Send Orders for Reprints to reprints@benthamscience.ae

138 Open Pharmaceutical Sciences Journal, 2016, 3, 138-148

T

—

Open .!::-'
Wuml& .

V L3 L3
sentiamopey OP€N Pharmaceutical Sciences Journal

@ CrossMark Content list available at: www.benthamopen.com/PHARMSCI/

DOI: 10.2174/1874844901603010138

RESEARCH ARTICLE
Design, Synthesis and Evaluation of Substituted 3-(1, 4-Diazepanyl)-
Methyl-Phenyl-Sulphonamides as Potent S5-HT, Antagonists in

Cognitive Disorders

V.S. Velingkar"’, A.K. Chindhe’, Mrunal Sanaye’ and Madhumangiri Gatane’

'Department of Pharmaceutical Chemistry, Shobhaben Pratapbhai Patel School of Pharmacy & Technology
Management, Mumbai, India

’Department of Pharmaceutical Chemistry & Pharmacology, Prin. K. M. Kundanani College of Pharmacy, Mumbai,
India

’Department of Pharmacology and Toxicology, Bombay Veterinary College, Mumbai, India

Received: December 23, 2015 Revised: May 9, 2016 Accepted: May 18, 2016
Abstract:

Background:
3-(1, 4-diazepanyl)-methyl-phenyl-sulphonamides were prepared by reacting 3-nitrobenzaldehyde with substituted 1, 4-diazepanes

which were reduced to obtain intermediate amines. Reaction of these amines with substituted sulfonyl chlorides using TEA in DCM
followed by KOH in methanol afforded compounds which under HCI salt formation with IPA.HCI gave title compounds with good
yields.

Objective:

To synthesize and evaluate 3-(1, 4-diazepanyl)-methyl-phenyl-sulphonamides as 5-HT, Antagonists in Cognitive Disorders.

Method:

Melting points were determined in open capillary tube and are found uncorrected. The completion of organic reactions and purity of
the compounds were checked by TLC on pre-coated Silica gel aluminum plates using a mixture of chloroform and methanol (8:2,
v/v) as an eluent. UV light or iodine vapour was used for visualization. Infrared (IR) spectra were recorded (in KBr) on a Fourier-
transform IR, model IR Affinity-1 (SHIMADZU), and the values are expressed in cm”. The 'H NMR spectra were obtained on
multinuclear FT NMR Spectrometer, model Advance-II (Bruker), (400 MHz) using CDCI, as solvent, Tetramethylsilane (TMS) as an
internal standard. The chemical shift values are expressed as ppm (parts per million) units, downfield from TMS.

Results:

Experimental results of synthesized derivatives were shown comparable activity to the earlier reported derivatives in literature on 5-
HT, antagonist therapeutic area.

Conclusion:

It can be concluded that test compounds have an ability to prevent loss of memory.

Keywords: Cognition, 5-HT, antagonists, PHASE, Structure-activity relationship, Sulphonamides.
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INTRODUCTION

5-Hydroxytryptamine 6 (5-HT(R) or serotonin receptor, the family member of G-protein coupled receptors (GPCRs)
[1, 2] is present in various regions of the brain and is associated with learning and memory. Blockade of their function
increases acetylcholine and glutamate mediated neurotransmission and enhances the cognitive process, which amply
demonstrates the therapeutic usefulness of this receptor for CNS mediated disorders such as schizophrenia, Alzheimer’s
disease, obesity and eating disorders [3 - 14].

Worldwide research efforts from several groups, have discovered several classes of serotonin 5-HT; receptor ligands
[15 - 18] with good affinity and selectivity. Lead molecules like SB-742457 for cognition, PRX-07034 for obesity and
LY-483518 (SGS-518) for schizophrenia are in clinical studies and positive clinical study data has been reported [19 -
23].

MATERIALS AND METHODS

Designing of 3-(1, 4-Diazepanyl)-Methyl-Phenyl-Sulphonamides Using PHASE

Many aryl sulphonamides as 5-HT antagonist reported better affinity towards the receptor as per literature [24]. The
understanding of common structural features of these aryl sulphonamides responsible for affinity was helpful for
designing of novel entities.

A set of reported variously substituted analogues as 5-HT, antagonist were selected for pharmacophore generation
and atom-based 3D-QSAR analysis by using PHASE drug design software (Schrodinger, Inc). The study was carried
out on Redhat Linux platform with processor of 2 GHz and memory 512 RAM. PHASE supports various ligand-based
drug design approaches like pharmacophore perception, structure alignment, 3D-QSAR and database searching [25 -
27]. In silico receptor binding affinity (Ki) was predicted by 3D-QSAR model which was generated for the present
dataset [25]. The PLS statistics for 3D-QSAR is shown in Table 1.

Table 1. Statistical values for 3D-QSAR model generated by PLS.

Training set Test set
m=6 -
n=233 n;=13
R*=0.98 Q*=0.67
SD=0.14 RMSE =0.38
F=281.50 Pearson-R = 0.83
P=2.28e-22 -

m = number of PLS factors in the model; n = number of molecules in the training set; nT = number of molecules in test set; R? = coefficient of
determination; Q” = R” for test set; SD = standard deviation of regression; RMSE = root-mean squared error; F = variance ratio; P = statistical
significance; Pearson-R = Pearson correlation coefficient.

A novel 3D database was prepared with various novel substitutions on aryl sulphonamide scaffold by maintaining
the required pharmacophoric features. The novel 3D database analogues overlaid onto the best pharmacophore
hypothesis AAPR. The novel 3-(1, 4-diazepanyl)-methyl-phenyl-sulphonamide analogues were exhibited good
alignment with the derived pharmacophore model. In silico binding affinities (Ki) in nM with the receptor were
predicted which are shown in Table 2.

