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Abstract

A series of N0-[3-(indole-1-sulfonyl) aryl]-N,N-dimethyl ethane-1,2-diamines and N0-[3-(indole-
1-sulfonyl) aryl]-N,N-dimethyl propane-1,3-diamines was designed and synthesized as 5-HT6

receptor ligands. These compounds, when screened in a functional reporter gene-based assay,
displayed potent antagonistic activity with Kb values in the range of 1.8–60 nM. The lead
compound 9y has shown good ADME surrogate properties, acceptable pharmacokinetic profile
and is active in animal models of cognition like novel object recognition test and Morris water
maze. It was selected for detailed profiling.
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Introduction

World Health Organization recognizes the size and complexity of
the dementia challenge and urges countries to view dementia as a
critical public health priority. Dementia is a syndrome due to
disease of the brain, usually chronic, characterized by a progres-
sive, global deterioration in intellect, including memory, learning,
orientation, language, comprehension and judgment. Alzheimer’s
Disease International estimated that 36 million people worldwide
are living with dementia in 2010 and this number is expected to
increase in future with the increased life expectancy around the
globe. There are 7.7 million new cases of dementia each year,
implying that there is a new case of dementia somewhere in the
world every 4 s. If breakthroughs are not discovered1, the number
of people affected will be over 115.4 million by 2050.

The monoamine neurotransmitter serotonin (5-hydroxytrypta-
mine, 5-HT) mediates a wide range of physiological functions2–4

by interacting with multiple receptors, and these receptors have
been implicated as playing important roles in certain pathological
and psychopathological conditions. Among these receptors,
5-hydroxytryptamine6 (5-HT6) receptor is one of the most
recently discovered members of serotonin receptor family
(5-HT1–5-HT7). It is a G-protein-coupled receptor (GPCR) and
positively coupled to adenylate cyclase secondary messenger
system5,6.

The 5-HT6 receptor appears to regulate several neurotransmit-
ter systems, including acetylcholine, glutamate, dopamine,
noradrenaline or aspartate. It is unique distribution in the brain
and high affinity for therapeutic antipsychotics and antidepres-
sants7,8 suggests a possible role of the 5-HT6 receptor in central
nervous system (CNS) disorders. Along with this, several studies
have been published reporting an association of 5-HT6 receptor
variants with neuropsychological and neuropsychiatric diseases
such as schizophrenia9–13, bipolar affective disorders14,
Parkinson’s disease15 or Alzheimer’s disease16–18 and the treat-
ment of obesity and related metabolic disorders. Therefore, 5-HT6

receptors represent an extremely attractive target for the devel-
opment of novel small molecule therapeutics for the treatment of
various neurodegenerative disorders19–21.

Many 5-HT6 receptor ligands have been reported and some of
the clinically advancing molecules include SAM-760 from Pfizer,
SB-742457 (Figure 1) from GSK is in Phase II clinical trials for
dementia as per their product development pipeline published22,23

in February 2013. Recently, AVN-211 (Figure 1) from Avineuro
Pharmaceuticals entered into phase IIb clinical trials for treatment
of schizophrenia24–26 and Lundbeck has reported that Lu
AE58054 (Figure 1) met its primary endpoint in large placebo-
controlled clinical proof of concept study in people with
Alzheimer’s disease27,28. Biotie therapies have completed phase
I clinical trials of the compound, SYN-12029. As part of our own
research program, we at Suven have designed and developed
selective 5-HT6 receptor antagonist compound SUVN-502 (struc-
ture not disclosed) which has completed phase I trials for
cognitive impairment in schizophrenia and Alzheimer’s disease30.
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N,N-dimethyl-2-(5-methoxy-1-phenylsufonyl-1H-indole-3-
yl)ethylamine (MS-245, Figure 2) is a 5-HT6R antagonist
reported by Glennon et al.31 in early 2000. Since then a lot of
reports have been published regarding variations in N,N-dimethyl
amino alkyl side chain on and around the indole nucleus and their
affinity21,32,33 (Figure 2). Numerous selective antagonists of
5-HT6 receptors have been disclosed during the last decade34–42

and a pharmacophore model for this type of receptor antagonists
has been developed based on known structurally diverse 5-HT6

receptor antagonists43–49. In general, the model entails the
positive ionizable atom (usually a secondary or tertiary amino
group), a hydrogen bond acceptor group (usually a sulfone or
sulfonamide group), a hydrophobic site (HYD) and �-electron
donor aromatic or heterocyclic ring (AR). Considering the
reported 5-HT6 receptor ligands and an established pharmaco-
phore model, in an attempt to identify potent and selective 5-HT6

ligands, we have designed and synthesized a series of
N0-[3-(indole-1-sulfonyl) aryl]-N,N-dimethyl ethane-1,2-diamines
and N0-[3-(indole-1-sulfonyl) aryl]-N,N-dimethyl propane-1,
3-diamines derivatives with basic amine side chain (Compounds
9) on N-aryl sulfonyl moiety at C-30 position.

These compounds have high selectivity over closely related
receptors and activity in the animal model of cognition. The
synthesis, in vitro activity, selectivity over closely related targets,
pharmacokinetics and pharmacology of these series of
compounds are discussed in this paper.

In vitro potencies were determined for all the synthesized
compounds using functional reporter gene-based assay50,51. This
assay uses a stable CHO cell line expressing recombinant human
5-HT6 receptor and pCRE-Luc reporter system, which allows one
to determine functional activities (agonist or antagonist) and
assess potency of a compound to modulate GPCR-mediated cell
responses. By using this specific assay, the level of intracellular
cyclic AMP which is modulated by activation or inhibition of the
receptor is measured. The Kb values of N,N-dimethylamino alkyl
amino aryl sulfonamides obtained from the cell-based assay of
5-HT6 receptor are given in Table 1.

Results and discussion

Structure activity relationship

Several analogues of N0-[3-(indole-1-sulfonyl) aryl]-N,N-dimethyl
ethane-1,2-diamines and N0-[3-(indole-1-sulfonyl) aryl]-
N,N-dimethyl propane-1,3-diamines were synthesized and their
Kb values are given in Table 1. In the presented series, all the
compounds were found to have high potency, with Kb values in
the range of 1.8–60 nM, indicating that the flexible
N,N-dimethylamino alkyl amine side chain on N-aryl sulfonyl
group at C-30 position in an indolylsulfonamide amine series is
well tolerated in terms of activity.

Among the compounds synthesized, 9e and 9y were the most
potent compounds with Kb values of 1.8 and 2.1 nM respectively,
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Figure 2. Structures of reported 5-HT6 ligands.

Figure 1. Clinically advanced 5-HT6 receptor
ligands.
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these compounds bearing n¼ 1, R1¼H, R2¼CH3, R3¼OCH3

and n¼ 2, R1¼H, R2¼CH3, R3¼OCH3, respectively. Generally,
-H, halo and smaller alkyl (namely Me) substitutions at C3 of
indole ring are well tolerated and proved to have good potency as
can be seen from the Kb values of the compounds 9c
(Kb¼ 4.9 nM), 9d (Kb¼ 3.1 nM), 9e (Kb¼ 1.8 nM),
9h (Kb¼ 19 nM), 9n (Kb¼ 13 nM), 9o (Kb¼ 17 nM) and 9t
(Kb¼ 11.9 nM). Compounds with electron donating and/or bulky
groups (namely OCH3, OC2H5 and OCH(CH3)3) at C5 of indole
were showing moderate potency toward 5-HT6 R, as it can be seen
from the Kb values of the compounds 9a (Kb¼ 33 nM), 9b
(Kb¼ 23.7 nM), 9f (Kb¼ 26.9 nM), 9p (Kb¼ 26 nM), 9q
(Kb¼ 27 nM), 9v (Kb¼ 47 nM) and 9z (Kb¼ 37.7 nM). More or
less a very similar trend was observed in the case of electron
withdrawing and/or bulky halogen group (namely F, Cl and Br) at
C5 of indole, for example, 9h (Kb¼ 19 nM), 9m (Kb¼ 40 nM),
9o (Kb¼ 17 nM), 9r (Kb¼ 33 nM), 9s (Kb¼ 33 nM), 9u
(Kb¼ 43 nM), 9w (Kb¼ 23 nM), 9ad (Kb¼ 7.2 nM), 9ae

(Kb¼ 39.4 nM) and 9af (Kb¼ 60 nM). Among the halo com-
pounds with n¼ 1, the potencies drop down as the size of the
halogen group increases, for example, 9o (Kb¼ 17 nM) versus 9w
(Kb¼ 23 nM) versus 9u (Kb¼ 43 nM). This was also true for the
compounds bearing n¼ 2, as can be seen by comparing 9ad
(Kb¼ 7.2 nM) versus 9ae (Kb¼ 39.4 nM) versus 9af
(Kb¼ 60 nM). This indicates that among the halo derivatives,
the fluoro substitution is the most tolerated and preferred
substitution at C5 position of the indole. Marginal improvement
was seen in potency when the chloro group was shifted from C4 to
C6 of indole ring as it can be seen from the Kb values of the
compounds 9t (Kb¼ 11.9 nM) versus 9k (Kb¼ 6.6 nM).
Increasing the chain length (n¼ 2) in the side chain gave
compounds with almost equipotent activities, as it can be seen
from Kb values of 9e (Kb¼ 1.8 nM) versus 9y (Kb¼ 2.1 nM), 9g
(Kb¼ 25 nM) versus 9z (Kb¼ 37.7 nM), 9f (Kb¼ 26.9 nM) versus
9aa (Kb¼ 18 nM), 9x (Kb¼ 40 nM) versus 9ae (Kb¼ 39.4 nM)
and 9a (Kb¼ 33 nM) versus 9ac (Kb¼ 18.9 nM).

The values of Imax and IC50 for most potent compounds 9d, 9e
and 9y are given in Table 2.

All the lead compounds have shown full antagonistic activity
with Imax 100% or close to 100% (Table 2).

Selected compounds that showed an excellent potency in the
reporter gene cell-based assay were further profiled in a
radioligand binding assay for specificity on a panel of closely
related receptors. The compounds (9d, 9e and 9y) have an
excellent selectivity (Table 3) over a range of closely related
receptors like 5-HT3 and 5-HT4b, histamine H1 and H3, dopamine
D2 and D3, adrenergic a1B, and the transporters like SERT, DAT
and NET. All the tested compounds produced550% inhibition at
a concentration of 1 mM indicating high selectivity toward these
off targets. The compounds 9d, 9e and 9y showed low inhibition
of human ether-a-go-go-related gene (hERG) with the inhibition
of 32%, 12% and 23%, respectively, when tested in Astemizole
binding assay at 1 mM.

