amine (1i)
Yield: 91%, Yellow solid, Mp 210-212 °C [34]; '"H NMR (CDCls,
400 MHz, 5§ with TMS = 0): 7.92 (1H, dd, J;» = 0.8 Hz; J;3 = 8.4 Hz),
7.82 (1H, dd, J;» = 0.8 Hz; J;3=8.8 Hz),7.76-7.72 (1H, m), 7.51-
7.47 (1H, m), 7.29-7.26 (2H, m), 6.95-6.91 (2H, m), 5.87 (D,0
exchangeable NH, s), 4.47 (2H, d, ] = 4.8 Hz), 3.81 (3H, s).

2.1.13. 2-Chloro-N-(3-methoxybenzyl)-3-nitroquinolin-4-amine (1j)
Yield: 88%, Yellow solid, Mp 162-164°C; 'HNMR (CDCls,
400 MHz, 5 with TMS = 0): 7.94 (1H, dd, J;» = 1.2 Hz; J;5 = 8.4 Hz),
7.84 (1H, d, J = 8.4 Hz),7.77-7.73 (1H, m), 7.53-7.48 (1H, m), 7.34
(1H, t, J= 8 Hz), 6.95-6.88 (3H, m), 5.98 (D0 exchangeable NH,
s), 4.54 (2H, d, ] = 4.8 Hz), 3.87 (3H, s). HRMS (TOF-ESI) Calcd for
C17H14CIN305, 343.0724 (M)*; observed: 344.0812 (M + H)".

2.1.14. Synthesis of 2a-2k: Representative procedure for synthesis of
N? N*-dibenzyl-3-nitroquinoline 2,4-diamine (2a)

To a reaction vial, a suspension of 2,4-dichloro-3-nitroquinoline
(243 mg, 1 mmol) in water (1 mL) was added benzyl amine
(2 equiv) and the mixture was heated under microwave irradiation
using Biotage initiator for 10 min at 120 °C. After the completion of
the reaction (TLC), water was removed from mixture, dried and
purified through column chromatography to afford 2a.

2.1.15. N’ N*-dibenzyl-3-nitroquinoline 2,4-diamine (2a)

Yield: 89%, Red solid, Mp 160-162 °C; IR (KBr, cm™!): 3320 (NH
stretch), 2256 (C=N stretch), 1489 (NO, stretch); '"H NMR (CDCls,
400 MHz, § with TMS=0): 10.4 (D,O exchangeable NH, s), 8.6
(D,0 exchangeable NH, s), 7.83 (1H, d, J=8.8 Hz), 7.46-7.43 (2H,
m), 7.36-7.17 (10H, m), 6.96-6.92 (1H, m), 4.92 (2H, d,
J=5.6Hz),4.7 (2H, d,] = 5.2 Hz); *C NMR (CDCls, 100 MHz, 5 with
TMS = 0): 155.20, 150.65, 139.21, 137.15, 133.55, 129.28, 128.58,
128.00, 127.35, 126.69, 120.70, 118.27, 114.35, 53.94, 45.50.;
HRMS (TOF-ESI) Calcd for Co3H,oN40,, 384.1586 (M)*; observed:
385.1135 (M + H)".

All the remaining reactions were carried out using this general
procedure with different substituted anilines.



4 M. Chauhan et al./Bioorganic Chemistry 58 (2015) 1-10

2.1.16. N?,N*-bis(2-chlorobenzyl)-3-nitroquinoline-2,4-diamine (2b)

Yield: 81%, Red solid, Mp 165-167 °C; IR (KBr, cm~'): 3250 (NH
stretch), 2312 (C=N stretch), 1543 (NO, stretch), 792 (C—Cl
stretch); 'H NMR (CDCls, 400 MHz, 5 with TMS=0): 10.2 (D,0
exchangeable NH, s), 8.76 (D,0 exchangeable NH, s), 7.73 (1H, d,
J=8.4Hz), 7.46 (3H, d, J=4.8 Hz), 7.42-7.36 (2H, m), 7.32-7.30
(1H, m), 7.27-7.24 (2H, m), 7.16-7.12 (2H, m), 6.97-6.94 (1H,
m), 4.98 (2H, d, J = 6 Hz), 4.88 (2H, d, J = 5.6 Hz); HRMS (TOF-ESI)
Calcd for Cy3Hy5CIoN40,, 452.0807 (M)*; observed: 453.0543
(M +H)".

