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Novel pyrimidin-4-one derivatives have been synthe-
sized using EDC coupling and evaluated as glycogen
synthase kinase-3b (GSK-3b) inhibitors. Among all the
synthesized compounds, compound 5 (3-methyl-6-
phenyl-2-(piperazin-1-yl)-3,4-dihydropyrimidin-4-one)
exhibited the most potent inhibitory activity against
GSK-3b with IC50 value of 74 nM. The molecular dock-
ing studies were performed to elucidate the binding
modes of the compounds with the target, and a crucial
interaction involving hydrogen bond formation with
Val-135 to the active site of GSK-3b was observed.
Furthermore, the synthesized compounds were sub-
jected to in vivo evaluation of their antidepressant
activity, and compound 5 showing highest inhibition of
GSK-3b was also found to significantly reduce the
duration of immobility at 50 mg/kg, when compared
with fluoxetine, a known antidepressant drug. The
results of our study suggest that compound 5 may
serve as a valuable template for the design and devel-
opment of inhibitors of GSK-3b with antidepressant
activity.
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Glycogen synthase kinase 3 (GSK-3) was one of the first
kinases to be identified and initially studied for its function in
the regulation of glycogen synthase. Glycogen synthase

kinase-3 (GSK-3) is a serine–threonine kinase that is involved
in many physiological processes such as metabolism, cell-
division cycle, apoptosis, transcription, neurotransmission,
insulin action and gene expression (1). GSK-3 exists as two
isoforms, GSK-3a (51 kDa) and GSK-3b (47 kDa) sharing
high homology in their kinase domains. Both isomers exist
ubiquitously in cells and tissues and have similar biochemical
properties. They differ significantly from one another outside
N-terminal region, with GSK3a possessing an extended N-
terminal glycine-rich tail (2). GSK-3b is the predominant iso-
form and phosphorylates tau proteins which regulate micro-
tubule stability in neural cells. When dysregulated, GSK-3b
can lead to the development of a wide variety of psychiatric
and non-psychiatric human diseases, such as diabetes,
cancer, inflammation, Alzheimer’s disease, schizophrenia,
attention deficit hyperactivity disorder (ADHD) and bipolar
disorder. Among many diverse substrates, some of the key
molecules mediating GSK-3b functions and regulating sev-
eral cellular processes are glycogen synthase (GS), tau pro-
tein and beta catenin proteins (3). GSK-3b-specific inhibitors
might be thus promising and effective drugs for the treat-
ment of devastating pathologies such as neurodegenerative
diseases, stroke and mood disorders (4). In Alzheimer’s dis-
ease (AD), a neurodegenerative disorder defined by progres-
sive memory loss and cognitive impairment, the presence of
toxic aggregates is formed in the brain such as extracellular
amyloid deposits (accumulation of b-amyloid peptides) and
intracellular neurofibrillary tangles that result from the mis-
folding of hyperphosphorylated tau protein. Tau is a micro-
tubule-associated protein which promotes the assembly
and stabilization of microtubules in neurons (5). GSK-3b has
been found to be the prime suspect responsible for post-
translational aberrant modifications of tau protein (6).

Diverse chemotypes of GSK-3b inhibitors have been
reported and reviewed in the literature. Lithium is the first
known inhibitor against GSK-3b which inhibits GSK-3b
directly and indirectly. Lithium is indicated as a preferential
treatment for bipolar disorders, and the ability of this cation
to inhibit GSK-3b has been proposed as a potential mech-
anism of action (7–9). GSK-3b has been implicated in the
mechanism of action of the mood stabilizers lithium and
valproate, (10,11) largely used in the treatment of bipolar
disorder (12). Furthermore, dysfunctional GSK-3b has also
been found to be involved in major depression (13). This
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involvement could be linked to the deficient serotonergic
neurotransmission observed in depression (14), consider-
ing that serotonergic activity contributes to the inhibitory
control of GSK-3b in mammalian brain in vivo (15). This
conclusion is based on the finding that serotonin (5-HT)
itself, as well as fluoxetine (a selective serotonin re-uptake
inhibitor) and 5-HT1A agonists, augments serine 9 phos-
phorylation with the consequent inhibition of GSK-3b (15).
There have been several reports demonstrating that phar-
macologic inhibition of GSK-3 activity produces antide-
pressant-like effects in rodents (16).

