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Identification and optimisation of 5-amino-7-aryldihydro-
1,4-diazepines as 5-HT2A ligands
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Abstract—A several series of low molecular weight 5-HT2A leads were identified from an analysis of HTS data, the exploration of
SAR and optimization of one series using parallel synthesis are described, affording compound 22 (5-HT2A IC50 1.1 nM).
� 2006 Elsevier Ltd. All rights reserved.
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Serotonin (5-hydroxytryptamine, 5-HT) receptor li-
gands have proved beneficial in a wide variety of clinical
indications,1 and in particular 5-HT2A antagonists have
potential utility in depression,2 schizophrenia3 and sleep
disorders.4 5-HT was one of the first neurotransmitters
associated with the regulation of the sleep-wake cycle.5

Furthermore, in clinical trials, several agents that antag-
onize 5-HT2A receptor activity have been shown to be
effective in the treatment of alcohol dependence,6 panic
disorders,7 and in controlling agitation and delusions
in most patients with Parkinson’s disease and psychotic
symptoms.8,9

As part of our ongoing efforts to identify new 5-HT2A

antagonists10 we undertook a high-throughput screening
(HTS) campaign using a functional assay (FLIPR) to
identify novel structural classes of antagonists as poten-
tial leads. This assay was also used to confirm the lack of
efficacy for selected novel ligands. Whilst a conventional
analysis of the screening results identified several inter-
esting starting points we were also interested in identify-
ing low molecular weight starting points since a number
of studies have highlighted the correlation between
molecular weight and the likelihood of success in reach-
ing the marketplace.11

Our strategy was to try to identify low molecular weight
scaffolds, which could then be optimized by appropriate
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substitution. However, we were also mindful that low
molecular weight ligands might well have only modest
to low affinity.

The strategy adopted involved selecting all compounds
from the screening collection with molecular weight in
the range 150–250, and then clustering the compounds
using maximum common substructure.12 The high-
throughput screening data were then added and the 150
clusters were then selected that contained at least one
example with >50% inhibition at 5 lM in the HTS.
SMARTS queries13 were then constructed to represent
each of the active clusters and the individual SMARTS
queries used to search a file of known 5-HT2A ligands con-
structed from both internal and literature sources. The
SMARTS queries were also used to search against a file
of known NK1 receptor antagonists using iBabel.14

Many of the SMARTS queries identified structures in
the file of known 5-HT2A ligands, whilst others were
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Scheme 1. Reagents: (a) HCOOEt, NaH, NH2OH; (b) ROH, HClO4.
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Table 1. 5-HT2A binding affinity of 5-amino-7-aryldihydro-1,4-diazepine analogues 1–13

N
H

N

R

HN

Compound R h5-HT2A IC50
a (nM)

1 35 (5-HT2C 1050 nM)

2
Me

11

3
Me

112

4

MeO
534

5
F

18

6
F

21 (5-HT2C 637 nM)

7
F F

11

8

Cl
76

9
NC

2800

10
F3C

514

11

Me F
14

12

Me
112

13

MeMe
71

a 5-HT2A affinity was determined as described in Ref. 15.
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Table 2. 5-HT2A binding affinity of 5-amino-7-aryldihydro-1,4-diazepine analogues 5–29

N
H

N

X

F

F

N
H

N

X

F

A B

N
H

N

X

F

C

N
H

N

X

D

Compound R X h5-HT2A IC50
a (nM)

5 A

NH2

18

14 A

NH2

4.5

15 A H2N

Ph

3.8

16 A
NH2

3.6

17 A N
H

>1000

18 A H2N 1515

19 B
NH2 1.6

20 B

NH2

1.5 (5-HT2C 16 nM)

21 B
NH2

0.8

22 C
NH2

1.1 (5-HT2C 27 nM)

23 C

H2N

1.4
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Table 2 (continued)

Compound R X h5-HT2A IC50
a (nM)

24 C

NH2

3.7 (5-HT2C 86 nM)

25 D H2N

Ph

2.4

26 D

NH2

14.9 (5-HT2C 75 nM)

27 D
N
H

O

>1000

28 D N
H

>1000

29 D

N
H

N
>1000

a 5-HT2A affinity was determined as described in Ref. 15.

