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Abstract—1-Benzenesulfonyl-5-methoxy-N,N-dimethyltryptamine (3; Ki=2.3 nM) is a 5-HT6 receptor antagonist; removal of the
5-methoxy group (i.e., 6; Ki=4.1 nM) has little impact on receptor affinity. In the present study, it is shown that the aminomethyl
portion of 6 can be shortened to gramine analogue 10a (Ki=3.1 nM); a related skatole derivative 11b (Ki=12 nM) also binds with
high affinity indicating that the aminoethyl portion of the tryptamines is not required for binding. Compounds 10a and 11b repre-
sent members of novel classes of 5-HT6 antagonists.
# 2003 Elsevier Ltd. All rights reserved.
Rat and human 5-HT6 receptors were first identified
and cloned in the early to mid 1990s1�3 and represent
one of seven major families of serotonin receptors
(5-HT1-5-HT7).

4 They are G-protein coupled receptors,
positively coupled to an adenylate cyclase second mes-
senger system, and are located primarily in the nucleus
accumbens, striatum, hippocampus, and olfactory
tubercle of the brain.5 The exact therapeutic significance
of 5-HT6 receptor ligands is still under investigation,
but the binding of various antipsychotics and anti-
depressants suggests their possible involvement in the
treatment of certain mental disorders.1,3,6 With the
development of the first 5-HT6 antagonists, additional
pharmacological actions have been implicated including
a role in cognition and convulsive disorders.7�9 Fur-
thermore, Slassi et al.8 have suggested that the
CNS-specific localization of 5-HT6 receptors should
make them attractive targets for drug development
because of the low likelihood that such agents would
have peripheral side effects.

The first four types of 5-HT6 antagonists described in
the literature were 1–4. Compounds 1 (1a, Ro 04-6790;
1b, Ro 63-0563) were reported by Hoffmann-La
Roche,10 and 2 (SB-271046) by SmithKline Beecham.11

Compounds 3 (5-methoxy-N1-benzenesulfonyl-N,N-
dimethyltryptamine; MS-245) and 4 were reported from
our laboratory.12,13 Interestingly, although representing
independent discoveries, three of the four types of initial
5-HT6 antagonists possess a sulfonamide moiety. Fur-
thermore, 1 and 3 were serendipitous discoveries result-
ing from random screening, whereas 2 was derived from
structure–activity and pharmacokinetic optimization of
a lead initially identified from screening of the Smith-
Kline Beecham Compound Data Bank.11,12,14 Most
5-HT6 antagonists reported since that time are varia-
tions on these themes (e.g., sulfonamides, reversed sul-
fonamides, 2-substituted tryptamines).8,9

Because 1–3 each possesses an Aryl-N-SO2-Aryl’ frag-
ment, it was initially assumed that they might bind at
5-HT6 receptors in a similar manner.12 But, with the
recent discovery that reversed sulfonamide analogues of
2 retain 5-HT6 receptor affinity,15 this concept must now
be questioned. Furthermore, although the sulfonamido
moiety seems optimal, it has been shown that the aryl-
sulfonamido portion of 3 can be replaced by a benzoyl
or benzyl group with <10-fold decrease in affinity, and
that the –SO2– moiety of 3 can even be eliminated—
resulting in N1-(phenyl or substituted phenyl)-
tryptamines—with <25-fold reduction in affinity.16 It
now is not clear how 3 binds relative to 1 and 2. In fact,
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Russell et al.17 have recently proposed an alternative
mode of overlap where the tryptamine amino group of 3
is associated with one of the piperazine nitrogen atoms
of 2. The purpose of the present investigation was to
examine more closely the terminal amine portion of 3,
and the aminoethyl group in particular, to determine
their influence on 5-HT6 receptor binding.
Binding Studies

5-HT6 receptor radioligand binding18 data are shown in
Table 1. Replacement of the 5-methoxy group of 3
(Ki=2.3 nM) with hydrogen has little impact on affinity
(i.e., 6; Ki=4.1 nM), and O-demethylation to the
hydroxy analogue 5 (Ki=28 nM) decreases affinity by
about 10-fold. While this paper was in preparation,
Russell et al.17 reported similar results for 6 and 5
(Ki=2.9 and 19 nM, respectively). Apparently, the
5-methoxy group is not a major contributor to binding.

