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A B S T R A C T

Design, synthesis and characterization of new trinary Benzocoumarin-Thiazoles-Azomethine derivatives having
three bioactive scaffolds in a single structural unit were carried out. The newly synthesized molecules were
investigated for the inhibitory activity on human tissue nonspecific alkaline phosphatase (h-TNAP) and human
intestinal alkaline phosphatase (h-IAP) isozymes. All the tested compounds exhibited the potent inhibition
profile on both isozymes of alkaline phosphatase i.e., h-TNAP and h-IAP. Molecular docking studies were per-
formed to explore the putative binding mode of interactions of selective inhibitors. Moreover, the synthesized
derivatives were evaluated against cervical cancer cell line, HeLa and a few compounds exhibited significant
inhibition in the range of 21.0–69.7%. The derivatives can be potential and selective alkaline phosphatase
inhibitors for future studies.

1. Introduction

Purinergic signaling plays a crucial role in normal functioning of
various physiological processes in the body such as inflammation, pain
perception, blood clotting, apoptosis, immune reactions and smooth
muscle contraction [1]. Purinergic signaling pathway is comprised of
seven ionotropic P2X receptors (P2X1-7), at least eight metabotropic
P2Y receptors (P2Y1,2,4,6,11-14) and four adenosine P1 receptors
(A1,A2A,A2B,A3). Extracellular nucleotides (ATP, UTP, ADP) and nu-
cleosides (dephosphorylation of ATP generate adenosine) are chemical
messengers involved in purinergic signaling pathway [2]. ATP is re-
leased into extracellular space in response to physiological condition or
pathological stress such as ischemia, hypoglycemia, hypoxia, in-
flammation, metabolic disorders and cellular damage [3]. ATP (agonist
of P2X and P2Y receptors) is rapidly metabolized by surface located
ectonucleotidases into various derivatives, thus facilitating the activa-
tion of other purinergic receptors. Ectonucleotidases are membrane
bounded enzymes which include ecto-nucleoside triphosphate

diphosphohydrolases (ENTPDases), ecto-nucleotide pyrophosphatase/
phosphodiesterase (ENPPs), alkaline phosphatases (APs) and ecto-5′-
nucleotidases (ecto-5′-NT) [3].

Alkaline phosphatases are membrane bound ecto-nucleotidases
which are widely distributed from bacteria to mammals. Alkaline
phoshatases are dimeric enzymes that catalyze the wide range physio-
logical and non-physiological substrates through dephosphorylation
and transphosphorylation reactions [4,5]. The enzymatic activity of
alkaline phosphatases (APs) is due to existence of two Zn+2 ions and
one Mg+2 ion within their catalytic site [6]. In human, APs are further
sub-divided to two classes; the tissue specific alkaline phosphatases that
cover intestinal alkaline phosphatase, placental alkaline phosphatase
and germ cell alkaline phosphatase isoenzymes and tissue-nonspecific
alkaline phosphatase which is encoded by various genes [7,1]. Cur-
rently, tissue-nonspecific and tissue-specific isozymes can be differ-
entiated based on the amino acid sequence and the level of activation or
inhibition (Fig. 1). Tissue-nonspecific alkaline phosphatase is found not
only in the developing neural tube, but also in kidneys, liver and
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mineralization of tooth and skeletal tissues. The downregulation of
TNAP expression can cause rickets/osteomalacia also termed as hypo-
phosphatasia in humans and mice [8]. TNAP is important for the
elimination of extracellular inorganic pyrophosphate, which is strong
inhibitor of calcification and facilitates normal mineralization of dental
and skeletal tissues [9]. Therefore, it is believed that inhibitors of TNAP
can be used as drug for the treatment of disease related to pyropho-
sphate metabolism disorders like various genetic diseases, arterial cal-
cification of infancy and other chronic kidney diseases [10,11]. Pre-
viously, different inhibitors have been reported including; levimasole,
histidine and homoarginine for TNAP, while L-phenylalanyl-glycyl-
glycine (Phe-Gly-Gly) has been reported to inhibit IAP more specifically
[7,12]. One of the major drawbacks of known inhibitors is that such
inhibitors have been reported to possess various other physiological
effects. It remains unclear whether the observed effect is due to in-
hibition of alkaline phosphatases or by inhibition of any other pathway
in which such inhibitors are known to be involved [13].

