ACSMedicinal
Chemistry-Letters

Discovery of [1,2,4]Triazolo[1,5-a]pyridine Derivatives as
Potent and Orally Bioavailable ROR#t Inverse Agonists

Ryota Nakajima, Hiroyuki Oono, Sakae Sugiyama, Yohei Matsueda, Tomohide Ida, Shiniji
Kakuda, Jun Hirata, Atsushi Baba, Akito Makino, Ryo Matsuyama, Ryan D White, Ryan P. Wurz,
Youngsook Shin, Xiaoshan Min, Angel Guzman-Perez, Zhulun Wang, Antony Symons, Sanjay
K. Singh, Srinivasa Reddy Mothe, Sergei Belyakov, Anjan Chakrabarti, and Satoshi Shuto

ACS Med. Chem. Lett., Just Accepted Manuscript « DOI: 10.1021/acsmedchemlett.9b00649 « Publication Date (Web): 27 Feb 2020
Downloaded from pubs.acs.org on February 28, 2020

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a service to the research community to expedite the dissemination
of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts appear in
full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been fully
peer reviewed, but should not be considered the official version of record. They are citable by the
Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered to authors. Therefore,
the “Just Accepted” Web site may not include all articles that will be published in the journal. After
a manuscript is technically edited and formatted, it will be removed from the “Just Accepted” Web
site and published as an ASAP article. Note that technical editing may introduce minor changes
to the manuscript text and/or graphics which could affect content, and all legal disclaimers and
ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors or
consequences arising from the use of information contained in these “Just Accepted” manuscripts.

is published by the American Chemical Society. 1155 Sixteenth Street N.W.,
Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the course
of their duties.



Page 1 of 12 ACS Medicinal Chemistry Letters

oNOYTULT D WN =

Discovery of [1,2,4] Triazolo[1,5-a]pyridine Derivatives as Potent and

Orally Bioavailable RORyt Inverse Agonists

Ryota Nakajima,** Hiroyuki Oono,* Sakae Sugiyama,® Yohei Matsueda,® Tomohide Ida,® Shinji
Kakuda,® Jun Hirata,® Atsushi Baba,® Akito Makino,* Ryo Matsuyama,® Ryan D. White,! Ryan P.
Wurz,* Youngsook Shin,* Xiaoshan Min, Angel Guzman-Perez,’ Zhulun Wang,* Antony Symons,®
Sanjay K. Singh, ‘ Srinivasa Reddy Mothe, ' Sergei Belyakov, ' Anjan Chakrabarti,' and Satoshi
Shuto*$ Vv

$Teijin Institute for Bio-medical Research, Teijin Pharma Limited, 4-3-2 Asahigaoka, Hino, Tokyo 191-8512, Japan

fDepartment of Medicinal Chemistry, Amgen Discovery Research, Amgen Inc., 360 Binney Street, Cambridge,

Massachusetts 02142, United States

Departments of iMedicinal Chemistry, Amgen Discovery Research, Amgen Inc., One Amgen Center Drive, Thousand

Oaks, California 91320-1799, United States

Departments of *Biologics, *Inflammation & Oncology Research and ‘Molecular Engineering, Amgen Discovery

Research, Amgen Inc., 1120 Veterans Boulevard, South San Francisco, California 94080, United States

‘AMRI Singapore Research Centre, Pte. Ltd., 61 Science Park Road, #05-01 The Galen, Science Park III, Singapore
117525

VFaculty of Pharmaceutical Sciences and $Center for Research and Education on Drug Discovery, Hokkaido University,

Kita-12, Nishi-6, Kita-ku, Sapporo 060-0812, Japan

KEYWORDS nuclear receptor, RORt, triazolopyridine, inverse agonist

ACS Paragon Plus Environment



oNOYTULT D WN =

ACS Medicinal Chemistry Letters

ABSTRACT: The retinoic acid receptor-related orphan nuclear receptor gamma t (RORyt), a promising therapeutic target, is
a major transcription factor of genes related to psoriasis pathogenesis such as interleukin (IL)-17A4, IL-22, and IL-23R. Based
on the X-ray cocrystal structure of RORyt with 1a, an analog of a known piperazine RORyt inverse agonist (1),
triazolopyridine derivatives of 1 were designed and synthesized, indicating analog 3a as a potent RORyt inverse agonist.
The structure-activity relationships (SAR) studies in 3a, focusing on the treatment of its metabolically unstable cyclopentyl
ring and the central piperazine core, led to a novel analog, namely
6-methyl-N-(7-methyl-8-(((2S,45)-2-methyl-1-(4,4,4-trifluoro-3-(trifluoromethyl)butanoyl) piperidin-4-yl)oxy)-[1,2,4]triaz

