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INTRODUCTION

Due to the exceptional advantages of nitrogen-based hetero-
cyclic compounds like ease of synthesis, lesser side effects,
reduced drug resistance, better biocompatibility and higher
bioavailability have proved to be a major step in drug discovery
[1]. Heterocyclic compounds are mostly extracted from plants
and animals and serve a vital role in the pharmaceutical industry
[2]. Among the heterocyclic compounds, quinoline and its
analogs play a noteworthy role in medicinal chemistry due to
their exceptional biological and pharmacological activities
[3,4]. Quinoline and its analogs are found to have antifungal,
anticancer, antimalarial, antibacterial and anti-inflammatory
properties [5]. Also, pyrazole and its derivatives have emerged
as a potential class of heterocyclic compounds in the synthesis
of new anticancer drugs due to their promising results for non-
small cell lung cancer (A549) and liver cancer (HepG2) [6].
Similarly, phthalazine analogs due to their known pharmacolo-
gical properties like anticancer, antidepressive, antimicrobial
and antidiabetes as well as in the recent studies their use in the
synthesis of anticancer drugs has emerged as a potentially new
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In present work, the synthesis, characterization, antibacterial and anticancer activities of a novel series of 1H-pyrazolo[1,2-b]phthalazine- |
5,10-dione derivatives bearing 2-aryloxyquinoline nucleus (6a-1) is reported. /n vitro antibacterial and anticancer activities against used |
strains and two cell lines A549 and HepG2 as well as enzyme inhibitory activities against EGFR and FabH were carried out. The most
potent inhibitory activity against EGFR was displayed by compound 6l and against FabH by compound 6i. Docking studies showed that |
compound 61 was bound to the active pocket of EGFR with hydrogen bond and m-H interaction with minimum binding energy and |
compound 6i was bound to the active site of FabH with hydrogen bond and nt-H interaction having minimum binding energy. DFT studies |
explained spatial arrangement as well as HOMO-LUMO to evaluate the plane angle. On the basis of their substitutions, these plane angles |
were then related with their activity against EGFR and FabH as well as antibacterial and anticancer activities. |
|
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area with promising scope in the development of novel anti-
cancer drugs [7].

Studies on the EGFR-driven autocrine pathway indicated
that the development and progression of cancer are largely
governed by EGFR, a tyrosine-kinase enzyme found abund-
antly in the human epithelial cell membranes [8]. High levels
of EGFR have been reported to be the major cause of a number
of cancer types and are responsible for solid tumor growth [9].
The tyrosine kinases play a central role in cell growth and
differentiation and also have a significant role in tumorigenesis
which opens new avenues in medicinal intervention [10]. After
ligand binding to EGFR, the receptor tyrosine kinase undergoes
autophosphorylation, activating the downstream signal trans-
duction pathways that ultimately result in EGFR inhibition
and cancer cell death [11]. Thus, EGFRs are an important target
for the designing of anticancer drugs [12]. Moreover, studies
on the four generations of tyrosine kinase inhibitors indicate
the increased resistance due to mutations in the kinase domain
[13] of the first generation, low therapeutic window [14] offered
by the second generation, low efficacy [15,16] in the third gene-
ration and the low efficacy of fourth-generation allosteric inhi-
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bitors [17]. Due to these disadvantages, it is worthwhile to create
novel scaffolds that can bind to both ATP and allosteric sites.

Another important area for designing new antibacterial
drugs is type Il fatty acid synthesis (FAS) in bacteria, which is
essential for the survival of the cell and it also emphasizes the
difference between bacterial and human fatty acid synthesis.
The difference in the organization, enzyme structure and their
specific roles makes for an attractive pathway for new drug
discovery. Initiating the fatty acid elongation cycle and taking
part in feedback control of the biosynthetic pathway via suppre-
ssion of product accumulation, FabH, also known as -keto-
acyl-acyl carrier protein (ACP) synthase III, is an essential
regulatory element in bacterial FAS. While Gram-positive and
negative bacteria have an almost fixed sequence of FabH proteins
in their structure, humans have no such significant homologous
proteins. Furthermore, the Gram-positive and negative active
site residues are almost identical, suggesting that FabH might
serve as a viable target for the synthesis of novel antibacterial
drugs with low toxicity, excellent selectivity and broad-spectrum
antibacterial action [18-27].

Studies suggest that quinoline hybrids due to their low side
effects and higher efficiency are a promising tool to develop
new drugs and pharmacophores against cancer [28]. The MCR
(multi-component reaction) approach is taken into consid-
eration due to its simple process, varied structure, high yields
and less waste generation to synthesize 1H-pyrazolo[1,2-b]-
phthalazine-5,10-dione [29,30]. This was done by the cyclo-
condensation of phthalhydrazide, aldehydes and malononitrile/
ethyl cyanoacetate catalyzed by p-TSA [31], EtsN, or [bmim]-
OH [32]. However, 2-aryloxyquinolines-3-carbaldehyde has
not been employed so far. Considering the pivotal biological
role of recognition of 1 H-pyrazolo[ 1,2-b]phthalazine-5,10-dione,
amodification on the 1-position of 1 H-pyrazolo[1,2-b]-phtha-
lazine-5,10-dione by 2-aryloxyquinolines-3-carbaldehyde is
performed to check whether it may bring significant changes
in the bioactivities of 1H-pyrazolo[1,2-b]phthalazine-5,10-
dione or not. In the context of our interest in developing new
antimicrobial agents via a combination of two therapeutically
active moieties [15,16,33-37], herein, the synthesis of 1H-
pyrazolo[1,2-b]phthalazine-5,10-dione (6a-1) derivatives by
MCR approach is reported.

EXPERIMENTAL

The chemicals viz. acetanilide and its methyl and methoxy
substituents, phenol and its fluoro derivatives, malanonitrile,
ethyl cyanoacetate, 2,3-dihydrophthalazine-1,4-dione and
phosphorous oxychloride were purchased commercially and
further purified by recrystallization and distillation, while the
solvents ( dimethyl formamide and ethanol) were of analytical
grade. Thin-layer chromatography (TLC) on aluminium plates
coated with silica gel 60 F,s4, 0.25 mm thickness, Merck was
used to monitor each step of the series. The XT4MP apparatus
was used to find the melting points (uncorrected). 'H NMR
and “C NMR spectra were recorded in DMSO-d; on a Bruker
Avance 400 MHz spectrometer using DMSO as solvent. The
CHNY/S/O Elemental Analyzer 2400 Series II, Perkin-Elmer

was used for the elemental analysis (% C, H, N) and IR spectra
were recorded on Perkin Elmer spectrum-GX spectrophoto-
meter using KBr pellets. Mass spectra were scanned on a
Thermo-fisher LCMS spectrometer.