Therefore, there is a need to design and synthesize selective an-
tagonists for alkaline phosphatases isozymes to well elucidate their
specific role. Equally, various nitrogen and sulfur heterocycles with
coumarin moieties have recently attracted considerable attention due to
the distinctive and unique pharmacological properties including an-
algesic, antiasthmatic, diuretic, antihypertensive, anticholinergic and
anti-inflammatory, etc. [14–17]. Furthermore, the coumarin derivatives
comprising thiazole [18], azetidinone [19] and oxazole rings [20] were
also found to have antibacterial and antifungal activities. Coumarin
derivatives have also been used as intermediates in the processing and
production of agrochemicals and pharmaceuticals with significant an-
tibacterial, anticancer and anti-HIV properties [21,22]. Azomethine
(containing a –C]N) function) are versatile pharmacophores for design
and development of bioactive lead compounds and are found to exhibit
anti-inflammatory, analgesic, antimicrobial, anticonvulsant, anti-
tubercular, antimalarial, anticancer, antioxidant, anthelmintic, anti-
glycation, and antidepressant activities [23,24].

Keeping in view the wide range biological applications of the three
individual scaffolds thiazoles, coumarins, and azomethines herein we
present a one pot reaction of thiosemicarbazones (2a-k) of 3-bromoa-
cetylcoumarin (1) in dry ethanol to render a series of compounds (3a-
k). Conjoining these pharmacophores in a single molecule was targeted

to obtain molecules with improved biological properties. The newly
synthesized derivatives were screened on the human tissue-nonspecific
(h-TNAP) and human intestinal alkaline phosphatases (h-IAP). Putative
binding modes were also investigated inside the active pocket of the
homology models of these enzymes and plausible binding interactions
were predicted with selective inhibitors.

2. Material and methods

2.1. Apparatus, reagents and chemicals

All commercial reagents were purchased from Sigma-Aldrich.
Solvents used were of analytical grade and, when necessary, were
purified and dried by the standard methods [26]. Melting points were
determined in open capillary tubes on a Stuart melting point apparatus.
The FTIR spectra were run on the single beam Nicolet IR 100 (Fourier-
Transform). The 1H NMR and 13C NMR spectra were recorded in
DMSO‑d6 using NMR Bruker DPX 300 spectrophotometer operating at
300MHz. TMS was used as internal standard with the deuterium signal
of the solvent as the lock and chemical shifts δ recorded in ppm. The
elemental analysis (C, H, N, S) of the compounds were performed using
Flash EA 1112 elemental analyzer. Compounds were routinely checked
by TLC on silica gel G plates using eluting solvents, petroleum ether:
ethyl acetate (7: 3, v/v). Also, the developed plates were visualized
using a UV lamp for the presence of spots and Rf values were duly
calculated.

2.2. Synthesis of 2-(2-(2-Benzylidenehydrazinyl)thiazol-4-yl)-3H-benzo[f]
chromen-3-ones

The detailed characterization data along with the synthesis proce-
dures have been provided in supporting information file

2.3. Biochemical assays

2.3.1. Cells transfection for alkaline phosphatases
h-TNAP and h-IAP were expressed by plasmid transfection in COS-7

cells [27]. Cells were incubated at 37 °C for the enough time to reach
the confluence level of 80–90%. Transfection was performed by

Fig. 1. Pathological indications of increased alkaline phosphatase (ALP) levels [25].
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transferring the cells to Dulbecco’s modified Eagle’s medium (DMEM)
containing 6 µg of plasmid DNA and 24 µL of lipofactamine reagent.
Cells were incubated at 37 °C with 5% CO2 humidity for 40–72 h and
then harvested for the expression analysis [27].

2.3.2. Preparation of membrane fraction
Transfected cells were washed with cold 45mM Tris-Buffer saline with

pH 7.5 containing NaCl (95mM) phenylmethylsulfonyl fluoride (0.1mM)
and harvested from cell culture plate by scrapping. Cells were washed with
same buffer by centrifugation at 300g for 5min at 4 °C and re-suspended in

Tris-buffer saline containing 10 µg/mL aprotinin [28]. Protein was quan-
tified by Bradford microplate assay. Supernatant was preserved by adding
glycerol (final conc. of 7.5%) and kept at −80 °C [29].