2.1.17. N°>, N*-bis(4-fluorobenzyl)-3-nitroquinoline-2,4-diamine (2c)
Yield: 80%, Red solid, Mp 165-167 °C; 'H NMR (CDCl;, 400 MHz,
6 with TMS=0): 10.5 (D,O exchangeable NH, s), 8.72 (D,0
exchangeable NH, s), 7.89 (1H, d, J=8 Hz), 7.56-7.51 (2H, m),
7.42-7.38 (2H, m), 7.36-7.32 (2H, m), 7.12-6.99 (5H, m), 4.98
(2H, d, J =5.6 Hz), 4.82 (2H, d, J = 5.2 Hz). HRMS (TOF-ESI) Calcd
for C,3H1gF2N40,, 420.1398 (M)*; observed: 421.1401 (M + H)".

2.1.18. 3-Nitro-N?,N*-diphenylquinoline-2,4-diamine (2d)

Yield: 75%, Red solid, Mp 152-154 °C; IR (KBr, cm™~'): 3212 (NH
stretch), 2287 (C=N stretch), 1557 (NO, stretch), 807 (C—Cl
stretch); 'H NMR (CDCls, 400 MHz, 6 with TMS=0): 10.8 (D,0
exchangeable NH, s), 10.1 (D,0 exchangeable NH, s), 7.82 (2H, d,
J=8Hz), 7.6 (1H, d, J=8 Hz), 7.52-7.48 (2H, m), 7.41-7.32 (4H,
m), 7.21 (1H, t, J=7.2 Hz), 7.13 (3H, t, J= 7.6 Hz), 6.89-6.85 (1H,
m); 3 CNMR (CDCl;, 100 MHz, 6§ with TMS =0): 149.91, 147.28,
141.76, 139.11, 133.43, 129.71, 129.32, 128.83, 127.71, 125.82,
123.75, 122.85, 121.69, 115.43; HRMS (TOF-ESI) Calcd for
C21H16N40,, 356.1273 (M)*; observed: 357.1049 (M + H)".

2.1.19. N? N*-bis(2-methoxyphenyl)-3-nitroquinoline-2,4-diamine
(2e)

Yield: 73%, Red solid, Mp 155-157 °C; IR (KBr, cm™!): 3245 (NH
stretch), 2245 (C=N stretch), 1556 (NO, stretch); '"H NMR (CDCls,
400 MHz, § with TMS =0): 10.6 (D,0O exchangeable NH, s), 10.4
(D0 exchangeable NH, s), 8.90-8.88 (1H, m), 7.71 (1H, dd,
J12=52Hz; J13=12.4Hz), 7.59 (1H, d, ] = 0.8 Hz), 7.57-7.50 (1H,
m), 7.23 (1H, d, J = 14 Hz), 7.13-7.03 (2H, m), 6.96-6.83 (4H, m),
6.81-6.53 (1H, m), 3.97 (3H, s), 3.85 (3H, s). HRMS (TOF-ESI) Calcd
for C,3H,0N404, 416.1485 (M)*; observed: 417.1521 (M + H)".

2.1.20. N°,N*-bis(4-methoxyphenyl)-3-nitroquinoline-2,4-diamine
(2f)

Yield: 85%, Red solid, Mp 95-97 °C; IR (KBr, cm~!): 3265 (NH
stretch), 2257 (C=N stretch), 1517 (NO, stretch); '"H NMR (CDCls,
400 MHz, § with TMS = 0): 11.27 (D,0 exchangeable NH, s), 10.22
(D0 exchangeable NH, s), 7.71-7.68 (2H, m), 7.51 (1H, dd,
J12=1.6Hz; J;3=9.2Hz), 744 (2H, d, J=1.2Hz), 7.09 (2H, d,
J=8.8Hz), 6.94 (2H, dd, Ji» =2Hz; J;3=6.8 Hz), 6.88 (2H, dd,
Ji2=2Hz; J;3=7.2 Hz), 6.78 (1H, m), 3.84 (6H, s); HRMS (TOF-
ESI) Calcd for Cp3HpoN404 416.1485 (M)*; observed: 417.1074
(M +H)".

