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Abstract
The structure-activity relationship study of a diphenylpropanamide series of RORγ selective
modulators is reported. Compounds were screened using chimeric receptor Gal4 DNA-binding
domain (DBD)-NR ligand binding domain cotransfection assay in a two-step format. Three
different regions of the scaffold were modified to assess the effects on repression of RORγ
transcriptional activity and potency. The lead compound 1 exhibits modest mouse
pharmacokinetics and an acceptable in vitro profile which makes it a suitable in vivo probe to
interrogate the functions of RORγ in animal models of disease.

Nuclear hormone receptors (NR) are a highly conserved group of transcription factors that
regulate a range of metabolic, endocrine and immunologic disorders including cancer,
inflammation, diabetes and atherosclerosis. Members of the nuclear receptor (NR)
superfamily are characterized by a highly conserved DNA binding domain and a ligand
binding domain.1 48 NRs have been identified in humans and are comprised of classic
steroid receptors, RXR heterodimer receptors and xenobiotic receptors. Approximately half
of the human NRs are characterized as ligand activated transcription factors regulating the
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expression of target genes, whereas a large number of these receptors are still classified as
orphan due to lack of a characterized natural ligand.2 Retinoic acid receptor-like orphan
receptors α and γ (RORs) are examples of such orphan nuclear receptors that play critical
roles in immunity, cellular metabolism and circadian rhythms.3

The retinoic receptor-related orphan receptor γ (RORγ) and its isoform RORγt play a
critical role in differentiation of Th17 cells and secretion of inflammatory cytokines such as
Interleukin 17 (IL-17).4 Th17 cells have been identified as key mediators for immune
responses of a wide variety of autoimmune diseases such as multiple sclerosis (MS),
Crohn’s disease, and rheumatoid arthritis (RA). While cholesterol and cholesterol sulfate
have been put forward as the natural ligands for RORα, the endogenous ligands for RORγ
still remain debatable.5 We have shown that various oxysterols that bind to RORα also bind
to RORγ and regulate their activity.6 We have also demonstrated that synthetic LXR agonist
T0901317 also binds and modulates RORα and γ.7 Recently we were able to identify
SR-33358a (synthetic RORα-selective inverse agonist), SR-10018b (dual RORα, γ synthetic
inverse agonist), SR-10788c (dual RORα, γ synthetic agonist) and SR-22118d (RORγ
selective modulator). Natural products such as digoxin and ursolic acid have also been
shown to inhibit Th17 cell differentiation, but their potential as candidates for further
development is rather limited due to narrow therapeutic index and selectivity issues over
other receptors such as glucocorticoid receptors.9 While corticosteroids are highly
efficacious in managing autoimmune disorders, they also induce some serious side effects
such as osteoporosis, retinopathy and diabetes. In light of these facts, development of new
RORγ selective modulators that specifically control IL-17 expression and Th17 cell
differentiation will provide drug-like molecules with improved therapeutic profiles. Herein,
we present our SAR efforts to characterize SR- 9805/1 (Fig 1) and its analogs as potent
RORγ selective modulators.10

Based on the lead compound 1 four regions of this scaffold were modified in a step-wise
fashion in order to investigate the effects of substituents X, Y, Z, and R on the activity of
these compounds. Compounds represented by general structure 6 were synthesized via a
two-step protocol starting from commercially available starting materials (Scheme 1). 3,5-
dimethoxyphenol 3 was treated with various electron rich cinnamic acids 4 in the presence
of trifluoroacetic acid (TFA) as a solvent to furnish dihydrocoumarins 5. Compound 5 was
subjected to ring opening using various amines to yield the final compounds 6.11

Compounds were screened using chimeric receptor Gal4 DNA-binding domain (DBD)-NR
ligand binding domain cotransfection assay in a two-step format. To determine the effect on
the RORγ transcriptional activity, HEK293T cells were cotransfected with Gal4-RORγ
along with a UAS-luciferase plasmid. The cells were treated for 20 hr with the compound
and relative change was determined by normalizing to cells treated with vehicle.
Compounds were first screened at two concentrations (1 µM and 10 µM) to determine the
effect on repression of RORγ transcriptional activity and the maximum repression at 10 µM
is reported (Table 1–3). A high % repression indicates that the compound is more
efficacious at repressing transcription. Compounds that showed more than 50% repression at
1 µM were then fully titrated in a ten-point dose response format to generate IC50 values. As
shown in Fig 2A, SR-9805 shows an IC50 of 76 nM on RORγ transcriptional activity.
SR-9805 also did not show any activity on related nuclear hormone receptors RORα,
LXRα, and FXR (data not shown). These compounds were further evaluated using a
competition assay to determine if they can directly bind to RORγ.12 As shown in Fig 2B
increasing concentrations of SR-9805 were incubated with 5nM of [3H]-T0903017 and 1 µg
of GST-RORγ along with Glutathione-YSi beads to determine IC50 as detailed in the
methods.12
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We started the SAR studies by modifying the amide functionality in the lead compound 1
(Substituent R2, Table 1). Compound 1 shows 95% repression of RORγ transcriptional
activity at 10 µM with an IC50 of 76 nM in a GAL4 assay and an IC50 of 57 nM in a binding
assay. Several five and six membered ring amides were synthesized, however none of them
exhibited any improvement with regards to efficacy (Table 1). For example, analogs with a
hydroxy substituent on the six member ring (6c, d, i) showed poor repression of RORγ
transcriptional activity at 10 µM.

