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ABSTRACT

A novel series of hybrid molecules were designed and synthesized by fusing the pharmacophoric
features of cholinesterase inhibitor donepezil and diarylthiazole as potential multi-target-directed
ligands for the treatment of Alzheimer’s disease (AD). The compounds showed significant in
vitro anti-cholinesterase (anti-ChE) activity; the most potential compound (44) among them
showing the highest activity (ICsyp value: 0.30+0.01 uM) for AChE and (1.84+0.03 uM) for
BuChE. The compound (44) showed mixed inhibition of AChE in the enzyme kinetic studies.
Some compounds exhibited moderate to high inhibition of AChE-induced A4, aggregation,
and noticeable in vitro anti-oxidant and anti-apoptotic properties. Compound (44) showed
significant in vivo anti-ChE and anti-oxidant activities. Furthermore, compound (44)
demonstrated in vivo neuroprotection by decreasing APi.4r-induced toxicity by attenuating
abnormal levels of AB;_4, p-Tau, cleaved-caspase-3 and cleaved-PARP proteins. Compound (44)
exhibited good oral absorption and was well tolerated up to 2000 mg/kg, p.o. dose without

showing toxic effects.
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INTRODUCTION

In the current era of innovative therapeutics, Alzheimer’s disease (AD) has emerged as a
challenging disease to treat among the neurodegenerative disorders. As on today almost 46
million people worldwide live with dementia.' It is expected that by 2050, AD affected
population would multiply three fold, especially in the developed countries like U.S. and
Europe.z’ 3 Although the exact cause of AD is not yet fully known, reports suggest the
involvement of several factors for the development of the disease, including low levels of
acetylcholine (ACh) in the hippocampus and cortex area of the brain. The deposition of amyloid
B (AP) peptide, neurofibrillary tangles (p-Tau) and oxidative stress are also known to play vital
roles in the pathogenesis of AD.* > As per the cholinergic hypothesis, the disease is attributed to
the reduced levels of ACh, an important neurotransmitter involved in memory and learning in the
brain.® Acetylcholinesterase (AChE) is a hydrolase enzyme that hydrolyzes ACh and quickly
terminates the cholinergic synaptic transmission.” Studies also suggest that butyrylcholinesterase
(BuChE), another cholinesterase present in the brain is also responsible for hydrolysis of ACh,

8-10 Thus, the use

and its inhibition therefore may further enhance cholinergic transmission in AD.
of acetylcholinesterase inhibitors (AChEIs) and butyrylcholinesterase inhibitors (BuChEIs) has
become currently the foundation for the management of AD."!

Researchers have also widely explored the amyloid hypothesis in AD.'*'* As per this
hypothesis, accumulation of AP peptide aggregates leads to numerous pathophysiological
changes causing cognitive dysfunction. Secretase proteases are responsible for the formation of
AP in the brain, leading to increased levels of AP in senile plaques which ultimately lead to

development of AD." Studies have also indicated that AChE increased the formation of Ap

fibrils and AB plaques in the cerebral cortex of transgenic mouse models of AD.'® 7 Depleting
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the AP peptide from the human brain is considered as a rational therapeutic approach for the
treatment of AD.'® !

Pathogenic role of oxidative damage in the progression of neurodegeneration has also
been well reported.”*** Oxidative stress leads to deposition of senile plaques, neurofibrillary

212 and the deposition of AP in the brain.** Some studies have suggested that the

tangles,
neurotoxicity of aggregated AP is mediated through its ability to induce oxidative stress via
spontaneous generation of free radicals and reactive oxygen species (ROS).>*” Oxidative and
nitrative stress resulting in the formation of ROS and reactive nitrogen species (RNS)*® cause
oxidative damage to the proteins leading to cellular dysfunction and cell death.” ** Thus,
successful protection of the neuronal cells from oxidative damage could probably prevent AD."!
Oxidative stress and apoptosis are closely linked physiological phenomena which are implicated
in various pathological conditions including AD.** Apoptotic cell death comprises of a sequence
of events leading to the activation of caspase cascade which initiates the fragmentation of
cellular proteins and DNA, leading to the disintegration of the cell ultimately.”® It is now well
accepted that massive neuronal and glial cell death in the brain due to apoptosis is a common

characteristic feature in patients suffering from AD.* ¥

Thus, a significant level of
neuroprotection could be achieved by employing chemical entities exhibiting anti-oxidant and
anti-apoptotic potentials in the brain.

Various drugs have been used over the past several years for the treatment of AD.*® But,
currently, there is no drug which can completely cure AD.*” Primary therapeutic option available
for the treatment of AD is the use of US-FDA approved cholinesterase inhibitors (Fig. 1) like

tacrine (1), donepezil (2), rivastigmine (3) and galantamine (4). Tacrine (1) exhibited

hepatotoxicity via elevation of serum alanine aminotransferase levels, forcing its limited clinical
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use and consequent withdrawal from the market shortly after its approval.’® Donepezil (2) is the
most effective pharmacological agent among the list of approved drugs to treat AD efficiently.*
Development of multi-target-directed ligands is considered one of the most promising
drug discovery approaches for diseases with complex etiology like AD. Single-targeted drugs
might not always alter the complex diseased system adequately, even if they modulate their
targets with high affinity and selectivity. In contrast, in case of targets connected in a network, a
multi-target-directed ligand interacting with lower but balanced affinities can still exert superior

effects compared to a single-targeted molecule.*” *'

Multi-target-directed drugs have a better
ability to affect the complex equilibrium of whole cellular network than single-targeted drug
because of their simultaneous effects on several therapeutic targets. Low-, but balanced-affinity
multi-target-directed drugs demonstrate weak links with several targets to stabilize the complex
networks of a biological system. A multi-target-directed drug can actually have a better
efficacy/safety ration than a mono-targeted drug. A balanced, mild activity for multiple
therapeutic targets might have better safety and reduces the risk of therapeutic resistance.***
Hence, there is a need to design such compounds that can act on different causative targets of
AD simultaneously with balanced affinity. This can probably be achieved by linking together
various active moieties having affinity for different targets. The resulting hybrids with balanced

affinity for different targets could be beneficial to take care of a complex disease like AD.> ****

46
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Figure 1. AChE inhibitors (1-4) used for the management of AD.

Recently various bispharmacophore/bivalent ligands*’* have been reported in the
literature wherein two of the same or different pharmacophoric moieties like donepezil-
propargylamine, donepezil-pyridyl, donepezil-ebselen, tacrine-ferulic acid, huprine-tacrine etc
are linked together via a spacer for the treatment of AD.*" ¥ #% % Taking a cue from these
studies, it was planned to synthesize some novel diarylthiazol-benzylpiperidine hybrids and to
assess their potential use in the treatment of AD by performing various in vitro and in vivo

experiments.

RESULTS AND DISCUSSION

Designing considerations. Thiazole ring is present in different chemical entities having a broad
spectrum of biological properties such as antimicrobial, anticonvulsant, antituberculor,
antiinflammatory, antiviral, antimalarial, anticancer, antihypertensive, anti-HIV, anti-
schizophrenia, hypnotic, antinociceptive, and bacterial DNA gyrase B inhibitory activity.”'™*
Acotiamide is a thiazole ring containing drug having potent AChE inhibitory activity.”> °® There
are several other reports which suggest that the thiazole containing compounds can be used for

the ChE inhibiting activity.>*>"
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Some vicinal diaryl triazine derivatives have been reported as potent neuroprotective
agents.”” Our laboratory has also reported recently the design and development of vicinally
substituted diaryltriazines (5)°* as potential multi-target-directed therapeutics for the treatment of
AD. It was inferred from the study that the multipotent activity of these diaryltriazines (5)
resided in the diaryltriazine scaffold, and not in the morpholino/piperazinoethyl side chain. A
preliminary molecular modeling study demonstrated that replacement of the
morpholino/piperazinoethyl side chain of compound (5) by benzylpiperidine tail of donepezil
offered a hybrid molecule in which the diaryltriazine and benzylpiperidine portions were bound
to the peripheral anionic site (PAS) and the catalytic active site (CAS) respectively with a G-
score of -9.21. In a parallel study, replacement of the diaryltriazine moiety with the
diarylthiazole scaffold exhibited a slightly better G-score of -9.38 in the active site of AChE.
Considering these preliminary results and the earlier reports on AChE inhibitory potential of
thiazole-containing derivatives, it was persumed that diarylthiazole scaffold could probably be a
better CNS-active moiety for the development of novel multi-target-directed ligands against AD.
Based upon these preliminary studies, it was planned to link the diarylthiazole ring with the
benzylpiperidine tail of donepezil to obtain novel diarylthiazol-benzylpiperidine hybrids (Fig. 2).
It was considered that the diarylthiazole core of the designed hybrids would mimic the
dimethoxyindanone scaffold of donepezil (2) into the PAS of AChE and the benzylpiperidine
fragment of the designed compounds would interact with the CAS similar to benzylpiperidine
tail of donepezil, retaining the same zn-stacking interactions. Thus, the designed diarylthiazol-
benzylpiperidine hybrids could show multi-target-directed potentials for the management of AD.
The designed molecules are novel because such vicinal diarylthiazoles have not yet been

reported as AD-responsive agents.
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The resulting compounds were planned to be evaluated for their anti-Alzheimer’s
potentials. Hence, we report herewith an approach wherein a vicinal diarylthiazole scaffold is
linked to a benzylpiperidine moiety to get novel hybird molecules of type (A) (Fig. 2) as

potential multi-target-directed anti-Alzheimer’s agents.

|
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l"lx,:b"\ N e MeO
. X N J MeO
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z=(1~511)+1 0 s

SR N -
e " Z=NHCO, NHCH,, NH
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Figure 2. Designing of a novel series of compounds as multi-target-directed potential anti-Alzheimer’s agents.

Chemistry. The targeted compounds were synthesized as per Scheme 1-3. In Scheme 1, the

amines®>

(6-8) were treated with 1-(¢.butoxycarbonyl)piperidine-4-carboxylic acid®’ (9) in
presence of N, N-diisopropylethylamine and (benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP) as the coupling reagent to
get the amides (10-12). Deprotection of the tert-butoxycarbonyl (BOC) group was performed
using trifluoroacetic acid (TFA) in dichloromethane (DCM) to get the amine salts (13-15) which

were treated further with substituted benzyl bromides using potassium carbonate and

dimethylformamide (DMF) to yield the desired compounds (16-41).
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Scheme 1. Synthesis of 1-substituted benzyl-/V-[4,5-bis(substituted phenyl)thiazol-2-yl|piperidine-4-
carboxamides (16-41)

| O Hogo X
. O
N
- N Me
|S\>_NH2 + N . | D—NH 0—-Me
® I salava s
0 0

X X

0~ o
6-8 10-12
6-8) Me Me ( )
Me b
J :
> O
NH N
C
P FOny o
3 S )/-—CNH . TFA
: O o
(16-41) —r R=" Y4 x (13-15)
X X
Me Cl___OMe R Me CI__OMe R Compd X
16 26 34 2-Me 23 - - 4-CN
17 27 35  2-CF 24 - - 4NO, s n12 ¥
18 28 36 3-F 25 - - 4-CF, 812,15 OMe
19 29 37 3,5-DiF - 31 40 2CN
20 30 - 2-Cl, 4-F - 32 41 4F 2-CF
21 - 38 4F - 33 - 4.0CF,
2 - 39 2-Cl, 6-F

Reagents and Conditions: a) BOP reagent, N,N,-diisopropylethylamine, dry acetonitrile, °C to rt; b) TFA:DCM
(70:30), rt; ¢) Potassium carbonate, dry DMF, substituted benzyl bromides, rt to heating 60 °C.

N-[(1-Substituted  benzyl)piperidin-4-yl|methyl-4,5-diaryl-2-amines  (42-52) were
prepared by reduction of 1-substituted benzyl-N-[4,5-bis(substituted phenyl)thiazol-2-
yl]piperidine-4-carboxamides (16, 17, 19, 21, 26, 29, 30, 32, 34, 35 and 39) in presence of
borane-dimethyl sulphide complex in THF at 0 °C as shown in Scheme 2.

4-Piperidinecarboxamide (53) was treated with substituted benzyl bromides (54-59) using
potassium carbonate in methanol to get 1-(1-substituted phenyl)piperidine-4-carboxamides (60-
65), which were treated further with bis(triacetoxyiodobenzene) and benzoyl isothiocyanate to
obtain 1-(substituted benzyl)piperidin-4-ylthioureas (66-71). The thiourea derivatives (66-71)
were then reacted with 2-bromo-1,2-diarylethanone (72a-c¢) in dry ethanol to obtain the desired

compounds (73-82) as shown in Scheme 3.
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Scheme 2. Synthesis of N-[(1-substitued benzyl)piperidin-4-ylmethyl]-4,5-bis(substituted phenyl)-2-
ylamines (42-52)

g e

N N

a

| >—NH (@ | H>—NH

O O
0
X 7 N\ X 7 N\
_\R —\R

(16,17, 19, 21, 26, 29, 30, 32, 34, 35, 39) (42-52)

Y

X
Me Cl OMe
16,42 26,46 34,50 2-Me

17, 43 - 3551 2-Ch
19,44 29,47 - 3,5-diF
21,45 - - 4-F
- 30,48 - 2-Cl, 4-F
- 32,49 2-CF;, 4-F

- - 3952 2-Cl, 6-F

Reagents and Conditions: a) i) BH;-DMS, dry THF, 0 °C to rt; ii) IN HCI, Reflux 4 hrs; iii) 5 % sodium
bicarbonate, rt to reflux, 2 hrs.

Scheme 3. Synthesis of 1-(substituted benzyl)-/NV-[4,5-bis(substituted phenyl)thiazol-2yl]-piperidin-4-
ylamines (73-82)

S
M

HN
4>
) J 10,
(53)  (54-59) O) U (© O Br
X

(60—65) (66-71)

Y 72(a-c)
Compd R Compd X - X R X 7 \/R
Me Cl _OMe )
54 60 66 H 72a  Me 7 75 . . —
56 62 68 4-OMe 72¢ OMe TR0 0 e el N
57 63 69 2-Cl,4-F i - 8 4CF S
58 64 70 4-CN I e
59 65 71 4-CF, 79 - 2cL4F X (73-82)

Reagents and Conditions: a) Potassium carbonate, methanol, reflux; b) i) Bis(triacetoxyiodobenzene), Potassium
carbonate, ACN/water, rt to reflux; ii) Benzoyl isothiocyanate, dry DCM iii) THF/IN NaOH, reflux, 4 hrs; c) Dry
ethanol, reflux.
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Biological Evaluation. In vitro AChE and BuChE inhibition assays. The synthesized
compounds (16-52 and 73-82) were assessed to determine their anti-cholinesterase (anti-ChE)
activity. AChE and BuChE inhibition activities were evaluated by the method described by
Ellman®® wherein tacrine and donepezil were used as reference standards (Table 1). Compounds
(43-45, 48 and 52) having benzylpiperidine and 4,5-disubstituted thiazolyl-2-amine linked with
aminomethylene spacer exhibited higher AChE inhibitory activity [ICsg values (uM): 0.40+0.01,
0.30+0.01, 0.37+0.01, 0.52+0.01 and 0.36+0.01 respectively] than the rest of the derivatives.

Compounds (16-18, 20 and 25) having 4,5-bis(p-tolyl)thiazol-2-ylamine and substituted
benzyl piperidines linked through the carboxamide group were found to be inactive [ICsy value
(uM): >10]. Compounds (80-82) having 4,5-bis(4-methoxypheny)thiazol-2-ylamine and
substituted benzylpiperidines without a carbon spacer showed good inhibitory activities [ICs
values (uM): 0.8340.03, 0.77+0.03, 0.75+0.03 respectively].

It has been reported that BuChE level remains constant or increases in advanced AD
while AChE concentration in certain brain regions decreases.” ' These reports concluded that
balanced inhibition of both AChE and BuChE could be beneficial for the treatment of patients
with cognitive deficit observed in AD. Thus, it was decided to check the test compounds for
BuChE inhibitory activities also. Majority of the synthesized compounds exhibited good BuChE
inhibitory activity. Compounds (16, 26, 28, 36 and 39) showed better BuChE inhibitory activity
[ICso value (uM): 1.50+0.02, 1.04+0.02, 0.72+0.01, 1.54+0.03 and 1.57+0.04 respectively] than
the rest.

The two test compounds (44, 48) which showed the best AChE inhibitory activities [ICsg
values (uM): 0.30+£0.01 and 0.52+0.01 respectively] also showed reasonably good BuChE

inhibitory activities [ICsy values (uM): 1.84+0.03 and 0.74+0.01 respectively].
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To get an insight into the mechanism of AChE enzyme inhibition, the most potent
compound (44) was subjected to a kinetic study. Lineweaver-Burk reciprocal plots were
generated by plotting the reciprocal of the reaction rates versus the reciprocal of substrate
concentrations using different concentrations of the test compound (inhibitor, 44). The plots
showed that with increasing concentrations of the inhibitor (44) there occurred increase in slope
(decreased V) and the intercept (higher K,,) (Fig. 3). This characteristic pattern indicated a
mixed type of an inhibition which supported binding of the compound (44) to AChE at both the

sites (CAS and PAS).* 67

251
0.4 uM
20
<
Z
é 15- 0.2 uM
= 10- 0.1 uM
0.05 uM
% Control
I I 1
-5 0 5 10

(S mM

Figure 3. Kinetic study of the mechanism of AChE inhibition by compound (44). Lineweaver-Burk reciprocal plots of the AChE
initial velocity at increasing substrate concentrations (0.1-1 mM) in the absence and presence of 44 (0.05-0.4 uM) are shown.

Table 1. AChE and BuChE inhibitory activities (ICsy values), inhibition of AChE-induced Af;.4;
aggregation and selectivity ratio of the compounds (16-52 and 73-82)

Compound AChE BuChE Selectivity ratio” APi1.42 aggregation®
(ICso pM) £ SEM* (ICsouM) £ SEM* % Inhibition
16 >10 1.50+0.02 7.0 nd’
17 7.57+0.03 1.88+0.03 4.0 nd“
18 >10 1.97+0.02 5.1 nd’
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1

2

; 19 2.500.03 3.510.03 0.7 nd”

> 20 >10 1.60+0.03 78 nd?

! 22 2.88+0.02 2.7720.03 1.0 nd’

io 23 1.28+0.02 5.32+0.04 0.2 nd*

ﬂ 24 2.32+0.02 >10 0.1 nd’

ﬁ 25 >10 2.78+0.03 10.3 nd*

12 26 1.10+£0.02 1.04+0.02 1.1 nd’

i; 27 2.77+0.02 3.36+0.03 0.8 nd*

%8 28 0.65+0.01 0.72+0.01 0.9 18.82+2.23
2 29 0.64+0.01 3.03+0.04 0.2 12.02+2.35
gi 30 3.70+0.02 >10 0.3 nd’

32 31 1.77+0.02 1.59+0.03 1.1 nd’

% 33 1.38+0.03 2.18+0.03 0.6 nd’

ég 34 1.34+0.03 1.85+0.03 0.7 nd*

2; 35 0.68+0.01 1.92+0.02 0.4 14.46+2.15
%z 36 0.57+0.01 1.54+0.03 0.4 21.17+1.21
gg 37 2.45+0.01 >10 0.1 nd’

gg 38 1.16+0.03 1.73+0.03 0.7 nd’

32 39 0.41+0.02 1.57+0.04 0.3 16.56+1.75
fé 40 2.80+0.01 3.58+0.01 0.8 nd’

jg 41 1.23+0.02 1.78+0.03 0.7 nd*

j? 42 0.50+0.01 2.51+0.01 0.2 16.17£1.96
jg 43 0.40+0.01 2.2040.03 0.2 26.35+2.46
o 44 0.30£0.01 1.84+0.03 0.2 27.65+2.91
o 45 0.37+0.01 1.95+0.03 0.2 25.79+3.53
o 46 0.87+0.01 1.430.02 0.6 23.26+2.51
> 47 0.6320.01 0.82+0.01 0.8 19.3942.65
58

59

60

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

48
49
50
51
52
73
74
75
76
77
78
79
80
81
82
Tacrine

Donepezil

0.52+0.01
1.24+0.04
0.59+0.01
0.69+0.01
0.36+0.01
1.28+0.03
1.09+0.03
1.38+0.02
3.19+0.01
1.12+0.01
1.02+0.03
0.37+0.01
0.83+0.03
0.77+0.03
0.75+0.03
0.05+0.01
0.01+0.00

0.74+0.01
3.30+0.02
2.21+0.03
8.01+0.02
2.15+0.01
3.59+0.01
6.03+0.04
3.30+0.03
>10
1.57+0.02
1.72+0.03
1.97+0.02
2.25+0.03
2.53+0.03
1.68+0.03
0.01+0.00
1.26+0.01

0.7
0.4
0.3
0.1
0.2
0.4
0.2
0.4
0.3
0.7
0.6
0.2
0.4
0.3
0.4
4.9
0.01

15.00+2.13
nd?
25.64+2.77
20.60+2.35
27.20+3.15
nd’
nd’
nd?
nd?
nd?
nd’
27.47+2.85
19.24+2.38
11.42+1.43
18.93+2.85
10.63+1.28
37.26+2.69
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“Results are the mean = SEM of at least three determinations. bSelectivity ratio = (ICso of AChE)/(ICsy of BuChE). “Inhibition of

AChE-induced AP, 4, aggregation produced by the test compounds at 10 pM. “Not determined.