2.1.21. N’ N*-bis(2-fluorophenyl)-3-nitroquinoline-2,4-diamine (2g)
Yield: 79%, Red solid, Mp 120-122 °C; IR (KBr, cm™!): 3278 (NH
stretch), 2326 (C=N stretch), 1498 (NO, stretch); '"H NMR (CDCls,
400 MHz, 6§ with TMS =0): 10.4 (D,0 exchangeable NH, s), 10.3
(D20 exchangeable NH, s), 8.12 (1H, d, J=8.8 Hz), 7.97-7.93 (1H,
m), 7.84-7.77 (2H, m), 7.21-7.09 (8H, m); HRMS (TOF-ESI) Calcd
for C31H14F2N40;, 392.1085 (M)*; observed: 393.1010 (M + H)".

2.1.22. N°,N*-bis(4-fluorophenyl)-3-nitroquinoline-2,4-diamine (2h)
Yield: 77%, Red solid, Mp 120-122 °C; IR (KBr, cm™'): 3156 (NH

stretch), 2387 (C=N stretch), 1534 (NO, stretch) 1237 (C—F

stretch); 'TH NMR (CDCls, 400 MHz, 6 with TMS=0): 10.9 (D,0

exchangeable NH, s), 10.1 (D0 exchangeable NH, s), 7.72 (2H, q,
J=4Hz), 758 (1H, d, J=8.4Hz), 7.51 (1H, m), 7.43 (1H, d,
J=8.8Hz), 7.13-7.03 (6H, m), 6.89 (1H, m); *CNMR (CDCls,
100 MHz, 6 with TMS=0): 161.73, 160.41, 159.28, 150.31,
149.34, 147.44, 137.80, 133.55, 127.83, 124.83, 123.62, 121.05,
115.54, 114.84; HRMS (TOF-ESI) Calcd for Cy1H;4F2N4O,,
392.1085 (M)*; observed: 393.0823 (M + H)".

2.1.23. N°, N*-bis(3-ethynylphenyl)-3-nitroquinoline-2,4-diamine (2i)

Yield: 86%, Red solid, Mp 190-192 °C; 'H NMR (CDCls, 400 MHz,
6 with TMS=0): 10.6 (D0 exchangeable NH, s), 10.0 (D,0
exchangeable NH, s), 7.99 (1H, s), 7.79 (1H, d, J=8.4Hz), 7.64
(1H, d, J=8Hz), 7.54 (1H, t, J=7.6 Hz), 7.47 (1H, d, J = 8.8 Hz),
7.35-7.24 (5H, m), 7.03 (1H, d, /= 8.4 Hz), 6.94 (1H, t, = 7.6 Hz),
3.19 (1H, s), 3.10 (1H, s); *CNMR (CDCls, 100 MHz, & with
TMS = 0): 149.2, 146.9, 141.9, 139.1, 133.6, 129.7, 129.3, 127.9,
127.4, 125.8, 125.0, 123.8, 123.0, 122.6, 122.1, 121.9, 115.2, 83.6,
82.4, 29.7. HRMS (TOF-ESI) Calcd for CpsHgN4O5, 404.1273 (M)*;
observed: 405.1375 (M + H)".

2.1.24. N’ N*-bis(3-chloro-4-fluorophenyl)-3-nitroquinoline-2,4-
diamine (2j)

Yield: 83%, Red solid, Mp 168-170 °C; IR (KBr, cm~!): 3421 (NH
stretch), 2957 (C—C stretch), 1536 (NO, stretch), 773 (C—Cl
stretch); 'HNMR (CDCls, 400 MHz, § with TMS =0): 10.5 (D,0
exchangeable NH, s), 9.93 (D,0 exchangeable NH, s), 7.99 (1H,
dd, J;» =2.8 Hz; J;3=6.8 Hz), 7.56-7.50 (2H, m), 7.48-7.43 (1H,
m), 7.38 (1H, d, J= 8.4 Hz), 7.14 (1H, dd, J» = 2.8 Hz; J13 = 6.4 Hz),
7.10 (2H, m), 6.92-6.86 (2H, m); HRMS (TOF-ESI) Calcd for C31H1>
Cl;F,N40,, 460.0305 (M)*; observed: 461.0301 (M + H)".