Small molecule GSK-3b inhibitors based on scaffolds such
as oxadiazoles, oxazoles, thiadiazolidinones, thiazoles,
pyrimidines, pyrimidones, benzimidazoles, purines,
pyrazolopyrimidines, furopyrimidines, indirubins and paul-
lones have also been reported (17–29). Pyrimidine/pyrim-
idin-4-one has been illustrated as one of the best
scaffolds for GSK-3 (21,30) and cancer inhibition (31,32)
The recently launched kinase inhibitor drugs Dasatinib and
Pazopanib, which are pyrimidine derivatives, inhibit a
broad array of cancer-related protein kinases.

Piperazine moiety is considered to be a privileged ligand in
drug discovery and is present in several bio-active
molecules of many therapeutic areas, viz. antibacterial,
anticonvulsant, antidepressant, anticancer and antidiabetic
(33–37). Hence, this work was carried out with an objec-
tive to develop some novel piperazine conjugates of pyrim-
idones as GSK-3 inhibitors and to explore the effect of
other similar secondary amines on GSK-3 inhibition of
pyrimidone scaffold (Figure 1).

Along these lines, compounds showing promising GSK-3b
inhibitory activity were also evaluated for their antidepres-
sant activity.

Materials and Methods

Drug and reagents
Human recombinant glycogen synthase kinase-3b and
prephosphorylated polypeptide substrate GS-2 were
purchased from Merck-Millipore Corporation (New Delhi,
India). Kinase-Glo Luminescent Kinase Assay (catalog
number V6713) was obtained from Promega Corporation
(Madison, WI, USA). Staurosporine and ATP were pur-
chased from Sigma-Aldrich (Bangalore, Karnataka, India).

Glow-type luminescence was recorded on Infinite F200�

PRO (Tecan, Tecan Group Ltd., Switzerland) instrument.
Fluoxetine hydrochloride was purchased from local market.
All commercial chemicals used as starting materials and
reagents were of analytical grade and purchased from
Merck (New Delhi, India), Spectrochem and Sigma-Aldrich.
All melting points are uncorrected and have been mea-
sured using Veego VMP-DS apparatus. IR spectra were
recorded as KBr pellets on a Perkin Elmer 1650 spec-
trophotometer (Perkin Elmer, Inc., Watham, MA, USA). 1H
NMR spectra were determined on a Bruker (300 or
400 MHz) spectrometer (Bruker BioSpin AG Fallanden,
Switzerland), and chemical shifts are expressed as ppm
against TMS as internal reference. Mass spectra were
recorded on 70 eV (EI Ms-QP 1000EX, Shimadzu, Japan).
Column chromatography was performed on silica gel (60–
120 mesh). Elemental analysis was carried out using Ele-
mentar Vario EL III elemental analyser (Elementar Analy-
sensysteme, Hanau, Germany ). Elemental analysis data is
reported in percentage standard. The compounds were
synthesized using 1-(3-dimethylaminopropyl)-3-ethylcarbo-
diimide hydrochloride (EDC) coupling (Scheme 1).

General procedure for synthesis of 2-mercapto-3,
4-dihydropyrimidin-4-one
b-Ketoester (10 g, 52.08 mmol) was dissolved in ethanol
(50 mL) containing N-methyl thiourea(7.03 g, 78.12 mmol)
and DBU (7.91 g, 52.08 mmol). The reaction mixture was
refluxed and stirred for 8 h. The progress of the reaction
was monitored by TLC. After completion, the reaction mix-
ture was concentrated and cooled. After cooling, the reac-
tion mixture was added slowly to a solution of water
methanesulphonic acid (90:10) to get a thick precipitate,
which was filtered and washed with water. The product
obtained was then recrystallized from ethanol.