Once the in vitro activity and selectivity of compounds was
achieved, our next step was to study the metabolic stability in
microsomes (Table 4). The in vitro metabolic stability of selective
compounds 9d, 9e and 9y in rat and human liver microsomes was
carried out for 30 min. Compound 9d metabolized (100% and
32%) compared with compound 9e (94% and 37%) and compound
9y (90% and 34%) in rat and human, respectively, indicating low
metabolism in human liver microsomes.

Since brain penetration is an important factor for molecules
targeting the CNS, we determined PK parameters (Table 5) of the
selected compounds (9d, 9e and 9y). Brain and plasma levels
were calculated in male Wistar rats after 6 h i.v. continuous
infusion of compounds 9d, 9e and 9y at 10 mg/kg/h dose. Among
these compounds 9y showed adequate brain to plasma ratio of
3.48 ± 0.27, whereas compounds 9d and 9e exhibited higher brain
to plasma ratio of 20.16 ± 1.84 and 13.50 ± 4.28, respectively. The
pharmacokinetic profile of 9d, 9e and 9y was assessed in male
Wistar rats (Table 5). Following i.v. administration of 10 mg/kg,
the compounds 9d, 9e and 9y showed good mean half-life of
2.93 ± 1.29 h, 3.37 ± 0.29 h and 2.72 ± 0.40 h, respectively.

Table 1. 5-HT6 receptor potencies*.

O2S

R3

R1

CH3

CH3

R2

N H
N

Nn

A B

C

1
2

3
4

5

6
7

6'

1'

2'

3'

4'5'

(n = 1, 2)

.

Comp. No. R1 R2 R3 n Kb (nM)

9a 5-OCH3 CH3 OCH3 1 33 ± 0.71
9b 5-OCH3 Cl OCH3 1 23.7 ± 0.42
9c H Cl OCH3 1 4.9 ± 0.14
9d H H OCH3 1 3.1 ± 0.21
9e H CH3 OCH3 1 1.8 ± 0.14
9f 5-OCH3 CH3 CH3 1 26.9 ± 0.71
9g 5-OCH3 H CH3 1 25 ± 0.42
9h 5-F H C2H5 1 19 ± 0.28
9i 5-OCH3 CH3 C2H5 1 29 ± 0.28
9j 6-Cl H CH3 1 4.6 ± 0.14
9k 6-Cl H H 1 6.6 ± 0.16
9l 5-OCH3 H C2H5 1 36 ± 0.85
9m 5-Br H C2H5 1 40 ± 0.71
9n 4-Cl CH3 H 1 13 ± 0.28
9o 5-F CH3 C2H5 1 17 ± 0.21
9p 5-OiPr CH3 H 1 26 ± 0.42
9q 5- OiPr H H 1 27 ± 0.28
9r 5-Cl H C2H5 1 33 ± 0.28
9s 5-Br H H 1 33 ± 0.71
9t 4-Cl H H 1 11.9 ± 0.42
9u 5-Br CH3 C2H5 1 43 ± 0.71
9v 5-OC2H5 CH3 H 1 47 ± 0.35
9w 5-Cl CH3 C2H5 1 23 ± 0.28
9x 5-Cl CH3 OCH3 1 40 ± 0.80
9y H CH3 OCH3 2 2.1 ± 0.07
9z 5-OCH3 H CH3 2 37.7 ± 0.42
9aa 5-OCH3 CH3 CH3 2 18 ± 0.28
9ab 5-OCH3 CH3 H 2 23 ± 0.21
9ac 5-OCH3 CH3 OCH3 2 18.9 ± 0.28
9ad 5-F CH3 OCH3 2 7.2 ± 0.14
9ae 5-Cl CH3 OCH3 2 39.4 ± 0.60
9af 5-Br CH3 OCH3 2 60 ± 0.40

*The compounds were tested in vitro with non-radioactive-based
approach for determination of Kb values with cell-based assay for
5-HT6 receptor. The values reported here are a mean of two
experiments. All the compounds were characterized by 1H-NMR,
mass, IR and the purities were determined by HPLC.

Table 2. Imax and IC50 for selected potent compounds.

Compound *Kb (nM) IC50 (nM) Imax (%)

9d 3.1 ± 0.21 613.5 ± 12 98
9e 1.8 ± 0.14 353 ± 8.4 100
9y 2.1 ± 0.07 416 ± 11.3 100

*Kb values were determined using non-radioactive cell-based assay.
IC50 and Kb values are the mean of two experiments.
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The oral administration at 10 mg/kg showed good plasma
concentration 140.2 ± 76.8 ng/mL for compound 9y, whereas
compounds 9d and 9e showed low plasma concentrations of
41 ± 19 and 36 ± 8 ng/mL, respectively. The mean oral bioavail-
ability for compound 9y was better (19 ± 7%) as compared with
9d (5 ± 2%) and 9e (6 ± 1%). The low oral bioavailability of these
compounds may be because of its poor metabolic stability in rat
liver microsomes.

The clearance was low (49 ± 9 mL/min/kg) for compound 9y
as compared with 9d and 9e. The compounds 9d, 9e and 9y
showed volume of distributions (Vz, L/kg), i.e. 22 ± 6, 17 ± 2 and
11 ± 1 at 10 mg/kg, i.v. dose.

Based on overall pharmacokinetic and brain penetration
data (Table 5), compound 9y was selected for further
profiling in pharmacological models of cognition. Oral adminis-
tration of compound 9y (10 mg/kg) has significantly improved
performance of rats in novel object recognition test (NORT,
Figure 3).

In Morris water maze test, the compound significantly
reversed the scopolamine-induced memory deficit which was
apparent from lesser target latency (Figure 4).

Materials and methods

General considerations

Infrared spectra were recorded in KBr disk and in solid state using
a Perkin-Elmer model 1600 FT-IR spectrophotometer (Perkin-
Elmer, Norwalk, CT). Electrospray ionization mass spectra were
recorded on API 4000 triple quadrupole instrument (MDSSCIEX,
Concord, Ontario, Canada). 1H-NMR spectra were obtained on a
Bruker proton NMR spectrometer (Fallanden, Switzerland) at
400 MHz. Deuterated reagents were used as solvents and were
commercially procured. Tetramethylsilane was used as an internal
standard. Chemical shift values are expressed in parts per million
(�) and coupling constants are expressed in hertz.
Chromatography refers to column chromatography performed
using 100–200 mesh silica gel and executed under nitrogen
pressure (flash chromatography) conditions. All the reagents and
chemicals used were of ‘‘reagent grade’’.

Determination of Kb and IC50 values for 5-HT6 receptor
antagonists

A stable CHO cell line expressing recombinant human 5-HT6

receptor and pCRE-Luc reporter system was used for cell-based
assay. The assay offers a non-radioactive-based approach to
determine potency of a compound to GPCRs. In this specific
assay, the level of intracellular cyclic AMP which is modulated by
activation or inhibition of the receptor is measured. The
recombinant cells harbor luciferase reporter gene under the
control of cAMP response element. The above cells were plated in
96-well clear bottom white plates at a density of 5� 104 cells/well
using Hams F12 medium containing 10% fetal bovine serum and
incubated overnight at 37 �C and 5% CO2 followed by serum
starvation for 18–20 h. Increasing concentrations of test

Figure 3. Novel object recognition test data for compound 9y in rats.
Compound 9y versus Vehicle (Paired t-test), n¼ 9–10/group, p.o., dosing
drug: 60 min prior to test (p.o.). Vehicle-PEG 400 50% v/v; 1 mL/kg, p.o.
*p50.05 students t-test.

Table 5. Pharmacokinetic profile of compounds 9d, 9e and 9y in male
Wister rats*.

Compound 9d 9e 9y

i.v. (n¼ 3)
Dose (mg/kg) 10 10 10
t1/2 (h) 2.93 ± 1.29 3.37 ± 0.29 2.72 ± 0.40
Vz (L/kg) 22 ± 6 17 ± 2 11 ± 1
Cl (mL/min/kg) 90 ± 18 60 ± 9 49 ± 9

p.o. (n¼ 3)
Dose (mg/kg) 10 10 10
t1/2 (h) 1.95 ± 0.73 2.27 ± 0.20 5.06 ± 3.28
Cmax (ng/mL) 41 ± 19 36 ± 8 140.2 ± 76.8
Tmax (h) 0.58 ± 0.38 1.33 ± 0.58 2.33 ± 1.53
AUC (ng h/mL) 88 ± 48 158 ± 20 673.5 ± 320.3
F (%) 5 ± 2 6 ± 1 19 ± 7
Cb/Cp 20.16 ± 1.84 13.50 ± 4.28 3.48 ± 0.27

*Fasted male Wistar rats, vehicle used: water for injection for both
oral and intravenous routes. Dosing volumes: 10 mL/kg p.o. and
2 mL/kg for i.v.

Table 3. Compounds selectivity data*.

Comp. 5-HT6 a1B 5-HT4b 5-HT3 D2 D3 DAT NET SERT H1 H3 hERG

9d 92.22 7.97 13.99 18.65 23.64 27.8 17.77 21.55 15.40 42.41 22.28 32.17
9e 95.38 13.18 33.65 15.99 33.41 22.61 16.63 25.84 13.14 40.15 32.37 12.72
9y 99.65 10.61 25.46 14.35 23.64 28.47 14.01 19.40 11.88 41.60 26.15 23.15

*Values given here are their % inhibitions at 1 mM concentration and are measured by competitive displacement of corresponding radioligand. The
reported values are mean of two experiments.

Table 4. Percentage surrogate metabolism for compounds 9d, 9e and 9y*.