Molecular docking studies on AChE and BuChE. All the compounds were docked in the

active site of AChE (PDB ID: 4EY7). Donepezil was used as a reference drug for the docking

studies showing similar binding interactions as reported in the literature.”' The most active

compound (44) in the series exhibited G-scores of -10.80 for AChE (see supplementary

information, Table S1). The energy of the complex formed by compound (44) with AChE was

-57.22 kcal/mol indicating that compound (44) formed a stable complex with AChE. It was

observed that compound (44) exhibited a binding mode similar to that of donepezil. The

theoretical binding energy and the G-scores were a pointer to a stronger binding affinity of the
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test compound (44) to AChE than the standard drug donepezil. Phenyl ring of the
benzylpiperidine group of compound (44) showed strong n-m interactions with the anionic site
residue W86 (centroid-centroid = 3.94 A) similar to the benzylpiperidine tail of donepezil. The
piperidine ring of compound (44) packed against the hydrophobic portion of Y337, F338 and
H447 residues. The diphenyl thiazole scaffold of compound (44) was oriented towards the
entrance of the PAS gorge interacting favourably with Y72, Y124, W286, S293 and Y341
residues indicating strong binding interactions of the diphenyl thiazole ring system in the PAS.
Thus, the aromatic diarylthiazole scaffold of compound (44) was disposed in PAS gorge similar
to the dimethoxyindanone ring of donepezil. NH group of compound (44) formed a hydrogen
bond with Y124 residue, a part of PAS, and the fluorine on the phenyl ring in compound (44)
formed a hydrogen bond with the anionic site residue Y133 (Fig. 4). This interaction study
demonstrated that compound (44) was strongly bound to both the binding sites CAS as well as
PAS of AChE, supporting potentially high inhibitory activity of compound (44) which was

supported by the kinetic study exhibiting binding of the compound (44) to the dual sites.

Figure 4. Orientation of compound (44) in the active sites of AChE.
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Inhibition of AChE-induced AP, aggregation. There are reports suggesting that localized
AChE and AP promoted the assembly of AP into fibrils, and accelerated the deposition of AP
peptide in senile plaques. AChE directly binds to AP through its PAS to promote the aggregatory

72,73

effect. Blockade of PAS could attenuate the AChE-induced AP peptide aggregation.74 Those

compounds which showed potent AChE inhibitory activity in the in vitro ChE inhibition studies

were selected for thioflavin T (ThT) assay’> '

(Table 1) to evaluate their potential to inhibit
AChE-induced AP;.4; aggregation. Results of the study showed that three compounds (44, 52
and 79) among the series exhibited potent inhibition (~27 %) of AChE-induced AP.4
aggregation at 10 pM concentration. These compounds (44, 52 and 79) demonstrated potent

ACHhE inhibitory activity in submicromolar range in the earlier experiment also.

In vitro blood-brain barrier permeation assay. Successful crossing of blood—brain barrier
(BBB) by a drug is a pre-requisite for treatment of CNS disorders. To explore whether the
synthesized hybrid diarylthiazol-benzylpiperidine derivatives have the ability to penetrate into
the brain, a parallel artificial membrane permeation assay of the blood-brain barrier (PAMPA-
BBB) was performed as described by Di e al.”””’ This model has the advantage of predicting
passive diffusion of a molecule through BBB with high accuracy. The in vitro permeability (P,)
of the selected hybrid diarylthiazol-benzylpiperidine derivatives (Table 2) and nine
commercially available drugs (see the supplementary information, Table S2) was determined
through a lipid extract of porcine brain lipid in PBS/ethanol (70:30). The assay was validated by
comparing the experimentally obtained permeability [P.(exp)] of these nine drugs with the
reported values of permeation [P.(ref)] offering a linear relationship i.e. P.(exp.) = 1.171P(ref.)
+ 1.489 (R*= 0.983) (see the supplementary information, Figure S1). From this equation and

considering the limits established by Di et al,”’ for BBB permeation, it was concluded that
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compounds with permeability values (P,) greater than 5.9 x 10° cm s (see the supplementary
information, Table S3) were capable of crossing the BBB. All the tested compounds
demonstrated permeability values above this limit. Therefore, the experimentally determined
permeability values (P,) of the test compounds were a pointer towards their potential to
comfortably cross the BBB by passive diffusion.

Table 2. Permeability (Pe, 10° cm s'l) results from the PAMPA-BBB assay for some of the
test compounds with their predictive penetration in CNS

Compd P.(10° cm s™)? Prediction®  Compd P.(10°cms™)*  Prediction”

28 15.9+1.2 CNS+ 47 12.5+1.3 CNS+
29 8.8+0.4 CNS+ 48 13.2+1.5 CNS+
35 12.3+0.8 CNS+ 50 12.3+0.8 CNS+
36 12.5+0.8 CNS+ 51 8.4+0.8 CNS+
39 8.2+0.4 CNS+ 52 12.2+0.6 CNS+
42 10.6+1.1 CNS+ 79 8.4+0.8 CNS+
43 12.8+0.8 CNS+ 80 9.6+1.1 CNS+
44 14.5+1.5 CNS+ 81 10.3+0.6 CNS+
45 10.1+0.6 CNS+ 82 8.6+0.2 CNS+
46 8.8+0.4 CNS+

"Data expressed as mean = SEM of three independent experiments. "°CNS+ indicates good passive CNS permeation.

Cell viability and neuroprotective studies. To check the therapeutic suitability of the selected
hybrid diarylthiazole-benzylpiperidine derivatives, their effect on cell viability and
neuroprotective potential against oxidative stress were evaluated using the human neuroblastoma
SH-SYSY cell line. For the assessment of cytotoxicity of the test compounds, cells were exposed
to considerably high concentrations of the test compounds (40 uM and 80 uM) for 24 hr

followed by determination of the cell viability using 3-(4,5-dimethylthiazol-2-yl)-2,5-

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry Page 18 of 102

diphenyltetrazolium bromide (MTT) assay. In this experiment, the selected test compounds
caused negligible cell death even at such high concentrations (Table 3).

In another set of experiments, neuroprotective potential of the selected hybrid
diarylthiazole-benzylpiperidine derivatives was assessed. Oxidative stress-like condition in SH-
SYSY cells was induced using H,O, as a toxic insult.”® ¥ In this assay,78 addition of H,O, (100
uM) to the growth media caused significant cell death as evidenced by reduction in cell viability
(52-56 %) compared to the control. To assess the neuroprotective potential of the test compounds
against the toxic onslaught of H,O,, the cells were treated for 2 hr with the test compounds (5
puM, 10 uM and 20 pM) prior to H,O; insult for 24 hr. At 5 uM concentration, the compounds
did not show significant protective effect (data not shown). However, as shown in (Table 3), the
selected derivatives exhibited significant neuroprotective effect at 10 uM and 20 pM
concentrations. Amongst all of the hybrid derivatives, compound (44) showed the highest
neuroprotection against the H,O, insult. The results revealed that compounds (28, 29, 35, 36, 39,
42-48, 50-52, 77 and 80-82) can protect neuronal cells against oxidative stress-associated cell

death.

Table 3. Cell viability, neuroprotection and free radical scavenging activity of some of the
test compounds in the human neuroblastoma SH-SYSY cell line and DPPH assay

Compound Cell viability (%)” Neuroprotection (%)b RP of DPPH (%)°

40 pM 80 pM 10 pM 20 pM 10 pM 20 pM
28 93.6£2.5 91.1£2.9 292424  50.8£3.4 40.6+3.1 61.7£2.8
29 95.6£2.4  92.8+3.1  31.5£3.7 53.4+2.9 43.5+2.4 64.6+2.8
35 92.4+3.7  93.1£2.1  21.9£3.2 38.7+£2.7 43.0+£2.9 63.6+2.9
36 94.0+2.7 90.3+3.9  33.342.3 39.9+£3.0 40.5+3.3 62.6+3.1
39 92.9+22 91.6+43  329+2.6  55.7£29 46.0+2.7 63.6+2.4
42 91.4+3.1 90.1+£3.1  26.9£2.9 52.7+£2.8 49.0+£2.8 58.9+2.7
43 93.5£2.8 91.743.6  29.3+2.8  48.8+3.3 48.9+2.1 59.443.1
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44 95.242.6 91.3+2.9  39.6+2.3 59.5+2.4 54.6+2.7 70.5+2.6
45 91.8+2.0 89.7#3.2  28.8+1.4 42.5+£2.6 51.2+£2.7 56.5+3.3
46 95.4+19 909+24  23.6+2.8 49.7£3.1 45.4+2.9 63.4+2.4
47 92.4+3.7  91.7£2.8  29.842.2 42.9+3.2 44.8+2.2 60.9+2.2
48 92.7£2.6  88.9+3.6  31.5£2.7 53.742.6 46.3+£3.2 57.442.3
50 91.6£3.3 872439  34.2+2.1 41.4+2.2 42.543.1 63.4+2.7
51 94.2+3.6  90.1+2.5  33.2+3.1 48.4+2.2 51.8+2.8 66.9+2.6
52 942+22  87.1£3.6  28.842.4 41.5+£2.9 48.3+£2.5 57.1+£2.8
79 94.2+3.2 925419  32.04£3.3 53.2+2.7 42.2+2 .4 63.2+3.2
80 95.4+2.7  89.5+2.7  29.9+2.1 47.4+2.3 47.2+43.1 63.4+2.3
81 92.1+43.6  89.5+3.2  25.5+2.8 40.1+3.4 49.3+2.2 65.5+£2.9
82 94.5£2.6 90.4+2.4  30.44+2.4 42.0+2.2 50.0+£2.9 66.242.4

Tacrine 894423 90.0+3.4 447433 57.9+2.1 54.9+2.1 68.8+3.7
Donepezil 96.9+1.4 92.3+2.4 482424 62.0+£2.5 59.94+2.6 75.542.9
Ascorbic acid nd nd nd nd 56.4+2.7 67.7+2.7

“Percentage cell viability of SH-SYSY cells exposed at relatively high concentrations (40 uM and 80 uM) of test compounds.
bPercentage neuroprotection of SH-SYS5Y cells at relatively lower concentrations (10 uM and 20uM) of the test compounds
against H,O, (100 uM) insult. Results are the mean + SEM of at least three independent experiments. ‘RP of DPPH (%) =
reduction percentage of DPPH. Results are the mean + SEM of at least three independent experiments. nd = not determined.

Anti-oxidant activity. Diphenyl-1-picrylhydrazyl (DPPH) is one of the few stable and
commercially available organic nitrogen radicals. DPPH assay is commonly used for preliminary
screening of compounds capable of scavenging activated oxygen species.®’ The selected hybrid
diarylthiazole-benzylpiperidine derivatives were evaluated for their anti-oxidant potential using
DPPH assay. All of the test compounds were found to exhibit significant free radical scavenging
activity. At a concentration of 10 uM, all of the test compounds showed free radical scavenging
activity in the range of 40-55 % with compounds (44) showing the highest activity (55 %).
Moreover, at 20 uM concentration, the test compounds exhibited free radical scavenging activity
ranging from 56-70 % with compound (44) showing 70 % scavenging activity which was more

than what was shown by the standard drug ascorbic acid.
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ROS estimation in primary hippocampal neuronal culture. Hippocampal region of brain is
considered as the memory origin centre having ACh as the major neurotransmitter. Therefore,
degradation of hippocampal neurons causes impairment of memory and ultimately leads to

degeneration of the neurons.* *

Elevated levels of ROS is a sign of heightened oxidative stress
in various pathological conditions.* AP, toxicity is known to induce oxidative stress in the
pathogenesis of AD.* The anti-oxidant potential of the most potent test compound (44) was
evaluated by estimating intracellular levels of ROS in primary rat hippocampal neuronal cells
using 2',7'-dichlorofluorescine diacetate (DCFH-DA) assay.’" * DCFH-DA crosses cell
membrane and gets readily hydrolyzed by intracellular esterases to nonfluorescent DCFH. In the
presence of ROS, DCFH is rapidly oxidized to the highly fluorescent 2’,7'-dichlorofluorescine
(DCF). As shown in Figure 5A, AP;.4; insult elevated the ROS level significantly as compared
to the control cells (»<0.001). However, the test compound (44) (10 uM and 20 uM) (Fig. 5A,
p<0.001) like the standard drug donepezil (Fig. SA, p<0.001) dose dependently attenuated the

ROS generation caused by AP;.4, toxicity. These results revealed excellent ROS scavenging

ability of compound (44).

Flow cytometry. Apoptosis is a key cellular event which plays an important role in the etiology
of various neurodegenerative diseases."" *” It has been reported that ABj.4, a pathological
hallmark of AD, causes apoptosis leading to neurodegeneration ultimately.gg'90 Apoptosis was
assessed using flow cytometry by staining the primary rat hippocampal neurons with annexin V-
FITC and propidium iodide (PI). Annexin V enters into the cells in both, the early and the late
stages of apoptosis while the PI stains the cells only in the late stage of apoptosis or the necrosis
stage. APi.42 (10 pM) toxicity increased the percentage of early apoptotic cells significantly (Fig.

5B, 38.80 %) as compared to the control cells (Fig. 5B, 1.78 %). Compound (44) (20 uM) (Fig.
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5B, 13.40 %) significantly abrogated the percentage of early apoptotic cells induced by APz
insult in a manner similar to donepezil (Fig. 5B, 7.84 %). The results demonstrated anti-
apoptotic potential of compound (44) against AB;_4;-induced toxicity which further supported its

anti-Alzheimer’s potential.
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Figure 5. In vitro ROS scavenging and anti-apoptotic potential of compound (44) against AB; 4, (10 M) insult in primary rat
hippocampal neuronal culture. (A) Percentage inhibition of ROS generation as assessed by DCFH-DA assay. (B) Flow
cytometric assessment of apoptosis using Annexin V-FITC and PI staining. Cells in the lower left quadrant are viable (Annexin
V-FITC-/PI-). Cells in the lower right quadrant are early apoptotic (Annexin V-FITC+/PI-) and those in the upper right quadrant
are late apoptotic or necrotic (Annexin V-FITC+/PI+). Data are expressed as mean + SEM. *p<0.001 vs. control cells. ***
p<0.00 vs. AB_g-treated control cells. C=control cells.

Behavioural studies. To determine the in vivo anti-ChE activity of the most potent compound
(44) in the series, scopolamine model was adopted.”’”* Scopolamine-induced amnesia in rodents
is an accepted standard model in behavioural pharmacology for evaluation of ChE inhibiting
potential of drug candidates to be developed for the anti-Alzheimer’s therapy. Scopolamine

blocks the muscarinic cholinergic receptors distinctly, that lead to impairment of the cognitive
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functions. To evaluate the anti-amnesic effect of compound (44), Morris Water Maze (MWM)
test was utilized. During the last five days of the treatment period, escape latency time (ELT) and
number of platform area crossings were recorded for the animals of different experimental
groups. The escape latencies were significantly prolonged (Fig. 6A, p<0.001) while the number
of platform area crossings (Fig. 6B, p<0.001) were significantly reduced by the scopolamine
treatment (1.4 mg kg, i.p.). Donepezil (at 5 mg kg™, p.o.) significantly reduced ELT (Fig. 6A,
p<0.001) and increased platform area crossings (Fig. 6B, p<0.01) as compared to the
scopolamine-treated control group. At an equivalent dose corresponding to donepezil, compound
(44) significantly shortened ELT (Fig. 6A, p<0.001) and increased the number of platform area
crossings (Fig. 6B, p<0.05) as compared to the scopolamine-treated control group. The results
revealed anti-amnesic effect of compound (44) against the scopolamine-induced AD-like
phenotype.

In further experimentation, the effect of compound (44) on the AChE and BuChE levels
of brain was estimated in mice using Ellman’s method.®® °* As described in our previous report,**
scopolamine treatment significantly elevated AChE (Fig. 6C, p<0.001) and BuChE (Fig. 6D,
p<0.001) levels compared to the vehicle-treated control group. However, the elevated levels of
AChE (Fig. 6C, p<0.001) and BuChE (Fig. 6D, p<0.001) were significantly attenuated by
compound (44) at a dose equivalent to that of donepezil.

In order to further elucidate the mechanism of anti-amnesic effect of compound (44),
brain levels of malondialdehyde (MDA - a byproduct of lipid peroxidation) and catalase (CAT -
which catalyzes H,O, decomposition) were determined following completion of the MWM test.
Scopolamine treatment significantly elevated the MDA level (Fig. 6E, p<0.001) while reduced

the CAT level in the brains of the treated animals (Fig. 6F, p<0.001) compared to the vehicle-
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treated control group animals. However, treatment of the amnesic mice with compound (44)
significantly attenuated the MDA level (Fig. 6E, p<0.001) while elevated the CAT level (Fig.
6F, p<0.01). The results therefore revealed the in vivo ChE inhibitory and anti-oxidant activities
of compound (44) similar to donepezil, which further substantiated anti-Alzheimer’s potential of

this most promising test compound (44).
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Figure 6. Compound (44) improved spatial learning and memory in scopolamine-treated mice through anti-ChE and anti-oxidant
activities. In MWM test, scopolamine (1.4 mg kg™, i.p.) increased (A) ELT while (B) reduced number of platform area crossings.
This pattern was significantly reversed by 44 similar to donepezil at 5 mg kg™'. (C) AChE and (D) BuChE levels elevated by
scopolamine treatment were significantly attenuated by 44. Oxidative stress parameters are represented as (E) MDA and (F)
CAT levels. Altered MDA and CAT levels after scopolamine treatment were significantly reversed by treatment with compound
(44). Data are expressed as mean = SEM (n=6). "p<0.001, " p<0.01, * p<0.05 vs. vehicle-treated control group.*** p<0.001, **
p<0.01, * p<0.05 vs. scopolamine-treated control group. C=vehicle-treated control group.

Y maze test. To develop AD-like phenotype, animals were subjected to intracerebroventricular
(ICV) injection of AP;.42 in the hippocampal region of brain. This is a promising model to
evaluate the neuroprotective potential of any drug candidate in AD-like condition.®* **
Impairment of the working memory in the animals was assessed using Y maze test.
“Spontaneous alteration” is indicative of the working memory. Af;.s-treated control animals

exhibited significantly reduced percentage of “spontaneous alterations” throughout the

experimental session as compared to the vehicle-treated control animals (Fig. 7A, p<0.001).
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Animals treated with compound (44) displayed increased percentage of “spontaneous
alterations” (Fig. 7A, p<0.01). However, the mean number of arm entries remained unchanged
across all the experimental groups which indicated that the general locomotor activity was not
hampered by Ap;.4; toxicity (Fig. 7B). Thus, AB.4-worsened hippocampal-dependant working

memory was improved by the treatment with compound (44).

1 Control

B ABis
AB1.42+Donepezil
B ABi4ot44

Total no. of arm entries

Spontaneous alternations (%)

Figure 7. Compound (44) improved immediate working memory in rats which received ICV injection of AB;.4, in Y maze test.
(A) Percentage of spontaneous alterations and (B) total number of arm entries, as recorded by a blind observer. Data are
expressed as meantSEM (n=6). *p<0.001, ™ p<0.01, * p<0.05 vs. vehicle-treated control group.*** p<0.001, ** p<0.01, *
p<0.05 vs. scopolamine-treated control group. C=vehicle-treated control group.