2.1.25. N’ N*-bis(3,4-dichlorophenyl)-3-nitroquinoline-2,4-diamine
(2k)

Yield: 88%, 127 mg, Red solid, Mp: 154-156 °C; IR (KBr cm™'):
3197 (NH stretch), 2287 (C=N stretch), 1546 (NO, stretch), 856
(C—Cl stretch); "H NMR (CDCls, 400 MHz) 6: 10.4 (D,0 exchange-
able NH, s), 9.9 (D,0 exchangeable NH, s), 8.18 (1H, d, ] = 2.4 Hz),
7.67 (1H, dd, J;, =0.8 Hz; J;3=8.4Hz), 7.63-7.61 (1H, m), 7.57
(1H, dd, J12=1.2Hz; J;3=12Hz), 7.50 (1H, dd, J;»=0.8 Hz;
J13=8.8Hz), 7.42 (1H, d, J=8.4Hz), 7.37 (1H, d, J=8.8 Hz), 7.22
(1H, d, J=2.4Hz), 7.06-7.02 (1H, m), 6.88 (1H, dd, J;» = 2.8 Hz;
J13=8.8Hz); >CNMR (CDCl;, 100 MHz) &: 148.91, 148.61,
146.46, 141.30, 134.04, 131.25, 130.24, 128.16, 127.01, 126.65,
123.91, 123.29, 123.05, 121.50, 120.76, 115.31, 29.71; MS (ESI):
HRMS (TOF—ESI) Calcd for C21H12C14N402, 4919714 (M)+,
observed: 492.9812 (M + H)".

2.1.26. Synthesis of N*-(2-chlorobenzyl)-N°-(4-methoxyphenyl)-3-
nitroquinoline-2,4-diamine (3a)

To a reaction vial, a suspension of 2-chloro-N-(2-chlorobenzyl)-
3-nitroquinolin-4-amine (347 mg, 1 mmol) in water (1 mL) was
added p-anisidine (lequiv) and the mixture was heated under
microwave irradiation using Biotage initiator for 25 min at
120°C. After the completion of the reaction (TLC), water was
removed from mixture, dried and purified through column chro-
matography to afford 3a. Yield: 84%, Red solid, Mp 201-203 °C;
'H NMR (CDCls, 400 MHz, § with TMS = 0): 10.9 (D,0 exchangeable
NH, s), 10.1 (D,0 exchangeable NH, s), 7.88 (1H, d, ] = 8.4 Hz), 7.63-
7.59 (2H, m), 7.50-7.43 (2H, m), 7.34-7.30 (2H, m), 7.13 (1H, t,
J=7.6Hz), 7.08-7.01 (2H, m), 6.93-6.91 (1H, m), 6.85-6.82(1H,
rn) HRMS (TOF—ESI) Calcd for C23H19C1N403, 4341146 (M)+,
observed: 435.1204 (M + H)".
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Scheme 1. Plausible mechanism for the regioselective SyAr in water under MW heating.

2.2. Biology

2.2.1. Cell culture and treatments

All the cell lines were procured from National cell repository
situated at NCCS, Pune. lung (A-549 and H-460), colon (HCT-116-
wild type and HCT-116-p53 null) and EGFR low expressing breast
fibroadenoma (MCF-7) [35,36] cancer cell lines representing differ-
ent human cancers were grown in DMEM media supplemented
with 10% fetal bovine serum (FBS) and antibiotic solution (1x Pen-
strip, all the reagents from Invitrogen). Buccal cavity cells were
harvested and culture according to the earlier described protocol
by Weisberg et al. [37,38]. Briefly the mouth was rinsed at least
2 h before with mouthwash. Cells were harvested in PBS and
washed three times with antibiotic containing PBS to remove the
contaminants. Cells were cultured in DMEM media with 10% FBS,
50 U/ml penicillin G, 50 pg/ml streptomycin sulfate and 1.25 pg/ml
amophotericin B (fungizone). The cells were incubated at 37 °C

Table 1

with 5% CO, and 95% humidity conditions. For experiments, cells
were seeded in equal numbers after trypan blue cell counting
(5000 cells per well of 96-well plate and 100,000 cells per well of
6 well plate). Afterwards cells were washed once with sterile
1x PBS and cultured with serum free media for 8 h for synchroni-
zation. The test compounds were dissolved in cell culture grade
DMSO up to concentration of 100 mM and further dilutions were
done in serum free DMEM media. The total amount of media per
well (200 pL per well of 96 well plate and 2 mL per well for six well
plates) was kept constant and all the treatment volumes were
accommodated within these ranges only.

