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The structure–activity relationships of T0901317 analogs were explored as RORc inverse agonists using
the principles of property- and structure-based drug design. An X-ray co-crystal structure of T0901317
and RORc was obtained and provided molecular insight into why T0901317 functioned as an inverse ago-
nist of RORc; whereas, the same ligand functioned as an agonist of FXR, LXR, and PXR. The structural data
was also used to design inhibitors with improved RORc biochemical and cellular activities. The improved
inhibitors possessed enhanced selectivity profiles (rationalized using the X-ray crystallographic data)
against other nuclear receptors.

� 2013 Elsevier Ltd. All rights reserved.
TH-17 cells are a subset of pro-inflammatory CD4+ T cells whose
production of IL-17 is dependent upon the nuclear receptor (NR)
retinoic acid receptor-related orphan receptor gamma (RORc or
RORc, also known as NR1F3).1 IL-17 has been implicated in the
pathology of several autoimmune diseases including rheumatoid
arthritis (RA), inflammatory bowel disease, psoriasis, and multiple
sclerosis.2 Reduced IL-17 expression via antibody blockade or
genetic knock-out in mice resulted in a marked decrease in inflam-
mation in several murine models.3,4 Monoclonal neutralizing anti-
bodies against IL-17 are also being evaluated in human clinical
trials and have demonstrated proof-of-concept activity in psoriasis,
RA, and non-infectious uveitis.5

In addition to modulating the expression of the IL-17 family of
cytokines, RORc signaling promotes other pro-inflammatory cyto-
kines including IL-22 and GM-CSF in TH17 cells.6,7 Thus, inhibition
of RORc may lead to enhanced anti-inflammatory activity over the
IL-17-neutralizing antibodies that are currently under investiga-
tion in clinical trials. These observations, coupled with the viability
of RORc genetic knock-out mice,8,9 make RORc an attractive target
for modulating human autoimmune diseases.10,11
The benzene-sulfonamide compound T0901317 (Fig. 1,
compound 1) was initially described by a team at Tularik (now
Amgen) as a potent agonist of the liver X receptor (LXR).12 Since
the original disclosure of 1, other investigators have demonstrated
that 1 is an agonist of multiple additional NRs including pregnane
X receptor (PXR) and farnesoid X receptor (FXR).13,14 Recently, a
team from the Scripps Research Institute in Florida described 1
as an inverse agonist of RORc.15 We were intrigued by the binding
of 1 to RORc, and embarked upon a campaign to explore the SAR of
related analogs as inverse agonists of RORc.

In an effort to aid our analog design, we co-crystallized com-
pound 1 with the human RORc ligand-binding domain (LBD) and
obtained a 2.9 Å resolution X-ray structure (Table S1 Supplemen-
tary data).16 The helices of the RORc LBD co-crystal structure
adopted the canonical three-layered a-helical fold common to
most NRs,17 with 1 buried in the hydrophobic core (Fig. S1a, Sup-
plementary Data). The RORc LBD helices were in a similar arrange-
ment to that of the previously reported co-crystal structure of the
RORc LBD with 25-hydroxycholesterol (Fig. 1, compound 2) [PDB:
3L0L],18 with the exception that there is a lack of density for the
C-terminus of helix 11, all of helix 110 and helix 12 in the co-crystal
structure with 1, suggesting these helices lack regular structure
when RORc interacts with compound 1. The disordered helix 12
should disfavor recruitment of co-activator proteins by prohibiting
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Figure 2b. Co-crystal structure of compound 1 (yellow) in complex with RORc
(grey). The phenyl-sulfonamide group of compound 1 accessed a parallel-displaced
p–p stacking interaction with Phe367 (3.3–3.6 Å), and Phe367 engaged neighboring
Phe357 in an edge-to-face p–p stacking interaction (3.9–4.0 Å). Leu303 (grey),
Val340 (grey), and Met344 (grey) made notable hydrophobic contacts with
compound 1. The ligand binding pocket polar residues Gln265 (grey) and Arg346
(grey) are also depicted.
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Figure 1. Chemical structures of T0901317 (1) and 25-hydroxycholesterol (2).
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the interaction of Glu483 on helix 12 with the conserved LXXLL
‘charge-clamp’ motif in co-activator proteins.19 This structural
observation was concordant with the RORc LBD and steroid recep-
tor co-activator-1 (SRC1) recruitment biochemical assay results in
which 2 behaved as an agonist; whereas, 1 was an inverse
agonist.15,18

