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Abstract 
The work presented in this paper aims toward the synthesis of aryl thiourea derivatives 4a–l of pyrazole based nonsteroidal 
anti-inflammatory drug named 4-aminophenazone, as potential inhibitors of intestinal alkaline phosphatase enzyme. The 
screening of synthesized target compounds 4a–l for unraveling the anti-inflammatory potential against calf intestinal alkaline 
phosphatase gives rise to lead member 4c possessing  IC50 value 0.420 ± 0.012 µM, many folds better than reference standard 
used  (KH2PO4  IC50 = 2.8 ± 0.06 µM and l-phenylalanine  IC50 = 100 ± 3.1 µM). SAR for unfolding the active site binding 
pocket interaction along with the mode of enzyme inhibition based on kinetic studies is carried out which showed non-
competitive binding mode. The enzyme inhibition studies were further supplemented by molecular dynamic simulations for 
predicting the protein behavior against active inhibitors 4c and 4g during docking analysis. The preliminary toxicity of the 
synthesized compounds was determined by using brine shrimp assay. This work also includes detailed biochemical analysis 
along with RO5 parameters for all the newly synthesized drug derivatives 4a–l.
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Introduction

Alkaline phosphatase is a subdivision of the major class 
of ectoenzymes named as ectonucleotidases. These ecto-
enzymes are mainly involved in hydrolysis of extracellu-
lar nucleotides to nucleosides and adenosine via direct or 
indirect pathways. Alkaline phosphatases are found on the 
outer surface of plasma membrane and are responsible for 
catalyzing the hydrolysis of phosphate groups from a vari-
ety of different substrates (dephosphorylation) in an alka-
line environment, freeing inorganic phosphate (Pi) [1, 2]. In 
addition to this, APs also mediate the hydrolysis of a variety 
of substrates other than nucleotides, such as bis(p-nitrophe-
nyl) phosphate, inorganic polyphosphates, phosphatidates 
and glucose-phosphates [3].

There are four isozymes of alkaline phosphatases that 
are found in humans which include tissue non-specific AP 
(TNAP), germ cell AP (GCAP), placental AP (PLAP) and 
intestinal AP (IAP) [4]. The TNAP is tissue non-specific and 
can be found in liver, kidney and most abundantly in bones, 
while rest of three are tissue-specific isozymes and have rel-
ative homologies in the range of 90–98% with their genes 

clustered on chromosome 2, whereas the gene of TNAP is 
located on chromosome 1 and it is only 50% identical to the 
other three isozymes.

The function of TNAP varies according to the type of 
tissue where it is expressed. Mainly, it is associated with 
bone and tooth deposition processes and is anchored to the 
cell membranes of osteoblasts and chondrocytes, where it 
degrades PPi to Pi. PPi acts as an inhibitor of mineralization 
[5] and regulation by TNAP hence propagates the extra-
cellular mineralization of apatite crystals. The deficiency 
of TNAP enhances the amount of inhibitory PPi and thus 
decreases the extracellular mineralization and humans suf-
fering from hypophosphatasia (HPP) depict the loss of min-
eralization fronts [6]. The loss of mineralization is associ-
ated with various symptoms such as softening spontaneous 
breakage of bones, rickets and tooth (cementum/dentin/
enamel) defects [7].

The biological function of tissue-specific PLAP is still 
unknown [8] and it resides in placental tissues. However, it 
is often observed in serum of patients with primary testicular 
tumors seminoma [9] and other cancers [10]. It has been 
reported that switching of genes from PLAP to GCAP may 
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lead to transformation from normal to malignant trophoblast 
since both PLAP and GCAP are co-expressed in ovarian 
cancers [11].

The third important type of tissue-specific alkaline 
phosphatase is intestinal alkaline phosphatase (IAP) that 
is expressed in villus-associated enterocytes and regulates 
fatty acid absorption at both the luminal and basolateral 
surfaces via secretion of vesicles [12, 13]. In addition, the 
IAP also regulates the duodenal surface pH [14] and bicar-
bonate secretion and is involved in the processes like diet-
induced obesity [15, 16] and metabolic syndrome [17, 18]. 
But among all these functions, one of the most remarkable 
functions of IAP centers on its protective interactions with 
the bacterial symbionts that inhabit or invade our enteric 
system. With increasing research in microbiome physiol-
ogy, the intestinal alkaline phosphatase (IAP) has become 
an immense core of interest to scientists due to its interac-
tion with endogenous microbes and thus its ultimate influ-
ence on human health. In the literature, various intestinal 
alkaline phosphatase inhibitors such as l-phenylalanine, 
l-homoarginine, l-phenylalanineglycylglycine, l-leucine 
and levamisole have been reported that are used as standard 
drugs against intestinal alkaline phosphatase with varying 
inhibition ranges. However, it was found that among all the 
aforementioned inhibitor molecules, l-phenylalanine turns 
out to be the most active inhibitor specifically against intes-
tinal alkaline phosphatase enzyme [19].

Considering the significant role of alkaline phosphatases, 
typically the intestinal alkaline phosphatases in maintain-
ing balanced homeostasis in humans, there is a dire need to 
develop more effective and potent inhibitors/activators of 
intestinal alkaline phosphatases, so, as to cope with various 

health disorders originating due to under or over production 
of intestinal alkaline phosphatases [20].

Thioureas are an important class of organic compounds 
with longstanding interest in medicinal industry. They have 
been well documented in the literature for their astound-
ing biomedical properties including antiparasitic, antifun-
gal, antibacterial [21], anticancer, anti-HIV activities, anti-
oxidant, urease inhibition, carbonic anhydrase inhibition, 
butyrylcholinesterase and acetylcholinesterase inhibition 
[22].

