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A B S T R A C T

Neoplastic metastasis is a major process where tumor cells migrate from the primary tumor and colonize at other
parts of our body to form secondary tumor. Cancer incidences are rising and novel anti-neoplastic compounds
with new mechanism of actions are essential for preventing cancer related deaths. In the current examination, a
novel series of pyridazine analogues 6a-l was synthesized and evaluated against metastatic neoplastic cells.
Experimental data postulated compound 6j has potential cytotoxic efficacy with prolonged activity against
various cancer cells, including A549, HepG2, A498, CaSki and SiHa cells. Moreover, compound 6j arrests the
A549 migration and invasions markedly by counteracting matrix metalloproteinase (MMP)-2 and MMP-9 ex-
pressions. Also, compound 6j proved its potentiality against Dalton’s solid lymphoma progression in-vivo by
abridging MVD and MMP expressions. Compound 6j interacts with MMP-2 and MMP-9 by H- bond in-silico,
thereby down regulates the MMPs action in tumourigenesis. Altogether, we concluded that compound 6j down
regulates MMP-2 and MMP-9 and thereby impairs metastatic cancer cell migration and invasions which can be
translated into a potent anti-neoplastic agent.

1. Introduction

Cancer invasion and metastasis are pivotal events that renovate
locally developing tumor into a systemic and life-threatening disease.
Metastasis is a prime process where tumor cells spread from the pri-
mary tumor and colonize at distant organs to form secondary metastatic
tumor and therefore, metastatic dissemination accounts for more than
90% of all cancer related deaths [1–4]. The cancer cells must migrate
and invade through extracellular matrix (ECM), intravasate into the
blood stream and lastly extravasate to form metasatic tumor [1,5,6]. In
contrast to normal cells, cancer cells do not have physiological “ter-
mination signals” to stop the metastatic process [7–10].

Enhanced cell migration and invasion is an important hallmark of
metastatic cancer cells. Hence, cancer cells degrade the ECM and
basement membrane by overexpressing matrix metalloproteinases
(MMPs) which allow the neoplastic cells to migrate and invade into the
blood circulation for developing secondary tumor [5,6,8,10]. MMPs are
engaged in executing a wide array of cellular and pathophysiological

functions including DNA transcriptional modifications, hematological
pH regulation, elevating extracellular matrix digestion and many other
functions in vivo. Taking into consideration, the importance of these
pathophysiological functions, upregulation as well as deregulation of
specific metallo proteases may play central role in several aspects of
tumor development [11,12]. Most importantly, MMPs play a very
crucial role in endothelial cell (EC) migration which facilitates the in-
creased level of neovessel formation, aggressive tumor development
and poor response to chemo and radiotherapies [5,6,10]. It is apparent
that there is an urgency for innovative therapeutic strategies in the
clinic to avoid metastatic spreading, hence, developing novel small
molecules that specifically counteract tumor cell migration and inva-
sion potency are critical for treatment of metastatic neoplasia.

Pharmaceutical science has initiated new era for the synthesis of
plethora of organic molecules. Nitrogen-containing heterocyclic com-
pounds have displayed various kinds of biological activities since a long
time and increasing interest in the pharmaceutical science [13]. The
pyridazine nucleus represents a versatile scaffold to develop new
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pharmacologically active compounds [14,15] that can be helpful in
anti-microbial [16], anti-hypertensive [17], anti-cancer [18], anti-in-
flammatory [18,19] and anti-fungal activities [20]. This heterocyclic
system has a broad range of biological activities and can also be used to
link other pharmacophoric groups [20–24]. Pyridazine with other
heterocyclic/pharmacophoral ring possess potential antitumor activity
rather than pyridazine alone [25–28]. For instance, minaprine, which is
used against depression nowadays, is a psychotropic drug. Numerous
derivatives of 3-amino pyridazines also perform as specific GABA-A
receptor antagonists. Not only Alzheimer’s disease but also other neu-
rodegenerative diseases like Parkinson’s can be treated by therapeutic
agents of pyridazines scaffold [29,30]. Extensive applications of pyr-
idazine analogues have been found in the treatment of dermatosis, dry
eye disorders and prostate cancer [31]. The diverse biological activity
and promising anti-proliferative potency of pyridazine ring encouraged
and prompted us not only to synthesize but also to validate a new series
of 3-chloro-6-hydrazinylpyridazine analogues 6a-l. In this endeavor,
our efforts towards the design of new anti-cancer agents is considered to
be worthwhile to pursue further modifications on the phenoxy acetic
acid moiety by appending pyridazine hydrazide (Fig. 1) for inhibition of
tumor cell proliferation of mouse and human origin. In the current
investigation, we are focusing on the anti-neoplastic and invasive effect
of pyridazine analogues by using in-vitro, in-vivo and In-silico assay
systems.

2. Result and discussion

2.1. Chemistry

Synthesis of the target compounds, novel pyridazine analogues 6a-l,
was performed according to the reactions illustrated in Scheme 1. All
the synthesized compounds were established by IR, proton NMR and
mass spectral data. The commercially available substituted phenols, 1a-
l, were reacted with chloro ethyl acetate 2 in the presence of anhydrous
potassium carbonate and acetone to afford phenoxy acetic ethyl esters
3a-l which were hydrolyzed by treating with sodium hydroxide solu-
tion to provide the corresponding phenoxy acetic acid analogues 4a-l.
The corresponding final compounds, 6a-l, were successfully synthe-
sized by coupling compounds 4a-l with 3-chloro-6-hydrazinylpyr-
idazine 5b using O-(benzotriazol-1-yl)-N,N,N′,N′- tetra methyl uranium
tetra fluoro borate (TBTU) as coupling agent, 2,6-lutidine as a base, and
dichloromethane (DCM) as a solvent. All the structures of newly syn-
thesized compounds were assigned on the basis of their spectroscopic
data; IR, NMR, LC–MS and C, H, N analysis. The spectra of compound
phenoxy acetic ethyl esters 3a which were confirmed by the dis-
appearance of the OH stretching of compounds 1a and appearance of
carbonyl stretching band for the ester group in the IR absorption
spectra. The proton NMR observations of these compounds revealed
that, broad singlet for the OH proton of compound 1a disappeared and
atriplet and quartet for CH3 and CH2 protons respectively appeared.
The spectra of compound 2-phenoxyacetic acid 4a were considered as a
representative example of the series 4a-l. In IR spectra, the compound
4a showed bands at 1751 and 3375 cm−1 corresponding to carbonyl
and OH stretching frequencies respectively. In 1H NMR spectra of
compound, 4a showed one singlet at 4.69 assigned to OCH2 protons. It
also revealed multiplet signal in the range δ 6.96-7.31 for aromatic
protons as well as singlet at 12.73 for OH proton. The mass spectra of
compound 4a gave significant stable M+ peak at m/z 152. Further,

spectra of the title compound 6a was considered as a representative
example of the series 6a-l. The IR spectra of the compound 6a was
confirmed by the disappearance of the OH stretching and the appear-
ance of two NH absorption peaks at 3120–3220 cm−1. In addition, 1H
NMR spectra showed disappearance of OH proton at δ 12.73 and ap-
pearance of two NH protons and an increase in two aromatic protons
with earlier aromatic proton peaks at δ 9.50, 10.30 and 6.92-7.65 re-
spectively, which clearly affirmed the formation of compound 6a. The
mass spectra of compound 6a gave significant stable peaks at m/z 279
(M + ) and 281 (M + 2). Moreover, all the target compounds 6a-l were
clearly confirmed by 13C NMR.