Compounds 6 f and 6 j exhibited modest repression but with micromolar potency. The high
repression of RORγ transcriptional activity and nanomolar potency (114 nM) of compound
6p (Table 1) further validates the importance of the 3,5-dimethyl piperidine functionality in
this scaffold. As far as the substituent R1 is concerned, modifying 3,4-
(methylenedioxy)phenyl to 4-methoxy phenyl (1 vs 6p) did not have a dramatic effect on the
efficacy or potency of these compounds. Modifying substituent R2 from 3,5-
dimethylpiperidine(6p) to benzylamine (6k), morpholine (6l), piperidine (6m),
cyclopentylamine (6n) or pyrrolidine (6o), resulted in loss of activity. In fact as long as the
substituent R2 was 3,5-dimethyl piperidine the compounds maintained nanomolar potency
(1 vs 6p, Table 1 & 8, Table 3).

Efforts were then focused on modifications to the phenol ring bearing the substituent R3
(Table 2). The compounds shown are only a subset of those actually synthesized, however
they are representative of the group. Disubstituted analogs such as 4-Et (7b), 4-OEt (7c), 3-
Me (7e), 4-Me (7f) had modest effect on the % repression as well as the potency. Bulky
substituents such as 2-naphthyl (7h), 4-OPr (7d) or 3-OPh (7g) were also well tolerated.
While these substitutions provided compounds which showed maximum transcriptional
repression at 10 µM, IC50’s were significantly right-shifted compared to 1. The nature of this
effect is unclear, but is also fairly robust. Hence, we conclude that modifications to this ring
are not well tolerated.

Modification of substituent R4 also presented a very flat SAR (Table 3). Modifying the
substituent from 3,4-(methylenedioxy)phenyl to 4-OMe (6p) or 2-OMe (8) reduced the
potency by 1.5 and 3.5 fold respectively in a GAL4 assay while still maintaining a high
percentage repression of RORγ transcriptional activity. RORγ binding was also very good.
The R4-substituent also has to be something other than hydrogen (9) which leads to loss of
activity.

In order to study the effect of amide functionality and the location of 3,5-dimethoxy phenyl
ring system with respect to the amide carbonyl, we synthesized analogs 10, 11, and 19
(Scheme 2).

Compound 10 was synthesized via a two-step protocol which involved coupling of 2-
hydroxy-6-methoxybenzaldehyde 12 and p-tolylacetic acid 13 in the presence of DCC to
afford coumarin 14.13 Compound 14 was hydrogenated followed by treatment with 3,5-
dimethyl piperidine to afford compound 10. Synthesis of compound 11 also involved a two-
step sequence starting with a three component reaction.14 Treatment of a mixture of 2-
naphthol, p-tolualdehyde and urea along with TMSCl/NaI as a promoter resulted in the
naphthoxazinone 18. Compound 18 was treated with 3,5-dimethyl piperidine to afford
compound 11. Compound 19 (synthesis not shown) was made as described in Scheme 1.

It was observed that modifying the amide in compound 1 to an urea functionality (11, Table
3) resulted in complete loss of activity. As shown in table 3, the high percentage (96%)
repression of RORγ transcriptional activity shown by compound 19 was completely lost
upon its modification to the urea 11. Changing the location of the 3,5-dimethoxy phenyl ring
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system from the β position to the α position of the amide carbonyl (10, Table 3) also
resulted in complete loss of activity.

Overall, the scaffold represented by compound 1 provides a very limited area for
modification without having any detrimental effect on potency and % repression of RORγ
activity.

The in vivo properties of few RORγ selective modulators were examined (Table 4)15.
Compound 1 shows low to modest solubility at pH 5 and 7.4. Brain penetration of these
compounds was also measured since RORγ is highly expressed in the central nervous
system (CNS). Mice were given a 10 mg/kg IP dose of drug, and plasma and brain levels of
drug were determined 6h later. The lead compound 1 exhibited limited exposure in plasma,
although CNS penetration was good. Compound 1 also exhibited high % inhibition of
cytochrome 2C9 and 3A4.

