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Abstract

We have synthesized a new series of 1,2,3-triazolo piperazine and piperidine carboxylate
derivatives using a simple and one-pot click chemistry with significantly reduced reaction times
(~5 min) and enhanced reaction yields (~95-98%). The fourteen novel compounds thus
synthesized were tested for ability to target GPR119, a G-protein coupled target receptor that
plays critical role in regulation of type-2 diabetes mellitus. Four analogs (3e, 3g, 5e and 5g)
demonstrated similar or better ECso values over previously reported AR231453 activity towards

GPR1109.
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Triazoles form an important class of heterocyclic compounds and have recently attracted
considerable attention amongst multiple pharmacological and medicinal chemistry groups for
their potential applications of therapeutics. The broad swathe of applicability and potency of
triazole nucleus stems from their ability to act as antiviral, antibacterial, antifungal,

anticonvulsant, antidepressant, anti-inflammatory, and anticancer molecules.! Triazoles have also



been reported to inhibit glycogen synthase kinase-3,? acts as antagonists of GABA receptors, * *
agonists of muscarine receptors,® and as a neuroleptic,® and these class of compounds also show
anti-HIV-1," cytotoxic,® antihistaminic,” and antiproliferative activities."®*® Although several
synthetic methods have been reported to design and synthesize pharmacologically active triazole
derivatives, they are either too tedious and/or arduous and have low reaction yields. ***® Thus,
advancements in design and synthesis aspects of novel triazole derivatives would significantly

enhance the broader pharmacological applications.

GPR119, a G-protein coupled target receptor plays a critical role in the potential therapeutic
applications of type 2-diabetes mellitus, cancer and obesity.*’ Triazole derivatives were recently
investigated for their agonistic activity on GPR119, based on the hypothesis that such agonists
will advance understandings of (a) molecular mechanisms and (b) structural contributions of
novel derivatives for GPR119, especially in pathogenesis and treatment of obesity and type-2
diabetes mellitus (T2DM). Though multiple approaches are being investigated to synthesize
triazole entities for use against GPR119, a simple one-step synthetic route will significantly
advance the field to identify more biologically active GPR119 analogs. Herein we describe a
simple one-pot synthetic method for novel tert-butyl-4-subsituted phenyl-1H-1,2,3-triazolo
piperazine/piperidine carboxylate derivatives using Cu(l)-assisted click chemistry resulting in
high chemical yields and purities. Furthermore, we have demonstrated their preliminary in vitro
biological potency towards binding of GPR119 in human embryonic kidney (HEK) 293 cells

transfected with GPR119.

AR231543 is one of the early reported, highly potent small-molecule GPR119 agonist (Arena
Pharmaceuticals).”® Oral demonstration of AR231543 in rats significantly improved the

circulating levels of insulin, and glucagon-like peptide 1 (GLP-1). AR231543 lowered the blood



glucose concentrations in mouse islets in murine models of T2DM.*® ZSY-13 is a [1,2,4] triazole
[4,3-b] pyridazine-based analog reported to be a potent GPR agonist that activates GPR119-
mediated signaling pathway in T2DM."" We used the core structure of AR231543 and ZSY-13
as our leads to design and synthesize 14 derivatives involving both piperazine- and piperidine-

based triazole units (Figure 1).
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Figure 1: Structures of A. AR231453 and B. ZSY-13

Tert-butyl 4-propioloylpiperazine-1-carboxylate (1) was reacted with aryl/alkyl substituted
azides (1.0 eq) (2) in the presence of Cul (10 mol%) , DIPEA (1.5 eq) in DMF (5 mL) at 0 °C
for 5 min. The crude reaction mixture was quenched with ice cold water and the resultant solid
was filtered, dried under vacuum and washed with anhydrous diethyl ether to produce final tert-
butyl-1H-1,2,3-triazole-4-carbonyl piperazine-1-carboxylates (3a-g) in >95% purity and ~90-
97% isolated vyields. Similarly, tert-butyl 4-(propioloyloxy)piperidine-1-carboxylate (4) was
reacted with alkyl/aryl-azides (2) under similar conditions as above to obtain the corresponding
tert-butyl-1H-1,2,3-triazole-4-carbonyloxy piperidine-1-carboxylates (5a-g) in >96% purity and
~92-97% isolated yields as shown in Scheme 1. Both the reactions follow typical click chemistry

reaction mechanisms.?°
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Scheme.1: One-pot synthesis of 1, 2, 3-triazolo piperazine and piperidine carboxylates

