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The tetrahydronaphthalene-benzoxazine glucocorticoid receptor (GR) partial agonist4b was optimized
to produce potent full agonists of GR. Aromatic ring substitution of the tetrahydronaphthalene leads to
weak GR antagonists. Discovery of an “agonist trigger” substituent on the saturated ring of the
tetrahydronaphthalene leads to increased potency and efficacious GR agonism. These compounds are efficacy
selective in an NFkB GR agonist assay (representing transrepression effects) over an MMTV GR agonist
assay (representing transactivation effects).52 and60 have NFkB pIC50 ) 8.92 (105%) and 8.69 (92%) and
MMTV pEC50 ) 8.20 (47%) and 7.75 (39%), respectively. The impact of the trigger substituent on agonism
is modeled within GR and discussed.36, 52, and60 have anti-inflammatory activity in a mouse model of
inflammation after topical dosing with52 and60, having an effect similar to that of dexamethasone. The
original lead was discovered by a manual agreement docking method, and automation of this method is also
described.

Introduction

Glucocorticoids have been used for many years as anti-
inflammatory agents for treating a whole spectrum of conditions,
including asthma and rheumatoid arthritis.1 Fluticasone propi-
onate 1 is commonly used as a safe and effective inhaled
treatment for asthma. In contrast, dexamethasone (2) and
prednisolone (3) are commonly prescribed oral treatments for
treating rheumatoid arthritis. About 10 million prescriptions are
written each year for oral glucocorticoids in the United States
alone, and it is estimated that well over 50% of patients with
rheumatoid arthritis are treated more or less continuously with
glucocorticoids.2 Overall, the market size for glucocorticoids
is estimated as $10 billion per year.3 However prolonged use
of orally administered glucocorticoids in the treatment of chronic
conditions is blighted by serious and unpleasant side-effects
including, among many others, glucose intolerance, muscle
wasting, skin thinning, and osteoporosis.

As a consequence of these side effects, there has recently
been considerable interest in a hypothesis of selective gluco-
corticoid agonism where the beneficial anti-inflammatory effects
are postulated to derive from transrepression (TRa) pathways
and may be separated from the side effects derived from
transactivation (TA) pathways.4 Compounds that display selec-
tivity for transrepression over transactivation are often referred
to as dissociated agonists. Lucid descriptions of the molecular
basis for these pathways have been described in detail
elsewhere.2-4 Recent publications have described nonsteroidal
structures that are dissociated glucocorticoid receptor (GR)
agonists that feature both TR/TA selectivity5-9 and GR antago-
nists.10,11

At GSK, we are interested in GR agonists as anti-inflamma-
tory agents and have recently described nonsteroidal GR
modulators designed by using an agreement docking method.12,13

These modulators, exemplified by4a, 4b, and 5, are potent
binders to GR, with5 being a sub-micromolar partial agonist.
These compounds also possess indications of dissociation, that
is, selectivity for transrepression over transactivation. We
describe in this paper the discovery of a structural “agonist
trigger” that switches this series from being predominantly
antagonists and partial agonists of GR into efficacious agonists.
This paper also describes the conversion of these leads into
potent GR agonists of similar activity to dexamethasone2,
indications of their efficacy selectivity for TR over TA, nuclear
receptor selectivity, and anti-inflammatory activity in vivo after
topical dosing to mice. Finally, this paper also describes the
automation of the previously manual agreement docking method.
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Chemistry

The target compounds were prepared according to the
methods shown in Schemes 1-3. Compounds4a and29 were
prepared according to method A (Scheme 1) from the ap-
propriately substituted aldehyde6 (R ) H and 8-NO2, respec-
tively). These were converted in two steps to theR-keto acids
8, which were then coupled with the known 6-aminobenzox-
azinone14 to afford the pyruvamides10. Trifluoromethylation
using Ruppert’s reagent gave a separable mixtures of the two
diastereomers (4a and 11). The 8-nitro derivative11 was
converted into the fluoride analogue29 by a sequence of
reduction, diazotization, and fluorination.

A much quicker, more general route (method B) was
subsequently designed for tetrahydronaphthalenes featuring
substitution on the aromatic ring (Scheme 2). This was used to
prepare analogues17-28. Thus, the target compounds were
prepared convergently in three steps from an appropriately
substituted tetralone and a trifluoromethylpyruvamide hydrate
12 as a common intermediate. The trifluoromethylpyruvamide
hydrate12 was prepared in a three-stage sequence from the
aminobenzoxazinone914 by formylation followed by dehydra-
tion to the isonitrile and, finally, in a Passerini reaction, treatment
with trifluoromethylacetic anhydride. The required substituted
methylene tetralins14 were prepared from the correspondingly
substituted tetralones13via treatment with methyltriphenylphos-
phonium bromide in a Wittig reaction or using the Tebbe reagent
(µ-chloro-µ-methylene[bis(cyclopentadienyl)titanium]dimethyl-
aluminum).

Thermal ene reactions between the methylene tetralins14and
the trifluoromethylpyruvamide hydrate12provided the coupled
products15 in good to excellent yields. Last-stage reduction of
the trisubstituted double bond in15proved very difficult in part
due to its hindered nature and in part due to the ease of reduction
of the benzoxazinone. Generally applicable conditions were
found, eventually utilizing diimide generated using microwaves
from an excess of tosyl hydrazide. Reduction using alternative
sources of diimide such as mesitylsulfonyl hydrazide failed. The
resultant diastereomers16 were obtained in low to moderate
yields and were generally separated using reverse phase HPLC.
The racemic diastereomers were tested and compounds of

particular interest were separated into their component enanti-
omers. The diastereomers were assigned as diastereomer 1 (D1)
or diastereomer 2 (D2) on the basis of their retention times on
reverse phase LC/MS. Thus D1 was assigned as the faster
eluting (more polar) isomer and D2 assigned as the slower
eluting (less polar) isomer. Subsequently analysis of the1H
NMR spectra confirmed that all the isomers had been consis-
tently assigned on the basis of the coupling pattern exhibited
by one of the protons of the chain CH2 (Figure 1).

The enantiomers were assigned as enantiomer 1 (E1) and
enantiomer 2 (E2) on a similar basis of retention times on chiral
HPLC. Thus, the faster eluting enantiomer was assigned as E1
and the slower eluting enantiomer as E2. It is assumed that the
most active enantiomers for the various analogues share similar
absolute chirality, but no evidence was gathered to confirm this
assumption (see Table 1 for examples).

Several routes were used for analogues that feature variation
in the R1 position (Schemes 3 and 4). Initially, the R1 ) Me
analogues35a-35d were prepared via the carbinol31, which
is available from tetralone30. Reaction of the carbinol31 with
the silyl enol ether of pyruvate in the presence of tin(IV) chloride
gave the pyruvate32 in modest yield. The remainder of the
route is as described previously (Scheme 1). In the last step,
introduction of the trifluoromethyl group into34 proved
capricious and very low yielding. The R1 ) Et tetrahydronaph-
thalene36 and suberan analogue42 were prepared similarly
(shown in Table 2). Nitration of36 with a K10 montmorillonite
clay complex with copper(II) nitrate and acetic anhydride
afforded a mixture of isomeric products39-41 that are
separable by flash chromatography and HPLC.

A more versatile route was subsequently developed allowing
variation of the R1 group on the congested quaternary carbon,
even including substitutents such astert-butyl (Scheme 4). This
route featured as the key step a palladium cascade reaction,15

which involves three transformations in one vessel exemplified
by the transformation of47 to 48. Thus an aryl iodide with a
tethered alkene47 initially undergoes an intramolecular cy-
clization under palladium catalysis to form the saturated ring
of the tetrahydronaphthalene. The resultant palladium intermedi-
ate is subsequently trapped with carbon monoxide followed by
a furylstannane to afford48.

The route is exemplified for the synthesis of the 1-ethylpropyl
R1 analogue (Scheme 4). Preparation of the cascade reaction
precursor 47 commences from commercially availableo-
iodobenzylzinc bromide43, 1-ethylpropylzinc bromide, and
acryloyl chloride 44. In a one-pot procedure, the acryloyl
chloride 44 is first converted to the desired vinyl ketone45
using 1-ethylpropylzinc bromide and a palladium catalyst
followed by in situ reaction of the vinyl ketone witho-
iodobenzylzinc bromide to afford46 in 36% yield. This one-
pot procedure telescopes two steps originally described by Rieke
and co-workers.16 Conversion of the ketone46 to the olefin47
was accomplished using the standard Wittig procedure in 76%
yield. Heating47 in the presence of palladium acetate, triph-
enylphosphine and 2-furyltributylstannane under an atmosphere
of carbon monoxide in toluene then gave48 in 20% yield after
chromatography. Ozonolysis of the furan gave a mixture of the
ketoacid49 and acid50, where a carbonyl group has been
extruded. This mixture was then coupled with the benzoxazine
9 using the conditions described earlier to give51 in 33% yield
for the two steps. The trifluoromethylation was achieved in this
instance using cesium fluoride and Ruppert’s reagent in DMF
and gave an 81% yield of two diastereomers from which52
D2E2 was separated. Separation of the diastereomers and

Scheme 1.Method Aa

a Conditions: (a) (EtO)2POCH(OEt)CO2Et, LDA, THF, -10 °C to rt,
18 h, 78% (R) H); (b) TFA:H2O (3:4), rt, 3 h, used crude; (c) 6-amino-
4-methyl-2,3-benzoxazin-1-one9, SOCl2, DMA, -8 to 0 °C, 3 h, 26% (R
) H); (d) CF3TMS, Cs2CO3, DMF, 18 h then TBAF (1 M in THF), 30 min
23% (R) H); (e) (i) SnCl2·2H2O, THF, 60°C, 3 h, 82%; (ii) BF3·OEt2,
DCM, DMF, -15 °C, then add aniline and warm to 5°C, 14%.

Dissociated Nonsteroidal GR Modulators Journal of Medicinal Chemistry, 2006, Vol. 49, No. 144217



enantiomers was achieved using standard purification tech-
niques. The yields described for this sequence are representative
for the compounds described in Table 3 apart from the
capricious last stage trifluoromethylation, where yields varied
from good to poor (5-81%). Despite considerable optimization
work, we were unable to discover a general set of trifluorom-
ethylation conditions that consistently gave good yields of
products for a range of substrates. Compounds52-62 were
prepared according to this route.

Crystals of the enantiomer (D2E1) of60were grown by slow
evaporation of an ethanol solution allowing determination of

its absolute stereochemistry by single-crystal X-ray diffraction
asSS. Therefore, the absolute stereochemistry of60 (D2E2) is
RR.

Biological Assays

GR Binding Assay. The compounds were tested for their
ability to bind to GR using competition experiments with
fluorescent-labeled dexamethasone.12 The tight binding limit of
the assay is about pIC50 ) 8.5.

GR NFkB Functional Agonist Assay (Transrepression).
A functional GR agonist assay was carried out using human
A549 lung epithelial cells engineered to contain a secreted
placental alkaline phosphatase gene under the control of the
distal region of the NFkB-dependent ELAM promoter.17 This
assay allows determination of the ability of compounds to
repress transcription (i.e. transpression). Efficacy is expressed
as a percentage of the dexamethasone response.

GR MMTV Functional Assay (Transactivation). Human
A549 lung epithelial cells were engineered to contain a renilla
luciferase gene under the control of the distal region of the LTR
from the mouse mammary tumor virus as previously described.12

While the standards dexamethasone (2) and prednisolone (3)
have comparable efficacy in the NFkB transrepression agonist
assay and the MMTV transactivation agonist assay, they are
more potent in the NFkB assay by about 0.4-0.6 pIC50 units.

GR MMTV Antagonist Assay. The GR antagonist assay
also used human A549 lung epithelial cells stably transfected

Scheme 2.Method Ba

a Conditions and notes: (a) HCO2H, Ac2O, 55 °C, 2 h then 6-amino-4-methyl-2,3-benzoxazin-1-one9, THF, rt, 2 days, used crude; (b) POCl3, Et3N,
THF:DMPU (2.5:1), rt, 2 days, 67%; (c) trifluoroacetic anhydride, rt, 2 days then MeOH, 87%; (d) Wittig or Tebbe reactions, good yields; (e) 200°C, 10
min, good to excellent yields; (f) excess TsNHNH2, NMP, 150°C, microwave, 30 min, low yields.

Scheme 3.Method Ca

a Conditions: (a) MeLi, CeCl3, THF, -70 °C, 2 h, 46%; (b) methyl 2-(trimethylsilyloxy)acrylate, SnCl4, CHCl3, -60 °C, 17%; (c) KOH, MeOH, room
temperature, 2 h, used crude; (d) SOCl2, DMA, -5 °C, then9 (Scheme 2), warm to room temperature, 3 h, 67%; (e) TMSCF3, Cs2CO3, DMF, 3 h then
TBAF, 30 min, 2.5%.

Figure 1. Details of a representative1H NMR spectra (in CDCl3) for
the compounds listed in Table 1 illustrating the coupling differences
for one of the protons in the chain CH2 for diastereomer 1 and
diastereomer 2 appearing betweenδ 2.20-2.30. The diastereomers in
Table 1 were assigned consistently on this basis.
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with the mouse mammary tumor virus (MMTV) lucifer-
ase reporter gene. Compounds were tested for their ability to
antagonize dexamethasone-induced activation.17 This assay
also allows determination of the ability of compounds to acti-
vate transcription (i.e. transactivation). Data for target com-
pounds and standards [dexamethasone for agonism and
mifepristone (RU486) for antagonism] in these assays are
reported.

Topical Mouse DTH Assay.Anti-inflammatory effects were
determined in mice using an oxazolone-induced mouse ear skin
delayed types hypersensitivity model.18 Balb/c mice were
sensitized with oxazolone and after 5 days the compounds were
applied topically to the right ear only. Oxazolone was then
applied topically to both ears 1 h later followed 3 h postchallenge
with further treatment with compound to the right ear only.