olo[1,5-a]pyridin-6-yl)nicotinamide (5a), which exhibited strong RORyt inhibitory activity and a favorable pharmacokinetic

profile. Moreover, the in vitro and in vivo evaluation of 5a in a human whole-blood assay and a mouse IL-18/23-induced

cytokine expression model revealed its robust and dose-dependent inhibitory effect on the IL-17A production.
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The retinoic acid receptor-related orphan nuclear
receptor gamma t (RORyt) is a major transcription factor of
genes related to psoriasis pathogenesis such as interleukin
(IL)-17A, IL-22, and IL-23R.12 Therapies blocking 1L-17A
or IL-23R have successfully improved skin lesions in
patients with moderate-to-severe psoriasis,®’ thus
rendering the RORyt inhibition a promising therapeutic
target. After T0901317 has been reported for its effective,
albeit unselective binding to RORy? many RORyt
antagonists (inverse agonists) have been developed,®?3
while several are already being clinically investigated as
promising targets for the treatment of autoimmune
diseases?4. Generally, nuclear receptors are proteins with
highly conserved ligand binding domains (LBDs), which
are structurally composed of alpha helices that form a large
lipophilic pocket responsible for binding small lipophilic
ligands such as retinoid derivatives, fatty acids, cholesterol,

and other lipophilic hormones and vitamins.?® Thus, one of

the main challenges for drug delivery in this target class is
the lipophilicity balance, which is required for strong LBD
binding potency, while the metabolism associated with
lipophilic small-molecule ligands should be minimized to

afford favorable drug-like properties.

T,
hetras®
1

Molecular Weight = 453
cLogD74=3.78

Figure 1. A representative RORyt ligand, used as reference in

the current study.

Based on a previous report describing a series of
piperazine RORyt ligands,?® compound 1 was selected as a
starting point for further investigation, mainly due to its

moderately low molecular weight (453) and lipophilicity
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(cLogD74 = 3.78). The optimization of 1 resulted in a new
triazolopyridine derivative (3a) (Table 1) that exhibited
inverse RORyt agonistic activity. Further optimization of 3a
by modifying its metabolically unstable cyclopentyl ring
and the central piperazine ring led to a new derivative,
6-methyl-N-(7-methyl-8-(((2S,45)-2-methyl-1-(4,4,4-triflu

oro-3-(trifluoromethyl)butanoyl)piperidin-4-yl)oxy)-[1,2,4
]triazolo[1,5-a]pyridin-6-yl)nicotinamide (5a)(Table 3),
which was indicated as the best candidate for further
studies. Specifically, compound 5a exhibited potent RORyt
inhibitory activity, good pharmacokinetic (PK) profile in a
mouse cassette dosing study, and dose-dependent
inhibition of the IL-17A production in a mouse
[L-18/23-induced cytokine expression model. Herein, the

results of these studies are described.

An X-ray cocrystal structure of human RORyt (PDB ID
603Z) with 1a (Figure 2C), an analog of the piperazine
RORyt ligand 1, was successfully obtained?’-28, As
illustrated in Figure 2A, the cyano group of 1a formed
hydrogen bonds with Arg367 and Leu287, while the amide
NH group with Phe378. Furthermore, a hydrogen bond was
developed between the fluorobenzene ring and the
hydroxyl group of Ser404, where a small space around the
positions 4 and 5 of the ring was detected (Figure 2B).
Considering this additional space in the pocket, the phenyl
ring of compound 1 could be replaced by a
nitrogen-containing bicyclic ring to simultaneously
decrease the overall lipophilicity and facilitate the
hydrogen bond interactions with Ser404, allowing thus a
more detailed investigation of this residue. The previous
report by Hintermann and co-workers described a low
lipophilic

triazolopyridine derivative having

N-([1,2,4]triazolo[4,3-a]pyridin-6-yl)amide moiety, which
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displayed moderate inhibitory activity in the reporter gene
assay and good liver microsomal stability?®. This
triazolopyridine derivative demonstrated a
nitrogen-containing bicyclic ring was tolerable for the
RORyt inhibitory activity, which lead us into detailed

investigation with other chemo types of triazolopyridine

analogs.

