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Abstract A facile, efficient and atom-economic synthesis of highly
substituted benzo[h]gninolines was established by reaction of 2-meth-
yl-5-nitrobenzonitrile with suitably functionalized 2H-pyran-2-ones un-
der basic conditions. We observed that the presence of a thiomethyl
group at the C-4 position of pyran provides 6-aryl-4-(2-cyano-4-nitro-
benzyl)-2-oxo-2H-pyran-3-carbonitrile exclusively without any trace of
benzo[h]quinolines. Depending on the nature of the functional group
at C-4 of the pyran ring, different products were achieved. To probe the
mechanism, we performed control experiments and isolated 3-(1-ami-
no-7-nitro-3-thiophen-2-yl-naphthalen-2-yl)-3-piperidin-1-yl-acryloni-
trile, which, on further treatment with base, provided the benzo[h]quin-
olines. The structure of one the products was characterized by single-
crystal X-ray diffraction.

Key words 2H-pyran-2-one,  2-methyl-5-nitro-benzonitrile,  ben-
zo[h]quinoline, 4-benzylpyran, chemoselective

Polycyclic N- and O-heterocycles such as amsacrine,
benzo[c]phenanthridines, ellipticines, intoplicine and
coralyne exhibit excellent biological properties such as DNA
topoisomerase inhibition and anticancer activity.!-> Among
the N-heterocycles, fused and isolated quinolines are very
important and exhibit a wide range of biological properties
including anaesthetic,%? antiestrogenic,%* antimalarial,’
anti-HIV,® anticancer,® antitubercular,'® and antimicrobial
activities.! They have also been widely used in agrochemi-
cal areas' and in material chemistry.'> Recently, our re-
search group has reported the synthesis and anticancer ac-
tivity of functionalized benzo[h]quinolines.'* This class of
compounds has also been used in the construction of nano
and meso structures that exhibit novel electronic and pho-
tonic properties.!
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Various synthetic methodologies have been reported for
the synthesis of fused and isolated quinolines, from Skraup,
Doebner and von Miller syntheses, 16-1° through Diels-Alder
reactions 2° and Friedlander condensations reactions.?!
Quinolines have also been synthesized by palladium,?? cop-
per,? nickel,?* and zinc?® catalyzed inter- and intramolecu-
lar cyclization reactions. The reaction of aryl isothiocya-
nates, alkynes, and alkyl triflates also provides quinolines
and fused quinolines.?® In another approach, partially re-
duced benzo[h]quinolines were obtained by reaction of
arylidenes and 1-tetralone in the presence of ammonium
acetate and sodium methoxide.?” Benzo[h]|quinolines have
also been afforded by reaction of 6-methoxy-1-tetralone
and methyl propiolate in saturated ammonical methanol.?®
Ram and co-workers reported the synthesis of partially re-
duced benzo[h]quinolines by reaction of 5,6-dihydro-2-
oxobenzo[h]chromenes with formamidine or benzamidine
and S-methylisothiourea under basic conditions.? Recently,
our group established a one-pot chemoselective synthesis
of benzo[h]quinolines by reaction of 2-pyranones and 2-cy-
anomethylbenzonitrile in DMF in the presence of sodamide.
This reaction requires extended reaction times (up to 36-
50 h) with conventional heating but 55 minutes under mi-
crowave irradiation.3?-32 In this connection, we wanted to
use 2-methyl-5-nitrobenzonitrile as the carbanion source
instead of 2-cyanomethylbenzonitrile to study its effect on
reactivity with 2-pyranone and to achieve the ben-
zo[h]quinolines without a nitrile group, because regioselec-
tive removal of a nitrile group is difficult and requires addi-
tional steps.

To initiate our studies, the precursor 6-aryl-4-methyl-
sulfanyl-2-oxo-2H-pyran-3-carbonitriles 4 were synthe-
sized by reaction of 2-cyano-3,3-bismethylthioacrylate and
a range of aryl/heteroaryl methyl ketones in dimethylsulf-
oxide under basic conditions at room temperature®3*-¢ and
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amination of 6-aryl-4-methylthio-2-o0xo-2H-pyran-3-car- Table 1 Optimization of Reaction Conditions?
bonitriles with secondary amines in ethanol provided 6-
aryl-4-amino-2-oxo-2H-pyran-3-carbonitriles 1.342-¢

To study the optimization, 6-(4-chlorophenyl)-2-0xo0-4-
(piperidin-1-yl)-2H-pyran-3-carbonitrile (1) and 2-methyl-

& o
5-nitrobenzonitrile (2) were selected as a model substrates. N o ’ cN
Initially, we performed the reaction using triethylamine as Ak _bass, solvent ©
base in dimethyl sulfoxide (DMSO) and DMF at 100 °C, but 00 temperature
NO.
cl ; ) ’