Table 2. 5-HT R novel ligands in silico binding affinities (Ki) nM and fitness scores’.

QN34
% N/D
o, 6 K/
5 N

2
Ligands R' R’ Fitness Ki (nM) Ligands R' R’ Fitness Ki (nM)
10a Ph H 2.38 18.85 10g i-Pr H 2.02 08.71
10b 4-F Ph H 2.41 20.34 10h Me H 2.09 17.41
10c 4-Cl Ph H 2.41 14.46 10i 4-Br Ph H 2.27 14.89
10d 4-Me Ph H 2.41 10.00 10j 4-F Ph CH, 2.10 24.73




140 Open Pharmaceutical Sciences Journal, 2016, Volume 3 Velingkar et al.
(Table 1) contd.....
Ligands R' R’ Fitness Ki (nM) Ligands R' R’ Fitness Ki (nM)
10e 4-OCH; Ph H 2.04 08.06 10k 4-C1Ph CH, 2.09 19.95
10f Et H 2.33 07.11 101 4-Me Ph CH, 2.10 17.65

“The Ki values were determined through ligand based pharmacophore model development in silico screening using PHASE-Schrodinger software. Ph
= phenyl, i-Pr = isopropyl, Me = methyl, Et = ethyl.

It was hypothesized that a positively charged basic amine functionality, like the terminal nitrogen of cyclic diamine,
is essential for binding to the receptor and the nitrogen attached directly to the aromatic ring presumably help to impart
the appropriate orientation for binding to 5S-HTR. It was postulated that a basic amine function, like the terminal
nitrogen of 1, 4-diazepane which is shown in Table 2, would be essential for binding to the receptor and the flexible
methylene spacer which is attached directly to the aromatic ring presumably would help to impart the appropriate
orientation for binding to 5-HT, receptor.

ADMET In Silico Screening Using QikProp

Various pharmaceutically relevant ADMET properties of novel 3-(1, 4-diazepanyl)-methyl-phenyl-sulphonamide
analogues were predicted using QikProp-Schrodinger programme. The descriptor values were verified with the standard
values which were reported in the literature are shown in Table 3. It was found that all the novel analogues showed
significant values of the properties studied. All the compounds obey Lipinski’s rule of 5 violations, Jorgensen’s rule of
three violations, good oral absorption and lipophilicity.

Table 3. In silico ADMET predictions of best novel hit “Compound 10"

Compound “10f”

#stars 0 Accpt HB 8 # metab 3

#rotor 5 QP polrz 35.167 QPlog Khsa -0.18

CNS 1 QPlogPoct 19.375 Human Oral Abs. 2

dipole 6.351 QPlogPw 13.342 % Human Oral Abs 62.393

SASA 562.431 QPlogPo/w 0.977 PSA 69.289

FOSA 184.717 QPlogS -0.645 Rule Of Five 0

FISA 119.045 QPP Caco 45.793 Rule Of Three 0
Donor HB 2 QPPMDCK 21.872

WPSA 0.967 QPlog BB 0.057

"The ADMET values were determined through ligand based pharmacophore model development in silico screening using QikProp-Schrodinger
software.

Experimental

All LR grade chemicals were used in the synthetic experiment. Melting points were determined in open capillary
tube and were found uncorrected. The completion of reaction and purity of the compounds were checked by TLC on
pre-coated silica gel aluminium plates using a mixture of chloroform and methanol (8:2, v/v) as an eluent. UV light or
iodine vapours were used for visualization. Infrared (IR) spectra were recorded (in KBr) on a Fourier-transform IR,
model IR Affinity-1 (SHIMADZU) and the values were expressed in cm™. The 'H NMR spectras were obtained on
multinuclear FT NMR Spectrometer, model Advance-II (Bruker) (400 MHz) using CDCI, as solvent. Tetramethylsilane
(TMS) was used as an internal standard. The chemical shift values were expressed as ppm (parts per million) units,
downfield from TMS. The Multiplicity of the NMR signals were designated as singlet (s), doublet (d), triplet (t), quartet
(q), and multiplet (m).

Synthesis of 3-(1, 4-Diazepanyl)-Methyl-Phenyl-Sulphonamides

Synthesis of the proposed compounds was achieved as shown in Scheme 1. In general, 3-(1, 4-diazepanyl)-methyl-
phenyl-sulphonamides (10a-10/) were prepared by reacting 3-nitrobenzaldehyde (1) with substituted 1, 4-diazepane (2,
5). Compounds (3, 6) were reduced with Iron powder-ammonium chloride or Iron powder-ammonium formate to obtain
intermediate amines (4, 7). Reaction of these amines with appropriately substituted sulfonyl chlorides using TEA in
DCM which was followed by KOH in methanol conditions afforded compounds (8, 9). In situ deprotection and HCI salt
formation of compounds (8, 9) with IPA.HCI were given compounds (10a-10/) with good yields.
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Scheme (1). Synthesis of 3-(1, 4-diazepanyl)-methyl-phenyl-sulphonamide derivatives.

The compounds were evaluated for their binding affinity (Ki) nM on 5-HT(R through ligand based pharmacophore
model development in silico screening using AAPR.10 developed pharmacophore model by PHASE-Schrodinger
software. The Ki values and fitness scores of 3-(1, 4-diazepanyl)-methyl-phenyl-sulphonamides which were obtained
from in silico screening of 5-HT(R are shown in Table 2. During ADMET properties prediction by QikProp-
Schrodinger software, it was found that the entire novel designed derivatives were shown significant values of the
ADMET properties studied. All the compounds were obeyed Lipinski’s rule of 5 violations, Jorgensen’s rule of 3
violations, good oral absorption and lipophilicity. ADMET predictions of best novel hit “Compound 10f” is given in

Table 3.

