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5-Nitropyrimidine analogs substituted with conformationally restricted azabicyclic amines and alcohols
were prepared and evaluated their agonistic activity against human GPR119. The analogs bearing endo-
azabicyclic amines and alcohols (7, 8, 11, and 12) exhibited full agonistic activities while the analogs with
exo-azabicyclic amines and alcohols were proved as partial agonists (9, 10, 13, and 14) regardless of their
EC50 values. 5-Nitropyrimidine analogs with (2-fluoro-4-methylsulfonyl)phenylamino group (8, 10, 12,
14) showed more potent GPR119 activation activities than the analogs without fluorine in all cases (7,
9, 11, 13).

� 2012 Elsevier Ltd. All rights reserved.
Type 2 diabetes is a complex metabolic disorder and is
characterized by a high blood glucose level that caused by insulin
resistance or insufficient insulin secretion, accounting for approxi-
mately 90% of all cases of diabetes.1 Although the number of pa-
tients with type 2 diabetes that successfully achieve target
glucose levels is steadily improving, a substantial number of sub-
jects continue to fall short of acceptable treatment goals, leaving
them at high risk of development of diabetes-associated complica-
tions such as hypoglycemia, weight gain, bone fractures, etc.1–3

Therefore, new drugs with novel mode of action that exhibit im-
proved efficacy and safety relative to current available medications
are clearly needed.

GPR119 is a G-protein coupled receptor predominantly ex-
pressed on pancreatic beta cells and intestinal enteroendocrine
cells. GPR119 agonists such as oleoylethanolamine (OEA), lyso-
phosphatidylcholine, N-oleoyldopamin and olvanil were reported
to stimulate glucose-dependent insulin secretion in vitro and low-
er elevated blood glucose level in vivo. Furthermore, it was demon-
strated that they stimulated the release of the incretin (GLP-1 and
GIP).4–6 Therefore, GPR119 agonist has emerged as a promising tar-
get for the treatment of type 2 diabetes and obesity by improving
glucose homoeostasis while concurrently slowing gastric empty-
ing, reducing food intake and promoting weight loss.4–6

Recently, efforts have been made toward development of anti-
diabetic agents for type 2 diabetes targeting GPR119. Diverse fused
aromatic heterocycles were found in the structures of GPR119 ago-
nists under development (Fig. 1).6–11 Also piperidine scaffold was
attached to the diverse aromatic heterocycles in most cases. These
results implied that piperidine scaffold plays an important role for
bioactivity. Also 2-fluoro-4-methanesulfonylamine fragment is
very common in the structures of developing GPR119 agonists as
shown in the structures of APD-668 and AR-231453.

In our efforts to discover pharmacologically superior GPR119
agonists, pyrimidine derivative AR-231453 was chosen as a lead
structure and planned to replace the piperidine ring to the
conformationally restricted azabicyclic ring to produce new pyrim-
idine analogs (Fig. 2). One of our strategies included the incorpora-
tion of ethylene to conformationally constrain the piperidine ring,
one of the more common motifs found in GPR119 agonist struc-
tures. It was suggested from a precedent literature that the piper-
idine carbamate region seemed to make pharmacologically very
important H-bond with the receptor.12 Therefore, it is surmised
that sterical changes in this region cause significant pharmacolog-
ical changes. Herein we report synthesis of 5-nitropyrimidine ana-
logs with conformation restricted azabicyclic amines/alcohols as
GPR119 agonists for the treatment of type 2 diabetes.

