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. Figure 1. Structure of estradiol and SERMs.
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1000 Route 202, Raritan, New Jersey 08869 backbone that resulted in what is reported as one of the most

Receied March 27, 2006 potent SERMS$4We envisioned that SERMs with beneficial
effects on hot flushes and potentially vaginal dryness (i.e.
Abstract: A novel SERM (selective estrogen receptor modulators), agonlst§ on .the.se tissues) should have.a Conformatlop in the
1-(R), a chromene-derived bisbenzopyran, was discovered to alleviate C/D région similar to that of the natural ligand, féstradiol.
hot flushes and effectively increase vaginal fluidity in rats. Moreover, | herefore, structures with flexibility in the C/D region between
1-(R) was found to have beneficial effects on plasma cholesterol and 7 and 8 might offer distinct pharmacological profile. We
bone metabolism while maintaining antiestrogenic activity in the uterus. designed such structures by replacing trebond in the C
The biological profile of its enantiomel-(S) was also evaluated. ring of 8 with a CH,O linker. We believe these bisbenzopyran
The endogenous steroid estrogen is a critical mediator of @haloguesl) closely mimic the backbone of steroidal estrogen
many physiological functions related to development, growth, €stradiol (k) as well as8 and perhaps could possess unique
and maintenance of a large number of tissues in both femalesPharmacological properties. .
and males. Selective estrogen receptor modulators (SERME The gene.ral synthenc approach of b|sbenquyran structure
compounds that act as estrogen agonists on selected targets whild) iS described in Scheme 1. The construction of the key
being estrogen antagonists on othekot flushes and vaginal tetracyclic chromene began with capping the _phenollc hydroxyl
dryness are the most common symptoms associated with9roUps of3a to form the tert-butyldimethylsilyl (TBDMS)
menopause in women. A hot flush is characterized by the suddend€rivative 3b and then reduction with DIBAL-H to cleanly
onset of a hot feeling, sweating, palpitation, and anxiety and afford th_e Iactol4._7v8Add|t|on ofa Grl_gnard or lithium derivative
affects approximately 75% of women as they enter into of the dlalkylammoalkoxyphenyl _S|de chain to Iactbbpened
menopauséMore than 50% postmenopausal women experience the pyran ring B to afford the dids(a—f), which recyclized
lack of vaginal lubrication that leads to several genital com- iNto chromene structurga—f) under either Mitsunobu protocol
plaints associated with a diminished frequency of all forms of ©F more conveniently by low-temperature acid treatment (concd
sexual behaviot Indeed, hormone therapy (HT) alleviates both HC!) in @ hydrocarbon solvent such as toluene. Removal of the
of these symptoms in 8090% of women and has been Silyl groups fromé with tetrabutylammonium fluoride (TBAF)
recognized as the most effective treatment for hot flushes and@fforded the targe2(a—f) as racemic mixtures. o
vaginal drynes$. Despite the effectiveness of HT on these  1Nne choice of Rgroup was significant in influencing affinity
symptoms as well as the beneficial effects on bone and plasma@S Well as potency in ER cell-based functional assays (Table
cholesterol levels, its use has been limited because of side effects)- Compounda (R' = NMe;) and2c (R = pyrrolidinyl) had
such as vaginal bleeding, breast tenderness, concerns aboutimilar binding affinity to ERs and exhibited antagonistic
increased risks of breast cancer, and more recently, the concernBOtency in endometrium Ishikawa cells as well human breast
about cardiovascular safety in about 25% of patients. Given the cancer cell line MCF-7. Compourgb with R’ as a morpholinyl
clinical evidence that HT has an unfavorable benefit/risk ratio, 9"oUp had good binding affinity, but weak inhibitory activity
there is an intense need for an alternative therapy for hot flushes" MCF-7 cells. Piperidine was the best choice at this position
and vaginal dryness. Both tamoxifen (TAM) and raloxifene &S Shown with the profile of compourad. This compound had
(RAL) have shown their high therapeutic potential for estrogen- 9reater binding affinity in ER binding assays and also showed
related diseases. Thus, TAM, the first SERM approved for breast900d potency in both Ishikawa as well as MCF-7 cell-based
cancer, is effective for all stages of hormone-dependent breastiunctional assays. Wherf Ras further functionalized as azepine
cancer, whereas RAL is indicated for the prevention and (28, both binding affinity and potency were significantly
treatment of osteoporosis in postmenopausal wohiBnese reduced. It was interesting to note that when QCH;R' was
SERMs have beneficial effects on bone and lipid metabolism, @bsent, the compoungf( structure not shown) showed agonistic
while antagonizing the effects of estrogens on the uterus and@ctivity in MCF as well as Ishikawa cells. Introduction of a
breasts. However, there are no SERMs reported to have a clinicalP-N:.N-dimethyl group to the side chain phenyl ring 2ff (29,
beneficial effect on hot flushes and vaginal dryn¥ss. structure not shown) converted the agonistic activity into
Upon examining several recently reported potent SERM- antagonistic activity in Ishikawa c_ells while maintaining ago-
pharmacophores, we noted in the tricyclic benzopyran scaffold NiStic activity in MCE 7 cell;. Rgloxﬁeng was used as a standard
of 7 (EM-652), the pendant phenolic ring D is orthogonal to throughout thg studies. In in vitro studies, our lead compound,
the benzopyran ring (Figure 1). In contrast8iLY-357489), 2d-(+), was slightly more potent.