General procedure for synthesis of 2-(methylthio)-
3,4-dihydropyrimidin-4-one
2-mercapto-3,4-pyrimidin-4-one (8.5 g, 38.99 mmol) deri
vative was dissolved in dry DMF (50 mL). Methyl iodide
(8.24 g, 58.07 mmol) and K2CO3 (10.76 g, 77.98 mmol)
were added followed by stirring for 12 h at room tempera-
ture. The progress of the reaction was monitored by TLC.
After the completion of the reaction, the reaction mixture
was poured onto ice-cooled water to get a precipitate. The
precipitate was filtered and dried to obtain pure product.
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Figure 1: Chemotype structure.
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General procedure for synthesis of 2-
(methylsulfonyl)-3,4-dihydropyrimidin-4-one
2-(methylthio)-3,4-pyrimidin-4-one (7.0 g, 30.17 mmol)
derivative was dissolved in chloroform (80 mL) and fresh
3-chloro perbenzoic acid (m-CPBA) (12.97 g, 75.43 mmol)
added in three portions. The reaction mixture was allowed
to stir at room temperature for 4 h. After completion of the
reaction, as monitored by TLC, reaction mixture was
quenched with water and the organic layer was separated.
Combined organic layers were dried over anhydrous
sodium sulphate, filtered and concentrated under reduced
pressure to obtain the required product.

General procedure for synthesis of piperazinyl-
3,4-dihydropyrimidin-4-one derivatives
2-(methylsulfonyl)-3,4-pyrimidin-4-one (5 g, 18.93 mmol)
derivative was treated with N-Boc piperazine (3.52 g,
18.93 mmol) or other secondary amines in DMSO (25 mL)
to obtain different conjugates. In case of N-Boc
piperazinyl-3,4-pyrimidin-4-one, the Boc protection was
removed using 50% TFA in chloroform. The progress of
the reaction was monitored by TLC. After completion of
the reaction, reaction mixture was concentrated and sub-
jected to purification by column chromatography to obtain
the pure product.

General procedure for synthesis of piperazinyl-
3,4-dihydropyrimidin-4-one amide derivatives
Different aryl/benzyl carboxylic acids (200 mg, 1.63 mmol)
were dissolved in dry DMF (5 mL), and HOBT (catalytic
amount) was added followed by stirring for 15 min at room
temperature. 2-piperazinyl-3,4-pyrimidin-4-one (442 mg,
1.63 mmol) was then added to the reaction mixture
followed by addition of EDC.HCl (468 mg, 2.44 mmol)
after 20 min. The reaction mixture was allowed to stir for
8–10 h. The reaction was monitored by TLC. After
completion, the reaction mixture was poured onto crushed
ice and extracted with ethyl acetate. The combined
organic layers were dried over anhydrous sodium sulphate,
concentrated and purified by column chromatography.

Pharmacology
The investigations were carried out on swiss albino mice
(35–45 g). The mice were procured from Central Animal
House, Hamdard University, New Delhi. The animals were
kept in cages at the room temperature and fed with food
and water ad libitum. The experiments were performed in
accordance with the rules of Institutional Animals Ethics
Committee. The doses indicated are for the salt form
used. All compounds administered orally were either sus-
pended in 0.5% methylcellulose (Methocel) or dissolved in
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Scheme 1: Synthesis of novel piperazinyl
pyrimidin-4-one derivatives.
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distilled water when soluble and applied in a volume of
10 mL/kg, 1 h before behavioural testing.

GSK-3b activity assay
Evaluation of GSK-3b inhibition activity of the synthesized
compounds was performed in assay buffer using black
96-well plates according to the Kinase-Glo assay method
of Baki28 (38). In a typical assay, 10 lL of test compound
of different concentrations (dissolved in dimethyl sulphox-
ide [DMSO] and diluted with assay buffer) and 10 lL
(20 ng) of enzyme were added to each well followed by
20 lL of assay buffer containing 25 lM substrate, that is,
glycogen synthase-2 and 1 lM ATP. The final DMSO con-
centration in the reaction mixture was less than 1%. After
incubation at 30 °C for 30 min, the enzymatic reaction
was quenched with 40 lL of Kinase-Glo reagent. Lumi-
nescence was recorded after 10 min using Infinite F200�

PRO multimode reader (Tecan). The activity is proportional
to the difference of the total and consumed ATP. The inhi-
bitory activities were calculated on the basis of maximal
activities measured in the absence of inhibitor. The IC50

value was defined as the concentration of each compound
that reduces 50% the enzymatic activity with respect to
that without inhibitors. Staurosporine was used as a posi-
tive control for evaluation of GSK3b inhibition.

