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General Information

Reagent grade solvents were used for the extraction and flash chromatography. All the reagents
and chemicals were purchased from Sigma Aldrich Chemical Co., Lancaster and were used
directly without further purification. The progress of reactions was checked by analytical thin-
layer chromatography (TLC, Merck silica gel 60F-254 plates). The plates were visualized by UV
illumination. Flash column chromatography was performed using silica gel (230-400 mesh). The
solvent compositions reported for all chromatographic separations are on a volume/volume (v/v)
basis. All glassware’s were dried in an open flame before use in connection with an inert
atmosphere. Solvents were evaporated under reduced pressure. Tetramethylsilane (0.0 ppm) was
used as an internal standard in '"H NMR and CDCl; (77.0 ppm) was used in '*C NMR. The
abbreviations used to indicate the peak multiplicity were; s, singlet; bs, broad singlet; d, doublet;
dd, double doublet; t, triplet; q, quartet; m, multiplet; Hz, Hertz. FAB MS was recorded on Jeol
(Japan)/SX-102. Infrared spectrum was taken with KBr on Perkin-Elmer RX-1. Melting points
were determined on a Buchi 535 digital melting point apparatus and were uncorrected. Elemental
analysis was performed on Perkin-Elmer 2400 C, H, N analyzer and values were within +£0.4% of

the calculated values.

Experimental procedure:

& ORI Y
Procedure 1 : In a typical experiment, the quinolone acid (12) (1 mmol)!, copper acetate (60 mol
%) and Silver nitrate ( 1.2 mmol) were taken in 50 ml round-bottom flask containing deionised
water (10 mL) and the reaction mixture was refluxed, till the completion of the reaction (monitored
by TLC). After completion the reaction mixture was poured in 100gm cursed ice and the solid
compound separated and filtered, in some case solid is not separated in such case the compound
was extracted with ethyl acetate, dried over sodium sulphate and evaporated under vacuum to give

crude product (13). Crude was purified by silica gel (60-120 mesh) column chromatography to

afford the corresponding product.

1. Note: All the precursors were synthesized according to the published literature. (Koga, H.; ltoh A;
Murayama, S.; Suzue S. and Irikura T., J. Med. Chem.; 1980, 23, 1358)
2. Raghavan, K;; Lang, S. A. and Marshall M. S., J. Heterocycl. Chem, 1986, 23, 1801.



Procedure 2: A mixture of The ethyl 7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-
carboxylate 15 (269.66mg, 1mmol) and LiCl 1.5 equivalent (1.5mmol ) in DMSO (15ml) was
refluxed for 12 h, and then DMSO is removed in vacuum. The residue was repeatedly washed with
water (20ml x 3) and was dissolved in 10 ml of deionised water and copper acetate (60 mol %)
and silver nitrate ( 1.3 mmol) were added. The reaction mixture was than refluxed for about 12hrs.
The reaction mixture was poured in water (50 ml), and the separated compound 15b was filtered,
crystalized in DMSO to give white needle crystal 145.59mg (The spectral data is accord to the
published literature). The product was arylated with 4-fluoronitrobenze (2 equivalent) in K,CO;
(4 equivalent)/DMF (8ml) by heating at 100-100°C for 10 hrs. The crude product thus obtained
was purify using column chromatography (25% EtOAc/hexane) to give the title compound

169.81mg (70 %) as yellow solid.

7-chloro-1-ethyl-6-fluoro-3-nitroquinolin-4(1H)-one (13a)

This compound was prepared via interaction of corresponding 3-carboxylic

F:@\)%/Noz derivative (269.66 mg, 1 mmol) following the procedure 1. The crude
cl N | product thus obtained was purify using column chromatography (20%
- EtOAc/hexane) to give the title compound 235.45 mg (87 %) as pale yellow

solid; mp 270-272°C (uncorrected). IR (viax, Neat, cm-1): 3444, 3278, 1660, 1434, 1309, 1249,
839, 456, 180. 'H NMR (300 MHz, ) 6 9.71 (s, 1H), 8.14 (d, J = 8.0 Hz, 1H), 7.79 (d, /= 5.9 Hz,
1H), 4.50 (q, /= 6.9 Hz, 2H), 1.56 (t, J= 7.0 Hz, 3H); *C NMR (100 MHz, CDCl; + DMSOdj) 4
162.94 (d, J= 6.5 Hz), 157.95 (s), 152.75 (s), 146.18 (s), 135.61 (d, J= 8.5 Hz), 131.89 (s), 126.12
(m), 117.85(d,J=11 Hz), 113.22, 112.82, 48.66 (s), 13.64 (s). Elemental Analysis calculated for
C11HsCIFN,O5: C, 48.82; H, 2.98; N, 10.35; Found C, 48.62; H, 3.01; N, 10.11. ES-MS (M+H):
271.0 m/z.

7-chloro-6-fluoro-1-isopropyl-3-nitroquinolin-4(1H)-one (13b)

5 This compound was prepared via interaction of corresponding 3-carboxylic
FmNOZ derivative (284.67mg , 1 mmol) following the procedure 1. The crude
Cl )‘\ product thus obtained was purify using column chromatography (20%
EtOAc/hexane) to give the title compound 273.28 mg (96 %) as pale yellow

solid; mp 263-256°C (uncorrected). IR (Vpay, Neat, cm™): 3432, 3258, 1655, 1480, 1320, 1232,
842, 460; 'TH NMR (300 MHz, CDCl3) 4 9.69 (s, 1H), 8.11 (m, 1H), 7.70 (dd, J = 3.4, 2.5 Hz, 1H),
4.74 (m, 1H), 1.56 (m, 7H); 13C NMR (100 MHz, CDCl; + DMSOd; ) & 162.88 (d, J = 8.7 Hz),



157.98 (s), 152.78 (5), 147.24 (s), 137.47 (d, J = 8.5 Hz), 132.12(s), 127.80 (d, J = 10 Hz), 126.19,
125.82, 118.89 (d,J= 13 Hz), 113.08, 112.69, 54.41 (s), 19.83 (s). Anal. calced for C,H;oCIFN,O5;:
C, 50.63; H, 3.54; N, 9.84; Found C, 50.42; H, 3.52; N, 9.74; ES-MS (M+H): 285.0 m/z.

