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Abstract

A series of pyrazolone compounds with different substitution patterns have been synthesized

using microwave assisted methods and evaluated their in vitro antiproliferative activity against
human lung adenocarcinoma cell lines (A549 and NCI-H522). Among the tested compounds, the
pyrazolone P7 exhibited high antiproliferative activity against both A549 and NCIH522 cancer
cell lines while being 10 times less cytotoxic to non-cancerous cells. Moreover, our compounds P7
and P11 exhibited higher antiproliferative activity and selectivity against A549 and NCIH522 cells
compared to the clinically approved drugs Afatinib and Gefitinib. The cell cycle analysis showed
that the compound P7 and P11 arrests the cell cycle at GO/G1 phase, whereas the compounds

P13 and P14 involved in G2/M phase arrest. The results from antiproliferative activity screening,
cell cycle analysis and kinase profiling indicate that the suitably substituted 1,3-diarylpyrazolones
exhibit high antiproliferative activity against non-small cell lung cancer cells.

@ Antiproliferative activity against NSCLC cells
Cell Cycle Analysis

Kinase Profiling

Graphical Abstract

1,3-diarylpyrazolone compounds with halo-aryl moieties showed promising antiproliferative
activities against non-small cell cancer cells, and the cell cycle analysis indicated that the di-halo-
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compounds arrest cell cycle at G2/M phase, whereas the mono-halo pyrazolone compound arrests
at GO/G1 phase.
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1. Introduction:

Despite immense advances in the field of basic and clinical research, cancer remains one of
the leading causes of death in the world.1 Moreover, lung cancer is the most common type of
cancer with a morbidity rate of 11.6% and a mortality rate of 18.4% globally.2 In the U.S.,
lung cancer is by far the leading cause of cancer-related death among both men and women;
more deaths are caused by lung cancer every year than by breast, prostate, and colon

cancer combined. Approximately 85% of lung cancers are within a group of histological
subtypes collectively known as Non-Small Cell Lung Cancer (NSCLC), of which lung
adenocarcinoma and lung squamous cell carcinoma are the most common.3 Although the
treatment with Tyrosine Kinase Inhibitors (TKIs) has improved the outcomes for patients
with NSCLC, acquired resistance to TKIs causing the treatment failure and therefore new
non-TKI therapeutics are desperately needed.

Nitrogen heterocyclic compounds are an integral part of a huge number of natural and
synthetic compounds and play important roles in the biological systems. Among various
heterocyclic compounds, pyrazole and pyrazolone derivatives attracted huge attention in
recent years as synthetic scaffolds in combinatorial and medicinal chemistry.> Moreover, the
broad-spectrum of pharmacology properties about pyrazolone derivatives have been reported
including anti-microbial, anti-oxidant, anti-inflammatory, anti-tubercular, anti-tumor,

CNS activity, anti-viral, lipid-lowering, and antihyperglycemic activities.6 For example,
Edaravone (1) acts as an anti-ischemic neuroprotective agent, antipyrine and related drugs
(2) act as analgesic, antipyretic, anti-inflammatory agents, 4,4’-dihalopyrazolone derivatives
(3) act as human telomerase inhibitors and cytotoxic agents, Eltrombopag (4) acts as a drug
for the treatment of idiopathic chronic immune thrombocytopenia, and other pyrazolone
derivatives (5, 6, 7, 8 and 9) that exhibit anticancer properties related to breast, cervical and
other cancers.>” (Figure 1)

The high therapeutic properties of the pyrazolone compounds have encouraged organic
chemists to synthesize many novel chemotherapeutic agents. Despite numerous studies
reported on the biological activities of pyrazolone derivatives, most of the reports indicate
the use of 1-aryl-3-alkylpyrazol-5-ones with various substitutions at the C4-position (7,
Figure 2). Only a relatively small group of compounds contain 1-aryl-3-phenyl pyrazolones
with the variations on rings ‘A’ and ‘B’ but not on ‘C’ (8, Figure 2). It is surprising to see
that a very little focus is given to 1,3-diarylpyrazol-5-ones with substitutions on ring C that
does not have substitutions at the C-4 position on ring B.5 Therefore, we were interested

in synthesizing the less explored class of pyrazolone derivatives (9) and investigating

their antiproliferative activity with the main goal of identifying potential anticancer agents.
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Accordingly, we synthesized 17 pyrazolone derivatives and evaluated their antiproliferative
activities against A549 and NCIH522 cancer cell lines.

2. Results and Discussion

2.1. Chemistry

The classical strategy employed for the synthesis of pyrazolone derivatives involves the
cyclization of hydrazines and p-ketoesters by the modified Knorr pyrazole synthesis.5?:8
These condensation reactions are generally performed in reflux conditions in the presence of
either acids (e.g. acetic acid, p-Toluene sulfonic acid) or bases (e.g. piperidine or NaH) in
the boiling ethanol/methanol solvent. Alternatively, reactions of substituted hydrazines with
B-ketoamides, Athydroxy-B-ketoamides, B-ketothioesters or acrylates have been developed.?
Recently, metal catalyzed synthetic approaches for pyrazolone derivatives have also been
developed.10 However, many of the reported procedures seem to work well with alkyl
substituted pyrazolones but not for the diarylpyrazolones. Besides that, only one report
discussed the chemoselectivity issues in pyrazolone synthesis.®f Keeping in view the
demerits of the conventional techniques, we implemented microwave-assisted method

for the synthesis of 1,3-diarylpyrazol-5-one derivatives. Recent reports indicate that the
microwave-assisted methods enable reaching high temperatures quickly and transiently
while maintaining good control over the reaction conditions. They are often much

faster, cleaner, and able to produce higher yields as compared to conventional heating
procedures.! Previously, three independent groups2 reported microwave assisted synthesis
of pyrazolones of type 7 and 8 but not 9, using domestic (multi-mode) microwave which has
safety, fire hazard, and reproducibility issues. Moreover, the solvent-free methods are only
useful for the liquid substrates and that limits the scope of the reaction.122

