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Abstract

A new class of non-steroidal fHSD1 inhibitors was designed and synthesized &snpial
therapeutics for the treatment of estrogen-depengeathologies like breast cancer and
endometriosis. Using the combination of a ligandd aa structure-based approach, a
pharmacophore model was generated and a tricyat& structure bearing two hydroxyphenyl
moieties connected to an additional aromatic rirag werived. At a first stage, the scaffold of
these steroidomimetics was optimized varying twdfedent parameters: the OH-OH
substitution pattern and the nature of the cenar@matic system. At a second stage,
supplementary substituents were added to the nuaisteacore to enhance activity and
selectivity. Following this strategy, 120 new corapds were prepared, most of them being
highly potentl17p-HSD1 inhibitors with 1G, values in the low nanomolar range. Besides an
excellent selectivity over PBFHSD2 and the estrogen receptors (ERspand 3, the most
promising compounds of this study showed also rmimgsnicity, good cell permeability (T-
47D), good metabolic stability in rat liver micrases, high CaCo-2 permeability, moderate
inhibition of CYP3A4 and CYP2D6 and excellent plashavels after peroral application to
rats. In conclusion, the present thesis providesxdansive structure-activity study regarding
17B-HSD1 inhibition which can be used in the futureelepment of new molecules to further

investigatein vivo the concept 13HSD1 as a target for the treatment of estrogereilegnt
diseases.
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Zusammenfassung

Eine neue Klasse von nicht-steroidale3-HHSD1 Hemmstoffen wurde zunéchst rational am
PC entwickelt. Anschlieend wurden die entspreceenderbindungen als potentielle
Wirkstoffe zur Behandlung von estrogen-abhéngigekraakungen synthetisiert. Durch die
Kombination eines Ligand- und Struktur-basiertersétzes wurde ein Pharmakophormodell
erstellt und ein trizyklisches Grundgerlst abgeteitDie Leitstruktur besteht aus zwei
Hydroxyphenylresten, die Uber einen zusatzlichematischen Kern verkniupft sind. In einem
ersten Schritt wurde die Struktur dieser Steroidoatika durch die Variation zweier
Parameter optimiert: das OH-OH Substitutionsmusted die Art des zentralen Aromaten.
Ausgehend von der aktivsten Verbindung wurden zliske Substituenten eingefligt um
Aktivitat und Selektivitat zu steigern. Im Verladieses Projektes wurden 120 neue Molekile
hergestellt und deren biologische Aktivitat untetsgu Die meisten der hier vorgestellten
Substanzen sind hochpotentd44SD1 Inhibitoren mit IGe-Werten im nanomolaren Bereich.
AulRerdem verfligen diese Hemmestoffe Uber eine seter §elektivitdt gegentber f-HSD2
sowie den Estrogen-Rezeptoranund 3 und zeigen selbst keine Estrogenizitat. Weiterhin
wurde eine hohe Zellgangigkeit (T-47D), eine guteetabolische Stabilitat in
Rattenlebermikrosomen, hohe CaCo-2 Permeabilitat, &ine moderate Hemmung der
hepatischen CYP Enzyme 3A4 und 2D6 sowie hervon@dgd’lasmaspiegel nach peroraler
Gabe an Ratten nachgewiesen. Zusammenfassendsiésdeststellen, dald3 die vorliegende
Arbeit einen tiefen Einblick in die Struktur-Wirkgsbeziehung eine neuer Klasse vofs-17
HSD1 Hemmstoffe liefert, die eine Grundlage fur Brewicklung weiterer Inhibitoren zun-
vivo Validierung des Konzeptes -HSD1 als Target fur die Therapie estrogen-abhamgig
Krankheiten darstellt.
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1. Introduction

1.1 Sex steroid hormones
1.1.1 General features

Natural sex steroids are produced by the gonadsi@svor testes), by adrenal glands, or by
conversion from other sex steroids in periphesaues such as liver or fatty tisstiesThese
hormones are then released into the blood cirauatnd transported to the target organs. After
passive diffusion of the cell membrane, they binthwa receptor protein, which then binds to
the hormone response element on the nuclear DN#iyadog or suppressing specific
sequences in the regulatory regions of the germmnssve element that control cell growth and
differentiation (Figure 1).

~_— active hormone/steroid

. receptor protein

é steroid response element

———>» Cell response via up/down
regulation of transcription/
translation

[N
" €

uoissaidxa auab

cytoplasm

Figure 1. schematic representation of the hormone mechanisution

Sex steroids play a crucial role in the inductidrbody changes known as primary and
secondary sex characteristics. They are divideddvanmain classes: androgens and estrogens,
of which the most important and active human déirea are testosterone and estradiol (E2),
respectively. In general, androgens are considasetimale sex hormones", since they have
masculinizing effects, while estrogens are consides "female sex hormones".

The strength of these hormones is modulated intahget cell with the aid of different
enzymes. This implicate that besides to the clabsi@y of action (endocrine), where the
active hormones are secreted in specific glandstemdported to distant cells to exert their
action, it exists an another mechanism (intracrin&jn which the active steroid is directly
synthesized in the target cell without release theopericellular compartment (Figure 2).

A B

Hormone-producing organs Hormone-target tissues Hormone-producing organs Hormeone-target tissues

Bioactive L sl
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@, bioactive hormane:;
i receptor;
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Figure 2: schematic representation of end%crine (A) and ¢nima (B) mechanism (taken
from>)
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1.1.2 Estrogens

The classical role of estrogens in female repradocnd development is well defined. In
the ovary, E2 stimulates the proliferation of grasa cells and the growth of follicl&s’ In
the uterus, E2 in combination with progesteroneuletgs the cyclic growth of the
endometriunf. In addition, estrogens together with progesterane also crucial for the
maintenance of pregnancy and fetal developméfiMoreover, to their roles in reproduction
and female development, estrogens affect a largegauof other physiological systems: in the
skeleton, for example, estrogens are importantrfaintaining bone mass in adult women’s by
suppressing bone remodelling and keeping a baldreteveen the osteoblasts and the
osteoclasts’ Moreover, a large number of studies have pointedte influence of estrogens
on the cardiovascular systéfigentral nervous systém*and immune systerf.

Estrogens mainly exist in three molecular formdrae®e (E1), E2 and estriol (E3). Since
the biological activity of E2 is much higher thdrat of the other types, E2 is physiologically
the most important estrogen. The primary sourcestrfogen in premenopausal women is the
ovary, but circulating E1 and androgens originatirmgm the adrenal glands could also be
converted into E2 in peripheral tisstfe&igure 3).

ANTERIOR
PITUITARY

MAMMARY GLAND
and a series of
other target tissues

Figure 3: schematic representation of gonadal and adrenatss of sex steroids in
premenopausal women (taken frgjm

However, after menopause, estrogens are produdgdhwough conversion of androgens
by adrenal origins. It has been shown that the emion of androgen to E1 occur principally
in peripheral tissues, including skin, muscle diatl bone?® This conversion is catalyzed by the
aromatase enzyme. E1 is subsequently reduced toy B2embers of the Brhydroxysteroid
dehydrogenase family (B/HSD), which are also widely distributed in variopsripheral
tissue$’ (Figure 4).
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() DHEA DHIIE:\-Squate E1-Su‘lfate Vessel ()
sulfatase I|‘sulfotransferase l
DHEA E1-Sulfate
l3B-HSD 1 sulfotransferase Tlsulfatase
Androstenedione —Aromatase E1l
17B-HSD 178-HSD5 17B-HSD 17p-HSD
214 H B 2,4,14 17,12
ER
Testosterone —Aromatase E2 —>
Breast tissue

Figure 4: schematic representation of the local produabiosex steroids in breast tissues

1.2 Hydroxysteroid dehydrogenases (HSDs)

The hydroxysteroid dehydrogenases (HSDs) belong tgroup of pyridine nucleotide-
dependent enzymes which catalyze stereoselectatioas at specific positions of the steroid
backboné? In fact, for each sex hormone an isoform paieiponsible for either inactivation
or provision of an active ligand. This is achiewvather by the oxidation of the alcohol group
(oxidase activity) or by the reduction of the kétaction (reductase activity, Figure 5) on the
steroid skeleton. These reductase/oxidase actaliew, therefore, the HSDs to function as a
molecular switch.

switch "off"
J}OH + NAD(P)* %O + NAD(P)H + H*
switch "on"

active inactive
Figure 5: general reaction catalyzed by hydroxysteroid detyyenases

Aiming the structural characteristics, the HSD figns split into 2 superfamilies: the SDR
(Short-Chain Dehydrogenase/Reductase) and the AKIRo{Keto Reductase). The SDR
family members often function as multimers and stelow sequence identity (less than 25%).
Despite to this relatively low homology, SDR famityembers share identical protein fofds.
A part of the protein fold includes an arrangemeiti-helix andp-strands §-a-B-a-f3), to
produce the “Rossmann fold” motif for cofactor bimgl They also contain a conserved
catalytic motif of Tyr-X-X-X-Lys where Tyr is theatalytic general acid/baSeof the reaction.

The AKRs are monomeric, soluble enzymes utilisifgPP)(H) as cofactor. They share a
high amino sequence identity (> 67%) compared ® $IDR subfamily. Invariant to their
active site is a catalytic tetrad consisting of AJjyr, Lys and His motif. Site-directed
mutagenesis supports the crucial role for the amanmls Tyr and Lys in the catalytic
mechanisiT in a manner similar to that described for the SBRily but the disposition of
these residues on the enzyme structure is diffe@nipared to the SDRs.
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1.3 1B-HSDs
1.3.1 General features

17B-Hydroxysteroid dehydrogenase EASD) are a group of enzymes responsible for the
stereospecific oxido-reduction reaction of hydraxycarbonyl groups at position 17 of the
steroid backbone using NAD(P)H or NAD{Pas cofactof>?°> They are expressed in the
gonads as well as in peripheral tissues, where skeye as key enzymes in the regulation of
potent androgens and estrogths®® Until now, 15 mammalian P¥HSDs have been
described, 12 of them exist in humdh&hey all belong the SDR superfamily excepf17
HSD type 5, which is an AKE The nomenclature of BHSD enzymes follows the
chronological order of descriptidfi. They have relatively low sequence identity (25%8pand
differ in catalytic direction, substrate and cotacspecificity, subcellular localisation and
tissue distributior!

1.3.2 Importance of the 2’-phosphate group of the cofactofor the determination
of the catalytic reaction

17B-HSDs drive unidirectional reactions in intact selvhile in cell homogenates, it has
been shown that these enzymes are able to catelffzer the oxidation or the reduction
depending on which cofactor form (reducent or ortjigs present.

In cells, NADPH is a major source of electrons, egdlicing equivalents from NADPH are
used in different metabolic reactions. In contfd&tD+ is a versatile electron acceptor, and
most enzymatic oxidations deposit these electramsNAD+. To maintain constant this
cofactor abundance, the cell constantly recycleseélcompounds from other oxidation states.
As shown in Figure 6, the cellular concentrationN®&DPH is higher (500 times) than the
NADP* concentratiof® In contrast, cells maintain the opposite concéiomafor the non
phosphorylated NAD: NADis generally 700 times more abundant than NADE

Pentose phosphate pathway
Glucose-6-P  ===p 6-Phosphogluconate ==p Ribose-5P
2e 2e

Glucose

[mmol]  NADPH NADP" [Hmol] Cell

\ O o

HSD “Reductive*

Ketosteroid — I Hydroxysteroid

[nmol] [nmol]
HSD “Oxidative*

<« A

[umol] NADH NAD* [mmol]

26 + 4H + O, <=
Oxidative phosphorylation

O,

2 H0

Figure 6: interplay between metabolism and HSD reactions
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Besides these cofactor concentration differenceserwld in intact cells, kinetic studies
showed that the PBFfHSDs exhibit huge kK value differences between NADP(H) and
NAD(H). This implicates that it exists in the cafacbinding sites of each B7HSD isoform
amino acids which allow the enzyme to distinguiste thon-phosphorylated from the
phosphorylated cofactor forfn**

Crystal structure analysis of reductive HSD enzynsesh as 13-HSD1, show that an
arginine residue in the N-terminal region of thes®uoann fold is responsible for this
discrimination®=* The positively charged guanidinium group of theimine forms a salt
bridge with 2’-phosphate moiety of NADPH, which ther enhance the affinity of these
enzyme for NADPH (Figure 7).

In contrast, oxidative SDRs like f#HSD2, contain a negatively charged amino acithat t
position corresponding to the stabilizing arginfethe reductive enzymes: the carboxylate
groups of aspartate and glutamate induce repuisieeactions with the 2’-phosphate group of
NADP+ but might be able to form hydrogen bonds wité 2’-OH function of NAD+ (Figure
7) enhancing therefore the affinity for the non-gploorylated cofactor form.

Furthermore, mutagenesis experiments on these @&wylemonstrated that exchanging
this arginine with an aspartate moiety in the casa reductive HSD enzyme increases the
affinity for NADH (vs. NADPH) while exchanging thigspartate with arginine moiety in the
case of an oxidative HSD enzyme enhances the @ffmi NADP+ (vs. NAD+)30%8

HQ
M onQ o 9 %z o9 o o\(\ASP
{ F 5 § '
= o—p2° \P -2 N i \%I)\/O\P< )
H(\N \o\ Ho, o o] =N _ 0 0\ HQ  ,0H ="~
e O\\\\-.P—'O\ Z{ ~HN\Arg O\\\wP—"O\ H
H,N é -l U HoN (‘) ) N
o) ) N o) N
N)bﬁ\ N
NADPH L, NAD* L

Figure 7: binding preferences of NADPH and NABbr reductive/oxidative HSDs

1.3.3 Oxidizing / NAD" binding enzymes

As it is presented in chart 1, oxidizing[}HSDs are widespread distributed in the body
and not especially only in steroidogenic tissuesadeo in case of BZHSD4 in the lung or in
central nervous system for B-HSD10. As they catalyze a oxidation reaction, tlmyer the
concentration of active sex hormone in the tarigsties and therefore play a protective fdle.

enzyme localisation substrates physiological role

microsomes
17B-HSD2 breast, endometrium,
ovary, placenta

androgens protective: decrease of active
estrogens sex hormones in target tissues

peroxisomes decrease of Hevel

173-HSD4 breast, liver, lung estrogens deficiency: Zellweger
syndrome
microsomes androgens decrease of active hormone in
173-HSDS8 liver, ovary estrogens target tlssugs, may plgy role in
fatty acid metabolism
17B-HSD10 mitochondria androgens pathogenesis of Alzheimer

central nervous system estrogens diseases
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enzyme localisation substrates physiological role

microsomes decrease of active androgens
173-HSD11 kidnev. liver. lun androgens | in target tissue, may play role

Y » 1UNg in fatty acid metabolism
cytosol androgens decrease of active androgens
173-HSD14 breast, kidney estrogens in target tissue, may pl_ay role

in fatty acid metabolism

Chart 1: characteristics of the oxidizing f-HSD isoforms
134 Reducing/NADPH binding enzymes

Until now, six reductive 1F-HSDs enzymes are described in the literature (()amhey
are widespread distributed and are responsible foigh level of active sex steroids in target

tissues.

Aiming the estrogens, only three subtypes (1,d H2) are involved in the biosynthesis of
E2, the most important being f-HSD1. The primary physiological role of f-HSD7 and
17B-HSD12 is supposed to be in the cholesterol syigilesnd in the regulation of the lipid
biosynthesid? respectively. Recently, Day et “dlshowed that J3-HSD12, although highly
expressed in breast cancer cell lines, is inefficia E2 formation. These results strongly
suggest that in case of breast cancer cells, ofgyHISD1 is responsible for intracellular high
E2 level and might therefore a good target for tiieatment of hormone dependent breast

cancers.
enzyme localisation substrates physiological role
cytosol estrogens high concentration of active
: in a minor ) .
173-HSD1 breast, endometrium, extent steroids (kEand T) in target
ovary, placenta tissues
androgens
microsomes formation of T
173-HSD3 . androgens deficiency:
testis "
pseudohermaphroditism
formation of active androgens
cytosol responsible for the rising level
17B3-HSD5 breast, liver, prostate androgens of androgens at puberty in
cases of
pseudohermaphroditism
formation of active estrogens
membrane may play role in cholesterol
173-HSD7 breast, liver, placenta estrogens syn;hg&s, deﬁuency leads to
similar malformation as
CHILD syndrome
173-HSD12 breartgicrlgs(rzén eSIiver estrogens formation of active estrogens,
' Y ’ 9 regulator of lipid biosynthesis
placenta
173-HSD15 prostate androgens pathogenesis of prostate

cancer

Chart 2: characteristics of the reducing humaf3-HfSD enzymes
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14 1B-HSD1
1.4.1 Biological characteristics

17B-HSD type 1 (EC 1.1.1.622 was first described iB88y Langer & Engel It is active
as a soluble cytosolic homodimérpoth subunits have a molecular mass of 34.9 kh an
contain 327 amino acid$.

It catalyzes the final step of the E2 biosyntheBi®e enzyme has also the ability to reduce
some androgers; “° such as DHEA, into di-hydrotestosterone, but dnlya minor extent
(Km(E1)= 0.03uM vs. Ky (DHEA)= 33puM).*’ Site directed mutagenesis experiments revealed
that the androgen discrimination is due to theisteindrance of the C19 methyl group of the
steroidalB-face with Leu149’

o) OH

‘ﬂ 17B-HSD1, NADPH “
(1) 90
HO HO

E, E,
Figure 8: Conversion of E1 into E2 by ffHSD1

In vivo, 17B-HSD1 is only a unidirectional reductive enzymetabging the reduction of
the weak active E1 into the most potent estroge(Fitire 8), whereas the purified enzyme or
cell homogenates can be driven to catalyze alsookidative direction depending on the
presence of the oxidative cofactor foffnThe enzyme is widespread expressed, most
abundantly in ovaries, placenta, breast tissueseaddmetrium but also in other peripheral
tissues like adipose tissues and skin.

Using site-directed mutagenesis experiments, atiimino acid residues (Serl42, Tyrl55,
His221) for the enzyme activity and substrate bigdiere identified® %% 4°

1.4.2 Structural characteristics

The first X-ray structure of FHSD1 as native form was published in 198%ince then,
several crystal structures of binary or ternary plexes with estrogeni¢ > °? androgenit’”
23, 54 ligands or with steroid based inhibitdts>® are available at the Protein Data Bank
(PDB)!

The monomeric form of ¥HSD1 consists of seven paralfeltrands, forming #-sheet
and 11a-helices’® °! The B-sheet is surrounded on both sides by three phmaiteelices
bearing the classical Rossmann fold, which is aatet with NAD(P)H binding (Figure 9).
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Figure 9: 3D structure of human B/HSD1 monomer crystallised with E2 (coloured ink)in
and NADP resolved to 2.2 A (PDB-ID: 1FDT)

The analysis of the available crystal structuresifin useful information about the enzyme
architecture: a substrate binding site, a cofabtoding pocket and an entry channel can be
defined.

The 1PB-HSD1 substrate binding cleft is a narrow hydropbdionnel showing a high
degree of complementarity to the steroid. As a nanudb the SDR superfamily, fFHSD1
contains the highly conserved and catalytically cial tetrad’ Tyr-x-x-x-Lys sequence
(Asnl114, Ser 142, Tyrl55 and Lys 159). E2, the pcoadf the catalytic reaction, is stabilized
into the active site via four hydrogen bond corsg3ctOH at C3 position with His221 and
Glu282, OH at C17 position with Serl42 and Tyrl5®,well as via several hydrophobic
interactions with the apolar amino acids of thedimg cavity (Vall43, Leul49, Prol87,
Val225, Phe226, Phe259). Interestingly, two polarin® acids (Tyr218 and Ser222) are
located in the same area without any interactidh tine steroid (Figure 10).

Figure 10. schematic representation of the active site @cHBD1 containing E2 (PDB-code:
1A27). Blue labels denote polar amino acids antbyelabels stand for lipophilic amino acids.
Hydrogen bonds are marked in red.
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Additionally, a flexible loop delimited in its extd by Prol87 and Pro200 can be
visualized (Figure 11). This loop can adopt varieasformations or is not resolved at all
depending on which X-ray structure is consideradcé&the loop borders both substrate and
cofactor binding sites, its conformational variatiafluences strongly the volume and shape of
each binding cavity and its location might be dévance for the design of inhibitors.

Figure 11 representation of the border loop conformations
(A: PDB: 1I0L, B: PDB: 1FDT_B, C: PDB: 1I5M)

In 1FDT two distinct conformations of the loop greesent referred as 1FDT_A and
1FDT_B, respectively. The main difference betwees two loops concerns the four amino
acids Phel92, Met193, Glul94 and Lys195. In 1FDTPHe192 and Metl193 are turned
towards the outer part of the enzyme, while Glub®dl Lys195 are oriented towards the
substrate and cofactor, extending the area ofuhstsate binding site into the cofactor binding
area. On the other hand, in 1FDT_B these two ceupieesidues show a reversed orientation
limiting significantly the length (and so the volajpof the substrate binding pocket.

1.4.3 Postulated mechanism of the hydride transfer

In the postulated mechanism, the-S hydride of the cofactor nicotineamide moiety is
transferred to the-face of the steroid at the C17 carbon, whereaskéte oxygen at C17
forms a strong hydrogen bond with the OH group wflb5. The proton transfer between C17
oxygen and Tyrl55 is facilitated by the close nbmirhood of the protonated side chain of
Lys159, the 2’-OH of the ribose and a water molecadund to the backbone carbonyl group

of Asnl114 which are responsible for the decreasthefapparent pKa of the tyrosine residue
allowing the proton transfer (Figure 12)*
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Asn1l4 Tyrl55

Serl42

CONH,

Figure 12 scheme of the postulated mechanism of reducfi@ionto E2. Hydrogen bonds
are represented in dashed lines.

15 Estrogen-dependent diseases
151 Breast cancer

Most breast cancers are hormone-dependent, i.ertaslls express estrogen receptors
(ER), and it is well known that estrogens, espgck2, have a pivotal role in the development
and progression of these disea¥es.

Breast carcinomas can be divided in two categods8ogen receptor positive (ER+) and
estrogen receptor negative (ER-) tumors. Around Sfi%reast cancers in premenopausal
women and 75% of breast cancers in postmenopawsakware ER+? i.e. the progression of
the tumor is dependent on the physiological comaénh of estrogens present in the diseased
tissue.

In addition to surgery, chemotherapy and radiothyraormone-dependent breast cancers
can be treated via different endocrine therafié8:SERMs (Selective Estrogen Receptor
Modulators), like tamoxifene and raloxifene constrihe estrogen action at the receptor level,
aromatase inhibitors (e.g. fadrozole, letrozolg)psass the estrogen formation by inhibiting
the last step of E1 biosynthesis and GnRH analogoespletely block the ovarian steroid
formation. (Figure 13).

GnRH SERM, antiestrogen
Aromatase gnalogues

inhibfor l l ~ ©

.—»—»‘—»‘EF—ro

™ 9
Biosynthesis Receptor level
‘ E2 ER: Estrogen Recepi

B Androstendione @ Gene transcriptic

Figure 13 schematic representation of the existing endedtierapies
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These strategies are already used in therapy bytghow some limitations. Many breast
tumors fail to respond to anti-estrogen therapprogress after a period of time. SERMs are
also known to induce carcinoma in other tissues ékdometrium, where tamoxifene acts as
an estrogen agonist. Aromatase inhibitors blockfoineation of estrogens but do not prevent
the formation of the non-aromatic estrogen 5-andres3-diol from DHEA which also
stimulates the proliferation of cancer cells atbarding to the ER. Aromatase inhibitors are
restricted to postmenopausal women because in pagraasal women they induce a strong
ovarian stimulation by hypothalamic/pituitary feedk. GnRH analogues do not affect adrenal
formation of androgens which are converted intooggins by peripheral aromatase.

152 Endometriosis

Endometriosis is one of the most common cause<lofcppain and infertility in women.

In this condition endometrial tissue grows abnotynaltside the uterus, often in locations
such as the ovaries, fallopian tubes and abdoncianaly. It causes adhesions and scarring,
pain, heavy bleeding and can damage the repro@ucrgans leading to infertility. The
specific causes of endometriosis are still notrcl€ae most widely accepted theory is that the
disorder originates from retrograde menstruatiorermfiometrial tissue through the fallopian
tubes into the peritoneal cavity.®*

Currently available medical therapies are desigiwesluppress the estrogen biosynthesis.
Oral contraceptive, androgenic agents and GnRHognak are used to inhibit the
menstruation, a source of much of the pain assatiaith endometriosis and to restrain the
growth of endometriotic tisstfé.Analgesics are also applied in combination to dlassical
hormonal therapy in order to relieve the pain teigggl by endometriosis. However, the
available therapies focused on the symptoms oflibease but do not provide a cure. Due to
the altergéion of the hormone balance, it leads isseveral side effects such as weight gain
and acne:

1.6 Is 1B-HSD1 a good target for the treatment of EDD ?

As it has been described in chapter 1.5.1, est®fame a crucial role in supporting the
growth of hormone-dependent breast cancer in worAéhough both 1B-HSD1 and 1[3-
HSD2 are present in healthy women, several studigs indicated that the ratio of FzHSD1
to 17B-HSD2 is increased in the tumors of patients wiltEbreast cancéf. This results in
increased levels of E2 which drive the proliferatiof the tumor tissue via activation of the
ERs. Additionally, several studies indicate thafigrdas with tumors showing high BHSD1
expression have significantly shortened diseasednel overall survival’:

Recently, then vivo efficacy of 1 B-HSD1 inhibitors to reduce E1 induced tumour growth
on two different mouse modéts®” ’has been demonstrated suggesting that tBeHED1
inhibition is a suitable concept for the treatmehiestrogen dependent breast cancers which
could be applied in both pre- and postmenopausaiens.

In endometriotic tissues, a change in the exprassiothe steroidogenic enzymes is
responsible for a high concentration of E2, whitimslates proliferation of the tissuésA
recent study, indicate that there is down regufatod 173-HSD2 mRNA expression in
endometriotic lesions, while both aromatase anfl-H®¥D1 activity are up regulated, in
comparison to normal tissu&s.” Thus, therapies aiming the inhibition of BLASD1, the
enzyme which catalyze the last step of the E2 bitb&sis, would give an innovative approach
to the treatment of this disorder.

In conclusion, development of potent, selective emdvo active inhibitors of 13-HSD1
should be attractive for the treatment of estroggmendent diseases and should be useful tools
to get further insight into the intracrine regutatiof estrogen-dependent tissues.
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1.7 State of the art on 1-HSD1 inhibition

During the last decade, the number of paféritsand publications (for reviews $8¢*)
dealing with 1B-HSDL1 inhibitors increased constantly. Most of knewn inhibitors are based
on steroidal structures, while only a few numbédnsam-steroidal scaffolds are described.

An inhibitor of 1B-HSD1 should be selective over dAHSD2 and, most importantly,
should not trigger unwanted estrogenic effects.igstitogenic effects or inhibitory activity
against aromatase or El-sulfatase can be considerad extra benefit. Furthermore, a good
17B-HSD1 inhibitor should exhibit drug-like propertigs order to have sufficient absorption
and permeation in biological systems (Lipinski rafdive).?

Aiming at steroid based BHSD1 inhibitors large libraries based on E1 ancc&2s with
substitution at the C2, C6, C7, C15, C16 positiomere synthesized. Table 3 lists
representative J¥HSD1 inhibitors exhibiting high inhibitory actiyittoward the enzyme.
From the biological results, it becomes appareait tine C15 and C16 positions and especially
the correspondin@-isomers are suitable for introduction of side okajTable 3). In order to
reduce the estrogenic activity of these compousiag|l or flexible hydrophobic groups were
introduced in C2 position. Docking studies showkbdt tthese types of inhibitors establish
interactions with both binding sites of the enzyrtee steroid part being anchored in the
substrate binding cleft while the side chain isablinteract with a part of the cofactor.

Table 3. selection of described highly active steroidg-HSD1 inhibitors

structure ICs50(17B-HSD1)
OH
170 nM
HO o
RSN
N NH,
OH Q 4 /AN

SRV 52 nM
HO

HO

44 nM

27 nM

HO

N
A 92% at UM

HO

O “ 15 nM
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Concerning the non-steroidal cores, less work heenlpublished. As compared with
inhibitors based on steroid structures non-stefamdepounds could have advantages such as
synthetic accessibility, drug-likeness, selectiahd non-estrogenicity.

Phytoestrogens like coumestrd)) @nd gossypol?) derivatives are the first fairly active
(ICso values in the micromolar range) non-steroidgB-HSD1 inhibitors which have been
described* % Their major drawback is that they suffer from ekl@f selectivity, as they are
also inhibitors of numerous other enzyrfie&®

Based on the knowledge they had gained in the idtdrased inhibitor&€® ®%° Sterix
Limited synthesized a library of biphenyl ethanalegivative$® as steroidomimetic of E1. The
most active inhibitor ) shows a moderate inhibition of f-HSD1 (IGy= 1.7 uM) and
exhibits low selectivity over BFHSD2.

More recently, thienopyrimidinon®s ° have been developed as inhibitors op-HSD1
by Solvay Pharmaceuticals. The most potent compaiiritis series4) appears to have an
excellent inhibitory activity (Ige= 5 nM) in the cell free assay but its potencyignhiicantly
reduced (25 % inhibition at gM)°* in the cell assay indicating poor bioavailabilif these
compounds.