Within the ligand binding pocket of the RORc co-crystal struc-
ture, the hexafluoro-2-isopropanol moiety of 1 could fit in two
equal but opposite orientations of the 2Fo�Fc electron density
map (Fig. S1b, Supplementary data). In both orientations of the
hexafluoroisopropanol moiety, there were no notable hydrogen
bonds (<3.2 Å) from the hydroxyl group to the protein or crystallo-
graphic water molecules. This observation was in stark contrast to
the co-crystal structures of 1 with the LBDs of human LXRa [PDB:
1UHL]21 and LXRb [PDB: 1UPV],22 where the hexafluoroisopropa-
nol hydroxyl group made a strong hydrogen bond interaction with
a histidine residue in LXRa (His421, 2.4 Å) and LXRb (His435,
2.5 Å), resulting in stabilization of helices 11-12, recruitment of
the co-activator, and receptor agonist activity.23 The lack of a
hydrogen bond interaction between 1 and His458 in RORc may ex-
plain why this ligand behaved as an inverse agonist of RORc.

In addition to the lack of ligand hydrogen bonding in the RORc
co-crystal structure, 1 was also rotated �30� in the binding pocket
relative to its orientation in the LXR co-structures (Fig. 2a). The res-
idue difference that potentially enforced the �30� rotation of 1 was
the presence of Leu303 in RORc, which was a smaller alanine res-
idue in LXRa (Ala261) and LXRb (Ala275). The planar rotation of
Leu303
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His458

Figure 2a. A 2.9 Å resolution co-crystal structure of compound 1 (yellow) in
complex with RORc (grey) and a 2.9 Å resolution co-crystal structure of compound
1 (green) in complex with LXRa (magenta) [PDB: 1UHL]. All atoms of the LBD for
each receptor have been overlaid. His435 (grey) in RORc does not make a notable
hydrogen bond interactions (<3.2 Å) with 1 (yellow); whereas, 1 (green) does make
a strong hydrogen bond (2.4 Å) with His421 (magenta) in LXRa. Hydrogen bonds
are shown as dashed lines (black). The Leu303 (grey) side-chain in RORc is a smaller
Ala261 (magenta) in LXRa and the residue difference potentially gives rise to
different rotations of the ligand in the respective receptors.
the ligand, along with other residue differences in the receptors,
gave rise to a unique binding orientation of 1 in RORc relative to
that observed in co-structures of 1 with LXRa, LXRb, and PXR
[PDB: 2O9I].24 As a result of the unique binding orientation of 1
in RORc, the phenyl-sulfonamide group of 1 was allowed to access
a parallel-displaced p–p stacking interaction with Phe367
(3.3–3.6 Å).25 The p–p stacking interaction of 1 and Phe367 was
further enhanced by the edge-to-face p–p stacking interaction of
Phe367 with neighboring Phe357 (3.9–4.0 Å) (Fig. 2b). The afore-
mentioned receptor-ligand p–p stacking interaction was not
observed in the LXR and PXR co-structures with 1. We predicted
that compounds capable of forming receptor-ligand p–p stacking
interactions with Phe367 in RORc could exhibit increased RORc
potency and selectivity.26 In order to test this hypothesis, we de-
signed and synthesized aryl-sulfonamide analogs of 1, allowing
exploration of their structure–activity relationships.

We evaluated analogs of 1 in two biochemical assays.27 A radi-
oligand competition binding assay provided information on the
binding affinity of a compound for the RORc LBD by displacement
of a tritiated 25-hydroxycholesterol radioligand from the RORc
ligand binding pocket. A co-activator peptide binding assay moni-
tored the ability of the RORc LBD to bind to a co-activator peptide
derived from SRC1. Disrupting the recruitment of the SRC1 co-
activator peptide is indicative of compounds that display inverse
agonist activity with RORc.