Surrogate % metabolism

Compound Wister rat Human

9d 100 32
9e 94 37
9y 90 34

*These values are the mean of duplicate determinations. Microsomal
metabolic stability in Wistar rat and human at 0.5 h, concentration
2.5 mM.
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compounds were added along with 10 mM serotonin in OptiMEM
to the cells. The incubation was continued at 37 �C in CO2

incubator for 4 h. After 4 h, cells were lysed using lyses buffer and
luciface assay buffer was added to each well and counts per
second were recorded using luminescence counter. From CPS
obtained, percentage inhibition was calculated for each well by
normalizing CPS values obtained in the presence of the
compounds to those with 10 mM 5-HT (0% inhibition) and with
vehicle (100% inhibition). The percentage inhibition was
determined for all concentrations of the antagonists (0.1 nM to
10mM range, half-log increment) and plotted as a function of the
antagonist concentration. The Kb values were calculated with
Prism (GraphPad) using built-in one site competition equation, by
entering EC50 values for 5-HT obtained in the same experiments
(80–100 nM) and the 5-HT concentration 10 mM, as it was used in
all the experiments.

Competitive binding of compound 9y and Schild analysis

5-HT dose response curve was performed in the presence of
varying concentrations of compound 9y as shown in Figure 5. The
compound produced a rightward shift of 5-HT dose response,
with a Kb value of 5.9 nM and a slope of unity in the Schild plot
analysis proving that the compound binds to 5-HT6 receptor in a
competitive manner.

pEC50 values of 5-HT alone and in the presence of different
concentrations of compound 9y are given in Table 6, as observed
the pEC50 values of 5-HT varies with different concentrations of
compound 9y showing that compound 9y is binding competitively
to 5HT6 receptor.

Protocol for specificity profile

The specificity of the compounds for 5-HT6 receptor was tested in
10 closely related and pharmacologically relevant receptor
targets. Percentage inhibition studies were performed at single
concentration of the tested compound using membrane prepar-
ations obtained from recombinant cell lines expressing relevant

protein of interest, in the presence of specific radioligands. The
percentage inhibition was defined as the ability of tested
compound to inhibit binding of receptor-specific radioligands at
tested conditions.

The radioligand used for the selectivity assay is mentioned in
the following table:

Receptor Radioligand
*5-HT6 [3H] LSD
a1B [3H] Prazosin
5-HT4b [3H] GR113808
5-HT3 [3H] GR65630

D2 [3H] 7 OH – DPAT
D3 [3H] 7 OH – DPAT
DAT [3H] WIN 35428
NET [3H] Nisoxetine
SERT [3H] Citalopram
H1 [3H] Pyrilamine
H3 [3H] R-a-Methylhistamine
hERG [3H] Astemizole

*Assay performed at NovaScreen Biosciences Corporation, Hanover,
Maryland, USA.

Rodent pharmacokinetic study

Male Wistar rats (225 ± 25 g) were used as experimental animals.
Three animals were housed in each cage. Two days prior to dosing
day, male Wistar rats (225–250 g) were anesthetized with
isoflurane for surgical placement of jugular vein catheter.
Animals were fasted over night before oral dosing (p.o) and
food pellets were allowed 2 h post-dosing, whereas during
intravenous dosing food and water were provided as ad libitum.
Three rats were dosed with compounds (10 mg/kg) orally and
intravenously (10 mg/kg).

At each time point, blood was collected through jugular vein
and immediately replenish with an equivalent volume of normal
saline from freely moving rats. Collected blood was transferred
into a labeled appendorf containing 10 mL of heparin as
anticoagulant. Blood samples were collected at following time

Figure 4. Latency to target in the Morris water maze test for compound 9y in rats.
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points: pre-dose, 0.08 (only i.v.), 0.25, 0.5, 1, 2, 4, 6, 8 and 24 h
post-dose (n¼ 3). Blood was centrifuged at 4000 rpm for 10 min.
Plasma was prepared and stored at �20 �C until analysis. The
concentrations of the compounds were quantified in plasma by
qualified the LC-MS/MS method using a suitable extraction
technique. The compounds were quantified in the calibration
range around 2–2000 ng/mL in plasma. Study samples were
analyzed using calibration samples in the batch and quality
control samples spread across the batch.

Pharmacokinetic parameters Cmax, AUC0–t, t1/2 and bioavail-
ability were calculated by the non-compartmental model using a
standard non-compartmental model by using WinNonLin 5.0.1
version Software package.

Rodent brain penetration study

Male Wistar rats (225 ± 25 g) were used as experimental animals.
Three animals were housed in each cage. Animals were given
water and food ad libitum throughout the experiment and
maintained on a 12 h light/dark cycle.

Brain penetration was determined in discrete manner in
rats. At each time point (0.50, 1 and 2 h), n¼ 3 animals were
used. The compounds were suitably preformulated and adminis-
tered orally at (free-base equivalent) 10 mg/kg. Blood samples
were removed via, cardiac puncture by using isoflurane anesthe-
sia. The animals were sacrificed to collect the brain tissue.
Plasma was separated and brain samples were homogenized
and stored at �20 �C until analysis. The concentrations of the
compound in plasma and brain were determined using the
LC-MS/MS method.

The compounds were quantified in plasma and brain homo-
genate by the qualified LC-MS/MS method using a suitable
extraction technique. The compounds were quantified in the
calibration range of 1–2000 ng/mL in plasma and brain homo-
genate. Study samples were analyzed using calibration samples in
the batch and quality control samples spread across the batch.
Extent of brain–plasma ratio was calculated (Cb/Cp).

Protocol for NORT

The following protocol was followed for the experiment:
For object recognition test, Male Wistar rats 10–12 weeks old

were used. Arena was 50� 50� 50 cm. Open field was made up
of acrylic. Twenty-four hour prior to testing, rats were habituated
to individual test arenas for 20 min in the absence of any objects.
Twenty-four hours after the habituation, during the familiarization
phase (T1), rats were placed individually in the open field for
3 min, containing two identical objects (a1 and a2). T2 trial was
carried out after 24 h after the T1 trial. Rats were allowed to
explore the open field for 3 min in the presence of one familiar
object (a3) and one novel object (b). Discriminative index was
calculated.

Morris water maze test

The following protocol was followed for the experiment:
Rats were acclimatized to the laboratory environment for seven

days. Rats were housed in a group of four in a controlled
environment (temp¼ 22 ± 2 �C; humidity¼ 50 ± 5%) and main-
tained 12 h light/dark cycle with lights were on at 07:00 with food
and water provided ad libitum. Water maze consisted of a 1.8-m
diameter; 0.6-m high circular water maze filled with water
24 ± 2 �C up to a platform 16-cm diameter was placed 1.0 cm
below the water surface in the center of one of the eight imaginary
quadrants, which remained constant for all the rats. Prominent
visual cues surrounding the maze were used as spatial cues around
the arena (approximate 200-lux light intensity). The experiment
consisted of five days acquisition trials and one probe trial on the
seventh day, i.e. one day after the completion of acquisition trial.
Rats were administered with vehicle or test compounds 60 min
before acquisition training and 30 min after administration of
vehicle or test compounds. Scopolamine was given at a dose of
0.6 mg/kg on the first day and the dose of scopolamine was
gradually increased at a rate of 0.05 mg/kg/day. Rat was lowered
gently, feet first into water. Rat was allowed to swim for 60 s to
find the platform. If the platform was found during the time, then
trial was stopped and rat was allowed to stay on platform for 10 s
before removed from the maze. If the platform was not found
during 60 s trials then the rat was gently guided to the platform
and allowed to stay on platform for 10 s before removed from the
maze. Each rat was received four trials in a day. The maze had
eight starting points. On the first day, the animals were started
from 1st, 3rd, 5th and 7th starting points and on the second day
the animals were started from 2nd, 4th, 6th and 8th starting points
and again on the third day the animals were started from 1st, 3rd,
5th and 7th starting points, fourth day the animals were started
from 2nd, 4th, 6th and 8th and on fifth day from 1st, 3rd, 5th and
7th. Retention of the task was assessed on 7th day in which each
animal was received a single 30 s probe test with platform
removed from the pool, and percentage of time was spent in a
target quadrant (quadrant in which platform was placed during
acquisition training) was calculated.

The general synthetic strategy used for the preparation of
N0-[3-(indole-1-sulfonyl) phenyl]-N,N-dimethyl ethane-1,2-dia-
mines and N0-[3-(indole-1-sulfonyl) phenyl]-N,N-dimethyl pro-
pane-1,3-diamines (compounds 9) is summarized in Scheme 1.
Commercially available ortho-substituted acetanilides 1 were
reacted with chlorosulfonic acid at the ambient temperature
yielding the corresponding sulfonylchlorides 2, which upon
treatment with the appropriately substituted indoles 3 in the
presence of sodium hydride as base at room temperature gave the
(3-acetylamino-4-substituted phenylsulfonyl)-1H-indole deriva-
tives 4. The latter was treated with ethanolic hydrochloric acid
under reflux to obtain (3-amino-4-substituted phenylsulfonyl)-1H-
indoles 7.

0 1 2 3 4 5
0

25

50

75

100
Vehicle
1 µM Compound 9y
100 nM Compound 9y
10 nM Compound 9y

Log [5-HT] nM

%
 A

ct
iv

ity

Figure 5. Dose response of 5-HT and right shift in the presence of
Compound 9y.

Table 6. pEC50 values of 5-HT in the presence of different
concentrations of compound 9y.

Compound 9y (nM) pEC50 of 5-HT

0 7.12
10 6.55

100 6.07
1000 4.52
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Alternatively, substituted indoles 3 were reacted with com-
mercially available substituted 3-nitrobenzenesulfonyl chlorides 5
in the presence of triethylamine as base yielding the correspond-
ing (3-nitro-4-substituted phenylsulfonyl)-1H-indoles 6. The latter
was reduced with Fe-HCl under reflux to obtain (3-amino-4-
substituted phenylsulfonyl)-1H-indoles 7.

The amine intermediate 7 was treated with N-chlorosuccini-
mide under reflux to afford N-substituted-3-chloro indoles 8.
Finally, the amines 7 and 8 were reacted with N,N-dimethylamino
ethyl or propyl chlorides in the presence of K2CO3 as base, to
obtain the targeted compounds 9.

Experimental

General (representative) procedure for the synthesis of
compound 9y

Experimental procedures and analytical characterization data of
compounds 2a, 4a, 7a, 7b, 8b, 6g, 7g, 9a and 9b.

