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ABSTRACT: Herein, we report the lead optimization of
amrinone−phenylalanine based GPR142 agonists. Structure−
activity relationship studies led to the discovery of amino-
pyrazole−phenylalanine carboxylic acid 22, which exhibited
good agonistic activity, high target selectivity, desirable
pharmacokinetic properties, and no cytochrome P450 or
hERG liability. Compound 22, together with its orally
bioavailable ethyl ester prodrug 23, were found to be suitable
for in vivo proof-of-concept studies. Compound 23 displayed good efficacy in a mouse oral glucose tolerance test (OGTT).
Compound 22 showed GPR142 dependent stimulation of insulin secretion in isolated mouse islets and demonstrated a
statistically significant glucose lowering effect in a mouse model bearing transplanted human islets.
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GPR142, a new member in the super family of seven-
transmembrane G-protein-coupled receptors (GPCRs),

was first reported in 2003 by Schioth and colleagues,1 and
further characterized by Schaller in 2006.2 GPR142 is a Gq-
coupled receptor that was expressed predominantly in
pancreatic β-cells. Activation of this receptor triggers an
intracellular signal transduction pathway, which ultimately
leads to β-cell insulin secretion. Tryptophan was recently
identified as an endogenous ligand for GPR142.3 Activation of
the receptor by tryptophan was found to stimulate insulin
secretion in isolated mouse islets in both a dose- and a glucose-
dependent manner and was associated with improved glucose
tolerance.3 These findings suggested that GPR142 plays an
important role in regulating insulin secretion and glucose
homeostasis. This target was therefore deemed suitable for the
discovery of agents for the treatment of type II diabetes with a
low associated risk of hypoglycemia.
We recently reported the discovery of amrinone−phenyl-

alanine GPR142 agonist 14 and the subsequent optimization
campaign, which provided 2 for preliminary proof-of-concept
studies in rodents.5 While these compounds were both highly
potent in a human inositol phosphate (IP) accumulation assay6

(EC50 = 0.090 μM for 1 and EC50 = 0.058 μM for 2), they both
suffered from high in vivo clearance, with rat IV clearance of 3.4
and 5.1 L/h/kg, respectively (Figure 1). Compound 2 was also
found to be a strong CYP inhibitor. While replacing the
pyridone moiety of 1 with a thiadiazole ring was later

discovered to reduce rat clearance,5 this heterocyclic compound
was found to be chemically unstable at physiological pH
conditions. Further investigation of this chemical series was
therefore warranted to address the above issues and to provide
a better tool compound for in vivo proof-of-concept studies.
We first investigated the role of the central aromatic ring on

potency as summarized in Table 1. The strategy employed was
to incorporate different heterocyclic rings at the center of the
molecule in order to modulate the overall shape of the
molecule and optimize binding to the receptor. Isooxazole
compound 3 showed a 2-fold loss in intrinsic potency (0.263
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Figure 1. Structure of GPR142 agonists.
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μM) compared with pyridone compound 1 (0.090 μM). This
compound, however, displayed lower shift of the EC50 value
(0.306 μM) in the presence of 100% of human serum.
Encouraged by this result, we explored additional analogous
heterocycles. Pyrazole 4 was found to restore the EC50 (0.095
μM) in buffer, and more interestingly, it also had low EC50 shift
in the presence of serum (0.164 μM). The 1,2,4-triazole (5)
and 1,3,4-oxadiazole (6) both had significantly lower intrinsic
potency. Thiazole compound 7 was as equally potent as 4
(0.090 μM), but the activity of similar analogues was very
sensitive to the ring orientation, and none of regioisomers 8−
10 showed comparable potency. Finally, thiophene compound
11 displayed a reasonable EC50 in buffer (0.121 μM) but was
10-fold less potent in serum.
The most potent compounds (4 and 7) were profiled in liver

microsomes (LM). Compound 4 had marginally higher
percentage of compound remaining intact (8% and 33%)
than 7 (3% and 5%) after incubation at 1.0 μM for 30 min in
human and rat LM, respectively. It also exhibited better LM
intrinsic clearances (154 and 345 μL/min/mg protein in
human and rat, respectively) than 7 (345 and 459 μL/min/mg

