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Abstract—In the present research work, a new series of N-(substituted-phenyl)-3-(4-phenyl-1-piperaz-
inyl)propanamides were synthesized. The synthesis was initiated by the coupling of different aromatic amines
with 3-bromopropanoyl chloride in aqueous basic medium, to synthesize different electrophiles with good
yields. These electrophiles were further reacted with 1-phenylpiperazine to yield the desired compounds,
N-(substituted-phenyl)-3-(4-phenyl-1-piperazinyl)propanamides as depicted in scheme 1. The structural
confirmation of all the synthesized compounds was corroborated by IR, '"H NMR, *C NMR, HMBC and
CHN analysis data. The in vitro inhibitory potential of these propanamides was evaluated against alkaline
phosphatase enzyme and it was explored that all these molecules exhibit potent inhibition relative to the stan-
dard used. The Kinetics mechanism analyzed by Lineweaver-Burk plots which exposed that N-(4-ethylphe-
nyl)-3-(4-phenyl-1-piperazinyl)propanamide inhibited this enzyme competitively by forming an enzyme-
inhibitor complex. Moreover, these compounds were studied for cytotoxic behaviour by hemolytic activity,
whereby it was avowed that nearly all these propanamides disclosed low cytotoxicity. In addition, Kinetic
analysis were also carried out to understand the mode of inhibition for these compounds. The in silico inves-
tigation of these compounds was also in agreement with the in vitro results. So, it was envisaged that these
derivatives might lead to further research gateways for obtaining better and safe as nontoxic medicinal scaf-
folds for dealing with the alkaline phasphatase related ailments such as bone diseases, diabetes, prostatic can-
cer and liver dysfunction.
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cytotoxicity
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INTRODUCTION

It is well known that many heterocyclic compounds
containing nitrogen and sulfur exhibit different types
of bioactivities in a vast variety of medicines including
anti-tumor, antibiotic, anti-inflammatory, anti-
depressant, anti-malarial, anti-HIV, antiviral, anti-
diabetic, herbicidal, anti-fungal, and insecticidal
agents. Nitrogen-containing heterocyclic compounds
are also known as important class of compounds in
medicinal chemistry [1]. Among the nitrogen-con-
taining heterocyclic compounds, piperazine deriva-
tives have shown a wide range of pharmacological
properties such as antibacterial activity against resis-

1 Corresponding  author: e-mail: atrabbasi@yahoo.com;

abbasi@gcu.edu.pk.

tant pathogens [2], antimalarial activity, dual calcium
channel blocking [3], antipsychotic activity, antifungal
activity, and antitubercular, anticancer, antiviral, and
antioxidant properties [4, 5]. Many commercial drugs,
such as the viral protease inhibitor crixivan [6], also
contain piperazine derivatives. Among the five- and
six-nitrogen heterocyclic compounds, therapeutic
agents with high enzyme-inducing activity have been
reported [7].

At the present stage of development of organic
chemistry, there are lots of basic synthetic approaches
to synthesis of propanamides derivatives with a wide
spectrum of biological activity. Several propanamides
derivatives are reported in literature which show sig-
nificant anthelmintic, antibacterial, antifungal, anti-
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cancer, anticonvulsant, analgesic, anti-allodynic and
anti-microbial activity [§—12].

Alkaline phosphatase (AP, EC. 3.1.3.1) belongs to a
large family of metal containing phosphatases found
in many species from bacteria to man [13]. The 3-D
structure of the core of the alkaline phosphatase is
strongly conserved among various species (Escherichia
coli [14, 15]; shrimp [16]; human placenta [17, 18]) as
is its catalytic site, with two zinc ions and one magne-
sium ion. Alkaline phosphatase (ALP) is a critical
enzyme in phosphate metabolism due to its ability to
catalyze the hydrolysis of phosphoryl esters [19—21].
Moreover, ALP is commonly used as an important
biomarker for clinical diagnosis since its abnormal lev-
els is closely associated with many diseases such as
bone diseases, diabetes, prostatic cancer and liver dys-
function [22]. Therefore, it is of great importance to
develop a sensitive and selective method for ALP
detection and its inhibition.

The purpose of our research was to prepare hybrid
compounds bearing both propanamide and piperazine
moieties to explore their therapeutic potentials as alka-
line phosphatase inhibitors. In silico study were also
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furnished to ascertain different types of interactions
with active pocket of enzyme.

