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Abstract—We have recently reported the discovery of a novel class of glucocorticoid receptor (GR) antagonists, exemplified by 3,
containing a 1,2-dihydroquinoline molecular scaffold. Further SAR studies of these antagonists uncovered chemical modifications
conveying agonist functional activity to this series. These agonists exhibit good GR binding affinity and are selective against other

nuclear hormone receptors.
© 2007 Elsevier Ltd. All rights reserved.

Synthetic glucocorticoids are widely used to treat many
serious inflammatory and autoimmune disorders.! How-
ever, a major drawback in their clinical use is their asso-
ciation with a number of severe and, in some cases,
life-threatening adverse events, such as enhanced bone
resorption and muscle weakening. The discovery of glu-
cocorticoid receptor (GR) agonists that are dissociated,
that is, that exhibit a reduced incidence or a reduced
severity of side effects while maintaining potent anti-
inflammatory activity, is currently an area of intense
research activity within the medicinal chemistry commu-
nity.? There are also additional efforts underway to iden-
tify selective GR antagonists with the expectation that
these may be useful in treating diabetes.>

The progesterone receptor (PR) antagonist Mifepristone
(RU-486) 1 is a known GR antagonist effective at block-
ing gene-transcription mediated by endogenous gluco-
corticoids. The therapeutic utility of Mifepristone has
been demonstrated for the treatment of Cushing’s syn-
drome, diabetes, glaucoma, and depression.* Although
structural similarity between Mifepristone and endoge-
nous glucocorticoids is noticeable, it also shares struc-
tural features with a series of compounds from
Abbott/Ligand, exemplified by 2, that reportedly dem-
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onstrate dissociated GR agonist properties in both cellu-
lar and in vivo systems. In addition, we have recently
disclosed a new class of potent and selective GR ligands,
such as 3, that display antagonistic activity in a cellular
system (Fig. 1).°

Literature precedents indicate that minor structural
modifications of some GR ligands can cause a func-
tional switch from agonist to antagonist activity.’
Therefore, we decided to explore if our GR antagonists
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Figure 1. Steroidal and nonsteroidal nuclear receptor ligands.
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Table 1. Effects of a-methylation at the C-4 position on GR and PR
binding affinity

Compound X R GR* ICso (nM)  PR* ICsy (nM)
12 S=0 H >2000 >2000
13 S H 360 460
14 S Me 116 600
15 o H >2000 >2000
16 o Me 116 480

#Values are means of two experiments.

could also be converted to agonists via minor structural
modifications. In addition, we attempted to improve the
drug-like properties of our GR ligands represented by 3.
A primary concern was that thioether-containing
compounds are likely to be extensively metabolized by
flavin-containing monooxygenase (FMO) and -cyto-
chrome P450 enzymes.® These enzymes typically oxidize
the thioether-containing xenobiotics to sulfoxide and/or
sulfone metabolites, which often display high clearance
in in vivo or in vitro systems. Efficacy was expected to
be concomitantly lost since compound 12, a sulfoxide
analog of one of our antagonists, did not demonstrate
appreciable GR binding affinity when tested at concen-
trations up 2000 nM (Table 1). We thus anticipated that
improving the compounds metabolic stability would be
beneficial for both their pharmacokinetic and pharma-
codynamic profiles. This paper discloses our initial at-
tempts at identifying a novel series of dissociated GR
agonists that are structurally derived from our original
series of GR antagonists exemplified by 3.

For SAR study of the a-position on C4 substituent, we
synthesized various derivatives, starting from compound
4.% Protection of the secondary amine in 4 with a tBoc
group followed by allylic oxidation with selenium diox-
ide yielded aldehyde 6 in good yield. Reactions of 6 with
a variety of Grignard reagents at low temperature affor-
ded the secondary alcohols 7 in modest to good yield.
Further O-alkylation of 7 with allyl iodide, followed
by removal of the tBoc group with trifluoroacetic acid,
provided the desired allyl ether analogs 8, in acceptable
overall yield (Scheme 1).

To study the effects of oxygen substitution, we synthe-
sized several ether analogs starting from compound 6.
The aldehyde 6 was treated with methyl magnesium bro-
mide to afford the secondary alcohol 9 in good yield.
This alcohol was then activated as a mesylate and trea-
ted with various alkoxides to afford the corresponding
ether derivatives. These compounds were eventually
deprotected under standard conditions to generate the
analogs 11 (Scheme 2).

All the compounds were evaluated for binding in a panel
of human nuclear hormone receptors, including GR,

Scheme 1. Reagents and conditions: (a) Boc,O, 1.6 M r-BuLi, THF,
—78°C - 0°C —rt, 6h, 91%; (b) selenium dioxide, 1,4-dioxane,
reflux, 3 h, 94%; (c) Grignard reagent, THF, —78 °C, 30 min, 47-83%;
(d) allyl iodide, 1.0 M sodium bis(trimethylsilyl)amide, DMSO, rt,
10 min, 51-88%; (e) TFA, dichloromethane, rt, 2 h, 60-90%.

PR, estrogen receptor (ER), and mineralo-corticoid
receptor (MR) using a fluorescence polarization compet-
itive binding assay.’