2.2. Biology

2.2.1. Cytotoxic effects of compounds 6a-l against various invasive cancer
cells

In the current scenario, cancer prevalence is increasing and there is
a need for novel anti-neoplastic compounds with new mechanisms of
actions for the prevention of cancer related death. In the recent period,
synthetic active molecules have played an important role in the de-
velopment of anticancer drugs with target specific action [2–4,28–31].
The pyridazine nucleus is a novel category of biologically/pharmaco-
logically active moiety and also dimerized pyridazine with other moiety
which has various potent pharmacological effects, including anti-
cancer, anti-hypertensive, anti-inflammatory, anti-microbial and anti-
fungal activities, than pyridazine alone [15–20,25–28]. In this in-
vestigation, a new series of pyridazine analogues 6a-l was synthesized
by incorporating CH3, F, Cl, Br, H, NO2 and isopropyl groups in the
benzene ring, also cytotoxicity against A549, HepG2, A498, CaSki, SiHa
and NIH-3T3 (normal fibroblast) cells were analyzed by MTT, trypan
blue and LDH release assays. The average cytotoxicity of compounds
6a-l was calculated against each cell line. Among the series, compound
N'-(6-Chloropyridazin-3-yl)-2-(2,4-diisopropylphenoxy)acetohydrazide
(6j) was found to exhibit a cytotoxic effect with IC50 at 6.6 ± 0.6,
6.9 ± 0.7, 6.8 ± 0.8, 7.5 ± 0.5 & 7.8 ± 0.4 against A549, HepG2,
A498, CaSki & SiHa cells, respectively and with very negligible toxicity
to normal fibroblast cells (NIH-3T3) (Table 1). The compound 6j
emerged as a lead compound. The prolonged effect of compound 6j was
validated by clonogenic assay. The synthetic molecules with extended
biological activities are considered as an effective drug [29,32]. Ex-
perimental evidence depicts that compound 6j has significant long term
cytotoxic effect against clonogenesis of A549, HepG2, A498, CaSki &
SiHa cells (Fig. 2A–E).

2.2.2. Structure activity relationship (SAR)
A new series of the pyridazine derivatives have drawn much at-

tention in the past decade due to their wide array of pharmacological
activities [8,24]. Some of the pyridazine derivatives with altered sub-
stitutions have been reported to have a potential anti-proliferative ef-
ficiency [18]. In the search of anticancer drug, novel pyridazine ana-
logues conjugated with multi structure having methyl, flouro, chloro,
bromo, nitro and isopropyl substitutions in the benzene ring were
synthesized and assessed for its action against cancer proliferation. The
experimental evidences highlighted that the compound with isopropyl
group has potency to exhibit maximum sensitivity to cancer cells
Table 1. The compound 6j which has two isopropyl groups at ortho and
para position as R and R2 in the benzene moiety and the chloro group in
the pyridazine ring at sixth position showed good activity at minimum
inhibitory concentration (IC50) of 6.6 ± 0.6, 6.9 ± 0.7, 6.8 ± 0.8,
7.5 ± 0.5 & 7.8 ± 0.4 μM against A549, HepG2, A498, CaSki & SiHa
cells respectively. The other tested compounds with different sub-
stituent have shown moderate to minimal activity compared to 6j. The
compound 6f with one isopropyl at ortho position of benzene ring
showed the moderate cytotoxicity and compounds without isopropyl
group depicted the minimal cytotoxic potency compared to compound
6j which highlights the fundamental role of isopropyl group in

Fig. 1. Structure of N'-(6-chloropyridazin-3-yl)-2-phenoxyacetohydrazide analogues.
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pyridazine’s anti-cancer actions. Thus, it is evident that the presence of
chloro and the isopropyl group with also their position of attachment in
the pyridazine ring and benzene ring respectively as of compound 6j is
vital for the anti-neoplastic activity, as no other substitutions in the
remaining compounds have exhibited significant cytotoxicity.

2.2.3. Compound 6j counteracts the cancer cell migration and invasion
Most of the cancers, including lung, liver, renal, cervical and breast

cancer etc., are extremely metastatic with increased migration and in-
vasive characteristics [10,33–37]. To understand the role of compound
6j in migration, we performed scratch wound assay with lung adeno-
carcinoma (A549) cells which is highly in vitro migratory. Migration of

Scheme 1. Synthesis of novel pyridazine analogues 6a-l.

Table 1
IC50 values of Pyridazine analogs against various invasive cancer cell lines.

Compounds Cytotoxicity(IC50) against cancer cells (μM)

A549 HepG2 A498 CaSki SiHa NIH-3T3

6a 94.3 ± 1.8 92.2 ± 2.2 90.5 ± 2.1 93.6 ± 1.3 89.8 ± 1.6 87.8 ± 1.8
6b 87.3 ± 1.3 84.2 ± 1.4 87.8 ± 0.5 82.6 ± 1.6 92.6 ± 1.3 84.2 ± 1.6
6c 38.7 ± 0.9 37.3 ± 0.8 41.6 ± 0.8 40.7 ± 1.2 39.1 ± 1.8 79.8 ± 1.3
6d 43.1 ± 0.7* 45.4 ± 0.9 42.6 ± 1.3 44.6 ± 1.3 46.7 ± 1.4 99.1 ± 1.0
6e 75.1 ± 1.7 70.4 ± 1.6 85.3 ± 1.5 82.6 ± 1.7 88.1 ± 1.1 74.5 ± 1.6
6f 25.6 ± 0.4** 23.7 ± 0.5** 24.6 ± 0.7* 26.7 ± 0.7* 23.6 ± 0.8* 89.8 ± 1.9
6g 96.8 ± 1.6 > 100 >100 94. 6 ± 1.8 > 100 99.6 ± 1.0
6h 46.8 ± 0.9 49.9 ± 1.1 48.6 ± 0.9 50.6 ± 1.3 49.6 ± 1.1 59.8 ± 1.6
6i 67.3 ± 0.6* 63.1 ± 0.9 64.4 ± 1.7 72.6 ± 1.7 68.6 ± 1.3 64.5 ± 1.5
6j 6.6 ± 0.6* 6.9 ± 0.7* 6.8 ± 0.8* 7.5 ± 0.5** 7.8 ± 0.4** 98.8 ± 1.4
6k 87.7 ± 1.5 82.6 ± 0.9 78.7 ± 1.5 82.6 ± 1.3 84.2 ± 1.4 54.8 ± 1.9
6l 98.1 ± 1.2 > 100 94.8 ± 0.9 > 100 >100 99.8 ± 1.6
5-FU 7.4 ± 0.5** 8.3 ± 1.8 5.4 ± 0.7* 7.3 ± 0.4** 8.3 ± 0.7* 87.8 ± 1.3

Cytotoxicity was measured by MTT, Trypan blue and LDH release assays against each cell lines and average IC50 values indicated in plus or minus ± standard deviation (SD). 5-
Fluorouracil (5-FU) is used as a positive control. DMSO is used as a vehicle control which showed very negligible cytotoxicity. Statistically significant values are expressed as *p < 0.05
and **p < 0.01.
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cells into the wound was measured by capturing cell migration at 0 and
48 h post scratch. The A549 cells migrated over a period of 48 h to fill
the wound, however, compound 6j treated cells failed to migrate into
the wound and depicted a 78.21% of the decrease (Fig. 3A & B). The
capability of neoplastic cells to invade is one of the major hallmarks of
the metastatic process. To assess new anti-neoplastic agents for in-
hibiting this important process, the matrigel transwell invasion assay is
an appropriate model that mimics the in vivo process [38]. The exposure
of compound 6j reticence invasive potentials of A549 cancer cells on
ECM gel with 86.6% inhibition whereas unexposed showed 100% in-
vasion (Fig. 3C &D). Therefore, compound 6j has the potency to
counteract the metastasis by targeting cancer cell migration and inva-
sions.

2.2.4. Compound 6j abridges the expression of MMP-2 and MMP-9
During metastasis neoplastic, cell secretes matrix metalloprotei-

nases including MMP-2 &−9 which are specifically capable of de-
grading ECM portions. Moreover, abnormal production of MMP-2 and
MMP-9facilitate cytoskeletal rearrangement, migration and invasion of
cancer cells [38–41]. The compound 6j mediated MMPs alteration was
investigated by immunoblots and gelatin zymography. Treatment of
compound 6j inhibits the expression of MMP-2 and MMP-9 in invasive
A549 cancer cells, which were apparent from immunoblot assessment
(Fig. 3E). Furthermore, validation in gelatin zymography revealed that
compound 6j reduces the gelatinase activity of MMP-2 and MMP-9
which reflects the potentiality of compound 6j on MMP inhibition
(Fig. 3F), a synchronizing result of migration and invasion assays
(Fig. 3A–D). It is clear that compound 6j inhibits the cancer cell mi-
gration and invasions by downregulating MMP-2 and MMP-9 expres-
sions.