Twenty-four hours later the thickness of each ear was measured
and an ED50 calculated.

Results and Discussion

We have previously described the discovery of the tetrahy-
dronaphthalene4b and suberan5 as GR modulators using an
“agreement docking method” with5 being a partial agonist
possessing micromolar levels of potency.12 Our next aim was
to increase the levels of GR agonist potency and efficacy to
those similar to dexamethasone2, a compound widely used in
the clinic. We were also keen to evaluate whether this
nonsteroidal series would offer any selectivity for transrepression
over transactivation. As other nonsteroidal series have shown a
profound influence of aromatic substituents on biological
activity,5,6 we decided to explore the effect of a wide variety of
substituents at each position of the aromatic ring of the
tetrahydronaphthalene. We chose to work in the tetrahydronaph-
thalene series rather than the suberan series,12 due to the greater
availability of starting materials and the synthetic accessibility
of the targets. A comprehensive list of analogues was prepared
represented by those shown in Table 1, and in general, at least
one isomer of each analogue displays good GR binding activity.
However, no appreciable agonism of GR was observed, although
hints of activity appear at high concentrations (see the percentage
maxima, Table 1); these may also be the result of cell toxicity.
In general the D1 analogues are more potent binders than D2
analogues (data only shown for the 5-bromo derivative23avs
23b and23cvs 23e). As might be expected, one enantiomer of
the active diastereomer (D1E1,23c) is slightly more potent than
the other enantiomer (D1E2,23d). Surprisingly, one enantiomer
of the other diastereomer (D2E1,23e) is also a good binder,
although this has been rationalized by modeling studies12 that
suggest that the stereochemistry of the alcohol is preserved and
that it is the stereochemistry at the quaternary carbon of the
tetrahydronaphthalene that changes. These trends, illustrated for
the 5-bromo analogue23, generally also apply for the variety
of substituents at the 5-, 6-, 7-, or 8-position. In general, the
SAR obtained from data generated on the diastereomers is
representative of that found with the corresponding single
enantiomers (as can be seen with23) with the enantiomers
typically being more potent in the binding assay (see for example
19a and19b or 20a and20b).

A broad range of substituents are tolerated, as shown by the
5-substituted analogues17-24. Electronic, steric, or polar
differences make little difference to the binding, although there
is a correlation between increasing lipophilicity and higher
percentage maxima in the NFkB assay; for example, the
percentage maxima for the 5-NH2 (22) and 5-Br (23a) analogues
are 32% and 105%, respectively.

The 5-substituted analogues are as potent as or slightly more
potent than the corresponding 6-, 7-, or 8-substituted analogues:
compare the 5-F analogue21 with the 6-, 7-, or 8-F analogues
27-29, and the 5-NO2 analogue24 with the 6- and 7-NO2
analogues25 and 26. This trend also applies with other
substituents (data not shown).

The more potent binders19a, 19b, 20b, and23a, including
the very small 5-fluoro analogue21, are sub-micromolar GR
antagonists as determined in the MMTV antagonism assay. As
will be seen later, substitution on the aromatic ring of the
tetrahydronaphthalene is a powerful switch for converting GR
agonists into antagonists.

With little success in discovering GR agonism through
substitution of the aromatic ring of the tetrahydronaphthalene,
it was decided to explore modification of the saturated ring of

Table 1. Biological Data for Analogues Featuring Substitution of the
Aromatic Ring of the Tetrahydronaphthalene

pIC50

compd R stereo.a
GR

bindingb,c
NFkBb,d

(% max)
MMTV

antagonismb,e

2 - - 8.10( 0.04 8.93( 0.07
(110( 5)

<5

3 ntg 8.07( 0.15
(98.4( 3.8)

nt

RU486f 8.24( 0.09 <6 (4 ( 2) 8.33( 0.36
4a H D1 rac 8.1( 0.17 <6 (35( 2) nt
17 5-OMe D1 rac 7.9( 0.05 <6 (66( 13) nt
18 5-CN D1 rac 7.8( 0.08 <6 (68( 16) nt
19a 5-Me D1 rac 7.7( 0.06 <6 (92( 10) 6.1( 0.15
19b 5-Me D1E1 8.5( 0.01 <6 (98( 1) 6.7( 0.02
20a 5-Cl D1 rac 7.8( 0.04 <6 (94( 25) nt
20b 5-Cl D1E1 8.3( 0.03 <6 (99( 18) 6.4( 0.03
21 5-F D1 rac 7.8( 0.14 <6 (78( 14) 6.3( 0.11
22 5-NH2 D1 rac 7.6( 0.08 <6 (32( 18) 5.7( 0.06
23a 5-Br D1 rac 7.8( 0.12 <6 (105( 7) 6.1( 0.03
23b 5-Br D2 rac 7.4( 0.09 <6 (81( 30) nt
23c 5-Br D1E1 8.2( 0.25 <6 (86( 21) nt
23d 5-Br D1E2 6.0( 0.11 <6 (67( 6) nt
23e 5-Br D2E1 7.6( 0.10 <6 (53( 31) nt
23f 5-Br D2E2 6.2( 0.05 <6 (47( 4) nt
24 5-NO2 D1 rac 7.9( 0.19 <6 (52( 23) nt
25 6-NO2 D1 rac 6.9( 0.07 <6 (35( 22) nt
26 7-NO2 D1 rac 7.7( 0.42 <6 (42( 2) nt
27 6-F D1 rac 7.9( 0.08 <6 (74( 16) nt
28 7-F D1 rac 7.8( 0.06 <6 (63( 17) nt
29 8-F D1 rac 7.5( 0.24 <6 (42( 16) nt

a D ) diastereomer, E) enantiomer. The stereochemistry of the
diastereomers has been consistently assigned by1H NMR. Enantiomer
assignment is based on the order of elution from analytical chiral HPLC.
See the text for further details.b pIC50 values are from duplicate wells with
at leastn ) 3 from 11 point dose-response curves with a top concentration
of 10 mM. Standard errors are shown.c In the GR binding assay, compounds
were tested for their ability to bind to GR using competition experiments
with fluorescently labeled dexamethasone.d The NFkB assay used human
A549 lung epithelial cells engineered to contain a secreted placental alkaline
phosphatase gene under the control of the distal region of the NFkB-
dependent ELAM promoter. With a top concentration of 10 mM being
tested, pIC50’s are not quoted for values<6. All the compounds listed apart
from dexamethasone had pIC50 values<6 and are not shown. Maxima are
quoted with reference to the maximum for dexamethasone (2) (the standard
used).e The GR antagonist assay used human A549 lung epithelial cells
stably transfected with the mouse mammary tumor virus (MMTV) luciferase
reporter gene. Compounds were tested for their ability to antagonize
dexamethasone-induced activation.f RU486 (mifepristone) was used as the
standard for GR antagonism.g nt ) not tested.
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the tetrahydronaphthalene (Table 2). Previously, an agreement
docking technique had been used for design of GR agonists.12

The method was effective but slow and limited by reliance on
visual inspection of many docking results. To broaden the use
of the method it was automated. A calculated averaged 3D
similarity was used as a measure of agreement rather than a
simple visual assessment (see the Experimental Section for a
description of the technique). This automated agreement docking
was applied to the five active R-isomers of the GR binding
compounds described in the original work (Figure 2).12 The
automation method performed well and made it possible to
explore many more poses than were previously considered. In
a fraction of the time used for the manual method it was possible
to reproduce the original results, with one interesting excep-
tion: it was found that benzoxazine-containing compounds in
Figure 2 were now clearly placed with the benzoxazine ring
rotated through 180° relative to the original docking mode
(Figures 3 and 4). This new agreement docking model was
adopted for all further studies of the benzoxazine derivatives.

It appeared from this model that some substitution at position
1 of the tetrahydronaphthalene moiety would be tolerated and
an examination of the region showed that space was available
for reasonably large substitution (Figure 5). However, the
indication from the modeling work was that while substitution
here would be tolerated, it was unlikely to improve binding
affinity. The modeling was proved correct in this respect, as
the favored enantiomers of R1 substituted compounds gave
similar pIC50’s in the binding assay, each close to 8.1 (see Table
2). However, surprisingly, the R1 substituent had a profound
and subtle effect on GR agonism; subsequently, we came to
describe the R1 group as the “agonist trigger”. Interestingly,
the R1 group is shown in the docking model to project into a
region between helix 3 (H3) and the H11-H12 loop (Figure
5). Changes in this group could modify the behavior of the H12,
which forms part of the AF2 region; the positioning of this helix
is known to be key to some agonist activities of nuclear
hormones.19,20

Replacement of the R1 hydrogen with a methyl group provides
a substantial increase in potency and efficacy in the NFkB assay,
with the most potent enantiomer35d (D2E2) being a partial
agonist having pIC50 ) 7.7 (61%) (Table 2). One enantiomer

of the other diastereomer35b (D1E2) is also a less potent partial
agonist having pIC50 ) 5.9 (45%).35dhas little MMTV agonist
activity [pIC50 < 5 (4%)] and instead displays micromolar
antagonism (pIC50 ) 6.4). This compound therefore demon-
strates a desired profile with agonism of the transrepression
pathway and antagonism of the transactivation pathway as
described by these assays in the same A549 cell line. Surpris-
ingly, replacing the R1 methyl with an ethyl group leads to a
further 5-fold increase in agonist potency and increased efficacy,
with 36 having NFkB pIC50 ) 8.3 (73%). Encouragingly, this
compound exhibits weaker efficacy as an MMTV agonist (pIC50

) 8.04 (31%)).
In this series, GR agonism appears balanced on a knife edge;

conversion of the tetrahydronaphthalene to the corresponding
chromans37 or 38 leads to a dramatic loss of agonist potency
and efficacy with the compounds being GR antagonists. The
sensitivity of the 4-position (that is, the R4 atom) in the
tetrahydronaphthalene toward agonism cannot be explained
through modeling studies, which suggest that36 and37 bind
in an essentially identical fashion with very little difference in
possible effects on H12. Furthermore, conformational studies
demonstrated that36 and37 have essentially the same confor-
mational preferences, eliminating that as a possible cause for
the lack of agonism in37.

We decided to investigate the effect of aromatic substitution
in the tetrahydronaphthalene with GR agonist36 (R1 ) Et)
series. The readily accessible 5-, 6-, and 7-nitro analogues39-
41 prove to be excellent binders to GR but lose all agonism,
being sub-micromolar antagonists.

The suberan derivative with an R1 ) Et group42 was also
prepared. In contrast to the R1 ) H series, where the suberan
derivative5 is a more potent and efficacious GR agonist than
the corresponding tetrahydronaphthalene4b, in this series it is
less efficacious (compare36 73% max with42 55% max).

Having 36 in hand with GR agonist potency similar to
prednisolone3, 36was evaluated in a mouse DTH in vivo model
after topical dosing. This model evaluates the ability of the
compound to act as an anti-inflammatory by comparing the
thickness of the topically treated right ear with that of the
untreated left ear after challenge.18 Gratifyingly, 36 proved to
be an anti-inflammatory agent with an ED50 ) 6.5µg, 10 times

Scheme 4.Method Da

a Conditions: (a) 1-ethylpropylzinc bromide, Pd(PPh3)4, THF, 0 °C, 1.5 h, then added to (b) LiCl, CuCN,43, TMSCl, -70 °C to rt, 2 h, 36%; (c)
MePPh3Br, n-BuLi, THF, reflux, 18 h, 76%; (d) Pd(OAc)2, PPh3, 2-furyltributylstannane, CO, PhMe, reflux, 3 h, 20%; (e) O3, MeOH, -78 °C, 1 h, then
KOH, MeOH, 1.5 h, used crude; (f)9, SOCl2, DMA, -5 °C to rt, 3 h, 33%; (g) CsF, TMSCF3, DMF, rt, 81% for the mixture of diastereomers.
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less potent than dexamethasone2 (which correlates approxi-
mately with the difference observed in agonist activity) (Table
4).

The ability of the R1 substituent to trigger GR agonism
prompted us to explore this part of the molecule in greater depth.
We therefore prepared and tested a range of analogues in order
to determine the optimal nature of different alkyl, branched
alkyl, cycloalkyl, and phenyl substituents (Table 3). All eleven
substituents are potent binders to GR but vary widely in their
agonist potency and efficacy in the NFkB assay. For NFkB
potency, the SAR for the carbon atom of the R1 substituent
connected to the tetrahydronaphthalene indicates a very clear
preference for sp3 geometry over sp2 geometry (exemplified by
62, which is an antagonist), and a general trend of substitutions
such as branched chain alkyls and smaller cyclic rings tend to
be superior to linear alkyl substitutions that in turn are much
superior to highly hindered substitution (exemplified by59,
which is a micromolar antagonist). Comparison of the propyl
or butyl seriessnormal, iso, or cyclossuggests that the increases
in observed agonism potency is not driven by increases in log
P but by the impact of molecular structural changes in the
binding site. The most potent agonists are the 1-ethylpropyl52

and the cyclopentyl60 analogues having NFkB pIC50’s of 8.9
(105%) and 8.7 (92%), respectively. Interestingly, in the NFkB
assay, a clear trend is observed for this series, where increasing
potency (pIC50) correlates with increasing efficacy (% max)
(Figure 6).

