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ABSTRACT: Preclinical data indicate that GPR103 receptor
and its endogenous neuropeptides QRFP26 and QRFP43 are
involved in appetite regulation. A high throughput screening
(HTS) for small molecule GPR103 antagonists was performed
with the clinical goal to target weight management by
modulation of appetite. A high hit rate from the HTS and
initial low confirmation with respect to functional versus
affinity data challenged us to revise the established screening
cascade. To secure high quality data while increasing throughput, the binding assay was optimized on quality to run at single
concentration. This strategy enabled evaluation of a larger fraction of chemical clusters and singletons delivering 17 new
compound classes for GPR103 antagonism. Representative compounds from three clusters are presented. One of the identified
clusters was further investigated, and an initial structure−activity relationship study is reported. The most potent compound
identified had a pIC50 of 7.9 with an improved ligand lipophilic efficiency.
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Obesity is a global epidemic associated with increased
morbidity and mortality.1,2 GPR103 is a family A G-

protein coupled receptor first described in 2001.3 The
endogenous GPR103 neuropeptide ligands QRFP26 and the
N-terminal elongated QRFP43 were discovered by three
different groups4−6 and paired with an, at that time, orphan
receptor GPR103.4,5 QRFP26 and QRFP43 are RFamide
peptides encompassing the C-terminal Arg-Phe-NH2 motif
common to all RFamide family members. Structure−activity
relationships (SAR) studies of QRFP26 show that the terminal
Phe24-Arg25-Phe26 motif7 and the C-terminal amidation
common to the RFamide family are very important for
functional activity.5,7

Gene expression data show that GPR103 and its endogenous
GPR103 neuropeptide ligands are expressed in ventromedial
nuclei, lateral hypothalamus, and arcuate nucleus, which are
areas known to be involved in the control of feeding behavior
and body weight.4,5,8−10 Peripherally GPR103 is found to be
expressed in heart, kidney, retina, and testis but at considerably
lower levels.4 Preclinical data demonstrate that intracerebro-
ventricular injections (i.c.v.) of the endogenous agonists
QRFP26 and QRFP43,6,10,11 as well as synthetic peptidomi-
metic agonists12 increase feeding in rodents. Also, prepro-
QRFP26 mRNA is up-regulated in the hypothalamus in fasted
mice as well as in ob/ob and in db/db mice compared to fed
mice and wild-type mice.10 High-fat feeding of rats also results
in increased expression of endogenous ligands but does not
alter GPR103 expression. Data taken together points at
GPR103 to have a function in controlling appetite, suggesting
that inhibition of the orexigenic effect from QRFP26/QRFP43

receptor activation would promote reduced body weight by
modulation of appetite.
Antagonists of GPR103 in context of weight management

have previously been published in four different patents
covering indole13−15 and imidazoline16 derivatives. In this
communication we describe an HTS based hit identification of
three novel GPR103 small molecule antagonists structurally
distinct from previously disclosed GPR103 antagonists. A SAR
study with synthetic procedures outlined for one of the most
compelling clusters is presented.
The hit finding strategy for GPR103 antagonists was based

on the HTS of the AstraZeneca proprietary compound
collection. The primary assay in the screening cascade was a
functional assay assessing GPR103 antagonism through
measurements on production of inositol-1-phosphate (IP-1).
Screening of compounds started at single concentration giving
a hit rate of 4.7%. Functional activity was then followed up in a
ten point concentration−response (CR) IP-1 assay leaving 83%
classified as actives. Subsequently compounds were screened in
an orthogonal cell based label free dynamic mass redistribution
(DMR) ten point CR assay, in which 52% were confirmed
active. Finally 100 compounds based on a diverse selection of
the most attractive compounds were tested in a [125I]-QRFP43
radioligand binding (RLB) ten point CR assay with a hit rate of
3%. Despite a high confirmation rate of functional activity, only
a small fraction of compounds considered active in the
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functional assays were confirmed in the RLB assay. This low
confirmation rate could have several reasons, e.g., due to the
lack of a technology artifact assay in IP-1, binding to allosteric
sites of GPR103, or IP-1 production through interaction with
other protein targets. To ensure high quality starting points for
the chemistry program, we therefore needed to assess a larger
part of the chemical space of the HTS output by affinity
screening in the [125I]-QRFP43 RLB assay.
The throughput of the original [125I]-QRFP43 96-well