NH>
no reaction was observed (Table 1, entries 1 and 2). Similar-
ly, the use of sodamide in DMF or DMSO at either room NO, 3
temperature or higher temperatures led mainly to starting
material being recovered (entries 3-6); while use of sodium Entry Base Solvent  Temp (°C) t(h)  Yield3 (%)
hydrlde gfforded c'omplex ml)?tures (entries 7-9) cgntam— ] NEL, DMSO 100 12 4
ing starting materials and desired product, along with un-
. o . . 2 NEt; DMF 100 12 —d
identified decomposition products. When the reaction was . ,
performed in DMF using KOH as base at room temperature 3 NaNH, DMS0 rt 12 -
for 12 h, 45% yield of the desired product was isolated (en- 4 NaNH, DMSO 70 12 -
try 10) and when the same reaction mixture was heated at 5 NaNH, DMF 70 12 _
100 °C for 6 h, 93% of the desired benzo[h]quinoline was 6 NaNH, DMF 100 12 _d
isolated (entry 11). Use of DMSO instead of DMF, lowered ; NaH DMF ot 12 .
the yield of product (entry 12). Use of potassium tert-bu- o Nat - 100 - .
toxide as a base in DMF at 100 °C provided the desired e h
product in 65% yield (entry 13); whereas using cesium car- 9 NaH DMsO 100 2
bonate as base was did not afford the desired product (en- 10 KOH DMF r.t. 12 45
try 14). By using lithium hydroxide and sodium hydroxide 1 KOH DMF 100 6 93
under the same conditions noted in entry 11, a lower yield 12 KOH DMSO 100 12 65
and complex reaction mixture were observed, respectively 13 +-BUOK OMF 100 1 65
(entries 15 and 16). Use of KOH in water gave no reaction ,
and starting materials were recovered (entry 17) and using 14 500, DMF 100 12 -
KOH in DMSO for 6 hours provided only 40% yield of the de- 15 LiOH DMF 100 8 55
sired product (entry 18). Thus, we chose the reaction of 2- 16 NaOH DMF 100 8 -
pyranone and 2-methyl-5-nitrobenzonitrile with potassi- 17 KOH H,0 100 12 _d
gm hydroxide in DMF at 100 °C as the optimal reaction con- 18 KOH DMSO 100 6 40
itions.
. .. 2 All the reactions were performed by stirring 6-(4-chlorophenyl)-4-(piperi-
The generallty of the optlmIZEd protocol was then test- din-1-yl)-2H-pyran-2-one-3-carbonitrile (1; 0.5 mmol), 2-methyl-5-nitro-
ed by the synthesis of a range of functionalized ben- benzonitrile (2; 0.6 mmol), base (1.0 mmol) in solvent (5.0 mL).
. . b Room temperature (25-30 °C).
zo[h]quinolines (Scheme 1). We have used pyrans function- <lsolated yield reported.
alized with different secondary amine and aryl groups and ¢ Starting materials recovered.

¢ Complex mixture formation.

the yield was generally not affected significantly by their
nature, although the presence of a 2-thienyl group lowered
the yield of product.

The structure of one of the products (3g) was confirmed
by single-crystal X-ray analysis (Figure 1).2° It was found
that benzo[h]quinoline ring is completely planar and one
unit cell contains eight molecules. It is interesting to note
that the C8-C7-C4 angle is 115.29° and not 120°, probably
due to steric repulsion by the piperidine ring at C17. Bond
angles for C12-C7-C4, C18-C17-N4 are 124.81° and 120.76°,
respectively. This repulsion also leads to a higher torsion
angle of 59° between the benzo[h]quinoline ring and the p-
fluorophenyl ring.

37Y
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Figure 1 ORTEP diagram of 3g
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Scheme 1 Synthesis of 2-amino-5-aryl-4-sec-amino-benzo[h]quino-
line-6-carbonitriles 3. Reagents and conditions: 6-aryl-4-sec-amino-2H-
pyran-2-one-3-carbonitriles 1 (0.5 mmol), 2-methyl-5-nitrobenzonitrile
2 (0.6 mmol), KOH (1.0 mmol) in DMF (5.0 mL). Isolated yield reported.

To expand the scope of the reaction, 6-aryl-4-methyl-
sulfanyl-2-oxo-2H-pyran-3-carbonitriles 4 were reacted
under similar reaction conditions with 2. The usual workup
and purification afforded the 6-aryl-4-(2-cyano-4-nitro-
benzyl)-2-oxo-2H-pyran-3-carbonitriles 5a-d chemoselec-
tively (Scheme 2). Interestingly, it was observed that the
presence of a thiomethyl group at C-4 diverts the chemose-
lectivity and provides 6-aryl-4-(2-cyano-4-nitrobenzyl)-2-
oxo0-2H-pyran-3-carbonitriles exclusively, without forma-

tion of benzo[h]quinolines. The structures of these conden-
sation products were confirmed unambiguously by NMR
and IR spectroscopy and by HRMS.

O2N
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5¢ 74%
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Scheme 2 Synthesis of 6-aryl-4-(2-cyano-4-nitrobenzyl)-2-oxo-2H-
pyran-3-carbonitrile 5a-d

Mechanistically, the reaction is probably initiated by the
generation of the carbanion of 2-methyl-5-nitrobenzoni-
trile (Scheme 3), which reacts at C-4 or C-6 of the 2-pyra-
none, depending on the substrate selected. If 6-aryl-4-sec-
amino-2-0xo-2H-pyran-3-carbonitriles are the substrate,
the carbanion attacks at C-6 through Michael addition to af-
ford intermediate A. The latter intermediate can then un-
dergo ring opening and protonation to afford two possible
intermediate regioisomers, B and D. If reaction proceeds via
cis intermediate B, then, in the presence of excess base, the
benzylic carbanion attacks the aromatic nitrile group to af-
ford intermediate C. Intermediate C undergoes decarboxyl-
ation followed by cyclization onto the aliphatic nitrile
group with tautomerization to afford the benzo[h]quino-
lines 3.

Alternatively, if intermediate D were to be formed, then
benzylic carbanion generated by the excess base could cy-
clize by involvement of vinylic nitrile to provide intermedi-
ate E. Subsequently, the imine group of intermediate E can
cyclize onto the aromatic nitrile followed by decarboxyl-
ation to afford F, which, on tautomerization, provides func-
tionalized phenanthridines. However, the reaction provides
benzo[h]quinolines chemoselectively without any trace of
phenanthridine.
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Scheme 3 Plausible mechanism for the synthesis of 2-amino-5-aryl-4- sec-amino-benzo[h]quinoline-6-carbonitriles and 6-aryl-4-(2-cyano-4-nitroben-

zyl)-2-ox0-2H-pyran-3-carbonitriles

On the other hand, if 6-aryl-4-methylsulfanyl-2-oxo-
2H-pyran-3-carbonitriles are used as precursors then the
carbanion from 2-methyl-5-nitrobenzonitrile attacks at C-4
of the pyran ring via Michael addition with formation of in-
termediate G. Loss of the methylsulfanyl group then affords
the 6-aryl-4-(2-cyano-4-nitrobenzyl)-2-oxo-2H-pyran-3-
carbonitriles 5 exclusively.

