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We report SAR studies on a novel non-peptidic bombesin receptor subtype-3 (BRS-3) agonist lead series
derived from high-throughput screening hit RY-337. This effort led to the discovery of compound 22e
with significantly improved potency at both rodent and human BRS-3.

� 2010 Elsevier Ltd. All rights reserved.
Obesity has become a major global health issue causing the
World Health Organization (WHO) to officially declare obesity a
disease.1 Obesity causes or exacerbates many health problems,
such as hypertension, type 2 diabetes mellitus, and cardiovascular
disease. Current drugs approved for the chronic treatment of obes-
ity have suboptimal tolerability and limited efficacy.2 In order to
address this unmet medical need, we are interested in developing
therapies based on novel mechanisms.

Bombesin receptor subtype-3 (BRS-3 or BB3), a G-protein cou-
pled receptor (GPCR), belongs to the bombesin receptor family.3

Bombesin is a peptide (pGlu-Gln-Arg-Leu-Gly-Asn-Gln-Trp-Ala-
Val-Gly-His-Leu-Met-NH2), originally isolated from the skin of
the European frog Bombina bombina. Two mammalian bombesin-
related peptides have been identified, gastrin-releasing peptide
(GRP) and neuromedin B (NMB). The biological effects of these
peptides are mediated by the bombesin family receptors (GRPR
or BB1 and NMBR or BB2). BRS-3 is primarily expressed in the cen-
tral nervous system, particularly the hypothalamus.4,5 The natural
ll rights reserved.

: +1 732 594 3007.
ligand for the BRS-3 is unknown and, despite its name, BRS-3 does
not bind bombesin with high affinity.

Validation of BRS-3 as a potential target for the treatment of
obesity comes from rodent genetics and pharmacology. Mice lack-
ing BRS-3 develop metabolic defects and obesity.6,7 They are
hyperphagic with reduced metabolic rate and reduced core tem-
perature. Complementing the BRS-3 knock-out mouse data, Merck
scientists demonstrated BRS-3 antagonist Bantag-1, when admin-
istered intracerebroventricularly, increases food intake and body
weight in rats.8 Peptides with functional activity at human BRS-3
have been reported.9 More recently, small molecule agonists based
on an omeprazole lead also appeared.10 In this paper, we will de-
scribe Merck’s early efforts at identifying small molecule BRS-3
agonists.

A high-throughput screening campaign of the Merck sample
collection identified racemic RY-337. The compound was particu-
larly appealing due to its low molecular weight and non-peptidic
structure. In vitro binding and functional assay data for RY-337
are summarized in Table 1.11 RY-337 is completely inactive on hu-
man BB1 and BB2 receptors and is 10-fold more potent on rodent
BRS-3 compared to the human receptor.

http://dx.doi.org/10.1016/j.bmcl.2010.01.154
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Table 1
Binding affinity and functional activitya of RY-337 at human, rat and mouse bombesin
family receptors

N

HN

COOH OH

RY-337

MW=406.53

Receptor Bindinga IC50

(nM)
Functional EC50

(nM)
Activationc at
10 lM (%)

hBB1 >10,000 NDb ND
hBB2 >10,000 ND ND
hBRS-3 3676 1897 74
rBRS-3 ND 174.3 101
mBRS-3 ND 237.5 98

a Data are averages of at least three repeated measurements.
b Not determined.
c The percent activation is the maxim activation of tested compound relative to

that of dY-peptide.
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Synthesis of RY-337 is outlined in Scheme 1. The key step is the
formation of imidazole 11 from the reaction of aldehyde 10 and an
a-hydroxylketone 6 in the presence of copper (II) acetate and
ammonium acetate in acetic acid12 with concomitant loss of the
TBS protecting group. a-Hydroxylketone 6 was conveniently pre-
pared from commercially available diol 5.13a Alkylation of the
imine derived from aldehyde 9 with benzylic bromide 4 followed
by mild acidic hydrolysis produced aldehyde 10.14 a-Hydroxylke-
tones can conveniently be prepared in one step from a variety of
commercially available starting materials, such as alkenes, 1,2-
diols, carboxylic acids, a-halo-ketones, and alkynes.13 This conver-
gent strategy enabled rapid synthesis of new analogs.
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Scheme 1. Reagents and conditions: (a) (COCl)2, DMF (cat.), CH2Cl2,, 0 �C; (b) t-BuOH, p
DME–H2O, reflux; (d) NBS, PPh3, CH2Cl2, �78 �C to rt; (e) NaBrO3, NaHSO3, CH3CN–
cyclohexylamine, C6H6; (j) LDA, 4, THF; (k) 0.5 N HCl (aq); (l) Cu(OAc)2, 6, NH4OAc, HOA
Guided by functional activity assays on human and mouse
receptors, we embarked on an SAR study to improve the human
potency of this structural series.