Our single-mode microwave assisted synthetic approach involves the use of both liquids
as well as solid substrates for the synthesis of 1,3-diarylpyrazolones. (Scheme 1) We

have optimized reaction conditions such as the reaction temperature, time, and the solvent
system for the reaction of ethyl benzoylacetate and phenyl hydrazine. Among all the
solvents (ethanol, acetonitrile, water, glycerol, dichloromethane) tested, water and glycerol
combination produced the desired pyrazolone (P3) in good yield (88%) with only trace
amount of the corresponding ethoxy pyrazole (P3"). It is established that water can act as
a strong acid and/or a strong base in high-temperature reactions, thus avoiding the use of
mineral acids and bases which must be neutralized when the reaction is complete.13

With the optimized conditions in hand, a set of 1,3-disubstituted pyrazolones (P1-P11,
table 1) were initially synthesized and evaluated for their antiproliferative activity. Based
on the preliminary activity data, we have synthesized additional compounds (P12-P17)
with different substitution patterns. For antiproliferative activity comparison, P1 and P2

are synthesized using alkyl p-ketoesters. Based on the mass analysis, we identified the
product P1 as a hydroxylated pyrazolone with C-H oxidation on C-4 carbon. This type

of aerial oxidation is recently reported.14 Except the products P1 and P2, all products are
1,3-diarylpyrazolones (P3-P17) which are synthesized in good to excellent yields using aryl
B-ketoesters and arylhydrazines. A set of aryl B- ketoesters with -nitro, -bromo, -fluoro,
-methoxy, and -trifluoromethyl substituents at different positions on benzene ring were
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chosen to produce the C-ring substituted pyrazolones. Along with the desired pyrazolones,
considerable amount (up to 20%) of alkoxy pyrazole formation was observed for the
reactions of halo-arylhydrazines (P4, P5, P13, P14 and P15).%f However, we successfully
converted those product mixtures into single pyrazolone product via de-alkylation of alkoxy
pyrazoles by treating with HBr in acetic acid.1®

2.1.1. Characterization data of all the synthesized pyrazolones

4-hydroxy-4,5-dimethyl-2-phenyl-2.4-dihydro-3H-pyrazol-3-one (P1): 14 White crystals,
MP: 105 °C. 1H NMR (400 MHz, CDCl5): 6 1.51 (s, 3H), 2.16 (s, 3H), 4.44 (brs, 1H), 7.17
(t, 1H,J = 7.8 Hz), 7.36 (t, 2H, J = 7.8 Hz), 7.82 (d, 2H, J = 7.8 Hz). 13C NMR (100 MHz,
CDCl3): 612.7,22.2,77.4,119.0, 125.5, 129.0, 137.6, 163.5, 174.8. FT-IR: 691, 772, 896,
1085, 1150, 1221, 1366, 1389, 1493, 1594, 1698, 2915, 3406 cm~1. MP: 110 °C. HRMS
(ESI) caled for C11H13N20, (M+H™), 205.0975; found, 205.0975.

2-phenyl-5-propyl-2.4-dihydro-3H-pyrazol-3-one (P2): 27 White crystals, MP: 109 °C.
1H NMR (400 MHz, CDCls): & 1.05 (t, 3H, J = 8.0 Hz), 1.70 (m, 2H), 2.49 (t, 2H, J = 8.0
Hz), 3.43 (s, 2H), 7.20 (t, 1H, J = 8.0 Hz), 7.41 (t, 2H, J = 8.0 Hz), 7.89 (d, 2H, J = 8.0 Hz).
13C NMR (100 MHz, CDCls): 6 14.0, 20.2, 33.3, 41.9, 119.1, 125.2, 129.0, 138.3, 160.12,
170.8. FT-IR: 692, 756, 1407, 1498, 1610, 1715, 2815, 2962, 3109 cm~1. HRMS (ESI) calcd
for C1oH15N,0 (M+H™), 203.1179; found, 203.1181.

2,5-diphenyl-2.4-dihydro-3H-pyrazol-3-one (P3): 28 White crystals, MP: 136 °C, 1H
NMR (400 MHz, CDClg): 6 3.79 (s, 2H), 7.21 (t, 1H, J = 8.0 Hz), 7.40-7.45 (m, 5H),
7.74-7.76 (m, 2H), 7.96 (d, 2H, J = 8.0 Hz). 13C NMR (100 MHz, CDCls): & 39.7, 119.2,
125.4,126.1, 128.9, 129.0, 130.8, 138.2, 154.8, 170.3. FT-IR: 690, 756, 1118, 1331, 1458,
1496, 1595, 1716, 2952, 3063 cm™L. HRMS (ESI) calcd for C15H13N,0 (M+H™), 237.1022;
found, 237.1021.

2-(4-bromophenyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one (P4): 2° White crystals, MP:
152 °C, IH NMR (400 MHz, CDCIy): 6 3.81 (s, 2H), 7.48 (brs, 3H), 7.53 (d, 2H, J = 8.0
Hz), 7.75 (d, 2H, J = 4.0 Hz), 7.91 (d, 2H, J = 8.0 Hz). 13C NMR (100 MHz, CDCls): &
39.6, 118.1, 120.3, 126.0, 129.0, 130.6, 131.0, 131.9, 137.2, 155.0, 170.1. FT-IR: 690, 757,
1331, 1489, 1594, 1716, 2923, 3061 cm~1. HRMS (ESI) calcd for C15H1BrN,O (M+H*),
315.0128; found, 315.0130.