Antidepressant activity

Tail suspension test (TST)
The tail suspension test as a model of behavioural despair
was carried out according to the method reported by Vin-
cent Castagne and co-workers’s method (39). Mice were
moved from the housing colony room to the testing labo-
ratory and stayed undisturbed for at least 1 h before test-
ing. Mice were suspended by the tail using adhesive
scotch tape, to a hook connected to a strain gauge that
picked up all the movements of the mouse and transmit-
ted them to a central unit that calculated the total duration
of immobility during a 6-min test with the help of a MAZE

software version 3.0. (Stoelting Co., Wood Dale, IL, USA)
Data collected were expressed as a mean of immobility
time (in second � the standard error mean: SEM).

Forced swim test
The forced swim test (FST) or despair swim test has been
proposed as model to test for antidepressant activity by
Vincent Castagne and co-workers’s method (39). Mice
were moved from the housing colony room to the testing
laboratory where mice stayed undisturbed for at least 1 h
before testing. They were provided free access to stan-
dard rodent diet and tap water, and a controlled tempera-
ture of 21° � 3 °C and standard light/dark cycle with
illumination from 0700 to 1900 was maintained. They were
administered appropriate treatment at 50 mg/kg dose,
and the test was started 1 h post-administration. Each

mouse was placed for six minutes in a cylindrical tank
(height, 25 cm; diameter, 15 cm) containing 20 cm of
water maintained at 25 � 1 °C. Duration of immobility,
defined as lack of activity, except movements made by
mice to keep their heads above water, was scored during
the last four minutes. Data was compared with the data
from the control and the standard group.

Molecular modelling studies
All the molecules were docked against (PDB ID: 1Q3W)
GSK-3b complex using Glide module of Schrodinger. Pre-
ceding to docking by GLIDE, preparation wizard of
Mastero’s GUI interface was used for protein structure
preparation (40). The minimization was implemented using
OPLS force field taking implicit solvation (41). Ligprep
included with Schrodinger software was used for prepara-
tion of all ligands (42). Active site radius was taken as
12.0 �A so that the active site residues namely ASP133,
VAL135, ARG141, ASP200, CYS199, LEU132, GLU185,
GLU97, LYS85 and PHE67 could be included. The pre-
pared protein and Ligprep generated prepared ligands
were further subjected to extra precision (XP Docking) by
taking Glide module via Maestro interface (41). The Glide
takes systematic sampling approach, which considers
ligand’s position, conformation and alignment before esti-
mating the energy between the ligand–protein interaction.
Following calculation was used to generate Gscore by
Glide (43, 44).

G-score ¼ 0:05 � vdWþ 0:15 � Coul.þ Lipoþ H-bond
þMetalþ Rewardsþ RotBþ Site:

The docked protein–ligand complex was ranked by
GLIDE’s Gscore and Prime MM/GBSA-based rescoring.

Results and Discussion

Chemistry
b-Keto ester and N-substituted thiourea were refluxed in
dry methanol using 1,8-diazabicyclo(5,4,0) undec-7-ene
(DBU) as base to form thiopyrimidone 1 which was treated
with methyl iodide in the presence of potassium carbonate
in dry N,N-dimethyl formamide (DMF) to form methyl
thiopyrimidone 2. The methyl thiopyrimidone was oxidized
to methyl sulphonyl pyrimidone 3 with m-chloroperbenzoic
acid in dry chloroform at room temperature. Mesityl group
was nucleophilically substituted with various cyclic sec-
ondary amines viz. 2-methyl piperidine, piperidine, 4-amino
morpholine, 4-methyl piperazine, morpholine, thiomorpho-
line, pyrrolidine and N-Boc piperazine in order to attain the
corresponding compounds 4a-4g. Furthermore, com-
pound 4h obtained from the nucleophilic substitution with
N-Boc piperazine was directly used in the next step with-
out purification and N-Boc was deprotected by stirring in
50% TFA in chloroform to obtain 2-piperazinyl pyrimidone
5. The 2-piperazinyl pyrimidone compound 5 was then
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coupled with various substituted aryl and benzyl carboxylic
acids using 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC) coupling to obtain the target mole-
cules 4a-g, 5, 6a-m (Scheme 1) (45). A focused library of
21 compounds was synthesized Table S1 and Table S2,
and all the synthesized compounds were screened for
their GSK-3b inhibitory activity.

