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Abstract—An examination of several amine-substituted analogs of Nj-benzenesulfonylindoles reveals that although they bind at
human 5-HTjg serotonin receptors with high affinity, they are likely to bind in a dissimilar manner.

© 2005 Elsevier Ltd. All rights reserved.

5-HTg receptors represent one of seven (5-HT—5-HT>)
major families of serotonin receptors, and are of interest
because of their possible involvement in certain neuro-
logical and neuropsychiatric disorders.'> The first
5-HT¢ antagonists to be reported included Ro 04-6790
(1a K; ca. 50nM),* Ro 63-0563 (1b K; ca. 12nM),*
MS-245 (2a K; ca. 2nM),>° and SB-271046 (3 K; ca.
1 nM).” Although these agents were independently iden-
tified, there are some conspicuous structural similarities
amongst them in that all of them possess an amine-
bearing bis-arylsulfonamide moiety. Despite attempts
to describe how such agents might bind relative to one
another, this issue has yet to be resolved. 5-HTg recep-
tors are transmembrane-embedded G-protein coupled
receptors containing an aspartate moiety in TM helix
3 that, presumably, serves as a ligand—amine binding
site.! Compounds 1 possess multiple basic amine func-
tions and it has been difficult identifying which is (are)
most important for binding.® Compound 3 possesses
only two basic amines and some investigators view one
of the methylamino groups of 1 as mimicking the aryl
amine moiety of 3.”!° QSAR studies suggest the aryl
amine might be the more important of the two, and
one model indicates that the nonaryl amine of 3-type
compounds even contributes negatively to binding.'”
Yet, compounds 2 lack such an amine group. At this
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time, it is not known how the various amine functions
influence affinity.

Evidently, one of the pyrimidine nitrogen atoms of la
(i.e., 1b) can be removed without detriment to affinity.*
One of the methylamino groups o to the pyridine nitro-
gen atom of 1b can also be eliminated.!! However, be-
cause this modification results in a symmetrically
substituted pyridine, it is not known which of the two
secondary amines is the more important. Is the remain-
ing ring nitrogen atom required? It might be argued, be-
cause 4 (K; ca. 600 nM) and 5 (K; ca. 200 nM)'! bind
with several-fold reduced affinity relative to 1, that this
could be the case. In contrast, neither 2 nor 3 possesses
a corresponding 6-membered heteroaryl ring. Further-
more, the high affinity of 6 and 7 (K; ca. 30-40 nM)"!
indicates that a ring nitrogen atom is not required for
binding.
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Hirst et al.® have suggested that the 2-methylamino
group of 1a interacts with the TM3 aspartate. Interest-
ingly, although the primary amine of 1 has not been
investigated, it has been mentioned (though no data
were provided) that its elimination results in loss of
affinity,!' suggesting it could be involved in binding.
However, we found that 8 (K; =230 nM), which lacks
the primary amine, and 9 (K; =200 nM), which bears
only the primary amine, bind with nearly identical affin-
ity and with an affinity comparable to that of 5.'> But,
the similar affinity of 2b (K; = 0.8 nM)'? and 2a argues
that the primary amine is not necessary. Yet, it has been
demonstrated that 10 (K; =12 nM) (i.e., 2b minus the
tryptamine side chain) binds at 5-HTg receptors and

behaves as an antagonist.'?

1
)\ 4 R1=NHCH3, R? = H, R® = NH,
5 R! = R? = NHCH3, R® = NH,
6 Rl = NHCH3, R? = OCH, R® = NH,
.0 7 R! = NHCHj3, R? = CF3, R® = NH,
‘ 8R! =NHCH3;, RZ=R3=H
9R'=R?=H, R®=NH,

We have suggested that compounds such as 10 might
represent conformationally constrained analogs of 1.!#
Thus, given this structural relationship, it should be pos-
sible to probe the importance to binding of the various
amine functions. The purpose of this investigation, then,
was to examine variously substituted amine analogs 11
to determine which amine moiety is most contributory
to binding. In addition, we examined the structurally
related aryl amine-bearing analogs 12b and ¢ to deter-
mine if the presence of the aliphatic amine moiety de-
tracts from receptor affinity as earlier suggested.

