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In this work, iminothiazolidin-4-one derivatives meexplored as selective GSIg-thibitors
Molecular docking analysis was carried to desigrsemies of compounds, which w
synthesized using substituted thiourea, 2-bromoabenones and benzaldehyd@sit of the
twenty five compounds synthesized during this wahl,in vitro evaluation against GSE-ec
to the identification of nine compounds with adfvin lower nano-molar range @ nM)
Further, in vitro evaluation against CDK-2 showed five corapds to be selective towa

2009 Elsevier Ltd. All rights reserved

Alzheimer’s disease is a neurodegenerative disoaffecting
46.8 million people across the globe.[1] The diseds
characterized by progressive cognitive decline sacHoss of
memory and orientation capability. Glycogen Synéhkmase-

2-thioxoimidazolidin-4-onell), thiazolidin-2,4-dione¥2), and
1,3,4-oxadiazole13). Compounds containing ring systenis (
7) have been reported as substrate competitive d? Adn-
competitive inhibitors of GSK{B by Martinez et al.[6]

3B (GSK-3), also called as tau phosphorylating kinase, haglydantoins 8) were first reported as GSK3ATP competitive

been targeted for development of therapeutic agehish can
be used for treatment of the Alzheimer’s disea$&RK-3B, is
a protein kinase was originally identified and nanfer its
ability to inactivate the enzyme glycogen synthi@3dt is a
proline directed serine threonine kinase found dhaatly in the
neurons of the brain.[4] Besides treatment of Aixtes’s
disease, GSK-3 has also been targeted for the afaweint of
novel therapeutic agents for Type-ll diabetes, Gisrders,
chronic inflammatory disorders, malaria and carnsgr.

Figure 1. Five membered rings reported as G3Kidhibitors (-13).

Among the various strategies that have been usedhéo
inhibition of GSK-3, ATP competitive inhibition has been
extensively explored. Several known GSK-Bhibitors carry
5-membered heterocyclic rings (Figure 1) with hygno bond
acceptor and donor functionalities. These includR,4t
dithiazolidin-3,5-dione X), 1,2,4,-triazoldin-3,5-dione2}, 1H-
pyrrol-2,5-dione 8), 5-imino-1,2,4-thiadiazolidin-3-one 4,
1,2,4-thiadiazol-3,5-diamine 5), 5-amino-1,2,4-thiadiazol-
3(2H)-one 6), 1,2,4-thiadiaz-5(2H)-imine7} imidazolidin-2,4-
dione @), 2-thioxothiazolidin-4-one9), pyrrolidin-2-one 10),

inhibitors by Khanfar et al. through in silico sereng. Further
they identified several potent compounds with fimembered
heterocyclic scaffolds such as hydantoi8¥, fhodanines 9)
and pyrrolidin-2-ones 10) through pharmacophore modeling
and virtual screening.[7] Saitoh et al. reportecddiazoles as
potent GSK-B inhibitors.[8] Taking clues from the above
mentioned reports, it was found worth exploring themical
space associated with five membered heterocycigsras head
groups to design new GSK-3 inhibitors[9].

Figure 2 Flow diagram representing the approach utilizedHerdesign of 2-
iminothiazolidin-4-one as GSKBATP competitive inhibitors.

Figure 3. Different subpockets in the ATP binding region ddKs33 along
with AMP-PNP (Pdb code 1PYX).

Computer assisted structure based drug design
(SBDD) is a proven strategy for the rational depetent of
small molecules of therapeutic interest withoutassitating its
synthesis at the preliminary stages. In this methioel available
data from X-ray co-crystallized structures is a8kl to enhance
the pace of drug discovery. Till date, forty severystal
structures have been reported for GK-Bmong these, more
than forty co-crystallized structures are reporigith ATP



competitive inhibitors. Similarly, more than 150-cxystallized
structures are reported for CDK-2. Despite this Itheaf
structural information, the role of SBDD has beanited to
suggest the analogues of existing leads and torptiehalize
the bioactivity data. Therefore, in this work, nmitar docking
guided SBDD, synthesis, biological evaluation andlenular
dynamics simulations were carried out to identify
iminothiazolidin-4-one as selective GS-ATP competitive
inhibitors carrying heterocyclic five membered 1©ng

Rational Design: Figure 2 represents the strategy utilized
identify the 2-iminothiazolidin-4-ones as selectiveSK-33
inhibitors. ATP binding pocket of the kinases candenerally
divided into four subpockets, namely: (i) solverdcessible
region, (ii) hinge region, (iii) hydrophobic backgket, which is
guarded by a gate keeper residue and (iv) polaiomeg
(phosphate binding region) as shown in Figure J@lwith
AMP-PNP.[10] The most important subpocket of ATRding
domain is hinge region, which is responsible forlenolar
recognition. Any side chain extending towards tb&pregion
contributes to an increase in potency, whereas sluEns
extending to the solvent accessible region or tdwathe
hydrophobic back pocket contributes to the selecimnhibition

bond donor ircis orientation. In light of the above observations,
potential hinge binding fragmentsHE-1 to HF-7) with
hydrogen bond acceptor and donor group<scisiorientation
were identified during the design, novel GSK-fhibitors
(Figure 4) were docked into the hinge region of &P
binding domain of GSK{8 using the protein structure with
PDB code 1Q5K. Figure S1 (see Supporting Infornmitio
shows the docking results of the hinge bindingrragts HF-1
to HF-7). Top three binding poses of all the fragmentsewer
considered for the analysis of docking results. yOtilose

tofragments were considered for further evaluationctvishowed

a minimum of two hydrogen bond interactions witmde
binding residues (either Vall35 or both Asp133 &fad135).
Therefore, -NH hydrogen oHF-1, HF-2, HF-3, and HF-5
showed hydrogen bond interaction with carbonyl @tygf
Vall35, whereas the carbonyl oxygen of these hinigeling
fragments showed hydrogen bond contact with NH af1g5.
For fragment#F-4, andHF-7 the two hydrogen bond contacts
were observed with the Asp133 and Vall35 i.e. hgdroof
‘NH’ (NH , in case ofHF-4) making hydrogen bond contact
with carbonyl oxygen of Aspl33 and carbonyl oxygeh
fragment making hydrogen bond contact with the NH o
Vall35. The fragmentiF-6 showed only one desired hydrogen

of GSK-3B. Two factors were generally held responsible forbond contact i.e. hydrogen of the ring ‘NH’ makihgdrogen

selective inhibition of GSK{3 in the literature (i) the
interactions with amino acids that are unique tdK&sB active
site[11] and (ii) the larger size of the ATP binglicavity in
GSK-33 when compared to its homologous counterparb (
kinases).[12] The residues reported for selectivabition of

bond contact with carbonyl oxygen of Val135 anddegrit was
not considered for any further study. In additiczgreful
examination of docking results of these fragmentggested
thatHF-5 binds with a pose, in which the methylene carbah a
the imine nitrogen can be substituted to accespdter region

