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Abstract.

The nuclear receptor (NR) retinoic acid receptor-related orphan receptor gamma (RORY,
RORc, or NR1F3) is a promising target for the treatment of autoimmune diseases. RORc is a
critical regulator in the production of the pro-inflammatory cytokine interleukin-17. We
discovered a series of potent and selective imidazo[1,5-a]pyridine and -pyrimidine RORc inverse
agonists. The most potent compounds displayed >300-fold selectivity for RORc over the other
ROR family members, PPARYy, and NRs in our cellular selectivity panel. The favorable potency,
selectivity, and physiochemical properties of GNE-0946 (9) and GNE-6468 (28), in addition to
their potent suppression of IL-17 production in human primary cells, support their use as

chemical biology tools to further explore the role of RORc in human biology.
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Inhibiting the function of interleukin (IL)-17 with anti-IL-17 antibodies has proven
successful in the treatment of psoriasis,' > rheumatoid arthritis (RA)," ankylosing spondylitis,”
and uveitis.’ IL-17 is a validated target for the treatment of psoriasis. IL-23 lies upstream of
IL-17 and anti-IL-12/23 antibodies (e.g. ustekinumab)’ have demonstrated efficacy in the
treatment of moderate-to-severe psoriasis. The recent FDA approval of the anti-Il.-17 antibody
secukinumab® for the treatment of moderate-to-severe plaque psoriasis further highlighted the

%10 The nuclear receptor (NR) retinoic

importance of the IL-17 pathway in autoimmune diseases.
acid receptor-related orphan receptor gamma (RORy or RORc, also known as NR1F3)'' is an
important regulator in the production of IL-17."* RORc also plays a role in production of IL-22"
and cytokines from innate lymphoid cells (ILCs)'*"> and y8 T cells.'® Based on the influence of
RORc over multiple inflammatory pathways, it has been proposed that RORc is a valuable
molecular target for the treatment of inflammatory diseases.'” >

Our group has previously reported the discovery and optimization of tertiary sulfonamide
RORCc inverse agonists.”**” In 2012; Organon (Merck) disclosed an acyl-indazole series of RORc
inverse agonists.”® This disclosure led us to investigate an exemplary acyl-indazole compound
from Organon (1, Table 1) in a time-resolved fluorescence biochemical assay that monitored the
ability of the human RORc ligand binding domain (LBD) to bind to a co-activator peptide
derived from steroid receptor co-activator-1 (SRC1).” Compounds that disrupted the recruitment
of the SRC1 co-activator peptide were RORc inverse agonists. Compound 1 was a potent
mverse agonist in the RORc SRC1 biochemical assay (ECsy = 16 nM).

Compounds with structures similar to 1 have been reported as potent peroxisome

proliferator-activated receptor (PPAR)-y ligands,™® which led us to profile 1 in a biochemical

assay that monitored the ability of a compound to displace a fluorescent probe from the human



PPARy-LBD.?' In this PPARy competitive binding assay, 1 displayed a strong affinity for human
PPARy (ICso =130 nM). The PPARYy potency of 1 was superior to the FDA-approved PPARY
agonists pioglitazone® (ICso = 720 nM) and troglitazone® (ICso = 340 nM), as measured in our
PPARYy binding assay. Due to the potential risks associated with the modulation of PPARy,** we
designed new analogs with the goal of improving selectivity for RORc over PPARY (as
compared with 1) through the exploration of alternative cores to the 1-acyl-indazole motif
embedded in 1.