It is interesting to note that, if 6-aryl-4-methylsulfanyl-
2-0x0-2H-pyran-3-carbonitriles were used as precursors,
the carbanion generated from 2-methyl-5-nitrotoluene at-
tacks at C-4 rather than C-6, possibly due to the greater

electrophilicity at C-4 caused by the vacant d-orbitals of
sulfur and the better leaving group ability of the SMe group
compared with the secondary amine.

To probe the mechanism, we performed the reaction of
2-o0x0-4-piperidin-1-yl-6-thiophen-2-yl-2H-pyran-3-car-
bonitrile and 2-methyl-5-nitrotoluene using a lower con-
centration of base and isolated the 3-(1-amino-7-nitro-3-
thiophen-2-yl-naphthalen-2-yl)-3-(piperidin-1-yl)-acrylo-
nitrile in 81% yield, which supports the intermediacy of C
(Scheme 4). Furthermore, we used compound 7 and per-
formed the cyclization under optimized reaction conditions
and isolated the benzo[h]quinoline.
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Scheme 4 Synthesis of 3-(1-amino-7-nitro-3-(thiophene-2-yl)naph-
thalene-2-yl)-3-(piperidin-1-yl)acrylonitrile (7) and benzo[h]quinoline
(30)

It is interesting to note that reaction of 2-pyranone with
2-cyanomethylbenzonitrile®® requires 35-50 hours for
completion of the reaction, whereas the use of 2-methyl-5-
nitrobenzonitrile as a carbanion source provides the ben-
zo[h]quinolines in 4-6 hours. We propose that the presence
of a nitrile group reduces the rate of reaction, probably by
stabilizing the carbanion formed and slowing the cycliza-
tion step due to steric hindrance.

In summary, we have developed a simple and efficient
approach for the chemoselective synthesis of 5-aryl-4-sec-
amino-benzo[h]quinoline-6-carbonitriles 3 and 6-aryl-4-
(2-cyano-4-nitrobenzyl)-2-oxo-2H-pyran-3-carbonitriles 5
by reaction of 2-methyl-5-nitrobenzonitrile with 6-aryl-4-
sec-amino-2H-pyran-2-one-3-carbonitriles 1 and 6-aryl-4-
methylsulfanyl-2H-pyran-2-one-3-carbonitriles 4, respec-
tively, under basic conditions. We also investigated mecha-
nistic aspects of the reaction and found that the reaction
can be stopped at the functionalized naphthalene stage. We
confirmed the structure of compound 3g by single-crystal
X-ray analysis and found that the aryl group present at po-
sition 5 is distorted from the usual sp? angle of 120°.

Commercially available reagents were used directly. NMR spectra
were recorded at 400 MHz for 'H and 100 MHz for 3C and chemical
shifts () are given as parts per million. Spectra were referenced to
the residual 'H signal of CDCl; at & = 7.24 ppm, '3C of CDCl; at 8 =
77.00 ppm, the residual 'H of DMSO-d; at & = 2.49 ppm and the '3C of
of DMSO-dg at & = 39.50 ppm as the internal standards. Splitting pat-
terns in 'H NMR data are described as s, singlet; d, doublet; dd, double
doublet; t, triplet; bs, broad singlet; m, multiplet and coupling con-
stants given in hertz (Hz). HRMS was recorded using an Agilent LCMS
with Quadropole time of flight using the ESI mode of ionization. All
the required starting materials were synthesized by following report-
ed procedures.332-¢

Synthesis of Benzo[h]quinolines (3a-p); General Procedure

A mixture of 6-aryl-2-0xo0-4-sec-amino-2H-pyran-3-carbonitrile 1
(0.5 mmol), 2-methyl-5-nitrobenzonitrile 2 (0.6 mmol) and KOH (1.0
mmol) in DMF (5.0 mL) was stirred at 100-110 °C for 6 h. After com-
pletion of reaction, the reaction mixture was poured onto crushed ice
and neutralized with 10% HCl to pH ~6-7. The solid product was fil-
tered, washed with cold water, dried and purified by silica gel column
chromatography, eluting with hexane-EtOAc (70:30).

Synthesis of 6-Aryl-4-(2-cyano-4-nitrobenzyl)-2-0xo-2H-pyran-3-
carbonitriles (5a-d); General Procedure

A mixture of 6-aryl-4-(methylthio)-2-oxo-2H-pyran-3-carbonitrile 4
(0.5 mmol), 2-methyl-5-nitrobenzonitrile 2 (0.6 mmol) and KOH (1.0
mmol) in DMF (5.0 mL) was stirred at 100-110 °C for 1 h. When the
reaction was complete, the mixture was poured onto crushed ice and
neutralized with 10% HCl to pH ~6-7. The solid product was filtered,
washed with water, dried, and purified by silica gel column chroma-
tography, eluting with hexane-EtOAc (60:40).

3-(1-Amino-7-nitro-3-(thiophen-2-yl)naphthalen-2-yl)-3-(piperi-
din-1-yl)acrylonitrile (7)

A mixture of 2-oxo0-4-(piperidin-1-yl)-6-(thiophen-2-yl)-2H-pyran-
3-carbonitrile 10 (0.5 mmol), 2-2-methyl-5-nitrobenzonitrile 1
(0.6 mmol), and KOH (0.6 mmol ) in DMF (5.0 mL) was stirred at 100-
110 °C for 2-3 h. After completion of reaction, the reaction mixture
was poured onto crushed ice followed by neutralization with 10% HCI
to pH ~6-7. The crude material was filtered, washed with water,
dried, and purified by silica gel column chromatography eluting with
hexane-EtOAc (70:30).

9-Nitro-5-phenyl-4-(piperidin-1-yl)benzo[h]quinolin-2-amine
(3a)

Yield: 88% (175 mg); red solid; mp 190-192 °C.

IR (KBr): 3356, 1334 cm™".