C and D rings were tied up into an almost planar tetracyclic _ 10 evaluate in vitro as well as in vivo pharmacologyZof
(R) and2d-(9), several attempts were made for chiral separation

a SERM, selective estrogen receptor modulators; HT, hormone therapy; Of racemic2d. During these efforts we realized free phenolic
RAL, raloxifene; TAM, tamoxifen; ovex, ovariectomized. groups in the bisbenzopyrahsppeared to be sensitive to the
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aReagents and conditions: a, TBSCHEIDCM/ rt; b, DIBAL-H/
toluene/DCMA78 °C; ¢, M-Ar, where M = Mgl or Li; d, diethyl
azidodicarboxylate, DEAD/THF/PRHrt or concd HCl/toluene/610 °C;
e, TBAF/THF/ rt;f, pivaloyl chloride/E{N/DCM/rt. g, ChiralPak A/(5 cm
x 50 cm, 20 m), 20% MeOH in IPA as mobile phase; hNE (excess),
MeOH, 60°C in sealed tub.

Table 1. SAR of Chromene-Derived Bisbenzopyrans
ERa binding ERB binding Ishikawa cell$, MCF-7 cells¢

compd RBA, % RBA, % 1Cs0(NM) 1Cs0(NM)
2a 61 40 180 220
2b 31 90 410 1400
2c 35 47 80 150
2d 340 170 12 110
2e 55 50 13 660
2f 13 110 24y (94y
29 6.4 42 3800 79
raloxifene 64 58 23 222
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Table 2. In Vitro Profiles of 1-R) and 1-§) and Its Active Metabolites
2d-(R) and2d-(9?

human human
endometrial breast
ERa binding ERA binding  Ishikawa cell8  MCF-7 cell®
compd ICs0(NM) ICs0(NM) ICs0(NM) ICs0(NM)
ethinyl 2.0 8.1 NA NA
estradiol
raloxifene 1.8 8.2 24.6 222
1-(R) >10000 >10000 175 51C¢
2d-(R) 51 20.3 43.3 599
1-(9 >1000 >10000 99 670
2d-(9 0.61 1.3 17.1 416

a All compounds were tested more than three times in these assays with
high reproducibility. The average is shown herélo agonist activity was
found at the 10uM concentration¢ 1-(R) and 1-(S may be getting
hydrolyzed to2d-(R) and2d-(S), respectively, in these cell-based functional
assayt’

metabolite2-(R) and 2-(S) showed activity in both functional
assays, with similar potency to raloxifene. These compounds,
1-(R) and 1-(9 or 2d-(R) and 2d-(S, were devoid of any
stimulatory activity in human MCF-7 breast cancer cells or
Ishikawa endometrial cell assay, indicative of antiestrogenic
activity in these cell lines. Table 2 summarizes the in vitro
profiles for 1-(R), 1-(9), 2d-(R), and2d-(S).

