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We report on the nuclear receptor binding affinities, cellular activities of transrepression and transactivation,
and anti-inflammatory properties of a quinol-4-one and other A-ring mimetic containing nonsteroidal class
of glucocorticoid agonists.

Introduction Therefore, the search for GC agonists with a dissociated profile
(greater transrepression than transactivation activity) has ac-

During the past 50 years the successful treatment of inflam- © - o oo yedPdlwith an appreciation of the complex

matory diseases has relied on the use of glucocorticoid {GC) L .
agonists such as dexamethasofie) (and prednisolonelp) molec_:ulléa£3pathways and the anticipation of an improved safety
(Chart 1). While effective in controlling asthmaheumatoid margin.=
arthritis? and other disorders, GC therapy is fraught with a A primary objective in our GC agonist anti-inflammatory
number of severe side effects. The seriousness of the complicafrogram is identifying nonsteroidal anti-inflammatory agents
tions often hampers high dose and chronic administration. In with the added benefit of exhibiting dissociation. Toward this
addition, cross reactivity with other steroid hormone receptors, end, we sought to discover pharmacophores capable of playing
such as progesterone receptor (PR) and mineral corticoidthe hydrogen bond acceptor’'s role of the C-3 carbonyl of
receptor (MR), of the commonly prescribed GCs can provoke dexamethasone that could be combined with a nonsteroidal
off-target pharmacology. In direct response to the current state scaffold. Dissociated GC agonista and2b'“ represent a good
of GC therapy, finding drugs with good anti-inflammatory starting point for such a venture as they contain a benzoxazinone
properties and reduced side effects remains an ongoing questgroup as a readily replaceable A-ring miméfiéé Other

The probability of identifying a GC agonist with a better important features include the alcohol as a steroidal C-11
safety profile compared to existing therapies has substantially hydroxy surrogate, a trifluoromethyl substituent to maintain
increased with newer understandings of the molecular mecha-agonist activity}” and a phenyl ring which is believed to reside
nism of actior®~8 After an agonist enters a target cell and binds adjacent to the area of steroid D-ring binding in the glucocor-
to the glucocorticoid hormone receptor (GR), the ligand- ticoid receptor-ligand binding domain (GRLBD). Expanding
activated complex (GRC) translocates into the nucleus wherethe scope of this effort to include modifications to the phenyl
d?rect and indirect functional pathways can be acces_se_d. Actingrmg provides an opportunity to gauge whether changes to this
directly, the GRC serves as an endogenous transcription factoregion of the scaffold are a viable option to attenuate nuclear
by b'”d'F‘g, to _specmc DNA sequences and coactivator proteins, receptor potency and selectivity, as well as transrepression or
thereby initiating transcription of metabolic and endocrine genes. transactivation pathways. We envision preparing the target

GRC-mediated transactivation of these genes is believed to : .
contribute to the side effect profile of GC therahycting molepules, represeqtgd Eypy the opening O.f epogldé(c;hartl
1) with a nucleophilic amine embedded in a lipophilic ring

indirectly, the GRC adopts a conformation with an affinity for containing a hydrogen bond acceptor functionafitie., atom
transcription factors (e.g., NF-kB and AP-1). Subsequent binding A in 4). The syntheses and biological profiles of compounds

to these transcription factors results in the inhibition of . :
expression of pro-inflammatory cytokines such as Tagnd ~ Such asb are the subject of this paper.
IL-6. This process, known as transrepression, is thought to )

contribute, in part, to the anti-inflammatory component of GCs. Chemistry

The preparations of a quinol-4-one-containing analodug (
* To whom correspondence should be addressed. Phone: (203) 798-and a piperid-4-oneld) are shown in Scheme 1 as representa-

47?%5;;‘&[%0”?;);Q&fgzizﬁaﬁ'gﬁgag?ya”@rdg'boeh””ger"”ge'he'm'Com' tive examples 06. The key step in this sequence is the opening

* Department of Immunology & Inflammation. of an epoxide (i.e.9) with a nucleophilic amine. Briefly, the
2 Abbreviations: AP-1, activator protein-1; DBF, dihydrobenzofuran; preparation of epoxid® begins with the copper-mediated 1,4-

DELFIA, dissociation-enhanced lanthanide fluorescent immunoassay; DMEM, i . .
Dulbecco’s modified Eagle’s mediur:gal, p-galactose; CHAPS, 3-[(3- addition of Grignard reager@to 1,1,1-trifluorobut-3-en-2-one

cholamidopropyl)dimethylammonio]-1-propanesulfonate; EDTA, ethylene- (7)*°to provide keton@. Trimethylsulfoxonium iodide and NaH
diamimetetraacetic acid; ELISA, enzyme-linked immunosorbent assay; FP, transforms to epoxide9. Quinolonell is obtained by reacting

fluorescence polarization; GC, glucocorticoid; GRC, glucocorticoid recep- : T . L1
tor—ligand complex; GR, glucocorticoid receptor; GRBD, glucocorticoid 9 with 4-hydroxyquinoline £0) and sodium ethoxide in etha-

receptor-ligand binding domain; HFF, human foreskin fibroblast; HSP, nol.2% Conversion of the methoxy group ki to a hydroxy in
heat-shock protein; IL-6, interleukin-6; LPS, lipopolysaccharide; MMTV, 12 g accomplished with BB Piperidin-4-one analogui is
mouse mammary tumor virus; MR, mineral corticoid receptor; NF, nuclear . - . . .
factor; PR, progesterone receptor; TES]tris(hydroxymethyl)methyl]-2- prepared from the reaction 6f cis-3,5-dimethyl-4-piperidone

aminoethanesulfonic acid; TNé: tumor necrosis facta- hydrochloride 13)2%22and K,COs in DMF.
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Chart 1
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aReagents and conditions: (a) Cul (1.1 equiv)/THR0 °C, 30 min, ther7 (1.1 equiv), room temperature overnight; (b) trimethylsulfoxonium iodide/
NaH/DMSO; (c)10/NaOEt/ethanol, heat; (d) BB(10 equiv)/CHCIl,, room temperature overnight; (&3 (2 equiv)/K:COs (5 equiv)/DMF, 100°C, 1.5 h.

Results and Discussion perhaps provide a water shield to the hydrogen bond network

The nuclear receptor binding potency of the target compounds €ONSisting of the A-ring mimetic acceptor and the GE8D
is determined by their ability to compete for receptor binding donor. The outcome is a significant enhancement in GR binding
with tetramethylrhodamine-labeled dexamethasone (GR, MR) &ffinity. For example cis-dimethylpiperidin-4-onel4 exhibits
or mifepristone (PR33 The transrepression potential is measured @ 140-fold gain in GR binding (16 = 10 nM). Other methylated
in human foreskin fibroblast (HFF) cells. Inhibition of IL-1 ~ @nalogues includeis-dimethylmorpholine20, dimethylpyridin-
stimulated IL-6 production, and the percent efficacy is compared 4-0ne21, and dimethylimidazole22 with 1Cso values of 38,
with that of dexamethaso®é2s In an effort to establish 120, ar!d 650 nM, respectively. Introducing meth_yl groups onto
transactivation activity, compounds are counterscreened for theth® A-ring replacements has no effect on PR binding affinity,
induction of aromatase in HFF céifsand the ability to activate ~ Whereas modest activity against MR is seen. In the transrepres-
the MMTV promoter in HeLa cells transfected with an MMTV ~ Sion anti-inflammatory cellular assay, compouridsand 21
luciferase contruct’ Comparisons with dexamethasone establish inhibit IL-6 release from HFF with 16 values of 75 and 53
a basis for identifying compounds with a dissociated profile. NM, respectively, and 8789% efficacy compared to dexa-
Table 1 shows the effects of A-ring replacements in scaffold Methasone.
5. Morpholinel5, pyridin-4-onel?, and imidazolel8 are devoid Further increasing the lipophilicity of the A-ring mimetic from
of activity, while piperidin-4-onel6 demonstrates weak GR  methyl substitutions to fusing an aromatic nucleus to the
binding affinity (ICso = 1400 nM). Introducing methyl groups  hydrogen bond acceptor ring provides analogues shown in Table
on the ring is an opportunity to increase the lipophilicity and 2. Changes in GR binding avidity with this modification vary
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Table 1. Methyl-Substituted A-Ring Mimetics
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F
OH
A
CF, o
IL-6 Inhib. IL-6 Inhib.
in HFF® in HFF®
ICsy (NM) ICq, (NM)
GRa PR MR® and GR: PR® MRe and
Cmpd. ICsp IG5  ICs effcicay Cmpd. ICq, ICs ICsx effcicay
No. A (nM)  (nM)  (nM) (% vs. dex.) No. A (nM)  (nM)  (nM) (% vs. dex.)
1a (Chart1) 3 >2000 33 0.51(100%) (\N/;
2a (Chart1) 3 19 38 59 80%) | 18 < _J >2,000 >2,000 >2,000 nt
2b (Chart1) 8 22 130 >2,000 (19%) N J
A N
N 1913 110 >2,000 1,500 >2,000 (41%)
14O 10 >2,000 430 75 (89%) .
> N/; 20Y\N/; 38 >2,000 450 270 (72%)
15 >2,000 2,000 >2,000  nt 0\‘) : °
N4 A
Z "N
13040 1,400 >2,000 >2,000 nt 21 P 120 >2,000 1,900 53 (87%)
4 (e}
Z "N
17 J:; >2,000 >2,000 >2,000 nt 3
o N
22‘(/: 650 >2,000 620 nt
N