In our exploration of different core motifs, we attempted to preserve the 1- and 3-position
vectors of the azole core for the 4'-benzoic acid and keto-arene groups, respectively. We also
prioritized cores that removed the potential metabolic liability of the 1-acyl-indazole moiety, as
related compounds have demonstrated in vivo instability.> The imidazo[1,5-a]pyridine analog®®
(2, Table 1) fulfilled these criteria and also provided an analog with improved RORc inverse
agonist potency (ECso =10 nM) in comparison to 1. Compound 2 also possessed a superior
ligand-lipophilicity efficiency (LLE)*"® in comparison to 1 (2 LLE = 6.5, 1 LLE = 4.9) and an
improved selectivity for RORc over PPARy (PPARYy ICso = 1.5 uM). Saturation of the pyridine
ring in 2 provided ‘a 5,6,7,8-tetrahydro-imidazo[1,5-a]pyridine analog (3) and resulted in a
reasonable RORg¢ inverse agonist potency (ECso =58 nM) with an LLE value (LLE = 6.4) and
PPARy affinity (PPARy 1Cs0=2.1 uM) comparable to 2. Synthesis of an
imidazo[ 1,5-a]pyrimidine analog (4) provided a modest RORc inverse agonist (ECsy = 84 nM)
and further decreased the affinity for PPARy (ICso=4.2 uM). The imidazo[1,5-a]pyrazine
analog (5) possessed a substantially diminished RORc inverse agonist activity (ECsp = 2.6 uM)
in comparison to 4. Further core changes such as the 3-acyl-tetrahydroindazole (6),

imidazo[1,2-a]pyrazine (7), and 5,6,7,8-tetrahydro-imidazo[1,2-a]pyran (8) were devoid of



detectable RORc inverse agonist activity at concentrations up to 10 uM. The difference in
RORCc potency between 3 and 6 was striking given their structural similarities. We rationalized
this difference in that the nitrogen atoms in the core of 3 do not form a resonance contribution to
the ketone group, whereas, 6 does allow a resonance contribution into the ketone from the core
N1 nitrogen atom. These differences in resonance contributions between the cores of 3 and 6
could have an impact on the Lewis basicity of the respective ketone functional groups and thus,

how they complement the RORc-LBD ligand binding pocket.



Table 1

SAR of core changes

O
i OH
Ceore D §
A
Compd Core RORc SRC1 ECs (uM) [%eff]  LLE® LogD (pH 7.4) <PPARy ICs (UM)
\N
1 N 0.016 [-99%] 4.9 2.9 0.13
O)\.
Z N=
2 x N\S'L 0.010 [-99%] 6.5 15 15
O
3 NjN\. 0.058 [-99%] 6.4 0.8 2.1
O
/N e
4 &/NjN\‘ 0.084 [-99%] 6.8 0.3 4.2
(@)
5 l\/N\S\- 2.6 [-75%] 4.9 0.7 ND
O
r
N\
6 OLSN\, >10 - 0.3 ND
O
7 NN >10 - 1.0 ND
(L

e

N

8 [N >10 - 1.0 ND
DS

See the Supplementary Data for experimental details associated with each assessment. All assay results are reported

as the geometric mean of at least two separate runs. ND = not determined. ®Inhibition of RORc-LBD recruitment of

the SRC1 co-activator peptide; negative percent efficacy denotes inverse agonism relative to the basal activity of



apo-RORc-LBD. "Ligand-lipophilicity efficiency (LLE) was calculated using the equation: (RORc SRC1 pECs) —

LogD (pH 7.4).3"* °Binding assay monitored the displacement of a fluorescent probe from the PPARy-LBD.

The favorable profile of 2 led us to focus on the imidazo[l1,5-a]pyridine core. We
explored the replacement of the carboxylic acid group in 2 with a range of amides, heterocyclic
carboxylic acid isosteres, and N-acylsulfonamides. These analogs were devoid of detectable
RORCc inverse agonist activity at concentrations up to 10 uM. Due to the importance of the
4'-carboxylic acid group in maintaining RORc inverse activity, we sought to explore the
substitution and modification of the 4'-benzoic acid moiety (Table 2). Introduction of a phenol at
the 3'-position of the ring (9, GNE-0946) resulted in an approximate fivefold improvement in
RORCc inverse agonist potency (ECso =2 nM) over 2, but 9 also had an increased PPARYy affinity
(ICsp = 650 nM). Introduction of fluorine at 2'-position on the arene (10) provided an analog
with similar RORc inverse agonist activity as 2 and an increased affinity for PPARYy
(ICs0 =320 nM). Similar improvements in RORc potency were also noted in the Organon
(Merck) patent application® with the installation of these 3'-phenol and 2'-fluorine groups,
respectively, into analogs of 1.