3-Acetamido-4-methoxy benzenesulfonyl chloride (2a)

A mixture of chlorosulfonic acid (43.5 g, 374 mmol) and o-
methoxy acetanilide (23) (12.25 g, 75 mmol) was stirred at 100 �C
for 2 h. The reaction mixture was brought to RT and stirred for
24 h. The progress of the reaction was monitored by TLC. The
reaction mass was quenched onto ice water. The solid mass, thus
obtained, was filtered under suction and washed with water
(125 mL). The product was dried in a desiccators for 3 h. Above
impure compound was recrystallized from hot benzene.

IR (cm�1): 3304, 1675, 1369, 1165; 1H-NMR (400 MHz,
CDCl3): � 2.25 (3H, s), 4.02 (3H, s), 6.99–7.01 (1H, d,
J¼ 8.8 Hz), 7.73–7.76 (1H, dd, J¼ 2.4, 8.8 Hz), 7.83 (1H, bs),
9.13–9.14 (1H, s).

1-(30-Acetamido-40-methoxy benzenesulfonyl)-5-meth-
oxy-3-methyl-1H-indole (4a)

Sodium hydride (2.15 g, 49.3 mmol) was taken into a 250 mL
three-necked round bottom flask containing tetrahydrofuran

(50 mL) under nitrogen atmosphere. A solution of 5-methoxy-
3-methyl indole (5.3 g, 32.9 mmol) in tetrahydrofuran (25 mL)
was added to the above mixture at 25� C and further stirred for 1 h.
Then added a solution of 3-acetamido-4-methoxy benzenesulfonyl
chloride (13.01 g, 49.3 mmol) in tetrahydrofuran (65 mL) at 0 �C.
Thereafter, it was allowed to stir for 24 h at RT while monitoring
the progress of the reaction by TLC. After completion of the
reaction it was quenched over ice water (100 mL) under stirring
and the product was extracted with ethyl acetate (2� 250 mL).
The combined organic phase was washed with brine, dried over
anhydrous sodium sulfate and concentrated under reduced
pressure to obtain the technical product (10.2 g), which was
used as such for the next step without purification. ESI-MS (m/z):
389.4 (M + H)+.

1-(30-Amino-40-methoxy benzenesulfonyl)-5-methoxy-
3-methyl-1H-indole (7a)

To a stirred solution of 1-(30-acetamido-40-methoxy benzenesul-
fonyl)-5-methoxy-3-methyl-1H-indole (10 g, 25.7 mmol) (4a) in
ethanol (100 mL) was added aq. HCl (10 mL, 33%) and the
mixture was heated to reflux temperature and maintained under
reflux for a period of 2 h. After completion of the reaction, the
reaction mass was concentrated under vacuo. The residual mass,
thus obtained, was diluted with chilled water (100 mL) and then
pH was adjusted to 9.0–10.0 with dilute sodium hydroxide
solution. The product was extracted with dichloro methane
(2� 100 mL). The combined organic phase was washed with
brine, dried over anhydrous sodium sulfate and concentrated the
mass under reduced pressure to obtain technical product. The
obtained technical product was purified by column chromatog-
raphy using silica gel (100–200 mesh), the eluent system being
ethyl acetate and n-hexane (2:8) to obtain 3.6 g of the title
product.

HPLC (%): 98.52; IR (cm�1): 3487, 3385, 1616, 1514, 1336,
1226, 1157, 624; ESI-MS (m/z): 347.1 (M + H)+; 1H-NMR
(400 MHz, CDCl3): � 2.19 (3H, s), 3.81 (3H, s), 3.82 (3H, s), 3.92
(2H, bs), 6.68–6.70 (1H, d, J¼ 8.52 Hz), 6.85–6.86 (1H, d,

Scheme 1. Reagents and conditions:
(a) ClSO3H, RT, 10–12 h; (b) substituted
indoles, NaH, THF, RT, 20–24 h;
(c) ethanolic HCl, reflux, 2–3 h;
(d) substituted indoles, Et3N, DCM, RT,
24–48 h; (e) Fe/HCl, ethanol, reflux, 2–8 h;
(f) N-chlorosuccinimide, 1,4-dioxane, reflux,
5–6 h; (g) N,N-dimethylamino ethyl or propyl
chloride, DMF, xylene, K2CO3, 10–12 h,
140 �C (note: compounds bearing
R3¼OCH3, C2H5 were synthesized via
intermediate 1, while rest of the compounds
wherein R3¼H, CH3 were synthesized via
intermediate 5. See Table 1).
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J¼ 2.44 Hz), 6.88–6.91 (1H, dd, J¼ 8.92, 2.52 Hz), 7.05–7.06
(1H, d, J¼ 2.32 Hz), 7.23–7.26 (2H, m), 7.83–7.85 (1H, d,
J¼ 8.92 Hz).

1-(30-Amino-40-methoxy benzenesulfonyl)-5-methoxy-
1H-indole (7b)

This compound was prepared by using the method described for
the preparation of 7a.

HPLC (%): 98.48; IR (cm�1): 3481, 3385, 1616, 1510, 1365,
1342, 1224, 1168, 1147, 677; ESI-MS (m/z): 333.2 (M + H)+;
1H-NMR (400 MHz, CDCl3): � 3.80 (3H, s), 3.82 (3H, s), 3.94
(2H, bs), 6.55–6.56 (1H, d, J¼ 3.6 Hz), 6.70–6.72 (1H, d,
J¼ 8.54 Hz), 6.89–6.92 (1H, dd, J¼ 8.98, 2.48 Hz), 6.96–6.97
(1H, d, J¼ 2.41 Hz), 7.07–7.08 (1H, d, J¼ 2.31 Hz), 7.26–7.28
(1H, dd, 8.57, 2.31 Hz), 7.490–7.499 (1H, d, J¼ 3.6 Hz), 7.84–
7.87 (1H, d, J¼ 9.0 Hz).

1-(30-Amino-40-methoxy benzenesulfonyl)-5-methoxy-
3-chloro-1H-indole (8b)

A stirred solution of 1-(30-Amino-40-methoxy benzenesulfonyl)-5-
methoxy-1H-indole (1.85 g, 5.57 mmol) (7a) in 20 mL of
1,4-dioxane was treated with N-chloro succinimide (0.818 g,
6.12 mmol) at 100 �C for a period of 8–10 h. After completion of
the reaction, the reaction mass was cooled to room temperature,
quenched over chilled water (30 mL) and the pH was adjusted to
9.0–10.0 with saturated aq.sodium carbonate. The solid com-
pound that separated was filtered through buchner funnel and
washed with 50 mL ice cold water. The wet material was dried
under reduced pressure and then purified by column chromatog-
raphy, eluent being ethyl acetate and n-hexane (1:5) to obtain
1.31 g of the title product.

HPLC (%): 98.09; IR (cm�1): 3487, 3387, 1618, 1512, 1365,
1350, 1213, 1168, 1024, 680; ESI-MS (m/z): 367.1, 369.1
(M + H)+; 1H-NMR (400 MHz, CDCl3): � 3.83 (3H, s), 3.84
(3H, s), 3.97 (2H, bs), 6.71–6.73 (1H, d, J¼ 8.55 Hz), 6.93–6.94
(1H, d, J¼ 2.37 Hz), 6.95–6.98 (1H, dd, J¼ 8.94, 2.52 Hz), 7.06–
7.07 (1H, d, J¼ 2.35 Hz), 7.26–7.28 (1H, dd, J¼ 8.62, 2.35 Hz),
7.48 (1H, s), 7.85–7.87 (1H, d, J¼ 8.99 Hz).

1-(30-Nitro-40-methyl benzenesulfonyl)-5-methoxy-
1H-indole (6g)

To a stirred mixture of 5-methoxy-1H-indole (3.0 g, 20.4 mmol)
and triethylamine (5.15 g, 51.02 mmol) in dichloromethane
(40 mL) was added a solution of 3-nitro-4-methyl benzenesulfonyl
chloride (5.76 g, 24.48 mmol) in dichloromethane (65 mL) at 0 �C
over a period of 10 min. Then, it was allowed to stir at room
temperature for 48 h. After completion of the reaction, the organic
reaction mass was washed with brine, dried over anhydrous
sodium sulfate and concentrated under reduced pressure to obtain
technical product (7.06 g). The technical product was purified by
column chromatography, eluent being ethyl acetate and n-hexane
(1:10) to obtain 2.60 g of the title product.

IR (cm�1): 3130, 2997, 2970 1608, 1531, 1375, 1348, 1224,
1182, 1026, 596; ESI-MS (m/z): 345 (M�H+); 1H-NMR
(400 MHz, CDCl3): � 2.59 (3H, s), 3.81 (3H, s), 6.63–6.64 (1H,
d, J¼ 3.64 Hz), 6.94 (1H, d, J¼ 2.51 Hz), 6.96–6.98 (1H, dd,
J¼ 3.5, 1.99 Hz), 7.40–7.42 (1H, d, J¼ 8.15 Hz), 7.49–7.50 (1H,
d, 3.65 Hz), 7.86–7.88 (1H, d, J¼ 8.78 Hz), 7.90–7.92 (1H, dd,
J¼ 8.14, 1.98 Hz), 8.43 (1H, d, 1.93 Hz).

1-(30-Amino-40-methyl benzenesulfonyl)-5-methoxy-
1H-indole (7g)

Iron powder (4.2 g, 73.57 mmol) was taken in a RBF along with
40 mL of water and then activated it by adding 5 mL of conc.

HCl (33%) and stirring the mass at 80 �C for 45 min. A solution of
compound 6g (2.5 g, in 100 mL of ethanol) was added to the
activated iron suspension at reflux temperature. Then, the mass
was further stirred for a period of 8–10 h under reflux, while
monitoring the progress of the reaction by thin layer chromatog-
raphy. After completion of the reaction, the reaction mass was
concentrated under reduced pressure, the residual mass was
quenched onto chilled water and the pH adjusted to 9.0–10.0 with
40% aqueous sodium hydroxide solution. The product was
extracted with dichloromethane (3� 100 mL). The combined
organic layer was washed with brine solution (100 mL), dried over
anhydrous sodium sulfate and concentrated under reduced
pressure to obtain the technical product (2.2 g). The technical
product was purified by column chromatography, the eluent being
ethyl acetate and n-hexane (1:3), to obtain 1.9 g of the title
compound.