1-butyl-7-chloro-6-fluoro-3-nitroquinolin-4(1H)-one (13c)

This compound was prepared via interaction of corresponding 3-carboxylic
Cl derivative (298.70mg , I mmol), following the procedure 1. The crude product

© | thus obtained was purify using column chromatography (20% EtOAc/hexane)

(rN 7 N0 to give the title compound 259.86 mg (87 %) as pale yellow solid; mp 275-

278°C (uncorrected). IR (Viax Neat, cm!): 3461, 3260, 1649, 1474, 1322,
1232, 1211, 851. 'TH NMR (300 MHz, CDCls ) 6 9.66 (s, 1H), 8.13 (m, 1H), 7.79 (d, J = 5.7 Hz,
1H), 4.10 (t,J= 7.6 Hz, 2H), 1.81 (m, 2H), 1.59 (m, 2H), 1.10 (dd, /= 8.8, 5.6 Hz, 3H); 3C NMR
(100 MHz, CDCl; + DMSOdy) 6 162.83 (d, J = 6.5 Hz), 157.90 (s), 152.70 (s), 145.21 (s), 135.4
(d,J=6.5Hz), 131.70 (s), 126.37, 125.9943, 124.60 (d, /=11 Hz), 116.31 (d, /=11 Hz), 113.26,
112.88,48.21 (s), 29.21 (s), 18.99 (s), 13.28 (s). Anal. calcd for C3H,CIFN,05: C, 52.27; H, 4.05;

N, 9.38; Found C, 52.21; H, 4.12; N, 9.21. ES-MS (M+H): 299.1 m/z.

1-(sec-butyl)-7-chloro-6-fluoro-3-nitroquinolin-4(1H)-one (13d)

o This compound was prepared via interaction of corresponding 3-carboxylic

F:@\)j/“% derivative (298.70mg , 1 mmol) following the procedure 1. The crude
N

cl

\)\ EtOAc/hexane) to give the title compound 250.9 mg (84 %) as pale yellow
solid; mp 265-270°C (uncorrected). IR (vimax, Neat, cm!): 3421, 3269, 1644, 1452, 1325, 1238,
867,380, 190. 'H NMR (300 MHz, CDCl; ) 6 9.60 (s, 1H), 8.11 (m, 1H), 7.75 (d, J= 5.6 Hz, 1H),
4.78 (m, 1H), 1.48 (m, 2H), 1.17 (d, J= 6.1 Hz, 3H), 0.92 (m, 3H); *C NMR (100 MHz, CDCl; +
DMSOd; ) 6 162.88 (d, /=9 Hz), 157.63 (s), 152.43 (s), 145.59 (s), 137.97 (d, J =9 Hz), 132.26
(s), 127.44 (d, J = 12 Hz), 126.25 (s), 125.88 (s), 118.92 (d, J = 11 Hz), 113.14 (s), 112.75 (s),
50.46 (s), 26.77 (s), 19.91 (s), 8.00 (s). Elemental Analysis calculated for C;3;H;,CIFN,0;: C,
52.27; H, 4.05; N, 9.38; Found C, 52.11; H, 4.10; N, 9.29. ES-MS (M+H): 299.1 m/z.

product thus obtained was purify using column chromatography (20%




7-chloro-6-fluoro-1-hexyl-3-nitroquinolin-4(1H)-one (13e)

F This compound was prepared via interaction of corresponding 3-
“ carboxylic derivative (325.75 mg , 1 mmol) following the procedure
o}
1. The crude product thus obtained was purify using column
\/\/\/N = NO,

chromatography (20% EtOAc/hexane) to give the title compound
261.4 mg (80 %) as yellow solid; mp 278-280°C (uncorrected). IR (Viax, Neat, cm™): 3410, 3259,
1633, 1412, 1319, 1241, 854. '"H NMR (300 MHz, CDCl; ) 6 9.62 (s, 1H), 8.12 (m, 1H), 7.78 (d,
J=5.6 Hz, 1H), 4.07 (td, J=17.5, 0.6 Hz, 2H), 1.45 (m, 2H), 1.19 (m, 6H), 0.85 (m, 3H); 3C NMR
(100 MHz, CDCl; + DMSOdy) 6 162.81 (d, J=9Hz), 157.91 (s), 152.71 (s), 145.31 (s), 135.1 (d,
J=9Hz), 131.68 (s), 126.37 (s), 125.99 (s), 124.6 (d, /= 13Hz), 116.30 (d, /= 11Hz), 113.25 (s),
112.87 (s), 48.68 (s), 30.89 (s), 27.76 (s), 26.30 (s), 21.49 (s), 13.21 (s). Anal. calcd for
Ci5H16CIFN,O3: C, 55.14; H, 4.94; N, 8.57; Found C, 55.11; H, 4.32; N, 8.39. ES-MS (M+H):
327.9 m/z.

6,7-difluoro-1-methyl-3-nitroquinolin-4(1H)-one (13f)

This compound was prepared via interaction of corresponding 3-carboxylic
FmNoz derivative (240.17mg , 1 mmol) following the procedure 1. The crude
|
N

product thus obtained was purify using column chromatography (20%

EtOAc/hexane) to give the title compound 196.93 mg (82 %) as canary
yellow solid; mp 256-259°C (uncorrected). IR (Viax, Neat, cm™): 33265, 3061, 1653, 1514, 1463,
1321, 1205, 843. 'H NMR (300 MHz, CDCl;) 4 9.78 (s, 1H), 8.36 (t,J = 9.4 Hz, 1H), 7.51 (dd, J
=11.2, 6.5 Hz, 1H), 3.54 (s, 3H); 3C NMR (100 MHz, CDCIl; + DMSOdy) 4 161.43 (d, J = 8 Hz),
155.19 (s), 154.82 (s), 150.81 (s), 150.42 (s), 150.0 (s), 149.62 (s), 145.60 (s), 145.23 (s), 144.99
(s), 138.11 (m), 122.81 (m), 112.97 (d, J=12.5 Hz), 112.60 (d, /=11 Hz), 103.25 (d, /=13 Hz),
102.87 (d, J = 11.5 Hz) 44.04 (s). Elemental Analysis calculated for C;(H¢F,N,O3: C, 50.01; H,
2.52; N, 11.66; Found C, 49.98; H, 2.32; N, 11.69. ES-MS (M+H): 241.0 m/z.