Synthesis of 2-chloro-3-formylquinolines (1a-c): The
synthesis of 2-chloro-3-formylquinolines (1a-c) was carried out
using the Vilsmeier cyclization of substituted acetanilides. The
Vilsmeier Haack reagent, chloromethyleneiminium salt, was
prepared in situ by adding POCI; (12 mol) to DMF (3 mol)
dropwise with continuous stirring using a magnetic stirrer and
keeping the temperature between 0-5 °C. After complete
addition, the resulting Vilsmeier Haack reagent was brought
to room temperature and then the calculated quantity of substi-
tuted acetanilide (1 mol) was added and the mixture was refluxed
in an RBF on a water bath for 6-7 h keeping the temperature
at 90 °C. The resultant mixture was then brought at room temp-
erature and poured into crushed ice where yellow precipitates
of 2-chloro-3-formylquinolines (1a-c) separated out in good
to moderate yield. The resulting precipitate was filtered, washed
with water, dried and purified by recrystallization from ethyl
acetate/acetonitrile with an overall yield of 62-69%.

It was observed that substitution at the para position affected
the yield and the reaction time. Substitution of electron with-
drawing groups at the para position increases the yield and
reduces the reaction time. When there is no substitution (1a)
on the para-position, the yield was 62% with higher reflux
time, while in case of methoxy substitution on the para-position
it gave higher yield of 69%, among all the synthesized mole-
cule with lower reflux time.

Synthesis of 2-aryloxyquinoline-3-carbaldehyde (3a-f):
2-Chloro-3-formylquinolines (la-c¢, 1 mol) and phenol (2a-b,
1 mol) were mixed and refluxed at 85 °C on a water bath using
anhydrous K,COs as a base for 1.5 h. The reaction mixture
was cooled and poured on crushed ice with continuous stirring
followed by neutralization with 1.5 N HCI, which resulted in an
excellent yield of 2-aryloxyquinoline-3-carbaldehyde (3a-f).
The resulting precipitates were filtered, washed with water,
dried and crystallized using ethanol. This reaction involved
the nucleophilic substitution of the chloro group at C; in
2-chloro-3-formylquinolines (1a-¢) with phenol (2a-b), where
the yield was increased with a decrease in reaction time when
an electron-withdrawing group like fluoro was substituted at
the para-position of the phenol.

Synthesis of 3-amino-1-(2-(4-substituted phenoxy)-6-
substituted quinolin-3-yl)-5,10-dioxo-5,10-dihydro-1H-
pyrazolo[1,2-b]phthalazine-2-carbonitrile (6a-f) and ethyl
3-amino-1-(2-(4-substitutedphenoxy)-6-substituted quino-
lin-3-yl)-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]-
phthalazine-2-carboxylate (6g-1): The synthesis of the target
compounds 6a-f and 6g-1 was carried out using the one-pot
MCR approach. In RBF, 2-aryloxyquinoline-3-carbaldehyde
(3a-f, 5 mmol) was added along with ethyl cyanoacetate or
malanonitrile (4a-b, 5 mmol) and 2,3-dihydro-1,4-phthalzine-
dione (5, 5 mmol) with ethanol (10 mL) as solvent along with
a catalytic amount of piperidine. The reaction mixture was
heated under reflux for almost 4 h and it was monitored using
thin-layer chromatography (TLC). After the completion of the
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reaction, the solid separated was filtered and washed with ethanol
to obtain the pure solid product.

This one-pot MCR approach was initially carried out via
Knoevenagel condensation of 3a-f and 4a-b in the presence
of a base to give an intermediate heterylidenenitrile which then
proceeds via Micheal type addition of 2,3-dihydro-1,4-phthal-
zinedione (5) along with cyclization and tautomerization to
give the target molecules 6a-f and 6g-1. The overall synthesis
route is shown in Scheme-I.

3-Amino-5,10-dioxo-1-(2-phenoxyquinolin-3-yl)-5,10-
dihydro-1H-pyrazolo[1,2-b]phthalazine-2-carbonitrile
(6a): m.p.: 233-235°C, yield: 89%. IR (KBT, Vmax, cm™): 3390
& 3185 (-NH,), 2200 (-C=N), 1690 & 1685 (-C=0), 1605
(-C=N-), 1230 (-C-N-), 1205 (-C-O-C-), 1090 (-N-N-). 'HNMR
(400 MHz, DMSO-d;) o ppm: 6.56 (s, 1H, C,H), 7.53-8.29

Ry R,
—
N
H

p-Substituted acetanilide

(0]
CN
NH
+
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2,3-Dihydrophthalazine-1,4-dione
()

(m, 14H, Ar-H), 8.75 (s, 2H, -NH,). "C NMR (400 MHz,
DMSO-ds) & ppm: 59.40 (Cy), 61.38, 116.51 (-C=N), 123.23,
124.34,125.27,127.34,127.91, 128.10, 128.35, 128.68, 128.94,
129.43,131.79, 132.21,134.53,135.31, 147.21, 154.31, 157.86,
160.01 (Ar-C), 156.85 (-C=0), 158.20 (-C=0). MS (m/z): 459.1
(M"). Anal. caled. (found) % for C;H,7NsO; (m.w. 459.46 g/mol):
C, 70.58 (70.42); H, 3.73 (3.92); N, 15.24 (15.47).
3-Amino-1-(6-methyl-2-phenoxyquinolin-3-yl)-5,10-
dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-
carbonitrile (6b): m.p.: 251-253 °C, yield: 90%.IR (KBr, Vs,
cm™): 3385 & 3190 (-NH,), 2205 (-C=N), 1680 & 1660
(-C=0), 1603 (-C=N-), 1232 (-C-N-), 1210 (-C-O-C-), 1093
(-N-N-). '"H NMR (400 MHz, DMSO-ds) 8 ppm: 2.47 (s, 3H,
-CHs), 6.60 (s, 1H, CH), 7.40-8.35 (m, 13H, Ar-H), 8.61 (s, 2H,
-NH,). "C NMR (400 MHz, DMSO-ds) & ppm: 21.56 (Ar-CH3),
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Scheme-I: Synthesis of compounds 6a-1, Reagents and conditions: (i) DMF, POCls, reflux, (ii) DMF, K,COs, reflux, (iii) EtOH, piperidine,