GSK-33 are Leul32 (Phe80 in CDK-2), Tyrl34 (Phe82 inand solvent accessible regions of the ATP bindimgnain

CDK-2), Arg141 (Lys89 in CDK-2) and Cys199 (Alaldd
CDK-2). The larger size of the ATP binding domaindSK-3
has been attributed to
corresponding residue in case of CDK-2 is Phe8(0chvhdoes
not allow the binding of bulkier group in its suaradings.
Another factor contributing to the larger size he torientation
of Argl41 side chain, which points away from thevita In
case of CDKs, Lys89 at a similar position pointevands and
interacts with 1lel0 of the glycine rich loop. Slarly the
orientation of Asp200 side chain is away from thEPAbinding
cavity of GSK-3, whereas in case of CDKs the side chain
Asp at a similar position is directed towards tlawity. As per
the literature reports, the selectivity of the @&oindirubins
and thiazole-methoxybenzyl-thiourea is due to thesence of
Leul32 and orientation of Argl41 respectively.[T3jerefore,
the design strategy for the identification of noveBK-3B
inhibitors was divided into three steps (i) ideictition of hinge
binding fragments, (ii) identification of fragmentghich can
access the polar region and (iii) identificationfrdfgments that
can bind to solvent accessible region.

Figure 4. Fragments considered for the binding to hinge regkragments
were screened on the basis of interaction with 83pnd Val135.

Identification of Hinge Binding Fragments: The crystal
structure analysis showed that in majority of cgstallized
complexes the ATP competitive inhibitors formed togen
bond interactions with two residues Asp133 and 9&lin the
hinge region.[13b, 14] Moreover, literature seaoththe ATP
competitive inhibitors of GSK{8 CDK-2 and CDK-5
(phylogenetically most closely related kinase to K&G3B)
showed requirement of hydrogen bond acceptor amblolggn

respectively. ThereforetllF-5 was selected for the design of
novel lead compounds.

the presence of Leul32. The

Figure 5. Fragments considered for the docking study ihtogolar binding
region of ATP competitive inhibitors.

Identification of Fragments Binding to Polar Region: For the
identification of fragments that can bind to palegion, phenyl ring
substituted with polar functionalities was choséigure 5 and
Figure S2 (supporting information) show the fragteeconsidered

Ofand docking results of the fragments binding to plodar region
respectively. As mentioned in the previous sectiop,three binding
poses were considered for the docking result aisal@nly those
fragments were considered for evaluation which stblvydrogen
bond interaction with either the side chain of Lyséhd backbone
NH of Asp200 from the DFG loop or with Lys85 or -N#l Asp200
from DFG loop. Therefore;G-2, FG-5, FG-8, FG-10, FG-13, FG-
15 and FG-23 showed hydrogen bond interaction with Lys85
whereasFG-6, FG-9, FG-14, FG-17, FG-18, FG-19 and FG-20
were found to be involved in hydrogen bond intécactvith the side
chain of Lys85 and NH of Asp200. Furthermof&-1 and FG-25
showed hydrogen bond contact with Asp200, wikie-3, FG-4,
FG-11, FG-12, FG-16 and FG-21 did not show desired binding
pose. Finally, eighteen fragmens3-1, FG-2, FG-5, FG-6, FG-8,
FG-9, FG-10, FG-13, FG-14, FG-15, FG-17, FG-18, FG-19, FG-
20, FG-22, FG-23, FG-24 and FG-25) were considered for further
design of GSK-B ATP competitive inhibitors.

Figure 6. Structures of the designed first and second seoies
compounds.



Design of Novel GSK-3p Inhibitors: The molecular docking
studies in hinge binding fragments and polar redied to the
identification of the heterocycldF-5 and eighteen polar fragments.
The identified fragments were joined with the exdicydouble bond
(Figure S3, supporting information) so as to maintéhe co-
planarity of the rings, thus designing the firstie® of compounds
(14, Figure 6). The designed compounds were evalutatedheir
binding pose using Glide and FlexX (implementedSMBYL 7.1)
molecular docking programs using crystal structuith PDB code
1Q5K. The cross docking experiments using crystaicgire with
PDB code 4ACC were also performed to reconfirm thiabgity of
binding pose. The compounds were evaluated on s bof
hydrogen bond interaction with hinge residues aoldrpregion (as
mentioned above). The docking results of the desigtompounds
showed that the binding pose of the fragnidRt5 was retained in
all the cases, while in case of fragments bindmghe polar region
though the binding pose was retained, variatioteims of hydrogen
bonds was observed.

The designed compounds carry 5-arylidene-2-imiratblidin-4-one
functional unit in the core of the molecules. A stbcture of these
molecules i.e. 2-iminothiazolidin-4-one is expectedinteract with
the hinge binding residues which are important foolecular
recognition. This functional unit is already remaitto be of
considerable therapeutic importance and is knowmexaibit anti-
inflammatory (),[15] anti-microbial [(1),[16] and anti-tumor

properties I1)[17] (Figure S7, supporting information). Several

tautomers of this functional unit are also knowrd aeported for
various drug discovery effortsI\(-VII, Figure S7, Supporting
information).[18] It is interesting to note thatrepounds with both
these tautomeric scaffolds are of therapeutic itgpoe. In the
designed compounds also the tautomerism is possSibleevaluate
this, quantum chemical calculations at B3LYP/6-3{d)Gevel were
carried out which indicated imine tautomer is maady (1.77
kcal/mol) less stable il4 (vide infra). The molecular docking
results of the two tautomers indicated imine form ke more
favourable for interactions with Val135. Hence, sithtion at sp
nitrogen atom was considered for further evaluatibime quantum
chemical calculations showed that in case of phemd benzyl
substituted derivatives imine tautomer was favouigd4.91 and
1.87 kcal/mol respectively (Figure S8, supportinfpimation). The
crystal structure analysis further showed that dhlge classes of
molecules i.e. analinomaleimide (PDB code 1Q4L),[ABA014418

(PDB code 1Q5K)[13b] and pyrazines (4ACD, 4ACC, 4ACG,

4ACH)[20] efficiently exploited the solvent accedsilvegion using
phenyl group. Therefore, phenyl and related bergrgup were
selected for the design of new series of compoyhfsFigure 6)
which can bind to three regions (hinge region, pakgion and
solvent accessible region) of ATP binding domain.

Scheme 1. Reagents, conditions and yields (i) £¥DOH, CHCOONa,
reflux, 72 h, Yield 40-75%.