Figure 2. X-ray cocrystal structure of RORyt (PDB ID 603Z)
with compound 1a. A: RORyt-LBD and compound 1a are
depicted in gray and green, respectively. Green dashes
represent the hydrogen bond interactions. B: The red circle
indicates the small space around the positions 4 and 5 of the
fluorobenzene ring of 1a. The surface of the RORyt-LBD site
(gray) and the surface of 1a (green) were calculated from the

X-ray structure. C: Molecular structure of 1a.

To that end, two series of analogs bearing
N-([1,2,4]triazolo[4,3-a]pyridin-7-yl)amide and
N-([1,2,4]triazolo[1,5-a]pyridin-6-yl)amide moieties were
synthesized. Since it has been reported that RORyt is
constitutively active in the absence of an endogenous

ligand,®® all compounds were evaluated in a luciferase

3
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reporter gene assay without a control agonist ligand to

assess their RORyt inverse agonistic activity.

Table 1. Structure-activity relationships (SAR) of the

DN

R

triazolopyridine series.

@YH

N~ N N

! ﬁfﬁro
v R
N-N o)
2a-b

3a-b
Luc ICsq Human LM CL;,
Compd R cLogD; 4
(nM)P (mL/min/mg)¢
1 - 3.78 14 0.088
2a H 2.57 590 0.059
2b Me 2.53 8000
3a H 2.37 41 0.032
3b Me 2.32 3200

aCalculated by Pipeline Pilot 17.2. PLuciferase reporter gene
assay used for the evaluation of the RORyt transcriptional
activity inhibition. The employed HEK293T cells were
transfected with GAL4-NR-luciferase plasmids and the activity
was evaluated using the Dual-GLOTM Luciferase Assay

System. ‘Metabolic stability in liver microsome (LM).

Moreover, all the synthesized triazolopyridine analogs
were designed to achieve a lower lipophilicity than
compound 1 (cLogD;,=3.78). As outlined in Table 1, the
cLogD,, values of the novel analogs were successfully
decreased by approximately one unit compared to 1.
However, the [1,2,4]triazolo[4,3-a]pyridine derivative 2a
displayed reduced inhibitory activity in the reporter gene
assay (ICs0 =590 nM), whereas the
[1,2,4]triazolo[1,5-a]pyridine derivative 3a retained an

excellent inhibitory activity (ICso = 41 nM), comparable to

that of compound 1, indicating that the nitrogen atoms in

the [1,2,4]triazolo[1,5-a]pyridine ring were well tolerated
for the inhibition of the RORyt transcriptional activity.
Furthermore, although 3a improved the human LM
stability (human CLiy = 0.032 mL/min/mg), the
methyl-substituted triazolopyridine derivatives 2b and 3b
exhibited a lower in vitro activity, probably due to steric
repulsions in the binding pocket. Moreover, the X-ray
analysis results implied that only unsubstituted
triazolopyridine rings are acceptable, because the available
space at the 4 and 5 positions of the fluorobenzene ring of
1a is small. Therefore, compound 3a, which exhibited the
most improved LM stability and high potency, was further
optimized.

To elucidate the PK profile of 3a, this compound was
incubated in human hepatocytes and its metabolites were
explored by mass spectrometry (MS). During the MS
analysis, no glutathione adducts were detected, suggesting
a low tendency toward the formation of reactive
metabolites, while no metabolic soft spots on the central
triazolopyridine core could be observed, supporting thus
the suitability of the triazolopyridine moiety as a lead
scaffold. In contrast, oxidative adducts were detected on

the cyclopentyl ring, which prompted us to further

optimize analog 3a.

A series of 3a analogs were designed by exploring
cyclopentyl ring alternatives and acyclic chains bearing
fluorine atoms that could potentially block the metabolism.
The SAR results of the cyclopentyl ring modifications in
analog 3a are summarized in Table 2. Although the
substitution of the cyclopentyl ring by two fluorine atoms
(4a) improved the cLogD;, and the LM stability, the
reporter gene inhibitory activity of RORyt was slightly

decreased (ICso =130 nM). Similarly, the replacement of

4
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the cyclopentyl ring by a pyran ring (4b) significantly
decreased the inhibitory activity. Moreover, the phenyl
derivative 4c had similar LM stability (human
CLiy = 0.021 mL/min/mg) compared to 3a, but its
inhibitory activity was slightly lower (ICso = 79 nM). The
cyclopentyl ring of 3a was then replaced by branched or
unbranched alkyl chains, resulting in derivatives 4d-4g.
The inhibitory activity of the isopropyl analog (4d) was
slightly decreased (ICso=230nM), whereas the isobutyl

derivative 4e had comparable inhibitory activity (ICso = 59

Table 2. SAR of the 3a derivatives.