Western blot analysis. The in vivo neuroprotective potential of compound (44) was assessed by
determining the levels of pathological hallmarks of AD in the hippocampal region of rat brain
which was subjected to ICV injection of AB;.4. Elevated levels of AB;.4; and p-tau are the key
indicators of AD progression.”> At the end of the ICV experimental model, animals from
different groups were scarified to estimate AP;.4, and p-Tau levels using Western blot analysis
(Fig. 8A). A significant rise in the levels of AB;.4, and p-Tau was observed in the AP.4;-treated
control group as compared to the vehicle-treated control group. Supporting the results of the in
vitro APi.4, aggregation inhibition (ThT) assay, treatment of the animals with compound (44)
significantly attenuated the levels of AP;.4, (Fig. 8B, p<0.01) and p-Tau (Fig. 8C, p<0.05)

similar to donepezil. The results confirmed the anti-Af;.4, aggregatory and anti-Alzheimer’s
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potential of compound (44). Additionally, to assess the in vivo anti-apoptotic potential of
compound (44), cleaved-caspase-3 and cleaved-PARP levels were also determined in the
hippocampal region of the rat brain which received AP;.4; insult. It has been well documented
that cleavage/activation of caspase-3 is a key event in cell apoptosis.®” It has been demonstrated
that caspase-3 is either partially or fully responsible for the proteolytic cleavage of poly(ADP-
ribose) polymerase-1 (PARP), a nuclear-DNA binding protein’®®’ involved in numerous cellular
events including DNA repair.”® PARP overactivation is associated with various
neurodegenerative conditions including AD.” It has been reported earlier that AP peptide caused
induction of PARP activity in the hippocampal region of adult rat brain.'* ' Cleavage of PARP
is followed by the caspase-3 activation which subsequently leads to apoptosis and ultimately
neuronal cell death. Thus, cleaved-caspase-3 and cleaved-PARP are the two significant key

markers of apoptosis.'*

In this study, the levels of cleaved-caspase-3 (Fig. 8D, p<0.001) and
cleaved-PARP (Fig. 8E, p<0.001) were found to be significantly elevated in the hippocampal
region of the brains of AB;_4-treated control animals as compared to the vehicle-treated control
group. Supporting the in vitro results, compound (44) demonstrated significant anti-apoptotic
potential by lowering the levels of cleaved-caspase-3 (Fig. 8D, p<0.001) and cleaved-PARP
(Fig. 8E, p<0.05) in the treated group similar to donepezil. In conclusion, compound (44) has

exhibited multi-target-directed actions highlighting its potential as a possible therapeutic

alternative for the treatment of AD.
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Figure 8. In vivo neuroprotective and anti-apoptotic potential of compound (44). (A) The expression of AB;.4,, p-
Tau, cleaved-caspase-3 and cleaved-PARP was assessed by Western blot analysis in the hippocampal region of rat
brain which was given ICV injection of AB;.4,. Densitometric analysis revealed attenuation of (B) A4, (C) p-Tau,
(D) cleaved-caspase-3 and (E) cleaved-PARP levels by compound (44) which were elevated by AP;_4, toxicity. Data
are expressed as meantSEM (n=6). “**p<0.001, * p<0.01, * p<0.05 vs. vehicle-treated control group.*** p<0.001, ** p<0.01,
* p<0.05 vs. AP;_g-treated control group. C=vehicle-treated control group. D=donepezil-treated group.

Acute toxicity study. For the development of a compound as a new drug, determination of its
acute toxicity profile is considered to be an important criterion. Acute toxicity of compound (44),
the most promising candidate of the current study was determined in male Swiss Albino mice at
doses of 0, 677, 1333 and 2000 mg kg (n = 5 per group) by oral administration. The animals
were regularly observed for 14 days after treatment. After the observation period of 14 days, all
the animals remained alive and appeared healthy in terms of fur sleekness, water and food
consumption and body weight. On the 15™ day, all the animals were sacrificed for macroscopic
examination of the heart, liver and kidneys for any damage. No damage was observed to these

organs. The results of the study showed that mice treated with compound (44) did not produce
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any acute toxicity or mortality immediately or during the post-treatment period. Therefore,

compound (44) can be considered to be non-toxic and well tolerated at doses up to 2000 mg kg™

Pharmacokinetic analysis. Preliminary pharmacokinetic analysis of compound (44) was
performed in male Wistar rats. Compound (44) was administered orally to the animals at a dose
of 5 mg kg™ followed by blood sampling at the indicated time points (see experimental section).
Pharmacokinetic parameters summarized in Table 4 were calculated from the concentration-time
profile using noncompartmental extravascular analysis. The mean concentration-time course of
compound (44) after single oral administration is shown in Figure 9. An asymmetric curve of the
compound (44) deviating from the Guaussian distribution curve suggested a prolonged
elimination phase as compared to the absorption phase. Peak plasma concentration (Cpay) of the
compound (44) was achieved approximately at 3.66+0.57 hr after single dose oral
administration. The terminal elimination half-life (t;,) was observed to be 19.42+4.69 hr.
Overall, the results suggested that the compound (44) exhibited good oral absorption and was
eliminated at a rate which is moderate as compared to the absorption phase. However, in vivo
human clinical trials are required to be performed to prove the actual utility of the test compound
(44).

Table 4. Pharmacokinetic parameters of compound (44) after administration of single oral
dose (5 mg kg'l).

Pharmacokinetic Compound
parameters (44)°
Cinax (ng/ml) 21.20+1.99
tmax (1) 3.66+0.57
AUCg-3) (ng.hr/ml) 587.16+62.09
t2 (hr) 19.42+4.69

Date are expressed as mean+SD (n=4).
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Figure 9. Mean plasma concentration vs. time curve of single oral dose (5 mg kg) of compound (44) in rats. Error bars
represents the standard deviation of the mean (n=4).

CONCLUSION

A novel series of hybrid molecules have been synthesized by combining the benzylpiperidine
fragment of donepezil and vicinal diarylthiazole as a privileged scaffold to obtain chemical
entities exhibiting anti-Alzheimer’s potentials. The synthesized hybrids were evaluated for their
in vitro AChE and BuChE inhibitory activities. Some of the test compounds (28, 29, 35, 36, 39,
42-48, 50-52, 79, 81 and 82) showed moderate to high AChE inhibitory activity. These
derivatives also exhibited good binding affinity for the active sites of AChE in the molecular
modeling studies. Among the series, compound (44) exhibited the most promising inhibitory
potential for AChE (ICso = 0.30 = 0.01 uM) and BuChE (ICsy = 1.84 + 0.03 uM). Enzyme
kinetics proved that compound (44) caused a mixed type of AChE inhibition by binding to both
the active sites (PAS and CAS) of AChE. Those derivatives which showed good AChE
inhibitory activities also exhibited reasonably good inhibition of AChE-induced AP.4
aggregation. Among these, three compounds (44, 52 and 79) demonstrated the highest level of

anti-amyloid activity (~ 27 % inhibition) at a concentration of 10 pM. Although these molecules
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(44, 52 and 79) showed submicromolar AChE inhibitory potencies and their concurrent ABj.4»
aggregation inhibitory activities were in the single-digit micromolar range, they exhibited
noticeable neuroprotective activities in vitro and in vivo. In particular, compound (44) showed
ROS scavenging and anti-apoptotic properties against AP;4, insult in the primary rat
hippocampal neuron cultures. In the Ap;.4-induced Alzheimer’s rat model, compound (44)
improved the spatial learning and memory. Compound (44) significantly reversed the AP;.4-
induced enhancement of ChEs levels and favourably altered the oxidative stress parameters
(MDA and CAT) in the hippocampal region of rat brain similar to the standard drug donepezil.
Results of the in vivo studies revealed the anti-ChE and anti-oxidant potential of compound (44)
which further substantiated the results of the in vitro experiments. Compound (44) also exhibited
significant neuroprotection in rats subsequent to intra-hippocampal injection of A4, by
attenuating the abnormal levels of AP, p-Tau, cleaved-caspase-3 and cleaved-PARP proteins
as assessed by Western blot analysis. Over and above, compound (44) was found to be well
tolerated and nontoxic up to 2000 mg/kg, p.o. dose. Pharmacokinetic analysis revealed that
compound (44) exhibited good oral absorption, and was eliminated at a relatively moderate rate
compared to the absorption phase. Thus, compound (44) has shown its real potential as a multi-
target-directed ligand by interacting with different pathophysiological targets of AD
demonstrating significant multiple effects like anti-ChE, anti-Af aggregatory, neuroprotective,
ROS scavenging, anti-oxidant and anti-apoptotic activities in different in vitro and in vivo
experiments. All put together, the beneficial effects of the novel diarylthiazole-benzylpiperidine
hybrid molecules qualified them as potential lead candidates to be developed as new drugs for
the treatment of AD, and the most promising multi-target-directed ligand (44) amongst them

could be considered as a potential drug molecule for further development.
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EXPERIMENTAL PROCEDURE

Chemistry. All the reagents and solvents required for synthesis of the compounds were purified
by general laboratory ‘[echniques103 before use. Melting points were determined using silicon oil
bath type (Veego) and heating block type (Lab India) melting point apparatus and are
uncorrected. Completion of the reactions were monitored by thin layer chromatography (TLC)
using silica gel pre-coated plates (60F,s4, Merck, 0.25 mm thickness) visualizing in ultraviolet
light (254 nm) or iodine vapours. Yields reported here are un-optimized. The IR spectra (wave
numbers in cm™) were recorded on a BRUKER ALPHA-T (Germany) FT-IR spectrophotometer
using potassium bromide discs. "H-NMR and "*C-NMR spectra were obtained on Bruker
Advance-II 400 MHz spectrometer in CDCl; or DMSO-ds solvents; chemical shift has been
expressed as o ppm and coupling constant (J) in Hz. Mass spectra were recorded using Thermo
Fisher mass spectrometer with EI ion source or Advion mass spectrometer with ESI ion source
and also using AB Sciex 3200 Q Trap mass analyzer for the compounds. Elemental analyses
were performed on a Thermo Fisher FLASH 2000 organic elemental analyzer. Chromatographic
separations were performed on columns using silica gel (100-200) or neutral alumina, activity
grade I. All reagents used were of analytical reagent grade obtained from S. d. fine chemicals,
Spectrochem, Qualigens or Sigma-Aldrich or Avera chemicals.

For determining purity of the compounds, HPLC analysis was performed with an Ekspert
ultralL.C -100XL (As a part of Sciex) quaternary pump which delivered the gradient mobile
phase at a flow rate of 0.8 ml/min, the mobile phase composition was phase A - water with 0.1
% formic acid and B- methanol:acetonitrile (50:50) in different ratios. The gradient program
followed was, 0 min to 3 min (B 10 %), 12 min (B 80 %), 16 min (B 10 %) with an Ekspert auto-

sampler, degasser and column compartment. The auto-sampler was equipped with a 108 well
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plate and was used to inject 20 pl samples onto the HPLC column. The Ekspert autosasmpler
cooling device was set at 15°C. The column used was a Phenomenex® Luna C18 (100 x 2.0 mm
id, 5 um) analytical column fitted with a Phenomenex® Security Guard™ System containing a
C18 (4 x 3 mm) pre-column. The column was kept at 40°C with an Ekspert 100 column oven
compartment. Purity of the compounds was found to be higher than 98 %.

Mass analysis was performed on an AB SCIEX API 3200 triple quadrupole mass
spectrometer (AB SCIEX, ) equipped with an electrospray ionization (ESI") source operated at
550°C and set in the positive ion mode for ion production. Multiple Reaction Monitoring (MRM)
method, a gold standard method for quantitation and gives better selectivity and sensitivity was
used. Transition of the protonated precursor ions (Q1MS) and their fragment ions (Q2MS) were
monitored at unit resolution in the MRM mode with a dwell time in ms as per the number of
transitions. The curtain, nebulizer, turbo, and collision gases were set at 25, 50, 50 and 5 psi,
respectively, while the ion spray voltage and the source temperature were set at 5500 V and
550°C, respectively. The declustering potential, collision energy, entrance potential, and
collision cell exit potential were optimized. The instrument was interfaced to a workstation

running Analyst™ software version 1.6.2.

General procedure A. Synthesis of tzbutyl 4-[4,5-bis(substituted phenyl)thiazol-2-
ylcarbamoyl]piperidine-1-carboxylate (10-12). 1-(zButoxycarbonyl)piperidine-4-carboxylic
acid®’ (9) (0.85 gm, 3.73 mmol) and BOP reagent (2.4 gm, 3.73 mmol) were dissolved in dry
acetonitrile (20 ml) maintaining a temperature of 0 °C. To this stirred reaction mixture, DIPEA
(1.5 ml, 5.59 mmol) was added slowly followed by addition of 4,5-bis(substituted

65, 66

phenyl)thiazol-2-ylamine (6-8) and the stirring was continued overnight. TLC analysis

(EtOAc:n-hexane 2:8) was used to confirm completion of the reaction. Acetonitrile was
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removed, cold water added and the reaction mixture basified with sodium hydroxide followed by

extraction with DCM to get the pure compounds.

t.Butyl 4-[4,5-bis(p-tolyl)thiazol-2-ylcarbamoyl]piperidine-1-carboxylate (10). Synthesized
as per the general procedure (A) using 4,5-bis(p-tolyl)thiazol-2-ylamine (6) (0.5 gm) to get
compound (10) as a white solid (0.38 gm, 79 %); Mp: 184-186 °C; IR (KBr, cm™): 3435, 3134,

1688, 1536, 1161, 825; MS (m/z): 491.07 (M)

tButyl 4-[4,5-bis(4-chlorophenyl)thiazol-2-ylcarbamoyl]piperidine-1-carboxylate (11).
Synthesized as per the general procedure (A) using 4,5-bis(4-chlorophenyl)lthiazol-2-ylamine (7)
(0.5 gm) to get compound (11) as a white solid (0.43 gm, 85 %); Mp: 188-190 °C;

IR (KBr, cm™): 3438, 3141, 1686, 1565, 979; MS (m/z): 532.00 (M)

t.Butyl 4-[4,5-bis(4-methoxyphenyl)thiazol-2-ylcarbamoyl]piperidine-1-carboxylate (12).
Synthesized as per the general procedure (A) using 4,5-bis(4-methoxyphenyl)thiazol-2-ylamine
(8) (0.5 gm) to get compound (12) as a white solid (0.35 gm, 83 %); Mp: 138-140 °C; IR (KBr,

em’™): 3435, 1690, 1543, 1248; MS (m/z): 523.14 (M)".

General procedure B. Synthesis of NV-[4,5-bis(substituted phenyl)thiazol-2-yl] piperidine-4-
carboxamide (13-15). To an RBF containing z.butyl 4-[4,5-bis(substituted phenyl)thiazol-2-
ylcarbamoyl]piperidine-1-carboxylate (10-12), a mixture of trifluoroacetic acid: DCM (70:30) (3
ml) was added and allowed to stir for 2 hrs. DCM was distilled off and diethyl ether was added
to the reaction mixture in cold conditions slowly with continuous stirring to get a white solid

compound (13-15).

N-14,5-Bis(p-tolyl)thiazol-2-yl]|piperidine-4-carboxamide (13). Synthesized as per the general

procedure (B) using t.butyl 4-[4,5-bis(p-tolyl)thiazol-2-ylcarbamoyl]piperidine-1-carboxylate
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(10) (0.5 gm) to get compound (13) as a white solid (0.35 gm, 88 %); Mp: 186-188 °C ; IR

(KBr, em™): 3193, 3027, 1674, 1547, 1132; MS (m/z): 391.33 (M)".

N-|4,5-Bis(4-chlorophenyl)thiazol-2-yl|piperidine-4-carboxamide (14). Synthesized as per
the  general procedure (B) using  tbutyl  4-[4,5-bis(4-chlorophenyl)thiazol-2-
ylcarbamoyl]piperidine-1-carboxylate (11) (0.5 gm) to get compound (14) as a white solid (0.38
gm, 90 %); Mp: 240-242 °C; IR (KBr, cm™): 3162, 2856, 1677, 1552, 832; MS (m/z): 431.70

M)

N-14,5-Bis(4-methoxyphenyl)thiazol-2-yl|piperidine-4-carboxamide (15). Synthesized as per
the general procedure (B) using tbutyl 4-[4,5-bis(4-methoxyphenyl)thiazol-2-
ylcarbamoyl]piperidine-1-carboxylate (12) (0.5 gm) to get compound (15) as a white solid (0.40
gm, 95 %); Mp: 168-170 °C; IR (KBr, cm™): 3425, 3176, 1675, 1549, 833;

MS (m/z): 423.17 (M)".

General procedure C. Synthesis of 1-(substituted benzyl)-/V-[4,5-bis(4-substituted phenyl)
thiazolyl]piperidine-4-caroxamide (16-41). In a round-bottomed flask, N-[4,5-bis(4-substituted
phenyl)thiazol-2-yl]piperidine-4-carboxamide (0.5 gm) and anhydrous K,CO; (0.36 gm, 3.15
mmol) were dissolved in Dry DMF. Suitable quantity of the substituted benzyl bromide
derivative was added to the contents of the flask. The mixture was stirred at 60 °C for 1 hr and
then poured into water. The precipitated off-white solid was filtered, washed with cold water and
dried. Further purification was carried by column chromatography with the help of petroleum

ether and ethyl acetate as eluents.

1-(2-Methylbenzyl)-/V-[4,5-bis(p-tolyl)thiazol-2-yl]|piperidine-4-carboxamide (16). Synthesized

as per the general procedure (C) using 2-methylbenzyl bromide (0.15 ml) and N-[4,5-bis(p-
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tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound (16) as a white solid
(0.42 gm, 80 %); Mp: 156-158 °C; IR (KBr, cm™): 3152, 3024, 2858, 1683, 1541, 1445, 1266,
816; "H-NMR: 11.05 (s, 1H), 7.40-7.38 (d, 2H, J = 8.1 Hz), 7.26-7.24 (d, 2H, J = 8.1 Hz), 7.18-
7.07 (m, 8H), 3.33 (s, 2H), 2.72-2.70 (d, 2H, J = 9.3 Hz), 2.36 (s, 3H), 2.33 (s, 6H), 1.68-1.65
(m, 5H), 1.49-1.46 (d, 2H, J = 9.3 Hz); *C-NMR: 173.37, 156.54, 143.60, 137.69, 137.66, 137.54,
131.95, 130.26, 129.72, 129.49, 129.35, 129.20, 129.13, 128.80, 127.01, 126.60, 125.45, 60.94,
52.62, 29.72, 28.51, 21.26, 19.23; LC-MS/MS: tg 5.95 min, 496.29 (M+H); MS (m/z): 495.85
(M)"; Anal. Caled for C3;H33N308S: C, 75.12; H, 6.71; N, 8.48. Found: C, 74.95; H, 6.87; N, 8.29

%.

1-(2-Trifluoromethylbenzyl)-N-[4,5-bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide a7).
Synthesized as per the general procedure (C) using 2-trifluoromethylbenzyl bromide (0.35 gm)
and N-[4,5-bis(p-tolyl)thiazol-2-yl]|piperidine-4-carboxamide (13) (0.5 gm) to get compound
(17) as a white solid (0.34 gm, 79 %); Mp: 194-196 °C; IR (KBr, cm™): 3159, 3029, 2858, 1685,
1541, 1266, 1312, 1118, 769; "H-NMR: 11.74 (s, 1H), 7.74-7.72 (d, 1H, J = 8.0 Hz), 7.59-7.57 (d,
1H, J = 8.0 Hz), 7.49-7.42 (m, 3H), 7.30-7.25 (m, 3H), 7.15-7.13 (d, 2H, J = 8.0 Hz), 7.11-7.09 (d,
2H, J= 8.0 Hz), 3.49 (s, 2H), 2.64-2.62 (d, 2H, J=8.6 Hz), 2.37 (s, 3H), 2.28 (s, 3H), 1.67-1.58 (m,
4H), 1.54-1.51 (m, 1H), 1.38-1.36 (d, 2H, J = 8.6 Hz); >C-NMR: 173.84, 157.52, 143.44, 138.09,
137.85, 137.77, 137.77, 131.86, 131.77, 130.13, 129.54, 129.04, 128.93, 128.22, 126.61, 126.54,
125.55, 125.50, 58.13, 52.55, 41.94, 28.45, 21.22; LC-MS/MS: tg 7.01 min, 550.23 (M+H); MS
(m/z): 549.80 (M)"; Anal. Calcd for C3;H30F3N30S: C, 67.74; H, 5.50; N, 7.64. Found: C, 67.46;

H, 5.67; N, 7.83 %.

1-(3-Fluorobenzyl)-N-[4,5-bis(p-tolyl)thiazol-2-yl]|piperidine-4-carboxamide (18). Synthesized

as per the general procedure (C) using 3-fluorobenzyl bromide (0.14 ml) and N-[4,5-bis(p-
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tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound (18) as a white solid
(0.37 gm, 75 %); Mp: 165-167 °C; IR (KBr, cm™): 3147, 2926, 2816, 1680 , 1542, 1445, 1263, 814;
'H-NMR: 11.68 (s, 1H), 7.39-7.37 (d, 2H, J= 8.0 Hz), 7.26-7.24 (d, 2H, J = 8.1 Hz), 7.21-7.20 (m,
1H), 7.15-7.13 (d, 2H, J = 8.0 Hz), 7.07-7.05 (d, 2H, J = 8.1 Hz), 6.98-6.95 (m, 2H), 6.88-6.86 (m,
1H), 3.35 (s, 2H), 2.66-2.64 (d, 2H, J = 11.5 Hz), 2.37 (s, 3H), 2.34 (s, 3H), 1.65-1.49 (m, 5H), 1.39-
1.36 (d, 2H, J = 11.5 Hz); “C-NMR: 173.72, 164.12, 161.67, 157.50, 143.37, 141.02, 140.95,
137.86, 131.86, 129.60, 129.33, 129.28, 129.05, 128.90, 126.50, 124.43, 115.76, 113.74, 62.43,
52.22,41.90, 28.27, 21.25; LC-MS/MS: tg 5.93 min, 500.25 (M+H); MS (m/z): 499.47 (M)"; Anal.