Both 1-(R) and1-(S) were evaluated in several in vivo models
for estrogen action. These models were used to assess the tissue
selective activity of the compound. In these studie§R) and
1-S) were orally administered to animals in an aqueous
homogeneous suspension (in 0.5% Methocel) daily in all studies
except the hot flush assay. In the latter, sesame oil was used as
the vehicle. The active drug compone@t$R) and 2-(S) were
not evaluated for the in vivo activity because of their long-
term stability concern®

Compoundsl-(R) and 1-(S) were tested for their in vivo
effects on uterine weight in immature rats (uterotopic assay).

a All compounds were tested more than three times in these assays With-l-hiS assay is used to demonstrate in vivo actiWEyln the

high reproducibility. The average is shown hetélo agonist activity were
found at 10uM concentration except compourdd. ¢ No agonist activity
were found at 1@M concentration except compou@éiand2g. ¢ Agonists,
EGCso shown in parentheses; showed —12% inhibition at 10uM
concentration in antagonist format.

agonist mode1-(R) and 1-(S were administered orally once
daily (1.4 mg/kg) for 3 days and the effect on uterine wet weight
was compared with vehicle, estrone, tamoxifen, and raloxiféne.
In these uterotopic assays, whe(R), 1-(S), or raloxifene were
administered alone, they showed no significant agonistic activity

ambient conditions. It slowly decomposed upon long standing. to stimulate uterine growth, while estrone and tamoxifen
Decomposition was also observed during the chiral separationssignificantly increased the uterine wet weight. In the antagonist
using commercial available preparative chiral columns such asmode, the daily oral administration (3 days)1(R) and1-(S)

chiralPak-AD or chiralPak-OD. We, therefore, decided to use were studied to evaluate the ability of the compounds to block
a pro_drug approach' where both pheno”c groups were protectedhe increase in uterine wet Weight induced by estrone. Oral

as the pivaloyl esters. The pivaloylation 2d was carried out

using pivaloyl chloride and BN and resulted in a white stable
solid 1-(£). Chromenel-(+) was resolved using preparative
chiral HPLC (Chiralpak-AD column and IPA as mobile phase)

to yield the title compound&-(S) which was first to elute and

1-(R) which was second to elute during chiral separatfon.

Heatingl-(R) and1-(S in sealed tube at 58C with 1:1 mixture
of diethylamine and MeOH afforde@d-(R) and 2d-(S),
respectively?

Both 1-(R) and 1-(S were evaluated in in vitro assays for
their estrogenic as well antiestrogenic activities and were

compared with raloxifene and ethinyl estradi®lin binding

assays, neithet-(R) nor 1-(S) binds to the purified estrogen

receptors ER or ERS. The active metabolite®d-(R) and2d-
(9 of 1-(R) and1-(S) bind to both ER. and ERB with affinities
similar to raloxifene and ethinyl estradiol. Boti(R) and1-(S)

administration (3 days) of bot(R) and1-(S) led to a decrease

in uterine wet weight in a dose dependent manner to 27%, 55%,
and 75% inhibition of estrone-stimulated uterine weight increase
at 0.14, 0.42, and 1.4 mg/kg doses, respectively whilg) led

to 55%, 88%, and 100% inhibition of estrone-stimulated uterine
weight increase at respective doses of 0.14, 0.42, and 1.4 mg/
kg. The effects ofl-(R) and 1-(S) on estrone-induced uterine
weight in immature rats were similar to raloxifetfe.

Next we examined the effects df(R) and 1-(S on adult
ovariectomized (ovex) rats to see the estrogenic effects on
multiple tissues, including uterus, vagina, bone, and liver
(plasma lipids). For these studies, the rats were ovariectomized
and then treated, orally, with the compourldR), 1-(S), and
raloxifene for 6 weeks. Neithet-(R) nor 1-(S) significantly
increased uterine wet weight when administered alone to the
ovex rats. Similar to the data on uterine weidh{R) and1-(S)

demonstrated antiestrogen activity in the two cell-based assayshad minimal effect on epithelial cell height, similar to ralox-
MCF-7 breast cancer cell proliferation assay and Ishikawa ifene!* To assess the skeletal effectiB{R) and1-(S) in these

endometrial cell alkaline phosphatase asdajrhe active

animals, total and trabecular bone mineral densities of the tibia
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Figure 2. Effect of 2 weeks of treatment with+(R) on vaginal fluidity
levels in comparison to ethynylestradiol, raloxifene, ahdS in
ovariectomized rats. *Significantly different from OVX contrg &
0.05).