reflux
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60.16 (C)), 62.15, 117.05 (-C=N), 123.01, 124.84, 125.51,
126.23, 126.36, 127.10, 127.46, 127.86, 128.53, 128.80,
131.14, 132.14, 133.74, 135.15, 145.82, 154.95, 158.03,
159.95 (Ar-C), 157.05 (-C=0), 158.43 (-C=0). MS (m/z):
473.1 (M"). Anal. calcd. (found) % for CosH19NsO; (473.48 g/
mol): C, 71.03 (69.75); H, 4.04 (3.89); N, 14.79 (14.48).
3-Amino-1-(6-methoxy-2-phenoxyquinolin-3-yl)-5,10-
dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-
carbonitrile (6¢): m.p.: 259-261 °C, yield: 86%. IR (KBr, Viax,
cm™): 3385 & 3200 (-NH.), 2195 (-C=N), 1680 & 1670 (-C=0),
1601 (-C=N-), 1235 (-C-N-), 1215 (-C-O-C-), 1090 (-N-N-).
'H NMR (400 MHz, DMSO-ds) & ppm: 3.82 (s, 3H, -OCHa),
6.45 (s, 1H, C;H), 7.62-8.34 (m, 13H, Ar-H), 8.46 (s, 2H, -NH»).
C NMR (400 MHz, DMSO-ds) & ppm: 55.92 (Ar-OCHa),
59.20 (C)), 61.94, 106.14, 117.26 (-C=N), 123.35, 124.68,
125.12,126.03, 126.90, 127.38, 127.93, 128.15, 129.40, 131.42,
133.65, 134.54, 135.10, 147.18, 154.23, 157.22, 159.38 (Ar-C),
157.18 (-C=0), 158.35 (-C=0). MS (m/z): 489.1 (M"). Anal.
calcd. (found) % for CysHioNsOs (489.48 g/mol): C, 68.71
(68.93); H, 3.91 (4.15); N, 14.31 (14.17).
3-Amino-1-(2-(4-fluorophenoxy) quinolin-3-yl)-5,10-
dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-
carbonitrile (6d): m.p.: 213-215 °C, yield: 87%. IR (KBr,
Vimar, M 1): 3395 & 3225 (-NH,), 2200 (-C=N), 1685 & 1665
(-C=0), 1605 (-C=N-), 1350 (-C-F), 1232 (-C-N-), 1190 (-C-
0-C-), 1085 (-N-N-). "H NMR (400 MHz, DMSO-d;) 8 ppm:
6.58 (s, 1H, C;H), 7.56-8.67 (m, 13H, Ar-H), 8.85 (s, 2H, -NH»).
C NMR (400 MHz, DMSO-ds) 8 ppm: 58.92 (Cy), 61.11,
116.99 (-C=N), 124.11, 125.65, 126.83, 127.35, 127.88, 128.29,
128.89, 129.44, 129.65, 131.64, 132.76, 134.18, 134.90,
147.71,154.23,157.33, 158.43, 160.27 (Ar-C), 157.67 (-C=0),
158.40 (-C=0). MS (m/z): 477.1(M"). Anal. calcd. (found) %
for Co7H 6NsO3F (477.45 g/mol): C, 67.92 (68.15); H, 3.38
(3.56); N, 14.67 (14.82).
3-Amino-1-(2-(4-fluorophenoxy)-6-methylquinolin-3-yl)-
5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-
carbonitrile (6e): m.p.: 240-242 °C, yield: 90%. IR (KBr, Vpmx,
cm™): 3390 & 3205 (-NH.), 2210 (-C=N), 1675 & 1665 (-C=0),
1604 (-C=N-), 1355 (-C-F), 1236 (-C-N-), 1200 (-C-O-C-), 1089
(-N-N-). 'H NMR (400 MHz, DMSO-ds) 8 ppm: 2.44 (s, 3H,
-CH3), 6.62 (s, 1H, C{H), 7.23-8.57 (m, 12H, Ar-H), 8.79 (s,
2H, -NH,). *C NMR (400 MHz, DMSO-ds) & ppm: 21.45
(Ar-CH3), 60.05 (Cy), 61.45, 116.31 (-C=N), 124.27, 125.40,
126.88, 127.20, 127.80, 128.15, 128.74, 129.22, 129.79, 130.15,
133.18, 134.35, 135.59, 146.88, 154.34, 157.92, 158.36, 159.73
(Ar-C), 157.90 (-C=0), 158.90 (-C=0). MS (m/z): 491.1 (M").
Anal. calcd. for C;3HsNsOsF (491.47 g/mol): C, 68.43 (68.20);
H, 3.69 (3.38); N, 14.25 (14.40).
3-Amino-1-(2-(4-fluorophenoxy)-6-methoxyquinolin-
3-yl)-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthal-
azine-2-carbonitrile (6f): m.p.: 280-282 °C, yield: 82%. IR
(KB, Vimax, cm™): 3390 & 3195 (-NH,), 2200 (-C=N), 1690 &
1675 (-C=0), 1606 (-C=N-), 1352 (-C-F), 1234 (-C-N-), 1195
(-C-O-C-), 1090 (-N-N-). 'H NMR (400 MHz, DMSO-ds) 8 ppm:
3.86 (s, 3H, -OCHa), 8 6.54 (s, 1H, CH), 7.80-8.48 (m, 12H,
Ar-H), 8.77 (s, 2H, -NH,). *C NMR (400 MHz, DMSO-ds) &
ppm: 55.94 (Ar-OCHs), 60.20 (Cy), 61.69, 106.24, 116.56

(-C=N), 124.21, 127.22,127.83, 128.45, 128.85, 129.07, 129.78,
130.28, 132.83, 133.99, 134.85, 135.36, 147.49, 154.50, 157.03,
158.12, 160.13 (Ar-C), 156.98 (-C=0), 158.68 (-C=0). MS (m/z):
507.1 (M"). Anal. calcd. (found) % for CysHsNsO4F (m.w.
507.47 g/mol): C, 66.27 (66.61); H, 3.58 (3.24); N, 13.80 (14.11).

Ethyl 3-amino-5,10-dioxo-1-(2-phenoxyquinolin-3-yl)-
5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-carboxylate
(6g): m.p.: 221-223 °C, yield: 87%. IR (KB, Vi, cm™): 3460
& 3335 (-NH»), 1705 (-COO-), 1675 & 1655 (-C=0), 1602
(-C=N-), 1230 (-C-N-), 1190 (-C-O-C-), 1096 (-N-N-). 'HNMR
(400 MHz, DMSO-ds) & ppm: 1.02 (t, 3H, -CH3), 3.99 (q, 2H,
-OCH»-), 6.52 (s, 1H, CH), 7.68-8.37 (m, 14H, Ar-H), 8.70
(s, 2H, -NH,). *C NMR (400 MHz, DMSO-ds) 8 ppm: 14.50
(-CH3), 58.99 (C)), 63.85 (-OCH,), 82.06, 123.82, 124.28, 125.80,
126.75,127.12,127.54,127.80, 127.95, 128.14, 129.53, 131 .41,
132.24, 134.38, 135.94, 146.52, 154.94, 157.32, 159.19 (Ar-C),
156.89 (-C=0), 158.50 (-C=0), 164.40 (-COOEt). MS (m/z):
506.1 (M"). Anal. caled. (found) % for C2sH2.N4Os (506.51 g/mol):
C, 68.77 (68.98); H, 4.38 (4.52); N, 11.06 (11.21).

