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As part of our continuing efforts to identify therapeutics for CNS diseases, such as schizophrenia and Alz-
heimer’s disease (AD), we have been focused on the 5-HT6 receptor in an attempt to identify ligands as a
potential treatment for cognitive dysfunction. Herein we report the identification of a novel series of 1-
sulfonylindazole derivatives as potent and selective 5-HT6 antagonists. The synthesis and SAR of this class
of compounds are reported. Several potent compounds in both binding and cyclase functional assays also
display good selectivity, microsomal stability, solubility, and brain penetration as well as low cytochrome
P450 inhibition. One compound exemplified in this series showed 24% oral bioavailability and in vivo effi-
cacy in a NOR cognition model at 10 mg/kg following an oral administration in rats.

� 2009 Elsevier Ltd. All rights reserved.
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Cognitive dysfunction is a increasingly recognized characteristic
of various forms of dementia such as Alzheimer’s disease (AD) and
a core feature of schizophrenia.1–4 Numerous therapeutic targets
have been pursued in order to develop agents for cognitive
enhancement in these and other CNS diseases.5 As one of these
emerging therapeutic targets, the 5-HT6 receptor was first cloned
in 19936,7 and is one of the most recently discovered 5-HT receptor
subtypes. Numerous in vivo studies have shown that blockade of 5-
HT6 receptor function improves cognition in a number of rodent
behavioral models. In addition, in vivo microdialysis studies have
shown that 5-HT6 receptor antagonism enhances neurotransmis-
sion at cholinergic and glutamatergic neurons, as well as in other
pathways. Therefore, it can be proffered that antagonism of the
5-HT6 receptor can potentially provide an effective treatment for
cognitive impairment in AD and schizophrenia and has been the
subject of intense research.8–11

As part of our continued efforts in identifying potent and selec-
tive 5-HT6 ligands for cognitive impairment, we continued our ear-
lier strategy12,13 in order to identify novel heterocyclic scaffolds
based on our pharmacophore model (1, Fig. 1). The basis of our
hypothesis is that the basic amine and arylsulfonyl moieties of 5-
ll rights reserved.
HT6 ligands are the necessary receptor pharmacophores and the in-
dole and other heterocyclic cores serve merely as a template to
hold these pharmacophores in the necessary orientation. In doing
so they effectively interact with the 5-HT6 receptor active site res-
idues. Herein, we report identification of a novel series of indazole
derivatives 2 as potent and selective 5-HT6 antagonists.

The general synthesis of 1-sulfonylindazole derivatives 2 is de-
picted in Scheme 1. Commercially available 4-, 5-, or 6-NO2 inda-
zoles 3 were sulfonylated with an appropriate arylsulfonyl
chloride in the presence of KOtBu or NaH to provide 4 in good
yields. Occasionally, the reaction also provided the 2-arylsulfonyl
indazole regioisomer as a minor product, but this could be sepa-
rated easily from 4 by chromatography or crystallization. Sulfony-
lation of the regioisomeric 7-NO2-indazole was also attempted but
21
Pharmacophore model

Figure 1. Design of novel 5-HT6 ligands.
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Scheme 1. Reagents and conditions: (a) 1-Naphthalenesulfonyl chloride, KOtBu,
DMF, 59–95%; (b) H2, Pd/C or SnCl2, EtOH, 83–95%; (c) N,N-substituted amino acids,
EDC, CH3CN; (d) (i) Boc-amino acids, EDC, CH3CN; (ii) TFA; (e) (i) Boc-amino
aldehydes, NaBH(OAc)3, 1,2-dichloroethane; (ii) TFA.
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to no avail. One could postulate that this reduced activity is a con-
sequence of the increased steric hindrance from the adjacent 7-
NO2 group. Nitro group reduction of the successfully elaborated
4, 5, and 6-nitroindazoles by catalytic hydrogenation or with SnCl2

provided anilines 5 in excellent yields. Derivatization of 5 with var-
ious amino acids through amide bond formation or with amino
aldehydes through reductive amination by well known procedures
provided final compounds 6–8.

1-Sulfonylindazole derivatives 6–8 were evaluated for their
binding affinity to human 5-HT6 receptor in a standard competi-
tion binding assay14 and the results are summarized in Table 1. A
range of arylsulfonyl groups were explored in order to establish
the SAR for this chemical series (data not shown) and in particular
the 1-naphthalenesulfonyl group was identified to be one of the
optimal sulfonyl groups. Target analogs (6a–c) were then synthe-
sized with an acyclic amino alkyl group at the 4–6 positions of
the indazole in order to identify the optimal amine regiochemistry
for this core. Clearly, the data shows that substitution of the 6-po-
sition is preferred as exemplified by compound 6c with potency of
0.5 nM at the 5-HT6 receptor. Further substitution on the basic
nitrogen appendage of 6c was then explored (6d–g) in order to fur-
ther elucidate the SAR of the amine moiety. Although small alkyl
substitution (6d–f) affords minimal loss of potency (by 2–4-fold),
larger alkyl groups (e.g., 6g) reduce affinity significantly (by >30-
fold). In addition, compounds with a cyclic amino moiety were pre-
Table 1
5-HT6 binding affinity of 1-sulfonylindazolesa