Various structural modeling studies were carried out in
attempts to understand the agonist activities seen for different
R1 groups. Clearly, increasing steric bulk in the region generally
improves NFkB agonism. Such a change may be expected to
affect the H11-H12 loop. However, all attempts to model the
H11-H12 loop movements, in response to changing R1 groups,
were unsuccessful. Molecular dynamics simulations failed to
show a significant difference for the position of the loop, at
least on the relatively short time scales employed (200 ps).
Attempts to understand some of the R1 groups’ SAR were more
successful. Two R1 substituted analogues showed rather surpris-
ing activity: the tBu derivative59 and the phenyl derivative
62. Both bind well to the GR receptor (see Table 3) but fail to
produce agonism. This is in stark contrast to the high potency
of close analogues (55 and60). Clearly, placing steric bulk at
R1 is not in itself the key to agonism. The two inactive analogues
were docked, using FLO+ (mcdock + 600 cycles),21 to the

Table 2. Biological Data for Modification of R1 Substituted Tetrahydronaphthalenes

pIC50

compd stereo.a R5-8 X R1
GR

bindingb,c
NFkBb,d

(% max)
MMTV b,f

antagonism

MMTV b,e

agonism pEC50

(% max)

2 8.10( 0.04 8.93( 0.07
(110( 5)

<5 8.3( 0.23
(102( 10.8)

3 ntg 8.07( 0.15
(98.4( 3.8)

nt 7.50( 0.49
(100.3( 0.15)

RU486h 8.24( 0.09 <6
(4 ( 2)

8.33( 0.36 nt

35a D1E1 - CH2 Me 6.5( 0.05 <5
(18 ( 11)

nt nt

35b D1E2 - CH2 Me 8.1( 0.04 5.9( 0.7
(45 ( 13)

nt nt

35c D2E1 - CH2 Me 6.6( 0.39 <5
(46 ( 4)

nt nt

35d D2E2 - CH2 Me 8.0( 0.29 7.7( 0.32
(61 ( 7)

6.4( 0.10 <5
(4 ( 3)

36 D2E1 - CH2 Et 8.21( 0.21 8.3( 0.43
(73 ( 11)

6.7( 0.44 8.04( 0.14
(31 ( 9)

37 D2 - O Et 7.78( 0.01 <5
(46 ( 19)

nt nt

38 D1 - O Et 7.93( 0.01 <5
(39 ( 10)

nt nt

39 D2E1 5-NO2 CH2 Et 8.3( 0.02 <5
(26 ( 10)

6.6( 0.07 nt

40 D2E1 6-NO2 CH2 Et 8.1( 0.04 <5
(35 ( 9)

6.1( 0.02 nt

41 D2E1 7-NO2 CH2 Et 8.2( 0.19 <5
(19 ( 5)

6.5( 0.06 nt

42 D2E1 - (CH2)2 Et 8.0( 0.03 8.1( 0.36
(55 ( 3)

nt <5
(6 ( 2)

a D ) diastereomer, E) enantiomer. The stereochemistry of the diastereomers has been consistently assigned by retention time on LC/MS. Enantiomer
assignment is based on the order of elution from analytical chiral HPLC. See the text for further details.b pIC50 values are from duplicate wells with at least
n ) 3 from 11 point dose-response curves with a top concentration of 10 mM. Standard errors are shown.c In the GR binding assay, compounds were
tested for their ability to bind to GR using competition experiments with fluorescently labeled dexamethasone.d The NFkB assay used human A549 lung
epithelial cells engineered to contain a secreted placental alkaline phosphatase gene under the control of the distal region of the NFkB dependent ELAM
promoter. With a top concentration of 10 mM being tested, pIC50’s are not quoted for values<6. Maxima are quoted with reference to the maximum for
dexamethasone (2) (the standard used).e The MMTV transactivation assay human A549 lung epithelial cells were engineered to contain a renialla luciferase
gene under the control of the distal region of the LTR from the mouse mammary tumor virus.f The GR antagonist assay used human A549 lung epithelial
cells stably transfected with the mouse mammary tumor virus (MMTV) luciferase reporter gene. Compounds were tested for their ability to antagonize
dexamethasone-induced activation.g nt ) not tested.h RU486 (mifepristone) was used as the standard for GR antagonism.
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agreement docking protein by applying H-bond tethers to
constrain the benzoxazine ring and the central tertiary alcohol

to the agreement docking mode and allowing the tetrahy-
dronaphthalene and R1 groups freedom to explore binding
modes. Although both59 and62 could produce the expected
agreement mode, it was found that a very similar but different
mode was also favored. In this mode the R1 group and the
tetrahydronaphthalene group were reversed within the site (see
Figure 7 for comparison of60 and 62). Importantly, similar
behavior was not seen with the potent agonist analogues. It is
possible that in the living cell, the preferred ligand protein
complex for59 and 62 is this alternative arrangement rather
than the previously identified agreement docking and further-

Table 3. Biological Data for the Modification of the Tetrahydronaphthalene R1 Substituent

pIC50

compd stereo.a R1
GR

bindingb,c
NFkBb,d

(% max)
MMTV b,f

antagonism

MMTV b,e

agonism pEC50

(% max)

2 8.10( 0.04 8.93( 0.07
(110( 5)

<5 8.3( 0.23
(102( 10.8)

3 ntg 8.07( 0.15
(98.4( 3.8)

nt 7.50( 0.49
(100.3( 0.15)

RU486h 8.24( 0.09 <6
(4 ( 2)

8.33( 0.36 nt

52 D2E2 1-ethylpropyl 8.28( 0.03 8.92( 0.25
(105( 21)

7.18( 0.2 8.20( 0.22
(47 ( 13)

53 D2E2 nPr 8.25( 0.56 8.33( 0.15
(81 ( 14)

7.60( 0.05 7.7( 0.05
(14 ( 2)

54 D2E2 cPr 8.33( 0.30 8.02( 0.38
(57 ( 8)

6.69( 0.10 7.4( 0.05
(15 ( 6)

55 D2E2 iPr 8.32( 0.21 8.53( 0.32
(77 ( 7)

6.89( 0.22 7.73( 0.05
(43 ( 18)

56 D2E2 nBu 8.51( 0.36 8.18( 0.24
(65 ( 3)

nt <6
(7 ( 4)

57 D2E2 iBu 8.46( 0.32 7.8( 0.47
(50 ( 5)

6.29( 0.04 <6
(4 ( 4)

58 D2E2 cBu 8.02( 0.14 8.31( 0.29
(80 ( 7)

6.78( 0.33 7.76( 0.08)
(27 ( 5)

59 D2E2 tBu 7.94( 0.29 <5
(42 ( 10)

6.11( 0.53 nt

60 D2E2 cPent 8.09( 0.35 8.69( 0.45
(92 ( 22)

7.27( 0.6 7.75( 0.58
(39 ( 9)

61 D2E2 cHex 8.07( 0.31 8.48( 0.15
(92 ( 8)

6.70( 0.21 7.68( 0.1
(34 ( 9)

62 D2E2 Ph 7.84( 0.27 <5
(45 ( 43)

5.86( 0.04 nt

a D ) diastereomer, E) enantiomer. The stereochemistry of the diastereomers has been consistently assigned by retention time on LC/MS. Enantiomer
assignment is based on the order of elution from analytical chiral HPLC. See the text for further details.b pIC50 values are from duplicate wells with at least
n ) 3 from 11 point dose-response curves with a top concentration of 10 mM. Standard errors are shown.c In the GR binding assay, compounds were
tested for their ability to bind to GR using competition experiments with fluorescently labeled dexamethasone.d The NFkB assay used human A549 lung
epithelial cells engineered to contain a secreted placental alkaline phosphatase gene under the control of the distal region of the NFkB dependent ELAM
promoter. With a top concentration of 10 mM being tested, pIC50’s are not quoted for values<6. Maxima are quoted with reference to the maximum for
dexamethasone (2) (the standard used).e The MMTV transactivation assay human A549 lung epithelial cells were engineered to contain a renialla luciferase
gene under the control of the distal region of the LTR from the mouse mammary tumor virus.f The GR antagonist assay used human A549 lung epithelial
cells stably transfected with the mouse mammary tumor virus (MMTV) luciferase reporter gene. Compounds were tested for their ability to antagonize
dexamethasone-induced activation.g nt ) not tested.h RU486 (mifepristone) was used as the standard for GR antagonism.

Figure 2. Structures of analogues used in the “agreement docking
method”.

Table 4. ED50’s for 36, 52, and60 in the Topical Mouse Delayed Type
Hypersensitivity (DTH)a

compd 2 36 52 60
ED50 (µg) 0.27 5, 8b 0.35 0.05, 0.25b

NFkB pIC50 8.93 8.3 8.9 8.7

a After sensitization, groups of mice were dosed topically with compound
on the right ear. One hour later both ears were challenged with sensitizer,
and 3 h postchallenge, the animals were dosed with compound again on
the right ear. Twenty-four hours later the thickness of each ear was
recorded.18 b Values from two independent experiments.
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more that this alternative mode allows binding but fails to
provide the subtle agonist trigger. Certainly an examination of
this docking mode indicates a diminished likelihood of interac-
tion with the H11-H12 loop.

As described earlier, these R1 analogues display TR/TA
selectivity as judged by their reduced efficacy in the A549
MMTV assay (Table 3). From a plot of the percentage maxima
for NFkB vs MMTV (Figure 8), there is a clear trend that NFkB
percentage maxima correlate with increasing MMTV percentage
maxima. The TR/TA selectivity compared with the standard
steroids2 and3 is clear; comparing52and2, which have similar
potency and efficacy,52 is ca. 50% efficacy selective for TR
over TA. It may therefore be surmised that this structural series
typically demonstrates ca. 50% TR/TA selectivity, with the
n-propyl analogue53having an increased selectivity of ca. 67%
and the isopropyl analogue55 having decreased selectivity of
ca. 34%. The partial efficacy of this series of R1 analogues in
the MMTV agonism assay is reflected by their profile as potent
antagonists in a dexamethasone-induced activation antagonist
assay at sub-micromolar concentrations with then-propyl
analogue53 having a pIC50 of 7.60 (25 nM).

Both 52 and60 were tested topically in the in vivo mouse
DTH model, showing 10-fold increased anti-inflammatory

activity when compared with36 and with approximately
equivalent activity to dexamethasone (2) (Table 4).

The cyclopentyl60 and isopentyl52 analogues were tested
against a panel of nuclear receptors including the androgen (AR),
estrogen (ER), mineralocorticoid (MR), and progesterone (PR)
receptors in binding and functional assays (data not shown).
No activity is observed against ER and at least 50-fold selectivity
for GR over AR is observed in both binding and functional
assays. The compounds show at least 100-fold selectivity for
GR (in the NFkB assay) when compared with MR antagonism.
The cyclopentyl analogue60 is equipotent with PR in both
binding and agonist assays, whereas the isomeric 1-ethylpropyl
analogue52 shows 10-fold selectivity for GR over PR in both
assays.

These data show that by optimization of the R1 position alone
from R1 ) H to 1-ethylpropyl52 or cyclopentyl60 converts
antagonists (or very partial agonists) into full agonists, increases
potency by 3 orders of magnitude, and modulates both TR/TA
and nuclear receptor selectivity! The in vitro selective TR/TA
profiles of this series of compounds hold promise for exploring
how such selectivity is manifested in vivo in terms of their
ability to act as anti-inflammatory agents with a reduced side
effect profile.

Experimental Section

Chemistry. General Experimental Conditions.Two LC/MS
systems were used. System 1 consisted of a Waters ZQ platform
with a HP1050 auto sampler. The column was a 3.3 cm× 4.6 mm
3 µm ABZ+PLUS with a flow rate of 3 mL/min and an injection
volume of 5µL. UV detection was in the range 215-330 nm. The
mobile phase consisted of 0.1% formic acid plus 10 mM ammonium
acetate (solvent A) and 95% acetonitrile plus 0.05% formic acid
(solvent B) with a gradient of 100% A for 0.7 min changing to
100% B over 3.5 min, maintained for 1.1 min and then reverting
to 100% A over 0.2 min.

System 2 consisted of a Finnigan TSQ700 platform with
electrospray source operating in positive or negative ion mode with
a HP1050 autosampler. The column was a 100× 3 mm 5 µm
Higgins Clipeus C18 with a flow rate of 2 mL/min. UV detection
was at 254 nm. The mobile phase consisted of water plus 0.1%
formic acid (solvent A) and acetonitrile plus 0.1% formic acid
(solvent B) with a gradient of 95% A for 1 min changing to 5% A
over 14 min, maintained for 2 min, reverted to 95% A over 1 min,
and maintained for 2 min. System 1 was used except where stated
otherwise.

Mass-directed autopreparation was carried out using a Micromass
ZMD platform. The column was a 100× 20 mm 5µm Supelco
LCABZ++ column with a flow rate of 20 mL/min. The mobile
phase consisted of water plus 0.1% formic acid (solvent A) and
MeCN:water 95:5 plus 0.05% formic acid (solvent B).

Mass-directed chromatography was carried out on a 10 cm×
21.3 mm 5µm Supelco column with a flow rate of 20 mL/min.
The injection volume was 500µL and the UV detection range was
200-320 nm. The mobile phase consisted of water plus 0.1%
formic acid (solvent A) and 60% MeCN plus 0.05% formic acid
(solvent B) with a gradient of 40% A for 1 min changing to 35%
A over 9 min and then changing to 1% A over 3.5 min, maintained
for 1.4 min before reverting to 40% A over 0.1 min.

Biotage-based chromatography refers to flash chromatography
using prepacked silica cartridges on equipment available from
Biotage.

1H NMR spectra were recorded on a Bruker DPX 400 or Inova-
400 spectrometer in CDCl3, CD3OD, or DMSO-d6 solution. High-
resolution mass spectra (HRMS) were determined on a Micromass
Q-Tof 2 mass spectrometer by electrospray ionization in positive
mode.

Ethyl (2E/2Z)-2-Ethoxy-3-(1,2,3,4-tetrahydronaphthalen-1-
yl)prop-2-enoate (7).n-Butyllithium (1.6 M in hexanes) (6.6 mL,

Figure 3. Automated agreement docking showing key protein residues
(in cyan) and multiple dockings of the structures from Figure 2 (in
green). Hydrogen bonds (dotted yellow lines) between the tertiary
alcohols of the ligands and Asn564 are shown together with those
between the phthalide or benzoxazine with Glu570 and Arg611.

