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Abstract: In an effort to identify selective ligands for the
estrogen receptor subtype ERp, a series of aryl benzthiophenes
was synthesized. In a radioligand binding assay and reporter
gene assays in HelLa and SH-SY5Y cells, compounds were
characterized as ERj-selective agonists. By targeting ERS in
the brain, these compounds could lead to drugs able to separate
the beneficial effects of estrogens on mood, learning, and
memory from side effects such as the stimulation of endome-
trial and breast cancer.

For the past decade, the physiological effects of
estrogens were attributed to a single receptor of the
ligand activated transcription factor family, now known
as ERa. The recent discovery of a second estrogen
receptor ERAY2 has fueled an intensive effort to eluci-
date differences in function and to evaluate the phar-
macological potential of selective ligands.34

Both estrogen receptors bind 17-estradiol with high
affinity and bind to classical estrogen response elements
in a similar fashion. However, there are differences in
tissue distribution and transcriptional activity.

The distribution pattern of both receptors in the
central nervous system (CNS) and periphery is intrigu-
ing. While ERa and ERp coexpress in some brain areas,
ERp is the dominant receptor in the hippocampus, in
nuclei of the basal forebrain, and in the neocortex.>¢ On
the other hand, there is little or no expression of ERf
in reproductive tissues such as the uterus.” In support
of these results, the uterus of ERa knock-out mice is
insensitive to 17p-estradiol.®

Taken together, this distribution pattern suggests
that a selective ERf agonist could emulate the beneficial
effects of estrogens on mood, learning, and memory,
while being free of the unwanted side effects associated
with estrogen replacement therapy, most notably the
stimulation of endometrial (uterus) and breast cancer.3

Human ERa and ERp show a 60% homology in their
ligand binding domains (LBD).1® However, the crystal
structures of liganded ERa!® and ERfSY LBDs show
little variation in the direct vicinity of the ligand (Figure
1). While this helps to explain the high affinity of 173-
estradiol to both ERa and ERp, it also highlights why
attempts to find selective ligands have met with limited
success to date.
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Figure 1. Superposition of experimental X-ray structures
(PDB entries: lere, 1gkm) of the ligand binding domains of
ERa (green C atoms) and ERf with liganded genistein (gray
C atoms). For clarity, only some selected residues of the ligand
binding sites are shown. Polar interactions are formed by
residues E353, R394, and H524. The only residues different
in the ligand binding sites of ERa. and ERp are L384 and M421
in ERa and M336 and 1373 in ERp, respectively.

Although compounds with some selectivity for ERa
have been reported in the literature,'? the isoflavonoid
genistein remains the only agonist with appreciable,
although modest, selectivity for ERS reported to date.’®
However, genistein and other isoflavonoid compounds
have been shown to induce DNA strand breaks and
chromosomal aberations.*

This genotoxicity has been linked to inhibition of
topoisomerase Il and to a common structural element
of bioflavonoids comprising the benzpyran ring system.15
No genotoxic activity has been reported for the anti-
estrogen raloxifene, which is built on a structurally
similar motif, namely a benzthiophene core. We there-
fore decided to explore the potential of aryl benz-
thiophenes as lead structures for selective ERf agonists.
Related structures such as aryl indoles and aryl ben-
zofuranes have been evaluated as estrogen receptor
antagonists.’® Here we report our findings in a series
of aryl benzthiophenes.

Chemistry. Aryl benzthiophene compounds were
synthesized via a Suzuki coupling reaction of benz-
thiophene boronic acids with aryl bromides.'” The
boronic acid precursors were easily accessible by treat-
ment of benzthiophenes!® with n-BuLi followed by a
guench with triisopropylborate and cleavage of the
resulting boronic ester with HCI (Scheme 1).

This sequence allowed the preparation of a variety
of substituted aryl benzthiophene compounds (1—13,
Table 1) and is easily amenable to fast parallel synthe-
sis.

Biology. To screen compounds for their affinity and
selectivity for ERS vs ERa we set up an in vitro ligand
binding assay® on recombinant human ERa and ERp
using [®H]178-estradiol as radioligand. [2H]173-estradiol
bound in a stereoselective, saturable, and protein de-
pendent manner, apparently to a single site of ERa and
ERp, respectively.