format RLB assay ten point CR setup was hampered by high
cost per well, amount of radioactive waste, and by variability in
quality control parameters. Hence, when affinity data became
critical for project progression the RLB assay quality had to be
improved to allow counter screening of a larger set of
compounds in single concentration screening and thereby
increase the throughput. This was achieved by the transfer of
larger volumes of the assay reaction to the filter plate. This step
was performed by an automated filtration step in a Biomek FX
(Beckman Coulter) where the assay reaction is transferred to a
filter plate and all wells in the plate are washed simultaneously
with ice-cold wash buffer under vacuum to remove all unbound
radioligand. By further optimizing the number of wash cycles
and the height of the Biomek FX tip head over the filter plate
during washing, the background radioactivity was decreased,
thus increasing the assay window. This was reflected by the Z′
values increasing from 0.2−0.3 to 0.5−0.9 (average 0.76 ± 0.11,
mean 0.76, n = 24). The quality of the improved assay was
controlled with 29 GPR103 reference compounds previously
confirmed in functional and affinity screening.
By revisiting all compounds flagged as active in IP-1 single

concentration in the HTS and in ten point CR, 963 compounds
were selected for screening in the [125I]-QRFP43 RLB assay
single concentration to give a mean inhibition of radioligand
binding in percent at 10 μM ligand concentration. The
compounds considered active, 12.8%, were subsequently
followed up in RLB ten point CR. The accuracy of the single
concentration RLB assay was 83% calculated as (TP + TN)/
(TP + TN + FP + FN), as confirmed in ten point CR RLB.
This approach enlarged the set of confirmed GPR103
antagonists and enabled us to identify in all 17 new chemical
clusters of which representatives from three of the clusters are
depicted in Table 1. From a SAR perspective, these structures
are novel with respect to chemical similarity compared with
previously known GPR103 antagonists. A common feature of
the presented clusters in Table 1 is their basic functionality with
pKa ranging from 8.1−10.5, also observed in the endogenous
agonists5−7 as well as in pseudopeptide agonists.12,19 Two of
the identified cluster representatives (2 and 3, Table 1) have
previously been reported in the context of ligands for
GPCRs.17,18 Compound 1 showed compelling in vitro data
on GPR103 antagonism as well as potential for exploration and
was selected as a starting point for chemistry. Full IC50 curves
for IP-1 and RLB assays of compound 1 are depicted in Figures
S1 and S2 in the Supporting Information.
To build SAR around the core structure of compound 1

(Table 2, see Supporting Information for Table 2 with
structures drawn) the following parts were modified: (I) the
amidine aryl group, (II) the amidine functionality, (III) the
methoxy substituent, and (IV) the cyclopentylsulfanylmethyl
group (Schemes 1−5).
Exploration of the amidine aryl group (I) in the hit

compound 1 (Scheme 1), was started with bromomethylation
of the commercially available 4-methoxy-nitrobenzene (4)

followed by reaction with cyclopentanethiol and reduction of
the nitro group to give 6. The resulting aniline was reacted with
selected nitriles to give the desired amidines (1, 7a−7k).
Amidine aryl and alkyl analogues to compound 1 (7a−7k,

Scheme 1, Table 2) display a broad SAR. The thiophene-3-yl
regioisomer (7a), the phenyl-analogue (7b), 4- or 5-substituted
thiophene (7c−7e), or the para-chlorophenyl analogue (7f) are
equipotent or more potent compared to the thiophen-2-yl hit
(1) with pIC50 in the range of 6.8−7.9. Replacing the thiophene
with the more polar, electron poor thiazole (7i) or para-
pyridine (7j) gave marked reduction in potency. However,
introducing a meta-pyridine (7k) gains back some of the
potency compared to 7i and 7j, while keeping logD7.4 at 2.6. A
striking drop in or loss of IP-1 activity was seen in benzyl- and
ethyl-matched pairs to compound 1, 7g (pIC50 5.2) and 7h
(pIC50 <4.4) respectively, suggesting that the amidine aryl
group should be directly adjacent to the amidine.
Variations of the amidine functional group (II) in compound