2-(4-chlorophenyl)-5-phenyl-2.4-dihydro-3H-pyrazol-3-one (P5): 30 White crystals, MP:
163 °C, IH NMR (400 MHz, CDCls): 8 3.83 (s, 2H), 7.39 (d, 2H, J = 8.0 Hz), 7.49 (brs,
3H), 7.76 (d, 2H, J = 4.0 Hz), 7.97 (d, 2H, J = 8.0 Hz). 13C NMR (100 MHz, CDCls): &
39.6, 120.0, 126.0, 128.9, 129.0, 130.3, 130.6, 130.9, 136.7, 154.9, 170.1. FT-IR: 689, 758,
828, 1092, 1331, 1492, 1593, 1716, 2917, 3058 cm~1. HRMS (ESI) calcd for C15H1,CIN,O
(M+H"), 271.0633; found, 271.0633.

5-(4-nitrophenyl)-2-phenyl-2.4-dihydro-3H-pyrazol-3-one (P6): 3! White crystals, MP:
188 °C, IH NMR (400 MHz, CDCl3): 6 3.88 (s, 2H), 7.25 (t, 1H, J = 8.0 Hz), 7.44 (t, 2H,
J=8.0Hz), 7.93 (d, 4H, J = 12.0 Hz), 8.31 (d, 2H, J = 12.0 Hz). 13C NMR (100 MHz,
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CDCly): 6 39.4, 119.3, 124.4, 126.0, 126.7, 129.1, 136.5, 137.7, 148.8, 152.2, 169.9. FT-IR:
692, 754, 854, 1109, 1344, 1520, 1597, 1723, 2911, 3047 cm™. HRMS (ESI) calcd for
C15H12N303 (M+H*), 282.0873; found, 282.0870.

5-(4-bromophenyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (P7): 31 White crystals, MP:

168 °C, H NMR (400 MHz, CDClg): 6 3.81 (s, 2H), 7.20-7.25 (m, 1H), 7.42 (t, 2H, J = 8.0
Hz), 7.56-7.59 (m, 2H), 7.62-7.64 (m, 2H), 7.93 (d, 2H, J = 8.0 Hz). 13C NMR (100 MHz,
CDCly): & 39.5, 119.2, 125.6, 127.5, 129.0, 129.8, 132.3, 138.0, 153.7, 170.1. FT-IR: 690,
762, 1189, 1330, 1496, 1595, 1710, 2947, 3061 cm™L. HRMS (ESI) calcd for C15H;,BrN,O
(M+H"*), 315.0128; found, 315.0124.

5-(4-fluorophenyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (P8): 31 White crystals, MP:
192 °C. IH NMR (400 MHz, CDCI3):  3.86 (s, 2H), 7.18 (t, 2H, J = 8.0 Hz), 7.25 (t, 1H, J
= 8.0 Hz), 7.46 (t, 2H, J = 8.0 Hz), 7.78-7.81 (m, 2H), 7.98 (d, 2H, J = 4.0 Hz). 13C NMR
(100 MHz, CDCl3): 6 39.9, 116.3, 116.4, 119.3, 123.3, 125.6, 128.2, 128.3, 129.1, 129.6,
138.2,153.8, 163.4, 165.4, 170.3. FT-IR: 583, 692, 765, 1119, 1218, 1328, 1498, 1595,
1708, 2950, 3062 cm~1. HRMS (ESI) calcd for C15H11FN,O (M+H™), 255.0928; found,
255.0929.

5-(4-methoxyphenyl)-2-phenyl-2 4-dihydro-3H-pyrazol-3-one (P9): 31 White crystals,
MP: 139 °C. 1H NMR (400 MHz, CDCl5): 6 3.84 (s, 2H), 3.89 (s, 3H), 6.99 (d, 2H, J = 8.0
Hz), 7.23 (t, 1H, J = 8.0 Hz), 7.45 (t, 2H, J = 8.0 Hz), 7.74 (d, 2H, J = 8.0 Hz), 8.00 (d, 2H,
J=8.0 Hz). 13C NMR (100 MHz, CDCl3): 6 39.9, 55.6, 114.5, 119.2, 123.8, 125.3, 127.8,
129.0, 138.4, 154.6, 161.8, 170.4. FT-IR: 754, 1167, 1248, 1466, 1559, 1715, 2838, 2949,
2061 cm™L. HRMS (ESI) calcd for C1gH15N205 (M+H"), 267.1128; found, 267.1126.

5-(3-methoxyphenyl)-2-phenyl-2.4-dihydro-3H-pyrazol-3-one (P10): 32 White crystals,
MP: 121 °C. IH NMR (400 MHz, CDCl): 6 3.73 (s, 2H), 3.79 (s, 3H), 6.91-6.93 (m, 1H),
7.14 (t, 1H, J = 8.0 Hz), 7.20 (d, 1H, J = 8.0 Hz), 7.26-7.30 (m, 2H), 7.35 (t, 2H, J = 8.0
Hz), 7.89 (d, 2H, J = 8.0 Hz). 13C NMR (100 MHz, CDCls): & 39.9, 55.6, 111.0, 116.8,
118.9, 119.3, 125.5, 129.1, 130.2, 132.3, 138.3, 154.7, 160.2, 170.4. FT-IR: 690, 757, 1040,
1168, 1253, 1321, 1468, 1562, 1507, 1717, 2836, 2950, 2063 cm~1. HRMS (ESI) calcd for
C16H15N,0, (M+H™*), 267.1128: found, 267.1128.