Fluorine was the preferred 2'-position substituent as chlorine, cyano, and methyl groups
were >100-fold less potent in the RORc SRC1 biochemical assay. Synthesis of the cyclohexene
carboxylic acid analog (11) resulted in an approximate tenfold loss of RORc inverse agonist
activity as compared with 2. The cyclohexane carboxylic acid analogs (12 and 13) resulted in a
further loss of RORc inverse agonist potency, with the 1',4'-frans diasterecomer (12) as the
preferred stereoisomer (ECso =400 nM). Introduction of a piperidine 4'-carboxylic acid (14)
provided a compound of similar RORc inverse agonist potency to 12, with no detectable affinity

for PPARY up to concentrations of 10 pM. Various hydroxy-piperidine analogs were explored in



an attempt to restore some RORc potency, as similar changes (i.e., 2 to 9) have previously led to
a fivefold improvement in potency. Introduction of an alcohol at the 4'-position (15) led to a
tenfold loss of potency (ECso = 6.8 uM) as compared with 14. Placement of the alcohol group at
the 3'-position led to improvements in potency, with the trans diastereomers being tenfold more
potent than the cis diastereomers. Separation of the frans diastereomers into thetwo separate
enantiomers with unknown absolute stereochemistry led to compounds 16 and 17. Compound
17 possessed an approximate fivefold improvement in RORc inverse agonist potency
(ECso =97 nM) as compared with 14.** Compound 17 also had no detectable affinity for PPARY
up to concentrations of 10 uM. Although the RORc potency, LLE, and selectivity profile of 17
was encouraging, the approximate tenfold difference in RORc potency as compared with 2 led us

to focus on the 4'-benzoic acid motif in subsequent analogs.



Table 2

SAR of the imidazo[1,5-a]pyridine 1-position

F3C
Compd R RORc SRC1 ECso® (uM) [%eff] LLE®  LogD (pH 7.4)  PPARy ICs (UM)
OH O
9 D)‘\OH 0.002 [-99%] 6.2 2.5 0.65
(0]
10 iD)‘\OH 0.009 [-99%] 6.2 18 0.32
(6]
11 /O)LOH 0.10 [-99%] 55 1.5 1.8
(@]
12 O)%H 0.40 [-90%] 5.1 1.3 ND
o
‘IO
13 O Lo 4.3 [-73%] 35 1.8 ND
o
(0]
14 O)‘\OH 0.54 [-94%)] 5.9 0.4 >10
.,N
HOO
15 (j)‘\OH 6.8 [-56%] 5.1 0 ND
.,N
QH o
16° O)LOH 0.44 [-95%] 6.1 0.3 >10
.,N
OH O
17° 0.097 [-98%] 6.6 0.4 >10

\
-
";=
¢

See the Supplementary Data for experimental details associated with each assessment. All assay results are reported

as the geometric mean of at least two separate runs. ND = not determined. ®Inhibition of RORc-LBD recruitment of

the SRC1 co-activator peptide; negative percent efficacy denotes inverse agonism relative to the basal activity of

apo-RORc-LBD. "Ligand-lipophilicity efficiency (LLE) was calculated using the equation: (RORc SRC1 pECs) —

LogD (pH 7.4).*”% °Binding assay monitored the displacement of a fluorescent probe from the PPARy-LBD.

%Single enantiomers of the trans diastereomers with unknown absolute stereochemistry; the stereochemistry at the 3'-

and 4'-positions of the piperidine ring was arbitrarily assigned.