H NMR (400 MHz, CDC,): 5 = 0.75-0.85 (m, 2 H), 0.92-1.00 (m, 2 H),
1.21-1.26 (m, 2 H), 2.33-2.39 (m, 2 H, CH,-N-CH,), 2.97 (d, ] = 12 Hz,
2 H, CH,-N-CH,), 5.22 (s, 2 H, -NH,), 6.30 (s, 1 H, ArH), 7.25-7.32 (m,
3 H, ArH), 7.36 (s, 1 H, ArH), 7.41 (d, J = 8 Hz, 2 H, ArH), 7.76 (d, J =
8 Hz, 1 H, ArH), 8.24 (dd, J = 8 Hz, 1 H, ArH), 9.96 (s, 1 H, ArH).

13C NMR (100 MHz, CDCl3): & = 23.5, 24.3, 52.5, 98.5, 113.1, 121.2,
122.0, 124.5, 127.0, 127.2, 128.3, 129.1, 1294, 136.3, 141.5, 141.6,
145.2,148.5,157.7,160.2.

HRMS (ESI): m/z [MH]" calcd. for C,,H,3N40,: 399.1816; found:
399.1819.

4-Morpholino-9-nitro-5-phenylbenzo[h]quinolin-2-amine (3b)
Yield: 85% (170 mg); red solid; mp >250 °C.
IR (KBr): 3449, 1334 cm™".

1H NMR (400 MHz, CDCl,): & = 2.52 (t, ] = 20 Hz, 2 H), 2.66 (t, ] = 20 Hz,
2H),2.92(d,J =12 Hz, 2 H), 3.49 (d, ] = 12 Hz, 2 H), 4.91 (s, 2 H, -NH,),
6.34 (s, 1 H, ArH), 7.40-7.42 (m, 2 H, ArH), 7.45 (s, 1 H, ArH), 7.48-
7.50 (m, 3 H, ArH), 7.86 (d, J = 8 Hz, 1 H, ArH), 8.34 (dd, J = 12 Hz, 1 H,
ArH), 10.0-10.0 (m, 1 H, ArH).

13C NMR (100 MHz, DMSO-d): & = 51.1, 64.6, 99.2, 111.4, 120.8,

121.0, 123.3, 127.0, 127.1, 128.6, 129.1, 129.3, 136.0, 141.0, 141.7,
144.4,148.8,157.8,159.3.

HRMS (ESI): m/z [MH]" calcd. for C,3H,;N,O3: 401.1608; found:
401.1609.
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9-Nitro-4-(piperidin-1-yl)-5-(p-tolyl)benzo[h]quinolin-2-amine
(3¢)

Yield: 86% (180 mg); red solid; mp 150-152 °C.

IR (KBr): 3480, 1337 cm™".

H NMR (400 MHz, CDCl,): 5 = 1.18-1.26 (m, 3 H), 1.39-1.40 (m, 3 H),
2.33 (s, 3 H, -CH3), 2.78-2.90 (m, 3 H, CH,-N-CH,), 3.01-3.09 (M, 1 H,
CH,-N-CH,), 4.84 (s, 2 H, -NH,), 7.13 (d, J = 8 Hz, 2 H, ArH), 7.19 (s,
1H, ArH), 7.23 (s, 1 H, ArH), 7.29 (d, ] = 8 Hz, 2 H, ArH), 7.8 (d, ] = 8 Hz,
1H, ArH), 8.16 (d, ] = 8 Hz, 1 H, ArH), 8.81 (s, 1 H, ArH).

13C NMR (100 MHz, CDCl,): 8 = 21.2, 23.6, 24.3, 52.5, 98.3, 113.2,
121.2, 122.0, 124.2, 127.8, 128.2, 129.2, 129.3, 136.4, 136.8, 138.8,
141.6, 145.1, 148.7, 157.7, 160.1.

HRMS (ESI): m/z [MH]* calculated for C,5H,5N,40,: 418.1972; found:
418.1973.

4-Morpholino-9-nitro-5-(p-tolyl)benzo[h]quinolin-2-amine (3d)
Yield: 82% (170 mg); red solid; mp 240-242 °C.
IR (KBr): 3354,1332 cm™".

H NMR (400 MHz, CDCl,): & = 2.44 (s, 3 H, -CH,), 2.54-2.62 (m, 2 H),
2.65-2.69 (m, 2 H), 2.93 (d, ] = 8 Hz, 2 H, CH,-N-CH,), 3.5 (d, ] = 8 Hz,
2 H, CH,-N-CH,), 4.88 (s, 2 H, -NH,), 6.32 (s, 1H, ArH), 7.22 (d, J =
8 Hz, 2 H, ArH), 7.37 (d, ] = 4 Hz, 2 H, ArH), 7.43 (s, 1 H, ArH), 7.84 (d,
J=8Hz, 1H, ArH), 8.33 (dd, ] = 8 Hz, 1 H, ArH), 10.01-10.02 (m, 1 H,
ArH).

13C NMR (100 MHz, CDCl,): & = 21.7, 52.1, 70.0, 114.6, 116.0, 121.0,
122.5, 125.2, 127.0, 127.1, 127.4, 127.5, 128.4, 129.7, 130.1, 130.2,
130.8,130.8, 133.1, 156.4.

HRMS (ESI): m/z [MH]* calcd. for C,,H,3N4O3: 415.1765; found:
415.1762.

5-(4-Methoxyphenyl)-9-nitro-4-(piperidin-1-yl)benzo[ h]quino-
lin-2-amine (3e)

Yield: 78% (167 mg); red solid; mp 245-257 °C.

IR (KBr): 3401,1333 cm™".

H NMR (400 MHz, CDCl,): 5 = 0.81-0.86 (m, 2 H), 1.20-1.31 (m, 4 H),
2.38-2.43 (m, 2 H, CH,-N-CH,), 3.01-3.04 (m, 2 H, CH,-N-CH,), 3.85
(s, 3H, -OMe), 5.27 (s, 2 H, -NH,), 6.31 (s, 1 H, ArH), 6.9 (d, J = 8 Hz,
2 H, ArH), 7.36 (d, ] = 8 Hz, 2 H, ArH), 7.39 (s, 1 H, ArH), 7.77 (d, ] =
8 Hz, 1 H, ArH), 8.26 (dd, = 8 Hz, 1 H, ArH), 9.94-9.95 (m, 1 H, ArH).