Due to their broad term medicinal potential, continued 
efforts are still in progress by scientific community in design 
and development of more effective thiourea derivatives with 
enhanced pharma effects. Various synthetic approaches such 
as microwave, ultrasonic-assisted approaches besides the 
traditional synthetic strategies have been utilized to access 
thiourea functionality [23–30].

The presence of fascinating structural features in thiourea 
such as free N–H atoms offers wide possibility for design 
and development of an array of heterocyclic scaffolds. In 
addition, the carbonyl and thiocarbonyl functionalities pro-
vide sites for chelation, thereby, serving as useful ligands in 
complexation chemistry [31, 32].

Additionally, thioureas serve as a useful alkaline phos-
phatase inhibitors with potential against various diseases like 
inflammation, cancer and cardia diseases. Some representa-
tive reported examples of such thioureas are highlighted in 
Fig. 1 [22, 33].

Among the broad range of nonsteroidal anti-inflam-
matory drugs, 4-aminophenazone also named antipyrine 
has got an immense importance in pharmaceutical indus-
try due to its associated medicinal effects which includes 

Fig. 1  Few examples of thioureas as potent intestinal alkaline phosphatase inhibitors
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anti-pyretic, anti-inflammatory and analgesic effects 
[34]. It has also been known for its broad term use in 
therapies such as its application in treatment of soft tis-
sue disorders, arthritis, neuralgia and lung inflammation, 
i.e., pneumonia [35]. Literature survey reveals the use of 
pyrazole based synthetic compounds by several research 
groups as active inhibitors against various enzymes such 
as nucleotide pyrophosphatase/phosphodiesterase, nucle-
oside triphosphatase diphosphohydrolase [36], protease-
resistant prion protein [37] including various types of 
alkaline phosphatases [38], respectively.

In order to unfold the diversified biomedical potential 
of 4-aminophenazone by exploiting the effect of pyrazole 
nucleus as privileged pharmacophore in drug chemistry, 
we in past already reported aminophenazone-derived 
selective inhibitors [39]. With this continuation, taking 
into account, the broad range biomedical applications of 
thiourea functionality, the work presented in this paper is 
an extended effort toward synthesis of aminophenazone-
derived aryl thioureas as significant inhibitors of alka-
line phosphatases for treatment of various inflammation 
disorders including cancer diseases. The work is further 
supplemented by computational molecular dynamic simu-
lation and enzyme inhibitory kinetic studies.

Results and discussion

Chemistry

Synthesis of target compound (4a–l) achieved via a mul-
tistep synthetic sequence is highlighted in Scheme 1. An 
equimolar quantity of carbon disulfide and ammonium 
hydroxide was added to a stirred solution of various 
suitably substituted anilines (1a–l) at low temperature 
(10 °C) and set to stirring for 12 h. This was followed by 
subsequent addition of aqueous solution of lead nitrate 
with additional stirring for overnight to form the corre-
sponding substituted isothiocyanate intermediate 2a–l. 
The freshly prepared pure isothiocyanate (2a–l) was then 
treated with 4-aminophenazone under reflux conditions 
to yield aminophenazone-based substituted aryl thiourea 
derivatives (4a–l) in good yields.

Spectroscopic characterizations

FTIR, 1H/13C NMR and elemental analysis (CHNS) have 
been used for structure elucidation of synthesized com-
pounds (4a–l).

In case of FTIR, the formation of target compound 4a–l 
is supported by appearance of characteristic stretching 
absorptions for NH bonds in the range of 3378–3169 cm−1, 
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Scheme 1  Synthesis of substituted 1-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-3-phenylthioureas (4a–l) 
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while the stretching in the region ranging between 1267 
and 1229  cm−1 is indicative of C=S bond of thiourea 
functionality. Additional absorption band in the region of 
1703–1685 cm−1 highlights the C=O stretching of the 4-ami-
nophenazone nucleus, whereas the presence of unsaturation 
in the structure is supported by the appearance of medium 
intensity signal around 3155–3027 cm1, respectively.

The 1H-NMR of synthesized compounds 4a–l exhib-
its dominant signals in the range of 11.72–9.05 ppm and 
8.91–7.47 ppm which are indicative of N–H attached to sub-
stituted phenyl and to pyrazolone ring of 4-aminophenazone, 
respectively. The resonances in the form of singlet charac-
teristic of the methyl groups, one in the downfield region 
due to the direct attachment with aza hetero atom, while 
the other slightly shifted toward shielding region, confirmed 
the presence of 4-aminophenazone moiety in the structure. 
The 13C-NMR further supports the structure of synthesized 
compounds 4a–l by showing resonances in the range of 
189.1–181.4 ppm for the thiocarbonyl carbon besides other 
signals. The purity of newly prepared compounds is also 
ascertained by elemental analysis.

In vitro biological assays

Alkaline phosphatase assay

Activity of calf intestinal alkaline phosphatase (CIALP) 
was measured by spectrophotometric assay as described by 
Ashraf et al. [40] The entire assay experiments were repeated 
three times.  KH2PO4 was used as the reference inhibitor of 
calf IALP in addition to l-phenylalanine that has been used 
for comparison as organic reference standard for IAP inhibi-
tion [41]. The results are summarized in Table 1.