The fourteen new compounds and their isolated yields were shown in Table.1. Structures of the
newly synthesized compounds were completely characterized using (a) elemental analyses [C, H,
N], (b) Infra-red spectroscopy, and (c) *H and **C NMR, and (d) Mass spectral studies (see

supplementary material).
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Cl_@_ 3a 95 12.34+3.12 5a 92 12.31+2.11

FsC

E CO 3b 94 13.56+2.45 5b 94 10.43+2.11
3




F.C <:2 3c 95 8.78+1.23 5c 93 11.12+3.54
3

Cl

Q 3e 92 4.21+0.13 5e 93 3.59+1.01

N 3d 97 7.12+1.12 5d 97 8.17+2.11
A\
(I
NC
F

3f 91 12.43+1.63 5f 95 13.98+2.76

Q
Meﬁ
(0]

F

O 39 97 3.12+0.42 59 96 3.67+1.01

I
et
O

—
—

Table 1: Library of novel triazole analogs synthesized from the one-pot synthesis, shown in
Scheme 1 and their ECs values

All the fourteen synthesized derivatives were tested for their efficacy to facilitate glucose-
stimulated insulin secretion (GSIS) using human embryonic kidney HEK-293 cells transfected
with plasmids encoding GPR119 and pCRE-Luc, a reporter designed to monitor cCAMP-mediated
signal transduction (HEK-293/GPR119/pCRE-luc). Previous work established that after
treatment with agonists, HEK-293/GPR119/pCRE-luc cells demonstrated enhanced
bioluminescence, which corresponded to increased levels of cAMP on western blot analyses, as
GPR119 stimulates insulin secretion in a glucose-dependent manner.” HEK-
293/GPR119/pCRE-luc cells was therefore used a cell-based screening assay for our library of
compounds. *” AR231453 was used as the reference standard. Briefly, cells expressing GPR119
and CRE-luc were plated at a density of 10,000 cells per well in a 96-well plate. After 24 h in
culture, all 14 compounds at various concentrations (0.1 nM to 1mM) were added. DMSO was

used as a negative control. After an additional 24 h, luciferase activities were measured using the




Steady-Glo luciferase assay system and an EnVision microplate reader according to the reported
assays and manufacturer's instructions. ** Resultant ECs, values through the luciferase activities
were calculated (Table 1). From the fourteen novel compounds tested, we prioritized four
analogs i.e., 3e, 3g: piperazine- and 5e, 5g: piperidine-based carboxylates, based on the fact that
they exhibit a >3-fold increase in the luciferase activity for further validation. The four analogs,
i.e., 3e, 3g, 5e and 5g displayed ECs, values in the range of standard AR231543’s value of 4.78
nM (Figure 2). This initial screening suggests that (a) triazole substituted piperidine and
piperazine carboxylate derivatives could serve as a potential avenue for GPR119 units and (b)
among those substituents, -PhCN and —PhSO,CHj3; groups may enhance the binding affinity of
the analogs. Additionally, these analogs synthesized by one-pot click chemistry in short time,
demonstrate comparable agonistic activity as AR231543 towards GPR119. We are currently
conducting additional in vitro and ex vivo assessments on these derivatives with respect to their
efficacy on activating GLP-1, including in vitro analysis for cGMP activations, desensitization,

and insulin-regulated induction experiments.
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Figure 2: ECsp values of 3e, 3g, 5e and 5g in HEK-293 cells (triplicate) with AR231543 as
reference standard, with p*>0.05 as statistically significant



In the present study, we have demonstrated a simple, one-pot synthetic strategy to synthesize
novel tert-butyl-4-subsituted phenyl-1H-1,2,3-triazolo  piperazine/piperidine  carboxylate
derivatives in high reaction yields and chemical purities. We also identified four novel potential
GPR119 agonists and further biological evaluations including, extensive GLP-1 binding
characterizations are currently explored in the lab. The four analogs with strong binding affinity

could serve as promising GLP-1 candidates for the treatment of T2DM.
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