C. J. Swain et al. / Bioorg. Med. Chem. Lett. 16 (2006) 6058–6062 6061
found in both 5-HT2A and NK1 ligand files and pos-
sibly represent promiscuous motifs. For the purpose
of this exercise the most interesting SMARTS queries
are those representing the 17 clusters containing ac-
tives in the HTS that are not present in either known
5-HT2A or NK1 ligands. Based on this analysis seven-
teen compounds (50–70% inhibition at 5 lM in the
HTS) were selected for titration15 (one per cluster)
and ten of the seventeen were subsequently shown to
have a measured IC50 < 200 nM. The exploration
and optimization of one of these leads (1) is described
herein. The synthetic route used to prepare these ana-
logues is shown in Scheme 1.17 The aryl isoxazolines
were prepared from the corresponding substituted ace-
tophenones by reaction with ethyl formate and
hydroxylamine in the presence of sodium hydride.16

Subsequent reaction with an alkyl alcohol in the pres-
ence of perchloric acid, followed by reaction with
diaminoethane and subsequent cyclisation, afforded
the 1,4-diazepine ring. The nitrile of compound 9
was introduced via cuprous cyanide displacement of
the corresponding bromide.

The chemistry proved eminently suitable for parallel
synthesis and a scanning library was prepared using 13
amines and 20 substituted acetophenones. In this com-
munication, we describe initial results from a limited
subset of this library.

Initial SAR was developed to aid understanding of the
influence of aromatic ring substitution (Table 1).
Small lipophilic substituents at the para-positions of the
phenyl ring were beneficial (2, IC50 11 nM, 6 IC50

21 nM) affording a modest 2- to 3-fold increase in affin-
ity, however polar substituents were not tolerated (9.
IC50 2800 nM). ortho-Substitution was more limited
with only fluoro being tolerated (5, IC50 18 nM). Com-
bination of ortho- and para-substitution afforded a fur-
ther modest increase in affinity (7, IC50 11 nM).
Introduction of a trifluoromethyl at the meta position
(10) was not well tolerated.

Using the 4-methyl (2) and three fluoro-substituted
analogues (5, 6 and 7) as templates the influence of
the alkyl amine was investigated (Table 2). Replace-
ment of the tert-butyl amine by a secondary amines
resulted in a dramatic loss in affinity (e.g., 17, 27,
28 and 29, IC50 >1000 nM), perhaps indicating the
requirement for a hydrogen bond donor. In contrast,
reaction with a variety of larger primary amines gave
a significant increase in affinity. The introduction of
an additional two carbons gave a 5- to 10-fold in-
crease in affinity; compare 5 with 14 (IC50 4.5 nM),
or 7 with 20 (IC50 1.5 nM). Replacement of one of
the methyl groups of the t-butyl by benzyl also gave
a similar increase in affinity (15, IC50 3.8 nM, 25,
IC50 2.4 nM) but was less attractive due to the in-
crease in molecular weight. Interestingly, introduction
of the phenyl ring also gave the only examples of
compounds with significant HERG activity (15,
270 nM, 25, 300 nM) all other compounds being
>1000 nM.
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Constraining the alkyl groups into either a 5- or a 6-mem-
bered ring gave a further small increase in affinity and
afforded compounds with single figure nanomolar affinity
(16, 19, 21 and 22). Compound 22 IC50 1.1 nM, MW 319
was subsequently evaluated in variety of ion channels,
GPCR and enzyme assays and shown to be >1000-fold
selective except for modest activity at the 5-HT2C receptor
(IC50 27 nM). Importantly, with respect to possible in vivo
evaluation compound 22 also displayed excellent affinity
for the rat 5-HT2A receptor (IC50 2.3 nM).

In conclusion, we have described the discovery and opti-
mization of a novel class of 5-HT2A antagonists devel-
oped from a low molecular weight hit (1) identified
from high-throughput screening, by an analysis intended
to identify selective low-molecular weight ligands.
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