The careful observation of the activity results, in terms 
of inhibition concentration  (IC50), reveals that several com-
pounds of the series possess potent alkaline phosphatase 
inhibition activity which is much better than the reference 
standards used. Compound 4c appears to be the most active 
member of the series with an  IC50 value of 0.4 ± 0.01 µM. 
This increased activity, possessed by 4c, is attributed to the 
presence of electron-donating group, i.e., the methyl group 
at meta-position in phenyl ring (Fig. 2). Second higher inhi-
bition  (IC50 = 1.2 ± 0.03 µM) is shown by the 4g member 
just by switching the substitution position from meta to para-
position and nature of substituent from alkyl to halo group, 
respectively. Slight modification in the substitution pattern 
of halo group from para- to meta-position results in signifi-
cant loss of activity (4f = IC50 = 4.8 ± 0.3 µM). However, the 
presence of alkoxy group at meta-position leads to enhanced 
inhibition activity as shown by 4d with  IC50 = 1.7 ± 0.05, 
while increasing substitution (poly-substitution) with 
polar alkoxy groups leads to significant loss of activity as 
observed in the case of 4e (8.3 ± 0.2), thus making it least 

active member among the series. It was further encountered 
that reduction in carbon number of molecular skeleton is 
also linked with reduced inhibition as observed for unsubsti-
tuted phenyl derivative (4a: 4.8 ± 0.1) and for five-membered 
furyl-substituted derivative (4l:  IC50 = 5.0 ± 0.09), respec-
tively. In a nutshell, the inhibition profile of the synthesized 
screened series 4a–l features the importance of meta- and 
para-position for possessing good inhibition potential 
(Table 1).

Kinetic studies

Based on  IC50 value, the most potent inhibitor 4c was 
selected to determine the mechanism of enzyme inhibition. 
The inhibitor concentrations used were 0.0, 0.100, 0.200 and 
0.400 µM. Substrate p-NPP concentrations were 10, 5, 2.5, 
1.25 and 0.625 mM. Pre-incubation time and other condi-
tions were same as described in alkaline phosphatase inhi-
bition assay section. Maximal initial velocities were deter-
mined from initial linear portion of absorbance up to 10 min, 
after addition of enzyme, at per min interval. The inhibition 
type on the enzyme was assayed by Lineweaver–Burke plot 
of inverse of velocities (1/V) versus inverse of substrate con-
centration 1/[S]  mM−1 (Fig. 3). The EI dissociation constant 
Ki was determined by secondary plot of 1/V versus inhibitor 
concentration (Fig. 4).

The results presented in Table 2 indicate that the com-
pound 4c was determined to be non-competitive inhibitor of 
calf intestinal alkaline phosphatase. The inhibition constant 
Ki (0.360) was determined from Fig. 4. The value of 1/Vmax 
is increased to a new value, while that of Km remains same 

Table 1  Alkaline phosphatase inhibition of 4-aminophenazone-
derived aryl thiourea derivatives (4a–l) 

Values are presented as mean ± SEM
Standard error of mean

Compound IC50 ± SEM (µM)

4a 4.8 ± 0.1
4b 2.3 ± 0.07
4c 0.4 ± 0.01
4d 1.7 ± 0.05
4e 8.3 ± 0.2
4f 4.8 ± 0.3
4g 1.2 ± 0.03
4h 3.7 ± 0.1
4i 5.4 ± 0.1
4j 1.7 ± 0.051
4k 4.2 ± 0.2
4l 5.01 ± 0.09
KH2PO4 2.8 ± 0.06
l-Phenylalanine 100 ± 3.1
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which indicated that compound 4c simply lowers the con-
centration of enzyme by a non-competitive binding mode 
(Figs. 3, 4).

Toxicity evaluation using brine shrimp assay

The brine shrimp assay carried out for the synthesized com-
pounds (4a–l) using potassium dihydrogen phosphatase as 
reference standard in terms of lethal doses is tabulated in 
Table 3.

Fig. 2  Structure–activity relationship of some potent aminophenazone-derived aryl thioureas

Fig. 3  Lineweaver–Burke plot

Fig. 4  Plot for determination of dissociation constant Ki



1707Molecular Diversity (2021) 25:1701–1715 

1 3

The results indicate that compound 4a of the series, 
devoid of any substituent, turned out to be a lead candi-
date with  LD50 = 70.9 ± 5.3 µM, hence depicting that our 
compound is non-toxic up to 70 µM and thus is more safer 
compared to potassium dihydrogen phosphate. Further, in 
the series, the good  LD50 is shown by derivatives 4c and 
4d highlighting the significance of meta substitution with 
electron-donating groups, whereas switching the nature of 
substituent group from electron donating to electron with-
drawing at meta-position, i.e., 4i, results in total loss of 
activity with  LD50 of 125.2 ± 10.5 µM.

Chemico‑physical properties and RO5 validation 
of compound 4a–l

The basic chemico-physical properties of the synthesized 
compounds (4a–l) were predicted by using various in sil-
ico tools. The predicted properties like mol. wt. (g/mol), 
molar refractivity  (cm3), PSA (Å2) and RO5 values of all 
synthesized compounds are listed in Table 4. It has been 
studied that drug properties such as molar refractivity and 
molecular lipophilicity are significant in receptor binding, 
bioavailability and cellular uptake. Moreover, PSA value is 
also very helpful parameter for drug absorption prediction in 
drug discovery [42]. Literature study is reported the stand-
ard values for molar refractivity and mol. wt. (40–130 cm3) 
and (160–480 g/mol), respectively [43, 44]. The compara-
tive analyses revealed that the predicted values of all the 
synthesized compounds were comparable with standard 
values. Moreover, irrespective of their higher mol. wt. (g/
mol) and molar refractivity  (cm3) values, they showed very 
good drug likeness score. Moreover, RO5 analysis also jus-
tified the therapeutic potential of synthesized compounds. 
Literature study showed that hydrogen-bonding affinity has 
been considered as a significant parameter for evaluating 
the drug permeability [45]. It was observed that exceeded 
values of HBA (> 10) and HBD (> 5) in ligands results in 
poor permeation in the body. Our chemo-informatics analy-
ses showed that all compounds possess < 10 HBA and < 5 
HBD which may confirm their good penetration within the 
body. Moreover, their log P value was also comparable with 
standard values < 5. However, there are plenty of examples 
available for RO5 violation among the existing drugs [46].

