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Estrogen receptor ligands. Part 14: Application of novel
antagonist side chains to existing platforms
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Abstract—Two novel side chains which had previously been found to enhance antagonist activity in the dihydrobenzoxathiin SERM
series were applied to three existing platforms. The novel side chains did not improve the antagonist activity of the existing
platforms.
� 2005 Elsevier Ltd. All rights reserved.
The importance of the selective estrogen receptor modu-
lators (SERMs) is well documented.1 The discovery of a
second ER subtype2 generated interest in the develop-
ment of subtype-selective SERMS.3 Previous publica-
tions from this laboratory have reported the discovery
of dihydrobenzoxathiins (e.g., 1) as a novel class of selec-
tive estrogen receptor alpha modulators (SERAMs).4a–e
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We have also reported extensive studies on the side
chain SAR of this class.4d–g These studies resulted in

the discovery of two significantly improved antagonist
side chains, A and B,4f which were combined to afford
an optimized antagonist side chain C.4g
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Since side chains A–C conferred such excellent antago-
nist properties on the dihydrobenzoxathiin platform,
we wondered if a similar effect would be observed with
other platforms or if A–C were platform-specific. Molec-
ular modeling of 1 versus raloxifene (2), bazedoxifene
(3), and lasofoxifene (4) in the hER-a binding site
showed considerable overlap of the side chains, suggest-
ing that side chains A–C might be of interest in these
other platforms (Fig. 1).5 While there have been a few
studies on side chain SAR of other platforms,6 we are
unaware of any systematic studies on the portability of
side chain SAR between platforms.

We therefore targeted analogs 2a,b, 3a,b, and 4a,b for
synthesis (Schemes 1–3 and Table 1). We chose the par-
tially optimized side chains A and B for these studies,
rather than the fully optimized side chain C, to afford
maximum insight into the applicability of our SAR to
other platforms. If substantial improvement was seen
in any platform with side chains A and B, then we would
prepare the corresponding analog with side chain C.

The raloxifene analogs 2a (R = A) and 2b (R = B) were
easily synthesized from fluoride 57 and the appropriate
side-chain alcohol4e using a modification of the Lilly
group�s raloxifene analog synthesis (Scheme 1).7,8

The bazedoxifene analogs 3a (R = A) and 3b (R = B)
were prepared from intermediate 6 and the appropriate
side-chain alcohol 74e using a modification of the Wyeth
group�s bazedoxifene synthesis (Scheme 2).9
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Figure 1. Molecular modeling of compound 1 (green) against models of (A) crystallographically determined raloxifene 2 (white); (B) bazedoxifene 3

(purple); and (C) lasofoxifene 4 (cyan) in the context of hER-a (pdb entry 1ERR).
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Scheme 3. Reagents: (i) Mg, THF, 30%; (ii) tetralone; (iii) pyridinium

tribromide, 76–100%; (iv) phenylboronic acid, (Ph3P)4Pd, THF, 71%;

(v) H2, Pd(OH)2/C, EtOH; (vi) chiral HPLC on Chiralcel AD column

eluted with heptane–isopropanol, 4:1; (vii) RCl prepared in situ from

ROH and SOCl2, THF, K2CO3, DMF; (viii) 2 N HCl, BBr3, Et2O,

CH2Cl2.
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Scheme 2. Reagents: (i) 2 N HCl, Et2O; (ii) SOCl2, THF; (iii) p-OH-

benzaldehyde, K2CO3, DMF (38% from 7); (iv) LiAlH4, Et2O, 91%;

(v) 2 N HCl, Et2O; (vi) SOCl2, THF; (vii) 9, NaH, DMF, 67%; (viii) Pd

(black) HCO2NH4; EtOH, EtOAc, H2O, 70%.
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Scheme 1. Reagents: (i) ROH, NaH, DMF; (ii) HCl, ether; (iii) Br3,

CH2Cl2.
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Lasofoxifene analogs 4a (R = A) and 4b (R = B) were
prepared from commercial 10 and the appropriate
side-chain alcohol 74e using a modification of the Pfizer
group�s lasofoxifene synthesis (Scheme 3).10

Biodata for the novel analogs and SERAMs 1–1c are
summarized in Table 1. All compounds were evaluated
in an in vitro estrogen receptor (ER) binding assay.11

As we had observed in our previous studies with 1–1c,
substitution of the novel side chains A and B for the
side-chain of the parent compound did not have a signif-
icant effect on ER binding with any platform.

The compounds were also tested in an MCF-7 assay.12

In the dihydrobenzoxathiin series, the modified side
chains resulted in a modest potency enhancement in this
assay. However, a similar enhancement was not ob-
served with any of the other platforms. The raloxifene,
bazedoxifene, and lasofoxifene analogs all retained
potency comparable to or, at most, slightly better than
that of the corresponding parent.

Finally, the novel compounds were evaluated in an
immature rat uterine weight assay.13 This was the assay
where the largest impact was observed in the dihydro-
benzoxathiin series (compare 1a–c with 1). In the
raloxifene series, substitution of side chains A and B
for piperidine had no effect on the uterine activity of
2. In the bazedoxifene series, substitution of side chain
A for homopiperidine of 3 resulted in a slight increase
in uterine antagonism but substitution of side chain B
resulted in a decrease in antagonist activity. In the laso-
foxifene series, there was a slight increase in uterine
antagonism with a corresponding decrease in agonism
upon substitution of side chains A and B for pyrrolidine
in 4 but the effect is clearly not as dramatic as in the di-
hydrobenzoxathiin series.

The lack of a dramatic effect on the uterine profile upon
incorporation of side chains A and B clearly indicates
that the side chain SAR of the dihydrobenzoxathiin



Table 1. ER ligand binding data, rat uterine growth data, and MCF-7 data
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Compound R Human ER binding (IC50, nM)11 MCF-712 (IC50, nM) Rat uterine activity13

hER-a hER-b b/a % Ant. % Ag.

1
N

2.6 64 25 3.3 72 34

1a N 3.0 161 54 0.9 106 �19

1b N 1.3 45 35 0.3 101 0

1c N 1.3 52 40 0.2 123 �29

2
N

1.8 12 7 0.8 81 24

2a N 0.6 3.1 5 1.0 79 24

2b N 0.211b 2.611b 13 0.2 82 31

3
N

0.6 3.8 6 0.4 67 15

3a N 0.5 2.4 5 0.3 78 �2

3b N 0.4 2.3 6 0.1 61 20

4 N 1.4 1.8 1 0.1 74 26

4a N 0.5 0.6 1 0.08 89 10

4b N 0.6 0.9 1 0.07 81 18
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SERAMs is not transferable to other platforms. Since
substantial improvement in the uterine profile was not
seen upon introduction of the improved antagonist side
chains A and B in the established platforms, we elected
not to prepare the corresponding analogs with the fully
optimized dihydrobenzoxathiin antagonist side chain C.
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In conclusion, we have demonstrated that the side chain
SAR of the dihydrobenzoxathiin SERAMs is not appli-
cable to existing platforms. Clearly, it will be necessary
to conduct SAR studies for each platform to determine
its optimum side chain. This concludes our study of the
dihydrobenzoxathiin side chain SAR.
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