In addition to optimizing the complementarity of the ligand to
the RORc binding pocket, we paid close attention to the calculated
logP value (c logP <5 was preferred) of potential analogs, as our
starting molecule (1) was fairly lipophilic (c logP = 4.5).28 Our goal
was to explore the SAR of T0901317 analogs against RORc while
maintaining favorable physiochemical properties to favor drug-like
pharmaceutical properties.29,30 Thus, we initiated our exploration
of the phenyl-sulfonamide moiety via a Hansch analysis with a ni-
trile substituent (Table 1, compounds 3–5, c logP = 4.4–4.2, respec-
tively).31 It was clear from the Hansch analysis that the para-nitrile
substituent (5) was preferred and provided a slight improvement
in the ligand-lipophilicity efficiency (LLE)32 value versus 1, while
it maintained similar potency values in the RORc binding and
SRC1 recruitment assays. In an effort to probe the effects of various
para-substituents, we synthesized and tested a set of analogs with



Table 2
Structure–activity relationships of the N-alkyl analogs

N
S

R

O OF3C

OH
F3C

Compd R-group RORc
IC50

a (lM)
RORc LLEb RORc SRC1

EC50
c (lM) [%eff.]

12 (CH2)2OH 4 2.3 1 [�80%]
13 (CH2)2OMe 3 1.8 >10
14 (CH2)2SO2Me >10 — >10
15 (CH2)2NHCOMe >10 — >10
16 (CH2)2CO2H >10 — >10
17 Et 0.245 2.3 0.190 [�97%]
18 (CH2)2CF3 0.519 1.4 4 [�70%]
19 Bn 0.467 1.0 8 [�64%]
20 H >10 — ND

See the Supplementary data for experimental details associated with each assess-
ment. All assay results are reported as the arithmetic mean of at least two separate
runs. ND = not determined.

a Inhibition of the RORc LBD and [3H2]-25-hydroxycholesterol interaction.
b Ligand-lipophilicity efficiency (LLE) was calculated using the RORc biochemical

IC50 value and calculated logP.32

c 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.

Table 1
Structure–activity relationships of the sulfonamide analogs

N
S
R

O O

F3C

F3C

OH
F3C

Compd R-group RORc
IC50

a (lM)
RORc LLEb RORc SRC1

EC50
c

(lM) [%eff.]

1 Ph 0.060 2.7 0.054 [�99%]
3 (2-CN)Ph 0.520 1.9 0.920 [�91%]
4 (3-CN)Ph 0.190 2.4 0.100 [�93%]
5 (4-CN)Ph 0.050 3.1 0.061 [�96%]
6 (4-Me)Ph 0.051 2.3 0.020 [�100%]
7 (4-F)Ph 0.034 2.8 0.019 [�99%]
8 3-Pyridyl 0.748 2.7 1 [�88%]
9 5-(2-N-Me)pyrazole 4 2.1 ND

10 c-Pr 5 1.9 ND
11 Bn 0.520 2.1 >2 [�22%]

See the Supplementary data for experimental details associated with each assess-
ment. All assay results are reported as the arithmetic mean of at least two separate
runs. ND = not determined.

a Inhibition of the RORc LBD and [3H2]-25-hydroxycholesterol interaction.
b Ligand-lipophilicity efficiency (LLE) was calculated using the RORc biochemical

IC50 value and calculated logP.32

c 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.
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different rp values (Table 1, compounds 6 and 7).33,34 The (para-
fluorophenyl)-sulfonamide moiety (7) provided an appropriate
balance between RORc binding potency, LLE, and potent full in-
verse agonism in the SRC1 peptide binding assay. Exploration of
aromatic heterocyclic-sulfonamide analogs did not provide any
potency improvements (Table 1, compounds 8 and 9). The lack of
potency from the cyclopropyl-sulfonamide analog demonstrated
that the partial sp2 character present in the cyclopropane ring
was not sufficient to engage the aforementioned p–p stacking
interaction with the Phe367 residue in the RORc ligand binding site
(Table 1, compound 10).35 Extending the aromatic moiety by one
atom to generate a benzylic-sulfonamide analog resulted in a loss
of binding affinity, presumably due to a disruption of the p–p
stacking interaction with the receptor (Table 1, compound 11).