a|Csp values were determined from duplicate 11-point concentratiesponse curves. See ref 23Csq values represent the mean of at least two independent
determinations. See ref 25Not tested.

Table 2. Phenyl-Fused A-Ring Mimetics

F
OH
A
CF, 0
IL-6 Inhib. IL-6 Inhib.
in HFFP in HFF®
ICsp (NM) ICsy (NM)
GR® PR® MR®  ang GR: PR® MR® and
Cmpd. ICsy 1Csy ICso  effcicay | Cmpd. ICsy 1G5y ICsy  effcicay
No. A (nM)  (nM)  (nM) (% vs. dex.) | No. A (nM)  (nM)  (nM) (% vs. dex.)
11 NX 10 470 120 21(82%) | 26 Q\N/; 54 >2,000 775 >2,000 (15%)
=l
027 N
23 N/§ 15 640 310 600 (25%) | 27 9\'\1/; 690 >2,000 >2,000  nt
o) o) N/)
| X
24 NX 4 90 130 110(72%) | 28 N_ .~ N/; 77 >2,000 1,100 56 (78%)
o 0oNF
N
25 \ ) 950 >2,000 1,600 nte 29 N/; 34 >2000 175 35 (72%)
OPNF

a|Cso values were determined from duplicate 11-point concentratiesponse curves. See ref 23Cso values represent the mean of at least two independent
determinations. See ref 25Not tested.

between 2- and 10-fold. For example, compadavith 24, 22 transrepression activifif:2829A likely explanation is that the
with 26, and21 with 11. However, of these compounds, only flexibility of the GR—LBD can accommodate these ligands but,
quinolonell potently inhibits cellular IL-6 production (l§ = in doing so, is rendered incapable of effectively interacting with
21 nM and 82% efficacy). These results reinforce the often anti-inflammatory transcription factof83! Support for the

observed lack of correlation between GR binding affinity and critical role of the hydrogen bond accepting atom in the A-ring
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Table 3. Phenyl Ring Modifications and 90% efficacy). In addition, a good GR/PR binding ratio is
R5 re-established. Switching the hydroxy group at C-2 to a methyl
OH 5 R4 (i.e., R2= Me, 32 and 33) maintains the GR binding affinity
4 but lessens the GR/MR ratio. Reductions in IL-6 inhibitionsgC
N 2 values of 36-60 nM) and lower efficacies are also observed
oo~#  CR R2 (63—66%) for this change. Substituting an electronegative atom
L6 nhbn at C-5 for an electropositive ator84) retains the GR binding
HFF ICs (M) and cellular activity with an increase in PR and MR binding
compd GRICs* PRIGH MRICse* (efficacy, % vs affinities compared to those of2 Further changing the
no. R2 R4 RS (M) (M) (M) _ dexamethasone) electronic character at C-5 by introducing a methoxy improves

1 OMe H F 10 475 120 21 (82) the agonist activity compared to that 88. However, placing

12 OH H F 5 960 580 6(92) hvd t C-536 anificant | ¢ GR

30 H H H 28 106 350 78 (48) a hydroxy group at C- 3(_) causes a significant loss o

31 OH H H 6 555 450 6 (90) binding, implying a negative interaction of a hydrogen bond

gg me : 'F:' ig %ig igg g}‘ ((22)) donor at this site. Phenyl ring analogues involving substitution
e

34 OH H Me 8 160 160 5.6 (93) at C-4 reveal a very narrow range of acceptable pharmacophores.

3 Me H OMe 11 525 91 17 (86) Only fluorine at this site provides good GR binding affinity

36 Me H OH 780 >2000  >2000 ne and cellular activity 87). Groups larger than fluorine (methyl,

g; oH F H j’ 3:5 8;? 1f ((88;) methoxy, hydroxy) generally lead to a significant loss of binding

- - - ) affinity (data not shown). Incorporating the oxygen atom at C-2
a|Csp values were determined from duplicate 11-point concentration into a dihydrobenzofuran (DBF) ring®) significantly dimin-
response curves. See ref 23Cso values represent the mean of at least . h h | lectivity. Th . .
two independent determinations. See ref 280t tested ¢ See Table 5 for !S es the nuclear receptor selectivity. The transrepresspn activity
the structure. is comparable to that df1. The above survey of substituents
on the phenyl ring of the quinolone-containing steroid mimetic
generally demonstrates a range of nuclear receptor binding
affinity smaller than a factor of 10. However, pharmacophores
such as methoxy or hydroxy at C-21 12, 31, 34 and37)
3-fold difference in GR binding affinity between benzo[1,4]- and DHB @8) are required for achieving the best agonlst.prof'ue.
Another general trend (data not shown) for this series is a

oxazine 23 and dihydroquinolone€4 may reflect a stronger oy [P ;
hydrogen bond acceptor pharmacophore and an advamageougydroxy group at C-2 displays better IL-6 inhibition and efficacy