2-phenyl-5-(4-(trifluoromethyl)phenyl)-2,4-dihydro-3H-pyrazol-3-one (P11): 3! White
crystals, MP: 166 °C. TH NMR (400 MHz, CDCls): & 3.80 (s, 2H), 7.17 (t, 1H, J = 8.0
Hz), 7.37 (t, 2H, J = 8.0 Hz), 7.65 (d, 2H, J = 4.0 Hz), 7.81 (d, 2H, J = 4.0Hz), 7.88 (d,

2H, J=4.0 Hz). 13C NMR (100 MHz, CDCl3): 6 39.7, 119.4, 123.4, 125.8, 125.9, 126.2,
129.2,129.6, 132.0, 132.3, 132.6, 132.8, 134.3, 138.1, 153.3, 170.1, 171.4. FT-IR: 691,
756, 831, 1069, 1127, 1168, 1322, 1596, 1713, 2958, 3046 cm~L. HRMS (ESI) calcd for
C16H12F3N,0 (M+H*), 305.0896; found, 305.0894.

2-phenyl-5-(2,3.4,5-tetrafluorophenyl)-2.4-dihydro-3H-pyrazol-3-one (P12): Gum, H
NMR (400 MHz, CDCl3): 6 3.90 (s, 2H), 7.23 (t, 1H, J=8.0 Hz), 7.42 (t, 2H, J=8.0

Hz), 7.69-7.71 (m, 1H) 7.89 (d, 2H, J = 8.0 Hz). 13C NMR (100 MHz, CDCl5): § 41.9,
108.05, 108.08, 108.11, 108.26, 108.29, 108.32, 119.1, 122.3, 125.9, 129.1, 137.6, 147.9,
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170.0. FT-IR: 691, 761, 828, 1009, 1078, 1121, 1343, 1432, 1477, 1531, 1593, 1723, 2952,
3056 cm~L. HRMS (ESI) calcd for C15HgF4N,0 (M+H™), 309.0646; found, 309.0644.

2-(4-bromophenyl)-5-(4-fluorophenyl)-2,4-dihydro-3H-pyrazol-3-one (P13): White
crystals, MP: 197 °C. *H NMR (400 MHz, CDCl5): 6 3.82 (s, 2H), 7.14 (t, 2H, J = 8.0
Hz), 7.52 (d, 2H, J = 8.0 Hz), 7.73-7.77 (m, 2H), 7.88 (d, 2H, J = 8.0 Hz). 13C NMR (100
MHz, CDClsg): § 39.7, 116.2, 116.4, 118.3, 120.4, 124.5, 128.1, 128.2, 132.0, 132.6, 137.2,
153.99, 154.00, 163.1, 165.6, 170.0. FT-IR: 752, 824, 1011, 1126, 1322, 1593, 1706, 2939,
3048 cm™L. HRMS (ESI) calcd for Cy5H11BrFN,0O (M+H), 333.0033; found, 333.0034.

2,5-bis(4-bromophenyl)-2,4-dihydro-3H-pyrazol-3-one (P14): White crystals, MP: 183
°C. IH NMR (400 MHz, CDCl3): & 3.85 (s, 2H), 7.56 (d, 2H, J 8.0 Hz), 7.61-7.66 (m, 4H),
7.91(d, 2H, J = 8.0 Hz). 13C NMR (100 MHz, CDCls): 6 39.6, 118.5, 120.5, 125.6, 127.6,
129.7,132.1, 132.4, 137.3, 154.1, 170.1. FT-IR: 499, 821, 1006, 1068, 1123, 1486, 1589,
1699, 2942, 3056 cm™L. HRMS (ESI) calcd for C15H11BroN,0 (M+H™), 392.9233; found,
392.9234.

2-(4-bromophenyl)-5-(2-fluorophenyl)-2,4-dihydro-3H-pyrazol-3-one (P15): White
crystals, MP: 151 °C. 1H NMR (400 MHz, CDCl3): 6 3.96 (s, 2H), 7.17 (t, 1H, J = 8.0
Hz), 7.27 (t, 1H, J = 8.0 Hz), 7.43-7.48 (m, 1H), 7.54 (d, 2H, J = 8.0 Hz), 7.91 (d, 2H, J

= 8.0 Hz), 8.09 (t, 1H, J = 8.0 Hz). 13C NMR (100 MHz, CDCl3): & 42.47, 42.55, 116.5,
116.7,118.2,120.3, 124.71, 124.75, 127.50, 127.62, 131.9, 132.5, 132.6, 137.1, 151.0,
159.6, 162.2, 170.44, 170.48. FT-IR: 759, 825, 1012, 1213, 1492, 1721 cm~1. HRMS (ESI)
caled for Cq5H11BrFN,O (M+H), 333.0033; found, 333.0029.

1-(4-bromophenyl)-5-ethoxy-3-(2-fluorophenyl)-1H-pyrazole (P15°): Gummy liquid. 1H
NMR (400 MHz, CDCls): & 1.48 (t, 3H, J = 8.0 Hz), 4.25 (g, 2H, J = 8.0 Hz), 6.16 (d, 1H,
J=4.0Hz), 7.09-7.14 (m, 1H), 7.17-7.21 (m, 1H), 7.27-7.33 (m, 1H), 7.55 (d, 2H, J = 8.0
Hz), 7.74 (d, 2H, J = 8.0 Hz), 8.09-8.13 (m, 1H). 13C NMR (100 MHz, CDCl3): 6 14.7,
68.4, 87.44, 87.54, 116.03, 116.25, 119.7, 123.5, 124.39, 124.42, 128.27, 128.30, 129.70,
129.79, 132.0, 137.6, 145.7, 155.1, 159.1, 161.6, 171.3. GC-MS for C17H14BrFN20, m/z =
361.2 (M+).

