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Identification and optimization of novel partial agonists of
Neuromedin B receptor using parallel synthesis
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Abstract—The design and parallel synthesis of potent, small molecule partial agonists of Neuromedin B receptor based on the
3-amino-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic acid amide core is described.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
The bombesin family of G-protein coupled receptors
consists of four subtypes:1 Neuromedin B receptor
(NMBR, BB1),

2 Gastrin-Releasing Peptide Receptor
(GRPR, BB2),

3 BRS-3,4 and BB4.
5 Of these, the former

two receptors have received the greatest level of atten-
tion in the scientific literature over recent years. NMB
and GRP, the endogenous ligands for NMBR and
GRPR, respectively, were discovered more than 20 years
ago.6;7 They display a seven amino acid C-terminal
sequence homology, and mediate a range of biological
mechanisms via action at their receptors. These include
CNS-related responses such as thermoregulation,8 sati-
ety,9 control of circadian rhythm,10 and peripheral
functions including macrophage activation,11 and gas-
trointestinal hormone release.12

Examples of peptoid-based Neuromedin B receptor
antagonists were disclosed several years ago;13 however,
there have been no other small molecule antagonists or
agonists of NMBR reported in the literature. As part of
our investigations into the discovery of novel heterocy-
clic ligands of NMBR, we chose to examine the pub-
lished peptoid PD165929, 1 (Fig. 1), as a starting point
for a targeted library.13 Compound 1 was prepared
according to literature precedent,14 and was used in our
biological assays as a reference compound. Interestingly,
in our hands, 1 showed a lower binding affinity for
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NMBR than had been reported previously in the liter-
ature.15

In an effort to identify a novel chemotype based on the
structural features of 1, we decided to prepare a con-
formationally-constrained derivative in the form of a
3-amino-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic
acid amide, 2. The synthesis of this compound was
accomplished in four steps––incorporating a Fischer
cyclization at the penultimate stage––starting from
8-amino-1,4-dioxa-spiro[4.5]decane-8-carboxylic acid,
and proceeded in good overall yield (Scheme 1).16

We observed that 2 displayed a marginal increase in
binding affinity for NMBR over 1, but interestingly was
also a highly selective, weak partial agonist, displaying
no activity against a panel of GPCR targets encom-
passing members of the lipid and neuropeptide receptor
families. Further, 2 showed no cytotoxicity when incu-
bated with HeLa cells for 72 h (Fig. 2).17
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Scheme 1.
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2 0.32
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Encouraged by the preliminary data for 2, we con-
structed a targeted library based upon this tetrahydro-
carbazole core. The synthetic protocol used was
identical to that illustrated in Scheme 1, and all of the
analogues were prepared using our parallel synthesis
modules and were purified by automated HPLC.18 The
library was assembled in four stages. Initially we con-
ducted a thorough examination of the exocyclic nitrogen
substitution pattern, and quickly concluded that a
substituted phenylurea was essential for activity, with
the 2,6-diisopropylphenyl urea being the optimal motif.
In addition, we observed that the 4-nitrophenylurea
derivative, 4, also displayed sub-micromolar potency
against the receptor; this nitrophenylurea motif was
present in several of the most potent peptoid ligands
based on compound 1 previously reported by Ashwood
et al.19 that were subsequently examined as part of a
mutagenesis study to elucidate the role of the nitro
substituent in hydrogen bonding to the receptor.20 A
representative set of data summarizing our results from
this exercise is shown in Table 1.



Table 1 (continued)

Compound # R IC50 (125I-NMB), lM

8

OCF3

3.04

9 3.92

10 5.49

11

OMe

8.72

12 Et >10

13 H >10
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In the second phase of library construction, we focused
on modifications to the carboxy terminus in order to
Table 2.

N
H

NH

Compound # R1 R

14 2,6-Di-isopropyl

15 2,6-Di-isopropyl

16 4-NO2

17 4-NO2

18 4-NO2

19 2,6-Di-isopropyl
determine the requirement for the N-(1-pyridin-2-yl-
cyclohexylmethyl)-acetamide, a residue present in the
most potent analogues in both the peptoid and tetra-
hydrocarbazole series. In this study, we retained the urea
substituents as both 2,6-diisopropylphenyl and 4-nitro-
phenyl, and a range of amide derivatives of 2 were
prepared. These encompassed examples representing
subtle modifications to the lead structure, together with
more random, structurally diverse analogues, prepared
in an attempt to incorporate additional recognition
elements and to reduce molecular weight. The majority
of the analogues showed significantly diminished affinity
for NMBR however, illustrating the importance of the
pyridin-2-yl-cyclohexylmethyl motif in binding to the
receptor; indeed the only derivatives that displayed
an appreciable level of activity were the direct gem-
dimethyl and cyclopropyl analogues, 14 and 15, which
adopt similar conformations to the parental compound
(Table 2).

The third stage centered on our examining a broad
range of substitution patterns within the indole ring.
Table 3 summarizes key data obtained for the 2,6-
diisopropylphenylurea derivatives prepared in this
exercise. A general trend of improved affinity with
NH

N
H

O
R2

O

R1

2 IC50 (125I-NMB), lM

N
3.35

N
4.15

N
10

N
>10

S

N

O O

>10

Cl
>10



Table 3.

N
H

NH

NH

N
H

O

O

N
R

Compound # R IC50 (125I-NMB), lM

20 5-OMe 0.25

21 5-Me 0.66

22 4,6-Di-Me 0.70

23 4,6-Di-Me 0.79

24 4,7-Di-F 1.01

25 5-OCF3 1.89

26 7-Br 2.14

27 5-CF3 3.66

28 5-NO2 >10

29 5-CO2H >10 Figure 3.

Figure 4.
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electron-rich indole systems was observed, with com-
pound 20 being the most potent compound identified.

The final step of our study involved resolving the two
enantiomers of 20, which was accomplished by using
preparative chiral HPLC.21 We observed that the (+)-
enantiomer, 30, was the more potent of the two.22

Further, this compound was very selective for NMBR
over structurally-related GPCRs, and did not display
any cytotoxic effects in HeLa cells (Scheme 2).

As mentioned above, compound 2 showed weak partial
agonist activity in an inositol phosphate production
SPA assay.23 We subsequently observed that the level of
partial agonism in this tetrahydrocarbazole series
increased with improved binding affinity. Figure 3
illustrates the effects of the dose response curves of
Neuromedin B upon treatment with increasing concen-
trations of 30.

Figure 4 depicts the partial agonist effects of the key
compounds prepared in this study, with levels of IP
accumulation increasing with improved potency, as
determined in the radioligand competition assay.
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Scheme 2.
In summary, a series of novel and potent NMBR partial
agonists has been identified. The compounds were de-
LC

30
(+)-enantiomer

IC50 (
125I-NMB) = 29nM

IC50 HeLa Cytotoxicity >50µM

31
(-)-enantiomer
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signed on a conformationally constrained derivative of a
known peptoid-based NMBR antagonist, and were
produced in a matter of weeks using a rapid solution-
based parallel synthesis approach.
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