HPLC (%): 95.27; IR (cm�1): 3479, 3387, 1620, 1467, 1365,
1342, 1224, 1145, 1028, 680; ESI-MS (m/z): 317.2 (M + H)+;
1H-NMR (400 MHz, CDCl3): � 2.09 (3H, s), 3.77 (2H, bs), 3.80
(3H, s), 6.56–6.57 (1H, d, J¼ 3.56 Hz), 6.89–6.92 (1H, dd,
J¼ 9.01, 2.48 Hz), 6.96–6.98 (1H, d, 2.44 Hz), 7.03–7.05 (1H, d,
7.92 Hz), 7.07 (1H, d, J¼ 1.83 Hz), 7.13–7.15 (1H, dd, J¼ 7.88,
1.86 Hz), 7.47–7.49 (1H, d, J¼ 7.96 Hz), 7.85–7.87 (1H, d,
J¼ 9.02 Hz).

N0-[2-methoxy-5-(5-methoxy-3-methyl indole-1-sulfonyl)
phenyl]-N,N-dimethyl ethane-1,2-diamine (9ae)

To a stirred solution of 1-(30-amino-40-methoxy benzenesulfonyl)-
5-methoxy-3-methyl-1H-indole (0.6 g, 1.7 mmol) (7a) in a mix-
ture of DMF (3 mL) and m-xylene (3 mL) was added
2-dimethylaminoethyl chloride hydrochloride (0.49 g, 3.4 mmol)
and potassium carbonate (0.7 g, 5.1 mmol) at room temperature.
Then, the reaction mass was heated to 135–138 �C and maintained
at this temperature for a period of 10 h. After completion of the
reaction, the mass was cooled to room temperature and quenched
onto chilled water (25 mL). The pH of the reaction mass was
adjusted to 9.0–10.0 with lye solution and the product was
extracted with dichloromethane (2� 50 mL). The combined
organic layer was washed with brine, dried over anhydrous
sodium sulfate and concentrated under reduced vacuum to obtain
the technical product. The latter was purified by column
chromatography, eluent being ethyl acetate and triethylamine
(99:1) to obtain 0.24 g of the title product.

HPLC (%): 97.67; IR (cm�1): 3404, 1597, 1359, 1166;
ESI-MS (m/z): 418.5 (M + H)+; 1H-NMR (400 MHz, CDCl3): �
2.2 (3H, s), 2.29 (6H, s), 2.58–2.61 (2H, t, J¼ 5.92 Hz), 3.14–3.16
(2H, t, J¼ 5.96 Hz), 3.80 (3H, s), 3.82 (3H, s), 4.8 (1H, bs), 6.62–
6.64 (1H, d, J¼ 8.45 Hz), 6.84–6.85 (1H, d, J¼ 2.42 Hz), 6.86
(1H, d, J¼ 2.27 Hz), 6.88–6.90 (1H, dd, J¼ 8.93, 2.49 Hz), 7.15–
7.17 (1H, dd, J¼ 8.39, 2.27 Hz), 7.24 (1H, s), 7.86–7.88 (1H, d,
J¼ 8.93 Hz); HRMS: [M + H]+ C21H28N3O4S calc. 418.1801,
found. 418.1804.

N0-[5-(3-chloro-5-methoxy indole-1-sulfonyl)-2-methoxy
phenyl]-N, N-dimethyl ethane-1,2-diamine (9b)

This compound was prepared by using the method described for
the preparation of 9a.

HPLC (%): 98.09; IR (cm�1): 3415, 1597, 1367, 1166; ESI-
MS (m/z): 438.3 (M + H)+; 1H-NMR (400 MHz, CDCl3): � 2.29
(6H, s), 2.59–2.62 (2H, t, J¼ 5.92 Hz), 3.15–3.18 (2H,
t, J¼ 5.96 Hz), 3.82 (3H, s), 3.83 (3H, s), 4.91 (1H, bs), 6.66–
6.68 (1H, d, J¼ 8.45 Hz), 6.84 (1H, d, J¼ 2.14 Hz), 6.92–6.93
(1H, d, J¼ 2.29 Hz), 6.94–6.97 (1H, dd, J¼ 8.98, 2.44 Hz), 7.19–
7.22 (1H, dd, J¼ 8.4, 2.2 Hz), 7.51 (1H, s), 7.88–7.9 (1H, d,
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J¼ 8.96 Hz); HRMS: [M + H]+ C20H25ClN3O4S calc. 438.1254,
found. 438.1251.

Examples 9c–9af

The compounds 9c–9af were prepared by using the method
described in example 9a and 9b with some non-critical variations.
The analytical data are presented below.

N0-[5-(3-chloro indole-1-sulfonyl)-2-methoxy phenyl]-N,
N-dimethyl ethane-1,2-diamine (9c)

HPLC (%): 97.38; MR (�C): 96.88; IR (cm�1): 3388, 1597, 1367,
1168; ESI-MS (m/z): 408.2 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 2.35 (6H, s), 2.66–2.69 (2H, t, J¼ 5.96 Hz), 3.21–
3.24 (2H, t, J¼ 6.02 Hz), 3.82 (3H, s), 4.98 (1H, bs), 6.67–6.69
(1H, d, J¼ 8.47 Hz), 6.86 (1H, d, J¼ 2.26 Hz), 7.23–7.25 (1H, dd,
J¼ 6.24, 2.29 Hz), 7.27–7.31 (1H, dd, J¼ 8.05, 0.87 Hz), 7.34–
7.38 (1H, dt, J¼ 8.28, 1.1 Hz), 7.53–7.55 (1H, d, J¼ 7.87 Hz),
7.56 (1H, s), 8.0–8.02 (1H, d, J¼ 7.62 Hz); HRMS: [M + H]+

C19H23ClN3O3S calc. 408.1149, found. 408.1145.

N0-[5-(indole-1-sulfonyl)-2-methoxy phenyl]-N, N-dimethyl
ethane-1,2-diamine (9d)

HPLC (%): 98.93; MR (�C): 127.73; IR (cm�1): 3392, 1597,
1361, 1168; ESI-MS (m/z): 374.1 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 2.37 (6H, s), 2.68–2.71 (2H, t, J¼ 5.96 Hz), 3.21–3.24
(2H, t, J¼ 6.04 Hz), 3.81 (3H, s), 5.05 (1H, bs), 6.62–6.63 (1H, d,
J¼ 3.6 Hz), 6.66–6.68 (1H, d, J¼ 8.44 Hz), 6.89–6.9 (1H, d,
J¼ 2.25 Hz), 7.18–7.25 (2H, m), 7.29–7.31 (1H, dd, J¼ 8.19,
0.96 Hz), 7.51–7.53 (1H, d, J¼ 7.76 Hz), 7.56–7.57 (1H, d,
J¼ 3.64 Hz), 7.99–8.01 (1H, d, J¼ 8.16 Hz); HRMS: [M + H]+

C19H24N3O3S calc. 374.1538, found. 374.1534.

N0-[2-methoxy-5-(3-methyl-indole-1-sulfonyl) phenyl]-N,
N-dimethyl ethane-1,2-diamine (9e)

HPLC (%): 99.04; MR (�C): 110.42; IR (cm�1): 3396, 1597,
1361, 1166; ESI-MS (m/z): 388.2 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 2.2 (3H, s), 2.29 (6H, s), 2.59–2.62 (2H, t, J¼ 5.92 Hz),
3.15–3.18 (2H, t, J¼ 5.96 Hz), 3.80 (3H, s), 4.86 (1H, bs), 6.65–
6.67 (1H, d, J¼ 8.44 Hz), 6.90 (1H, d, J¼ 2.26 Hz), 7.20 (1H, d,
J¼ 2.24 Hz), 7.22–7.23 (1H, m), 7.27–7.31 (2H, m), 7.43–7.45
(1H, d, J¼ 7.61 Hz), 7.98–8.0 (1H, d, J¼ 8.24 Hz); HRMS:
[M + H]+ C20H26N3O3S calc. 388.1695, found. 388.1692.

N0-[5-(5-methoxy-3-methyl indole-1-sulfonyl)-2-methyl
phenyl]-N,N-dimethyl ethane-1,2-diamine (9f)

HPLC (%): 97.19; IR (cm�1): 3390, 1598, 1363, 1168; ESI-MS
(m/z): 402.4 (M + H)+; 1H-NMR (400 MHz, CDCl3): � 2.07
(3H, s), 2.19–2.20 (3H, s), 2.23 (6H, s), 2.55–2.58 (2H,
t, J¼ 6.0 Hz), 3.10 (2H, t), 3.82 (3H, s), 4.48 (1H, bs), 6.85–
6.86 (1H, d, J¼ 2.43 Hz), 6.88–6.91 (2H, m), 6.99–7.01 (1H, d,
J¼ 7.98 Hz), 7.05–7.07 (1H, dd, J¼ 7.78, 1.84 Hz), 7.26 (1H, s),
7.87–7.89 (1H, d, J¼ 8.94 Hz); HRMS: [M + H]+ C21H28N3O3S
calc. 402.1851, found. 402.1855.

N0-[5-(5-methoxy indole-1-sulfonyl)-2-methyl phenyl]-
N,N-dimethyl ethane -1,2-diamine (9g)

HPLC (%): 98.21; MR (�C): 99.7–101.2; IR (cm�1): 3336, 1604,
1350, 1138; ESI-MS (m/z): 388.4 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 2.08 (3H, s), 2.25 (6H, s), 2.57–2.60 (2H, t, J¼ 6.0 Hz),
3.10–3.13 (2H, t, J¼ 5.72 Hz), 3.80 (3H, s), 4.53 (1H, bs), 6.55–
6.56 (1H, d, J¼ 3.55 Hz), 6.89 (1H, d, J¼ 2.52 Hz), 6.90–6.92
(1H, d, J¼ 2.74 Hz), 6.95–6.96 (1H, d, J¼ 2.45 Hz), 7.01–7.03
(1H, d, J¼ 7.89 Hz), 7.07–7.10 (1H, dd, J¼ 7.78, 1.87 Hz),

7.51–7.52 (1H, d, J¼ 3.62 Hz), 7.88–7.90 (1H, d, J¼ 9.0 Hz);
HRMS: [M + H]+ C20H26N3O3S calc. 388.1695, found. 388.1693.

