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In this study we have introduced theftinethoxy group, a substituent known to increaseivo potency

in other steroidal estrogens, into the ¢120E)-21-(trifluoromethylphenyl)-19-norpregna-1,3,5(10),20-tetraene-
3,173-diols: (trifluoromethylphenyl)vinyl estradiols. Receptor binding, using thetEHBD, indicated that

the 113-methoxy group had little effect on the relative binding affinity of the target compounds compared

to the corresponding Ptunsubstituted analogs, however, theggdtiethoxy derivatives were significantly

more potent in stimulating uterotrophic growth in immature female rats. Molecular modeling studies suggest
that while the 1f-methoxy group does not contribute significantly to the overall binding energy of the
ligand—ERa-HBD complex, it stabilizes residues associated with the coregulator protein binding site. Such
effects would influence the dynamics of subsequent events, such as transcription and biological responses.

Introduction that the liganded ER subtypes interact with a variety of

Breast cancer is the most common cancer diagnosis amongfoactivator and corepressor proteins, also tissue selective, which
women, with an estimated 215 000 new cases reported eacHnodulate the intracellular responsés:® Therefore, it is
year in the United States alohéChe majority of the patients ~ increasingly relevant that specific ER ligands be available to
are diagnosed with hormone responsive disease, meaning thagnable investigators to identify the molecular processes that
the tumor contains elevated levels of estrogen receptof)(ER Promote receptor affinity, modulate recept@rotein interac-
and requires the presence of circulating estrogens to maintaintions, and effect transcriptional expression.
tumor growth? This relationship has stimulated many efforts ~ In addition to our interest in developing new therapeutic
to develop therapeutic agents that either block the action of agents for the treatment of hormone-responsive breast cancer,
estrogens at the receptor level (anti-estrogefig)r reduce the ~ We have maintained an ongoing program to generate specific
production of endogenous estrogens (particularly aromataseProbes for the ER. Many groups have used nonsteroidal
inhibitors) 87 Although the initial development of anti-estrogens ~€strogen&~27 or steroids containing modifications on the core
exemplified by tamoxifen arose through a drug design program steroidal skeletof}~% however, we have focused on theot7
patterned after the triarylethylene agonists, more recent work (X-vinyl)-estradiols, where X= halogen, S/Se-phenyl, or phenyl
has been guided by the evaluation of the target receptor. (Figure 1)3-33
Determining of the amino acid sequence of the nuclear receptors  Our preliminary data indicated that the ER tolerated these17
(NRs), including the ER, identified the proteins as members of substituents remarkably well, with RBA values exceeding 700
a homologous family, possessing discrete functional redids. ~ (€.9., X= 1). With the availability of the crystal structures of
These included the DNA binding domain (DBD), hinge region, the estradiotER-HBD complex, we conducted preliminary
an N-terminal activation factor-1 (AF-1) binding region, and ligand docking studies that suggested, assuming that the steroidal
the C-terminal hormone binding domain (HBD) which contains portions of our compounds would align with the estradiol
the activation factor-2 (AF-2) binding region. Subsequent structure, the 1a-X-vinyl group would be accommodated
crystallographic studies with the ligartER-HBD complexes within the region bounded by helix-11 and helix-12. Because
have provided the best representation of the mode in which thethese two helices are associated with the regulation of agonist
ligands, both agonists and antagonists, bind to the rec&pfdr.  and antagonist conformations of the receptor, we hypothesized
The results of those studies have guided strategies for designinghat the introduction of functional groups would create new
more effective ER-targeted agents. This information is more interactions with the helices. Such interactions, as evidenced
critical because it is now clear that there are at least two ER by altered affinity, efficacy, or selectivity, would provide insight
subtypes ¢ and ) that possess different expression patterns into the molecular dynamics of receptor function.
and mediate different physiological actiofis!’ It is also known We recently described the synthesis and evaluation af 17
E- andZ-(4-substituted phenyl)vinyl estradiot$.36 The results

*To whom correspondence should be addressed. Tel.: 617-373-3313.indicated that the presence of theod@ghenylvinyl substituent,
Fai(:NSrltZ{e?’Js‘:’é?Zgjhisérrg?t')l; rhanson@neu.edu. in either E- or Z-configuration, did not convert the ER to an