2.2.2. 3-(4,5-Dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay

MTT assay was carried out in 96-well plates where total volume
of media was 200 pl/well. Briefly cells after the treatments were
washed with 1x PBS and were mixed with 100 pl/ml well of

Optimization of the reaction conditions for the syntheses of N-benzyl-2-chloro-3-nitroquinolin-4-amine (1a) and N?N*-dibenzyl-3-nitroquinoline-2,4-diamine (2a)

CﬁI“Q

Reaction
conditions

Cfi

2/

Entry Solvent Equiv (amine) Temp (°C) Time (h) Yield® (1a:2a)>¢
1 Neat 1 80 1 109 (58:42)
2 Neat 2 120 1 159 (36:64)
3 DMF*® 1 80 1.5 85 (60:40)
4 DMF¢ 2 120 1.5 89 (20:80)
5 NMP® 1 80 1.5 2 (58:42)
6 NMP*® 2 120 1.5 4 (15:85)
7 MeOH® 1 80 20 min 5(80:20)
8 MeOH® 2 120 20 min 7 (21:79)
9 H,0° 1 80 10 min 7 (100:0)
10 H,0° 2 120 10 min 9 (0:100)
11 Toluene® 1 80 3 1 (43:57)
12 Toluene® 2 120 3 2 (35:65)

2 A stirred mixture of 4 (1 mmol) and benzylamine (1 equiv or 2 equiv) in a sealed vial was heated under microwave irradiations using Biotage Initiator.

b Isolated yield.

¢ Ratio obtained after column chromatographic purification.

4 Trace amount of products were obtained in carrying out the reaction under conventional heating at 100 °C for 12 h.

e

1 mL of solvent was used.
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Scheme 2. Synthesis of target compounds (1a-11 and 2a-2k).

MTT (5 mg in 10 ml of 1x PBS) and incubated at room temperature
in dark for 4 h to allow formation of formazan crystals. Each well
was then mixed with 100 pl of DMSO to dissolve the crystals fol-
lowed by ELISA readings at 570 nm. The percent growth inhibition
was calculated by the fowling formula: (1 — [As7otreated/As70control])
x 100%. Then ICsq values were calculated from the above data. The
results were then represented as obtained after averaging three
independent experiments.

2.3. Molecular modeling

3-Diminesional co-crystal structure of EGFRwt with erlotinib
was retrieved from Protein Data Bank (PDB 1M17) and was further
edited for protein preparation by removing excess crystallized
water molecules (using Accelrys discovery studio visualizer 3.5),
adding of polar hydrogens and charges (using Autodock [39]). This
protonation step also corrects the ionization and tautomeric states
of amino acid residues and therefore modifies the total Gasteiger
charges on the protein structure, which were calculated as
—2.0061. Chemical structures of ligands were drawn in Chem3D-
Pro and minimized by MM2 force-field where 1000 iteration cycles
were run, to get the steepest energy minimized structure. The Grid

was generated with the aid of AutoGrid MGL tools 1.5.6rc3 module
of Autodock, which is a user defined 3-dimensional grid particular
selecting the atoms of the kinase domain for docking. In the pres-
ent study, the location and dimensions of the grid box was taken
from the coordinates (x:y:z:: 4.66: —0.23: —5.507) of the centroid
of the already embedded molecule (elrotinib), with the help of
Acceryls discovery studio visualizer 3.5 [40]. This domain involves
major portion of ATP active binding site, where this site is enzy-
matic active region of the EGFR. The energy scoring grid was pre-
pared as 60 x 60 x 60 (x,y,z) cube. The spacing between grid
points was 0.375 A. This larger size was taken as to rationalize
the ligand binding mode over the selected amino acid residues.
Each docking experiment was done by implicating the Lamarckian
Genetic Algorithm (LGA) [41] which was set with the total 1000
conformations, 50 different runs with termination after 250,000
energy evaluation. Population size was set out to be 150. Finally,
the conformation of lowest predicted binding free energy of the
most occurring binding modes in the EGFR active pocket was
selected. To validate the adopted docking procedure, the co-crys-
tallized structure of erlotinib was extracted from the PDB 1M17
and further docked at the ATP binding site of EGFR. The RMSD
value of 0.967 A between co-crystalized and docked conformation
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Scheme 3. Synthesis of N*-(2-chlorobenzyl)-N?-(4-methoxyphenyl)-3-nitroquino-
line-2,4-diamine.

of erlotinib validates and warrants the reliability of the adopted
docking procedure.