With respect to the terminal amine, the secondary
amine 7 (Ki=23 nM) binds with 10-fold lower affinity
than its parent, 3. The N,N-dimethyl substituents of 3
can be homologated to N,N-diethyl (8; Ki=6.2 nM)
with little effect on affinity; however, incorporation of a
bulkier benzyl group, as in 9 (Ki=43 nM), decreases
affinity by about 20-fold.

The alkyl chain separating the terminal amine from the
indole nucleus was shortened by a methylene group.
Typically, such chain shortening in tryptamine analo-
gues is not well tolerated by serotonin receptors.19

However, in this instance, the chain-shortened analogue
10a20 (Ki=3.1�1.2 nM) retains high affinity as com-
pared to its tryptamine counterpart 6. The obvious
Table 1. Physicochemical and 5-HT6 receptor binding properties of benzenesulfonyltryptamine analogues20

X R R0 Z Mp (�C) Recryst. solventa % Yield Empirical formula K (nM) (�SEM)
i
3b
 –OCH3
 –CH3
 –CH3
 –H
 —
 —
 —
 —
 2.3

5
 –OH
 –CH3
 –CH3
 –H
 195–197
 ME
 78
 C18H20N2O3S.C2H2O4
 28
 (6)

6
 –H
 –CH3
 –CH3
 –H
 194–195
 M
 22
 C18H20N2O2S.C2H2O4

c
 4.1
 (0.3)

7
 –OCH3
 –CH3
 –H
 –H
 215
 AM
 83
 C18H20N2O3S.C2H2O4
 23
 (6)

8
 –OCH3
 –C2H5
 –C2H5
 –H
 170
 M
 54
 C21H26N2O3S.C2H2O4
 6.2
 (0.2)

9
 –OCH3
 –CH3
 –CH2Ph
 –H
 155–156
 M
 33
 C25H26N2O3S.C2H2O4
 43
 (15)

12
 –OCH3
 –CH3
 –CH3
 –NHAc
 201–203
 M
 43
 C21H25N3O4S.C2H2O4

c
 34
 (6)

13
 –OCH3
 –CH3
 –CH3
 –NH2
 192–194
 P
 78
 C19H23N3O3S.2HCl
 2.0
 (0.1)

14
 –OCH3
 –C2H5
 –C2H5
 –NHAc
 168–169
 M
 32
 C23H29N3O4S.C2H2O4
 230
 (80)

15
 –OCH3
 –C2H5
 –C2H5
 –NH2
 234–235
 M
 88
 C21H27N3O3S.HCl
 0.6
 (0.2)

16
 –H
 –CH3
 –CH3
 –NHAc
 225
 AM
 33
 C20H23N3O3S.C2H2O4
 27
 (11)

17
 –H
 –CH3
 –CH3
 –NH2
 217–218
 AM/E
 90
 C18H21N3O2S.2HCl
 0.8
 (0.4)

18
 –H
 –C2H5
 –C2H5
 –NHAc
 160–161
 M
 27
 C22H27N3O3S.C2H2O4

c
 90
 (30)

19
 –H
 –C2H5
 –C2H5
 –NH2
 201–203
 ME
 80
 C20H25N3O2S.2HCl
 0.6
 (0.2)