N0-[2-ethyl-5-(5-fluoro indole-1-sulfonyl) phenyl]-N,
N-dimethyl ethane-1,2-diamine (9h)

HPLC (%): 99.50; MR (�C): 81.21; IR (cm�1): 3412, 1595, 1367,
1168; ESI-MS (m/z): 390.2 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 1.16–1.20 (3H, t, J¼ 7.45 Hz), 2.22 (6H, s), 2.39–
2.45 (2H, q, J¼ 7.48 Hz), 2.54–2.57 (2H, t, J¼ 5.67 Hz), 3.06–
3.10 (2H, q, J¼ 5.08 Hz), 4.66 (1H, bs), 6.58–6.59 (1H, d,
J¼ 3.6 Hz), 6.91–6.92 (1H, d, J¼ 1.90 Hz), 6.99–7.04 (1H, dt,
J¼ 9.0, 2.54 Hz), 7.05–7.07 (1H, d, J¼ 7.92 Hz), 7.12–7.18 (2H,
m), 7.59–7.60 (1H, d, J¼ 3.64 Hz), 7.93–7.96 (1H, d,
J¼ 4.40 Hz); HRMS: [M + H]+ C20H25FN3O2S calc. 390.1651,
found. 390.1653.

N0-[2-ethyl-5-(5-methoxy-3-methyl indole-1-sulfonyl)
phenyl]-N, N-dimethyl ethane-1,2-diamine (9i)

HPLC (%): 98.89; IR (cm�1): 2964, 1597, 1363, 1168; ESI-MS
(m/z): 416.4 (M + H)+; 1H-NMR (400 MHz, CDCl3): � 1.15–1.19
(3H, t, J¼ 7.48 Hz), 2.2 (3H, s), 2.22 (6H, s), 2.37–2.43 (2H, q,
J¼ 7.48 Hz), 2.53–2.56 (2H, t, J¼ 5.68 Hz), 3.06–3.10 (2H,
q, J¼ 5.08 Hz), 3.82 (3H, s), 4.60 (1H, bs), 6.86 (1H, d,
J¼ 2.38 Hz), 6.89–6.92 (1H, dd, J¼ 2.47, 8.94 Hz), 6.92–6.93
(1H, d, J¼ 1.72 Hz), 7.02–7.03 (1H, d, J¼ 7.94 Hz), 7.09–7.11
(1H, dd, J¼ 7.84, 1.80 Hz), 7.27 (1H, s), 7.88–7.90 (1H, d,
J¼ 8.9 Hz); HRMS: [M + H]+ C22H30N3O3S calc. 416.2008,
found. 416.2005.

N0-[5-(6-chloro indole-1-sulfonyl)-2-methyl phenyl]-N,
N-dimethyl ethane-1,2-diamine (9j)

HPLC (%): 99.48; MR (�C): 84.8–87.5; IR (cm�1): 3412, 1598,
1365, 1134; ESI-MS (m/z): 392.3 (M + H)+;. 1H-NMR (400 MHz,
CDCl3): � 2.1 (3H, s), 2.25 (6H, s), 2.59–2.62 (2H, t, J¼ 5.92 Hz),
3.12–3.16 (2H, t, J¼ 5.88 Hz), 4.59 (1H, bs), 6.58–6.60 (1H, d,
J¼ 3.64 Hz), 6.96 (1H, d, J¼ 1.8 Hz), 7.05–7.10 (2H, m), 7.16–
7.19 (1H, dd, J¼ 8.4, 1.84 Hz), 7.41–7.43 (1H, d, J¼ 8.36 Hz),
7.54–7.55 (1H, d, J¼ 3.68 Hz), 8.03–8.04 (1H, d, J¼ 1.84 Hz);
HRMS: [M + H]+ C19H23ClN3O2S calc. 392.1199, found.
392.1202.

N0-[3-(6-chloro indole-1-sulfonyl) phenyl]-N, N-dimethyl
ethane-1,2-diamine (9k)

HPLC (%): 97.69; IR (cm�1): 2933, 1602, 1369, 1170; ESI-MS
(m/z): 378.7, 380.7(M + H)+; 1H-NMR (400 MHz, CDCl3): � 2.28
(6H, s), 2.60–2.63 (2H, t, J¼ 5.63 Hz), 3.13–3.16 (2H,
t, J¼ 5.55 Hz), 5.0 (1H, bs), 6.60–6.61 (1H, d, J¼ 3.70 Hz),
6.72–6.75 (1H, m), 7.00–7.01 (1H, dt, J¼ 2.1 Hz), 7.10–7.12
(1H, m), 7.17–7.21 (2H, m), 7.42–7.44 (1H, d, J¼ 8.36 Hz), 7.53–
7.54 (1H, d, J¼ 3.68 Hz), 8.02 (1H, d, J¼ 1.0 Hz); HRMS:
[M + H]+ C18H21ClN3O2S calc. 378.1043, found. 378.1046.

N0-[2-ethyl-5-(5-methoxy indole-1-sulfonyl) phenyl]-N,
N-dimethyl ethane-1,2-diamine (9l)

HPLC (%): 98.06; IR (cm�1): 3377, 2966, 1597, 1365, 1147;
ESI-MS (m/z): 402.6 (M+H)+; 1H-NMR (400 MHz, CDCl3):
� 1.15–1.19 (3H, t, J¼ 7.48 Hz), 2.31 (6H, s), 2.39–2.44 (2H, q,
J¼ 7.48 Hz), 2.65–2.68 (2H, t, J¼ 5.96 Hz), 3.15–3.18 (2H,
t, J¼ 5.6 Hz), 3.80 (3H, s), 5.3 (1H, bs), 6.55–6.56 (1H, d,
J¼ 3.56 Hz), 6.89–6.90 (1H, d, J¼ 2.23 Hz), 6.91–6.92 (1H,
d, J¼ 2.51 Hz), 6.96–6.97 (1H, d, J¼ 2.44 Hz), 7.04–7.06 (1H, d,
J¼ 7.91 Hz), 7.12–7.15 (1H, dd, J¼ 7.90, 1.89 Hz), 7.51–7.52
(1H, d, J¼ 3.61 Hz), 7.89–7.91 (1H, d, J¼ 9.0 Hz); HRMS:
[M + H]+ C21H28N3O3S calc. 402.1851, found. 402.1854.
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N0-[5-(5-bromo indole-1-sulfonyl)-2-ethyl phenyl]-N,
N-dimethyl ethane-1,2-diamine (9m)

HPLC (%): 98.66; IR (cm�1): 3388, 1571, 1369, 1170; ESI-MS
(m/z): 450.6, 452.6 (M + H)+; 1H-NMR (400 MHz, CDCl3): �
1.15–1.18 (3H, t, J¼ 7.48 Hz), 2.23 (6H, s), 2.39–2.45 (2H, q,
J¼ 7.48 Hz), 2.55–2.58 (2H, t, J¼ 5.64 Hz), 3.07–3.11 (2H, q,
t¼ 5.16 Hz), 4.69 (1H, bs), 6.56–6.57 (1H, d, J¼ 3.69 Hz), 6.90–
6.91 (1H, d, J¼ 1.9 Hz), 7.05–7.07 (1H, d, J¼ 7.91 Hz), 7.12–
7.15 (1H, dd, J¼ 7.88, 1.92 Hz), 7.37–7.39 (1H, dd, J¼ 8.80,
1.92 Hz), 7.56–7.57 (1H, d, J¼ 3.36 Hz), 7.65 (1H, d,
J¼ 1.83 Hz), 7.87–7.89 (1H, d, J¼ 8.82 Hz); HRMS: [M + H]+

C20H25BrN3O2S calc. 450.0851, found. 450.0849.

N0-[3-(4-chloro-3-methyl indole-1-sulfonyl) phenyl]-N,
N-dimethyl ethane-1,2-diamine (9n)

HPLC (%): 95.06; IR (cm�1): 3390, 1600, 1367, 1174; ESI-MS
(m/z): 392.3, 394.3 (M + H)+; 1H-NMR (400 MHz, CDCl3): �
2.24 (6H, s), 2.46 (3H, s), 2.53–2.55 (2H, t, J¼ 5.64 Hz), 3.06–
3.10 (2H, t, J¼ 5.63 Hz), 4.71 (1H, bs), 6.72 (1H, m), 6.97–6.98
(1H, dt, J¼ 2.1 Hz), 7.08–7.11 (1H, m), 7.13–7.19 (3H, m), 7.30
(1H, d, J¼ 1.22 Hz), 7.86–7.89 (1H, dd, J¼ 9.17, 2.53 Hz);
HRMS: [M + H]+ C19H23ClN3O2S calc. 392.1199, found.
392.1202.

N0-[2-ethyl-5-(5-fluoro-3-methyl indole-1-sulfonyl)
phenyl]-N, N-dimethyl ethane-1,2-diamine (9o)

HPLC (%): 98.52; MR (�C): 105.4–108.2; IR (cm�1): 3404, 1595,
1359, 1178; ESI-MS (m/z): 404.4 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 1.16–1.19 (3H, t, J¼ 7.45 Hz), 2.19–2.20 (3H, s), 2.22
(6H, s), 2.39–2.44 (2H, q, J¼ 7.49 Hz), 2.54–2.57 (2H, t,
J¼ 5.67 Hz), 3.06–3.10 (2H, q, J¼ 4.89 Hz), 4.64 (1H, bs), 6.92
(1H, d, J¼ 1.85 Hz), 7.01–7.12 (4H, m), 7.33 (1H, d,
J¼ 0.92 Hz), 7.92–7.95 (1H, dd, J¼ 4.38 Hz); HRMS: [M + H]+

C21H27FN3O2S calc. 404.1808, found. 404.1806.

N0-[3-(5-isopropoxy-3-methyl indole-1-sulfonyl) phenyl]-
N, N-dimethyl ethane-1,2-diamine (9p)

HPLC (%): 96.13; MR (�C): 86.24; IR (cm�1): 3387, 2978, 1602,
1359, 1176; ESI-MS (m/z): 416.3 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 1.32–1.33 (6H, d, J¼ 6.0 Hz), 2.18 (3H, s), 2.23 (6H,
s), 2.51–2.54 (2H, t, J¼ 5.65 Hz), 3.05–3.07 (2H, q, J¼ 4.98 Hz),
4.50–4.56 (1H, sept, J¼ 6.0Hz), 4.64 (1H, bs), 6.66–6.69 (1H, m),
6.88–6.90 (2H, m), 6.98–6.99 (1H, t, J¼ 3.04 Hz), 7.07–7.09 (1H,
m), 7.12–7.16 (1H, t, J¼ 7.84 Hz), 7.23 (1H, s), 7.84–7.86 (1H,
dd, J¼ 7.8, 1.8 Hz); HRMS: [M + H]+ C22H30N3O3S calc.
416.2008, found. 416.2010.