Calcd for C;0H30FN3OS: C, 72.12; H, 6.05; N, 8.41. Found: C, 72.35; H, 6.18; N, 8.27 %.

1-(3,5-Difluorobenzyl)-N-[4,5-bis(p-tolyl)thiazol-2-yl]|piperidine-4-carboxamide 19).
Synthesized as per the general procedure (C) using 3,5-difluorobenzyl bromide (0.16 ml) and N-
[4,5-bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound (19) as a
white solid (0.29 gm, 78 %); Mp: 153-155 °C; IR (KBr, cm'l): 3155, 2924, 2806, 1686, 1547,
1452, 1268, 1117, 810; "H-NMR: 11.48 (s, 1H), 7.40-7.38 (d, 2H, J = 8.1 Hz), 7.26-7.24 (d, 2H,
J=28.0 Hz), 7.17-7.13 (d, 2H, J = 8.1 Hz), 7.09-7.07 (d, 2H, J = 8.0 Hz), 6.81-6.77 (m, 2H),
6.67-6.62 (m, 1H), 3.45 (s, 2H), 2.66-2.63 (d, 2H, J = 9.8 Hz), 2.39 (s, 3H), 2.30 (s, 3H), 1.70-
1.54 (m, 5H), 1.43-1.37 (d, 2H, J = 9.8); C-NMR: 173.69, 164.20, 161.74, 157.59, 143.35,
142.92, 142.78, 137.80, 131.87, 130.80, 129.32, 129.02, 128.54, 126.54, 111.16, 102.30, 62.13,
52.26, 41.79, 29.37, 21.28; LC-MS/MS: tg 6.21min, 518.21 (M+H); MS (m/z): 517.10 (M) ;

Anal. Calcd for C30H,9F,N30S: C, 69.61; H, 5.65; N, 8.12; Found: C, 69.74; H, 5.78; N, 8.25 %.

1-(2-Chloro-4-fluorobenzyl)-N-[4,5-bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (20).
Synthesized as per the general procedure (C) using 2-chloro-4-fluorobenzyl bromide (0.27 gm)

and N-[4,5-bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound
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(20) as a white solid (0.45 gm, 89 %); Mp: 178-180 °C; IR (KBr, cm™): 3144, 2926, 2857, 1680,
1543, 1444, 1264, 815; '"H-NMR: 11.16 (s, 1H), 7.40-7.38 (d, 3H, J = 8.1 Hz), 7.26-7.24 (d, 2H, J =
8.0 Hz), 7.15-7.13 (d, 2H, J = 8.0 Hz), 7.09-7.07 (m, 3H), 6.94-6.90 (m, 1H), 3.45 (s, 2H), 2.72-2.70
(d, 2H, J= 9.8 Hz), 2.37 (s, 3H), 2.30 (s, 3H), 1.75-1.67 (m, 7H); *C-NMR: 173.52, 157.15, 143.47,
137.77, 134.59, 134.48, 131.89, 131.59, 131.50, 129.52, 129.33, 129.05, 128.87, 126.58, 116.66,
116.41, 113.94, 113.73, 58.48, 52.34, 42.07, 28.37, 21.25; LC-MS/MS: tg 2.68 min, 534.27
(M+H); MS (m/z): 533.04 (M)"; Anal. Calcd for C3gH,9CIFN;OS: C, 67.46; H, 5.47; N, 7.87;

Found: C, 67.62; H, 5.57; N, 7.81 %.

1-(4-Fluorobenzyl)-/N-[4,5-bis(p-tolyl)thiazol-2-yl]|piperidine-4-carboxamide (21).
Synthesized as per the general procedure (C) using 4-fluorobenzyl bromide (0.20 ml) and N-[4,5-
bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound (21) as a white
solid (0.23 gm, 85 %); Mp: 167-169 °C; IR (KBr, cm™): 3201, 2852, 1675, 1539, 1401, 1190,

809, 655.

1-(2-Chloro-6-fluorobenzyl)-/V-[4,5-bis(p-tolyl)thiazol-2-yl]| piperidine-4-carboxamide (22).
Synthesized as per the general procedure (C) using 2-chloro-6-fluorobenzyl bromide (0.36 gm)
and N-[4,5-bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound
(22) as a white solid (0.35 gm, 85 %); Mp: 194-196 °C; IR (KBr, cm™): 3144, 2930, 2854, 1680,
1543, 1449, 1267, 815; '"H-NMR: 11.35 (s, 1H), 7.35-7.33 (d, 2H, J = 8.0 Hz), 7.26-7.24 (d, 2H,
J=28.0 Hz),7.15-7.13 (d, 4H, J = 8.0 Hz), 7.04-7.02 (d, 2H, J = 8.0 Hz), 6.95-6.91(m, 1H), 3.60
(s, 2H), 2.77-2.74 (d, 2H, J =11.1 Hz), 2.37(s, 3H), 2.29 (s, 3H), 1.77-1.52 (m, 3H), 1.65- 1.62
(m, 2H), 1.42-1.39 (d, 2H, J = 11.1 Hz); "C-NMR: 173.66, 163.31, 160.84, 157.39, 143.39,
137.75, 137.66, 136.73, 136.67, 131.86, 129.49, 129.07, 128.86, 126.45, 125.40, 123.91, 114.01,

113.77, 52.34, 51.87, 41.90, 28.27, 21.25; LC-MS/ MS: tg 2.69 min, 534.27 (M+H); MS (m/z):
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533.24 (M)"; Anal. Calcd for C30HCIFN;OS: C, 67.46; H, 5.47; N, 7.87; Found: C, 67.58; H,

5.34; N, 7.94 %.

1-(4-Cyanobenzyl)-N-[4,5-bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (23).
Synthesized as per the general procedure (C) using 4-cyanobenzyl bromide (0.32 gm) and
N-[4,5-bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound (23) as
a white solid (0.41 gm, 85 %); Mp: 92-94 °C; IR (KBr, cm'l): 3148, 3029, 2924, 2227, 1659,
1559, 1444, 1266, 822; '"H-NMR: 11.46 (bs, 1H), 7.58-7.56 (d, 2H, J = 8.0 Hz), 7.39-7.37 (d,
2H, J= 8.0 Hz), 7.38-7.36 (d, 2H, J = 8.0 Hz), 7.26-7.24 (d, 2H, J = 8.0 Hz), 7.15-7.13 (d, 2H, J
= 8.0 Hz), 7.08-7.06 (d, 2H, J = 8.0 Hz), 3.42 (s, 2H), 2.66-2.64 (d, 2H, J = 8.6 Hz), 2.38 (s, 3H),
2.29 (s, 3H), 1.50-1.44 (m, 5H), 1.50-1.42 (d, 2H, J = 8.6 Hz); “C-NMR: 173.24, 156.83, 143.48,
137.82, 137.77, 132.11, 131.86, 129.54, 129.35, 129.30, 129.23, 129.00, 128.82, 118.90, 116.25,
111.01, 62.44, 52.46, 42.03, 29.72, 28.30, 21.29; LC-MS/MS: tg 5.97 min, 507.24 (M+H); MS
(m/z): 506.92 (M)"; Anal. Calcd for C3;H30N40S: C, 73.49; H, 5.97; N, 11.06; Found: C, 73.24;

H, 5.76; N, 10.83 %.

1-(4-Nitrobenzyl)-N-[4,5-bis(p-tolyl)thiazol-2-yl|piperidine-4-carboxamide (24). Synthesized as
per the general procedure (C) using 4-nitrobenzyl bromide (0.26 gm) and N-[4,5-bis(p-
tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound (24) as a white solid
(0.36 gm, 81 %); Mp: 203-205 °C; IR (KBr, cm™): 3267, 3023, 2858, 1680, 1552, 1448, 1270, 815;
'H-NMR: 11.75 (s, 1H), 8.14-8.12 (d, 2H, J = 8.6 Hz), 7.43-7.38 (d, 4H, J= 8.0 Hz), 7.26-7.24 (d,
2H, J = 8.6 Hz), 7.16-7.14 (d, 2H, J= 8.0 Hz), 7.08-7.06 (d, 2H, J = 8.0 Hz), 3.47 (s, 2H), 2.64-2.62
(d, 2H, J = 6.8 Hz), 2.38 (s, 3H), 2.29 (s, 3H), 1.67-1.62 (m, 4H), 1.54-1.52 (d, 1H, J = 7.7 Hz),
1.42-1.39 (d, 2H, J = 6.8 Hz); >*C-NMR: 173.44, 157.22, 147.13, 146.39, 143.39, 137.86, 137.82,

131.84, 129.56, 129.32, 129.29, 128.97, 128.87, 125.24, 126.61, 123.51, 62.14, 52.42, 41.80, 28.28,
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21.29; LC-MS/MS: tr 6.06 l’l’lil’l; MS (l’l’l/Z)I 527.2 (M+1)+; Anal. Calced for C30H3()N403SI C,

68.42; H, 5.74; N, 10.64; Found: C, 68.73; H, 5.63; N, 10.76 %.

1-(4-Trifluoromethylbenzyl)-/N-[4,5-bis(p-tolyl)thiazol-2-yl]|piperidine-4-carboxamide (25).
Synthesized as per the general procedure (C) using 4-trifluoromethylbenzyl bromide (0.36 gm)
and N-[4,5-bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (13) (0.5 gm) to get compound
(25) as a white solid (0.27 gm, 71 %); Mp: 130-132 °C; IR (KBr, cm™): 3160, 2926, 2823, 1686,
1544, 1446, 1263, 852; 'H-NMR: 11.48 (s, 1H), 7.38-7.36 (d, 2H, J = 8.0 Hz), 7.26-7.24(d, 4H, J
= 8.0 Hz), 7.15-7.10 (d, 4H, J = 8.0 Hz), 7.05-7.03 (d, 2H, J = 8.0 Hz), 3.37 (s, 2H), 2.66-2.64
(d, 2H, J=9.7 Hz), 2.37 (s, 3H), 2.28 (s, 3H), 1.26-1.55 (m, 5H), 1.41-1.39 (m, 2H, J = 9.7 Hz);
BC-NMR: 173.68, 157.47, 148.23, 143.36, 137.79, 136.92, 131.85, 130.18, 129.53, 129.31,
129.26, 129.04, 128.90, 126.50, 120.68, 119.21, 62.10, 52.13, 41.89, 28.27, 21.23; LC-MS/MS:
tr 7.01 min, 500.23 (M+H); MS (m/z): 549.52 (M)+; Anal. Calcd for C3;H30F5N30S: C, 67.74;

H, 5.50; N, 7.64; Found: C, 67.87; H, 5.62; N, 7.56 %.

1-(2-Methylbenzyl)-/V-[4,5-bis(4-chlorophenylthiazol-2-yl|piperidine-4-carboxamide  (26).
Synthesized as per the general procedure (C) using 2-methylbenzyl bromide (0.39 ml) and N-
[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (14) (0.5 gm) to get compound
(26) as a white solid (0.42 gm, 84 %); Mp: 179-181 °C; IR (KBr, cm'l): 3158, 3047, 2927, 1688,
1545, 1297, 825; 'H-NMR: 10.13 (bs, 1H), 7.41-7.38 (d, 2H, J = 8.5 Hz), 7.32-7.30 (d, 2H, J =
8.5 Hz), 7.28-7.26 (d, 4H, J = 8.5 Hz), 7.21-7.19 (d, 1H, J = 6.7 Hz), 7.16-7.12 (m, 3H), 3.39 (s,
2H), 2.84-2.81 (d, 2H, J = 11.2 Hz), 2.33 (s, 3H), 1.99-1.93 (m, 1H), 1.85-1.77 (m, 2H), 1.75-
1.65 (m, 4H); “C-NMR: 173.08, 156.48, 143.29, 137.57, 136.36, 134.15, 134.03, 132.92,

130.72, 130.32, 130.24, 130.12, 129.75, 129.22, 128.81, 127.09, 126.23, 125.48, 60.97, 52.71,
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42,95, 28.54, 19.23; LC-MS/MS: tx 6.04 min; MS (m/z): 535.93 (M)'; Anal. Calcd for

CooH,7C1LbN50S: C, 64.92; H, 5.07; N, 7.83; Found: C, 65.04; H, 5.22; N, 7.75 %.

1-(2-Trifluoromethylbenzyl)-/N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-

carboxamide (27). Synthesized as per the general procedure (C) using
2-trifluoromethylbenzyl bromide (0. 44 ml) and N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]
piperidine-4-carboxamide (14) (0.5 gm) to get compound (27) as a white solid. (0.27 gm, 83 %);
Mp: 162-164 °C; IR (KBr, cm™): 3155, 2927, 2855, 1690, 1540, 1373, 1113, 825; '"H-NMR:
10.62 (s, 1H), 7.75-7.73 (d, 1H, J = 7.8 Hz), 7.61-7.59 (d, 1H, J = 7.8 Hz), 7.51-7.43 (m, 1H),
7.41-7.40 (m, 2H), 7.34-7.24 (m, 7H), 3.56 (s, 2H), 2.79-2.76 (d, 2H, J = 10.64 Hz), 1.89-1.71
(m, 5H), 1.62-1.58 (d, 2H, J = 12.64 Hz); LC-MS/MS: tz 5.30 min; MS (m/z): 589.33 (M)" ;
Anal. Caled for C,3H,4CIFN;OS: C, 58.99; H, 4.10; N, 7.12; Found: C, 59.13; H, 4.32; N, 7.28

%.

1-(3-Fluorobenzyl)-NV-[4,5-bis(4-chlorophenyl)thiazol-2-yl|piperidine-4-carboxamide (28).
Synthesized as per the general procedure (C) using 3-fluorobenzyl bromide (0.52 gm) and N-
[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (14) (0.5 gm) to get compound
(28) as a white solid. (0.30 gm, 90 %); Mp: 166-168 °C; IR (KBr, cm™): 3144, 2925, 2763, 1681,
1547, 1297, 1092, 826; 'H-NMR: 12.25 (bs, 1H), 7.42-7.39 (d, 2H, J = 8.5 Hz), 7.38 (s, 1H),
7.35-7.33(d, 2H, J = 8.5 Hz), 7.29-7.28 (d, 2H, J = 6.5 Hz), 7.27-7.26 (d, 2H, J = 6.5 Hz), 7.18-
7.13 (m, 2H), 7.03-6.99 (m, 1H), 3.78 (s, 2H), 3.02-3.00 (d, 2H, J = 10.8 Hz), 2.64 (s, 1H), 2.00
(bs, 2H), 1.92-1.80 (d, 4H, J = 10.8 Hz); >C-NMR: 173.34, 163.40, 160.97, 156.21, 142.99,
133.22, 132.84, 132.55, 130.69, 129.97, 129.84, 128.88, 128.22, 124.98, 124.48, 115.77, 114.20,
114.00, 60.93, 51.87, 29.01, 27.40; MS (m/z): 539.50 (M)"; Anal. Calcd for C,5H»,CIFN;0S: C,

62.22; H, 4.48; N, 7.77; Found: C, 62.48; H, 4.26; N, 7.89 %.
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1-(3,5-Difluorobenzyl)-N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide

(29). Synthesized as per the general procedure (C) using 3,5-difluorobenzyl bromide (0.35 ml)
and N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (14) (0.5 gm) to get
compound (29) as a white solid (0.42 gm, 88 %). Mp: 196-198 °C; IR (KBr, cm™): 3138, 3023,
2852, 1688, 1534, 1264, 1093, 828. 'H-NMR: 10.35 (bs, 1H), 7.37-7.35 (d, 2H, J = 8.5 Hz),
7.33-7.31 (d, 2H, J = 8.5 Hz), 7.26-7.24 (d, 4H, J = 8.5 Hz ), 7.19-7.17 (m, 2H), 6.99-6.94 (m,
1H), 3.66-3.65 (s, 2H), 2.91-2.88 (d, 2H, J = 11.4 Hz), 2.04-1.94 (m, 2H), 1.76-1.62 (m, 5H);
BC-NMR: 173.41, 163.31, 160.84, 157.61, 142.97, 136.75, 134.21, 132.76, 130.71, 130.17,
129.25, 129.11, 128.92, 126.13, 125.46, 114.05, 113.82, 52.36, 42.38, 29.71, 28.31; MS (m/z):
557.06 (M") ; Anal. Calcd for CosH,3CLF,N30S: C, 60.22; H, 4.15; N, 7.52 10.23; Found: C,

60.05; H, 4.28; N, 7.69 %.

1-(2-Chloro-4-fluorobenzyl)-N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-

carboxamide (30). Synthesized as per the general procedure (C) using 2-chloro-4-fluorobenzyl
bromide (0.61 gm) and N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (14)
(0.5 gm) to get compound (30) as a white solid (0.52 gm, 78 %). Mp: 179-181 °C; IR (KBr, cm”
1: 3155, 2948, 2763, 1686, 1536, 1488, 1262, 1093, 828; 'H-NMR: 10.94 (bs, 1H), 7.42-7.40 (d,
2H, J=8.5 Hz), 7.38 (s, 1H), 7.34-7.31 (d, 2H, J=8.5 Hz ), 7.29-7.25 (d, 4H, J = 8.5 Hz), 7.09-
7.06 (d, 1H, J = 8.4 Hz), 6.96-6.91 (d, 1H, J = 8.4 Hz), 3.47(s, 2H), 2.79-2.77 (d, 2H, J = 8.8
Hz), 1.89-1.70 (m, 4H), 1.55-1.53 (m, 2H), 1.30-1.25 (m, 1H); “C-NMR: 173.20, 164.32,
160.84, 157.28, 143.10, 134.26, 134.20, 132.83, 130.69, 130.18, 130.11, 129.27, 128.92, 126.25,
116.74, 116.50, 114.50, 113.79, 58.52, 52.46, 42.44, 28.40; LC-MS/MS: tg 6.38 min, 574.10
(M+H); MS (m/z): 573.54 (M)+; Anal. Calcd for CogH3CLI3FN3OS: C, 58.49; H, 4.03; N, 7.31;

Found: C, 58.78; H, 3.89; N, 7.23 %.
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1-(2-Cyanobenzyl)-/N-[4,5-bis(4-chlorophenyl)thiazol-2-yl|piperidine-4-carboxamide  (31).
Synthesized as per the general procedure (C) using 2-cyanobenzyl bromide (0.60 gm) and N-
[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (14) (0.5 gm) to get compound
(31) as a white solid (0.31 gm, 85 %); Mp: 196-198 °C; IR (KBr, cm'l): 3249, 3213, 2953, 2923,
2231, 1648, 1544, 1291, 824; 'H-NMR: 10.89 (bs, 1H),7.63-7.61(d, 1H, J = 7.6 Hz), 7.54 7.52
(d, 2H, J = 8.0 Hz), 7.42-7.40 (d, 2H, J = 8.0 Hz), 7.34-7.32 (m, 3H), 7.29-7.27 (d, 4H, J = 8.0
Hz), 3.61 (s, 2H), 2.79-2.76 (d, 2H, J = 10.56 Hz), 1.85-1.68 (m, 5H), 1.57-1.55 (d, 2H, J = 8.6
Hz); "C-NMR: 172.99, 156.79, 143.21, 142.43, 134.21, 134.09, 132.85, 132.67, 130.72, 130.15,
129.87, 129.25, 128.86, 127.60, 126.25, 117.80, 112.84, 60.46, 52.54, 42.51, 29.71, 28.41; LC-
MS/MS: tg 5.72 min; MS (m/z): 546.82 (M)+; Anal. Calcd for CyoH,4C1LN4OS: C, 63.62; H,

4.42; N, 10.23; Found: C, 63.74; H, 4.31; N, 10.18 %.

1-(4-Fluoro-2-trifluoromethylbenzyl)-/NV-[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-

carboxamide (32). Synthesized as per the general procedure (C) using 4-fluoro-2-
trifluoromethylbenzyl bromide (0.35 ml) and N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-
4-carboxamide (14) (0.5 gm) to get compound (32) as a white solid (0.87 gm, 73 %); Mp: 154-

156 °C; IR (KBr, cm™): 3213, 2917, 2754, 2764, 1665, 1578, 1232, 1121, 863.