distance fo24 between the hydrogen bond donor of the protein comp«l':lied tlozapr\rrethoxy dtes?'te S;Ln”ar t?Fti_tbtlhdlng t?ﬁm't'ef
and the acceptor group on the ligand. One consequence of fusin e_'g'én dvé-s)é 4 \f’so?:gp:r: dagttfrrig coen:'?ra?nltstj ;ct)ncr-)z ?I'g]lfei
a phenyl ring to this scaffold is an erosion of the GR/PR ratio together, these results highlight the important relatiolnshi s of
from greater than 75-fold for compounds without a fused 9 d, larity requi ed%o ? orable 'F;]te ctions adi cepnt o
aromatic nucleusl@d and20) to less than 50-fold for those with tsr'éejgm%o D[Iri>rl1r 33:}2&” v:/i tﬁ\i/n rtie GIH_Brg Ilnnz d diiie(l)n
a phenyl ring attachedl{, 23, 24). The GR/MR binding ratio similar observati?)ns are noted with phenyl r.in bstit 'Ei n
was nearly unchanged. Interestingly, benzimida26ldoes not D X 't pnenyl nng substitutions
show a loss of nuclear receptor selectivity. Additional changes for molecules containing A-ring mimetics other than quinol-4-
to the A-ring mimetic involve embedding a nitrogen atom into  °"¢: S.ee Table 5 for .exam.ples.. . o .
the aromatic nucleus as a goal to define polarity limits. Table A Primary goal of this project is identifying GC agonists that
2 describes the consequences of a quinazolin@w &nd can distinguish between transrepression and transactivation
naphthyridin-4-ones2@, 29) acting as A-ring replacements. Pathways. Two assays are used as a counterscreen to determine
Compared toll, a significant diminution in GR binding is  the extent of transactivation. Dexamethasone activates the
observed fo27 and less so witl28 and29. Nevertheless, both ~ MMTV promoter in Hela cells transfected with an MMTV
28 and29 retain satisfactory transrepression activity. These data luciferase construct. In addition, dexamethasone induces expres-
suggest the lipophilic environment of the A-ring binding domain Sion of aromatase in HF2.Several compounds were evaluated
in GR can tolerate ligands with somewhat increased polarity for their transactivation potential to activate MMTV and induce
whereas the PRLBD does not readily accommodate these aromatase expression (kf@nd percent efficacy). A compound
changes. Of the phenyl-fused A-ring replacements shown in can be characterized as dissociated with either weak activity or
Table 2, compound4d1, 23 24, 26, 28, and 29 achieve the low efficacy, or both, in the transactivation assays compared to
highest GR binding affinity, but onlg1, 28, and29reach IGo the transrepression assay. The role that phenyl ring substitutions
values<100 nM in the transrepression assay. play in defining dissociation is seen in Table 4. In the MMTV
Molecular modeling suggests that, upon binding to the-<GR  assay, 2-hydroxyphenyl compound® and 37 are partial
LBD, the phenyl ring oRb resides adjacent to the steroid D-ring agonists (EG = 15—37 nM and 26-35% efficacy) while the
domain!>16The contribution to GR binding and transrepression other compounds are devoid of activity compared to dexa-
activity of simple groups attached to the phenyl ring in the methasone. In the aromatase induction ask2gnd37 exhibit
quinolone-containing scaffold is summarized in Table 3. pronounced activity with E€ = 15-17 nM and 65-74%
Conversion of the methoxy group at C-P1( R2= OMe) to a efficacies. Alternatively, 2-methoxyphenyl, 2-methylphenyl, and
hydroxy (12, R2= OH) improves the transrepression activity. DBF analoguesl(l, 32, and38) display low potency or efficacy
Removal of the hydroxy group and fluorine atom frak2 in the aromatase assay. Of the modifications at C-5 of the phenyl
(compound30) weakens the GR binding affinity (kg = 28 ring, methoxy35 displays moderate activity against aromatase
nM) and decreases the agonist activity in the cellular assay (IC (ECso = 95 nM, 65% efficacy) while hydrogen or fluorin8%
= 78 nM and 48% efficacy). Also seen is a decline in the GR/ and 33) are weakly potent and efficacious derivatives. These
PR ratio. Maintaining only a hydroxy grou@X) restores the data suggest groups on the phenyl ring have an important
binding (GR 1Go = 6 nM) and cellular activity (IGo = 6 nM influence on the degree of dissociation and parallel the observa-

replacements is highlighted with tetrahydroquino®teA factor

of 200 decrease in GR binding affinity, compared to that of
dihydroquinolone&4, underscores the importance of achieving
a hydrogen bond network in the GRBD with this series. The
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Table 4. Dissociation Profiles
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Table 5. In Vivo Activities of Dissociated Agonists

IL-6 inhibin ~ MMTYV activation in aromatase inhib in OH henvl
HFF ICsP ("M)  HeLa EGe (M) HFF EG® (nM) pheny
compd GRIGy* (efficacy, % vs (efficacy, % vs (efficacy, % vs A rng
no. (nM)  dexamethasone) dexamethasone) dexamethasone) CF,
la 3.4 0.5 (100) 17 (100) 1.9 (100) 12, 32, 33, 38-41
1b 15 6.6 (96) 16 (91) 19 (92)
2a 3 59 (80) >2000 (14) 91 (56) A=
11 10 27 (82) >2000 (10) 220 (67) N
12 5 6 (92) 37 (20) 14 (74) |
14 10 75 (89) nt 240 (93) = N'; N% = N%
21 120 53 (87) >2000 (3) 170 (77)
28 77 56 (78) nt ip(41) oA ooNF 0FNF
29 34 35 (72) >2000 (1) ip (39) | I m
32 22 61 (63) >2000 (1) >2000 (29) )
33 10 34 (66) >2000 (2) ip (22) F phenyl ring =
35 11 17 (86) >2000 (6) 95 (65)
37 3 3(88) 15 (35) 17 (82)
38 4 11 (86) nt ip (60)
39 34 39 (77) nt ip (26)
40 48 47 (59) nt >2000 (14) | Me Il Me m ©
419 125 70 (71) nt >2000 (20)
IL-6 inhib in inhib of

a|Csg values were determined from duplicate 11-point concentration HFF ICs? ("M)  TNF-ot in mice®

response curves. See ref 23Csq values represent the mean of at least compd phenyl GRIGCs* (efficacy, %ovs (%) (n=8)
two independent determinations. See ref 25Cso values represent the no. A ring (nM)  dexamethasone) (10 mg/kg)
mean of at least two independent determinations. See réf2so values 1¢ see Chart 1 15 7(96) 848
represent the mean of at least two independent determinations. See ref 26. 15 gee Table 3 5 6 (92) 5E 6
e Not testedf Due to the flat shape of the doseesponse curve, an B& 32 I I 22 61 (63) 36+ 10
value beyond 2000 nM could not be calculaté@ee Table 5 for the 33 M | 10 34 (66) 50+ 17
structures. 38 1l i 4 11 (86) 49+ 10
39 I I 34 39 (77) 49+ 6
tion that some steroids containing modified D-rings show 40 I ' 48 47 (59) 58+ 12
41 | | 125 70 (71) 48+ 11

dissociated activitie® The contribution of the A-ring replace-
ment to the dissociation profile is seen in Table 4. Comparing A R ol A
H _ o~ : H _ response curves. oee re 50 Values represen e mean or at leas
Compoynds with the 2 methoxy 5 fluorophenyl ring, dimeth two independent determinatiorfsSee the Experimental Sectioh3 mg/
ylpiperidin-4-onel4, dimethylpyridin-4-one21, and naphthy- kg, po.
ridin-4-one28 demonstrate a somewhat weaker transactivation
response compared to quinol-4-ai& However, the 2-methyl- 5t c.2 and C-5 are well tolerated. The dissociated profile of
5-fluorophenyl and DBF rings impart a much more dissociated hjs series in either the MMTV or aromatase assays was
profile for dimethylpyridin-4-one9 and41), naphthyridin-4- dependent upon the choice of the A-ring mimetic and the
one @0), and quinol-4-one33 and38) A-ring mimetics. Thus, g pstitution on the phenyl ring. As A-ring replacements, fused
a distinction between potent transrepression activity and dimin- yings 11 28, and29 exhibit a superior dissociated profile due
ished transactivation is achieved with the proper choice of A-ring 1 gifferences in either potency or efficacy in the transactivation
replacements and phenyl substitution with this class of com- assays compared to monocyclic ring and 21 In general
pounds. methyl and methoxy groups at C-2 of the phenyl ring demon-

_ Selected dissociated compounds were evaluated for their anti-y-4te weaker transactivation activities than hydroxy at this site.
inflammatory properties in an LPS-stimulated mouse model of |, an animal model of inflammation compountig 33, and

TNF-a production. Test compounds were administered orally 3547 potently inhibit TNFe. production. Thus, the nuclear
in Cremophor 60 min prior to LPS challenge. TNFlevels  receptor binding affinities, the cellular levels of transrepression
were measured 60 min later. Table 5 summarizes the GR binding, g transactivation, and the anti-inflammatory properties have

and cellular and in vivo transrepression profiles of various peen demonstrated with the quinol-4-one-containing class of
combinations of A-ring (dimethylpyridin-4-one, quinol-4-one, R agonists. Further work in this series will be reported in due
and naphthyridin-4-one) and phenyl ring analogues. When dosed.q rse.

at 10 mg/kg, the nondissociated analodizeand dissociated
compounds83and38—41inhibit TNF-a production (48-58%).