N0-[3-(5-isopropoxy indole-1-sulfonyl) phenyl]-N,
N-dimethyl ethane-1,2-diamine (9q)

HPLC (%): 97.46; IR (cm�1): 3387, 2974, 1600, 1367, 1174; ESI-
MS (m/z): 402.3 (M + H)+; 1H-NMR (400 MHz, CDCl3): � 1.31–
1.33 (6H, d, J¼ 6.0 Hz), 2.22 (6H, s), 2.50–2.53 (2H, t,
J¼ 5.64 Hz), 3.03–3.07 (2H, t, J¼ 5.04 Hz), 4.47–4.53 (1H, m),
4.61(1H, bs), 6.54–6.55 (1H, d, J¼ 3.6 Hz), 6.70 (1H, m), 6.88–
6.91 (1H, dd, J¼ 8.96, 2.44 Hz), 6.97 (1H, d, J¼ 2.36 Hz), 6.98–
6.99 (1H, t, J¼ 1.96 Hz), 7.11 (1H, m), 7.14–7.16 (1H, dt,
J¼ 7.92 Hz), 7.48–7.49 (1H, d, J¼ 3.64 Hz), 7.85–7.87 (1H, d,
J¼ 9.0 Hz); HRMS: [M + H]+ C21H28N3O3S calc. 402.1851,
found. 402.1849.

N0-[2-ethyl-5-(5-chloro indole-1-sulfonyl) phenyl]-
N,N-dimethyl ethane-1,2-diamine (9r)

HPLC (%): 99.34; IR (cm�1): 3390, 1597, 1369, 1168;
ESI-MS (m/z): 406.3, 408.3 (M + H)+; 1H-NMR (400 MHz,

CDCl3): � 1.16–1.20 (3H, t, J¼ 7.45 Hz), 2.22 (6H, s), 2.39–
2.45 (2H, q, J¼ 7.49 Hz), 2.55–2.57 (2H, t, J¼ 5.67 Hz), 3.06–
3.10 (2H, q, J¼ 5.08 Hz), 4.67 (1H, bs), 6.56–6.57 (1H, d,
J¼ 3.69 Hz), 6.91 (1H, d, J¼ 1.89 Hz), 7.05–7.07 (1H, d,
J¼ 7.90 Hz), 7.12–7.15 (1H, dd, J¼ 7.9, 1.96 Hz), 7.23–7.24
(1H, d, J¼ 2.04 Hz), 7.49–7.52 (1H, dd, J¼ 9.89, 1.99 Hz), 7.58–
7.59 (1H, d, J¼ 3.66 Hz), 7.92–7.94 (1H, d, J¼ 8.8 Hz); HRMS:
[M + H]+ C20H25ClN3O2S calc. 406.1356, found. 406.1354.

N0-[3-(5-bromo indole-1-sulfonyl) phenyl]-N, N-dimethyl
ethane-1,2-diamine (9s)

HPLC (%): 97.54; IR (cm�1): 3311, 1600, 1369, 1172; ESI-MS
(m/z): 422.5, 424.5 (M + H)+; 1H-NMR (400 MHz, CDCl3):
� 2.28 (6H, s), 2.58–2.61 (2H, t, J¼ 5.87 Hz), 3.10–3.13 (2H,
t, J¼ 5.57 Hz), 4.96 (1H, bs), 6.58–6.59 (1H, d, J¼ 3.60 Hz),
6.70–6.73 (1H, m), 6.96–6.97 (1H, t, J¼ 2.08 Hz), 7.08–7.11 (1H,
m), 7.15–7.19 (1H, dt, J¼ 7.88 Hz), 7.38–7.40 (1H, dd, J¼ 8.81,
1.9 Hz), 7.55 (1H, d, J¼ 3.64 Hz), 7.66 (1H, d, J¼ 1.8 Hz), 7.85–
7.87 (1H, d, J¼ 8.81 Hz); HRMS: [M + H]+ C18H21BrN3O2S
calc. 422.0538, found. 422.0536.

N0-[3-(4-chloro indole-1-sulfonyl) phenyl]-N, N-dimethyl
ethane-1,2-diamine (9t)

HPLC (%): 96.30; IR (cm�1): 3371, 1600, 1371, 1166; ESI-MS
(m/z): 378.5, 380.5 (M + H)+; 1H-NMR (400 MHz, CDCl3): �
2.29 (6H, s), 2.60–2.63 (2H, t, J¼ 5.64 Hz), 3.11–3.14 (2H,
t, J¼ 5.56 Hz), 5.29 (1H, bs), 6.69–6.72 (1H, m), 6.75–6.76
(1H, d, J¼ 3.72 Hz), 6.95–6.96 (1H, t, J¼ 2.09 Hz), 7.10–7.12
(1H, m), 7.15–7.19 (1H, t, J¼ 7.84 Hz), 7.20–7.22 (2H, m), 7.58–
7.59 (1H, d, J¼ 3.7 Hz), 7.86–7.90 (1H, m); HRMS: [M + H]+

C18H21ClN3O2S calc. 378.1043, found. 378.1045.

N0-[5-(5-bromo-3-methyl indole-1-sulfonyl)-2-ethyl
phenyl]-N, N-dimethyl ethane-1,2-diamine (9u)

HPLC (%): 99.25; MR (�C): 105.4–108.2; IR (cm�1): 3373, 1597,
1367, 1166; ESI-MS (m/z): 464.7, 466.7 (M + H)+; 1H-NMR
(400 MHz, CDCl3): � 1.15–1.19 (3H, t, J¼ 7.44 Hz), 2.20 (3H, s),
2.28 (6H, s), 2.61–2.64 (2H, t, J¼ 5.97 Hz), 2.96–3.02 (2H, q,
J¼ 7.3 Hz), 3.13–3.16 (2H, t, J¼ 5.65 Hz), 4.75 (1H, bs), 6.89–
6.90 (1H, d, J¼ 1.85 Hz), 7.04–7.06 (1H, d, J¼ 7.93 Hz), 7.10–
7.12 (1H, dd, J¼ 7.88, 1.89 Hz), 7.37–7.39 (1H, dd, J¼ 8.78,
1.91 Hz), 7.57 (1H, s), 7.76–7.78 (1H, d, J¼ 8.3 Hz), 7.87–7.89
(1H, d, J¼ 8.82 Hz); HRMS: [M + H]+ C21H27BrN3O2S calc.
464.1007, found. 464.1009.

N0-[3-(5-ethoxy-3-methyl indole-1-sulfonyl) phenyl]-
N,N-dimethyl ethane-1,2-diamine (9v)

HPLC (%): 97.12; IR (cm�1): 3390, 1602, 1363, 1172; ESI-MS
(m/z): 402.5 (M + H)+; 1H-NMR (400 MHz, CDCl3): � 1.40–1.43
(3H, t, J¼ 6.99 Hz), 2.19 (3H, s), 2.22 (6H, s), 2.49–2.52 (2H, t,
J¼ 5.98 Hz), 3.03–3.07 (2H, q, J¼ 5.01 Hz), 4.02–4.07 (2H, q,
J¼ 6.98 Hz), 4.56–4.58 (1H, bs), 6.66–6.68 (1H, m), 6.86 (1H, d,
J¼ 2.38 Hz), 6.89–6.92 (1H, dd, J¼ 8.92, 2.46 Hz), 6.98–6.99
(1H, t, J¼ 2.07 Hz), 7.06–7.09 (1H, m), 7.12–7.16 (1H, dt,
J¼ 7.84 Hz), 7.24 (1H, s), 7.85–7.87 (1H, d, J¼ 8.95 Hz); HRMS:
[M + H]+ C21H28N3O3S calc. 402.1851, found. 402.1848.

N0-[3-(5-chloro-3-methyl indole-1-sulfonyl)-2-ethyl
phenyl]-N, N-dimethyl ethane-1,2-diamine (9w)

HPLC (%): 98.28; IR (cm�1): 3390, 1597, 1367, 1168; ESI-MS
(m/z): 420.2, 422.2 (M + H)+; 1H-NMR (400 MHz, CDCl3):
� 1.16–1.19 (3H, t, J¼ 7.48 Hz), 2.20 (3H, s), 2.23 (6H, s),
2.39–2.44 (2H, q, J¼ 7.48 Hz), 2.55–2.57 (2H, t, J¼ 5.66 Hz),

94 R. V. S. Nirogi et al. J Enzyme Inhib Med Chem, 2015; 30(1): 85–97
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3.07–3.11 (2H, q, J¼ 5.14 Hz), 5.3 (1H, bs), 6.91–6.92 (1H, d,
J¼ 1.86 Hz), 7.04–7.06 (1H, d, J¼ 7.91 Hz), 7.09–7.12 (1H,
dd, J¼ 7.9, 1.9 Hz), 7.23–7.24 (1H, d, J¼ 2.06 Hz), 7.32 (1H, d,
J¼ 1.14 Hz), 7.40–7.41 (1H, d, J¼ 1.98 Hz), 7.91–7.93 (1H, d,
J¼ 8.82 Hz); HRMS: [M + H]+ C21H27ClN3O2S calc. 420.1512,
found. 420.1515.

N0-[2-methoxy-5-(5-chloro-3-methyl indole-1-sulfonyl)
phenyl]-N, N-dimethyl ethane-1,2-diamine (9x)

HPLC (%): 98.90; IR (cm�1): 3408, 2941, 1596, 1361, 1167;
ESI-MS (m/z): 422.2, 424.2 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 2.2 (3H, s), 2.24 (6H, s), 2.53–2.56 (2H, t), 3.09–
3.10 (2H, t), 3.82 (3H, s), 4.85 (1H, bs), 6.65–6.69 (1H, d,
J¼ 8.44 Hz), 6.85–6.86 (1H, d, J¼ 2.28 Hz), 7.17–7.19 (1H, dd,
J¼ 8.4, 2.28 Hz), 7.23–7.25 (1H, dd, J¼ 8.8, 2.08 Hz), 7.31 (1H,
d, J¼ 1.08 Hz), 7.40 (1H, d, J¼ 2.0 Hz), 7.90–7.92 (1H, d,
J¼ 8.76); HRMS: [M + H]+ C20H25ClN3O3S calc. 422.1305,
found. 422.1303.