In the current year, 1-substituted hydroxyphenyhtaols®°° were found by our group to
be highly selective and potent inhibitors of theyme. In addition to a high activit,(I1Cso=
20 nM), good selectivity over BHSD2 and the ERs, the compound shows excellent
pharmacokinetic properties in the rat (Figure 14).

3 4

Figure 14: described non-steroidal B“HSD1 inhibitors
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2. Outline of this thesis

2.1 Scientific goal

Estrogen target cells — i.e. cells expressing BRd/or3 - express to varying degreeq317
HSD1 and 1B-HSD2. The former one activates E1, the most pestadstrogen in circulation,
upon entering the cell into E2, which stimulates e thcell proliferation.
17B-HSD?2 inactivates intracellular E2 by oxidizingat E1 and thus protects the cell from too
strong stimulation. As I¥HSDL1 is very often strongly overexpressed in dreascer or
endometriosis, this enzyme is discussed to be mipnag target for the treatment of these
diseases.

This therapeutical concept might offer a softerrapph compared to the existing therapies:
fewer side effects can be expected as only thestaptof the E2 biosynthesis will be inhibited.
Recently then vivo efficacy of 1B-HSD1 inhibitors to reduce E1 stimulated tumourvgio
on two different mouse models has been demonsitat&t °highlighting the fact that the
inhibition of 1PB-HSD1 is a suitable concept for the treatment dfogen-dependent
pathologies.

Accordingly, the aim of the present thesis was éwetbp highly potent and selective
inhibitors of 1 B-HSD1 which are applicabi@ vivo in order to provide scientific toofsr the
elucidation of intracellular estrogen regulatiord &ad compounds for a novel strategy to treat
hormone-dependent diseases.

To achieve this goal, novel fHSD1 inhibitors have been designed using a contibima
of a structure and a ligand based approach. Regatlde therapeutical concept it is important
that inhibitors of 1B-HSD1 are selective toward: 1.3-HSD2, which inactivates E2 to E1,
thus acting contra-productive to the type 1 enzyPndghe estrogen receptarsandf to avoid
intrinsic estrogenic effects.

2.2 Working strategy

In the design process, it was decided that stdrstdactures should be avoided to limit the
side effects due to interaction with steroid horeogeceptors. However, the compounds should
be capable of mimicking E1.

Based on the X-ray structure analysis of the enzyatige site (PDB-ID: 1FDT), our group
established a pharmacophore model for non-stermtiditors of 1B-HSD1. It contains two
polar points A and B, which could be hydrogen bdodor or acceptor, mimicking the steroid
O-3 and O-17 positions, respectively. A distancatmiut 11 A, in the same range as observed
for the steroid, should be optimum. Another polaup, C, equidistant to A and B could also
be considered for interaction as two polar amindsa&er222 and Tyr218 were identified in
the X-ray structure. These three points A, B anghGuld be connected to a non polar core.
Upon identification of the most appropriate comaictiure, a substituent R could be introduced
on the hydrophobic scaffold to increase activityg arlectivity.

From the previously established pharmacophore maaldricyclic core structure was
derived. The compounds consist of two hydroxyphemyivo methoxyphenyl moieties, which
could imitate the A-ring (interaction with His22hda Glu282) and the D-ring (Serl42 and
Tyrl55) of the steroid. To keep a planar shapeilaino E1, the two hydroxyphenyl moieties
should be linked via an aromatic ring. Furthermaiiéferent position isomers of the hydroxy
groups at the phenyl ringdra-/meta-, meta-/para- and para-/para-) should be investigated in
order to find out the one which fits best t3IHSD1.
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(Het)
aromatic
cycle

non polar
core structure

A HO
R derived core structure
A: H-bond donor/acceptor mimicking
the 3-O position of the steroid (Het) aromatic cycle:
B: H-bond acceptor mimicking 5-membered and 6-membered
the 17-0O position of the steroid aromatic rings which can contain
C: polar group => H-bond with Tyr218/Ser222 N, O, S, Se, C, NH

R: additional substituent
d: distance about 11 A, like in E1

Figure 15: proposed pharmacophore model and derived caretste

In the first project of the present work (Papedifferent azoles containing nitrogen and/or
oxygen were consideresk central aromatic rings (the nitrogen and/ordkggen might be
able to establish additional interactions with #meino acids Tyr218 and/or Ser222). Position,
number and nature of the heteroatoms in the hetel®m@s well as the location of the OH
groups on the hydroxyphenyl moieties were variedetermine which “molecular geometry”
(combination of heteroatoms and most suitable OH<DHBistitution pattern) is in correlation
with a high 1B-HSD1 inhibitory activity (Figure 16). The resulté these investigations are
presented in chaptéxl.

To obtain further insight into the impact of an d@iddal nitrogen atom, and on the
distribution of the nitrogen atoms in the centialyron inhibitory activity, a small study was
performed with bis(hydroxyphenyl) triazoles (Papechapter3.1l, Figure 16). Furthermore, it
was investigated, whether an additional substitoarthe heterocycle might be able to increase
the potency of the inhibitors.

In the third part of this thesis (Paper Ill, chag®dll ), the significance of the OH groups
was further evaluated on other five-membered heyetes, especially sulfur containing ones.
Moreover it was evaluated, whether aromatic six-tmemed rings were also appropriate to
connect the two hydroxyphenyl moieties (Figure 16).

From the previous subproject, 2,5-disubstitutedghenes, thiazoles and 1,4-disubstituted
benzenes proved to be highly potent inhibitors##-HSD1 (IG in the nanomolar range) and
therefore especially suitable hits for the intraitut of further substituents.

Aiming to increase activity and selectivity of tluksss of compounds, a series of molecules
bearing various substituents either on the cerdramatic ring or on the hydroxyphenyl
moieties have been synthesized and their biologoaperties evaluated (Paper IV, chapter
3.1V, Figure 16).
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Figure 16: structure overview of the molecules describethis thesis
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3. Results

3. Design, Synthesis and Biological Evaluation of
Bis(hydroxyphenyl) azoles as Potent and Selective oN-
Steroidal Inhibitors of 17B-Hydroxysteroid Dehydrogenase
Type 1 (1B-HSD1) for the Treatment of Estrogen-Dependent
Diseases
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Ruth Werth, Alexander Oster, Oztekin Algul, AlexandNeugebauer and Rolf W.
Hartmann
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Paper |

abstract: The 1PB-hydroxysteroid dehydrogenase type 1F4SD1) catalyses the reduction
of the weakly active estrone (El) into the mostepbtestrogen, I¥estradiol (E2). E2
stimulates the growth of hormone-dependent diseaseactivation of the estrogen receptors
(ERs). 1B-HSDL1 is often over-expressed in breast cances.CEHus, it is an attractive target
for the treatment of mammary tumors. The combimatiba ligand- and a structure-based drug
design approach led to the identification of bislftoxyphenyl) azoles as potential inhibitors of
173-HSD1. Different azoles and hydroxy substitutionttgras were investigated. The
compounds were evaluated for activity and seldgtiwith regard to 13-HSD2, ERx and
ERB. The most potent compound is 3-[5-(4-hydroxyphgdyB-oxazol-2-ylJphenol {8, 1Cs=
0.31 uM), showing very good selectivity, high cell perrbgdy and medium CaCo-2
permeability.

Introduction

The naturally occurring steroidal hormones, estrqid) and 1p-estradiol (E2) are
responsible for the development and differentiatocdnestrogen-sensitive tissues. It is well
known, however, that E2, the most active estrogésyg plays a pivotal role in the growth of
estrogen-dependent breast caheed is involved in the pathophysiology of endoinsts?

Until now three endocrine therapies have been Estall for the treatment of breast cantér.
SERMs (Selective Estrogen Receptor Modulators) pmck antiestrogenslike fulvestrant
block the estrogen action at the receptor levelendniomatase inhibitors and GnRH-analogues
restrain the formation of estrogens. This stromyction of systemic estrogen action is a rather
radical approach. A softer therapy could be thébitibn of the enzyme catalysing the last step
of the E2 biosynthesis: B/hydroxysteroid dehydrogenase type 13HSD1).
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17B3-HSD1 is a member of the f+hydroxysteroid dehydrogenase family which is resole

for the intracellular regulation of steroidal semrimones activitie§” Until now, fourteen
members of this enzyme class are kndwm humans, eleven of them regulate the
concentration of active androgens and estrogeadigsue-specific mannér.

173-HSD1 (EC1.1.1.62) is a cytosolic enzyme, whichweots the weakly active estrone (E1)
into the highly potent E2 using NAD(P)H as cofacfGhart 1). The enzyme is expressed in
different organs like ovaries, placenta, breasipemetriun’ and often overexpressed in many
breast cancer tissu&s** Inhibition of 1B-HSD1 should be a good strategy to selectively
reduce the E2 level in diseased tissues and nhginéfore be a netinerapeutic approach with
probably less side effects for the treatment abgsein dependent diseases.

As a biological counterpart the membrane-bounfi-iyfiroxysteroid dehydrogenase type 2
(17B-HSD2) catalyses the NABdependent oxidation of E2 to E1 (Chart 1). Thigyene
should not be affected by potential inhibitors @8-HSD1, as it might protect the cell from
excessivelyhigh concentrations of active estrogérNor should 1B-HSD1 inhibitors show
affinity to the estrogen receptansand (ERa and ERB) to avoid intrinsic estrogenic effects.

Chart 1: interconversion of estrone (E1) toféstradiol (E2)

o OH
17B-HSD1, NAD(P)H

e’

.
17B-HSD2, NAD - |

HO HO

El E2

Over the last decade, several groups have reporietl3-HSD1 inhibitors, most of them
showing steroidal structur€s*®*° Until now, only three classes of non-steroidal pommds
have been describé®*

In the following we will report on the design, slgasis and biological evaluation of potent and
selective non-steroidal inhibitors of zHSD1 that are appropriate for drug development.

Design of the inhibitors

Characterisation of the binding site

Sixteen crystal structur&s™ with different steroidal ligands are available frdfre Protein
Data Bank** The three dimensional architecture of the enzymas Wmvestigated using the
ternary complex of 13-HSD1 with E2 and NADP (PDB-ID: 1FDT)* A substrate binding
site, a cofactor binding pocket and an entry chbnae be defined. The former is a narrow
hydrophobic tunnel showing a high degree of completarity to the steroid. Two polar
regions can be identified at each extremity of shbstrate binding site corresponding to the
binding positions of the 3- and 17-hydroxy groupe@f Both of them establish four hydrogen
bonds with His221/Glu282 and Ser142/Tyrl55, respelgt This area also contains a mainly
apolar region, corresponding to the B/C ring ofsteroid (Leul49, Val225, Phe226, Phe259).
Interestingly, two polar amino acids (Tyr218, S&pdre located in the same domain (Figure
1).
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Figure 1. schematic presentation of the active site @3-HED1 containing E2 (PDB-code:
1FDT). Orange labels denote polar amino acids ahiiewabels stand for lipophilic amino
acids. Hydrogen bonds are marked in red and cafacfmurple.

The catalytic centre of the enzyme is formed bgteatl of amino acids (Asn114, Ser142,
Tyrl55 and Lys159) which stabilises the steroid #rel nicotinamide moiety during hydride
transfer. The active site is limited by a flexilbb®p (amino acids 188-201) which is not well
resolved in all of the X-ray structures.

Design of steroidomimetics

In the design process, the substrate binding sde defined as a binding region for the
potential inhibitors as a lack of selectivity ispexted for the compounds targeting only the
cofactor binding pocket: this area consists of R@s® fold motifs which are highly conserved
in the majority of dehydrogenases. We focused amgteroidal structures as it is known that
steroidal compounds often show side effects whigh caused by agonistic or antagonistic
effects at steroid receptors. As the compounds havemimic the steroidal substrate, they
should contain two hydroxyphenyl (or two methoxypyig moieties to imitate the A-ring
(interaction with His221/Glu282) and the D-ring téraction with Serl142/Tyrl55) of the
steroid. Additionally, the O-O distance should beéhe same range as observed for the steroid
(d= 11 A). Different substitution patterns concernthg position of the phenolic OH groups
were therefore investigated to find out the onechHits best into the active site (Chart 2). To
mimic the flat shape of the substrate, the two switsd benzenes should be linked by an
additional aromatic ring. The five-membered hetgctes imidazole, triazole, pyrazole,
isoxazole and oxazole seemed toespecially suitablas their heteroatoms might be able to
establish additional interactions with the amin@adyr218 and/or Ser222, which are located
close to the C6 position of the steroidal B-ringsi#on, number and nature of the heteroatoms
in the five-membered ring were varied in order dentify the most appropriate heterocycle.
1,2- and 1,3-bis(hydroxyphenyl) and tris(hydroxypyle azoles have been described by Fink
et al*® as novel ER ligands. The fact that the compourdsibg two hydroxyphenyl moieties
did not show any binding affinity to the E®ds supportive of our design concept. In the
following we describe the synthesis of compouddto 19 (Chart 2)and their biological
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evaluation using human HSD1, 1PB-HSD2, ERx and ERB as well as T-47D and CaCo2-
cell lines.

Chart 2: title compounds

X\
Y=N X=Z
/
oo P
— y = /
Rl Rl
1-8 9-1

-19

compound X Y Z R; R,
1 SH C 4-OH 3-OH
2 SH C 4-OH 4-OH
3 SH C 3-OH 4-OH
4 H C 4-OH 3-OH
5 H C 4-OH 4-OH
6 H C 3-OH 4-OH
7 N 4-OH 3-OH
8 N 3-OH 4-OH
9 N NH CH 4-OH 3-OH
10 N NH CH 4-OH 4-OH
11 N NH CH 3-OH 4-OH
12 NH CH N 4-OH 3-OH
13 NH CH N 4-OH 4-OH
14 O CH N 4-OH 3-OH
15 O CH N 4-OH 4-OH
16 O CH N 3-OH 4-OH
17 N O CH 4-OH 4-OH
18 N O CH 3-OH 4-OH
19 O N CH 3-OH 4-OH

Chemistry

The synthesis of the title compounds is depicte@chemes 1 to 4. 1,4-Bis(hydroxyphenyl)
imidazoles were synthesised according to the rprgsented in Scheme 1. Intermedidte®

3i were prepared by nucleophilic substitution follawéy cyclisation with potassium
thiocyanate as described by Prakash &t @he sulfur removal4j to 6i) was performed under
strong acidic conditions according to Dodson ands¥bCompounddli to 6i were submitted
to ether cleavage with boron trifluoride dimethylfisle compleX® as reagent.
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Scheme 1synthesis of compoundsto 6

R

NH, o, ab 7\‘49 \:/Rz . R%N —\_oH
ST at y I
Wi 1o Y
HO
¢ E RR :SHH4lilt;063;I E = 31101(:53
compound Ry R>

Li 4-OMe 3-OMe

2i 4-OMe 4-OMe

3i 3-OMe 4-OMe

4 4-OMe 3-OMe

5i 4-OMe 4-OMe

6i 3-OMe 4-OMe

®Reagents and conditionsa.: NEt, DMF, rt, 7 h; b.: KSCN, cat. HCI, MeOH, reflux8 h; c.: HNQ, NaNG,,
glacial acetic acid, 0° C, 20 min; d.: BEMe, CH,ClI,, rt, 20 h.

Synthesis of the 1,2,3-triazol@sand 8 was performed according to the synthetic pathway
shown in Scheme 2. Aromatic nucleophilic subswutof iodophenol derivatives by sodium
azide led to intermediaté$ and8ii. The resulting azides were converted to compounaisd

8i in the presence of the corresponding phenyl asetylderivative using the method of
Sharplesé? The methoxy group o8i was cleaved with boron trifluoride dimethyl su#id
complex.

Scheme 2synthesis of compoundsand8&®

y + N
HO Y 2
7i: 4-OHID
8ii: 3-OH

| A ,I\l:N =\_R,
‘A/ a /3N 7 AR, m'\' 7N\
¢ —==f :

HO
7: 4-OH, Ry= 3-OHII

’: 8i:3-OH, R2= 4-OMe
Cc
8: 3-OH, R,= 4-OH

®Reagents and conditions:a.: NaN, Cul, L-Proline, NaOH, DMSO, 60 °C, 10 h; b.: Nsecarbate, CuSg{)
H,Of-BuOH (1:1) , 60 °C, 24 h; c.: BlSMe, CH,Cl,, rt, 20 h.

OH

The synthesis of the 2,5-bis(hydroxyphenyl) imidagaand 2,5-bis(hydroxyphenyl) oxazoles
is presented in Scheme 3. The commercially avalabiine derivatives weld-acylated with
two different acid chlorides to build the key intexdiateii to 11ii. The latter were cyclised
to the 2,4-disubstituted imidazoleSi (o 11i) according to Suzuki et al.and to the 2,5-
disubstituted oxazoled {i and18i) following Nicolaou et af* Ether cleavage was successful
with boron trifluoride dimethyl sulfide complefor the imidazole compoundd to 11,
pyridinium hydrochloride fofl7 and boron tribromide fat8.
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Scheme 3synthesis of compound@sto 11, 17 and18®

R £ 0
1 P NH, + cl | \_
o) o R
Ja 1 N /N \ R
DS
Rll:\ i /b(Rl/ . A . \ '/\l \
= N N 9ito 11i d i N =\_ oH
| T Re X \
e} H Pz HO// VY
C N e
9ii to 11ii \ O/( \ = R/ X=NH9to1l
S o \ y X=017 and 18
Ry
17i and 18i
compound Ry R, compound R R2
9ii 4-OMe  3-OMe 9i 4-OMe  3-OMe
10ii 4-OMe  4-OMe 10i 4-OMe 4-OMe
11ii 3-OMe  4-OMe 11i 3-OMe 4-OMe
17i 4-OMe 4-OMe
18i 3-OMe 4-OMe

®Reagents and conditionsa.: NEt, rt, 30 min.; b.: NJOAc, AcOH, reflux, 2 h; c.: POg|pyridine, reflux, 8 h;
d.: BR-SMe, CH,Cl,, rt, 20 h; e.: forl7i: Pyridinium hydrochloride, 220 °C, 18h, faBi: BBr;, CH,Cl,, -78 °C
to rt, 20 h.

The pyrazolesl2 and 13, the isoxazoled4 and 16 were synthesised according to the route
shown in Scheme 4. Key intermediat&&ii, 13ii and 16ii were prepared via Claisen
condensation of the commercially available methated acetophenone derivatives with the
appropriate benzaldehydes under strongly basic itonsl The cyclisation step for the
pyrazoled® 12i and 13i was carried out with hydrazine monohydrate (Meth®d For
compoundsl4i to 16i, thea,B-unsaturated ketondgii, 13ii and16ii were first activated with
bromine and cyclised to isoxazole with hydroxylaenihydrochloride (Method B). Ether
cleavage was performed with boron tribromide tadyle? to 16.

Scheme 4synthesis of compound< to 16

H AN
-—R
R—'@AO*Y@ 2
1™
Z O

i X=N X—N
X N b NS = c \ .
Rl_: | —R, // \ — Ry WOH
= S o
R1 4 A /

12ii and 13ii X'=NH 12i and 13i HO - NH12and13
16ii X =0 14ito 16i X=0141016
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compound R R> method
12i 4-OMe 3-OMe A
13i 4-OMe 4-OMe A
14i 4-OMe 3-OMe B
15i 4-OMe 4-OMe B
16i 3-OMe 4-OMe B

®Reagents and conditionsa.: EtOH, Na, rt, 30 min; b.: Method A: hydrazimenohydrate, AcOH, EtOH, reflux,
24 h; Method B: bromine, diethylether, 0 °C, 1 {difoxylamine hydrochloride, abs. EtOH, reflux 24chBBr;,
CH,Cl,, -78 °C to rt, 20 h.

Compoundl19 was prepared in a one pot synthesis following ghecedure of Lee et af.
Briefly, 4-methoxyacetophenone, [hydroxy(2,4-dioiienzensulfonyloxy)iodo]benzene and 3-
methoxybenzamide were heated under reflux in adeterfor 10 h to yield the intermediate
19i. The ether groups di were cleaved with boron tribromide.

Biological results

Inhibition of human 17p-HSD1

Placental enzyme was isolated following a descripededure? Tritiated E1 was incubated
with 173-HSD1, cofactor and inhibitor. The amount of formed was quantified by HPLC.
All methoxy compounds ang@ara-para di-hydroxylated derivatives are inactive (data not
shown). In contrast, some of the unsymmetricallgssituted compounds were active (Table
1). Interestingly thepara-meta di-substituted isoxazolé4 is inactive while itsmeta-para
analoguel6 (ICs= 1.61uM) shows inhibitory activity. This exemplifies tlmportance of the
positions of the OH groups. The triazdlgisoxazolel6 and 2,4-disubstituted oxazal® are
only weak inhibitors of 13-HSD1 while derivatives8 and 18 show 1Go values in the
nanomolar range. The 2,5-disubstituted oxad@evas the most potent compound identified
with an 1Gvalue of 0.31uM.

Table 1 inhibition of human 13-HSD1 and 1-HSD2 by selected inhibitors

IC 50 (UM)° selectivity
178-HSD1® 17B-HSDZ  factor®

7 . QN%@ 1.32 8.12 6
L
8 e 0.84 7.28 9
O
16 IS ad! 1.61 0.27 0.1
HO =

compound structure

N OH
18 D ad! 0.31 17.5 56
HO™ ™y =
9 OH
19 w7 1.85 0.25 0.1
HO™ ™y =

®Mean value of three determinations, standard dewidess than 10 %’Human placenta, cytosolic fraction,
substrate E1, 500 nM, cofactor NADH, 5QM; “Human placenta, microsomal fraction, substrate 389, nM,
cofactor NAD', 1500uM; 9Cso HSD2/IG, HSD1.
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It is striking that only compounds containing adnetycle which can function as a hydrogen
bond acceptor (nitrogen and/or oxygen) are acfifee position of the heteroatoms in the
heterocyclic skeleton is also a decisive critefioninhibitory activity. The 2,5-disubstituted
oxazole {8, ICs;= 0.31 uM) showed a stronger inhibition of the enzyme as 2t{4-
disubstituted oxazolel®, ICso= 1.85uM) and 3,5-disubstituted isoxazolkg( ICso= 1.61uM)
analogues.

Selectivity

Since 1PB-HSD2 catalyses the inactivation of E2 to E1, iitolty activity toward this enzyme
must be avoided. The BHSD2 inhibition was determined using an assaylamio the 1B-
HSD1 test. Placental microsomes were incubated titihted E2 in the presence of NAD
and inhibitor. Quantification of labelled produé&l) was performed by HPLC and following
radio detection. 16 values and selectivity factors g€CHSD2/ 1G, HSD1) are presented in
Table 1.

Compoundl8is only a weak inhibitor of the type 2 enzymes#17.5uM) with a selectivity
factor of 56, while the isoxazol&6 (ICs;= 0.27 uM) and the oxazold9 (ICs,= 0.25 uM)
isomers show stronger inhibition for the type 2susrtype 1 enzyme (selectivity factors: 0.1).
Furthermore, as BFHSDL1 inhibitors should have no or low affinity ERa and ERB, binding
affinity was measured for selected compounds. Usiagombinant human protein, a
competition assay applying tritium labelled E2 (RBAOO %) and hydroxyapatite was
performed. The triazoles and8, isoxazolel6 and oxazold9 show very low binding affinity
to both ERs, whereas for the most interesting camgpthe 2,5-disubstituted oxazdl8, a
very low affinity to ERx (0.01< RBA(%)< 0.1) and a marginally higher (RBA5 %, Table
2) affinity to ERB is observed.

Table 2 binding affinities for the estrogen receptarandf by selected compounds

RBA? (%)
compound structure ERG ERB
N=N OH
7 N N%@ <0.01 <0.01
AT
N=N OH
FNANN .01< <0. 01< <.
8 oA ©/ 0.01<RBA<O0.1 0.01<RBA< 0.1

(6}
16 [y 0.01<RBA<OL <0.01
HO T
A ’\\‘ OH
18 @/Q*@ 0.01< RBA< 0.1 0.5
HO

0 OH
19 @f@ 777 0.01<RBA<0.1  0.01< RBA<O0.1
HO

*RBA: relative binding affinity, E2: 100 %, mean uelof three determinations, standard deviationttess 10 %.

Further biological evaluation of compound 18 usingr-47D and CaCo-2 cell lines.

The most promising inhibitor of this series, compdd8 was evaluated for estrogenic effects
on the ER-positive, mammary tumor T-47D cell lika agonistic, i.e. stimulatory effect was
observed after application of compoul®leven at a concentration 1000 fold higher compared
to E2.
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Compoundl8 was additionally evaluated using the same cedl Which expresses both (37
HSD1 and 1[-HSD2. The oxazolel8 inhibits the formation of E2 after incubation with
labelled E1 exhibiting an Kg value of 0.38uM. As this value is very similar to the one
observed in the cell free assay (0184, see Table 1) it can be concluded that the comgas!
capable of unfolding its activity in intact cells.

Further investigations were performed using CaGells. These cells exhibit morphological
and physiological properties of the human sma#stiné” and are generally accepted to be an
appropriate model for the prediction of peroral apion. Depending on the,f data
obtained, compounds are usually classified as Ry (10° cm/sec) < 1), medium (1 <P <
10) or highly permeable {f, > 10). Compound8, showing a By, value of 7.9-18 cm/sec, is
a medium cell permeator like for example acetyicght acid.

Molecular Modeling

In order to get a better insight into the moleculasteractions between the most potent
steroidomimeticl8 and 1PB-HSD1, the compound was docked into the active sitehe
protein (PDB: 1FDT, E2 removed) using the dockiafivgare Gold 3.0 (rigid protein, flexible
ligand).

Two different binding modes can be expected becafs¢he pseudo-symmetry of our
steroidomimetic: each hydroxyphenyl group could mirthe A-ring of the steroid. The
energetically most favourable pose is depictedguie 2 Thepara hydroxyphenyl substituent
and the heterocycle are in the same plane whilendie hydroxyphenyl moiety is rotated 32°
out of this plane. This conformation allows the ibitor to establish hydrogen bond
interactions with His221/Glu282pdra hydroxyphenyl moiety) and Serl42/Tyr158&efa
hydroxyphenyl substituent). Interestingly, th@xhieOry218 distance is 2.8A making an
additional hydrogen bond interaction very likelyn @he other hand an interaction with the
Oser222Cannot be observed as in the rigid protein strectbe CHOH moiety is turned away
from the heterocycle. However, it cannot be exautiat there is a conformational change in
that functional group after binding of this liganddditionally, it is likely that hydrophobic
interactions (Van der Waals amgtstacking) are also involved in the binding1& into the
active site.

Figure 2. 173-HSD1 binding pocket (green amino acids) with dackempoundL8 (yellow).
Hydrogen bonding interactions are marked by vititets. All distances are expressed in A.
For clarity, only selected amino acids are represkn

Glu282 Sarllz
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Discussion and Conclusion

Looking at the SARs of the synthesised compourtdsggomes apparent that the positions of
the OH groups at the hydroxyphenyl moieties areiatdor the activities of the corresponding
derivatives: allpara-para substituted compounds are inactive, while sevefréhe meta-para
/para-meta isomers are active. This suggests thgd-HBED1 is not as flexible to adjust its
geometry to the two OH groups as it is reportedtierERS® and is in agreement with the non-
flexibility already observed for P#HSD1 inhibitors in the class of 6-
(hydroxyphenyl)naphthalené$The fact that not alineta-para /para-meta bis-hydroxyphenyl
derivatives (with O-O distances comparable to E2)axtive, indicates that the nature of the
heterocycle is also playing an important role fa inhibitory potencies of the compounds.
Obviously hydrogen bond donors are unfavourable ddtivity (e.g. imidazole® to 11,
pyrazolesl2 and13) while several compounds with only hydrogen boockptor groups show
reasonable activities (e.qg. triazoleand8, isoxazolel6, oxazolesl8 and19).

It is interesting to have a closer look at the iva&cisoxazolel4 (para-meta) and its highly
active isomer, the oxazolE8 (para-meta). Provided that both compounds interact with the
active site in the same manner, e.g.ga-hydroxyphenyl moiety establishes hydrogen bond
contacts with His221/Glu282, the structure of thieibitors only differ by the position of the
oxygen on the heterocycle. It has been desctbibt only the nitrogen of isoxazole and
oxazole (and not the oxygen) is able to establslidgen bond interaction. The position of the
oxygen on the azole structure seems to be deteminfoa the ability of the compound for
forming hydrogen bonds involving the nitrogen: ase of the isoxazole, the electronic density
on the nitrogen is reduced compared to the oxazdlds is obviously due to the
electronegative effect of the oxygen. It can themrebe assumed that only in case of compound
18 hydrogen bond interactions with Tyr218 and Serf2gure 2) are possible making the
latter compound a potent inhibitor. These explamtiare supported by the fact that the
oxazolel9 shows a weak inhibitory activity.

The insertion of a third nitrogen (triazolésand8) in the heterocycle increases the inhibitory
potency of the correspondingly substituted imidaegdl, 6 and imidazoles-2-thiol, 3 which
are inactive. Obviously, this nitrogen plays thensarole for the interaction with the amino
acid residues in the binding site as observeddorpopundl8.