11a R! =R2 =NHCHj3, R® = NH,
11b R! = NHCH3, R = H, R® = NH,
11c R! = H, R? = NHCHj3, R® = NH,
11d R! = R? = NHCHg, R®=H

; :
Q ° \O 11e R'=R’=H, R®= NH,

HoN R3

4,6-Dinitroindole (15)'> was prepared and sulfonylated
to arylsulfonyl analog 16 (Scheme 1); reduction of the
nitro groups, followed by treatment with ethyl chloro-
formate, afforded the protected indole derivative 18.
Deprotection of 18 followed by reduction of the carba-
mate groups afforded 11a. Compound 20 was obtained
from 16 by hydrolysis of the amide. Compound 11d also
was obtained from 4,6-dinitroindole (15) by sulfonyla-
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Scheme 1. Reagents and conditions: (a) TsCl, 0 °C/30 min, 50 °C/1 h;
(b) KOH, 2-PrOH, A; (c) i—NaH, DMF, 80 °C; ii—N-acetylsulfanilyl
chloride, rt; (d) SnCl,'2H,0, EtOH, A; (e) CICOOEt, DMF, Py; (f)
10% HCI, EtOH, A; (g) LiAlH,, THF, A; (h) i—NaH, DMF, 80 °C;
ii—PhSO-Cl, rt.

tion with benzenesulfonyl chloride (i.e., 21) and then
by conversion of the nitro groups to their corresponding
methylamino groups as described for 11a (Table 1).

Compounds 11b (Scheme 2) and 11c¢ (Scheme 3) were
prepared by a sequence of reactions somewhat similar
to those shown for the synthesis of 11a. Although 4-
methylaminoindole (25) has been previously described, '
in the present study it was prepared from commercially
available 4-aminoindole (24) by acylation with ethyl
chloroformate followed by reduction of the carbamate
with LiAlHy. Introduction of the arylsulfonyl group fol-
lowed by deprotection afforded 11b. The synthesis of 11¢
was performed in nearly the reverse manner; that is,
6-nitroindole (28)!7 was sulfonylated to arylsulfonyl
analog 29, the nitro group was reduced, and the
product converted to the target (Scheme 3).
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Table 1. Physicochemical and 5-HTg receptor binding properties of target benzenesulfonylindoles and piperazinoindole 12a
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11, 20 12a 12b, 12¢
Compound R R? R? R Recrystallization Melting point (°C) Empirical formula® K; (nM) *SEM

solvent

11a -NHMe -NHMe 7NH2 — MeOH/EtzO 145-146 C16H18N402S 2.75HCI 1.9 0.4
11b -NHMe -H -NH, — MeOH/Et,O 181-182 C,5H;5N50,S 1.25HCI 0.25H,0 21 2
11c -H -NHMe —NH2 MeOH/EtZO 103-105 C15H15N302S 125C2H204 7.0 0.1
11d -NHMe -NHMe -H — MeOH/EtZO 149-151 C16H17N3OQS 175C2H204 26 2
11e -H -H *NHz — 88-90 C14H12N202S 10 3
12a° — — — — MeOH — — 2700 500
12b — — — -H MeOH/Et,O 291-293 Ci1gH19N30,S HCI 1.0 0.2
12¢ — — — -NH, MeOH/Et,0 >250 (d) C18H,9N40,S HCI 0.5H,0 0.4 0.1
20 -NO, -NO, -NH, — MeOH/CH,Cl,  230-231 Ci14H19oN4O6S 980 20

2 All compounds were homogeneous as determined using thin-layer chromatography; assigned structures are consistent with "H NMR spectra, and
compounds analyzed within 0.4 for C, H, and N. C,H,0,4 = oxalate salt.

See Ref. 18.
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Scheme 2. Reagents and conditions: (a) i—CICOOEt, DMF, Py, 0 °C;
ii—LiAIH,4, THF, A; (b) AcCl, toluene, —10 °C; (c) i—NaH, DMF,
80 °C; ii—N-acetylsulfanilyl chloride, rt; (d) 10% HCI, EtOH, A.

Compounds 12b and ¢ (Table 1) were prepared from
12a'%29 a5 previously described in the patent literature.