Ethyl 3-amino-1-(6-methyl-2-phenoxyquinolin-3-yl)-
5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-
carboxylate (6h): m.p.: 255-257 °C, yield: 82%. IR (KBr, Vinax,
cm™): 3455 & 3325 (-NH,), 1695 (-COO-), 1670 & 1650 (-C=0),
1605 (-C=N-), 1233 (-C-N-), 1205 (-C-O-C-), 1090 (-N-N-).
'H NMR (400 MHz, DMSO-ds) 8 ppm: 1.0 (t, 3H, -CH3), 2.52
(s, 3H, Ar-CH3;), 4.01 (q, 2H, -OCH,), 6.42 (s, 1H, C,H), 7.30-
8.37 (m, 13H, Ar-H), 8.47 (s, 2H, -NH,). *C NMR (400 MHz,
DMSO-ds) & ppm: 14.30 (-CH3), 21.62 (Ar-CHs), 59.85 (C)),
63.49 (-OCH,), 82.45 (C5), 123.82, 124.31, 124.95, 126.27,
127.20,127.54,127.68, 128.92,129.13, 129.46, 130.29, 132.43,
134.26,135.21, 145.74, 153.84, 156.55, 158.20 (Ar-C), 157.26
(-C=0), 158.14 (-C=0), 164.15 (-COOEY). MS (m/z): 520.1 (M").
Anal. calcd. (found) % for C3pHxN4Os (m.w. 520.54 g/mol):
C, 69.22 (69.45); H, 4.65 (4.87); N, 10.76 (10.47).

Ethyl 3-amino-1-(6-methoxy-2-phenoxyquinolin-3-yl)-
5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-
carboxylate (6i): m.p.: 244-246 °C, yield: 80%. IR (KBr, Vi,
cm™): 3460 & 3300 (-NH.), 1700 (-COO-), 1680 & 1660
(-C=0), 1607 (-C=N-), 1230 (-C-N-), 1210 (-C-O-C-), 1095
(-N-N-). '"H NMR (400 MHz, DMSO-ds) 8 ppm: 0.98, (t, 3H,
-CH3), 3.82 (s, 3H, -OCH3), 3.98 (q, 2H, -OCH.), 6.56 (s, 1H,
CH), 7.75-8.35 (m, 13H, Ar-H), 8.40 (s, 2H, -NH,). "C NMR
(400 MHz, DMSO-d;) & ppm: 14.31 (-CHj), 55.90 (Ar-OCH3),
59.56 (Cy), 63.77 (-OCH,), 82.13 (C,), 106.10, 123.54, 124.14,
124.82,126.05, 127.10, 127.59, 128.25, 128.58, 130.28, 131.37,
132.46, 133.89, 135.25, 145.84, 154.15, 157.14, 160.47 (Ar-C),
157.11 (-C=0), 158.66 (-C=0), 164.29 (-COOEt). MS (m/z):
536.1 (M*). Anal. calcd. (found) % for C30H»4N4O¢ (536.53 g/
mol): C, 67.16 (67.39); H, 4.51 (4.86); N, 10.44 (10.73).

Ethyl 3-amino-1-(2-(4-fluorophenoxy) quinolin-3-yl)-
5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-
carboxylate (6j): m.p.: 227-229 °C, Yield: 81%. IR (KBr, Vinax,
cm™): 3400 & 3330 (-NH,), 1710 (-COO-), 1680 & 1660
(-C=0), 1607 (-C=N-), 1355 (-C-F), 1233 (-C-N-), 1215 (-C-O-C-),
1089 (-N-N-). "H NMR (400 MHz, DMSO-d;) & ppm: 1.08 (t,
3H, -CHs), 3.95 (q, 2H,-OCH>-), 6.47 (s, 1H, C;H), 7.48-8.34
(m, 13H, Ar-H), 8.56 (s, 2H, -NH,). *C NMR (400 MHz, DMSO-
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ds) & ppm: 14.20 (-CH3), 59.45 (C)), 64.01 (-OCH,), 81.95
(Cy), 123.12,124.43, 126.83, 127.21, 127.42, 127.83, 128.43,
129.25, 129.48, 129.80, 131.24, 134.19, 135.72, 145.74,
153.81,156.92, 158.43, 160.17 (Ar-C), 156.84 (-C=0), 158.78
(-C=0), 164.25 (-COOEL). MS (m/z): 524.1 (M"). Anal. calcd.
(found) % for C,0H2 1 N4OsF (524.50 g/mol): C, 66.41 (66.67);
H, 4.04 (3.86); N, 10.68 (10.87).

Ethyl 3-amino-1-(2-(4-fluorophenoxy)-6-methylquinolin-
3-yl)-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthal-
azine-2-carboxylate (6k): m.p.: 272-274 °C, yield: 74%. IR
(KBT, Vinax, cm™): 3415 & 3340 (-NH,), 1705 (-COO-), 1680
& 1670 (-C=0), 1605 (-C=N-), 1350 (-C-F), 1235 (-C-N-), 1215
(-C-O-C-), 1085 (-N-N-). 'HNMR (400 MHz, DMSO-ds) 8 ppm:
0.96 (t, 3H, -CH3), 2.46 (s, 3H, Ar-CH3), 4.03 (q, 2H, -OCH.-),
6.51 (s, 1H, CH), 7.39-8.58 (m, 12H, Ar-H), 8.64 (s, 2H, -NH,).
C NMR (400 MHz, DMSO-d;) 8 ppm: 14.54 (-CHs), 21.40
(Ar-CHs), 59.76 (C,)), 63.50 (-OCH,), 82.26 (C,), 124.76,
127.31,127.58, 128.14, 128.69, 129.13, 129.67, 132.24, 133.33,
134.84, 135.15, 136.75, 145.81, 148.74, 155.34, 157.00,
158.32,160.10 (Ar-C), 156.20 (-C=0), 158.41 (-C=0), 164.62
(-COOEt). MS (m/z): 538.2 (M"). Anal. calcd. (found) % for
C30H2N4OF (m.w. 538.53 g/mol): C, 66.91 (66.75); H, 4.30
(4.47); N, 10.40 (10.24).

Ethyl 3-amino-1-(2-(4-fluorophenoxy)-6-methoxy-
quinolin-3-yl)-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-
b]phthalazine-2-carboxylate (61): m.p.: 248-250 °C, yield:
78%. IR (KB, Vinax, cm™): 3390 & 3280 (-NH,), 1700(-COO-),
1680 & 1665 (-C=0), 1602 (-C=N-), 1353 (-C-F), 1232 (-C-N-),
1205 (-C-O-C-), 1091 (-N-N-). '"H NMR (400 MHz, DMSO-d;)
d ppm: 1.07 (t, 3H, -CHs), 3.80 (s, 3H, -OCHj;), 4.00 (q, 2H,
-OCH;-), 6.50 (s, 1H, C,H), 7.71-8.61 (m, 12H, Ar-H), 8.69
(s, 2H, -NH,). *C NMR (400 MHz, DMSO-ds) 8 ppm: 14.49
(-CH3), 55.85 (Ar-OCH3), 60.11 (C,), 63.30 (-OCH,), 82.37
(C,), 106.37,124.13, 127.13, 127.60, 128.34, 128.89, 129.27,
129.85,130.23,131.34, 133.64, 134.16, 135.42, 145.64, 152.62,
156.79, 158.22, 159.18 (Ar-C), 155.90 (-C=0), 158.20 (-C=0),
164.36 (-COOEt). MS (m/z): 554.2 (M"). Anal. calcd. (found)
% for C3oH23N4O6F (m.w. 554.53 g/mol): C, 64.98 (65.12); H,
4.18 (4.30); N, 10.10 (10.26).