13C NMR (100 MHz, CDCl,): & = 244, 29.6, 52.4, 55.4, 98.1, 112.6,
113.0, 121.2, 122.0, 124.1, 128.1, 128.3, 130.4, 130.5, 134.2, 136.4,
141.1, 145.0, 157.6, 159.0, 160.1.

HRMS (ESI): m/z [MH]" calcd. for C,5H,5N,O3; 429.1921; found:
429.1929.

5-(4-Methoxyphenyl)-4-morpholino-9-nitrobenzo[ h]quinolin-2-
amine (3f)

Yield: 79% (170 mg); red solid; mp >250 °C.

IR (KBr): 3383,1332 cm™".

H NMR (400 MHz, CDCl,): § = 2.59-2.69 (m, 2 H), 2.91-2.93 (m, 2 H),
3.49-3.51(m, 2 H), 3.86 (s, 3 H, -OMe), 4.90 (s, 2 H, -NH,), 6.30 (s, 1 H,
ArH), 6.93 (d, J = 8 Hz, 2 H, ArH), 7.37-7.40 (m, 3 H, ArH), 7.81 (d, J =
8 Hz, 1 H, ArH), 8.3 (dd, ] = 8 Hz, 1 H, ArH), 9.97-9.98 (m, 1 H, ArH).

13C NMR (100 MHz, DMSO-d,): & = 51.3, 55.7, 65.2, 99.4, 112.0, 113.0,

121.1, 121.5, 123.1, 128.1, 129.0, 129.1, 129.7, 131.0, 134.4, 139.2,
141.1, 149.4, 159.2, 159.8.

HRMS (ESI): m/z [MH]" calcd. for C,,H,3N,0, 431.1714; found:
431.1715.

5-(4-Fluorophenyl)-9-nitro-4-(piperidin-1-yl)benzo[ h]quinolin-
2-amine (3g)

Yield: 81% (168 mg); red solid; mp 200-202 °C.

IR (KBr): 3358,1334 cm™".

H NMR (400 MHz, CDCl,): § = 1.19-1.23 (m, 3 H), 1.30-1.34 (m, 3 H),
2.37-2.43 (m, 2 H, CH,-N-CH,), 3.01-3.04 (m, 2 H, CH,-N-CH,), 4.83
(s, 2 H, -NH,), 6.33 (s, 1 H, ArH), 7.04-7.09 (m, 2 H, ArH), 7.37 (s, 1 H,
ArH), 7.43-7.46 (m, 2 H, ArH), 7.82 (d, J = 12 Hz, 1 H), 8.31 (dd, J =
8 Hz, 1H),7.98(d,J = 4 Hz, 1 H).

13C NMR (100 MHz, CDCl,): & = 24.6, 29.7, 52.7, 98.8, 114.1 (d, Jo ¢
20 Hz), 121.7 (d, Jo = 80 Hz), 124.5, 128.3, 129.8, 131.0 (d, Jor
10 Hz), 136.3, 138.0, 140.4, 145.3, 149.4, 158.0, 160.1.

HRMS (ESI): m/z [MH]" calcd. for C,,H,,FN,O,: 417.1721; found:
417.1724.

5-(4-Fluorophenyl)-4-morpholino-9-nitrobenzo[ h]quinolin-2-
amine (3h)

Yield: 80% (167 mg); red solid; mp >250 °C.

IR (KBr): 3484, 1332 cm™".

H NMR (400 MHz, CDCl): & = 2.53-2.69 (m, 4 H), 2.89 (d, ] = 8 Hz,
2 H, CH,-N-CH,), 3.52 (d, J = 12 Hz, 2 H, CH,-N-CH,), 4.90 (s, 2 H, -
NH,), 6.32 (s, 1 H, ArH), 7.1 (t, ] = 12 Hz, 2 H, ArH), 7.38 (s, 1 H, ArH),
7.42-7.46 (m, 2 H, ArH), 7.84 (d, J = 8 Hz, 1 H, ArH), 8.31 (dd, J = 4 Hz,
1H),9.98 (d,J =4 Hz, 1 H).

13C NMR (100 MHz, CDC,): & = 51.3, 65.4, 98.5, 112.5, 114.2 (d, Jo.¢ =
30 Hz), 121.6 (d, Jo_¢ = 20 Hz), 125.0, 128.5, 130.8, 130.8, 136.2, 139.6,
145.4,157.7,159.0, 161.1, 163.5.

HRMS (ESI): mjz [MH]" calcd. for Cy3H,0FN,4O3: 419.1514; found:
419.1513.

5-(4-Chlorophenyl)-9-nitro-4-(piperidin-1-yl)benzo[h]quinolin-
2-amine (3i)

Yield: 93% (201 mg); red solid; mp 215-217 °C.

IR (KBr): 3489, 1328 cm".

H NMR (400 MHz, CDCl,): 8 = 0.94-1.02 (m, 1 H), 1.17-1.20 (m, 1 H),
1.26-1.29 (m, 3 H), 1.38-1.41 (m, 1 H), 2.35 (t, ] = 24 Hz, 2 H, CH,-N-
CH,), 2.95 (d, ] = 12 Hz, 2 H, CH,-N-CH,), 4.81 (s, 2 H, -NH,), 6.28 (s,
1H, ArH), 7.28-7.30 (m, 3 H, ArH), 7.36 (d, ] = 8 Hz, 2 H, ArH), 7.76 (d,
J=8Hz, 1H, ArH), 8.25 (dd, J = 8 Hz, 1 H, ArH), 9.92-9.93 (m, 1H,
ArH).

13C NMR (100 MHz, CDCl;): 8 = 24.1, 26.2, 53.7, 104.5, 115.6, 115.8,

116.1, 121.2, 128.6, 129.2, 130.7, 130.8, 134.8, 135.2, 138.3, 145.0,
147.0, 158.8, 162.0, 164.3.