5-Nitropyrimidine analogs were prepared from key intermedi-
ates 1 and 2 following the procedures and conditions as shown
in Scheme 1. Reaction of 4,6-dichloropyrimidine13 with 4-(methyl-
thio)aniline or 2-fluoro-4-(methylthio)aniline14 in DMF followed
by oxidation with mCPBA afforded compounds 1 and 2 in 58%
and 56%, respectively. Coupling reactions of the intermediates (1,
2) and endo-azabicyclic amine 3 with diisopropylethylamine
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Figure 1. Structures of selected GPR119 agonists under clinical development.
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Figure 2. Structures of target GPR119 agonists.
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Scheme 1. Synthetic pathways for target GPR119 agonists.
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(DIPEA) in THF yielded products (7, 8) in 81% and 89%, respectively.
Reactions of the intermediates (1, 2) and exo-azabicyclic amine 4
with diisopropylethylamine (DIPEA) in THF yielded products (8,
9) in 83% and 80%, respectively. Coupling reactions of the interme-
diates (1, 2) and endo-azabicyclic alcohol 5 with lithium hexameth-
yldisilazide (LiHMDS) in THF yielded products (11, 12) in 68% and
65%, respectively. Also coupling reactions of the intermediates (1,
2) and exo-azabicyclic alcohol 6 yielded products (13, 14) in 71%
and 75%, respectively. Azabicyclic amines (3 and 4) and alcohols
(5 and 6) were prepared following known methods in literatures.15



Table 1
In vitro GPR119 agonistic activities of 5-nitropyrimidine analogs (7–14)

N
N

NO2

X

NH

R

H3CO2S

(R = H,F; X = O,N ; n = 0,1)

N
n O

O

Compound R X n hGPR119 activity

EC50
a (nM) % Maxb

7 H N 0 11.5 139
8 F N 0 1.5 99
9 H N 1 >10,000 41
10 F N 1 6.7 53
11 H O 0 4.9 99
12 F O 0 1.5 116
13 H O 0 14.5 69
14 F O 0 1.4 65
OEA 2200 100

a Concentration for 50% cAMP stimulation of OEA.
b cAMP stimulation % compared to maximal effect of OEA.
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Compounds 7–14 were evaluated their abilities to activate the
human GPR119 receptor in a cell-based cAMP assay and, which
were expressed in EC50 and % max values. The EC50 values repre-
sent the concentration of the tested compounds for 50% cAMP of
oleylethanolamine (OEA), while the % max values present the rel-
ative response (%) of the tested compounds compared to the max-
imal effect of OEA.16

As shown in Table 1, most 5-nitropyrimidine analogs possessing
azabicyclic amines/alcohols exhibited more potent GPR119 agonis-
tic activity than OEA, however, some analogs were identified as
partial agonists (9, 10, 13, 14). All the 5-nitropyrimidine analogs
with (2-fluoro-4-methylsulfonyl)phenylamino group (10, 12, 14)
showed more potent GPR119 activation activities than the analogs
with 4-(methylsulfonyl)phenylamino group (9, 11, 13). One of very
interesting phenomena was observed that the analogs (7, 8, 11, 12)
with endo-azabicyclic amine (3) and alcohol (5) were proved as full
agonists while the analogs (9, 10, 13, 14) with exo-azabicyclic
amine (4) and alcohol (6) were proved as partial agonists regard-
less of their EC50 values. It may be caused that the analogs with
endo-azabicyclic amine or alcohol are constrained to the agonist
conformation and are full agonists.12

In summary, in the present article, we have reported the syn-
thesis of eight 5-nitropyrimidine analogs possessing conformation-
ally restricted azabicyclic amines and alcohols and biological
evaluation of their abilities to activate the human GPR119 receptor
in a cell-based cAMP assay, which are expressed in EC50 and % max
values. The analog 7 exhibited maximum agonistic activity (139%
max) with slightly weak EC50 value (11.5 nM) while the analog
12 exhibited quite good agonistic activity (116% max) with strong
EC50 value (1.5 nM). Our present results also revealed that analogs
with fluorine substituted phenylamino group showed more potent
receptor agonistic activity than analogs without fluorine in all
cases and analogs with endo-azabicycle moiety showed full
agonistic activities while analogs with exo-azabicycle moiety
showed partial agonistic activities. Our present results are com-
pletely in accordance with those from a precedent paper.12 These
preliminary results encourage us to search diverse conformation
restricted azabicyclic motifs and also heteocycle rings as congeners
of pyrimidine ring. The follow-up studies and results will be re-
ported in due course.
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