ACS Medicinal Chemistry Letters

nM) and LM stability to 3a. Given that the trifluoromethyl
group is often used instead of a methyl group to decrease
the oxidative metabolism or to increase the steric size, the
two methyl groups of 4e were replaced by trifluoromethyl
groups (4f), resulting in similar inhibitory activity
(ICso = 50 nM) and improved LM stability. Moreover, based
on the results of the mono-trifluoromethyl derivative 4g
with an ICs, value of 240 nM, it was proven that the double
substitution was more favorable for the inhibitory activity.

Hence, compound 4f was selected for further investigation

@(H
N~ N
X
0 \(E(\N/\N R’
Y hig
N=/ 0

Human LM CLj,,
Compound R1 cLogD74* | LucICso (nM)P
(mL/min/mg)¢
1 - 3.78 14 0.088
3a @ 2.37 41 0.032
4a \):%FF 1.61 130 <0.010
4b ye 1.05 10000 <0.010
4c NG 227 79 0.021
ad N 1.82 230 0.24
4e A\ g 2.07 59 0.020
af o | 26t 50 <0.010
4g O 2.07 240 <0.010

aCalculated by Pipeline Pilot 17.2. PLuciferase reporter gene assay to assess the RORyt transcriptional activity inhibition. The

employed HEK293T cells were transfected with GAL4-NR-luciferase plasmids and the activity was evaluated using the

Dual-GLOTM Luciferase Assay System. ‘Metabolic stability in liver microsome.
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Table 3. RORyt inhibitory activity and lipophilicity of analogs 5a and 5b.

NN
N=/ 3
O Human LM CLj,,
Compound Q?, cLogD;4? | LucICso (nM)P
(mL/min/mg)°
1 - 3.78 14 0.088
4f - 2.61 50 <0.010
O,
5a X \OYNV 2.67 51 0.010
X 0.028
5b L 2.67 1500 :

3Calculated by Pipeline Pilot 17.2. PLuciferase reporter gene assay to assess the RORyt transcriptional activity inhibition. The

employed HEK293T cells were transfected with GAL4-NR-luciferase plasmids and the activity was evaluated using the

Dual-GLOTM Luciferase Assay System. ‘Metabolic stability in liver microsome.

To improve the activity of 4f the 2-methylpyridine
moiety was replaced by substituted pyridines or other
heteroaryl rings (data not shown). However, this structural
modification did not improve either the inhibitory activity
or the lipophilicity of the obtained analogs. Therefore, the
piperazine moiety of 4f was replaced by piperidine to
retain low lipophilicity values, while introducing an ether
linkage between the piperidine ring and the
triazolopyridine ring. Cis- (5a) and trans-piperidine (5b)
analogs were thus obtained with cLogD;, values of 2.67
(Table 3). Interestingly, 5a maintained good RORyt
inhibitory activity (ICso =51 nM) and LM stability (human

CLine = 0.010 mL/min/mg) compared to 4f, whereas the

Table 4. In vitro ADME profiles of compounds 1, 3a, 4f, and 5a.

inhibitory activity of 5b was insignificant. Furthermore, the
in vitro absorption, distribution, metabolism, and excretion
(ADME) profiles of compounds 1, 3a, 4f and 5a were
assessed (Table 4). Compounds 3a, 4f, and 5a displayed
better microsomal stability than compound 1 (human CLj,,
= 0.032, <0.010, and 0.010 mL/min/mg, respectively)
along with decreased plasma protein binding (PPB) rates
(77.3%, 86.1%, and 91.8%, respectively). Moreover,
compounds 4f and 5a were sufficiently soluble in an
aqueous medium. Although 3a and 4f exhibited low Caco-2
permeability in the apical-to-basolateral (A to B) direction,
5a displayed efficient permeability in the same evaluation

system.
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Caco-2 Py,
LM CLjy (mL/min/mg)? PPB (%)® Solubility
Compound (x10-6cm/s)d
(uM)©
human mouse human mouse AtoB Bto A
1 0.088 0.11 99.7 95.7¢ 71 40 55
3a 0.032 0.011 77.3 78.8 190 2.5 46
4f <0.010 <0.010 86.1 76.7 200 9.6 36
5a 0.010 0.030 91.8 86.5 170 31 51

aMetabolic stability in liver microsome. PPlasma protein binding using human or mouse plasma. ‘The second fluid of the

Disintegration Test of the Japanese Pharmacopoeia (pH 6.8) was used. 4Permeability in the apical-to-basolateral (A to B) direction

and vice versa (B to A). ®Compound 1 might be unstable in the mouse PPB assay.