5-(4-bromophenyl)-2-(4-(trifluoromethyl)phenyl)-2,4-dihydro-3H-pyrazol-3-one

(P16): White crystals, MP: 154 °C. IH NMR (400 MHz, CDCls): & 3.84 (s, 2H), 7.62-7.65
(m, 2H), 7.67-7.69 (m, 2H), 7.70 (d, 2H, J = 8.0 Hz), 8.16 (d, 2H, J = 8.0 Hz). 13C NMR
(100 MHz, CDCl3): 6 39.7, 118.6, 125.8, 126.3, 126.4, 127.7, 129.6, 132.5, 141.0, 154.4,
170.4, 171.4. FT-IR; 758, 820, 838, 1066, 1116, 1325, 1427, 1492, 1695, 2982 cm~L. HRMS
(ESI) calcd for C1gH11BrF3N,0 (M+H"), 383.0001; found, 383.0003.

5-(4-bromophenyl)-2-(3,5-dichlorophenyl)-2,4-dihydro-3H-pyrazol-3-one (P17): White
crystals, MP: 194 °C. 1H NMR (400 MHz, CDCls): 6 3.85 (s, 2H), 7.19 (brs, 1H), 7.62-7.63
(m, 4H), 7.99 (d, 2H, J = 8.0 Hz). 13C NMR (100 MHz, CDCl3): 6 39.5, 116.7, 125.0,
125.7,127.5,129.2, 132.3, 135.3, 139.5, 154.2, 169.8. FT-IR: 668, 727, 819, 867, 1066,
1174, 1311, 1429, 1583, 1701, 2958, 3042 cm™L. HRMS (ESI) calcd for C15H1oBrCl,N,0O
(M+H™), 382.9348; found, 382.9346.
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2.2. Pharmacology

2.2.1. Antiproliferative activity—The antiproliferative activities of P1-P17, including
P15’, against two human lung adenocarcinoma cell lines (A549 and NCI-H522) were
evaluated using CellTiter Glo assay.16 All assays were performed in triplicates and the
average of the cytotoxicity data, expressed as ICsq values, are summarized in Table 2. This
table also compares the activity of Afatinib and Gefitinib, two clinically approved drugs

to treat NSCLC.17. A549 cells are derived from epithelial carcinoma of non-small cell

lung cancer patient with KRAS mutation and EGFR wild typel® and NCI-H522 are also
non-small cell lung cancer cell lines with p53 gene mutation.1® As mentioned above, our
initial screening of compounds P1-P11 against A549 and NCI-H522 cells indicated that the
presence of 1,3-diarylpyrazolone moiety is important for the antiproliferative activity. (Table
2) Accordingly, we have synthesized and evaluated the antiproliferative activity of another
set of 1,3-diarylpyrazolone derivatives (P12-P17) with different substitutions on both rings
A and C. All the 1,3-diarylpyrazolone derivatives displayed dose-dependent trends against
A549 and NCI-H522 cells with 1C5q values ranging from 1.98 pM to >100 pM. (Figures, Sl)

Among all, the compounds bearing halogen substitutions on para-positions of A and/or C
rings exhibited strong inhibitory effect against both cancer cell lines. However, pyrazolones
with para- halo-substitutions on ring A (P4, P5) seems to be more cytotoxic when compared
to the compounds bearing halogens at para-position of ring C (P7, P8), especially towards
Ab549 and non-cancerous human lung fibroblast cells. This same trend is reflected with

the para-disubstituted pyrazolones (P13, P14 and P16) that have -fluoro, -bromo and
-trifluoromethyl groups. However, P7 exhibits high selectivity index as it is highly potent
towards NCIH522 and A549 compared to non-cancerous HLF cells. Compounds P9 and P10
carries methoxy substituents on ring “C”, that showed significantly less activity compared
to parent compound P3 and the halo-substituted pyrazolone compounds. Even though

less effective than parent pyrazolone P3, the compounds P6 (4-nitro, ICsg = 39.56 uM)

and P9 (4-methoxy, ICsq = 42.25 uM) exhibits relatively high antiproliferative activity
when compared to P10 (3-methoxy, ICsg >100 pM) which signifies the importance of para-
substitution on ring C. In comparison to pyrazolone P15, the high ICsq values 51.09 uM
(A549) and 61.70 uM (NCIH522) of alkoxypyrazole P15’ indicates the required presence
of amide carbonyl (C=0) in pyrazolones for exhibiting high antiproliferative activity. Most
importantly, the pyrazolones P7 and P11 exhibited less cytotoxicity against non-cancerous
lung fibroblast cells (ICsg: 61.26 pM and 26.06 pM) compared to A549 and NCIH522

lung cancer cells and therefore P7 and P11 can be tuned further to improve the potency
while retaining or possibly improving the selectivity index. Moreover, compounds P7 and
P11 outperformed both positive controls Afatinib and Gefitinib in terms of antiproliferative
activity and selectivity. Additionally, it is possible to use the targeted drug delivery approach
such as liposomal drug delivery strategy2° for the highly potent compounds that have less
selectivity index (P4, P5, P13-P16).

2.2.2. Cell Cycle Analysis—With the antiproliferative activity and structure activity
relationship data in hand, we performed cell cycle analysis of selected pyrazolone
compounds to gain preliminary insights on the mechanism of action. The antiproliferative
activity trends against cancerous and non-cancerous cells indicates that the potency of
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compounds results from either targeting DNA directly or indirectly. The cell cycle arrest is
an important sign for inhibition of proliferation and the series of events that take place in a
cell leading to its division and replication. Accordingly, we studied the effect of P7 and P11
on cell cycle progression in NCI-H522 cells using flow cytometry. Treatment of NCI-H522
cells with P7 and P11 for 48hrs at 5 4M concentration resulted in more cell population in
GO0/G1 phase with a corresponding decrease of cell percentage in both S and G2/M phases as
shown in Figure 3. A recent report by Zhu et al. indicated that a similar nitrogen heterocyclic
compound, dihydropyrrolone, acts as a potent GO/G1-phase arresting agent inducing cell
apoptosis by regulating the levels of p53 and p21/cyclin D1.21

In addition to P7 and P11, we studied the effect of other potent pyrazolones P13 and P14

on the cell cycle progression. Interestingly, the treatment of NCI-H522 cells with P13 and
P14 for 48hrs at 5 M concentration resulted in more cell population in G2/M phase with a
corresponding decrease of cell percentage in both G1 and S phases. (Figure 4) It is indicative
that para-halo substituted pyrazolones could influence NCI-H522 cell cycle progression at
low micromolar concentration.