2 |Csp values were determined from duplicate 11-point concentration

Experimental Section

All solvents and reagents were obtained from commercial sources
_and used without further purification. Flash chromatography was

Several new types of pharmacophores can serve as A-ringperformed according to the procedure of Still et al. (EM Science
mimetics with good binding affinity for GR for this scaffold.  Kieselgel 60, 76-230 mesh). Melting points were obtained from a
These include dimethylpiperidin-4-on&4j, quinolone 1L1), cis- Mel-temp 3.0 or Fisher-Johns melting point apparatus and are
dimethylmorpholine 20), benzo[1,4]oxazine2Qd), dihydroqui- uncorrected. ThéH NMR spectra were recorded on a Bruker DPX
nolone @4), benzimidazoleZ6), and naphthyridin-4-one20). 400 spectrometer. Chemical shifts are reported in parts per million
In addition, good nuclear receptor selectivity is achieved. Of (0) from the tetramethylsilane resonance in the indicated solvent.
these, 11, 29, and dimethylpyridin-4-one2() exhibit good Infrared spectra were recorded without solvent on a Nicolet Impact

: T ) . 410. Mass spectra were obtained from a Finnigan-SSQ7000
transreprgsspn activity in a cellular assay of IL-6 prpductlon. spectrometer. Samples were generally introduced by a particle beam
The substitution patterns on the phenyl ring play an important

; e L . and ionized with NHCI. The analytical HPLC purity was estab-
role in defining GR binding affinity and the degree of trans- jished with the following protocols. Method A: Gilson chromato-

repression. Compounds with a hydroxy group at C-2 obtain the graphic system, Waters SureFire reversed-phagea@alytical
highest efficacy levels of transrepression, while a C-5 hydroxy column (4.6x 50 mm, 5um, part number 186002557), flow rate
is deleterious toward activity. Methyl and methoxy substituents 5 mL/min, detection with a Gilson UV/VIS-155 at 254 nm, sample

Conclusion
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size 25ulL, gradient 5% acetonitrile in water with 0.1% TFA to  purity: method A 99%, retention timeg]j 3.53 min; method B
95% acetonitrile in water with 0.1% TFA over 6 min and held. 98%,tg 7.98 min.

Method B: Rainin chromatography system, model SD-200, Tosoh  1.[4-(5-Fluoro-2-hydroxyphenyl)-2-hydroxy-4-methyl-2-(tri-
Bioscience TSK Super ODS column (4.6 mm10 cm, 2uM,  fluoromethyl)pentyl]-1H-quinolin-4-one (12) To a solution of.1
part number G0030-90F), flow rate 1.2 mL/min, detection with (0.082 g, 0.19 mmol) in CkCl, (3 mL) at —20 °C was added
Dynamax absorbance detector at 254 nM, gradient 5% acetonitrile gropwise BBg (1.9 mL d a 1 M solution in CHCl,, 1.9 mmol).

in water with 0.05% TFA to 95% acetonitrile in water with 0.05% The mixture was stirred fol h and quenched with saturated

TFA over 10 min and held. Method C: Rainin chromatography NaHCQ, and ethyl acetate. The organic layer was washed with
system, model SD-200, Whatman PartiSphere C-8 columnx(4.6  saturated NaHC@and brine and dried (MgS{ Removal of the
125 mm, Sum, part number 4621-0503), detection with Dynamax yojatiles in vacuo left a residue which was purified by trituration
absorbance detector at 254 nM, gradient 5% acetonitrile in water jn ether and ethyl acetate and provided 0.041 g of product. Mp:
with 0.1% TFA to 95% acetonitrile in water with 0.1% TFA. 222-223°C. 'H NMR (400 MHz, DMSO€s): 6 9.98 (s, 1H),

1,1,1-Trifluoro-4-methylpent-3-en-2-one (7) To a 0-5 °C 8.30 (d, 1H), 7.87 (d, 1H), 7.75 (t, 1H), 7.52 (t, 1H), 7.33 (m, 2H),
mixture of N,O-dimethylhydroxylamine hydrochloride (15.8 g) in ~ 7.13 (m, 1H), 7.05 (m, 1H), 7.48 (s, 1H), 6.20 (d, 1H), 4.21 (m,
CH.CI, (400 mL) was added dropwise trifluoroacetic anhydride 2H), 3.24 (d, 1H), 2.15 (d, 1H), 1.75 (s, 3H), 1.55 (s, 3H). MS
(21.7 mL). Pyridine (37 mL) was added to the mixture dropwise. (ESI): m/e 424 (MH"). HPLC purity: method A 98% 3.11 min;
The resulting mixture was stirred at-8 °C for 0.5 h and diluted method B 95%{g 7.16 min.

with water. The organic layer was washed with waleN aqueous cis-1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methy!-2-

HCI, water, and brine and dried (MgORemoval of the volatiles  (yifluoromethyl)pentyl]-3,5-dimethylpiperidin-4-one Hydro-

in vacuo for 5 min prowded_2,2,2-tr|fluornl-methoxyN-methyl- chloride (14). A mixture of 9 (0.092 g, 0.32 mmol)gis-3,5-

acetamide as a colorless oil. dimethylpiperidin-4-one hydrochloride 8, 0.103 g, 0.64 mmol),
To a 0-5 °C mixture of 2,2,2-trifluoroN-methoxyN-methyl- and powdered KCO; (0.218 g, 1.58 mmol) in DMF (3 mL) was

acetamide (3 g) in 30 mL of anhydrous ether was added (2- heated at 100C for 1.5 h, cooled to room temperature, diluted
methylpropenyl)magnesium bromide in THF (42 mL of a 0.5 M with ether, washed thoroughly with water and brine, and dried
solution). The reaction was stirred atB °C for 0.5 h, warmed to (MgSQy). Removal of the volatiles in vacuo provided a residue
room temperature, and stirred overnight. The reaction was quenchedyhich was treated with ethereal HCI. The mixture was filtered and
with saturated aqueous NEI and extracted with ether three times.  the solid washed with ether and dried in vacuo to provide 0.015 g
The organic layers were combined, washed with water and brine, of product. Mp: 7780 °C. *H NMR (400 MHz, CDC}): 6 7.02

and dried (MgS@. Most of the volatiles were removed at (dd, 1H), 6.78 (m, 1H), 6.68 (m, 1H), 3.75 (s, 3H), 1.52 (s, 3H),
atmospheric pressure, providiiigas an approximately 75% pure 1,28 (s, 3H), 0.78 (d, 6H). MS (ESl)m/e 420 (MH'). HPLC
solution containing ether and THF that was used without further purity: method C 92%tg 10.25 min.

purificatioh. 1,1,1-Trifluoro-4-(5-fluoro-2-methoxyphenyl)-4-methyl-2-(mor-
1,1,1-Trifluoro-4-(5-fluoro-2-methoxyphenyl)-4-methylpentan- pholin-4-ylmethyl)pentan-2-ol Hydrochloride (15). Mp: 195-
2-one (8) To a 0-5 °C solution of7 (24 g, approximately 75% 200 °C. H NMR (400 MHz, CDC}): ¢ 6.97 (dd, 1H), 6.78 (m,
pure solution containing ether and THF) and Cul (30.1 g) in ether 1H), 6.68 (m, 1H), 4.55 (s, 1H), 3.75 (s, 3H), 3.46 (br s, 4H), 2.33
(300 mL) was added (5-fluoro-2-methylphenyl)magnesium bromide (m, 4H), 2.14 (d, 2H), 1.97 (d, 2H), 1.52 (s, 3H), 1.32 (s, 3H). MS
(315 mL, 157 mmol, 0.5 M solution in THF). The mixture was  (ESI): m/e 380 (MH*). HPLC purity: method A 99%g 2.41 min;
warmed to room temperature, stirred overnight, and diluted with method B 99%tx 6.35 min.
saturated aqueous NEI (15 mL) and ethyl acetate. The organic 1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri-

layer was washed with water and brine and dried (MgSO A AL ; .
Rer_n_oval of the vol_a_tiles in vacuo provided a re_sidue which was flltézr_olrg(étotgl)l&eﬂmlg)ka%r(l)deélz olgﬁ/lgg?jg).cglzrgi ?mugg'.) '\2%5
purified by flash silica gel chromatography using-®% ethyl (br's, 1H), 3;.62 (s, 3H), 2.—72.0’(m, 12H), .1.36.(5, 3’H), 118 G,

acetate in hexanes as the eluent. The product-rich fractions wer . . 0
collected and the volatiles removed in vacuo to yield 20.3 g (46%)632")2' I\r:IﬂSn(ESI). m/e 392 (MH"). HPLC purity: method C 94%g

of 8 as an oil. _
. 1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri-

2-[2-(5 FIL_Joro 2-methoxyphenyl) 2 methylpropyl] 2 (trlfluo_ fluoromethyl)pentyl]-1 H-pyridin-4-one (17). Mp: 205-206°C.