Molecular docking analysis

Structural evaluation of target protein

Alkaline phosphatases (EC 3.1.3.1) are one of the most 
ubiquitous enzyme families processing phosphate groups 
[47]. Alkaline phosphatase exhibits 484 residues with sin-
gle chain. Two zinc metal ions  (Zn+2) and magnesium ions 

Table 2  Kinetic analysis of compound 4c 

1/Vmax is the inverse of reaction velocities, Km is the Michaelis–
Menten constant, Ki is the inhibition constant

Entry Concentration 1/Vmax Km Ki Inhibition type
(µM) (ΔA/Min) mM (µM)

1 0.00 200.00 1.0952 0.360 Non-competitive
2 0.100 363.63 1.0952 0.360
3 0.200 436.36 1.0952 0.360
4 0.400 500.00 1.0952 0.360

Table 3  LD50 of 
4-aminophenazone-derived 
aryl thiourea derivatives (4a–l) 
engaging brine shrimp assay

Compound LD50 (µM)

4a 70.9 ± 5.3
4b 90.4 ± 6.4
4c 84.1 ± 7.6
4d 85.2 ± 8.1
4e 112.5 ± 9.7
4f 110.2 ± 10.2
4g 115.4 ± 7.8
4h 121.4 ± 10.2
6i 125.2 ± 10.5
4j 95.467 ± 9.45
4k 106.7 ± 9.8
4l 87.9 ± 7.1
KH2PO4 89.1 ± 0.01

Table 4  Chemico-physical property of synthesized compounds (4a–l) 

*MR molar refractivity

Properties 4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 4k 4l

Mol. wt (g/mol) 338.12 352.14 352.14 368.14 428.15 372 372 384.11 384.11 384.11 430.12 328.10
No. HBA 2 2 2 3 5 2 2 4 4 4 6 3
No. HBD 2 2 2 2 2 2 2 3 3 3 4 2
Mol. Log P 2.7 3.3 3.1 3.84 2.78 3.46 3.46 2.22 2.34 2.34 1.94 1.78
Mol. PSA  (A2) 39.44 38.74 39.44 46.99 60.85 39.44 39.44 76.71 77.70 77.70 115.97 48.77
Mol. vol  (A3) 351.84 372.58 372.85 383.76 448.53 369.11 369.03 383.21 382.11 382.04 412.46 338.04
MR  (cm3) 98.95 103.5 103.5 105.31 118.04 103.7 103.7 104.98 104.98 104.98 111.01 91.43
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 (Mg+2) are also present in the active position within the pro-
tein (Fig. 5). However, calcium ions are also part of target 
protein [48]. The presence of these metals within the active 
region of target protein has a significant role in the down-
stream signaling pathways. The Ramachandran graph values 
depict the accuracy of phi (φ) and psi (ψ) angles among the 
coordinates of targeted protein. The predicted graph value 
showed that 98.1% residues were present in favored and 
99.8% are part of allowed region. The predicted Ramachan-
dran graph and hydrophobicity graphs are mentioned in sup-
plementary data (Fig. S1a, b).

Binding energy evaluation of synthesized compounds

Docking experiment was employed to predict the best fit-
ted conformational pose of synthesized ligands against 
alkaline phosphatase. The generated docked complexes 
were inspected on the basis of minimum docking energy 
values (Kcal/mol). The predicted docking results justified 
that compounds 4c and 4g exhibited a good binding energy 
values (− 10.30 and − 10.10 kcal/mol), respectively. How-
ever, all the other ligand also has good energy values. The 

binding energy value depicts the best conformational posi-
tion within the active region of target protein. Although the 
basic nucleus of all the compounds is same, therefore, most 
of compounds possess good efficient and less fluctuated 
energy values (Fig. 6).

Binding pocket analysis of alkaline phosphatase and struc‑
ture–activity relationship

Docked complexes were further evaluated on binding inter-
actions (hydrogen or hydrophobic) of synthesized com-
pounds against receptor protein. The ligands–protein binding 
analyses showed that most of compounds confined in the 
active binding region of target protein. The 4c and 4g were 
shown the best conformational state within the active bind-
ing site of alkaline phosphatase. Figures 7 and 8 show that 
4c forms four hydrogen bonds at Ser92 and His320 residues, 
while 4g forms three hydrogen bonds with Ser92, His317 
and His320 residues. One π–π stacking interaction was also 
observed at His317 with ligand benzene ring. The struc-
ture–activity relationship (SAR) study showed that carbonyl 
amino group of 4c forms hydrogen bond with Ser92 at a 
distance 2.93 Å. While 5-membered cyclic oxygen of 4c 
forms hydrogen bonds with His320 at a distance 2.98 Å in 
4g-docking complex, the 5-membered cyclic oxygen of 4g 
ligand interacts by hydrogen bond with His320 having bind-
ing distance 2.65 Å, whereas the carbonyl sulfur moiety also 
form an hydrogen bond with His317 with a distance 2.99 Å. 
The benzene ring of ligand comes closer to benzene ring of 

Fig. 5  Crystal structure of human alkaline phosphatase Fig. 6  Docking energy values
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His317 and forms the π–π staking interactions having dis-
tance 3.17 Å. Another hydrogen bond was observed between 
carbonyl amino group and Ser92 having bonding distance 
2.92 Å. The SAR interpretation showed that oxygen and 
amino moieties are more significant and directly involves 
in the hydrogen-bonding interactions in active residues of 
target protein. It was interesting that His320 and Ser92 were 

common residues which bind with both compounds. Litera-
ture study reveals that Ser92 is the active binding residue 
of target protein and our synthesized compounds  directly 
interact with this residue by making hydrogen bonds. The 
comparative results show that our docking results may be 
good agreement with active site of target protein. The energy 
values and hydrogen bindings of 4c and 4g showed their 
significance over other synthesized compounds. Moreover, 
computational results also show good correlation with assay 
studies. The graphical depictions of binding interactions 
of all the pro-drugs are mentioned in supplementary data 
(Figs. S2–S11).