The most interesting compound of the present s&idl§ showing a high 13-HSD1 inhibition
and a good selectivity toward f-HSD2. In addition, compounti8 exhibits very low affinity

to ERx and ERB. It is striking that the high binding affinity cfimilar ER ligands like the
tris(hydroxyphenyl) pyrazoles described by Katzemsogen's groufs' *®°°depends on the
presence of three hydroxyphenyl moieties. No patamo acids in the B/C ring region of E2
can be identified in the X-ray structures of thestd® groups to establish interactions with the
heterocycle. Obviously, the pyrazole is playingasgive role in this class of ER ligands. In
case of our bis(hydroxyphenyl) substituted azdhkescombination of at least two parameters is
implicated in the 13-HSD1 inhibitory potency: an optimal OH substitutipattern and an
appropriate heterocycle.

Activation of the ERs would be detrimental for tineatment of estrogen-dependent diseases.
Therefore agonism must be avoided. Antagonistiwiictvould be less critical. The diseased
cells certainly could benefit from compounds withatlactivity. However, antiestrogens would
also exert systemic effects in other healthy stlergenic tissues leading to unwanted effects.
Consequently, we focussed on the discovery of camg® without affinity to the ERs.

The fact that the 2,5-disubstituted oxazb8anhibits the cellular formation of E2 with andg
value in the nanomolar range, shows that this camg@ds able to enter the cell and to be
active at the target enzyme. The fact that thebitdn shows a good permeation is supported by
the CaCo-2 data. These results are indicativesoffecient intestinal absorption.
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Compoundl8 might therefore be a good lead compound for theslkdgvnent of a clinically
applicable therapeutic for the treatment of estnedependent diseases.

Experimental section
Chemical Methods

Chemical names follow IUPAC nomenclature. Startimgferials were purchased from Aldrich, Acros,
Lancaster, Roth, Merck or Fluka and were used witlparification.

Column chromatography (CC) was performed on siliela(70-200um) coated with silica, preparative
thin layer chromatography (TLC) on 1 mm SIL G-100/4} glass plates (Macherey-Nagel) and
reaction progress was monitored by TLC on Alugrdm® UV ,s,(Macherey-Nagel).

Melting points were measured on a Mettler FP1 mglgoint apparatus and are uncorrected. IR spectra
were recorded on a Bruker Vector 33 spectrometat(sample).

'H-NMR and™C-NMR spectra were measured on a Bruker AM500 speetter (500 MHz) at 300 K.
Chemical shifts are reported &n(parts per million: ppm), by reference to the logbnated residues of
deuteriated solvent as internal standard (GDEE 7.24 ppm H-NMR) andd = 77 ppm C-NMR),
CD50D: 6 = 3.35 ppm {H-NMR) andd = 49.3 ppm fC-NMR), CD;COCD;: & = 2.05 ppm H-NMR)
andd = 29.9 ppm fC-NMR), CD;SOCD; 5 = 2.50 ppm H-NMR) andd = 39.5 ppm fC-NMR).
Signals are described as s, d, t, dd, m, dt, gifaglet, doublet, triplet, doublet of doublets, tiplét,
doublet of triplets and quadruplet respectively.adlupling constants]] are given in hertz (Hz).

Mass spectra (ESI and APCI) were recorded on a T®@ntum (Thermo Finnigan) instrument.
Elemental analyses were performed at the Departoérhstrumental Analysis and Bioanalysis,
Saarland University.

The following compounds were prepared accordingreviously described procedures: 1,4-bis-(4-
methoxyphenyl)-H-imidazol-2-thiol @i),*” 4-(3-methoxyphenyl)-1-(4-methoxyphenyliimidazole
(4i),°" 1,4-bis-(4-methoxyphenyl)H-imidazole (5i),%” 4-azidophenol 7i),* 3-[1-(4-hydroxyphenyl)-
1H-1,2,3-triazol-4-ylJphenol 7),** 3-azidophenol §ii),® 3-[4-(4-hydroxyphenyl)-H-1,2,3-triazol-1-
yllphenol @),%* 3-methoxyN-[2-(4-methoxyphenyl)-2-oxo-ethyl]-benzamid8ii),** 4-methoxyN-[2-
(4-methoxyphenyl)-2-oxo-ethyllbenzamidd0{i),%> 2,5-bis-(4-methoxyphenyl)H-imidazole (10i),%
3-methoxyN-[2-(4-methoxyphenyl)-2-oxo-ethyl]-benzamidé 1ii),*” (2E)-1-(3-methoxyphenyl)-3-(4-
methoxyphenyl)prop-2-en-1-ond ii),*® (2E)-1,3-bis(4-methoxyphenyl)prop-2-en-1-onk3i),* 3,5-
bis-(4-methoxyphenyl)H-pyrazole (13i),° 4,4'-(IH-pyrazol-3,5-diyl)diphenol  ¥3),**  3-(3-
methoxyphenyl)-5-(4-methoxyphenyl)isoxazolel 4{,”° 3-[5-(4-hydroxyphenyl)isoxazol-3-yl]phenol
(14),"* 3,5-bis-(4-methoxyphenyl)isoxazol@5i),”* 4,4'-(isoxazol-3,5-diyl)diphenol15),”" (2E)-3-(3-
methoxyphenyl)-1-(4-methoxyphenyl)prop-2-en-1-onel6iij,”>  3-[3-(4-hydroxyphenyl)isoxazol-5-
yllphenol (16),” 2,5-bis-(4-methoxyphenyl)-oxazo{&7i).%*

General synthesis procedure for compounds 1li to 3iA mixture of methoxyaniline (1 eq),
methoxyphenacyl bromide (1 eq) and triethylamined} were stirred at rt in 2 mL DMF for 7 h. The
crude material was poured into ice water. The tiegulprecipitate was filtered, dried overnight in a
desiccator. To a stirred solution of the precigitéit eq) in 20 mL methanol, potassium thiocyanate (
eq) and 6QuL concentrated chlorhydric acid were added. Theltieg mixture was refluxed for 18 h.
After cooling to rt, the precipitate was filtereff,aried overnight in a desiccator. The crude picid
was purified by CC.

4-(3-Methoxyphenyl)-1-(4-methoxyphenyl)-H-imidazol-2-thiol (1i). The title compound was
prepared by reaction @éara-methoxyaniline (751 mg, 6.11 mmol), 3-methoxyphsthédromide (1.38

g, 6.11 mmol), triethylamine (0.89 mL, 6.11 mmofdapotassium thiocyanate (593 mg, 6.11 mmol)
according to the procedure reported above. Theuygstodas purified by CC (hexane/ethyl acetate 9:1);
yield: 28 % (500 mg); yellow powder; mp: 248 €&t NMR (CDCk): 7.36 (d,J = 9.40 Hz, 2H), 7.30-
7.26 (m, 2H), 7.10 (d) = 7.80 Hz, 2H), 6.84 (m, 1H), 6.81 (d= 8.80 Hz, 2H), 3.82 (s, 3H, OMe),
3.72 (s, 3H, OMe)**C NMR (CDC}): 175.45, 160.05, 159.65, 129.70, 127.55, 117148,15 (2C),
113.95, 110.00, 55.45, 55.40. IR: 1626, 1514, 12037, 824 cr; MS (APCI): 313 (M+H}.
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1-(3-Methoxyphenyl)-4-(4-methoxyphenyl)-H-imidazol-2-thiol (3i). The title compound was
prepared by reaction afeta-methoxyaniline (356 mg, 2.90 mmol), 4-methoxypleythdromide (658
mg, 2.90 mmol) and triethylamine (0.37 mL, 2.90 njmpotassium thiocyanate (282 mg, 2.90 mmol)
according to the procedure reported above. Theuygstodas purified by CC (hexane/ethyl acetate 9:1);
yield: 16 % (140 mg); white powder; mp: 250 *6; NMR (CDCL): 7.51 (d,J = 8.50 Hz, 2H), 7.38 (t,
J=7.80 Hz, 1H), 7.27 (s, 1H), 7.18 @z 7.80 Hz, 1H), 7.02 (m, 1H), 6.97 (dil= 2.50 Hz and =
8.50 Hz, 1H), 6.89 (dJ = 8.50 Hz, 2H), 3.84 (s, 3H, OMe), 3.79 (s, 3H, QMé&C NMR (CDC}):
188.00, 160.00, 129.95, 126.50, 118.00, 114.65,(2C).80, 55.60, 55.35; IR: 3055, 1601, 1455, 1181,
825 cm'; MS (ESI): 313 (M+H).

4-(4-Methoxyphenyl)-1-(3-methoxyphenyl)-H-imidazole (6i). The title compound was prepared by
reaction of sodium nitrite (11 mg, 0.16 mmol, 1,egjric acid (152uL, 87 umol, 0.5 eq) and 1-(3-
methoxyphenyl)-4-(4-methoxyphenylHlimidazol-2-thiol @Gi) (150 mg, 0.48 mmol, 3 eq) mixed in
glacial acetic acid (15 mL) at 0 °C and stirred 26rmin. The reaction was quenched with ammonium
hydroxide (20 mL) and the resulting precipitate vitdsred, dried overnight in a desiccator. Thedsu
product was purified by CC (ethyl acetate/meth&@®P); yield: 48 % (22 mg); yellow powder; mp:
246 °C;'"H NMR (CDCk): 8.90 (s, 1H) 7.60 (s, 1H), 7.53 (s, 1H), 7.48 @8H), 7.32 (tJ = 7.80 Hz,
1H), 7.02 (dJ = 8.50 Hz, 2H), 6.99 (dd,= 1.80 Hz and = 8.20 Hz, 1H), 3.95 (s, 3H, OMe), 3.85 (s,
3H, OMe);*C NMR (CDC}): 161.15, 160.55, 136.15, 133.10, 130.20, 1271.28,85, 117.90, 117.15,
115.85, 110.50, 56.25, 55.60; IR: 3200, 2966, 15265, 855 ci; MS (ESI): 281 (M+H).

3-[4-(4-Methoxyphenyl)-1H-1,2,3-triazol-1-yl]phenol (8i).3-Azidophenol 8ii) (500 mg, 3.70 mmol,

1 eq), 1-ethynyl-4-methoxybenzene (489 mg, 3.70 lmth@q) were stirred in a mixture of water/
butanol (1:1, 20 mL) for 2 min. Copper(ll)sulfate.Z4 mg, 0.04 mmol, 0.01 eq) was suspended in a
freshly prepared solution of sodium ascorbate (87 mg, 0.37 mmol, 0.1 eq) and added dropwise to
the latter mixture. The reaction mixture was stire¢ 60 °C for 24 h. After cooling to rt, the mixtu
was washed with water and the aqueous layer wasltbdthyl acetate. The combined organic layers
were dried over sodium sulfate and solvent was veshainder reduced pressure. The crude product
was purified by CC (ethyl acetate/methanol 9:1ldi 37 % (350 mg); yellow powdetH NMR
(CD3sCOCD;): 8.80 (s, 1H) 7.91 (dl = 8.80 Hz, 2H), 7.46 (s, 1H), 7.41 = 7.90 Hz, 2H), 7.04 (d

= 8.80 Hz, 2H), 6.96 (m, 1H), 3.85 (s, 3H, OMEC NMR (CD;COCD;): 170.90, 159.45, 131.60,
127.8211(2C), 118.50, 116.30, 115.10 (2C), 111.88.110, 55.65; IR: 3148, 2928, 1614, 1499, 1257,
833 cn.

General synthesis procedure for compounds 9i to 11Benzamide®ii to 11ii (1 eq) were refluxed in
acetic acid (10 mL) with ammonium acetate (8 eq)Zdn. Solvent was evaporated under reduced
pressure and the crude product was suspended irtarenof ethanol/water/dichloromethane (1:1:1).
The dichloromethane layer was separated, washédowite, dried over magnesium sulfate, evaporated
under reduced pressure and purified by CC.

2-(4-Methoxyphenyl)-5-(3-methoxyphenyl)-H-imidazole (9i). The title compound was prepared by
reaction of 3-methox¥-[2-(4-methoxyphenyl)-2-oxo-ethyl]-benzamidgif (917 mg, 3.20 mmol) and
ammonium acetate (1.90 g, 25.6 mmol) accordindhéoprocedure reported above. The product was
purified by CC (hexanelethyl acetate 5:5); yielf:%8 (224 mg): white powder; mp: 198 °t§f NMR
(CD3SOCDy): 8.07 (d,J = 2.50 Hz, 1H), 7.98 (d] = 8.50 Hz, 2H), 7.78 (d] = 8.50 Hz, 1H), 7.57 (s,
1H), 7.37 (s, 1H), 7.12-7.08 (m, 2H), 6.75 (s, 1BIB3 (s, 3H, OMe), 3.82 (s, 3H, OMéJC NMR
(CD3sSOCD;): 162.10, 160.85, 151.40, 137.50, 128.65 (2C),.227125.40, 123.35, 120.75, 115.75
(2C), 113.70, 56.80, 56.50; IR: 3070, 2950, 152821 742 crif; MS (ESI): 281 (M+Hj.

2-(3-Methoxyphenyl)-5-(4-methoxyphenyl)-H-imidazole (11i). The title compound was prepared by
reaction of 3-methoxN-[2-(4-methoxyphenyl)-2-oxo-ethyl]-benzamid&l{i) (917 mg, 3.20 mmol)
and ammonium acetate (1.90 g, 25.6 mmol) accorttindpe procedure reported above. The product
was purified by CC (hexane/ethyl acetate 5:5);dyi6|% (54 mg); white powder; mp: 202 &t NMR
(CDCly): 8.04 (s, 1H), 7.85 (dl = 8.20 Hz, 2H), 7.28-7.24 (m, 3H), 6.88 {ds 8.20 Hz, 2H), 6.78 (dq,
J=1.50 HzandJ = 7.60 Hz, 1H), 3.79 (s, 3H, OMe), 3.77 (s, 3H, §M*C NMR (CDCL): 164.00,
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132.35 (2C), 130.15, 120.60, 119.85, 113.75, 115650, 55.50; IR: 3077, 2965, 1678, 1468, 1240,
1031, 742 crit; MS (ESI): 281 (M+HY.

5-(4-Methoxyphenyl)-2-(3-methoxyphenyl)-oxazole (I8 The title compound was prepared by
reaction of 3-methoxN-[2-(4-methoxyphenyl)-2-oxo-ethyl]-benzamid@iif (347 mg, 1.16 mmol, 1
eq) and phosphorous oxychloride (12 mL, 0.89 m®@@,eq) in pyridine (20 mL) and refluxed for 8 h.
After cooling to rt, ethyl acetate (40 mL) was addad the crude material was poured into a satlirate
sodium hydrogencarbonate solution. The aqueous lege extracted two times with ethyl acetate. The
combined organic layers were washed with brineeddiover magnesium sulfate, evaporated under
reduced pressure and purified by CC (hexane/ettatage 5:5); yield: 36 % (117 mg); yellow diH
NMR (CD;COCD;): 7.79 (d,J = 8.80 Hz, 2H), 7.70 (df = 1.00 Hz and = 8.80 Hz, 1H), 7.64 (4] =
1.00 Hz, 1H), 7.53 (s, 1H, H-oxazole), 7.44)(t 7.90 Hz, 1H), 7.08 (m, 3H), 3.90 (s, 3H, OMeB&3

(s, 3H, OMe);*C NMR (CD;COCD;): 161.05, 160.95, 152.40, 130.95, 129.85, 126L88,15, 121.65,
119.15, 116.95, 115.40, 111.85, 55.75, 55.70; 8721612, 1253, 1010, 872 ¢m

General synthesis procedure for compounds 12i and3iL (method A). A solution of hydrazine
monohydrate (4 eq) in glacial acetic acid (4 eq3 wdded dropwise to the propenone intermedi2iie
and 13ii (1 eq). The reaction mixture was heated at refitux24 h. After cooling to rt, the precipitate
was filtered off. A mixture of water/ethyl acetdfiel) was added to the filtrate. The combined oi@an
layers were washed with brine, dried over magnesulfate, evaporated under reduced presance
purified by CC.

3-(4-Methoxyphenyl)-5-(3-methoxyphenyl)-pyrazole(12i). The title compound was prepared by
reaction of (E)-1-(3-methoxyphenyl)-3-(4-methoxyphenyl)prop-2-eione (12ii)) (250 mg, 0.93
mmol) and hydrazine monohydrate (312, 3.72.mmol) according to described method A. praduct
was purified by CC (hexane/ethyl acetate 5:5) fodid by preparative TLC (dichloromethane/methanol
99:1); yield: 25 % (60 mg); yellow oitH NMR (CDCE): 7.55 (d,J = 8.80 Hz, 2H), 7.21-7.19 (m, 2H),
7.18 (t,J = 7.80 Hz, 1H), 6.78-6.75 (m, 3H), 6.62 (s, 1H¥V43(s, 3H, OMe), 3.62 (s, 3H, OMEJC
NMR (CDCl): 159.85, 159.55, 129.70, 126.85, 126.85, 11811@,.15 (2C), 114.10, 110.50, 99.35,
55.20, 55.05; IR: 2933, 2837, 1601, 1439, 125031634 cni.

General synthesis procedure for compounds 14i to Lémethod B). Propenone intermediaté&Jji,
13ii and 16ii, 1 eq) was stirred at 0 °C in 5 mL dry diethyletlzard bromine (1 eq) was added
dropwise. After 1 h at O °C, the reaction was watmp to rt, precipitate was filtered and washedwit
diethylether. The resulting di-brominated propenam&s obtained in quantitative yield and used
without further purification. The latter (1 eq) wasfluxed in 10 mL absolute ethanol with 1 eq
hydroxylamine hydrochloride and 1 eq potassium byidie for 24 h. After cooling to rt, the mixture
was poured into a cold water solution. The resglfinecipitate was filtered, washed with cold water,
dried overnight in a desiccator and purified by CC.

5-(3-Methoxyphenyl)-3-(4-methoxyphenyl)-isoxazolg16i). The title compound was prepared by
reaction of (E)-3-(3-methoxyphenyl)-1-(4-methoxyphenyl)prop-2-eione (6ii)) (275 mg, 1.03
mmol), bromine (52uL, 1.03 mmol), hydroxylamine hydrochloride (71.6 ,m#.03.mmol) and
potassium hydroxide (57.8 mg, 1.03 mmol) accordmgnethod B. The product was purified by CC
(hexane/ethyl acetate 9:1) followed by preparalit€ (dichloromethane/methanol 1%); yield: 45 %
(130 mg); yellow powder; mp: 161 °@4 NMR (CDCE): 7.20 (m, 2H), 6.75 (ddl = 2.00 Hz and =
7.50 Hz, 1H), 6.80 (d] = 7.50 Hz, 1H), 6.76 (s, 1H), 6.74 (s, 1H), 6.#) (H), 6.45 (d,) = 7.50 Hz,
2H), 3.72 (s, 3H, OMe), 3.56 (s, 3H, OMEC NMR (CDC}): 171.65, 164.15, 162.40, 161.25, 131.80,
1311.20, 128.70 (2C), 121.60, 120.60, 117.35, 115.16.00, 97.50; IR: 2925, 2853, 1602, 1248, 746
cm-.

4-(4-Methoxyphenyl)-2-(3-methoxyphenyl)oxazolg19i). 4-Methoxy-acetophenone (500 mg, 3.33
mmol, 1 eq) was refluxed for 2 h together with [Fod/(2,4-dinitrobenzensulfonyloxy)-iodolbenzene
(1.88 g, 3.99 mmol, 1.2 eq) in acetonitrile (20 mAjter cooling to rt, 3-methoxybenzamide (1.52 g,
9.99 mmol, 3 eq) was added and the reaction mixwas refluxed for 10 h. Acetonitrile was

evaporated under reduced pressure. The crude pradags suspended in dichloromethane. The



RESULTS - 30 -

resulting organic layer was washed with a saturatedium bicarbonate solution and dried over
magnesium sulfate. Solvent was removed under redpeEssure and the product was purified by CC
(hexane/ethyl acetate 7:3); yield 50 % (465 mg)itevhowder; mp: 165 °C*H NMR (CD;COCD):
8.23 (s, 1H, H-oxazole), 7.90 (@= 9.20 Hz, 2H), 7.32 (m, 2H), 7.20 §t= 7.50 Hz, 1H), 6.93 (d] =
9.20 Hz, 2H), 6.76 (m, 1H), 3.73 (s, 3H, OMe), 3(F03H, OMe); IR: 3015, 2925, 1625, 789tm

Ether cleavage - general procedure for compounds b 6 and 9 to 11 To a solution of bis-
methoxyphenyl derivative (1 eq) in dry dichloronetke was added dropwise boron trifluoride dimethyl
sulfide complex (75 eq). The reaction mixture wesesd at rt for 20 h. To quench the reaction water
was added and the aqueous layer was washed with aatbtate. The combined organic layers were
washed with brine, dried over sodium sulfate, evaigal under reduced pressure and purified by
preparative TLC.

3-[1-(4-Hydroxyphenyl)-2-sulfanyl-1H-imidazol-4-ylJphenol (1). The title compound was prepared
by reaction of 4-(3-methoxyphenyl)-1-(4-methoxypyie¢dH-imidazol-2-thiol (i) (100 mg, 0.32
mmol) according to the procedure reported above. goduct was purified by preparative TLC (ethyl
acetate); yield: 61 % (55 mg); orange powder; n§& 2C;*H NMR (CD;SOCDy): 12.76 (s, 1H, SH),
7.64 (s, 1H), 7.39 (dl = 8.50 Hz, 2H), 7.19-7.15 (m, 2H), 7.09 (s, 1HB46(d,J = 8.50 Hz, 2H), 6.71-
6.69 (m, 1H);*C NMR (CD;SOCD): 162.30, 157.60, 156.85, 129.90, 129.20, 128193,15, 116.15,
115.10 (2C), 114.85, 111.10; IR: 3214, 1604, 13895, 1101, 833, 750 ¢mMMS (APCI): 284 (MJ;
Anal. calcd GsH12N,O,S C. 63.36; H, 4.25; N, 9.85. Found C, 63.20; 993N, 9.80.

4,4'-(2-Sulfanyl-1H-imidazol-1,4-diyl)diphenol (2). The title compound was prepared by reaction of
1,4-bis-(4-methoxyphenyl)H-imidazol-2-thiol i) (100 mg, 0.32 mmol) according to the procedure
reported above. The product was purified by préperal LC (ethyl acetate); yield: 36 % (35 mg);
white powder; mp: 268 °CH NMR (CD;0OD): 7.49 (d,J = 8.80 Hz, 2H) 7.42 (dJ = 8.80 Hz, 2H),
7.34 (s, 1H), 6.92 (dl = 8.80 Hz, 2H), 6.87 (d] = 8.80 Hz, 2H)**C NMR (CD,OD): 162.00, 159.05,
158.80, 131.20, 131.10, 131.00, 128.55, 127.30,552016.90, 116.50, 115.95; IR: 3135, 2469, 2072,
1511, 1116, 973, 836 cMMS (APCI): 284 (M}, 285 (M+H); Anal. calcd GsH1N,0,S. C, 63.36; H,
4.25; N, 9.85. Found C, 63.40; H, 4.24; N, 9.95.

3-[4-(4-Hydroxyphenyl)-2-sulfanyl-1H-imidazol-1-yl]phenol (3). The title compound was prepared
by reaction of 1-(3-methoxyphenyl)-4-(4-methoxypyieiH-imidazol-2-thiol (3i) (100 mg, 0.32
mmol) according to the procedure reported above. @oduct was purified by preparative TLC (ethyl
acetate); yield: 37 % (40 mg); yellow powdtt; NMR (CD;SOCDy): 12.75 (s, 1H, SH), 7.62 (s, 1H),
7.40 (d,J=8.50 Hz, 2H), 7.18-7.13 (m, 2H), 7.07 (s, 1HB3X(d,J = 8.50 Hz, 2H), 6.69-6.66 (m, 1H);
*C NMR (CD;SOCDy): 162.35, 157.65, 156.95, 129.85, 129.00, 128190,20, 116.20 (2C), 115.05,
114.90, 111.25; IR: 3213, 1600, 1514, 1392, 11@8, §50 crit; MS (APCI): 284 (MJ; Anal. calcd
CisH1:N205S. C, 63.36; H, 4.25; N, 9.85. Found C, 63.12; 224N, 9.84.

3-[1-(4-Hydroxyphenyl)-1H-imidazol-4-yl]phenol (4). The title compound was prepared by reaction
of 4-(3-methoxyphenyl)-1-(4-methoxyphenylHimidazole(4i) (100 mg, 0.36 mmol) according to the
procedure reported above. The product was putifiedreparative TLC (ethyl acetate); yield: 28 % (25
mg); yellow oil;*H NMR (CD,COCD): 9.32 (d,J = 1.20 Hz, 1H), 8.33 (dl = 1.20 Hz, 1H), 7.70 (dd,
J=2.20 Hz and = 8.80 Hz, 2H), 7.36-7.33 (m, 2H), 7.29Jt= 1.90 Hz, 1H), 7.06 (dd, = 2.20 Hz
andJ = 8.80 Hz, 2H), 6.99 (m, 1H}*C NMR (CD;COCD;): 159.70, 158.95, 134.95, 131.60, 129.10,
128.10, 124.95, 118.25, 117.95, 117.80, 117.35,3613R: 3563, 1684, 1629, 1048, 836 tnMS
(ESI): 253 (M+HJ; Anal. calcd GsH1:N,0,. C, 71.42; H, 4.79; N, 11.10. Found C, 71.11; 624N,
11.01.

4,4’-bis-(1H-Imidazol-1,4diyl)-diphenol (5). The title compound was prepared by reaction, 4flls-
(4-methoxyphenyl)-H-imidazole 6i) (100 mg, 0.36 mmol) according to the procedupmreed above.
The product was purified by preparative TLC (ethgetate), yield: 26 % (24 mg); yellow powdé;
NMR (CD;COCD;): 9.43 (d,J = 1.50 Hz, 1H), 8.32 (d} = 1.50 Hz, 1H), 7.74 (dd,= 2.20 HzandJ =
8.80 Hz, 2H), 7.71 (dd] = 2.20 HzandJ = 8.80 Hz, 2H), 7.10 (ddl = 2.20 HzandJ = 8.80 Hz, 2H),
7.08 (dd,J = 2.20 HzandJ = 8.80 Hz, 2H);"*C NMR (CD;COCD;): 160.40, 128.70 (2C), 125.30,



RESULTS -31-

117.70 (2C), 117.45 (2C), 117.25; IR: 3563, 31541 1048, 931, 836 cmMMS (ESI): 253 (M+Hj;
Anal. calcd GsHiN,O,. C, 71.42; H, 4.79; N, 11.10. Found C, 71.43; 854N, 11.11.

3-[4-(4-Hydroxyphenyl)-1H-imidazol-4-yl]phenol (6). The title compound was prepared by reaction
of 4-(4-methoxyphenyl)-1-(3-methoxyphenylHimidazole(6i) (100 mg, 0.36 mmol) according to the
procedure reported above. The product was putifiedreparative TLC (ethyl acetate); yield: 26 % (24
mg); yellow oil;*H NMR (CD;COCD;): 9.50 (d,J = 1.50 Hz, 1H), 8.40 (dl = 1.50 Hz, 1H), 7.77 (m,
2H), 7.50 (t,J = 8.20 Hz, 1H), 7.36-7.34 (m, 2H), 7.16 (dd; 2.20 Hz and = 8.80 Hz, 1H), 7.04 (dt,

J = 2.20 Hz and) = 8.20 Hz, 2H);**C NMR (CD;COCD;): 137.45, 132.50, 128.80 (2C), 118.35,
117.50, 114.35, 110.70; IR: 3542, 3160, 2955, 16830, 1062, 841 chm MS (ESI): 253 (M+H};
Anal. calcd GsH12N,0,. C, 71.42; H, 4.79; N, 11.10. Found C, 71.59; 924N, 10.97.

3-[2-(4-Hydroxyphenyl)-1H-imidazol-5-yl]phenol (9). The title compound was prepared by reaction
of 2-(4-methoxyphenyl)-5-(3-methoxyphenylitimidazole i) (40 mg, 0.14 mmol) according to the
procedure reported above. The product was purliegreparative TLC (hexane/ethyl acetate 5:5);
yield: 45 % (15 mg); yellow powdetH NMR (CD;COCD): 8.58 (s, 1H), 7.42 (t] = 7.80 Hz, 2H),
7.40 (m, 1H), 7.33 (m, 1H), 7.27 &= 7.80 Hz, 2H), 7.05 (dd,= 0.90 Hz and = 1.50 Hz, 1H), 6.90
(dd,J = 0.90 Hz and) = 1.50 Hz, 1H), 6.47 (s, 1H, N-H)*C NMR (CD,COCD): 168.95, 168.90,
158.25, 137.90, 136.95, 130.10 (2C), 119.40, 119.18.70, 115.25; IR: 3450, 2950, 1604, 1580, 785
cmt MS (ESI): 253 (M+H); Anal. calcd GsH1:N,O,. C, 71.42; H, 4.79; N, 11.10. Found C, 71.23; H,
4.64; N, 10.98.