*The University of Chicago. antagonist conformation. The compounds retained significant
e RS St et Eftagen e e iy o the ERLHBD compared o osradiland tsand
dorﬁgil;lc; LBP, Iigarl)nd ,bindin’g pocket; RB?A, relative bind’ing affinity; &D ? Z_(L.mSUbsmmed phenyl)vmyl estradiols. A.naIySIS. of the. two
effective dose for a 50% response; NMR, nuclear magnetic resonance; PDB,S€fies of compounds with molecular modeling provided binding
protein data bank; AF-1, activation factor-1; AF-2, activation factor-2. modes for each in which the 4-substituted phenyl moiety
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Figure 1. Generation of initial series of b#(X-vinyl)estradiols from 1@-ethynyl estradiol.
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Figure 2. Generation of subsequent series of&lbstituted 1@-(X-vinyl)estradiols from 1f-substituted 1@-ethynylestradiols.

Scheme 1.Synthesis of 18-Methoxy-1#%-(substituted Phenyl)vinyl Estradiols from Moxestfs|
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a) BusSnH, Et3B, THF, 60°C 3¢ X=3-CF3, R=0CH; 4cX=3-CF3, R=H
b) [(CeHs)3P1sPd(0), I-Ar-X, Toluene, 90-100°C 3d X =4-CF3, R=0CH; 4d X=4-CF3, R=H

aReagents and conditions: (a) #nH, EgB, THF, 60°C; (b) [(CsHs)3PlsPd(0), HAr—X, toluene, 96-100 °C.

occupied a bounded region located on the alpha face of thepurpose of the study was to examine the mutual influences of
estradiol ligand binding pocket (LBP). Determination of cal- disubstitution on ER-HBD binding andin vivo activity. The
culated binding energies and comparison with observed binding results indicate that the effects of substitution on receptor binding
affinities generated graphs with high correlations. correspond to initial receptor binding primarily being influenced
We have reported that the position of functional groups on by the 1&-subsituted phenylvinyl group, with the A<dmethoxy
the terminal phenyl ring also influenced ER-HBD binding substituent exerting a major effect omvivo activity. Molecular
affinity as well asin »ivo uterotrophic growth potencd/.Ortho- modeling provides an interpretation of these observations and
substitution provided the highest affinity for the receptor and a strategy for future studies.

the highest potencymetaSubstitution was less effective and Synthesis of Estrogenic LigandsThe target compounds in

para-substitution was weaker still. These results indicated that this series were prepared as part of our larger program to probe

subtle structural changes within a small region of the LBP can the interactions between estrogenic ligands and the-BRD.

exert significant differences in biological responses by ligands. aAs a result, we employed the synthetic strategy developed for
Other studies demonstrated that small substituents at five 11 the preparation of-170-(substituted-phenyl)vinyl estradiols

position of estradiol confer enhanced receptor binding to the (Scheme 1). This approach employs the preparation of a

ER and/or enhancedh vivo activity¥ 42 We previously ~ common precursor that can undergo ready transformation to a

reported the preparation of A%ubstituted derivatives of b7 variety of functionalized targets. Moxestrol (-inethoxy-1%.-
halovinyl and phenylthiovinyl estradiols (Figure 2)** ethynyl estradiol)1 was obtained via ethynylation of f1
These compounds, which contained both afi-hd a 1é- methoxy estrone using literature procedui®&dydrostannation

group, also expressed high ER affinity, although the influence of moxestrol with trin-butyltin hydride gave a mixture dE-
of each substituent on ER binding was not apparently syner- and Z-tri-n-butylstannylvinyl estradiols2a@ and 2b), with the
gistic. E-isomer 2a predominating* Stille coupling of theE-tri-n-

In this paper we describe the preparation and evaluation of abutylstannylvinyl-1B-methoxy estradiol with iodobenzene or
series of 1f-methoxy-estradiol derivatives bearing the (tri- the isomeric trifluoromethyl phenyl iodides gave the desired
fluoromethyl)phenyl vinyl group at the ®#position. The 118-methoxy-1d-arylvinyl estradiols3a—3d in good overall
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Table 1. RBAs of 138-170-E-(Trifluoromethylphenyl)vinyl Estradiols methoxy and 11-unsubstituted compounds is the interaction
and their Unsubstituted f1 between the terminal methyl of the methoxy group and the side
RBA2 RBA2 chain of Leu-540, which are within 4.4 A.
cmpd 25°C cmpd 25°C

3a 15 4a 18 Results and Discussion

3b 212 4h 223 . .

