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Estrogen receptor ligands. Part 13: Dihydrobenzoxathiin
SERAMs with an optimized antagonist side chain
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Abstract—An optimized side chain for dihydrobenzoxathiin SERAMs was discovered and attached to four dihydrobenzoxathiin
platforms. The novel SERAMs show exceptional estrogen antagonist activity in uterine tissue and an MCF-7 breast cancer cell
assay.
� 2005 Elsevier Ltd. All rights reserved.
The importance of the selective estrogen receptor mod-
ulators (SERMs) is well-documented.1 The discovery2a,b

of a second estrogen receptor, ERb, has generated
considerable interest in the development of receptor
sub-type-selective SERMs.2c–m Previous reports from
this laboratory have reported the discovery of dihydro-
benzoxathiins (e.g., 1 and 2) as a novel class of selective
estrogen receptor alpha modulators (SERAMs).3a–e We
have also described studies on the side chain SAR of this
class of SERAMs.3d–f These studies resulted in the
discovery that addition of a methyl group to the side
chain at the appropriate position and with the right
stereochemistry, either on the pyrrolidine ring (as in 3)
or on the linker (as in 5), substantially increased
estrogen antagonist activity in uterine tissue. These
compounds were also more potent inhibitors in an
MCF-7 breast cancer cell assay.

Compounds 3 and 5, had what we considered to be, an
excellent ER antagonist profile.3f However, we felt that
it might be possible to find a compound with an even
better profile. Since introduction of a single methyl
group at either the 1 0 or the 3 position of the side chain
of 2 resulted in such a significant increase in uterine
antagonism and MCF-7 activity, we prepared and
report herein the �combo� compounds 7–10, which incor-
porate methyl groups at both positions in the side chain.
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Although our previous studies3f strongly suggested that
the optimum stereochemistry for these methyl groups
would be as in side chain 20 (compare compound 3 with
4 and 5 with 6), we also prepared the other three diaste-
reomers of 20 (21–23) to be sure that we had the best
combination and to probe the relative contribution of
the two side chain methyl groups to the uterine antago-
nist properties of the final compounds. Once evaluation
of the corresponding dihydrobenzoxathiins 7–10 con-
firmed that the orientation of the methyl groups in 20
was optimal, we proceeded to append this side chain
to three additional dihydrobenzoxathiin platforms,
affording analogs 11–13 for evaluation.

Side chains 20–23 were prepared by a significantly im-
proved modification of our previously reported synthe-
sis of mono-alkylated pyrrolidine side chains (Scheme
1).3f Condensation of 2-(R)-methylsuccinic acid 174 with
LL-alaninol 184 in refluxing toluene with azeotropic
Scheme 1. Reagents and conditions: (i) toluene, reflux, 24 h, 75–85%;

(ii) chiral HPLC; (iii) LiAlH4, ether, 63–69%.
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removal of water afforded imide 195 as a 9:1 mixture of
diastereomers in 75–85% yield on multigram scale. This
improved condensation procedure eliminated some re-
agents (no acetyl chloride or acetic anhydride) and affor-
ded the desired product in higher yields than the
previous procedure. Chiral HPLC6 removed the minor
diastereomer resulting from partial epimerization at C-
3. Reduction of 19 with LiAlH4 afforded side chain 20
in 63–69% yield on multigram scale. As we expected
based on our experience with an earlier sequence3f there
was no epimerization at C-3 in the reduction step.7

The diastereomeric side chains 21–23 were prepared by
substitution of 2-(S)-methylsuccinic acid4 for the 2-(R)-
acid and/or substitution of DD-alaninol4 for LL-alaninol,
as appropriate, in the synthetic scheme outlined above.
The dihydrobenzoxathiin core structures (e.g., 24) were
synthesized using the procedure previously reported by
Kim et al. (Scheme 2).3a Attachment of the side chain
to the core using a previously described procedure3a, fol-
lowed by deprotection, afforded the novel SERAMs 7–
13. As previously noted during the synthesis of 5 and
6, 3f the presence of a methyl group in the linker resulted
in the formation of varying amounts of a rearranged by-
product. However, 7–13 were the major products.

The novel bis-methylated pyrrolidine analogs 7–10 re-
tained an excellent ERa potency exhibited by previously
reported compounds 1–6 in an in vitro estrogen receptor
binding assay (Table 1).8 Although all of the novel ana-
logs were alpha selective, 7 and 8 were particularly selec-
tive (note that a longer incubation time was used in the
evaluation of these two analogs in the binding assay; we
do not believe that a shorter incubation time would re-
sult in lower selectivity but this has not been proven).
As we had anticipated, the 1 0-(S),3-(R) configuration
present in side chain 20 (analog 10) proved to be optimal
for uterine antagonism as measured in a highly sensitive
immature rat assay.9 Interestingly, the methyl group at
C-1 0 in the linker appears to be considerably more
Scheme 2. Reagents: (i) 20, DIAD, PPh3, THF; (ii) Pd, HCO2NH4,

EtOH; (iii) nBu4NF, AcOH, THF.
important than the methyl at C-3 in the ring as 9 (�right�
stereochemistry at C-1 0, �wrong� stereochemistry at C-3)
has a much better uterine profile than 8 (�wrong� stereo-
chemistry at C-1 0, �right� stereochemistry at C-3). Ana-
log 7, which has the �wrong� stereochemistry at both
sites, is clearly the worst of the four diastereomers.