Synthesis and Biological Evaluation: Based on the docking
scores and binding mode analysis, twelve molec(ldsa-I)
were selected for synthesis in the first seriehé8e 1). The
synthetic scheme utilizes sodium acetate catalgpedensation
of substituted benzaldehydes 16 with  2-imino-4-
thiazolidinone 17) in acetic acid under reflux condition.[21]
Geometrical isomerism E(Z) is possible because of the
restricted rotation around exocyclic C=C double don

However, regioselective formation of th#& isomer, was
confirmed through chemical shift values in 1H NM&, 7.53-
7.58 ppm). The expected chemical shift of thasomers is
6.20-6.30 ppm.[22] The downfield shift of ‘H’ ind&lZ-isomer

is attributed to the anisotropic effect of the fya€-4 carbonyl
group. The synthesized compounds were tested feir th
inhibitory activity against GSK{B using a commercially
available assay system, based ortL¥YTE technology,
available from invitrogen Life Technologies usingunman
recombinant GSK4{3 as the enzyme source.[7b, 23] Twid4,
14c and 14l) out of twelve synthesized compounds showed
more than 50% inhibitory activity at 0.mM, and were
evaluated for their 16 values. In this process, two compounds
(14a and14l), with ICsq values 80.5 and 84.8 nM respectively,
were identified as GSK{Binhibitors.

Scheme 2. Reagents, conditions and yields (i) DCM, MXHH, rt, 2 h, 81%
and 83% (ii) EtOH, CECOONa, reflux, 6 h, 73% and 77% (iii) GEOOH,
CH;COONa, reflux, 72 h, 30-40%.

Thirteen compounds were selected for synthesis fsegond
series (Scheme 2) after performing molecular daglkinalysis.
The hydrogen atom of the imino group in the new skt
compounds was substituted with phenyl or benzylugsoto
gain access to the solvent accessible region oAfHe binding
cavity. The compounds substituted with hydroxy, oy,
halogen and nitro at 3rd and 4th positions of teezylidine
ring were considered for synthesis. The startingenl for the
synthesis of the desired compounds was obtainedthiey
treatment of phenyl and benzyl isothiocynat&8) (with 24%
solution of agueous ammonia. The precipitated tleiau9)
was heated under reflux wittr-chloroethylacetate2Q) in the
presence of sodium acetate in ethanol to obtairstistituted
4-iminothiazolidinone derivatives 2{). The substituted 4-
iminothiazolidinone was heated under reflux comdisi with
substituted benzaldehydes and sodium acetate tic aasd to
obtain the desired products. The synthesized congmowere
evaluated for their GSKfB inhibitory activity as mentioned
above (Figure S11, supporting information). Seveart of
thirteen synthesized compounds showed more than 50%
inhibition at 0.5 uM. The identified compounds were then
evaluated for their 1§ values (Table 1). The lowest value was
found to be 2.1 nM1Bg) while the highest was found to be
51.7 nM (5k).

Table 1. ICs, values for GSK-B and percentage residual activity of CDK-2
for seven compounds aty Inhibitor concentration. The activity of CDK-2
in the absence of inhibitor was assigned the vaiui&©0%.

Earlier, in 2007 Richardson et al. reported 2-inttiazolidin-4-
ones as potent CDK-2 inhibitors. While screeningdelective
inhibition of CDK-2, five compounds showed non-sti\e
inhibition and one compound showed selective iniubi for
GSK-3B.[24] Similarly, in 2012, Bazureau et al. reportad
closely related 2-amino-thiazole-4-one derivative @ossible
kinase inhibitor.[18a] The newly designed compou(itisble 1)
are significantly more active than the reported pounds.
Moreover, all the compounds reported from this wditk
comfortably into the ATP binding domain. CDK-2 Isetmost
closely related kinase to GSK3-3vith an overall similarity of
33% (98% similarity in ATP binding domain). Everetimost
selective inhibitors of GSK{Breported so far inhibit CDK-2,



therefore, CDK-2 was chosen to evaluate the selgctbf
inhibitors. The identified hits should show the lavhibition of
CDK-2 to avoid possible adverse effects. The sadentified
compounds 153, b, e, f, g, k, I) were evaluated for selectivity
against CDK-2 at 21M concentration, five of them showed
significant selectivity for inhibition of GSK{B(> 60% residual
activity for CDK-2), the highest being shown b§g (Table 1).
The experimentally observed selective affinity dfede
inhibitors for GSK-B can be attributed to the following two
reasons (i) Argl41l forms salt bridge interactionhwlul137
and hence defines the periphery and entry regioth@fATP
binding pocket. Residues at similar position inecaf CDK-2,
involved in the salt bridge formation are Lys89 &Bld85. The
side chain of the Lys89 points inwards and interagith the
backbone atom of lle10. This arrangement wouldaliotv the
occupancy of the phenyl or benzyl group in cas€bK-2. (ii)
Difference in the gate keeper residue which is [32uih case of
GSK-3 and Phe80 in case of CDK-2. The presenceheB®
does not allow the accommodation of substitutedzpl&ene
ring around the polar region. However, the dockistgdy
suggests that this group fits elegantly into theK&B ATP
binding site (Figure 7 and Figure S5,
information).

see suppprtin

position in case of CDK-2 are 0.057, 0.484, 0.1%®p\isive) and
0.73 kcal/mol respectively. The above analysisrbleadicates that
the residues like Arg141, Thr138, Cys199 and intevaavith Lys85
in GSK-33 play deterministic role in selective inhibition GBEK-3.

Discussion

SBDD methods were employed to design 2-iminothiaholt-one
class of compounds as potent GSK-3 inhibitors. I8sis and
biochemical evaluation using GSK-3 and CDK-2 assayem lead
to the identification of five selective GSK-3 initdrs. MD
simulations on thé5g-GSK -3 and15g-CDK -2 complexes provided
clues towards the observed selectivity. This mdecmodelling,
synthesis and biochemical study provided an oppdytio explore
structure activity relation analysis as discusseelow. The
comparative analysis of binding mode fdda-141 and their
tautomers showed that imine tautomer (2-iminotHidize4-one) is
essential for the fingerprint H-bond (Vall35) foiISK-33 in the
hinge region, whereas the 2-aminothiazolidin-4-oves found to
make hydrogen bond contacts with Argl4l (solventessible
region, see Supporting Informatiorin vitro screening of the 12
synthesized compounds from the first serig&{14l) resulted in two
compounds with 50% GSKg3inhibitory activity below 500 nM.
The reason for the smaller number of successfulpoumds from

Figure 7. Docked pose ofi5g and bar diagram represents the per residuethis series can be attributed to the preferencansine tautomer

wise decomposition analysis, residues on the X-awhbereas Energy
(kcal/mol) is on Y-axis.

Molecular Dynamics Simulations: To gain further insights into the
selective inhibition of GSK{3 molecular dynamics simulations for
24 ns were carried out fabg (most active and selective) in complex
with GSK-3 and CDK-2. The MM-GBSA energy decomposition
analysis and residue wise energy decomposition weréormed
using a python script of AMBER 11.0 program. The RM&1alysis
for the two complexes showed that systems attaegualibrium
within 2 ns of simulation run (Figure S9, suppagtimformation).
The binding free energy calculations showed a wiffee of 4.10
kcal/mol (solvent phase) in favor of GSi-8igure S10, Table S1,
supporting information) with respect to CDK-2. Theneggy
decomposition analysis showed that the van der $Vaalergy
favored the binding af5g to GSK-3 by 3.22 kcal/mol.