As discussed above, the phenyl-sulfonamide group on 1 ac-
cessed a unique p–p stacking interaction in the RORc co-crystal
structure that was not observed in the co–structures of 1 with
LXR and PXR. As a result of the phenyl-sulfonamide moiety adopt-
ing a unique orientation, the N-2,2,2-trifluoroethyl group also ac-
cessed a different vector than those previously observed in LXR
or PXR. The N-trifluoroethyl group resided in a region of the RORc
ligand binding pocket rich in lipophilic residues, and it made sev-
eral lipophilic interactions36 (3.3–3.4 Å) with Leu303, Val340, and
Met344 (Fig. 2b). We were intrigued that in the same region of
the RORc ligand binding pocket, the 3b-OH of 25-hydroxycholes-
terol (2) formed a direct hydrogen bond with Gln265 (3.1 Å) and
interacted with Arg346 via a water-mediated hydrogen bond
(2.8 Å) [PDB: 3L0L]. Thus, we initiated an exploration of various
N-alkyl analogs of 1 to probe the potential engagement of the
Gln265 or Arg346 residues in the RORc ligand binding pocket.

Exploration of N-alkyl analogs of 1 commenced with the syn-
thesis of an ethyl-alcohol analog (Table 2, compound 12). The
hydroxyl group on 12 was poorly tolerated and resulted in a signif-
icant loss in potency. Computational modeling studies with this
analog suggest that the lipophilic region surrounding the N-trifluo-
roethyl group in the co-crystal structure of 1 and RORc may not tol-
erate polar functionality. We hypothesized that if the ethyl-alcohol
could not directly interact with the Gln265, it may be able to indi-
rectly interact with the Gln265 or Arg346 via a water-mediated
hydrogen bond network. We made additional attempts to directly
engage those RORc binding pocket polar residues, or indirectly
interact with them via water-mediated hydrogen bonding. Several
analogs containing a range of N-alkyl polar side chains were syn-
thesized, and these analogs were also poorly tolerated in the RORc
biochemical assays (Table 2, compounds 13–16). After exploring
polar substitution, we focused our attention on lipophilic N-alkyl
substituents. The N-ethyl analog was synthesized to explore the
influence of the 2,2,2-trifluoroethyl substituent on potency and
also potentially improve the LLE value (Table 2, compound 17).
As it turned out, the potency values of compound 17 in the binding
assay and the SRC1 recruitment assay were approximately fourfold
less than the parent molecule (1) and 17 provided no improvement
in LLE. The N-3,3,3-trifluoropropyl and N-benzyl analogs were syn-
thesized to explore the role of larger lipophilic groups in the RORc
binding pocket (Table 2, compounds 18 and 19). Both analogs had
similar RORc biochemical potency, but they were inferior to the
potency of 1. Additionally, replacement of the N-alkyl group with
a hydrogen resulted in an inactive molecule (Table 2, compound
20), and thus confirmed the importance of the N-2,2,2-trifluoro-
ethyl group in maintaining RORc binding affinity.

The hexafluoro-2-isopropanol moiety of 1 binds near the inter-
face of helix 11 and helix 3 in the RORc co-crystal structure. As
mentioned above, the alcohol on the hexafluoroisopropanol group
did not make any notable hydrogen bonds to the adjacent protein
residues or to the crystallographic water molecules. To investigate
the importance of the alcohol functionality, we synthesized the
hexafluoroisopropanol O-methyl ether. It lost considerable binding
and functional potency in the RORc biochemical assays (Table 3,
compound 21). Computational docking studies initially suggested
that there could be space to accommodate the hexafluoroisopropa-
nol O-methyl ether, given the distribution of the 2Fo–Fc electron
density map in the hexafluoroisopropanol containing region of
the ligand (1) co-crystal structure with RORc. The decrease in RORc
biochemical activity for compound 21 also suggested that there
may have been an interaction with the alcohol that was not appar-
ent in the 2.9 Å resolution co-crystal structure of 1 and RORc. To



Table 3
Structure–activity relationships of the hexafluoro-2-isopropanol group

R

N
S

O O

F3C

Compd R-group RORc
IC50

a (lM)
RORc LLEb RORc SRC1

EC50
c (lM) [%eff.]