romethyl)oxirane (9). To a suspension of trimethylsulfoxonium :

L . H NMR (400 MHz, DMSO¢g): 6 7.48 (d, 2H), 7.12 (m, 3H),

iodide (4.76 g, 21.5 mmol) in DMSO (25 mL) was added NaH

(0.863 g of a 60% dispersion in oil, 21.5 mmol) in four portions. 047 (S, 1H), 6.07 (d, 2H), 3.92 (s, 3H), 3.81 (d, 1H), 3.60 (d, 1H),
1095 9 o disp &2 P © 2,92 (d, 1H), 2.18 (d, 1H), 1.65 (s, 3H), 1.45 (s, 3H). IR (&n

After being stirred for 0.5 h, the solution was addedt(5.00 g, i b
- . : 1639. MS (ESI): m/e 388 (MH"). HPLC purity: method A 99%,
17.9 mmol) in DMSO (20 mL). Afte2 h the mixture was diluted tg 2.72 min: method B 99%x 6.84 min.

with water (150 mL) and extracted with ether £2125 mL). The ) .
combined organic layers were washed with water and brine and  1,1,1-Trifluoro-4-(5-fluoro-2-methoxyphenyl)-2-(imidazol-1-
dried (MgSQ). Removal of the volatiles in vacuo providédas yimethyl)-4-methylpentan-2-ol (18) Mp: 166-167°C.*H NMR
an oil which was used without further purification. (400 MHz, CDC}): 6 8.1 (br s, 1H), 7.2:6.7 (m, 6H), 3.94 (dd,
1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri- (ZI?S)I)SrZVSe §s613(ll;|/l)H+2)4l-? P(E C 2ﬂ|)'|t 1‘:3;205"1)991(;;2 2(35 632|)n MS
fluoromethyl)pentyl]-1H-quinolin-4-one (11) A mixture of 9 th. d B 98%!x 6 5'9 o P thy.d C 96%. 8.67 - '
(0.226, 0.773 mmol), 4-hydroxyquinolinel@ 0.112 g, 0.773 ~ MeNO o1z 6.59 min; metho R 8.6/ min.
mmol), sodium ethoxide (0.28 mL of a 21 wt % solution in ethanol, ~ 2-[(trans-2,6-Dimethylmorpholin-4-yl)methyl]-1,1,1-trifluoro-
0.77 mmol), and anhydrous ethanol (4 mL) was heated &85  4-(5-fluoro-2-methoxyphenyl)-4-methylpentan-2-ol Hydrochlo-
for 6 h, cooled to room temperature, diluted with ethyl acetate and fide (19). Mp: 50-55 °C. Free base'H NMR (400 MHz,
acetic acid, washed with water and brine, and dried (MgsO CDCk): 6 7.02 (m, 1H), 6.81 (m, 1H), 6.69 (m, 1H), 4.68 (br d,
Removal of the volatiles in vacuo provided a residue which was 1H), 3.76 (m, 5H), 2.26 (m, 4H), 2:11.85 (m, 4H), 1.51 (s, 3H),
purified with flash silica gel chromatography using ethyl acetate 1.30 (s, 3H), 1.03 (br s, 6H). MS (ESInve 408 (MH"). HPLC
as the eluent. The product-rich fractions were collected and the Purity: method A 99%}r 3.16 and 3.61 min; method B 99%,
volatiles removed in vacuo to yield 0.13 g (38%)1df Mp: 198 8.19 and 9.23 min.
200 °C. 'H NMR (400 MHz, CDC}): 6 8.21 (d, 1H), 7.42 (m, 2-[(cis-2,6-Dimethylmorpholin-4-yl)methyl]-1,1,1-trifluoro-4-
2H), 7.25 (s, 1H), 7.1 (m, 1H), 6.92 (m, 2H), 6.80 (m, 1H), 4.15 (5-fluoro-2-methoxyphenyl)-4-methylpentan-2-ol Hydrochloride
(dd, 2H), 3.80 (s, 3H), 2.55 (dd, 2H), 1.5 (s, 3H), 1.33 (s, 3H). (20). Mp: 133-135°C. 'H NMR (400 MHz, DMSO#de): 6 6.8
FTIR neat (cm?): 1624, 1610. MS (ES)m/e438 (MH"). HPLC  (m, 3H), 4.13 (br s, 1H), 3.74 (br s, 2H), 3.58 (s, 3H),-3107 (m,
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8H), 1.30 (s, 3H), 1.14 (s, 3H), 0.8 (br s, 6H). MS (EShye 408
(MH™). HPLC purity: method A 99% 2.76 min; method B 99%,
tgr 6.96 min.
1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-3,5-dimethyl-1H-pyridin-4-one (21). Mp:
246-247 °C. *H NMR (400 MHz, DMSO¢dg): ¢ 7.29 (s, 2H),
7.05 (m, 3H), 6.27 (s, 1H, OH), 3.80 (s, 3H), 3.61 (d, 1H+
15.0 Hz), 3.37 (d, 1HJ = 15.0 Hz), 2.80 (d, 1HJ = 15.6 Hz),
2.00 (d, 1HJ = 15.6 Hz), 1.75 (s, 6H), 1.53 (s, 3H), 1.31 (s, 3H).
FTIR (neat): 1649 cmt. MS (ES): m/e 416 ([M + H]"). HPLC
purity: method A 99%ifr 2.95 min; method B 94%x 7.69 min.
2-[(2,4-Dimethylimidazol-1-yl)methyl]-1,1,1-trifluoro-4-(5-
fluoro-2-methoxyphenyl)-4-methylpentan-2-ol (22) Mp: 185-
186 °C. 'H NMR (400 MHz, CDC}): ¢ 7.04 (m, 1H), 6.87 (m,
1H), 6.78 (m, 1H), 6.40 (s, 1H), 3.80 (s, 3H), 3.70 (m, 2H), 2.45
(m, 2H), 2.22 (s, 3H), 2.15 (s, 3H), 1.47 (s, 3H), 1.36 (s, 3H). MS
(ESI): m/e 389 (MH'). HPLC purity: method A 99% 2.75 min;
method C 96%fg 7.04 min.
2-[(2,3-Dihydrobenzo[1,4]oxazin-4-yl)methyl]-1,1,1-trifluoro-
4-(5-fluoro-2-methoxyphenyl)-4-methylpentan-2-ol (23)Mp: 98—
99 °C. IH NMR (400 MHz, CDC}): ¢ 7.13 (dd, 1H), 6.88 (m,
1H), 6.72 (m, 1H), 6.65 (m, 1H), 6.56 (m, 2H), 5.85 (d, 1H), 4.03
(m, 2H), 3.73 (s, 3H), 3.20 (d, 1H), 3.05 (m, 2H), 2.98 (d, 1H)
2.52 (d, 1H), 2.10 (d, 1H) 1.58 (s, 3H), 1.35 (s, 3H). MS (ESI):
m/e 428 (MH"). HPLC purity: method A 98%r 5.25 min; method
B 99%,tg 11.83 min.
1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-2,3-dihydro-1H-quinolin-4-one (24).To a
mixture of LAH (0.003 g) in anhydrous THF (0.8 mL) at-6 °C
was addedl1 (0.031 g). The mixture was stirredrfd h and an
additional 3-4 mg of LAH added. Afte 2 h the reaction was
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layer was washed with water and dried (Mg&@Removal of the
volatiles provided a residue which was purified with silica gel
chromatography using 80% ethyl acetate in petroleum ether as the
eluent. The product-rich fractions were collected and the volatiles
removed in vacuo. The residue was recrystallized from petroleum
ether to provide 0.051 g of product. Mp: 18082 °C. 'H NMR
(400 MHz, CDC}): ¢ 7.65 (m, 2H), 7.12 (m, 5H), 6.79 (m, 1H),
6.82 (m, 1H), 4.11 (s, 2H), 3.71 (s, 3H), 2.62 (d, 1H), 2.39 (d,
1H), 1.58 (s, 3H), 1.36 (s, 3H). MS (ESI)jive 411 (MH"). HPLC
purity: method A 94%tgr 2.90 min; method B 96%x 7.67 min.
1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-1 H-quinazolin-4-one (27) (a) A solution of
2-[2-(5-fluoro-2-methoxyphenyl)-2-methylpropyl]-2-(trifluoromethyl)-
oxirane (500 mg, 1.71 mmol) and 2-aminobenzamide (1.17 g, 8.56
mmol) in DMF (2.5 mL) was heated at 14 for 20 h. The
reaction mixture was diluted with ether and washed with water and
brine. The organic layer was dried (p&0,), filtered, and concen-
trated. Purification of the residue by column chromatography-(15
30% ethyl acetate in hexanes) afforded 447 mg (61%) of 2-[[4-
(5-fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(trifluoro-
methyl)pentyllamino]benzamide as a white foahtd NMR (400
MHz, DMSO-dg): 6 8.19 (m, 1H, NH), 7.72 (s, 1H, NH), 7.51 (d,
1H,J = 7.9 Hz), 7.08 (m, 1H), 7.06 (m, 1H, NH), 6.98 (dd, 1H,
J = 10.8, 3.0 Hz), 6.85 (m, 2H), 6.46 (m, 1H), 5.91 (d, 1H+
8.2 Hz), 5.87 (s, 1H, OH), 3.72 (s, 3H), 2.88 (m, 2H), 2.68 (m,
1H), 1.94 (d, 1H,J = 15.0 Hz), 1.49 (s, 3H), 1.33 (s, 3H). MS
(ES): m/e 429 ([M + H]™). (b) To a solution of 2-[[4-(5-fluoro-
2-methoxyphenyl)-2-hydroxy-4-methyl-2-(trifluoromethyl)pentyl]-
aminolbenzamide (106 mg, 0.247 mmol) in 6.0 mL of trimethyl
orthoformate was added 0.1 mL of trifluoroacetic acid. After 1.5 h
at room temperature, the reaction mixture was concentrated.