protein). In in vivo pharmacokinetic studies, compound 4
displayed lower rat clearance (3.1 L/h/kg) than 7 (higher than
rat liver blood flow rate). Compound 4 was therefore selected
as the template for further SAR exploration.
To optimize the middle pyrazole core, various pyrazole

nitrogen substitutions were investigated as illustrated in Table
2. The N-methyl substituent (12) slightly improved the

potency (0.037 μM) versus the unsubstituted pyrazole (4),
but none of the other N-substituents on the pyrazole ring was
as potent.7 Alkyl substitution of the pyrazole nitrogen was later
found to be detrimental to the metabolic stability in rat LM.
The percentage of compound remaining intact dropped from
33% for 4 to 8% for 12. Similarly, low stability in rat LM was
also observed with the hydrophobic triflouroethyl analogue 13
(9%). Conformational rigidification was attempted as exempli-
fied by 14, but locking the 5-amino-pyrazole into coplanar
conformation led to significant loss of potency (2.78 μM)
without any stability benefit (1%). Interestingly the carboxy-
containing pyrazole 15 markedly improved the stability in rat
LM (>90%). Since good stability was also observed previously
on another carboxylic acid compound 11 (63%) (Table 1), we
hypothesized that the physicochemical nature of a carboxylic
acid protects the molecule from microsomal metabolism.
Concurrent SAR campaign on the aminopyridone lead 1

revealed that α-methylamino substitution of the naked pyridine
ring was able to improve the metabolic stability of the
compound.4,5 This modification was incorporated into the
aminopyrazole lead series (Table 3) and improved the stability
from 8% of 12 to 38% of 16 in rat LM. The CYP inhibitory
activity was also notably reduced (86% of 16 vs 16% of 12)
with this optimization. It should also be noted that para-
fluorination of the phenylalanine ring (17) provided a marginal
improvement of stability in rat LM (49%). These modifications
were therefore integrated into the template for our next
optimization.
A breakthrough in the metabolic stability of the series was

made when we manipulated the physicochemical properties of
the molecule through substitution of the phenylalanine
nitrogen. As highlighted in Table 4, introduction of acidic
amino substituents as exemplified by 1,2,3-triazole 18, tetrazole
19, and acetic acid 20 resulted in an increase in compound
stability in rat LM. These improvements were also reflected in

Table 1. Middle Heterocyclic Ring Replacements

aValues were the means of three determinations; standard deviation
was ±30%. bSee ref 6 for assay protocol. c% Fraction of maximal
tryptophan response at 10 μM. dNot determined.

Table 2. Pyrazole Ring Modification

compd R1 R2

h-GPR142, IP
EC50 (μM)a,b rat LMc % remain

4 −H H 0.095 33
12 −CH3 H 0.037 8
13 −CH2CF3 H 0.180 9
14 −CH2CH2− 2.78 1
15 −CH2CO2H H 0.516 >90

aValues were the means of three determinations; standard deviation
was ±30%. bAssay in buffer; see ref 6 for assay protocol. cPercentage
of compound remaining intact after incubation in rat liver microsomes
(RLM) at 1.0 μM for 30 min at 22 °C.
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the gradual decrease of rat IV clearances. Equally as important
was that compounds 18−20 also maintained potency on
GPR142, with EC50 ranging from 0.026 to 0.071 μM. The
glycine derivative 20 represented a desirable confluence of good
potency (0.042 μM), high RLM stability (>90%), and low in
vivo rat clearance (CL = 1.0 L/h/kg). Amide 21 was also
prepared, but it was found to be metabolically unstable.
Furthermore, with the new acetic acid feature, it was found that
the amino substitution on the pyridine and the 4-fluoro of the
phenylalanine as in compound 20 were no longer necessary for
desirable metabolic stability. Compound 22, after removal of

these fragments, was also found to be metabolically stable and
free from inhibitory activity against CYP450 isoforms 3A4 and
2D6 (IC50 > 30 μM for both).
Compound 22 was further evaluated in both in vitro and in