The electrostatic energy resists the bindinglsd to GSK-3 by
2.30 kcal/mol under gas phase while the same fehioding of15g
to GSK-3 under solvent condition by ~1 kcal/mol. Residueewis
energy decomposition analysis was also taken upentify key
residues that play a detrimental role in selecifebition of GSK-
3B over CDK-2 (Figure 7, Table S2, supporting inforima}. The
interactions were quantified in terms of pair wiggeraction
decomposition of free energy. The important residieeind to be
participating in GSK-B inhibitor interaction (cut off value 0.5
kcal/mol) are lle62, Val70, Ala83, Lys85, Leul32,rT34, Vall35,
Glul37, Thrl38, Argl41, Asn186, Leul88, Cys199, Asp200 (for
CDK-2, the equivalent amino acids are lle10, ValAB31, Lys33,
Phe80, Phe82, Leu83, GIn85, Asp86, Lys89, Asnl3@ulB4,
Alal44 and Asp145). The amino acids lle10 (lle623|70 (Vall8),
Ala83 (Ala3l), Leul32 (Phe80), Tyrl34 (Phe82), \38l1(Leu83),
Glul37 (GIn85), Thrl38 (Asp86), Asnl186 (Asnl132),ul88
(Leu134), Asp200 (Aspl145) showed similar strengthinteraction
(0.5 to 2 kcal/mol). The residues Lys85, Thr138¥1 and Cys199
showed the interaction energy of 0.97, 1.13, 1rid 371 kcal/mol
respectively. The interaction energies for thedess at the similar

which leads to the variability of binding mode imetATP binding
cavity and thus leading to the instability of inibii:-GSK-3B
complex. This assumption gains strength from ttet faat in the
second series1ba-15m), seven out of the thirteen synthesised
compounds were found to show 50% GSK-Bhibitory activity
below 500 nM. This increased number of successéléaules in the
second series can be credited to the N-substiptiedyl and benzyl
ring, which leads to the greater stability in theding mode because
of the preference for the imine tautomer. Moreotteg, above stated
substitution resulted into the compounds with high#inity for
GSK-3B (ex. 15l in comparison td4a) however, the high potency of
14a, 141, 15a, 15b, 15e, 15f, 15g, 15k and 15l can be ascribed to the
occupancy of the hydrophobic pocket around polaiore by the
benzylidene ring. It was further observed that geowapable of
making hydrogen bondsl%a, 15f, 159, 15k and 151) or halogen
bonds (5b and 15¢) with Lys85 are preferred at thé" gosition.
Interestingly both nitro 15e and 15g) and methoxy/ethoxy groups
(15k and 151) were favoured at the'Bposition. Compounds with
nitro substitution (24.0 and 2.1 nM) showed highpatency in
comparison to compounds with methoxy substitut®h{ and 44.3
nM). Relative investigation of binding mode revealdtht nitro
group is involved in the polar interaction with U182, whereas
methoxy and ethoxy groups are involved in the wstgkic clash
with Leul32. Besides, nitro group is also involved polar
interaction with Val70 and Asp200. This observatios in
accordance with the MD simulation study where LeljMal70 and
Asp200 (Figure 7) showed interaction energies @58, 1.75 and
0.64 kcal/mol respectively. It is pertinent to mentthat15d did not
show significant GSK{ inhibitory activity even at 500 nM. It was
observed that there exists a strong intramolechiairogen bond
between nitro and hydroxyl groups, which leadshte ¢o-planarity
of nitro group with the benzylidene ring and thwsd of polar
contacts with Leul32, Val70 and Asp200. Similarlh did not
show significant inhibitory activity at evaluatorgoncentration,
which can be ascribed to the strong steric clagh ®iy65, Val70,
Lys85 and Asp200.



Conclusions

In conclusion, SBDD using molecular docking methodgl was
utilized to design 2-iminothiazolidinones as a ndass of GSK-B
inhibitors. The synthesis and vitro biological evaluation resulted in
the identification of nine compounds, which show&S6K-33
inhibition in lower nano molar range (lowest beigdl nM and
highest being 84.8 nM). Five compounds emergectlestive GSK-
3B inhibitors against CDK-2. MD simulation study ofethmost
potent as well as selective compound showed tleatétectivity of
this class of compounds is determined by the residlys85,
Thr138, Argl4l and Cys199 of GSK-3. Further, thiskvproves
that the above mentioned residues can be effegtivélized to
design selective GSKB3nhibitors.

Experimental Section

General Information:

All starting materials were purchased from Sigmadrish/Alfa
Aesar and used further without any additional peatfon. All
reactions were carried out in flame-dried glassesarnder ¥ All
the compounds (intermediates and final compoundsk vpurified
by column chromatography using silica gel (100-20@sh) as
stationary phase and hexane-ethyl acetate as mphése. Proton
nuclear magnetic resonance specttd NMR) were recorded on
Avance Il 400 Bruker (400 MHz). Proton chemical fghiare

expressed in parts per million (ppthscale) and are referenced to

residual proton in the NMR solvent (CQ$ 7.26, CROD, § 3.31

and CQSOCD;, 6 2.49). The following abbreviations were used to

describe peak patterns when appropriate: br = biadsinglet, d =
doublet, t = triplet, m = multiplet. Coupling coasts, J, were
reported in Hertz unit (Hz). Carbon 13 nuclear mégnesonance

spectroscopy {C NMR) was recorded on Avance Il 400 Bruker

(100 MHz) and was fully decoupled by broad bandodeting.

Chemical shifts were reported in ppm referencedhéocentre line at
a 77.0, 49.0 and 39.7 ppm of CRCICD;OD and CRSOCD;

respectively. High resolution mass spectra werertakith Maxis-

Bruker using ESI-TOF method.

Experimental Proceduresfor Synthesized Compounds

Preparation of compound 14a: To the magnetically stirred solution
of 17 (232 mg, 2 mmol) in HOAc (7 mL), was added NaOAO(Q
mg, 6 mmol). After 15 min 3,4-dimethoxybenzaldhyd&a, 400
mg, 2.4 mmol) was added and the reaction mixture lvesated under
reflux for 72 h. The HOAc was removed under redusegbsure and
the resultant solid was washed successively witkervanethanol
and EtOAc to obtain the desired products as solid.

5-(3,4-Dimethoxybenzylidene)-2-iminothiazolidin-4-one  (14a):

Yellow solid; mp > 200 °C; 235 mg, 45% vyieltR (neat)Vyax =

3344, 2759, 1720, 1690, 1678 ¢m'H NMR (400 MHz,
CD;SOCDy) ¢ = 9.35 (s, 1H), 9.09 (s, 1H), 7.54 (s, 1H), 7.0867
(m, 3H), 3.80 (s, 6H)*C NMR (100 MHz, CD;SOCDy): & =

180.52, 175.39, 149.98, 148.81, 129.42, 126.62,5126122.77,
112.63, 111.98, 55.57, 55.38; HRMS (ESI-TOF): m/zwated for
C1,H1N,05S [M+Na]', 287.0466; found 287.0461.