In parallel to our exploration of the SAR on the 1-(4'-benzoic acid) group, we also
evaluated a series of changes to the 3-acylarene moiety (Table 3). For this endeavor, we chose
the 5,6,7,8-tetrahydro-imidazo[ 1,5-a]pyridine core (similar to 3) as our prior studies®® had shown
that minimizing the aromatic ring count of RORc ligands can lead to improvements in selectivity
and ADME properties. Removal of the 2'-chlorine on the 3-acylarene of 18 led to an
approximate 25-fold loss of potency (19, ECso =0.84 uM). We explored other analogs that
replaced the 2',6'-disubstitution with substituents elsewhere on ‘the 3-acylring and these
compounds had no detectable potency (up to a 10 uM concentration) in the RORc biochemical
assay. Thus, we focused our efforts on 2',6'-disubstituted arenes with the goal of minimizing the
overall lipophilicity of the analogs. Replacement of the 6'-(trifluoromethyl) group on the arene
with a range of substituents including fluorine (20), chlorine (21), cyano (22), and methoxy (23)
all led to a loss of RORc potency with no improvements in LLE relative to 18. The calculated
LogP (cLogP)® value of the 2-chloro-6-cyclopropylarene analog (24) suggested that this
compound was less lipophilic than 18 (24 cLogP =6.2, 18 cLogP = 6.4). The measured LogD
(pH 7.4) values indicated that 24 was slightly more lipophilic than 18 (24 LogD =1.6, 18
LogD = 1.3) and 24 was a more potent RORc inverse agonist (ECso =27 nM). Additionally, 24
possessed ‘an improved PPARYy selectivity profile in comparison to 18. Replacement of the
2'-chloro group on the 3-acylarene with cyano (25) or methoxy (26) substituents provided
analogs that were significantly less potent in the RORc SRCI1 biochemical assay. We also
explored a range of ortho- and ortho/ortho-disubstituted heteroaromatic rings and only the

3'.5'-dichloro-pyridine analog (27) demonstrated a detectable level of RORc inverse agonist



activity (ECsop=0.51 uM). In sum, there appeared to be a strict requirement for lipophilic

2',6'-disubstitution on the 3-acylarene group.

Table 3

SAR of the 3-acylarene group

Compd R RORC SRC1 ECs* (uM) [%eff] LLE® LogD (pH 7.4) PPARy ICs® (LM)
18 2'-Cl-6'-CF4.Ph 0.032 [-96%] 6.2 1.3 0.76
19 2'-CF4-Ph 0.84 [-96%] 4.7 1.4 5.6
20 2'-Cl-6'-F-Ph 0.19 [-99%] 5.5 1.2 2.9
21 2',6'-diCI-Ph 0.077 [-99%)] 5.7 15 1.1
22 2'-Cl-6'-CN-Ph 0.25 [-99%] 5.9 0.7 7.7
23 2'-Cl-6'-MeO-Ph 0.24 [-98%] 5.8 08 55
24 2'-Cl-6'-(c-Pr)-Ph 0.027 [-99%)] 5.9 1.6 1.3
25 2'-CN-6'-CF3.Ph 0:22 [-99%] 5.9 0.7 >10
26 2'-OMe-6'-CF4 Ph 0.67 [-96%] - ND 9.1
27 3'5'-diCl-pyridyl 0.51 [-98%] 5.2 1.1 4.2

See the Supplementary Data for experimental details associated with each assessment. All assay results are reported
as the geometric mean of at least two separate runs. ND = not determined. ®Inhibition of RORc-LBD recruitment of
the SRC1 co-activator.peptide; negative percent efficacy denotes inverse agonism relative to the basal activity of
apo-RORc-LBD. bLigand-lipophilicity efficiency (LLE) was calculated using the equation: (RORc SRC1 pECsp) —

LogD (pH 7.4).*"*® *Binding assay monitored the displacement of a fluorescent probe from the PPARy-LBD.