vivo experiments. In addition to good activity on human, 22
exhibited a GPR142-EC50 of 0.031 and 0.079 μM in mouse and
cynomolgus monkey, respectively, albeit in slightly lower
maximum efficacy (73% and 79%, respectively). It was equally
stable in human LM (>90%) as in rat. Low in vivo clearance
(0.15 L/h/kg) and reasonable half-life (4.1 h) were observed in
rats. In plasma, compound 22 had an unbounded fraction of
16% in human, 10% in cynomolgus monkey, and 1% in rat.
This compound did not show hPXR activation and was also
devoid of hERG liability (IC50 > 30 μM, PatchClamp assay).
Compound 22 was tested in an ex vivo experiment for its

ability to stimulate insulin secretion directly from isolated
mouse islets. As illustrated in Figure 2, compound 22
stimulated insulin secretion from wild-type but not GPR142
deficient islets. These results indicated that the activity of
compound 22 was specific to GPR142.

Further profiling revealed that compound 22 had low
permeability across a Caco-2 monolayer (0.9 × 10−6 cm/s).
The poor permeability, presumably due to the zwitterionic
nature of the molecule, resulted in low oral bioavailability (3%
in rat at 2.0 mg/kg and 6% in cynomolgus monkey at 10.0 mg/
kg). Subcutaneous (SC) administration of the compound at 2.0
mg/kg overcame this hurdle with 81% bioavailability in rat and
a maximal drug concentration (Cmax) of 7.5 μM. Similar level of
drug exposure was also observed in cynomolgus monkey at the
same SC dosage (F = 100%, Cmax = 6.3 μM).
In order to develop an orally bioavailable tool compound, we

turned to a prodrug strategy and studied the ethyl ester
analogue 23 (Table 5). After po administration of 23 at 2.0
mg/kg in rats, a 40% bioavailability of the parent acid 22 was
achieved with Cmax of 6.8 μM. The compound exposure
correlated well with escalating prodrug dosage and gave a Cmax
of 150 μM in rats at 30.0 mg/kg. Similarly, in cynomolgus
monkeys, prodrug 23 at 2.0 mg/kg delivered free acid 22 in
58% bioavailability with Cmax reaching 2.5 μM. Dosing
cynomolgus monkeys at 10 mg/kg gave a Cmax as high as
12.0 μM and provided unbound drug concentration 15-fold
over the cyno EC50 (0.079 μM) in the IP assay.

Table 3. Elimination of CYP Inhibitory Activity

compd −R −X
h-GPR142, IP
EC50 (μM)a,b

RLM
% remainc

CYP3A4
% activityd

12 −H −H 0.037 8 16
16 −NHCH3 −H 0.037 38 86
17 −NHCH3 −F 0.049 49 71

aValues were the means of three determinations; standard deviation
was ±30%. bSee ref 6 for assay protocol. cPercentage of compound
remaining intact after incubation in rat liver microsomes (RLM) at 1.0
μM for 30 min at 22 °C. dPercentage of CYP activity remaining after
incubation with compound at 3.0 μM.

Table 4. Improvement of Metabolic Stability

aValues were the means of three determinations; standard deviation
was ±30%. bSee ref 6 for assay protocol. cPercentage of compound
remaining intact after incubation in rat liver microsomes (RLM) at 1.0
μM for 30 min at 22 °C. dThe compounds were IV dosed at 0.5 mg/
kg. eNot determined.

Figure 2. Insulin secretion stimulation test of 22 on isolated mice
islets; islets isolated from wild-type and GPR142 knockout mice were
incubated with 3.0 and 10.0 μM concentrations of 22 in the presence
of 16.7 mM glucose; insulin secreted into the media was quantified by
ELISA (ALPCO); mean + SEM, n = 4; statistics by t test vs wild-type;
ns = not significant.
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Compounds 22 and 23 were both evaluated in mice for in
vivo proof-of-concept studies. The first experiment was
conducted with prodrug 23 in B6 mice that were fasted
overnight.8 Sitagliptin (DDP-IV inhibitor) was chosen as the
positive control at an oral dose of 10.0 mg/kg.9,10 Total change
in plasma glucose AUC (−30 to 120 min relative to glucose
challenge) as shown in Figure 3 indicated a strong, dose-