were measured with pQCT. Botiy(R) and 1-(S) effectively

prevented bone loss in a dose-dependent manner, and to a similar

level as raloxifen@? Following 6 weeks of treatment, blood
was collected and total cholesterol levels were determined in
the serum1-(R) and 1-(S) both reduced the circulating serum
total cholesterol levels at all doses tested. The maximum
reduction was to approximately 335% that of the control

vehicle treated animals. These responses for bone density and
cholesterol were similar to that seen in raloxifene-treated animals

and reported previoushf: 20

Importantly, in these same ovex animals there was a key
differentiation from raloxifene, that is, the impact on the vagina.
Raloxifene has no beneficial effect on vaginal dryness, a critical
cause for genital complaints in postmenopausal wofriéte
studied effect ofl-(R), 1-(S), and raloxefene on the production
of vaginal fluid in ovex rats. The fluid in the vagina was
collected using a cotton swab and the absolute weight of the

fluid was measured for each animal after 2 weeks of treatment

(Figure 2). In addition, the cytology of the vaginal smear from

each animal was evaluated. Cytological observation showed thatnot only exhibits estrogen agonistic effects on bone and lipid,

ovex rats treated with vehiclé;(S), 1-(R), and raloxifene were
all in diestrus, while the rats treated with ethinyl estradiol were
in estrus. Ethinyl estradiol showed an increase in vaginal fluid,
while raloxifene showed no effect. CompoubqR) increased
the vaginal fluid in ovex rats at the 0.14 mg/kg/day and 1.4
mg/kg/day doses but not at lower doses and which are
comparable to ethinyl estradiol, while the enantiomefS)
decreased the vaginal fluid in ovex rats.

On the basis of literature evidence, a change in tail temper-
ature of morphine dependent rats, following morphine with-
drawal, reflects the human symptoms of a hot fii&hThis
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Figure 3. Effect of 1-(R) on the change in tail skin temperature in a
morphine-dependent rat mod@T represents the mean of maximum
change in tail skin temperature relative to baselinenpe 24 vs vehicle
group.”Significantly different from ovex controlp( < 0.05).
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Figure 4. Effect of 1-(R) in rat hot flush model illustrated by AUC.
*Significantly different from vehicle controlf < 0.05,n = 24).

042 42

(antagonist on vagina). Such drastic changes in pharmacology
could be attributed to certain changes in conformation of the
ligand-bound receptor complex and its interaction with the
coactivators and corepresséfs.

In conclusion, we discovered a series of nonsteroidal estrogen
receptor modulators with chromene-derived bisbenzopyran as
the core structure. Our data from in vivo studies demonstrated
that 1-(R) possesses ideal SERM profile in animal studies. It

and antagonistic effects on mammary glands and uterus, but
also alleviates hot flushes and increases the amount of vaginal
fluid. This unique pharmacological profile made compound
1-(R) an ideal clinical candidate for treatment of hot flushes
and vaginal dryness in postmenopausal women, without the risk
of uterine or breast cell stimulation. The biology and pharma-
cology associated with the unique profile B{R) as well as
results from detailed preclinical and clinical studies will be
reported in due course.
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temperature (Figure 3). In a separate experiment, the values ofPubs.acs.org.

AUC (area under curve) from the first 15 min following
morphine withdrawal were also measured (Figure 4). In a
separate study (data not showrdy(S) had no effect on
suppressing the tail skin temperature. The result from this hot
flush model indicates thdt-(R) may have therapeutic efficacy
for hot flushes.

It is interesting to note that botky(R) and1-(S) have similar
in vitro as well pharmacokinetic properti€sHowever1-(R)
relieves hot flushes (agonist effect on thermoregulatory center)
and increases vaginal fluidity (agonist effect on vagina) while
1-(S seems to elevate hot flushes (antagonist effect on ther-

moregulatory center) as well as increase vaginal dryness
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