1-(4-Trifluoromethoxybenzyl)-/NV-[4,5-bis(4-chlorophenyl)thiazol-2-yl]|piperidine-4-

carboxamide (33). Synthesized as per the general procedure (C) using 4-trifluoromethoxybenzyl
bromide (0. 47 ml) and N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (14)
(0.5 gm) to get compounds (33) as a white solid (0.89 gm, 63 %); Mp: 134-136 °C; IR (KBr, cm’
' 3154, 2924, 2853, 2764, 1688, 1540, 1259, 1092, 827; 'H-NMR: 9.92 (bs, 1H), 7.31-7.29 (d,
2H, J = 8.5 Hz), 7.25-7.23 (d, 4H, J = 8.0 Hz), 7.20-7.16 (m, 4H), 7.09-7.07 (d, 2H, J = 8.5 Hz),

3.39 (s, 2H), 2.79-2.76 (d, 2H, J = 11.16 Hz), 2.02-1.97 (m, 1H), 1.85-1.78 (m, 6H); *C-NMR:
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173.14, 157.02, 148.28, 143.13, 136.87, 134.23, 132.81, 130.68, 130.19, 130.16, 130.13, 129.25,
128.87, 126.21, 121.76, 120.78, 119.21, 62.15, 52.43, 42.52, 31.94; LC-MS/MS: tg 2.62 min,
606.13 (M+H); MS (m/z): 607.1(M)+; Anal. Caled for CyoHp4C1LF3N50,S: C, 57.43; H, 3.99; N,

6.93; Found: C, 57.61; H, 3.65; N, 6.82 %.

1-(2-Methylbenzyl)-/V-[4,5-bis(4-methoxyphenyl)thiazol-2-yl|piperidine-4-carboxamide

(34). Synthesized as per the general procedure (C) using 2-methylbenzyl bromide (0. 40 ml) and
N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidine-4-carboxamide (15) (0.5 gm) to get
compound (34) as a white solid (0.65 gm, 54 %); Mp: 158-160 °C; IR (KBr, cm™): 3162, 3010,
2939, 2836, 1664, 1537, 1250, 1176, 836; "H-NMR: 11.11 (bs, 1H), 7.58 (s, 1H), 7.44-7.42 (d,
2H, J = 8.5 Hz), 7.19-7.13 (m, 6H), 6.87-6.82 (m, 3H), 3.92 (s, 3H), 3.78 (s, 3H), 3.34 (s, 2H),
2.73-2.71(d, 2H, J = 5.5 Hz), 2.31 (s, 3H), 1.68-1.63(m, 5H), 1.49 (bs, 2H); *C-NMR: 173.69,
159.29, 159.25, 156.90, 142.92, 137.53, 136.48, 130.74, 130.25, 130.16, 129.72, 127.28, 126.99,
125.55, 125.42,124.34, 114.29, 113.95, 60.93, 55.32, 52.58, 42.44, 28.50, 19.23; LC-MS/MS: tr
5.59 min, 528.23 (M+H); MS (m/z): 527.82 (M)+; Anal. Calcd for C31H33N305S: C, 70.56; H,

6.30; N, 7.96; Found: C, 70.78; H, 6.61; N, 7.87 %.

1-(2-Trifluoromethylbenzyl)-/N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl|piperidine-4-

carboxamide (35). Synthesized as per the general procedure (C) using 2-trifluoromethylbenzyl
bromide (0. 45 ml) and N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidine-4-carboxamide (15)
(0.5 gm) to get compound (35) as a white solid (0.91 gm, 70 %); Mp: 194-196 °C; IR (KBr, cm”
h: 3150, 2949, 2843, 1685, 1540, 1311, 1255, 836; 'H-NMR: 11.32 (bs, 1H), 7.76-7.75 (m, 1H),
7.60-7.56 (m, 2H), 7.51-7.43 (m, 3H), 7.32-7.24 (m, 3H), 6.90-6.81(m, 3H), 3.92(s, 3H), 3.78 (s,
3H), 3.59 (s, 2H) 2.7 (bs, 2H), 1.87-1.84 (m, 4H), 1.49-1.42 (m, 2H), 1.25-0.97 (m, 1H); "*C-

NMR: 173.59, 159.50, 159.30, 157.18, 155.59, 143.66, 134.12, 131.83, 130.74, 130.15, 129.73,
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128.24, 126.83, 125.80, 123.89, 114.32, 113.99, 112.03, 111.92, 56.29, 55.29, 52.65, 42.23,
28.44; LC-MS/MS: tg 2.39 min, 582.18 (M+H); MS (m/z): 581.46 (M)"; Anal. Calcd for

C31H30F3N3058S: C, 64.01; H, 5.20; N, 7.22; Found: C, 64.38; H, 5.29; N, 7.13 %.

1-(3-Fluorobenzyl)-N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl|piperidine-4-carboxamide

(36). Synthesized as per the general procedure (C) using 3-fluorobenzyl bromide (0. 35 ml) and
N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidine-4-carboxamide (15) (0.5 gm) to get
compound (36) as a white solid (0.89 gm, 74 %); Mp: 158-160 °C; IR (KBr, cm™): 3141, 3034,
2929, 1677, 1609, 1539, 1298, 1250, 1032, 832; 'H-NMR: 11.46 (s, 1H), 7.42-7.40 (d, 2H, J =
8.7 Hz), 7.29-7.26 (d, 2H, J= 8.7 Hz), 7.23-7.20 (m, 1H) 7.02-6.99 (m, 2H), 6.97-6.91 (m, 1H),
6.89-6.87 (d, 2H, J = 8.7 Hz), 6.82-6.80 (d, 2H, J = 8.7 Hz), 3.84 (s, 3H), 3.77 (s, 3H), 3.39 (s,
2H), 2.36 (bs, 2H), 1.67 (bs, 5H), 1.47 (bs, 2H); “C-NMR: 173.50, 164.11, 161.67, 159.33,
157.01, 142.84, 130.72, 130.14, 129.64, 129.56, 127.21, 125.58, 124.50, 124.26, 115.83, 115.62,
114.31, 113.95, 62.37, 55.31, 52.26, 42.02, 28.25; LC-MS/MS: tg 5.59 min, 532.22 (M+H); MS
(m/z): 532.3 (M+1) ; Anal. Calcd for C30H30FN305S: C, 67.78; H, 5.69; N, 7.90; Found: C,

67.64; H, 5.95; N, 7.98 %.

1-(3,5-Difluorobenzyl)-N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl|piperidine-4-carboxamide

(37). Synthesized as per the general procedure (C) using 3,5-difluorobenzyl bromide (0.36 ml)
and N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]|piperidine-4-carboxamide (15) (0.5 gm) to get
compound (37) as a white solid (0.97 gm, 80 %); Mp: 175-177 °C; IR (KBr, em™): 3141, 3032,
2929, 1680, 1542, 1251, 1176, 1032, 833; '"H-NMR: 11.45 (s, 1H), 7.45-7.43, (d, 2H, J = 8.7
Hz), 7.29-7.27 (d, 2H, J = 8.7 Hz), 6.89-6.87 (d, 2H, J= 8.7 Hz), 6.82-6.80 (d, 2H, J = 8.7 Hz),
6.79-6.77 (m, 2H), 6.68-6.63 (m, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.34 (s, 2H), 2.68-2.65 (d, 2H, J

= 8.2 Hz), 1.65-1.60 (bs, SH), 1.45-1.43 (d, 2H, J = 8.7 Hz); *C-NMR: 173.35, 164.27, 161.80,
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161.08, 159.36, 157.16, 142.81, 130.72, 130.15, 127.23, 125.61, 124.23, 114.33, 113.98, 111.38,
111.20, 102.58, 102.07, 62.13, 55.31, 52.33, 41.95, 28.29; LC-MS/MS: tg 2.57 min, 550.18
(M+H); MS (m/z): 549.73(M)Jr ; Anal. Calced for C50Hy9FoN303S: C, 65.56; H, 5.32; N, 7.65;

Found: C, 65.73; H, 5.39; N, 7.49 %.

1-(4-Fluorobenzyl)-N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl|piperidine-4-carboxamide

(38). Synthesized as per the general procedure (C) using 4-fluorobenzyl bromide (0. 35 ml) and
N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidine-4-carboxamide (15) (0.5 gm) to get
compound (38) as a white solid (0.95 gm, 79 %); Mp: 124-126 °C; IR (KBr, cm™): 3153, 2939,
2762, 1688, 1541, 1176, 1033, 832; 'H-NMR: 10.95 (s, 1H), 7.34-7.32 (d, 2H, J = 8.5 Hz), 7.21-
7.19 (d, 2H, J = 8.5 Hz), 7.16-7.12 (m, 2H), 6.91-6.87 (m, 2H), 6.81-6.79 (d, 2H, J = 8.5 Hz),
6.75-6.73 (d, 2H, J = 8.5 Hz), 3.71 (s, 6H), 3.32 (s, 2H), 2.66 (bs, 2H), 1.69-1.61 (m, 4H), 1.48
(bs, 3H); PC-NMR: 173.59, 163.28, 160.85, 159.32, 157.04, 142.92, 133.76, 130.78, 130.56,
127.29, 125.65, 124.34, 115.14, 114.93, 114.13, 112.12, 62.22, 55.38, 52.26, 42.22, 29.78; LC-
MS/MS: tg 5.56 min, 532.22 (M+H); MS (m/z): 531.23(M)+; Anal. Calcd for C3oH30FN3O5S: C,

67.78; H, 5.69; N, 7.90; Found: C, 67.43; H, 5.87; N, 7.75 %.

1-(2-Chloro-6-fluorobenzyl)-N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl|piperidine-4-

carboxamide (39). Synthesized as per the general procedure (C) using 2-chloro-6-fluorobenzyl
bromide (0. 40 ml) and N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidine-4-carboxamide (15)
(0.5 gm) to get compound (39) as a white solid (0.8 gm, 62 %); Mp: 187-189 °C; IR (KBr, cm™):
3157, 2931, 2841, 1683, 1539, 1255, 1112, 805; 'H-NMR: 11.08 (bs, 1H), 7.493-7.490 (d, 2H),
7.29-7.16 (m, 2H), 6.84-6.74 (m, 6H), 6.64-6.57(m, 1H), 3.85 (s, 2H), 3.71 (s, 6H), 3.31 (bs,
2H), 2.65 (bs, 3H), 1.18 (bs, 4H) ; MS (m/z): 565.75 (M)"; Anal. Calcd for C30H,sCIFN;05S: C,

63.65; H, 5.16; N, 7.42; Found: C, 63.58; H, 5.29; N, 7.27 %.
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1-(2-Cyanobenzyl)-/V-[4,5-bis(4-methoxyphenyl)thiazol-2-yl|piperidine-4-carboxamide (40).
Synthesized as per the general procedure (C) using 2-cyanobenzyl bromide (0. 55 gm) and N-

[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidine-4-carboxamide (15) (0.5 gm) to get compound
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(40) as a white solid (0.75 gm, 62 %); Mp: 187-189 °C; IR (KBr, cm™): 3228, 3176, 3006, 2953,
13 2219, 1684, 1531, 1290, 1029, 830; 'H-NMR: 11.34 (bs, 1H), 7.61-7.59 (d, 1H, J = 7.6 Hz),
15 7.51-7.49 (d, 2H, J = 8.6 Hz), 7.45-7.42(d, 2H, J = 8.6 Hz), 7.34-7.26 (m, 3H), 6.89-6.87 (d, 2H,
18 J=28.6 Hz), 6.83-6.81 (d, 2H, J = 8.6 Hz), 3.84 (s, 3H), 3.78 (s, 3H), 3.59 (s, 2H), 2.73-2.71 (d,
20 2H, J = 9.72 Hz), 1.78-1.70 (m, 5H), 1.50-1.29 (m, 2H); *C-NMR: 173.31, 159.31, 159.26,
22 156.72, 142.92, 142.52, 132.73, 132.65, 130.73, 130.13, 129.82, 127.48, 127.20, 125.64, 124.21,
25 117.78, 114.31, 113.96, 112.70, 60.39, 55.29, 52.44, 42.13, 29.70, 28.38; LC-MS/MS: tg 6.18
27 min; MS (m/z): 538.44 (M)"; Anal. Calcd for C3;H30N403S: C, 69.12; H, 5.61; N, 10.40; Found:

C, 69.35; H, 5.45; N, 10.63 %.

33 1-(4-Fluoro-2-trifluoromethylbenzyl)-/NV-[4,5-bis(4-methoxyphenyl)thiazol-2-yl|piperidine-

35 4-carboxamide (41). Synthesized as per the general procedure (C) using 4-fluoro-2-
trifluorobenzyl bromide (0. 40 ml) and N-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidine-4-
40 carboxamide (15) (0.5 gm) to obtain compound (41) as a white solid (0.75 gm, 55 %); Mp: 166-
42 168 °C; IR (KBr, cm™): 3145, 3004, 2948, 1682, 1543, 1251, 1038, 834; 'H-NMR: 11.60 (s, 1H),
7.74-7.71 (m, 1H), 7.47-7.45 (d, 2H, J = 8.7 Hz), 7.30-7.24 (m, 3H), 7.20-7.18 (d, 1H, J = 8.3
47 Hz), 6.89-6.87 (d, 2H, J = 8.7 Hz), 6.84-6.82 (d, 2H, J = 8.3 Hz), 3.84 (s, 3H), 3.77 (s, 3H), 3.46
49 (s, 2H), 2.65 (s, 2H), 1.67-1.57 (m, 5H), 1.49 (bs, 2H); C-NMR: 173.56, 162.15, 159.49,
50 157.25, 156.99, 155.60, 142.91, 134.12, 133.70, 132.33, 130.73, 129.72, 127.24, 125.66, 124.23,

54 118.81, 114.22, 113.99, 112.04, 57.53, 55.29, 52.56, 42.13, 28.47; LC-MS/MS: tg 6.83 min,
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600.29 (M+H); MS (m/z): 599.29(M)+; Anal. Calcd for C51H0F4N303S: C, 62.09; H, 4.87; N,

7.01; Found: C, 62.42; H, 4.68; N, 7.23 %.

General procedure D. Synthesis of 1-(substituted benzyl)piperidin-4-yl-4,5-bis(substituted
phenyl)thiazol-2-ylamines (42-52). 1-(Substituted benzyl)-N-[4,5-bis(4-substituted
phenyl)thiazol-2-yl]piperidine-4-caroxamide was dissolved in dry THF under nitrogen
atmosphere. Borane-dimethyl sulfide solution (BH3-DMS) was added to the reaction mixture in
ice-cold conditions and allowed to stirr for overnight. After completion of the reaction, THF was
removed and the reaction mixture was acidified with conc. HCl and the reaction mixture was
refluxed again for 2-3 hrs. The reaction mixture was basified using NaHCO; The title
compounds were extracted by DCM and further purification was carried out by column
chromatography using chloroform and methanol as eluents and silica gel (100-200) as the

adsorbent.

N-[(1-(2-Methylbenzyl)piperidin-4-yl)methyl]-4,5-bis(p-tolyl)thiazol-2-ylamine (42).

Synthesized as per the general procedure (D) using 1-(2-methylbenzyl)-N-[4,5-bis(p-
tolyl)thiazol-2-yl]piperidine-4-carboxamide (16) (1 gm) to get compound (42) as a white solid
(0.87 gm, 89 %); Mp: 142-144 °C; IR (KBr, cm™): 3186, 3023, 2942, 1557, 1271, 819; 'H-NMR:
7.36-7.34 (d, 2H, J = 8.00 Hz), 7.27-7.25 (d, 2H, J = 8.00 Hz), 7.16-7.11 (m, 4H), 7.06-7.04 (d,
4H, J = 8.0 Hz), 5.70 (bs, 1H), 3.44 (s, 2H), 3.09 (s, 2H), 2.90-2.87 (d, 2H, J = 11.8 Hz), 2.34-
2.31 (s, 9H), 2.00-1.94 (m, 3H), 1.71-1.62 (d, 2H, J=11.8 Hz), 1.32-1.25 (t, 2H, J = 11.08 Hz);
BC-NMR: 167.81, 145.73, 137.51, 137.14, 136.71, 132.85, 130.29, 130.17, 129.84, 129.27,
129.16, 128.91, 128.78, 127.12, 125.55, 119.69, 60.99, 53.49, 36.15, 30.16, 21.34, 19.34; MS
(m/z): 481.61 (M+); Anal. Calcd for C3;H3sN5S: C, 77.30; H, 7.32; N, 8.72; Found: C, 77.58; H,

7.13; N, 8.85 %.
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N-[(1-2-Trifluoromethylbenzyl)piperidin-4-yl)methyl]-4,5-bis(p-tolyl)thiazol-2-ylamine

(43). Synthesized as per the general procedure (D) using 1-(2-(trifluoromethyl)benzyl)-N-[4,5-
bis(p-tolyl)thiazol-2-yl]piperidine-4-carboxamide (17) (1 gm) to get compound (43) as a white
solid (0.65 gm, 67 %); Mp: 142-144 °C; IR (KBr, cm'l) : 3200, 3023, 2957, 1584, 1313, 1161,
1109, 818; 'H-NMR: 7.81-7.80 (d, 1H, J =7.7 Hz), 7.62-7.60 (d, 2H, J = 7.7 Hz), 7.53-7.49 (m,
1H), 7.36-7.29 (m, 3H), 7.17-7.15 (d, 2H, J = 8.1 Hz), 7.06-7.04 (d, 4H, J = 8.1 Hz), 3.64 (s,
2H), 3.17-3.15 (d, 2H, J = 6.28 Hz), 2.89-2.86 (d, 2H, J =11.4 Hz), 2.32-2.28 (s, 6H), 2.09-2.03
(m, 2H), 1.74-1.67 (m, 5H) ; MS (m/z): 536.10 (M) ; Anal. Calcd for C3;H3,F3N3S: C, 69.51; H,

6.02; N, 7.84; Found: C, 69.67; H, 6.11; N, 7.74 %.

N-[(1-(3,5-Difluorobenzyl)piperidin-4-yl)methyl|-4,5-bis(p-tolyl)thiazol-2-ylamine (44).

Synthesized as per the general procedure (D) using 1-(3,5-difluorobenzyl)-N-[4,5-bis(p-
tolyl)thiazol-2-yl]piperidine-4-carboxamide (19) (1 gm) to get compound (44) as a white solid
(0.85 gm, 88 %); Mp: 152-154 °C; IR (KBr, cm™): 3198, 2925, 2856, 1583, 1459, 1331, 1117,
851; 'TH-NMR: 7.29-7.27 (d, 2H, J = 7.6 Hz), 7.08-7.06 (d, 2H, J = 7.6 Hz), 6.99-6.95 (d, 4H, J =
7.6 Hz), 6.77-6.76 (d, 2H, J = 6.5 Hz), 6.60-6.56 (m, 1H), 6.20 (bs, 1H), 3.33 (s, 2H), 2.95 (s,
2H), 2.73-2.70 (d, 2H, J = 12.0 Hz), 2.23 (s, 6H), 1.85-1.79 (m, 2H), 1.59-1.56 (d, 2H, J=12.0
Hz), 1.18-1.10 (m, 3H); “C-NMR: 167.97, 164.29, 161.83, 145.69, 143.35, 137.11, 136.63,
132.86, 130.10, 129.21, 128.89, 119.40, 111.39, 111.21, 102.49, 101.98, 62.36, 53.32, 52.16,
35.85, 30.01, 21.29; LC-MS/MS: tg 2.61 min, 504.20 (M+H); MS (m/z): 503.84 (M"); Anal.

Calcd for C30H31F3N3S: C, 71.54; H, 6.20; N, 8.34; Found: C, 71.48; H, 6.35; N, 8.45 %.

N-[(1-(4-Fluorobenzyl)piperidin-4-yl)methyl]-4,5-bis(p-tolyl)thiazol-2-ylamine (45).
Synthesized as per the general procedure (D) using 1-(4-fluorobenzyl)-N-[4,5-bis(p-tolyl)thiazol-

2-yl]piperidine-4-carboxamide (21) (1 gm) to get compound (45) as a white solid (0.76 gm, 78
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%); Mp: 178-180 °C; IR (KBr, cm™): 3196, 3091, 2818, 2791, 1582, 1425, 1330, 818; '"H-NMR:
7.36-7.34 (d, 2H, J = 8.1 Hz), 7.26-7.24 (m, 2H), 7.15-7.14 (d, 2H, J = 8.1 Hz), 7.06-7.04 (d, 4H,
J=28.1 Hz), 7.01-6.96 (m, 2H), 5.58 (s, 1H), 3.45 (s, 2H), 3.13-3.10 (m, 2H), 2.88-2.86 (d, 2H, J
=12.0 Hz), 2.35-2.28 (s, 6H), 1.91-1.90 (m, 3H), 1.64-1.62 (d, 2H, J = 12.0 Hz), 1.36-1.25 (m,
2H); PC-NMR: 166.02, 144.65, 136.19, 135.97, 132.76, 130.35, 129.96, 129.01, 128.67, 128.36,
128.31, 117.73, 114.73, 114.52, 61.45, 52.76, 40.20, 39.37, 38.95, 29.61, 20.78; MS (m/z):
485.01(M)"; Anal. Calcd for C30H3,FN3S: C, 74.19; H, 6.64; N, 8.65; Found: C, 74.05; H, 6.56;

N, 8.57 %.