RESULTS AND DISCUSSION
Chemistry

The designed N-(substituted-phenyl)-3-(4-phe-
nyl-1-piperazinyl)propanamides (Va-e), were synthe-
sized through a facile strategy (Scheme 1). The proce-
dures and conditions of the reactions are discussed in
the experimental section. The structural confirmation
of the synthesized compounds was accomplished
using IR, '"H-NMR, 3C NMR and CHN analysis
techniques. Initially, 3-bromo-N-(substituted-phe-
nyl)propanamides (IIIa-e) were prepared by the reac-
tion of 3-bromopropanoyl chloride(Il) with various
substituted anilines (Ia-e) in 10% aqueous Na,CO;
solution at room temperature. The reaction was con-
summated by vigorous shaking which gave the desired
electrophiles in excellent yield. Then, 1-phenylpipera-
zine(IV) was coupled with the newly synthesized elec-
trophiles (IIIa-e) to achieve a series of new N-(substi-
tuted-phenyl)-3-(4-phenyl-1-piperazinyl)propana-
mides (Va-e).

[j

Br

IIIa—e

NH (b)

LA

Va-e

N-( Subst1tuted—pheny1)—3—(4—phenyl— 1-piperazinyl)propanamides

Scheme 1. Protocol for the synthesis of N-(substituted-phenyl)-3-(4-phenyl- 1-piperazinyl)propanamides (Va-e). Reagents

& Conditions: (a) Aq. Na,COj5 soln./pH 9—10/vigorous shaking at RT for 20—30 minutes. (b) (IV)/DMF/LiH/stirring at

RT for 0.5 hrs for activation of (IV) and then addition of electrophiles (IIla-e) (one in each reaction), followed by stirring
for 15—16 hrs.

One of the compounds (Vb) is discussed hereby in
detail for the pragmatism of the readers. It was
obtained as violet solid with yield 89% and melting
point 158—159°C. Its molecular formula, C,,H,,N;0,
was ascribed by counting the number of proton in its
'"H NMR spectrum. The CHN analysis data was also
in agreement with its molecular formula, C,, H,;N;0,.
Presence of different functional group was ascertained by

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 47

the IR spectral data. The absorption band at 3339 cm™!
was characteristic of N—H stretching. The other bands
were observed at 3086 (C—H, str. of aromatic ring),
2905 (C—H, aliphatic str.), 1680 (aromatic C=C
stretching), 1654 (C=O0 str.) cm~!. With the help of
'H NMR spectrum of this molecule, the 4-ethoxy-
phenyl ring attached at the nitrogen atom of propana-
mide moiety was identified clearly by the characteris-
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tic signals at 7.46 (br.d, J = 8.8, 2H, H-2" & H-6""),
6.85(br.d,/=8.7,2H, H-3" & H-5"),3.96 (q,/=6.8 Hz,
2H, CH;-CH,0-4") and 1.29 (t, J/ = 6.9, 3H, CH;-
CH,0-4"") ppm. A highly deshielded singlet appearing
at 8 9.92 ppm was assigned to —NH proton of propan-
amide group (-NHCO). The two triplets for adjacent
methylenes resonating at § 2.67 (t, J = 7.0, 2H, CH,-2)
and 2.47 (t,J=6.9, 2H, CH,-3) ppm were peculiar for
the propanamidic entity. Similarly, the signals of a
phenyl ring attached with piperazine were rational in
the aromatic region at & 7.20 (br.t, J = 7.6 Hz, 2H,
H-3" and H-5"), 6.92 (br.d, J = 8.1 Hz, 2H, H-2" and
H-6"), and 6.77 (br.t, J = 7.2, 1H, H-4"), while the
signals of pseudo-symmetrical 1,4-perazine unit were
observed in aliphatic region at § 3.12 (br.s, 4H, CH,-3'
and CH,-5") and 2.57-2.56 (m, 4H, CH,-2' and CH,-6").
The '"H-NMR spectrum of this compound is shown in
Fig. S1(a—c).