2.3.3. Alkaline phosphatase inhibition assays (h-TNAP and h-IAP):
Inhibitory assay was performed by already mentioned protocol

[6,30]. Test compounds were analyzed at 200 µM in DEA buffer. In the
first step, 20 µL of h-TNAP (47 ng protein/well) or h-IAP (56 ng protein/
well) treated with 10 µL of test compound. After 5–10min incubation at
37 °C, 20 µL of CDP-Star® substrate was added. Luminescence was

Scheme 1. One pot synthesis of coumarinyl thiazoles (3a-k).
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recorded by microplate reader (BioTek FLx800, Instruments, Inc. USA)
as after-read. The data was analyzed by PRISM 5.0 (GraphPad, San
Diego, California, USA) and IC50 values were determined for those test
compounds which possessed inhibition more than 50%.

2.4. Molecular docking methodology

2.4.1. Selection of protein structure and preparation of ligands
X-ray crystallographic structures of h-TNAP and h-IAP are not

available in the Protein Data Bank, therefore, for this purpose, already
reported homology models from our group were used for docking [30].
The MOE site finder was used for the selections of binding site of the
receptor, keeping the catalytic zinc ions in the center of the active site
[31]. Preparation of protein structures was carried out by MOE and the
structure was protonated by AMBER99 force field. The minimization
was done by the RMSD gradient of 0.05 kcal/mol [31]. The compound
structures were prepared by MOE builder, and afterwards addition of
hydrogen atoms was done by assigning the charges. At the end the
energy minimization of compounds structure was carried out by the
force field MMFF94x keeping RMSD gradient of 0.01 kcal/mol Å [32].

2.4.2. Docking experiment
The docking analysis of compounds was carried out by LeadIT

(BioSolveIT GmbH, Germany) [33]. The docking studies of the selected
compounds (selective and dual inhibitors) as well as the reference
standards (used in in vitro assay), were carried out using default para-
meters for docking. The top 50 docked poses were selected for each
ligand and further analysis was carried out by HYDE assessment [34].
The final pose was selected having lowest binding free energy and the
best binding affinity with the receptor and 3D interaction poses were
selected using Discovery Studio Visualizer [35].

2.5. Cell viability assays (MTT Assay)

MTT assay was used to determine the antiproliferative potential of
test samples (3a-k) against HeLa and MCF-7 cell lines after certain
modification in reported protocol [36,37]. 90 µL of each cell suspension
containing about 2.5×104 cell/mL were seeded in 96 well plate and
left for overnight in CO2 incubator at 37 °C. After 24 h of incubation,
10 µL of test compound with final concentration of 100 µM was added
in triplicate well format. Cisplatin and culture media were used as
positive control (reference comparative standard) and negative control,
respectively. Further incubated for about 24 h and added 10 µL of MTT
reagent to each well and again incubated for about 4 h at 37 °C. 96 well-
plate was observed continuously, until the formazan crystal became
visual. Dissolve the crystals by adding 100 µL of solubilizing mixture
(50% isopropanol and 10% sodium dodecyl sulfate in 0.1 N HCl)

followed by gentle shaking at room temperature for 20–30min. Con-
centration of dissolved dye was determined as a function of optical
density, measured through microplate reader (FLUOstar Omega Mi-
croplate Reader, BMG LABTECH GmbH, Ortenberg, Germany) at
570 nm. Background signals were measured at 690 nm. Results were
measured as mean of triplicate wells and percent inhibition was mea-
sured for each test sample.

3. Results and discussion

3.1. Synthesis

The series of title compounds (3a-k) was synthesized in excellent
yields and high purity according to the Scheme 1. Separately prepared
thiosemicarbazones (2a-k) were reacted with 2-(2-bromoacetyl)-3H-
benzo[f]chromen-3-one (1) [37] in dry ethanol in presence of sodium
acetate to furnish the title compounds (3a-k). The FTIR spectra ex-
hibited absorption bands due to NeH, Ar-H, C]O of lactone, C]N of
imine, C]C, C]S and CeO, stretching and bending vibrations at
3370–3399, 2985–3180, 1727–1760, 1625–1650, 1515–1535,
1420–1440, 1275–1290, 1110–1150, 840–865 and 790–825 cm−1 re-
spectively. Coumarinyl thiazole 3a showed NeH group peak at
3370 cm−1 and C]CeH stretching vibrations at 3168 cm−1. The peak
at 1727 cm−1 due to lactonic carbonyl while those of NeH, C]CeH
and C]O stretching vibrations are common in all benzocoumarin-
thiazoles-azomethines.