3c 65 4c 75 Robust synthetic methods developed in our research program

3d 5 4d 8 provided the opportunity to evaluate some of the factors that

aRBA = 100 x [E]J/[C], where [] is the concentration of unlabeled .aﬁeCt estrogen Ilgand_ binding anq activity. The ab”'ty to readily
estradiol necessary to reduce the specific binding of tritiated estradiol to introduce a wide variety of substituents at thexdosition of

the ERx-HBD by 50% and €] is the concentration of the competitive ligand  estradiol that induce an agonist conformation for the ER-HBD

necessary to reduce specific binding by 50%. The RBA of estradiol is 100% allowed us to explore the influence of substituents at other
at each incubation temperature. Curves for ligand and estradiol had - . . - .

correlation coefficients- 95%. positions that are more difficult to mtroduc_e.. While appendmg
functional groups at either thex? or 115-position from readily

yields after crystallization. Maintenance of testereochemistry avail_able starting materials, su_ch as estradiol or estrone, requires
was determined byH NMR spectrometry, which showed a multiple sy_nthenc and separation steps, preparation of the target
coupling constantl¥; = 18 Hz) for the vinyl protons, consistent l7a-(sub§t|tuteq phenyl)vinyl estradiols can be achlgved in good
with a transrelationship. Chromatographic comparison of the overall yields in two steps from the corresponding ethynyl
118-methoxy products with the corresponding 11-unsubstituted €stradiols. Therefore, preparation of the appropriatg-11
analogsta—4d® indicated that the new compounds were more subst_ltutec_i precursor (moxestrol) prowde_d the entry to diversely
polar. functionalized target compounds. In this study, we chose to

Biological Studies: The new compounds were evaluated for €Xamine the response of the &RiBD to the simultaneous
their relative binding affinities (RBAs) using the BRHBD presence of the Jitmethoxy group, known to enhance the
isolated from transfected BL21 cefz.RBA values were stability oflllgand—ER co.mplexes and the &7(.tr|fluorometh-
determined using a competitive radiometric receptor binding YIPhenyl)vinyl group, which we reported previousiBecause
assay and were compared to estradiol and the 11-unsubstitutedh® ER-HBD undergoes a significant adaptive response to
phenylvinyl analogs. The results are summarized in Table 1, @ccommodate the dZ(trifluoromethylphenyl)vinyl group, it
where the RBA of estradiol is 100%. was not clear how well the HBD would also accept the

The second component of our biological evaluation process additiona] substituent. A prelimingry study sugggsted that such
involved assaying the series of compounds for estrogenic @n adaptive response was permn‘cééﬁ however, it had been
efficacy3” The immature rat uterotrophic growth assay is well undertaken prior to publication of crystal studies of estrogen
established for demonstrating estrogenic responses mediatedeR-HBD complexes. Also, no data had been reported oimthe
through ERx. The 18-methoxy ligands, their 11-unsubstituted ~ 170 effects.of such dlsgbstltuteq estradn;l derlvgtlves. The
analogs, and estradiol were evaluatedravé log dose range results of this stuo_ly prowde new insights into the interaction
(0.001-100 nmol) for their uterotrophic potency (Figure 3).  between estrogenic ligands and the ER-HBD.

All compounds in the new series were full agonists and, at  The results of the competitive binding assays (Table 1)
the highest tested doses, yielded uterotrophic responses comdemonstrated that there was essentially no significant difference
parable to or greater than 1.0 nmol estradiol. in RBA values between the fidimethoxy-11.-(2-/3-/4-trifluo-

Molecular Modeling Studies: Docking of the 1B-methoxy- romethyl-phenyl)vinyl estradiols and their corresponding 11-
17a-(2-trifluoromethylphenyl) vinyl estradiol and the 11- unsubstituted analogs. The 2-trifluoromethyl isong&yand4b
unsubstituted analog, the most potent ligands of the series, wadiad the highest affinity (212 vs 223), followed by the 3-isomers
performed on the ERHBD cocrystallized with estradiol and 3¢ and4c (65 vs 75), with the 4-isomei3d and4d having the
refined for the E-17a-phenylvinyl estradiols as previously lowest affinity (5 vs 8). Even the unsubstituted phenylvinyl
described435Docking involved superimposition of the steroidal ligands 3a and 4a were similar (15 vs 18). Therefore, the
components of the ligands and performing simulated annealingintroduction of the 1-methoxy group had no significant effect
to optimize the binding mode and determine binding energies. on the binding of the steroidal ligands to the &RIBD.
Evaluation of the docked structures indicated that the overall Thein vivo assay provided a very different situation (Figure
complexes are almost identical and that thg-tiethoxy-17- 3). Importantly for the subsequent molecular modeling studies,
(2-trifluoromethylphenyl) vinyl estradiols can be accommodated all of the new compounds were full ER agonists. A number of
within the LBP without significant additional conformational trends in estrogenic activity were observed in this study. First,
changes by either the ligand or the protein. Comparison with only the 1B-methoxy-(2-trifluoromethyl-phenyl)vinyl estradiol
the estradiotERa-HBD complex suggests that the steroidal 3b was more potent than estradiol under these conditions.
scaffolds are essentially superimposable (Figure 4). Second, the 14d-methoxy derivative8b—d are -2 orders of