MTT base colorimetric assay: The antiproliferative
activities of synthesized compounds 6a-l1 were analyzed by
using a standard MTT based colorimetric assay. For this, in
96-well microtiter plates, (Costar) cell lines were seeded at a
density of 7000 cells per well. Rapidly growing cells were
brought to the indicated compounds at final concentrations
ranging from 0.1 to 40 mg/mL after 24 h. The cell survival
was determined after 48 h by the incorporation of an MTT
solution (20 uL of 5 mg/mL MTT in PBS). After 6 h, 100 mL
of 10% SDS in 0.01 N HCI was added, after which plates
were incubated at 37 °C for 4 h. A LX300 Epson Diagnostic
microplate reader was used to measure optical absorbance at
570 nm. The ratios of the survival cell were pointed in percen-
tages with respect to untreated cells. The ICs, values were carried
out from replicates of 6 wells by results of at least two indepen-
dent experiments.

EGFR inhibitory assay: Cloning of a 1.6 kb cDNA was
performed to study the EGFR inhibitory assay. cDNA was

encoded for the EGFR cytoplasmic domain (EGFR-CD, amino
acids 645-1186) into baculoviral expression vectors pFAST-
BacHTc (Huakang, China) and pBlueBacHis2B, separately.
Determination of protein expression was analyzed for three
days by means of a sequence that encodes (His)s and found to
be located at the 50 upstream to the EGFR sequences. Protein
expressions were also checked by infecting Sf-9 cells for three
days. The Sf-9 cell pellets were solubilized at 0 °C in a buffer
solution at pH 7.4 having 50 mM HEPES, 10 mM NaCl, 1%
solution of Triton, 1 x 10 M ammonium molybdate solution,
1 x 10™* M sodium vanadate solution, 10 ppb solution of aproti-
nin, 10 ppb solution of leupeptin, 10 ppb solution of pep-statin
and 16 ppb solution of benzamidine HCl salt for 20 min, which
was further treated with centrifugation for another 20 min. The
extracted crude material was, then passed through an equili-
brated Ni-NTA super flow packed column to remove non-
specifically bound material. The crude material was washed
with1 x 10? M and 0.1 M solution of imidazole, respectively.
Proteins tagged with histidine were eluted using 0.25 M and
0.50 M imidazole solution. The eluted proteins were then
dialyzed against 0.05 M NaCl solution, 0.02 M HEPES, 10%
glycerol and 1 ppb each of aprotinin, leupeptin and pep-statin
for 2 h. This whole procedure for the purification of crude
was carried out at 4 °C [38].

EGFR kinase assay was used to confirm the level of auto-
phosphorylation based on DELFIA/time-resolved fluorometry.
The synthesized compounds 6a-1 were dissolved in 100%
DMSO. This solution was diluted to the appropriate concentra-
tions with 25 mM HEPES at pH 7.4. This was done by incub-
ating 10 pL compound in each well with 10 uL (5 ng for EGFR)
recombinant enzyme (1:80 dilution in 100 mM HEPES) for
10 min at room temperature. This was followed by the addition
of 20 uL of 0.1 mM ATP-50 mM MgCland 10 pL of 5 x buffer
(containing 20 mM HEPES, 2 mM MnCl,, 100 uM Na;VO,
and 1 mM DTT) for 1 h. Negative and positive controls were
included in each plate by incubation of the enzyme with or
without ATP-MgCl.. All further process of FaBH inhibitory
assay were performed as per reported method [39].

FaBH inhibitory assay: FaBH purification and activity
assay was carried out on the individual cloning of full-length
E. coli acyl carrier protein (ACP), acyl carrier protein synthase
(ACPS) and b-ketoacyl-ACP synthase III (FabH) into pET
expression vectors by assigning His-tag (ACP, ACPS in pET19;
FabH in pET28) as N-terminal. All further process of FaBH
inhibitory assay were performed as per reported method [39].

MIC:s study of antibacterial activity: The antibacterial
activities of synthesis compounds 6a-1 were against B. subtilis,
S. aureus, E. coli and P. aeruginosa using Mueller-Hinton
medium. The MICs (minimum inhibitory concentrations) of
the test compounds by colorimetric method using the dye MTT.
The MICs study of antibacterial activity assay were performed
as per reported method [40].

Docking study: Auto-Dock software package (version
4.0) as implemented through the graphical user interface Auto-
Dock Tool Kit (ADT 1.4.6) [38] was used to carry out the
Molecular docking for all synthesized compounds 6a-1 into
the three-dimensional EGFR complex structure (PDB code:
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1M17) as well as into the three-dimensional structure of E. coli
FabH (PDB code: 1HNJ).

RESULTS AND DISCUSSION

A new series of 1H-pyrazolo[1,2-b]phthalazine-5,10-dione
derivatives having 2-aryloxyquinoline moiety has been synthe-
sized by base catalyzed one-pot multi-component reaction in
good yield.The stretching or bending of the substituted and
linkage functional groups is confirmed by the infrared spectra
for all the compounds. The medium intensity asymmetric and
symmetric stretching bands of the primary amine (-NH,) were
observed in regions of 3460-3385 and 3340-3185 cm™ for all
compounds. The cyanide group (-C=N) shows a weak
stretching band in the region of 2210-2195 cm™ for compounds
6a-f. The stretching vibration of carbonyl ester (-COO-) appe-
ared in the region of 1710-1695 cm™ for compounds 6g-1. The
strong stretching between carbon and oxygen of the carbonyl
(-C=0-) group containing phthalazine ring appeared in the
regions of 1690-1670 and 1675-1650 cm™, while the carbon
and nitrogen medium stretching of C=N containing quinoline
ring appeared in the region of 1607-1601 cm™ for all comp-
ounds. The strong carbon and fluorine stretching of C-F cont-
aining phenoxy ring appeared in the region of 1355-1350 cm’
for compounds 6d-f and 6j-1. The medium intensity stretching
of C-N single bond containing phthalazine ring appeared in
the region of 1236-1230 cm™, the medium stretching of C-O-C
appeared in the region of 1215-1190 cm™, the medium stret-
ching of nitrogen and nitrogen (-N-N-) containing phthalazine
ring appeared in 1096-1085 cm™ region for the synthesized
compounds 6a-1.