guenched with acetic acid, water, and ether. The organic layer wasPurification by column chromatography (70% EtOAc/hexanes)

washed with water, saturated NaH¢CQand brine and dried
(MgS0O,). Removal of the volatiles in vacuo provided a residue
which was purified with flash silica gel chromatography using 33%

afforded 82.1 mg (76%) of the titte compound as a white solid.
Mp: 118-121°C. H NMR (400 MHz, MeOHéd,): ¢ 8.20 (s,
1H), 8.16 (d, 1H,J = 8.0 Hz), 7.69 (m, 1H), 7.49 (m, 1H), 7.27

ethyl acetate in hexanes as the eluent. The product-rich fractions(d, 1H,J = 9.8 Hz), 7.08 (d, 1H) = 8.6 Hz), 7.03 (m, 2H), 4.14
were collected and the volatiles removed in vacuo to provide 0.015 (m, 2H), 3.93 (s, 3H), 3.01 (d, 1H,= 15.2 Hz), 2.16 (d, 1H) =

g of 1-[4-(5-fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-1,2,3,4-tetrahydroquinolin-4-ol. A mixture of
this alcohol (0.015 g) and Mn£Q(0.2 g) in 2 mL of CHCI, was
stirred overnight, applied to a column of flash silica gel, and eluted

15.2 Hz), 1.69 (s, 3H), 1.47 (s, 3H). MS (ESi/e 439 (M +

H] ™). HPLC purity: method A 99%tg 3.21 min; method B 98%,

tr 7.97 min.
1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri-

with 25% ethyl acetate in hexanes. The product-rich fractions were fluoromethyl)pentyl]-1H-[1,5]naphthyridin-4-one (28). Mp: 193—

collected and the volatiles removed in vacuo. Mass: 0.010 g. Mp:

132-134°C. H NMR (400 MHz, CDC}): 6 7.80 (d, 1H), 7.13
(m, 3H), 6.88 (m, 1H), 6.77 (m, 1H), 6.67 (m, 1H), 5.91 (d, 1H),
3.78 (s, 3H), 3.52 (d, 1H), 3.28 (m, 2H), 3.02 (d, 1H), 2.55 (m,
4H) 2.18 (d, 1H), 1.56 (s, 3H), 1.38 (s, 3H). IR (cht 1672,
1603. MS (ESI): m/e 440 (MH"). HPLC purity: method A 96%,

tr 4.74 min; method B 98%z 10.82 min.

2-[(3,4-Dihydro-2H-quinolin-1-yl)methyl]-1,1,1-trifluoro-4-(5-

fluoro-2-methoxyphenyl)-4-methylpentan-2-ol (25) To a mixture

of 9(0.21 g, 0.72 mmol) and 1,2,3,4-tetrahydoquinoline (0.096 g;
0.72 mmol) in methylene chloride (5 mL) was added flash silica

195°C.*H NMR (400 MHz, MeOHd,): o 8.64 (m, 1H), 7.78 (d,
1H,J = 7.9 Hz), 7.54 (m, 2H), 7.28 (d, 1H,= 9.8 Hz), 7.02 (m,
2H), 6.37 (d, 1HJ = 7.9 Hz), 4.23 (d, 1HJ) = 16.0 Hz), 4.11 (d,
1H,J=16.0 Hz), 3.91 (s, 3H), 2.95 (d, 1H,= 15.2 Hz), 2.15 (d,
1H,J = 15.2 Hz), 1.68 (s, 3H), 1.47 (s, 3H). FTIR (neat): 1625,
1584 cml. MS (ES): m/e 440 (M + H]™).
1-[4-(5-Fluoro-2-methoxyphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-1 H-[1,6]naphthyridin-4-one (29). Mp: 229-
230°C. 'H NMR (400 MHz, MeOHély): 6 9.28 (s, 1H), 8.43 (d,
1H,J = 6.4 Hz), 7.77 (d, 1HJ = 8.0 Hz), 7.29 (m, 1H), 7.03 (m,
2H), 6.94 (d, 1HJ = 6.4 Hz), 6.27 (d, 1HJ = 8.0 Hz), 4.13 (d,

gel (0.5 g). The volatiles were removed in vacuo. The residue was 1H, J = 15.9 Hz), 4.05 (d, 1H) = 15.9 Hz), 3.92 (s, 3H), 2.98 (d,

heated in a microwave at 15C for 4 min, applied to a column of

1H,J=15.2 Hz), 2.14 (d, 1H) = 15.2 Hz), 1.69 (s, 3H), 1.47 (s,

flash silica gel, and eluted with 5% ethyl acetate in hexanes. The 3H). FTIR (neat): 1642, 1587 cth MS (ES): m/e 439 (M +
product-rich fractions were concentrated in vacuo. The residue wasH] ™). HPLC purity: method A 99%ig 2.59 min; method B 99%,

treated with ethereal HCI| and the volatiles removed in vacuo.
Trituration with hexanes and neutralization provided 0.06 g of the
oily product.’H NMR (400 MHz, CDC}): ¢ 7.11 (dd, 1H), 6.87
(m, 3H), 6.73 (m, 2H), 6.60 (m, 1H), 5.97 (d, 1H), 3.73 (s, 3H),
3.27 (d, 1H), 3.152.90 (m, 3H), 2.67 (m, 2H), 2.55 (d, 1H) 2.12
(d, 1H), 1.57 (s, 3H), 1.40 (s, 3H). MS (ESln/e 426 (MH").
HPLC purity: method A 99%iz 4.21 min; method B 98%g 13.07
min.