Molecular dynamic simulations

Root mean square deviation and fluctuation (RMSD/RMSF) 
analysis of targeted protein

Based on docking results, 4c and 4g docking complexes 
selected to evaluate the residual flexibility of receptor 
molecule through MD simulation at 15 ns. The RMSD 
and RMSF graphs were assessed to determine the protein 
structural behavior in docking. Figure 9 shows the RMSD 
results of both 4c and 4g complexes which interprets the 
protein residual deviation and fluctuations in 15 ns simula-
tion time frame. Initially, both graph lines were displayed an 
increasing trend from 0 to 2500 ps. The 4c complex showed 
higher fluctuations than the 4g at starting simulation time 
and depicts RMSD value 0.3 nm, while 4g at 2500 ps time 
showed 0.25 nm. From 2500 to 5000 ps the 4c complex 
remains stable, while 4g showed increasing trends of fluctua-
tions. After that, both 4c and 4g graph lines remain stable 

Fig. 7  Docking interaction of 4c with target protein. The ligand is 
mentioned with purple color, while the functional groups like amino, 
sulfur and oxygen are highlighted with dark blue, yellow and red 
colors, respectively. The receptor protein residues are depicted light 
sky-blue color in wire format. The red dotted lines justify the hydro-
gen binding with distance mentioned in angstrom (Å). The red color 
residues show the interacted residues with ligand

Fig. 8  Docking interaction of 4g with target protein. The ligand is 
mentioned with purple color, while the functional groups like amino, 
sulfur and oxygen are highlighted with dark blue, yellow and red 
colors, respectively. The receptor protein residues are depicted light 
sky-blue color in wire format. The red dotted lines justify the hydro-
gen binding with distance mentioned in angstrom (Å). The red color 
residues show the interacted residues with ligand

Fig. 9  RMSD graph of 4c and 4g docked complexes is mentioned in 
purple and green colors from 0 to 15,000 ps time scale
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and showed little fluctuations throughout the simulation 
(5000–15,000 ps). The comparative analysis justified that 4g 
complex simulation graph is little bit more stable through-
out the simulation time period as compared to 4c complex. 
However, their RMSD value has not too much deviant from 
each other. The generated RMSF results of both 4c and 4g 
complexes were shown the C and N-terminal lobes fluc-
tuations of target protein throughout the simulation period. 
The generated graph showed that C-terminal loop region is 
much fluctuated. Result depicted that higher peaks in RMSF 
graph showed the loop conformation and its fluctuations in 
the simulation time (Fig. 10). The RMSF results assured the 
stability of 4c and 4g against targeted protein throughout the 
simulation period.

Radius of gyration (Rg) and solvent‑accessible surface area 
(SASA)  (A2) prediction

Furthermore, radius of gyration (Rg) and solvent-accessi-
ble surface area (SASA)  (A2) were also keenly focused to 
analyze the compactness of target protein. The generated 
results exposed that Rg value is stable at 2.25 nm values 
throughout the simulation time frame 0–15,000 ps. The Rg 
time graph showed that residual backbone and folding of 
receptor protein were steadily stable after binding the inhibi-
tors (Fig. 11). The solvent-accessible surface area (SASA) 
results showed that both complexes co-reside at 235 nm2 in 
the simulations graphs (Fig. 12).

Conclusion

In the current research, a nonsteroidal anti-inflammatory 
drug “antipyrine” is synthetically modified to its substi-
tuted arylthiourea derivatives and screened against calf 

intestinal alkaline phosphatase for investigating their inhi-
bition capacity for inflammation disorders. Results showed 
compounds 4c and 4g as lead inhibitors of the series with 
much enhanced  IC50 than reference standards used. A most 
probable structure–activity relationship is anticipated by 
observing varying degree of inhibitory potential given 
by compounds 4a–l that highlighted the significance of 

Fig. 10  RMSF graph of 4c and 4g docked complexes is mentioned in 
purple and green colors from 0 to 15,000 ps time scale

Fig. 11  Radius of gyration (Rg) graph of 4c and 4g docked com-
plexes is mentioned in purple and green colors from 0 to 15,000 ps 
time scale

Fig. 12  Solvent-accessible surface area (SASA) graph of 4c and 4g 
docked complexes is mentioned in purple and green colors from 0 to 
15000 ps time scale
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meta-position in addition to para for enhanced inhibition 
profile, while molecular insights regarding the binding 
mode of aminophenazone thiourea analogs 4a–l within 
the active pocket of alkaline phosphatase enzyme are 
rationalized by molecular docking studies and further sup-
plemented by molecular dynamic simulations for the lead 
members 4c and 4g. Kinetic studies revealed that newly 
synthesized potent inhibitor 4c binds to alkaline phos-
phatase via non-competitive fashion. RO5 validation of 
the synthesized derivatives is accomplished in addition to 
toxicity evaluation that justified their therapeutic potential.