HRMS (ESI): m/z [MH]* calcd. for C,,H,,CIN,O,: 433.1426; found:
433.1435

5-(4-Chlorophenyl)-4-morpholino-9-nitrobenzo[ h]quinolin-2-
amine (3j)

Yield: 91% (197 mg); red solid; mp 150-152 °C.

IR (KBr): 3353,1329 cm™".

H NMR (400 MHz, CDCl,): § = 2.60-2.71 (m, 4 H), 2.90 (d, ] = 12 Hz,
2 H, CH,-N-CH,), 3.55 (d, J = 12 Hz, 2 H, CH,-N-CH,), 4.97 (s, 2 H,
-NH,), 6.35 (s, 1 H, ArH), 7.38-7.44 (m, 5 H, ArH), 7.85 (d, ] =8 Hz, 1 H,
ArH), 8.34 (dd, J = 8 Hz, 1 H),9.99 (d,J = 4 Hz, 1 H).
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13C NMR (100 MHz, DMSO-dg): & = 55.4, 67.6, 112.6, 116.4, 120.4,
120.7, 121.3, 121.3, 128.3, 130.4, 130.6, 133.0, 137.3, 139.5, 139.6,
142.7,144.4,145.5, 160.6.

HRMS (ESI): m/z [MH]" calcd. for C,3H,CIN,O5: 435.1218; found:
435.1219

5-(4-Bromophenyl)-9-nitro-4-(piperidin-1-yl)benzo[h]quinolin-
2-amine (3k)

Yield: 82% (195 mg); red solid; mp 150-152 °C.

IR (KBr): 3366, 1333 cm™'.

TH NMR (400 MHz, CDCL,): § = 1.15-1.27 (m, 4 H), 1.41-1.47 (m, 2 H),
2.85-2.90 (m, 2 H, CH,-N-CH,), 3.01-3.08 (m, 2 H, CH,-N-CH,), 4.87
(s, 2 H, -NH,), 7.19-7.20 (m, 3 H, ArH), 7.27 (d, J = 12 Hz, 1 H, ArH),
7.46 (d, ] = 8 Hz, 2 H), 7.80-7.81 (m, 1 H, ArH), 8.18 (dd, J = 8 Hz, 1 H),
8.80 (s, 1 H, ArH).

13C NMR (100 MHz, CDCly): & = 23.5, 26.0, 66.3, 109.0, 118.8, 119.2,
120.6, 120.7, 121.6, 121.1, 130.0, 130.1, 131.0, 131.1, 136.7, 139.0,
142.0, 143.0, 144.6, 160.0.

HRMS (ESI): m/z [MH]* calcd. for C,,H,,BrN,0,: 477.0921; found:
479.0901.

5-(4-Bromophenyl)-4-morpholino-9-nitrobenzo[ h]quinolin-2-
amine (31)

Yield: 83% (199 mg); red solid; mp 210-212 °C.

IR (KBr): 3351, 1338 cm.

H NMR (400 MHz, CDCl,): § = 2.58-2.70 (m, 4 H), 2.85 (d, ] = 12 Hz,
2 H, CH,-N-CH,), 3.54 (d, ] = 8 Hz, 2 H, CH,-N-CH,), 4.91 (s, 2 H, -NH,),
6.33 (s, 1 H, ArH), 7.36 (t, ] = 16 Hz, 3 H, ArH), 7.53 (d, J = 8 Hz, 2 H),
7.86 (d,J = 12 Hz, 1 H, ArH), 8.33 (dd, J = 8 Hz, 1 H), 9.98 (d, J = 4 Hz,
1H).

13C NMR (100 MHz, DMSO-d,): § = 51.2, 66.3, 100.1, 111.7, 120.6,
121.0, 1214, 123.5, 1293, 129.7, 130.6, 131.9, 136.5, 140.2, 141.5,
145.0, 149.4, 158.0, 160.0.

HRMS (ESI): m/z [MH]* calcd. for C,3H,,BrN,O;: 479.0713; found:
481.0689.

5-(2,4-Dichlorophenyl)-9-nitro-4-(piperidin-1-yl)benzo[h]quino-
lin-2-amine (3m)

Yield: 72% (168 mg); red solid; mp 240-242 °C.

IR (KBr): 3493, 13343 cm™.

'H NMR (400 MHz, CDCl;): 8 = 0.75-0.82 (m 2 H), 1.24-1.26 (m, 2 H),
2.10-2.18 (m, 2 H), 2.51-2.55(m, 2 H), 2.74 (d,J =12 Hz, 1 H), 3.03 (d,
J=12Hz, 1 H, CH,-N-CH,), 4.81 (s, 2 H, -NH,), 6.37 (s, 1 H, ArH), 7.25-
7.30 (m, 2 H, ArH), 7.36-7.37 (m, 2 H, ArH), 7.4 (d, ] = 8 Hz, 1 H, ArH),
7.78 (d,J = 12 Hz, 1 H, ArH), 8.26 (dd, J = 12 Hz, 1 H, ArH), 9.96-9.97
(m, 1 H, ArH).

13C NMR (100 MHz, DMSO-dg): & = 25.0, 29.0, 55.0, 101.2, 114.0,
120.7, 120.8, 121.0, 121.2, 127.4, 127.6, 129.1, 129.3, 132.0, 135.7,
136.8, 140.5, 145.0, 159.5, 160.2.

HRMS (ESI): m/z [MH]* calcd. for C;4H,,Cl,N40,: 467.1036; found:
467.1034.

5-(2,4-Dichlorophenyl)-4-morpholino-9-nitrobenzo[ h]quinolin-
2-amine (3n)
Yield: 74% (173 mg); red solid; mp 180-182 °C.

IR (KBr): 3356, 1334 cm™".

