
Description

Hydrochloride, m.p. 260-3 °C, [α]D �330.6° (c  0.05,
CH2Cl2) (1).

Introduction

Assuming that the average life span is 80 years,
American women spend one-third of their lives in a post-
menopausal state, with approximately 1/4 women over
the age of 65 developing osteoporosis. The post-
menopausal state is accompanied by a reduction in plas-
ma 17β-estradiol to levels of < 10% of premenopausal
values (4). The low bone mineral density resulting from
estrogen deprivation is responsible for osteoporotic bone
fractures and the significant morbidity experienced by
women, often resulting in institutionalization (5).
Research efforts have therefore focused on the thera-
peutic management of the postmenopausal state in an
attempt to improve women�s health and the quality of life.

Estrogen replacement therapy has been used primar-
ily to prevent perimenopausal symptoms in addition to
preventing and treating chronic postmenopausal cardio-
vascular disease and osteoporosis. Although many ben-
eficial effects of estrogen replacement therapy have been
described, including improvements in short-term memory
and cognitive function (6, 7) and decreases in the risk of
coronary disease (8), significant and serious adverse
effects have also been reported to accompany this form
of therapy. Evidence suggests that estrogen replacement
therapy can include negative side effects such as prolif-
eration of uterine and breast tissue (9). Thus, research
efforts have focused on the design of novel, selective
estrogen receptor modulators which exhibit the positive
effects through estrogen receptor agonism on desired
vasomotor and cardiovascular systems and liver and
bone, while having minimal agonist and/or estrogen
antagonist activity in breast and uterine tissues.

Nonsteroidal antiestrogen compounds such as tamox-
ifen, a triphenylethylene estrogen antagonist, have been
developed as a treatment for breast cancer (10).
Although significant reductions in cardiovascular disease
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CAS: 190791-29-8
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EN: 236902

Synthesis

The condensation of 6-methoxy-1-tetralone (I) with 1-
[2-(4-bromophenoxy)ethyl]pyrrolidine (II) by means of
CeCl3 and butyl lithium in THF gives 1-[2-[4-(6-methoxy-
3,4-dihydronaphthalen-1-yl)phenoxy]ethyl]pyrrolidine
(III), which is brominated with pyridinium bromide perbro-
mide in THF yielding the bromo derivative (IV). The con-
densation of (IV) with phenylboronic acid (V) by means of
tetrakis(triphenylphosphonium)palladium/Na2CO3 in THF
affords 1-[2-[4-(6-methoxy-2-phenyl-3,4-dihydronaph-
thalen-1-yl)phenoxy]ethyl]pyrrolidine (nafoxidene) (VI)
(1, 2). Nadoxifene is reduced with H2 over Pd/C in
ethanol/methanol giving (±)-cis-1-[2-[4-(6-methoxy-2-
phenyl-1,2,3,4-tetrahydronaphthalen-1-yl)phenoxy]ethyl]-
pyrrolidine (VII). The demethylation of (VII) with boron tri-
bromide in dichloromethane or 48% HBr in hot acetic acid
yields  (±)-cis-6-phenyl-5-[4-[2-(1-pyrrolidinyl)ethoxy]-
phenyl]-5,6,7,8-tetrahydronaphthalen-2-ol (VIII) (1-3),
which is submitted to optical resolution by chromatogra-
phy over a Chiralcell OD column in 99.95% (ethanol/hep-
tane 5:95)/0.05% diethylamine  (1),  by crystallization with
(�)-(R)-1,1�-binaphthyl-2,2�-diyl hydrogenphosphate
(R-binaph) (1, 3) or by crystallization with D-tartaric acid
(2). Scheme 1.
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tions in Mexico, Brazil, Israel, Argentina, Lebanon and
Peru, and was recently approved by the E.C. for the pre-
vention of vertebral fractures in postmenopausal women
at increased risk for osteoporosis. Approval was based
on the 38-52% reduction in spinal fractures observed in
treated women in the ongoing MORE (Multiple Outcomes
of Raloxifene Evaluation) trial involving more than 7700
woman with osteoporosis (12).