2-(Benzoimidazol-1-ylmethyl)-1,1,1-trifluoro-4-(5-fluoro-2-
methoxyphenyl)-4-methylpentan-2-ol (26)A mixture of9 (0.12

tr 6.91 min.
1-(2-Hydroxy-4-methyl-4-phenyl-2-(trifluoromethyl)pentyl)-
1H-quinolin-4-one (30) Mp: 80-82 °C. 'H NMR (400 MHz,
CDCl): ¢ 8.30 (d, 1H,J = 7.3 Hz), 7.53 (m, 1H), 7.39 (m, 5H),
7.26 (m, 2H), 7.18 (d, 1H] = 8.7 Hz), 6.09 (d, 1HJ) = 7.9 Hz),
4.08 (d, 1HJ = 15.8 Hz), 3.91 (d, 1HJ = 15.8 Hz), 3.71 (s, 1H,
OH), 2.39 (d, 1HJ = 15.4 Hz), 2.25 (d, 1HJ = 15.4 Hz), 1.61
(s, 3H), 1.37 (s, 3H). MS (ES)m/e 390 ([M + H]*). HPLC
purity: method A 99%i{r 3.25 min; method B 99%g 7.60 min.
1-[2-Hydroxy-4-(2-hydroxyphenyl)-4-methyl-2-(trifluorometh-

g, 0.41 mmol), benzimidazole (0.048 g; 0.41 mmol), and potassium yl)pentyl]-1H-quinolin-4-one (31) Mp: 157 °C. IH NMR (400

tert-butoxide (0.1 mL 6a 1 M solution in THF, 0.1 mmol) in
DMSO (3 mL) was heated at 130 for 2 h, cooled to room

MHz, MeOH-ds): 6 8.6 (d, 1H), 8.45 (d, 1H), 7.9 (t, 1H), 7.75 (,
1H), 7.55 (d, 1H), 7.5 (d, 1H), 7.18 (t, 1H), 7.05, (d, 1H), 6.98 (t,

temperature, and diluted with ethyl acetate and water. The organic1H), 6.85(d, 1H), 3.25 (m, 2H), 4.6 (s, 2H), 2.2 (d, 1H), 1.73 (s,
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3H), 1.55 (s, 3H). MS (ESI):m/e 406 (M"), 404 (M"). HPLC
purity: method A 92%ir 3.02 min; method B 85% 7.08 min.
1-[2-Hydroxy-4-methyl-4-o-tolyl-2-(trifluoromethyl) pentyl]-
1H-quinolin-4-one (32). Mp: 174 °C. 'H NMR (400 MHz,
CDCl): 6 8.26 (m, 1H), 7.52 (m, 2H), 7.4 (d,1H), #3.15 (m,
4H), 7.08 (d, 1H), 6.1 (d, 1H), 4.05 (g, 2H), 2.5 (s, 3H), 2.4 (q,
2H), 1.7 (s, 3H), 1.48 (s, 3H). MS (ESlyn/e 404 (M*). HPLC
purity: method A 96%ir 3.44 min; method B 99%x 8.03 min.
1-[4-(5-Fluoro-2-methylphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-1 H-quinolin-4-one (33) Mp: 103-105°C.
1H NMR (400 MHz, CDC}): ¢ 8.16 (dd, 1H,J = 8.1, 1.5 Hz),
7.50 (m, 1H), 7.37 (d, 1HJ) = 7.8 Hz), 7.28 (m, 1H), 7.23 (m,
1H), 7.07 (m, 2H), 6.87 (m, 1H), 6.01 (d, 1Bi= 7.8 Hz), 4.52 (s,
1H, OH), 4.10 (d, 1HJ = 15.7 Hz), 3.95 (d, 1HJ = 15.7 Hz),
2.50 (s, 3H), 2.47 (d, 1H] = 15.6 Hz), 2.33 (d, 1H) = 15.6 Hz),
1.72 (s, 3H), 1.48 (s, 3H). MS (ES)e 422 ([M + H]*"). HPLC
purity: method A 98%ir 3.47 min; method B 99%x 8.08 min.
1-[2-Hydroxy-4-(2-hydroxy-5-methylphenyl)-4-methyl-2-(tri-
fluoromethyl)pentyl]-1H-quinolin-4-one (34) Mp: 160-161°C.
IH NMR (400 MHz, MeOHé,): ¢ 8.21 (d, 1H), 7.73 (d, 1H),
7.52 (t, 1H), 7.30 (m, 2H), 7.13 (d, 1H), 6.94 (d, 1H), 6.72 (d,
1H), 6.19 (d, 1H) 4.27 (d, 1H), 4.13 (d, 1H), 3.15 (d, 1H), 2.29 (s,
3H), 2.13 (d, 1H), 1.69 (s, 3H), 1.50 (s, 3H). MS (EShve 419
(M%).
1-[2-Hydroxy-4-(5-methoxy-2-methylphenyl)-4-methyl-2-(tri-
fluoromethyl)pentyl]-1 H-quinolin-4-one (35).Mp: 196—-198°C.
1H NMR (400 MHz, CDC}): 6 8.37 (d, 1H), 7.55 (t, 1H), 7.4 (d,
1H), 7.3 (t, 1H), 7.2#7.08 (m, 3H), 6.72 (d, 1H), 6.15 (d, 1H),
4.1 (q, 2H), 3.8 (s, 3H), 2.98 (s, 1H), 2.4 (s, 3H), 2.38 (g, 2H),
1.65 (s, 3H), 1.43 (s, 3H). MS (ESl)m/e 434 (M"). HPLC
purity: method A 98%ir 3.43 min; method B 98% 7.96 min.
1-[2-Hydroxy-4-(5-hydroxy-2-methylphenyl)-4-methyl-2-(tri-
fluoromethyl)pentyl]-1 H-quinolin-4-one (36).Mp: 125-127°C.
1H NMR (400 MHz, MeOHé,): ¢ 8.28 (d, 1H), 7.83 (d, 1H),
7.68 (t, 1H), 7.4 (t, 1H), 7.29 (d, 1H), 7.16 (d, 1H), 7.06 (d, 1H),
6.62 (m, 1H), 6.39 (d, 1H), 4.16 (q, 2H), 2.72 (d, 1H), 2.58 (s,
3H), 2.18 (d, 1H), 1.78 (s, 3H), 1.5 (s, 3H). MS (ESkve 421
(M*). HPLC purity: method A 97%ig 2.89 min; method B 94%,
tr 6.85 min.
1-[4-(4-Fluoro-2-hydroxyphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-1H-quinolin-4-one (37) Mp: 293-295°C.
1H NMR (400 MHz, DMSO#): 6 10.3 (s, 1H, OH), 8.07 (d, 1H,
J=7.5Hz),7.61 (d, 1HJ = 7.8 Hz), 7.53 (m, 1H), 7.34 (m, 1H),
7.27 (m, 1H), 7.13 (d, 1H) = 8.6 Hz), 6.63 (m, 2H), 6.22 (s, 1H,
OH), 5.97 (d, 1HJ = 7.8 Hz), 4.05 (d, 1HJ = 16.2 Hz), 3.94 (d,
1H, J = 16.2 Hz), 2.99 (d, 1HJ = 15.0 Hz), 2.03 (d, 1HJ =
15.0 Hz), 1.61 (s, 3H), 1.38 (s, 3H). MS (ESjve 424 (M +
H]*). HPLC purity: method A 95%tr 3.14 min; method B 96%,
tr 7.26 min.
1-[4-(2,3-Dihydrobenzofuran-7-yl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-1 H-quinolin-4-one (38) Mp: 187-188°C.
IH NMR (400 MHz, DMSO¢g): 6 8.18 (d, 1H), 7.70 (m, 2H),
7.38 (7, 1H), 7.29 (m, 3H), 6.94 (t, 1H), 6.32 (s, 1H), 6.08 (d, 1H),
4.68 (t, 2H), 4.05 (dd, 2H), 3.22 (t, 1H), 2.88 (d, 1H), 2.12 (d,
1H), 1.70 (s, 3H), 1.43 (s, 3H). FTIR neat (cht 1624, 1610.
MS (ES): me 432 ([M + H]*). HPLC purity: method A 97%tr
3.38 min; method B 97%ig 8.07 min; method C 98%x 10.50
min.
1-[4-(2,3-Dihydrobenzofuran-7-yl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-3,5-dimethyl-1H-pyridin-4-one (39). Mp:
237-238°C.H NMR (400 MHz, MeOHedl): ¢ 7.35 (s, 2H), 7.17
(d, 1H,J = 7.8 Hz), 7.13 (d, 1HJ = 7.3 Hz), 6.85 (m, 1H), 4.59
(m, 2H), 3.74 (d, 1HJ = 15.1 Hz), 3.50 (d, 1HJ = 15.1 H2z),
3.18 (m, 2H), 2.92 (d, 1HJ = 15.3 Hz), 1.99 (d, 1HJ = 15.3
Hz), 1.95 (s, 6H), 1.64 (s, 3H), 1.38 (s, 3H). MS (ES\e 410
(IM + H]*). HPLC purity: method A 99%tg 2.81 min; method
B 98%,tg 7.30 min.
1-[4-(5-Fluoro-2-methylphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-1 H-[1,6]naphthyridin-4-one (40).Mp: 253—
255°C. 'H NMR (400 MHz, MeOHé,): ¢ 9.27 (s, 1H), 8.45 (d,
1H,J= 6.3 Hz), 7.76 (d, 1HJ = 8.0 Hz), 7.38 (dd, 1HJ = 2.7,
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12.1 Hz), 7.21 (dd, 1H] = 6.6, 8.3 Hz), 7.00 (d, 1H] = 6.3 Hz),
6.93 (m, 1H), 6.27 (d, 1H] = 8.0 Hz), 4.08 (m, 2H), 2.67 (d, 1H,
J = 15.6 Hz), 2.62 (s, 3H), 2.23 (d, 1H,= 15.6 Hz), 1.77 (s,
3H), 1.54 (s, 3H). MS (ES)mVe 423 ([M + H]*). HPLC purity:
method A 99% g 2.44 min; method B 99%g 6.42 min.