Figure 4. Comparison of automated (green) and manual (purple)
docking for one of the benzoxazine ligands from Figure 2. Note the
benzoxazine is rotated through 180°.
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10.6 mmol) was added to diisopropylamine (1.49 mL, 10.6 mmol)
in THF (15 mL) at-10 °C. After 15 min, triethyl phosphonoet-
hoxyacetate (2.86 g, 10.6 mmol) was added followed 30 min later
by 6 (1.71 g, 10.6 mmol). The mixture was allowed to warm to
room temperature and stirred overnight. After quenching with brine
(25 mL) and 2 M HCl (25 mL), the mixture was extracted with
EtOAc (2 × 50 mL). The combined extracts were washed with
brine, dried (MgSO4), and concentrated. Purification by Biotage
eluting with 49:1 cyclohexane:Et2O gave 2.27 g (78%) of7 as a
mixture of E andZ isomers. LC/MS: tR ) 3.71, 3.75 min; MH+

) 275.1H NMR (CDCl3, 400 MHz): δ 7.03-7.15 (m, 4H), 6.20-
6.25 (d,J ) 9.4 Hz, 0.25 H), 5.15-5.20 (d,J ) 10.0 Hz, 0.75H),
4.35-4.15 (m, 2.5H), 4.1-3.85 (m, 1H), 3.8-3.7 (t, J ) 8.2 Hz,
1.5H), 2.8 (m, 2H), 2.05-1.8 (m, 2H), 1.7-1.5 (m, 2H), 1.35-1.2
(m, 6H).

2-Oxo-3-(1,2,3,4-tetrahydronaphthalen-1-yl)propanoic Acid
(8). 7 (1.5 g, 5.5 mmol), trifluoroacetic acid (20 mL), and water
(15 mL) were mixed at room temperature for 3 h. The solvents
were then removed in vacuo and the residue azeotroped with toluene
(3 × 25 mL) and dried in vacuo overnight to give 1.3 g (quantitative
yield) of 8 as a crystalline solid that was used without further
purification. LC/MS: tR ) 3.32-3.8 min; MH- ) 217.

N-(4-Methyl-1-oxo-1H-2,3-benzoxazin-6-yl)-2-oxo-3-(1,2,3,4-
tetrahydronaphthalen-1-yl)propanamide (10).To a solution of
8 (229 mg, 1.05 mmol) in dimethylacetamide (7.3 mL) at-8 °C
was added thionyl chloride (0.117 mL, 1.6 mmol) in one portion.
After raising the temperature to 0°C, 9 (129 mg, 0.73 mmol) was
added and the mixture stirred for 3 h, warming to room temperature.
After removing the solvents in vacuo, the residue was purified by
silica SPE (10 g) eluting with 20-mL fractions of DCM (×6), CHCl3
(×4), and Et2O (×2). The desired fractions were combined,
concentrated, and triturated with DCM to give 142 mg (52%) of
10 as a white solid. LC/MS:tR ) 3.6 min; MH+ ) 377.1H NMR
(CDCl3, 400 MHz): δ 9.25 (s, 1H), 8.45 (d,J ) 7.8 Hz, 1H), 8.40
(s, 1H), 7.95 (d,J ) 8.9 Hz, 1H), 7.30-7.10 (m, 4H), 3.62 (m,
1H), 3.55 (m, 2H), 2.96-2.80 (m, 2H), 2.7 (s, 3H), 2.06-1.7 (m,
4H).

3,3,3-Trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzox-
azin-6-yl)-2-(1,2,3,4-tetrahydronaphthalen-1-ylmethyl)propan-
amide (4a, 4b).To a solution of10 (121 mg, 0.32 mmol) in DMF
(5 mL) at room temperature were added trimethylsilyltrifluo-
romethane (0.248 mL, 1.68 mmol) and cesium carbonate (125 mg,
0.38 mmol). After stirring overnight, TBAF (1.9 mL of a 1 M
solution in THF) was added. After 30 min, the mixture was diluted
with water (50 mL) and extracted with EtOAc (2× 50 mL). The
combined extracts were washed with water (100 mL), dried
(MgSO4), and concentrated in vacuo. Purification by Biotage eluting
with cyclohexane:EtOAc 4:1 gave 18 mg (26%) of4a (diastereomer
1) and 15 mg (21%) of diastereomer 2. LC/MS:tR ) 3.57 min
(diastereomer 2) and 3.61 min (diastereomer 1); MH+ ) 447, MH-

) 445 (both peaks). HRMS for C23H22F3N2O4 (MH+): calcd
447.1532, found 447.1533.1H NMR (CDCl3, 400 MHz): δ 8.76
(s, 1H), 8.20 (d,J ) 5.3 Hz, 1H), 8.16 (s, 1H), 7.60 (m, 1H), 7.07
(m, 1H), 6.93 (m, 3H), 2.95 (m, 1H), 2.76-2.58 (m, 3H), 2.48 (s,
3H), 2.16 (dd,J ) 15.1, 8.5 Hz, 1H), 1.91-1.59 (m, 4H).

Diastereomer 1 was separated into its enantomers using a 2×
25 cm Chiralpak AD column eluting with 10% EtOH in heptane
with a flow rate of 15 mL/min. Enantiomer 1 of4b eluted after
14.1 min (6.2 mg) and enantiomer 2 eluted after 17.0 min (5.9
mg). Analytical chiral HPLC (25× 0.46 cm Chiralpak AD column,
15% 2-propanol in heptane eluting at 1 mL/min):tR ) 9.20 min

Figure 5. Compound35b in the agreement docking mode. The R1 group can be seen to project into the region between H3 and the H11-H12
loop.

Figure 6. Plot of NFkB % max vs NFkB pIC50 for agonists from
Tables 2 and 3. Dexamethasone (2) and prednisolone (3) are labeled.
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(enantiomer 1) and 10.88 min (enantiomer 2). LC/MS:tR ) 3.57
min; MH+ ) 447, MH- ) 445 (both peaks).

3,3,3-Trifluoro-2-[(8-fluoro-1,2,3,4-tetrahydro-1-naphthalenyl)-
methyl]-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzoxazin-6-yl)-
propanamide (29).Compound11 (0.145 g, 0.3 mmol), stannous
chloride dihydrate (0.44 g, 2 mmol), and THF (2.5 mL) were heated
at 60 °C for 3 h. After cooling and concentration in vacuo,
purification using an aminopropyl Bond Elut eluting with MeOH
followed by a gravity column on SiO2 eluting with 2.5% MeOH in
CHCl3 gave 0.071 g (49%) of the amino compound. LC/MS:tR )
3.37 min; MH+ ) 462, MH- ) 460. 1H NMR (DMSO-d6, 400
MHz): δ 8.48 (m 1H), 8.35 (m, 1H), 8.25 (d,J ) 7.5 Hz, 1H),
6.79 (t,J ) 7.5 Hz, 1H), 6.43 (d,J ) 6.0 Hz, 1H), 6.28 (d,J ) 7.5
Hz, 1H), 2.76-2.62 (m, 2H), 2.58 (m, 1H), 2.47 (s, 3H), 2.30 (m,
2H), 2.0 (dd,J ) 15.3, 8.4, 1H), 1.94-1.82 (m, 1H), 1.68-1.45
(m, 2H).

Boron trifluoride etherate (8µL, 0.065 mmol) was cooled to
-15 °C. The amino compound (0.02 g, 0.0434 mmol) in dry THF
(0.1 mL) was added. A solution oftert-butyl nitrite (6.2µL, 0.052
mmol) was added over 10 min and the mixture was left at room

temperature overnight. The mixture was concentrated and the
residue was partitioned between water and chloroform. The aqueous
layer was further extracted with chloroform, and the combined
extracts were dried and evaporated in vacuo. Initial purification by
silica SPE followed by preparative TLC gave 2 mg (9.9%) of29.
LC/MS: tR ) 3.55 min; MH+ ) 465. 1H NMR (CDCl3, 400
MHz): δ 8.47 (s, 1H), 8.43 (d,J ) 6.8 Hz, 1H), 8.30 (s, 1H), 7.83
(d, J ) 8.6 Hz, 1H), 7.1 (m, 1H), 6.92 (d,J ) 6.8 Hz, 1H), 6.80
(m, 1H), 3.42 (m, 1H), 3.20 (m, 2H), 2.83 (m, 1H), 2.75 (m, 1H),
2.60 (s, 3H), 2.47 (dd,J ) 15.4, 8.2, 1H), 2.35 (m, 1H), 2.25 (m,
1H), 1.83 (m, 1H), 1.70 (m, 1H).

3,3,3-Trifluoro-2,2-dihydroxy-N-(4-methyl-1-oxo-1H-2,3-benz-
oxazin-6-yl)propanamide (12).Formic acid (20.4 mL) was added
dropwise over 5 min to chilled (0°C) acetic anhydride (41.8 mL).
The mixture was warmed to 55°C and stirred for 2 h. A suspension
of 9 (22.0 g, 0.125 mol) in THF (500 mL) under N2 was prepared.
To this was added the first solution. The mixture was stirred under
N2 at room temperature for 72 h, at which point the solvent was
removed in vacuo to give 25.7 g (quantitative yield) of the
formamido compound as a white solid that was used without further
purification. LC/MS: tR ) 2.17 min; MH+ ) 205.

The formamido compound (12.4 g, 60.8 mmol) was partially
dissolved in DMPU (73 mL) and then THF (182 mL) was added
to give a suspension. Triethylamine (25.3 mL, 182 mmol) followed
by phosphorus oxychloride (6.63 mL, 71.5 mmol) was added, and
the mixture was allowed to stir at room temperature under N2 for
20 h. The solvent was removed in vacuo and the residue was diluted
with sodium bicarbonate (500 mL, 5% aqueous solution) and
extracted with EtOAc (3× 500 mL). The organic extracts were
combined, washed with water (500 mL), and dried (Na2SO4), and
the solvent was reduced in vacuo. The residue was triturated using
DCM to give 7.97 g of the isonitrile as a pale brown solid. LC/
MS: tR ) 2.37 min.

The isonitrile (7.58 g) was suspended in trifluoroacetic anhydride
(143 mL) and stirred at room temperature for 46 h. The reaction
mixture was cooled in an ice bath and quenched with methanol
(143 mL) and the solvent/reagent removed in vacuo. The remaining
material was azeotroped with toluene. Purification by Si chroma-
tography eluting with cyclohexane:EtOAc (gradient of 2:1 to 1:5)
gave 8.2 g (46%) of12 as an off-white solid. LC/MS:tR ) 2.53
min; MH+ ) 319, MNH4

+ ) 336. 1H NMR (DMSO-d6, 400
MHz): δ 10.8 (s, 1H), 8.43 (d, 1H), 8.40-8.35 (br d, 3H), 8.24
(d, 1H), 2.5 (s, 3H).

3,3,3-Trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzox-
azin-6-yl)-2-{[5-methoxy-1,2,3,4-tetrahydro-1-naphthalenyl]-
methyl}propanamide (17, diastereomer 1 of 16).5-Methoxy-
tetralone (0.5 g, 2.8 mmol) was dissolved in THF (10 mL) and
cooled to 0 °C. To this was addedµ-chloro-µ-methylene[bis-

Figure 7. Right: compound60 in the “agreement docking mode” with the R1 group oriented upward. Left: compound62 in a similar but different
docking with R1 group oriented downward.

Figure 8. Plot of NFkB % max vs MMTV % max for agonists from
Tables 2 and 3. The dotted line represents where nonefficacy selective
compounds would lie on the plot. Note the analogues from Table 3
(labeled) are left-shifted with respect to the dotted line illustrating their
efficacy selectivity observed with the data from the NFkB and MMTV
assays.
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(cyclopentadienyl)titanium]dimethylaluminum (Tebbe reagent) (0.5
M in toluene, 5.6 mL, 2.8 mmol), the mixture was allowed to come
to room temperature and stirred for 2 h, and then ether (10 mL)
was added. The reaction was quenched by the cautious addition of
2 M NaOH solution, filtered, and dried over MgSO4. Volatiles were
removed in vacuo to give an orange oil (1.6 g). Purification by
Biotage eluting with DCM gave 0.3 g (61%) of the methylene
compound as a yellow oil.1H NMR (CDCl3, 400 MHz): δ 7.34
(m, 1H), 7.19 (m, 1H), 6.77 (d,J ) 5.7 Hz, 1H), 5.54 (s, 1H), 5.03
(s, 1H), 3.86 (s, 3H), 2.85 (m, 2H), 2.52 (m, 2H), 1.93 (m, 2H).

The methylene compound (143 mg, 0.82 mmol) and12 (312
mg, 0.98 mmol) were mixed together in a flask and then placed
into a preheated (200°C) oil bath for 10 min and cooled to room
temperature. Purification on a 10-g Si SPE cartridge eluting with
4% MeCN/DCM gave 301 mg (77%) of the coupled product.1H
NMR (CDCl3, 400 MHz): δ 8.27 (d,J ) 9.0 Hz, 1H), 8.10 (s,
1H), 7.50 (m, 1H), 7.08 (t,J ) 7.05 Hz, 1H), 6.90 (d,J ) 7.05
Hz, 1H), 6.67 (d,J ) 7.05 Hz, 1H), 6.15 (m, 1H), 3.73 (s, 3H),
3.62 (d,J ) 15.1 Hz, 1H), 3.12 (d,J ) 15.1 Hz, 1H), 2.58 (m,
2H), 2.55 (s, 3H), 2.22 (m, 2H). LC/MS:tR ) 3.38 min; MH- )
473.