Materials and methods

Experimental

Melting points were determined using Gallenkamp melt-
ing point apparatus (MP-D) and are uncorrected. Infrared 
spectra were recorded using a Bruker Tensor 27 FTIR 
spectrometer in ATR mode as neat samples.1H-NMR spec-
tra were obtained using a Bruker 300 NMR MHz spec-
trometer in  CDCl3solution using TMS as an internal refer-
ence. 13C-NMR spectra were obtained by (75 MHz) NMR 
spectrometer in deuterated solvents. Thin layer chromatog-
raphy was performed on pre-coated silica gel aluminum 
plates (layer thickness 0.2 mm, HF 254, Riedel-de-Haen 
from Merck). Chromatogram was detected by using ultra-
violet light (254 and 260 nm). MS was recorded using an 
EI source of (70 eV) on Agilent technologies 6890 N (GC) 
and an inert mass selective detector 5973 mass spectrom-
eter. Elemental analyses were conducted using a LECO 
CHNS 932 instrument.

General procedure for the synthesis of substi‑
tuted 1‑(1,5‑dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑phenylthioureas (4a–l)

To the solution of substituted aniline 1a–l (0.1  g, 
1.0  mmol) in methanol, carbon disulfide (0.06  mL, 
1.0 mmol) and ammonium hydroxide (0.03 mL, 1.0 mmol) 
were added slowly at 10 °C followed by stirring for 12 h. 
Aqueous solution of lead nitrate is added to above mixture 
with additional stirring of 24 h to form isothiocyanates 
2a–l, that were purified via steam distillation to get rid 
of lead sulfide. The freshly synthesized isothiocyanates 
(2a–l) were then refluxed with solution of 4-aminophena-
zone 3 (0.2 g, 1.0 mmol) in acetone for 4h to form the cor-
responding pure aryl thioureas 4a–l after recrystallization 
from aqueous ethanol in good yields.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑phenylthiourea (4a)

Yellow amorphous solid; Yield: 80%; Rf: 0.47 (n-Hexane: 
 CHCl3, 4:1); m.p.: 67–68 °C; FTIR (ATR,  cm−1): 3358, 
3250 (N–H), 1231 (C=S), 3153 (C2

SP-H), 1685 (C=O); 1H-
NMR  (CDCl3, 300 MHz): δ 11.54 (s, 1H, NH-Ar), 9.96 (s, 
1H, NH-pyrazole), 7.60–7.52 (m, 4H, Ar–H), 7.41–7.28 (m, 
3H, Ar–H), 3.42 (s, 3H, –NCH3), 2.96 (s, 3H,  CH3–Csp2); 
13C-NMR  (CDCl3, 75 MHz): δ 189.7 (C=S), 161.9 (C=O 
pyrazole), 156.2, 155.5, 147.8, 145.8, 132.2, 130.1, 130.0, 
127.8, 116.9, 112.2, 107.56, 37.6, 24.8. Anal. Calc. for 
 C18H18N4OS: C 63.85, H 5.39, N 16.69, S 9.40; Found: C 
63.81, H 5.43, N 16.73, S 9.30.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑o‑tolylthiourea (4b)

White amorphous solid; Yield: 80%; Rf: 0.42 (n-Hexane: 
 CHCl3, 4:1); m.p.: 89–90 °C; FTIR (ATR,  cm−1): 3348, 
3230 (N–H), 1238 (C=S), 3128 (C2

SP-H), 1700 (C=O); 1H-
NMR  (CDCl3, 300 MHz): δ 10.27 (s, 1H, NH-Ar), 9.38 (s, 
1H, NH-pyrazole), 7.60–7.52 (m, 5H, Ar–H), 7.41–7.28 (m, 
4H, Ar–H), 3.60 (s, 3H, –NCH3), 3.40 (s, 3H, Ar-CH3), 2.96 
(s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 75 MHz): δ 184.9 
(C=S), 166.1 (C=O pyrazole), 148.3, 137.3, 129.9, 127.6, 
126.7, 122.0, 121.1, 120.3, 34.7, 26.3, 19.2. Anal. Calc. for 
 C19H20N4OS: C 64.57, H 5.90, N 15.84, S 9.10; Found: C 
64.51, H 5.96, N 15.94, S 9.00.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑m‑tolylthiourea (4c)

Yellow crystalline solid; Yield: 79%; Rf: 0.41 (n-Hexane: 
 CHCl3, 4:1); m.p.: 74–75 °C; FTIR (ATR,  cm−1): 3343, 
3215 (N–H), 1229 (C=S), 3141 (C2

SP-H), 1701 (C=O); 1H-
NMR  (CDCl3, 300 MHz): δ 10.90 (s, 1H, NH-Ar), 9.51 (s, 
1H, NH-pyrazole), 7.92–7.87 (m, 5H, Ar–H), 7.54–7.28 (m, 
4H, Ar–H), 3.65 (s, 3H, –NCH3), 3.42 (s, 3H, Ar-CH3), 2.93 
(s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 75 MHz): δ 176.5 
(C=S), 165.9 (C=O pyrazole), 140.0, 134.8, 134.4, 133.5, 
133.2, 132.8, 132.0, 131.6, 128.4, 127.9, 127.1, 122.7, 
121.6, 36.0, 28.0, 21.0. Anal. Calc. for  C19H20N4OS: C 
64.51, H 5.96, N 15.94, S 9.20; Found: C 64.55, H 5.92, N 
15.82, S 9.40.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(3‑methoxyphenyl)thiourea 
(4d)

Brown amorphous solid; Yield: 80%; Rf: 0.50 (n-Hexane: 
 CHCl3, 4:1); m.p.: 95–96 °C; FTIR (ATR,  cm−1): 3315, 
3169 (N–H), 1247 (C=S), 3121 (C2