2.2.5. Compound 6j reticence the solid tumor development targeting MVD
and MMPs expressions in-vivo

The physiological effect of compound 6j was assessed in the solid
tumor (DLS) model. The solid tumour model is the most appropriate for
preliminary screening and investigating pathophysiological potency of
newly designed drugs [32]. The treatment of compound 6j on DL solid

tumor evidently impaired the tumor volume as measured by vernier
caliper (Fig. 4A) and gradually repressed the tumor growth in dose
dependent manner (Fig. 4B). The administration of compound 6j de-
creased the tumor development which is evident from physical mor-
phology of mice bearing DLS (Fig. 4C). Physical appearance of thigh
containing tumor demonstrates that compound 6j decreased DLS size
evidently with 1.78 fold gram of tumor when compared to that of un-
treated (Fig. 4D). Toxicologically, compound 6f did not alter alkaline
phosphatase (ALP), creatinine, urea, RBC and WBC level in serum (data
not shown). H & E stain of DLS tumor postulated that compound 6f
made a noteworthy reduction in microvascular density (MVD) with
12 ± 1.2 MVD/HPF compared to 33 ± 3.1 MVD/HPF of untreated
(Fig. 4E). MMP-2 and MMP-9 immunostain of DLS reveal that com-
pound 6j decreased the intra tumoural expression of MMP-2 and MMP-
9, the critical tumourigenic factors in tumour angiogenesis and me-
tastasis (Fig. 4F & G). As a consequence, survivability of DLS animals
was prolonged up to 76th day when most of the untreated animals died
before 35th day of tumor development (Fig. 4H).

2.2.6. Compound 6j interacts strongly with MMP-2 and MMP-9 protein in-
silico

Following the promising potency of compound 6j on MMP inhibi-
tion under in-vitro and in-vivo conditions, the effect of compound 6j on
MMP-2 and MMP-9 was validated by in-silico approach for elucidating
the possible interaction of compound 6j with MMP-2 and MMP-9. Data
revealed that compound 6j formed H-bond with ALA86, and an ionic
interaction between carboxylic group of ALA86 and ‘N’ atom from
pyridazine ring of the compound 6j which contributes to the most
stable binding of the S1 conformation from ligand to MMP-2 with
lowest Binding Energy at −8.16 kJ mol−1 (Fig. 5A–D ). Algorithmic
study on compound 6j and MMP-9 demonstrated that compound 6j
strongly interacted with LEU418 and TYR423 by H- bond which con-
tributes to the most stable binding of the S9 conformation from ligand
to MMP-9 with lowest Binding Energy at −9.81 kJ mol−1 (Fig. 6A–D ).
Together, this in-silico results confirms the compound 6j action against
the MMP-2 and MMP-9 mediated neoplastic growth.

Fig. 2. Compound 6j exhibits a long term cytotoxic effect on cenogenesis. The cells were cultured and exposed with and without compound 6j for 6 h and incubated for 12 days to
form colonies; Compound 6j inhibits the clonegenic efficacy of (A) A549, (B) HepG2, (C) A498, (D) CaSki and (E) SiHa cells. Statistically significant values are expressed*p < 0.05
& **p < 0.01.
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3. Conclusion

In summary, a novel series of pyridazine analogues 6a-l were syn-
thesized by incorporating, CH3, F, Cl, Br, H, NO2 and isopropyl groups
and evaluated against metastatic neoplastic cells. Experimental evi-
dences postulated that compound 6j shows sensitivity to A549, HepG2,
A498, CaSki and SiHa cells with extended cytotoxic effect. In addition,
compound 6j arrests the A549 migration and invasions markedly by
counteracting MMP-2 and MMP-9 expressions. Also, compound 6j
proved its potentiality against DL solid tumor progression by abridging
MVD and MMP expressions, a synchronizing result to in-vitro study.
Compound 6j interacted with MMP-2 and MMP-9 with H- bond in-silico,
thereby down regulates the MMPs action in tumourigenesis. Altogether,
we concluded that compound 6j impairs cancer development and in-
vasions through down regulation of MMP-2 and MMP-9 (Fig. 7).

4. Materials and methods

4.1. Experimental section

The chemicals required for the synthesis of title compounds 6a-l
were procured from Sigma Aldrich Chemical Co. The purity of the
compounds was checked by thin layer chromatography (TLC) which
was performed on aluminium-backed silica plates and the spots were
detected by exposure to UV-lamp at λ= 254 nm. Melting points and
boiling point were measured on a Chemiline, Microcontroller Based
Melting Point/Boiling Point-Cl725 Apparatus with a digital

thermometer. IR spectra were recorded on the Agilent Technologies
Cary 630 FTIR spectrometer, 1H and 13C NMR spectra were recorded on
VNMRS-400 Agilent-NMR spectrophotometer. The mass spectra were
obtained with a VG70-70H spectrometer and the elemental analysis (C,
H, and N) was performed on Elementar Vario EL III elemental analyzer.
The results of elemental analyses are within±0.4% of the theoretical
values.

4.2. Chemistry

4.2.1. General synthetic procedure for phenoxyacetic ethyl ester derivatives
(3a-l)

A reaction of substituted phenols (1a-l, 0.025 mol) with chloroethyl
acetate (2, 0.032 mol) in the presence of anhydrous potassium carbo-
nate (0.075 mol) was refluxed in dry acetone (50 ml) for 10 h to afford
phenoxyacetic ethyl esters (3a-l). The reaction was monitored by TLC
using chloroform: hexane (3:1). The reaction mixture was cooled and
the solvent was removed by distillation. The residual mass was poured
into cold water to remove potassium carbonate and extracted with
ether (3 × 30 ml). The ether layer was washed with 10% sodium hy-
droxide solution, followed by water, then passed over anhydrous so-
dium sulfate to remove moisture and evaporated to afford liquid or
pasty compounds 3a-l.

4.2.1.1. Ethyl 2-phenoxyacetate (3a). Yield 80%; B.P. 98–101 °C; FT-IR
(KBr, νmaxcm−1): 1735–1759 (ester, C]O), 1150–1250 (ester, CeO);
1H NMR (400 MHz, DMSO) δ (ppm): 1.32 (t, J = 7 Hz, 3H, CH3 of

Fig. 3. Compound 6j impairs the cancer cell migration and invasions through down regulation of MMP-2 and MMP-9. The A549 monolayers were scratched to form wound and
treated with compound 6j for 48 h; (A) Inhibition of A549 cell migration and (B) Graphical representation of cancer cell migration. The A549 cells were cultured on top of ECM gel coated
invasion chamber, treated with compound 6j and complete media was added at the bottom of well and then incubated for 48 h; (C) Reticence of A549 cell invasion in ECM gel and (D)
Pictographical representation of A549 invasion. The A549 cells were cultured, treated with compound 6j and whole cell lysates and conditioned media was prepared. Immunoblots and
gelatin zymography was performed; (E) Compound 6j inhibits MMP-2 and MMP-9 expression as verified by immunoblots and F) Compound 6j counteracts the gelatinase activity of MMP-
2 and MMP-9 as confirmed by zymography. Statistically significant values are expressed as *p < 0.05 & **p < 0.01.
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ester), 4.24 (q, J = 6 Hz, 2H, CH2 of ester), 5.01 (s, 2H, OCH2),
6.77–7.34 (m, 5H, Ar-H); LC–MS m/z 181 [M+1]. Anal. Calcd for
C10H12O3 (180): C, 66.65; H, 6.71. Found: C, 66.59; H, 6.68%.

4.2.1.2. Ethyl 2-(2-bromophenoxy)acetate (3b). Yield 91%; B.P.
279–300 °C; FT-IR (KBr, νmaxcm−1): 1737–1755 (ester, C]O),
1155–1253 (ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.20
(t, J = 7 Hz, 3H, CH3 of ester), 4.16 (q, J = 6 Hz, 2H, CH2 of ester),
4.76 (s, 2H, OCH2), 6.86 (s, 1H, Ar-H6), 6.92 (s, 1H, Ar-H4), 7.33 (s, 1H,
Ar-H5), 7.63 (s, 1H, Ar-H3); LC–MS m/z 259 [M+] and 261 [M+2].
Anal. Calcd. for C10H11BrO3 (259): C, 46.36; H, 4.28. Found: C, 46.25;
H, 4.19%.