6,7-difluoro-3-nitro-1-propylquinolin-4(1H)-one (13g)

This compound was prepared via interaction of corresponding 3-carboxylic

Fj@\)j/ No, | derivative (268.22mg, 1 mmol) following the procedure 1. The crude product
|
N

thus obtained was purify using column chromatography (20%

H EtOAc/hexane) to give the title compound 217.25 mg (81 %) as pale yellow
solid; mp 262-263°C (uncorrected). IR (Vimax, Neat, cm!): 3286, 3050, 1644,
1534, 1454, 1311, 1211, 831. '"H NMR (300 MHz, CDCl; ) 8 9.65 (m, 1H), 8.30 (t, J = 9.5 Hz,
1H), 7.42 (dd, J=11.0, 6.5 Hz, 1H), 3.59 (t, J = 7.4 Hz, 2H), 1.55 (m, 2H), 1.04 (t, /= 7.2 Hz,
3H); 3C NMR (100 MHz, CDCI; + DMSOd; ) 8 161.32 (d, J = 9 Hz), 155.71 (s), 154.93(s),
150.49 (d,J=1.2 Hz), 150.11 (d, /=2 Hz), 149.73 (s), 145.28 (s), 144.90 (m), 136.04 (m), 132.00
(s), 123.84 (m), 112.90 (d, /=11 Hz), 112.52 (d, J=11.5 Hz) 114.20 (d, /= 13 Hz) 104.01 (d, J
=13 Hz), 50.83 (s), 21.73 (s), 9.96 (s). Anal. calcd for C,,H;(F,N,O5: C, 53.74; H, 3.76; N, 10.44;
Found C, 53.14; H, 3.62; N, 10.16. ES-MS (M+H): 269.8 m/z.

1-(sec-butyl)-6,7-difluoro-3-nitroquinolin-4(1H)-one (13h)

This compound was prepared via interaction of corresponding 3-carboxylic

Fj@\)j/NOZ derivative (282.25mg , 1 mmol) following the procedure 1. The crude
N

product thus obtained was purify using column chromatography (20%

EtOAc/hexane) to give the title compound 231.43 mg (82 %) as yellow
solid; mp 265-266°C (uncorrected). IR (vima, Neat, cm!): 3276, 3105, 1631, 1510, 1432, 1331,
1232, 852. 'H NMR (300 MHz, CDCls) 6 9.66 (s, 1H), 8.31 (t,J =9.4 Hz, 1H), 7.43 (m, 1H), 4.79
(m, 1H), 1.49 (m, 2H), 1.17 (d, J = 6.0 Hz, 3H), 0.94 (dd, J = 9.4, 5.4 Hz, 3H); 3C NMR (100
MHz, CDCl; + DMSOdy) 6 161.23 (d, J = 6.5 Hz), 154.96 (s), 154.57 (s), 150.48 (s), 150.11 (s),
149.74 (s), 147.40 (d, J= 0.6 Hz), 145.43 (s), 145.1 (d, J= 0.5 Hz), 144.90 (d, /=1 Hz), 136.68
(m), 132.20 (s), 124.36 (m), 122.75 (d, J = 11 Hz), 12.37 (d, J = 13 Hz), 105.05 (d, J = 14 Hz)
104.67 (d, J=11.5 Hz), 50.29 (s), 27.38 (s), 19.73 (s), 8.00 (s). Anal. calcd for C;3H,F,N,0;: C,
55.32; H, 4.29; N, 9.93; Found C, 55.26; H, 4.09; N, 10.01. ES-MS (M+H): 283.0 m/z.

6,7-difluoro-3-nitro-1-pentylquinolin-4(1H)-one (13i) This compound was prepared via

. interaction of corresponding 3-carboxylic derivative (296.27mg , 1 mmol)

following the procedure 1. The crude product thus obtained was purify

using column chromatography (20% EtOAc/hexane) to give the title

N o
f _NOZ compound 263.68 mg (89 %) as pale yellow solid; mp 269-271°C




(uncorrected). IR (Vpax, Neat, cm'): 3406, 3209, 3109, 1648, 1551, 1469, 1325, 1212, 867. 'H
NMR (300 MHz, CDCl5) 6 9.67 (s, 1H), 8.31 (t, J =9.5 Hz, 1H), 7.58 (dd, J = 11.0, 6.4 Hz, 1H),
4.03 (t,J=7.5 Hz, 2H), 1.30 (m, 6H), 0.87 (dd, J = 8.5, 4.5 Hz, 3H); 13C NMR (100 MHz, CDCl,
+ DMSOd; ) 6 161.21 (d, J = 9 Hz), 155.29 (s), 154.91 (s), 150.77 (s), 150.40 (s), 150.08 (s),
149.71 (d, J = 0.75 Hz), 145.58 (s), 145.33 (s), 145.19 (s), 135.35 (m), 131.63 (s), 122.01 (m),
122.85 (d, /=11 Hz), 122.49 (d, /=11 Hz), 102.55 (d, /=11 Hz), 102.16 (d, J = 13 Hz), 48.55
(s), 30.54 (s),27.94 (s), 21.15 (s), 12.30 (s). Elemental Analysis calculated for C;4H4F,N,O3: C,
56.76; H, 4.76; N, 9.46; Found: C, 56.34; H, 4.52; N, 9.49. ES-MS (M+H): 297.1 m/z.