The most significant differences in the structure of the magnitude more potent than the corresponding 11-unsubstituted
complexes are observed on tlaidace of the steroid where the  (trifluoromethylphenyl)vinyl analogéb—d. Third, introduction
side chains of several amino acids undergo conformational of the trifluoromethyl substituent onto meta and para positions
adjustments to accommodate the 2-trifluoromethyl group on the of the phenyl ring reduced potency for the Siethoxy
phenylvinyl substituent (Figure 5). estradiols. A similar comparison for the 11-unsubstituted analogs

The analysis suggests that the 2-trifluoromethyl group is was not possible because the unsubstituted phenylvinyl estradiol
oriented toward Phe-404 and the Phe-425/lle-424 side chains4a does not produce a uterotrophic response in immature rats.
(3.46 and 3.92 A) and the peptide backbone (4.65 A). THe 11 Fourth, the order of potency for both the 11-unsubstituted and
methoxy group is accommodated within {hdace of the LBP the 113-methoxy estrogens corresponded to the RBA values,
(5 A radius) without conformational changes by the surrounding but the magnitude between individual compounds did not. For
amino acids, including Leu-346,-384,-525,-540, Ala-350, and example, the RBA values for thertho- and metatrifluoro-
Trp-383. The most significant difference between thgs-11  methylphenyl derivatives differ by only a factor of Al(og =
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Figure 3. Dose-response curves for the uterotrophic effect in the immature female raffaigthoxy-1a-(trifluoromethylphenyl)vinyl estradiols
3a—d, estradiol, and the correspondingftansubstituted 1d-(trifluoromethylphenyl)vinyl estradioldb—d. The 1%-(phenyl)vinyl estradioka
demonstrated no significant uterotrophic effect in this agsay.

Figure 4. Superimposition of primary binding modes of estradiol (red),
17a-(trifluoromethylphenyl)vinylestradio#tb (green), and 13-meth-
oxy-17a(trifluoromethylphenyl)vinyl estradioBb (gray) in the LBP

of ERa-HBD. Protein residues have been removed.

Figure 5. Proposed binding mode of gdmethoxy-1%-(trifluoro-
methylphenyl)vinyl estradiddb in ERo-HBD showing association with
adjacent protein residues. The terminal 2-trifluoromethylphenyl moiety
is bounded by Leu-346, Phe-425 and -404, and Met-342, -343, and
-421. TheB-methoxy group is associated with Ala-350, Leu-384, -525,
and -540, and Trp-383. Interactions with Ala-350, Trp-383, and Leu-
540 influence helix-12 orientation and subsequent co-regulator protein
binding.

0.48), but then vivo potencies (El) differ by over 30 ALog
= 1.5). In the 11-unsubstituted series, thetaisomer4c was
more potent than theara-isomer4d by almost 2 orders of
magnitude, whereas in the Amethoxy series this difference
is much less than an order of magnitude. Neither situation
corresponded to the observed RBA differences. ER ligand binding'6-48 Such effects would not be observed
Part of the difference between threvitro andin vivo results with the truncated ER-HBD protein. Other studies suggest that
may be due to the inherent properties of the proteins involved in the absence of coregulator proteins, the binding affinities of
in the assays. The initial competitive binding assay employs ER agonists for human and rat ERnd ERx-HBD preparations
the truncated hE&®HBD overexpressed in and isolated from are very similar, suggesting the sequence differences exist
E. coli, whereas the uterotrophic assay uses the full length rat between the two receptors and they have minimal influence on
ERa in the presence of coregulatory proteins. The temperaturesthe initial interaction with the agonist ligand$Therefore, in

also can bind coregulator proteins, which subsequently affects

at which these assays were run also vary: °#5 for the
competitive binding assay and 3T for thein vivo assay.

the absence of coregulatory proteins, one can make correlations
from hERx-HBD to full length hERx and from hER to rERo

Studies have shown that the AF-1 domain in the amino terminus with reasonable confidence. The extension of correlations from
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hERa-HBD to rERa in the intact animal require more cautious
consideration because of the effect of coregulatory protein
binding at either of the AF-1 or AF-2 binding sites. Nevertheless,
binding within the LBP of the HBD is the initial event which
triggers the subsequent recruitment of those proteins leading to
the biological response. The discrepancies between binding
affinities andin vivo potency prompted our use of molecular
modeling to evaluate the binding characteristics of the ligands.