The 1H NMR spectrum of compound 3a showed a 3H singlet peak at
2.32 ppm due to CH3 group attached to benzene ring. The singlet at
12.25 ppm is due to NeH substituted by heterocyclic and phenyl rings
of coumarin. The distinctive peak for all coumarins is the presence of
coumarin H-4 at 9.25 ppm. In 13C NMR of 3a the carbonyl and imine
carbons appeared at 169.3 and 159.1 ppm respectively, while the me-
thyl carbon at benzene ring appeared at 21.0 ppm. Similarly, other
compounds 3b-k have been confirmed from their respective 1H NMR
and 13C NMR spectra.

3.2. Biological activities

3.2.1. Alkaline phosphatase inhibitory activity
The benzocoumarin-thiazoles-azomethine derivatives were tested

for the determination of their inhibitory potential against alkaline
phosphatase isozymes i.e., h-TNAP and h-IAP. The results presented in
Table 1 reveal that most of the investigated compounds exhibited se-
lective and potential inhibition towards tissue non-specific alkaline
phosphatase. However, few of the compounds were found as selective
inhibitors of intestinal alkaline phosphatase.

3.2.2. Structure activity relationship
Among the screened compounds, 3k and 3h were noted as the po-

tent inhibitors of h-TNAP having an inhibitory concentration of
0.76 ± 0.02 and 0.88 ± 0.03 μM, respectively. When the IC50 values
of these compounds were compared with the inhibitory values of re-
ference standard, levamisole (19.2 ± 0.01 μM), it was observed that
these analogues possessed much more potential to inhibit the respective
isozyme. The structure activity relationship of these analogues sug-
gested that the presence of halogen atom on the respective structures of
the compounds may contribute towards their pronounced activity i.e.,
bromine atom in 3k and chlorine atom in 3h. The other compounds
from the same series also showed good inhibitory potential against h-
TNAP with the IC50 values ranging from 1.04 ± 0.05 to
2.90 ± 0.14 μM.

The compounds 3j and 3b showed maximum inhibition against h-
IAP with an inhibitory concentration of 1.02 ± 0.04 and
1.08 ± 0.09 μM, respectively. Upon detailed study of the structures of
the stated compounds, it was revealed that compound 3j incorporates
only pyridine ring and compound 3b carries chlorobenzene directly

Table 1
Inhibitory efficacy of coumarinyl thiazoles against human TNAP and IAP.

Codes h-TNAP h-IAP

IC50 ± SEM (µM)

3a 1.50 ± 0.11 1.32 ± 0.07
3b 2.90 ± 0.14 1.08 ± 0.09
3c 1.81 ± 0.08 1.80 ± 0.12
3d 1.08 ± 0.06 2.28 ± 0.13
3e 1.31 ± 0.10 1.46 ± 0.10
3f 1.04 ± 0.05 2.25 ± 0.13
3g 2.63 ± 0.13 1.36 ± 0.06
3h 0.88 ± 0.03 1.55 ± 0.11
3i 2.08 ± 0.12 1.17 ± 0.10
3j 1.13 ± 0.09 1.02 ± 0.04
3k 0.76 ± 0.02 1.18 ± 0.10
Levamisole 19.2 ± 0.01 –
L-Phenylalanine – 80.1 ± 0.01
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attached to the basic nuclei. These groups impart non-polar behavior to
the basic ring which was expected to be responsible for the maximum
activity in case of h-IAP enzyme. When the IC50 values of these com-
pounds were compared with the inhibitory value of reference standard,
L-phenylalanine (80.1 ± 0.01 μM), potency of these compounds was
maximum and accountable. Rest of the compounds showed inhibition
between 1.17 ± 0.10 and 2.28 ± 0.13 μM. Compound 3c was found
non-selective and dual inhibitor of both isozymes, h-TNAP and h-IAP
with the similar inhibitory values i.e., 1.81 ± 0.08 and
1.80 ± 0.12 μM, respectively. This dual effect may be due to the pre-
sence of 1-chloro-3-methyl-5-nitrobenzene group directly attached to
the basic structure.

It was concluded from the results that the presence of halogen atom
(Cl) might be possible cause for the maximum activity against h-TNAP
and the presence of non-polar group (nitrotoluene) exhibited good ac-
tivity against h-IAP.