In the BC NMR spectrum (Fig. S2), the 4-ethoxy-
phenyl moiety of ring attached to propanamido group
was verified by four discrete resonances in aromatic
region at & 154.27 (C-4"), 132.28 (C-1"), 120.52
(C-2" and C-6") and 114.33 (C-3" and C-5"), and
two signals in aliphatic region appeared at & 63.03
(CH;-CH,0-4") and 14.65 (CH;-CH,0-4"). The
propanamide group showed peaks at & 169.56 (C-1),
53.79 (C-3) and 33.95 (C-2). The phenyl ring attached
to the nitrogen atom of piperazine was obvious by four
signals & 150.95 (C-1"), 128.85 (C-3" and C-5"), 118.75
(C-4") and 115.31 (C-2" and C-6"). The pseudo-sym-
metrical piperazine heterocycle was corroborated by
two signals at 6 52.40 (C-2' and C-6") and 48.18 (C-3'
and C-5'). The salient connectivity’s in the carbon
skeleton of this molecule were thoroughly verified by
its HMBC spectrum. This spectrum, along with sig-
nificant correlations, is shown in Fig. S3. So, on
account of aforementioned evidences, the structure of
molecule (Vb) was confirmed as N-(4-ethoxyphenyl)-
3-(4-phenyl-1-piperazinyl)propanamide. A similar
design was implemented for the structural characteri-
zation of other derivatives (Fig. S4—S11) in the syn-
thesized series.

Pharmacology

Alkaline phosphatase inhibition and structure-activ-
ity relationship. The synthesized N-phenylpiperazine
bearing propanamides, (Va-e) were investigated
against alkaline phosphate and their inhibitory poten-
tials are tabulated in Table 1. These molecules exhib-
ited very excellent activities, as evident from their
lower ICy, (WM) values, relative to standard, KH,PO,,
having 1Cs, value of 5.242 + 0.473 uM. The general
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structural units of the examined compounds are
labeled in Fig. 1.

When the inhibitory potential of para-substituted
(aryl part) molecules was compared, it was observed
that (Va) with para-ethyl group had a better activity
(IC5y = 0.531 £ 0.003 uM), relative to (Vb) (IC5, =
2.571 £0.075 uM) bearing a para-ethoxy group, prob-
ably due to the reason that in former molecule the
non-polar and comparatively smaller ethyl group pen-
etrated well in the active site and interacted in a better
way with the enzyme (Fig. 2). Anyhow, both these
molecules were much better inhibitors than the stan-
dard, KH,PO, (ICs, = 5.242 + 0.473 uM).

When the inhibitory potential of three di-methyl-
ated regio-isomers was compared, it was observed that
the compound (Vc) having methyl groups at ortho and
meta positions possessed superior inhibitory activity
(ICsy = 2.361 £ 0.044 uM) as compared to (Ve)
(IC5y = 2.361 £ 0.044 uM) and (Vd) (IC;, = 7.118 =
0.817 uM). It indicated that the molecule bearing the
methyl groups sterically away from each other in the
aryl part was more prone to have better interactions
with the enzyme relative to other analogues (Fig. 3).

Hemolytic activity. To determine the cytotoxicity of
the synthesized propanamides, (Va—e), these were
subjected to hemolytic assay. Percentage hemolysis
(%) results are given in Table 1. According to the
results, almost all these derivatives showed mild cyto-
toxicity towards RBC plasma membrane. Compound
(Ve) (7.38%) showed maximum membrane cytotoxic-
ity while (Vd) (0.86%) rendered minimum membrane
toxicity amongst the series. In principle, the other
molecules (Va) (1.75%) (Vb) (4.72%), and (Vc)
(3.27%) also exhibited much lower cytotoxicity as
compared to the standard Triton-X (89.39%).

Kinetic mechanism. Presently, the most potent
compound (Va) was studied for their mode of inhibi-
tion against alkaline phosphatase. The potential of this
compound to inhibit the free enzyme and enzyme-
substrate complex was determined in terms of EI and
ESI constants respectively. The kinetic studies of the
enzyme by the Lineweaver-Burk plot of 1/V versus
substrate para-nitrophenyl phosphate disodium salt
1/[S] in the presence of different inhibitor concentra-
tions gave a series of straight lines as shown in Fig. 7a.
The results of compound (Va) showed that it inter-
sected within the second quadrant. The analysis
showed that V., decreased to new increasing doses of
inhibitors on the other hand K,, remained the same.
This behavior indicated that (Va) inhibited the alka-
line phosphatase non-competitively to form enzyme-
inhibitor complex. Secondary plot of slope against the
concentration of inhibitors showed enzyme-inhibitor
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Table 1. Alkaline phosphatase inhibitory activity of (Va—e) series
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Compound Aryl Part Alkaline phosphatase I1Csy, UM Hemolysis, %
(Va) © 0.531 £ 0.003 1.75 £ 0.035
CyH;s
(Vb) © 2.571 £0.075 4.72 £ 0.08
OC,H;
CH;
(Vo) 2.162 £ 0.017 3.27 £0.02
HyC
(Vd) 7.118 =+ 0.817 0.86 +0.023
CH;
CH;
(Ve) /é\ 2.361 £0.044 7.38 £0.04
H;C CH;
Triton X
Standards I 89.39 + 0.67
) - PBS 0.47 £ 0.018

Values are presented as mean = SEM (standard error of mean).

dissociation constant (K;) Fig. 4b. The kinetic results

are presented in Table 2.