dependent glucose lowering effect. Direct comparison of the
positive control and the 10.0 mg/kg group suggested equivalent
efficiency of 23 and sitagliptin in lowering blood glucose level.
Compound 22 was also used as a tool compound (SC) for

oral glucose tolerance tests11 that were conducted in an intact
nude mouse and a mouse model bearing human islets,
transplanted under the kidney capsule (KcHIT mice).12,13 As
illustrated in Figure 4, direct comparison of plasma glucose
AUC in the time window of 0−90 min revealed a statistically

significant glucose lowering effect in response to 22 in both the
intact and KcHIT mice, which was similar in magnitude to a
near maximal dose of sitagliptin. These data demonstrated that
the efficacy of 22 was indistinguishable between human islet
transplanted mice and mice that bear normal intact mouse
islets. This effect was islet dependent since mice treated with
streptozotocin, but without the reconstitution of healthy islets,
did not exhibit glucose lowering or insulin secretion (data not
shown).

Table 5. Pharmacokinetic Profile of Tool Compound 22 and Prodrug 23

pharmacokinetic (PK) profile

species route (compd) dosage (mg/kg) Cl (L/h/kg) t1/2 (h) Vdss (L/kg) Cmax (μM) tmax (h) F (%)

rat i.v. (22) 0.5 0.15 4.1 0.29
p.o. (22) 2.0 0.17 0.83 3
s.c. (22) 2.0 7.5 0.38 81
p.o. (23)a 2.0 6.8 0.67 40
p.o. (23)a 30.0 150 0.50 80

mouse p.o. (23)a 10.0 6.7 0.41

cyno i.v. (22) 0.5 0.44 2.3 0.33
p.o. (22) 10.0 0.40 4.0 6
s.c. (22) 2.0 6.3 0.50 100
p.o. (23)a 2.0 2.5 1.50 58
p.o. (23)a 10.0 12.0 0.83 35

aProdrug 23 was dosed; analytical calculations were based on parent-free acid 22.

Figure 3. Oral glucose tolerance test of 23 in mice; n = 8 for control
group, and n = 4 for each dose group; plasma glucose excursion was
monitored by blood sample collection and analysis (AccuChek
glucometer) at −30, 0, 20, 40, 60, 90, and 120 min after the glucose
challenge; delta AUC calculated with plasma glucose baseline level at a
time point of 30 min before glucose challenge; mean + SEM; *p <
0.05 vs control by 1-way ANOVA.

Figure 4. Oral glucose tolerance test of 22 in intact vs human islet
transplanted nude mice; crossover study design (n = 12 for KcHIT
mice and n = 8 for intact nude mice, both groups were fasted for 4.0
h); mean + SEM, *p < 0.05 vs vehicle by 1-way ANOVA.
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The synthesis of the aminopyrazole−phenylalanine GPR142
agonists is exemplified by 22 as shown in Scheme 1. Treating
commercially available 3-oxo-3-(pyridin-4-yl)propanenitrile 24
with methylhydrazine in the presence of concentrated HCl
provided aminopyrazole 25 as the major regioisomeric
product.14 Amide coupling of 25 with boc-L-phenylalanine
following precedent procedures4,5 offered intermediate 26.
Removal of the N-Boc group from 26 provided the amino
intermediate 27, which after reductive amination with glyoxylic
acid provided the final compound 22 in total yield of 20% after
four steps. Reaction of 27 with ethyl bromoacetate under hünig
base mediated condition offered the prodrug 23 in 77% yield.
Similar synthetic sequences were used to provide the remainder
of the compounds in this letter.
In summary, the lead optimization campaign on our

aminopyrazole−phenylalanine GPR142 agonist lead series has
led to the discovery of a pyrazole ring as the optimal center ring
replacement, which provided compounds with good potency
and low serum EC50 shift. The acetic acid substituent on the
phenylalanine nitrogen significantly improved in vitro and in
vivo metabolic stability. Tool compound 22 derived from these
optimizations, together with its ethyl ester prodrug 23,
demonstrated robust in vivo efficacy through their ability to
increase insulin secretion and lowering plasma glucose level.
These effects were not unique to mouse native islets, but were
also demonstrable in an in vivo model of human islet function.
Further studies on higher species are currently in process, and
the results will be published elsewhere when they become
available.
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