5-(3,4,5-Dimethoxybenzylidene)-2-iminothiazolidin-4-one  (14b):
Yellow solid; mp > 200 °C229 mg,39% yield; IR (neatyVmay =

3148, 2962, 1667, 1581 ¢m'H NMR (400 MHz, CQSOCD;) ¢
9.31 (br s, 2H), 7.54 (s, 1H), 6.9 (s, 2H), 3.86H), 3.69 (s, 3H);
3C NMR (100 MHz, CD;SOCDy): & 180.79, 175.88, 153.61,
139.11, 130.11, 129.85, 128.86, 107.38, 60.64,561RMS (ESI-
TOF): m/z calculated for @GH.N,O,S [M+Na]’, 317.0572; found
317.0567.

5-(4-Hydr oxy-3-methoxybenzylidene)-2-iminothiazolidin-4-one
(14c): Yellow solid; mp > 200 °C215 mg, 43% vyield; IR (neat)ax

= 3364, 2955, 1735, 1680, 1584 tm'H NMR (400 MHz,
CD3;SOCDy) & 9.76 (s, 1H), 9.29 (br s, 1H), 9.05 (s, 1H), 7(50
1H), 7.13 (s, 1H), 7.06 (dl = 8.28, 1H), 6.9 (dJ = 7.92, 1H)**C
NMR (100 MHz, CD,SOCD;): & 175.91, 148.92, 148.35, 130.35,
125.94, 125.81, 123.69, 116.49, 113.88, 56.00; HRESI-TOF):
m/z calculated for GH1N,OsS [M+H]*, 251.0490; found 251.0491.

5-(4-Hydr oxy-3-nitr obenzylidene)-2-iminothiazolidin-4-one

(24d): Orange solid; mp > 200 °G30 mg,61% vyield; IR (neaty max

= 3164, 2772, 1679, 1604 &m‘H NMR (400 MHz, CQSOCD,)) &

9.46 (br s, 1H), 9.18 (s, 1H), 8.05 (s, 1H), 7.dR)(= 8.74, 1H), 7.55
(s, 1H), 7.24 (d) = 8.72, 1H);**C NMR (100 MHz,CD;SOCD): &

180.71, 175.57, 153.52, 137.52, 136.46, 129.04,5227126.27,
125.66, 120.53 HRMS (ESI-TOF): m/z calculated fqgHGN3O,S

[M+Na]*, 288.0055; found 288.0046.

5-(4-Bromo-3-nitr obenzylidene)-2-iminothiazolidin-4-one
(14€):Yellow solid; mp > 200 °C; 334 mg, 51% yield; IR &evmax

= 3197, 2761, 2302, 1666, 1613, 16107 crtH NMR (400 MHz,
CD3;SOCDy) 6 9.62 (s, 1H), 9.32 (s, 1H), 8.04 @= 8.28, 1H), 7.74

(s, J = 828, 1H), 7.6 (sJ = 8.28, 1H);**C NMR (100 MHz,
CD3;SOCDy): 6 180.28, 175.47, 150.34, 136.00, 135.72, 133.96,
133.49, 126.23, 126.06, 114.00; HRMS (ESI-TOF): gdiculated
for C,gHgBrN3O5S [M+Na]’, 349.9211; found 349.9203.

5-(4-M ethoxy-3-nitr obenzylidene)-2-iminothiazolidin-4-one

(24f): Orange solidmp > 200 °C301 mg, 54% vyield; IR (neat)ax

= 3236, 2951, 1682, 1608 ¢m‘H NMR (400 MHz, CQRSOCD,) &
9.49 (s, 1H), 9.21 (s, 1H), 8.11 (s, 1H), 7.86)(«,8.00 1H), 7.58 (s,
1H) 7.51 (d,J = 8.84, 1H) 4.31 (s, 3H)**C NMR (100 MHz,
CD;SOCDy): 6 180.62, 175.61, 153.00, 139.71, 135.70, 130.05,
127.13, 125.98, 115.70, 57.51: HRMS (ESI-TOF): nalzwlated for
C11HgN30,S [M+Na]", 302.0211; found 302.0244.

5-(4-For mylbenzylidene)-2-iminothiazolidin-4-one (14q): Yellow
solid; mp > 200 °C; 315 mg, 68% yield; IR (nea.,= 3194, 2995,
1677, 1606 cil; 'H NMR (400 MHz, CQSOCD;) & 10.01 (s, 1H),
9.56 (s, 1H), 9.33 (s, 1H), 8.01 @= 7.16, 2H), 7.77 (d) = 7.40,
2H), 7.57 (s, 1H)**C NMR (100 MHz, CD;SOCDy): & 193.00,
180.49, 175.84, 140.23, 136.39, 133.08, 130.57,3430128.01;
HRMS (ESI-TOF): m/z calculated for ;EgN,0,S [M+Na]’,
255.0204; found 255.0249.

5-(4-Chlor o-3-nitr obenzylidene)-2-iminothiazolidin-4-one
(14h):Orange solidmp > 200 °C; 338 mg, 60% vyield; IR (neag).
= 3214, 3009, 1965, 1693, 1667 tm'H NMR (400 MHz,
CD3;SOCD) 8 9.58 (s, 1H), 9.33 (s, 1H) 8.20 (s, 1H), 7.82-7(189
2H), 7.62 (s, 1H)*C NMR (100 MHz, CD;SOCD,): 5 180.28,
175.47, 148.21, 135.23, 134.26, 133.46 132.95, 3B26125.98,
125.79; HRMS (ESI-TOF): m/z calculated for;g8sCINsOsS
[M+Na]*, 305.9716; found 305.9712.



5-(3-Carboxybenzylidene)-2-iminothiazolidin-4-one (14i): Yellow
solid; mp > 200 °C; 218 mg, 44% yield; IR (neat),= 3278, 3110,
2764, 2413, 1874, 1682, 1641, 1602 tmH NMR (400 MHz,
CD3;SOCDy) 6 9.51 (br s, 1H) 9.21 (s, 1H), 8.51 (s, 1H), 7.87)(=

7.60, 1H), 7.84 (dJ = 7.48, 1H), 7.64 (s, 1H), 7.62-7.60 (m, 1H);

3C NMR (100 MHz, CD;SOCDy): & 180.65, 175.85, 167.26,
134.97, 134.91, 132.12, 130.97, 130.44, 130.07,3129128.38;
HRMS (ESI-TOF): m/z calculated for ;@gN,OsS [M+H],

249.0334; found 249.0328.