1-[4-(5-Fluoro-2-methylphenyl)-2-hydroxy-4-methyl-2-(tri-
fluoromethyl)pentyl]-3,5-dimethyl-1H-pyridin-4-one (41). Mp:
205-207°C.H NMR (400 MHz, MeOHél,): ¢ 7.38 (s, 2H), 7.25
(m, 1H), 7.16 (m, 1H), 6.87 (m, 1H), 3.71 (d, 1Bl= 15.0 Hz),
3.59 (d, 1HJ = 15.0 Hz), 2.64 (d, 1H) = 15.6 Hz), 2.55 (s, 3H),
2.11 (d, 1HJ = 15.6 Hz), 1.95 (s, 6H), 1.71 (s, 3H), 1.48 (s, 3H).
MS (ES): me 401 ([M + H]*). HPLC purity: method A 99%ix
2.78 min; method B 99%y 7.21 min.

Nuclear Receptor AssaysGR, PR, and MR binding assays were
performed in a fluorescence polarization microplate format that
measures competition for binding to the nuclear receptor between
a test compound and a fluorescently labeled receptor ligand, or
probe. The probes used for the assays were as follows: GR and
MR assays, 5 nM tetramethylrhodamine-labeled dexamethasone;
PR assay, 5 nM tetramethylrhodamine-labeled RU-486. For GR
and MR assays, receptors present in lysates of baculovirus-infected
insect cells co-infected with receptor, HSP-70, HSP-90, and p23
were used. For PR binding assays, lysates were generated from
insect cells infected with receptor-containing baculovirus alone.
Binding reactions consisted of lysate, the test compound, and the
probe combined in an assay buffer containing 10 mM TES, 50 mM
KCl, 20 mM NaMoO,2H,0, 1.5 mM EDTA, 0.04% (w/v)
CHAPS, 10% (v/v) glycerol, and 1 mM dithiothreitol, pH 7.4.
Lysates containing GR, PR, and MR were diluted into the assay
300-fold, 13-fold, and 17-fold in the respective binding reactions.
The DMSO concentration in all binding reactions was 1% (v/v).
Following 1 h ofincubation in the dark at room temperature, the
fluorescence polarization signal was measured using a Molecular
Devices Analyst plate reader with excitation and emission filters
of 550 and 580 nm selected and with a 561 nm dichroic mirror
installed. The positive control FP signal was measured in assay
wells containing binding reactions without inhibitor. The fluores-
cence polarization signal produced by maximal inhibition (back-
ground control) was determined using the signals from wells
containing 2uM concentrations of a standard inhibitor for each
receptor: dexamethasone for GR and MR and RU-486 for PR.
Fluorescence polarization signals from duplicate 11-point concen-
tration—response curves were fitted to a 4-parameter logistic
equation to determine Kgvalues.

Cellular Assays The fibroblast IL-6 assay measures the ability
of test compounds to inhibit the elaboration of IL-6 by human
foreskin fibroblasts following stimulation by IL-1 in vitro. Human
foreskin fibroblasts (ATCC no. CRL-2429) were grown in Iscove’s
medium supplemented with 10% (v/v) charcoal/dexamethasone-
treated fetal bovine serum and plated at 20000 cells/well 2 days
prior to the assay. On the day of the assay, the medium was
replaced, followed by the addition of the test compound (0.4%
DMSO final assay concentration) and recombinant human IL-1
(final concentration 1 ng/mL). After incubation at ST for 18—

24 h, IL-6 in the tissue culture medium was quantitated using
standard electrochemiluminescence, DELFIA, or ELISA methods.
Test compound 163 values were determined by fitting the data
from duplicate 11-point concentratiomesponse curves to a
4-parameter logistic equation. In this assay, IL-6 inhibition is
considered a measure of the agonist response of the glucocorticoid
receptor, and dexamethasone is considered to possess 100%
efficacy.

The fibroblast aromatase assay measures the ability of test
compounds to induce aromatase activity in human foreskin
fibroblasts, as indicated by the production @fstradiol in the
presence of exogenously added testosterone. Human foreskin
fibroblasts (ATCC no. CRL-2429) were grown in Iscove’s medium
supplemented with 10% (v/v) charcoal/dexamethasone-treated fetal
bovine serum and plated at 10000 cells/well 5 days prior to the
assay. On the day of the assay, the medium was replaced, followed
by the addition of the test compound (0.4% DMSO final assay
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concentration) and testosterone (final concentratigriM). After
incubation at 37C for 18-24 h, estradiol was quantitated in the
tissue culture medium using a commercial ELISA (ALPCO no.
020-DR-2693). Test compound Efvalues were determined by
fitting the data from duplicate 11-point concentratimesponse
curves to a 4-parameter logistic equation. For test compound

comparison, dexamethasone was considered to possess 100%

efficacy in this assay.

HelLa MMTYV transactivation assay measures the ability of test
compounds to activate MMTV promoter in HelLa cells stably
transfected with MMTYV luciferase construct. HeLa MMTV cells
were grown in DMEM medium supplemented with 10% (v/v) fetal
bovine serum (Hyclone), 100 U/mL penicillin, 10@/mL strep-
tomycin, 2 mML-glutamine, and 30@g/mL genetecin. The day
prior to assay the cells were plated at 25000 cells/well in 96-well
white clear bottom cell culture plates in DMEM medium supple-
mented with 3% (v/v) FBS, 100 U/mL penicillin, 100g/mL
streptomycin, and 2 mM-glutamine. On the day of the assay, the
medium was replaced, followed by addition of the test compound
(0.2% DMSO final assay concentration). Positive control wells
received JuM dexamethasone and represent 100% induction, while
negative control wells received vehicle only and represent back-
ground. After final addition of the compounds the plates were
incubated fo 6 h at 37°C and 5% CQ. After the incubation period
luminescence was detected upon cell lysis with Steady Glow
luciferase reagent (Promega no. E2520). Activation of MMTV
promoter by test compounds is expressed in percentage relative to
the positive control. Test compound E@alues were determined
by nonlinear curve fitting of the data from duplicate eight-point
concentratior-response curves.

In Vivo LPS Challenge Assay.Female Balb/c mice, weighing
approximately 20 g, were used. Mice were administetadthe
test compound, and vehicle in cremophor (po) approximately 60
min prior to LPSbH-gal administration. The volume of oral gavage
was 0.15 mL. Then the mice were administered LEScherichia
coli LPS 055:85, 1.@g/mouse) plus-gal (50 mg/kg) intravenously
in 0.2 mL of pyrogen-free saline. One hour after LEgAl

administration, each mouse was anesthetized and bled by cardiac

puncture and the blood collected for serum TiRnd compound
levels. Blood samples were centrifuged at 2500 rpm for 19

min, the serum was decanted, and the samples were stored frozen

at —70 °C until transfer either for TNFx determination or to Drug
Metabolism and Pharmacokinetics for plasma concentration analysis
by HPLC. The concentration of TN&-n the serum was measured

by a commercially available ELISA kit (R&D Systems, Min-
neapolis, MN). ELISA was performed according to the manufac-
turer's assay procedure. All samples were assayed in duplicate.
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