Molecular modelling. Molecular modeling studies
were carried out to determine the plausible binding
modes of potent inhibitors in crystal structures of

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 47

alkaline phosphatase (AP) [18], using GOLD software

[23], and all the ligands fitted into the pocket in a sim-

ilar way with reasonable predicted affinity for the scor-
ing functions used as can be seen in Table 3. As can be
seen in Table 4, that high GoldScore and ChemPLP

HN

/

/ N\ N\

N (@)

1-Phenylpiperazine part

2
e

Aryl part

Propanamide part

Fig. 1. General structural features of compounds (Va-e).
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Fig. 2. Structure-activity relationships of compounds, (Va) and (Vb).
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Fig. 3. Structure-activity relationships of compounds, (Vc), (Vd) and (Ve).

were observed for (Va) ligand as compared to most of
other molecules in the series, which is consistent with
its experimental ICy, value. The ChemScore and ASP
values were also considerable for this molecule.

Detailed binding site interactions of the most active
inhibitor (Va) (I1Cs, =0.531 = 0.003 uM) are indicated

in Figs. 5a, 5b. Rest of docked compounds is men-
tioned in the supplementary data Figs. S12—S15. The
compound (Va) blocked the catalytically active zinc
and magnesium ions site and exhibited hydrogen
bonding interaction with side chains of Argl66
through nitrogen atom of piperazinyl moiety. The eth-

Table 2. Kinetic parameters of the alkaline phosphatase for para-nitrophenylphosphate disodium salt activity in the pres-

ence of different concentrations of (Va)

Concentration, uM Vinaxs AA/min K, mM Inhibition Type K, uM
0.00 0.00163 0.263
0.531 0.00119 0.263 Non-competitive 0.5
1.062 0.00067 0.263

Vinax» the reaction velocity.
K,,, Michaelis-Menten constant;
K;, El dissociation constant.

Table 3. The results of the scoring functions and interactions for the compounds (Va—e)

Compound | GS CS |Chem PLP| ASP |H-Bonding (HB) Lipophilic contacts (LC)
(Va) 58.9 25.8 68.0 28.1 Argl66 His153, His317, His320, His432
(Vb) 59.9 24.9 67.9 29.5 — His317, His320, Glu429, Val89
(Ve) 55.7 24.6 66.9 26.6 — Lys87, His432, His320, His317, His153, Phel07
(Vd) 56.2 25.1 66.6 28.3 — His317, His432, Phel07
(Ve) 58.9 24.8 66.3 27.5 His317 His432, His320

Values are presented as Mean = SEM (Standard error of mean).

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 47
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Table 4. Calculated molecular descriptors for the alkaline phosphatase inhibitors (Va-e)
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Compound MW, g/mol HD HA LogP PSA, A? RB
(Va) 337 1 5.5 4.1 47.521 5
(Vb) 353 1 6.3 4.1 56.322 6
(Vo) 337 1 5.5 4.1 47.521 4
(Vd) 337 1 5.5 3.9 47.521 4
(Ve) 337 1 5.5 4.1 47.521 4

ylphenyl moiety of the ligand is embedded deeply in
hydrophobic pocket, interacting with His432 via t—n
stacking. The phenylpiperazinyl moiety sits aside the
pocket, interacting with the His320, His317, and
His153. The similarities in the docked configurations
to the one described in the literature suggested the reli-
ability and reproducibility of the docking protocol
[24—-26].

The calculated molecular descriptors (MW, molec-
ular weight; LogP octanol, water partition coefficient;
HD, hydrogen bond donors; HA, hydrogen bond accep-
tors; PSA, polar surface area; given in Table 4. The
ligands are relatively average in size with molecular
weight between 337 and 353 and lie in the lead-like
space (for definition of lead-like, drug-like and
Known Drug Space regions) [27]. The logP values
range from 3.9 to 4.1. They all are within the boundar-
ies of lead-like space. Moreover, the PSA values also
indicated that they all lie in the lead-like space.

EXPERIMENTAL
General

Chemicals were purchased from Sigma Aldrich &
Alfa Aesar (Germany) and solvents of analytical
grades were supplied by local suppliers. By using open
capillary tube method, melting points were taken on

(a) 3500 . o um

£0.531 uM
3000 Fa 1062 um
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Griffin and George apparatus and were uncorrected.
By using thin layer chromatography (with ethyl acetate
and n-hexane (30 : 70) as mobile phase), initial purity
of compounds was detected at 254 nm. IR peaks were
recorded on a Jasco-320-A spectrometer by using KBr
pellet method. '"H NMR signals were recorded at
600 MHz and BC NMR at 150 MHz in DMSO-d;
using Bruker spectrometers.

