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a b s t r a c t

17b-Estradiol (E2), the most potent human estrogen, is known to be involved in the etiology of estrogen-
dependent diseases (EDD) like breast cancer and endometriosis. 17b-Hydroxysteroid dehydrogenase type
1 (17b-HSD1) catalyses the last step of E2 biosynthesis and is thus a promising target for the treatment of
EDD. The previously described bicyclic substituted hydroxyphenylmethanones (BSHs) display high
inhibitory potency towards human 17b-HSD1, but marginal activity towards rodent 17b-HSD1, pre-
cluding a proof of principle study in an animal endometriosis model. The aim of this work was to perform
structural optimizations in the BSHs class to enhance inhibitory activity against rodent (mouse and rat)
17b-HSD1 while maintaining activity against the human enzyme. The introduction of fluorine atoms on
the benzoyl moiety resulted in compounds with the desired properties. Molecular docking and homology
modeling were applied to elucidate the binding mode and interspecies differences in activity. Compound
33 is the most potent inhibitor of both human and rat 17b-HSD1 up to date (IC50 ¼ 2 nM and 97 nM,
respectively).

© 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

17b-hydroxysteroid dehydrogenase type 1 (17b-HSD1) catalyses
the NAD(P)H dependent transformation of estrone (E1) to 17b-

estradiol (E2) which represents the most potent estrogen in
humans (Fig. 1) [1]. E2 is known to play a crucial role in the
development and progression of several estrogen dependent dis-
eases (EDD) [2e5]. Increased E2/E1 ratios as well as elevated 17b-
HSD1 mRNA levels are indicators of the involvement of 17b-HSD1
in breast cancer [6,7], ovarian tumor [8], endometriosis [9], endo-
metrial hyperplasia [10] and other EDD [11]. Consequently, the
selective inhibition of this enzyme is considered as a valuable
treatment option. This intracrine concept has recently been sup-
ported by the observation that an 17b-HSD1 inhibitor tool com-
pound can effectively block the increased E2 synthesis in
endometriotic tissue specimens [12]. Due to the tissue-selective
expression and the intracrine mode of action of 17b-HSD1 [13],
its inhibition should be associated with less side effects compared
to established treatments using GnRH-analogs, aromatase in-
hibitors, anti-estrogens or selective estrogen receptor modulators
(SERMs) [14e16]. 17b-HSD2 catalyses the reverse reaction (inacti-
vation of E2 to E1, Fig. 1). Therefore, inhibitors of 17b-HSD1 should
be selective over the type 2 enzyme.

Therapeutics interfering with intracrine pathways of hormone
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biosynthesis are already in clinical use, e.g. 5a-reductase inhibitors
[17e20]. Although a number of steroidal and non-steroidal in-
hibitors of 17b-HSD1 [21e23] are described and there is experi-
mental evidence for the effectiveness of 17b-HSD1 inhibition
against human tumor cell lines in vitro and in animal models, there
is no inhibitor under clinical evaluation. Moreover, no proof of
principle study in an animal disease model has been conducted for
the indication endometriosis, although this is a widespread disease
for which no adequate medical treatment is available.

A reason for this are interspecies differences between human
17b-HSD1 and animal orthologs which impede corresponding
in vivo experiments, for instance in rodents [24]. Thus, human and
mouse 17b-HSD1 are 83% similar in the first 287 amino acids and
show significant differences concerning the topology of the sub-
strate binding site [25,26]. As a consequence, compounds highly
active towards the human enzyme are often weakly active or
inactive towards rodent 17b-HSD1.

The aim of this study was the design of compounds inhibiting
both human and rodent 17b-HSD1. Such a compound may be used
in a proof of principle study in an animal endometriosis model and
may serve as potential candidate for clinical development after-
ward. Starting point for the design was the class of bicyclic
substituted hydroxyphenylmethanones (BSHs) [27e29]. In contrast
to most other classes of 17b-HSD1 inhibitors described by us
[30e38], it contains members which not only are strong inhibitors
of the human enzyme but also show inhibition of the murine
ortholog (previously unpublished results, Fig. 2). Examples are
compounds D and E (Fig. 2) [27,28]. Drug design was focused on

compound E as a lead and included structural variations with the
aim of enhancing inhibitory activity towards rodent 17b-HSD1
while maintaining activity towards the human enzyme.

2. Design

In a screening across all compound classes of our in-house
compound library, the BSH E (Fig. 2) showed the highest inhibi-
tory activity against murine 17b-HSD1 (for data of other compound
classes cf. Supplementary Table S3). Compounds from the same
class lacking the aromatic sulfonamide moiety displayed slightly
inferior activity (compare compounds D and E, Fig. 2). Thus, the
aromatic sulfonamide moiety in combinationwith the BSH scaffold
not only leads to a favorable activity profile against human 17b-
HSD1 and 2 [28], but it also appears to be attractive in terms of
activity against murine 17b-HSD1.

The fact that E was the only BSH bearing an aromatic sulfon-
amide group prompted us to investigate this structural element in
more detail (Chart 1). Its optimal position on the phenyl ring C was
determined (compounds 1e10), and analogous amides were
investigated as possible bioisosteres (compounds 11 and 12).
Moreover, compounds 13e29 with diverse substituents on ring D
were prepared in a parallel synthesis approach in order to explore
the chemical space more thoroughly.

Judging from previous data, fluorination of ring A could be
beneficial. However, the introduction of a single fluorine atom was
not expected to lead to a pronounced enhancement of activity
[27,39e41]. Therefore, a structural optimiziation was performed
which focused on the introduction of two fluorine atoms into the
benzoylic moiety (ring A; compounds 30e33), considering the
following structure activity relationships obtained in previous
studies: [27,28].

� the OH-group on the benzoylic moiety (ring A) is very important
for activity

� only minor structural variations in this part are tolerated by the
human target enzyme

Fig. 1. Interconversion of estrone (E1) and 17b-Estradiol (E2).

Fig. 2. Different in-house classes of highly potent 17b-HSD1 inhibitors: Representative members and their activities against the human and the murine enzyme.
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