We were encouraged by the finding that the beneficial ef-
fect of adding a methyl group to the pyrrolidine ring or
to the linker appeared to be additive so that the �combo�
compound 10 did have an improved uterine profile and
enhanced MCF-7 activity relative to the mono-methyl-
ated compounds 3 and 5. Although the improvement
was small, we felt it to be sufficient to warrant additional
investigation. We therefore prepared and evaluated
three additional analogs wherein the optimized antago-
nist side chain 20 was appended to three modified dihy-
drobenzoxathiin platforms. All three of these new
analogs (11–13) exhibited a substantially improved uter-
ine profile, relative to the mono-methylated analogs 3
and 5, which were in turn significantly better than the
unmethylated analog 2. The uterine profiles of com-
pounds 10–13 were clearly superior to raloxifene (14)
and were comparable to the known pure antagonist ful-
vestrant (16).10 Note, however, that compounds 1–13
are orally active, whereas fulvestrant must be dosed par-
enterally. In addition to their excellent uterine activity,
all of the new analogs showed improved potency in an
MCF-7 assay.11 The fluorinated analogs 11 and 13 were
especially noteworthy in this regard. In contrast to the
analogous methylated chromane system,12 wherein, the
introduction of the fluorine atom does not effect selectiv-
ity, we speculate that a decrease in the selectivity of flu-
oro-dihydrobenzoxathiins may arise from a reduction of
the electron density on sulfur, and in turn, a reduction of
the electronic repulsion with the Met366 residue of ERb.

Although it was not possible to obtain X-ray quality
crystals of the ligand-bound ER complexes of com-
pounds 10–13, we were able to obtain and have reported
X-ray data for 3 and 5.3f The antagonist activity of 3
and 5 can be rationalized as resulting from the positive
interaction of the 3-(R)-configured ring methyl of 3
and the 1 0-(S)-linker methyl group of 5 with residues
in the antagonist-arm region of the ligand binding do-
main of ERa.3f The apparent additivity of the uterine
antagonist effects of 3 and 5 observed for the combo
compounds 10–13 prompts us to speculate that the
exceptional antagonism exhibited by 10–13 arises from
a sum of positive interactions previously demonstrated
for 3 and 5, thereby further enhancing the stabilization
of the antagonist configuration.

Because of their excellent activity in the MCF-7 and rat
uterine assays, compounds 10–13 were evaluated for
anti-tumor activity against MCF-7 human breast carci-
noma xenografts in athymic mice. All of the compounds
were found to be superior to the clinically approved
therapies, tamoxifen and fulvestrant, in that both tumor
growth rates and final tumor burdens were significantly
lower.13 In this regard, compound 13 was most effica-
cious. In a mode similar to the known SERD (selective
estrogen receptor down-regulator) fulvestrant,14 the



Table 1. ER ligand binding data, rat uterine growth data, and MCF-7 data

Compound X R Human ER binding

(IC50, nM)8
Immature rat uterine growth assay9 MCF-710

hERa hERb b/a % Antagonism % Agonism IC50 (nM)

0.3 mpk 1 mpk 0.3 mpk 1 mpk

1 H 0.9 43 48 80 99 11 9 3.0

2 H 2.6 64 25 55 73 38 34 3.3

3 H 1.6 87 54 98 109 �1 �14 0.3

4 H 1.0 50 50 70 85 14 8 1.0

5 H 1.0 45 45 85 102 9 �8 0.3

6 H 1.7 71 42 40 18 59 71 0.5

7 H 0.8 87 109 34 30 54 69 2.1

8 H 0.6 90 150 57 72 33 27 0.9

9 H 2.5 45 18 100 118 �7 �9 0.4

10 H 1.3 52 40 109 123 �18 �29 0.1

11 F 0.8 5.3 7 108 118 �12 �17 0.03

12 H 1.2 69 58 93 118 �8 �17 0.1

13 F 0.7 9.1 13 102 122 �19 �20 0.03

14 Raloxifene 0.7 1.9 3 39 81 28 24 0.8

15 Estradiol 1.3 1.1 1 — — — 100 —

16 Fulvestrant 8.0 8.4 1 104 — �24 — 0.1
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exceptional activity of 10–13 against breast cancer cells
may be due, in part, to their ability to down-regulate
the estrogen receptor.15

To our knowledge, compounds 10–13 represent the first
reported examples wherein a relatively small structural
modification of an existing SERM (i.e., addition of
two methyl groups as in 2 vs 10) results in conversion
of the SERM to a SERD. By analogy to our previous
classification of the ERa sub-type-selective SERMs as
SERAMs, the ERa sub-type-selective SERDs 10–13,
especially the more selective analogs 10 and 12, may rea-
sonably be described as SERADs (selective estrogen
receptor alpha down-regulators).

In conclusion, our effort to delineate the side-chain SAR
of the dihydrobenzoxathiin SERAMs has led to the dis-
covery of an optimized antagonist side chain for this
platform. This side chain has been attached to four dihy-
drobenzoxathiin platforms to prepare four novel a-se-
lective estrogen receptor ligands (10–13) with
exceptional antagonist activity. These orally active opti-
mized SERAMs are comparable or superior to previous-
ly reported SERMs with regard to estrogen antagonism
in uterine tissue and breast cancer cells. A future com-
munication from this laboratory will discuss the applica-
bility of the optimized antagonist side chain 20 to
known SERM platforms.
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