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Abstract: We present and examine the efficacy of a novel
benzoxepin-based scaffold for modulation of the human estro-
gen receptor. Receptor tolerance of this new molecular scaffold
is examined through presentation of experimentally deter-
mined antiproliferative effects on human MCF-7 breast tumor
cells and measured binding affinities. The effect of functional
group substitution on the benzoxepin scaffold is explored
through a brief computational structure-activity relationship
investigation with molecular simulation.

The estrogen receptor (ER) is a ligand-inducible
nuclear receptor which mediates the physiological ef-
fects of binding estrogen steroid hormones.1 Transcrip-
tion, facilitated through the activation or inactivation
of particular genes, is initiated through hormone bind-
ing to the ligand-binding domain of the receptor.2 There
remains considerable interest, both industrial and
academic, in the modulation of the known isoforms of
the ER, primarily due to their role in numerous disease
states.3,4 In any undertaking involving the preparation
of novel ligands for the ER due consideration must be
given to the eclectic liganding behavior of the target.5
Tamoxifen 1, ((Z)-1-[4-(2-dimethylaminoethoxy)phenyl]-
1,2-diphenyl-1-butene), is a well established estrogen
antagonist, and traditionally the design approach for
the creation of new modulators has been one of prepar-
ing triarylethylene analogues of this parent structure
(Figure 1).6-8

In recent years much attention has been given to the
production of novel alternate scaffolds for estrogen
receptor modulation through ‘scaffold hopping’ exercises
to suggest novel structures de novo.3,4,9,10 One proven
approach to the design of novel estrogen antagonists is
the inclusion of conformational restriction within the
molecular skeleton so as to ‘freeze’ the geometry of the
ligand in an appropriate antiestrogenic configuration.11-17

Such an approach avoids any complication inherent in
the production of isomerically pure tamoxifen-like com-
pounds, particularly as the E or ‘cis’ geometry of

tamoxifen is a known estrogen agonist. Stemming from
our previous examinations of ER-ligand binding toler-
ance and behavior,18,19 it was decided in this instance
to employ a heterocyclic ring system as the central
molecular scaffold which would afford the desired mo-
lecular geometry while avoiding the formation of mixed
geometric isomers in synthesis. With this in mind we
purported the rational design of a novel estrogen recep-
tor modulator core containing a central seven-membered
benzoxepin scaffold in which appropriate substitution
would further challenge the liganding behavior of this
therapeutically relevant target. A number of nonisomer-
izable heterocyclic tamoxifen-like compounds incorpo-
rating benzopyran structures (e.g. centchroman and
related compounds) have been reported which display
antiestrogenic activity.4,11,15,20-22 Until the current work,
benzoxepin systems have not been explored or demon-
strated as viable ER modulating scaffolds.

A facile multistep route to the desired benzoxepin
scaffold (Scheme 1) proceeded via the synthesis of
2,3,4,5-tetrahydro-1-benzoxepin-5-one, 2, utilizing poly-
phosphoric acid-mediated cyclization of 4-phenoxy-
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Figure 1. The parent tamoxifen and the novel benxoxepin
scaffold.

Scheme 1. Route to Target Compounds via Suzuki or
Heck Coupling Reactions
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butyric acid.23 2 was arylated with 4-bromoanisole using
n-butyllithium and dehydrated in situ with polyphos-
phoric acid to furnish the desired 5-(p-methoxyphenyl)-
2,3-dihydro-1-benzoxepin core structure 3. This com-
pound was readily brominated under standard conditions
with pyridine hydrobromide perbromide24 to yield 4-bro-
mo-5-(4-methoxyphenyl)-2,3-dihydro-1-benzoxepin, 4, a
key intermediate in the synthetic strategy. Intermediate
4 was converted to the target compounds through one
of two metal-mediated coupling strategies employing
either Heck or Suzuki reactions. Compounds 8-12 were
afforded using the Heck (Zn-mediated) coupling reac-
tion.25 Phenylzinc chloride was employed to introduce
an aromatic ring, forming 5-(4-methoxyphenyl)-4-phen-
yl-2,3-dihydro-1-benzoxepin, 5, which was subsequently
demethylated using pyridine hydrochloride to yield the
phenolic species 5-(4-hydroxyphenyl)-4-phenyl-2,3-di-
hydro-1-benzoxepin, 6. Basic side chains were readily
introduced to 6 using standard alkylating conditions to
yield the final products 7-11. The strategy for produc-
tion of what we term ring-2 probes (12-19), each a
variation on the parent benzoxepin compound 7, was
facilitated through Suzuki (Pd-mediated) coupling reac-
tions utilizing intermediate 4 and appropriate boronic
acids.26 Demethylation to 20 was readily afforded by
BBr3, and the demethylated product was treated with
the boronic acid of choice, catalyzed by Pd(PPh3)4 so as
to afford a phenolic product (21-28) which was readily
alkylated under basic conditions to afford the target
compounds 12-19 in moderate to high yields. Boronic
acids prepared for use in the Suzuki coupling reactions
were accessible using established methods.27,28