Molecular Modeling of Ligand —ERo-HBD Complexes.
Analysis of the binding environment withi5 A of theligands
indicated that the two substituents interacted with several
additional amino acids compared to estradiol itself. These
included the previously listed residues on théace that involve
the 17%.-substituted phenyl vinyl group as well as several
residues on thg-face that are specifically associated with11  Figure 6. Proposed binding mode of fimethoxy-1%-(trifluoro-
methoxy interactions. Both sets of ligands were readily accom- methylphenyl)vinyl estradioBb in ERo-HBD showing involvement
modated within the agonist conformation of the receptor as With residues adjacent to the i-methoxy group. The methoxy group
demonstrated by thie vivo results. The key observation in this is within 4.71 A of the indole ring of Trp-383. These residues influence

. : : Glu-542 and Met-543 in helix-12.
study is that the 14-methoxy-substituted ligands have es-
sentially identical RBA values as the 11-unsubstituted analogs,
yet the in vivo potencies differ dramatically. Part of the
explanation, derived from an analysis of the RBA values and a
comparison of the protein energies for the 2-trifluoromethyl
complexes, is illustrative. The Bimethoxy isomef3b has a
calculated protein energy 6f437.47 kcal/mol, while the value
for the 11-unsubstituted isomdb is —447.50 kcal/mol. This
strain energy of 10 kcal/mol comes from the adjustments in
protein structure needed to accommodate thErh&thoxy side
chain. This is in contrast to the calculated relative binding
energies 08b (—44.06 kcal/mol) compared b (—41.52 kcal/
mol), a difference of~-2.54 kcal/mol, the result of additional
interactions. An analysis of the interactions suggested that
generating the lowest energy conformation for the complex
involved relieving detrimental steric or electrostatic contacts.
If these were significant or “hard”, the protein energy would

on helix-12. Met-543 is part of the NR-box cavity and generates
hydrophobic interactions with Leu-696 of the co-activator
protein upon formation of the ERco-activator complexes. Also
Met-543 is located adjacent to Glu-542, which constitutes one-
half of the charge clamp of the NR-box. The overall effect of
these interactions may be the stabilization of theakR-
activator complexes through stabilization of the NR-box surface
(Met-543) and anchoring of Glu-542 in a more favorable
position.

These calculations provide additional insight into the roles
of binding energies, protein energies, RBA values, and the
biological response. It appears that an increase in relative binding
energy does not necessarily translate into an increased RBA,
as seen in this series of ligands. That increase may be partially
compensated by strain energy in the protein induced by the
. o ) ; ligand. It is the spatial location of those new interactions that
be high (76-100% contribution) or, if they were relatively 5y exert significant, but predictable, effects on the biological
minor, the protein energy term would be low-{R0% contribu-  asn4nse. When a gain in binding energy is analyzed, residue

tion). A survey of the correlations indicated ti;at when the py vesidue, it shows that an interaction, which has a relatively
relative binding energies are combined with a 30% contribution ¢rmail contribution to the overall energy, may impart a significant

of protein energies, the sums for the two compounds are gftect on the resultant biological response. In this case, the
essentially equal. This process holds for each of the ligand pairsj,ieraction with of the 18-methoxy group with Leu-540 would

and is similar to what had been observed previously for the pe the most significant. Initial studies by Hochberg eéflave
binding of Z-170-(4-substituted phenyl)vinyl estradiolsThe  jngicated that small variations in chain length at thé-psition
relationship between the gimethoxy side chain and Leu-540 astradiol lead to major alterations in efficacy. It is likely that

appears to have special importance because it is the only strongne jnteractions identified in our study play a role in the effects
interaction not also present with the 11-unsubstituted analog gpserved there as well.