H NMR (400 MHz, CDCl,): § = 2.25-2.34 (m, 2 H), 2.47-2.52 (m, 1 H),
2.71(d,J =12 Hz, 1 H), 2.90-3.01 (m, 2 H), 3.46 (d, ] = 12 Hz, 1 H), 3.75
(d,] = 8 Hz, 1 H), 5.29 (s, 2 H, -NH,), 6.47 (s, 1 H, ArH), 7.36-7.39 (m,
2 H, ArH), 7.45 (s, 1 H, ArH), 7.47-7.48 (m, 1 H, ArH), 7.86 (d, ] = 8 Hz,
1H, ArH), 8.32 (dd, J = 8 Hz, 1 H, ArH), 10.02-10.03 (m, 1 H, ArH).

13C NMR (100 MHz, CDCL,): & = 53.6, 66.0, 100.3, 114.6, 121.5, 122.0,

126.1, 126.6, 128.6, 128.7, 131.2, 133.6, 135.5, 136.0, 136.3, 140.2,
145.8,158.0, 160.1.

HRMS (ESI): m/z [MH]* calcd. for C,3H,oCI,N,O5: 469.0829; found:
469.0823.

9-Nitro-4-(piperidin-1-yl)-5-(thiophen-2-yl)benzo[ h]quinolin-2-
amine (30)

Yield: 80% (162 mg); red solid; mp 130-132 °C.

IR (KBr): 3354, 1331 cm™.

H NMR (400 MHz, CDCl,): § = 1.14-1.23 (m, 2 H), 1.37-1.48 (m, 2 H),
2.88-2.93 (m, 2 H), 3.16-3.22 (m, 2 H, ArH), 4.88 (s, 2 H, -NH,), 7.05-
7.07 (m, 1H, ArH), 7.33-7.36 (m, 3 H, ArH), 7.83 (d, J = 8 Hz, ArH),
8.21(dd, ] = 8 Hz, 1 H, ArH), 8.82 (s, 1 H, ArH).

13C NMR (100 MHz, CDCl,): & = 23.6, 65.8, 119.0, 119.2, 119.5, 120.6,
120.7, 121.3, 126.6, 127.1, 127.3, 127.4, 130.0, 135.5, 136.7, 140.8,
143.0, 144.6, 159.8.

HRMS (ESI): m/z [MH]* calcd. for C,,H,;N,0,S: 405.1380; found:
405.1375.

4-Morpholino-9-nitro-5-(thiophen-2-yl)benzo[h]quinolin-2-
amine (3p)

Yield: 84% (171 mg); red solid; mp 180-182 °C.

IR (KBr): 3380, 1372cm™".

H NMR (400 MHz, CDCl,): 3 = 2.69-2.75 (m, 2 H), 2.84-2.90 (m, 2 H),
3.00-3.04 (m, 2 H, CH,-N-CH,), 3.60-3.64 (m, 2 H, CH,-N-CH,), 4.91
(s, 2 H, -NH,), 6.35 (s, 1 H, ArH), 7.09-7.11 (m, 1 H, ArH), 7.17-7.18
(m, 1H, ArH), 7.38-7.40 (m, 1 H, ArH), 7.58 (s, 1 H, ArH), 7.85 (d, J =
8 Hz, 1H, ArH), 8.34 (dd, J = 8 Hz, 1H, ArH), 9.98 (d, J = 4Hz, 1H,
ArH).

13C NMR (100 MHz, CDCl;): 8 = 51.6, 65.7, 98.6, 113.1, 121.6, 122.0,
125.4, 125.6, 126.4, 127.1, 128.4, 131.0, 133.3, 136.2, 143.8, 1454,
145.5,157.7,159.0.

HRMS (ESI): m/z [MH]* calcd. for C,;H;gN,O5S: 407.1172; found:
407.1169.

4-(4-Benzylpiperazin-1-yl)-5-(4-methoxyphenyl)-9-nitro-4a,10b-
dihydrobenzo[h]quinolin-2-amine (3q)

Yield: 75% (195 mg); red solid; mp >250 °C.

IR (KBr): 3356, 1362 cm™".

H NMR (400 MHz, CDCl): & = 2.43 (s, 4 H), 3.40 (s, 2 H, -CH,), 3.78 (s,
4H),3.85 (s, 3 H, -OMe), 4.85 (s, 2 H, -NH,), 6.9 (d,J = 8 Hz, 2 H, ArH),
7.27 (s, 5 H, ArH), 7.36 (d, ] = 8 Hz, 2 H, ArH), 7.82 (d, J = 8 Hz, 1 H,
ArH), 8.22 (dd, J = 8 Hz, 1 H, ArH), 8.85 (s, 1 H, ArH).

13C NMR (100 MHz, DMSO-dg): & = 53.0, 55.7, 62.2, 67.0, 113.5, 113.7,
116.6, 120.1, 1204, 121.4, 122.1, 127.5, 128.7, 129.3, 129.5, 130.0,
130.1,133.0, 137.3, 143.8, 144.1, 145.3, 159.4, 160.7.

HRMS (ESI): m/z [MH]" calcd. for C3;H;,N505: 522.2500; found:
522.2502.
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5-(4-Methoxyphenyl)-4-(4-methylpiperazin-1-yl)-9-nitro-4a,10b-
dihydrobenzo[h]quinolin-2-amine (3r)

Yield: 72% (161 mg); red solid; mp 210-212 °C.

IR (KBr): 3361,1381 cm™".

TH NMR (400 MHz, CDCl;): & = 1.23 (s, 2 H), 1.67 (s, 3 H), 2.16 (s, 3 H,
N-CH3;), 2.98-3.00 (m, 3 H, ), 3.83 (s, 3 H, -OMe), 4.88 (s, 2 H, -NH,),
6.91(d,J =8 Hz, 2 H, ArH), 7.28 (S, 1 H, ArH), 7.35-7.39 (m, 3 H, ArH),
7.83 (d,J =8 Hz, 1 H, ArH), 8.22 (dd, J = 8 Hz, 1 H, ArH), 8.85-8.85 (m,
1H, ArH).

13C NMR (100 MHz, CDCl;): & = 45.7, 49.0, 52.2, 67.7, 113.3, 113 .4,
114.5, 119.1, 119.2, 120.5, 120.7, 120.8, 129.8, 129.9, 132.3, 137.0,
142.8, 143.0, 144.5, 159.5, 160.4.