SP-H), 1686 (C=O); 
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1H-NMR  (CDCl3, 300 MHz): δ 11.11 (s, 1H, NH-Ar), 7.88 
(s, 1H, NH-pyrazole), 7.78–7.20 (m, 5H, Ar–H), 6.98–6.86 
(m, 5H, Ar–H), 3.45 (s, 3H,  OCH3), 3.25 (s, 3H, –NCH3), 
2.88 (s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 75 MHz): δ 
187.5 (C=S), 169.0 (C=O pyrazole), 160.2, 158.6, 139.8, 
139.7, 137.9, 136.5, 130.4, 129.4, 128.9, 125.4, 125.3, 39.7, 
37.7, 24.7. Anal. Calc. for  C19H20N4O2S: C 61.52, H 5.99, 
N 15.44, S 8.60; Found: C 61.50, H 6.01, N 15.96, S 8.40.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(2,4,6‑tri‑methoxyphenyl) 
thiourea (4e)

Yellow amorphous solid; Yield: 80%; Rf: 0.49 (n-Hexane: 
 CHCl3, 4:1); m.p.: 103–104 °C; FTIR (ATR,  cm−1): 3364, 
3254 (N–H), 1261 (C=S), 3155 (C2

SP-H), 1703 (C=O); 1H-
NMR  (CDCl3, 300 MHz): δ 11.56 (s, 1H, NH-Ar), 8.01 (s, 
1H, NH-pyrazole), 8.08–7.60 (m, 5H, Ar–H), 7.58–7.29 
(m, 2H, Ar–H), 4.05 (s, 9H,  OCH3), 3.72 (s, 3H, –NCH3), 
3.11 (s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 75 MHz): δ 
181.4 (C=S), 165.2 (C=O pyrazole), 146.3, 137.5, 128.4, 
127.4, 124.6, 122.9, 120.5, 45.1, 38.5, 22.9. Anal. Calc. for 
 C21H24N4O4S: C 58.36, H 6.15, N 13.00, S 7.35; Found: C 
58.11, H 6.40, N 13.14, S 7.15.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(3‑chlorophenyl)thiourea 
(4f)

White amorphous solid; Yield: 81%; Rf: 0.45 (n-Hexane: 
 CHCl3, 4:1); m.p.: 116–117 °C; FTIR (ATR,  cm−1): 3263, 
3213 (N–H), 1233 (C=S), 3027 (C2

SP-H), 1688 (C=O); 1H-
NMR  (CDCl3, 300 MHz): δ 10.05 (s, 1H, NH-Ar), 8.47 
(s, 1H, NH-pyrazole), 7.97–7.20 (m, 9H, Ar–H), 3.61 (s, 
3H, –NCH3), 2.20 (s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 
75 MHz): δ 187.4 (C=S), 166.9 (C=O pyrazole), 144.3, 
135.1, 129.2, 126.6, 124.3, 123.9, 121.5, 35.4, 21.9. Anal. 
Calc. for  C18H17ClN4OS: C 57.95, H 4.63, N 15.14, S 8.74; 
Found: C 57.63, H 4.95, N 15.22, S 8.64.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(4‑chlorophenyl)thiourea 
(4g)

Yellow crystalline solid; Yield: 80%; Rf: 0.46 (n-Hexane: 
 CHCl3, 4:1); m.p.: 109–110 °C; FTIR (ATR,  cm−1): 3220, 
3195 (N–H), 1239 (C=S), 3043 (C2

SP-H), 1689 (C=O); 1H-
NMR ((CD3)2SO, 300 MHz): δ 11.14 (s, 1H, NH-Ar), 9.00 
(s, 1H, NH-pyrazole), 7.71–7.68 (dd, 2H, Ar–H, 9 Hz, 6 Hz), 
7.43–7.37 (dd, 2H, Ar–H, 9 Hz, 6 Hz) 6.99–6.94 (m, 5H, 
Ar–H), 3.57 (s, 3H, –NCH3), 2.97 (s, 3H,  CH3-Csp2); 13C-
NMR (((CD3)2SO, 75 MHz): δ 183.2 (C=S), 163.2 (C=O 
pyrazole), 159.1, 157.1, 146.0, 133.7, 131.2, 120.0, 118.6, 

116.9, 38.1, 22.0. Anal. Calc. for  C18H17ClN4OS: C 57.90, 
H 4.66, N 15.10, S 8.70; Found: C 57.84, H 4.74, N 15.19, 
S 8.60.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(2‑nitrophenyl)thiourea (4h)

Brown amorphous solid; Yield: 78%; Rf: 0.44 (n-Hexane: 
 CHCl3, 4:1); m.p.: 131–132 °C; FTIR (ATR,  cm−1): 3329, 
3239 (N–H), 1249 (C=S), 3119 (C2

SP-H), 1692 (C=O); 1H-
NMR  (CDCl3, 300 MHz): δ 11.93 (s, 1H, NH-Ar), 9.79 
(s, 1H, NH-pyrazole), 8.04–7.23 (m, 9H, Ar–H), 3.065 (s, 
3H, –NCH3), 2.37 (s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 
75 MHz): δ 187.3 (C=S), 166.2 (C=O pyrazole), 142.6, 
138.1, 127.4, 126.9, 125.6, 124.9, 123.5, 37.3, 20.7. Anal. 
Calc. for  C18H16N6O5S: C 56.33, H 4.52, N 18.15, S 8.23; 
Found: C 56.28, H 4.62, N 18.10, S 8.43.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(3‑nitrophenyl)thiourea (4i)

White amorphous solid; Yield: 79%; Rf: 0.40 (n-Hexane: 
 CHCl3, 4:1); m.p.: 121–122 °C; FTIR (ATR,  cm−1): 3378, 
3234 (N–H), 1251 (C=S), 3079 (C2