A mixture of the coupled product (100 mg, 0.21 mmol), tosyl
hydrazide (78 mg, 0.42 mmol), and NMP (7 drops) was heated at
150 °C for 16 min, during which time further quantities (78 mg)
of tosyl hydrazide were added every 4 min. The mixture was cooled
and applied directly to a Si SPE cartridge eluted with DCM and
1-3% MeCN/DCM mixtures. The appropriate fractions were
combined and evaporated to give a yellow foam that was subjected
to mass-directed autopreparation to give 12.4 mg (25%) of17
(diastereomer 1) and 16.7 mg (33%) of diastereomer 2. LC/MS:
tR ) 3.56 min (diastereomer 1) and 3.61 min (diastereomer 2); both
peaks MH+ ) 477, MH- ) 475. 1H NMR (CD3OD, 400 MHz):
δ 8.29-8.26 (m, 2H), 8.16 (m, 1 H), 6.89 (t,J ) 7.5 Hz, 1 H),
6.79 (d,J ) 7.5 Hz, 1 H), 6.58 (d,J ) 7.5 Hz, 1 H), 3.73 (s, 3H),
2.99 (m, 1 H), 2.72-2.61 (m, 2 H), 2.55 (s, 3 H), 2.50 (m, 1H),
2.08 (dd,J ) 15, 8.5, Hz 1 H), 2.00 (m, 1 H), 1.92-1.72 (m, 3 H).
HRMS for C24H24F3N2O5 (MH+): calcd 477.1637, found 477.1628.

3,3,3-Trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzox-
azin-6-yl)-2-[(5-nitro-1,2,3,4-tetrahydro-1-naphthalenyl)methyl]-
propanamide (24).To a suspension of methyltriphenylphospho-
nium bromide (4.4 g, 12.5 mmol) in THF (50 mL) at-45 °C was
added a solution of BuLi (1.6 M in hexanes, 7.3 mL, 11.7 mmol).
The resulting dark red suspension was stirred at-45 °C for 1 h
and then a solution of 5-nitrotetralone25 (1.5 g, 7.8 mmol) in THF
(25 mL) was added over 5 min. The reaction mixture was allowed
to come to room temperature and then poured slowly onto water.
The aqueous mixture was extracted with cyclohexane, and the
combined extracts were dried and evaporated in vacuo. Purification
of the residue via Biotage eluting with 2.5% EtOAc/cyclohexane
gave 970 mg (66%) of the Wittig product.1H NMR (CDCl3, 400
MHz): δ 7.88 (d,J ) 7 Hz, 1H), 7.72 (d,J ) 7 Hz, 1H), 7.29 (t,
J ) 7 Hz, 1H), 5.51 (s, 1H), 5.12 (s, 1H), 3.02 (t,J ) 7 Hz, 2H),
2.63 (m, 2H), 1.9 (m, 2H).

Further reaction of the Wittig product was similar to that
described for17 to give a mixture of diastereomers. Mass-directed
autopreparation separated diastereomer 1 (24) as a yellow gum.
1H NMR (CDCl3, 400 MHz): δ 9.25 (s, 1 H), 8.38 (d,J ) 8.5 Hz,
1 H), 8.33 (d,J ) 2.0 Hz, 1 H), 7.79 (dd,J ) 8.5, 2.0 Hz, 1 H),
7.60 (d,J ) 8.0 Hz, 1 H), 7.53 (d,J ) 7.5 Hz, 1 H), 7.21 (t,J )
8.0 Hz, 1 H), 5.38 (br s, 1 H), 3.12 (m, 1 H), 3.02-2.87 (m, 2 H),
2.70 (dd,J ) 14.5, 3.5 Hz, 1 H), 2.62 (s, 3 H), 2.21 (dd,J ) 14.5,
9.0 Hz, 1 H), 2.03-1.78 (m, 4 H). LC/MS: tR ) 3.5 min; MH+ )
492, MH- ) 490. HRMS for C23H21F3N3O6 (MH+): calcd
492.1382, found 492.1378.

2-[(5-Amino-1,2,3,4-tetrahydro-1-naphthalenyl)methyl]-3,3,3-
trifluoro-2-hydroxy- N-(4-methyl-1-oxo-1H-2,3-benzoxazin-6-yl)-
propanamide (22).A mixture of 24 (33 mg, 0.07 mmol), tin(II)
chloride (90 mg, 0.4 mmol), and THF (1 mL) was heated at 60°C
for 45 min and then allowed to stir at room temperature overnight.
The reaction mixture was diluted with EtOAc and the pH was taken
to 6 using sodium bicarbonate solution. Precipitated solids were

filtered off, and the organic layer of the filtrate was separated. The
aqueous layer was extracted with EtOAc, and the combined organic
solutions were dried and evaporated to a brown oil. Purification
by silica SPE eluting with DCM, chloroform, ether, and EtOAc
gave 24 mg of22 (75%) as a yellow solid. LC/MS:tR ) 3.04
min; MH+ ) 462, MH- ) 460.1H NMR (CD3OD, 400 MHz): δ
8.26-8.18 (m, 2 H), 8.13 (dd,J ) 8.5, 2.0 Hz, 1 H), 6.68 (t,J )
7.5 Hz, 1 H), 6.59 (d,J ) 7.5 Hz, 1 H), 6.44 (d,J ) 8.0 Hz, 1 H),
2.94 (m, 1 H), 2.62 (dd,J ) 15.0, 5.0 Hz, 1 H), 2.56-2.45 (m, 5
H), 2.37 (m, 1 H), 2.06 (dd,J ) 15.0, 8.0 Hz, 1 H), 2.05-1.88 (m,
2 H), 1.86-1.75 (m, 2 H). HRMS for C23H23F3N3O4 (MH+): calcd
462.1641, found 462.1633.

2-[(5-Bromo-1,2,3,4-tetrahydro-1-naphthalenyl)methyl]-3,3,3-
trifluoro-2-hydroxy- N-(4-methyl-1-oxo-1H-2,3-benzoxazin-6-yl)-
propanamide (23a-23f) was prepared from 5-bromotetralone
similarly to 17 utilizing the Wittig reagent. LC/MS (diastereomer
1, 23a): tR ) 3.78 min, (diastereomer 2,23b) tR ) 3.85 min; MH+

) 525, 527, MH- ) 523, 525 (both peaks).23a: 1H NMR (CDCl3,
400 MHz): δ 8.96 (s, 1 H), 8.37 (d,J ) 8.5 Hz, 1 H), 8.29 (d,J
) 2.0 Hz, 1 H), 7.77 (dd,J ) 8.5, 2.0 Hz, 1 H), 7.33 (d,J ) 7.5
Hz, 1 H), 7.17 (d,J ) 7.5 Hz, 1 H), 6.91 (t,J ) 7.5 Hz, 1 H), 3.09
(m, 1 H), 2.85 (m, 1 H), 2.75-2.65 (m, 2 H), 2.62 (s, 3 H), 2.26
(dd,J ) 15.0, 8.0 Hz, 1 H), 1.96-1.84 (m, 4 H). HRMS for C23H21-
BrF3N2O4 (MH+): calcd 525.0367, found 525.0640.23b: 1H NMR
(CDCl3, 400 MHz): δ 9.16 (s, 1 H), 8.40-8.36 (m, 2 H), 7.87
(dd, J ) 8.5, 2.0 Hz, 1 H), 7.41 (d,J ) 7.0 Hz, 1 H), 7.17 (d,J )
7.5 Hz, 1 H), 7.01 (t, 7.5 Hz, 1 H), 3.20 (m, 1 H), 2.85-2.68 (m,
2 H), 2.71 (d,J ) 9.5 Hz, 1 H), 2.64 (s, 3 H), 2.24 (dd,J ) 15.1,
3.5 Hz, 1 H), 1.86 (s, 1 H), 1.77 (s, 1 H), 1.68 (t,J ) 4.3 Hz, 2 H).
HRMS for C23H21BrF3N2O4 (MH+): calcd 525.0637, found 525.0634.

Compound23a was separated into its enantiomers using a 25
cm Chiralcel OD-H column eluting with 15% EtOH in heptane
with a flow rate of 15 mL/min. Compound23c (enantiomer 1)
eluted around 10.6 min and23d (enantiomer 2) around 16.0 min.

Analytical chiral HPLC (25× 0.46 cm Chiralcel OD-H column,
15% EtOH in heptane eluting at 1 mL/min): 11.41 min (enantiomer
1) and 17.83 min (enantiomer 2). LC/MS:tR ) 3.78 min; MH+ )
525, 527, MH- ) 523, 525 (both peaks). Compound23b was
separated into its enantiomers using a 25 cm Chiralpak AD column
eluting with 15% IPA in heptane with a flow rate of 15 mL/min.
Compound23e (enantiomer 1) eluted around 12.6 min and23f
(enantiomer 2) around 15.7 min. Analytical chiral HPLC (25×
0.46 cm Chiralpak AD column, 15% IPA in heptane eluting at 1
mL/min): 9.55 min (enantiomer 1) and 11.80 min (enantiomer 2).
LC/MS: tR ) 3.85 min; MH+ ) 525, 527, MH- ) 523, 525 (both
peaks).

1-Methyl-1,2,3,4-tetrahydronaphthalen-1-ol (31).Cerium chlo-
ride (25 g) was suspended in anhydrous THF (100 mL) at 5°C
and then stirred for 1.5 h under nitrogen. The mixture was cooled
to -70 °C and methyllithium (64 mL of a 1.6 M solution in Et2O)
was added over 15 min. When addition was complete, the mixture
was stirred for 30 min then a solution ofR-tetralone (9.85 g) in
THF (50 mL) was added over 30 min and stirring at-65 °C was
continued for 2 h. The ice bath was removed and the mixture was
stirred at room temperature overnight, quenched with 5% acetic
acid (100 mL), filtered through Celite, and extracted with EtOAc
(400 mL). The aqueous layer was further extracted with EtOAc (2
× 100 mL), and the combined extracts were washed with water
(1×) and brine (2×), dried over magnesium sulfate, and evaporated
in vacuo to a brown solid (10.32 g). Flash chromatography using
cyclohexane:EtOAc 20:1 gave the product31 as a white solid (5
g). 1H NMR (CDCl3, 400 MHz): δ 7.61 (d,J ) 7.5 Hz, 1H), 7.16-
7.07 (m, 2H), 6.90 (d,J ) 7.5 Hz, 1H), 2.78-2.64 (m, 2H), 1.89-
1.69 (m, 5H), 1.48 (s, 3H). LC/MS:tR ) 3.62 min; MH+ ) 163.
TLC: SiO2, 18:2 cyclohexane:EtOAc,Rf ) 0.22.

Methyl 3-(1-Methyl-1,2,3,4-tetrahydronaphthalen-1-yl)-2-oxo-
propanoate (32).To 31 (0.73 g) and methyl 2-(trimethylsiloxy)-
acrylate26 (1.8 g) in CHCl3 (250 mL) at-60 °C was added tin
tetrachloride (1 M in DCM) (3.4 mL) dropwise over 30 s. After 5
min the reaction was quenched with brine (50 mL) and the organic
layer separated, dried (MgSO4), and concentrated in vacuo. This
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was purified on 3× 50 g SPE cartridges eluting with cyclohexane:
EtOAc 50:0 to 35:15 in 1 mL increments to yield the title compound
32 (0.196 g).1H NMR (CDCl3, 400 MHz): δ 7.30-7.08 (m, 4H),
3.76 (s, 3H), 3.32 (d,J ) 15 Hz, 1H), 3.16 (d,J ) 15 Hz, 1H),
2.91-2.76 (m, 2H), 2.07-1.99 (m, 1H), 1.95-1.67 (m, 3H), 1.47
(s, 3H). TLC: SiO2,12:3 cyclohexane:EtOAc,Rf ) 0.29.

3-(1-Methyl-1,2,3,4-tetrahydronaphthalen-1-yl)-2-oxopropano-
ic Acid 33. 32 (0.196 g) was dissolved in methanol (28 mL). To
this was added solid potassium hydroxide (0.18 g) and the mixture
was stirred at room temperature for 2 h. Volatiles were removed
in vacuo, and the residue was diluted with water and then washed
with Et2O. The aqueous phase was acidified with 2 M HCl and
extracted with DCM. The combined extracts were dried and
evaporated to yield the title compound33 as a gum (0.176 g).1H
NMR (CDCl3, 400 MHz): δ 7.32-7.05 (m, 4H), 3.50 (d,J ) 15.5
Hz, 1H), 3.28 (d,J ) 15.5 Hz, 1H), 2.95-2.78 (m, 2H), 2.10-
2.00 (m, 1H), 1.95-1.65 (m, 3H), 1.45 (s, 3H). LC/MS:tR ) 3.68
min; MH- ) 231.

N-(4-Methyl-1-oxo-1H-2,3-benzoxazin-6-yl)-3-(1-methyl-1,2,3,4-
tetrahydronaphthalen-1-yl)-2-oxopropanamide (34). 33(0.156
g) was azeotroped three times from toluene and then dissolved in
dimethylacetamide (5.5 mL) at-5 °C under nitrogen. To this was
added thionyl chloride (74µL) and after 10 min the temperature
was raised to+5 °C. After 20 min 6-amino-4-methyl-2,3-benzox-
azin-1-one9 (0.108 g) was added and the mixture was stirred for
3 h at room temperature. Volatiles were removed in vacuo, and
the residue was purified by silica SPE (10 g) eluting with 20 mL
fractions of DCM (×4), Et2O (×4) and EtOAc (×4). The desired
fractions were combined and concentrated to afford the title
compound34 as a white foam (0.178 g).1H NMR (CDCl3, 400
MHz): δ 9.05 (s, 1H), 8.34 (d,J ) 8.57 Hz, 1H), 8.22 (s, 1H),
7.78 (m, 1H), 7.28 (m, 1H), 7.15-7.05 (m, 3H), 3.52 (d,J ) 15.7
Hz, 1H), 3.38 (d,J ) 15.7 Hz, 1H), 2.90-2.75 (m, 2H), 2.57 (s,
3H), 2.13-2.03 (m, 1H), 1.95-1.67 (m, 3H), 1.45 (s, 3H). LC/
MS: tR ) 3.62 min; MH+ ) 391.

