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The female sex hormone estradiol (1) has a variety of 
beneficial and detrimental effects in women.1 The tri
phenylethylene class of non-steroidal estrogens (e.g., 
tamoxifen, 2) shows tissue-dependent expression of es
trogen agonist and antagonist activity and may represent 
a significant advance over conventional hormone replace
ment therapy with 1 for prevention of osteoporosis and 
cardiovascular disease in postmenopausal women2 (Figure 
1). The estrogen receptor is a ligand-activated transcrip
tion factor that belongs to the steroid/retinoid family of 
DNA-binding intracellular receptors (ICR). Studies with 
deletion and point-mutated receptors have revealed two 
independent transcription activation domains (AF-1 and 
AF-2, Figure 2) within the receptor that allow the 
expression of cell- and promoter-specific agonist activity 
in transient cotransfection experiments in vitro.3 The 
translation of these observations to the design of ligands 
for ICRs that show tissue-specific expression of functional 
activity is at the forefront of modern endocrinology.4 For 
this purpose, we formulated the hypothesis that the tissue-
selective profile of 2 was due to induction of a unique 
receptor conformation5 in which the antagonist activity 
in some tissues was due to disruption of AF-2, mediated 
by a H-bond interaction6 with the receptor protein in the 
region of the putative AF-2 a-helix,3c'7 and the agonist 
activity in other tissues was a result of a functional AF-1 
domain.3b'd Combining this hypothesis with analysis of 
the in vitro and in vivo pharmacology of non-steroidal 
estrogens,8 it was proposed that the stilbene portion of 2 
was required for AF-1 activity leading to agonist activity 
in bone, and the ethanolamine side chain was responsible 
for blocking AF-2 activity leading to antagonism in the 
uterus. We report here on the use of this hypothesis to 
identify triphenylethylene estrogens that show full agonist 
activity in bone through inhibition of bone loss in 
ovariectomized rats but which are antagonists in the rat 
uterus with minimal residual agonist activity. 

We elected to synthesize analogs of the triphenyleth
ylene 2 in which the ethanolamine side chain was replaced 
by alternate H-bond acceptor groups and the degree of 
conformational freedom was reduced. Following the 
general synthetic strategy of Miller9 for synthesis of (Z)-
tamoxifen, bromide 3 was coupled with arylboronic acid 
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Figure 1. 
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Figure 2. Structure of the human estrogen receptor. Key: A/B, 
N-terminal domain; C, DNA-binding domain; D, hinge region; 
E, ligand binding domain; F, C-terminal domain; see ref 4. 

Table 1. Estrogen Agonist Activity of Triphenylethylene 
Analogs in Ishikawa Cells" 

no. 

1 
2 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

R 

estradiol 
tamoxifen 
C02H 
CONEts 
CO(morpholino) 
CONH(CH2)3OMe 
CON(cyclohexyl)2 
CON[(CH2)2NMe2]Et 
CONH(CH2)3OH 
CON(n-octyl)Me 
CONHEt 
CONH2 