and prevention of breast cancer were reported from trials,
tamoxifen therapy was also responsible for an increased
risk of endometrial cancer (11). A class of drugs called
selective estrogen receptor modulators (SERMs) has
been identified and shown to be effective alternatives to
estrogen replacement therapy. In this regard, tamoxifen is
considered a SERM but only with respect to breast tissue.
Another SERM, raloxifene (Evista®; Lilly) was first
launched this year in the U.S., with subsequent introduc-
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Results from ongoing clinical trials indicate that idox-
ifene (SmithKline Beecham) is demonstrating excellent
progress as a treatment and/or prevention of post-
menopausal diseases. Studies evaluating idoxifene in
osteopenic postmenopausal woman have described
reductions in markers of bone resorption and formation
similar to those observed with estrogen without concomi-
tant estrogenic effects on the endometrium (13). Similarly,
the development of drolixifene, an estrogen agonist/
antagonist from Pfizer, has been accelerated based on
interim clinical preliminary results demonstrating the effi-
cacy and safety of this compound for the prevention of
osteoporosis (14). CP-336156, a third-generation estro-
gen receptor agonist/antagonist identified by Pfizer in col-
laboration with Ligand and now being developed by Pfizer
alone, is currently under phase III trials (15).

Several other SERMs are currently under various
stages of clinical evaluation, including LY-353381
hydrochloride and LY-357489 (Lilly) and GW-5638 (Glaxo
Wellcome) (Table I), while new compounds of this class
continue to appear in the patent literature (Table II).

Table I: Estrogen receptor modulators launched and in clinical trials.

Launched
1. Raloxifene HCl (Evista)

Lilly
L-1998

Clinical Trials
2. CP-336156

Pfizer
3. Droloxifene

Pfizer
4. Idoxifene

SmithKline Beecham
5. Levormeloxifene*

Novo Nordisk
6. LY-353381.HCl

Lilly

Preclinical Testing
7. GW-5638

Glaxo Wellcome
8. LY-357489

Lilly

Table II: Estrogen receptor modulators from recent patent litera-
ture.

Lilly
EP 731098
EP 729964
EP 731101
EP 729951
EP 733620
EP 791590
EP 791591
EP 816360
EP 818453
EP 826670
EP 826680
EP 826683
EP 831089
EP 827959
EP 823437
EP 832883
EP 832881
EP 832880

EP 832882
EP 832888
EP 832890
EP 838464
EP 838461
EP 838459
US 5552401
WO 9628146
WO 9628155
WO 9713764
WO 9708187
WO 9706796
WO 9704778
WO 9701549
WO 9741851
WO 9808797

Pfizer
WO 9621656

Source: Prous Science Ensemble database.
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whereas no uterotrophic activity was observed in
CP-336156-treated immature and aged female rats
administered doses of 0.1-100 µg/kg/day p.o. for 3 days
and 10 or 100 µg/kg/day for 28 days, respectively. In addi-
tion, total serum cholesterol was reduced by 54% and
73%, respectively, with administration of 10 and 100
µg/kg/day of CP-336156 in aged rats. Weight loss in aged
rats treated with the compound was due entirely to loss of
fat body mass; no alterations in lean body mass were
noted.

When ovariectomized rats were administered CP-
336156 (1, 10, 100 or 1000 µg/kg/day for 28 days),
ovariectomy-induced lumbar vertebral bone loss was pre-
vented with an ED50 of < 1 µg/kg/day, which was much
more potent than the activity seen in the same model with
17α-ethynylestradiol (ED50 = 10 µg/kg/day) and raloxi-
fene (ED50 = 500 µg/kg/day). CP-336156-treated ovariec-
tomized rats displayed a dose-dependent inhibition of
ovariectomy-induced increases in body weight gain.
Furthermore, the 66% decrease in uterine weight
observed with ovariectomy and inhibited by 17α-
ethynylestradiol was not affected by CP-336156 (17).