5-(3-ethoxy-4-hydr oxybenzylidene)-2-iminothiazolidin-4-one

(14j): Yellow solid; mp > 200 °C, 216 mg, 41% yield; IR (neat).y

= 3395, 3120, 2759, 1689, 1585 tm'H NMR (400 MHz,
CD5;SOCD,) 8 12.50 (s, 1H) 9.88 (s, 1H), 7.69 (s, 1H), 7.131(),
7.04 (d,J = 7.98, 1H), 6.93 (d] = 8.2, 1H), 4.06-4.05 (m, 2H), 2.07
(s, 1H), 1.34 (tJ) = 6.92, 3H):**C NMR (100 MHz,CD;SOCD): &
168.51, 167.92, 150.11, 147.56, 133.12, 124.80,6424119.56,
116.69, 115.62, 64.34, 15.07; HRMS (ESI-TOF): m/zwated for
C1,H1N,05S [M+H]*, 265.0647; found 265.0637.

5-(4-Carboxybenzylidene)-2-iminothiazolidin-4-one (24k):
Yellow solid; mp > 200 °C;233 mg, 47% vyield; IR (neat)max =
3072, 2774, 2418, 1862, 1644 1585 tmH NMR (400 MHz,
CD3;SOCDy) 6 9.52 (br s, 1H), 9.25 (s, 1H), 8.04 ®= 8.40, 2H),
7.68 (d,J = 8.36, 2H), 7.63 (s, 1H)}*C NMR (100 MHz,

7.32, 1H), 7.00(dJ = 7.21H), 4.053.96 (m, 2H); C NMR
(100 MHz, CD,SOCDy): & 188.71, 178.71, 139.22, 129.77, 129.50,
125.16, 122.00, 120.71.

2-(Benzylimino)thiazolidin-4-one (21b):white solid; 359 mg, 87%
yield, '"H NMR (400 MHz, CQSOCD,)) § = 7.37-7.25 (m, 5H),
4.61 (s, 2H), 3.90 (s, 2H); *C NMR (100 MHz,CD;SOCDy): 5 =
187.62, 182.69, 138.03, 137.57, 129.00, 128.94,7228128.18,
127.99, 127.95, 127.82, 127.79, 48.31.

Preparation of Compound 15a: To the stirred solution of
phenyliminothiazolidin-4-one 2la, 385 mg, 2 mmol) and 4-
hydroxybenzaldehydel6a, 183 mg, 1.5 mmol) in HOAc (5 mL),
NaOAc (820 mg, 10 mmol) was added. The reactionturgxwas

then heated under reflux for 72 h. The reactiontumé& was then
allowed to cool to room temperature, resulting itite precipitation

of yellow solid which was filtered and washed withter, methanol
and EtOAc to purify.

5-(4-Hydroxybenzylidene)-2-(phenylimino)thiazolidin-4-one

(15a): Paleyellow solid; mp > 200 °C;355 mg, 60% yield; IR
(neat) e = 2951, 2766, 2539, 1725, 1611, 1574, 1526%chH
NMR (400 MHz, CQSOCD,) § = 7.77 (s, 1H), 7.64-7.34 (m,
5H), 7.19 (t,J = 7.16, 1H), 7.05 (s, 1H), 6.9 (s, 1H), 6.86 (s,
1H); *C NMR (100 MHz, CRSOCD) § = 162.05, 158.12,

CD,SOCDy): & 180.52, 175.83, 167.17, 138.70, 132.28, 131.43151.27, 137.34, 132.06, 130.28, 129.32, 128.65,41723122.66,

130.44, 129.85, 128.15; HRMS (ESI-TOF): m/z caladator
C11HgN,0,S [M+H]*, 249.0334; found 249.0329.

5-(3-Car boxy-4-hydr oxybenzylidene)-2-iminothiazolidin-4-one
(241):Yellow solid; mp > 200 °C; 153 mg, 29% yield; IR (neaf)a
= 3243, 1654, 1580 cfiH NMR (400 MHz, CRSOCD) 5 9.39 (br
s, 1H), 9.09 (s, 1H), 8.04 (s, 1H), 7.75dd¢; 8.72, 1H), 7.55 (s, 1H),
7.09 (d,J = 8.64, 1H);*C NMR (100 MHz,CD;SOCD): 5 180.92,
175.77, 171.67, 162.23, 137.86, 132.73, 131.09,6828127.69,
125.67, 124.63, 118.69, 114.29; HRMS (ESI-TOF): o@lkculated
for Cy;HgN,O,S [M+H]", 265.0283; found 265.0278.

Preparation of compound 19a: To a magnetically stir solution of
phenyl-isothiocyanatel8-Ph, 239 uL, 2 mmol) in toluene (5 mL)

was added ag. Ndbolution (417uL, 6 mmol). The reaction mixture
was allowed to stir for 3 h. The precipitated wtstdid was filtered

and washed with diethyl ether to directly use i tlext step without
any further purification.

Preparation of compound 2la: To a magnetically stirred

120.89, 115.77, 115.27; HRMS (ESI-TOF): m/z caladator
CieH12N,0S [M+Na], 319.0517; found 319.0511.

5-(4-Fluor obenzylidene)-2-(phenylimino)thiazolidin-4-one (15b):
Pale yellow solid; mp > 200 °C 476 mg, 80% yielR;(heatv .=
3204, 2922, 2854, 1667, 1636, 1598, 1571ciH NMR (400 MHz,
CD,SOCD,) 6 = 7.78 (s, 1H), 7.74 (s, 1H), 7.69-7.67, (m, 1HE4
(s, 1H), 7.58-55 (m, 1H), 7.38-7.46 (m, 2H), 7.31J(= 8.6, 1H),
7.21 (t,J = 7.2, 1H), 7.06 (dJ = 7.48, 1H);:**C NMR (100 MHz,
CD;SOCDy) 6 = 164.18, 161.74, 132.53, 131.05, 129.98, 128.77,
127.63, 125.67, 121.89, 121.10, 116.93, 16.71; HRESI-TOF):
m/z calculated for GH.;:FN,OS [M+Na], 321.0474; found
321.0439.

5-(4-Chlor obenzylidene)-2-(phenylimino)thiazolidin-4-one (15c):
Yellow solid; mp > 200 °C; 544 mg, 86% vyield; IR (e, =
3261, 3201, 3140, 2921, 2852, 1665, 1635, 16018,15870, 1535
cmt; *H NMR (400 MHz, CQSOCD;) 6 = 7.76 (s, 1H), 7.18 (s,
1H), 7.64-7.62 (m, 2H), 7.53 (s, 2H), 7.40-7.43 @hl), 7.23-7.20
(m, 1H), 7.06-7.04 (m, 2H}*C NMR (100 MHz, CRSOCD;) 6 =

suspension of phenylthiourez9, 304 mg, 2 mmol) and anhydrous 173.97, 134.06, 133.02, 132.50, 131.16, 129.42,.229

NaOAc (820 mg, 10 mmol) in absolute ethanol (7 migs added

ethyl chloroacetate2(, 0.5 mL, 4 mmol) and the mixture was heated 121.46

under reflux for 6 h. The reaction mixture was aartcated under
reduced pressure. The residue was diluted withrw@&@ mL) and

129.21, 129.07, 128.36, 127.32, 124.97, 124.82,.7224
120.83 HRMS (ESI-TOF): m/z calculated for
C16H11CIN,OS [M+NaJ', 337.0178; found 337.0142.

extracted with EtOAc (@5 mL). The combined EtOAc extracts > (4-Hydroxy-3-nitrobenzylidene)-2-(benzylimino)thiazolidin-4-

were dried (anhydrous BMaQ,), filtered and the filtrate was
concentrated under rotary vacuum evaporator toirobtaolid mass
which was recrystallized from EtOAc to obtain thesided product
as white solid.

