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ABSTRACT

A potent and selective estrogen receptor modulator (SERM), Lasofoxifene (CP-336156), was prepared by an enzyme-catalyzed asymmetric
deacylation with high optical purity and excellent yield even though the hydrolytic site is remote from the chiral centers.

Estrogen replacement therapy (ERT) has been widely used
in postmenopausal women for osteoporosis treatment to
prevent bone loss.1a In addition, ERT has other beneficial
effects including decreases in the risk of coronary heart
disease1b as well as improvements in short-term memory1c

and cognitive function.1d However, significant and adverse
side effects2 that accompany this therapy include uterine
bleeding, fluid retention, and increased risk of endometrial
and breast cancer. Therefore, research efforts have focused
on identifying a selective estrogen receptor modulator
(SERM)3 that possesses the desired attributes while minimiz-
ing negative side effects and associated risks of ERT.

Indeed, the first generation of recently discovered SERMs,
such as raloxifene and droloxifene, have proven to be
promising therapeutic agents.3 These findings have provoked
a flurry of activity among industrial and academic research-
ers. Lasofoxifene, CP-336156, a potent, nonsteroidal, newer
generation of SERM, was identified recently at Pfizer.4-6

This compound has improved oral bioavailability and is as
efficacious as estrogen at preventing bone loss and lowering
serum cholesterol in rats.6 Furthermore, estrogen-like adverse
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effects on uterine and breast tissue were not observed. It is
interesting to note that CP-336156 was significantly more
potent than its dextrorotatory enantiomer (11.3 nM vs 270
nM) in an estrogen receptor binding assay.6 In addition, CP-
336156 also showed better oral bioavailability than its
enantiomer (62% vs 29%).6 Therefore, an efficient method
for preparing optically pure CP-336156 is needed in order
to supply this compound for further evaluation.

Recently, hydrolytic enzymes have been used as tools for
enantiomeric resolution, more frequently as the demand for

pure enantiomer in pharmaceuticals and agrochemicals7 has
increased. Also, mild and environmentally friendly reaction
conditions, as well as recoverable and inexpensive biocata-
lysts used in the reactions, have made enzymatic resolution
an attractive alternative to other traditional chemical resolu-
tion methods. Here we report an efficient preparation of
Lasofoxifene with enzyme-catalyzed asymmetric deacylation
even though the chiral centers are not adjacent to the site
where enzymatic deacylation takes place.

The racemic free phenol, CP-319609, was converted to
the corresponding acetate or butyrate. Then, these two esters
were screened against a variety of hydrolytic enzymes, such
as lipases and esterases, for enzymatic resolution in pH 7,
0.1 M phosphate buffer.8 After the preliminary and analytical
screens, the most promising acetate was selected for further
studies and subjected to gram-scale reactions because the
acetate consistently provided better resolution results when
esterases or lipases were used as catalysts.
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Scheme 1. Enzymatic Resolution of CP-319609
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However, due to a limited solubility of the acetate,
adequate stirring was necessary to obtain consistent results
and good yield. On the basis of the reaction rate and the
desired enantiomeric selectivity, we narrowed down the
choice of enzymes for gram-scale evaluation to cholesterol
esterases from either pseudomonas fluorescens or porcine
pancreas and lipase from porcine pancreas. All these enzymes
hydrolyzed preferentially the 1R,2S enantiomer; therefore,
CP-336156 can be isolated immediately from these enzy-
matic resolutions without further deacylation. In the large-
scale enzymatic resolution, cholesterol esterase from porcine
pancreas yielded encouraging and consistent results (Scheme
1). In this large scale esterase-catalyzed kinetic resolution,
a goodE value (the ratio of the specificity constants of the
two enantiomers),9 60, was obtained. When the reaction was
stopped at 35% conversion (70% theoretical yield), CP-

336156 was obtained in 96% ee.10 On the other hand, the
acylated enantiomer of CP-336156 was obtained in 98% ee10

and 76% theoretical yield when the reaction was stopped at
62% conversion. The excellent results are interesting because
the site of enzyme-catalyzed hydrolysis is remote from the
chiral centers; nevertheless, good yield and excellent ee
values still can be achieved. Also of note was that the lipase
from Mucor mieheipreferred an enantiomer with 1S,2R
configuration as the hydrolyzing substrate10,11when butyrate
was used for the enzymatic resolution (Scheme 1); this
observation was contrary to the majority of enzymes that
we tested. The optical purity of CP-336156 obtained from
the enzymatic resolution can be further improved to greater
than 99% ee by recrystallization from 95:5 mixture of
absolute ethanol/water solution. The absolute configuration
of CP-336156 was determined through an X-ray diffraction
study11 of the corresponding hydrochloride salt and was
found to correspond to an estradiol-like absolute configu-
ration at C-1.

Investigations into various reaction parameters,7 such as
solvent and temperature effects, and into lipase-catalyzed
irreversible acylation of the parent phenol (in order to
improve the reaction yield and selectivity) were futile.

In summary, even though the chiral centers are remote
from the center of enzymatic reaction,12 Lasofoxifene was
still efficiently prepared in good yield and excellent ee.
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