In 'H NMR spectra, two protons of the primary amine
group appeared as a singlet in the region of 8.85-8.40 ppm;
fourteen aromatic protons appeared as a multiplet (m) in the
region of 8.67-7.23 ppm, one aromatic chiral proton appeared
as a singlet (s) in the region of 6.62-6.42 ppm for all twelve
compounds. The R;-substituted methyl protons attached to the
quinoline ring resonate in the region of 2.52-2.44 ppm as a
singlet (s) for compounds 6b, 6e, 6h and 6k. R,-substituted
methoxy protons attached to the quinoline ring resonate in
the region of 3.86-3.80 ppm as a singlet (s) for compounds
6¢, 6f, 6i and 6l. Methylene protons of Rs-substituted ethyl
ester resonate in 4.03-3.95 ppm region as a quartet (q) for 6g
to 61 and the methyl group of Rs-substituted ethyl ester
resonates in 1.08-0.96 ppm region as a triplet (t) for 6g to 6l.

In ®C NMR spectra, the methylene carbon of R;-substi-
tution showed a single line in the range of 21.40-21.62 ppm
for the compounds 6b, 6e, 6h and 6k while the methoxy carbon
of R;-substitution showed a single line in the range 55.85-
55.94 ppm for compounds 6c¢, 6f, 6i and 6l. The methyl and
oxymethylene carbon of the R;-substituted ester showed two
signals in the appropriate range of 14.20-14.50 and 63.30-
64.01 ppm for compounds 6g-1. Active methylene (C;) carbon
showed a single line in the range of 58.92-60.20 ppm for
compounds 6a-1. The R;-substituted carbon showed a single
line in the range of 61.11-62.15 and 81.95-82.45 ppm for the
compounds 6a-f and 6g-1, respectively. A single line for the
carbon of R;-substituted cyanide group appeared in the range

of 116.31-117.26 ppm for compounds 6a-f, while the ester
group asRs-substitution showed a single line in the range of
164.15-164.62 ppm for compounds 6g-1. Two carbonyl carbons
of phthalazinedione ring showed two lines in the range of
155.90-158.90 ppm for compounds 6a-1. Phthalazinedione
ring, quinoline ring and phenyl ring carbon showed fourteen
lines in the range 123.01-160.47 ppm for all the synthesized
twelve compounds.

Antiproliferation and EGFR inhibitory: Antiproli-
feration activity against adenocarcinomic human alveolar basal
epithelial A549 cancer cell line and Hep G2 liver cancer cell
line and EGFR kinase inhibitory activity for all the prepared
compounds having phthalazinedione and quinoline core was
carried out. First-generation EGFR thyrosin kinase inhibitor,
inhibits the signal transduction between the two EGFR mole-
cules by binding to the ATP binding receptor site of the mutated
tyrosine kinase enzyme and terminating the formation of phos-
photyrosine residues. From Table-1, it can be seen that among
all the synthesized molecules, compounds 61, 6h and 6k showed
the highest EGFR kinase inhibitory activity for ICs,, which is
0.90 +£0.12 uM, 1.10 £ 0.04 uM and 1.01 = 0.02 uM, respec-
tively compared to the first-generation EGFR tyrosine kinase
inhibitor. The antiproliferative activity against the cancer cell
line A549 was found to be highest in case of the synthesized
compounds 61, 6k, 6¢ and 6h with the ICs, concentration of
0.19 = 0.16, 0.25 = 0.09, 0.32 + 0.03 and 0.58 + 0.13 uM,
respectively compared to the standard erlonitib. Whereas in
the case of activity against Hep G2 cancer cell line, only comp-
ounds 6b and 6d showed the highest activity with the ICs,
concentration of 0.21 +0.02 and 0.32 £ 0.11 uM with compared
to erlonitib.

TABLE-1
INHIBITION OF EGFR KINASE AND ANTIPROLIFERATIVE
ACTIVITY ICs, (\M) OF COMPOUNDS 6a-1

Compound EGFR A549 Hep G2
6a 21.02+0.13 18.45 +0.01 15.20 £0.02
6b 3.25+0.02 2.23 +0.01 0.21 £0.02
6¢ 2.10+0.21 0.32 +0.03 8.13 £0.06
6d 19.58 +0.32 4.34+0.14 0.32+0.11
6e 28.70 = 0.09 10.03 + 0.04 4.83+0.15
6f 17.05 +0.10 3.10 +0.05 1.25+0.08
6g 22.09+0.13 7.16 +0.01 7.21+0.13
6h 1.01 £0.02 0.58 +0.13 3.30+0.05
6i 2.08 +0.07 3.16 £ 0.09 2.84+£0.12
6j 31.68 £0.21 6.30+0.19 2.40 +0.04
6k 1.10 £ 0.04 0.25 +0.09 7.04 +0.05
61 0.90 +0.12 0.19 £ 0.16 2.21+0.16

Erlotinib 0.032 +0.002 0.13 +0.01 0.12

Antibacterial and E. coli FabH inhibitory: Antibacterial
activity of the synthesized compounds was carried out against
B. subtilis and S. aureus as Gram positive bacteria and E. coli
and P. aeruginosa as Gram-negative bacteria with kanamycin
B and penicillin G as a standard. Against the Gram-positive B.
subtilis bacteria, none of the synthesized molecules showed
any significant activity, whereas for S. aureus, compounds 6c,
6d and 6i showed a significant activity compared to penicillin
G standard. Compounds 6¢ and 6i showed the highest activity
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compared to the standards against E. coli, while for P.
aeruginosa, compounds 6h and 6j showed a significant activity
when compared to penicillin G. The minimum inhibitory concen-
tration (Lg/mL) for all the synthesized compounds against the
selected strain of bacteria is summarized in Table-2.

TABLE-2
ANTIBACTERIAL ACTIVITY OF COMPOUNDS 6a-1

Minimum inhibitory concentrations (ug/mL)

Gram-positive Gram-negative
Compounds B. subtilis S. aureus E. coli aeru;'no “
ATCC ATCC ATCC ATC C‘
6633 6538 35218 13525
6a 12.5 >50 >50 >50
6b 3.13 50 6.25 50
6¢ 25 6.25 3.13 12.5
6d >50 3.13 12.5 50
6e >50 25 25 25
of 25 25 25 25
6g 25 >50 50 25
6h 25 50 50 6.25
6i 6.25 3.13 1.56 12.5
6j 50 25 25 6.25
6k 12.5 12.5 >50 >50
6l >50 12.5 12.5 12.5
Kanamycin B 0.39 1.56 1.56 3.13
Penicillin G 1.56 6.25 3.13 6.25

E. coli FabH inhibitory activity against the synthesized
molecules 6a-1 was also carried out. Compounds 6b, 6¢, 6f
and 6i showed potent E. coli FabH inhibitory activity. The most
potent inhibitory activity with ICsy of 3.4 uM was exihibited
by compound 6i. This result supported the potent antibacterial
activity of compound 6i. Among other compounds, compound
6¢ (ICso=4.1 uM), 6f (ICsp = 5.6 uM) and 6b (ICsp = 9.4 uM)
were found to possess effective E. coli FabH inhibitory activity
(Table-3).