3. Results and discussion

3.1. Optimization of the reactions conditions for the synthesis of 4-
aryl(alkyl) amino-3-nitroquinoline and 2,4-diaryl(dialkyl) amino-3-
nitroquinolines

Now a days, microwave (MW) assisted reactions producing
drug and drug intermediates are becoming popular due to the
rapid generation of libraries of compounds in lesser time, high
yields, efficient and rapid dielectric heating of the reaction mixture
in a sealed vessel to temperatures even above the boiling point of
the solvent [42-44]. In order to determine the optimum reaction
conditions for regioselective (C-4 or C-2-substituted product) as
well as complete nucleophilic substitution of 4, a model reaction
of 4 (1 mmol) with benzylamine (1 or 2 equiv) was carried out
under MW heating under different reaction conditions; the results
are shown in Table 1. There was practically no product formation
under neat conditions (TLC). Although the isolated yields of the
product(s) (1a and or 2a) were more than 80% under almost all
the polar solvents but we could not get the regioselective forma-
tion of 1a i.e. C-4 substituted product or complete SyAr leading
to 2a (except in water and to some extent in methanol) in spite
of the fact that C-4 position of quinoline (if an electron withdraw-
ing group is at C-3) is more reactive for nucleophilic substitution
than C-2 [45,46]. The highest product distribution with respect to
the formation of products 1a and 2a was obtained in carrying
out the reactions under water at 80 and 120 °C, respectively for
10 min (entries 9 and 10). Both the compounds (1a and 2a) formed
were removed from the water, dried and purified through column
chromatography.

The regioselective C-4 (1a) substituted product formation in
protic polar solvents like methanol and water under MW irradia-
tions could probably be due to the reason [47] that these solvents
increase the reactivity at C-4(Cl) position as they may assist in
electron delocalization toward the nitrogen atom of quinoline
through H-bond formation (TS-1, Scheme 1). In addition to it,
water could stabilize the corresponding Meisenheimer complex
[48] via “ambiphilic dual activation” [43,49] by polar interactions
with the halogen (C-4) of quinoline and the hydrogen atom of
the positively charged amine (TS-2). Whereas this kind of stabiliza-
tion is less likely to happen with C-2 (Cl) because of «-aza effect
[47] in which the corresponding Meisenheimer complex might
not get greatly influenced by the hydroxylic solvents probably
due to the internal neutralization of the negative charge through
an intramolecular hydrogen bonding of the amine hydrogen to
the aza group [47].

3.2. Synthesis of 4-aryl(alkyl) amino-3-nitroquinoline and 2,4-
diaryl(dialkyl) amino-3-nitroquinolines

To prove the generality of the reaction and synthesize a vari-
ety of mono and diaminoquinoline compounds, 4 was treated
with diverse aryl/arylalkyl amines under the optimized conditions
using microwave in water for 10-30 min. The reactions were
found to be compatible with aliphatic and aromatic amines with
a variety of substitution. All the compounds (1a-11 and 2a-2k;
Scheme 2) formed were removed from the water, dried and puri-
fied (72-91%) through column chromatography and well
characterized.

The regioselective C-4 substituted product formation of the
compounds (1a-11) was confirmed chemically when 1f upon acid
hydrolysis with a mixture of acetic acid and water for 8 h yielded
the corresponding quinilin-2-one. The IR spectrum of this com-
pound showed a characteristic absorption of —CONH— at
1647 cm~!' which was indicative of formation of quinilin-2-one
but not quinilin-4-one which absorb below 1600 cm™'.

For the synthesis of target compounds 3, 1a was heated in water
with p-anisidine (1 equiv) for 25 min under microwave irradiations
that successfully afforded 3a (Scheme 3; 78%). This further
extended the scope of the present methodology for the synthesis
of diaminoquinolines having differently substituted aryl/alky
amines at positions-2 and 4.

All the target compounds were unreported (except 1a and 1i)
and fully characterized by mp, NMR, IR and HRMS techniques.