21 C(CF3)2OMe 0.900 0.6 9 [�45%]
22 CH2OH >10 — >10
23 CO2H >10 — >10
24 CONH2 >10 — >10
25 SO2NH2 9 2.7 >10

See the Supplementary data for experimental details associated with each assess-
ment. All assay results are reported as the arithmetic mean of at least two separate
runs.

a Inhibition of the RORc LBD and [3H2]-25-hydroxycholesterol interaction.
b Ligand-lipophilicity efficiency (LLE) was calculated using the RORc biochemical

IC50 value and calculated logP.32

c 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.
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probe the importance of various ligand hydrogen bond donors in
that region of the ligand binding pocket, we synthesized analogs
containing a benzylic alcohol, a carboxylic acid, a primary amide,
and a primary sulfonamide (Table 3, compounds 22–25, respec-
tively). All of these analogs had negligible activity in both RORc
biochemical assays. These results suggested that the loss of po-
tency observed with compound 21 was probably due to a steric
requirement of the RORc binding pocket that did not favor the O-
methyl ether moiety.

In an attempt to explore alternative binding modes of the li-
gand, we explored several core change analogs of 1 (Table 4).
Two isomers of the N-ethyl analog were examined as comparisons
to the parent N-ethyl sulfonamide compound 17. Cyclization of the
N-ethyl group onto the core phenyl ring to generate an indoline
N--benzene-sulfonamide analog was less potent than the parent
compound (Table 4, compound 26). Movement of the N-ethyl-N-
phenylsulfonamide group to the meta-position of the core phenyl
ring also resulted in loss of potency in the RORc binding assay
and a several-fold loss of potency in the SRC1 co-activator recruit-
ment assay (Table 4, compound 27). In a comparison of functional
groups, the sulfonamide moiety of 1 was converted into an amide,
resulting in a large potency decrease (Table 4, compound 28). This
large drop in potency was somewhat anticipated given the major
differences in the conformational preferences of sulfonamides
and amides.37 Removal of the N-2,2,2-trifluoroethyl group on 28
resulted in a further loss of potency (Table 4, compound 29), sim-
ilar to that observed in the previous comparison of compounds 1
and 20.

During the course of our SAR studies, we synthesized several of
the published ROR modulators as control compounds—including
SR1078.38 We found that SR1078 lacked detectable binding po-
tency in our radiometric assay and lacked activity in our SRC1
co-activator recruitment assay (Table 4, compound 30). A similar
observation was recently described by a team at GlaxoSmithKline
using an analogous co-activator recruitment assay.20 The related
sulfonamide analog, SR1001,39 also displayed limited potency in
our RORc biochemical assays (Table 4, compound 31).

We also profiled the potent inverse agonist compounds identi-
fied with the SRC1 co-activator recruitment assay in a series of
HEK293-Gal4 construct ROR cellular assays. Three known isoforms
of ROR (RORc, RORb, and RORa) were profiled under cellular recep-
tor antagonist conditions by which we monitored the suppression
of their basal transcriptional activity. In order to assess the NR
cellular selectivity of the potent inverse agonists, these compounds
were also subjected to a panel of LXR, PXR, and FXR HEK293-Gal4
construct cell assays and we monitored the activation/agonism
of their basal transcriptional activity to determine if there were
any improvements in selectivity versus compound 1. Ultimately,
the most potent and selective compounds identified in the ROR
and NR cell assay panels were progressed into a cytokine assay
that monitored their ability to inhibit IL-17 production in an
isolated human peripheral blood mononuclear cell (PBMC) frac-
tion. We also used interferon gamma (INFc) and CellTiter-Glo�

(CTG) cell culture assays as positive controls to monitor for activity
against non-TH17 cell cytokines and aberrant cytotoxicity,
respectively.27

A key weakness in using 1 to assess the effect of RORc inhibition
in cellular or in vivo studies is its lack of selectivity for RORc over
other NRs. In particular, while compound 1 was a 463 nM inhibit-
ior in the RORc Gal4 cellular assay, it was only approximately ten-
fold selective against the other ROR family members (Table 5).
Further, compound 1 was a weak FXR agonist (EC50 = 1 lM) but
was a potent LXRa and LXRb agonist, with 373 and 156 nM EC50

values, respectively, and 643- and 284-fold activation of these
receptors, respectively.