6,7-difluoro-3-nitro-1-octylquinolin-4(1H)-one (13j)

c This compound was prepared via interaction of corresponding 3-

carboxylic derivative (338.35mg , 1 mmol) following the procedure
o)

b 1. The crude product thus obtained was purify using column
N NO,

chromatography (20% EtOAc/hexane) to give the title compound
294.36 mg (87 %) as pale yellow solid; mp 276-279°C (uncorrected). IR (Vinax, Neat, cm™'): 3434,
3221, 3089, 1659, 1532, 1473, 1362, 1239, 856. '"H NMR (300 MHz, CDCl3) 3 9.67 (s, 1H), 8.31
(t,J=9.5Hz, 1H), 7.59 (dd, J=11.0, 6.4 Hz, 1H), 4.04 (dd, J=11.5, 4.1 Hz, 2H), 1.42 (m, 2H),
1.22 (m, 10H), 0.84 (m, 3H); *C NMR (100 MHz, CDCIl3 + DMSOd; ) 6 161.19 (d, J =9 Hz),
155.26 (s), 154.88 (s), 150.76 (s), 150.39 (s), 150.07 (s), 149.68 (s), 145.95 (s), 145.56 (s), 145.18
(s), 135.36 (m), 131.62 (s), 122.02 (m), 112.85 (d, J=13 Hz), 112.48 (d, /=13 Hz), 102.52 (d, J
=11 Hz), 102.14 (d, J = 11 Hz), 49.77 (s), 30.40 (s), 28.68 (s), 28.59 (s), 27.71 (s), 26.67 (s),
21.91 (s), 13.37 (s); Anal. calcd for C;7H,oF2N,Os5: C, 60.35; H, 5.96; N, 8.28; Found C, 59.98; H,
6.01.; N, 8.32. ES-MS (M+H): 339.1 m/z.

6,7-dichloro-1-ethyl-3-nitroquinolin-4(1H)-one (13k)

5 This compound was prepared via interaction of corresponding 3-carboxylic

cl :@\)ﬁ/NOz derivative (287.1mg, 1 mmol) following the procedure 1. The crude product
N | thus obtained was purify using column chromatography (20%

) EtOAc/hexane) to give the title compound 241.16 mg (84 %) as pale yellow

solid; mp 266-267°C (uncorrected). IR (Vimax, Neat, cm!): 3421, 3211, 3090, 1651, 1512, 1485,

Cl




1352, 1231, 856, 660; '"H NMR (300 MHz, CDCl3) 6 9.82 (s, 1H), 8.49 (s, 1H), 7.97 (s, 1H), 4.53
(q, J = 6.7 Hz, 2H), 1.56 (t, J = 7.0 Hz, 3H); 3C NMR (100 MHz, CDCl; + DMSOd; ) 5 163.41,
146.26, 136.80, 136.45, 132.07, 129.76, 128.04, 126.82, 117.46, 48.05, 13. 65; Anal. calcd for
C1HsCLN,0;: C,46.02; H, 2.81; N, 9.76; Found C, 46.22; H, 2.74; N, 9.68. ES-MS (M+H): 286.9
m/z.

6,7-dichloro-1-cyclopropyl-3-nitroquinolin-4(1H)-one (131)

o This compound was prepared via interaction of corresponding 3-
C':@\)]/N% carboxylic derivative (299.11mg , 1 mmol) following the procedure 1. The
cl N crude product thus obtained was purify using column chromatography

A (20% EtOAc/hexane) to give the title compound 248.26 mg (83 %) as pale

yellow solid; mp 271-271°C (uncorrected). IR (vVimax, Neat, cm!): 3440, 3321, 3101, 1644, 1521,
1467, 1331, 1242, 866, 649. '"H NMR (300 MHz, CDCl; ) 8 9.79 (s, 1H), 8.47 (s, 1H), 7.89 (s,
1H), 3.67 (dd, J = 2.9, 1.9 Hz, 1H), 1.02 (m, 2H), 0.82 (m, 2H); '3C NMR (100 MHz, CDCl; +
DMSOds) 6 163.01, 147.23,136.17, 135.26, 132.60, 129.79, 127.79, 127.75, 118.75, 33.42, 10.32.
Anal. calcd for C,HsCLLN,05: C, 48.19; H, 2.70; N, 9.37; Found C, 48.12; H, 2.72; N, 9.52. ES-
MS (M+H): 298.9 m/z.

1-butyl-6,7-dichloro-3-nitroquinolin-4(1H)-one (13m)

o 2 NG This compound was prepared via interaction of corresponding 3-
2
Ly
N

carboxylic derivative (315.15mg , 1 mmol) following the procedure 1. The
: i crude product thus obtained was purify using column chromatography

(20%EtOAc/hexane) to give the title compound 286.78 mg (91 %) as
yellow solid; 268-270°C (uncorrected). IR (Vinax, Neat, cm™): 3412, 3287,
3089, 1639, 1532, 1471, 1328, 1220, 869, 598. 'H NMR (300 MHz, CDCl; ) 6 9.77 (s, 1H), 8.49
(s, 1H), 7.95 (s, 1H), 4.13 (t, J= 7.6 Hz, 2H), 1.81 (m, 2H), 1.60 (m, 2H), 1.09 (m, 3H); 13C NMR
(100 MHz, CDCl;+ DMSOdj) 6 163.27, 145.26, 137.15, 136.48, 131.86, 129.70, 128.05, 125.14,
115.71, 47.60, 29.21, 18.96, 13.27. Anal. calcd for C;3H,CLLN,O5 : C, 49.55; H, 3.84; N, 8.89;

Found C, 49.43; H, 3.54; N, 8.73. ES-MS (M+H): 315.02 m/z.