Introduction of a methyl group at the a-position of the
1,2-dihydroquinoline C4 substituent resulted in a sig-
nificant increase in GR binding affinity for both the
thioether- and the ether-containing analogs. For the
thioether analogs, introduction of the methyl group
at the a-position resulted in an approximately threefold
increase in GR binding affinity, whereas more than a
15-fold increase in GR binding affinity was observed
for the ether analogs. Reduction of the size of the het-
eroatom from sulfur to oxygen was not beneficial for
GR binding affinity in the absence of the a-methyl sub-
stitution. However, increasing the size of C4 substitu-
ents in the presence of the o-methyl group restored
GR binding affinity (Table 1). These data suggest that
the size of the substituent at the C4 position is impor-
tant to achieve potent GR binding affinity. This discov-
ery encouraged us to prioritize the ether series for
further exploration over the thioether analogs. We also
felt that moving away from the thioether derivatives
would also alleviate the potential metabolic liability
associated with sulfur oxidation.

We then investigated the replacement of the a-methyl
group in compound 16 with other substituents, and ana-
lyzed the impact of this modification on the resulting
GR binding affinity. Increasing the size of the a-substi-
tuent from methyl (16; ICsy = 116 nM) to ethyl (17,
ICs9 = 355nM) or i-propyl (18; ICso= 710 nM) was
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Scheme 2. Reagents and conditions: (a) MeMgBr ether solution, THF,
0°C, 15 min, 87%; (b) MsCl, TEA, dichloromethane, 0 °C, 1 h, 99%;
(c) primary alcohol, 60% NaH, DMF, 0 °C — rt, 4 h, 30-85%; (d)
TFA, dichloromethane, rt, 2 h, 60-90%.

accompanied with an approximately threefold and
sixfold loss of GR binding affinity, respectively. Com-
pounds featuring a n-propyl (19) or larger substituents
at the a-position lost a significant amount of GR bind-
ing affinity. The n-propyl substituted compound 19
and the phenyl substituted analog 21 were devoid of
either GR or PR binding affinity when tested at concen-
trations up to 2000 nM. These results indicate that the
size of the a-substituent is critical for GR binding affin-
ity. Interestingly, the impact of the size of the a-substit-
uents on PR binding affinity was not as significant as it
was on GR binding affinity (Table 2).

Replacing the allyl group of compound 16 with other al-
kyl groups affected both the GR and the PR binding
affinities. For example, replacing the methyl substituent
in compound 24, with an allyl group, as in compound

Table 2. GR and PR binding affinity with different a-substituents

Compound R GR?* ICsy (nM) PR? IC5y (nM)

15 H >2000 >2000
16 Methyl 116 480
17 Ethyl 355 330
18 i-Propyl 710 950
19 n-Propyl >2000 >2000
20 Allyl >2000 440
21 Phenyl >2000 >2000
22 Benzyl >2000 1200
23 Phenethyl ~ >2000 1000

#Values are means of two experiments.

16, resulted in about a ninefold increase in GR binding
affinity. However, increasing the substituent size further
resulted in a loss of GR binding affinity, as illustrated
with the 2-butenyl, compound 25 (ICsy = 210 nM), the
2-pentenyl compound 27 (ICso=565nM), and the
3-phenylallyl compound 28 (ICsy = 980 nM). Reduction
of the double bond in compound 28 led to a threefold
enhancement in GR binding affinity, while the phenethyl
ether analogs (30-33) displayed GR binding affinities
similar to those of compound 29 (ICsy = 185-400 nM).
Regarding the PR binding affinity, no significant differ-
ence was observed between the methyl cther 24
(ICs5p = 540 nM) and the allyl ether, 16 (IC5y = 480 nM).
Larger oxygen substituents were also characterized by a
significant loss of PR binding affinity. For example,
compounds 29 and 30, featuring a phenylpropyl and
phenethyl substitution, respectively, showed ICsq>
2000 nM. Although an SAR emerged through oxygen
substitution for both GR and PR binding affinity, it
remained relatively flat for the GR binding affinity when

Table 3. GR and PR binding affinity with different O-substituents

Compound R GR? PR?
ICso mM) IG5y (nM)
24 Me 1060 540
16 Allyl 116 480
25 NN 210 1300
26 /\)\ 395 980
27 NI 565 1600
. =
28 /\/\O 980 >2000
29 /\/\© 260 >2000
30 /\/@ 405 >2000
31 /\/Q 290 >2000
o]
32 /\/@\ 275 1900
. cl
cl
33 /\/©/ 185 930
34 A/O 400 >2000

#Values are means of two experiments.
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compared to the trends observed when modifying the a-
substitution. These results suggest that a-substitution
has a more significant impact on GR binding affinity
than the oxygen substitution (Table 3).

Structural variations of the right-hand side phenyl ring
were also examined. We have reported earlier that intro-
duction of fluorine atom at the CS5 position of this phe-
nyl ring resulted in about a twofold increase in GR
binding affinity (compounds 35 and 37) in the thioether
series.® A similar positive effect on GR binding affinity
was also observed in the ether series. Especially in the al-
lyl ether series, introduction of a fluorine atom as R2
produced a significant increase in GR binding affinity
and afforded the most potent GR ligand, compound
38 (ICsyp = 34 nM), in this series (Table 4).