(Figure 6). The results of this study provide several observations regard-
One key feature of Leu-540 is that it is located on helix-12, ing the design and evaluation of steroidal ligands for the ER.
the region whose orientation is associated with agonist or As previously discussed, correlations betweernitro RBA
antagonist conformation. The amide nitrogen of Leu-540 is values, determined with truncated, bacterially expressed protein,
involved in hydrogen bonding to Asp-351, an interaction often andin »ivo estrogenic (uterotrophic) potencies, using full length,
considered vital in the agonist folded conformation of helix- wild type receptors, require cautious interpretation. While RBA
12. The calculated binding energy between Leu-540 and the values may predict orders of potency within a given series, they
113-methoxy is—0.44 kcal/mol, which is almost 5-fold greater may not predict the magnitude of the activity. In our case, the
than for the 11-unsubstituted analogQ.09 kcal/mol). While RBA values correctly predicted the orthometa> para order,
the absolute magnitude of the binding energy may not be great,however, the degree @f »ivo potency did not correspond to
the hydrophobic interaction may serve to stabilize the hydrogen the difference in RBA values. In additioim, zitro binding assays
bond between Leu-540 and Asp-351, thereby shifting the did not predict the dramatic difference in potency between the
equilibrium even further in favor of the agonist conformation. 115-methoxy estrogens and the 11-unsubstituted analogs. Mo-
A second interaction that may play a role is that between the lecular modeling of the liganéreceptor complexes and analysis
115-methoxy group and Trp-383. The calculated binding energy of the interactions provided valuable insight into the role that
for the 11-substituted ligand i50.46 kcal/mol compared to  specific residues may play in the estrogenic response. From our
—0.09 kcal/mol for the unsubstituted analog. The significance modeling studies, it is apparent that thedeRBD can readily
of this finding is that Trp-383 directly interacts with Met-543 accommodate estradiol derivatives that are substituted at both
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the 13- and 1%-positions and retain high affinity and efficacy. 36.70, 34.24, 30.60, 29.16, 24.81, 16.8%. (282 MHz, acetone-
While the 1%-phenylvinyl group may provide the initial s, relative to external CFgl= 0 ppm): 6 —60.

influence on liganetreceptor conformation, the figroup (170, 20E)-115-Methoxy-21-(3-trifluoromethylphenyl)-19-nor-
apparently influences the subsequent recruitment/stabilizationPregna-1,3,5(10),20-tetraene-3, 7diol, 3c: The general reaction
of the coactivator protein. The implications of these results are conditions were performed on the 0.20 mmol scale. Yield2

. o 1 .
that we should be able to use thexd@-trifluoromethylphenyl)- ?377(817{;’ ?ppﬁsgjii?o%) H7 ;'_é\?/”?s(?zgoH Mnl;l)z,7ag¢;t$rgg5)(.23

vinyl group to stabilize one region of the receptor, then modify m), 6.99 (1H, d,) = 8.7 Hz). 6.85 (1H, dJ = 15.9 Hz), 6.76 (1H
the 133-group to an antagonist-inducing moiety and generate 4°j = 159 I—’|z) 6.57 (1H dd) = 2.7 Hz, 8.7 .Hz) 6.50 (H d
novel steroidal antagonists. Studies to examine this effect arey = 2.7 Hz), 4.13 (1H, gJ = 3.0 Hz), 3.82 (1H, s;i-OH), 3.21

in progress. (3H, s), 2.85-1.27 (m, 13H, steroid envelope), 1.20 (3H, §C
(75 MHz, acetonek): 6 156.37, 140.82, 140.74, 139.83, 133.53,
Experimental Section 133.40, 131.34 (qJic-c-r = 44 Hz), 129.87, 128.94 (dcr) =

315.8 Hz), 128.58, 128.00, 124.92, 124.40, 116.61, 114.51, 85.33,

General Methods. All reagents and solvents were purchased ;g 54 5706 51.85 50.83. 49.37. 38.47. 36.76. 34.36  29.83. 29.14
from Aldrich or Fisher Scientific. THF and toluene were distilled 54 g5’ 16'9219F (282 MHz. acetonek, relative to external CFGl

from sodium/benzophenone. Reactions were monitored by TLC, _ 0 ppm): & —63.8.

