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AbstractÐA diastereomerically pure series of 7a-thioestratrienes was prepared and evaluated for its a�nity for both the human
estrogen receptor a and the more recently discovered estrogen receptor b. The functional estrogenic activities of the compounds
were measured in a MCF-7 ERE-tk-luciferase assay. The activities and selectivities of the compounds were sensitive to the nature of
the thioether side chain. # 2000 Elsevier Science Ltd. All rights reserved.

Introduction

Recent years have witnessed the introduction of anti-
estrogenic compounds that are signi®cantly devoid of
any estrogenic activity.1 It has been speculated that
these compounds may o�er an advantage over mixed
estrogen agonists, such as tamoxifen, for the treatment
of breast cancer. The partial agonism of tamoxifen has
been implicated in the development of tamoxifen-resis-
tant breast cancer as well as in the development of
uterine cancer.2,3 Compounds that have reduced estro-
genic agonist pro®les could provide a more complete
estrogen withdrawal and thus might avoid the putative
pitfalls of tamoxifen therapy. The prototypical, `purely
antiestrogenic' compounds were introduced by ICI and
consist of estratrienes with long carbon chains con-
nected to the steroid backbone at the 7a-position and
possessing either amide (typi®ed by ICI 164384 (1 in
Fig. 1)) or sulfoxide groups (typi®ed by ICI 182780 (2 in
Fig. 1)).4,5 Since then a number of compounds have
been reported where similar functionality was attached
to various positions of the estratrienes, including the
11b-position (4 and 5 in Fig. 1)6,7 as well as the 15 and
17 positions (not shown).8 More recently, the connec-
tion of various alkanamide chains to the estratriene
backbone at the 6 position through a sulfur atom has

been reported (6 in Fig. 1). Interestingly, the 6-thiosub-
stituted estratriene compounds were reported to show
no antiestrogenic activity in an estrogen receptor posi-
tive ZR-75-1 cell line.9 So far, with respect to antiestro-
gens having the steroidal estratriene core, only the
attachment of groups at the 7a-position and the 11b-
position have been conducive to the generation of com-
pounds with `pure antiestrogen' characteristics.

We were interested in investigating the e�ect of con-
necting various antiestrogenic functionalities by a sulfur
atom at the 7-position of the estratriene backbone. We
envisioned the synthesis of compounds that contained
various moieties connected to the sulfur atom that
would resemble the functionality of other known ster-
oidal and antisteroidal antiestrogens (Fig. 2). It has
been suggested that nonsteroidal antiestrogens bind to
the estrogen receptor through their stilbene like cores,
and project a functionality (usually a 4-aminoethoxy
phenyl group (i.e. tamoxifen, raloxifene, centchroman,
etc.)) into a region of space that corresponds to the 7a-
position or 11b-position of an estratriene nucleus.10

Indeed, X-ray crystal structures of ERa with 17b-estra-
diol and raloxifene or tamoxifen show that the amino-
ethoxy side chains of the nonsteroidal compounds
project from the region of space which corresponds to
the 11b-position of 17b-estradiol.11,12

Estratrienes with a phenylaminoethoxy group placed in
the 7a-position or the 11b-position have been synthe-
sized and reported (compounds 3 and 4 in Fig. 1).13 We
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thought it would be informative to probe the 7a-region
of the estratriene nucleus by connecting the phenyl
group to the steroid backbone by a sulfur atom and
thus provide a `hinging' atom to change the orientation
of the phenyl group in the antiestrogenic e�ector space
of the estrogen receptor. Compound 9 shown in Figure
2 contains the 4-(piperidinoethoxy)phenyl group present
in the tissue selective estrogen, raloxifene (compound 8
in Fig. 1). In the ovariectomized rat model, raloxifene
(Evista1 for osteoporosis in humans) is antiestrogenic
on uterine and breast tissue while showing estrogen
agonist-like e�ects in bone and the cardiovascular sys-
tem.14 The tissue selective estrogenicity/antiestrogenicity
of this benzothiophene template is very sensitive to the
nature of the side chain appended to the 3-position. It
appears that the 4-piperidinoethoxy side chain is opti-
mal for reducing estrogen agonism on the uterus.15

Analogues of tamoxifen have been reported where the
aminoethoxy group is replaced by an acrylamide or
acrylic acid moiety (compounds 7a and 7b in Fig. 1).16

These compounds were reported to show reduced uter-
ine activity relative to tamoxifen while still displaying
the tissue selective, bone sparing activity of tamoxifen in

an ovariectomized rat assay. Compounds 10 and 11
(Fig. 2) were synthesized in order to explore the e�ects
of the acrylamide or acrylic acid substituents when
placed at the 4-position of the thiophenol substituted at
the 7-position of the estratriene. Finally, we investigated
the e�ect of an ICI 164384-like undecamide side chain
attached to the estratriene nucleus through the tethering
sulfur atom (compound 12 in Fig. 2).