4.2.1.3. Ethyl 2-(4-chloro-3-methylphenoxy)acetate (3c). Yield 73%; B.P.
114–116 °C; FT-IR (KBr, νmaxcm−1): 1737–1745 (ester, C]O),
1120–1260 (ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.29
(t, J = 7 Hz, 3H, CH3 of ester), 2.38 (s, 3H, CH3), 4.34 (q, J = 6 Hz, 2H,
CH2 of ester), 5.55 (s, 2H, OCH2), 6.77–7.34 (m, 3H, Ar-H); LC–MS m/z
229 [M+] and 231 [M+2]. Anal. Calcd for C11H13ClO3 (229): C, 57.78;
H, 5.73. Found: C, 57.63; H, 5.65%.

4.2.1.4. Ethyl 2-(o-tolyloxy)acetate (3d). Yield 88%; B.P. 259–261 °C;

FT-IR (KBr, νmaxcm−1): 1730–1740 (ester, C]O), 1115–1245 (ester,
CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.43 (m, 3H, CH3), 2.41 (s,
3H, CH3), 4.24 (q, J = 6 Hz, 2H, CH2 of ester), 5.08 (s, 2H, OCH2),
6.97–7.34 (m, 4H, Ar-H); LC–MS m/z 195 [M+1]. Anal. Calcd for
C11H14O3 (194): C, 68.02; H, 7.27. Found: C, 68.01; H, 7.24%.

4.2.1.5. Ethyl 2-(2,4-difluorophenoxy)acetate (3e). Yield 75%; B.P.
263–266 °C; FT-IR (KBr, νmaxcm−1): 1728–1738 (ester, C]O),
1119–1258 (ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.44
(t, J = 7 Hz, 3H, CH3 of ester), 4.44 (q, J = 6 Hz, 2H, CH2 of ester),
5.12 (s, 2H, OCH2), 6.77–7.44 (m, 3H, Ar-H); LC–MS m/z 216 [M+].
Anal. Calcd for C10H10F2O3 (216): C, 55.56; H, 4.66. Found: C, 55.49;
H, 4.58%.

4.2.1.6. Ethyl 2-(2-isopropylphenoxy)acetate (3f). Yield 85%; B.P.
300–303 °C; FT-IR (KBr, νmaxcm−1): 1738–1746 (ester, C]O),
1123–1266 (ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.17
(d, J = 8 Hz, 6H, 2CH3), 1.36 (t, J = 7 Hz, 3H, CH3 of ester), 3.18 (m,
H, CH), 4.74 (q, J = 6 Hz, 2H, CH2 of ester), 5.91 (s, 2H, OCH2),
6.17–7.24 (m, 4H, Ar-H); LC–MS m/z 223 [M+1]. Anal. Calcd for
C13H18O3 (222): C, 70.24; H, 8.16. Found: C, 70.19; H, 8.09%.

Fig. 4. Compound 6j reticence the DLS tumour development by counteracting MVD and MMP-2 & -9 expressions. DLS tumour was developed by culturing DLA cells in thigh region
of mice subcutaneously and administered with compound 6j for 5 doses (ip) on every alternate days. On 35th day, tumor parameters, microvascular density and intra-tumoual MMP
expressions were analysed. (A) Inhibition of DL solid tumour volume as measured by vernier caliper, (B) Graphical representation of dose dependant tumour inhibition, (C) Physical
morphology of mice bearing DLS after compound 6j treatment, (D) Compound 6j exhibited decrease of tumour size and graphical representation of tumour mass, (E) Compound 6j
lessened the DLS induced MVD and pictographical representation of MVD, (F) Compound 6j reduced intra-tumoural MMP-2 and MMP-9 expression as verified by immunohistochemistry,
(G) Counter stain (immunohistochemistry) and (H) Compound 6j exhibited extended survivability. Statistically significant values are expressed as *p < 0.05 & **p < 0.0.
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4.2.1.7. Ethyl 2-(4-fluorophenoxy)acetate (3g). Yield 71%; B.P.
145–148 °C; FT-IR (KBr, νmaxcm−1): 1729–1743 (ester, C]O),
1126–1259 (ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.29

(t, J = 7 Hz, 3H, CH3 of ester), 4.64 (q, J = 6 Hz, 2H, CH2 of ester),
5.11 (s, 2H, OCH2), 7.09 (d, J = 8.80 Hz, 2H, Ar-H), 7.21 (d,
J = 8.80 Hz, 2H, Ar-H); LC–MS m/z 198 [M+]. Anal. Calcd for

Fig. 5. Compound 6j interacts with MMP-2 for
cancer regression in-silico. (A) Enfolding of mole-
cules 6j in the active site pocket of MMP-2 com-
plexes. (B) Ribbon models of MMP-2 catalytic do-
main and ligand molecules 6j complexes. (C) H-bond
interaction of ligand molecule 6j with MMP-2. (D)
The 2D interaction analysis of N'-(6-chloropyridazin-
3-yl)-2-phenoxyacetohydrazide 6j with MMP-2.

Fig. 6. Compound 6j interacts with MMP-9 for
cancer regression in-silico. (A) Enfolding of mole-
cules 6j in the active site pocket of MMP-9 com-
plexes. (B) Ribbon models of MMP-9 catalytic do-
main and ligand molecules 6j complexes. (C) H-bond
interaction of ligand molecule (6j) with MMP-9. (D)
The 2D interaction analysis of N'-(6-chloropyridazin-
3-yl)-2-phenoxyacetohydrazide 6j with MMP-9.
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C10H11FO3 (198): C, 60.60; H, 5.59. Found: C, 60.58; H, 5.56%.

4.2.1.8. Ethyl 2-(p-tolyloxy)acetate (3h). Yield 88%; B.P. 141–144 °C;
FT-IR (KBr, νmaxcm−1): 1731–1760 (ester, C]O), 1127–1259 (ester,
CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.46 (t, J = 7 Hz, 3H, CH3

of ester), 2.38 (s, 3H, CH3), 4.55 (q, J = 6 Hz, 2H, CH2 of ester), 5.04 (s,
2H, OCH2), 6.94 (d, J = 8.80 Hz, 2H, Ar-H), 7.09 (d, J = 8.80 Hz, 2H,
Ar-H); LC–MS m/z 195 [M+1]. Anal. Calcd for C11H14O3 (194): C,
68.02; H, 7.27. Found: C, 68.01; H, 7.18%.

4.2.1.9. Ethyl 2-(4-chloro-2-fluorophenoxy)acetate (3i). Yield 77%; B.P.
285–288 °C; FT-IR (KBr, νmaxcm−1): 1733–1744 (ester, C]O),
1126–1266 (ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.29
(t, J = 7 Hz, 3H, CH3 of ester), 4.34 (q, J = 6 Hz, 2H, CH2 of ester),
5.31 (s, 2H, OCH2), 6.27–7.84 (m, 3H, Ar-H); LC–MS m/z 233 [M+]
and 235 [M+2]. Anal. Calcd for C10H10ClFO3 (233): C, 51.63; H, 4.33.
Found: C, 51.57; H, 4.29%.

4.2.1.10. Ethyl 2-(2,4-diisopropylphenoxy)acetate (3j). Yield 75%; Pasty
mass; FT-IR (KBr, νmaxcm−1): 1735–1750 (ester, C]O), 1120–1270
(ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.20 (d, J = 8 Hz,
12H, 4CH3),1.29 (t, J = 7 Hz, 3H, CH3 of ester), 3.08 (m, 2H, 2CH),
3.59, 4.84 (q, J = 6 Hz, 2H, CH2 of ester), 5.23 (s, 2H, OCH2),
6.87–7.84 (m, 3H, Ar-H); LC–MS m/z 265 [M+1]. Anal. Calcd for
C16H24O3 (264): C, 72.69; H, 9.15. Found: C, 72.66; H, 9.13%.