3.3. Molecular docking studies

For the investigation of the binding interactions of selective and
potent inhibitors inside the models of human TNAP and IAP, the
docking studies were performed. Due to unavailability of x-ray struc-
tures of both the proteins, the homology models were prepared earlier
by our group [30]. As there is no ligand present in the modeled struc-
tures, the site finder in MOE software was used and active site was
constructed before carrying out docking studies. Furthermore, the va-
lidation was done with the positive standards used in the biological
assay. The binding interactions of the standards were compared with
the potent compounds within the active pockets. Within the active site
of these isozymes, the presence of catalytic zinc ions plays important
role in their interactions with the compounds. The binding interactions
for the standards for both the isozymes were depicted in Figs. 2c, 3c.
Results of biological studies suggested that derivative 3h and 3k were

Fig. 2. 3D interactions of compound 3h (a), 3k (b) and Levamisole (c) within the active site of h-TNAP.
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potent inhibitor for h-TNAP, compound 3b and 3j for h-IAP. The 3D
interaction diagrams for the selected inhibitors were presented in
Figs. 2a–b and 3a–b.

3.3.1. Molecular docking studies against human tissue non-specific alkaline
phosphatase

Results of biological studies suggested that derivative 3h and 3k
were potent inhibitor for h-TNAP, compound 3b and 3j for h-IAP.
Accordingly, the docking analysis was performed for these selected
compounds in their proteins. The binding site interactions of levamisole
((S)-6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-b]thiazole) and potent
compounds, 3h and 3k, in the active pocket of h-TNAP unveiled that
His364, His437 and His324 were involved in the formation of π-π in-
teractions with the phenyl ring of levamisole and hydrazinylthiazol-4-
yl-3H-benzo[f]chromen-3-one of the compounds. In addition to the π-π
interactions, hydrogen bonding was noticed, having profound impact
towards the inhibitory profile. The hydrogen bond interactions were

observed between basic amino acids and oxygen of the ni-
trobenzylidene moiety of compound 3h. Moreover, oxygen of the
chrome-3-one of compound 3h was also found to be involved in hy-
drogen bonding with Arg167. Similarly, oxygen of the chromen-3-one
of compound 3k was at hydrogen bond distance with Arg167. More
residues tangled in the formation of hydrogen bonds were His154,
Arg151, Tyr170, His434 and His321. Most important, the metal inter-
actions playing vital role in the inhibition were shown by sulfur of the
thiazole moiety of compound 3h and Zn ion and their bond distance
was 4.55 Å. Moreover, the same group of the compound 3k was in-
volved in the formation of bond with Zn ion and the distance measured
was 3.33 Å. However, levamisole was showing interaction with Zn ion
having bond distance of 3.72 Å. These kinds of interactions with metals
add stability towards the enzyme-inhibitor complex. The 3D interaction
diagrams of compound 3h, 3k and levamisole and their binding in-
teractions were depicted in Fig. 2(a, b and c, respectively).

Fig. 3. 3D interactions of compounds 3b (a), 3j (b) and L-phenylalanine (c) within the active site of h-IAP.
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3.3.2. Molecular docking studies against human tissue intestinal alkaline
phosphatase

Upon investigation of the binding interactions of L-phenylalanine
and compound 3b and 3j inside the active pocket of h-IAP, it came to
knowledge that the residues His320, His153, Arg150, His317, Glu108
and Glu321 were mostly involved. The π-π interactions between phenyl
part of phenylalanine and His320 were monitored. The similar inter-
actions were also noticed by compound 3b and His320 and His317
when the 3D diagrams were analyzed. His360 and Arg166 along with
Tyr169 were taking part in hydrogen bond formation and the interac-
tions were exhibited in Fig. 3(a, b and c). In h-IAP active site, Mg ion
was present along with the Zn ions. The ions are taking part in making
interactions with L-phenylalanine as well as compound 3j. The bond
distance between thiazole ring and Zn ion in case of compound 3b was
2.63 Å, however, the bond distance between same group of the com-
pound 3j and Zn ion was 2.82 Å. The two Zn ions were noted in making
interactions with phenylalanine, one with the bond distance of 2.86 Å,
however, the second at 4.09 Å. Along with Zinc, magnesium was at
bond distance of 5.18 Å from the oxygen of phenylalanine. In addition,
the chlorine at the phenyl group of the compound 3b was directed
towards the amino acid Arg150 and His153, and 3H-benzo[f]chromen-
3-one moiety was established in middle of the active site which was
well occupied by metal ions. The possible reason for the inhibitory
potential may be the orientation of compound 3b towards the h-IAP.
The interactions shown by potent compounds, especially the hydrogen
bond contributes towards anchoring the selected compounds inside the
active pocket of enzyme, thus, providing detailed structural insight of
selective compounds in the active site of enzymes.