ECw (nM)6 

0.01 
33 
58 
2.3 
6.9 

11 
70 
4.6 

17 
12 
18 
8.6 

Ema(%Y 

100 
16.5 ± 0.6 
3.8 ± 0.9 

11.9 ±1.2 
14.8 ± 2.4 
14.0 ± 1.5 
19.4 ± 2.0 
16.5 ± 1.7 
15.3 ± 2.4 
6.3 ±1.2 

11.8 ±1.9 
8.9 ±1.4 

"Low passage (<30) subconfluent Ishikawa-Var I cells were 
removed from maintenance growth conditions and resuspended in 
phenol red-free DMEM-F12 (Irvine) containing 5 % charcoal-stripped 
FBS (Irvine) and 2 mM glutamine at a concentration of 58 500 cells/ 
mL. Cells were plated at a density of 13 000 cells/cm2 and placed 
in an incubator (37 °C, 5% C02) for 3 days. Cells were harvested 
and resuspended in phenol red-free DMEM-F12 containing 1% 
charcoal-stripped FBS, 2 mM glutamine, 100 units/mL penicillin 
and 100 Mg/mL streptomycin to a concentration of 83 000 cells/mL. 
Cells were seeded at a density of 8300 cells/well in 96-well plates and 
allowed to attach overnight. Controls or appropriate drug treatments 
at 2X concentrations were added in 0.1 mL of medium containing 
0.2 % DMSO. Plates were incubated for 2 days, media was aspirated, 
and plates were washed once with 300 iiL of 0.9% sterile saline. 
Plates were frozen at -70 °C and then warmed to room temperature. 
The attached cells were assayed for alkaline phosphatase activity by 
addition of 200 >ih of 5 mM p-nitrophenyl phosphate in 1 M 
diethanolamine, pH 10.4, containing 0.1% (w/v) Triton X-100, 
incubation at 37 "C for 30 min, and measurement of absorbance at 
405 nm on a Molecular Devices ThermoMax plate reader. b Con
centration of compound required to induce 50% of the maximum 
stimulation of alkaline phosphatase activity, n = 4-6.c Maximum 
stimulation of alkaline phosphatase activity expressed as a percent 
of the maximum induced by 10 nM estradiol ± standard error, n = 
4-6. 

4 under palladium catalysis to yield the aldehyde 5 as a 
single isomer (Scheme 1). Horner-Emmons reaction of 
aldehyde 5 followed by saponification yielded acid 6. This 
compound proved to be an interesting compound in its 
own right as well as a versatile intermediate for synthesis 
of a series of a,/3-unsaturated amides 7-15. 

The primary in vitro assay measured the estrogenic 
activity of the compounds in human uterine Ishikawa 
cells.10'11 Compounds were tested as estrogen agonists and 
antagonists by their effect on the estrogen-regulated 
induction of alkaline phosphatase activity following a 2-day 
incubation with estrogen-depleted cells. The maximal 
residual agonist activity (Emsx) was expressed as a percent 
of the maximum induction by 10 nM estradiol (1) (Table 
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Figure 3. Uterotrophic activity of triphenylethylene analogs in 
immature rats. Groups of five 21 day old female SD rats (30-35 
g) were weighed, and the average weights were recorded for each 
treatment group. 10X stock solutions of the triphenylethylene 
analogs in ethanol were diluted with 0.5% methyl cellulose, and 
10 /jmol/kg was dosed by gavage to the animals. Estradiol (1) was 
dissolved in sesame oil and 100 nmol/kg dosed by subcutaneous 
injection. Animals were dosed for 3 days and sacrificed on day 
4 by CO2 asphyxiation. The body weights were obtained, and 
uteri were removed, blotted, and weighed. Data is expressed as 
uterine weight/body weight ± standard error. Solid bars represent 
data from animals dosed with test compound alone. Open bars 
represent data from animals dosed with test compounds 6 h prior 
to a dose of estradiol. The solid circle (•) represents animals 
dosed with vehicle control. 

(HO)2B 

C02H 

a CHO 

11, in 

62%' 13-53% 

6 7-15 
0 Reagents: (i) Pd(PPh3)4, Na2C03, DME; (ii) (MeO)2P(0)CH2-

C02Me, NaN(TMS)2, THF; (iii) 0.2 M KOH, MeOH, THF; (iv) amine, 
EDC, HOBT, EtsN, CH2C12. 

1). This assay provided a precise measure of the partial 
agonist activity of triphenylethylene estrogens and cor
related well with the uterine agonist activity seen in rats.12 