The individual IC50 results obtained for inhibition of
proliferation in an ER-expressing (ER-dependent) hu-
man breast tumor (MCF-7) cell line are recorded in
Table 1. Activity is compared to that of a tamoxifen
reference standard.

The data may be examined in two groupings, com-
pounds 7-11, representing the novel benzoxepin scaf-
fold with variations in the basic side chain and com-
pounds 12-19 examining the effects of aromatic ‘ring
2’ substitutions on the activity of compounds derived
from the parent compound 7. It can be seen from side
chain variation in compounds 7-11 that the bulkier
heterocyclic basic side chains (pyrrolidinyl, morpholinyl,
piperidyl) impart increased activity, with the pyrroli-
dinyl side-chain-containing compound 11 exhibiting the

most potent IC50 of the five types investigated, echoing
earlier findings by this group.19

Compounds were concurrently tested to assess the
extent of their cytotoxicity using a standard LDH assay
and demonstrated low cytotoxicity, indicating their
mode of action to be cytostatic rather than cytotoxic.
Cytotoxic-induced antiproliferation effects for the parent
benzoxepin compound 7 rise to only a maximum of 11%
at a 100 µM testing (Figure 2) concentration whereas
the level observed for tamoxifen in the same system is
approximately 29% at a testing concentration of 20 µM.

To confirm our hypothesis that these compounds were
acting through the estrogen receptor, an initial binding
investigation19,29,30 was carried out using compounds 7
and 15 as representative candidates. The study indi-
cates the compounds are competitive antagonists with
moderate binding affinity for the ER (binding Ki 3.2 (
2.1 µM (7) and 828 ( 106 nM (15)), marginally weaker
than that measured for tamoxifen (1) and the structur-
ally related benzocycloheptenes.14 Preliminary rigid31

and flexible computational docking studies32 performed
on the parent benzoxepin compound 7 indicate it to
orient in a typical ‘antiestrogenic’ binding mode within
the ligand binding domain of the human ER alpha (PDB
entry 3ERT).4 In vivo metabolic activation of tamoxifen
through para-hydroxylation in ring 3 is well-known to
increase antiproliferative potency and receptor binding
affinity of the parent through hydrogen bonding inter-
actions with Glu 353 and Arg 394.4 Similar metabolic
activation is computationally predicted for the benzox-
epin system.

We therefore focused our initial investigations on ring
2 variation in the benzoxepin system, paying particular
attention to the predicted interactions with His 524. Of
particular interest to us was the potential for structure-
activity relationship exploration invoked through varia-
tion in the aromatic substitution pattern in ring 2 of
the structuresspecifically the marked drop in compound
efficacy when moving from ortho f meta position with
methoxy substituents in compounds 13 and 14, and also
the low activity recorded for 19 with its p-cyano sub-
stitution, given that the ER is usually tolerant of polar
functional groups in this positionsnatural estrogens
and some synthetic ER modulators (e.g. raloxifene)
contain hydroxyl functionality here. To facilitate an
initial investigation of these phenomena, a flexible
docking study of these ER-ligand systems was under-
taken33 in which both an area within the receptor and
the ligand were treated as fully flexible entities during
the docking procedure (for details, see Supporting
Information). Figure 3 illustrates the predicted binding
mode for the parent benzoxepin scaffold-containing
ligand, 7, and indicates it to bind in an antiestrogenic