After exploring the core, 1-position substituents, and the optimal substitution of the
3-acylarene group, we prioritized the optimal substituents that possessed favorable potency and
selectivity for RORc over PPARy. Combining these optimal substituents into one compound
(28, GNE-6468, Table 4) provided a highly potent RORc inverse agonist (ECso =2 nM) with

>1,000-fold selectivity for RORc over PPARy. Compound 28 also had the highest LLE value



(LLE =7.2) of all the compounds we profiled. We then tested the potent RORc inverse agonists
with favorable RORc selectivity over PPARY in a series of ROR and NR cell-based assays to

further explore their cellular potencies and selectivity profiles.

Table 4

Combination of favored substituents into one analog

o)
OH
HO,
/N =
&/N /N Cl
o
GNE-6468
(28)
RORc SRC1 LLE L.ogD PPARYy
ECso” (M) [Yoeff] (PH 7.4)  1Cs° (UM)
0.002 [-99%)] 7.2 15 3.4

See the Supplementary Data for experimental details associated with each assessment. All assay results are reported
as the geometric mean of at least two separate runs. ®Inhibition of RORc-LBD recruitment of the SRC1 co-activator
peptide; negative percent efficacy «denotes inverse agonism relative to the basal activity of apo-RORc-LBD.
®Ligand-lipophilicity efficiency (LLE) was calculated using the equation: (RORc SRC1 pECs)) — LogD

(pH 7.4)."* °Binding assay monitored the displacement of a fluorescent probe from the PPARy-LBD.

We examined 2, 9, 10, 18, 24, and 28 in a series of HEK-293 cell Gal4-ROR construct
human NR-dependent transcriptional reporter assays (Table 5). We profiled the three isoforms
of human ROR (RORc, RORb, and RORa) by monitoring the suppression of their basal
transcriptional activity in the absence of any exogenous agonist.? In order to assess the NR
cellular selectivity of the potent RORc inverse agonists, we also tested these compounds in a
panel of cellular reporter assays of human farnesoid X receptor (FXR), liver X receptor (LXR)-a,

LXRp, and PXR in both agonist mode (no agonist ligand added) and antagonist mode (using



T0901317 [N-(2,2,2-trifluoroethyl)-N-[4-[2,2,2-trifluoro-1-hydroxy-
1-(trifluoromethyl)ethyl]phenyl]-benzenesulfonamide] as an exogenous ligand).?® All of these
compounds demonstrated favorable RORc inverse agonist cellular potency values
(ECso = 4-36 nM), with no detectable activity against the other ROR family members (up to
10 uM concentration). In addition, none of these compounds demonstrated detectable activity
against the other NRs in our cell assay panel in agonist or antagonist mode (up to 10 uM
concentration). These results demonstrated the excellent cellular selectivity profiles of 2, 9, 10,

18, 24, and 28 for RORc over other NRs (>277- to >1,000-fold selectivity).

Table 5

RORc potency and selectivity profiles in Gal4 human transcription assays®

RORc Cell RORbCell RORaCell = FXRCell LXRaCell LXRBCell PXRCell

Compd  Ec(UM)  ECyy(UM)  ECs(uM) " ECy(UM) ECo(uM) ECsy(M)  ECso(uM)
2 0.013 >10 >10 >10 >10 >10 >10
0.004 >10 >10 >10 >10 >10 >10
10 0.010 >10 >10 >10 >10 >10 >10
18 0.036 >10 >10 >10 >10 >10 >10
24 0.026 >10 >10 >10 >10 >10 >10
28 0.013 >10 >10 >10 >10 >10 >10

See the Supplementary Data for experimental details associated with each assessment. All assay results are reported
as the geometric mean of at least two separate runs. *All assays were conducted in HEK293-Gal4 cellular constructs.
All NR assays monitored the suppression of their respective basal transcriptional activities, an outcome consistent

with inverse agonist activity of ligands with these receptors.