N-(3-((1, 4-diazepan-1-yl) methyl) phenyl) benzenesulfonamide hydrochloride (10a)
Molecular Formula: C,;H,;N;0,S; Molecular Weight: 345.46; Yield: 0.033 g. IR (KBr) v: 3344, 2981, 1593, 1481,

1338, 1087, 879, 690, 582 cm’".

N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-fluoro benzenesulfonamide hydrochloride (10b)

Molecular Formula: C {H,,FN,0,S; Molecular Weight: 363.45; Yield: 0.016 g. IR (KBr) v: 3383, 2960, 2665, 1591,
1151, 1089, 837, 696, 663 cm™; MS (70 eV) m/z %: 364 (M+H) .
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N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-chloro benzenesulfonamide hydrochloride (10c)

Molecular Formula: C,;H,,CIN;0,S; Molecular Weight: 379.90; Yield: 0.011 g. IR (KBr) v: 3398, 3294, 2985,
1600, 1346, 1157, 1091, 624, 543 cm’".

N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-methyl benzenesulfonamide hydrochloride (10d)

Molecular Formula: C,,H,;N;0,S; Molecular Weight: 359.49; Yield: 0.012 g. '"H NMR (DMSO-d,, 400 Mz) &:
2.26-2.39 (s, 3H), 3.23-3.42 (m, 11H), 3.49 (bs, 2H), 7.06-7.08 (d, 1H), 7.29-7.35 (m, 5H), 7.65-7.68 (m, 2H), 10.43 (s,
1H); IR (KBr) v: 3298, 3224, 2958, 1597, 1477, 1334, 1157, 1091, 894, 740 cm™; MS (70 eV) m/z %: 360.1 (M+H) ~
N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-methoxy benzenesulfonamide hydrochloride (10e)

Molecular Formula: C,,H,;N,0,S; Molecular Weight: 375.49; Yield: 0.052 g. '"H NMR (DMSO-d,, 400 Mz) &:
1.58-2.86 (m, 11H), 3.58 (bs, 2H), 4.20 (bs, 3H), 6.83-7.58 (m, 8H), 10.28 (s, 1H); IR (KBr) v: 3387, 2949, 2657, 2486,
1593, 1257, 1151, 1091, 802, 696, 665 cm™'; MS (70 eV) m/z %: 376.3 (M+H) .

N-(3-((1, 4-diazepan-1-yl) methyl) phenyl) ethane sulfonamide hydrochloride (10f)

Molecular Formula: C,,H,;,N,0,S; Molecular Weight: 297.42; Yield: 0.011 g. IR (KBr) v: 3396, 2960, 2654, 1593,
1454, 1328, 1139, 696 cm™; MS (70 eV) m/z %: 298.1 (M+H) .

N-(3-((1, 4-diazepan-1-yl) methyl) phenyl) propane-2-sulfonamide hydrochloride (10g)

Molecular Formula: C,;H,;N,0,S; Molecular Weight: 311.44; Yield: 0.012 g. IR (KBr) v: 3398, 3066, 2972, 2474,
1593, 1415, 1134, 694, 794, 696 cm.

N-(3-((1, 4-diazepan-1-yl) methyl) phenyl) methane sulfonamide hydrochloride (10h)

Molecular Formula: C,;H,,N,0,S; Molecular Weight: 283.39; Yield: 0.011 g. IR (KBr) v: 3394, 2962, 2659, 2360,
1593, 1327, 1311, 1145, 974, 773, 698 cm.

N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-bromo benzenesulfonamide hydrochloride (10i)

Molecular Formula: C,(H,,BrN,0,S; Molecular Weight: 424.36; Yield: 0.023 g. IR (KBr) v: 3468, 3294, 2958,
1639, 1469, 1342, 1157, 894, 756 cm.

4-fluoro-N-(3-((4-methyl-1, 4-diazepan-1-yl) methyl) phenyl) benzenesulfonamide hydrochloride (10j)

Molecular Formula: C,,H,,FN,0,S; Molecular Weight: 377.48; Yield: 0.005 g. IR (KBr) v: 3360, 2916, 2848, 1681,
1602, 1157, 1093, 1008, 800, 617 cm.

4-chloro-N-(3-((4-methyl-1, 4-diazepan-1-yl) methyl) phenyl) benzenesulfonamide hydrochloride (10k)

Molecular Formula: C,,H,,CIN;O,S; Molecular Weight: 393.93; Yield: 0.010 g. IR (KBr) v: 2924, 2854, 1732,
1456, 1259, 1161, 1082, 1012, 800, 761, 611 cm’.

4-methyl-N-(3-((4-methyl-1, 4-diazepan-1-yl) methyl) phenyl) benzenesulfonamide hydrochloride (101)

Molecular Formula: C,,H,,N,0,S; Molecular Weight: 373.51; Yield: 0.012 g. '"H NMR (DMSO-d,, 400 Mz) &: 2.48
(m, 6H), 2.87 (m, 10H), 3.47 (m, 2H), 7.08-8.13 (m, 8H), 10.30 (m, 1H); IR (KBr) v: 3319, 2943, 2866, 2831, 1454,
1022, 752, 665 cm™; MS (70 eV) m/z %: 374.2 (M+H)'".

Animals

Albino Wistar mice weighing 20-30 gm body weight of male and female sex were procured from registered
breeders Bharat Serum and Vaccines Ltd. Thane. The animals were maintained in hygienic conditions in our animal
house in groups of 5-6 in clean plastic cages containing husk bedding. The animals were fed standard pellet food
(Amrut brand pelleted standard feed manufactured by Nav Maharashtra Chakan Oils Ltd. Pune, Maharashtra) and water
ad libitum. Constituents of feed pellet used: Crude proteins: 21.99%, Crude oils: 04.06%, Crude fibers: 03.22%, Ash:
07.22%, Sand silica: 01.32%. The animal house conditions maintained were: Temperature (22+1)0C, Relative humidity
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(65£10) % and 10 hr (light) and 14 hr (dark) cycle. The animals were allowed to acclimatize to our animal house
conditions for 8-10 days period prior to the experiments. The institution’s animal house was registered with Govt. of
India with registration No. 25/1999/CPCSEA and was conformed to the Indian National Science Academy guidelines
for the use and care of experimental animal research. All the experimental protocols involving animal studies were
placed before the Institutional Animal Ethics Committee. The committee was granted approval after carefully reviewing
the research project.