Table 1. Mean IC50 Values of Compounds for Their
Antiproliferative Effects on a Human MCF-7 Breast Cancer
Cell Line

compd R1 R2 IC50 (µM) ( SD

1 - - 11.3 ( 0.1
7 dimethylamino H 16.2 ( 6.8
8 diethylamino H 14.2 ( 1.6
9 morpholinyl H 7.6 ( 0.6
10 piperidyl H 10.6 ( 0.6
11 pyrrolidinyl H 6.1 ( 2.6
12 dimethylamino p-OMe 11.1 ( 4.8
13 dimethylamino o-OMe 11.7 ( 2.1
14 dimethylamino m-OMe 56.6 ( 6.5
15 dimethylamino p-Me 15.7 ( 4.7
16 dimethylamino m-Me 33.6 ( 3.5
17 dimethylamino p-Cl 18.3 ( 1.7
18 dimethylamino m-NO2 64.6 ( 1.5
19 dimethylamino p-CN 74.3 ( 5.1

Figure 2. Percent cytotoxicity and percent inhibition of
proliferation recorded in MCF-7 cells upon treatment with
varying concentrations of compound 7 and tamoxifen controls.
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manner within the ligand binding domain of the human
estrogen receptor alpha. The scaffold is well oriented
in the binding site and analysis of the pose immediately
suggests the potential for optimization through para
hydroxylation (as in the case of tamoxifen to hydroxy-
tamoxifen activation).

Figure 4 illustrates a superimposition of the crystal
(OHT/ERR) and docked 13 and 14 complex structures.
It can be clearly seen through the disturbance of the
backbone region in the green rendered solution (corre-
sponding to liganding of 14) relative to those of the
cocrystal structure (red backbone) and docked structure
for 13 (white backbone) that the receptor tolerance for
aromatic substitution on ring 2 of the benzoxepin
scaffold is lost when moving from ortho (13) to meta (14)
substituents. Such substitution induces perturbation of

the ERR backbone, decreasing the overall stability of
the complex in the region of His 524 (most likely
through steric bulk clashing) and is accompanied by a
marked drop in biological efficacy (Table 1).

When we examine Figure 5, which illustrates a
superimposition ofthe crystal complex with calculated
structure of 19/ERR docked complex, a similar pertur-
bation of the receptor backbone becomes apparent. The
p-cyano group, the only para substitution explored for
ring 2 in this first series of modulators which is tied to
significantly decreased biological activity (Table 1),
again induces a predicted receptor backbone perturba-
tion by steric and electronic unfavorable contactssthis
is very clearly seen through significant side chain and
backbone displacement in the region of His 524 in the
ER binding pocket on liganding this compound.

These data from docking studies will be used in future
optimization of the benzoxepin scaffold to enhance
potency through the next iteration of synthesis on these
ligands.

In summary, a novel molecular scaffold for modula-
tion of the ER, the conformationally restrained benzox-
epin system, is presented. The compounds prepared
deviate from the traditional triphenylethylene structure
of tamoxifen analogues through incorporation of an
isomerically constraining heterocyclic ring system, and
through variation in the nature of basic side-chain
systems and the introduction of aromatic ring substit-
uents. These compounds have demonstrated competitive
ER binding and exhibit antiestrogenic potency through
their inhibition of the proliferation of human MCF-7
breast cancer cells.

In particular, we note that compound members with
the unsubstituted benzoxepin-containing ER scaffold
(7-11) exhibit similar, and better, antiproliferative
potencies than tamoxifen with lower inherent cyto-
toxicity, indicating the potential for this novel scaffold
class and their activated metabolites in future investi-
gations aimed at the identification of tissue and subtype
selective estrogen receptor modulators.

Figure 3. Docking orientation and predicted receptor interac-
tions for the parent benzoxepin structure 7 (brown ligand/
yellow protein) compared to the crystal solution for hydrox-
ytamoxifen (blue/red). The relative locations of helix 12 on
agonist (white) and antagonist (red) liganding are illustrated
for comparative purposes. (Hydrogens are omitted for clarity,
and H-bond interactions are illustrated as broken lines.)

Figure 4. Comparative docking orientations and predicted
receptor interactions for 13 (pink)/ERR(white) and 14 (yellow)/
ERR(green) compared with the crystal solution for hydroxy-
tamoxifen (OHT(blue)/ERR(red) (PDB ID 3ERT).

Figure 5. Comparative docking orientations and predicted
receptor interactions for 19 (colored by atom type) and the
crystal solution for hydroxytamoxifen OHT(blue)/ERR(red)
(PDB ID 3ERT).
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