3.4. In vitro antiproliferative activity against HeLa cervical carcinoma cells
and MCF-7 breast cancer cells

The antiproliferative activity of 3a–k against cervical carcinoma
cells (HeLa) and breast cancer cells (MCF-7) was evaluated using MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay.
The percentage inhibition of all the synthetic derivatives was assessed
at 100 µM (Table 2). Cisplatin was used as a positive control and ex-
hibited 89.3% growth inhibition at the same concentration level. As
cisplatin is known to exhibit highly cytotoxic behavior, most of the
derivatives revealed lower antiproliferative activity than cisplatin to-
wards the HeLa cells. All the compounds except 3c, 3f-h and 3k ex-
hibited more than 50% inhibition against cancer cells. Compound 3c
(2-(4-(2-(3-chloro-5-nitrobenzylidene)hydrazinyl)thiazol-5-yl)-3H-
benzo[f]chromen-3-one) showed 59.2% inhibition towards HeLa cell
lines, compound 3f (2-(4-(2-(4-chloro-3-nitrobenzylidene)hydrazinyl)
thiazol-5-yl)-3H-benzo[f]chromen-3-one) exhibited 55.8% growth in-
hibition. However, compound 3g (2-(4-(2-(2-bromobenzylidene) hy-
drazinyl)thiazol-5-yl)-3H-benzo[f]chromen-3-one) have revealed

69.7% inhibition and was the most potent compound after the standard
cisplatin. Compound 3h (2-(4-(2-(pyridin-3-ylmethylene) hydrazinyl)
thiazol-5-yl)-3H-benzo[f]chromen-3-one) have shown 54.6%, while
compound 3k (2-(2-(2-(4-(methyl(prop-2-yn-1-yl)amino)benzylidene)
hydrazinyl)thiazol-4-yl)-3H-benzo[f]chromen-3-one) exhibited 63.1%
growth inhibition towards HeLa cell lines. However, the remaining
derivatives revealed less inhibition towards HeLa cells. When the cy-
totoxicity of synthesized derivatives was investigated against breast
cancer MCF-7 cell line using MTT assay, it was revealed that none of the
compound exhibit cytotoxicity. The results were reported in Table 2.
Maximum inhibition found was 28.6% shown by compound 3f, fol-
lowed by 24.8% by 3j, 22.2% by 3h and 21.6% by compound 3a. All
the other compounds exhibited less %age inhibition and are less toxic to
breast cancer cells.

4. Conclusions

A series of benzocoumarin-thiazoles-azomethines 3a-k were synthe-
sized in high yields and investigated against human TNAP and IAP. Most
of the derivatives were selective for human TNAP, while some were
potential inhibitors of human IAP. 2-(2-(2-(4-(methyl(prop-2-yn-1-yl)
amino)benzylidene) hydrazinyl)thiazol-4-yl)-3H-benzo[f]chromen-3-
one, 3k (IC50=0.76 ± 0.02 μM) was established to be the most active
h-TNAP inhibitor, while 2-(4-(2-(thiophen-2-ylmethylene) hydrazinyl)
thiazol-5-yl)-3H-benzo[f]chromen-3-one, 3j (IC50=1.02 ± 0.04 μM)
was emerged as the potential inhibitor of h-IAP. The binding interactions
were noteworthy when compared with the interactions shown by re-
ference standards within the active site of human TNAP and IAP. The
compounds were screened for their antiproliferative activity on cancer
cells (HeLa) and exhibited more than 50% inhibition by compounds 3c,
3f-h and 3k. However, the derivatives were not cytotoxic towards breast
cancer cell (MCF-7) and all the compounds showed less than 50% in-
hibition. The results revealed that newly synthesized scaffold may be the
interesting molecules and drug targets for future studies. However, it can
be recommended that selective inhibitors of h-TNAP and h-IAP may be
chosen further for detailed analysis to explore their inhibitory effects.
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