Preliminary In Vivo Toxicological Evaluation [28]

2.0 gm test compound 10f was dissolved in 10 ml distilled water to prepare test solution. The test solution was
administered to 6 Albino mice (3 females + 3 males) weighing in the range of 20-25 gm, at a dose of 2000 mg/kg. The
mice were critically observed for clinical signs, gross behavioral changes and mortality if any, following the
administration of the test formulation at different time intervals like 30 min, 1 hr, 2 hrs, 4 hrs, 24 hrs, 48 hrs and 72 hrs
up to a period of 14 days. The study was carried out according to OECD guidelines No. 423.

In acute toxicity study, oral administration of representative test compound 10f at the dose up to 2000 mg/kg did not
reveal any signs of toxicity, behavioural changes or mortality in male and female mice so those were found to be safe.

Elevated Plus Maze (EPM) In-Vivo Animal Model for Cognition in Alzheimer’s Disease |28, 29]

Albino Wistar mice were divided into 5 groups of 6 animals each viz:

Group I: Control group (untreated)

Group II: Toxicant group (Scopolamine 0.4 mg/kg, i.p.)

Group III: Standard treatment group (Piracetam 200 mg/kg, p.o. + Scopolamine)
Group IV: Test compound 10f treatment group (10 mg/kg, p.o. + Scopolamine)
Group V: Test compound 10f treatment group (30 mg/kg, p.o. + Scopolamine)

The elevated plus maze animal model was consisted of two open arms (25 cmx5 c¢m) and two covered arms (25
cmx5 cmx14 cm) extended from a central platform (5 cmx5 cm) and the maze was elevated to a height of 25 cm from
the floor. The standard and test samples were administered orally to the respective groups for 8 consecutive days,
whereas toxicant scopolamine was administered 90 min after the administration of the last dose on 8" day. The animals
were exposed to the training session after 45 min of scopolamine administration. In training session each mouse was
placed at the end of an open arm, facing away from central platform and time taken by the animal to move from open
arm into one of the covered arms with all its four legs which was in terms of Transfer Latency (TL) for each animal.
The mouse was allowed to explore the maze for another 2 min and then returned to its home cage. Retention of this
learned-task was examined after 24 hr in terms of TL i.e. on the 9" day and immediately animals in all groups were
sacrificed using ether. The whole brain was removed aseptically and brain tissue homogenate was prepared in 0.1 M
phosphate buffer solution (pH 7.4) which was further utilized for estimation of various biochemical parameters like
acetyl cholinesterase (AChE).

It was used to evaluate learning and memory in mice. In groups treated with test compound 10f (10 mg/kg and 30
mg/kg) significant decrease in transfer latency was observed as compared to toxicant group which are shown in Table 4.

Vehicle Vs Toxicant (EPM): F=2.031, p=0.2277 by One tailed ANOVA, p<0.0001 shown non significant result
Vehicle Vs Toxicant (PAP): F=4.242, p=0.0694 by One tailed ANOVA, p<0.0001 shown non significant result

Every group except vehicle control was treated with scopolamine

Passive Avoidance Paradigm In Vivo Animal Modelfor Cognition in Alzheimer’s Disease [29, 30]

Albino Wistar mice were divided into 6 groups of 6 animals each viz:

e Group I: Control group (untreated)

o Group II: Toxicant group (Scopolamine 0.4 mg/kg, i.p.)

Group III: Standard treatment group (Piracetam 200 mg/kg, p.o. + Scopolamine)
Group IV: Test compound 10f treatment group (10 mg/kg, p.o. + Scopolamine)
Group V: Test compound 10f treatment group (30 mg/kg, p.o. + Scopolamine)
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Table 4. Effect of Test compounds on Transfer latency in Elevated plus maze and Step down latency in Passive avoidance
paradigm models in mice.

Groups EPM (TL in seconds) n=6 PAP (SDL in seconds) n=6
Vehicle 38+1.91 177+3.31
Toxicant (Scopolamine) 0.4 mg/kg 58.16+1.34 146+6.831
Standard (Piracetam) 200 mg/kg + Scopolamine 38.66"+1.37 201.16"+6.44

Test 10f 10 mg/kg + Scopolamine

41.83*%+1.34

187.6667°+12.93

Test 10f 30mg/kg + Scopolamine

41.83"%"+1.34

187*%+14.88

The values are expressed as mean + SD, where n=6 .* P<0.001," P<0.01,° P<0.05 as compared to toxicant control ; 4 P<0.001, ° P<0.01," P<0.05 as
compared to test A by using one way ANOVA followed by Turkey test. ¢ P<0.001," P<0.01, P<0.05 as compared to toxicant control ;' P<0.001, *
P<0.01,' P<0.05 as compared to test A by using one way ANOVA followed by Boneferroni test.