The formation of the thiopyrimidone intermediate was con-
firmed by the presence of signals at d 6.22 (s, 1H, CH for
proton of pyrimidin-4-one ring) and 12.73 (s, 1H, SH for
proton of thiol group). Attachment to the cyclic secondary
amines was confirmed by the appearance of the corre-
sponding methylene protons in the 1H-NMR spectra, for
example, in case of piperazine – two multiplets appeared
at d 3.34–3.36 (m, 4H, CH2) and d 3.53–3.55 (m, 4H,
CH2). Furthermore, 1H-NMR spectra also showed the
presence of the aryl protons indicating the formation of
amide bond to aryl and benzyl carboxylic acids in case of
piperazine analogues. The structure was further supported
by the 13C-NMR and mass spectra. ESI-MS of all com-
pounds showed [M]+, [M + 1]+ and [M + 2]+ peaks.

In vitro GSK-3b inhibition
All the synthesized compounds were evaluated for GSK-
3b inhibitory activity in a non-radioactive assay using
Kinase-Glo reagents, and the results are shown in Table
S1 and Table S2.

Staurosporine, a well-known kinase inhibitor, was used as
the reference compound. The test compounds were first
screened at a primary concentration of 10 lM. Com-
pounds showing less than 50% inhibition were considered
as inactive (IC50 >10 lM). Compounds displaying more
than 50% inhibition at 10 lM were next tested over a wide
range of concentrations, and IC50 values were determined
from the dose–response curves.

The results of kinase inhibitory assays demonstrated that
compound 5 was the most potent among the cyclic sec-
ondary amine-pyrimidone conjugates with IC50 value of
74 nM. Among the amide conjugates of compound 5,
compounds 6b, 6c, 6f and 6j showed significant inhibitory
potency against GSK-3b with IC50 values 127, 116, 83,
89 nM, respectively.

In vivo antidepressant activity

Tail suspension test (TST)
The results as depicted in Figure 2 show the effect of
immobility in the tail suspension test. The mean duration
of immobility was significantly reduced in standard drug
fluoxetine shows immobility time of 227 seconds, and test
compounds 5, 6f, 6j, 6c, 6b show immobility time of 187,
197, 196, 206, 217 seconds as compared to the normal
saline immobility time of 234 secconds (p < 0.05).
Decrease in immobility time with test compounds was sta-
tistically significant except in 6b when compared with nor-
mal saline, whereas 5, 6f, 6j also showed significant
decrease in comparison with the standard drug fluoxetine.

Forced swim test
The effect of immobility in the forced swim test results is
shown in the Figure 3. Significantly, decreases in immobil-
ity time were observed during the test in all the com-
pounds (5, 6f, 6j, 6c, 6b) compared with normal saline
(p < 0.05). While as the compounds 5 and 6f were also
found to exhibit significant activity compared with the stan-
dard drug fluoxetine.

Molecular modelling studies
Synthesized piperazinyl pyrimidin-4-one derivatives were
subjected to docking calculations using Glide score to
study the docking results (Table S3 and Figure 4). Based

Figure 2: Tail suspension test. Data is represented as
mean � SEM and analysed by one-way ANOVA followed by Tukey–
Kramer multiple comparison test, *p < 0.05, **p < 0.01,
***p < 0.001, #p < 0.05, ##p < 0.01, ###p < 0.001 when
compared with normal control and standard (fluoxetine),
respectively.