Several patents have been published claiming the use
of CP-336156 in various pathological conditions such as
osteoporosis (18, 19), atherosclerosis (20), immune,
gynecological and dermatological disorders (21) and
Alzheimer�s disease, uterine fibrosis, autoimmune dis-
eases and premenstrual and premenopausal syndromes
(22).

Pharmacokinetics

Through minimization of intestinal glucuronidation,
CP-366156 exhibits excellent pharmacokinetics and high
oral bioavailability, making it potentially superior to estro-
gen for the treatment and/or prevention of post-
menopausal osteoporosis. Pharmacokinetic studies have
demonstrated that the respective oral bioavailabilities of
CP-336156 in the rat and cynomolgus monkey were 62 ±
18% and 45%, as compared to 10 ± 2.5% and 5 ± 0.4%
for raloxifene (3).

Clinical Studies

Phase III clinical trials evaluating CP-336156 are in
progress (23).

Manufacturer

Pfizer, Inc. (US), identified through a collaboration
with Ligand.
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Levormeloxifene, a partial estrogen receptor agonist
and member of the SERM family of compounds
previously in phase III trials at Novo Nordisk, was recent-
ly discontinued as a treatment for osteoporosis due to
increased incidences of adverse gynecological effects,
specifically urinary incontinence and uterovaginal pro-
lapse. Although levormeloxifene demonstrated desirable
effects on bone and plasma lipid levels at the doses used
in the phase III trials, the risk/benefit profile was consid-
ered unfavorable for an osteoporosis indication (16).

Pharmacological Actions

CP-336156 is a novel orally active nonsteroidal estro-
gen agonist/antagonist under clinical evaluation for the
prevention and treatment of osteoporosis in post-
menopausal women. In vitro binding studies in rat tissues
have demonstrated that CP-336156 has an IC50 value
reflecting estrogen receptor affinity of 11.3 ± 3.46 nM, as
compared to IC50 values of 0.354 ± 0.69 and 1.85 ± 0.28
nM, for 17β-estradiol and raloxifene, respectively (3).
Table III shows the affinity for the estrogen receptor of
selected SERMs. Other studies have shown that CP-
336156 displays high affinity and selective binding to the
human estrogen receptor α with half-inhibition occurring
at a concentration of 1.5 nM and similar to a half-inhibition
concentration of 4.8 nM observed for estradiol (17).

Further examination in vitro demonstrated that rat
bone marrow osteoclast cultures exposed to CP-366156
(10 nM for 3 h) responded with a dose-dependent reduc-
tion in the population of tartrate-resistant acid phos-
phatase-positive multinuclear cells, which increases fol-
lowing ovariectomy, and a 2- to 3-fold increase in the
number of apoptotic cells as compared to vehicle-treated
cultures. In addition, p53 expression was enhanced in
apoptotic cells, suggesting that apoptosis may be the
mechanism of action responsible for the estrogenic activ-
ities of CP-336156. Results also revealed that 15-25% of
the cells undergoing apoptosis in CP-366156-treated cul-
tures expressed CD61, indicating that some of the apop-
totic bone marrow cells were of osteoclastic lineage. In
vitro experiments exposing an estrogen-dependent
breast cancer cell line (MCF-7) to estradiol resulted in
induction of proliferative activity, while CP-336156 treat-
ment potently antagonized growth (IC50 = 0.05 nM) (3).

In in vivo pharmacological studies, 17α-ethynylestra-
diol treatment (30 µg/kg/day for 3 or 28 days in immature
and aged rats, respectively) significantly increased uter-
ine dry weight by 57-58% in both aged and immature rats,

Table III: Receptor affinity of selected SERMs.

Compound IC50 (nM) References

17β-Estradiol 0.354 ± 0.69 3
CP-336156 11.3 ± 3.46 3
Droloxifene ~11 24
Nafoxidene 40.9 ± 9.32 3
Raloxifene 1.85 ± 0.28 3
Tamoxifene 272 24

Source: Prous Science MFLine database.
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