Pole climbing chamber was used for passive avoidance response where pole was replaced by a wooden platform
fixed on electric grid floor. Passive avoidance behavior based on negative reinforcement was used to examine the long-
term memory. The apparatus was consisted of a box (27 cmx27 cm*27 cm) with three walls of plastic and front wall of
plexiglass, featuring a grid floor (made up of 3 mm stainless steel rods set 8 mm apart), with a wooden platform (10
cmx7 cmx1.7 cm) in the center of the grid floor. Electric shock (6 mA) was delivered to the grid floor. The standard
and test samples were administered orally to the respective groups for 8 consecutive days, whereas toxicant
scopolamine hydrobromide was administered 90 min after the administration of the last dose on 8" day. The animals
were exposed to the training session after 45 min of scopolamine hydrobromide administration. Training (i.e. 8" day of
drug treatment) was carried out in two similar sessions. Each mouse was gently placed on the wooden platform set in
the center of the grid floor. When the mouse was stepped-down placing all its paws on the grid floor, shocks were
delivered for 15 sec and the step-down latency (SDL) was recorded. SDL was defined as the time (in seconds) taken by
the mouse to step down from the wooden platform to grid floor with its paws on the grid floor. Animals which were
showing SDL in the range of 2-15 seconds during the first test were used for the second session and the retention test.
The second session was carried out 90 min after the first test. During second session, if the animals were stepped down
before 60 sec, electric shocks were delivered once again for 15 sec. During the second test, animals were removed from
shock free zone, if they did not step down for a period of 60 sec and were subjected to retention test. Retention memory
was tested after 24 hr (i.e. 9" day, 24 hr after last dose) in a similar manner, except that the electric shocks were not
applied to the grid floor observing an upper cut-off time of 300 sec and immediately animals in all the groups were
humanely sacrificed using ether.

It was used to evaluate long term memory in mice based on negative reinforcement. In groups treated with test
compound 10f (10 mg/kg and 30 mg/kg) significant increase in step down latency was observed as compared to
toxicant group are shown in Table 4.

Acetylcholinesterase (AChE) In Vitro Assay for Cognition in Alzheimer’s Disease [29, 31]

A spectrophotometry method for determining acetyl cholinesterase activity of tissue extracts, homogenates and cell
suspensions has been described. The principle of the method is the measurement of the rate of production of thiocholine
from acetylthiocholine which is hydrolyzed in the presence of Acetyl cholinesterase (AChE). Further thiocholine react
with 5, 5-dithiobis-2-nitrobenzoate ion (I) to produce the yellow anion of 5-thio-2-nitro-benzoic acid (II). The rate of
formation of thiocholine from acetylthiocholine iodide in the presence of tissue cholinesterase was measured using
spectrophotometer. It is based on coupling reactions:

Enzyme
H,0 + (CH3);N*CH,CH,SCOCH; —— = (CH3)3N*CH,CH,S™ + CH3* COO™ + 2H*

Acetylthiocholine Thiocholine Acetate

(CH3)sN*CH,CH,S™ + RSSR ———— (CHg)jN*CH,CH,SSR + RS’
Thiocholine () Thiocholine (n
R = Nitrobenzoic acid
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Reagents

o Substrate (Acetylthiocholine iodide 0.075 M): 21.67 mg Acetylthiocholine iodide was dissolved in 1 ml distilled
water. This solution was used successfully for 10-15 days if it was refrigerated.

o Dithiobisnitrobenzoic acid (DTNB) 0.01M: 39.6 mg DTNB and 15 mg NaHCO, were dissolved in 10 ml 0.1 M
phosphate buffer (pH 7.4).

Procedure

¢ 0.4 ml of tissue homogenate was added to a cuvette containing 2.6 ml of phosphate buffer (pH 7.4, 0.1 M).

e Then DTNB reagent (100 pu1) was added to the cuvette. The absorbance was measured at 412 nm; when this had
stopped increasing, the photometer slit was opened so that the absorbance was set to zero, then acetylthiocholine
(20 nl) was added. Changes in absorbance were recorded and the change in absorbance every minute for a
period of 3 min was calculated.

o The rates of enzyme activity were calculated as follows:

AA 1 L AA
X =574 (10
1.36 (109 (400/3120) Co Co

Where,

R = Rate in moles substrate hydrolyzed per min per g of tissue
AA = Change in absorbance per min
C,= Original concentration of tissue (mg/ml)

Statistical Analysis

The results of nootropic activity were expressed as mean £ SEM from 6 animals in each group. Results were
statistically analyzed using one-way ANOVA following Turkey and Boferroni pos-hoc test; P<0.05 was considered
significant. Graph Pad InStat version 4.00 of Graph Pad Software Inc. San Diego, USA was the software used for
statistical analysis.

AChE enzyme inhibition would be potential target for prevention and treatment of cognition disorders. Test
compound 10f treatment inhibited AChE activity in the brain significantly when compared to toxicant control. The
effects of test compound on AChE inhibition were comparable to standard Piracetam treatment suggesting the anti-
cholinesterase inhibitory activity of test compounds which might be the probable mechanism for its memory enhancing
activity which are shown in Table 5.

Table 5. Effect of Test compound on Acetyl cholinesterase level in Elevated plus maze and Passive avoidance paradigm
models in mice.

Groups EPM(AchE in nmole/min/g tissue) n=3 PAP (AchE in nmole/min/g tissue) n=3
Vehicle 207.98+4.58 212.5333+3.29
Toxicant (Scopolamine) 0.4 mg/kg 365.65+9.26 367.13+11.62
Standard (Piracetam) 200 mg/kg + Scopolamine 199.08%%+9.77 196.98"+6.61
Test 10f 10 mg/kg + Scopolamine 223.34%+14.17 217.79%+4.50
Test 10f 30mg/kg + Scopolamine 223.52*£9.92 221.91*+14.44

The values are expressed as mean = SD, where n=6 ." P<0.001,” P<0.01,° P<0.05 as compared to toxicant control ; 4 P<0.001, © P<0.01," P<0.05 as
compared to test A by using one way ANOVA followed by Turkey test. * P<0.001," P<0.01, P<0.05 as compared to toxicant control ;' P<0.001, *
P<0.01,' P<0.05 as compared to test A by using one way ANOVA followed by Boneferroni test.