Preparation of 3-bromo-N-(substituted-phe-
nyl)propanamides (IIla—e). Preparation of various 3-
bromo-/N-(substituted-phenyl)propanamides was
carried out by reaction of various aryl amines (Ia-e)
with 3-bromopropanoyl chloride (II) in equimolar
quantities (0.001 moles) and shaking manually but
vigorously in 10% aqueous Na,CO; solution. Solid
precipitates were formed after 20—30 minutes, which
were filtered and washed with cold distilled water to
obtain the desired electrophiles, (IIla-e). The physical
data of all these electrophiles was in agreement with
reported literature [28].

General procedure for the synthesis of /V-(substi-
tuted-phenyl)-3-(4-phenyl-1-piperazinyl)propana-
mides (Va—e). 1-Phenyl piperazine (IV), (0.2 g;
1.0 mmol) was dispersed in about 5 mL DMF and one
pinch of LiH, contained in a 50 mL round bottomed
(RB) flask and the mixture was stirred for about

450
400
350

, 300
£.250

= 200 F

150 F
100
50

(b) s

04 06 08 1.0 12
(1], uM

1 0 1 2
~500 - 1/S], mM~!

Fig. 4. Lineweaver—Burk plots for inhibition of alkaline phosphatase in the presence of compound (Va). Concentrations of (Va)
were 0.00, 0.531 and 1.062 uM (A), The insets represent the plot of the slope versus inhibitor (Va) concentrations to determine
inhibition constant. The lines were drawn using linear least squares fit (B).
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Argl66

His153

\

(b)

His320

Fig. 5. Docked configuration of (Va) to alkaline phosphatase (AP) (PDB ID: 1ZED) using GS. The surface is rendered. Blue and
white depict hydrophilic and hydrophobic areas respectively (a), predicted hydrogen bonding and lipophilic contacts are indi-

cated by green (HB) and purple (LC) dashed lines (b).

30 minutes. Then, calculated equimolar amounts of 3-
bromo- N-(substituted-phenyl)propanamides (IIla—e);
one in each reaction) were added and the reaction
mixture was stirred for 15-16 hours. The completion of
the reaction was monitored with TLC, and when sin-
gle spot obtained, ice chilled distilled water was added
drop wise in the reaction solution until the product
was precipitated. These precipitates were filtered,
washed with distilled water and dried to obtain the
desired products. All the compounds were re-crystal-
lized from methanol.

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 47

N-(4-Ethylphenyl)-3-(4-phenyl- 1-piperazinyl)pro-
panamide (Va). Orange amorphous solid; yield: 91%;
mp 136—137°C; molecular formula: C, H,;N;0: IR
(KBr), v (em™): 3328 (N—H, stretching), 3081 (C—H,
str. of aromatic ring), 2905 (—CH, stretching), 1688
(aromatic C=C stretching), 1648 (C=0 str.);
'"H NMR (600 MHz, DMSO-d,): 6 10.04 (s, IH, NH),
7.51 (br.d, J=8.1,2H, H-2"" and H-6""), 7.20 (br.t, J =
7.7 Hz, 2H, H-3" and H-5"), 7.13 (br.d, / =8.1, 2H, H-3"
and H-5"), 6.92 (br.d, /= 8.1 Hz, 2H, H-2" and H-6"),
6.77 (br.t, J = 7.1, 1H, H-4"), 3.12 (br.s, 4H, CH,-3'
and CH,-5"), 2.69 (t, /= 6.9, 2H, CH,-2), 2.57 (br.s,

No.5 2021
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4H, CH,-2' and CH,-6"), 2.54—2.50 (m, 4H, CH,-3
and CH;-CH,-4"), 114 (t, /= 7.5 , 3H, CH,-CH,-4");
3C NMR (150 MHz, DMSO-d,): & 169.87 (C 1),
150.94 (C-1"), 138.38 (C-1"), 136.91 (C-4""), 128.84
(C-3" and C-5"), 127.81 (C-2" and C-6"), 119.11
(C-3"and C-5"), 118.74 (C-4"), 115.30 (C-2" and C-6"),
53.77(C-3), 52.41 (C-2' and C-6'), 48.20 (C-3'and C-3"),
34.06 (C-2), 27.57 (CH;-CH,-4"), 15.68 (CH;-CH,-4");
Anal. Calc. for C, H,,N;O (337.22): C, 74.74; H, 8.06; N,
12.45. Found: C, 74.70; H, 8.01; N, 12.41.