4,4'-(1H-Imidazol-2,5-diyl)diphenol (10). The title compound was prepared by reaction,ftis-(4-
methoxyphenyl)-H-imidazole (10i) (82 mg, 0.29 mmol) according to the procedureorgg above.
The product was purified by preparative TLC (dichlmethane/methanol 99:1); yield: 17 % (12 mg);
yellow powder;'H NMR (CD;OD): 7.83 (d,J = 8.70 Hz, 2H), 7.62 (dl = 8.70 Hz, 2H), 7.60 (s, 1H),
7.03 (d,J = 8.70 Hz, 2H), 6.92 (d] = 8.70 Hz, 2H)*C NMR (CD,OD): 131.30, 129.15, 120.15 (2C),
119.80 (2C), 115.55 (2C), 114.75 (2C), 114.30;2B90, 1645, 1488, 1114, 841 ¢nMS (ESI): 253
(M+H)"; Anal. calcd GsH1.N,0,. C, 71.42; H, 4.79; N, 11.10. Found C, 71.30; 524N, 11.00.

3-[5-(4-Hydroxyphenyl)-1H-imidazol-2-ylphenol (11). The title compound was prepared by reaction
of 2-(3-methoxyphenyl)-5-(4-methoxyphenylHimidazole (1i) (40 mg, 0.14 mmol) according to the
procedure reported above. The product was purlfiegreparative TLC (hexane/ethyl acetate 5:5);
yield: 45 % (15 mg); yellow powdetH NMR (CD;COCD): 8.56 (s, 1H), 7.40 (t] = 7.80 Hz, 2H),
7.39 (m, 1H), 7.37 (m, 1H), 7.25 &= 7.80 Hz, 2H), 6.99 (dd,= 0.90 Hz and = 1.50 Hz, 1H), 6.97
(dd, J = 0.90 Hz and) = 1.50 Hz, 1H), 6.47 (s, 1H, NH}*C NMR (CD,COCD;): 168.95, 168.90,
158.25, 137.95, 136.90, 130.15 (2C), 119.30 (2C8.95, 115.40; IR: 3350, 3045, 2922, 1664, 1582,
760 cm'; MS (ESI): 253 (M+HJ; Anal. calcd GsH1.N,O,. C, 71.42; H, 4.79; N, 11.10. Found C,
71.42; H, 4.89; N, 11.08.

Ether cleavage — general synthesis for compounds ,1208 and 19: To a solution of
bis(methoxyphenyl) derivative (1 eq) in dry dicldorethane at -78°C (dry ice /acetone bath), boron
tribromide (1 M in dichloromethane, 6 eq) were atldeopwise and the reaction mixture was stirred for
20 h. To quench the reaction, water was added lamadqueous layer was washed with ethyl acetate.
The combined organic layers were washed with brilieed over sodium sulfate, evaporated under
reduced pressure and purified by preparative TLC.

3-[3-(4-Hydroxyphenyl)-1H-pyrazol-5-yl]phenol (12). The title compound was prepared by reaction
of 3-(4-methoxyphenyl)-5-(3-methoxyphenyl)-pyrazqe2i) (82 mg, 0.29 mmol) according to the
procedure reported above. The product was purlfiegbreparative TLC (dichloromethane/methanol
92:8); yield: 55 % (40 mg); orange powder; mp: 262'"H NMR (CD;OD): 7.65 (dJ = 8.50 Hz, 2H),
7.22 (m, 1H), 6.83 (dJ = 8.50 Hz, 2H), 6.81 (s, 1H), 6.72-6.74 (m, 3HE NMR (CD;OD): 160.50,
131.85, 122.10, 122.10, 117.05, 116.80, 116.00,301@C), 102.15; IR: 3500, 2935, 1620, 790'cm
MS (ESI): 253 (M+H); Anal. calcd GsH1.N,O,. C, 71.42; H, 4.79; N, 11.10. Found C, 71.38; H14

N, 11.25.
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3-[5-(4-Hydroxyphenyl)-1,3-oxazol-2-ylJphenol18). The title compound was prepared by reaction of
5-(4-methoxyphenyl)-2-(3-methoxyphenyl)-oxazo(#8i) (100 mg, 0.35 mmol) according to the
procedure reported above. The product was purlfiegpreparative TLC (hexane/ethyl acetate 5:5);
yield: 65 % (59 mg); yellow powdettH NMR (CD;COCD;): 8.80 (s, 1H, OH), 8.75 (s, 1H, OH), 7.69
(d, J = 8.20 Hz, 2H), 7.60 (m, 2H), 7.46 (s, 1H, H-oXa207.35 (t,J = 8.20 Hz, 1H), 6.98-6.95 (m,
3H); *C NMR (CD,COCD;): 160.90, 158.95, 158.75, 152.55, 130.95, 129126,80, 122.50, 120.65,
118.25 (2C), 118.15, 116.85, 115.40, 113.55; IRR034.602, 1510, 852 clMS (ESI): 254 (M+H);
Anal. calcd GsH;3NOs. C, 71.14; H, 4.38; N, 5.53. Found C, 70.92; 354N, 5.60.

3-[4-(4-Hydroxyphenyl)-1,3-oxazol-2-yl]pheno(19). The title compound was prepared by reaction of
4-(4-methoxyphenyl)-2-(3-methoxyphenyl)oxazo{@9i) (100 mg, 0.36 mmol) according to the
procedure reported above. The product was purliegreparative TLC (hexane/ethyl acetate 5:5);
yield: 82 % (74 mg); yellow powdetH NMR (CD;COCD): 8.27 (s, 1H, H-oxazole), 7.93 (@= 8.50
Hz, 2H), 7.37 (s, 1H), 7.33 (d,= 7.60 Hz, 1H), 7.20 (§ = 7.60 Hz, 1H), 6.97 (d] = 8.50 Hz, 2H),
6.79 (m, 1H)”C NMR (CD;COCD): 161.80, 159.70, 157.75, 141.55, 133.70, 132190,70, 128.05,
119.25, 116.70, 115.75, 114.90, 112.35; IR: 33605] 1259, 804 cth MS (ESI): 252 (M-H) Anal.
calcd GsHq11NOs. C, 71.14; H, 4.38; N, 5.53. Found C, 71.00; 484N, 5.58.

4,4'-(1,3-Oxazol-2,5-diyl)diphenol(17). The title compound was prepared by reaction ofb2s54-
methoxyphenyl)-oxazolél7i) (260 mg, 0.90 mmol, 1 eq) and pyridinium hydractde (2.90 g, 25.7
mmoles, 37 eq) heated to 220 °C for 18 h. Aftedingdo rt, water (10 mL) and ethyl acetate (20 mL)
were added. The aqueous layer was washed with @tlkeyhte. The combined organic layers were dried
over sodium sulfate, filtered, evaporated undemced pressure and purified by preparative TLC
(hexane/ethyl acetate 5/5); yield: 82 % (186 mg)loyv powder; mp: 163 °CH NMR (CD;OD): 7.89
(d,J = 7.80 Hz, 2H), 7.60 (d] = 8.80 Hz, 2H), 7.32 (s, 1H), 6.91-6.86 (m, 4HZ NMR (CD;OD):
162.35, 161.30, 159.35, 152.78, 132.80, 129.00,(225.80 (2C), 125.80 (2C), 116.90 (2C); IR: 3387,
1611, 1506, 1170, 834 ¢mMMS (ESI): 254 (M+H); Anal. calcd GsH1;NOs. C, 71.14; H, 4.38; N,
5.53. Found C, 71.02; H, 4.18; N, 5.63.

Biological Methods

[2, 4, 6, 72H]-E2 and [2, 4, 6, 7H]-E1 were bought from Perkin EImer, Boston. Quitiks Flow 302
scintillator fluid was bought from Zinsser Analytierankfurt.

173-HSD1 and 1-HSD2 were obtained from human placenta accordmgreviously described
procedure$” " Fresh human placenta was homogenised and the emzymere separated by
centrifugation. For the purification of gHSD1, the cytosolic fraction was precipitated with
ammonium sulfate. B#FHSD2 was obtained from the microsomal fraction.

1. Inhibition of 17B3-HSD1

Inhibitory activities were evaluated by an estaigis method with minor modification$.” " Briefly,

the enzyme preparation was incubated with NADH [B@Din the presence of potential inhibitors at
37 °C in a phosphate buffer (50 mM) supplementatt @0 % of glycerol and EDTA 1mMnbhibitor
stock solutions were prepared in DMSO. The finalcemtration of DMSO was adjusted to 1 % in all
samples. The enzymatic reaction was started bytiaddif a mixture of unlabelled- and [2, 4, 6:H}

E1 (final concentration: 500 nM, 0.1&i). After 10 min, the incubation was stopped witgCl, and
the mixture was extracted with diethylether. Aftevaporation, the steroids were dissolved in
acetonitrile. E1 and E2 were separated using aiel@vater (45:55) as mobile phase in a C18 reger
phase chromatography column (Nucleodur C18 Gra8itym, Macherey-Nagel, Diren) connected to a
HPLC-system (Agilent 1100 Series, Agilent Techna@sgWaldbronn). Detection and quantification of
the steroids were performed using a radioflow dete(Berthold Technologies, Bad Wildbad). The
conversion rate was calculated after analysis efrdsulting chromatograms according to following

AUC(E?2)
AUC(E2) + AUC(ED)
three independent experiments.

equation: %conversion = x100. Each value was calculated from at least
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2. Inhibition of 17 3-HSD2

The 1B-HSD2 inhibition assay was performed similarly bhe tL B-HSD1 procedure. The microsomal
fraction was incubated with NAT[1500 pM], test compound and a mixture of unladklland [2, 4, 6,
7-°H]-E2 (final concentration: 500 nM, 0.14Ci) for 20 min at 37°C. Further treatment of thenptes
and HPLC separation was carried out as mentionedeab

The conversion rate was calculated after analydiseoresulting chromatograms according to follogvin
AUC(ED)

AUC(EL) + AUC(E2)

equation:%conversion =

3. ER affinity

The binding affinity of select compounds to the cERBnd ER was determined according to

Zimmermann et a° Briefly, 0.25 pmol of ER or ERB, respectively, were incubated with [2, 4, 6, 7-
®*H]-E2 (10 nM) and test compound for 1 h at roompgenature. The potential inhibitors were dissolved
in DMSO (5 % final concentration). Non-specific-ling was performed with diethylstilbestrol (10

uM). After incubation, ligand-receptor complexesravaselectively bound to hydroxyapatite (5 g/ 60
mL TE-buffer). The complex formed was separatedshed and resuspended in ethanol. For
radiodetection, scintillator cocktail (Quickszintl2 Zinsser Analytic, Frankfurt) was added and
samples were measured in a liquid scintillationnteu (Rack Beta Primo 1209, Wallac, Turku). For
determination of the relative binding affinity (RBAinhibitor and E2 concentrations required to
displace 50 % of the receptor bound labelled E2ewdgtermined. RBA values were calculated

|Cso(E2)

x100. The RBA value for E2 was
| Cso(compound)

according to the following equatimRBA[%] =

arbitrarily set at 100 %.
4. T-47D cell assays
4.1 Evaluation of the estrogenic activity

Phenol red-free medium was supplemented with soddirarbonate (2 g/L), streptomycin (100
pg/mL), insuline zinc salt (10 pg/mL), sodium pyater (1 mM), L-glutamine (2 mM), penicillin (100
U/mL) and DCC-FCS 5% (vol/vol). RPMI 1640 (withophenol red) was used for the experiments.
Cells (7500 cells/96-wellplate) were grown for 48nhphenol red-free medium. Compouthfl was
added at a final concentration of 100 nM. Inhilst@and E2 were diluted in ethanol (final ethanol
concentration was adjusted to 1%). As a positivetrob E2 was added at a final concentration of 0.1
nM. Ethanol was used as negative control. Mediuns whanged every two to three days and
supplemented with the respective additive. Aftegheidays of incubation, the cell viability was
evaluated measuring the reduction of 3-(4,5-dimétigzol-2-yl)-2,5-diphenyl-tetrazoliumbromide
(MTT). The cleavage of MTT to a blue formazan bytaohondrial succinat-dehydrogenase was
quantified spectrophotometrically at 590 nm as desd by Denizot and Laff with minor
modifications. The control proliferation was arbiity set at 1 and the stimulation induced by the
inhibitor was calculated according to following agjon:

[ proliferation(compound —induced) -1
[prol iferation(E2 —induced) —1]
mean value of at least three independent expergment

%stimulation = x100% . Each value is calculated as a

4.2 Evaluation of the 1B-HSD1 activity

A stock culture of T-47D cells was grown in RPMI406medium supplemented with 10 % FCS, L-
glutamine (2 mM), penicillin (100 IU/mL), streptorin (100 pg/mL), insulin-zinc-salt (10 pg/mL) and
sodium pyruvate (1 mM) at 37 °C under 5 % Q@midified atmosphere.
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The cells were seeded into a 24-well plate at 9xdIs/well in DMEM medium with FCS, L-
glutamine and the antibiotics added in the sameaunations as mentioned above. After 24 h the
medium was changed for fresh serum free DMEM arsblation of test compound in DMSO was
added. Final concentration of DMSO was adjustetl % in all samples. After a pre-incubation of 30
min at 37°C with 5 % Cg) the incubation was started by addition of a mixtof unlabelled- and [2, 4,

6, 72H]- E1 (final concentration : 50 nM, 0.1£i). After 2.5 h incubation, the enzymatic reactieas
stopped by removing of the supernatant medium.st&mids were extracted into diethylether. Further
treatment of the samples was carried out as meaditor the 1-HSD1 assay.

5. CaCo-2 assay

CaCo-2 cell culture and transport experiments weeeformed according to Y&ewith small
modifications. Cell culture time was reduced froint® 10 days by increasing seeding density from
6.3:10 to 1.65-10 cells per well. Four reference compounds (atendiestosterone, ketoprofen,
erythromycin) were used in each assay for valigatithe compounds were applied to the cells as a
mixture (cassette dosing) to increase the througfihe initial concentration of the compounds ie th
donor compartment was 50 uM (0.2 M MES, pH: 6.5itaming either 1 % ethanol or DMSO).
Samples were taken from the acceptor side aftemQ 68, 120 and 180 min and from the donor side
after 0 and 180 min. Each experiment was run iplitate. The integrity of the monolayers was
checkedby measuring the transepithelial electrical reaista(TEER) before the transport experiments
and by measuring lucifeyellow permeability after each assay. All sampléshe CaCo-2 transport
experiments were analysed by LC/MS/MS after dilutidth buffer of the opposite transwell chamber
(1:1, containing 2 % acetic acid). The apparenmeability coefficients (B, were calculated using

equatiorPapp—dSS , where C;—? is the appearance rate of mass in the acceptopardment, A the
Co

surface area of the transwell membrane, grillecinitial concentration in the donor compartment

Molecular Modeling

The X-ray structure of F¥HSD1 (PDB-code: 1FDT) was obtained from the Proteata BanK!
Water molecules, E2 and sulfate ions were remorad the PDB file and hydrogen atoms and neutral
end groups were added. Close contacts were fixegB{ and correct atom types were set.

Docking ofﬁ!nhibitors into the substrate bindintgesivas performed by the automated docking program
GOLD 3.0.
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Paper Il

abstract: 173 Hydroxysteroid dehydrogenase type 1 f3SD1) is responsible for the
catalytic reduction of the weak estrogen estrori (&o the highly potent I¥estradiol (E2).
As 17B-HSD1 is often overexpressed in mammary tumors emidbmetriosis, the selective
inhibition of this enzyme is discussed as a pramgiapproach for the treatment of estrogen-
dependent diseases. Recently, we reported on bisthyphenyl)azoles as a new class of
potent inhibitors of 13-HSD1. In this paper, we focused on bis(hydroxyphémazoles. The
influence of nitrogens on the potency as well asgpace available around the heterocycle was
investigated. Substituents were introduced on tilazdle core in order to establish additional
interactions with the enzyme active site. The conmgls were evaluated for activity towards
17B3-HSD1 and selectivity with regard to -HSD2, the enzyme which is responsible for the
deactivation of E2 into E1. 3-[4-(4-Hydroxyphenght1,2, 3-triazol-1-yl[phenol J) was the
most active compound discovered in this study aitHG;, value of 840 nM and a reasonable
selectivity toward 13-HSD?2.

Introduction

Estrogens are responsible for the development dfedtedhtiation of estrogen-sensitive tissues.
Furthermore, it is well known that fi#estradiol (E2), the most active estrogen, alsgypk
crucial role in the growth of estrogen-dependentmary tumors and is involved in the
pathophysiology of endometriosis.

The potency of steroidal sex hormones like E2 isduetted by enzymes of the [3-7
hydroxysteroid dehydrogenase BASD) family? especially 1B-HSD1 and 1B-HSD2,
which catalyze the activation of E2 from estrond)(br the deactivation of E2 into E1,
respectively (Chart 1). BFHSD1 is a cytosolic enzyme present in differengams like
ovaries, placenta, breast, endometfiuvhich is often overexpressed in breast cancend&8
and endometriosiSConsequently, selective inhibition of -HSD1 is discussed to be a good
strategy to reduce the intracellular E2 levels mghrded as a new therapeutic approach for the
treatment of estrogen-dependent diseases. As agimal counterpart, J¥HSD2 should not
be affected by potential inhibitors of @HSD1, as it protects the cell from excessivelyhhig
concentrations of active estrogéfis.
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Chart 1: interconversion of estrone (E1) toft&stradiol (E2)

o)
17B-HSD1, NAD(P)H

\

| 17B-HSD2, NAD*

/

HO

E1l E2

Until now, several groups have reported or-HSD1 inhibitors, most of them showing
steroidal structureS:*? Concerning the non-steroidal cores, only four coomal classes have
been described so far: thienopyrimidinofes* biphenyl ethanones, from our group 6-
(hydroxyphenyl) naphthot&’” and recently, we reported on bis(hydroxyphenyl)leg0 as
potent and selective inhibitors of -zHSD1. Different core structures were investigaiedart
2): imidazoles like compoundéd and B, pyrazoles like compoun€ and oxazoles like
compoundD. The most active was compouBdvith an 1Ggvalueof 310 nM and a selectivity
factor of 56 against BFHSD?2.

Chart 2: described bis(hydroxyphenyl) azoles
=N N
L W
A OH 5 OH
“‘N /O/[ )
X o]
OV WO
OH OH
c D

In the following, we will report on the design, $iyasis and biological evaluation of a new
family of azoles: bis(hydroxyphenyl) triazoles (Cth3).

Chart 3: title compounds

l\j VY R I\I_I\\I
O oG
R, 1-3 R, 49
compound R R1 R,
1 3-OH 3-OH
2 4-OH 3-OH
3 3-OH 4-OH
4 CHs 3-OH 3-OH
5 CHs 4-OH 3-OH
6 CHs 3-OH 4-OH
7 Ph 3-OH 3-OH
8 Ph 4-OH 3-OH
9 Ph 3-OH 4-OH
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Design of the inhibitors

The analysis of the available ternary complex o8-H6D1 with E2 and NADP (PDB-ID:
1FDT:*® provided useful informations about the architeetof the active site of the enzyme. A
substrate binding site and a cofactor binding pbcl® be defined. The former is a narrow
hydrophobic tunnel containing two polar areas atheand. His221/Glu282 are located on the
one side and Serl142/Tyr155 on the other side, gporeling to the binding oxygens in 3- and
17-hydroxy group of E2. Interestingly, close to tharophobic B/C region of the estrogen two
polar amino acids, Tyr218 and Ser222, can be foumdh do not interact with the steroid.

In our design concept, we focused on non-sterattattures to avoid binding to other steroid
receptors. The compounds should be able to minecstibstrate of the enzyme. We have
previously reported on the importance of the twarbyyphenyl moieties present in our
steroidomimetics?® The positions of the OH substituents on the phenglips is decisive for
the inhibitory potency of the compounds: only intobs bearing ameta-para di-OH
substitution pattern (O-O distance in the sameearsyobserved for the steroith; 11 A) were
active probably due to the establishment of hydnogend interactions with His221/Glu282
and Serl42/Tyrl155Meta-meta disubstituted compounds which were not investijate far
might also show a favorable geometry to estabhsisé interactions.

Furthermore, the nature of the heterocycle prebetween the two hydroxyphenyl moieties
also influences the activity of the compounds. Hetgcles like oxazol® which can act as
hydrogen bond acceptors were active while inhibitmearing a H-bond donator function (NH)
like 2,4-disubstituted imidazoles (e.g. compouByl and 3,5-disubstituted pyrazoles (e.g.
compoundC) were devoid of activity. It was hypothesized thiae activity of compoundD
was linked to its ability to establish hydrogen danteraction with Tyr218 and/or Ser222.

It is striking that 1,4-disubstituted imidazolekelicompoundA, although pure hydrogen bond
acceptors, were inactive. To obtain an insight ihi® impact of an additional nitrogen atom
and on distribution of the nitrogen atoms in thetcad ring on inhibitory activity, 1,2,3-
triazolesl-3 and 1,2,4-triazole4-9 were designed.

In addition, a non polar substituent was introducaa the heterocycle, anticipating
supplementary hydrophobic interactions with amioigl aesidues of the substrate binding site.
Compounds4-9 bearing a methyl or a phenyl on the triazole cooeld give additional
informations on the feasibility of these interansof-stacking interactions with Tyr218 for
example in case of compound®) as well as on the space available around thedosiee.

Chemistry

1,2,3-Triazolesl-3 were obtained according to the synthetic pathwayipusly described by
Bey et a*°

The synthesis of 1,2,4-triazold9 is presented in Scheme 1. Starting fromNkacylimidates

4b-6b prepared according to the method described by Kelat al?* the dimethoxylated
1,2,4-triazoles4a9a were synthesized by nucleophilic addition of méetlygrazine for

compounds4a-6a and phenylhydrazine for compound®-9a The deprotection of the
methoxy groups of compounda-9awas performed with borontrifluoride dimethyl sdki

complex™®
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Scheme 1 synthesis of compounds9

o
@*ﬁg @M@v @M@r

4b-6b 4a-9a 4-6 R= CH,
4a: R,= 3-OMe, R,= 3-OMe T-9R=Ph
5a: R;= 4-OMe, R,= 3-OMe
6a: R;= 3-OMe, R,= 4-OMe
7a: R;= 3-OMe, R,= 3-OMe
8a: R;= 4-OMe, R,= 3-OMe
9a: R;= 3-OMe, R,=4-OMe

®Reagents and conditions(a) CHCl,, NEt;, 30-40 °C, 6 h; (b) for compoundsa-6a H;CNHNH, and for
compound¥a9a PhNHNH,, CH,Cl,, 30-40 °C, 4 h; (c) BFSMe, CH,Cl,, rt, 20 h.

Inhibition of human 17p-HSD1 and 1B-HSD2

The 1PB-HSD1 and 1pB-HSD2 inhibition assays were carried out followiagpreviously
described procedurg.Briefly, the cytosolic (1B-HSD1) or microsomal (IHSD?2) fraction
of human placental was incubated with tritiatedssrette, cofactor and inhibitor at 37 °C. After
HPLC separation of substrate and product, the amofuradiolabeled E2 (3¥HSD1) or E1
(173-HSD2) formed was quantified. The inhibition valualscompoundsl-9 are shown in
Table 1.

The meta-meta disubstituted 1,2,3-triazolkis a weak inhibitor of 1F-HSD1 (17 % inhibition
at 1puM). Shifting one group from theeta to thepara position (compound® and3) leads to
an increase in activity, compoufideing the most active one @& 0.84uM and 1.32uM for

3 and 2, respectively). Concerning selectivity, the 1,2j8zoles2 and 3 are very weak
inhibitors of the type 2 enzyme & 8.12uM and 7.28.uM, respectively).

None of the 1,2,4-triazoles (compoun®8) shows inhibition of 13-HSD1. Surprisingly, the
N-1 phenyl substituted 1,2,4-triazoles (compouiidsnd 8) are selective inhibitors of B7
HSD2 (44 % and 41 % inhibition atuM, respectively).

The introduction of an additional nitrogen into thactive imidazole core structure (compound
A) enhances inhibition of BFHSD1 strongly (compoun®, ICso= 1.32 uM) whereas a
supplementary substituent (methyl for compoude® and phenyl for compoundg-9) is
obviously not tolerated by the enzyme.
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Table 1 inhibition of human 18-HSD1 and 1B-HSD2 by compound$-9
R
SIS
G ol
" 13 R, 4-9

IC 50 value aM)?
17B-HSD1°  17B-HSDZ

compound R R R>

1 3-OH 3-OH 17 ni
2 4-OH 3-OH 1.32 8.12
3 3-OH 4-OH 0.84 7.28
4 CH; 3-OH 3-OH ni ni
5 CH; 4-OH 3-OH ni 26
6 CH; 3-OH 4-OH ni 21
7 Ph 3-OH 3-OH ni 44
8 Ph 4-OH 3-OH ni 49
9 Ph 3-OH 4-OH ni ni

®Mean values of three determinations, standard tiemidess than 18 %Human placental, cytosolic fraction,
substrate H]-E1 + E1 [500 nM], cofactor NADH [50@M]; ‘Human placental, microsomal fraction, substrate
[*H]-E2 + E2 [500 nM], cofactor NAD[1500uM]; %% inhibition at 1uM; ni: no inhibition (<10 % inhibition at 1
UM).

Discussion and conclusion

As already mentioned in a previous regdthe OH substitution pattern on the phenyl ring is
decisive criterion for inhibitory activity. The dénce between theeta-meta hydroxy group
(compoundl) which is shorter compared to tpara-meta (compound?2) and themeta-para
(compound3) might be one explanation for the lower activif)compoundL.

Varying the heterocycle, two active 1,2,3-triazokeand 3 have been identified. They differ
from the inactive 1,4-disubstituted imidazole (campdA) by the presence of an additional
nitrogen in position 2. It is interesting that tmroduction of this supplementary heteroatom
leads to a strong increase in activity. (nactive, 1G= 1.32uM for 2 and 0.84uM for 3,
respectively). It can be concluded that this nimogn position 2 is stabilizing the molecule in
the active site via additional interactions. A togken bond interaction between the nitrogen of
the heterocycle and the OH of Tyr218 might be rasjiie for this gain in activity.

We also wanted to investigate whether an additisoaktituent on the heterocycle might be
able to increase the potency of the inhibitor yalelsshing supplementary interactions. 1,2,4-
Triazole was chosen as core structure as noneeohitrogen of the 1,2,3-triazoles can be
substituted in an appropriate position where sjgmegailable.

The 1,2,4-triazoles are structurally related to2hedisubstituted imidazoles like compousd
and to the 3,5-disubstituted pyrazoles like complon which are both inactive. It was
previously hypothesized that this lack of actiwigs due to the presence of a hydrogen bond
donator (NH). Introduction of a methyl or phenylogp in this position will remove the
hydrogen bond donating function of the heteroatord was hypothesized to increase the
ability of the inhibitors to induce hydrophobic énactions with the enzyme active site. The
fact that all 1,2,4-triazoles (compounéi®) are inactive indicates that either the nitrogethie
vertex position on the heterocycle and/or the srpphtary substituent are not tolerated by the
enzyme. The introduction of a phenyl moiety inte th,2,4-triazole core (compounds9)
induces conformational constraints: to adopt alstabnformation the hydroxyphenyl moiety
close to the phenyl substituent and/or the phesglfiwill rotate out of the heterocyclic plane.
This conformational change disturbs the flatness tloé inhibitor considerably. The
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hydroxyphenyl moieties might therefore not be abledopt an appropriate conformation to
establish hydrogen bond interactions with His22a&3P and Ser142/Tyr155, thus leading to
compounds devoid of BFHSD1 inhibitory activity. The loss of planarity,olWwever, is
correlated with an increase of FHSD2 inhibition. This finding is in agreement withe
structures of previously described inhibitors a$ tanzymé&" which also lack planarity.

In this study, the 1,2,3-triazoles (compourddand3) have been identified as a new class of
potent and selective inhibitors of 3&-HSD1. The hydroxy substitution pattemmefa-para and
para-meta) of the most active compounds confirms the reddieedbility of the enzyme active
site already observed. The introduction of an &uud nitrogen in the inactive 1,4-
disubstituted imidazole core structure leads toighli active inhibitor of 1B-HSD1. In
contrast introduction of a substituent on the loatgele is not tolerated by this enzyme but in
case of a phenyl moiety results in fairly potenB-H¥SD2 inhibitors. They might be considered
as leads for further structural optimizations ire tdevelopment of selective -HSD2
inhibitors.
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Paper Il

abstract: 173-Estradiol (E2), the most potent female sex hormatienulates the growth of
mammary tumours and endometriosis via activationthe estrogen receptar (ERa).
17B3-Hydroxysteroid dehydrogenase type 13HSD1), which is responsible for the catalytic
reduction of the weakly active estrogen estrong (Btb E2, is therefore discussed as a novel
drug target. Recently, we have discovered a 26ymsoxyphenyl) oxazole to be a potent
inhibitor of 1B-HSD1. In this paper, further structural optimipas were performed: 39
bis(hydroxyphenyl) azoles, thiophenes, benzenesaaaebenzenes were synthesized and their
biological properties were evaluated. The most gomg compounds of this study show
enhanced Ig values in the low nanomolar range, a high selggtteward 13-HSD2, a low
binding affinity to ERY, a good metabolic stability in rat liver microsasnand a reasonable
pharmacokinetic profile after peroral applicatid@alculation of the molecular electrostatic
potentials revealed a correlation betweer3-HED1 inhibition and the electron density
distribution.