Vehicle Vs Toxicant (EPM): F=2.179, p=0.2689 by One tailed ANOVA, p<0.0001 shown non significant result
Vehicle Vs Toxicant (PAP): F=12.466, p=0.0743 by One tailed ANOVA, p<0.0001 shown non significant result

Every group except vehicle control was treated with scopolamine
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STRUCTURE-ACTIVITY RELATIONSHIP

To explore SAR, various substitutions were tried on R, like alkyl, aryl, arylalkoxy, arylalkyl and aryl halo. All these
substitutions were given potent binding affinities (Ki in nM).There was an increase in potency when introduced ethyl
group instead of phenyl group at R, (10f, Ki = 7.11 nM; 10a, Ki = 18.85 nM). N-alkylation on ring A was tolerated and
maintained the binding affinity (10b, Ki = 20.34 nM; 10j, Ki = 24.73 nM). However, moving from on ring A without
N-alkylation to methyl generally were reduced affinity (10d, Ki = 10.00 nM; 101, Ki = 17.65 nM). In R,, ethyl,
isopropyl and tolyl groups were among the most tolerated groups (10f, Ki = 7.11 nM; 10g, Ki =8.71 nM and 10d, Ki =
10.00 nM). Obviously the substitution pattern on R, compared to ring A was playing a role in the affinity potency of the
compound. Variation of alkyl chain on R, was not shown any significant change on binding affinity.

SUMMARY AND CONCLUSION

Novel, potent and safe 3-(1, 4-diazepanyl)-methyl-phenyl-sulphonamides as 5-HT, receptor antagonists were
designed using PHASE-ligand based drug designing approach and their binding affinities were evaluated, ADMET
profiling by in silico screening. An efficient synthesis of these derivatives was carried out in good yields. Cognitive
enhancing activity in Alzheimer’s disease and toxicity were evaluated by in vitro assay and in vivo animal models of
screening.

It was confirmed earlier hypothesis about the importance of terminal nitrogen for binding to 5-HTR. In groups
treated with test compound 10f, transfer latency in EPM model was found to be significantly decreased as well as in
Passive avoidance paradigm model, step down latency was found to be significantly increased as compared to groups
treated with Scopolamine, which was indicated that the memory of learned task was retained in group treated with test
compound 10f at 10 mg/kg and 30 mg/kg. Thus, our test compounds have an ability to prevent loss of memory. These
results were further verified by evaluating effect of test compound on levels of acetylcholine in terms of cholinesterase
activity where it was found to be decreased as compared to Scopolamine treated group. All these results were indicated
that the observed memory retention effect in groups treated with our test compound probably were prevented
metabolism of acetylcholine by inhibiting acetyl cholinesterase enzyme. Hence restoration of acetylcholine level in
brain was led to retrivation of memory of learned task as observed in EPM and PAP test. Experimental results of
synthesized derivatives were shown comparable activity to the earlier reported derivatives in literature on 5-HT R
therapeutic area. Future advanced pre-clinical development through SAR modifications to improve the overall
pharmacokinetic parameters will be the future scope of the work.

CONFLICT OF INTEREST

The authors confirm that this article content has no conflict of interest.

ACKNOWLEDGEMENTS

The authors are indebted to Department of Biotechnology (DBT), New Delhi, India, for financial support and
grateful to Prin. K. M. Kundanani College of Pharmacy, Cuffe Parade, Mumbai for providing splendid infrastructural
facilities.

REFERENCES

[1] Hoyer D, Clarke DE, Fozard JR, et al. International Union of Pharmacology classification of receptors for 5-hydroxytryptamine (Serotonin).
Pharmacol Rev 1994; 46(2): 157-203.
[PMID: 7938165]

[2] Glennon RA. Higher-end serotonin receptors: 5-HT(5), 5-HT(6), and 5-HT(7). ] Med Chem 2003; 46(14): 2795-812.
[http://dx.doi.org/10.1021/jm030030n] [PMID: 12825922]

[3] Sebben M, Ansanay H, Bockaert J, Dumuis A. 5-HT, receptors positively coupled to adenylyl cyclase in striatal neurones in culture.
Neuroreport 1994; 5(18): 2553-7.
[http://dx.doi.org/10.1097/00001756-199412000-00037] [PMID: 7696602]

[4] Holenz J, Pauwels PJ, Diaz JL, Merce R, Codony X, Buschmann H. Medicinal chemistry strategies to 5-HT(6) receptor ligands as potential
cognitive enhancers and antiobesity agents. Drug Discov Today 2006; 11(7-8): 283-99.
[http://dx.doi.org/10.1016/j.drudis.2006.02.004] [PMID: 16580970]

[5] Davies S, Silvestre J, Guitart X. Drug discovery targets: 5-HT; receptor. Drugs Future 2005; 30(5): 479-95.
[http://dx.doi.org/10.1358/dof.2005.030.05.907630]


http://www.ncbi.nlm.nih.gov/pubmed/7938165
http://dx.doi.org/10.1021/jm030030n
http://www.ncbi.nlm.nih.gov/pubmed/12825922
http://dx.doi.org/10.1097/00001756-199412000-00037
http://www.ncbi.nlm.nih.gov/pubmed/7696602
http://dx.doi.org/10.1016/j.drudis.2006.02.004
http://www.ncbi.nlm.nih.gov/pubmed/16580970
http://dx.doi.org/10.1358/dof.2005.030.05.907630

3-(1,4-Diazepanyl)-Methyl-Phenyl-Sulfonamides as Cognitive Enhancers Open Pharmaceutical Sciences Journal, 2016, Volume 3 147

[10]

[11]

[12]

[13]

[14]

[15]

(23]

[24]

[25]

[26]

Fisas A, Codony X, Romero G, et al. Chronic 5-HT receptor modulation by E-6837 induces hypophagia and sustained weight loss in diet-
induced obese rats. Br J Pharmacol 2006; 148(7): 973-83.
[http://dx.doi.org/10.1038/sj.bjp.0706807] [PMID: 16783408]