1 were introduced by coupling 6 with thiophene-2-carboxylic
acid to give the amide analogue (8) or with 2-fluoropyridine to
give the 2-aminopyridine analogue (10, Scheme 1). The
amidine functionality was further modulated by mono-N- and
di-N,N-methylation starting from the thiophene carboxamide 8.
Compound 8 was transformed to the corresponding
carbothioamide using Lawesson reagent and then N-alkylated
by reaction with methyl amine to give mono-N-methylated 9a
and di-N,N-methylated compound 9b (Scheme 1).
From SAR exploration modulating the amidine, it is evident

that a positive charge on the amidine is a hot-spot for targeting
GPR103 antagonism also consistent with the pKa properties of
the hit compounds (2 and 3). By replacing the amidine with
the corresponding amide (8) or the 2-aminopyridyl analogue
(10), the compounds drop 2 orders of magnitude in potency
compared to the original amidine hit (1). Also, methylation of
the imine nitrogen of the amidine (9a) leads to one log unit
drop in functional activity, whereas methylation of both the
amidine nitrogens (9b) abolishes functional activity (Table 2).

Table 1. Cluster Representatives from the HTS

apIC50 is reported as mean ± SD, n = 2 − 4 from ten point CR with
the number of experiments in parentheses. bNumber of cluster
members with pIC50 > 5 in IP-1 after HTS.
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To further investigate the amidine functionality (II) the
reversed amidine (15, Scheme 2) was synthesized. Synthesis

started from commercially available 4-chloro-2-(chloro-meth-
yl)-1-methoxy-benzene (12), which was reacted with cyclo-
pentanethiol, followed by formation of the corresponding
benzonitrile and finally amidation to give the desired reversed
amidine 15. Compound 15 drops 1 order of magnitude in
activity (Table 2) and indicates that the topology around the
positive charge is sensitive.
The SAR exploration was continued at the methoxy position

(III, Scheme 3, 18a−18e). Reacting 16 with cyclopentanethiol
followed by reduction of the nitro group gave aniline
intermediate 17a. The methyl substituted aniline (17b) was
synthesized from 19 by reduction of the carboxylic acid
followed by halogenation, reaction with cyclopentanethiol, and
reduction of the nitro group. The halo substituted inter-
mediates 17c and 17d were synthesized from 2-fluoro or 2-
chloro-5-nitrobenzaldehyde (21a and 21b), respectively, by
reduction of the aldehyde and subsequent reduction of the
nitro group followed by Boc protection of the resulting aniline.
Compounds 22a and 22b were converted to the corresponding
bromides, which were then reacted with cyclopentanethiol, and
after Boc deprotection the aniline intermediates 17c and 17d
were obtained. Nitration of 2- trifluoromethoxybenzaldehyde
(23) followed by reduction of the aldehyde gave the alcohol 24.
Treatment of the alcohol with methanesulfonyl chloride,
subsequent reaction with cyclopentanethiol, and finally
reduction of the nitro group gave aniline 17e. Aniline
intermediates (17a−17e) were reacted with methyl thio-
phene-2-carboximidothioate to give the desired amidine
analogues (18a−18e, Scheme 3). Read-out from the IP-1
assay clearly suggest a steep SAR as all of the methoxy-
replacements lost at least 1 order of magnitude as compared to
1 (Table 2).
The final SAR assessment was performed at the cyclo-

pentylsulfanylmethyl group (IV). Sulfur was replaced by
classical bioisosters21 as −O− or −CH2− giving compounds
27 and 29, respectively (Scheme 4). Synthesis of compound 27
started with bromomethylation of 4 to give 25, which after
nucleophilic substitution with cyclopentanol furnished the ether
(26). Reduction of the nitro group and reaction with methyl
thiophene-2-carboximidothioate yielded compound 27. The
carbon analogue (29) was synthesized from 25 by a Wittig
reaction, followed by simultaneous reduction of the nitro group
and the double bond using H2(g) and subsequent reaction with
methyl benzenecarboximidothioate. The nonclassical sulfur
bioisosteres21 −SO− and −SO2− (11a and 11b, respectively,
Scheme 1) were accomplished by oxidation of 7b using 3-
chlororbenzoperoxoic acid. Out of the synthesized bioisosteres
(27, 29, 11a, and 11b), only the carbon analogue (29, pIC50
6.5) retained some potency but still lost 1.2 log units compared
to 7b (Table 2).
To challenge polarity, sulfur was replaced by an amide bond

exemplified by compound 34 (Scheme 5). The starting material
(32) was coupled with cyclopentane-carboxylic acid to give the
nitrobenzene intermediate (33), which after standard reduction
of the nitro group and reaction with benzonitrile yielded
compound 34. The increase in polarity (logD7.4 = 1.1, ΔlogD7.4
= 1.4) was accompanied with an even more pronounced
decrease in potency (ΔpIC50 = 2.1) compared to the sulfur
analogue 7b (Table 2).
IP-1 data from exploration of the aliphatic cyclopentyl ring

suggest a tight SAR also in this region. Nine aryl analogues
(data not shown) were made, which all display a potency of 1
μM or less, here exemplified with the phenyl analogue (31,