Recently, Camero et. al. reported that pretreatment with three poly (ADP-ribose)
polymerase-1 (PARPL) inhibitors (Olaparib, Iniparib, Veliparib) was able to sensitize soft
tissue sarcoma cells to radiation by inducing cell cycle arrest at the G2/M checkpoint.22

In general, cancer cells are more reliant on the G2/M checkpoint for DNA repair than
non-cancerous cells due to G1/S DNA repair deficiencies, and therefore halting cell cycle
progression through the G2/M checkpoint selectively induces apoptosis in cancer cells. The
cell cycle analysis results confirmed that the pyrazolone P7 influences NCI-H522 cell cycle
progression in a different way than P13 and P14 (GO/G1 Vs G2/M) which partly explains
the difference in their selectivity towards non-cancerous cells. As most kinases responsible
for the cell cycle regulation and anti-apoptotic activity,23 the kinase inhibition activity of
compound P7 was tested across the kinome to get information on target selection. Among
the various biological targets for pyrazole derivatives, kinases are those of choice as the
presence of the extra nitrogen atom increases the possible fits in the ATP active site which
requires well positioned H bond donor acceptor systems.

2.2.3. Kinase Activity Profiling—Under the current drug discovery process, ‘high-
throughput kinase profiling” has become the standard approach for the discovery of lead
compounds for established as well as unexplored kinase targets.2* Literature also reveals
that many of the previously reported pyrazolone-based antitumor agents inhibit different
kinases such as VEGFR-2, ALK, c-Met.2° As part of our mechanistic investigation of
antiproliferative activity, compound P7 was screened over a panel of 485 kinases (including
110 oncogenic kinases) using outsourced Kinase Profiling Service.24P Surprisingly,
compound P7 showed no potential inhibitory activity against any tested kinase, except

for the modest activity against ACVRL1 (47%), ANKK1(50%) and NUAK2(41%) kinases.
These results indicate that the mechanism of action of pyrazolone P7 is perhaps different
from other previously reported pyrazolones.5&25
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3. Conclusions

We have developed a microwave assisted synthetic approach for the synthesis of 1,3-
diarylpyrazolone compounds. All the synthesized compounds have been characterized

by FT-IR, GC-MS, HR-MS and NMR spectroscopy and evaluated their antiproliferative
activities against two non-small cell lung cancer cell lines namely A549 and NCIH522.

A set of pyrazolone compounds displayed high inhibitory potential with low ICgq values
against both cancer and non-cancerous cells. However, the pyrazolones P7 and P11 exhibited
promising antiproliferative activity against cancer cell lines while being less cytotoxic to
non-cancerous human lung fibroblast cells. Cell cycle analysis and kinase profiling assays
were performed to gain additional insights on the mechanism of action. The cell cycle
analysis indicated that the compounds P13 and P14 arrest cell cycle at G2/M phase in
NCIH522 cells, whereas pyrazolone P7 and P11 arrest cell cycle at GO/G1 phase indicating
the possible differences in their mechanism of action. Additionally, the kinase inhibitory
activities of pyrazolone P7 was tested against a panel of 485 kinases, including 110
oncogenic kinases. Unlike many other nitrogen heterocyclic compounds, P7 did not exhibit
considerable inhibition of any cancer related kinases. Overall, the results indicated that the
suitably substituted 1,3-diarylpyrazolone compounds are highly potent against non-small
cell lung cancer cells and the pyrazolone P7 can be tuned further to develop selective and
potent non-kinase inhibitors with promising anticancer activity. While this initial chemistry
and pharmacology effort has produced interesting pyrazolone analogs, we continue to seek
compounds that are more potent and have improved ADME properties (i.e., lower ICsgp,
improved metabolic stability, longer half-life) through structure-based design.

4. Materials and methods:
4.1. Chemistry

4.1.1. General information: For the chemistry portion of this study, all solvents and
other chemicals were obtained/purchased from Sigma-Aldrich, and TCI. All the reagents
were commercial grade and if applicable, the solvents were purified according to the
established procedures, or were used without further purification. Organic extracts were
dried over anhydrous sodium sulfate. After completion of the reactions, solvents were
removed on a rotary evaporator under reduced pressure using Buchi Rotavapor equipped
with a vacuum controller and vacuum pump. Silica gel (60-120 mesh size) was used

for column chromatography. Reactions were monitored by TLC on silica gel precoated
aluminum cards with fluorescent indicator visualizable at 254 nm (0.25mm). Developed
plates were visualized using a Spectroline ENF 260C/FE UV apparatus. NMR spectra
were recorded on JEOL 400 MHz FT spectrometer in CDCl3 solvent. Chemical shifts are
expressed in & units (ppm) from tetramethylsilane (TMS) used as the internal standard
for IH NMR (400 MHz) and for 13C NMR (100 MHz). Infrared spectra (IR) were run
on a SpectrumOne FT-IR spectrophotometer. Band position and absorption ranges are
given in cm™1. GC-MS analysis carried out on an Agilent GC-MS (7890A — 5975C

VL MSD) system. High Resolution Mass Spectrometry (HRMS) was performed on an
Agilent 6230, and spectra recorded by electro-spray ionization (ESI) with a Q-TOF.
Microwave-assisted reactions were performed on Discover S-Class (CEM) single mode
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microwave reactor with the instrument settings controlled by using PC-running Synergy 1.4
software. All experiments were carried out in microwave reaction vials using a stirring bar.
Stirring, temperature, irradiation power, PowerMAX (in situ cooling during the microwave
irradiation), ramp and hold times were set as indicated. Temperature of the reaction was
monitored by a built-in infrared sensor. After completion of the reaction, the mixture was
cooled to 25 °C via air-jet cooling.