Table 4. Effects of fluorine substitution at R2 on GR and PR binding
affinity

Thioethers Ethers
Compound ~ Series R1 R2 GR? PR*
IC50 (HM) IC50 (HM)

13 Thioether  Allyl H 360 460
35 F 19 1400
36 Thioether Phenethyl H 194 >2000
37 F 84 >2000
16 Ether Allyl H 116 480
38 F 34 451
39 Ether Phenethyl H 404 >2000
40 F 195 1300

#Values are means of two experiments.

The enantiomers of the most potent GR ligand, com-
pound 38, were separated by chiral HPLC,'” and pro-
filed for binding affinities, functional activity, and
in vitro metabolic stability. Compound 42, (+)-isomer,
and the corresponding racemate demonstrated similar
GR binding affinities, whereas compound 41, (—)-iso-
mer, was about threefold less potent. No differences
in selectivity profiles were observed between the race-
mate and either enantiomers. The in vitro metabolic
stability of these compounds was assessed by
measuring their half-lives in a human microsomal
preparation.!! Unfortunately, there was no significant
difference between the ether and thioether series, as
all compounds showed relatively short half-lives
(£20 min). Finally, both enantiomers were evaluated
for functional cellular activity using an IL-1 induced
IL-6 assay in human foreskin fibroblasts.!?> Although
both compounds 41 and 42 inhibited IL-6 production
with ICsy’s of 260 and 170 nM, respectively, the mag-
nitude of their inhibition of IL-6 production at the
highest concentration (2000 nM) was modest. Indeed,
compounds 41 and 42 displayed only 46% and 28%
of dexamethasone’s maximum effect, respectively.
These data indicate that these ligands are partial GR
agonists (Table 5).

In summary, a novel and potent series of GR partial
agonists has been identified by structural modification
of a GR antagonist lead. Structural modifications of
substituents at the C4 and the C6 position impacted
GR and PR binding affinities differently, and led to
the discovery of potent and selective binders. The most
potent GR ligand within the series (38) was resolved to
its (+)-isomer 42. Compound 42 represents a novel,
potent, and selective GR partial agonist. Unfortu-
nately, replacement of the thioether functionality
with an ether substituent did not provide compounds
metabolically more stable in human microsome
preparations.

Table 5. GR, PR, ER, and MR binding affinity of compounds with the best substituents combinations at C4 and C6 position

16: Racemate
41: (-)-isomer
42: (+)-isomer

Compound GR*® ICso (nM) PR* IC5, (nM) MR?* ICsy (nM) ER® ICsy (nM) HLM T/, (min) IL-6 IC5o (nM)
16 34 450 970 >2000 6 Not tested
41 110 620 >2000 >2000 5 260 (46%)°
42 40 170 1100 >2000 6 170 (28%)°
35 190 >2000 >2000 >2000 12 Not active
37 84 >2000 >2000 >2000 17 Not active

#Values are means of two experiments.

®Values are maximum inhibition at 2000 nM percentage to dexamethasone inhibition.
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Enantiomers of compound 38 were separated by following
conditions. Column: Chiralcel OD (25cm x2.5cm ID)
Mobile phase: 0.5% isopropanol in hexanes. Flow: 10 ml/
min. Compound 41: 94.4% ee (chiral HPLC), [o]p —70°
(¢ =0.05, CHCI3, 25 °C). Compound 42: 94.5% ee (chiral
HPLC), [o]p +76° (¢=0.05, CHCl;, 25°C). Absolute
configurations of compounds 41 and 42 have not been
determined.

The assay was performed in 50 mM potassium phosphate
buffer, pH 7.4, and 2.5 mM NADPH. Test samples were
dissolved in acetonitrile for a final assay concentration of
1-10 uM. Human liver microsomes were diluted in assay
buffer to a final assay concentration of 1 mg protein/ml. A
volume of 25 ul compound solution and 50 pl microsome
suspension were added to 825l assay buffer. The
preparation is incubated for 5 min in a 37 °C water bath.
The reaction was started by the addition of 100 pl
NADPH. Volumes of 80 pul were removed from the
incubation mix at 0, 3, 6, 10, 15, 20, 40, and 60 min after
the start of the reaction and added to 160 pl acetonitrile.
The samples were shaken for 20 s and then centrifuged for
3 min at 3000 rpm. A 200 pl volume of the supernatant is
transferred to 0.25mm glass fiber filter plates and
centrifuged for 5 min at 3000 rpm. Injection volumes of
10 ul were typically added to Zorbax SB C8 HPLC
columns with formic acid in water or acetonitrile at a flow
rate of 1.5 ml/min. Percent loss of parent compound was
calculated from the area under each time point to
determine the half-life.

Human foreskin fibroblasts were stimulated with 1 ng/ml
recombinant human IL-1 in the presence of test com-
pound. After 24 h, the degree of GR agonist activity
(transrepression) was determined by measuring IL-6 in the
tissue culture media.
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