20
 –OCH3
 –CH3
 –CH2Ph
 –NH2
 95–97
 ME
 20
 C25H27N3O3S.2HCl
 3.0
 (1.0)
aRecrystallization solvents: M=MeOH, AM=aqueous MeOH; ME=MeOH/anhydrous Et2O; P=nPrOH.
bBinding data for compound 3 was previously reported.12
cCompounds 6 and 18 crystallized with 0.5 mol H2O.
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question at this point is whether or not this amine is
even required for binding. Removal of the amine of 10a
would result in skatole analogue 11a, a compound that
lacks aqueous solubility.21 Hence, in order to examine
the need for an aminoalkyl group at the indole 3-posi-
tion, it was necessary to locate a position on the mole-
cule that would tolerate a solubilizing group. An amino
group was selected because a water-soluble salt could be
formed. It was already known from earlier studies that
both electron donating and electron withdrawing sub-
stituents are tolerated in the benzenesulfonyl ring of 3;
depending upon the specific substituent, the affinity of
the resulting compound is either slightly enhanced or
slightly decreased.12 Consequently, we prepared and
examined several aryl amine derivatives of 3, 6, and 8 to
determine if the amine would be tolerated. The corre-
sponding acetamido analogues were used as controls.

Compound 13 (Ki=2.0 nM), the 40-amino analogue of
3, binds with the same affinity as its parent, 3. Likewise,
the affinities of amino analogues 15, 17, and 19 (Ki=0.6,
0.8, and 0.6 nM, respectively) are also quite high and
indicate that the amino group is tolerated at this posi-
tion. In compound 20 (Ki=3.0 nM), the presence of the
amino group actually increases affinity by nearly 15-fold
relative to its parent, 9. Furthermore, the affinity of 17
and 19 again indicate that the presence of a 5-methoxy
group is not required for binding. The lower affinities of
the corresponding acetamido derivatives 12, 14, 16, and
18 show that affinity is not directly related simply to the
presence of an NH substituent on the aryl ring. As a
further test of the tolerance of the para amino sub-
stituent, compound 10b20 was examined. The affinity of
10b (Ki=6.9�0.3 nM) was similar to that of 10a.

On the basis that a para amino group is tolerated by
5-HT6 receptors, compound 11b was prepared and
examined. Compound 11b (Ki=12�9 nM) retains affi-
nity for 5-HT6 receptors. Even though its affinity is
about 3-fold lower than tryptamine derivative 6, it, like
10, represents a novel type of 5-HT6 receptor ligand.
Functional Studies

Benzenesulfonylgramine (1-BSG; 10a) and the amino
benzenesulfonylskatole derivative 11b (AminoBSK)
were examined for functional activity by measuring
their ability to either stimulate cAMP accumulation in
HEK cells, or to antagonize 5-HT-induced cAMP pro-
duction.22 Both compounds failed to behave as agonists,
but both antagonized the actions of 5-HT (data not
shown). Calculated IC50 values for the inhibition of
5-HT-stimulated cAMP production in HEK-5-HT6 cells
by 10a and 11b were 880 (�35) and 320 (�10) nM,
respectively. Schild analysis for 11b provided a pA2 of
7.0 (�0.2). Evidently, both compounds behave as
5-HT6 antagonists.
Summary

The present investigation demonstrates that the amino-
alkyl portion of N1-benzenesulfonyltryptamine is,
unexpectedly, not a requirement for 5-HT6 receptor
binding. N1-Benzenesulfonylgramines such as 10a and
10b (Ki=3.1 and 6.9 nM, respectively), derivatives of 3
(more specifically, derivatives of 6; Ki=4.1 nM) in
which the N,N-dimethylaminoethyl portion of the
molecule was shortened to an N,N-dimethylamino-
methyl group, retain affinity. Even more interesting is
that the N,N-dimethylamine portion of 10b could be
eliminated (11b;Ki=12 nM). Both 10a and 11b behaved as
antagonists of 5-HT-induced cAMP accumulation. These
studies, then, extend the structure–affinity and structure–
activity relationships of the N1-benzenesulfonyl-
tryptamines as 5-HT6 antagonists and identified two novel
classes of 5-HT6 antagonists: N1-benzenesulfonylgramines
and N1-benzenesulfonylskatoles. Furthermore, the affi-
nities of these novel analogues question the manner in
which they interact at 5-HT6 receptors relative to 2; that
is, if the amino group of 3-type compounds is not
required for binding, it seems unlikely that this amino
group must mimic one of the piperazine nitrogen atoms
of 2. Additional investigations with these classes of
compounds are currently underway.
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