4.1.2. General Procedures for the Microwave Assisted Synthesis of 1,3-
Diarylpyrazol-5-ones: A 10 mL microwave reaction vial, equipped with a stir bar,
charged with the substituted p-ketoester (2 mmol), the appropriate arylhydrazine (2 mmol),
glycerol (1 mL) and water (1 mL). Then, the vial was sealed with Teflon-lined silicone

cap and placed in the microwave reactor. Microwave irradiation of 300W was used and the
temperature ramped from room temperature to 100 °C which takes about 1 minute. The
reaction continued for 20 minutes at the same temperature while stirring. After that, the
reaction mixture was cooled to room temperature, extracted with ethyl acetate, dried with
sodium sulfate, and solvent was removed under vacuum to get the crude product. If the
crude product is solid, it was recrystallized using acetonitrile solvent to obtain pure product
in crystalline form. In some cases, the products were purified by column chromatography
using hexane-ethyl acetate as eluent.

4.1.3. Structures assignment: GC-MS, FT-IR, ESI-MS (HRMS), 1H- and 13C-
NMR analysis—The structures of all the synthesized pyrazolone derivatives were
confirmed by 1H-NMR, 13C-NMR, FT-IR, GC-MS and HRMS analysis. Compounds
P1-P11 reported earlier and the P12-P17 are new compounds. Based on the literature,
N-substituted pyrazol-5-ones exists in the tautomeric forms as shown below.2® The research
indicates that the form which will be more dominant depends mainly on the type of solvent
it is dissolved in. In the gaseous phase, apolar solvent and solvents with low polarity, such
as CH,Cl,, CHCI3, and CCly, only the keto form is observed. The enol form is predominant
in polar solvents, such as DMSO, THF, and CH3CN. NMR of all our compounds in CDCl3
show a clear -CH,- signal in the pyrazolone ring and the absence of a broad peak around
10-12 ppm in 1H-NMR confirms the absence of enol (OH proton) form. Single-crystal
X-ray crystallography analysis of P13 confirms the same. (Figure 5)

4.2. Pharmacology

4.2.1. Antibodies, Chemicals and Reagents—CellTiter Glo® reagent (Catalog #
(G9242) for anti-proliferative assay was purchased from Promega Corporation (Madison,
WI1). Celecoxib as a positive control for anti-proliferative activity was purchased from TCI
America. Propidium lodide flow cytometry kit (Catalog # ab139418) for cell cycle analysis
was purchased from Abcam (Cambridge, MA).

4.2.2. Cell lines and culture—A549 and NCI-H522 are non-small cell lung
adenocarcinoma cell lines and were purchased from American Type Culture Collection
(ATCC, Rockville, MD). Both cell lines were cultured in RPMI 1640 (ATCC) with 10%
(v/v) FBS, 0.01 mg/mL bovine insulin and 0.1 mg/mL penicillin/streptomycin. Primary
Lung Fibroblast, Non-cancerous, Human (HLF) cell line was purchased from ATCC and
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was cultured in fibroblast basal medium supplemented with fibroblast growth kit-low serum
components (ATCC). All the cells were maintained at 37 °C with 5% CO,. The cells were
passaged two to three times before conducting all the experiments.

4.2.3. Evaluation of Antiproliferative Activity by Cell-Titer Glo assay—
Determination of anti-proliferative activity of the compounds was carried out using a Cell
Titer-Glo® Luminescent cell viability assay (Promega Corporation, Madison, WI). In this
assay, cell viability is determined and analyzed by the quantitation of ATP in the cells as
the number of ATP present is proportional to number of viable cells. This cell-based assay
was done in 96-well plate in which approximately 10,000 cells per well were coated using
the complete medium and incubated overnight at 37°C and 5% CO».Various concentrations
of the compounds were prepared by dilution with serum-free medium and triplicates of
each concentration were used for treatment. A wide range of concentration of compounds
from 0.001 to 100 uM (100 pL/well) were used. 0.2% sodium dodecyl sulfate (SDS) and
1% dimethyl sulfoxide (DMSO) treated cells were used as negative and positive controls,
respectively. The treated cells were incubated for 72 hours at 37°C and 5% CO,. After

the incubation, the cells were washed with phosphate buffer saline (PBS) and 100 pL/well
of CellTitre-Glo® reagent was added. Then, they were further incubated for 20 mins and
their luminescence was measured using microplate luminescence analyzer (Biotek Synergy,
Winooski, VT, USA). ICsy was determined by plotting a log dose-response curve using
Prism® (GraphPad software, La Jolla, CA).

4.2.4. Cell Cycle Analysis—Approximately 1 x 10° NCI-H522 cells were seeded onto
6 well-plate overnight and then treated with 5 uM of P7, P11, P13 and P14 in serum-free
medium for 48 hours. After incubation, the cells were washed with PBS and then fixed with
70% ethanol for 2hours at —20 °C dropwise with intermittent vortexing. After centrifuging
at high speed (10000 rpm) for 5 min, the supernatant was aspirated, and the cells were

then washed twice with PBS. Washed cells were resuspended in distilled water with 100
pg/mL RNase and 40 pg/mL propidium iodide, followed by incubation at 37°C for 30
minutes. After washing with PBS, the cells were analyzed for DNA content (10,000) using
a FACSCalibur flow cytometry instrument (BD Biosciences, San Jose, CA) operated with
CellQuest Pro software (BD Biosciences). Appropriate FSC vs SSC gate was conducted
during the flow cytometric analysis to remove the cell debris and cell aggregates. The
experiments were repeated in triplicate and those without compound treatment were taken as
control.