Table 5. PK profile of compounds 1, 3a, 4f, and 5a in a mouse cassette dosing study.?

Compound | BA(%) | AUCp.o.(nM*h) | CL/CL,(L/h/kg) | VDss(L/kg) | ti/2p.0.(h) t1/21.v. (h)
1 48 490 2.0/46 1.6 0.7 0.7
3a 47 840 1.1/5.3 0.77 1.2 1.4
4f 110 2300 1.1/4.5 11 11 1.0
5a 120 15000 0.15/1.1 0.80 3.6 3.9

a2 umol/kg p.o. dose and 1 pmol/kg i.v. dose.

The in vivo PK profile of compounds 1, 3a, 4f, and 5a was
investigated in mice using cassette dosing (Table 5).
Compared to compound 1, compounds 4f and 5a showed
improved bioavailability (BA > 100%), notably lower
unbound clearance (CL, = 1.1 L/h/kg for 5a), and higher
area under the curve (AUC) (around 31-fold higher than 1
in the case of 5a) and t;; (>3 h for 5a). Owing to the
favorable in vitro activity and ADME profile, analog 5a was

further investigated.

A human whole-blood assay of compound 5a was
conducted to assess its inhibitory activity against the T-cell
receptor-dependent production of IL-17A in human whole

blood. It was proven that compound 5a suppressed the

IL-17A production in a dose-dependent manner with an
ICso value of 130 nM (Figure 3A). The in vivo potency of 5a
toward the modulation of the cytokine production through
the suppression of the differentiation and activation of
Th17 and Th1/17 cells was assessed using an in vivo
mouse IL-18/23-induced cytokine expression model.
Compound 5a was orally administered once 3 h prior to
the 1L-18/23 injection, and the IL-17A level in blood was
measured 4 h after the injection of 1L-18/23. As illustrated
in Figure 3B, 5a achieved a dose-dependent inhibition of

the IL-17A production in 3, 10, 30, and 100 mg/kg doses.

In summary, a new triazolopyridine derivative (3a) was

identified as a potent RORyt inhibitor. Optimization of the

7
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metabolic soft spots on the cyclopentyl ring of 3a, followed
by optimization of the piperazine ring, led to a novel
analog, namely
6-methyl-N-(7-methyl-8-(((2S,45)-2-methyl-1-(4,4,4-triflu

oro-3-(trifluoromethyl)butanoyl)piperidin-4-yl)oxy)-[1,2,4
]triazolo[1,5-a]pyridin-6-yl)nicotinamide (5a). 5a
exhibited potent RORyt inhibition in a luciferase reporter
gene assay as well as in a human whole-blood assay
measuring IL-17A release. Moreover, a robust PK profile
allowed the in vivo evaluation in a IL-18/23-induced
cytokine expression mouse model, where 5a significantly

inhibited the IL-17A production in a dose-dependent

manner.
3
= 5a
.%100- P IC,, =130 NM
£ °
3
S 504
(8}
<
~
0 e,
= 10 9 8 7 6 -5 -4
A Log[Concentration]

T 150,
L
=
$ 100/
=
3 sk ok ok Kk ok
— 0_
Veh 3 10 30 100
5a
B (mglkg)

mean = SEM (n=6), ***P<0.001, vs Vehicle (Dunnett test)

Figure 3. A: Human whole-blood assay (n = 2). Human whole

blood was diluted in half with RPMI 1640™ and was

stimulated using anti-CD3 and anti-CD28 monoclonal
antibodies, 1L-18, and IL-23, followed by treatment with 5a.
The level of IL-17A in the culture medium was measured after
two days. B: In vivo mouse IL-18/23-induced cytokine
expression model. Mice were administered orally once with a
vehicle (0.5% MC400) or 5a. After 3h, the mice were
administered intraperitoneally with 2 ug of mIL-18 (Medical &
Biological Laboratories) and 1 pg mIL-23 (R&D Systems). A
blood sample was collected 4h later and the IL-17A

concentration in the plasma was measured.
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