The SAR study began with the branch side chain. The com-
pounds and data are listed in Table 2. The synthesis of the analogs
was similar to Scheme 1, except 12f, which required a slightly dif-
ferent synthetic route for its key aldehyde intermediate 17
(Scheme 2). From Table 2, it was clear that the length of the side
chain had minimal effect on activity at human BRS-3. The bulky
iso-propyl group drastically reduced the potency at the mouse
receptor. The discovery that removal of the side chain (12f) main-
tained good potency and that the compound had a reasonable PK
profile in rats (Table 3) led to the decision to continue the SAR
study without the branch side chain.

We next examined effects of the linkage between the imidazole
and biphenyl moiety (Table 4). Shortening the linkage to methy-
lene (18a) completely abolished activity at both human and mouse
receptors. Extension to a three carbon linkage (18b) had a smaller
effect on potency. Finally, rigidifying with a trans C–C double bond
(18c) significantly reduced the potency. Therefore two carbon link-
age appeared to be optimal.

We next turned our attention to replacement of the n-butyl
chain on the imidazole ring (Table 5). While there was little
improvement with a phenyl substituent (19a), we were excited
to find that a benzyl group (19b) tremendously improved potency
at the mouse receptor. More importantly, the change also im-
proved potency at the human receptor. Extending the length of
the linker (19c) reduced the potency.

Encouraged by these results, we synthesized a series of com-
pounds with different substitutions on the phenyl ring (Table 6,
20a–p). Introduction of an electron-donating methoxy group re-
duced the potency. The same is largely true for the electron-with-
drawing nitrile, although meta-CN substitution maintained most of
the activity. Among analogs bearing a Me group at different posi-
tions, ortho-Me substitution (20g) maintains similar potency to
the un-substituted analog (19b), while other positional isomers
diminished activity at the human receptor. Chloro substitution re-
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yridine, 0 �C to rt; (c) 4-(hydroxylmethyl) phenyl-boronic acid, Pd(PPh3)4, Na2CO3,
H2O; (f) NaH, TBSCl, THF; (g) DMSO, (COCl)2 �78 �C; (h) Et3N, �78 �C to rt; (i)
c, reflux 0.5 h; (m) TFA.



Table 2
Activity of 12 at human and mouse BRS-3a

N

HN

COOH

R

12

R Human functional EC50 (nM) (%activation) Mouse functional EC50 (nM) (%activation)

12a n-Butyl 2656 (66%) 527 (96%)
12b n-Propyl 1183 (96%) 165 (102%)
12c Ethyl 2722 (76%) 340 (104%)
12d Methyl 2760 (79%) 184 (110%)
12e iso-Propyl 4618 (60%) 2240 (87%)
12f H 2707 (78%) 93 (116%)

a Data are averages of at least three repeated measurements.
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Scheme 2. Reagents and conditions: (a) LAH, ether, 0 �C to rt; (b) bis(pinacolate)diboron, Pd(dppf), KOAc, DMSO; (c) 15, Pd(dppf), Na2CO3 (2 N),DMF, 85 �C; (d) TEMPO (cat.),
trichloroisocyanuric acid, CH2Cl2, 0 �C to rt.

Table 3
Pharmacokinetic data for 12fa

PK parameter Rata

F (%) 16
Cl (mL min�1 kg�1) 1.3
Vdss (L kg�1) 0.1
t1/2 (h) 1.56
AUCn (lM h/mpk) 6.48

a Compound dosed in Sprague–Dawley rats as a solution in EtOH/PEG400/water
(10:40:50) at 1 mg/kg, iv and 4 mg/kg, po.

Table 4
Activity of 18 at human and mouse BRS-3a

N

H
N

COOH

L

18

L Human functional EC50

(nM) (%activation)
Mouse functional EC50

(nM) (%activation)

18a CH2 >10,000 (0%) >10,000 (0%)
18b (CH2)3 5598 (54%) 382 (101%)
18c CH@CH

(trans)
4376 (8%) 10,000 (39%)

a Data are averages of at least three repeated measurements.

Table 5
Activity of 19 at human and mouse BRS-3a

N

HN
R

COOH
19

R Human functional EC50

(nM) (%activation)
Mouse functional EC50

(nM) (%activation)

19a Ph 4949 (30%) 872 (101%)
19b –CH2Ph 205 (109%) 11 (111%)
19c –CH2CH2Ph 1323 (86%) 174 (89%)

a Data are averages of at least three repeated measurements.
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sults in a loss of potency. Finally, compounds with mono-F substi-
tution maintain potency at both ortho (20m) and meta (20n) posi-
tions. The ortho, meta di-F substituted benzyl analog (20p)
appeared optimal in this limited series.

In order to further improve the potency at the human receptor,
we continued the SAR study with aliphatic substituents (Table 7).
Since the benzyl group gave better potency than the n-butyl substi-
tuent, we decided to synthesize analogs with –CH2-cycloalkyl sub-
stitution. A small cyclopropyl ring (21a) gave poor activity while
larger sized rings (21b–e) offered single digit nanomolar potency
at the mouse receptor and significantly improved human potency.