1-(sec-butyl)-6,7-dichloro-3-nitroquinolin-4(1H)-one (13n)

o This compound was prepared via interaction of corresponding 3-
Cl | NO2 | carboxylic derivative (315.15mg , 1 mmol) with 10ml of conc. HNO; and
cl N




conc. H,SOy (3:1), following the procedure 1. The crude product thus obtained was purify using
column chromatography (20% EtOAc/hexane) to give the title compound 258.42 mg (82%) as
pale yellow solid; mp 265-266°C (uncorrected). IR (Vi Neat, cm™): 3367, 3298, 3083, 1661,
1541, 1469, 1373, 1249, 841, 582, 421. 'H NMR (300 MHz, CDCl; ) 6 9.71 (s, 1H), 8.45 (s, 1H),
7.97 (s, 1H), 4.79 (m, 1H), 1.49 (m, 2H), 1.16 (d, J= 6.1 Hz, 3H), 0.91 (dd, /= 9.6, 5.5 Hz, 3H);
3C NMR (100 MHz, CDCl; + DMSOds ) 8 163.30, 145.65, 137.82, 136.37, 132.45, 129.43,
128.00, 127.96, 118.37, 49.83, 26.76, 19.90, 8.01 . Anal. calcd for C;3H;,CI,N,05: C, 49.55; H,
3.84; N, 8.89; Found C, 49.51; H, 3.91; N, 8.73. ES-MS (M+H): 315.02 m/z.

6,7-dichloro-1-heptyl-3-nitroquinolin-4(1H)-one (130)

o This compound was prepared via interaction of corresponding 3-
Cl carboxylic derivative (356.07mg , 1 mmol) following the procedure
1. The crude product thus obtained was purify using column
chromatography(20% EtOAc/hexane) to give the title compound
307.21 mg (86 %) as pale yellow solid; mp 280-282°C
(uncorrected). IR (Vi Neat, cm): 3421, 3321, 3211, 3108, 1659, 1488, 1392, 1241, 860, 637,
487. "TH NMR (300 MHz, CDCl; ) 8 9.75 (m, 1H), 8.48 (s, 1H), 7.95 (s, 1H), 4.10 (td, J=7.5, 0.6
Hz, 2H), 1.45 (m, 4H), 1.21 (m, 6H), 0.85 (m, 3H); '*C NMR (100 MHz, CDCl; + DMSOd; ) 6
163.25, 146.18, 137.11, 136.47, 131.86, 129.69, 128.05, 125.13, 115.70, 48.26, 30.99, 27.78,
27.32,26.65,21.98, 13.37. Anal. calcd. for C;¢H3sC1L,N,O5: C, 53.80; H, 5.08; N, 7.84; Found C,
53.72; H, 5.11; N, 7.99. ES-MS (M+H): 357.07 m/z.

3,5,7-trinitro-1-(4-nitrobenzyl)quinolin-4(1H)-one (14a)

NOL O This compound was prepared via interaction of corresponding 3-
2

NO,

02N N procedure 1. The crude product thus obtained was purify using column

K@\ chromatography (40% EtOAc/hexane) to give the firstly title
NO

2

carboxylic derivative 14 (324.29mg , 1 mmol), following the

compound 14a 145.27mg (35 %) as canary yellow solid; mp >300°C.
IR (Vinax, Neat, cm!): 3132, 1660, 1532, 1329, 1261, 869. 'H NMR (300 MHz, CDCls) 8 10.05 (m,
1H), 8.99 (d, /=0.9 Hz, 1H), 8.22 (d, /= 8.5 Hz, 2H), 8.00 (d, /= 1.0 Hz, 1H), 7.69 (s, 2H), 5.88




(s, 2H); 13C NMR (100 MHz, CDCl; + DMSOd;s ) & 162.69, 150.40, 146.38, 146.30, 144.65,
143.84, 141.63, 130.14, 128.17, 123.83, 122.93, 122.89, 117.61, 113.49, 54.97. Elemental
Analysis calculated for C;¢H9NsOq: C, 46.28; H, 2.18; N, 16.86; Found C, 46.16; H, 2.15; N, 16.91.
ES-MS (M+H): 416.04 m/z.

1-(2,4-dinitrobenzyl)-3,5,7-trinitroquinolin-4(1H)-one (14b)

NO, O
NO,

This compound was prepared via interaction of corresponding 3-
carboxylic derivative 14 (324.29mg, 1 mmol) following the procedure 1.
The crude product thus obtained was purify using column

chromatography (40% EtOAc/hexane) to give the compound 14a and

NO,

then title compound 14b 138.08mg (30 %) as dark yellow solid; mp

>300°C. IR (Vinax, Neat, cm™!): 3214, 1656, 1521, 1341, 1269, 860. 'H NMR (300 MHz, CDCl; ) 6
10.06 (s, 1H), 8.96 (d, J= 0.9 Hz, 1H), 8.70 (m, 1H), 8.42 (d, J= 7.7 Hz, 1H), 8.03 (s, 1H), 7.77
(m, 1H), 6.05 (s, 2H); '*C NMR (100 MHz, CDCl; + DMSOdj) 6 162.69, 150.40, 147.80, 147.78,
146.37, 145.69, 141.81, 141.65, 140.27, 131.17, 129.34, 127.80, 123.57, 119.20, 117.60, 113.23,
52.61. Anal. calcd for CisHgNgO;;: C, 41.75; H, 1.75; N, 18.26; Found C, 41.56; H, 1.65; N, 18.12.
ES-MS (M+H): 461.03 m/z.

7-chloro-6-fluoro-3-nitro-1-(4-nitrophenyl)quinolin-4(1H)-one (16)

0]

F NO,
|
cl N

This compound was prepared via interaction of corresponding 3-
deacrboxylative (Krapcho decarboxylation, Procedure 2) derivative 15a
(197.59mg, 1 mmol) following the procedure 1, and then product so got
after purification arylated with 4-fluoronitrobenze (2 equivalent) in K,CO;

(4equivalnet)/DMF (8ml). The crude product thus obtained was purify using

column chromatography (25% EtOAc/hexane) to give the title compound



16 169.81mg (70 %) as yellow solid; mp 298-300°C. IR (Vpax, Neat, cm): 3312, 3114, 1653,
1511, 1340, 1222, 869, 740. '"H NMR (300 MHz, CDCl; ) 8 9.51 (s, 1H), 8.36 (d, J=8.6 Hz, 2H),
8.18 (m, 1H), 7.74 (m, 2H), 7.63 (m, 1H): 3C NMR (100 MHz, CDCl;+ DMSOdj) 6 162.53 (d, J
=7 Hz), 157.18 (s), 151.99 (s), 143.09 (s), 142.55 (s), 141.09 (s), 137.77 (s), 136.74 (d, J=7.5
Hz), 126.91 (s), 126.52 (s), 123.70 (s), 120.71(d, J = 11 Hz), 119.55 (s), 115.28 (s), 114.91 (s.
Elemental Analysis calculated for C;¢HgN¢Oq: C, 41.75; H, 1.75; N, 18.26; Found C, 41.32; H,
1.83; N, 18.25. ES-MS (M+H): 461.03 m/z.