The SAR on the RORγ selective scaffold (Fig 1) presented herein is very tight. Small
modifications to its structure result in total loss of potency. Having the 3,5-dimethyl
piperidine as the amine fragment in the amide moiety is pertinent to the efficacy and potency
of these compounds. A wide variety of electron-donating substituents are tolerated on ring A
(Fig 1) without affecting the % repression of RORγ transcriptional activity. Ring B is likely
most tolerant to substitution. We also observed that modifying the amide in compound 1 to
an urea functionality (11, Table 3) or changing the location of the 3,5-dimethoxy phenyl ring
system from the β position to the α position of the amide carbonyl (10, Table 3) resulted in
complete loss of activity. In summary, this RORγ selective scaffold provides a starting point
for development of new probes to interrogate the functions of RORγ in animal models of
disease. Further work focused on the improvement of efficacy, potency and in vivo profile
of these compounds is underway and will be reported in due course.
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Figure 1.
SR-9805 (1) and analogs as ROR-γ modulators
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Figure 2.
Demonstration of transcriptional repression and binding of compound 1 to RORγ.
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Scheme 1.
Reagents and conditions: a. TFA, µW, 30 min, 120 °C; b. R1R2NH, THF, 60 °C, 2h.
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Scheme 2.
Reagents and Conditions: a. DCC, DMF, µW, 30 min, 120 °C; b. (1) H2, Pd-C, 48h, (2)
3,5-Dimethylpiperidine, THF, 40 °C. (c) NaI, TMSCl, DMF, 140 °C; (d) 3,5-
Dimethylpiperidine, THF, 40 °C
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Table 1

Effect of Substituent R1 and R2 on RORγ modulation

Compound R1 R2 Binding Assay
IC50(nM)a

%Repression
@10 µM

(GAL4 Assay Ic50)a

1 57 95(76nM)

6a NTb 17

6b NTb 11

6C NTb 4

6d
NTb 0

6e NTb 1

6f NTb 68(>1 µM)

6g NTb 57

6h NTb 23

6i NTb 8

6j NTb 83(>1 µM)

6k NA NTc

6l NA NTc

6m NA NTc

6n NA NTc

6o NA NTc

Bioorg Med Chem Lett. Author manuscript; available in PMC 2014 January 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Khan et al. Page 11

Compound R1 R2 Binding Assay
IC50(nM)a

%Repression
@10 µM

(GAL4 Assay Ic50)a

6p 96 95 (114 nM)

a
Results are average of at least three replicates. Value = fold change relative to DMSO control at 10 µM compound

b
NT = not tested; These compounds were tested at 10 µM and 1 µM in the GAL4 Assay and only the compounds which showed more than 50%

repression of ROR-γ transcriptional activity at l µM were run in the binding assay.

c
For these compounds the binding assay was run prior to the GAL4 assay and if the compounds did not show any binding, no GAL4 cell based

assay was performed for these compounds (NA= No Activity). All standard deviations ≤ 20%.

Bioorg Med Chem Lett. Author manuscript; available in PMC 2014 January 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Khan et al. Page 12

Table 2

Effect of Substituent R3 on RORγ modulation

Compound R3 Binding Assay
IC50(nM)

%Repression
@10 µM

(GAL4 Assay IC50)a

1 3,5-diOMe 57 95 (76 nM)

7a 3,4-diOMe NTb 22

7b 4-Et NTb 95(>1 µM)

7c 4-OEt NTb 95(>1 µM)

7d 4-OPr NTb 96(>1 µM)

7e 3-Me NTb 96(>1 µM)

7f 4-Me NTb 95(>1 µM)

7g 3-OPh NTb 96(>1 µM)

7h NTb 93(>1 µM)

a
Results are average of at least three replicates. Value = fold change relative to DMSO control at 10 µM compound;

b
NT = not tested; These compounds were tested at 10 µM and l µM in the GAL4 Assay and only the compounds which showed more than 50%

repression of RORγ transcriptional activity at 1 µM were run in the binding assay. All standard deviations ≤ 20%.
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Table 3

Effect of Substituent R4, on RORγ modulation

Compound R4 Binding Assay
IC50(nM)

%Repression
@10 uM

(GAL4 Assay IC50)a

1 3,4-methylenedioxy 57 95(76nM)

6p 4-OMe 96 95(114nM)

8 2-OMe 106 96 (265nM)

9 H NTb 27

10 See Scheme 2 NTb 0

11 see Scheme 2 NTb 0

19 NTb 96 (> 1 µM)

a
Results are average of at least three replicates. Value = fold change relative to DMSO control at 10 µM compound;

b
NT = not tested; These compounds were tested at 10 µM and l µM in the GAL4 Assay and only the compounds which showed more than 50%

repression of RORγ transcriptional activity at 1 µM were run in the binding assay. All standard deviations ≤ 20%.
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