N0-[2-methoxy-5-(3-methyl indole-1-sulfonyl) phenyl]-N,
N-dimethyl propane-1,3-diamine (9y)

HPLC (%): 98.20; IR (cm�1): 3407, 2962, 1595, 1361, 1166; ESI-
MS (m/z): 402.4 (M + H)+; 1H-NMR (400 MHz, CDCl3): � 1.74–
1.81 (2H, m), 2.23 (3H, s), 2.28 (6H, s), 2.41–2.44 (2H, t,
6.88 Hz), 3.11–3.14 (2H, t, 6.72 Hz), 3.81 (3H, s), 4.8 (1H, bs),
6.64–6.66 (1H, d, J¼ 8.44 Hz), 6.90–6.91 (1H, d, J¼ 2.28 Hz),
7.17–7.23 (2H, m), 7.27–7.31 (2H, m), 7.43–7.45 (1H, d,
J¼ 7.76 Hz), 7.98–8.0 (1H, d, J¼ 8.16 Hz); HRMS: [M + H]+

C21H28N3O3S calc. 402.1851, found. 402.1854.

N0-[5-(5-methoxy indole-1-sulfonyl)-2-methyl phenyl]-N,
N-dimethyl propane-1,3-diamine (9z).

HPLC (%): 98.21; MR (�C): 139.5–141; IR (cm�1): 3226, 1602,
1355, 1139; ESI-MS (m/z): 402.4 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 1.77–1.83 (2H, m), 2.02 (3H, s), 2.25 (6H, s), 2.43–
2.46 (2H, t, J¼ 6.0 Hz), 3.14–3.17 (2H, t, J¼ 6.0 Hz), 3.80 (3H,
s), 5.80 (1H, bs), 6.54–6.55 (1H, d, J¼ 3.54 Hz), 6.86–6.87 (1H,
d, J¼ 1.8 Hz), 6.88–6.91 (1H, dd, J¼ 9.0, 2.52 Hz), 6.95–6.96
(1H, d, J¼ 2.46 Hz), 6.99–7.01 (1H, d, J¼ 7.88 Hz), 7.04–7.06
(1H, dd, J¼ 7.77, 1.86 Hz), 7.51–7.52 (1H, d, J¼ 3.62 Hz), 7.87–
7.90 (1H, d, J¼ 8.98 Hz); HRMS: [M + H]+ C21H28N3O3S calc.
402.1851, found. 402.1854.

N0-[5-(5-methoxy-3-methyl indole-1-sulfonyl)-2-methyl
phenyl]-N, N-dimethyl propane-1,3-diamine (9aa)

HPLC (%): 98.64; MR (�C): 122.3–125.3; IR (cm�1): 3221, 1595,
1355, 1166; ESI-MS (m/z): 416.6 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 1.77–1.83 (2H, m), 2.02 (3H, s), 2.19 (3H, s), 2.25 (6H,
s), 2.44–2.47 (2H, t, J¼ 6.0 Hz), 3.14–3.17 (2H, t, J¼ 6.0 Hz),
3.82 (3H, s), 5.29 (1H, bs), 6.85 (1H, d, J¼ 2.44 Hz), 6.87–6.89
(1H, dd, J¼ 6.98, 2.51 Hz), 6.90–6.91 (1H, d, J¼ 2.51 Hz), 6.97–
6.99 (1H, d, J¼ 7.85 Hz), 7.01–7.04 (1H, dd, J¼ 7.78, 1.81 Hz),
7.26 (1H, s), 7.87–7.89 (1H, d, J¼ 8.92 Hz); HRMS: [M + H]+

C22H30N3O3S calc. 416.2008, found. 416.2010.

N0-[3-(5-methoxy-3-methyl indole-1-sulfonyl) phenyl]-N,
N-dimethyl propane-1,3-diamine (9ab)

HPLC (%): 97.62; IR (cm�1): 3402, 1601, 1364, 1174; ESI-MS
(m/z): 402.3 (M + H)+; 1H-NMR (400 MHz, CDCl3): � 1.73–1.76
(2H, m), 2.04 (3H, s), 2.26 (6H, s), 2.41–2.44 (2H, t, 6.6 Hz),
3.10–3.13 (2H, t, 6.4 Hz), 3.83 (3H, s), 4.8 (1H, bs), 6.65 (1H, m),
6.86–6.89 (1H, d, J¼ 2.44 Hz), 6.89–6.92 (1H, dd, J¼ 8.92,
2.52 Hz), 6.94–6.95 (1H, t, 2.08 Hz), 7.05 (1H, m), 7.10–7.12 (1H,

t, 7.96 Hz), 7.25 (1H, m), 7.86–7.88 (1H, d, J¼ 8.88 Hz); HRMS:
[M + H]+ C21H28N3O3S calc. 402.1851, found. 402.1848.

N0-[2-methoxy-5-(5-methoxy-3-methyl indole-1-sulfonyl)
phenyl]-N,N-dimethyl propane-1,3-diamine (9ac)

HPLC (%): 97.33; IR (cm�1): 3418, 2941, 1597, 1519, 1359,
1166; ESI-MS (m/z): 432.4 (M + H)+; 1H-NMR (400 MHz,
CDCl3): � 1.75–1.80 (2H, m), 2.19 (3H, s), 2.27 (6H, s), 2.4–
2.44 (2H, t, J¼ 6.96 Hz), 3.10–3.13 (2H, t, J¼ 6.72 Hz), 3.80 (3H,
s), 3.82 (3H, s), 4.8 (1H, bs), 6.63–6.65 (1H, d, J¼ 8.44 Hz),
6.85–6.91 (3H, m), 7.14–7.16 (1H, dd, J¼ 8.40, 2.28 Hz), 7.26
(1H, s), 7.87–7.89 (1H, d, J¼ 8.92 Hz); HRMS: [M + H]+

C22H30N3O4S calc. 432.1957, found. 432.1954.

N0-[2-methoxy-5-(5-fluoro-3-methyl indole-1-sulfonyl)
phenyl]-N,N-dimethyl propane-1,3-diamine (9ad)

HPLC (%): 98.69; IR (cm�1): 3426, 2942, 1596, 1363, 1166;
ESI-MS (m/z): 420.3 (M + H)+; 1H-NMR (400 MHz, CDCl3): �
1.76–1.79 (2H, m), 2.19 (3H, s), 2.27 (6H, s), 2.41–2.44 (2H,
t, 6.92 Hz), 3.10–3.13 (2H, t, 6.72 Hz), 3.82 (3H, s), 4.8 (1H, bs),
6.65–6.67 (1H, d, J¼ 8.48 Hz), 6.86–6.87 (1H, d, J¼ 2.28 Hz),
7.0–7.01 (1H, m), 7.06–7.09 (1H, dd, J¼ 8.76, 2.48 Hz), 7.15–
7.17 (1H, dd, J¼ 8.44, 2.32 Hz), 7.32 (1H, s), 7.91–7.94 (1H, m);
HRMS: [M + H]+ C21H27FN3O3S calc. 420.1757, found.
420.1755.

N0-[2-methoxy-5-(5-chloro-3-methyl indole-1-sulfonyl)
phenyl]-N,N-dimethyl propane-1,3-diamine (9ae)

HPLC (%): 98.20; IR (cm�1): 3425, 2942, 1596, 1364, 1167; ESI-
MS (m/z): 436.3, 438.3 (M + H)+; 1H-NMR (400 MHz, CDCl3):
� 1.74–1.80 (2H, m), 2.19 (3H, s), 2.27 (6H, s), 2.40–2.44 (2H, t),
3.10–3.13 (2H, t), 3.82 (3H, s), 4.85 (1H, bs), 6.64–6.67 (1H, d,
J¼ 8.84 Hz), 6.86–6.87 (1H, d, J¼ 2.28 Hz), 7.14–7.17 (1H, dd,
J¼ 8.4, 2.28 Hz), 7.22–7.25 (1H, dd, J¼ 8.8, 2.04 Hz), 7.31 (1H,
d, J¼ 1.12 Hz), 7.40 (1H, d, J¼ 2.0 Hz), 7.90–7.92 (1H, d,
J¼ 8.56 Hz); HRMS: [M + H]+ C21H27ClN3O3S calc. 436.1462,
found. 436.1465.

N0-[2-methoxy-5-(5-bromo-3-methyl indole-1-sulfonyl)
phenyl]-N,N-dimethyl propane-1,3-diamine (9af)

HPLC (%): 96.08; IR (cm�1): 3411, 2924, 1596, 1364, 1167; ESI-
MS (m/z): 480.2, 482.2 (M + H)+; 1H-NMR (400 MHz, CDCl3): �
1.73–1.82 (2H, m), 2.19 (3H, s), 2.33 (6H, s), 2.49–2.53 (2H, t,
7.08 Hz), 3.11–3.14 (2H, t, 6.72 Hz), 3.82 (3H, s), 4.8 (1H, bs),
6.65–6.67 (1H, d, J¼ 8.48 Hz), 6.85 (1H, d, J¼ 2.4 Hz), 7.15–
7.18 (1H, dd, J¼ 8.4, 2.28 Hz), 7.29 (1H, dd, J¼ 1.2 Hz),
7.36–7.39 (1H, dd, J¼ 8.76, 1.92 Hz), 7.56 (1H, d, J¼ 2.0 Hz),
7.88–7.85 (1H, d, J¼ 8.76 Hz); HRMS: [M + H]+

C21H27BrN3O3S calc. 480.0956, found. 480.0959.

Conclusion

In summary, more flexible N,N-dimethylamino alkyl amino group
was well tolerated on N-benzene sulfonyl ring at C-30 position in
an indolylsulfonamide amines series in terms of 5-HT6 receptor
activity. The compounds have shown selectivity over other closely
related receptors.

The lead compound 9y has shown adequate steady-state
brain penetration (Cb/Cp), and active in cognition models like
NORT and Water maze. Metabolic instability of these compounds
could be the reason for suboptimal pharmacokinetic profile.
Efforts are underway toward identifying the metabolic profile, so
that it can be further optimized by a suitable choice of
substitutions while maintaining the desired 5-HT6 potency.
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The results of these studies will be reported in due course in a
future publication.
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