Introduction

Estrogens, the most potent one bein@-&gtradiol (E2), act as female sex hormones and are
predominantly produced before menopause by theiesvafhey unfold their activity by
stimulation of the estrogen receptors (ERsand(3. Besides their physiological effects, they
are, however, also involved in the initiation andgression of estrogen-dependent diseases
like mammary tumdrand endometriosfsPresently, the three main endocrine therapiethor
treatment of breast cancer arkinhibition of estrogen biosynthesis by aromatasehitors or
GnRH agonists or antagonists and interference thiérestrogen action at the receptor level by
selective estrogen receptor modulators (SERMs) we mntiestrogerts.Besides specific
disadvantages of each therapeutic concept, alhedet strategies have in common that they
reduce estrogen levels systemically leading tatteesponding side effects.

A softer approach could be inhibition of the enzymeolved in the last step of the E2
biosynthesis: 13-hydroxysteroid dehydrogenase Bt ASD) which is able to convert estrone
(E1) into E2. There are three subtypes (1, 7 andié&cribed, the most important of which is
173-HSD1. The primary function of BFHSD7 and 1B-HSD12 is supposed to be in the
cholesterol synthesisand in the regulation of the lipid biosyntheSiespectively. Moreover,
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Day et af showed that J¥-HSD12, although highly expressed in breast canebrlines, is
inefficient in E2 formation.

17B3-HSD1 is NAD(P)H-dependent and intracellularly certs the weak estrogen E1 into the
strong estrogen E2. As it is often over-expressduréast cancer cell¥ and endometriosiS,
173-HSD1 is regarded as a promising novel target ler treatment of estrogen-dependent
diseases. Appropriate inhibitors of this enzymeusthexhibit less side effects compared to the
current treatments as they should selectively redhe concentration of active E2 in the
diseased tissués.

As a biological counterpart, f7hydroxysteroid dehydrogenase type 2[HSD2) catalyzes
the deactivation of E2 into E1. It protects thel ¢edm excessively high concentrations of
active estrogerd and should therefore not be affected by inhibitgfré 73-HSD1. In addition
17B-HSD1 inhibitors should not show affinity to the £R avoid intrinsic estrogenic effects.

17B-HSD1 was crystallized with different steroidaldiggs'®?* The published X-ray structures
provide insight into the active site, a narrow lpghiobic tunnel with polar contacts at each
end. On one side His221/Glu282 are located, orotier Ser142/Tyrl55 (two members of the
catalytic tetradf> Surprisingly, close to the hydrophobic B/C regifnthe steroid two polar
amino acids, Tyr218 and Ser222, can be found wihichot interact with E2.

Several steroidal and non-steroidal inhibitors @p-HSD1 have been described. The first
report on steroidal compounds by Penfiingas as early as 1996. In the last few years severa
articles of other groups followéd Regarding the non-steroidal inhibitors, only feempound
classes have been described so far, all of them nemently: thienopyrimidinoneg,?®°
biphenyl ethanonesB,*® and from our group 6-(hydroxyphenyl) naphthd®'*? and
bis(hydroxyphenyl) azole®*® (Chart 1).

Chart 1: non-steroidal 13-HSD1 inhibitors

, o)
9 R - OH
R’ /X
| N R
R /* n VO \Y
) S N R HO-'V*V— R
R HO Z
A B C
Y%
X0 OH N
W=z \\
o)

HO E

The most promising compound in the latter series tha 2,5-bis(hydroxyphenyl) oxazdie
with an 1Go of 310 nM and a selectivity factor of 56 agains<HSD2. In general it was
discovered that the inhibitory activity of theserqmunds depends on the existence of hydroxy
rather than methoxy groups on the phenyl substisuand on the OH substitution pattern,
meta-para andpara-meta substituted compounds being more active thaa-para substituted
ones. Furthermore it became apparent that inhibiatso depends on the nature of the
heterocycle. Hydrogen bond donor functions turnatto be inappropriate, whereas in several
compounds H-bond acceptor atoms were favorables fihding led to the hypothesis that
active compounds are capable of interacting witt2T§ or Ser222 via H-bond3.

In order to enhance activity and selectivity andyéd a better insight into the interaction of
these compounds with the active site o-H¥SD1, the significance of the OH groups will be
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further evaluated and other five-membered hetetesyespecially sulfur containing ones, will
be investigated. Furthermore it will be evaluatedhether six-membered rings are also
appropriate to connect the two hydroxyphenyl megeti

In the following we describe the synthesis of 38(fwydroxyphenyl) azoles, thiophenes,
benzenes and aza-benzenes (Chart 2) as well dstdgrenination of their J3¥HSD1 inhibitory
activity and selectivity toward BFHSD2, ERx and ER. Furthermore, cell permeability using
CaCo-2 cells, metabolic stability in rat liver masomes, inhibition of the most important
hepatic CYP enzymes and pharmacokinetic propeitighe rat of selected compounds are
determined. For a better understanding of the SiBkecular electrostatic potentials (MEPS)
were calculated.

Chart 2: title compounds

R, Y OH
B s L
/ H Z
Q/ \ S @)\X Z
A
R HO H

1 (0]
W, X,Y,Z=N,S, Se, C, CH, CCH,
R,,R,=H, OH

1-17,19-32 18 33-39

X,Y,Z=N,CH

Chemistry

Starting from the commercially available dibromedheterocycles and methoxylated benzene
boronic acids, compoundsto 8, 19to 28 31 and32were prepared via two successive Suzuki
reactiond* followed by a demethylation step using borontribite®™ as reagent. The Suzuki
cross-coupling was carried out using three differarthods. Intermediatelsi to 8ii, 18ii to
27ii andli to 8i were preparetbllowing Method A (ag. sodium carbonate, tolueRd(PPh),,
reflux, 4 h) and compoundilii, 32ii, 19i to 28i, 3liand32i were synthesized using Method B
(sodium carbonate, THF/water (1:1), Pd(BRHreflux, 20 h). During the first cross coupling
reaction leading to the mono(methoxyphenyl) suld derivativeslii-8ii, 18ii-27ii, 31ii,
32ii no disubstituted compounds were obtained indigathat the (methoxyphenyl)bromo
azoles and thiophenes are less reactive than theromo aryl precursors. The bromo
intermediatel8ii was treated witm-BuLi in anhydrous THF and subsequently hydrolyzed
with water to yield the mono methoxylated thioph&8e The methoxy groups dfi to 8i, 18i

to 28i, 31i and32i were cleaved with boron tribromide (Method E: BBZH,Cl,, -78 °C to rt,

18 h, Scheme 1).
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Scheme 1 synthesis of compoundsto 8, 18to 28, 31and32

B(OH),
Y Br
Y a b / \ / \
Br 4 . | N H c H
X — S - . S
Br/kx 4 —
OMe MeO 3
MeO _ HO
1ii-8ii 18i 18
18ii-27ii
31ii-32ii
R
B(OH)2 R v
1ii-8ii a Y c
19ii-27ii  + E—— - = X
31ii-32ii X
R MeO HO
R= OMe: 1i-8i, 21i-23i, 25i-28i and 31i-32i R= OH: 1-8, 21-23, 25-28, 31 and 32
R= H: 19i-20i and 24i R=H: 19-20 and 24

X=S, Y=N: 1-4
X=N, Y=S: 5-8
X=S, Y=CH: 19-23
X=CH, Y=S: 24-28
X=S, Y=C: 31-32

®Reagents and conditionsa. for compound4ii to 8ii, 18ii to 27ii and1i to 8i: Method A: ag. NgCO;, toluene,
Pd(PPR),, reflux, 4 h; for compound31ii, 31i, 32ii, 32i and 19i to 28i: Method B: NaCO,, THF/water (1:1),
Pd(PPR),, reflux, 20 h; b. 1n-BuLi, THF dry, -78 °C, 15 min, 2. water; c. Meth&d BBr;, CH,Cl,, -78 °C to rt,
18 h.

The 1,3,4-thiadiazol® was prepared in a three step synthetic pathwaydbasdehe method
described by Gierczyk and Zaf¥sThe 3-methoxybenzoyl chloride was treated withragihe
monohydrate to give the resulting 3-methdXyt3-methoxybenzoyl)benzohydrazide, which
was cyclized into the corresponding thiadiazolengsLawesson reagent in DME under
microwave assisted conditions. In a last step, ntfehoxy substituents were cleaved with
boron tribromide (Method E: BBrCH,Cl,, -78 °C to rt, 18 h).

The synthesis of the 1,2,4-thiadiazolEsand 11 is shown in Scheme 2. The commercially
available 4-methoxybenzonitrile and 3-hydroxybenizda were converted into the thioamide
intermediateslOii and 11i, respectively, using agueous ammonium sulfide ungerowave
assisted reactiofl. These thioamides were submitted to strong acidilitions resulting in a
mixture of the thiadiazole$0i and11 which were separated by column chromatography. The
bis(methoxyphenyl) compound could not be isolat@édmpoundl10i was demethylated with
boron tribromide (Method E: BBrCH,Cl,, -78 °C to rt, 18 h, Scheme 2).
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Scheme 2 synthesis of compound® and11

OMe
OH 3 -S
a Y
Q- T G @ﬂ *@v
S”NH, S” "NH,
R,= 4-OMe, R,= 3-OH 10i
10ii 11i R,=R,=3-OH 11

®Reagents and conditionsa. conc. HCI, 38 °C, 8 h; b. Method E: BBEH,Cl,, -78 °C to rt, 18 h.

The synthesis of compound£ to 15 is presented in Scheme 3. The dimethoxylated-1,2,4
triazoles 12i to 15i were synthesized by reaction of theacylimidateg® 12ii to 15ii with
methylhydrazine (Method D: MeNHNH CH,Cl,, 30-40 °C, 4 h). The methoxy groups of
compoundsl2i to 15i were cleaved with borontrifluoride dimethyl sufidcomplex® (Method

F: BR-SMe,, CH.CIy, rt, 20 h, Scheme 3).

Scheme & synthesis of compound®to 15

-
@*ﬁg O e

12ii-15ii 12i-15i 12-15
12i: R;= 4-OMe, R,= 3-OMe
13i: R;= 4-OMe, R,= 4-OMe

14i: R,= 3-OMe, R,= 4-OMe
15i: R,= 3-OMe, R,= 3-OMe

®Reagents and conditionsa. CHCl,, NEt;, 30-40 °C, 6 h; b. Method D: MeNHNHCH,Cl,, 30-40 °C, 4 h; c.
Method F: BR-SMe,, CH,Cl>, rt, 20 h.

Compound 16 was prepared according to Sharpf@ssusing 3-azidophenoland 3-
hydroxyphenyl acetylene.

Compoundsl7, 29, 30, 37 and 38 were obtained, under microwave assisted conditions,
one pot synthesis (Method C: DME/EtOH/water (1:1A3CO;, Pd(PPk)4, MW (150 W, 150
°C, 15 bar, 15 min)) with benzene boronic acid X@rhydroxylated benzene boronic acid for
29, 30, 37 and38 and the corresponding dibrominated heterocycle.

The synthesis of compoun88to 36 is depicted in Scheme 4. Starting from the comrakyc
available dibrominated benzene and methoxylateddrenboronic acids, compourng3to 36
were prepared via two successive Suzuki reactiolh@wiing the conditions of Method A. In
the first reaction only the mono substituted commut®83ii and35ii were obtained due to the
fact that the (methoxyphenyl)bromobenzenes are lleastive than the dibromobenzenes.
Consequently, longer reaction times were requiogdte second cross coupling reaction (20
versus 4 h). The methoxy groups of compouB8is36i were cleaved using boron tribromide
(Method E: BBg, CH,Cl,, -78 °C to rt, 18 h, Scheme 4).
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Scheme 4 synthesis of compoun@Sto 36

Br
OMe OH
B(OH), B(OH) O
Br 2
a a b
@ + @ ' @ O g
OMe
Br O OMe
CJ CJ
OH

OMe

3-Br, 4-OMe: 33ii o
4-Br, 3-OMe: 35ii 33i-36i 33-36

®Reagents and conditionsa. Method A: NaCO; 10 % inwater, toluene, Pd(PBWY, reflux, 4 h; b. Method E:
BBr;, CH,Cl,, -78 °C to rt, 18 h.

1,2,4,5-Tetrazine89 was synthesized following the procedure describgdshither et af®
Briefly, 3-hydroxybenzonitrile was refluxed with dnazine monohydrate and sulfur.
Treatment with sdium nitrite led to cyclization resulting in 3,35@,4,5-tetrazine-3,6-
diyl)diphenol39.

Biological results

Activity: inhibition of human 17 B-HSD1

Placental enzyme was partially purified followingdescribed procedufé.Tritiated E1 was
incubated with 1B-HSD1, cofactor and inhibitor. The amount of labdllE2 formed was
quantified by HPLC. Compounds showing less tha®4lihhibition at 1uM were considered
to be inactive.

The inhibition values of the test compounds arenshon Table 1. It becomes apparent that
eleven compounds are more active than the previdesicribed oxazolE*® (ICs= 310 nM).

All methoxy compounds (data not shown) apara-para dihydroxylated derivatives are
inactive except phenyleng which is a weak inhibitor (I§z> 1000 nM). The shift of one
hydroxy substituent from thpara- into themeta- position leads to highly active compounds
except for thiazoleg, 7 (ICso values> 1000 nM) an8 (ICso> 5000 nM) which have a weak
inhibitory activity and triazolesl2 and 14 which are inactive. Moving the second OH
substituent also imneta position (neta-meta derivatives) results in potent compounds except
for triazole 16 which is a weak inhibitor (16> 5000 nM) and selenophe36 and triazolel5
which are inactive.

The exchange of thpara-OH group of the highly active thiophe22 (ICs0= 69 nM) with
hydrogen reduces activity (compoubé ICse= 342 nM). More dramatically, the replacement
of the meta-OH function of compoun@2 with hydrogen results in the inactive compoaid
Similarly, the exchange of theeta-hydroxyphenyl moiety as well as the two hydroxgugs

of 22 with hydrogens leads to the inactive compouddsand 18 This exemplifies the
importance of the existence of two OH substituemd their positions at the phenyl moieties
with at least one being in timaeta position.

The synthesized thiazoldsto 8 show lower activities than the thiophene analodLieét 28
except compoun@ (ICso= 50 nM) which exhibits similar inhibition @2 (ICso= 69 nM) and
27 (ICso= 77 nM). The introduction of a second nitrogennipounds9 to 11) in the
heterocyclic scaffold of these potent inhibitoreslmot strongly reduce activit®, (ICs;= 336
nM; 11, ICso= 169 nM). Fometa-meta disubstituted compounds the introduction of nigogn
compound4 decreases activity slighth9,( 1Cs¢= 336 vs 243 nM), whereas introduction in
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compound8 increases activityl(l, ICs= 169 vs 455 nM), as it is observed fbe meta-para
disubstituted compound(10, ICso= 413 vs >1000 nM).

Moving the hydroxyphenyl moiety of the highly aaithiophene22 (ICs,= 69 nM) from
position 5 to the 3 position decreases activityrdrically 32, ICs¢> 1000 nM). Exchange of
the sulfur atom of the potent thiophe2@(ICs= 173 nM) with selenium results in the inactive
compound30.

In case of the six-membered rings, benzene and sbnte aza-analogues were investigated.
The 1,3-bis(hydroxyphenyl) substituted phenylenesrewnot active, whereas the 1,4-
disubstituted compounds showed some activity, thetractive benzene compound being the
meta-meta derivative35 (ICso= 173 nM). The introduction of one or more nitrogento the
central benzene ring @5 (compounds37 to 39) results in an increase (pyridiB&, 1Cs= 101
nM), no change (tetrazir®9, ICso= 201 nM) and a decrease of inhibitory activityrgmine38,
ICs0= 1000 nM).

Furthermore in Table 1, the angles between the pwenyl moieties are presented as a
structural parameter. No correlation to the adssitof the corresponding compounds can be
observed.

Table 1 inhibition of human 13-HSD1 and 1B-HSD2 by compound4-39, O-O distances
and phenyl-het-phenyl angles

R2 [ Rz

Rl a HO Rl
11g;.1372 18 33-39
IC5¢ (NM)° lectivit
compound  Het R R, d(A)? a® 17B-  17B- S?;C(i(;\r/fl y
HSD1" HSDZ
1 4-OH 3-OH 11.9<d<12.7 >1000  nt
2 y 4-OH 4-OH 13.6 ni nt
o\
3 K} 3-OH 4-OH 11.9<d< 12.7 153 50 4004 80
4 3-OH 3-OH 10.1<d<11.7 243 2500 10
5 . 4-OH 3-OH 10.5<d< 12.0 >5000  nt
\ ) _ .
6 )A\Nj* 4-OH 4-OH 125 o o nt
7 3-OH 4-OH 10.5<d<12.0 >1000  nt
8 3-OH 3-OH 9.0<d<11.2 455 2220 5
N—N
9 W Y 3-OH 3-0H 99<d<115 157 336 nt
S—N _ _
10 [, 3OH 40H  97< d<11.9 o 413 2194 5

11 N 3-OH 3-OH 8.5<d< 11.2 169 602 3
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Table 1 continued
IC 50 (NM)€ .
compound  Het R R, d(A)? a®  17B-  17p- S?fcig\r/gty
HSD1Y HSDZ
12 4-OH 3-OH 10.2<d<11.9 ni nt
13 M_n 4-OH 4-OH 12.4 s N nt
14 A M 3-0H 4-0H 102<d<11.9 Nt
15 3-OH 3-OH 8.7<d<11.4 ni nt
N=N
16 W4 3-OH 3-OH 87<d<1l2 147>5000  nt
17 H H ni nt
18 ni nt
19 3-O0H H 342 2337 7
20 Y s4on H 147 i nt
21 s 4-OH 4-OH 13.5 ni nt
22 3-OH 4-OH 11.8<d<12.8 69 1953 28
23 3-OH 3-OH 9.8<d<11.8 173 745 4
24 3-O0H H >5000  nt
25 . 4-OH 3-OH 10.4<d< 12.0 151 1690 11
26 ) 4-OH 4-OH 123 136 ni ot
27 3-OH 4-OH 10.4<d< 12.0 77 1271 16
28 3-OH 3-OH 85<d<11.4 185 559 3
29 \, 4-OH 4-OH 13.8 ni nt
30 @ 3-0H 3-OH 104<d<11.3 162 nt
31 m 4-OH 4-OH 8.1 69 ni nt
32 . 3-0H 4-OH 6.2<d<8.9 >1000  nt
33 4-OH 3-OH 9.3<d<12.1 >1000  nt
34 Q 4-OH 4-OH 12.3 1200 51000  nt
35 3-OH 3-OH 11.4<d<12.4 173 2259 13
36 @ 3-OH 4-OH 13.1 180 471 4509 9
AN
37 | ' 3-0H 3-O0H 116<d<123 180 101 3399 34
E\
38 X[ j 3-OH 3-OH 11.4<d<12.2 180 1000 5502 5
N
N
39 | | 30H 30H 11.3<d<122 180 201 5102 25
N/

%0-0 distance between the hydroxy substituentsEfod= 11.0 APAngle between the two phenyl moieties in °;
‘Mean values of three determinations, standard temidess than 12 % except 18 % for 1B-HSD1; “Human
placenta, cytosolic fraction, substraf#{fE1 + E1 [500 nM], cofactor NADH [S0QM]; ®Human placenta,
microsomal fraction, substratéH]-E2 + E2 [500 nM], cofactor NAD[1500 uM], ‘ICso (178-HSD2)/ 1Gs (17p-
HSD1); ni: no inhibition, nt: not tested.
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Selectivity: inhibition of human 178-HSD2 and affinities for ERa and ER

Since 1PB-HSD2 catalyzes the inactivation of E2 to E1, intfoity activity toward this enzyme
must be avoided. The BHSD2 inhibition was determined using an assaylamio the 1B-
HSD1 test. Placental microsomes were incubated withateii E2 in the presence of NAD
and inhibitor. Separation and quantification ofdiéd product (E1) was performed by HPLC
using radio detection. A selection of the most pbte73B-HSD1 inhibitors was tested for
inhibition of 17B-HSD2. 1G, values and selectivity factors @CHSD2 / 1Go HSD1) are
presented in Table 1.

It is striking that mosimeta-meta bis(hydroxyphenyl) substituted inhibitors presenty poor
selectivity except for compoun@¥ and39 which show high selectivity factors of 34 and 25,
respectively. Theneta-para/para-meta disubstituted inhibitors mostly show higher selatyi
with compound3 exhibiting the highest selectivity factor of 80.

A further prerequisite for ¥HSD1 inhibitors to be used as potential drugshist these
compounds do not show affinity for eRand ER, or only a marginal one, since binding to
these receptors could counteract the therapeuiicaey. The binding affinities of selected
compounds were determined using recombinant humgdaip in a competition assay applying
[*H]-E2 and hydroxyapatite (Table.All tested compounds show very marginal or marginal
affinity to the ERs.

Table 2 binding affinities for the human estrogen receptoandf of selected compounds

compound RBA® (%)
P ERd” ERpP
3 <0.01 0.01< RBA< 0.1
22 0.1<RBA< 1 15
25 0.01< RBA< 0.1 0.1<RBA< 1
27 0.01< RBA< 0.1 0.1<RBA< 1
35 <0.001 0.01< RBA< 0.1
37 0.01< RBA< 0.1 <0.01

®RBA (relative binding affinity), E2: 100 %, meanlwas of three determinations, standard deviatiess than 10
%; "Human recombinant protein, incubation with 10 fM]fE2 and inhibitor for 1 h.

Further biological evaluation

The intrinsic estrogenic activity of a represem@tcompound of each class was determined
using the ER-positive mammary tumor T-47D cell liN® agonistic, i.e. no stimulatory effect
was observed after application of the inhibitorereat a concentration 1000 fold higher than
E2 (data not shown).

A selection of active and selective compounds waestigated for permeation of CaCo-2
cells. These cells exhibit morphological and phiggjaal properties of the human small
intestind” and are a generally accepted model for the piedicof peroral absorption.
Depending on th@,,, data obtained, compounds can be classified a$FPgw(-106 cm/sec) <
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1), medium (1 <Papp < 10) or highly permeableéPf,, > 10)). Thiazole3 shows medium cell
permeation while thiophen@, 25and phenylen85 exhibit high cell permeability (Table 3).

Table 3 CaCo-2 cell permeation of highly activeftASD1 inhibitors

compound Pa,;,lo(-lo6 cm/sfP classification

3 7.8 medium
22 22.0 high
25 14.4 high
35 12.5 high
atenolol 0.1 low
testosterone 9.4 medium
ketoprofene 25.7 high

*Permeability of reference compounds similar to thkies described [atenoldl testosteron®&’ ketoprofenéy;
bPapp: apparent permeability coefficient, mean valuethoée determinations, standard deviations less 16e6.

A representative compound of the thiazole, thioghand phenylene class (compoudd25
and35) was evaluated for their phase 1 metabolic stahiking rat liver microsomes. Samples
were taken at defined time points and the remaiagcentage of parent compound was
determined by LC-MS/MS. Half-life and intrinsic el@nce were evaluated and compared to
the two reference compounds diazepam and dipheaimypde (Table 4). All tested compounds
show longer half lives than the antihistaminic ddighenhydramine (values in the range
between 12.6 and 22.7 min vs 6.8 min).

Table 4 half-lives and intrinsic clearances of compoudAd25and35in rat liver microsomés

- CLint”

half-life :
compound , (UL /min
(min) :

/mg protein)

4 12.6 367.2

25 18.6 248.5

35 22.7 203.4
diazepant 40.8 113.3
diphenhydramine® 6.8 679.6

%0.33 mg/mL protein, NADRregenerating system, [inhibitor]: M, incubation at 37 °C, samples taken at 0, 15,
30 and 60 min, determination of parent compoundvi8; °CL;: intrinsic body clearancéyalues of reference
compounds similar to described values.

The same compoundd, (25 and 35) were further investigated for inhibition of thix snost
important human hepatic enzymes: CYP1A2, 2B6, ZCH,9, 2D6 and 3A4. All compounds
show very low inhibition of CYP1A2, 2B6, 2C19 anB& (ICs> 4 uM). In case of CYP2C9
and CYP3A4 4: 2.1 and 0.825: 0.8 and 1.935: 1.9 and 2.1uM, respectively) inhibition was
higher, but still clearly below the kgvalues of 1B-HSD1 inhibition. These results indicate a
low risk of drug-drug interaction caused by CY P#nition.
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The pharmacokinetic profiles of the most active seléctive azole compourddand one of the
six-membered ring compound89 were determined in rats after oral administratianai
cassette. The most potent six-membered ring conth8dnvas not chosen as it was unstable
in buffer over 24 h. Each group consisted of 4 nnateand the compounds were administered
in doses of 10 mg/kg. Plasma samples were colleated 24 h and plasma concentrations
were determined by HPLC-MS/MS. The pharmacokingiiameters are presented in Table 5.
Maximal plasma concentration &) and AUC value are much higher for compous@l
compared to compouril

Table 5. pharmacokinetic parameters of compo@rahd 39 in male rats after oral application
of 10 mg/kg

compound

3 39

Cmaxobs(N@/mL)?® 7.8 106.0
C, (ng/mL)° 6.6 54.0

parameters

tmax obs (h)c 8.0 3.0
t; (h)° 10.0 10.0
t1/22(h)° 1.5 1.2

AUCq. (ng/mL)"  99.2 1204.0

%Crmax obs Maximal measured concentratidg,; last analytical quantifiable concentratidtya, obs time to reach
the maximum measured concentratid; time of the last sample which has an analyticajlyantifiable
concentration;t;,, half-life of the terminal slope of a concentratitime curve;AUC,,; area under the
concentration time curve up to the time tz of te&t kample.

Computational Chemistry

To obtain an insight which physicochemical parametght influence biological activity, the
charge density distribution was considered andrtbkecular electrostatic potentials (MEPS) of
selected compounds were determined. The geometrthefcompounds had been fully
optimized in the gas phase at the B3LYP/6-311++@)(bkvel of density functional theory
(DFT). MEPs were plotted for every compound oneiectron density with GaussView 3.09.
The electrostatic potential distribution of the e density is presented by a color code
ranging from —3.1 -I®to 4.5 -1G Hartree (Figures 1 and 2 and Supporting Infornmétigor
better comparison, the MEPs of different compountisre divided into 3 regions
corresponding to each aromatic system.

In Figure 1, the MEPS of five-membered heterocycbmpounds are arranged based on their
increasing inhibitory potency. While the positiasfshe hydroxyphenyl moieties are fixed, the
nature of the heterocycle is varied. It becomessg that the heterocycle influences the ESP
distribution of the whole molecule. In order toioaglise these MEPs, the ESP distribution
ranges C'), the mean values of the distribution rang€$) (and theA of ESP C°) were
analyzed: negative ESP values (red/orange/yellom)egion | and Il and less negative to
almost neutral ESP values (green/yellow) in redibrare obviously an important factor for
high inhibitory potency. Trying to establish a seyoantitative MEP-activity relationship
(“semi-QMAR”) optimal ESP ranges for areas |, Idai for potent inhibition were identified
(hydrogens and the OH groups were not considefedjegion | ESP from —1.7 to —1.2 4,0

for region Il —1.6 to —0.9 -T0and for region IIl —1.2 to —0.5 -f0Hartree.Similarly, the
optimal A values of ESP for each region were determined; 0.3 and 0.7 Hartree,
respectively. Both the shift of a certain ESP distiion range on the scale and the change of
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the A value result in a decrease of inhibitory activitjhe combination of these two criteria is
substantiated with +, — and 0 in Figuré lindicating favorable, unfavorable and neutral
impact on activity.

“pRo. oo, pho. pho. oo,

inactive (IC4, > 1000 nM) (ICs,: 310 M) (ICs,: 69 nM) (ICs,: 50 M)

| | —

34 4.5

C1|22--12[-30-42[.1,3-0,1||1,3--1,0}-25--1,0[-1,7--08 [-1,7 - -1,1 -25 - 0,1|-1,1 --0,1| [-1,8--1,2[-1,7 --05}1,5--0,8|[-1,7--1,1-25--0,5[-1,2--05

C2| 1.7 0,6 -0,6 -1,2 475 | 1,3 -4 -1,2 0,6 -5 -1,1 1,2 -4 -5 -0,85

C3 1 72 1,4 03 15 08 06 26 1 06 1,2 07 06 2 07
D 0 0 + 0 0 + + 0 + 0 +

Figure 1. (A) structure and J¥#HSD1 inhibitory activity ofF,** E,*® and compounds, 3, 17
ordered by increasing activityB] MEP maps, dorsal and ventral vievg'Y ESP distribution
range (Hartree; -13); (C? mean value of distribution range (Hartree;10C% A of ESP; D)
“semi-QMAR”. MEP surfaces were plotted with Gaussi3.09.

CompoundF®® exhibits a polarization between top and bottonesidf the molecule: the
vertex-side (NH) has positive ESP values, whilgr@opposite side (N-C) negative to neutral
values are predominant. This polarizatiot=(7.2 -10° Hartree) results in an inactive
compound, indicating that the ESP of the centraerdoeycle is crucial for 3¥HSD1
inhibitory activity.

A good example for the change in activity is wedintbnstrated by the ESP distribution in
region Il for thiazolesl and 3 (Figure 1C* and C?. The dramatic loss of activity of
compoundl (IC.,> 1000 nM) in comparison t8 (IC.,= 50 nM) is due to a non optimal

electron density distribution.