performed on 0.2 mm silica gel plastic backed sheets containing (170, 20E)-115-Methoxy-21-(4-trifluoromethylphenyl)-19-nor-
F-254 indicator. Visualization on TLC was ach[eved using UV light, pregna-1,3,5(10),20-tetraene-3, F7diol, 3d: The general reaction
iodine vapor, and/or phosphomolybdic acid reagent. Column ¢ qitions were performed on the 0.16 mmol scale. Yieldis
chromatography was performed with-3@3 um silica gel packing. mg, 62%; mp 226228 °C. H NMR (500 MHz, acetonek): o
Melting points were determined using an Electrotherm capillary ;g4 (1H ‘s phenolic-OH)' 7.69 (2H, d= 9.0 I—,|z) 7 64 (2|'_| d
melting point apparatus and are uncorrected. NMR spectra chemical; Z o' I-llz)l, 6.99 (1H, dJ 86 Hz),’6.,86 (iH, dJ'=.15.7 H,z),l

shifts are reported in parts per million downfield from TMS and _ _
referenced either to TMS or internal standard for deuterochloroform ?17H7 ((jll;,:d%].s |_|125)'74|__|1232'(?39q(’]1:’§. %UHZ)Z 2372 (%_? ZE)OGH)S !

or deuteroacetone solvent peak or external GF@ 9F NMR. :

All compounds gave satisfactory elemental analy$€s4% (Desert fééz(%H,’wS&’zz'gjéfr?@SS Hé’ Tégt?e);oui :3n \g:iloq?i %1211(33 8? '
Analytics, Tucson, AZ), unless otherwise statedk, 13C-, and'°F- 133.52 133.39 130.10 (d — 298 I-.lz)’ 129.83. 128.56
spectra and elemental analyses are provided in the Supporting128'47’(q J(;;a)’Z 250.8 H(g)_c_f2)7 Ol(q.J(c—c—,c—F) =37 Hz.) '

Information. _ _ _ 116.61, 114.51, 85.33, 78.52, 57.04, 51.93, 50.83, 49.41, 38.49,
Synthesis of Substituted Phenylvinyl Estradiols: General 38.75, 34.36, 30.67, 29.14, 24.85, 16.%F (282 MHz, acetone-
Procedure. To 10 mL of warm toluene (50C) were added ¢ relative to external CFGl= 0 ppm): & 73.4.
sequentially the 14-methoxy-1a-tri-n-butylstannylvinyl estradiol Receptor Binding Studies: In Vitro Competitive Binding
(0.11-0.12 g; 0.16-0.20 mmol), tetrakis(triphenylphosphine) pal- - aAssay The compounds were screened for their affinity for the:ER
ladium(0) (25 mg), butylated hydroxytoluene (2.5 mg), and the pppisolated from BL 21 cells that overexpressed the 33kDa PER-
iodoarene (2.63.0 mmol). The reaction ml)gture was heated t6-90 534 ERG vectof55The cells were induced with 0.6 mM isopropyl-
95°C and stirred under argon for 16 h. Thin layer chromatography g thiogalactopyranoside fa3 h at rt, pelleted by centrifugation,
indicated complete consumption of starting stannylvinyl estradiol. frozen, and stored at75 °C. The cells were thawed and lysed by
The reaction mixture was evaporated to dryness, and the residuésgpication (4x 20 s) in four volumes of lysis buffer (50 mM Tris,
was applied to a silica gel column (40 g) and eluted with 1% g5q 1\ NaCl, 1 mM EDTA, 1 mM dithiothreitql1 M urea, pH
methanol in chloroform initially, increasing to 3% methanol in 7 4 several times. Clarified fractions, obtained at 30 0@ for
chloroform following the elution of unreacted iodoarene. Fractions 3 min were pooled, assayed for receptor binding, and diluted to
containing the product were combineq and evaporated to dryness,5o nMmin ER, and 10@L aliquots were frozen and stored-a75°C
and the crude product was recrystallized from hexeaaretone. until ready for use. Then 8L of the ERx-HBD-containing extract
(170, 20E)-115-Methoxy-21-phenyl-19-norpregna-1,3,5(10).,-  was incubated with 1@L of 10 nM 6,7-[H-3]-estradiol (specific
20-tetraene-3,1p-diol, 3a: The general reaction conditions were activity = 51 Ci/mmole) and 1QL of either buffer, unlabeled
performed on the 0.15 mmol scale. estradiol or test ligand in 10Q.L total volume. The final
Yield = 51 mg, 75%; mp 212214 °C. 'H NMR (300 MHz, concentrations were 1 nM 6,7-[H-3]- estradiol, 2 nM unlabeled
acetoneds): 0 7.83 (1H, s, phenolic-OH), 7.477.44 (2H, m), estradiol, (using 200 nM estradiol to define specific binding), and
7.33-7.28 (2H, m), 7.227.17 (1H, m), 6.99 (1H, d] = 8.7 Hz), 0.5-5000 nM of the test ligand. In all cases, 1 of each
6.64 (2H, s), 6.57 (1H, ddl = 8.7 Hz, 3.3 Hz), 6.49 (1H, d] = incubation solution was removed for assay of the actual initial
3.3 Hz), 4.13 (1H, qJ = 3.0 Hz), 3.71 (1H, s;-OH), 3.21 (3H, concentration of [H-3]-estradiol, and the remainder was incubated
s), 2.82-1.28 (13H, m, steroid-envelope), 1.19 (3H,¥C NMR at 2°C or 25°C for 18 h. After incubation, 10@L of dextran-
(75 MHz, acetonels): 6 156.34, 139.83, 139.54, 138.31, 130.12 coated charcoal suspension (fines removed) was added to adsorb
(2C), 129.90, 128.59, 128.51, 128.20, 127.97 (2C), 116.59, 114.49,the unbound [H-3]-estradiol, incubated for 10 min, and centrifuged,
85.20, 78.55, 57.04, 51.84, 50.90, 49.26, 38.36, 36.75, 34.29, 30.60and 100uL samples were taken from the supernatant fraction for