N-[(1-(2-Methylbenzyl)piperidin-4-yl)methyl]-4,5-bis(4-chlorophenyl)thiazol-2-ylamine

(46). Synthesized as per the general procedure (D) using 1-(2-methylbenzyl)-N-[4,5-bis(4-
chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (26) (1 gm) to get compound (46) as a white
solid (0.75 gm, 77 %); Mp: 155-157 °C; IR (KBr, cm'l): 3200, 2919, 2799, 2756, 1580, 1330,
1092, 824; '"H-NMR: 7.39-7.36 (m, 2H), 7.26-7.21 (m, 5H), 7.18-7.13 (m, 5H), 5.53 (bs, 1H),
3.44 (s, 2H), 3.15- 3.12 (t, 2H, J=12.1 Hz ), 2.91-2.89 (d, 2H, J = 11.3 Hz), 2.35 (s, 3H), 2.01-
1.96 (t, 2H, J = 11.1 Hz), 1.70-1.64 (m, 2H), 1.35-1.25 (m, 3H); “C-NMR: 167.90, 145.26,
137.44, 133.57, 133.50, 133.05, 131.09, 130.44, 130.24, 130.21, 129.79, 128.87, 128.48, 127.02,
125.50, 119.16, 60.82, 53.35, 51.97, 36.08, 30.02, 19.27; LC-MS/MS: tg 6.04 min, 522.15
(M+H); MS (m/z): 521.86 (M)"; Anal. Calcd for CooHxCLN;3S: C, 66.66; H, 5.59; N, 8.04;

Found: C, 66.42; H, 5.66; N, 8.22 %.

N-[(1-(3,5-Difluorobenzyl)piperidin-4-yl)methyl]-4,5-bis(4-chlorophenyl)thiazol-2-ylamine
(47). Synthesized as per the general procedure (D) using 1-(3,5-difluorobenzyl)-N-[4,5-bis(4-
chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (29) (1 gm) to get compound (47) as a white

solid (0.79 gm, 79 %); Mp: 134-136 °C; IR (KBr, cm™): 3195, 3087, 2924, 2845, 1543, 1331,
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1091, 824; "H-NMR: 7.38-7.35 (m, 2H), 7.26- 7.14 (m, 8H), 7.00-6.95 (m, 1H), 5.53 (s, 1H),
3.70 (s, 2H), 3.14-3.11 (t, 2H, J = 10.8 Hz), 2.99-2.96 (d, 2H, J = 11.5 Hz), 2.17-2.13 (m, 2H),
1.74-1.71 (d, 2H, J = 12.0 Hz), 1.37-1.27 (m, 3H); LC-MS/MS: tg 2.47 min, 545.36 (M+H); MS
(m/z): 544.32 (M)"; Anal. Calcd for C,sH,sCLN;3S: C, 61.76; H, 4.63; N, 7.72; Found: C, 61.94;

H, 4.89; N, 8.02 %.

N-[(1-(2-Chloro-4-fluorobenzyl)piperidin-4-yl)methyl]-4,5-bis(4-chlorophenyl)thiazol-2-

ylamine (48). Synthesized as per the general procedure (D) using 1-(2-chloro-4-fluorobenzyl)-N-
[4,5-bis(4-chlorophenyl)thiazol-2-yl]piperidine-4-carboxamide (30) (1 gm) to get compound (48)
as a white solid (0.76 gm, 78 %); Mp: 134-136 °C; IR (KBr, cm™): 3198, 3091, 2940, 1579,
1490, 1327, 1046, 819; 'H-NMR: 7.93-7.90 (m, 1H), 7.43-7.39 (m, 2H), 7.28-7.23 (m, 4H),
7.22-7.19 (m, 2H), 7.16-7.15 (m, 1H), 6.96-6.93 (m, 1H), 5.62 (bs, 1H), 3.57 (s, 2H), 3.16-3.14
(m, 2H), 2.93-2.90 (d, 2H, J=11.2 Hz), 2.17-2.08 (m, 2H), 1.76-1.69 (d, 2H, J = 12.8 Hz), 1.66-
1.64 (m, 1H), 1.37-1.36 (m, 2H); LC-MS/MS: tg 2.66 min, 562.08 (M+H); MS (m/z): 560.2
(M+1); Anal. Calcd for C,3H,5CI3FN3S: C, 59.95; H, 4.49; N, 7.49; Found: C, 59.78; H, 4.57; N,

7.63 %.

N-[(1-(4-Fluoro-2-trifluoromethylbenzyl)piperidin-4-yl)methyl]-4,5-
bis(4chlorophenyl)thiazol-2-ylamine (49). Synthesized as per the general procedure (D) using
N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]-1-(4-fluoro-2-trifluoromethylbenzyl)piperidine-4-
carboxamide (32) (1 gm) to get compound (49) as a white solid (0.94 gm, 91 %); Mp: 172-174
°C; IR (KBr, cm™): 3221, 3191, 2838, 1556, 1494, 1327, 2144, 1046, 836; 'H-NMR: 7.79-7.76
(m, 1H), 7.39-7.36 (m, 2H), 7.33-7.30 (d, 1H), 7.26-7.20 (m, 5H), 7.18-7.15 (m, 2H), 5.61 (bs,
1H), 3.58 (s, 2H), 3.17-3.14 (t, 2H, J = 9.5 Hz), 2.85-2.82 (d, 2H, J = 11.5 Hz), 2.17-2.08 (t, 2H,

J =115 Hz), 1.75-1.72 (d, 2H, J = 12.5 Hz), 1.43-1.27 (m, 3H); *C-NMR: 168.14, 162.13,
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145.30, 134.03, 133.66, 133.56, 133.06, 131.09, 130.59, 130.26, 129.82, 128.96, 128.53, 124.42,
122.21, 119.07, 118.71, 113.22, 57.75, 53.38, 52.09, 35.95, 29.71; LC-MS/MS: tg 2.93 min,
594.12 (M+H); Anal. Calcd for Cy9H»sCI,F4N3S: C, 58.59; H, 4.24; N, 7.07; Found: C, 58.47; H,

4.17; N, 7.23 %.

N-[(1-(2-Methylbenzyl)piperidin-4-yl)methyl]-4,5-bis(4-methoxyphenyl)thiazol-2-ylamine

(50). Synthesized as per the general procedure (D) using 1-(2-methylbenzyl)-N-[4,5-bis(4-
methoxyphenyl)thiazol-2-yl]piperidine-4-carboxamide (34) (1 gm) to get compound (50) as a
white solid (0.86 gm, 88 %); Mp: 138-140 °C; IR (KBr, cm™): 3200, 2957, 2900, 1579, 1456,
1295, 1243, 1035, 829; 'H-NMR: 7.40-7.38 (m, 2H), 7.20-7.19 (m, 2H), 7.18-7.17 (m, 4H),
6.81-6.75 (m, 4H), 5.49 (s, 1H), 3.79 (s, 3H), 3.78 (s, 3H) 3.44 (s, 2H), 3.12 (bs, 2H), 2.91-2.88
(d, 2H, J = 11.4 Hz), 2.35 (s, 3H), 2.04-1.98 (m, 2H), 1.71-1.67 (m, 2H), 1.36-1.22 (m, 3H); "*C-
NMR: 167.49, 158.82, 144.93, 137.40, 136.67, 133.82, 130.49, 130.18, 129.71, 129.48, 128.65,
128.18, 126.89, 125.44, 118.67, 113.95, 111.74, 60.92, 55.22, 53.43, 52.09, 36.09, 30.13, 19.25;
LC-MS/MS: tg 2.51 min, 514.21(M+H); MS (m/z) : 513.62 (M)+; Anal. Calced for C31H35N30,S:

C, 72.48; H, 6.87; N, 8.18; Found: C, 72.73; H, 6.39; N, 8.32 %.

N-[(1-(2-Trifluoromethylbenzyl)piperidin-4-yl)methyl]-4,5-bis(4-methoxyphenyl)thiazol-2-

ylamine (51). Synthesized as per the general procedure (D) using 1-(2-trifluoromethylbenzyl)-N-
[4,5-bis(4-methoxyphenyl]thiazol-2-yl]piperidine-4-carboxamide (35) (1 gm) to get compound
(51) as a white solid (0.89 gm, 91 %); Mp: 179-181 °C; IR (KBr, cm™): 3207, 2998, 2842, 1583,
1313, 1221, 836; '"H-NMR: 7.81-7.79 (d, 1H, J = 7.8 Hz), 7.62-7.60 (d, 1H, J = 7.7 Hz), 7.53-
7.49 (m, 2H), 7.41-7.37 (m, 2H), 7.33-7.26 (m, 1H), 7.15-7.13 (m, 1H), 6.82-6.76 (m, 4H), 5.70
(s, 1H), 3.89 (s, 3H), 3.79(s, 3H), 3.64 (s, 2H), 3.15-3.13 (m, 2Hz), 2.88-2.85 (d, 2H, J=11.4

Hz), 2.07-2.20 (m, 2H), 1.75-1.67 (m, 3H), 1.42-1.25 (m, 2H); C-NMR: 167.64, 159.09,
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154.85, 145.82, 133.90, 131.74, 130.20, 129.61, 128.61, 128.31, 127.75, 126.96, 125.66, 116.95,
114.01, 113.66, 111.83, 67.92, 58.30, 56.25, 55.25, 35.97, 30.14; LC-MS/MS: tg 2.58 min,
568.22 (M+H); MS (m/z): 568.4(M+1); Anal. Calcd for C;;H3,F3N3S: C, 65.59; H, 5.68; N,

7.40; Found: C, 65.76; H, 5.49; N, 7.23 %.

N-[(1-(2-Chloro-6-fluorobenzyl)piperidin-4-yl)methyl]-4,5-bis(4-methoxyphenyl)thiazol-2-

ylamine (52). Synthesized as per the general procedure (D) using 1-(2-chloro-6-fluorobenzyl)-/N-
[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidine-4-carboxamide (39) (1 gm) to get compound
(52) as a white solid (0.85 gm, 84 %); Mp: 145-147 °C; IR (KBr, cm™): 3206, 3099, 2929, 2799,
1596, 1506, 1250, 1113, 836; "H-NMR: 7.49-7.48 (d, 1H), 7.39-7.37 (m, 2H), 7.13-7.12 (m, 1H),
6.88-6.87 (d, 2H, J = 6.2 Hz), 6.81-6.76 (m, 4H), 6.70-6.65 (m, 1H), 5.68 (s, 1H), 3.89-3.88 (s,
3H), 3.79-3.78 (s, 3H), 3.47 (s, 2H), 3.16-3.14 (d, 2H, J = 5.9 Hz), 2.90-2.84 (d, 2H, J = 12.2
Hz), 2.03-1.98 (m, 2H), 1.77-1.74 (d, 2H, J = 12.2 Hz), 1.64-1.61 (m, 3H); MS (m/z): 551.29
(M)"; Anal. Calcd for C30H3CIFN30,S: C, 65.26; H, 5.66; N, 7.61; Found: C, 65.08; H, 5.73; N,

7.93 %.

General procedure E. Synthesis of 1-(substituted benzyl)piperidine-4-carboxamides'®  (60-
65). To a solution of 4-piperidinecarboxamide (53) (2 gm, 1.28 mM) in methanol, potassium
carbonate (4.3 gm, 2.56 mM) and substituted benzyl bromide (54-59) was added and the reaction
mixture was refluxed for 5-6 hrs. Solvent was distilled off and addition of crushed ice to the
residue led to formation of white colored precipitates of 1-(substituted benzyl)piperidine-4-

carboxamides (60-65).
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1-Benzylpiperidine-4-carboxamide (60). Synthesized as per the general procedure (E) using
benzyl bromide (54) (0.89 ml) to get compound (60) as a white solid (0.89 gm, 85 %); Mp: 161-

163 °C (Lit' Mp: 162 °C); IR (KBr, cm’™"): 3348, 2946, 2756, 1635, 1463, 1043, 810.

1-(4-Methylbenzyl)piperidine-4-carboxamide (61). Synthesized as per the general procedure
(E) using 4-methylbenzyl bromide (55) (0.64 ml) to get compound (61) as a white solid (3 gm,
83 %); Mp: 169-170 °C; IR (KBr, cm™): 3342, 3170, 2921, 1630, 1430, 1145; MS (m/z): 232.01

(M)".

1-(4-Methoxybenzyl)piperidine-4-carboxamide (62). Synthesized as per the general procedure
(E) using 4-methoxybenzyl bromide (56) (1.05 ml) to get compound (62) as a white solid (2.9
gm, 75 %); Mp: 144-146 °C; IR (KBr, cm™): 3343, 3160, 3012, 2790, 1636, 1511, 1245, 814;

MS (m/z): 248.92 (M)".

1-(2-Chloro-4-flurobenzyl)piperidine-4-carboxamide (63). Synthesized as per the general
procedure (E) using 2-chloro-4-fluorobenzyl bromide (57) (1.6 gm) to get compound (63) as a
white solid (3.2 gm, 76 %); Mp: 156-157 °C; IR (KBr, cm'l): 3381, 3188, 2938, 1654, 1491,

1041; MS (m/z): 270.19 (M)".

1-(4-Cyanobenzyl)piperidine-4-carboxamide (64). Synthesized as per the general procedure
(E) using 4-cyanobenzyl bromide (58) (1.53 ml) to get compound (64) as a white solid (3.21 gm,
85 %); Mp: 162-164 °C; IR (KBr, cm™): 3445, 3197, 2943, 2224, 1673, 1503, 1045; MS (m/z):

243.94 (M)".

1-(4-Trifluoromethylbenzyl)piperidine-4-carboxamide (65). Synthesized as per the general

procedure (E) using 4-trifluoromethylbenzyl bromide (59) (1.20 ml) to get compound (65) as a
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white solid (4.2 gm, 93 %); Mp: 132-134 °C; IR (KBr, cm™): 3334, 3163, 2949, 2793, 1636,

1439, 1247, 932, 830; MS (m/z): 286.46 (M)".

General procedure F. Synthesis of 1-(substituted benzyl)piperidin-4-ylthi0urea104’ 106 (66-
71). A solution of bis(trifluoroacetoxy)iodobenzene (2.07 gm, 4.82 mM ) in acetonitrile (8 ml)
and water (4 ml) was added to 1-(substituted benzyl)piperidine-4-carboxamide (60-65). This
mixture was heated overnight at 65 °C. After addition of water (10 ml) the mixture was cooled in
an ice bath. Conc HCI (2 ml) was added and the mixture was washed twice with diethyl ether.
The aqueous layer was concentrated in vacuo, and the residue was dissolved in water (40 ml).
The resulting solution was saturated with solid potassium carbonate and the resulting mixture
was extracted with dichloromethane. The combined organic extract was dried over anhydrous
sodium sulfate, filtered and concentrated in vacuo to get a yellow coloured oil of the amine. The
amine was dissolved in dry dichloromethane and benzoyl isothiocyanate (0.72 ml, 4.11 mM) was
added to this solution. The reaction mixture was stirred overnight at room temperature, the
solvent removed and the residue so obtained was dissolved in THF/IN sodium hydroxide (1:1)
and refluxed for 5 hr. The organic solvent was removed under reduced pressure to get the desired

thioureas.

1-(Benzylpiperidin-4-yl)thiourea (66). Synthesized as per the general procedure (F) using 1-
benzylpiperidine-4-carboxamide (60) (1 gm) to get compound (66) as a brown solid (0.64 gm,

58 %); Mp: 124-126 °C; IR (KBr, cm™): 3406, 3195, 1620, 1440, 795.

1-(4-Methylbenzyl)piperidin-4-ylthiourea (67). Synthesized as per the general procedure (F)
using 1-(4-methylbenzyl)piperidine-4-carboxamide (61) (1 gm) to get compound (67) as a brown

solid (0.78 gm, 71 %); Mp: 130-132 °C; IR (KBr, cm’"): 3298, 3181, 2940, 1630, 1566, 1437.
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1-(4-Methoxybenzyl)piperidin-4-ylthiourea (68). Synthesized as per the general procedure (F)
using 1-(4-methoxybenzyl)piperidine-4-carboxamide (62) (1 gm) to get compound (68) as a
white solid (0.89 gm, 79 %); Mp: 144-146 °C; IR (KBr, cm™): 3394, 3296, 2939, 1630, 1565,

1437, 1102.

1-(2-Chloro-4-fluorobenzyl)piperidin-4-ylthiourea (69). Synthesized as per the general
procedure (F) using 1-(2-choro-4-flurobenzyl)piperidine-4-carboxamide (63) (1 gm) to get
compound (69) as a white solid (0.77 gm, 71 %); Mp: 114-116 °C; IR (KBr, cm™): 3405, 3293,

2825, 1627, 1491, 840; MS (m/z): 301.17 (M)".

1-(4-Cyanobenzyl)piperidin-4-ylthiourea (70). Synthesized as per the general procedure (F)
using 1-(4-cyanobenzyl)piperidine-4-carboxamide (64) (1 gm) to get compound (70) as a white
solid (0.86 gm, 76 %); Mp: 151-153 °C; IR (KBr, cm™): 3405, 3163, 2230, 1686, 1564, 977; MS

(m/z): 274.90 (M)".

1-(4-Trifluoromethylbenzyl)piperidin-4-ylthiourea (71). Synthesized as per the general
procedure (F) using 1-(4-trifluoromethylbenzyl)piperidine-4-carboxamide (65) (1 gm) to get
compound (71) as a semisolid (0.76 gm, 69 %); IR (KBr, cm'l) 1 3394, 3296, 2939, 1630, 1565,

1437, 1102, 830.

General procedure G. Synthesis of 1-(substituted benzyl)-/V-[4,5-bis(4-substituted
phenyl)thiazol-2-yl]piperidin-4-ylamine (73-82). Substituted 2-bromo-1,2-diphenyethanone'*”
108 (72a-¢) (1 gm 3.29 mM) was dissolved in sufficient quantity of methanol in a 25 ml round
bottom flask. 1-(Substituted benzyl)piperidin-4ylthiourea (66-71) (3.95 mM) and 3-4 drops of
water were added into the reaction mixture and refluxed for 4-6 hrs. The reaction was monitored

by TLC. After completion of the reaction, the reaction mixture was poured onto ice-cold water
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and the resulting solution was basified with ammonia. The product so precipitated was filtered,
dried and purified using column chromatograph using n-hexane: ethyl acetate (30 %) as the

eluent.

1-Benzyl-N-[4,5-bis(p-tolyl)thiazol-2-yl]|piperidin-4-ylamine (73). Synthesized as per the
general procedure (G) using 1-benzylpiperidin-4-ylthiourea (66) (0.98 gm) and 2-bromo-1,2-
bis(p-tolyl)ethanone (72a) (0.5 gm) to get compound (73) as a white solid (1.2 gm, 85 %);
Mp: 158-160 °C; IR (KBr, cm™): 3396, 3197, 2944, 1534, 1208, 818; 'H-NMR: 7.29-7.27 (d,
2H), 7.23-7.21 (d, 2H), 7.19-7.15 (m, 2H), 7.09-7.07 (m, 3H), 6.97-6.95 (m, 4H), 5.21-5.19 (d,
1H, J=6.76 Hz), 3.42 (s, 2H), 3.30 (bs, 1H), 2.74-2.71 (d, 2H, J = 11.68 Hz), 2.33 (s, 3H), 2.22
(s, 3H), 2.11-2.06 (t, 2H, J = 10.48 Hz), 2.02-1.99 (d, 2H, J = 12.48 Hz), 1.54-1.49 (m, 2H); "°C-
NMR: 165.91, 145.61, 138.19, 137.08, 136.76, 132.71, 130.10, 129.25, 129.18, 128.84, 128.80,
128.28, 127.13, 119.93, 63.68, 52.96, 51.97, 32.20, 21.30, 21.23; LC-MS/MS: tg 2.57 min,
454.21 (M+H); MS (m/z): 453.05 (M)"; Anal. Calcd for C,0H3N3S: C, 76.78; H, 6.89; N, 9.26;

Found: C, 76.64; H, 6.76; N, 9.35 %.

4-Methylbenzyl-N-[4,5-bis(p-tolyl)thiazol-2yl]|piperidin-4-ylamine (74). Synthesized as per
the general procedure (G) using 1-(4-methylbenzyl)piperidin-4ylthiourea (67) (0.86 gm) and 2-
bromo-1,2-bis(p-tolyl)ethanone (72a) (0.5 gm) to get compound (74) as a white solid (0.98 gm,
63 %); Mp: 179-181 °C; IR (KBr, cm™): 3201, 2918, 2849, 1553, 1209, 818; 'H-NMR: 7.37-7.35
(d, 2H, J = 8.0 Hz), 7.19-717 (d, 2H, J = 8.0 Hz), 7.17-7.15 (d, 2H, J= 8.0 Hz), 7.13-7.11 (d,
2H, J = 8.0 Hz), 7.05-7.03 (d, 4H, J = 8.0 Hz), 5.17-5.15 (d, 1H, J = 7.5 Hz), 3.47 (s, 2H), 3.38
(bs, 1H), 2.81-2.78 (d, 2H, J = 11.4 Hz), 2.33 (s, 3H), 2.31 (s, 6H), 2.18-2.13 (m, 2H), 2.10-2,07
(d, 2H, J = 12.9 Hz), 1.62-1.54 (m, 2H); C-NMR: 165.84, 145.63, 137.06, 136.75, 135.01,

132.71, 130.10, 129.19, 128.95, 128.82, 119.96, 62.79, 52.96, 51.88, 32.23, 29.73, 14.15; LC-
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MS/MS: tr 5.97 min, 468.29 (M+H); MS (m/z): 467.17 (M)"; Anal. Calcd for C30H33N3S: C,

77.05; H, 7.11; N, 8.99; Found: C, 77.14; H, 7.26; N, 8.86 %.