3,3,3-Trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzox-
azin-6-yl)-2-[(1-methyl-1,2,3,4-tetrahydronaphthalen-1-yl)meth-
yl]propanamide (35a-35d). 34(0.15 g) was dissolved in dry DMF
(9.7 mL) and cooled to 0°C. To this were added trimethylsilyl-
trifluoromethane (0.286 mL) and cesium carbonate (0.158 g). After
stirring at room temperature for 3 h, TBAF (1.92 mL of a 1 M
solution in THF) was added. After 30 min the mixture was acidified
with 1 M HCl (6.4 mL) and extracted with EtOAc. The combined
extracts were washed with brine, dried, and concentrated in vacuo
to a gum (0.27 g). Purification by flash chromatography eluting
with cyclohexane:EtOAc 7:3 followed by mass-directed chroma-
tography gave the following.

Diastereomer 1 (2.0 mg):1H NMR (CDCl3, 400 MHz): δ 8.48
(s, 1H), 8.32 (d,J ) 8.5 Hz, 1H), 8.14 (s, 1H), 7.51 (dd,J ) 8.5,
2.0 Hz, 1H), 7.00-6.90 (m, 3H), 3.36 (bs, 1H), 2.95 (d,J ) 15.1
Hz, 1H), 2.75 (m, 2H), 2.60 (s, 3H), 2.32 (d,J ) 15.1 Hz, 1H),
2.12-2.03 (m, 1H), 1.90 (m, 1H), 1.77-1.68 (m, 2H), 1.43 (s,
3H). LC/MS: tR ) 3.54 min; MH+ ) 461, MH- ) 459.

Diastereomer 2 (2.4 mg):1H NMR (CDCl3, 400 MHz): δ 9.00
(s, 1H), 8.38-8.33 (m, 2H), 7.73-7.67 (m, 1H), 7.42 (d,J ) 7.5
Hz, 1H), 7.32-7.15 (m, 2H), 2.92 (d,J ) 15.6 Hz, 1H), 2.83-
2.69 (m, 4H), 2.61 (s, 3H), 1.84-1.65 (m, 4H), 1.36 (s, 3H). LC/
MS: tR ) 3.62 min; MH+ ) 461, MH- ) 459.

Diastereomer 1 (4.1 mg) was separated into its enantiomers using
a 2 × 25 cm Chiralpak AD column eluting with 10% EtOH in
heptane with a flow rate of 15 mL/min.35a (D1E1) eluted after
9.2 min (1.0 mg) and35b (D1E2) after 13.4 min (1.1 mg).35a:
Analytical chiral HPLC (25× 0.46 cm Chiralpak AD column, 10%
EtOH in heptane eluting at 1 mL/min): 7.42 min. LC/MS:tR )
3.54 min; MH+ ) 461, MH- ) 459.35b: Analytical chiral HPLC
(25× 0.46 cm Chiralpak AD column, 10% EtOH in heptane eluting
at 1 mL/min): 11.17 min. LC/MS:tR ) 3.54 min; MH+ ) 461,
MH- ) 459.

Diastereomer 2 (2.5 mg) was separated into its enantiomers using
a 2 × 25 cm Chiralpak AD column eluting with 10% EtOH in
heptane with a flow rate of 15 mL/min.35c (D2E1) eluted after

11.0 min (0.82 mg) and35b (D2E2) after 14.4 min (0.92 mg).
35c: Analytical chiral HPLC (25× 0.46 cm Chiralpak AD column,
10% EtOH in heptane eluting at 1 mL/min): 9.12 min. LC/MS:
tR ) 3.62 min; MH+ ) 461, MH- ) 459.35d: Analytical chiral
HPLC (25× 0.46 cm Chiralpak AD column, 10% EtOH in heptane
eluting at 1 mL/min): 11.78 min. LC/MS:tR ) 3.62 min; MH+ )
461, MH- )459.

3,3,3-Trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzox-
azin-6-yl)-2-[(1-ethyl-1,2,3,4-tetrahydronaphthalen-1-yl)methyl]-
propanamide (D2E1) (36).N-(4-Methyl-1-oxo-1H-2,3-benzoxazin-
6-yl)-3-(1-ethyl-1, 2,3,4-tetrahydronaphthalen-1-yl)-2-oxopropanamide
(prepared similarly to34) (0.57 g) was dissolved in dry DMF (9
mL). To this was added trimethysilyltrifluoromethane (1 g) and
cesium carbonate (0.55 g). The mixture was stirred at room
temperature for 1 h, after which time further trimethylsilyltrifluo-
romethane (0.4 g) was added and stirring at room temperature was
continued overnight. Volatiles were removed in vacuo, and the
residue was partitioned between water and DCM. The organic layer
was dried and applied directly to a 50-g Si SPE cartridge eluted
with DCM and DCM:MeCN 10:1. Evaporation of the appropriate
fractions in vacuo gave a mixture of diastereomers (0.32 g). This
was purified by reverse phase preparative HPLC using a 45-80%
MeCN (0.05% TFA) gradient over 50 min on a Supelcosil ABZ+
10 cm× 21.2 mm column with a 4 mL/min flow rate. This gave
the following.

Diastereomer 1 (110 mg):1H NMR (CDCl3, 400 MHz): δ 8.36
(s, 1H), 8.30 (d,J ) 8.5 Hz, 1H), 8.11 (d,J ) 2.0 Hz, 1H), 7.45
(dd, J ) 8.5, 2.0 Hz, 1H), 7.21 (m, 1H), 6.99 (m, 1H), 6.93-6.85
(m, 2H), 3.31 (bs, 1H), 2.91 (d,J ) 15.1 Hz, 1H), 2.76-2.73 (m,
2H), 2.60 (s, 3H), 2.31 (d,J ) 15.1 Hz, 1H), 1.96-1.86 (m, 4H),
1.78-1.70 (m, 2H), 0.82 (t,J ) 7.5 Hz, 3H). LC/MS: tR ) 3.64
min; MH+ ) 475, MH- ) 473.

Diastereomer 2 (107 mg):1H NMR (CDCl3, 400 MHz): δ 9.00
(s, 1H), 8.36 (d,J ) 8.5 Hz, 1H), 8.32 (d,J ) 2.0 Hz, 1H), 7.70
(dd, J ) 8.5, 2.3 Hz, 1H), 7.38 (d,J ) 7.8 Hz, 1H), 7.31-7.17
(m, 2H), 2.99 (d,J ) 15.3 Hz, 1H), 2.81 (s, 1H), 2.79-2.74 (m,
2H), 2.65 (d,J ) 15.3 Hz, 1H), 2.61 (s, 3H), 1.90-1.51 (m, 6H),
0.90 (t, J ) 7.5 Hz, 3H). LC/MS: tR ) 3.72 min; MH+ ) 475,
MH- ) 473.

Diastereomer 2 (107 mg) was separated into its enantiomers using
a 2 × 25 cm Chiralpak AS column eluting with 10% EtOH in
heptane with a flow rate of 15 mL/min.36 (D2E1) eluted after
11.56 min (30 mg) andD2E2 eluted after 14.63 min (26 mg).

36 (D2E1): Analytical chiral HPLC (25× 0.46 cm Chiralpak
AS column, 10% EtOH in heptane eluting at 1 mL/min): 9.07 min.
LC/MS: tR ) 3.72 min; MH+ ) 475, MH- ) 473. HRMS for
C25H26F3N2O4 (MH+): calcd 475.1845, found 475.1841. CD
(MeCN, rt ν ) 350-190 nM): 203.0 nM (de) -10.42; E )
23 414), 210.0 nM (de) -9.52; E ) 16 706), 243.0 nM (de)
10.35;E ) 29 387), 281.4 nM (de) 4.51;E ) 14 213).

D2E2: Analytical chiral HPLC (25× 0.46 cm Chiralpak AS
column, 10% EtOH in heptane eluting at 1 mL/min): 11.29 min.
LC/MS: tR ) 3.72 min; MH+ ) 475, MH- ) 473.

3,3,3-Trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzox-
azin-6-yl)-2-[(1-ethyl-5-nitro-1,2,3,4-tetrahydronaphthalen-1-yl)-
methyl]propanamide (39), 3,3,3-Trifluoro-2-hydroxy-N-(4-meth-
yl-1-oxo-1H-2,3-benzoxazin-6-yl)-2-[(1-ethyl-6-nitro-1,2,3,4-tet-
rahydronaphthalen-1-yl)methyl]propanamide (40), and 3,3,3-
Trifluoro-2-hydroxy- N-(4-methyl-1-oxo-1H-2,3-benzoxazin-6-
yl)-2-[(1-ethyl-7-nitro-1,2,3,4-tetrahydronaphthalen-1-yl)methyl]-
propanamide (41).K10 montmorillonite clay (3.26 g) was added
to a stirred suspension of copper(II) nitrate hydrate (2.952 g, 12.7
mmol) in acetone (40 mL). The reaction was stirred for 10 min
and then concentrated in vacuo to give a light blue solid. This solid
was powdered and further dried in vacuo to afford the clay-copper
complex. Loading was calculated as 2.04 mmol/g.

Acetic anhydride (0.3 mL, 3.18 mmol) was added to a stirred
solution of36 (15 mg, 0.0316 mmol) in dichloromethane (0.3 mL)
under nitrogen atmosphere. The clay-copper complex (25 mg,
0.0506 mmol) was added and the reaction was stirred at room
temperature for 16 h. The reaction was diluted with dichloromethane
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(2 mL) and filtered through a pad of Celite. The filtrate was washed
with saturated sodium bicarbonate and extracted with dichlo-
romethane. The combined extracts were washed with brine, dried
(PTFE frit), and concentrated to give a yellow oil. Chromatography
(silica gel, 1 g, 3:1 cyclohexane:ethyl acetate) gave pure 7-nitro
isomer41 (2.7 mg, 16%) as a white solid and the 5- and 6-nitro
isomers39 and40 as a mixture (4.1 mg, 25%). The 5-nitro39 and
6-nitro40analogues were separated by reverse phase HPLC (Luna
Phenyl Hexyl column, 10µM, 150 × 4.6 mM i.d. with a gradient
of 0.1% TFA/H2O to 0.05% TFA/MeOH with a mass detector set
at m/z ) 520).

39 (5-nitro analogue):1H NMR (CDCl3, 400 MHz): δ 8.39 (s,
1H), 8.38 (d,J ) 8.6 Hz, 1H), 8.27 (d,J ) 2.2 Hz, 1H), 7.77 (dd,
J ) 8.5, 2.2 Hz, 1H), 7.65-7.62 (m, 2H), 7.41 (t,J ) 7.0 Hz,
1H), 3.08 (d,J ) 16.0 Hz, 1H), 2.92-2.85 (m, 2H), 2.62-2.56
(m, 4H), 2.35 (s, 1H), 1.93-1.58 (m, 6H), 0.91 (t,J ) 8.1 Hz).
LC/MS: tR ) 3.57 min; MH+ ) 520, MH- ) 518. HRMS for
C25H25F3N3O6 (MH+): calcd 520.1695, found 520.1693.

40 (6-nitro analogue):1H NMR (CDCl3, 400 MHz): δ 8.86 (s,
1H), 8.37 (d,J ) 7.8 Hz, 1H), 8.28 (s, 1H), 8.09-8.02 (m, 2H),
7.71 (dd,J ) 8.3, 1.6 Hz, 1H), 7.53 (d,J ) 7.53 Hz, 1H), 3.09 (d,
J ) 15.6 Hz, 1H), 2.90 (m, 2H), 2.66-2.59 (m, 4H), 2.36-2.28
(m, 2H), 1.93-1.75 (m, 3H), 1.68-1.60 (m, 2H), 0.91 (t,J ) 7.8
Hz). LC/MS: tR ) 3.56 min; MH+ ) 520, MH- ) 518. HRMS
for C25H25F3N3O6 (MH+): calcd 520.1695, found 520.1695.

41 (7-nitro analogue):1H NMR (CDCl3, 400 MHz): δ 8.82 (brs,
1H), 8.31 (d, 8.5 Hz, 1H), 8.30 (d,J ) 2.0 Hz, 1H), 8.06 (d,J )
2.0 Hz, 1H), 7.83 (dd,J ) 8.5, 2.0 Hz, 1H), 7.68 (dd,J ) 8.5, 2.0
Hz, 1H) 7.23 (d,J ) 8.5 Hz, 1H), 3.05 (d,J ) 15.5 Hz, 1H),
2.91-2.86 (m, 3H), 2.58 (s, 3H), 2.43 (d,J ) 15.5 Hz, 1H), 2.02-
1.81 (m, 4H), 1.81-1.63 (m, 2H), 0.87 (t,J ) 7.5 Hz, 3H). LC/
MS: tR ) 3.54 min; MH+ ) 520, MH- ) 518. HRMS for
C25H25F3N3O6 (MH+): calcd 520.1695, found 520.1690.

2-[(5-Ethyl-6,7,8,9-tetrahydro-5H-benzocyclohepten-5-yl)-
methyl]-3,3,3-trifluoro-2-hydroxy- N-(4-methyl-1-oxo-1H-2,3-
benzoxazin-6-yl)propanamide (D2E1) (42).To 3-(5-ethyl-6,7,8,9-
tetrahydro-5H-benzocyclohepten-5-yl)-N-(4-methyl-1-oxo-1H-2,3-
benzoxazin-6-yl)-2-oxopropanamide (0.94 g) (prepared similarly
to 34) in dry DMF (15 mL) were added cesium carbonate (0.87 g)
and trifluoromethyltrimethylsilane (0.66 mL). After 3 h, further
trifluoromethyltrimethylsilane ((0.66 mL) was added, and after 18
h, further trifluoromethyltrimethylsilane (0.5 mL) and cesium
carbonate (0.56 g) were added. After 5 h, the mixture was added
to water (100 mL) and the solid filtered off. The filtrate was
extracted with CHCl3 (2 × 50 mL), filtered through a Teflon frit,
and concentrated in vacuo. Chromatography on silica eluting with
CHCl3 with 1-2% MeOH removed unreacted starting material. To
the remainder of the material was added THF (10 mL) and TBAF
(1 M in THF) (3 mL). After 45 min, the mixture was added to 1.3
M HCl (100 mL) and CHCl3 (25 mL). The organic layer was
separated using a Teflon frit, concentrated in vacuo, and purified
on a silica column eluting with 7:3 40-60 petrol:EtOAc to afford
the following.