4.2.1.11. Ethyl 2-(4-chlorophenoxy)acetate (3k). Yield 70%; B.P.
178–181 °C; FT-IR (KBr, νmaxcm−1): 1733–1751 (ester, C]O),
1131–1256 (ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.53
(t, J = 7 Hz, 3H, CH3 of ester), 4.54 (q, J = 6 Hz, 2H, CH2 of ester),
4.89 (s, 2H, OCH2), 7.06 (d, J = 8.80 Hz, 2H, Ar-H), 7.35 (d,
J = 8.80 Hz, 2H, Ar-H); LC–MS m/z 215 [M+] and 217 [M+2].
Anal. Calcd for C10H11ClO3 (215): C, 55.96; H, 5.17. Found: C, 55.86;
H, 5.09%.

4.2.1.12. Ethyl 2-(2-fluoro-4-nitrophenoxy)acetate (3l). Yield 65%; B.P.
358–360 °C; FT-IR (KBr, νmaxcm−1): 1735–1755 (ester, C]O),
1126–1246 (ester, CeO); 1H NMR (400 MHz, DMSO) δ (ppm): 1.37
(t, J = 7 Hz, 3H, CH3 of ester), 5.24 (q, J = 6 Hz, 2H, CH2 of ester),
5.77 (s, 2H, OCH2), 7.34-8.34 (m, 3H, Ar-H); LC–MS m/z 243 [M+].
Anal. Calcd for C10H10FNO5 (243): C, 49.39; H, 4.14; N, 5.76. Found: C,
49.27; H, 4.12; N, 5.64%.

4.2.2. General synthetic procedure for phenoxyacetic acid analogues (4a-l)
Phenoxy acetic acid ethyl esters (3a-l, 0.02 mol) were dissolved in

ethanol (15 ml), 40% sodium hydroxide solution (2 ml) was added and
the mixture was refluxed for 5–9 h. The reaction was monitored by TLC
using hexane: ethyl acetate: methanol (5:2:1). The reaction mixture was
cooled and quenched with 2 N hydrochloric acid. The precipitate was
filtered, washed with water and finally recrystallized to afford com-
pounds 4a-l.

4.2.2.1. 2-Phenoxyacetic acid (4a). Yield 81%; M.P. 98–100 °C; FT-IR
(KBr, νmaxcm−1):1714-1725 (C]O), 1246–1253 (Ar–OeC),
3377–3388 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.66 (s, 2H,
OCH2), 6.79-7.35 (m, 5H, Ar-H), 13.11 (bs, 1H, OH); LC–MS m/z 152
[M+]. Anal. Calcd. for C8H8O3 (152): C, 63.15; H, 5.30. Found: C,
63.08; H, 5.27%.

4.2.2.2. 2-(2-Bromophenoxy) acetic acid (4b). Yield 91%; M.P.
217–220 °C; FT-IR (KBr, νmaxcm−1):1715-1730 (C]O), 1250–1255
(Ar–OeC), 3375–3399 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.71
(s, 2H, OCH2), 6.86 (s, 1H, Ar-H6), 6.92 (s, 1H, Ar-H4), 7.33 (s, 1H, Ar-
H5), 7.63 (s, 1H, Ar-H6), 14.09 (bs, 1H, OH); LC–MS m/z 231 [M+],
233 [M+2]. Anal. Calcd. for C8H7BrO (231): C, 41.59; H, 3.05. Found:
C, 41.52; H, 3.01%.

4.2.2.3. 2-(4-Chloro-3-methylphenoxy) acetic acid (4c). Yield 77%; M.P.
115–117 °C; FT-IR (KBr, νmaxcm−1): 1710–1720 (C]O), 1245–1253
(Ar–OeC), 3366–3396 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 2.46
(s, 3H, CH3), 4.56 (s, 2H, OCH2), 6.61-7.54 (m, 3H, Ar-H), 13.14 (bs,
1H, OH); LC–MS m/z 201 [M+], 203 [M+2]. Anal. Calcd. for
C9H9ClO3 (201): C, 53.88; H, 4.52. Found: C, 53.78; H, 4.49%.

4.2.2.4. 2-(o-Tolyloxy)acetic acid (4d). Yield 86%; M.P. 152–155 °C;
FT-IR (KBr, νmaxcm−1): 1720–1740 (C]O), 1240–1250 (Ar–OeC),
3379–3422 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 2.19 (s, 3H,
CH3), 4.69 (s, 2H, OCH2), 7.01-7.65 (m, 4H, Ar-H), 12.99 (bs, 1H, OH);
LC–MS m/z 167 [M+1]. Anal. Calcd. for C9H10O3 (166): C, 65.05; H,
6.07. Found: C, 65.01; H, 6.01%.

4.2.2.5. 2-(2,4-Difluorophenoxy)acetic acid (4e). Yield 79%; M.P.
124–127 °C; FT-IR (KBr, νmaxcm−1): 1724–1745 (C]O), 1253–1256
(Ar–OeC), 3375–3391 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.77
(s, 2H, OCH2), 6.92-7.38 (m, 3H, Ar-H), 13.20 (bs, 1H, OH); LC–MS m/z
188 [M+]. Anal. Calcd. for C8H6F2O3 (188): C, 51.08; H, 3.21. Found:
C, 51.04; H, 3.18%.

Fig. 7. Schematic representation of N'-(6-chloropyridazin-3-yl)-2-(2,4 diisopropylphenoxy) acetohydrazide (6j) induced invasion and metastasis.
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4.2.2.6. 2-(2-Isopropylphenoxy) acetic acid (4f). Yield 69%; M.P.
132–135 °C; FT-IR (KBr, νmaxcm−1): 1715–1735 (C]O), 1249–1258
(Ar–OeC), 3355–3473 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 1.17
(d, J = 8 Hz, 6H, CH3), 3.11 (m, H, CH), 4.89 (s, 2H, OCH2), 6.92-8.01
(m, 4H, Ar-H), 14.02 (bs, 1H, OH); LC–MS m/z 195 [M+1]. Anal.
Calcd. for C11H14O3 (194): C, 68.02; H, 7.27. Found: C, 68.00H, 7.19%.

4.2.2.7. 2-(4-Fluorophenoxy)acetic acid (4g). Yield 73%; M.P. 103–106
°C; FT-IR (KBr, νmaxcm−1): 1725–1755 (C]O), 1250–1260 (Ar–OeC),
3345–3380 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.59 (s, 2H,
OCH2), 7.09 (d, J = 8.80 Hz, 2H, Ar-H), 7.02-7.09 (d, J = 8.80 Hz, 2H,
Ar-H), 13.93 (bs, 1H, OH); LC–MS m/z 170 [M+]. Anal. Calcd. for
C8H7FO3 (170): C, 56.48; H, 4.15. Found: C, 56.39; H, 4.09%.

4.2.2.8. (4-Methylphenoxy)acetic acid (4 h). Yield 81%; M.P.
142–144 °C; FT-IR (KBr, νmaxcm−1): 1730–1745 (C]O), 1253–1262
(Ar–OeC), 3375–3380 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 2.39
(s, 3H, CH3), 4.66 (s, 2H, OCH2), 6.79-6.84 (d, J = 8.80 Hz, 2H, Ar-H),
7.03-7.09 (d, J = 8.80 Hz, 2H, Ar-H), 13.13 (bs, 1H, OH); LC–MS m/z
167 [M+1]. Anal. Calcd. for C9H10O3 (166): C, 65.05; H, 6.07. Found:
C, 65.02; H, 6.04%.

4.2.2.9. 2-(4-Chloro-2-fluorophenoxy)acetic acid (4i). Yield 76%; M.P.
62–65 °C; FT-IR (KBr, νmaxcm−1): 1735–1755 (C]O), 1247–1257
(Ar–OeC), 3354–3386 (OH); 1H NMR (400 MHz, DMSO) δ (ppm):
4.78 (s, 2H, OCH2), 6.83-8.85 (m, 3H, Ar-H), 12.98 (bs, 1H, OH);
LC–MS m/z 205 [M+], 207 [M+2]. Anal. Calcd. for C8H6ClFO3 (205):
C, 46.97; H, 2.96. Found: C, 46.89; H, 2.87%.