Roth BL, Craigo SC, Choudhary MS, et al. Binding of typical and atypical antipsychotic agents to 5-hydroxytryptamine-6 and 5-
hydroxytryptamine-7 receptors. J Pharmacol Exp Ther 1994; 268(3): 1403-10.
[PMID: 7908055]

Geldenhuys WJ, Van der Schyf CJ. Serotonin 5-HT; receptor antagonists for the treatment of Alzheimer’s disease. Curr Top Med Chem 2008;
8(12): 1035-48.
[http://dx.doi.org/10.2174/156802608785161420] [PMID: 18691131]

Reavill C, Rogers DC. The therapeutic potential of 5-HT6 receptor antagonists. Curr Opin Investig Drugs 2001; 2(1): 104-9.
[PMID: 11527001]

Johnson CN, Ahmed M, Miller ND. 5-HT, receptor antagonists: prospects for the treatment of cognitive disorders including dementia. Curr
Opin Drug Discov Devel 2008; 11(5): 642-54.
[PMID: 18729016]

Geldenhuys WJ, Van der Schyf CJ. The serotonin 5-HT, receptor: a viable drug target for treating cognitive deficits in Alzheimer’s disease.
Expert Rev Neurother 2009; 9(7): 1073-85.
[http://dx.doi.org/10.1586/ern.09.51] [PMID: 19589055]

Witty D, Ahmed M, Chuang TT. Advances in the design of 5-HT, receptor ligands with therapeutic potential. Prog Med Chem 2009; 48:
163-224.
[http://dx.doi.org/10.1016/S0079-6468(09)04805-X] [PMID: 21544960]

King MV, Sleight AJ, Woolley ML, Topham IA, Marsden CA, Fone KC. 5-HT; receptor antagonists reverse delay-dependent deficits in novel
object discrimination by enhancing consolidation--an effect sensitive to NMDA receptor antagonism. Neuropharmacology 2004; 47(2):
195-204.

[http://dx.doi.org/10.1016/j.neuropharm.2004.03.012] [PMID: 15223298]

Woolley ML, Marsden CA, Sleight AJ, Fone KC. Reversal of a cholinergic-induced deficit in a rodent model of recognition memory by the
selective 5-HT receptor antagonist, Ro 04-6790. Psychopharmacology (Berl) 2003; 170(4): 358-67.
[http://dx.doi.org/10.1007/500213-003-1552-5] [PMID: 13680084]

Lindner MD, Hodges DB Jr, Hogan JB, et al. An assessment of the effects of serotonin 6 (5-HT,) receptor antagonists in rodent models of
learning. J Pharmacol Exp Ther 2003; 307(2): 682-91.
[http://dx.doi.org/10.1124/jpet.103.056002] [PMID: 12975483]

Slassi A, Isaac M. Recent progress in 5-HT, receptor antagonists for the treatment of CNS diseases. Expert Opin Ther Pat 2002; 12: 513-27.
[http://dx.doi.org/10.1517/13543776.12.4.513]

Russell MG, Dias R. Memories are made of this (perhaps): a review of serotonin 5-HT(6) receptor ligands and their biological functions. Curr
Top Med Chem 2002; 2(6): 643-54.
[http://dx.doi.org/10.2174/1568026023393877] [PMID: 12052198]

Wesotowska A. In the search for selective ligands of 5-HT;, 5-HT, and 5-HT, serotonin receptors. Pol J Pharmacol 2002; 54(4): 327-41.
[PMID: 12523486]

Robichaud A. MEDI-34; 239" ACS National Meeting and Exposition 2010 March 21-25; San Francisco, CA.

Heal DJ, Smith SL, Fisas A, Codony X, Buschmann H. Selective 5-HT, receptor ligands: progress in the development of a novel
pharmacological approach to the treatment of obesity and related metabolic disorders. Pharmacol Ther 2008; 117(2): 207-31.
[http://dx.doi.org/10.1016/j.pharmthera.2007.08.006] [PMID: 18068807]

Liu K, Robicchaud A. 5-HT; antagonists as potential treatment for cognitive dysfunction. J Drug Dev Res 2009; 70: 145-68.
[http://dx.doi.org/10.1002/ddr.20293]

Rossé G, Schafthauser H. 5-HT, receptor antagonists as potential therapeutics for cognitive impairment. Curr Top Med Chem 2010; 10(2):
207-21.
[http://dx.doi.org/10.2174/156802610790411036] [PMID: 20166958]

Nirogi RV, Daulatabad AV, Parandhama G, et al. Synthesis and pharmacological evaluation of aryl aminosulfonamide derivatives as potent
5-HT(,) receptor antagonists. Bioorg Med Chem Lett 2010; 20(15): 4440-3.
[http://dx.doi.org/10.1016/j.bmcl.2010.06.060] [PMID: 20594839]

Liu KG, Robichaud AJ. 5-HT medicinal chemistry. Int Rev Neurobiol 2010; 94: 1-34.
[http://dx.doi.org/10.1016/B978-0-12-384976-2.00001-0] [PMID: 21081200]

Velingkar V, Chindhe A. Ligand based pharmacophore generation and 3D-QSAR study of serotonin ligands using PHASE. J Comput
MethMol Design 2014; 4(3): 1-9.