3.3. Antiproliferative activity

We selected the EGFR overexpressing human lung (A-549 [50]
and H-460) and colon (HCT-116-wild type [51] and HCT-116-p53
null) cell lines for the screening of the final compounds (1a-1l,
2a-2k and 3a). Erlotinib was used as the positive control [52].
Among the series of twenty-two compounds, four compounds
2e, 2f, 2j and 3a overall inhibited the growth of lung and colon
cancer cell lines with ICsy ranging from 4.8 uM to 11.2 uM
(Table 2). Compounds 2f and 2j were found to possess significant
antiproliferative activity against both lung cancer cell lines with
IC50s (UM) =5.4 (H-460), 6.5 (A-549) and 7.1 (H-460), 11.2 (A-
549), respectively comparable to erlotinib. Interestingly, 2e and
3a selectivity and significantly inhibited the growth of colon car-
cinoma (HCT-116-p53 null) with ICses (M) = 5.1 and 4.8, respec-
tively whereas other compounds also showed equal or better
efficiency, indicating that their mode of action is p53 indepen-
dent. p53 is reported to be mutant in almost half of the total can-
cers [53] where many of the existing anticancer drugs fail. The
result of current study shows that such compounds may lead to
better effect against p53 mutant cancers. Selected compounds
(2e, 2f, 2j and 3a) were further evaluated and showed no signif-
icant cytotoxicity toward human buccal cavity cells at the highest
concentration of 100 uM. This overall endorses that the com-
pounds are cytotoxic selectively to cancer cells owing to the rea-
son that these compounds upon metabolism get accumulated in
the cancer cell [54]. In order to establish the EGFR specificity of
the compounds; 2e, 2j and 3a were screened against EGFR low
expression breast fibroadenoma cancer cell line (MCF-7) [35,36]
for their anti-proliferative properties. The ICso values obtained
by MTT assay for 2e, 2j and 3a were found to be 42, >100 and
45 pM, respectively. Our results show that due to low expression
of EGFR in these cells, IC5q values for all the compounds were
very high compared to other cancer cell lines. The overall results
indicate that these compounds are unable to exhibit anti-prolifer-
ative activity in MCF-7 cell line due to low EGFR expression sug-
gestive of their EGFR dependent growth inhibition.
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Fig. 3. Various binding poses (perspective views) of compounds inside the EGFR kinase ATP binding site: (A) binding interactions of 1a (yellow) and 1d (red) with kinase
domain of EGFR. (B) Binding interactions of the 1f (orange) and 2f (blue). (C) Binding interactions of 2f (orange). (D) Superposition of 2f (blue) and erlotinib (green) poses in

the kinase domain.

3.4. Structure-activity relationships

Some general trends about structure-activity relationships
noticed from these studies on the target compounds (Table 2) are
as follows: (a) change of substituted or unsubstituted dibenzylam-
ines with substituted or unsubstituted dianilines at position —2
and/or —4 of 3-nitroquinoline resulted in immense increase in
the cytotoxic activity (2a<2d and 1a<1d) (b) substituents like
electron donating or withdrawing groups at aniline ring of 2d irre-
spective of the position favored the increase in activity (2d < 2e-
2k) whereas this trend was not observed when group(s) were kept
on the aniline ring of 1d (c) 2,4-dianilino/2,4-dibenzylaminoquin-
olines (2d-2k/2a-2c) exhibited higher anticancer activity as com-
pared to 4-anilino/4-benzylaminoquinolines (1d-1h/1a-1c and
1i-1j) except 3a which selectively inhibited the growth of colon
carcinoma HCT-116-p53 null type, and (d) quinoline with 4-flu-
oro-3-chloroaniline group (2j) was more cytotoxic as compared
to 3,4-dichloroaniline (2K).

3.5. Molecular modeling

In order to theoretically investigate the binding mode of novel
aminoquinazolines with the active site of EGFRwt (wild type;