4.2.2.10. 2-(2,4-Diisopropylphenoxy)acetic acid (4j). Yield 78%; M.P.
82–85 °C; FT-IR (KBr, νmaxcm−1): 1725–1748 (C]O), 1258–1260
(Ar–OeC), 3348–3399 (OH); 1H NMR (400 MHz, DMSO) δ (ppm):
1.21 (d, J = 8 Hz, 12H, 4CH3), 3.09 (m, 2H, 2CH), 4.69 (s, 2H, OCH2),
5.99-7.45 (m, 3H, Ar-H), 13.26 (bs, 1H, OH); LC–MS m/z 237 [M+1].
Anal. Calcd. for C14H20O3 (236): C, 71.16; H, 8.53. Found: C, 71.06; H,
8.48%.

4.2.2.11. 4-Chlorophenoxyacetic acid (4k). Yield 88%; M.P. 155–158 °C;
FT-IR (KBr, νmaxcm−1): 1701–1725 (C]O), 1243–1253 (Ar–OeC),
3375–3376 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.58 (s, 2H,
OCH2), 7.09 (d, J = 8.80 Hz, 2H, Ar-H), 7.38 (d, J = 8.80 Hz, 2H, Ar-
H), 14.02 (bs, 1H, OH); LC–MS m/z 187 [M+], 189 [M+2]. Anal.
Calcd. for C8H7ClO3 (187): C, 51.50; H, 3.78. Found: C, 51.48; H,
3.69%.

4.2.2.12. 2-(2-Fluoro-4-nitrophenoxy) acetic acid (4l). Yield 87%; M.P.
139–141 °C; FT-IR (KBr, νmaxcm−1): 1722–17265 (C]O), 1244–1254
(Ar–OeC), 3369–3380 (OH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.67
(s, 2H, OCH2), 7.26-8.09 (m, 3H, Ar-H), 12.03 (bs, IH, OH); LC–MS m/z
215 [M+]. Anal. Calcd. for C8H6FNO5 (215): C, 44.66; H, 2.81; N, 6.51.
Found: C, 44.57; H, 2.79; N, 6.47%.

4.2.3. General synthetic procedure for 3-chloro-6-hydrazinylpyridazine
(5b)

After stirring the compound 3,6-dichloropyridazine (5a, 2 mmol) in
ethanol (20 ml) for 15 min at room temperature, hydrazine hydrate
(2 mmol) was added. Further, the reaction was refluxed for 1 h at
100 °C and it was monitored by TLC using hexane: ethyl acetate (2:1) as
the mobile phase. The white product of 3-chloro-6-hydrazinylpyr-
idazine (5b) was filtered, washed and after drying, recrystallized from
ethanol. Yield 62%; M.P. 136–138 °C; FT-IR (KBr, νmaxcm−1):
1178–1181 (C]N), 3327-3139 (hydrazine NHNH2), 1H NMR
(400 MHz, DMSO) δ (ppm): 4.59 (bs, 2H, NH2), 7.21 (d, J = 8 Hz, 2H,
Ar-H), 8.48 (s, 1H, NH); LC–MS m/z 145 [M+] 147 [M+2]. Anal.
Calcd. for C4H5ClN4 (145): C, 33.23; H, 3.49; N, 38.76. Found: C, 33.21;
H, 3.47; N, 38.73%.

4.2.4. General synthetic procedure for N'-(6-chloropyridazin-3-yl)-2-
phenoxyacetohydrazide analogues (6a-l)

To phenoxyacetic acids (4a-l, 2 mmol) stirring in dry DCM (20 ml),
lutidine (3 mmol) was added at 25–30 °C, followed by the addition of 3-
chloro-6-hydrazinylpyridazine (5b, 2 mmol). The reaction mixture was
stirred at the same temperature for 30 min. After reducing the tem-
perature to 0–5 °C, TBTU (2 mmol) was added to the mixture. The
temperature was maintained below 5 °C over a period of 30 min. The
reaction mass was stirred overnight and monitored by TLC. The solvent
was evaporated under reduced pressure, quenched by the addition of
crushed ice and the obtained solid was filtered, dried. This crude pro-
duct was subjected to column chromatography and eluted with the
solvent mixture of ethyl acetate: hexane (8:2) to get the pure product
and was recrystallized to afford compounds 6a-l in good yield.

4.2.4.1. N'-(6-Chloropyridazin-3-yl)-2-phenoxyacetohydrazide
(6a). Yield 82%; M.P 160–162 °C; FT-IR (KBr, νmaxcm−1): 1674 (C]
O), 3120–3220 (NHeNH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.76 (s,
2H, OCH2), 7.92–7.75 (m, 7H, Ar-H), 10.10 (s, 1H, NH), 10.30 (s, 1H,
NH); 13C NMR (100 MHz, DMSO): δ 66.82, 115.16, 120.08, 121.25,
129.25, 130.55, 154.3, 159.50, 162.01, 167.74; LC–MS m/z 279 [M+]
281 [M+2]. Anal. Calcd. For C12H11ClN4O2 (279): C, 51.72; H, 3.98; N,
20.10. Found: C, 51.78; H, 3.94; N, 20.06%.

4.2.4.2. 2-(2-Bromophenoxy)-N'-(6-chloropyridazin-3-yl)acetohydrazide
(6b). Yield 78%; M.P 170–172 °C; FT-IR (KBr, νmaxcm−1): 1644 (C]
O), 3109–3121 (NHeNH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.79 (s,
2H, OCH2), 6.83–8.09 (m, 6H, Ar-H), 8.90 (s, 1H, NH), 11.03 (s, 1H,
NH);13C NMR (100 MHz, DMSO): δ 67.01, 111.12, 113.29, 120.09,
123.91, 129.18, 130.18, 133.99, 151.50, 154.9, 162.04, 166.74; LC–MS
m/z 358 [M+] 360 [M+2] 362 (M+4). Anal. Calcd. For
C12H10BrClN4O2: C, 40.31; H, 2.82; N, 15.67. Found: C, 40.29; H,
2.80; N, 15.64%.

4.2.4.3. 2-(4-Chloro-3-methylphenoxy)-N'-(6-chloropyridazin-3-yl)
acetohydrazide (6c). Yield 76%; M.P 129–131 °C; FT-IR (KBr,
νmaxcm−1): 1663 (C]O), 3137–3250 (NHeNH); 1H NMR (400 MHz,
DMSO) δ (ppm): 2.35 (s, 3H, CH3), 4.01 (s, 2H, OCH2), 7.01-7.99 (m,
5H, Ar-H), 9.06 (s, 1H, NH), 10.98 (s, 1H, NH); 13C NMR (100 MHz,
DMSO): δ 21.28, 67.79, 114.08, 114.59, 119.99, 128.92, 129.55
130.17, 133.81, 152.39, 158.59, 163.03, 166.95; LC–MS m/z 327 [M
+] 329 [M+2] 331 [M+4]. Anal. Calcd. For C13H12Cl2N4O2 (327): C,
47.73; H, 3.70; N, 17.13. Found: C, 47.73; H, 3.69; N, 17.11%.

4.2.4.4. N'-(6-Chloropyridazin-3-yl)-2-(o-tolyloxy)acetohydrazide
(6d). Yield 83%; M.P 128–130 °C; FT-IR (KBr, νmaxcm−1): 1649 (C]
O), 3119–3259 (NHeNH); 1H NMR (400 MHz, DMSO) δ (ppm): 2.15 (s,
3H, CH3), 5.01 (s, 2H, OCH2), 6.89-7.35 (m, 6H, Ar-H), 8.97 (s, 1H,
NH), 10.49 (s, 1H, NH); 13C NMR (100 MHz, DMSO): δ 16.02, 65.99,
113.22, 119.73, 121.29, 125.77, 126.90, 129.91, 132.06, 152.03,
159.25, 162.19, 167.43; LC–MS m/z 293 [M+] 295 [M+2]. Anal.
Calcd. For C13H13ClN4O2 (293): C, 53.34; H, 4.48; N, 19.14. Found: C,
53.32; H, 4.44; N, 19.11%.