Rani V, Ravindranath L. Synthesis, characterization and antimicrobial evaluation of novel mannich bases containing pyrazole-5-one
phosphonates. OPSJ 2016; 3: 49-55.


http://dx.doi.org/10.1038/sj.bjp.0706807
http://www.ncbi.nlm.nih.gov/pubmed/16783408
http://www.ncbi.nlm.nih.gov/pubmed/7908055
http://dx.doi.org/10.2174/156802608785161420
http://www.ncbi.nlm.nih.gov/pubmed/18691131
http://www.ncbi.nlm.nih.gov/pubmed/11527001
http://www.ncbi.nlm.nih.gov/pubmed/18729016
http://dx.doi.org/10.1586/ern.09.51
http://www.ncbi.nlm.nih.gov/pubmed/19589055
http://dx.doi.org/10.1016/S0079-6468(09)04805-X
http://www.ncbi.nlm.nih.gov/pubmed/21544960
http://dx.doi.org/10.1016/j.neuropharm.2004.03.012
http://www.ncbi.nlm.nih.gov/pubmed/15223298
http://dx.doi.org/10.1007/s00213-003-1552-5
http://www.ncbi.nlm.nih.gov/pubmed/13680084
http://dx.doi.org/10.1124/jpet.103.056002
http://www.ncbi.nlm.nih.gov/pubmed/12975483
http://dx.doi.org/10.1517/13543776.12.4.513
http://dx.doi.org/10.2174/1568026023393877
http://www.ncbi.nlm.nih.gov/pubmed/12052198
http://www.ncbi.nlm.nih.gov/pubmed/12523486
http://dx.doi.org/10.1016/j.pharmthera.2007.08.006
http://www.ncbi.nlm.nih.gov/pubmed/18068807
http://dx.doi.org/10.1002/ddr.20293
http://dx.doi.org/10.2174/156802610790411036
http://www.ncbi.nlm.nih.gov/pubmed/20166958
http://dx.doi.org/10.1016/j.bmcl.2010.06.060
http://www.ncbi.nlm.nih.gov/pubmed/20594839
http://dx.doi.org/10.1016/B978-0-12-384976-2.00001-0
http://www.ncbi.nlm.nih.gov/pubmed/21081200

148 Open Pharmaceutical Sciences Journal, 2016, Volume 3 Velingkar et al.

[27]

(28]

Patel J, Prajapati L. Development and validation of a robust QSAR model for piperazine and keto piperazine derivatives as renin inhibitors.
OPSJ 2016; 3: 1-24.

Parle M, Vasudevan M. Memory enhancing activity of abana: an indian. ayurvedic polyherbal formulation. J Health Sci 2007; 53(1): 43-52.
[http://dx.doi.org/10.1248/jhs.53.43]

Sahoo B, Dinda S, Ravikumar B, Panda J. Green synthesis and evaluation of 3-(aryl)-2-thioxo-2, 3-dihydro-quinazolin-4(1H)-ones as novel
anticonvulsant drugs. Int J Pharm Sci Nanotech 2013; 6(2): 2046-52.

Joshi H, Parle M. Zingiber Officinale: Evaluation of its nootropic effect in mice. Afr J Trad Cam 2006; 3: 64-74.

Ellman GL, Courtney KD, Andres V Jr, Feather-Stone RM. A new and rapid colorimetric determination of acetylcholinesterase activity.
Biochem Pharmacol 1961; 7: 88-95.
[http://dx.doi.org/10.1016/0006-2952(61)90145-9] [PMID: 13726518]

© Velingkaret al.; Licensee Bentham Open.

This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License
(CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.


http://dx.doi.org/10.1248/jhs.53.43
http://dx.doi.org/10.1016/0006-2952(61)90145-9
http://www.ncbi.nlm.nih.gov/pubmed/13726518
https://creativecommons.org/licenses/by-nc/4.0/legalcode

	Design, Synthesis and Evaluation of Substituted 3-(1, 4-Diazepanyl)-Methyl-Phenyl-Sulphonamides as Potent 5-HT6 Antagonists in Cognitive Disorders 
	[Background:]
	Background:
	Objective:
	Method:
	Results:
	Conclusion:

	INTRODUCTION
	MATERIALS AND METHODS
	Designing of 3-(1, 4-Diazepanyl)-Methyl-Phenyl-Sulphonamides Using PHASE
	ADMET In Silico Screening Using QikProp
	Experimental
	Synthesis of 3-(1, 4-Diazepanyl)-Methyl-Phenyl-Sulphonamides
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl) benzenesulfonamide hydrochloride (10a)
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-fluoro benzenesulfonamide hydrochloride (10b)
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-chloro benzenesulfonamide hydrochloride (10c)
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-methyl benzenesulfonamide hydrochloride (10d)
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-methoxy benzenesulfonamide hydrochloride (10e)
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl) ethane sulfonamide hydrochloride (10f)
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl) propane-2-sulfonamide hydrochloride (10g)
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl) methane sulfonamide hydrochloride (10h)
	N-(3-((1, 4-diazepan-1-yl) methyl) phenyl)-4-bromo benzenesulfonamide hydrochloride (10i)
	4-fluoro-N-(3-((4-methyl-1, 4-diazepan-1-yl) methyl) phenyl) benzenesulfonamide hydrochloride (10j)
	4-chloro-N-(3-((4-methyl-1, 4-diazepan-1-yl) methyl) phenyl) benzenesulfonamide hydrochloride (10k)
	4-methyl-N-(3-((4-methyl-1, 4-diazepan-1-yl) methyl) phenyl) benzenesulfonamide hydrochloride (10l)

	Animals
	Preliminary In Vivo Toxicological Evaluation [28]
	Elevated Plus Maze (EPM) In-Vivo Animal Model for Cognition in Alzheimer’s Disease [28, 29]
	Passive Avoidance Paradigm In Vivo Animal Modelfor Cognition in Alzheimer’s Disease [29, 30]
	Acetylcholinesterase (AChE) In Vitro Assay for Cognition in Alzheimer’s Disease [29, 31]
	Reagents

	Procedure
	Statistical Analysis

	STRUCTURE-ACTIVITY RELATIONSHIP
	SUMMARY AND CONCLUSION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