(@

Leu
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TABLE-3
E. coli FabH INHIBITORY ACTIVITY
OF SYNTHETIC COMPOUNDS 6a-1

Compounds E. coli FabH Hgmolysis
ICs, (UM) LC;," (mg/mL)
6a 27.4 > 10
6b 9.4 >10
6c 4.1 >10
6d 22.1 ~10
6e 11.8 ~10
6f 5.6 >10
62 23.1 > 10
6h 25.6 ~10
6i 3.4 >10
6j 18.5 > 10
6k 21.8 ~10
ol 20.9 ~10

“Lytic concentration 30%

Molecular docking study

EGFR: To further enhance the knowledge about the
potency of the synthesized compounds and assist further SAR
studies, molecular docking was used for all synthesized comp-
ounds to check their interaction with EGFR (PDB code: 1M17).
The process was carried out by simulation of compounds into
the ATP binding site in EGFR. The binding energy of all the
synthesized compounds is given in Table-4. Compound 61 was
found to be very effectively bound into the active site of EGFR
with minimum binding energy AG, =-54.0521 kcal/mol. Fig.
la shows the binding model of compound 61 and EGFR. In
binding mode, compound 61 was found to be nicely bound to
the ATP binding site of EGFR through hydrophobic interaction
and the binding was stabilized by two hydrogen bonds one t-H
interaction as shown in Fig. 1b. Out of the two hydrogen bonds
formed in compound 61, one hydrogen bond forms between
the oxygen of the -OCHj3 group and the H atom of HIS781
having a distance: of 3.04 A while, another H-interaction forms

Fig. 1. (a) 2D and (b) 3D binding model of compound 6l into the active pocket of EGFR
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TABLE-4
BINDING ENERGY OF COMPOUNDS 6a-1
WITH EGFR AND FabH
Toigeridh Binding energy (AG,)
EGFR FabH
6a -43.5756 -38.5282
6b -50.9727 -41.9521
6¢ -52.329 -42.3504
6d -49.0831 -38.9134
6e -45.7755 -41.5738
of -46.7315 -42.1581
6g -45.2032 -41.9533
6h -53.6742 -38.6283
6i -51.9909 -46.0197
6j -45.4753 -40.9729
6k -53.8194 -40.6214
6l -54.0521 -40.1866

between the O atom of the pthalazine ring and H atom of LY S692
with distance 2.73568 A. Also, one m-H interaction forms
between the benzene ring and GLY 772 with a distance of 4.50 A.
The binding interactions obtained by the molecular docking
method confirmed that two hydrogen bonds and one 7t-H inter-
action are responsible for the effective EGFR inhibitory of
compound 61.

FabH: Molecular docking of synthesized compounds and
E. coli FabH was carried out on the binding model based on
E. coli FabH-CoA complex structure (1HNJ.pdb) for a better
understanding of the potency of all synthesized compounds
and to help in further SAR studies. A catalytic triad tunnel
consisting of Cys-His-Asn is generally present in the FabH
active site, which is conserved in various bacteria. This catalytic
triad plays a significant role in the regulation of chain elonga-
tion and substrate binding. Out of these three, Cys of the
catalytic triad of FabH is responsible for breaking the alkyl

(@)

Fig. 2. (a) 2D and (b) 3D binding model of compound 6i into the active site of FabH

chain of CoA, therefore, interactions between Cys and substrate
seems to play an important role in substrate binding. Data from
a molecular docking study with FabH showed that compound
6i was effectively bound to the active site of FabH with two
hydrogen bonds and one m-H interaction with minimum
binding energy AG,=-46.0197 Kcal/mol. The binding energy
of all the compounds is given in Table-4. The binding model
of compound 6i and EGFR is shown in Fig. 2a. One H-bond
is formed between the H atom of -NH, group and O atom of
GLY 152 at a distance of 3.04 /0\, while the other H-interaction
is formed between the pthalazine ring’s O atom and ASN210’s
hydrogen atom at a distance of 3.11 A. Also, one nt-H interaction
forms between the six-membered ring and GLY209 with a
distance of 3.86 A. The binding interactions obtained by the
molecular docking method confirmed that two hydrogen bonds
and one 7-H interaction accounts for the effective FabH inhibi-
tory activity of compound 6i (Fig. 2b).

Computational studies

Frontier molecular orbitals and DFT: The structural,
geometrical parameters and energies of the synthesized comp-
ounds (6a-1) were calculated by DFT at B3LYP level of theory
and def2-SVP basis set with the help of ORCA computational
chemistry tool [39]. Structures of all the synthesized twelve
compounds were also optimized at B3LYP functional level and
def2-SVP and the obtained structure were then checked for their
global minimum energy, where no imaginary frequency was
found. The twist angle between the plane of pthalazine ring and
the plane of phenyl ring linked with nucleus with ether group
is observed as (6,) and the twist angle between the plane of
phenyl ring linked with nucleus with ether group and the plane
of quinoline is observed as (6,).

As electronic properties are mainly dependent on the
distribution of charge on the individual atoms as well as the

Ala208
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molecular orbitals, the UV-visible properties of the molecules
can also be predicted depending, on the solvent system. It is
known that, smaller the value of HOMO-LUMO energy gap
AE, greater will be the reactivity of the molecule [41], also
this energy gap AE of HOMO-LUMO is associated with the
stability and reactivity of the compound. The energy gap AE
values obtained from the DFT calculations varied between
5.398 eV and 5.642 eV for compound 6a-c, 5.501 eV and
5.651 eV for compound 6d-f, 5.591 eV and 5.729 eV for
compound 6g-i, 5.569 eV and 5.723 eV for compound 6j-1.
From Figs. 3-6, representing the isoidentity surface plot
of HOMO-LUMO, it can be seen that there is delocalization
of orbital and low number of nodal planes, hence there is strong
orbital overlap. As all the synthesized compound have same
nucleus and differs only at the substitution at three positions,
this variation at the substitution also affects the HOMO-LUMO
energy gap AE. From the energy gap values of HOMO-LUMO
(Table-5), it shows that molecules having -OCH3; at R, substi-
tution position shows higher energy gap value, compared to
the other molecules, which differ at only R, substitution except
molecule 6a. From the basic relationship between the energy
gap and reactivity, it suggests that these compounds must be
lees reactive. Energy gap AE is also related with the softness
and hardness 1 of the molecule, where molecules with high
HOMO-LUMO gap are said to be hard and molecules with
small HOMO-LUMO gap are said to be soft, the values of these
hardness and softness is given in Table-5. It is obvious that
molecules with -OCHj3 at R, for each group of substitution,
are hard molecules where the values of n varies from 2.788
(compound 6¢) to 2.864 (compound 6i), whereas for the soft
molecules in each substitution group of molecules, the values
of M varies from 2.699 (compound 6a) to 2.795 (compound
6g). Like hardness and softness of molecules, there are other
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such quantum chemical parameters, which are dependent on the
energy gap values of HOMO and LUMO. From these values
given in Table-5, compound 6a is the absolute soft, whereas
compounds 6i and 6h are the absolute hard compound, yet from
the data of inhibition of EGFR kinase and E. coli FabH inhibitory
activity, compounds 6l and 6i were found most active among
the presented synthesized molecules, thus evaluation of struc-
tural activity relationship of any molecule on the basis of its
HOMO-LUMO energy gap only is not sufficient to explain its
reactivity.