Table 2. Functional Activity and Radioligand Binding for
Analogues of Compound 1 and Their Measured logD7.4

apIC50 is reported as mean ± SD, n = 2−4 from ten point CR with the
number of experiments in parentheses. bLLE was calculated as LLE =
pIC50 − logD7.4.

20
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Scheme 4 and Table 2). Compound 31 was synthesized from
25 by reaction with benzenethiol, followed by reduction of the
nitro group using iron dust and reaction of the aniline
intermediate with benzonitrile.
Encouraging for this series originating from compound 1,

SAR revealed no consistent correlation between potency and
lipophilicity (Table 2). A higher lipophilic ligand efficiency
(LLE) indicates less lipophilic contribution to potency and is
therefore a suitable way to rank lead compounds.20 For the best
compound (7b), LLE could be increased to 5.2. For 20 of the
compounds presented in Table 2, GPR103 activity was
confirmed in RLB. A good correlation between functional
and binding data for these ligands was observed (see
Supporting Information, Figure S3).
In summary, an HTS was run with 900,000 compounds

targeting GPR103 using an IP-1 assay. After functional
screening in IP-1 single concentration and ten point CR
followed by orthogonal screening in DMR, the most active and
interesting clusters were followed up in a [125I]-QRFP43 RLB
ten point CR assay. A low confirmation rate with respect to
functional versus affinity data from screening of the initial hit
clusters was observed. This led to a revision of the screening
cascade to enable affinity screening of a larger set of

compounds and secure project progression. The [125I]-
QRFP43 RLB assay ten point CR assay was optimized to run
in single concentration to enable a larger number of chemical
clusters and singletons to be evaluated. This lead to the
discovery of several chemically diverse compounds acting as
GPR103 antagonists. Herein three new chemical entities

Scheme 1a

aReagents and conditions: (a) CHO, H2SO4, NaBr, HOAc, 85 °C; (b) cyclopentanethiol, K2CO3, DMF; (c) iron dust, HOAc, 60 °C; (d) R1−CN,
AlMe3, toluene, 95 °C or ethylmagnesium bromide, THF or AlCl3, 1,2-dichlororethane, 115 °C; (e) thiophene-2-carboxylic acid, EDC, HOBt, TEA,
DMF; (f) 2-fluoropyridine, Cs2CO3, DMA, 200 °C; (g) R1 = benzenecarboximidoyl, 3-chlorobenzoperoxoic acid, DCM; (h) Lawesson reagent,
toluene, 80 °C; (i) MeNH2, MeOH, 50 °C; (j) NaH, MeI, THF, 0 °C.

Scheme 2a

aReagents and conditions: (a) cyclopentanethiol, K2CO3, DMF; (b)
Zn, Zn(CN)2, XPhos, Pd2(dba)3, DMA, 150 °C; (c) aniline, AlMe3,
toluene, 95 °C.

Scheme 3a

aReagents and conditions: (a) cyclopentanethiol, K2CO3 or Cs2CO3
or NaOH, DMF or MeOH; (b) iron dust, HOAc or NH4Cl, 60 °C;
(c) BH3, THF, 30 °C; (d) PBr3, DCM, 0 °C; (e) NaBH4, THF,
MeOH, 0 °C; (f) Boc2O, DMF, 60 °C; (g) PPh3, NBS; (h) HCl; (i)
H2SO4, HNO3, 0 °C; (j) TEA, DCM, methanesulfonyl chloride; (k)
methyl thiophene-2-carboximidothioate, i-propanol, 85 °C or
thiophene-2-carbonitrile, AlMe3, toluene, 95°.
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structurally distinct from disclosed GPR103 antagonists13−16

are reported. For one of the hits, N-[3-(cyclopentylsulfanyl-
methyl)-4-methoxy-phenyl]thiophene-2-carboximidamide (1),
we present SAR exploration resulting in the finding of structural
features important for the activity of this compound class.
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