Cl

oy
=3
]

@©

TIPYEL

8EQ9'8K

£ET8TIT
EITTETT /
PIOSLIT
UL s
6596'5TL
127€0921
959T°92T
COrETI
LE6%° €1 -
189€°GE1 \
L6SY"CET
TL8T9PT —

OLELTSL
BOS6'LET ———n

LET6TIT
Shig ol —

0 ppm

180 1700 160 150 140 1300 120 110 100 90 80 70 60 50 40 30 20 10

190

TH and *C NMR Spectra of compound 13a



NO,

Cl

97EG T —

TS L
#8995 T —

2 = s

ppm

)

Lw

>

10

=
o

001

TOEH61

BLIT TS

69 TIL
1680°€11 %
LLTESIL
TREG'STT
THER' STl
EEATOTL
VLTI
6198921
99T1'TEl -
STEVLE
SOLELEL
LEPT LYl —
PISLTS ———
£686'LST ———

SSERTOT
PETHTOL —

MML,__LLW

170

180

O ppm

130 140 130 120 110 100 % 80 7O 60 50 40 30 20 10

160

190

TH and 3C NMR Spectra of compound 13b



NO,

0TRTET
8To6'81

6¥LT6T

[Ayv4.1d

c%m.m:
502: /
cﬁcﬂ.c:
LILEONT —s
88pSPT
66C97E] —a_
£h665T1 —
0LEYTT H“
0S0L €L
TELESET &l
O0PSEL
oITgr —
LS0L°TS
P06 L5T ———

PS6LT91
Wos T —

110

120

T T
160 150

170

180

90 80

100

130

140

190

TH and 3C NMR Spectra of compound 13¢



NO,

Cl

“pm

s

GLOD'R

61661
OPLLIT

S691'0¢

TRSLTTT
LoPIEll /
<0811
0SLERIL —_

PESSTI
0IST921 —
6LLELTL —
SOt LTI m
PToT Tl

ST LT \l
06T0°8€T
seserl
TEEFTST ———
T p—

896L791
Ou8TIl —

O ppm

10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

190

TH and 3C NMR Spectra of compound 13d



NO,

~

Cl

Mo

» o0

IS

FEITEL

66K 1T ————

LT6S0E —

£089°8F

G6L8TIT
09STEI1 /n
9PTILL

oRSEG1 |
PZECFE

REIPTL —
0966'6T1 ——
STLEGTL “
9889° (€1

00TOSET \
0001°CEl

ETIgSE —
0£1LESL
(] e—

894291
BREFTOT —

0 ppm

10

20

[

140 130 120 11¢ 100 90 8O0 TG 6D

50

60

180 170

190

TH and 3C NMR Spectra of compound 13e



ELRL"G

i

|
4k

i

10y ———

SOTTOT
TOEG'TOT

BLIECOI
19¥C°TTT
FOCOTIL

TPILTTT
OL6LTTL
Jatraraal
£r06TTI
SETOTET
L166°LEL
TS00'8eL
656081
LTELSEL
L80T'8EL
81061
1TETSHT
9ROV SEL
10Ty 6L
1007051
SLTFOST
TLIgOsL
£3T8FEL
6LOT'SST
SO6ET9L
9LOP 9L

NG

0 ppm

10

20

180 170 160 150 140 130 120 110 100 9O 80 70 60 50 40

190

TH and *C NMR Spectra of compound 13f



NO,

o

_ oot

68966

CoEL'TT

09E8°06

09%6'¢01
928001
80LE 0T
TEOr oL
TOOrTIL
95LETII
TLPRTIT
8096'CTLI

SEEL'ETL %
eesel
TILBETI
2% R0rd |
LSO0TEL /

£956°6ET
1£20'9¢1
HELOYET
89¢1'9¢1
O9EYFL —_
1968 FF1

o6 L
SLie'vrl
TORT'EFL
OLEL'GY
PROO0ST
I61T0ST
TERP'OS 1
966F0ST \\

0E6' 7S 1L
IS1ESST
1£8T' 191
FELE'TOT

0 ppm

0

1

20

0 110 100 9% 80 70 60

2

180 170 160 150 140 130 1

190

TH and 3C NMR Spectra of compound 13g



LY

R

8}

€008 ———

oreEL' 6l ——

SORE°LT ———

6008 —

£OSL'CL
6119701
S9TLYOL
£6L6F01
TLT1°60T
ELOETIL
OTHPeIT
SEO9TIL
T808°ZT1
8T9TFTL
60EEPTL
SLLEVTL
O6LLPPTT
So0TTel
LT6£9E1
8LEYOEL
LTLY9ET
TEOY'9ET
9LOL'9ET
669L9ET
LL8LIEL
066811
0806'F¥L
616T° ST
9L6T'SPT
383 4948
LLLE6YT
Ev8Lorl
LLvL6YT
SLIL0ST
STRPOCT
STLETSL
0096'FST
SrOT 191

-

TR\

0 ppm

10

20

40

0

60 S

0

180 170 160 150 140 130 120 110 100 90 80 7

190

TH and 3C NMR Spectra of compound 13h



NO,

SRR

— e

T

0

QLST'IT
LOPELT ——
9TPS0E ——

RS8Ry

SFe0T01
TLTTT0T
6E6¥ 201
809201
SOEFTIT
PorsTIil
CFISTIL
T668°TLL
LoTeTl
sgea’lTl
lege’1el
1920°CC1
6OP0TTL
PeCITTl
8FEITTL
TTESLEL
FOSTSEL
0TELsET
9E9ESEL
PREPSET
LBOI'SKI
0zegsyl
£TRESKT
OFIL6F]
Liclerl
I88OOST
LBOFOST
6BLLOSL
SLIOFST
Ts6Tss |1
0L917191
08ST191