Based on their favorable RORc cell potency values, we progressed 2, 9, 10, 18, 24, and
28 into human PBMC cytokine production assays®® to assess their abilities to inhibit the
production of IL-17 (Table 6). Compounds 2, 10, 18, and 24 displayed modest inhibition of

IL-17 production in the human PBMC assay (ECso = 230, 120, 230, and 300 nM, respectively),



whereas 9 and 28 displayed more potent inhibition of IL-17 production (ECso =17 and 30 nM,
respectively). Compounds 9 and 28 possessed a unique substructure in contrast to 2, 10, 18, and
24, indicating that the 1-(3'-hydroxy-4'-benzoic acid) motif present in 9 and 28 may engender
enhanced potency in the IL-17 production assay. It was also noteworthy that none of the
compounds showed any activity in interferon (IFN)-y or CellTiter-Glo® (CTG) counter screen
assays, demonstrating that the compounds were not indiscriminately suppressing cytokine
production, nor were they grossly cytotoxic.

Compounds 9 and 28 were potent inhibitors of IL-17 production in human PBMC cells
(ECso values <30 nM, Table 6), yet they were no more effective in further suppressing the
maximum percent inhibition of IL-17 production (%max) than compounds that were an order of
magnitude less potent (i.e. 2, 10, 18, and 24). Indeed, we have noted in our previously-disclosed
human PBMC data with several RORc inverse agonist chemotypes that the IL-17 PBMC %max
values average 77% inhibition (£23% of the %max inhibition value for the 13 different human
IL-17 PBMC assay results® we have disclosed where the IL-17 PBMC
ECso = 0.044-3.0 uM)**?°2 The lack of complete suppression of IL-17 production in human
PBMCs (i.e. IL-17 PBMC %max > 99%) may be due to the role of RORa in the production of
IL-17. Previous mouse genetic knock-out studies have demonstrated that the production of
murine 1L-17 is dependent on both murine RORa and RORy.*™* Potent and selective human
RORa inverse agonists would be required to explore this hypothesis in the context of human
IL-17 production. The deficiency of potent and selective human RORa tool compounds is the

focus of several research programs.”*%



Table 6

Potency in human IL-17 and IFNy production assays?

IL17 L1 o g
PBMC  PBMC

Compd ECsy ECs

ECs %max. @M)  (uM)

(uM) inhibition M H

2 0.23 69% >10  >10

9 0.017 70% >10  >10

10 0.12 63% >10  >10

18 0.23 64% >10  >10

24 0.30 72% >10  >10

28 0.030 73% >10 >10
See the Supplementary Data for experimental details associated with each assessment.. All assay results

are reported as the mean of at least three separate runs. *All assays were conducted using peripheral
blood mononuclear cells (PBMCs) isolated from human whole blood.. Interferon gamma (IFNy) and
CellTiter-Glo® (CTG) cell culture assays were used as positive controls to monitor for non-T17 cell

cytokine activity and adverse off-target effects on cell physiology; respectively.

We also evaluated 9 and 28 in a suite of in vitro ADME assays (Table 7). Compound
9 displayed moderate predicted hepatic clearance (CLyp) values in human and rodent hepatocyte
metabolic stability assays (CLnep =9 and 32 mL/min/kg, respectively), whereas 28 displayed
high predicted clearance values in human and rodent hepatocytes (CLye, = 17 and 42 mL/min/kg,
respectively). Further profiling of the compounds in human and rat plasma-protein binding
(PPB) assays demonstrated that 9 and 28 were highly protein bound in both species
(%bound =>99% and 99%, respectively). Compounds 9 and 28 displayed favorable apparent
permeability  (Pappa—py=12 and 8 Xx 10° cm/s, respectively) with minimal efflux
(Papp(aA—B)/ Papp(—a) < 2) in a Madin-Darby canine kidney (MDCK) cellular permeability assay.®’
Both 9 and 28 were highly soluble as assessed by a kinetic aqueous solubility assay (45-86 uM).
Thus, 9 and 28 were highly potent and selective RORc inverse agonists with favorable properties

and moderate-to-high clearance values.