PDB 1M17 [56]; complexed with erlotinib) based on the data
obtained from the EGFR overexpressing cell growth inhibitory
activity and molecular reasons to support the observed struc-
ture-activity relationships, molecular dockings of selected com-
pounds 1a, 1d, 1f and 2f into the ATP-binding domain of EGFR
were performed using Autodock software [39]. According to the
results obtained with flexible docking of all the evaluated com-
pounds occupying the erlotinib binding pocket, some common
interactions with the residual amino acids of kinase domain were
observed (Fig. 3) which are as follows: (i) m-cation interactions of
Phe699 with nitrogen atom of —NO, group and &-amino group of
Lys721 with the 4-aryl substituent on the quinoline ring and (ii)
hydrogen bond (H-bond) acceptor interaction of Asp831 with
—NH functionality of 4-amino aryl substituent. The observed
decrease in the anticancer activity (1a) upon incorporation of a
methylene group in 1d could be explained by the weaker n-cation
interactions of Phe699 (4.63 A) and H-bond acceptor interaction of
Asp831 (1.92A) in 1a as compared to 1d (3.93 A and 1.50A,
respectively; Fig. 3A). The slight improvement in activity (1f) after
incorporation of p-OCH3 at 4-anilino ring in 1d could be due to its
additional H-bond acceptor interaction with Thr766 (Fig. 3B). Fur-
ther, the enhanced anticancer activity observed with 2f might be
due to the additional interaction of 2f in comparison to 1f where
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Table 2
Anticancer activity of the target compounds (1a-11, 2a-2k and 3a).

Ccd A-549 (lung cancer) H-460 (lung cancer) HCT-116-wild type (colon carcinoma) HCT-116-p53 null (colon carcinoma)
ICsp values (uM)?
1a 58.2 60.1 52.8 67.4
1b 56.1 51.3 49.7 69.1
1c 53.8 48.2 51.1 64.4
1d 38.2 42.9 43.1 52.1
1e 36.8 38.7 40.1 >70
1f 37.2 453 36.3 48.7
1g 32.9 42.7 333 34.6
1h 34.1 39.5 39.1 48.9
1i 53.4 59.2 49.7 >70
1j 57.2 51.1 54.3 >70
2a 40.2 43.1 50.6 >70
2b 45.2 41.7 43.9 69.3
2c 46.6 441 423 66.2
2d 19.2 25.5 26.3 61.0
2e 16.1 21.7 15.3 5.1
2f 6.5 5.4 20.1 19.8
2g 183 20.2 17.3 >70
2h 223 29.6 20.2 >70
2i 15.2 17.4 20.6 46.1
2j 11.2 7.1 241 523
2k 14.8 18.3 27.0 323
3a >70 15.8 >70 4.8
Erlotinib® 12 [52] 8.30 [52] 7 [55] =€

¢ Values are derived from averaging three independent experiments and each experiment was done in triplicate.

b Used as positive control.
¢ Not tested.

its p-OCH3CgH4NH group at 2-position of quinoline ring gets posi-
tioned near Asp776 and interacts through H-bond donation
(2.76 A, Fig. 3C and D). Some of the known EGFR inhibitors e.g. erl-
otinib, gefitinib and lapatinib interact with some crucial amino
acids of ATP kinase domain such as Met769 (amide H-bond inter-
action with N-1 of erlotinib [56])/Met793 (amide H-bond interac-
tion with N-1 of gefitinib [57] and lapatinib [58]), Thr766
(interactions with N-3 of erlotinib [56] via H-bond bridge forma-
tion through H,O molecule), Lys745, Leu788, and Thr790 (sur-
rounds aniline ring of gefitinib [57]). Overall all the tested
molecules occupied the same EGFR binding pocket but with some-
what newer and different interactions with amino acid residues as
compared to co-crystallised erlotinib and other reported inhibitors.

4. Conclusions

We have designed and developed easy and straightforward
microwave-assisted synthesis of 4-aryl (alkyl)amino-3-nitroquino-
line and 2,4-diaryl (dialkyl)amino-3-nitroquinolines via regioselec-
tive and complete SyAr of 2,4-dichloro-3-nitroquinoline,
respectively. The optimization of the synthetic procedure was car-
ried out and the effect of various solvents under microwave irradi-
ations on SyAr was studied. Water emerged as the best suitable
medium for carrying out the SyAr. Following the optimized proce-
dure, twenty-two target compounds were synthesized out of which
twenty were found as novel. Most of the compounds exhibited sig-
nificant anticancer activity against lung and colon cancer cell lines.
Compounds 2e, 2f, 2j and 3a presented potent anticancer activity at
low micromolar concentrations comparable to erlotinib. Cell sur-
vival assay in colon cancer cells indicated that the compounds exert
their antiproliferative action independent of p53. Further studies on
the molecular interventions on inhibition of signal transduction by
2f, 2j and 3a are under progress and will be published in due course.
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