Chemistry

The synthesis of the various analogues shown in Figure
2 is demonstrated in Schemes 1±3. Analogue 9 shown in
Scheme 1 was prepared by substituting the bromo-
ketone 13a17 with 4-OH-thiophenol (only alpha isomer
detected) followed by reduction of the ketone with
NaBH4 and subsequent deoxygenation with TFA/
Et3SiH. The observation of a single diastereomer can
probably best be explained by substitution followed by
full epimerization under the reaction conditions.18 The
basic side chain was attached by reaction of 14 with b-
chloroethylpiperidine and 9 was obtained after base
hydrolysis of the 17-acetyl group.

Figure 1. Structures of some steroidal and nonsteroidal antiestrogens.

Figure 2. 7a-Thiosteroids with various antiestrogenic functionalities attached.

Scheme 1. Synthesis of 7a-thiophenol-40-piperidinoethoxy estratriene. (a) 4-OH thiophenol, NaH, DMF; (b) NaBH4, EtOH; (c) TFA, Et3SiH;
(d) b-chloroethylpiperidine, K2CO3, DMF; (e) NaOH, MeOH/H2O.
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The analogues containing the acrylic acid and dimethyl
acrylamide moiety (compounds 10 and 11 in Scheme 2)
were prepared by substitution of the bromoketone 13b17

with 4-bromothiophenol and deoxygenation at the 6-
position as previously described. The acrylic acid 10 was
prepared by Heck coupling of the substrate 16 with
methyl acrylate followed by saponi®cation. The di-
methyl acrylamide (11) was prepared by an analogous
reaction of 16 with N,N0-dimethylacrylamide followed
by saponi®cation. The bromo compounds 19 and 20
were prepared as shown and tested as well. Finally, the
thioundecamide analogues 12, 17 and 18 were prepared
as shown in Scheme 3. The thioundecamide side chain
was prepared as previously described by Labrie.19

Discussion of Biological Evaluation of Estrogenic
Activity

The structures of the compounds synthesized and tested
are shown in Table 1. The compounds were ®rst tested
for their ability to displace [3H]17b-estradiol from
estrogen receptor ligand binding domain constructs of
both the alpha and beta receptors.20 The binding results
are listed in Table 2 as IC50s and a value for unlabelled
17b-estradiol is included for comparison. None of the
steroids tested were particularly selective for one recep-
tor over the other although compound 20 showed an
approximately 6-fold preference for the beta receptor.
Some of the compounds displayed reasonably high a�-
nities for both receptors. Optimal binding in the series

was achieved when the 6-position was unsubstituted
(compare 12 with 17 and 18). This is consistent with the
reported data for 6-oxo-estradiol when compared to
17b-estradiol.21 The lack of a free phenol in compound
9 is a likely explanation for its poor receptor a�nity.
The functional estrogen receptor a activity of these
compounds was determined using the MCF-7 ERE-tk-
luciferase assay and was ®rst tested in an antagonist
mode (by cotreating with 0.1 nM 17b-estradiol) to gen-
erate an IC50.

22

Compounds that did not block the e�ect of 17b-estra-
diol were tested alone to generate an EC50. Interestingly,
the compounds that contained a phenyl linker failed to
function as antagonists and demonstrated only estrogen
agonist-like activity in the MCF-7 cells. This is despite
the fact that they contain similar functionality to known
nonsteroidal antiestrogens shown in Figure 1 (compare
steroid analogue 10 to tamoxifen analogue 7a and
steroid analogue 9 to raloxifene 8). Despite showing no
activity in the binding assay, compounds 9 and 19
showed agonist activity in the MCF-7 cells. Presumably
this is due to metabolic activation at the 3 or 17 posi-
tion. Compounds that contain the thioundecamide side
chain behaved as estrogen antagonists (compounds 12,
17 and 18). This demonstrates that the sulfur atom
located at the 7a-position is not per se a barrier to
achieving high receptor a�nity and potent estrogen
antagonism. This is in contrast to the report that no
signi®cant estrogen antagonism was displayed when
similar thio-alkanamide side chains were placed at the

Scheme 2. Synthesis of 7a-thiophenyl-40-acrylamide and 7a-thiophenyl-40-acrylic acid estratrienes. (a) 4-Bromothiophenol, NaH, DMF; (b) NaBH4,
EtOH; (c) TFA, Et3SiH; (d) ethyl acrylate, Pd(OAc)2, P(o-tol)3, Et3N; (e) NaOH, MeOH/H2O; (f) N,N0 dimethyl acrylamide, Pd(OAc)2, P(o-tol)3,
Et3N.

Scheme 3. Synthesis of 7a-thioundecamide estratrienes. (a) HS-(CH2)10CONBuMe, NaH, DMF; (b) NaOH, MeOH/H2O; (c) NaBH4, EtOH;
(d) TFA, Et3SiH.
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6-position of the estratriene nucleus.9 When compound
12 was dosed alone in a 3-day immature rat uterine
assay, it did not stimulate uterine wet weight gain.
When dosed with 17b-estradiol, compound completely
and potently blocked the uterine weight gain normally
seen when dosing 17b-estradiol alone.23 This is con-
sistent with the supposition that compound 12 behaves
as a pure antiestrogen in the same way as its progenitor,
ICI 182780 (compound 1 in Fig. 1), does in these assays.
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