Figure 3: Forced swim test. Data is represented as
mean � SEM and analysed by one-way ANOVA followed by Tukey–
Kramer multiple comparison test, *p < 0.05, **p < 0.01,
***p < 0.001, #p < 0.05, ##P < 0.01, ###p < 0.001 when
compared with normal control and standard (fluoxetine),
respectively.
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Figure 4: (A) Ligand–protein interaction
map provides insight into the detail of
compound 5. (B) Ligand–protein interaction
map provides insight into the detail of
compound 6b. (C) Ligand–protein interaction
map provides insight into the detail of
compound 6f. (D) Ligand–protein Interaction
map provides insight into the detail of
compound 6j. (E) Ligand–protein Interaction
map provides insight into the detail of
standard ligand.
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on ‘Glide G-score’, it has been found that among the syn-
thesized compounds 6f has significant binding affinity
towards GSK-3b, which shows two hydrogen bond inter-
actions with Val135 and Lys85 with a G-score of �6.573.
The ligands 6j and 6b bind with a G-score of �6.467 and
�6.364, respectively, and a Prime MMGBSA value of
�46.693 and -61.681, and they interact by forming hydro-
gen bonds with crucial residues such as Val135, Thr138
and G185. Compound 5, exhibiting a G-score of �5.962,
shows a hydrogen bond interaction with Val135. The
results of the in silico studies were found to be in agree-
ment with the in vitro GSK-3 assay as the 4 top-ranked
ligands (6f, 6j, 6b and 5) which showed better binding
affinity in in silico studies also exhibited highest in vitro

activity.

From the results obtained, inhibition of GSK-3b was found to
increase in accordance with the following changes made in
the structure of the synthesized compounds (Scheme 2).

Crystallographic study
Intensity data were collected at 183(2) K an Oxford Xcal-
ibur Sapphire 3 diffractometer (a single wavelength
enhance X-ray source with MoKa radiation, k = 0.71073 �A)
(46). The selected suitable single crystal was mounted
using paratone oil on the top of a glass fibre fixed on a
goniometer head and immediately transferred to the
diffractometer. Pre-experiment, data collection, data
reduction and analytical absorption corrections (46,47)
were performed with the Oxford program suite CrysAlisPro

(48). The crystal structures were solved with SHELXS-97
(48) using direct methods. The structure refinements were
performed by full-matrix least-squares on F2 with SHELXL-
97 (48). All programs used during the crystal structure
determination process are included in the WINGX software
(48).

The chemical formula and ring labelling system is shown in
Figure 5. Crystal data for compound 6g: C23H24N4O2,
molecular weight, 388.46; system, monoclinic; space

group, P 21/c; unit cell dimensions, a = 15.0557(11) �A;
b = 15.3211(10) �A; c = 8.9228(7) �A; b = 95.789(7)⁰;
V = 2047.7(3) �A3; Z = 2; T = 298 K; Rint, 0.0524; R(all),
0.1284; Gof = 1.018; Dqmax = 0.195 e �A3; Dqmin = �0.192
e �A3. The resolution obtained for the structure of the com-
pounds was limited by the poor quality of the available
crystals.

All hydrogen atoms were calculated after each cycle of refine-
ment using a riding model, with C-H = 0.93
�A + Uiso(H) = 1.2Ueq(C) for aromatic H atoms, with C-H = 0.97
�A + Uiso(H) = 1.2Ueq(C) for methylene H atoms.

Crystallographic data for the structure 6g has been depos-
ited with the Cambridge Crystallographic Data Center
(CCDC) under the number CCDC 1401787.

Conclusion

A focussed library of piperazinyl pyrimidin-4-one derivatives
was evaluated for GSK-3b inhibitory activity, and an SAR
has been drawn based on the study. Among the tested
compounds, piperazine conjugate 5 was found to be the
most active (IC50 = 74 nM) while N-benzoylated/N-acylated
conjugates (6b, 6c, 6f, 6j) of 5 exhibited activity compara-
ble to compound 5. Furthermore, in vivo antidepressant
activity was evaluated by two behavioural models, viz. tail
suspension test (TST) and forced swim test (FST). Tail sus-
pension test and forced swim test showed that compound
5 significantly reduced the duration of immobility at
50 mg/kg, when compared with the normal saline and
standard drug (p < 0.05).
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