The MEP maps of the six-membered ring compoundsdepected in Figure 2. A similar
charge density distribution was observed exceptHeronly planar compound of this series,
tetrazine33, which showed no polarization between top anddbotside of the molecule. It
remains to be clarified whether this is the redsonhe reasonable activity of compoud8l
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A /PH HD\ ’OH /OH /OH
. I\ /=N Vi == /N:u\_/:{\) (,:\ — ’_{f:<\ /:\_/:\ =
‘}_,;f’_<§& YW ANV Y >\_¢>_<_/ \_/ 4}\47 *;._/\_4*_%’)
Ho HO HO
32 33 29 3
(IC5,: 1000 nii) (ICeq: 200 niVI) (IC5: 173 nM) (IC50: 101 NI

B. —[

c1| 15-40]|-25-01 | 15--10 || -12-.06 | -25-21 | -1,2--06 || -1,4--10 | -4,5--4,0 | -1,4-14,0 | -20--1,1 | -25--08 | -1,3--05
C2 -1,25 -1,3 -1,25 -09 -0,2 -0,9 1,2 -1,25 -1,2 -1,6 1.6 -0,9
c3 0,5 2,6 05 0.3 4,6 06 04 0,5 04 08 19 038
D 0 - 0 - Q + 0 + 0 + 0 +

Figure 2. (A) structure and I¥HSD1 inhibitory activity of compound29 and 31 to 33

ordered by increasing activity8Y MEP maps, dorsal and ventral vievg'Y ESP distribution
range (Hartree:-13); (C?) mean value of distribution range (Hartree21@C>) A of ESP; D)

“semi-QMAR”. MEP surfaces were plotted with GaussVi3.09.

Discussion and conclusion

The present paper shows that compoBnfiom a previous study could be optimized. The
most active and selective thiaz@eshows an Ig value of 50 nM and a selectivity factor of 80
(compouncE, ICse= 310 nM, selectivity factor: 56).

The biological results obtained confirm similardings described in our previous artidfehe
OH substitution pattern of our compounds is deeisor inhibitory activity. Comparison of the
mono hydroxylated thiophen&® and20 (meta- andpara-, respectively) shows that timaeta-
hydroxy group is crucial for activity. The inactiyiof compoundl8 indicates that the phenyl
moiety of the meta-hydroxyphenyl thiophenel9 is also important for potency. The
replacement of theeta-hydroxy group ofl9 with hydrogen leading to the inactive compound
17 demonstrates the importance of the hydrogen bdedaiction for activity.

As observed for the previously described bis(hygptvenyl) derivative§® the distance
between the two oxygens obviously has to be closbd value observed for the substrate (
11 A). Thepara-para disubstituted compounds show distances longer18amA. They are all
inactive. Concerning thmeta-para andmeta-meta disubstituted compounds, which have O-O
distances between 8.5 and 1A.8medium to high inhibitory activities are obserfed most
compounds. They could be able to establish hydrdger interactions with His221/Glu282
and Ser142/Tyrl55. However, the inactivity of thiles 1, 5, 7 and triazoled 2 to 16, which
are all meta-para and meta-meta disubstituted, indicates that this distance is thet only
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decisive criterion for activity. The heterocyclesalinfluences the inhibitory potencies of the
compounds.

In the five-membered ring series, the potency Bf3kiriazoles described previou¥lyed us to
further investigate this class of compounds. Tleetinity of compoundd.2 to 15 shows that
either the nitrogen distribution in the ring or timethyl group are not tolerated by the enzyme.
The replacement of the N-Me moiety d# with sulfur (compoundlO) leading to a fairly
potent compound indicates that S in this positi@as la positive influence. To further
investigate the role of the nitrogen in the rifgarolesl to 8 and thiophene21 to 28, 31 and

32 were investigated. The fact that thiazdeand thiophene22 exhibit almost identical
potencies shows that the nitrogen does not congritaubinding, i.e. that there is obviously no
hydrogen bond interaction.

In this report, we could also show that six-membeiags are appropriate for the design of
highly active 1B-HSD1 inhibitors. Comparison of the almost equipbt@henylene3s,
pyridine 37 and tetrazin@9 confirms the hypothesis that nitrogens are toderat the ring but
do not contribute to a specific interaction.

The role of the angle between the two hydroxyphemyleties was also investigated in order to
find out whether there is a correlation betwees trarameter and the inhibitory potency. The
broad range of angles calculated (128° Xtrto 180° for37, two highly active compounds)
could not be correlated with high or low inhibitgrgtency indicating that the enzyme presents
some flexibility for ligand binding. Interestinglyfor smaller angles between the two
hydroxyphenyl groups, as in case of compoub@sind11 (N atom at the vertex), theeta-
meta substitution results in a higher activity, whiler larger angles, in presence of a sulfur
atom at the vertex of the five-membered heterocy2l&-disubstituted thiazoles and 2,5-
disubstituted thiophenes), the optimal substitutjpattern is meta-para/para-meta. This
phenomenon will be further investigated.

Our finding that there exists a correlation betwgenMEPs and the biological activities of the
compounds (semi-QMAR) might be exploited for furttsructure optimization underlining
the relevance of this descriptor for biologicaliaty. Furthermore, the MEPs could be used to
investigate how these inhibitors approach and himdhe enzyme as it is described for
genistein and the estrogen recegftor.

Interestingly the exchange of a CH in the thioph2@eby a N leading to the thiazol@
increases selectivity toward A-HSD2 dramatically (Igo 173-HSD2 / 1G, 173-HSD1, 28 vs
80). In general, the most potent compounds exlabieally low affinity for the EBR and
ERB and show no stimulation of cell proliferation (aggtic effect) in the ER-positive T-47D
cell line. It is worth mentioning tha in spite of its good CaCo-2 permeability showsally
low bioavailability compared t@9. Glucuronidation and/or sulfatation might be resgble
for the low plasma levels of the parent compounds.

In the present report, we described the synthesisisghydroxyphenyl) azoles, thiophenes,
benzenes, aza-benzenes and the evaluation ofbilbéagical properties. The most promising
compounds of this studyg, 22 and 39, show a high selectivity toward gHSD2, a low
binding affinity to the ER, a high CaCo-2 permeability and a reasonable pheskinetic
profile after peroral application. These new comumsi should be useful tools to further
investigatan vivo 173-HSD1 as a target fahe treatment of estrogen-dependent diseases.
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Experimental section

Chemical methods

Chemical names follow IUPAC nomenclature. Startimgferials were purchased from Aldrich, Acros,
Lancaster, Roth, Merck or Fluka and were used witiparification.

Column chromatography (CC) was performed on siielb(70-200um) coated with silica, preparative
thin layer chromatography (TLC) on 1 mm SIL G-100/4} glass plates (Macherey-Nagel) and
reaction progress was monitored by TLC on Alugrdm@ UV ,54(Macherey-Nagel).

Melting points were measured on a Mettler FP1 mglpioint apparatus and are uncorrected.

IR spectra were recorded on a Bruker Vector 33tsp@eter (neat sample).

'H-NMR and™C-NMR spectra were measured on a Bruker AM500 speetter (500 MHz) at 300 K.
Chemical shifts are reported &n(parts per million: ppm), by reference to the logbnated residues of
deuteriated solvent as internal standard (GDEE 7.24 ppm {H NMR) andd = 77 ppm £C NMR),
CD;0D: 4 = 3.35 ppm {H NMR) andd = 49.3 ppm C NMR), CD;,COCD;: 8 = 2.05 ppm'H NMR)
andd= 29.9 ppm C NMR), CD;SOCD;: & = 2.50 ppm {H NMR) andd = 39.5 ppm C NMR).
Signals are described as s, d, t, dd, m, dt f@laindoublet, triplet, doublet of doublets, mukipand
doublet of triplets, respectively. All coupling ctants J) are given in hertz (Hz).

Mass spectra (ESI) were recorded on a TSQ Quaritteriho/Fischer) instrument. Elemental analyses
were performed at the Department of Instrumentallysis and Bioanalysis, Saarland University.

5-Bromo-2-(4-methoxyphenyl)-1,3-thiazol&ii],'**** 4-methoxythiobenzamidel Qii),** 3-bromo-2-(4-
methoxyphenyl)thiophen¢81ii),*® 3-bromo-4'-methoxybiphenyi33ii),*” 4'-bromo-3methoxybiphenyl
(35ii),”® 2-(4-methoxyphenyl)-5-(3-methoxyphenyl)-1,3-thiazdli),”® 2,5-bis(4-methoxyphenyl)-1,3-
thiazole(2i),*° 2,4-bis(4-methoxyphenyl)-1,3-thiazo(@i),*® 3-hydroxythiobenzamidel {i),*® 2,5-bis(4-
methoxyphenyl)thiophene (21i),>*  2,4-bis(4-methoxyphenyl)thiophene 26§,  2,3-bis(4-
methoxyphenyl)thiophen&1i),> 3,4"-dimethoxy-1,1":3',1"-terphen(83i),>* 4,4"-dimethoxy-1,1"3',1"-
terphenyl (34i),>* 4,4'-(1,3-thiazole-2,5-diyl)diphenol2)>® 4,4'-(1,3-thiazole-2,4-diyl)diphenol6)*
3,3'-(1,2,4-thiadiazole-3,5-diyl)diphen¢11),>° 3,3'-(1H-1,2,3-triazole-1,4-diyl)diphena(16)**%>" 2,5-
diphenylthiophene 1(7),® 4,4'-thiene-2,5-diyldiphenol(21),>* 4,4'-thiene-2,4-diyldiphenol 26),>
1,1":3',1"-terphenyl-3,4diol (33),>° 1,1'3',1"-terphenyl-4,4"-diol(34),° 1,1"4',1"-terphenyl-3,3"-diol
(35)'%2% 1,1:4'1"-terphenyl-3,4"-diok36)'%%>° 3,3'-pyrazine-2,5-diyldiphenol 36),** 3,3'-(1,2,4,5-
tetrazine-3,6-diyl)diphenoB@)*° were prepared following described procedures.

General procedure for Suzuki coupling

Method A:

A mixture of arylboromide (1 eq), methoxybenzenedmiz acid (1 eq), sodium carbonate (2 eq) and
tetrakis(triphenylphosphine) palladium (0.005 eg)an oxygen free toluene/water (1:1) solution was
stirred at 100 °C for 4 h under nitrogen. The reactixture was cooled to rt. The agueous layer was
extracted with ethyl acetate. The combined orgdaiers were washed with brine, dried over

magnesium sulfate, filtered and concentrated taesy. The product was purified by CC.

Method B:

A mixture of arylbromide (1 eq), methoxybenzenedmix acid (1.2 eq), sodium carbonate (2 eq) and
tetrakis(triphenylphosphine) palladium (0.005 eq) dn oxygen free tetrahydrofurane/water (1:1)
solution was stirred at 100 °C for 20 h under & The reaction mixture was cooled to rt. The
aqueous layer was extracted with ethyl acetate.cbngbined organic layers were washed with brine,
dried over magnesium sulfate, filtered and conegedt to dryness. The product was purified by CC.

Method C:

A mixture of aryl dibromide (1 eq), methoxybenzdywonic acid (2.4 eq), caesium carbonate (4 eq)
and tetrakis(triphenylphosphine) palladium (0.00%)) ewas suspended in an oxygen free
DME/EtOH/water (1:1:1) solution. The reaction mpduwas exposed to microwave irradiation (15
min, 150 W, 150 °C, 15 bar). After reaching rt, eratvas added and the aqueous layer was extracted
with ethyl acetate. The combined organic layerseweaished with brine, dried over magnesium sulfate,
filtered and concentrated to dryness. The prodast purified by preparative TLC.



RESULTS - 60 -

Method D: General procedure for synthesis of 1,2,4-triazoles:

A solution of acyl chloride (1 eq) in dichlorometteawas added dropwise to a mixture of ethyl imino
ester (1 eq) and dry triethylamine (1 eq) in 20 dithloromethane and heated to 30<85for 6 h.
After cooling to rt, the mixture was poured into%3 NaHCQ solution (25 mL). The layers were
separated and the organic layer was washed witbrwatied over sodium sulfate and evaporated to
dryness under reduced pressure. The resuNiagylimino esterd 2ii to 15ii were heated to 30-35°C
with methyl hydrazine (2 eq) in GBI, for 4 h. The solvent was removed under reducesspre and
the 1,2,4-triazole42i to 15i were crystallized from C}l,/ Et,0.

General procedure for ether cleavage

Method E:

To a solution of methoxybenzene derivative (1 eqiliy dichloromethane at -78 °C (dry ice/acetone
bath), boron tribromide in dichloromethane (1 Medper methoxy function) was added dropwise. The
reaction mixture was stirred for 20 h at rt undérogen. Water was added to quench the reactiah, an
the aqueous layer was extracted with ethyl acefidie. combined organic layers were washed with
brine, dried over sodium sulfate, evaporated tonelsg under reduced pressure and purified by
preparative TLC.

Method F:

To a solution of bis(methoxyphenyl) derivative (fj) en dry dichloromethane, borontrifluoride
dimethyl sulfide complex (75 eq) was added dropwitsé. The reaction mixture was stirred for 20 h.
Water was added to quench the reaction and theoaguayer was extracted with ethyl acetate. The
combined organic layers were washed with brineeddover sodium sulfate, evaporated to dryness
under reduced pressure and purified by prepar@ti

3-[2-(4-Hydroxyphenyl)-1,3-thiazol5-yl]phenol (1). The title compound was prepared by reaction of
5-(3-methoxyphenyl)-2-(4-methoxyphenyl)-1,3-thiaz(li) (40 mg, 0.13 mmol) and boron tribromide
(0.81 mmol) according to method E. The product wasfied by preparative TLC (hexane/ethyl
acetate 5:5); yield: 77 % (28 mg); MS (ESI): 2704¥)"; Anal. (CisH1:NO,S) C, H, N.

5-Bromo-2-(3-methoxyphenyl)-1,3-thiazol€3ii). The title compound was prepared by reaction,®f 2
dibromo-1,3-thiazole (500 mg, 2.06 mmol), 3-methmxyzeneboronic acid (376 mg, 2.47 mmol),
sodium carbonate (437 mg, 4.12 mmol) and tetralps@nylphosphine) palladium (11 mg, fuénol)
according to method A. The product was purifieddsy (dichloromethane/methanol 95:5); yield: 50 %
(278 mg).

2-(3-Methoxyphenyl)-5-(4-methoxyphenyl)-1,3-thiaza (3i). The title compound was prepared by
reaction of 5-bromo-2-(3-methoxyphenyl)-1,3-thiazol @ii) (250 mg, 0.93 mmol), 4-
methoxybenzeneboronic acid (170 mg, 1.11 mmol),jusedcarbonate (197 mg, 1.86 mmol) and
tetrakis(triphenylphosphine) palladium (5.4 mg, fr6ol) according to method A. The product was
purified by CC (hexane/ethyl acetate 9:1); yiel@:9%6 (160 mg).

3-[5-(4-Hydroxyphenyl)-1,3-thiazol-2-yl]phenol (3). The title compound was prepared by reaction of
2-(3-methoxyphenyl)-5-(4-methoxyphenyl)-1,3-thisz(8i) (40 mg, 0.13 mmol) and boron tribromide
(0.81 mmol) according to method E. The product wasfied by preparative TLC (hexane/ethyl
acetate 5:5); yield: 80 % (50 mg); MS (ESI): 270+4¥)"; Anal. (GsH1:NO,S) C, H, N.

2,5-Bis(3-methoxyphenyl)-1,3-thiazolé4i). The title compound was prepared by reactiorn-bfdno-
2-(3-methoxyphenyl)-1,3-thiazol8i{) (250 mg, 0.93 mmol), 3-methoxybenzeneboronic v mg,
1.11 mmol), sodium carbonate (197 mg, 1.86 mmot) ttrakis(triphenylphosphine) palladium (5.4
mg, 4.6umol) according to method A. The product was putifley CC (hexane/ethyl acetate 9:1);
yield: 40 % (111 mg).

3,3'-(1,3-Thiazole-2,5-diyl)diphenol(4). The title compound was prepared by reaction of BE&b
methoxyphenyl)-1,3-thiazol@ti) (100 mg, 0.36 mmol) and boron tribromide (2.02 shnaccording to
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method E. The product was purified by preparati€ Thexane/ethyl acetate 5:5); yield: 85 % (82
mg); MS (ESI): 270 (M+H}, Anal. (GsH1;NO,S) C, H, N.

4-Bromo-2-(4-methoxyphenyl)-1,3-thiazol€5ii). The title compound was prepared by reaction,4f 2
dibromo-1,3-thiazole (500 mg, 2.06 mmol), 4-methmxyzeneboronic acid (376 mg, 2.47 mmol),
sodium carbonate (437 mg, 4.12 mmol) and tetralpb@nylphosphine) palladium (11 mg, fuénhol)
according to method A. The product was purifieddy (hexane/ethyl acetate 9:1); yield: 55 % (305

mg).

2-(4-Methoxyphenyl)-4-(3-methoxyphenyl)-1,3-thiaza (5i). The title compound was prepared by
reaction of 4-bromo-2-(4-methoxyphenyl)-1,3-thiazol Gii) (250 mg, 0.93 mmol), 3-
methoxybenzeneboronic acid (170 mg, 1.11 mmol),jusedcarbonate (197 mg, 1.86 mmol) and
tetrakis(triphenylphosphine) palladium (5.4 mg, fr6ol) according to method A. The product was
purified by CC (hexane/ethyl acetate 9:1); yield:% (143 mg).

3-[2-(4-Hydroxyphenyl)-1,3-thiazol-4-yl]phenol(5). The title compound was prepared by reaction of
2-(4-methoxyphenyl)-4-(3-methoxyphenyl)-1,3-thiaz@i) (70 mg, 0.24 mmol) and boron tribromide
(1.44 mmol) according to method E. The product \wasfied by preparative TLC (hexane/ethyl
acetate 5:5); yield: 78 % (50 mg); MS (ESI): 268d}1; Anal. (GsH11,NO,S) C, H, N.

4-Bromo-2-(3-methoxyphenyl)-1,3-thiazol€7ii). The title compound was prepared by reaction,4f 2
dibromo-1,3-thiazole (500 mg, 2.06 mmol), 3-metHmxyzeneboronic acid (376 mg, 2.47 mmol),
sodium carbonate (437 mg, 4.12 mmol) and tetralpb@nylphosphine) palladium (11 mg, fiénhol)
according to method A. The product was purifiedQsy (hexane/ethyl acetate 9:1); yield: 50 % (270

mg).

2-(3-Methoxyphenyl)-4-(4-methoxyphenyl)-1,3-thiaza (7i). The title compound was prepared by
reaction of 4-bromo-2-(3-methoxyphenyl)-1,3-thiazol (7ii)) (250 mg, 0.93 mmol), 4-
methoxybenzeneboronic acid (170 mg, 1.11 mmol),jusedcarbonate (197 mg, 1.86 mmol) and
tetrakis(triphenylphosphine) palladium (5.4 mg, fr6ol) according to method A. The product was
purified by CC (hexane/ethyl acetate 9:1); yield:9% (218 mg).

3-[4-(4-Hydroxyphenyl)-1,3-thiazol-2-yl]phenol (7) The title compound was prepared by reaction of
2-(3-methoxyphenyl)-4-(4-methoxyphenyl)-1,3-thisz@li) (70 mg, 0.24 mmol) and boron tribromide
(1.44 mmol) according to method E. The product \wasfied by preparative TLC (hexane/ethyl
acetate 5:5); yield: 80 % (52 mg); MS (ESI): 268d}1; Anal. (GsH1:NO,S) C, H, N.

2,4-Bis(3-methoxyphenyl)-1,3-thiazol€8i). The title compound was prepared by reaction-bfaimo-
2-(3-methoxyphenyl)-1,3-thiazol&i{) (250 mg, 0.93 mmol), 3-methoxybenzeneboronic éCvd mg,
1.11 mmol), sodium carbonate (197 mg, 1.86 mmot) ttrakis(triphenylphosphine) palladium (5.4
mg, 4.6umol) according to method A. The product was putifey CC (hexane/ethyl acetate 9:1);
yield: 18 % (50 mg).

3,3'-(1,3-Thiazol-2,4-diyl)diphenol (8). The title compound was prepared by reaction of &b
methoxyphenyl)-1,3-thiazole8i) (70 mg, 0.24 mmol) and boron tribromide (1.44 Mna@cording to
method E. The product was purified by preparati€ Thexane/ethyl acetate 5:5); yield: 78 % (50
mg); MS (ESI): 268 (M-H) Anal. (GsH1:NO,S) C, H, N.

3,3'-(1,2,4-Thiadiazol-2,5-diyl)diphenol (9). A solution of 3-hydroxythiobenzamide (100 mgl®.
mmol, 2 eq) in DMSO (10 ml) was stirred for 5 hriatvith 3 ml concentrated chlorhydric acid. The
crude mixture was poured into water and the rewylirecipitate was filtered, washed with water and
dried overnight in a desiccator; yield: 92 % (41)mdS (ESI): 269 (M-H) Anal. (G4H1N,O,S) C, H,

N.

3-[3-(4-Methoxyphenyl)-1,2,4-thiadiazol-5-yl]phenol(10i). A solution of 4-methoxythiobenzamide
(20ii) (318 mg, 1.90 mmol, 1 eq) in DMSO was heated3ftr at 38 °C with 3-hydroxythiobenzamide
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(11i) (290 mg, 1.90 mmol, 1 eq) and concentrated hydooic acid (193uL, 1.90 mmol, 1 eq). After
cooling to rt, the crude mixture was poured intadevaand the resulting precipitate was collected by
filtration. The mixture ofl0i and11 was separated by CC (hexane/ethyl acetate 8&y:y80 % (70
mg) for10i and 42 % (215 mg) fdkl.

3-[3-(4-Hydroxyphenyl)-1,2,4-thiadiazol-5-yl]phenol (10). The title compound was prepared by
reaction of 3-[3-(4-methoxyphenyl)-[1,2,4]-thiadidb-yl]-phenol @0i) (150 mg, 0.53 mmol) and
boron tribromide (1.59 mmol) according to methodTEe product was purified by preparative TLC
(hexane/ethyl acetate 5:5); yield: 91 % (130 mg¥ (&SI): 271 (M+H); Anal. (C4H1N205S) C, H,

N.

3-(3-Methoxyphenyl)-5-(4-methoxyphenyl)-1-methyl-H-1,2,4-triazole (12i). The title compound
was prepared frorpara-anisoyl chloride (170 mg, 1.0 mmol), ethyl 3-metyfleenzimidate (179 mg,
1.0 mmol) and methyl hydrazine (92 mg, 2.0 mmotoading to method D; yield: 85 % (250 mg); m.p.
108-110 °C (CHCI/ Et0); MS (ESI): 296 (M+H).

3-[5-(4-Hydroxyphenyl)-1-methyl-1H-1,2,4-triazol-3-yl]phenol (12). The title compound was
prepared by reaction of 3-(3-methoxyphenyl)-5-(4togyphenyl)-1-methyl-#-1,2,4-triazole (12i)
(100 mg, 0.37 mmol) and borontrifluoride dimethylf&le complex (27.75 mmol) according to method
F. The product was purified by preparative TLC yethcetate); yield: 46 % (42 mg); MS (ESI): 268
(M+H)".

3,5-Bis(4-methoxyphenyl)-1-methyl-H-1,2,4-triazole (13i). The title compound was prepared from
para-anisoyl chloride (170 mg, 1.0 mmol), ethyl 4-metjloenzimidate (179 mg, 1.0 mmol) and
methyl hydrazine (92 mg, 2.0 mmol) according tohodtD; yield: 78 % (230 mg); m.p. 141-143 °C
(CH.CIl,/ Et,0); MS (ESI): 296 (M+H).

4-[5-(4-Hydroxyphenyl)-1-methyl-1H-1,2 4-triazol-3-ylJphenol (13). The title compound was
prepared by reaction of 3,5-bis(4-methoxyphenyfpethyl-1H-1,2,4-triazole 13i) (100 mg, 0.37
mmol) and borontrifluoride dimethyl sulfide compl&X7.7 mmol) according to method F. The product
was purified by preparative TLC (ethyl acetateglgi 63 % (57 mg); MS (ESI): 268 (M+H)

3-(4-Methoxyphenyl)-5-(3-methoxyphenyl)-1-methyl-H-1,2,4-triazole (14i). The title compound
was prepared frommeta-anisoyl chloride (170 mg, 1.0 mmol), ethyl 4-metyloanzimidate (179 mg,
1.0 mmol) and methyl hydrazine (92 mg, 2.0 mmobtoading to method D; yield: 77 % (227 mg); m.p.
114-116 °C (CHCl/ Et0); MS (ESI): 296 (M+H).

4-[5-(3-Hydroxyphenyl)-1-methyl-1H-1,2 4-triazol-3-yl]phenol (14). The title compound was
prepared by reaction of 3-(4-methoxyphenyl)-5-(Zogyphenyl)-1-methyl-#-1,2,4-triazole 14i)
(200 mg, 0.37 mmol) and borontrifluoride dimethylfile complex (27.7 mmol) according to method
F. The product was purified by preparative TLC yethcetate); yield: 53 % (48 mg); MS (ESI): 268
(M+H)".

3,5-Bis(3-methoxyphenyl)-1-methyl-H-1,2,4-triazole (15i). The title compound was prepared from
meta-anisoyl chloride (170 mg, 1.0 mmol), ethyl 3-methioenzimidate (179 mg, 1.0 mmol) and
methyl hydrazine (92 mg, 2.0 mmol) according to hodt D; yield: 67 % (198 mg); m.p. 67-69 °C
(CH.CIly/ Et,0); MS (ESI): 296 (M+H).

3-[5-(3-Hydroxyphenyl)-1-methyl-1H-1,2 4-triazol-3-yl]phenol (15). The title compound was
prepared by reaction of 3,5-bis(3-methoxyphenyidthyl-1H-1,2 4-triazole 15i) (100 mg, 0.37
mmol) and borontrifluoride dimethyl sulfide compl&X7.7 mmol) according to method F. The product
was purified by preparative TLC (ethyl acetategldgi 64 % (58 mg); MS (ESI): 268 (M+H)

2-Bromo-5-(3-methoxyphenyl)thiopheng18ii). The title compound was prepared by reaction,5f 2
dibromothiophene (46fAL, 4.13 mmol), 3-methoxybenzeneboronic acid (753 485 mmol), sodium
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carbonate (876 mg, 8.26 mmol) and tetrakis(triph@msphine) palladium (24 mg, 20nol) according
to method A. The product was purified by CC (hexethg/| acetate 9:1); yield: 41 % (445 mg).

2-(3-Methoxyphenyl)thiophene(18i). To a solution of 2-bromo-5-(3-methoxyphenyl)titene(18ii)

(100 mg, 0.37 mmol, 1 eq) in dry THF cooled to ¢@8for 5 min,n-BuLi (1.6 M in hexane, 0.28 mL,
0.44 mmol, 1.2 eq) was added dropwise and stireedl® min at -78 °C. The crude mixture was
carefully hydrolyzed by addition of water (10 mhdalayers were separated. The aqueous layer was
extracted with ethyl acetate. The combined orgdaiers were washed with brine, dried over
magnesium sulfate and evaporated to dryness uedeced pressure; yield: 98 % (69 mg).

3-(2-Thienyl)phenol (18). The title compound was prepared by reaction o0f(3-2
methoxyphenyl)thiophenel8i) (80 mg, 0.42 mmol) and boron tribromide (1.26 mnazcording to
method E. The product was purified by preparati€ Thexane/ethyl acetate 7:3); yield: 85 % (63
mg); MS (ESI): 177 (M+H), Anal. (C,HgOS) C, H, N.

2-(3-Methoxyphenyl)-5-phenylthiophene(19i). The title compound was prepared by reaction -of 2
bromo-5-(3-methoxyphenyl)thiophen&sfi) (400 mg, 1.52 mmol), benzeneboronic acid (223 hgR
mmol), sodium carbonate (322 mg, 3.04 mmol) andket(triphenylphosphine) palladium (8.8 mg, 7.6
pumol) according to method B. The product was putitiy CC (hexane/ethyl acetate 7:3); yield: 70 %
(283 mg).

3-(5-Phenyl-2-thienyl)phenol (19). The title compound was prepared by reaction of3-2
methoxyphenyl)-5-phenylthiophend9j) (100 mg, 0.37 mmol) and boron tribromide (2.22 afjm
according to method E. The product was purifiegptgparative TLC (hexane/ethyl acetate 5:5); yield:
81 % (75 mg); MS (ESI): 253 (M+H)Anal. (G¢H1,0S) C, H, N.

2-Bromo-5-(4-methoxyphenyl)thiopheng20ii). The title compound was prepared by reaction,bf 2
dibromothiophene (V= 465L, 4.13 mmol), 4-methoxybenzeneboronic acid (753 Hh§5 mmol),
sodium carbonate (876 mg, 8.26 mmol) and tetralpsgnylphosphine) palladium (24 mg, fénol)
according to method A. The product was purifiedQsy (hexane/ethyl acetate 9:1); yield: 75 % (815
mg).

2-(4-Methoxyphenyl)-5-phenylthiophene(20i). The title compound was prepared by reaction -of 2
bromo-5-(4-methoxyphenyl)thiophen20fi) (400 mg, 1.52 mmol), benzeneboronic acid (223 hgR
mmol), sodium carbonate (322 mg, 3.04 mmol) an@ket(triphenylphosphine) palladium (8.8 mg, 7.6
pumol) according to method B. The product was putitiy CC (hexane/ethyl acetate 7:3); yield: 75 %
(303 mg).