4.2.4.5. N'-(6-Chloropyridazin-3-yl)-2-(2,4-difluorophenoxy)
acetohydrazide (6e). Yield 78%; M.P 122–124 °C; FT-IR (KBr,
νmaxcm−1): 1657 (C]O), 3110–3222 (NHeNH); 1H NMR (400 MHz,
DMSO) δ (ppm): 4.55 (s, 2H, OCH2), 7.44-8.11 (m, 5H, Ar-H), 9.05 (s,
1H, NH), 9.99 (s, 1H, NH); 13C NMR (100 MHz, DMSO): δ 67.19,
107.17, 113.11, 118.04, 119.92, 129.82, 146.11, 152.33, 153.04,
154.11, 162.07, 167.08; LC–MS m/z 315 [M+] 317 [M+2]. Anal.
Calcd. For C12H9ClF2N4O2 (315): C, 45.80; H, 2.88; N, 17.80. Found: C,
45.78; H, 2.86; N, 17.76%.

4.2.4.6. N'-(6-Chloropyridazin-3-yl)-2-(2-isopropylphenoxy)
acetohydrazide (6f). Yield 78%; M.P 132–134 °C; FT-IR (KBr,
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νmaxcm−1): 1661 (C]O), 3107–3248 (NHeNH); 1H NMR (400 MHz,
DMSO) δ (ppm): 1.14 (d, J = 7.40 Hz 6H, 2CH3), 3.05 (m, 1H, CH),
5.55 (s, 2H, OCH2), 6.91-7.52 (m, 6H, Ar-H), 8.93 (s, 1H, NH), 11.01 (s,
1H, NH); 13C NMR (100 MHz, DMSO): δ 23.67, 27,64, 66.96, 113.19,
119.65, 120.76, 126.05, 127.17, 129.93, 136.54, 152.39, 156.53,
161.57, 164.98; LC–MS m/z 321 [M+] 323 [M+2]. Anal. Calcd. For
C15H17ClN4O2 (321): C, 56.17; H, 5.34; N, 17.47. Found: C, 56.13; H,
5.31; N, 17.44%.

4.2.4.7. N'-(6-Chloropyridazin-3-yl)-2-(4-fluorophenoxy)acetohydrazide
(6 g). Yield 77%; M.P 104–106 °C; FT-IR (KBr, νmaxcm−1): 1679 (C]
O), 3129–3239 (NHeNH); 1H NMR (400 MHz, DMSO) δ (ppm): 4.29 (s,
2H, OCH2), 7.03 −7.69 (m, 6H, Ar-H), 9.01 (s, 1H, NH), 10.90 (s, 1H,
NH); 13C NMR (100 MHz, DMSO): δ 69.16, 116.96, 117.45, 120.29,
129.21, 152.13, 154.95, 156.34, 163.03, 166.98; LC–MS m/z 297 [M
+] 299 [M+2]. Anal. Calcd. For C12H10ClFN4O2 (297): C, 48.58; H,
3.40; N, 18.88. Found: C, 48.55; H, 3.38; N, 18.86%.

4.2.4.8. N'-(6-Chloropyridazin-3-yl)-2-(p-tolyloxy)acetohydrazide
(6 h). Yield 84%; M.P 127–129 °C; FT-IR (KBr, νmaxcm−1): 1675 (C]
O), 3124–3230 (NHeNH); 1H NMR (400 MHz, DMSO) δ (ppm): 2.25 (s,
3H, CH3), 4.71 (s, 2H, OCH2), 6.89 (d, J = 9.2 Hz, 2H, Ar-H), 7.05 (d,
J = 9.2 Hz, 1H, 4-pyridazin-H), 7.10 (d, J = 9.2 Hz, 2H, Ar-H) 7.20 (d,
J = 9.2 Hz, 1H, 5-pyridazin-H), 8.99 (s, 1H, NH), 10.94 (s, 1H, NH);
13C NMR (100 MHz, DMSO): δ 22.91, 67.29, 115.29, 119.87, 129.39,
130.01, 132.17, 152.38, 158.55, 164.06, 168.76; LC–MS m/z 293 [M
+ ] 295 [M+2]. Anal. Calcd. For C13H13ClN4O2 (293): C, 53.34; H,
4.48; N, 19.14. Found: C, 53.32; H, 4.45; N, 19.12%.

4.2.4.9. 2-(4-Chloro-2-fluorophenoxy)- N'-(6-chloropyridazin-3-yl)aceto
hydrazide (6i). Yield 87%; M.P 146–148 °C; FT-IR (KBr, νmaxcm−1):
1667 (C]O), 3126–3229 (NHeNH); 1H NMR (400 MHz, DMSO) δ
(ppm): 4.90 (s, 2H, OCH2), 6.47−7.34 (m, 6H, Ar-H), 8.96 (s, 1H, NH),
11.19 (s, 1H, NH); 13C NMR (100 MHz, DMSO): δ 65.93, 117.71,
118.55, 119.81,127.59, 128.89, 129.81, 147.63, 151.43, 152.99,
163.01, 166.38; LC–MS m/z 331 [M+] 333 [M+2] 335 [M+4].
Anal. Calcd. For C12H9Cl2FN4O2 (331): C, 48.58; H, 3.40; N, 18.88.
Found: C, 48.55; H, 3.38; N, 18.86%.

4.2.4.10. N'-(6-Chloropyridazin-3-yl)-2-(2,4-diisopropylphenoxy)
acetohydrazide (6j). Yield 84%; M.P 108–110 °C; FT-IR (KBr,
νmaxcm−1): 1683 (C]O), 3131–3220 (NHeNH); 1H NMR (400 MHz,
DMSO) δ (ppm): 1.14 (d, J = 8.80 Hz, 6H, 2CH3), 1.20 (d, J = 8.80 Hz,
6H, 2CH3), 2.87 (m, 1H, CH), 3.05 (m, 1H, CH), 4.55 (s, 2H, OCH2),
6.75-7.59 (m, 5H, Ar-H), 8.49 (s, 1H, NH), 10.49 (s, 1H, NH); 13C NMR
(100 MHz, DMSO): δ 23.06, 24.17, 28.72, 34.48, 67.26, 113.09,
120.19, 125.29, 127.38, 129.99, 138.69, 140.74, 151.93, 152.96,
163.07, 167.39; LC–MS m/z 363 [M+] 365 [M+2]. Anal. Calcd. For
C18H23ClN4O2 (363): C, 59.58; H, 6.39; N, 15.44. Found: C, 59.56; H,
6.36; N, 15.42%.

4.2.4.11. 2-(4-Chlorophenoxy)- N'-(6-chloropyridazin-3-yl)acetohydr
azide (6k). Yield 79%; M.P 152–154 °C; FT-IR (KBr, νmaxcm−1):
1671 (C]O), 3123–3228 (NHeNH); 1H NMR (400 MHz, DMSO) δ
(ppm): 4.71 (s, 2H, OCH2), 7.04 (d, J = 9.2 Hz, 2H, Ar-H), 7.06 (d,
J = 9.2 Hz, 1H, 4-pyridazin-H), 7.19 (d, J = 9.2 Hz, 1H, 5-pyridazin-
H) 7.38 (d, J = 9.2 Hz, 2H, Ar-H), 8.88 (s, 1H, NH), 10.88 (s, 1H, NH);
13C NMR (100 MHz, DMSO): δ 65.99, 117.34, 120.02, 126.86, 130.11,
132.39, 152.37, 157.02, 163.09, 167.03; LC–MS m/z 313 [M+] 315 [M
+2] 317 [M+4]. Anal. Calcd. For C12H10Cl2N4O2 (315): C, 46.03; H,
3.22; N, 18.89. Found: C, 46.01; H, 3.20; N, 18.86%.

4.2.4.12. N'-(6-Chloropyridazin-3-yl)-2-(2-fluoro-4-nitrophenoxy)
acetohydrazide (6l). Yield 84%; M.P 112–114 °C; FT-IR (KBr,
νmaxcm−1): 1681 (C]O), 3129–3229 (NHeNH); 1H NMR (400 MHz,
DMSO) δ (ppm): 4.55 (s, 2H, CH2), 7.03–8.06 (m, 5H, Ar-H), 8.77 (s,

1H, NH), 10.76 (s, 1H, NH); 13C NMR (100 MHz, DMSO): δ 65.77,
115.82, 118.98, 122.73, 125.25, 126.21, 130.91, 141.98, 151.43,
161.77, 162.09, 166.73; LC–MS m/z 342 [M+] 344 [M+2]. Anal.
Calcd. For C12H9ClFN5O4 (342): C, 42.18; H, 2.66; N, 20.50. Found: C,
42.15; H, 2.62; N, 20.48%.