SP-H), 1697 (C=O); 1H-
NMR  (CDCl3, 300 MHz): δ 12.00 (s, 1H, NH-Ar), 10.29 
(s, 1H, NH-pyrazole), 8.35–7.21 (m, 9H, Ar–H), 3.71 (s, 
3H, –NCH3), 2.41 (s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 
75 MHz): δ 189.1 (C=S), 167.2 (C=O pyrazole), 144.1, 
138.1, 126.2, 125.0, 124.9, 123.2, 122.3, 38.6. 19.1. Anal. 
Calc. for  C18H16N6O5S: C 56.37, H 4.50, N 18.28, S 8.23; 
Found: C 56.31, H 4.57, N 18.16, S 8.13.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(4‑nitrophenyl)thiourea (4j)

Yellow crystalline solid; Yield: 78%; Rf: 0.43 (n-Hexane: 
 CHCl3, 4:1); m.p.: 140–141 °C; FTIR (ATR,  cm−1): 3325, 
3223 (N–H), 1236 (C=S), 3055 (C2

SP-H), 1694 (C=O); 
1H-NMR ((CD3)2O, 300 MHz): δ 12.63 (s, 1H, NH-Ar), 
10.48 (s, 1H, NH-pyrazole), 8.06–8.00 (m, 4H, Ar–H), 
7.56–7.41 (m, 4H, Ar–H), 3.63 (s, 3H, –NCH3), 2.56 (s, 3H, 
 CH3-Csp2); 13C-NMR ((CD3)2O, 75 MHz): δ 180.5 (C=S), 
167.9 (C=O pyrazole), 133.6, 133.3, 132.2, 128.6, 128.3, 
127.2, 126.5, 39.3, 18.2. Anal. Calc. for  C18H16N6O5S: C 
56.23, H 4.62, N 18.75, S 8.20; Found: C 56.30, H 4.57, N 
18.13, S 8.36.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(3,5‑dinitrophenyl) thiourea 
(4k)

Pale yellow amorphous solid; Yield: 77%; Rf: 0.48 (n-Hex-
ane:  CHCl3, 4:1); m.p.: 129–130 °C; FTIR (ATR,  cm−1): 
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3365, 3247 (N–H), 1258 (C=S), 3068 (C2
sp-H), 1691 (C=O); 

1H-NMR  (CDCl3, 300 MHz): δ 12.70 (s, 1H, NH-Ar), 10.79 
(s, 1H, NH-pyrazole), 8.18–7.26 (m, 7H, Ar–H), 3.94 (s, 
3H, –NCH3), 2.64 (s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 
75 MHz): δ 186.3 (C=S), 167.2 (C=O pyrazole), 143.31, 
138.7, 137.5, 129.6, 126.6, 125.9, 122.7, 121.9, 39.6, 23.6. 
Anal. Calc. for  C18H16N6O5S: C 50.36, H 3.86, N 19.64, S 
7.45; Found: C 50.39, H 3.88, N 19.78, S 7.40.

1‑(1,5‑Dimethyl‑3‑oxo‑2‑phenyl‑2,3‑dihy‑
dro‑1H‑pyrazol‑4‑yl)‑3‑(furan‑2‑yl)thiourea (4l)

Brown amorphous solid; Yield: 81%; Rf: 0.51 (n-Hexane: 
 CHCl3, 4:1); m.p.: 147–148 °C; FTIR (ATR,  cm−1): 3375, 
3228 (N–H), 1267 (C=S), 3082 (C2

sp-H), 1699 (C=O); 1H-
NMR  (CDCl3, 300 MHz): δ 10.17 (s, 1H, NH-Ar), 8.41 
(s, 1H, NH-pyrazole), 7.73–6.45 (m, 8H, Ar–H), 3.57 (s, 
3H, –NCH3), 2.43 (s, 3H,  CH3-Csp2); 13C-NMR  (CDCl3, 
75 MHz): δ 188.7 (C=S), 166.2 (C=O pyrazole), 143.2, 
136.7, 128.6, 128.1, 126.2, 111.3, 97.6, 37.5, 21.9. Anal. 
Calc. for  C16H16N2O2S: C 58.50, H 4.93, N 17.59, S 9.76; 
Found: C 58.83, H 4.50, N 17.79, S 9.46.

Biological evaluation

Methodology of alkaline phosphatase assay

Activity of calf intestinal alkaline phosphatase (CIALP) 
was measured by spectrophotometric assay as previously 
described by [40]. The reaction mixture comprised of 
50 mM Tris–HCl buffer (5 mM  MgCl2, 0.1 mM  ZnCl2 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 µL 
of CIALP (0.025 U/mL). Then, 10 µL of substrate (0.5 mM 
p-NPP (para-nitrophenylphosphate 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 (OPTI MAX, Tunable USA). All 
the experiments were repeated three times in a triplicate 
manner.  KH2PO4 was used as the reference inhibitor of calf 
ALP.

Toxicity evaluation using brine shrimp assay

Culturing and harvesting of Artemia salina

Artemia salina cysts were incubated for hatching in a rectan-
gular dish with a plastic divider with several holes making 
two uneven compartments. The container was filled with 
3.3% solution of artificial seawater and dry yeast sprin-
kled into the larger compartment which was darkened. The 
smaller compartment was illuminated with light at 28 °C. 

After 24 h, hatched A. salina cysts were transferred to fresh 
artificial seawater and incubated for a further 24 h under 
artificial light and aeriation. The phototropic nauplii were 
collected by pipette from the lighted compartment.

Brine shrimps assay

A. salina nauplii (20) were counted macroscopically using 
Pasteur pipette against a lighted background and transferred 
into each sample vial and the solutions were made to 5 mL 
with test compound using serial dilutions with brine solu-
tion. A drop of dry yeast suspension was added as food to 
each vial. All the vials were maintained under light. The 
surviving nauplii were counted with the aid of a magnifying 
glass after 24 h. The mean mortality at the three dose levels 
for compound was determined and repeated thrice. Potas-
sium dichromate was used as reference standard. After 24 h, 
the  LD50 was calculated by probit analysis.
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