The data showed that the receptor tolerated a large 
variation in the size and lipophilicity of the amide 
substituents and that compound potency did not correlate 
with relative efficacy. Acid 6, lipophilic amide 13, and 
primary amide 15 showed significantly lower Emfa com
pared to 2. Molecular modeling studies revealed that the 
carbonyl group of these ligands can function as an H-bond 
acceptor to mimic a low-energy gauche conformation of 
the ethanolamine side chain found in 2.13 
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Figure 4. Changes in bone mineral density in ovariectomized 
rats in lumbar spine and tibia. BMD was measured by dual-
energy X-ray absorptiometry using a Hologic QDR-2000 bone 
densitometer using a regional high-resolution software package 
with default scan length, width, line spacing and point resolution 
of 2,0.75,0.01, and 0.005 in., respectively. Ninety day old SD rats 
were divided into groups of 6; 3 groups were surgically ovariec
tomized. At 2 days postovariectomy, animals were dosed by gavage 
with either 10 jtmol/kg 2 or 6 in 0.5% methyl cellulose or vehicle 
once a day for 28 days. One group of animals was sham-operated, 
and 2 days postovariectomy dosed with vehicle once a day for 28 
days. At 0,14, and 28 days, rats were anesthetized with isoflurane 
and placed in the supine position with their spines parallel to the 
long axis of the densitometer table. The lumbar spine was scanned 
using the pelvic bones as a landmark. To scan the right tibia, the 
leg was taped in position parallel to the long axis of the table and 
scanned up to the junction with the femur. Analysis of the lumbar 
spine was accomplished by dividing vertebra and intervertebral 
spaces with normal analysis software and including only target 
vertebra in the global region of interest. The right tibia was 
analyzed with subregional high-resolution software, focusing on 
the 3-5-mm distal from the growth plate previously identified 
as a region of accelerated bone loss due to ovariectomy (ref 15). 
Data at 14 and 28 days did not differ significantly; data at 28 
days is presented. Solid and open bars represent data from lumbar 
spine and right tibia, respectively, expressed as the percent change 
in the BMD relative to the animals at day 0 of drug treatment 
± standard error. The closed (•) and open (O) circles represent 
data from vehicle-treated sham-operated and ovariectomized 
controls, respectively. 

Compounds with low Emfa values were tested in vivo for 
their stimulation of uterine weight gain following oral 
dosing at 10 /umol/kg to 21 day old immature rats for 3 
days14 (Figure 3). In this assay, a partial agonist can 
antagonize estradiol no lower than the level of its own 
agonist activity, and only a full antagonist can reach the 
level of the vehicle control. Lipophilic amide 13 demon
strated poor in vivo bioactivity at this dose since its agonist 
and antagonist values did not converge. Of the remaining 
compounds, acid 6 tested as an estrogen antagonist in the 
rat uterus with significantly less residual agonist activity 
compared to 2, reflecting its superior in vitro profile and 
demonstrating the importance of the interaction of the 
side-chain H-bond acceptor in controlling the expression 
of estrogen agonist activity in the uterus. Finally, to 
evaluate the functional profile of these compounds in bone, 
tamoxifen (2) and acid 6 were evaluated in 90 day old 
estrogen-deficient ovariectomized rats for their ability to 
inhibit loss of bone mineral density (BMD) in the lumbar 
spine and the tibia15 (Figure 4). An orally administered 
dose of 10 jumol/kg of either 2 or 6 demonstrated full agonist 
activity, maintaining BMD at the levels of the sham-
operated rats for the duration of the 28-day study. 
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Preliminary biochemical data demonstrated that the 
mechanism of action was through inhibition of bone 
resorption,16 consistent with their activity as estrogen 
agonists in bone. 

The identification of 6 as an analog of 2 with reduced 
uterine agonist activity that maintained its full agonist 
activity in bone adds credence to our hypothesis that 
triphenylethylenes code for expression of AF-1 and AF-2 
activity through separate parts of the molecule. Studies 
to assess the activity of 2 in assays of AF-1 and AF-2 activity 
with mutated estrogen receptors are in progress and will 
be reported at a later date. 

Most members of the steroid/retinoid receptor family 
have been shown to possess multiple transcription activa
tion domains17 and contain regions of predicted structural 
homology with the estrogen receptor within their ligand 
binding domains;30 therefore, the application of these 
design principles to the synthesis of tissue- and promoter-
selective ligands for these receptors remains a promising 
area of future research. 
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