Several of our compounds showed improvements in these re-
spects as they possess increased potency and selectivity relative
to compound 1. For instance, compound 5 demonstrated increased
inverse agonism of RORc (EC50 = 192 nM) and better selectivity
over the other ROR family members. Compound 5 also elicited a
weaker agonist response in FXR, LXRb, and PXR, with no detectable
LXRa agonist activity (Table 5). Compound 17 was a modest inhib-
itor of the SRC1 co-activator assay and this potency, in turn, trans-
lated into modest inhibition of the RORc Gal4 cellular assay
(EC50 = 593 nM). Compound 17 also displayed limited agonist
activity in the FXR and LXRa cell assays, and comparable levels
of LXRb and PXR agonist activity to that noted with compound 1.
Compound 7 displayed potent inhibition in the RORc Gal4 cellular
assay (EC50 = 89 nM) and was also >60-fold selective over the other
ROR family members. Compound 7 also provided less potent and
lower-fold agonist activity in the FXR and LXR cellular assays than
that observed with compound 1. Compound 7 retained the same-
fold activation of the PXR receptor as seen with compound 1, but
was fivefold less potent.

The improved selectivity profiles noted with compounds 5 and
7 were potentially due to the successful application of structure-
based design principals. Both of these compounds were designed
to have an improved receptor-ligand p–p stacking interaction with
the RORc Phe367 ligand binding pocket residue. As noted earlier,
this p–p stacking interaction was not observed in co-structures
of 1 with LXR and PXR. Thus, providing this interaction between
compounds and RORc was not expected to facilitate interactions
with LXR and PXR and, in turn, increased the selectivity window
for RORc.

Compounds 1, 5, and 7 were progressed into human primary
cell cytokine production assays to assess their abilities to inhibit
production of the pro-inflammatory cytokine, IL-17.40 Compound
1 displayed modest inhibition of IL-17 (EC50 = 3 lM), while com-
pound 5 was threefold more potent (EC50 = 1 lM). The differences
in IL-17 inhibition values between the two compounds exhibited
roughly the same difference in potency observed in the RORc
Gal4 cellular assay for the two compounds, providing confidence
that our early-stage assays were accurately rank-ordering com-
pounds. It was also noteworthy that neither compound showed
any activity in the INFc or CTG assays, demonstrating that the com-
pounds were not indiscriminately suppressing cytokine produc-
tion, nor were they grossly cytotoxic. Compound 7 was the most
potent inhibitor of IL-17 expression (EC50 = 132 nM), with no
detectable inhibition in the INFc and CTG assays (Table 6).



Table 4
Structure–activity relationships of the core change analogs

R
F3C

OH

F3C

Compd R-group RORc
IC50

a (lM)
RORc LLEb RORc SRC1

EC50
c (lM) [%eff.]

26 N S
O O

0.883 2.2 5 [�76%]

27 N
S

O O
0.329 2.2 0.900 [�94%]

28 N

O

F3C

2 2.1 4 [�79%]

29 N
H

O

>10 — >10

30 N
H

O

CF3

>10 — >10

31 N
H
S

O O

N

S
NH

O

2 4.0 0.911 [�88%]

See the Supplementary data for experimental details associated with each assessment. All assay results are reported as the arithmetic mean of at least two separate runs.
a Inhibition of the RORc LBD and [3H2]-25-hydroxycholesterol interaction.
b Ligand-lipophilicity efficiency (LLE) was calculated using the RORc biochemical IC50 value and calculated logP.32

c 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.

Table 5
Potency and selectivity profiles in Gal4 human NR transcription reporter assaysa

Compd RORc
EC50 (lM)

RORb
EC50 (lM)

RORa
EC50 (lM)

FXR
EC50

b (lM) [act.]
LXRa
EC50

b (lM) [act.]
LXRb
EC50

b (lM) [act.]
PXR
EC50

b (lM) [act.]