N-(4-Ethoxyphenyl)-3-(4-phenyl-1-piperazinyl)-
propanamide (Vb). Violet amorphous solid; yield:
89%; mp 158—159°C; molecular formula:
C, HyN;0,: IR (KBr), v (cm™'): 3339 (N—H,
stretching), 3086 (C—H, str. of aromatic ring), 2905
(—CH, stretching), 1680 (aromatic C=C stretching),
1654 (C=0 str.); '"H NMR (600 MHz, DMSO-dy):
9.92 (s, 1H, NH), 7.46 (br.d, J = 8.8, 2H, H-2" and
H-6"), 7.20 (br.t, J = 7.6 Hz, 2H, H-3" and H-5"),
6.92 (br.d, /J=8.1 Hz, 2H, H-2" and H-6"), 6.85 (br.d,
J=28.7,2H, H-3"" and H-5"), 6.77 (br.t, J =7.2, 1H,
H-4"), 3.96 (q, / = 6.8 Hz, 2H, CH,-CH,0-4"), 3.12
(brss,4H, CH,-3'and CH,-5"), 2.67 (t,/=7.0,2H, CH,-2),
2.57—2.56 (m, 4H, CH,-2" and CH,-6"), 2.47 (t, / = 6.9,
2H, CH,-3), 129 (t, J = 6.9, 3H, CH;-CH,0-4");
BCNMR (150 MHz, DMSO-d;): 6 169.56 (C-1),
154.27 (C-4"), 150.95 (C-1"), 132.28 (C-1""), 128.85
(C-3"and C-5"), 120.52 (C-2" and C-6"), 118.75 (C-4"),
115.31 (C-2" and C-6"), 114.33 (C-3" and C-5"),
63.03 (CH;-CH,0-4"), 53.79 (C-3), 52.40 (C-2'
and C-6'), 48.18 (C-3" and C-5'), 33.95 (C-2), 14.65
(CH;-CH,0-4"); Anal. Calc. for C,HyN;0,
(353.21): C, 71.36; H, 7.70; N, 11.89. Found: C, 71.30;
H, 7.65; N, 12.85.

N-(2,5-Dimethylphenyl)-3-(4-phenyl- 1-piperaz-
inyl)propanamide (Vc). Purple amorphous solid; yield:
91%; mp 140—141°C; Molecular formula: C,;H,,N;O:
IR (KBr), v (ecm™'): 3342 (N-H, stretching), 3081
(C—H, str. of aromatic ring), 2905 (—CH, stretching),
1677 (aromatic C=C stretching), 1652 (C=Ostr.); 'H-
NMR (600 MHz, DMSO-dy): 6 9.49 (s, 1H, NH),
7.37 (br.s, 1H, H-6""), 7.20 (br.t, /= 8.1 Hz, 2H, H-3"
and H-5"), 7.05 (br.d, J = 7.6 Hz, 1H, H-3"), 6.94
(br.d, J=8.2 Hz, 2H, H-2" and H-6"), 6.86 (br.d, J =
7.4 Hz, 1H, H-4"), 6.77 (br.t, J = 7.2, 1H, H-4"),
3.14-3.13 (m, 4H, CH,-3" and CH,-5"), 2.68 (t, J =
6.6,2H, CH,-2), 2.61—2.59 (m, 4H, CH,-2'and CH,-
6", 2.53 (t, J/ = 6.6, 2H, CH,-3), 2.23 (s, 3H, CH;-
5™), 2.16 (s, 3H, CH;-2"); BC-NMR (150 MHz,
DMSO-dj): 6 170.02 (C-1), 150.92 (C-1"), 136.30 (C-
1"), 134.85 (C-2"), 129.94 (C-3""), 128.87 (C-3" and
C-5"), 127.40 (C-5"), 125.28 (C-4"), 124.66 (C-6"),
118.80 (C-4"), 115.31 (C-2" and C-6"), 53.96 (C-3),
52.42 (C-2" and C-6"), 48.11 (C-3' and C-5'), 33.41
(C-2), 20.63 (CH;-5"), 17.67 (CH;-2""); Anal. Calc.
for C,;H,;N50 (337.22): C, 74.74; H, 8.06; N, 12.45.
Found: C, 74.69; H, 8.00; N, 12.39.