Molecular docking: From the inhibition of EGFR kinase
and antiproliferative activity data obtained for molecules 6a-1,
it is found that molecule 6l have the highest activity against
EGFR with 0.90 £ 0.12 at ICs,(UM), while molecule 6j showed
lowest activity with ICs, (UM) value of 31.68 + 0.21. As these
two compounds differ from each other at the R, substitution
group, the optimized geometry suggests that there is a decrease
in the twist angle 0; by 2.79° and decrease in the twist angle 6,
by 4.52°. Due to the presence of methoxy group on quinoline
ring, it changes the position of quinoline ring in the space and
enhances the chances of hydrogen bond formation with the
HIS781 in plane 1, while the second hydrogen bond form at
the pthalazine ring’s oxygen atom and LY S692 in plane 3 (Figs.
7-10), these two hydrogen bonds are perpendicular to each
other resulting in the closed pack interaction and hence it has
lowest binding energy AG,, while the absence of hydrogen
bond at the quinoline end in molecule 6j, does not result in
such closed pack interaction with the protein as it has only
hydrogen atom at R; substituent position.

E. coli FabH inhibitory activity data for all the synthesized
compounds (6a-1) suggests that compound 6i has the highest
activity against E.coli, while compound 6a exhibited the lowest
activity. In molecule 6i, phthalazine ring and phenyl ring are
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Fig. 3. Frontier molecular orbitals diagram of 6a-c
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Fig. 4. Frontier molecular orbitals diagram of 6d-f
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Fig. 6. Frontier molecular orbitals diagram of 6j-1

TABLE-5
CALCULATED CHARGES ON DONATING SITES AND ENERGY VALUES HOMO, LUMO, ENERGY GAP AE/eV, DIPOLE
MOMENTS, ENERGIES, TWIST ANGLE (6), HARDNESS (1), GLOBAL SOFTNESS (S), ELECTRO NEGATIVITY (),
ABSOLUTE SOFTNESS (6), CHEMICAL POTENTIAL (1), GLOBAL ELECTROPHILICITY () AND ADDITIONAL
ELECTRONIC CHARGE (AN,,,) OF THE STUDIED COMPOUNDS 6a-1 BY USING DFT CALCULATIONS

max.

Parameters 6a 6b 6¢ 6d 6e 6f 6g 6h 6i 6j 6k 61
Eomo (€V) 9124 9104 9121  9.090 9120  9.085  -9220 9218 9212 9.8  -9.199  9.194
E, o (€V) 3726 3462 3544 3589 3520 3434 3.629 3526 3483 3617 3517 3471
I=Eyono 9.124 9.104 9.121 9.090 9.120 9.085 9.220 9.218 9.212 9.186 9.199 9.194
A=E o 3.726 3.462 3.544 3.589 3.520 3.434 3.629 3.526 3.483 3.617 3517 3.471
AE=1-A (eV) 5398 5.642 5577 5.501 5.600 5.651 5.591 5.692 5729 5.569 5.682 5723
Dipole moment (Debye) 6.26 6.34 5.90 433 7.08 3.88 433 430 459 3.74 3.97 3.65
Energy (a.u) -1536.54 -1575.81  -1650.91 -1635.69 -1697.93 -1750.05 -1711.27 -1750.53 -1825.65 -1810.42 -1849.68 -1924.79
Twist 6, 76.87 16.59 77.10 57.77 12.79 57.42 10.77 1037 10.11 15.75 12,90 12,96
angle (6) 0, 86.43 67.55 87.31 71.22 84.04 69.77 78.98 79.40 81.04 89.68 84.20 85.16
n=({1-A)2 2.699 2.821 2.788 2750 2.800 2.825 2795 2.846 2.864 2.784 2.841 2.861
x=(0+A)2 6.425 6.273 6332 6.339 6.320 6.259 6.424 6.372 6321 6.401 6358 6332
o=1m 0371 0.354 0.359 0.364 0357 0.354 0358 0351 0.349 0.359 0.352 0.350
S=1/2n 0.185 0.177 0.179 0.182 0.179 0.177 0.179 0.176 0.175 0.180 0.176 0.175
= 6425 6273 -6332 6339 6320  -6259  -6424 6372  -6321  -6401 6358  -6332
o= (mm 7.647 6.975 7.190 7.306 7.133 6.934 7382 7.133 6.975 7.359 7.114 7.007
AN, = x/M 2.381 2224 2271 2.305 2257 2216 2.298 2239 2.207 2.299 2.238 2213
in about same plane, maintaining planarity in molecule, due Conclusion

to which ASN210 hydrogen bonding is favourable, while in
molecule 6a, pthalazine ring and phenyl ring are in different
plane having twist angle of 76.87°. The van der Waal’s radii of
quinoline ring hinders the interaction between pthalazine ring’s
oxygen and ASN210, reducing its activity. Figs. 7 and 9 shows
the twist angle 0, of molecules 6a and 6i, which are 76.87°
and 10.11°respectively, with a difference of 66.76°, which supports
the above conclusion.

In summary, 2-aryloxyquinoline moiety of a novel series
of 1H-pyrazolo[1,2-b]phthalazine-5,10-diones has been pro-
duced in high yield using base catalyzed one-pot multi-
component synthesis. This synthetic approach provides an easy
way to allow the assimilation of two promising bioactive nuclei
in a single scaffold. The most of the synthesised compounds
displayed strong antibacterial and anticancer activities, as
determined by an indepth analysis of their biological activities.
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6a 6b 6¢c

Fig. 7. Twist angle 0 and dipole moment of 6a-c

6d 6e 6f
Fig. 8. Twist angle 0 and dipole moment of 6d-f
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Plane 2

Fig. 9. Twist angle 0 and dipole moment of 6g-i

Fig. 10. Twist angle 0 and dipole moment of 6j-1
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The most effective members of the series in terms of inhibitory
activity were compounds 6h, 6k and 6l against EGFR and
compounds 6c¢, 6f and 6i against FabH. Therefore, it is worth
to mention that 1H-pyrazolo[1,2-b]phthalazine-5,10-diones
having 2-aryloxyquinoline moiety has emerged as a key area
in the development of antibiotics and cancer treatments. All
these synthesized compounds were optimized with DFT to
obtain their arrangement in space to evaluate plane angle on
the basis of the substitutions, these plane angles were then related
with their activity against EGFR and FabH in terms of binding
efficiency, antibacterial as well as anticancer activities.
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