2-(Phenylimino)thiazolidin-4-one (21a): White solid; 347 mg, 90%

one (15d): yellow solid; mp > 200 °C; 217 mg, 30% vyield; IR (f)ea
Vmax = 3269, 3057, 2757, 1691, 1622, 1602, 1535%cti NMR
(400MHz, CQSOCD;) 6 10.10 (s, 1H), 8.11 (s, 1H) 7.77 @=
8.78, 1H), 7.60 (s, 1H), 7.39-7.31 (m, 5H), 7.27 J& 8.64, 1H),
4.75 (s, 2H);*®C NMR (100 MHz, CQRSOCD) § = 179.96,
173.81, 153.36, 137.58, 136.36, 129.10, 128.47,.128

yield; IR (neat)vmax= 3276, 3210, 3141, 3090, 3011, 2862, 1681,128.07, 127.78, 126.42, 125.79, 120.49, 48.28; HRESI-

1637, 1606, 1570 c¢h ‘H NMR (400 MHz, CRSOCD;) ¢ =
7.69 (d,J = 7.52, 1H), 7.38(d) = 7.24, 2H), 7.16 (tJ =

TOF): m/z calculated for £H;3N30,S [M+Na], 378.0524; found
378.0516.



5-(4-Chlor o-3-nitr obenzylidene)-2-(benzylimino)thiazolidin-4-

one (15e): Yellow solid; mp > 200 °C; 195 mg, 26% yield; IR (f)ea
Vmax = 3211, 3060, 2770, 1693, 1635, 1610, 1532%;ctil NMR
(400MHz, CBSOCD,) & 8.27 (s, 1H), 7.85-7.92 (m, 2H), 7.68 (s,
1H), 7.37-7.40 (m, 5H), 4.77 (s, 2Hf’C NMR (100 MHz,
CD3;SOCDy) ¢ 179.53, 173.64, 148.21, 137.37, 135.17,
134.16, 132.96, 132.79, 129.11, 128.21, 128.12,.426
126.23, 125.82, 48.45; HRMS (ESI-TOF): m/z calcudafer
C;7H1,CIN3O5S [M+Na]", 396.0186; found 396.0177.

5-(4-Hydr oxybenzylidene)-2-(benzylimino)thiazolidin-4-one

(15f): Pale yellow solid; mp > 200 °C; 192 mg, 31%, yi¢Ri(neat)
Vmax = 3161, 2805, 1710, 1677, 1616, 1574, 1536"ctil NMR
(400 MHz, CQSOCD;) & 7.54 (s, 1H), 7.30-7.42 (m, 7H), 6.88 (d,
2H), 4.72 (s, 2H)X*C NMR (100 MHz, CQSOCD,) § = 180.44,
176.16, 159.52, 137.75, 132.13, 131.99, 130.27,0129128.17,
128.01, 127.79, 126.27, 124.99, 116.62, 48.10; HRESI-TOF):
m/z calculated for GHiN,O,S [M+Na], 333.0674; found
333.0669.

5-(4-M ethoxy-3-nitr obenzylidene)-2-(benzylimino)thiazolidin-4-

one (15g): Yellow solid; mp > 200 °C; 280 mg, 38% vyield; IR (tjea
Vmax = 3216, 3018, 1710, 1677, 1616, 1574, 1536"ctil NMR
(400 MHz, CQSOCD;) 6 8.11 (s, 1H), 7.8803 (d] = 8.86, 1H),
7.60 (s, 1H), 7.54 (d] = 8.84, 1H), 7.30-7.37 (m, 5H), 4.73 (s, 2H),
3.97 (s, 3H);*®*C NMR (100 MHz, CQSOCD,) ¢ 179.87,
173.68, 153.00, 139.71, 137.61, 135.65, 129.48,.1@29
128.19, 128.06, 127.85, 127.25, 127.09, 126.14,.225
57.52, 48.42; HRMS (ESI-TOF): m/z calculated foghsN30,S
[M+Na]*, 392.0681; found 392.0673.

5-(4-Ethoxy-3-nitr obenzylidene)-2-(benzylimino)thiazolidin-4-
one(15h): Pale yellow solid; mp > 200 °C; 347 mg, 44% yielg; |
(neat) vpax = 3454, 2769, 1691, 1631, 1606, 1523 'citH NMR
(400 MHz, CD5SOCD;) 4 8.09 (s, 1H), 7.84 (d] = 8.88, 1H), 7.63
(s, 1H), 7.52 (dJ = 8.88, 1H) 7.39-7.31 (m, 5H). 4.75 (s, 2H), 431
4.25 (m, 2H), 1.37 (tJ = 6.93, 3H): *C NMR (100 MHz,
CD3;SOCDy) 6 179.87, 173.79, 152.22, 140.00, 137.54, 135.49
129.25, 129.10, 128.20, 128.08, 127.86, 127.43,.926
126.11, 116.39, 66.01, 48.32, 14.74; HRMS (ESI-TOR)z
calculated for GH,;N30,S [M+NaJ’, 406.0837; found 406.0832.

5-(3-Hydr oxybenzylidene)-2-(benzylimino)thiazolidin-4-one

(15i): Pale yellow solid; mp > 200 °C; 186 mg, 31% yieR;(heat)
Vmax = 3278, 2813, 1715, 1686, 1624, 1609, 1590"ctil NMR
(400MHz, CD;SOCD;) 6 7.50 (s, 1H), 7.38-7.27 (m, 6H), 6.99 {d,

= 7.32, 1H), 6.95 (s, 1H), 6.82 (d,= 8.04, 1H);*C NMR (100
MHz, CD;SOCD;) 6 = 180.09, 174.20, 158.30, 137.68, 135.70,
130.67, 129.87, 129.08, 128.97, 128.22, 128.04,.227
121.21, 117.33, 116.00,115.90, 48.29; HRMS (ESI-TOW}
calculated for ¢H,N,0,S [M+NaJ", 333.0674; found 333.0665.

5-(4-Fluor obenzylidene)-2-(benzylimino)thiazolidin-4-one  (15j):
Pale yellow solid; mp > 200 °C; 232 mg, 37% vyield; IR (negfly =
1710, 1686, 1627, 1610, 1597 ¢tm'H NMR (400 MHz,
CDsSOCDy) & 7.64-7.60 (m, 3H), 7.40:30 (m, 7H), 4.74 (s, 2H);
%C NMR (100 MHz, CRSOCD;) ¢ = 180.03, 174.11, 164.08,
161.60, 137.55, 132.35, 132.21, 132.12, 131.12,0831129.10,
128.93, 128.90, 128.70, 128.22, 128.08, 127.80,88B16116.67,
48.25; HRMS (ESI-TOF): m/z calculated for @;3FN,OS
[M+Na]*, 335.0630; found 335.0623.