1-Benzyl-N-[4,5-bis(4-chlorophenyl)thiazol-2-yl]|piperidin-4-ylamine (75). Synthesized as per
the general procedure (G) using 1-benzylpiperidin-4-ylthiourea (66) (0.87gm) and 2-bromo-1,2-
bis(4-chlorophenyl)ethanone (72b) (0.5 gm) to get compound (75) as a white solid (1.22 gm, 85
%); Mp: 169-171 °C; IR (KBr, cm™): 3394, 3191, 2934, 1560, 1330, 1089; '"H-NMR: & 7.32-
7.31 (m, 3H), 7.25-7.23 (m, 2H), 7.17-7.14 (m, 6H), 7.08-7.07 (m, 2H), 5.18-5.16 (d, 1H, J=7.2
Hz), 3.46 (s, 2H), 3.32 (bs, 1H), 2.78-2.75 (d, 2H, J = 11.6 Hz), 2.15-2.09 (t, 2H, J = 10.6 Hz),
2.05-2.01 (d, 2H, J = 13.5 Hz), 1.58-1.49 (m, 2H); "C-NMR: 166.30, 145.22, 138.00, 133.57,
133.51, 133.12, 131.11, 130.51, 130.23, 129.19, 128.92, 128.49, 128.30, 127.19, 119.30, 63.04,
51.90, 32.12; LC-MS/MS: tg 2.53 min, 494.12 (M+H); MS (m/z): 494.62 (M)"; Anal. Calcd for

Cy7Hy5CLN3S: C, 65.58; H, 5.10; N, 8.50; Found: C, 65.41; H, 5.34; N, 8.57 %.

4-Methylbenzyl-/V-[4,5-bis(4-chlorophenyl)thiazol-2-yl|piperidin-4-ylamine (76).
Synthesized as per the general procedure (G) using 1-(4-methylbenzyl)piperidin-4-ylthiourea
(67) (0.91 gm) and 2-bromo-1,2-bis(4-chlorophenyl)ethanone (72b) (0.5 gm) to get compound
(76) as a white solid (1.15 gm, 78 %); Mp: 182-184 °C; IR (KBr, cm'l): 3182, 2919, 2827, 1551,
1090, 826; 'H-NMR: 7.38-7.36 (d, 2H, J = 8.5 Hz), 7.25-7.23 (m, 5H), 7.22-7.20 (d, 2H, J = 8.2
Hz), 7.14-7.12 (m, 3H), 5.22-5.20 (d, 1H, J = 7.9 Hz), 3.49 (s, 2H), 3.39-3.37 (bs, 1H), 2.83-2.80
(d ,2H, J = 11.5 Hz), 2.34 (s, 3H), 2.19-2.14 (m, 2H), 2.11-2,07 (d, 2H, J = 12.8 Hz), 1.63-1.55
(m, 2H); PC-NMR: 166.29, 145.25, 136.79, 134.88, 133.60, 133.50, 133.12, 131.14, 130.51,
130.22, 129.17, 128.96, 128.91, 128.47, 119.30, 62.75, 53.05, 32.14, 29.72, 21.13; LC-MS/MS:
tr 2.56 min, 508.12 (M+H); MS (m/z): 507.15 (M)+; Anal. Calcd for CogH,7CILN3S: C, 66.13; H,

5.35; N, 8.26; Found: C, 66.02; H, 5.71; N, 8.42 %.
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4-Methoxybenzyl-/V-[4,5-bis(4-chlorophenyl)thiazol-2-yl]|piperidin-4-ylamine an.
Synthesized as per the general procedure (G) using 1-(4-methoxybenzyl)piperidin-4-yl thiourea
(68) (0.97 gm) and 2-bromo-1,2-bis(4-chlorophenyl)ethanone (72b) (0.5 gm) to get compound
(77) as a white solid (1.20 gm, 79 %); Mp: 138-140 °C; IR (KBr, cm™): 3398, 3207, 2928, 1565,
1242, 1088; 'H-NMR: 7.49-7.47 (d, 2H, J = 7.8 Hz), 7.25-7.21 (m, 6H), 7.15-7.14 (d, 2H), 6.87-
6.85 (d, 2H, J = 8.5 Hz), 5.27 (bs, 1H), 3.80 (s, 3H), 3.49-3.47 (s, 2H), 3.40 (bs, 1H), 2,85-2.83
(d ,2H, J=11.4 Hz), 2.21-2.16 (m, 2H), 2.12-2.09 (d, 2H, J = 12.8 Hz), 1.66-1.58 (m, 2H); LC-
MS/MS: tg 2.59 min, 524.10 (M+H); MS (m/z): 523.13 (M)+; Anal. Calcd for C,3H>7CILN30S:

C, 64.12; H, 5.19; N, 8.01; Found: C, 64.38; H, 5.10; N, 7.94 %.

4-Cyanobenzyl-N-[4,5-bis(4-chlorophenyl)thiazol-2-yl|piperidin-4-ylamine (78). Synthesized
as per the general procedure (G) using 1-(4-cyanobenzyl)piperidin-4-ylthiourea (70) (0.97 gm)
and 2-bromo-1,2-bis(4-chlorophenyl)ethanone (72b) (0.5 gm) to get compound (78) as a white
solid (1.13 gm, 75 %); Mp: 166-168 °C; IR (KBr, cm™): 3394, 3352, 2921, 2222, 1598, 1541,
1090; "H-NMR: 7.62-7.60 (d, 2H, J = 8.3 Hz), 7.46-7.44 (d, 2H, J = 8.1Hz), 7.38-7.36 (d, 2H, J
= 8.3 Hz), 7.26-7.24 (d, 2H, J = 8.1 Hz), 7.23-7.21 (d, 2H, J = 8.1 Hz), 7.17-7.15 (d, 2H, J =
8.3Hz), 5,36 (bs, 1H), 3.57 (s, 2H), 3.43 (bs, 1H), 2.82-2.79 (d, 2H, J =11.6 Hz), 2,26-2.24 (m
,2H), 2.11-2.08 (m, 2H), 1.67-1.59 (m, 2H); LC-MS/MS: tg 2.68 min, 521.22 (M+H); MS (m/z):
519.84 (M)"; Anal. Calcd for CysHp4CI,N4S: C, 64.74; H, 4.66; N, 10.79; Found: C, 64.63; H,

4.38; N, 10.92 %.

1-(2-Chloro-4-fluorobenzyl)-/N-[4,5-bis(4-chlorophenyl)thiazol-2-yl|piperidin-4-ylamine
(79). Synthesized as per the general procedure (G) using 1-(2-chloro-4-fluorobenzyl) piperidin-
4-ylthiourea (69) (1.05 gm) and 2-bromo-1,2-bis(4-chlorophenyl)ethanone (72b) (0.5 gm) to get

compound (79) as a white solid (1.25 gm, 79 %); Mp: 151-153 °C; IR (KBr, cm-1): 3210, 2925,
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2852, 1601, 1488, 828; 'H-NMR: 7.50-7.44 (m, 1H), 7.37-7.35 (m, 2H), 7.25-7.21 (m, 4H),
7.18-7.16 (m, 2H), 7.12-7.09 (d, 1H), 6.99-6.94 (m, 1H), 5.31-5.30 (d, 1H, J = 6.7 Hz), 3.59 (s,
2H), 3.44 (bs, 1H), 2.86-2.83 (d, 2H, J=11.7 Hz), 2.31-2.26 (m, 2H), 2.12-2.10 (d, 2H, J=10.5
Hz), 1.65-1.56 (m, 2H); “C-NMR: 166.23, 162.68, 160.21, 145.16, 134.78, 134.68, 133.50,
131.11, 130.46, 129.49, 128.89, 128.45, 119.30, 116.80, 113.98, 58.48, 51.88, 31.56, 29.68; MS
(m/z): 545.70 (M)"; Anal. Calcd for C»;H,3CIFN;0S: C, 59.29; H, 4.24; N, 7.68; Found: C,

59.46; H, 4.69; N, 7.78 %.

4-Methylbenzyl-V-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]|piperidin-4-ylamine (80).
Synthesized as per the general procedure (G) using 1-(4-methylbenzyl)piperidin-4-ylthiourea
(67) (0.94 gm) and 2-bromol,2-bis(4-methoxyphenyl)ethanone (72¢) (0.5 gm) to get compound
(80) as a white solid (1.02 gm, 68 %); Mp: 110-112 °C; IR (KBr, cm™): 3391, 2924, 2850, 1550,
1249, 1023, 808; '"H-NMR: 7.54-7.52 (d, 1H, J = 8.4 Hz), 7.48-7.47 (d, 2H), 7.21-7.19 (d, 2H, J
= 7.8 Hz), 7.14-7.12 (d, 3H, J = 8.0 Hz), 6.79-6.75 (m, 3H), 5.24 (bs, 1H), 3.85 (s, 3H), 3.73 (s,
3H), 3.52 (s, 2H), 3.39 (bs , 1H), 2.87-2.84 (d, 2H, J=11.0 Hz), 2.30 (s, 3H), 2.28-2.12 (m, 2H),
2.10-2,072 (d, 2H), 1.67-1.60 (m, 2H); LC-MS/MS: tg 5.92 min, 500.25 (M+H); MS (m/z):
499.58 (M)+; Anal. Calced for C30H33N30,S: C, 72.11; H, 6.66; N, 8.41; Found: C, C, 72.32; H,

6.43; N, 8.52 %.

4-Methoxybenzyl-/V-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidin-4-ylamine (81).

Synthesized as per the general procedure (G) using 1-(4-methoxybenzyl)piperidin-4-yl thiourea
(68) (1 gm) and 2-bromo-1,2-bis(4-methoxyphenyl)ethanone (72¢) (0.5 gm) to get compound
(81) as a white solid (1.02 gm, 73 %); Mp: 135-137 °C; IR (KBr, cm™): 3398, 3207, 2928, 1565,
1242, 1088; 'H-NMR: 7.49-7.48 (d, 1H), 7.40-7.36 (m, 2H), 7.26-7.22 (m, 3H), 7.15-7.12 (d,

1H, J = 8.5 Hz), 6.87-6.85 (d, 2H, J = 8.5 Hz), 6.79-6.75 (m, 3H), 5.27 (bs, 1H), 3.88 (s, 3H),
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3.80 (s, 6H), 3.49 (s, 2H), 3.39 (bs ,1H), 2.85-2.83 (d, 2H), 2.28-2.16 (m, 2H), 2.13-2.10 (d, 2H),
1.66-1.61 (m, 2H); PC-NMR: 165.81, 159.15, 154.89, 145.64, 133.92, 132.49, 130.82, 130.60,
129.61, 128.99, 127.60, 126.83, 117.19, 114.40, 113.80, 111.82, 62.02, 56.25, 55.29, 52.28,
51.49, 31.94; LC-MS/MS: tg 2.34 min, 516.21 (M+H); MS (m/z): 515.01 (M)" ; Anal. Calcd for

C30H33F3N30,S: C, 69.87; H, 6.45; N, 8.15; Found: C, 69.71; H, 6.57; N, 8.07 %.

4-Trifluoromethoxybenzyl-/NV-[4,5-bis(4-methoxyphenyl)thiazol-2-yl]piperidin-4-ylamine

(82). Synthesized as per the general procedure (G) using 1-(4-trifluromethylbenzyl)piperidin-4-
ylthiourea (71) (1.12 gm) and 2-bromo-1,2-bis(4-methoxyphenyl)ethanone (72¢) (0.5 gm) to get
compound (82) as a white solid (1.25 gm, 76 %); Mp: 102-103 °C; IR (KBr, cm™): 3384, 3210,
2926, 2799, 1550, 1250, 833; '"H-NMR: 7.49-7.48 (d, 1H), 7.40-7.36 (m, 2H), 7.29-7.27 (m, 2H),
7.15-7.12 (m, 1H), 7.03-6.97 (m, 3H), 6.81-6.75 (m, 3H), 5.27 (bs, 1H), 3.86 (s, 3H), 3.79 (s,
3H), 3.48 (s, 2H), 3.39 (bs ,1H), 2.82-2.79 (d, 2H), 2.20-2.17 (d, 2H), 2.14-2.10 (t, 2H), 1.64-
1.55 (m, 2H); PC-NMR: 165.94, 160.85, 159.06, 154.88, 145.69, 133.92, 132.49, 130.69,
129.20, 113.63, 111.83, 62.51, 56.25, 52.91, 51.83, 32.65, 29.72; MS (m/z): 553.40 (M) ; Anal.

Calcd for C;0H30F5N30,S: C, 65.08; H, 5.46; N, 7.59; Found: C, C, 65.22; H, 5.57; N, 7.41 %.
BIOLOGICAL

In vitro AChE and BuChE inhibition assays. The enzyme inhibition activity of the test
compounds was performed adopting the method of Ellman et al®® as described in our earlier
report.'” AChE from human erythrocytes and BuChE from equine serum, 5,5’-dithiobis(2-
nitrobenzoic acid) (DTNB-Ellman’s reagent), acetylthiocholine iodide (ATCI) and
butyrylthiocholine iodide (BTCI) were purchased from Sigma. Tacrine and donepezil were used

as reference compounds (sigma). All the experiments were conducted in 50 mM Tris-HCI buffer
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at pH 8. Five different concentrations (0.001-100 pM) of each test compound were used to
determine the enzyme inhibition activity. Briefly, 50 ul of AChE (0.22 U ml™) or 50 ul of
BuChE (0.06 U ml™) and 10 ul of the test or standard compound were incubated in 96-well
plates at room temperature for 30 min. Further, 30 pl of the substrate viz. ATCI (15 mM) or
BTCI (15 mM) was added and the solution was incubated for additional 30 min. Finally 160 pl
of DTNB (1.5 mM) was added to it and the absorbance was measured at 415 nm wavelength
using microplate reader 680 XR (BIO-RAD, India). The ICsy value was calculated from the
absorbance obtained for various concentrations of the test and the standard compounds. The ICs
value depicts the concentration of the drug resulting in 50 % inhibition of the enzyme activity.
All the determinations were performed in triplicate and at least in three independent runs.

The enzyme kinetic study was done to determine the mechanism of AChE inhibition by
compound (44) in a similar manner as described above. Relatively low concentrations of
substrate (ATCI; 0.1-1 mM) were incubated with AChE in absence and presence of different
concentrations of compound (44; 0.05-0.4 uM) and the activities were measured at different
times. V. and K, values of Michaelis-Menten kinetics were estimated by nonlinear regression
from the substrate-velocity curves using Graph Pad Prism 5. Linear regression was used to

calculate the Lineweaver-Burk plots.** %

Thioflavin T (ThT) assay. Inhibition of AChE-induced A;.4, aggregation was evaluated using
thioflavin T (ThT) fluorescence assay as described earlier.”™ 76 APi.4> (Sigma) was dissolved in
phosphate buffer saline (PBS) and was further diluted with 0.215 M sodium phosphate buffer
(pH 8). Test compounds were dissolved in DMSO and diluted further with 0.215 M sodium
phosphate buffer (pH 8). Briefly, 2 ul of ABj.4» was incubated with 16 ul AChE in the presence

of 2 pl of the test compound to obtain final concentrations of 50 uM of AB;.42, 230 uM of AChE
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and 10 uM of the test compound. The mixture was incubated at room temperature for 24 hr.
After incubation, 180 pl of 20 uM ThT (prepared in 50 mM glycine-NaOH buffer; pH 8.5) was
added. Fluorescence intensity of the solution was read at 442 nm excitation and 490 nm emission
wavelengths using Synergy HTX fluorescence microplate reader. The percentage inhibition of
the AChE-induced AP;4, aggregation was calculated using the following formula: 100-
(IFi/IF,x100), where IF; and IF, are fluorescence intensities in the presence and absence of the
test compound respectively. Each assay was conducted in triplicate and each experiment was

repeated at least three times independently.

In vitro blood-brain barrier permeation assay. To predict the possible in vivo blood-brain
barrier (BBB) permeation of the selected hybrid diarylthiazole-benzylpiperidine derivatives, a
parallel artificial membrane permeation assay of the blood-brain barrier (PAMPA-BBB) was
performed as described by Di et al.””” Commercial drugs and dodecane were obtained from
Sigma. Porcine brain lipid (PBL) was purchased from Avanti Polar Lipids. The donor
microplates (PVDF membrane, pore size 0.45 pm) and the acceptor microplates were obtained
from Millipore. The acceptor microplate was filled with 200 pl of phosphate buffer saline
(PBS):ethanol (70:30) and the filter surface of the donor microplate was impregnated with 4 pl
of porcine brain lipid in dodecane (20 mg ml™). The test compounds (5 mg ml™) were dissolved
in DMSO and diluted with PBS/ethanol (70:30) to get a final concentration of 100 pg ml™. 200
ul of the solution was filled in the donor well and the donor plate was carefully placed on the
acceptor plate to form a sandwich, keeping it undisturbed for 120 min at 25°C. After the
incubation period, the donor plate was removed and the concentration of the test compounds in
the acceptor wells was determined using UV spectroscopy. Each sample was analysed at five

different wavelengths, in four wells, and at least in three independent runs. The results are
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expressed as mean + SEM. To validate the experiment, nine standard quality commercial drugs
of known BBB permeability’’ were given the same treatment as described above, their
permeability (P.) determined and the experimentally determined P, values regressed against the

P(ref.) to obtain a linear correlation.

Cell culture. The human neuroblastoma SH-SYSY cell line was obtained from National Centre
for Cell Science (NCCS) (Pune, India). Cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10 % fetal bovine serum (FBS), 1 mM glutamine, 50 U
ml" penicillin and 50 pg ml” streptomycine (reagents from Gibco) at 37°C in a humidified

incubator at 5 % CO,. All the cells used in the study were of low passage number (< 15).

Determination of cell viability and neuroprotection. To determine the cytotoxicity of the
selected test compounds, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay was performed. SH-SY5Y cells were seeded in 96-well plate at density of 5x10* cells per
well. After 24 hr, the medium was replaced with relatively higher concentrations of test
compounds (40 uM and 80 uM) for another 24 hr at 37°C. After incubation period, the cell
viability was determined using MTT assay. In another set of experiments, the test compounds
were assessed for their ability to protect SH-SYSY cells against oxidative damage induced by
H,0,.”% * The cells were exposed to the test compounds at relatively lower concentrations (5
puM, 10 uM and 20 uM) and incubated for 2 hr. After the incubation period, the test compounds
were replaced with a medium containing cytotoxic insult, i.e. H,O, (100 uM)78 which was left
for an additional 24 hr period. Thereafter, the cell viability was assessed using MTT assay.
Briefly, the medium was replaced with 80 pl of fresh medium and 20 pl of MTT (0.5 mg ml™,
final concentration; Sigma) in PBS. After 4 hr, MTT was removed and the crystals of formazan

were dissolved in DMSO. Formazan concentrations were quantified at 570 nm with 630 nm
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reference wavelengths using a microplate reader 680 XR (BIO-RAD, India). Percentage
protection against H,O, insult was calculated by considering absorbance of the control cells as

100 % of the cell viability.

2,2-Diphenyl-1-picrylhydrazyl radical (DPPH) assay. The 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) assay is based on the reduction of DPPH, a purple colored stable free radical.
DPPH gets paired and reduced to a yellow colored diphenylpicrylhydrazine by anti-oxidants.
Thus the assay measures an electron (or hydrogen atom) donating ability and hence provides
assessment of anti-oxidant activity of a compound attributed to its free radical scavenging

70 81 The spectrophotometric DPPH assay was carried out as described earlier.''

ability.
Concentrations of the selected test derivatives that showed promising neuroprotective effects
against H,O, insult were selected for the DPPH assay. In brief, 10 pul of a test compound (10 and
20 uM, in Tris-HCI buffer-pH 7.4) was mixed with 20 ul of DPPH (from 10 mM stock, in
methanol) (Hi-Media) in the 96 well plate. Finally, the volume was adjusted to 200 pl using
methanol. After 30 sec incubation at room temperature and protection from light, the absorbance
was read at 520 nm wavelength using a microplate reader 680 XR (BIO-RAD, India). The free
radical scavenging activity was determined as the reduction percentage (RP) of DPPH using the
equation: RP= 100[(4y9 —A¢)/4,], where A, is the untreated DPPH absorbance and A¢ is the

absorbance value for added sample concentration ¢. Ascorbic acid was used as the standard anti-

oxidant.