29.14, 24.81, 16.90. assay of radioactivity. The results were calculated and plotted as
(170,20E)-113-Methoxy-21-(2-trifluoromethylphenyl)-19-nor- % specific binding as a function of log of competitor concentration

pregna-1,3,5(10),20-tetraene-3, B7diol, 3b: The general reaction  using the best fit equation for the binding inhibition to define 50%

conditions were performed on the 0.20 mmol scale. Yieldl inhibition level. The RBA was calculated as 100 timé&§/[C],

mg, 55%; mp 265268 °C. 'H NMR (500 MHz, acetonek): o where E] was the concentration of unlabeled estradiol needed to
8.02 (1H, s, phenolic-OH), 7.80 (1H, d= 8.0 Hz), 7.68 (1H, d, reduce the specific binding of [H-3]-estradiol by 50% a@j vas
J=8.0 Hz), 7.59 (1H, tJ = 7.9 Hz), 7.42 (1H, tJ = 7.9 Hz), the concentration of test ligand needed to reduce the specific binding
7.01 (1H, qdJ = 2.5 Hz, 15 Hz), 6.98 (1H, d] = 9.0 Hz), 6.64 by 50%.

(1H, d,J = 15 Hz), 6.57 (1H, ddJ = 2.7 Hz, 9.0 Hz), 6.50 (1H, Immature Rat Uterotrophic Growth Assay. Test ligands were
d,J= 2.7 Hz), 4.13 (1H, qJ) = 3.0 Hz), 3.99 (1H, s;-OH), 3.21 evaluated using the uterotrophic growth as8ayroups of immature
(3H, s), 2.93-1.26 (13H, m, steroid-envelope), 1.20 (3H, ¥C female rats (at least five per group) were injected subcutaneously
(75 MHz, acetonek): ¢ 156.36, 139.82 (2C), 136.38 (Gcr,) = starting with either peanut oil vehicle (control) or part or all of the
348.7 Hz), 129.85 (2C), 129.47, 128.66, 128.57, 128.21{0c-r) range of 0.04, 0.156, 0.625, 2.5, 10, 40, 160, or 640 nmoles of test
= 29.2 Hz), 127.18 (qJ)cc-c-c-p = 5.6 Hz), 124.62, 124.21, ligand in 0.1 mL peanut oil (with less than 5% ethanol), and the
116.61, 114.51, 85.39, 78.50, 57.05, 51.78, 50.88, 49.40, 38.42,uterine weights were compared to that of rats receiving estradiol
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for three days. Animals were sacrificed 24 h after the last injection, structure generated during the docking, simulated annealing, and
uteri were removed, stripped free of fat and connective tissue, dynamics runs was analyzed in terms of binding energy, ligand
weighed wet, dried in vacuo, and weighed to dry weight. Curves energy, and protein energy. Values of the binding eneidgy
of uterine weight (wet and dry) versus amount of compound injected binding were calculated as the difference between the potential
were compared to assess the potency of the test compound versusnergy of the complex (Ecomplex) and the potential energy of the
the estradiol. The relative estrogenicity of the test ligands to that ligand (Eligand) and receptor (Ereceptt#2-53 Binding energy
of estradiol was assessed by determining the dose at which thecalculations were performed using the Energy Analysis macro
compound or estradiol gave a uterine growth response equal to 50%within the Discover_3 module.
of that of 10 nmoles of estradiol.
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