5-(3-ethoxy-4-hydr oxybenzylidene)-2-(benzylimino)thiazolidin-4-
one (15k):Pale yellow solid; mp 178-180 °C; 294 mg, 41% yield; IR
(neat)vax = 3524, 3354, 3061, 2976, 2931, 2753, 1681, 16830,
1587 cmt; *H NMR (400 MHz, CDC)) 5 7.47 (s, 1H), 7.11-7.23 (m,
5H), 6.89-6.91 (m, 2H), 6.76 (d,= 8.12, 1H). 4.61 (s, 2H), 4.05-
4.00 (m, 2H), 1.29 (m, 3H); **C NMR (100 MHz, CQSOCD,) 6 =
186.08, 179.20, 152.90, 151.08, 140.54, 135.93,5132132.40,
131.61, 131.54, 131.26, 129.75, 127.83, 127.78,5219117.91,
68.25, 17.61; HRMS (ESI-TOF): m/z calculated for,H:gN,0O3S
[M+Na]*, 377.0936; found 377.0928.
5-(3,4-Dimethoxybenzylidene)-2-(benzylimino)thiazolidin-4-one
(251): Pale yellow solid; mp > 200 °C; 270 mg, 38% vyield; IR (neat)
Vmax = 3524, 2753, 1679, 1624, 1593 tnmtH NMR (400 MHz,
CD3;SOCDy) 6 7.58 (s, 1H), 7.38-7.28 (m, 5H), 7.16-7.12 (m, 2H)
7.06 (d,J = 8.28, 1H), 4.72 (s, 2H), 3.42 (s, 6H); *C NMR (100
MHz, CD;SOCDy) ¢ = 180.31, 174.16, 150.71, 150.56, 149.35,
137.69, 137.55, 130.70, 130.20, 129.09, 129.06,1%28128.07,
128.01, 127.93, 127.13, 126.92, 126.39, 123.26,1823113.55,
113.28, 112.50, 56.06, 56.00, 48.15; HRMS (ESI-TOF): m/z
calculated for GH;gN,O3S [M+NaJ’, 377.0936; found 377.0936.

5-(4-M ethoxybenzylidene)-2-(benzylimino)thiazolidin-4-one

(15m): Pale yellow solid; mp > 200 °C; 177 mg, 27% vyield; IR (neat)
Vmax = 1710, 1667, 1637, 1598, 1571 &mtH NMR (400 MHz,
CD;SOCDy) J7.54 (s, 1H), 7.39 (d) = 8.68, 2H), 7.39-7.28 (m.
5H), 7.04 (dJ= 8.48, 2H), 4.75 (s, 2H), 3.75 (s, 3H); *C NMR (100
MHz, CD,;SOCD,) ¢ = 180.40, 174.21, 160.80, 137.64, 131.75,
129.86, 129.08, 128.15, 128.05, 127.78, 126.80,1426115.24,
55.85, 48.14; HRMS (ESI-TOF): m/z calculated for {gHeN,O,S
[M+Na]*, 347.0830; found 347.0864.
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List of Figures, Schemesand Table
Figure captions
Figure 1. Five membered rings reported as GIKidhibitors (-13).

Figure 2 Flow diagram representing the approach utilizedHerdesign of 2-iminothiazolidin-4-one as GSKATP competitive inhibitors.

Figure 3. Different subpockets in the ATP binding region @K53p along with AMP-PNP (Pdb code 1PYX).

Figure 4. Fragments considered for the binding to hinge redimagments were screened on the basis of ini@magith Asp133 and Val135.

Figure 5. Fragments considered for the docking study inéopolar binding region of ATP competitive inhibgo
Figure 6. Structures of the designed first and second sefiesmpounds.

Figure 7. Docked pose 0f5g and bar diagram represents the per residue wisergEsition analysis, residues on the X-axis, wrekgergy
(kcal/mol) is on Y-axis.

Scheme captions
Scheme 1. Reagents, conditions and yields (i) £#DOH, CHCOONa, reflux, 72 h, Yield 40-75%.

Scheme 2. Reagents, conditions and yields (i) DCM, XHH, rt, 2 h, 81% and 83% (ii) EtOH, GEIOONa, reflux, 6 h, 73% and 77% (iii)
CH3;COOH, CHCOONa, reflux, 72 h, 30-40%.

Table caption

Table 1. ICs values for GSK-B and percentage residual activity of CDK-2 for seeempounds at 2M Inhibitor concentration. The activity of

CDK-2 in the absence of inhibitor was assignedvéilae of 100%.
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Schemes
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14d: R = 4-hydroxy-3-nitro, 14j: R = 3-cthoxy-4-hydroxy,
14¢: R = 4-bromo-3-nitro, 14k: R = 4-carboxylic acid,
14f: R = 4-methoxy-3-nitro, 141: R = 4-hydroxy-3-carboxylic acid,
Scheme 2.
roves — 0 M, a Ly 2 Ry N_fg e L Ty
' 2 e
18 19 20 21 16 R
15
15a: Ry = Ph, R = 4-hydroxy, I5f: R = Bn, R = 4-hydroxy, 15k: R; =Bn, R = 3-ethoxy-4-hydroxy

15b: R, = Ph, R = 4-fluoro,
15¢: R; = Ph, R = 4-chloro,

15g R, = Bn, R = 4-methoxy-3-nitro, 15I: R} = Bn, R = 3,4-dimethoxy
15h: R, = Bn, R = 4-ethoxy-3-nitro 15m: R, = Bn, R = 4-methoxy

15d: R, = Bn, R = 4-hydroxy-3-nitro, 15i: R; = Bn, R= 3-hydroxy

15¢ R = Bn, R = 4-chloro-3-nitro, 15j: R =Bn,R =

4-fluoro

13



Tab ACCEPTED MANUSCRIPT

Tablel.

~N o 0o b~ WN P

27.7
40.0
24.0
27.1

2.1
51.7
44.3

69.63
68.93
68.40
63.23
73.01
39.10
53.83

14



Highlights
1. A few seective GSK-3B Inhibitors were designed and synthesized: 5-benzylidene-2-

iminothiazolidin-4-ones.

2. Structure Based Drug Design techniques were utilized employed to highlight the
importance of 2-iminothialidin-4-one ring.

3. In vitro evaluation of 25 compounds resulted in the identification of nine compounds
with activity in the lower nanomolar range (2.1-84.8 nM).

4. Six compounds showed selective GSK-3B3 inhibitory activity against CDK-2 at 2uM
concentration.

5. MD simulation showed that residues like Lys85, Thr138, and Argl41l play crucial rolein
selective inhibition.