Compound 11e (K; = 10 nM; Table 1),?! the desmethyl
analog of 10,'* binds with an affinity comparable to
those of 10 (K;=12nM) and 1b. Introduction of the
two methylamino functions found in 1 results in 5-fold
enhanced affinity (11a; K;=1.9 nM), suggesting that
the presence of one (or both) secondary amines might
make a minor (direct or indirect) contribution to bind-
ing. However, elimination of the primary amine (i.e.,
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Scheme 3. Reagents and conditions: (a) i—NaH, DMF, 80 °C; ii—N-
acetylsulfanilyl chloride, rt; (b) SnCl,:2H,0, EtOH, A; (c) CICOOEt,
DMEF, Py; (d) 10% HCI, EtOH, A; (e) LiAlH4, THF, A.

11d; K; = 26 nM) indicates that its presence is not essen-
tial for binding. For comparison, an analog of 11a was
examined where the methylamino groups were replaced
with nitro groups; dinitro compound 20 (K; = 980 nM)
binds with >500-fold reduced affinity relative to 11a.

Which of the two secondary amines of 11a is the more
important? Introduction of the 6-methylamino group
(11¢; K; = 7.0 nM) has little effect on the affinity of 11e,
whereas introduction of a 4-methylamino group (i.e.,
11b; K; =21 nM) only halved affinity. The difference in
affinity of the mono-, di-, and tri-amino analogs 11 is quite
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small (range =~ 10-fold), making it nearly impossible to as-
cribe a major binding role to any single amine function
over the others. Comparing 11d and e, however, it would
seem unlikely that these compounds are binding at the
receptors in a similar fashion (i.e., with superimposable
indolic nuclei) if it is assumed they are interacting with a
common amine binding site. These findings are not unlike
what was found previously with 8 and 9.

Piperazinoindole 12a (K; = 2700 nM; Table 1) lacks sig-
nificant affinity for 5-HT¢ receptors. Incorporation of
the Nj-benzenesulfonyl group results in >2500-fold en-
hanced affinity and 12b (K; = 1 nM) binds with an affin-
ity comparable to that of 3. Introduction of the primary
amine (i.e., 12¢; K; = 0.4 nM) is tolerated, but the amine
is obviously not required for binding. If compound 12¢
is viewed as an elaboration of 11b (K; = 21 nM)), it is also
evident that the presence of an intact piperazine ring
leads to a >50-fold enhancement in 5-HT¢ receptor
affinity. That is, the presence of the alkyl amine group
does not detract from receptor affinity when compared
with 11b. Compounds 12b and ¢ were also recently
reported by others to bind at human 5-HTg receptors
with high affinity (K; = 1 nM)."?

Fairly apparent from this investigation is that all indole-
containing analogs likely do not interact with the recep-
tor with superimposed indolic nuclei, and that multiple
amine groups are not a requirement for binding. When
multiple amines are present, it remains to be determined
which is most critical for interaction with the TM3
aspartate; furthermore, the low affinity of 20 compared
with those of 11a and e suggests that the amine groups
might additionally have some effect on the electronic
character of the indole nucleus. Comparing the com-
pounds that were investigated, the only reasonable con-
clusion that can be drawn is that multiple modes of
binding are possible. As if to underscore this concept,
it has recently been shown that tryptamine analogs bear-
ing a arylsulfonamido group at the indole 5-position
also bind with nanomolar affinity at 5-HTg
receptors.?>23

Initially, these findings are disturbing because they im-
ply that the sulfonamido moiety common to the various
agents will not be aligned. However, the present conclu-
sion is not inconsistent with observations that ‘reverse
sulfonamides® and even sulfones®>?° bind at 5-HT,
receptors, and that the benzenesulfonyl group can be
effectively replaced with a benzyl group.® In other
words, although the sulfonamido moiety might contrib-
ute to the affinity of some of these ligands, its presence
(or specific orientation) may not be essential for binding.
The possibility of multiple modes of binding is also dis-
appointing because it makes it rather difficult to utilize
or reliably extrapolate the structure—affinity findings
from one series to another for purposes of drug design.
This might be true even within a given series of agents
(e.g., compare 11d with e). Consequently, it will be nec-
essary to exercise caution when conducting QSAR inves-
tigations that require alignment of specific structural
features until it is known how such agents bind relative
to one another.

Finally, the assumption has been made throughout that
each of these ligands binds to a common amine site.
However, there may be two accessible amine sites in
the binding pocket of 5-HT¢ receptors: one in TM3
and another in TM7.2” The possibility exists, then, that
some ligands might utilize one or the other (or both) of
these sites. This remains to be further investigated.
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