4-(5-Phenyl-2-thienyl)phenol (20). The title compound was prepared by reaction of4-2
methoxyphenyl)-5-phenylthiophen@(j) (100 mg, 0.37 mmol) and boron tribromide (2.22 @)m
according to method E. The product was purifieghtgparative TLC (dichloromethane/methanol 99:1);
yield: 95 % (89 mg); MS (ESI): 253 (M+H)Anal. (C¢H:,0S) C, H, N.

2-(3-Methoxyphenyl)-5-(4-methoxyphenyl)thiophene(22i). The title compound was prepared by
reaction of 2-bromo-5-(3-methoxyphenyl)thiophenel8ii) (150 mg, 0.57 mmol), 4-
methoxybenzeneboronic acid (223 mg, 0.68 mmol),jusedcarbonate (120 mg, 1.14 mmol) and
tetrakis(triphenylphosphine) palladium (3.2 mg, Rr@ol) according to method B. The product was
purified by CC (hexane/ethyl acetate 9:1); yiel8:9% (126 mg).

3-[5-(4-Hydroxyphenyl)-2-thienyl]phenol (22). The title compound was prepared by reaction of-2-(3
methoxyphenyl)-5-(4-methoxyphenyl)thiophe22if (150 mg, 0.51 mmol) and boron tribromide (3.06
mmol) according to method E. The product was peditby preparative TLC (hexane/ethyl acetate 5:5);
yield: 93 % (127 mg); MS (ESI): 269 (M+H)Anal. (C¢H1,0.S) C, H, N.

2,5-Bis(3-methoxyphenyl)thiopheng23i). The title compound was prepared by reaction-bfdimo-
5-(3-methoxyphenyl)thiophend &ii) (150 mg, 0.57 mmol), 3-methoxybenzeneboronic #2&8 mg,
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0.68 mmol), sodium carbonate (120 mg, 1.14 mmod) &trakis(triphenylphosphine) palladium (3.2
mg, 2.8umol) according to method B. The product was putifizy CC (hexane/ethyl acetate 9:1);
yield: 78 % (132 mg).

3,3'-Thiene-2,5-diyldiphenol (23). The title compound was prepared by reaction of Kb
methoxyphenyl)thiophen&8i) (150 mg, 0.51 mmol) and boron tribromide (3.06 e)naccording to
method E. The product was purified by preparati€ Thexane/ethyl acetate 5:5); yield: 95 % (130
mg); MS (ESI): 269 (M+H), Anal. (G¢H1,0,S) C, H, N.

4-Bromo-2-(3-methoxyphenyl)thiopheng24ii). The title compound was prepared by reaction,4f 2
dibromothiophene (1.00 g, 4.13 mmol), 3-methoxyle@eboronic acid (753 mg, 4.95 mmol), sodium
carbonate (876 mg, 8.26 mmol) and tetrakis(triph@msphine) palladium (24 mg, 20nol) according

to method A. The product was purified by CC (hexethg/| acetate 9:1); yield: 72 % (782 mg).

2-(3-Methoxyphenyl)-4-phenylthiophene(24i). The title compound was prepared by reaction -of 4
bromo-2-(3-methoxyphenyl)thiophen24(i) (250 mg, 0.93 mmol), benzeneboronic acid (137 iR
mmol), sodium carbonate (197 mg, 1.86 mmol) andket(triphenylphosphine) palladium (6 mg, 4.64
umol) according to method B. The product was putifiy CC (petroleum ether/ethyl acetate 7:3);
yield: 91% (225 mg).

3-(4-Phenyl-2-thienyl)phenol (24). The title compound was prepared by reaction o6f3-2
methoxyphenyl)-4-phenylthiophen@4() (225 mg, 0.85 mmol) and boron tribromide (3.6 jmo
according to method E. The product was purifieghi®parative TLC (dichloromethane/methanol 99:1);
yield: 69 % (147 mg); MS (ESI): 253 (M+H)

4-Bromo-2-(4-methoxyphenyl)thiopheng25ii). The title compound was prepared by reaction,éf 2
dibromothiophene (1.00 g, 4.13 mmol), 4-methoxyle@eboronic acid (753 mg, 4.95 mmol), sodium
carbonate (876 mg, 8.26 mmol) and tetrakis(triph@msphine) palladium (24 mg, 20nol) according

to method A. The product was purified by CC (hexethg/| acetate 9:1); yield: 78 % (847 mg).

2-(4-Methoxyphenyl)-4-(3-methoxyphenyl)thiophene(25i). The title compound was prepared by
reaction of 4-bromo-2-(4-methoxyphenyl)thiophene25iij (150 mg, 0.57 mmol), 3-
methoxybenzeneboronic acid (223 mg, 0.68 mmol),jusedcarbonate (120 mg, 1.14 mmol) and
tetrakis(triphenylphosphine) palladium (3.2 mg, Rr@ol) according to method B. The product was
purified by CC (hexane/ethyl acetate 9:1); yield:%% (118 mg).

3-[5-(4-Hydroxyphenyl)-3-thienyl]phenol (25). The title compound was prepared by reaction of 2-(4-
methoxyphenyl)-4-(3-methoxyphenyl)thiophe2sif (150 mg, 0.51 mmol) and boron tribromide (3.06
mmol) according to method E. The product was pedifdy preparative TLC (hexane/ethyl acetate 5:5);
yield: 80 % (109 mg); MS (ESI): 267 (M-HAnal. (G¢H1,0,S) C, H, N.

2-(3-Methoxyphenyl)-4-(4-methoxyphenyl)thiophene(27i). The title compound was prepared by
reaction of 4-bromo-2-(3-methoxyphenyl)thiophene24i) (150 mg, 0.57 mmol), 4-
methoxybenzeneboronic acid (223 mg, 0.68 mmol),jusedcarbonate (120 mg, 1.14 mmol) and
tetrakis(triphenylphosphine) palladium (3.2 mg, Rr@ol) according to method B. The product was
purified by CC (hexane/ethyl acetate 9:1); yield: %% (118 mg).

3-[4-(4-Hydroxyphenyl)-2-thienyl]phenol (27). The title compound was prepared by reaction of-2-(3
methoxyphenyl)-4-(4-methoxyphenyl)thiopheng7if (150 mg, 0.51 mmol) and boron tribromide
solution (3.06 mmol) according to method E. Thedpt was purified by preparative TLC
(hexane/ethyl acetate 5:5); yield: 85 % (116 mgh (&SI): 267 (M-H) Anal. (GgH120,S) C, H, N.

2,4-Bis(3-methoxyphenyl)thiopheng28i). The title compound was prepared by reaction-bfatno-
2-(3-methoxyphenyl)thiophen@4ii) (150 mg, 0.57 mmol), 3-methoxybenzeneboronic ##8 mg,
0.68 mmol), sodium carbonate (120 mg, 1.14 mmod) &trakis(triphenylphosphine) palladium (3.2
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mg, 2.8umol) according to method B. The product was putifizy CC (hexane/ethyl acetate 9:1);
yield: 72 % (121 mg).

3,3'-Thiene-2,4-diyldiphenol (28). The title compound was prepared by reaction of &K@b
methoxyphenyl)thiophene&8i) (150 mg, 0.51 mmol) and boron tribromide (3.06 et)naccording to
method E. The product was purified by preparati€ Thexane/ethyl acetate 5:5); yield: 88 % (120
mg); MS (ESI): 267 (M-H) Anal. (Ge¢H1:0,S) C, H, N.

4,4’-(Seleniene-2,5-diyl)diphenol (29). The title compound was prepared by reaction ¢&- 2
dibromoselenophene (150 mg, 0.52 mmol), 4-hydromgbeeboronic acid (172 mg, 1.25 mmol),
caesium carbonate (679 mg, 2.08 mmol) and tettakisénylphosphine) palladium (6.0 mg, fhol)
according to method C. The product was purifiegptsparative TLC (hexane/ethyl acetate 6:4); yield:
49 % (81 mg); MS (ESI): 317 (M+Ft)AnaI. (GeH120,Se) C, H, N.

3,3’-(Seleniene-2,5-diyl)diphenol (30). The title compound was prepared by reaction ¢&- 2
dibromoselenophene (150 mg, 0.52 mmol), 3-hydromgbeeboronic acid (172 mg, 1.25 mmol),
caesium carbonate (679 mg, 2.08 mmol) and tettakisénylphosphine) palladium (6.0 mg, phol)
according to method C. The product was purifiegpigparative TLC (hexane/ethyl acetate 6:4); yield:
42 % (69 mg); MS (ESI): 317 (M+H)Anal. (CH:,0,Se) C, H, N.

3-Bromo-2-(4-methoxyphenyl)thiopheng31ii). The title compound was prepared by reaction,8f 2
dibromothiophene (234L, 2.1 mmol), 4-methoxybenzeneboronic acid (383 1§2 mmol), sodium
carbonate (403 mg, 4.2 mmol) and tetrakis(triphgimysphine) palladium (12 mg, 16nol) according

to method B. The product was purified by CC (he}ayield: 70 % (387 mg).

4,4'-(Thiene-2,3-diyl)diphenol (31). The title compound was prepared by reaction of bisp4-
methoxyphenyl)thiophenegi) (150 mg, 0.51 mmol) and boron tribromide (3.06 et)naccording to
method E. The product was purified by preparatii€ Thexane/ethyl acetate 5:5); yield: 70 % (95
mg); MS (ESI):269 (M+H)"; Anal. (CH1,0,S) C, H, N.

3-Bromo-2-(3-methoxyphenyl)thiopheng32ii). The title compound was prepared by reaction,8f 2
dibromothiophene (234L, 2.1 mmol), 3-methoxybenzeneboronic acid (383 &1§2 mmol), sodium
carbonate (403 mg, 4.2 mmol) and tetrakis(triphgimytphine) palladium (12 mg, 16nol) according

to method B. The product was purified by CC (he}ayield: 58 % (320 mg).

2-(3-Methoxyphenyl)-3-(4-methoxyphenyl)-thiophene(32i). The title compound was prepared by
reaction of 3-bromo-2-(3-methoxyphenyl)thiophene32iij (150 mg, 0.57 mmol), 4-
methoxybenzeneboronic acid (223 mg, 0.68 mmol),jusedcarbonate (120 mg, 1.14 mmol) and
tetrakis(triphenylphosphine) palladium (3.2 mg, Rr@ol) according to method B. The product was
purified by CC (hexane/ethyl acetate 7:3); yiel?4@68 mg).

3-[3-(4-Hydroxyphenyl)-2-thienyl]phenol (32). The title compound was prepared by reaction of-2-(3
methoxyphenyl)-3-(4-methoxyphenyl)thiophe@if (150 mg, 0.51 mmol) and boron tribromide (3.06
mmol) according to method E. The product was pedifdy preparative TLC (hexane/ethyl acetate 5:5);
yield: 56 % (77 mg); MS (ESI): 269 (M+H)Anal. (C¢H1,0,S) C, H, N.

3,3"-Dimethoxy-1,1":4',1"-terphenyl (35i). The title compound was prepared by reaction-bfdmo-
3-methoxybiphenyl 35ii) (500 mg, 1.90 mmol), 3-methoxybenzeneboronic 46 mg, 2.28 mmol),
sodium carbonate (403 mg, 3.80 mmol) and tetralpb@nylphosphine) palladium (11 mg, 9bnol)
according to an adaptation of method A (heatingrtivgure 20 h instead of 4 h). The product was
purified by CC (hexane/ethyl acetate 95:5); yidldl:% (77 mg).

3,4"-Dimethoxy-1,1":4',1"-terphenyl (36i). The title compound was prepared by reaction-bfdmo-
3-methoxybiphenyl 35ii) (500 mg, 1.90 mmol), 4-methoxybenzeneboronic &b mg, 2.28 mmol),
sodium carbonate (403 mg, 3.80 mmol) and tetralpb@nylphosphine) palladium (11 mg, uBol)
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according to an adaptation of method A (heatingrtivgture 20 h instead of 4 h). The product was
purified by CC (hexane/ethyl acetate 95:5); yi&d:% (496 mg).

3,3'-Pyridine-2,5-diyldiphenol (37). The title compound was prepared by reaction of #jbromo
pyridine (150 mg, 0.63 mmol), 3-hydroxybenzenebaraweid (231 mg, 1.52 mmol), caesium carbonate
(821 mg, 2.52 mmol) and tetrakis(triphenylphosphipelladium (7.3 mg, 6.31mol) according to
method C. The product was purified by preparatik€ Tdichloromethane/methanol 98:2); yield: 67 %
(111 mg); MS (ESI): 262 (M-H)Anal. (CH:1sNO,) C, H, N.

Biological Methods

[2, 4, 6, 7°H]-E2 and [2, 4, 6, 7H]-E1 were bought from Perkin EImer, Boston. Quitks Flow 302
scintillator fluid was bought from Zinsser Analytierankfurt.

17B3-HSD1 and 1B-HSD2 were obtained from human placenta accordingreviously described
procedure$?® Fresh human placenta was homogenized and certifuthe pellet fraction contains
the microsomal 1F-HSD2, while 1B-HSD1 was obtained after precipitation with ammaomisulfate
from the cytosolic fraction.

1. Inhibition of 173-HSD1
Inhibitory activities were evaluated by a well dgished method with minor modificatiofts.®* ®
Briefly, the enzyme preparation was incubated viNthDH [500 uM] in the presence of potential
inhibitors at 37 °C in a phosphate buffer (50 mMpglemented with 20 % of glycerol and EDTA
1mM. Inhibitor stock solutions were prepared in DMShdficoncentration of DMSO was adjusted to
1 % in all samples. The enzymatic reaction wasedddry addition of a mixture of unlabelled- and42,
6, 7°H]- E1 (final concentration: 500 nM, 0.38Ci). After 10 min, the incubation was stopped with
HgCl, and the mixture was extracted with ether. Afteaporation, the steroids were dissolved in
acetonitrile. E1 and E2 were separated using aiteél@fwvater (45:55) as mobile phase in a C18 rp
chromatography column (Nucleodur C18 Gravity, 3 pviacherey-Nagel, Duren) connected to a
HPLC-system (Agilent 1100 Series, Agilent TechnasgWaldbronn). Detection and quantification of
the steroids were performed using a radioflow dete(Berthold Technologies, Bad Wildbad). The
%E2

conversion rate was calculated according to folhgaméquation:%converson=—————
%E2+%E1

Each value was calculated from at least three ienldgnt experiments.
2. Inhibition of 17 p-HSD2

The 1'B-HSD2 inhibition assay was performed similarly e L’ B-HSD1 procedure. The microsomal
fraction was incubated with NAT{1500 pM], test compound and a mixture of unladklland [2, 4, 6,
7-°H]-E2 (final concentration: 500 nM, 0.14Ci) for 20 min at 37 °C. Further treatment of thenples
and HPLC separation was carried out as mentionedeab

3. ER affinity

The binding affinity of select compounds to the cERnd ER was determined according to
Zimmermann et &t Briefly, 0.25 pmol of ER or ERB, respectively, were incubated with [2, 4, 6, 7-
*H]-E2 (10 nM) and test compound for 1 h at rt. Pagential inhibitors were dissolved in DMSO (5 %
final concentration). Non-specific-binding was penfied with diethylstilbestrol (10 uM). After
incubation, ligand-receptor complexes were seletibound to hydroxyapatite (5 g/ 60 mL TE-
buffer). The formed complex was separated, wasineldrasuspended in ethanol. For radiodetection,
scintillator cocktail (Quickszint 212, Zinsser Awat, Frankfurt) was added and samples were
measured in a liquid scintillation counter (Racka&Brimo 1209, Wallac, Turku). For determination of
the relative binding affinity (RBA), inhibitor anB2 concentrations required to displace 50 % of the
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receptor bound labelled E2 were determined. RBAiemlwere calculated according to the following

. ICsolE2
equation:RBA(%] = IC50(Cc5):$1p0l)Jnd)

[100. The RBA value for E2 was arbitrarily set at 100 %

4. Evaluation of the estrogenic activity using T-47D ells

Phenol red-free medium was supplemented with soddirarbonate (2 g/L), streptomycin (100
pg/mL), insuline zinc salt (10 pg/mL), sodium pyater (1 mM), L-glutamine (2 mM), penicillin (100
U/mL) and DCC-FCS 5% (v/v). RPMI 1640 (without ploéned) was used for the experiments. Cells
were grown for 48 h in phenol red-free medium. Compls4, 10, 22, 25, 35 and36 were added at a
final concentration of 100 nM. Inhibitors and E2revaliluted in ethanol (final ethanol concentration
was adjusted to 1 %). As a positive control E2 added at a final concentration of 0.1 nM. Ethanol
was used as negative control. Medium was changexy éwo to three days and supplemented with the
respective additive. After eight days of incubatidhe cell viability was evaluated measuring the
reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-dipig-tetrazoliumbromide (MTT). The cleavage of
MTT to a blue formazan by mitochondrial succinabylrogenase was quantified
spectrophotometrically at 590 nm as described byizd¢ and Lan® with minor modifications. The
control proliferation was arbitrarily set at 1 atheé stimulation induced by the inhibitor was cadtet

prol |fer§1t| on(.compoun'd —induced)-1] 100%.
[prollferatlon(EZ—mduced)—l]
Each value is calculated as a mean value of attle@s independent experiments

according to following equatior¥ostimulation = [

5. Caco-2 transport experiments

Caco-2 cell culture and transport experiments weeeformed according to Y&e with small
modifications. Cell culture time was reduced froint® 10 days by increasing seeding density from
6.3:10 to 1.65-10 cells per well. Four reference compounds (atendkstosterone, ketoprofene,
erythromycin) were used in each assay for valigatithe compounds were applied to the cells as a
mixture (cassette dosing) to increase the througfihe initial concentration of the compounds ie th
donor compartment was 50 uM (0.2 M MES, pH: 6.5itaming either 1 % ethanol or DMSO).
Samples were taken from the acceptor side aftemQ 68, 120 and 180 min and from the donor side
after 0 and 180 min. Each experiment was run iplitate. The integrity of the monolayers was
checkedby measuring the transepithelial electrical reaista(TEER) before the transport experiments
and by measuring lucifeyellow permeability after each assay. All sampléshe CaCo-2 transport
experiments were analyzed by LC/MS/MS after dilutiith buffer of the opposite transwell chamber
(1:1, containing 2 % acetic acid). The apparentmeability coefficients (B, were calculated using

dQ dQ

equatiorPapp—dtA , Where Y is the appearance rate of mass in the acceptopardment, A the
Co

surface area of the transwell membrane, grllecinitial concentration in the donor compartment

6. Metabolic stability assay

The assay was performed with liver microsomes froate Sprague Dawley rats (BD Gentest, USA).
Stock solutions (10 mM in acetonitrile) were dildit® give working solutions in 20 % acetonitrilenel
incubation solutions consisted of a microsomal eosppn of 0.33 mg/mL of protein in phosphate
buffer 100 mM pH 7.4 and 90 uL NAD#egenerating system (NADR mM, glucose-6-phosphate 5
mM, glucose—6-phosphate dehydrogenase 5 U/mL, MgGIM).

The reaction was initiated by the addition of tesmpound (final concentrationull) to the pre-
incubated microsomes/buffer mix at 37 °C. The samplere removed from the incubations after 0, 15,
30, and 60 min and processed for acetonitrile pition. The samples were analyzed by LC-MS/MS.
Two control groups were run in parallel: positiventrols (PC; n= 1) using 7-ethoxycoumarin as
reference compound to prove the quality of the osiomal enzymatic activity and negative controls
(NC; n= 1), using boiled microsomes (boiling wabath, 25 min) without regenerating system to
ensure that the potential apparent loss of pa@npound in the assay incubation is due to metaholis
The amount of compound in the samples was expregsgibrcentage of remaining compound



RESULTS - 68 -

compared to time point zero (= 100 %). These pé¢agms were plotted against the corresponding time
points and the half-life time was derived by a d&d fit of the data.

Intrinsic clearance (G) estimates were determined using the rate of paieappearance. The slope (-
k) of the linear regression from log [test compduwersus time plot was determined as well as the
elimination rate constant: k= In24 The equation expressing the microsoma); €an be derived:
Clin=k*V*f |, [ul/min/mg protein], where,fis the unbound fraction. V gives a term for théuwee of the
incubation expressed L / mg protein. As fis not known for the tested compound, the calcutat
was performed with,f=1 (V= incubation volume [ L]/microsomal proteirgin= 6667).

7. Inhibition of human hepatic CYPs

The commercially available P450 inhibition kitsfidBD Gentest” (Heidelberg, Germany) were used
according to the instructions of the manufactu@armpound#, 25and35 were tested for inhibition of
the following enzymes: CYP1A2, 2B6, 2C9, 2C19, 24p@ 3A4. Inhibitory potencies were determined
as IGy-values.

8. In-Vivo Pharmacokinetics

Male Wistar rats weighing 300-330 g (Janvier Franeere housed in a temperature- controlled room
(20-22 °C) and maintained in a 12h light/12h daykle. Food and water were availalae libitum.
They were anesthetized with a ketamine (135 mg#dyzine (10 mg/kg) mixture and cannulated with
silicone tubing via the right jugular vein and attad to the skull with dental cemé&RBrior to the first
blood sampling, animals were connected to a cobal@nced system and tubing to perform blood
sampling in the freely moving rat.

Compounds3 and39 were applied orally in a cassette dosing in 4 aatthe dose of 10 mg/kg body
weight by using a feeding needle. The compounde wessolved in a mixture labrasol/water (1:1) and
given at a volume of 5mL/kg. Blood samples (0.2 miere taken at O, 1, 2, 3, 4, 6, 8, 10 and 24 h
postdose and collected in heparinised tubes. Thare wentrifuged at 3000g for 10 min, and plasma
was harvested and kept at -20 °C until analyzed.

HPLC-MS/MS analysis and quantification of the saesplvas carried out on a Surveyor-HPLC-system
coupled with a TSQ Quantum (Thermo/Fisher) tripladrupole mass spectrometer equipped with an
electrospray interface (ESI).

Computational chemistry

1. Distance and angle calculations

All distances and angles were calculated afterggnetinimisation using Hyperchem v. 6.0.
2. MEP

For selected compoundd initio geometry optimisations were performed gas phaskeaB3LYP/6-
311**G (d,p) level of density functional theory (DFby means of the Gaussian03 software and the
molecular electrostatics potential map (MEP) wasttetl using GaussView 3.09, the 3D molecular
graphics package of GaussfdrThese electrostatic potential surfaces were gestetay mapping 6-
311G** electrostatic potentials onto surfaces oflenalar electron density (isovalue = 0.002e/A). The
MEP maps are color coded, where red stands fortivegaalues (3.1*18 Hartree) and blue for

positive ones (4.5*1®Hartree)'*®
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abstract: 17B3-hydroxysteroid dehydrogenase type 1 f4¥SD1) is responsible for the
catalytic reduction of weakly active E1 to highlgtent E2. E2 stimulates the proliferation of
hormone-dependent diseases via activation of tige recepton (ERa). Due to the
overexpression of BFHSD1 in mammary tumors, this enzyme should betanaciive target
for the treatment of estrogen-dependent pathologiesently, we have reported on a series of
potent 1B-HSD1 inhibitors: bis(hydroxyphenyl) azoles, thieples and benzenes. In this
paper, different substituents were introduced itlie core structure and the biological
properties of the corresponding inhibitors werel@ated. Computational methods and analysis
of different X-rays of 1-HSD1 lead to identification of two different bimdj modes for these
inhibitors. The fluorine compoun®3 exhibits an 1G, valuesof 8 nM and is the most potent
non-steroidal inhibitor described so far. It albows a high selectivity (B#HSD2, ERx) and
excellent pharmacokinetic properties after perapglication to rats.

Introduction

Estrogens are involved in the regulation of thedlEmmeproduction system. However, it is also
well known that 1pB-estradiol (E2), the natural ligand of the estrogeseptors (ERs) and3,
plays a critical role in the development of seveastrogen-dependent pathologies like breast
cancet and endometriosfs.

Until now, hormone-dependent breast cancers amgetteusing three different endocrine
therapies'* aromatase inhibitors and GnRH analogues disrupesiirogen biosynthesis while
selective estrogen receptor modulators (SERMsyoe pntiestrogeAprevent E2 to unfold its
action at the receptor level. Besides specificdliaatages of each therapeutic approach, all of
these strategies have in common a rather radidattien of estrogen levels in the whole body
leading to significant side effects.

A softer approach could be the inhibition of an yeme of the 1[B-hydroxysteroid
dehydrogenase (B/HSD) family, especially one which is responsibie the E2 formation
from estrone (E1). Until now, three subtypes (and 12) are able to catalyze this reaction, the
most important being BFHSD1. The primary physiological role of f-HSD7 and 13-
HSD12 is supposed to be in the cholesterol syrghesind in the regulation of the lipid
biosynthesi$, respectively. In addition, Day et atecently, showed that B7HSD12, although
highly expressed in breast cancer cell lines,afficient in E2 formation.

173-HSD1, which is responsible for the intracellulaAD{P)H-dependent conversion of the
weak E1 into the highly potent estrogen E2, isrofteerexpressed in breast cancer t&lfs
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and endometriosi¥' Inhibition of this enzyme is therefore regardechggomising novel target
for the treatment of estrogen-dependent diseases.

Recently, two groups®® ‘°reported about thén-vivo efficacy of 1B-HSD1 inhibitors to
reduce E1 induced tumour growth using two differertuse models and indicating that the
17B3-HSD1 enzyme is a suitable target for the treatroébteast cancer.

In order to not counteract the therapeutic efficat{7B-HSD1 inhibitors, it is very important
that the compounds are selective toward3-HBEDZ2, the enzyme which catalyzes the
deactivation of E2 into E1. Additionally, to avoidtrinsic estrogenic effects, the inhibitors
should not show affinity to the estrogen receptoesdf.

During the last decade, several groups reporteti/BFrHSD1 inhibitors, most of them having
steroidal structure¥*® Recently non-steroidal cores have been publisbeduntil today four
classes of compounds are descritteéenopyrimidinone$®?! biphenyl ethanonésand from
our group (hydroxyphenyl)naphthalef®S and bis(hydroxyphenyl)azoles, thiophenes,
benzenes and aza-benzeffé¥. The most promising compounds of the latest sesies
thiophened, 7 and33, thiazole36 and phenylend0 exhibiting 1G; values toward 1F-HSD1

in the nanomolar range and high selectivity towaf8-HSD2 and the ERs (Chart 1).

Chart 1: described bis(hydrophenyl)azoles, thiophenes, veawand aza-benzenes
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In the following, we will report on structural optizations which led to the discovery of new
highly potent and selective f#HSD1 inhibitors.
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Chart 2: title compounds

Design

Up to now, several crystal structures of humafi-HHBD1 were resolved: as apoenzyme (i.e.
PDB code: 1BH%), as binary complex (enzyme-E2, i.e. PDB code:LEfDor as ternary
complex (enzyme-E2-NADP i.e. PDB code 1FDT® 1A273* enzyme-HYC (hybride
inhibitor): PDB code: 1I51).

The analysis of théernary complexes available from3HSD1 provides useful knowledge
about the architecture of the enzyme and importamts for structure based drug design: a
substrate binding site (SUB) and a cofactor bingingket (COF) can be identified as well as
the most important amino acids responsible for satesand cofactor anchoring. The SUB is a
narrow hydrophobic tunnel containing two polar cew at each end: His221/Glu282 on the
one side and Serl142/Tyr155 on the other side, gporeling to the binding oxygens in 3- and
17-hydroxy group of E2. Additionally a flexible Ipocan be identified which is not well
resolved in almost all the structures.

From previous results obtained in the class ofhlyd(oxyphenyl)azoles, thiophenes, benzenes
and aza-benzené$?’ a SAR study highlighted four structural featurdsioli are important for
high 1 B-HSD1 inhibitoryactivity: 1. one hydroxyphenyl moiety on the cotmusture is not
sufficient for a high potency, 2. only theeta-para and meta-meta dihydroxy substitution
pattern (O-O distance in the same range as obsévéite steroidd = 11 A) are active, 3. the
presence of themeta-hydroxy group is more important for inhibitory mty than thepara-, 4.
only central aromatic rings without hydrogen bor@har function like thiophene, thiazole,
benzene exhibit inhibitory activity. It was alscosin that a correlation seems to exist between
the activity of the compounds and the electrostatiential distribution of the moleculésto

be active the ESP values of the different regionthe inhibitor has to be in an appropriate
range.

In the present report, we will present the struietaptimization of this class of compounds
leading to an increase in activity and in selettiwf these inhibitors. First, the influence of the
bioisosteric exchange of one OH group on the enzgatigity will be determined. Secondly,
the space availability around the inhibitors anel tiature of the most appropriate substituent
will be investigated by substitutions, either ore theterocycle, or on the hydroxyphenyl
moieties. The nature of the substituent will beiedrin order to investigate the possible
interactions between the inhibitor and the enzyiitardly, computational studies (docking
studies and ESP calculations) will be performedruter to identify the most plausible binding
mode for this class of compounds. Furthermore éhecsvity toward 1B-HSD2 and the ERs
a and 3 will be determined as well as the potency of teenpounds in T-47D cells and
inhibition of the two most important hepatic CYPzgmes. Finally, the pharmacokinetic
profile of the two most promising candidates w#l évaluated in rats after oral administration.