Table 7

In vitro ADME profiles

Hu Hep? Rat Hepb Human Rat MDCK MDCK

¢ c Solubility®
Compd CLpep CLpep PPB PPB Pap. A>B  Pgpp B—A (M)
(mL/min/kg) (mL/min/kg)  (%bound) (%bound)  (10°cm/s)  (10° cm/s) H
9 9 32 >09 >09 12 10 86
28 17 42 99 99 8 15 45

See the Supplementary Data for experimental details associated with each assessment. ®Predicted human hepatic
clearance values extrapolated from in vitro human hepatocyte (Hu Hep) metabolic stability experiment. "Predicted
rat hepatic clearance values extrapolated from in vitro rat hepatocyte (Rat Hep) metabolic stability experiment.
‘Madin-Darby canine kidney (MDCK) cell permeability assay to assess membrane permeability (Pap); A—B:
apical-to-basolateral, B—A: basolateral-to-apical.”® “Aqueous kinetic solubility at pH 7.4 (measured in a high-

throughput assay).

Compound 9 was profiled in a rodent in-vivo pharmacokinetic (PK) experiment (Table 8)
to determine if the in vitro rat hepatic clearance estimate (Table 7) was predictive of its in vivo
clearance value. In a rat PK experiment, 9 demonstrated a high plasma clearance value
(CLp, = 130 mL/min/kg) that did not correlate with its in vitro clearance value (Rat Hep
CLnep = 32 mL/min/kg). The in vivo plasma clearance of 9 was in excess of rodent liver blood
flow (55 mL/min/kg), indicating that extrahepatic clearance mechanisms*® may also be
participating in the metabolism of 9.

A very recent set of patent applications from Glenmark Pharmaceuticals®’ describe two
series of compounds related to 1. It is unknown if the compounds in the Glenmark patent

applications possess similar metabolic stabilities as those observed with 9 and 28.



Table 8

Single dose rat in vivo PK profile of 9

Compd  CLAmL/min/kg) V4" (L/kg) Cra (WM)  AUC (uM*h)  ty,(h) F%’

9 130 1.2 0.07 0.25 0.2 40%
See the Supplementary Data for experimental details associated with each assessment. Data reported are the

arithmetic means from the dosing cohorts (Sprague-Dawley rats, n =3/dose). Dosed at 1.5 mg/kg po (37/63
suspension of DMSO/MCT) and 0.5 mg/kg iv (25/60/15 solution of DMSO/PEG400/saling). ®Observed plasma
clearance (CL,). ®Volume of distribution (V). “Maximum plasma concentration (Cpay). “Oral bioavailability (F%)
was calculated according to the equation F% = (dose normalized AUC,,)/(dose normalized AUC;,). CL,, Vg, and ty,

were derived from an iv study and C.,, AUC, and F% were derived from a po study.

In conclusion, we evolved a literature series of RORc inverse agonists (i.e. 1) into a series
of imidazo[1,5-a]pyridine and -pyrimidines with improved selectivity for RORc over PPARY.
Several compounds within the imidazo[1,5-a]pyridine and -pyrimidine series demonstrated
potent RORc inverse agonist activity in biochemical and cellular assays. The most potent
compounds also displayed >300-fold selectivity for RORc over the other ROR family members
and NRs in our cellular selectivity panel. The favorable potency, selectivity, and physiochemical
properties of GNE-0946 (9) and GNE-6468 (28), in addition to their potent suppression of I1L-17
production in human primary cells, support their use as chemical biology tools to further explore

the role of RORC in human biology.*®

Supplementary data

Supplementary data associated with this article can be found, in the online version, at

http://INSERT URL HERE
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