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 47

1093

N-(3,4-Dimethylphenyl)-3-(4-phenyl-1-piperaz-
inyl)propanamide (Vd). White amorphous solid; yield:
73%; mp 96—97°C; molecular formula: C,;H,,N;0;
molecular weight: 337 g/mol: IR (KBr), v (cm™):
3340 (N—H, stretching), 3080 (C—H, str. of aromatic
ring), 2900 (—CH, stretching), 1670 (aromatic C=C
stretching), 1647 (C=0 str.); '"HNMR (600 MHz,
DMSO-d): 8 9.95 (s, 1H, NH), 7.40 (br.s, 1H, H-
2™), 7.34 (br.d, J=7.6 Hz, 1H, H-6""), 7.20 (br.t, J =
7.5 Hz, 2H, H-3" and H-5"), 7.04 (br.d, J = 7.4 Hz,
1H, H-5"), 6.91 (br.d, /= 7.9 Hz, 2H, H-2" and H-6"),
6.77 (br.t, J =7.0, 1H, H-4"), 3.11 (br.s, 4H, CH,-3'
and CH,-5"), 2.69 (dist.t, J/ = 6.7, 2H, CH,-2), 2.56
(br.s, 4H, CH,-2" and CH,-6"), 2.51 (dist.t, J = 6.6,
2H, CH,-3), 2.18 (s, 3H, CH;-4™), 2.15 (s, 3H, CH;-3");
BC NMR (150 MHz, DMSO-d;): 6 169.81 (C-1),
150.94 (C-1"), 136.98 (C-3"), 136.16 (C-1"), 130.66
(C-4"), 129.48 (C-5"), 128.84 (C-3" and C-5"),
120.28 (C-2"), 118.74 (C-4"), 116.59 (C-6""), 115.29
(C-2"and C-6"), 53.81 (C-3), 52.42 (C-2' and C-6"),
48.19 (C-3' and C-5'), 34.09 (C-2), 19.57 (CH;-4"),
18.71 (CH;-3"); Anal. Calc. for C,;H,;N50 (337.22):
C,74.74; H, 8.06; N, 12.45. Found: C, 74.70; H, 8.02;
N, 12.40.

N-(3,5-Dimethylphenyl)-3-(4-phenyl- 1-piperaz-
inyl)propanamide (Ve). Yellow amorphous solid; yield:
93%; mp 98—93°C; molecular formula: C,;H,;N;0;
molecular weight: 337 g/mol: IR (KBr), v (cm™):
3336 (N—H, stretching), 3074 (C—H, str. of aromatic
ring), 2895 (—CH, stretching), 1683 (aromatic C=C
stretching), 1656 (C=0 str.); 'H NMR (600 MHz,
DMSO-d,): 6 9.95 (s, 1H, NH), 7.27 (br.s, 2H, H-2"
and H-6"), 7.21 (br.t, J = 7.2 Hz, 2H, H-3" and H-5"),
6.92 (br.d, J=9.3 Hz, 2H, H-2" and H-6"), 6.78 (br.t,
J =6.7, 1H, H-4"), 6.67 (br.s, 1H, H-4"), 3.11 (br.s,
4H, CH,-3" and CH,-5"), 2.69-2.68 (m, 2H, CH,-2),
2.56 (br.s, 4H, CH,-2' and CH,-6"), 2.52 (dist.t, J =
6.4, 2H, CH,-3), 2.23 (s, 6H, CH;-3" and CH;-5");
BC NMR (150 MHz, DMSO-d;): & 169.96 (C-1),
150.94 (C-1"), 139.11 (C-1"), 137.56 (C-3" and
C-5"), 128.83 (C-3"and C-5"), 124.53 (C-4"), 118.73
(C-4"), 116.81 (C-2" and C-6"), 115.29 (C-2" and C-6"),
53.81 (C-3), 52.44 (C-2' and C-6'), 48.20 (C-3' and
C-5Y, 34.19 (C-2), 21.08 (CH;-3" and CH;-5");
Anal. Calc. for C,;H,,N;0 (337.22): C, 74.74; H, 8.06;
N, 12.45. Found: C, 74.72; H, 8.02; N, 12.40.