4.2.5. Kinase Activity Profiling—ThermoFisher (SelectScreen Kinase Profiling) used
FRET assays based on the differential sensitivity of phosphorylated and non-phosphorylated
peptides to proteolytic cleavage and employs a fluorescence-based, coupled-enzyme format.
The peptide substrate is labeled with two fluorophores-one at each end-that make up a FRET
pair. The kinases that are inhibited at >80% will then be chosen for further dose-response
curve determination by the 10-point 4-log ICsq determinations.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Structures of biologically active pyrazolone derivatives
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Figure 2.
General structures of pyrazolone derivatives with different substitution patterns
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Figure 3.
Effects of pyrazolones P7 and P11 on the cell cycle progression of NCI-H522 cells, ***

represents p-value < 0.001.
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Figure 4.
Effects of pyrazolones P14 and P13 on the cell cycle progression of NCI-H522 cells, ***

represents p-value< 0.001.
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Figure 5.
Keto-enol forms of pyrazolones and keto-form preference in solid state.
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Scheme 1.
Microwave assisted synthesis of 1,3-diphenyl pyrazol-5-one P3
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Table 1.

Microwave assisted synthesis of 1,3-disubstituted pyrazol-5-ones
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Antiproliferative activity of the synthesized pyrazolone compoundsa

Table 2.

1C5o UM
S. No. AS49 NCIH522 Non-cancerous HLF b
pc-1€ 8.46 + 2.03 5.34+0.94 12.15+3.12
pC-2¢ 1427 +4.20 | 13.86+2.99 | 24.39+2.16
P1 >100 >100 >100
P2 >100 >100 ND
P3 10.35+1.55 | 17.01+2.61 | 25.12+1.39
P4 2.61£1.12 4.93+1.13 0.72+ 1.07
P5 1.98+ 1.10 450+1.16 0.99+1.25
P6 39.56+1.05 | 40.5+2.30 26.84+1.40
P7 6.35+0.85 4.70+1.38 61.26 + 1.08
P8 9.51£3.12 17.88+3.36 | 17.71+1.10
P9 42.25+276 | 51.25+3.06 | ND
P10 >100 >100 ND
P11 5.98+0.84 4.88+1.73 26.06 + 1.12
P12 8.6 +0.59 9.9+2.44 8.52 +1.09
P13 2.67£0.51 3.70+0.34 3.57+1.15
P14 2.73+0.28 2.41+0.57 255+1.10
P15 3.58+0.88 10.22 +1.30 | 1.07+1.30
P15’ 51.09+1.14 | 61.70+1.12 | 45.10%+1.15
P16 3.37+0.10 295+0.18 1.45+1.14
P17 5.56 +0.07 5.07£1.18 6.94 +1.12

a . . .
Each experiment was independently performed three times and values are represented + SD

b ]
non-cancerous human lung fibroblast cells

CPC = positive control (PC-1 = Afatinib, PC-2 = Gefitinib)

Chem Biol Drug Des. Author manuscript; available in PMC 2023 April 25.

Page 26



	Abstract
	Graphical Abstract
	Introduction:
	Results and Discussion
	Chemistry
	Characterization data of all the synthesized pyrazolones
	4-hydroxy-4,5-dimethyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (P1):
	2-phenyl-5-propyl-2,4-dihydro-3H-pyrazol-3-one (P2):
	2,5-diphenyl-2,4-dihydro-3H-pyrazol-3-one (P3):
	2-(4-bromophenyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one (P4):
	2-(4-chlorophenyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one (P5):
	5-(4-nitrophenyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (P6):
	5-(4-bromophenyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (P7):
	5-(4-fluorophenyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (P8):
	5-(4-methoxyphenyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (P9):
	5-(3-methoxyphenyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (P10):
	2-phenyl-5-(4-(trifluoromethyl)phenyl)-2,4-dihydro-3H-pyrazol-3-one (P11):
	2-phenyl-5-(2,3,4,5-tetrafluorophenyl)-2,4-dihydro-3H-pyrazol-3-one (P12):
	2-(4-bromophenyl)-5-(4-fluorophenyl)-2,4-dihydro-3H-pyrazol-3-one (P13):
	2,5-bis(4-bromophenyl)-2,4-dihydro-3H-pyrazol-3-one (P14):
	2-(4-bromophenyl)-5-(2-fluorophenyl)-2,4-dihydro-3H-pyrazol-3-one (P15):
	1-(4-bromophenyl)-5-ethoxy-3-(2-fluorophenyl)-1H-pyrazole (P15’):
	5-(4-bromophenyl)-2-(4-(trifluoromethyl)phenyl)-2,4-dihydro-3H-pyrazol-3-one (P16):
	5-(4-bromophenyl)-2-(3,5-dichlorophenyl)-2,4-dihydro-3H-pyrazol-3-one (P17):


	Pharmacology
	Antiproliferative activity
	Cell Cycle Analysis
	Kinase Activity Profiling


	Conclusions
	Materials and methods:
	Chemistry
	General information:
	General Procedures for the Microwave Assisted Synthesis of 1,3-Diarylpyrazol-5-ones:
	Structures assignment: GC-MS, FT-IR, ESI-MS (HRMS), 1H- and 13C-NMR analysis

	Pharmacology
	Antibodies, Chemicals and Reagents
	Cell lines and culture
	Evaluation of Antiproliferative Activity by Cell-Titer Glo assay
	Cell Cycle Analysis
	Kinase Activity Profiling


	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Scheme 1.
	Table 1.
	Table 2.