N —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

190

TH and 3C NMR Spectra of compound 13i



Z

NO,

#-J-//\\

OLLEET ———
96 1T

SPLY9T e
LOLLLT V

THS'8C ——

FISY8T |\|
6007 0E

OLLL8Y —

TEOTOL
FEOTTOL
8ROFTOL
FLLETOL
LETFTLL
TIPSTIL
988LTIT
TT6'TIT
S616'1TL
86 ITL
T8ODTTL
FOTOTEL
ELOT'TTT
GILTTTL
£0T91ET
ETLICEL
£RECSET
LILTCEL
£L9T'SEL
QIBT'EPT
EresSrl
9ESH'EFT
12896
06L0°08T
[16€0s1
HISLOST
L988'FS 1
SEGTSET
L8FTTIST
TLET' 191

SV Y

0 ppm

10

20

40

]

120 110 100 90 80 70 60 S

O

13

)

A«

1

50

170 160 1

180

190

TH and '*C NMR Spectra of compound 13j



301
3

TH and 3C NMR Spectra of compound 13k

= ;
o © -
‘ W
Cl
Cl
)\ I ’ l |
S L L;IL — \____ o e P | S—— S
v I | e I T
10 & o 1 3 2 0 oEm
| ! | |
ps r |2 e
o o r o
2 —ZSsz8EE - .
5 S255E3dE g 2
] R = = et
€ FAANSANAS g @
T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm




Cl

Cl

TH and 3C NMR Spectra of compound 131

{ |
| I J‘, “ J ‘,"ﬂ 1 | I
ol 5 Y W & IR | ST L ) M I | .6
e — T . T . e o o
10 g o T ; 5 2 1 ) o
I L
}
i |
el el R i L g e
ol - 00 o0 O~ o O s} w
— R === TN [ =
= L e ] [l e o) ol ol
- R IR g <
& T RARRRRE E: E
/
|
T T T T T T T T T T T T T T T T T T T T
190 180 170 100 150 140 130 120 110 1000 90 80 70 60 50 40 30 20 10 (0 ppm




] Q.f‘ i J \ ) \j |

Cl

Cl

NO,

I iassakan I o [ [T [T
& ! G ] ] } 2z 1 0
L | LprL
o H‘ = ‘ﬂ o
o L= £=1 <= =
= L‘ = - aled e
8 Fagogey p o = s
~ el s = ) — % = (=]
ol =9t O = = o =
e i o & Ia) oo
=] = oo oen o1 el 6l o— Ll @ oo e
—_— — e = = - =+ <l ——
| \\ \ (/ /
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 1100 100 90 80 70 60 50 40 30 20 10 () ppm

TH and 3C NMR Spectra of compound 13m




Cl

Cl

163.3063

2

137.824
136.3723
——— 132.4551
——— 1294367
128.0093

49,8311

———— 143.6579
127.9626
——— 118.3779

—

[
= =
e 2
)
oo
P

8.0129

T
190

T
180

T
170

T
160

T T T T T T T T T T T T
130 140 130 120 110 100 S0 8¢ 70 60 50 40

TH and 3C NMR Spectra of compound 13n

10

T
0 ppm




Cl

Cl

REm

<

TRLEET

0686'TT
886097
LETOLT ——==
SL8L°12 “
LGOS

9T9T8r

080L°CLT
1918l

L8SO'BTL Wl
£L6Y6TT ———
SO0 TET —
£TLY9ET — =
IELILEL -

TL8L'OPL

EPETEST

o LU

0 ppm

170 160 150 140 130 1200 110 100 % 80 70 60 50 40 30 20 10

80

1

190

TH and 3C NMR Spectra of compound 130



S 5
S
— Cx
{
\/
i N02 0]
NO,
O,N N
NO,
I J‘\ I I“ i | "
N | P VL o i
I I T
1G 9 ] 7 & 5 4 3 ik il 0] ppm
| ! ) ||
‘Z & Iy
=
E 2
bl =
pet &
\\\/ \ \V//
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 8O0 70 60 50 40 30 20 10 0 ppm

TH and 3C NMR Spectra of compound 14a




10:0577

NO, O
NO,

NO,

NO,

SV PL ..

=

s

&
r

0

=

e
p i R e B sl sl R R B = R
Pl R Bt R B = Sl o R S R »n
feal e~ = A B0 B Rl i W B u i e R R =
S¥®omBne o nEn QT z
CEYSESTTERANGEET i
i R e i R At B s R en e b
| ’
i
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

TH and 3C NMR Spectra of compound 14b

S



NO,

Cl

NO,

sy

J

PRm

e

6vlLl
6TEIT
SE6LL
S90TI
9L°0TT
LTI

Vi7"

607111 7
9cTrl
60°ErT \

66'161
8L'LSL

0 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 0 10

190

TH and 3C NMR Spectra of compound 16



Biological Evaluation

All the synthesized quinolone based molecules were evaluated for their BmTMK inhibitory
activity using a spectrophotometric assay. Some of these hybrid compounds showed significant
inhibition of BmTMK. The results have been summarized in Table 1. Among the all tested hybrids,
compound 14a and 14b were found to be the most potent compound of the series with ICs, value
of 3.11 and 2.9 uM . Three compounds of the series (14a, 14b and 16) showed ICs, values in the
range of 2.9-3.4 uM.

Docking Studies

In order to validate the selectivity of these compounds for filarial BmTMK as compared to human
thymidylate kinase (hTK) the comparative docking was carried out. In this experiment the all
designed compounds showed good binding affinity or selectivity towards BmTMK as compared
to hTK enzyme. These compounds were also compared with the standard substrate TMP for
validating the docking scores using template docking protocol from Molegro Virtual Docker 4.0.
The docking study clearly supports the observations that these compounds selectively inhibit the
filarial protein. The comparative docking scores and in vitro IC50 results were represented in the
table 1. The compound 14b also showed one hydrogen bond interaction with the Arg-98. The
compound also showed hydrogen bond interactions with Gly-103, His-70 and Thr-107 which may
contribute its higher binding scores than the remaining molecules. It is also showing “pi-pi”
stacking interactions with the Tyr-106, Phe-73, Phe-43 along with the hydrophobic interactions
with these amino acids. In case of the 14a it showed important interactions with amino acids viz.
Arg-98, Lys-20 and Ser-21 along with the additional hydrophobic interactions with Ser-21, Tyr-
106, Phe-73. The phenyl ring of the pheny ring on the quinolone part of the molecule also forms
“pi-pi” stacking interactions with the amino acids Phe-73 and Tyr-107 these interactions may

contribute for the higher binding scores and affinities for filarial enzyme.