ROS estimation using primary rat hippocampal culture. The intracellular ROS level was
estimated in primary rat hippocampal neuronal culture using 2',7'-dichlorofluorescin diacetate
(DCFH-DA) assay.’"” ® The most potent hybrid diarylthiazole-benzylpiperidine (44) was

assessed for its ROS scavenging ability. AB;.4, was used to induce ROS generation in the
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primary rat hippocampal neuronal culture which was prepared as described earlier.''! Briefly,
hippocampal tissues were dissected out from 18 days old rat foetuses, washed with cold HBSS,
minced and incubated in 0.1 % trypsin for 30 min at 37 C. A single cell suspension was prepared
by trituration. Cells were plated in 96 well plates at a density of 5x10* viable cells ml™. Cells
were grown as neurons in serum free neurobasal medium (Invitrogen) containing N-2
supplement (1 %) (Invitrogen), B-27 supplement (2 %) (Invitrogen) and antibiotic-antimycotic
solution (1 %) (Sigma). Cultures of the neurons were placed in a humidified incubator at 37°C
and 5 % CO,. Medium was changed every 3 days. Formation of small proliferating neurons
started after 1 week, and mature neurons were observed after the twentieth day. On the twenty
first day, the neuronal cells were exposed to the compound (44) (10 uM and 20 pM) for 2 hr,
followed by APi4, (10 pM; Sigma)''? treatment for 24 hr. Later on, the cells were incubated
with 10 uM DCFH-DA in PBS (Sigma) at 37°C for 30 min. After rinsing with PBS, the plates
were read at 485 nm excitation and 530 nm emission wavelengths using the Synergy HTX multi-
mode microplate reader. The fluorescence intensities in the presence and absence of the test/
standard compound were compared using appropriate controls and the percentage inhibition of

ROS generation was determined.

Assessment of apoptosis by flow cytometry. Flow cytometric assessment of apoptosis was
performed using Annexin V-FITC and propidium iodide (PI) staining. Briefly, the rat
hippocampal neuronal cells were seeded in six well plate which were exposed to AB;.4 (10 uM)
for 24 hr. To determine anti-apoptotic potential of the test compound, cells were pre-treated with
compound (44) (20 uM) for 2 hr followed by A4, treatment. After the incubation period of 24
hr, cells were harvested and suspended in 500 pl Annexin V binding buffer. Later, 5 ul Annexin

V-FITC (BD Biosciences) and 10 ul PI (Sigma) were added and incubated with the cells for 5
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min in the dark. Untreated cells were used as the control for double staining. The stained cells

were directly analysed using a FAC Scan flow cytometer.

Behavioural study. The experiments were performed in adult male Swiss Albino mice weighing
20-25 gm. The study protocol was approved by IAEC (Institutional Animal Ethics Committee)
and the experiments were performed as per CPCSEA (Committee for the purpose of Supervision
of Experiments on Animals) guidelines (Approval No. MSU/IAEC/2014-15/1401). Scopolamine
hydrochloride and donepezil hydrochloride were purchased from Sigma.

Scopolamine rodent model was adopted to induce AD-like phenotype especially amnesia.
Mice were divided into four experimental groups of six animals each as per the given treatment:
(1) vehicle, (ii) scopolamine, (iii) scopolamine plus donepezil and (iv) scopolamine plus

92, 93 . . .
» 7 was dissolved in saline and

compound (44). Scopolamine hydrochloride (1.4 mg kg™)
administered intraperitoneally (i.p.) to all the groups except the vehicle-treated control group that
received an equal volume of saline. Donepezil hydrochloride was suspended in 0.5 % sodium
carboxymethyl cellulose (CMC-Na) and was given at a dose of 5 mg kg™ orally 30 min prior to

administration of scopolamine.®* '"?

Equivalent dose of the test compound (44) corresponding to
donepezil was also administered orally as a suspension in CMC-Na, 30 min prior to the
scopolamine treatment. All these treatments were continued for nine consecutive days. During
the last five days of treatment period, spatial learning and memory was assessed using the Morris
Water Maze (MWM) test.® %2

The maze consisting of a circular pool (65 cm diameter; 30 cm height) was filled with
water (26+1°C) up to 20 cm depth. The inside walls of the pool were painted black. The pool

was divided into four quadrants and the escape platform was placed 1 cm below the water

surface in the middle of any one quadrant. Experiments on the individual animals were carried
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out to determine the time required by the animal reaching the hidden platform (i.e. escape
latency time-ELT) and the number of platform area crossings during 2 min of the training
session to assess the spatial learning and memory. All the experiments were carried out in a

sound proof room and supervised by a blind observer.

Neurochemical analysis. At the end of MWM test, the animals were sacrificed, whole brains
isolated from the skull and homogenized in glass teflon homogenizer in 12.5 mM sodium
phosphate buffer (pH 7). The homogenates were centrifuged at 15,000 rpm for 15 min at 4°C.
The supernatants were utilized for estimations of different biochemical parameters.

The cholinergic biomarkers AChE and BuChE, were estimated in the mice brain using
Ellman’s method.®® ** 100 pl of the supernatant was incubated with 2.7 ml of phosphate buffer
and 100 pl of freshly prepared ATCI or BTCI (15 mM) for 5 min. Finally, 100 pul of DTNB (1.5
mM) was added and the absorbance was read at 415 nm wavelength spectrophotometrically.

MDA, an indicator of lipid peroxidation, was estimated using thiobarbituric acid reacting
substance (TBARS) method as described earlier.” ''* MDA reacted with thiobarbituric acid in
acidic medium at high temperature and formed a red complex TBARS which was read
spectrophotometrically. Briefly, 200 pl of the supernatant was mixed with 1 ml of 50 %
trichloroacetic acid in 0.1 M HCI and 1 ml of 26 mM thiobarbituric acid. After vortex mixing,
samples were heated at 95°C for 20 min. Later on the samples were centrifuged at 15,000 rpm
for 10 min and the supernatants were read at 532 nm wavelength.

Catalase (CAT) is an enzyme mediating breakdown of H,O,, a toxic form of oxygen
metabolite into oxygen and water. CAT activity was determined following the method described
by Sinha'"’ Briefly, 100 pl of the supernatant was mixed with 150 pl of 0.01 M phosphate buffer

(pH 7). Reaction was started by addition of 250 pul of H,O; (0.16 M), the medium incubated at
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37°C for one min and the reaction was stopped by addition of 1 ml of dichromate:acetic acid
reagent (5 % K,Cr,O7:glacial acetic acid; 1:3; v/v). The reaction mixture was immediately kept
on a boiling water bath for 15 min that resulted in development of a green color. Finally, the

mixture was read at 570 nm wavelength spectrophotometrically.

ICV rat model of AD. Adult male Wister rats (200-250 gm) were divided into four experimental
groups of six animals each as per the given treatment: (a) vehicle, (b) ABi.42, (¢) APj4z plus
donepezil and (d) AP, plus compound (44). The animals were anaesthetized with ketamine
(100 mg/kg, i.p.) and xylazine (30 mg/kg, i.p.) and mounted on a stereotaxic apparatus
(Stoelting, USA). All the groups (except the vehicle-treated control group which received equal
volume of normal saline) were injected with 4 pl of APj4 (2 pM/pl in normal saline)
unilaterally at the following co-ordinates: -4.0 mm anteroposterior, -2.5 mm mediolateral and
-3.5 mm dorsoventral from Bregma. Compound (44) was administered at an equivalent dose of
donepezil (5 mg/kg, p.o. in 0.1 % CMC) to the respective experimental group animals for 15

consecutive days after five days of surgical recovery.''® '’

Y maze test. Y-maze test was adopted for the assessment of immediate working memory.118

The test was carried out during the last five days of the treatment period in the animals which
underwent ICV injection of AP;4,. Each animal from the treated groups was kept at the end of
any one arm of the maze and allowed to explore all the three arms. The sequence and the number
of arm entries were recorded visually for each rat over a period of 5 min. An actual “alteration”
was defined as entries in all three arms in consecutive choices (i.e. ABC, BCA or CAB but not
BAB). Repeat arm entry was considered as a sign of memory impairment. The number of arm
entries indicated locomotor activity. The “alteration score” for each rat was calculated using the

equation:
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% Alternation = [(Number of alternations) / (Total arm entries—2)] x 100

Western blot analysis. Hippocampal regions from different experimental rat brains were
homogenized in tissue lysis buffer supplemented with protease and phosphatase inhibitors
(Sigma). Homogenized samples were sonicated for 5 s, and centrifuged at 4 °C at 15,000 rpm for
30 min. Equal amounts of proteins (100 pg) were loaded on 10 % Tris-glycine gel. Membranes
were blocked for 1 hr at room temperature using Tris-buffered saline/Tween-20 (TBST) (50 mM
Tris-HCI, 150 mM NaCl, pH 7.4, 1 % Tween-20) containing 5 % non-fat-dried milk. Membranes
were incubated overnight at 4°C with rabbit anti-AB;.4, (1:500, Santa Cruz), goat anti-p-Tau
(1:500, Santa Cruz), rabbit anti-cleaved caspase-3 (active) (1:500, Sigma) and rabbit anti-cleaved
poly (ADP-ribose) polymerase-1 (PARP) (1:1000, Cell Signalling) primary antibodies. After
incubation, membranes were washed thrice with TBST and incubated for 1 hr with HRP-
conjugated secondary antibody (Sigma). Immunoreactive proteins were detected using the ECL
Plus chemiluminescent kit (Invitrogen) according to the manufacturer’s instructions. Protein

bands were quantified using Scion Image for Windows.

Acute toxicity study. A total of twenty male Swiss Albino mice (20-25 gm) were used to
determine acute toxicity of the test compound (44). During the experiment, animals were
maintained with free access of food and water ad libitum. Compound (44) was suspended in 0.5
% CMC-Na and given orally to the divided experimental groups (at 0, 677, 1333 and 2000 mg
kg!, n = 5 per group). After administration of the test compound, the animals were observed
continuously for the first 4 hr for any abnormal behaviour and mortality. Later on the animals
were observed intermittently for the next 24 hr and occasionally for 14 consecutive days after
administration of compound (44). After 14 days, the animals were sacrificed and

macroscopically examined for possible damage to the heart, liver and kidneys.*"*
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Pharmacokinetic studies. Healthy male Wistar rats (200-250 gm, n=4) were used for the
pharmacokinetic analysis. The animals were fasted overnight with free-access to water and pre-
dosed blood samples were withdrawn. Compound (44) suspended in Na-CMC was administered
orally to the animals at a dose of 5 mg kg'. After administration, the animals were anesthetized
with ether and blood samples were collected from retro-orbital plexus at 0.25, 0.5, 1, 2, 3,4, 5, 6,
8, 10, 12, 24, 36, 48, 60 and 72 hr into the heparinised tubes. The tubes were centrifuged at
1000xg for 10 min at 4 °C to separate the plasma. Later, 400 pl of acetonitrile was added to 100
ul of the rat plasma to extract the compound (44). The mixture was vortex-mixed for 5 min and
centrifuged for 10 min at 1000xg. The organic layer was taken in separate Eppendorf tube and
evaporated to dryness under a stream of nitrogen gas. The residue was reconstituted with 100 pl
of the mobile phase, vortexed briefly and transferred to pre-labelled autosampler vials. From
there, 20 pl of the sample was injected into HPLC system with photo-diode array detector
(Waters Corporation, USA) for analysis. The samples were analysed using the mobile phase
consisting of 0.05 M phosphate buffer (pH 4.8) (27 %) and acetonitrile (63 %) at a flow rate of 1
ml/min using a Sunfire® C18 column (4.6 mmx150 mm, particle size 5um). The
pharmacokinetic parameters were calculated using the plasma concentration data of the test
compound (44) at different time points using extravascular analysis of non-compartmental

model.

Docking studies. Molecular modeling studies were performed using Maestro 9.0 software of
Schrodinger, LLC, New York, NY, USA.'" The structures of the compounds were drawn and
cleaned up in Maestro 9.0 software. Energy minimizations of the structures were carried out
using OPLS 2005 force field in LigPrep tool of Maestro 9.0.'* These minimized structures were

used further for molecular modeling purposes. The molecular docking studies were carried out
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by using standard option Glide 5.5 in Maestro 9.0."' The 3D crystallographic structure for
AChE (PDB Code: 4EY7) was obtained from RCSB Protein Data Bank'?* and prepared for
docking with protein preparation wizard within Schrodinger by removing of all water molecules.
The grid was generated over the active site considering the ligand. The generated grid was
validated by re-docking the co-crystallized ligand again in the active site. Docking calculations
for the minimized 3D ligand structures were performed in extraprecision (XP) mode within the
active sites of the receptor structure. The docking protocol was validated by observing the
interactions of the docked conformer of donepezil in the active site of AChE which was found to

be in consonance with the reported literature.”'
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yloxy)tris(dimethylamino)phosphonium hexafluorophosphate; MTT, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide; DPPH, Diphenyl-1-picrylhydrazyl; DCFH-DA, 2'.7'-
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Captions
Figure 1. AChE inhibitors (1-4) used for the management of AD.

Figure 2. Designing of a novel series of compounds as multi-target-directed potential anti-

Alzheimer’s agents.

Figure 3. Kinetic study of the mechanism of AChE inhibition by compound (44). Lineweaver-
Burk reciprocal plots of the AChE initial velocity at increasing substrate concentrations (0.1-1

mM) in the absence and presence of 44 (0.05-0.4 uM) are shown.
Figure 4. Orientation of compound (44) in the active sites of AChE.

Figure 5. In vitro ROS scavenging and anti-apoptotic potential of compound (44) against AP;.4,
(10 pM) insult in primary rat hippocampal neuronal culture. (A) Percentage inhibition of ROS
generation as assessed by DCFH-DA assay. (B) Flow cytometric assessment of apoptosis using
Annexin V-FITC and PI staining. Cells in the lower left quadrant are viable (Annexin V-FITC-
/PI-). Cells in the lower right quadrant are early apoptotic (Annexin V-FITC+/PI-) and those in
the upper right quadrant are late apoptotic or necrotic (Annexin V-FITC+/PI+). Data are
expressed as mean = SEM. ###p<0.001 vs. control cells. *** p<0.00 vs. AB;.4-treated control

cells. C=control cells.

Figure 6. Compound (44) improved spatial learning and memory in scopolamine-treated mice
through anti-ChE and anti-oxidant activities. In MWM test, scopolamine (1.4 mg kg-1, i.p.)
increased (A) ELT while (B) reduced number of platform area crossings. This pattern was
significantly reversed by 44 similar to donepezil at 5 mg kg-1. (C) AChE and (D) BuChE levels
elevated by scopolamine treatment were significantly attenuated by 44. Oxidative stress
parameters are represented as (E) MDA and (F) CAT levels. Altered MDA and CAT levels after
scopolamine treatment were significantly reversed by treatment with compound (44). Data are
expressed as mean = SEM (n=6). ###p<0.001, ## p<0.01, # p<0.05 vs. vehicle-treated control
group.*** p<0.001, ** p<0.01, * p<0.05 vs. scopolamine-treated control group. C=vehicle-

treated control group.

Figure 7. Compound (44) improved immediate working memory in rats which received ICV

injection of APB;.4> in Y maze test. (A) Percentage of spontaneous alterations and (B) total number
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of arm entries, as recorded by a blind observer. Data are expressed as mean+=SEM (n=6).
###p<0.001, ## p<0.01, # p<0.05 vs. vehicle-treated control group.*** p<0.001, ** p<0.01, *

p<0.05 vs. scopolamine-treated control group. C=vehicle-treated control group.

Figure 8. In vivo neuroprotective and anti-apoptotic potential of compound (44). (A) The
expression of AB;_4, p-Tau, cleaved-caspase-3 and cleaved-PARP was assessed by Western blot
analysis in the hippocampal region of rat brain which was given ICV injection of APj.4.
Densitometric analysis revealed attenuation of (B) ABj.42, (C) p-Tau, (D) cleaved-caspase-3 and
(E) cleaved-PARP levels by compound (44) which were elevated by AP;.4, toxicity. Data are
expressed as meantSEM (n=6). ###p<0.001, ## p<0.01, # p<0.05 vs. vehicle-treated control
group.*** p<0.001, ** p<0.01, * p<0.05 vs. APj.4-treated control group. C=vehicle-treated

control group. D=donepezil-treated group.

Figure 9. Mean plasma concentration vs. time curve of single oral dose (5 mg/kg) of compound

(44) in rats. Error bars represent the standard deviation of the mean (n=4).

Scheme 1. Synthesis of 1-substituted benzyl-N-[4,5-bis(substituted phenyl)thiazol-2-

yllpiperidine-4- carboxamides (16-41)

Scheme 2. Synthesis of N-[(1-substitued benzyl)piperidin-4-ylmethyl]-4,5-bis(substituted

phenyl)-2-ylamines (42-52)

Scheme 3. Synthesis of 1-(substituted benzyl)-/NV-[4,5-bis(substituted phenyl)thiazol-2-

yl]piperidin-4-ylamines (73-82)
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Figure 1. AChE inhibitors (1-4) used for the management of AD.
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28 Figure 2. Designing of a novel series of compounds as multi-target-directed potential anti-Alzheimer’s
29 agents.
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Figure 3. Kinetic study of the mechanism of AChE inhibition by compound (44). Lineweaver-Burk reciprocal
plots of the AChE initial velocity at increasing substrate concentrations (0.1-1 mM) in the absence and
presence of 44 (0.05-0.4 yM) are shown.
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32 Figure 4. Orientation of compound (44) in the active sites of AChE.
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Figure 5. In vitro ROS scavenging and anti-apoptotic potential of compound (44) against AB1-42 (10 uM)
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insult in primary rat hippocampal neuronal culture. (A) Percentage inhibition of ROS generation as assessed
by DCFH-DA assay. (B) Flow cytometric assessment of apoptosis using Annexin V-FITC and PI staining. Cells

in the lower left quadrant are viable (Annexin V-FITC-/PI-). Cells in the lower right quadrant are early
apoptotic (Annexin V-FITC+/PI-) and those in the upper right quadrant are late apoptotic or necrotic

(Annexin V-FITC+/PI+). Data are expressed as mean + SEM. ###p<0.001 vs. control cells. *** p<0.00 vs.
AB1-42-treated control cells. C=control cells.
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Figure 6. Compound (44) improved spatial learning and memory in scopolamine-treated mice through anti-
ChE and anti-oxidant activities. In MWM test, scopolamine (1.4 mg kg-1, i.p.) increased (A) ELT while (B)
reduced number of platform area crossings. This pattern was significantly reversed by 44 similar to
donepezil at 5 mg kg-1. (C) AChE and (D) BuChE levels elevated by scopolamine treatment were
significantly attenuated by 44. Oxidative stress parameters are represented as (E) MDA and (F) CAT levels.
Altered MDA and CAT levels after scopolamine treatment were significantly reversed by treatment with
compound (44). Data are expressed as mean = SEM (n=6). ###p<0.001, ## p<0.01, # p<0.05 vs.
vehicle-treated control group.*** p<0.001, ** p<0.01, * p<0.05 vs. scopolamine-treated control group.
C=vehicle-treated control group.
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Figure 8. In vivo neuroprotective and anti-apoptotic potential of compound (44). (A) The expression of AB1-
42, p-Tau, cleaved-caspase-3 and cleaved-PARP was assessed by Western blot analysis in the hippocampal
region of rat brain which was given ICV injection of AB1-42. Densitometric analysis revealed attenuation of
(B) AB1-42, (C) p-Tau, (D) cleaved-caspase-3 and (E) cleaved-PARP levels by compound (44) which were
elevated by AB1-42 toxicity. Data are expressed as mean+SEM (n=6). ###p<0.001, ## p<0.01, # p<0.05
vs. vehicle-treated control group.*** p<0.001, ** p<0.01, * p<0.05 vs. AB1-42-treated control group.
C=vehicle-treated control group. D=donepezil-treated group.
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31 Figure 9. Mean plasma concentration vs. time curve of single oral dose (5 mg kg-1) of compound (44) in
32 rats. Error bars represents the standard deviation of the mean (n=4).
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Scheme 1. Synthesis of 1-substituted benzyl-N-[4,5-bis(substituted phenyl)thiazol-2-yl]piperidine-4-
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23 Scheme 2. Synthesis of N-[(1-substitued benzyl)piperidin-4-ylmethyl]-4,5-bis(substituted phenyl)-2-
24 ylamines (42-52)
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Scheme 3. Synthesis of 1-(substituted benzyl)-N-[4,5-bis(substituted phenyl)thiazol-2yl]-piperidin-4-
ylamines (73-82)
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