Pharmacology

Alkaline phosphatase inhibition assay. Activity of
calf intestinal alkaline phosphatase (CIALP) was
measured by spectrophotometric assay as previously
described by [29, 30]. The reaction mixture comprised
of 50 mM Tris-HCI buffer (5 mM MgCl,, 0.1 mM
ZnCl, pH 9.5), the compound (0.1 mM with final
DMSO 1% (v/v) and mixture was pre-incubated for
10 min by adding 5 uL of CIALP (0.025 U/mL).
Then, 10 uL of substrate (0.5 mM p-NPP (para nitro-
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phenylphosphate disodium salt) was added to initiate
the reaction and the assay mixture was incubated again
for 30 min at 37°C. The change in absorbance of
released p-nitrophenolate was monitored at 405 nm,
using a 96-well microplate reader (SpectraMax ABS,
USA). All the experiments were repeated three times
in a triplicate manner. KH,PO, was used as the refer-
ence inhibitor of CIALP.

The Alkaline Phosphatase activities were calcu-
lated according to the following formula:

Alkaline Phosphatase activity (%)
= (ODcomrol - ODsample X 100) /ODcomrol'

ABBASI et al.

Where OD, 0 and ODyg,,,,. Tepresents the optical
densities in the absence and presence of sample,
respectively.

Hemolytic assay. Bovine blood samples were taken
for the formation of RBCs suspension following
already reported method [31, 32]. Solution
(10 mg/mL, 20 uL) of synthesized compound was
incubated with 180 uL of red blood cells suspension at
room temperature. Triton 100-X and PBS was used as
positive and negative control respectively. Percentage
of hemolysis was calculated by following formula:

(%)of Hemolysis =

Kinetic mechanism analysis. Based on the IC;,
results we select the most potent inhibitor (Va) for
determine the mechanism of enzyme inhibition by fol-
lowing our reported method [33]. The inhibitor con-
centrations were used 0.00, 0.531 and 1.062 uM. Sub-
strate p-NPP concentrations were 10, 5, 2.5, 1.25,
0.625 and 0.3125 mM. Pre-incubation time and other
conditions were same as described in alkaline phos-
phatase inhibition assay section. Maximal initial
velocities were determined from initial linear portion
of absorbances up to 10 minutes after addition of
enzyme at per minute’s interval. The inhibition type
on the enzyme was assayed by Lineweaver-Burk plot
of inverse of velocities (1/V) versus inverse of substrate
concentration 1/[S] mM~!. The EI dissociation con-
stant K; was determined by secondary plot of 1/V ver-
sus inhibitor concentration.

Docking methodology. The compounds were
docked to the crystal structure of human placental
alkaline phosphatase (PLAP) (PDB ID: 1ZED, reso-
lution 1.57 A), [18] which was obtained from the Pro-
tein Data Bank (PDB) [34, 35]. The Scigress Ultra
version FJ 2.6 program [36] was used to prepare the
crystal structure for docking, i.e., hydrogen atoms
were added and crystallographic water molecules were
removed. The Scigress software suite was also used to
build the inhibitors and the MM2 [37] force field was
used to optimise the structures. The centre of the
binding pocket was defined as the nitrogen atom of the
co-crystallized ligand 4-nitrophenyl hydrogen meth-
ylphosphonate with the coordinates (x = 33.351, y =
12.865, z = 12.025) with 10 A radius, which is in close
proximity to the side chains of Argl66 and His432.
Fifty docking runs were allowed for each ligand with
default search efficiency (100%). The basic amino
acids lysine and arginine were defined as protonated.
Furthermore, aspartic and glutamic acids were
assumed to be deprotonated. The GoldScore (GS),
[23] ChemScore (CS), [38. 39], Chem Piecewise Lin-
ear Potential (ChemPLP) [40], and Astex Statistical
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Absorbance of Sample — Absorbance of Negative Control %100
Absorbance of Positive Control '

Potential (ASP) [41] scoring functions were imple-
mented to validate the predicted binding modes and
relative energies of the ligands using the GOLD v5.7.3
software suite. The QikProp 10.2 [42], software pack-
age was used to calculate the molecular descriptors of
the compounds. The reliability of QikProp is estab-
lished for the molecular descriptors [43].

CONCLUSION

N-(Substituted-phenyl)-3-(4-phenyl-1-piperaz-
inyl)propanamides (Va-e) were synthesized in good
yields and their structures were corroborated by spec-
tral (FT-IR, 'H-NMR, BC-NMR, HMBC) and
CHN analysis data. All synthesized compounds pos-
sessed remarkable alkaline phosphate enzyme inhibi-
tion as it was depicted by their lower 1Cs, values rela-
tive to standard used. Moreover, all these molecules
were attributed with low cytotoxicity and therefore,
might serve as valuable therapeutic agents for alkaline
phosphatase-associated disorders, particularly, bone dis-
eases, diabetes, prostatic cancer and liver dysfunction.
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