1 0.463 6 5 1 [77] 0.373 [643] 0.156 [284] 0.036 [22]
5 0.192 5 7 3 [46] >10 0.902 [199] 0.571 [27]
7 0.089 6 6 1 [64] 0.719 [303] 0.385 [237] 0.194 [30]

17 0.593 4 5 9 [22] 3 [349] 0.246 [74] 0.039 [24]

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

consistent with inverse agonist activity of ligands with these the receptor. The FXR, LXR, and PXR cellular assays monitored the activation of the basal transcriptional
activities, an outcome consistent with agonist activity of the receptor.

b The maximum-fold activation [act.] was the fold increase of the compound’s agonist activity relative to the apo-receptor.
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Syntheses of the analogs discussed above are described
in Scheme S1 (Supplementary data). The route toward the
aryl-sulfonamide analogs commenced with sulfonylation of
the commercially available 4-substituted aniline scaffolds under
the conditions described by Li et al. (Scheme S1, intermediates
33a–k and compounds 20 and 31).41 The secondary aniline was
then alkylated with either an alkyl-halide or alkyl-triflate, in the
presence of potassium carbonate and refluxing acetonitrile, to pro-
duce various N-alkyl analogs (Scheme S1, compounds 1, 3–13, 17,
19).42 The N-ethyl(methylsulfone) analog 14 required a modified
approach in which compound 20 was treated with 2-chloroethyl-
methylsulfide and potassium carbonate in warm DMF, followed
by oxidation with m-CPBA in DCM. Compound 1 was further
transformed into the O-methyl ether analog under basic alkylation
conditions (Scheme S1, compound 21). The 4-carboxamide and 4-
carboxylic acid core analogs were synthesized from the
corresponding nitrile and ester intermediates, respectively
(Scheme S1, intermediates 34 and 35). Hydrolysis of the nitrile
intermediate, under basic peroxide conditions,43 produced the pri-
mary amide analog, and saponification of the ester intermediate
revealed the carboxylic acid analog (Scheme S1, compounds 23
and 24, respectively).

We also generated analogs using an alternative synthetic se-
quence in which the aniline nitrogen was first alkylated under ba-
sic conditions or reductive amination conditions.44 Subsequent
sulfonylation or acylation of the secondary aniline intermediates



Table 6
Potency in human IL-17 and INFc production assaysa

Compd IL-17 PBMC
EC50 (lM)

IL-17 PBMC
%max.
inhibition

IFNc
EC50 (lM)

CTG
EC50 (lM)

1 3 81 >20 >20
5 1 74 >20 >20
7 0.132 83 >20 >20

See the Supplementary data for experimental details associated with each assess-
ment. All assay results are reported as the arithmetic mean of at least two separate
runs.

a All assays were conducted using peripheral blood mononuclear cells (PBMCs)
isolated from human whole blood. Interferon gamma (INFc) and CellTiter-Glo�

(CTG) cell culture assays were used as positive controls to monitor for non-TH17 cell
cytokine activity and adverse off-target effects on cell physiology, respectively.
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provided the final compounds (Scheme S1, compounds 15, 18, 25,
and 28). Compound 16 was made using a similar reaction sequence
in which the N-alkyl ester group was carried through the synthesis
and saponified in the final step to reveal the carboxylic acid group.
Compounds 29 and 30 were made via the direct acylation of 2-(4-
aminophenyl)-1,1,1,3,3,3-hexafluoropropan-2-ol (32a). Compound
27 was generated from intermediate 41 under basic alkylation
conditions (Scheme S2, Supplementary data).41 Compound 2224

and compound 2641 were synthesized according to literature
procedures.

In summary, the structure activity relationships of T0901317 (1)
analogs were successfully explored to generate improved RORc in-
verse agonists using structure-based drug design principles. An
X-ray co-crystal structure of 1 and the RORc LBD facilitated the
structure-based drug design efforts. The resulting compounds have
improved RORc biochemical activity, cellular activity, and inhibit IL-
17 production in primary human cells. These inhibitors also possess
enhanced selectivity profiles against other NRs that can be rational-
ized using X-ray crystallographic data. This coordinated effort led to
the generation of RORc inverse agonists with suitable biochemical
and cellular properties, and will allow investigation of the role of
RORc in autoimmune diseases and other biological roles.
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