Compounds were also evaluated for their ability to
activate an estrogen response element (ERE) in a
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Scheme 1. Synthesis of Benzthiophene Compounds
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Table 1. Benzthiophene Compounds 1—13
2
R R> R

(A~
R S

compd Rt R2 R3 R4 RS
1 OH H H H H
2 OH H H H CHs;
3 OH H H H OH
4 OH H H F OH
5 OH H H CHs OH
6 OH H H CH2CH3 OH
7 OH H H CH,CH2CH3 OH
8 OH H H OH OH
9 OH H H OH H
10 OH H H C(O)CH3 OH
11 OH H CH3s H OH
1218 OH OH H F OH
1318 OH OH H CH3; OH

Table 2. Estrogen Receptor Binding Affinities ([*H] Binding)
and Reporter Gene Activation in HeLa Cells (ERE) of Reference
Compounds and 1—-13

[®H] binding? ERE?
EC50 ERﬁ EC50 ERo EC50 ERﬁ ECso ERa

compd [nM] [nM] [nM] [nM]
17p-estradiol 24 24 0.07 0.02
17a-estradiol 1230 570 4.5 15
diethylstilbestrol 9 12 0.02 0.06
estrone 1135 480 2.1 0.7
genistein 200 3920 4.1 48
raloxifene 260 22 na na
1 4310 3710 166 209
>10000 >10000 174 178
3 114 1410 17 50
4 115 1030 32 138
5 1830 3650 302 148
6 4710 7440 257 191
7 3940 >10000 186 162
8 249 4980 525 363
9 740 2210 245 269
10 >10000 >10000 >1000 >1000
11 129 341 15 48
12 7470 >10000 >1000 1000
13 >10000 >10000 >1000 >1000

aValues are means of 3—5 experiments, and standard deviation

was typically 15% of mean or less (na = no agonist activity).

luciferase reporter gene assay?° (Table 2). We used HelLa
cells stably transfected with the human ERa or ERf
(full length) receptor and subsequently with a luciferase
reporter gene bearing an estrogen response element
driven by a $-globulin minimal promoter.
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Table 3. Reporter Gene Activation in Neuroblastoma Cells

(ERp)

neuroblastoma cells

compd ECso ERS [NM]2

17-estradiol 0.10
genistein 1.7

1 69

2 120

3 10

4 13

7 257

11 16

2 Values are means of 3—5 experiments, and standard deviation
was typically 15% of mean or less.

The examination of a number of reference compounds
indicated that the pharmacology of both ERa and ERj
in these assays was in line with what would be expected
from estrogen receptors.

The endogenous ligand 17j-estradiol showed equally
high affinity and activity on both estrogen receptors
while genistein displayed some selectivity for ERj. As
expected, the tissue-selective antagonist/partial agonist
raloxifene showed no agonist activity on either receptor
in the functional assay.

The ligand binding site of both estrogen receptors is
characterized by hydrogen bond acceptors at the far
ends of the cavity (Figure 1), and the structural differ-
ences between ERa and ERS in the ligand binding site
(L384M, M4211) are located in between. Residues in the
R2, R3, and the R4 position of aryl benzthiophenes are
most likely to interact with these amino acids, and we
decided to focus structural variation on these positions.
As a result, the series of aryl benzthiophenes 1—-13
outlines a SAR for ERf selectivity (Table 2, columns 2
and 3). The unsubstituted phenol benzthiophene 3
displays some selectivity for ERpS, and a fluorine sub-
stituent at R4 is tolerated (4). However, the ERf
selectivity of genistein is not surpassed with these
compounds. Increasing the size of the substituent at R4
(5—7, 10) results in a gradual loss of activity. Position
R3 seems sterically less restricted, at least a methyl
group is tolerated (11). On the benzthiophene core,
introduction of a hydroxy substituent in R2 completely
deletes affinity.

The selectivities seen in the binding assay could
largely be confirmed in a reporter gene assay in HelLa
cells (Table 2, columns 4 and 5).

As a pleiothropic hormone, the effects of 175-estradiol
in different tissues depend among other factors on the
specific promoter architecture and co-activator recruit-
ment in a target cell. Different ligand activation of ERa
and ERp on different response elements?! as well as
differential co-activator recruitment?? of these two
receptors have been demonstrated.

Therefore, having determined ERf selectivity of sev-
eral aryl benzthiophenes in the cervical adenocarcinoma
cell line HeLa, we wanted to test whether these com-
pounds would retain agonist activity in a neuronal cell.
To this end, the human neuroblastoma cell line SH-
SY5Y was simultaneously transfected with the human
ERp (full length) receptor and the luciferase reporter
gene bearing an estrogen response element driven by a
B-globulin minimal promoter.23

As shown in Table 3, in the human neuroblastoma
cell line SH-SY5Y all compounds retained agonism with
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an ECsy comparable to what was previously observed
in Hela cells.

In summary, we have synthesized and tested a series
of aryl benzthiophene derivatives and have found ago-
nists with selectivity for ERS. These findings could lead
to drugs that, by targeting ERf in the brain, are able
to separate the beneficial effects of estrogens on mood,
learning, and memory from unwanted side effects such
as the stimulation of endometrial and breast cancer.
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