Table 6
Comparison of activity of 20 with 19b on human and mouse BRS-3a

N

HN

COOH

X

20

X Human functional EC50 (nM) (%activation) Mouse functional EC50 (nM) (%activation)

19b H 205 (109%) 11 (111%)
20a o-OMe 1724 (88%) 163 (101%)
20b m-OMe 4124 (73%) 79 (80%)
20c p-OMe 5360 (44%) 513 (88%)
20d o-CN 5479 (51%) 642 (139%)
20e m-CN 812 (95%) 20 (102%)
20f p-CN 5887 (25%) 723 (85%)
20g o-Me 127 (93%) 9.3 (106%)
20h m-Me 4307 (87%) 75 (89%)
20i p-Me 2663 (88%) 162 (120%)
20j o-Cl 292 (100%) 22 (109%)
20k m-Cl 825 (91%) 31 (98%)
20l p-Cl 2288 (89%) 102 (105%)
20m o-F 177 (108%) 9.5 (121%)
20n m-F 159 (107%) 7.9 (108%)
20o p-F 1601 (84%) 50 (104%)
20p o, m-di-F 87 (104%) 8 (110%)

a Data are averages of at least three repeated measurements.

Table 7
Activity of 21 at human and mouse BRS-3a

N

HN
R

COOH

O21h : R=
21

R Human functional EC50 (nM) (%activation) Mouse functional EC50 (nM) (%activation)

21a –CH2-cyclopropyl 1004 (96%) 72 (144%)
21b –CH2-cyclobutyl 588 (105%) 7.1 (99%)
21c –CH2-cyclopentyl 133 (102%) 7.9 (94%)
21d –CH2-cyclohexyl 41 (104%) 7.3 (102%)
21e -CH2-cycloheptyl 88 (106%) 5.7 (102%)
21f –CH2–CH2-cyclohexyl 642 (94%) 33 (101%)
21g –Cyclohexyl 375 (102%) 14.7 (116%)
21h See Scheme above 338 (96%) 23 (106%)

a Data are averages of at least three repeated measurements.
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In particular, compound 21d with –CH2-cyclohexyl substitution
maintained 41 nM EC50 at hBRS-3. We also tried changing the
length of the linkage between the imidazole ring and the cyclo-
hexyl ring. Both extending and shortening (21f–g) the linkage re-
duced potency. Introduction of an oxygen in the cyclohexyl ring
(21h) did not offer much advantage in terms of potency.

Finally we studied uncyclized alkyl substituents (Table 8).
Simple addition of a Me group on the n-butyl chain (22a) signif-
icantly improved potency on human and mouse receptors. Add-
ing a second Me group further increased the potency (22b).
Truncating one methylene (22c) had no effect on activity at
mouse BRS-3 but resulted in reduced activity at the human
receptor. Further shortening of the linkage (22d) resulted in a
large loss of potency. Further homologation of 22c recovered
potency and compound 22e stood out as the most potent
compound at human BRS-3 in this series. Further alterations
(e.g., 22f) reduced potency. As outlined in Table 9, 22c demon-
strated good rat PK properties.

We tested several potent compounds in animal models to
demonstrate efficacy on food intake. When dosed intracerebro-
ventricularly in rat at 25 lg, compound 22c reduced food intake
by 29% compared to animals treated with vehicle (20% PG-
water). However, none of the compounds exhibited efficacy in
diet induced obese (DIO) mice when dosed orally. Although
potent with good plasma drug levels after oral dosing, further
investigation suggested that the compounds do not reach suffi-
cient brain levels to interact with the target BRS-3 receptors in
the hypothalamus.



Table 8
Comparison of activity of 22 with 12f on human and mouse BRS-3a

N

HN
R

COOH 22a :

R

22b :

22c :

22d :

22e: Et

23f : Et

Et

22

12f :

Human functional EC50 (nM) (%activation) Mouse functional EC50 (nM) (%activation)

12f 2707 (78%) 93 (117%)
22a 119 (112%) 10 (111%)
22b 39 (102%) 6.2 (99%)
22c 106 (103%) 6.3 (105%)
22d 4334 (45%) 2745 (108%)
22e 25 (101%) 9.6 (94%)
22f 76 (97%) 30 (116%)

a Data are averages of at least three repeated measurements.

Table 9
Pharmacokinetic data for 22c

PK parameter Rata

F (%) 19
Cl (mL min�1 kg�1) 1.02
Vdss (L kg�1) 0.128
t1/2 (h) 1.54
AUCn (lM h/mpk) 9.41

a Compound dosed in Sprague–Dawley rats as a solution in EtOH/PEG400/water
(10:40:50) at 1 mg/kg, iv and 4 mg/kg, po.
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In summary, we report the SAR of a non-peptidic BRS3 agonist
lead series. This work culminated in compounds with much im-
proved potency on both rodent and human receptors (e.g., 22e)
and with good rodent PK profiles. Efforts at addressing the low
brain penetration will be reported in the subsequent paper.
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