4.3. Biological study

The human lung adenocarcinoma (A549), hepatocellular carcinoma
(HepG2), renal carcinoma (A498) and cervical carcinoma (CaSki and
SiHa) and normal fibroblast (NIH-3T3) cells were used for determining
the IC50 value of newly synthesized series 6a-l by MTT, trypan blue,
LDH leak and clonogenic assays. Anti-migration and invasive efficacies
of the lead compound was evaluated in A549 cells by migration and
invasion assays, gelatin zymography and immunoblots.

4.3.1. Cell culture and cytotoxic studies
The A549, HepG2, A498, CaSki and SiHa cells were grown in DMEM

medium (Gibco-Invitrogen, USA), supplemented with 10% FBS
(Invitrogen, USA), sodium carbonate (0.37%) and Antibiotic-anti-
micotic solution (100 μg/ml) (Sigma-Aldrich, USA) at 37 °C with 5%
CO2 in a humidified carbon dioxide (CO2) incubator. After serum
starvation, the cells were exposed with diverse concentration of com-
pounds 6a-l (0, 5, 10, 25, 50 and 100 μM in DMSO) and reincubated at
37 °C for 45 h. DMSO and 5-Fluorouracil were used as a vehicle and
positive control respectively. MTT assay, trypan blue dye exclusion
assay and LDH release assay were performed and cytotoxicity of com-
pounds 6a-l was determined [42,43].

4.3.2. Clonogenic assay
Anti-clonogenic and extended effect of compound 6j (0 & 8 μM)

against A549, HepG2, A498, CaSki and SiHa cells was assessed by
performing clonogenic assay [32]. In concise, the cells (∼400/well)
were cultured and exposed with compound 6j for 6 h, cultured further
for 12 days. Colonies were fixed with methanol, stained with crystal
violet and counted.

4.3.3. Migration assay
The efficacy of the compound 6j on A549 cell migration was vali-

dated by performing migration assay with minor modifications [32].
The A549 was cultured in DMEM medium to form monolayer and 2 mm
size wounds were made by scratching with a microtip. The wounds
were exposed with compound 6j (0 & 8 μM), incubated for 48 h, fixed
with methanol and stained in crystal violet(0.4 g/L).Cell migrations
were photographed at identical locations using Olympus Phase Contrast
inverted microscope. The potency of compound 6j on A549 cell mi-
gration was calculated by comparing the final gap width to initial gap
width.

4.3.4. Matrigeltranswell invasion assay
Matrigel (ECM gel) transwell invasion assay was performed to in-

vestigate the anti-invasive efficacy of compound 6j as mentioned earlier
[44]. In concise, Serum free medium containing of A549 (5 × 104/well)
cells was cultured with and without 6j (8 μM) on top of invasion
chamber coated with ECM gel. DMEM with 10% FBS was supplied in
the lower chamber and incubated at 37 °C for 24 h. Then invasion
chamber was carefully removed and uninvaded cells on top of the in-
vasion chamber were removed by wet cotton swab and invaded cells
were fixed with methanol, stained with crystal violet (0.4 g/L). The
effect of compound 6j on A549 invasion was assessed by counting in-
vaded cells at the bottom of the chamber in Olympus Phase Contrast
inverted microscope and photographed.

4.3.5. Gelatin zymography
Gelatin zymography is the most appropriate assay system to quan-

tify the secretion of MMP-2 and MMP-9. In brief, A549 cells were
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cultured and treated with and without 8 μM of compound 6j for 48 h.
Secreted proteins from conditioned media were quantified in
Biospectrophotometer (Eppendorf, Germany) and resolved in 8% SDS-
PAGE gels containing 0.1% (w/v) gelatin. Zymogram was developed as
reported earlier [45] and decrease of gelatin lysis zones was docu-
mented using Bio-rad Gel Documentation™ XR+ Imaging System.

4.3.6. Immunoblots
The whole cell lysates were prepared from compound 6j treated and

untreated A549 cells using RIPA buffer (100 mM Tris pH 7.5, 140 mM
NaCl, 0.1% SDS, 5 mM EDTA, 1% Triton X-100, 0.5% sodium deox-
ycholate, 0.5 mM PMSF and Protease inhibitor cocktail) [32,46]. Cell
lysates concentration was determined by using Biospectrophotometer
and 30 μg of lysates were resolved 12% SDS-PAGE and transferred to
PVDF membrane. Immunoblot analysis was carried out for MMP-2 and
MMP-9 (Santacruz Biotechnology, USA) and β-actin (BD Bioscience,
USA).

4.3.7. Animals and ethics
Male swiss albino mice (27–30 g) were used throughout the study.

All the experiments performed on animals were reviewed and approved
by National College of Pharmacy Ethical Committee, Shivamogga, India
as per CPCSEA guidelines (NCP/IAEC/CL/101/05/2012-13).

4.3.8. Determination of LD50 and evaluation of side effects of compound 6j
in normal animals

The acute toxicity studies of the compound 6j was evaluated in non-
tumor bearing Swiss albino mice by intraperitoneal administration of
compound 6j (0, 100, 300, 500, 1000 mg/kg body weight (n = 5) and
LD50 was determined as per the standard CPCSEA guidelines. Following
LD50 assessment, treatment dose of compound 6j was fixed at 40 mg/
kg bw and further the animals bearing Dalton’s solid lymphoma ad-
ministered for anti-cancer investigations.

4.3.9. Tumor model and treatment
DLA cells were cultured in peritoneum of mice and exponentially

growing DLA cells were withdrawn, re-injected (5 × 106 cells/thigh)
into thigh region of the mice subcutaneously (s.c) to develop DL solid
tumor (DLS) [32]. After onset of tumor development (100 mm3 size),
mice were administered with or without compound 6j (n = 5 each,
40 mg/kg body weight) for 5 doses intraperitoneally on every alternate
days. At the end of the 35th day, the tumor mass were separated and
photographed. Tumor tissues were processed for H & E staining and
immunohistochemistry (IHC) analysis as described earlier [32].

For assessing toxicological parameters of compound 6j, serum was
collected for alkaline phosphatase (ALP), creatinine, urea, RBC and
WBC quantification. Survivability of mice bearing DLS of compound 6j
treated and untreated (n = 10 each) was monitored separately.

4.4. In-silico studies

The interaction of compound 6j with MMPs (MMP- 2 & -9) was
validated by performing molecular algorithmic study since it inhibits
the action of MMP-2 and MMP-9. The MMP-2 and MMP-9 receptor
domains were obtained from PDB: 1HOV (model 3: A) and PDB: 1L6J
respectively and used it for the current investigation. The results of
molecular docking were analyzed using autodock 4.2. Using tools
available in autodock programmer the proteins and ligands were
downloaded and prepared in three-dimensional atomic coordinates for
molecular docking. A lamarkian genetic algorithm method was applied
in the program suite was employed to recognize suitable binding modes
and conformation of the ligand molecules. Also using autodock tools
(ADT) gasteiger charges were added and the rotatable bonds were set
and all torsions were allowed to rotate. Polar hydrogen atoms were
added and kollaman charges were assigned to the protein using auto-
dock tools (ADT). To each atom type grid maps were assigned in the

protein and ligand. Desolation maps and additional electrostatic were
also calculated. Using the Lamarckian Genetic algorithm (LGA),
Molecular docking simulations were performed as the search algorithm.
All molecular modeling experiments were carried out with carton and
ribbon models and the figures showing protein-ligand interactions were
generated using PyMOL [47,48].

4.5. Statistical analysis

Values were expressed as mean ± standard deviation (SD). MS
excel 8.1 version software was used for data analysis, statistical sig-
nificance was evaluated by one-way analysis of variance (ANOVA)
followed by 2-tailed Student’s t-test. Statistical significant values were
expressed as *p < 0.05 and **p < 0.01.
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