Diastereomer 1 (58 mg):1H NMR (DMSO-d6, 400 MHz): δ
10.55 (s, 1H), 8.24-8.13 (m, 3H), 7.32 (d,J ) 8.0 Hz, 1H), 7.08
(t, J ) 8.0 Hz, 1H), 6.85 (t,J ) 7.2 Hz, 1H), 6.71 (d,J ) 8.0 Hz,
1H), 3.00 (t,J ) 11.8 Hz, 1H), 2.67 (d,J ) 14.6 Hz, 1H), 2.30-
2.39 (m, 4H), 2.28 (m, 1H), 2.13 (d,J ) 14.6 Hz, 1H), 2.05 (m,
1H), 1.89-1.76 (m, 2H), 1.69 (bs, 2H), 1.49-1.39 (m, 2H), 0.76
(t, J ) 7.2 Hz, 3H). LC/MS: tR ) 3.77 min; MH+ ) 489.

Diastereomer 2 (43 mg):1H NMR (DMSO-d6, 400 MHz): δ
10.16 (s, 1H), 8.10 (d,J ) 8.5 Hz, 1H), 8.00 (d,J ) 8.5 Hz, 1H),
7.96 (s, 1H), 7.35 (s, 1H), 7.11 (d,J ) 7.7 Hz, 1H), 6.88 (d,J )
6.8 Hz, 1H), 6.67-6.58 (m, 2H), 3.12-3.01 (m, 2H), 2.78-2.61
(m, 2H), 2.45 (s, 3H), 1.89-1.47 (m, 6H), 1.38-1.07 (m, 2H),
0.79 (t, J ) 7.3 Hz, 3H). LC/MS: tR ) 3.77 min; MH+ ) 489.

Diastereomer 2 was separated into its enantiomers using 2× 25
cm Chiralpak AS column eluting with 15% EtOH in heptane with
a flow rate of 15 mL/min.42D2E1 eluted around 7 min and D2E2
eluted around 12 min.42 D2E1: Analytical chiral HPLC (25×
0.46 cm Chiralpak AS column eluting with 15% EtOH in heptane

with a flow rate of 1 mL/min): 5.59 min. LC/MS:tR ) 3.77 min;
MH+ ) 489. HRMS for C26H28N2O4F3 (MH+): calcd 489.2001,
found 489.2000.42 D2E2: Analytical chiral HPLC (25× 0.46
cm Chiralpak AS column eluting with 15% EtOH in heptane with
a flow rate of 1 mL/min): 8.10 min. LC/MS:tR ) 3.77 min; MH+

) 489.
5-Ethyl-1-(2-iodophenyl)-4-heptanone (46).Tetrakis(triphen-

ylphosphine)palladium (0.29 g, 0.25 mmol) was cooled to 0°C
and a solution of 1-ethylpropylzinc bromide (0.5 M in THF, 50
mL, 25 mmol) was added. Acryloyl chloride (2.2 mL, 27.1 mmol)
was added slowly to keep the temperature below 5°C, and the
mixture was then stirred at 0°C for 1.5 h. Dried lithium chloride
(2.12 g, 50 mmol) and copper(I) cyanide (2.24 g, 25 mmol) in dry
THF were stirred for 10 min and then cooled to-75 °C. A solution
of benzyl zinc bromide (0.5 M in THF, 50 mL, 25 mmol) was
added slowly to maintain the temperature below-67 °C. The
resulting mixture was allowed to warm to 0°C, stirred for 20 min,
and then again cooled to-75 °C before the slow addition of
chlorotrimethylsilane (6.4 mL, 50.4 mmol) with the temperature
kept below-70°C. The solution of the vinyl ketone prepared above
was added slowly below-68 °C. After the addition the mixture
was stirred at-75 °C for 2.5 h then allowed to come to room
temperature, stirred at this temperature for 2 h, and then partitioned
between diethyl ether and water. The aqueous phase was extracted
with ether, and the combined organic solutions were washed with
brine twice, dried (Na2SO4), and evaporated in vacuo to an oil.
Purification was by silica chromatography using hexane and hexane:
ether 10:1 to give the title compound46 (3.12 g, 36%).1H NMR:
(CDCl3, 400 MHz): δ 7.84 (d, 1H), 7.25 (m, 2H), 6.90 (t, 1H),
2.72 (t, 2H), 2.50 (t, 2H), 2.34 (m, 1H), 1.88 (m, 2H), 1.61 (m,
2H), 1.48 (m, 2H), 0.86 (t, 6H). LCMS:tR 3.87 min; 345 (MH)+;
362 (MNH4)+

.

1-[4-(1-Ethylpropyl)-4-penten-1-yl]-2-iodobenzene (47).A stirred
suspension of methyltriphenylphosphonium bromide (75.6 g,
0.21mol) in dry THF (600 mL) was stirred at 0°C while a 1.6 M
solution ofn-BuLi in hexane (120 mL, 0.19mol) was added slowly
below 5°C. The mixture was stirred at 0°C for 30 min and then
a solution of46 (30.1 g, 87.5 mmol) in THF (75 mL) was added
slowly below 0°C. After stirring for 15 min, the mixture was stirred
at room temperature for 1 h, refluxed overnight, and then cooled
to 10 °C. Saturated ammonium chloride solution (250 mL) was
added while the temperature was maintained at ca. 10°C and the
mixture was stirred for 15 min and then diluted with water (250
mL). After stirring for a further 15 min the mixture was extracted
with diethyl ether. The combined ether extracts were washed with
1:1 saturated ammonium chloride solution:brine (500 mL) and then
dried (Na2SO4) and evaporated in vacuo. The residue was triturated
with hexane and filtered. The filtrate was applied to a column of
silica and eluted with hexane to give the title compound47 (22.5
g, 76%).1H NMR: (CDCl3, 400 MHz): δ 7.78 (d, 1H), 7.50 (m,
2H), 6.90 (t, 1H), 4.88 (s, 1H), 4.77 (s, 1H), 2.73 (t, 2H), 2.03 (t,
2H), 1.80 (m, 3H), 1.40 (m, 4H), 0.83 (t, 6H).

2-[1-(1-Ethylpropyl)-1,2,3,4-tetrahydro-1-naphthalenyl]-1-(2-
furanyl)ethanone (48).To palladium acetate (68 mg, 2.92 mmol)
and triphenyl phosphine (1.53 g, 5.84 mmol) were added toluene
(225 mL) and (2-furyl)tributylstannane (6.78 g, 19 mmol). A
solution of47 (5 g, 14.6 mmol) in toluene (75 mL) was then added
and the apparatus was purged three times with carbon monoxide.
The mixture was then placed in a preheated 110°C oil bath and
stirred for 3 h under carbon monoxide, diluted with ether (300 mL),
and washed with 2 M HCl (300 mL) and with water (300 mL).
The organic layer was separated, poured into a solution of KF (40
g) in water (600 mL), stirred for 0.5 h, and then filtered. The organic
layer was separated, washed with water (300 mL), dried, and
evaporated in vacuo. The preparation was repeated using a further
7.5 g (21.9 mmol) of47, and the crude products were combined.
Purification was by Biotage chromatography. The solvent gradients
used were cyclohexane:DCM 1:0 to 0:1 followed by DCM:EtOAc
3:1 to 0:1, which gave the title compound48 (2.19 g, 20%).1H
NMR (CDCl3, 400 MHz): δ 7.25 (d, 1H), 6.96 (m, 3H), 6.77 (m,
1H), 6.33 (m,1H), 3.28 (d, 1H), 3.04 (d, 1H), 2.69 (m, 2H), 1.97
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(m, 1H), 1.78 (m, 5H), 1.28 (m, 1H), 1.09 (m, 5H), 0.78 (t, 3H).
LCMS: tR 3.95 min; 311 (MH)+.

3-[1-(1-Ethylpropyl)-1,2,3,4-tetrahydro-1-naphthalenyl]-2-
oxopropanoic Acid (49).Ozone was bubbled through a solution
of 48 (2.19 g, 7.1 mmol) in anhydrous methanol (200 mL) at-78
°C for 1 h followed by oxygen for 10 min and nitrogen for 10
min. Dimethyl sulfide (15 mL, 205 mmol) was added and the
mixture was stirred for 1 h atroom temperature and then evaporated
in vacuo. The residue was dissolved in methanol (200 mL), KOH
pellets (3 g) were added, and the solution stirred for 1.5 h. Volatiles
were removed in vacuo and the residue was partitioned between 2
M KOH solution (300 mL) and a 1:1 mixture of cyclohexane and
diethyl ether (300 mL). The aqueous phase was acidified and
extracted with DCM (300 mL). The extract was dried (MgSO4)
and evaporated to give the title compound49 (2.01 g, 99%), which
was used without further purification.1H NMR (CDCl3, 400
MHz): δ 7.22 (d, 1H), 7.05 (m, 3H), 3.38 (d, 1H), 3.30 (d, 1H),
2.70 (m, 2H), 2.0-1.61 (m, 6H), 1.31 (m, 1H), 1.15-0.98 (m, 5H),
0.72 (t, 3H).

3-[1-(1-Ethylpropyl)-1,2,3,4-tetrahydro-1-naphthalenyl]-N-(4-
methyl-1-oxo-1H-2,3-benzoxazin-6-yl)-2-oxopropanamide (51).
49 (333 mg,1.15 mmol) was dried by azeotroping from toluene (3
× 5 mL) and the dried material was dissolved in DMA (2.9 mL)
and then cooled to-10 °C. Thionyl chloride (243 mg, 2.08 mmol)
was added and stirring at-10 °C was continued for 1 h. A solution
of 6-amino-4-methyl-1H-2,3-benzoxazin-1-one (407 mg, 2.31
mmol) in DMA (9.5 mL) was added at-6 °C and the mixture was
allowed to come to room temperature. After stirring at this
temperature for 3 h, the reaction mixture was poured into a 1:1
DCM:2 M HCl mixture. The aqueous layer was extracted with
DCM and the combined extracts were dried (MgSO4) and evapo-
rated in vacuo, and the residue was triturated with DCM. Filtration
and evaporation of the filtrate gave a brown oil. Purification was
by silica SPE. The solvent gradient used was cyclohexane:EtOAc
20:1 to 0:1 to give the title compound51 (69 mg, 33%) as yellow
crystals.1H NMR (CDCl3, 400 MHz): δ 8.85 (br, 1H), 8.31 (d,
1H), 8.12 (d, 1H), 7.70 (d, 1H), 7.26 (d, 1H), 7.05 (m, 3H), 3.52
(d, 1H), 3.35 (d, 1H), 2.82 (m, 2H), 2.56 (s, 3H), 2.0-1.68 (m,
6H), 1.32 (m, 1H), 1.12 (m, 5H), 0.78 (t, 3H). LCMS:tR 3.94
min; 464 (M + 18)+, 445 M(H)-.

3,3,3-Trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzox-
azin-6-yl)-2-[(1-propyl-1,2,3,4-tetrahydronaphthalen-1-yl)meth-
yl]propanamide (53) (D2E2).2-Oxo-3-(1-propyl-1,2,3,4-tetrahy-
dronaphthalen-1-yl)propanoic acid (similarly prepared to51) (175
mg, 418µmol) was dissolved in anhydrous DMF (2.5 mL), and
dried cesium carbonate (286 mg, 878µmol) was added in one
portion. The reaction mixture was cooled in an ice bath and Me3-
SiCF3 (309 µL, 2.09 mmol) was added. The ice bath was then
removed. After approximately 2 h of stirring at 25 °C under
nitrogen, the reaction was again cooled in an ice bath and a second
portion of Me3SiCF3 (124µL) was added. The reaction was allowed
to warm to 25°C and stirred until TLC (cyclohexane:20% ether)
indicated there was no starting material remaining. TBAF (1 M
solution in THF, 1 mL) was added to the reaction mixture and the
reaction was stirred at 25°C for 30 min. The mixture was then
poured into 1:1:1 brine:saturated ammonium chloride:2 M HCl (10
mL) and extracted with ether (2× 30 mL). The combined organic
extracts were dried on magnesium sulfate, and the solvent was
evaporated. The reaction product was purified by chromatography
on silica, eluting with cyclohexanes-ethyl acetate 4:1 to give the
title compound as a mixture of two diastereoisomers. This mixture
of diastereomers was purified by reverse phase preparative HPLC
using a 45-80% MeCN (0.05% TFA) gradient over 50 min on a
Supelcosil ABZ+ 10 cm × 21.2 mm column with a 4 mL/min
flow rate. The purification gave the following.

Diastereomer 1 (12.6 mg, 7%):1H NMR (CDCl3, 400 MHz):
δ 8.33 (br s, 1H), 8.31 (d,J ) 8.5 Hz, 1H), 8.12 (d,J ) 1.8 Hz,
1H), 7.45 (dd,J ) 8.7, 2.0 Hz, 1H), 7.22 (br d,J ) 7.1 Hz, 1H),
7.00 (br d,J ) 6.5 Hz, 1H), 6.93-6.85 (m, 2H), 3.18 (br s, 1H),
2.93 (d,J ) 15.3 Hz, 1H), 2.75 (br t,J ) 6.5 Hz, 2H), 2.60 (s,
3H), 2.32 (d,J ) 15.6 Hz, 1H), 2.02-1.62 (m, 6H), 1.41-1.26

(m, 1H), 1.21-1.09 (m, 1H), 0.85 (t,J ) 7.3 Hz, 3H). LC/MS: tR
) 3.77 min; (MNH4)+ ) 506, MH- ) 487.