Figure 1. The docking of compound 14a and 14b in the active site of BmTK.



Table 1. The comparative docking analysis of scores obtained during docking of BmTMK and hTK enzyme.

. MolDock  Rerank Docking Similarit | MolDock Rerank Docking  Similarity
Ligand Score Score Score y Score Score Score Score Score 1Cs0
hTK BmTK
13a -79.5965 -68.852  -328.308  -247.343 | -100.796  -83.8764  -430.527  -329.753 24.22
13b -85.2614 -70.873  -336.683  -250.241 | -99.0792  -85.9896  -431.742  -333.967 15.32
13c -68.0744 -36.0696 -346.07  -279.184 | -113.09 -94.3778  -460.435  -342.805 19.24
13d -89.1156 -64.172 -34436  -256.293 | -108.633  -86.2709  -442.552  -335.148 20.54
13e -89.3988 -68.9648  -376.423  -288.243 | -139.087  -102.635  -448.893  -311.807 153
13f -57.5574 -40.8753  -331.346  -272.241 | -94.1705  -80.7184  -426.444  -332.535 21.23
13g -80.2563 -67.2831  -329.625  -248.522 | -105.036  -76.9323  -440.751  -336.38 23.21
13h -88.0055 -70.1535  -344.857 -258.116 | -116.368  -94.1081 -436.464 -317.872 19.21
13i -81.7409 -64.9249  -359.099  -278.868 | -120.394  -95.2358  -465.952  -342.523 28.11
13j -109.655 -94.2736  -362.447  -248.796 | -125.381  -69.3578  -445.277  -321.491 29.11
13k -80.7085 -69.2156  -328.066  -246.039 | -99.1663  -82.5334  -428.199  -329.081 18.01
131 -72.0231 -58.011  -342.572  -265.101 | -104.166  -77.4672  -449.312  -346.608 25.28
13m -76.8326 -60.6093  -345.951  -270.038 | -113.9 -97.0834  -460.398  -342.249 31.21
13n -88.6888 -65.8386  -339.951  -250.383 | -114.454  -62.5448 -429.623 -316.428 22.81
130 -97.5435 -77.8008 -377.247  -280.961 | -130.126  -79.6063  -452.032  -323.499 21.2
14a -116.417 -94.1023  -440.055 -309.038 | -137.051 -111.361 -551.506 -407.706 3.11
14b -138.402  -101.46 -480.995  -329.518 | -146.743  -106.238 -584.918 -435.866 2.9
16 -91.4008 -67.6985 -406.978  -311.933 | -125.723  -103.016  -531.386  -399.827 34
TMP®  _126.393 -102.275 -622.611 -492.54 -122.112  -101.210  -620.603  -482.34 17




Materials and Methods

Biological assays

Thymidylate kinase assay:

The TMP kinase activity was measured spectrophotometrically using an enzyme coupling assay
I, The reaction mixture of 1.0 ml contained the following: 50 mM Tris-HCI pH 7.4, 50 mM KClI,
1.0 mM phosphoenolpyruvate, 1.0 mM MgCl,, 0.05 mM NADH, 2U pyruvate kinase, 2U lactate
dehydrogenase 0.05 mM TMP and 0.5 mM ATP. The molar ratio of MgCl, : ATP was kept
constant at 2. The reaction was initiated by the addition of the recombinant enzyme and the
decrease in absorbance at 340 nm was monitored at 37°C using a thermostated UV-2450 PC
spectrophotometer (Shimadzu, Japan). Activities were calculated using a molar extinction
coefficient of 6.22 mM-! cm™!. One unit of enzyme activity is defined as the amount of enzyme
catalyzing the production of 1.0 umol nucleoside diphosphate min-! under the above conditions.
All kinetic parameters were obtained from at least three measurements.

BmTMK inhibition assay:

Compounds were screened against recombinant BmTMK using a coupled assay with pyruvate
kinase and lactate dehydrogenase.! Activity was measured spectrophotometrically by following
the change in absorption at 340 nm due to the oxidation of NADH. The assay was carried out
using TMP as substrate (Km = 17 uM). Control spectrophotometric assays were performed to
verify that the compounds were inhibitors of PFTMPK and not of the coupling enzymes, by using
ADP as substrate and the two coupling enzymes pyruvate kinase and lactate dehydrogenase, but
no BmTMK or TMP.? Percentage inhibitions were determined at different concentrations of
inhibitors against BmTMK and percentage inhibition data were fit to the standard 1Csy equation
to calculate ICs,.

Molecular Docking

The molecular docking studies were carried out using the Molegro Virtual Docker 4.0 [3] which
is based on the hybrid guided differential evolution (DE) algorithm developed by Storn and Price
in 1995 [4]. It is based on the use of the predictive cavties during the search process which permits
its fast and accurate prediction of the binding modes as docking output which may be represented
by scoring function of MolDock which is based on a piecewise linear potential (PLP) introduced
by Gehlhaar et al. [5]. The docking algorithm in MolDock was guided with new term considering
the hydrogen bond interactions in account. The re-ranking procedure was also applied to increase

the precision in different runs. Before docking runs the protein preparation wizard from DS 2.0



was sued to minimize the protein structure using the default parameters using the earlier reported

protocol [6-9]. The pharmacophore based protocol from Molegro Virtual Docker 4.0 was used to

dock these ligands in the binding site. This information was used for docking of these ligands

using the homology modeled protein reported previously by our group. All other settings were

kept default as reported earlier [7-11].
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