Compound Position R1 R2 Ki (nM)

6a 4 H H 7.9
6b 5 H H 50
6c 6 H H 0.5
6d 6 CH3 H 1.2
6e 6 CH3 CH3 1.8
6f 6 CH3CH2 CH3CH2 2.1
6g 6 –CH2CH2CH2CH2CH2– 15
7a 6 — — 2.3
7b 6 — — 1.3
8 6 — — 18

a Displacement of [3H]-LSD binding to cloned human 5-HT6 receptors stably
expressed in HeLa cells.14 Ki values were determined in triplicate.
pared and both the 3- and 4-piperidinyl derivatives (7a and 7b)
displayed excellent affinity (Ki = 2.3 and 1.3 nM, respectively).
The reduced analog 8a was prepared and exhibited a >8-fold loss
in potency compared to the amide 7a. This would suggest that
the hydrogen bonding properties of the amide are making a key
interaction in the receptor site contributing to increased 5-HT6

affinity. Alternatively, the amide bond of 7a and 7b may have pro-
vided a favorable conformational change for 5-HT6 affinity.

Selected compounds were further evaluated for their functional
activity in a 5-HT6 receptor cyclase assay.14 All of the indazole
derivatives evaluated showed full antagonism as determined by
blockage of 5-HT induced cyclic AMP (cAMP) formation. The data
is summarized in Table 2.

Compounds 6c, 7a, and 7b which displayed excellent potency in
both binding and cyclase functional assays were further profiled
for their selectivity against a panel of receptors including several
other 5-HT receptor subtypes, adrenergic a2A and dopamine D2

receptors and the data is summarized in Table 3. In general, all
three compounds showed >500-fold selectivity over all the recep-
tors with the exception of 5-HT2B. Since 5-HT2B agonism activity
has been associated with adverse cardiovascular effects,15 the com-
pounds were then screened for their potential agonist activity in a
FLIPR assay.16 To our satisfaction, no activity was observed for all
three compounds at concentrations of 0.1 nM–10 lM in this func-
tional assay.

Table 4 summarizes the solubility, cytochrome P450 inhibition
and in vitro PK properties of 6c, 7a, and 7b. All three compounds
have excellent water solubility (>100 lg/mL @ pH 7.4), good hu-
man and modest rat microsomal stability, and good brain penetra-
tion. In addition, no major P450 inhibition was observed for these
compounds.

In male Sprague–Dawley rats, while compounds 6c and 7a dis-
played poor bioavailability following oral administration at 10 mg/
kg (F = 7% and 5%, respectively), 7b showed acceptable bioavail-
ability (F = 24%). In a behavioral assay of cognitive retention-novel
object recognition (NOR),17 compound 7b fully reversed a 24-h de-
lay induced retention deficit in rats following acute oral adminis-
tration at 10 mg/kg. Racemic 7b was then resolved by chiral
chromatography and the (S)- and (R)-enantiomers were shown to
have almost equal potency (Ki = 3.2 and 4.0 nM, respectively) and
full 5-HT6 antagonist activity.

In summary, we have identified a novel series of indazole deriv-
atives as potent 5-HT6 ligands. Synthesis and SAR of this class of
compounds have been reported. The compounds were shown to
be full antagonists in a cyclic AMP functional assay. Several potent
compounds in both binding and cyclase functional assays also dis-
play good selectivity, good microsomal stability and brain penetra-
tion, low P450 inhibition, and excellent solubility. The potential
utility of this class of compounds was exemplified by demonstra-
tion of efficacy in a NOR cognition model in rats following an oral
Table 2
Cyclase functional activity of selected 1-sulfonylindazolesa

Compound IC50 (nM) Imax (%)

6c 11 100
6d 26 100
6e 53 100
6f 260 100
6g 170 100
7a 8 100
7b 10 100

a Antagonism of 5-HT stimulated cAMP formation in HeLa cells stably transfected
with human 5-HT6 receptors.14 IC50 and Imax values were determined in triplicate.



Table 3
Selectivity of selected 1-sulonfylindazole derivativesa

Compound 5-HT1a (nM) 5-HT1b (nM) 5-HT1d (nM) 5-HT2b (nM) 5-HT2c (nM) 5-HT7 (nM) a2a (nM) D2 (nM)

6c 6400 >2000 >2000 155 >2000 5100 >2000 >2000
7a 8500 >2000 >2000 130 >2000 6900 >2000 >2000
7b 5600 1800 >2000 174 >2000 5800 >2000 >2000

a Ki values were determined in triplicate.

Table 4
Solubility and in vitro PK and P450 profile of selected 1-sulonfylindazole derivativesa

Compound Solubility @7.4 (lg/mL) Microsomal stability t1/2 (min)b Major P450 inhibition IC50 (lM) BBB Pe (�10�6), cm/sc

Human Rat 3A4 2D6 2C9

6c >100 >30 28 30 200 7 4.3
7a >100 >30 11 61 350 370 1.6
7b >100 >30 8 260 110 140 3.8

a Values were determined in triplicate.
b Microsomal protein concentration: 0.5 mg/mL.18

c BBB Pe: blood brain barrier effective permeability.19
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administration at 10 mg/kg. Further profiling of this class of com-
pounds will be detailed in subsequent reports.
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