HRMS (ESI): m/z [MH]" calcd. for C,sH,gNsO3: 446.2187; found:
446.2185.

4-(2-Cyano-4-nitrobenzyl)-2-0xo0-6-phenyl-2H-pyran-3-carboni-
trile (5a)

Yield: 71% (127 mg); red solid; mp 220-222 °C.

IR (KBr): 2225, 1733, 1520 cm™".

'H NMR (400 MHz, CDCl;): 8 = 4.41 (s, 2 H, -CH,), 6.83 (s, 1 H, ArH),
7.45-7.49 (m, 3 H, ArH), 7.75-7.79 (m, 2 H, ArH), 7.82 (d,J=8 Hz, 1 H,
ArH), 8.46 (dd, J = 8 Hz, 1 H, ArH), 8.58 (d, J = 4 Hz, 1 H, ArH).

13C NMR (100 MHz, DMSO-dg): & = 29.0, 98.7, 104.2, 114.1, 116.0,
116.4, 117.3, 128.1, 1284, 129.3, 1294, 131.3, 145.8, 145.9, 158.1,
161.8,164.1.

HRMS (ESI): m/z [MH]" calcd. for C,yH,;N;04: 358.0822; found:
358.0820.

4-(2-Cyano-4-nitrobenzyl)-6-(4-methoxyphenyl)-2-oxo-2H-
pyran-3-carbonitrile (5b)

Yield: 75% (134 mg); red solid; mp 205-207 °C.

IR (KBr): 2225, 1729, 1504 cm™.

TH NMR (400 MHz, CDCl;): & = 3.98 (s, 3 H, -OMe), 4.40 (s, 2 H, -CH,),
6.75 (s, 1 H, ArH), 6.98-7.00 (m, 2 H, ArH), 7.81-7.85 (m, 3 H, ArH),
8.47 (dd,J=4Hz, 1 H, ArH), 8.59 (d, J = 4 Hz, 1 H).

13C NMR (100 MHz, DMSO-dg): & = 29.0, 55.7, 96.6, 102.7, 113.8,
114.2, 114.9, 115.8, 121.7, 1284, 128.7, 131.6, 146.1, 146.8, 158.4,
163.0, 163.2, 164.0.

HRMS (ESI): m/z calcd. for C,;H;4N;05: 388.0928; found: 388.0927.

4-(2-Cyano-4-nitrobenzyl)-6-(4-fluorophenyl)-2-oxo-2H-pyran-3-
carbonitrile (5¢)

Yield: 74% (139 mg); red solid; mp 225-227 °C.

IR (KBr): 2226, 1730, 1528 cm™".

'H NMR (400 MHz, CDCl;): 8 = 4.42 (s, 2 H, -CH,), 7.15 (s, 1 H, ArH),
7.35 (t,J = 16 Hz, 2 H, ArH), 7.75 (d, J = 8 Hz, 1 H, ArH), 7.91-7.95 (m,
2 H, ArH), 8.42 (dd, J = 4 Hz, 1 H, ArH), 8.77 (d, ] = 4 Hz, 1 H, ArH).

13C NMR (100 MHz, DMSO-dg): & = 29.0, 98.7, 104.1, 114.1, 115.8,
116.6 (d, Jc_r = 30 Hz), 128.2 (d, Jc_r = 30 Hz), 129.4 (d, J-_r = 20 Hz),
131.8, 146.0, 145.8, 158.1, 161.8, 158.1, 161.

HRMS (ESI): m/z [MH]" calcd. for C,,H;;FN;0,: 376.0728; found:
376.0726.

6-(4-Chlorophenyl)-4-(2-cyano-4-nitrobenzyl)-2-oxo-2H-pyran-
3-carbonitrile (5d)
Yield: 74% (145 mg); red solid; mp 215-217 °C.

IR (KBr): 2228, 1729, 1526 cm™.

H NMR (400 MHz, CDCLy): § = 4.43 (s, 2 H, -CH,), 6.85 (s, 1 H, ArH),
7.48 (d, ] = 8 Hz, 3 H, ArH), 7.78 (d, ] = 8 Hz, 2 H, ArH), 8.48 (dd, J =
4Hz, 1H, ArH), 8.60 (d, ] = 4 Hz, 1 H, ArH).

13C NMR (100 MHz, DMSO-dg): & = 29.5, 99.6, 105.0, 114.3, 116.3,
128.7, 128.8, 129.0, 128.9, 130.0, 132.2, 138.0, 146.4, 147.3, 158.5,
162.0, 164.6.

HRMS (ESI): m/z [MH]" calcd. for C,oH;;CIN;04: 392.0433; found:
392.0438.

3-(1-Amino-7-nitro-3-(thiophen-2-yl)naphthalen-2-yl)-3-(piperi-
din-1-yl)acrylonitrile (7)

Yield: 80% (162 mg); red solid; mp 170-172 °C.

IR (KBr): 3356, 2214, 1334 cm™.

H NMR (400 MHz, CDCl,): § = 1.14-1.23 (m, 2 H), 1.37-1.48 (m, 2 H),
2.88-2.93 (m, 2 H, CH,-N-CH,), 3.16-3.22 (m, 2 H, CH,-N-CH,), 4.33
(s, 1H, =CH-CN), 4.88 (s, 2 H, -NH,), 7.05-7.07 (m, 1 H, ArH), 7.33-
7.36 (m, 3 H, ArH), 7.48 (s, 1 H, ArH), 7.83 (d, ] = 8 Hz, 1 H, ArH), 8.21
(dd,J = 8 Hz, 1 H, ArH), 8.82 (s, 1 H, ArH).

13C NMR (100 MHz, CDCl,): & = 23.6, 29.6, 65.8, 114.5, 119.0, 119.2,
120.6, 120.7, 121.3, 126.6, 127.1, 127.3, 127.4, 130.0, 135.5, 136.7,
140.8, 143.0, 144.6, 159.8.

HRMS (ESI): m/z [MH]* calcd. for C,,H,;N,0,S: 405.1380; found:
405.1379.
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