Diastereomer 2 (8.5 mg, 5%):1H NMR (CDCl3, 400 MHz): δ
8.99 (br s, 1H), 8.36 (d,J ) 8.6 Hz, 1H), 8.32 (d,J ) 2.0 Hz, 1H),
7.69 (dd,J ) 8.8, 2.0 Hz, 1H), 7.39 (d,J ) 7.8 Hz, 1H), 7.33-
7.27 (m, 1H), 7.24-7.15 (m, 2H), 3.01 (d,J ) 15.4 Hz, 1H), 2.80-
2.71 (m, 2H), 2.79 (s, 1H), 2.69 (d,J ) 15.3 Hz, 1H), 2.61 (s,
3H), 1.90-1.25 (m, 8H), 0.88 (t,J ) 7.0 Hz, 3H). LC/MS: tR
3.86 min; MH+ ) 489 MNH4

+ ) 506, MH- ) 487.
Diastereomer 2 was separated into its enantiomers using a 25

cm Chiralpak AD column eluting with 5% EtOH in heptane with
a flow rate of 15 mL/min. D2E1 eluted around 17.5 min and D2E2
53 eluted around 22.5 min. D2E1: Analytical chiral HPLC (25×
0.46 cm Chiralpak AD column, 5% EtOH in heptane eluting at 1
mL/min): 17.5 min. LC/MS: tR 3.84 min; (MNH4)+ ) 506, (M-
H)- ) 487. D2E253: Analytical chiral HPLC (25× 0.46 cm
Chiralpak AD column, 5% EtOH in heptane eluting at 1 mL/min):
21.2 min. LC/MS: tR ) 3.84 min; (MNH4)+ ) 506, (M - H)- )
487.

2-{[1-(1-Ethylpropyl)-1,2,3,4-tetrahydro-1-naphthalenyl]-
methyl}-3,3,3-trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-
benzoxazin-6-yl)propanamide (52) (D2E2).Cesium fluoride (130
mg, 856µmol) was dried at 120°C for 2 h under vacuum. To this
was added a solution of (() N-(4-methyl-1-oxo-1H-2,3-benzoxazin-
6-yl)-2-oxo-3-(1-ethylpropyl-1,2,3,4-tetrahydronaphthalen-1-yl)pro-
panamide51 (77 mg, 172µmol) in DMF (2 mL) followed by
trimethyl(trifluoromethyl)silane (274µL, 1.85 mmol). The mixture
was stirred at room temperature overnight, diluted with DCM (20
mL), and washed with 2 M HCl (10 mL). The aqueous phase was
extracted with DCM, and the combined organic solutions were dried
(MgSO4) and evaporated in vacuo. Purification (20 g silica SPE,
solvent gradient of cyclohexane:EtOAc 9:1 to 0:1) gave (in order
of elution) diastereomer 2 (35.1 mg) and diastereomer 1 (34.3 mg).

Diastereomer 1:1H NMR (CDCl3, 400 MHz): δ 8.27 (d,J )
8.5 Hz, 1 H), 8.07 (d,J ) 2.0 Hz, 2H), 7.34 (dd,J ) 8.6, 2.0 Hz,
1H), 7.27-7.24 (m,J ) 7.8, 1.3 Hz, 1H), 6.98-6.94 (m,J ) 7.2,
1.1 Hz, 1H), 6.80-6.71 (m, 2H), 3.18 (s, 1H), 2.92 (d,J ) 15.0
Hz, 1H), 2.78-2.68 (m, 2H), 2.59 (s, 3H), 2.47 (d,J ) 15.0 Hz,
1H), 2.05- 1.76 (m, 5H), 1.60-1.52 (m, 1H), 1.37-1.25 (m, 2H),
1.10 (t,J ) 7.5 Hz, 3H), 1.04-0.95 (m, 2H), 0.68 (t,J ) 7.5 Hz,
3H). LCMS: tR 3.86 min; 534 (M+18)+; 515 (MH)-.

Diastereomer 2:1H NMR (CDCl3, 400 MHz): δ 8.96 (s, 1H),
8.35 (d,J ) 8.5 Hz, 1H), 8.30 (d,J ) 2.0 Hz, 1H), 7.69 (dd,J )
8.5, 2.0 Hz, 1H), 7.44 (d,J ) 8 Hz, 1H), 7.30 (m, 1H), 7.26-7.17
(m, 2H), 3.15 (d,J ) 15.5 Hz, 1H), 2.78 (s, 1H), 2.67-2.74 (m,
2H), 2.61 (s, 3H), 2.57 (d,J ) 15.5 Hz, 1H), 1.84-1.70 (m, 3H),
1.63 (m, 1H), 1.22-1.33 (m, 2H), 1.02-1.08 (m, 2H), 0.99 (t,J )
7.5 Hz, 3H), 0.71 (t,J ) 7.5 Hz, 3H). LCMS: tR 3.98 min; 534
(M +18)+; 515 (MH)-.

Diastereomer 2 was separated into its enantiomers using a 2×
25 Chiralpak AD column eluting with 10% EtOH in heptane with
a flow rate of 15 mL/min. D2E1 eluted around 7.16 min and52
D2E2 eluted around 8.41 min.

D2E1: Analytical chiral HPLC (25× 0.46 cm Chiralpak AD
column, 10% EtOH in heptane eluting at 1 mL/min): 5.59 min.
LCMS: tR 3.98 min; 534 (MNH4)+, 515 (MH)-. CD (0.000 329
M, cell length ) 0.1 cm), 210.0 nM (de) 8.51; E ) 16 886),
243.0 nM (de) -12.78;E ) 28 070), 277.0 nM (de) -6.09;E
) 12 828). 52 D2E2: Analytical chiral HPLC (25× 0.46 cm
Chiralpak AD column, 10% EtOH in heptane eluting at 1
mL/min): 6.54 min. LCMS:tR ) 3.98 min; (MNH4)+ ) 534, MH-

) 515. HRMS for C28H32F3N2O4 (MH+): calcd 517.2314, found
517.2311. CD (0.000 38 M, cell length) 0.1 cm): 212.0 nM (de
) -8.54;E ) 17 206), 242.6 nM (de) 13.45;E ) 28 860), 277.0
nM (de ) 6.27;E ) 13 074).

2-[(1-Cyclopentyl-1,2,3,4-tetrahydro-1-naphthalenyl)methyl]-
3,3,3-trifluoro-2-hydroxy-N-(4-methyl-1-oxo-1H-2,3-benzoxazin-
6-yl)propanamide (60) (D2E2).Cesium fluoride (99 mg, 652
µmol) was dried in a round-bottomed flask for 2 h under vacuum.
The flask was filled with nitrogen and cooled to room temperature.
(()-N-(4-Methyl-1-oxo-1H-2,3-benzoxazin-6-yl)-2-oxo-3-(1-cyclo-
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pentyl-1,2,3,4-tetrahydronaphthalen-1-yl)propanamide (similarly pre-
pared to51) (58 mg, 120µmol) in DMF (2 mL) was then added
followed by TMSCF3 (207 µL, 1.4 mmol) and the mixture was
stirred at room temperature overnight. The reaction mixture was
concentrated under vacuum, diluted with DCM (20 mL), and
washed with 2 M HCl (10 mL). The aqueous phase was extracted
with DCM (20 mL) and the organic extract was dried over
magnesium sulfate and then evaporated under vacuum to give the
crude product. Purification (20 g silica SPE, gradient of cyclohex-
ane:EtOAc 9:1 to 8:2) gave (in order of elution) diastereomer 2
(19.1 mg) and diastereomer 1 (18.8 mg).

Diasteromer 1:1H NMR (CDCl3, 400 MHz): δ 8.27 (d,J )
8.5 Hz, 1H), 8.12 (br s, 1H), 8.01 (d,J ) 2.0 Hz, 1H), 7.34 (dd,
J ) 8.5, 2.0 Hz, 1H), 7.31-7.27 (m, 1H), 6.96-6.91 (m, 1H),
6.88-6.76 (m, 2H), 3.23 (br s, 1H), 2.98 (d,J ) 15.5 Hz, 1H),
2.76-2.70 (m, 2H), 2.47-2.35 (m, 1H), 2.35 (d,J ) 15.5 Hz,
1H), 1.97-1.73 (m, 4H), 1.70-1.36 (m, 5H), 1.32-1.18 (m, 2H),
1.08 (s, 1H). LCMS: tR 3.91 min; 532 (M+ 18)+, 513 (MH)-.

Diastereomer 2:1H NMR (CDCl3, 400 MHz): δ 8.98 (s, 1H),
8.35 (d,J ) 8.5 Hz, 1H), 8.31 (d,J ) 2.0 Hz, 1H), 7.69 (dd,J )
8.5, 2.0 Hz, 1H), 7.44 (d,J ) 8.0 Hz, 1H), 7.23-7.15 (m, 2H),
2.98 (d,J ) 15.5 Hz, 1H), 2.82 (s, 1H), 2.79-2.72 (m, 3H), 2.61
(s, 3H), 2.17 (m, 1H), 1.90-1.76 (m, 2H), 1.72-1.62 (m, 4H),
1.60-1.42 (m, 4H), 1.36 (m, 1H), 1.25 (m, 1H). LCMS:tR 4.03
min; 532 (M + 18)+, 513 (MH)-.

Diastereomer 2 was separated into its enantiomers using a 2×
25 cm Chiralpak AD column eluting with 5% EtOH in heptane
with a flow rate of 15 mL/min. D2E1 eluted around 19.7 min (0.3
mg) and D2E260 eluted around 22.2 min (0.4 mg). D2E1:
Analytical chiral HPLC (25× 0.46 cm Chiralpak AD column, 5%
EtOH in heptane eluting at 1 mL/min): 14.2 min. LCMS:tR 4.03
min; 515 (MH)+; 532 (MNH4)+; 513 (MH)-. CD (0.000 187 M,
cell length) 0.2 cm): 211.6 nM (de) 14.32; E) 16039), 243.0
nM (de ) -13.57; E ) 29 638), 281.0 nM (de) -5.70; E )
13 150). D2E260: LCMS: tR 4.02 min; 515 (MH)+, 532 (MNH4)+,
513 (MH)-. HRMS for C28H30N2O4F3 (MH+): calcd 515.2158,
found 515.2156. CD (0.000 173 M, cell length) 0.2 cm): 211.4
nM (de ) -13.99; E ) 15 811), 243.2 nM (de) 13.85; E )
29 182), 280.8 nM (de) 5.64;E ) 13 071).

GR Binding Assay. Details of the GR binding assay using a kit
supplied by Pan Vera (Madison, WI) are described elsewhere.12

Glucocorticoid-Mediated Transrepression of NFkB Activity.
Details of the NKkB assay are described elsewhere.12

Glucocorticoid-Mediated Transactivation of MMTV Driven
Gene Expression.Human A549 lung epithelial cells were engi-
neered to contain a renialla luciferase gene under the control of
the distal region of the LTR from the mouse mammary tumor virus
as previously described.17 Compounds were solvated and diluted
in DMSO and transferred directly into assay plates such that the
final concentration of DMSO was 0.7%. Following the addition of
cells (40K per well), plates were incubated for 6 h. Luciferase
activity was determined using the Firelight kit (Packard, Pang-
bourne, UK).

Glucocorticoid Antagonist Assay.Details of the MMTV GR
antagonist assay are described elsewhere.17

Oxazolone-Induced Mouse Ear Skin Delayed Type Hyper-
sensitivity Model (DTH). The topical anti-inflammatory activity
of the compounds was examined in the Balb/c mouse delayed type
hypersensitivity (DTH) model.18 Inflammation was induced with
sensitization to oxazolone (50µL of a 25 mg/mL solution, 1 part
olive oil to 4 parts acetone) applied topically to the shaved flank
of the mouse (female Balb/c, 10-14 g, Charles River, UK). Six
animals were used per for each dose. Five days later ear thickness
was measured with a pair of engineers’ callipers (RS). The animals
were then dosed topically with compound on the right ear only
(10 µL volume, ethanol vehicle). One hour later they were
challenged with 2.5 mg/mL oxazolone solution (20µL volume, 1
part olive oil to 4 parts acetone vehicle) applied topically onto each
ear. Three hours postchallenge the animals were dosed with
compound again on the right ear only (10µL volume, ethanol

vehicle). Twenty-four hours later the ears were remeasured and
the thickness recorded. The animals were culled via cervical
dislocation.

Automated Agreement Docking.Docking was carried out using
form A from the crystal structure of the fluticasone propionate GR
complex20 and ligand R isomers only. FLO+ (version Feb03)21 was
used, applying the mcdock+ technique for 3000 cycles and
collecting 25 dockings for each compound. Flexibility of side chains
within the site was allowed during the minimization stage of the
docking. The docked ligands were extracted from the protein
complexes using the FLO+ facility “ligext”. These were converted
to an SD file using FLO+ facility “mm2sd”. The SD structure file
was imported into the TSAR package.22 Single-point MNDO
calculations were performed within TSAR to assign ESP charges.
3D electrostatic and steric similarities were then calculated between
each ligand pair and stored in anN × N matrix within TSAR. The
similarity calculations within TSAR use the methodologies of Good
et al.23,24 The similarity matrix was then processed using the
“auto_agreement_dock” algorithm. This method is a simple genetic
algorithm written specifically to search out the combinations of
dockings (one from each ligand) that provide the highest overall
pairwise similarity. From a random selection of dockings it identifies
a reasonable start point and then rapidly mutates the individual
dockings, using simple mutations and the averaged pairwise
similarity as a fitness function to decide if the mutation should be
accepted or not. A Monte Carlo factor can be introduced here to
allow some decrease in the averaged similarity during a search for
a better solution. The method stores solutions in decreasing order
of averaged similarity. The top scoring solution provides the
“agreement docking” collection of docked compounds.
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