Chemistry

The synthesis of compoundgo 11, 21 to 25 and32is presented in Scheme 1. Starting from
the mono-brominated key intermedidtie and the appropriate commercially available boronic
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acids, the preparation of compounbs to 11a 21ato 25a and 32a was accomplished via
Suzuki cross coupling reactinunder microwave assisted conditions (Method A:GTs,
DME/EtOH/water (1:1:1), Pd(PBh, MW (150 W, 150 °C, 15 bars), 15 min). The resigti
disubstituted thiophenes were subsequently sutdhittether cleavage with borontribromitle
(Method C: BBg, CH,Cl,, -78 °C to rt, 18 h) leading to compoun$o 11, 21 to 25 and32
(Scheme 1)In case of intermediat25a the boronic acid5b was prepared in a three step
synthesis pathway: first, an iodine substituent selgctively introduced in position 2 of the
para-bromoanisole (compour2bd) using (diacetoxyiodo) benzeneThen, a selective Suzuki
reaction on the iodo-position @bd under Method B (N&O;s, toluene/water (1:1), Pd(PHh
reflux, 20 h) led to the intermedia#®c and the corresponding boronic alisb was prepared
usingn-butyl lithium and triethyl borate followed by hyalysis with diluted hydrochloric acid.

Scheme 1 synthesis of compoundsto 11, 21to 25and32

B(OH),
o @ Oy e R
2la-24a 21 25

32a

|
Q- @*@P*“’*Zm

B(OH),
5c 25a
Cmpd R, R, Cmpd Ry R»
1 OH H 9 H NS
2 H H 10 Ho O
H
3 F H 11 H XN\SOQ
4 NH H 21 OH Ch,
5 SH H 22 OH OH
6 CN H 23 OH F
7 H OH 24  OH CR
8 H F 25 OH Ph
32 F F

®Reagents and conditions(a) Method A: CsCO;, DME/EtOH/water (1:1:1), Pd(PRja, MW (150 W, 150 °C,
15 bars), 15 min; (b) BBr CH,Cl,, -78 °C to rt, 18 h; (c) PhI(OAg)l,, AcOEt, 60 °C, 5 h; (d) Ph-B(OHl)
Method B: NaCQ;, toluene/water (1:1), Pd(PRh reflux, 20 h; (e) 1n-BuLi, dry THF, 5 min, -78 °C, 2.
B(OEt), 2 h -78°C to rt, 3. HCI 1N, rt; (f) Method B: M2Os, toluene/water (1:1), Pd(PBh reflux, 20 h.

The preparation of compoun8& and33to 42 is similar to the synthetic pathway presented in
Scheme 1 for compoundsto 11. The first Suzuki coupling was carried out accogdio
Method B with the corresponding dibrominated hetgete and the methoxylated benzene
boronic acid. The resulting mono substituted conmpistB1b and33b to 42b were submitted
to a second cross coupling reaction under microveagested conditions following Method A.
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The compounds were subsequently demethylated withnltribromide to yield compoun@d
and33to42

The synthesis of compound®, 14 and 15 is depicted in Scheme 2. The key intermediate
mono methoxylated dibromothiophed2b was prepared following two successive Suzuki
coupling reactions according to Method B {N@&;, toluene/water (1:1), Pd(PBh reflux, 4

h) from 2,3,5-tribromothiophene and methoxybenZem®nic acid. The reaction time of both
cross couplings was carefully controlled (restdcte 4 h) in order to get a selective bromine
replacement each time. Intermediafia, 14a and 15a were obtained via a third Suzuki
coupling using Method B. The methoxy substituengsescleaved in a last step, using boron
tribromide (Method C: BBy, CH,Cl,, -78 °C to rt, 18 h).

Scheme 2 synthesis of compound®, 14and15

B(OH),
DauE
Br Br

S OMe

l a
R
Br BIOH), Br O
/\ a / N\
b
s Br + —_— > S O OMe—— » / \
OMe O S O OMe
MeO MeO

12¢ 12b 4-OMe MeO

14b 3-OMe 12a 4-OMe, R= 3-OMe
14a 3-OMe, R=H
15a 3-OMe, R= 3-OMe
d
12
14-15

®Reagents and conditions(a) Method B: NgCO;, toluene/water (1:1), Pd(PBk reflux, 4 h; (h) boronic acid,
Method B: NaCQ;, toluene/water (1:1), Pd(PRh reflux, 20 h; (d) BBs, CH,Cl,, -78 °C to rt, 18 h.

Compoundl3 was synthesized under microwave assisted conditioa one pot reaction using
2,5-dibromo-3-methylthiophene and 3-hydroxyphenyrdmic acid following Method A
(CsCO;, DME/EtOH/water (1:1:1), Pd(PBla, MW (150 W, 150 °C, 15 bars)) for 15 min.

The synthesis of the molecules bearing an additisulbstituent on theneta-hydroxyphenyl
moiety of thiophenel (compoundsl6 to 20) is shown in Scheme 3. Intermedidtéc was
prepared via Suzuki reaction from thara-methoxylated benzene boronic acid and the 2,5-
dibromothiophene following Method B heating theatea 4 h instead of 20 h in order to
avoid any dicoupling reaction. Treatment D&c with n-butyl lithium and triethyl borate
afforded after hydrolysis with diluted hydrochlomcid the corresponding boronic adifb.

The resulting compound was subjected to an additioross coupling reaction which was
carried out with the appropriate bromine derivatodowing Method A for compound$7ato

20a and Method B for compountia The hydrolysis of the methoxy groups with boron
tribromide (Method C) led to compounti6 to 20.
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Scheme & synthesis of compound$to 20
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19a R,= 4-F
d 20a R,= 4-OMe
—— 16-20 a

Reagents and conditions(a) Method B: NgCOs, toluene/water (1:1), Pd(PBh reflux, 4 h; (b) In-Buli,
anhydrous THF, -78 °C, 15 min, 2. B(OEtYHF, -78 °C to rt, 2 h, 3. HCI 1N; (c) Method Arfl17a20a
(CsCO;, DME/EtOH/water (1:1:1), Pd(PRB, MW (150 W, 150 °C, 15 bars), 15 min); Method B ft6a
(N&,CO;, toluene/water (1:1), Pd(PRh reflux, 20 h); (d) BBy, CH,Cl,, -78 °C to rt, 18 h.

The synthesis of compoun@$ to 28 substituted inortho-position of thepara-OH group is
depicted in Scheme 4. The preparation of the kdgrnmediate26b started from the
commercially available 3-formyl-4-methoxyphenyl boic acid. Reduction of the aldehyde
function using sodium borohydride followed by a sgocoupling reaction witlib under
microwave irradiation according to Method A ¢C&s;, DME/EtOH/water (1:1:1), Pd(PB)a,
MW (150 W, 150 °C, 15 bars), 15 min) afforded theufstituted thiophen26c The alcohol
function of26¢cwas subsequently oxidized with pyridinium chlonmrhate to yield to the key
aldehyde26b. It was subjected to the Horner-Wadworths-Emmasrsditions® to introduce
the acrylic ester moiety (intermedia®®a). Hydrolysis of the ester function using lithium
hydroxide?* amide bond formation with aniline, EDCI and H&Bafforded compoun@7a
The catalytic double bond hydrogenatiore@awas performed using Perlman’s catafisthe
ether functions oR6a 27a and28a were deprotected using boron tribromide (MethoddC)
give the desired compoun@$ to 28.
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Scheme 4 synthesis of compoun@s$ to 28
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®Reagents and conditions (a) NaBH, THF/EtOH (1:1), 0 °C to rt, 2 h; (b) Method A: £,
DME/EtOH/water (1:1:1), Pd(PRh, MW (150 W, 150 °C, 15 bars), 15 min; (c) PCC, CH, rt, 30 min; (d)
NaH, THF dry, rt, 4 h; (e) BBy CH,Cl,, -78 °C to rt, 18 h; (f) 1. LiOH, THF/D (2:1), reflux, 20 h, 2. aniline,
EDCI, HOBt, CHCI,, reflux, 20 h; (g) Pd(OH) THF/EtOH (1:1), H, rt, 20 h.

The synthesis of the difluorinated thiopheri#sand 30 is presented in Scheme 5. These
compounds were obtained after two successive @wospling reactions: in a first step 2,5-
dibromothiophene reacted with 3-fluoro-4-methoxypfieboronic acid following Method B
(N&CO;, toluene/water (1:1), Pd(PBh reflux, 20 h). In a second step, the resultinghano
substituted thiophen29b was subsequently submitted to a second cross ingupaction
under microwave irradiation (Method A: £X0;, DME/EtOH/water (1:1:1), Pd(PBh, MW
(150 W, 150 °C, 15 bars), 15 min) to yield the intediate29a and30a Ether cleavage with
boron tribromide led to the final compourZisand30.
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Scheme 5: synthesis of compoun@9to 30
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®Reagents and conditions(a) Method B: NgCO;, toluene/water (1:1), Pd(PBh reflux, 20 h ; (b) Method A:
CsCOs;, DME/EtOH/water (1:1:1), Pd(PRl, MW (150 W, 150 °C, 15 bars), 15 min; (c) BBEH.CI,, -78 °C to
rt, 18 h.

Biological Results

Activity: inhibition of human 17 B-HSD1

Placental enzyme was partially purified followinglescribed procedufé.?’ Tritiated E1 was
incubated with 18-HSD1, cofactor and inhibitor. After HPLC separatiof substrate and
product, the amount of labelled E2 formed was dfiadt The inhibition values of the test
compounds are shown in Tables 1 to 5. Thioph&n@s7 and29, thiazole33 and phenylenes
35and37, identified in our previous articfé,were used as reference compounds.

It was first investigated whether one of the twatophenyl moieties could be exchanged by
another functional group having similar propertiPsevious resultd showed that theneta-
hydroxy group is highly important for activity andas therefore maintained in the core
structure. The exchange of thara-hydroxy group on theneta-para disubstituted thiophene
(1, 1Cs0= 69 nM) by a bioisosteric function (F, NHSH) resulted in moderat8, (ICse= 717
nM) or weak inhibitors4 and5, 1Cs¢> 5000 nM) of 1B-HSD1 (Table 1). Moving the F atom
from the para- (compound3) to the meta-position (compound) led to a small increase in
activity (8, ICso= 535 nM vs.3, ICso= 717 nM). Replacement of theeta-fluorine for a
methylsulfonamide moietyo} did not improve the activityd( ICse= 523 nM vs.8, ICso= 535
nM), while a compound bearing a bulky substitug tolylsulfonamide 11, 1Cso= 350 nM)
showed comparable activity to the mono hydroxylatedphene 2, ICso= 342 nM) indicating
that there is some space in this region of the mezfor substitution but it is unlikely that
specific interactions between the tolylsulfonamideiety and amino acids of the active site
take place. The insertion of a C1-linker betweenghenyl moiety and the methylsulfonamide
group was detrimental for the activit, (ICse= 523 nM vs.10, ICso> 1000 nM). It can be
therefore concluded that the two hydroxy functi@me necessary for high activity and the
para-hydroxy group can not be replaced by a bioisotgroup.



RESULTS -81-

Table 1 effect of the exchange of one OH substituentofitier functional groups on human
17B3-HSD1 and 1B-HSD2 inhibitory activities.

S 8

HO 2
7-11
IC5¢ (NM)? - ICsq (NM)°® .
selectivity selectivity
cmpd R 178- 178 “gactord | CMPd R 17B- 17B- factor®
HSDI® HSDZ HSDI®  HSDZ
1 OH 69 1950 28 7 OH 173 745 4
2 H 342 2337 7 2 H 342 2337 7
3 F 717 3655 5 8 F 535 1824 3
4 NH, >5000  nt 9 Mgy 523 1575 3
5 SH  >5000 nt 10 oy >1000 nt
6 CN >1000  nt 11 g L 350 276 1

®Mean values of three determinations, standard temidess than 10 %Human placenta, cytosolic fraction,
substratéH-E1 + E1 [500 nM], cofactor NADH [50QAM], ‘Human placenta, microsomal fraction, substfate
E2 + E2 [500 nM], cofactor NAD[1500 uM], %Cso (17B-HSD2)/ 1Gs, (178-HSD1); ni: no inhibition, nt: not
tested

In order to improve the activity and the selectivitf our inhibitors, substituents capable to
establish further interactions with the enzyme wexdded either on the heterocycle or on the
hydroxyphenyl moieties. Additional functional graupere introduced in both of theeta-
para 2,5-bis(hydroxyphenyl)thiophenk (ICso = 69 nM) and themeta-meta 2,5-disubstituted
derivative7 (ICso = 216 nM).

Concerning substitution on the heterocycle, twadkiof hydrophobic substituents (Me, Ph)
were introduced in position 3 on the thiophene tmgvestigate the space availability around
the core (Table 2). Theneta-meta thiophenes bearing a methyl (compout® or phenyl
(compound14) as well as themeta-para thiophene bearing a hydroxyphenyl substituent
(compoundl2) showed a drop of activity compared to the refeeecompound (ICse= 216
nM vs. IGg> 1000 nM, 567 nM and 493 nM fa2, 13 and14, respectively). It is striking that
only in case of theneta-meta disubstituted series the insertion of a poheta-hydroxyphenyl
substituents leads to an increase in activify; (Cso= 119 nM vs.12, ICse> 1000 nM). This
exemplifies that there is space available for frtbubstitution around the heterocycle only in
case of themeta-meta bis(hydroxyphenyl) substitution pattern and thag third meta-OH
group is certainly at an appropriate distance ttabdéish supplementary hydrogen bond
interactions with the active site.
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Table 2 inhibition of human 13-HSD1 and 1B-HSD2 by compounds bearing a
supplementary substituent on the thiophene couetsiie

OH av

HO HO 7 OH
12 13-15
IC 5¢ (NM)? . IC 50 (NM)? .
cmpd R 17B- 17B- selectlvollty cmpd R 17B- 17p- selectlv(;ty
b factor b factor
HSD1° HSDZ HSD1° HSDZ
1 H 69 1950 28 7 H 173 745 4
13 CH;s 567 856 1
14 @ 49% ot
OH OH
12 x© >1000 nt 15 xij 119 188 2

®Mean values of three determinations, standard temifess than 10 %8Human placenta, cytosolic fraction,
substratéH-E1 + E1 [500 nM], cofactor NADH [50@M], “Human placenta, microsomal fraction, substfkite
E2 + E2 [500 nM], cofactor NAD[1500uM], “ICso (17B-HSD2)/ 1G5 (178-HSD1); ®calculated value, obtained
with the LOGIT transformed; ni: no inhibition, ntot tested

Concerning the substitution of the hydroxyphenylgs, different groups were introduced
either on themeta-hydroxyphenyl ring (compounds6 to 20) or on thepara-hydroxyphenyl
moiety (compound21 to 28, Table 3). Theortho-position was not considered, as these
compounds would not be planar any more.

Introduction of a substituent in position 5 on theta-hydroxyphenyl moiety resulted in case
of a methyl group in a drop of activit§®, 1Cso= 629 nM vsl, ICs;= 69 nM). The introduction

of a fluorine atom led to slight increase in adgivin comparison to the unsubstituted
compoundl (17, ICs¢= 42 nM vs.1, ICse= 69 nM). Moving these functional groups to positio
4 gave a highly active fluorinated compout@(ICs,= 113 nM) and a very weak methylated
inhibitor 18 (ICs¢> 5000 nM). Substituents have also been introduteadsition 5 on theara-
hydroxyphenyl ring: a polar group like a hydroxyifgpound22) or a bulky substituent like a
phenyl (compoun@5) in ortho- of the para-OH induced a decrease in activity compared to
thiophenel (ICse= 69 nM vs. 1Gy= 402 nM and >5000 nM fa22 and 25, respectively). The
introduction of a fluorine substituent into the gaposition led to the highly potent compound
23 (ICso= 8 nM) while substituents like methyl or trifluonethyl showed equal or slightly
better activities compared to the reference comgdufiCse= 69 nM vs. 1G= 46 nM and 38
nM for 21 and 24, respectively). Other functional groups showindpigher flexibility like
ethylacrylate (compound®6), phenylacrylamide (compoun@7) or phenylpropaneamide
(compound28) were also synthesized and the resulting compoR&da7 and28 turned out to
have weaker inhibitory activity compared to the ubstituted thiophené& (ICs;= 69 nM vs.
130, 427 and 620 nM fdz6, 27 and 28, respectively). The low activity of the unconjugate
compound28 indicates that an overaistributed electronic density is an important paeger

for activity. These results indicate that therspsice available in this area for substituents but
the nature of the substituents are probably nobggimal (Table 3).
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Table 3 effect of a supplementary substituent on the tiygohenyl moieties on the inhibition
of the human 13-HSD1 and 1[-HSD2

R
HO HO

16-20 21-28

IC 5 (nM)a ..
empe R T vt i
HSD? HSDZ
1 H 69 1950 28
16 5-CHy 629 2584 4
17 5-F 42 463 11
18 4-CH >5000 nt
19 a-F 113 183 2
20 4-OH >5000 nt
21 CH 46 1971 49
22 OH 402 1636 4
23 F 8 940 118
24 CFs 38 97 3
25 Ph >5000 nt
(o]
26 A 130 502 4
(@)

XA

27 - 427 468 1
(@)

XA

28 - 620 982 2

®Mean values of three determinations, standard tlemidess than 15 %Human placenta, cytosolic fraction,
substrateH-E1 + E1 [500 nM], cofactor NADH [50AM], ‘Human placenta, microsomal fraction, substrete
E2 + E2 [500 nM], cofactor NAD[1500 uM], “ICso (17B-HSD2)/ 1G (178-HSD1); ni: no inhibition, nt: not
tested

The influence of the introduction of a second flneron the highly active thiophe28 (ICso=

8 nM), either one F on each hydroxyphenyl ringwoo £ on the same hydroxyphenyl moiety,
was also examined (Table 4). When the two F weratéml on each hydroxyphenyl moieties,
the 4-substituted fluoro derivative (compous(@ is slightly more potent that the one with the
fluorine in 5-position 29, 1Cs¢= 29 nM, vs.30, ICso= 17 nM). A slight decrease in activity was
observed when the two fluorine substituents weesgmt at the same hydroxyphenyl ring
(compound3l, ICso= 56 nM). The exchange of tipara-OH function of23 by a fluorine atom
(compound 32) confirmed the essential role of thmara-hydroxy moiety as previously
observed.
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Table 4: effect of two additional fluorine atoms on theftASD1 and 1[3-HSD2 inhibitory

activity
r S\ A ] B F B F
L oYL
HO

292_:;0 HO 31 F HO 32

IC 50 (nM)a ..

ompd R "7 178 SpY

HSD1® HSDZ

23 H 8 940 118

29 5-F 29 227 8

30 4-F 17 218 13

31 56 312 6

32 780 2640 3

®Mean values of three determinations, standard tlemidess than 10 %Human placenta, cytosolic fraction,

substrateH-E1 + E1 [500 nM], cofactor NADH [50AM], ‘Human placenta, microsomal fraction, substrete
E2 + E2 [500 nM], cofactor NAD[1500uM], “ICs (17B-HSD2)/ 1Gs (178-HSD1); nt: not tested.

Methyl and fluorine substituents have been idezdifas functional groups able to increase the
inhibitory activity of the 2,5-bis(hydroxyphenylhibphenel. Previously’ we reported that
other central core structures like 2,4-thiophen®;tRiazole and 1,4-benzene lead to highly
active compounds. The influence of an additionathyleor fluorine substituent at these
structures was therefore also investigated (Tahldnfroduction of CH or F into thepara-
hydroxyphenyl ring of33, 36, 38and 40 resulting incompounds34, 35 37, 39 and42 led to
equally active derivatives in case3# and35 (ICs= 64 nM vs.21, ICso= 46 nM). A decrease

in inhibitory activity in the thiazole and in theetzene classes of compounds was observed
compared to the thiophene family7( 1Cso= 143 nM vs.21, ICs= 46 nM; 39 and 42, 1Cs=

123 nM and 51 nM, respectively V&3, ICso= 8 nM). Amongst the investigated molecules,
introduction of a methyl or fluorine substituend lenly in the class of the bis(hydroxyphenyl)
thiophenes to an increase in activity.
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Table 5 influence of the core and a supplementary sulestiton the inhibition of the human
17B-HSD1 and 1B-HSD2

OH 33-42

ICs¢ (NM)° -

cmpd cycle R R 178~ 17B- S?;i?g\r/éty
HSD1® HSDZ

21 *@% CH; OH 46 1971 49
23 s F OH 8 940 118
33 H OH 77 1270 16
34 ﬁ CH; OH 64 869 14
35 s F OH 64 510 8
36 k@w H OH 50 4000 80
37 s CH; OH 143 2023 14
38 H OH 471 4509 10
39 F OH 123 872 7
40 QX OH H 173 2259 21
41 OH CH 171 1248 7
42 OH F 51 239 5

®Mean values of three determinations, standard tlemidess than 13 %Human placenta, cytosolic fraction,
substrateH-E1 + E1 [500 nM], cofactor NADH [50AM], ‘Human placenta, microsomal fraction, substrete
E2 + E2 [500 nM], cofactor NAD[1500 uM], “ICso (17B-HSD2)/ 1G (178-HSD1); ni: no inhibition, nt: not
tested

Selectivity: inhibition of 173-HSD2 and affinities to the estrogen receptora and 8

In order to gain insight into the selectivity ofetimost active compounds, inhibition of3t7
HSD2 and the relative binding affinities to theregéen receptora andf3 were determined.
Since 1PB-HSD2 catalyzes the inactivation of E2 into E1,iloory activity toward this
enzyme must be avoided. TheBitHSD2 inhibition was determined using an assaylamo
the 1 B-HSD1test. Placental microsomes were incubated wittated E2 in the presence of
NAD™ and inhibitor. Separation and quantification dfdied product (E1) was performed by
HPLC using radio detection. A selection of the nusent 1B-HSD1 inhibitors was tested for
inhibition of 17B-HSD2. 1G, values and selectivity factors @£HSD2 / 1Gy, HSD1) are
presented in Tables 1 to 5.

Mono-hydroxylated compounds (Table 1) exhibitedomrpselectivity regarding BFHSD?2,
the most selective one being compodndith a selectivity factor of 5. This finding sugge
that thepara-OH is important for activity as well as for selgitly (selectivity of thepara-meta
derivative 1. 28). Introduction of further substituents (Tab2go 5) into the highly active
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bis(hydroxyphenyl) scaffold induced a loss of sty against 1B-HSD2 except in case of
compound=21 and23, which exhibit excellent selectivity factors of 48d 118, respectively
toward 1B-HSD2.

A further prerequisite for J¥HSD1 inhibitors to be used as potential drugsi& they do not
show affinity for ERx and ERB, since binding to these receptors could countethet
therapeutic concept of selective BtASD1 inhibition. The binding affinities of the ntos
selective compounds of this study were determingdgurecombinant human protein in a
competition assay applyingH]-E2 and hydroxyapatite (Table.®ll tested compounds show
very marginal to marginal affinity to the ERs extepmpound3, which binds weakly to ER
(RBA= 1 %). Compoun@1 was evaluated for estrogenic effects on the ERtipesmammary
tumor T-47D cell line. No agonistic, i.e. stimulatceffect was observed after application of
compound21 even at a concentration 1000 fold higher comparetl.

Table 6. binding affinities for the human estrogen receptoandf of selected compounds

cmpd i RBA? (%) i
ERa ERp
1 0.1<RBA<1 1.5
17 0.1<RBAK1 0.1<RBAK1
21 <0.01 <0.01
23 0.01< RBA <0.1 1
30 0.1 0.01< RBA <0.1
34 0.01<RBA<0.1 0.01<RBA<0.1
37 0.01< RBA <0.1 <0.01

®RBA (relative binding affinity), E2: 100 %, meanlwas of three determinations, standard deviatiess than 10
%; "Human recombinant protein, incubation with 10 FH4E2 and inhibitor for 1 h.

Further biological evaluations

Additionally, the intracellular potency of compow®il and23 on E2 formation was evaluated
using a cell line which expresses botif8B4¥SD1 and 1-HSD2 (T47D cells). Compoun2il
and23 inhibited the formation of E2 after incubation lwitibelled E1 showing Kg values of
426 nM and 282 nM, respectively. These resultscetei that both compounds are able to
permeate the cell membrane and inhibit the transdtion of E1 into E2.

Compounds21 and 23 were further investigated for inhibition of the dwnost important
human hepatic enzymes: CYP3A4 and CYP2D6, whichresponsible for 75 % of drug
metabolism. At a concentration of M, both compounds turned out to be equally active
inhibiting the CYP3A4 by 8021) and 71 % 23), respectively and CYP2D6 by 581) and 56

% (23), respectively. The relatively high inhibition tfiese enzymes has to be taken into
consideration in the process of further develogimgse compounds but should not have an
impact on the proof of concept-vitro.

The pharmacokinetic profiles of compou2d and 23 were determined in rats after oral
administration in a cassette dosing approach. Emohp consisted of 4 male raasd the
compounds were administergddoses of 10 mg/kg. Plasma samples were collemted24 h
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and plasma concentrations were determined by HPISIMB. The pharmacokinetic
parameters are presented in Table 7. The maxinmalecration (Gax obg @S well as the AUC-
value is higher for compoun@3 (Cna= 1388.2 ng/mL, AUC= 19407 ng/mL) than for
compound21 (Cpax= 905.0 ng/mL, AUC= 12275 ng/mL). The maximal plasooncentration
(tmax obg for compound=21 and 23 was reached after 4.0 and 8.0 h, respectivelgr aital
administration. These data show that both compoumdsbit excellent pharmacokinetic
properties in the rat and might therefore be gattlilates for further experiments in disease-
oriented rat models.

Table 7. pharmacokinetic parameters of compouritds and 23 in male rats after oral
application (10 mg/kg)

parameters’ 1 cmpd 23
Cmax obs(N@/mML) 905.0 1388.2
C, (ng/mL) 433 249
tmax ob: (h) 4.0 8.0
t; (h) 24.0 24.0
t122(h) 3.8 2.7

AUCy., (ng/mL) 12275 19407

% Cmnax obs Maximal measured concentration; , C last analytical quantifiable concentration;
tmax obs time to reach the maximum measured concentratiptime of the last sample which has an analytical
quantifiable concentration;/4, half-life of the terminal slope of a concentratidme curve; AUG.., area under
the concentration- time curve extrapolated to itfin

Computational chemistry

Molecular modelling

From the biological results it became apparent imabduction of a fluorine atom iortho-
position to thegpara-OH phenyl thiophene structure (compow8) led to a significant increase
in the 1B-HSD1 inhibitory activity. To get an insight intbe binding mode of this compound
and to better understand the favourable interastamhieved by this inhibitor in the active site,
computational studies were performed by means efdbcking software GOLDv3.2 and
Autodock 4.1.

The choice of the 3D-structure of the enzyme, drystal structure, used for the docking
studies is crucial for obtaining reliable resultswas decided to focus on X-ray structures of
17B-HSD1 having a high resolution and showing a terecamplex (to get closer to the in vivo
3D-enzyme structure). Three structures appearddlfibthe criteria: 1FDT and 1A27 both
describing the ternary complex: enzyme-E2-NARRd 115R, describing the binary complex:
enzyme-steroidal hybride inhibitor (HYC), the latbeing an adenosine moiety linked to an E2
core via a C9-linker. These three crystal structu#er mainly in the location of the amino
acids belonging to the flexible loagG’BF (Prol187-Pro200). Since this loop borders both the
SUB and the COF, its conformational variations rgglg influence the size of both binding
cavities. It is therefore important to take carahaf position of this loop in the structures used
for the docking studies.

In the X-ray structure 1FDT, the residues 187-208€ raot well resolved, but two plausible
conformations for the loop (noted 1FDT-A and 1FDYHAve been describ&drhe backbones
of these two loops are similar (RMSD of ~ 1 A), fehihe main difference is given by the
orientation of the sidechains, mainly concerning fibur amino acids Phel192, Met193, Glu194
and Lys195. In 1FDT-A, Phel92 and Met193 are tutoedard the outer part of the enzyme
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while Glul94 and Lys195 are oriented toward thestabe and the cofactor (extending the
substrate binding site epen conformation). On the other hand, in 1IFDT-8sthtwo couples
of residues show a reversed orientation limitinggt and volume of the steroid binding site
compared to 1FDT-A (= closed conformation). Althbugthers! have only considered 1FDT-
B, we decided to investigate both conformationthf loop.

Interestingly, the flexible loop in 1A27 shows armquarable geometry as observed in 1FDT-B,
with Phel92 and Met193 oriented toward the nicatidl@ moiety, also restricting the space in
the substrate binding site. In case of 1I5R, theples shifted in direction of the cofactor,
resulting in a different conformation compared twhb1FDT-A and 1FDT-B. Although, like
for 1IFDT-A, it extends the SUB.

Compound23 was docked with NADPH into four different X-ray wttures: 1FDT-A, 1FDT-
B, 1A27 and 1I5R. Two different binding modes welserved for compoun®3: in case of
1FDT-B and 1A27the inhibitor is located exclusively in the sterdiohding site (Figure 1)
adopting a similar orientation as previously desedi for the bis(hydroxyphenyl) oxazd&®
(chart 1) while for 1FDT-A and 1I5R, the inhibite located in between the steroid and the
cofactor binding sites, interacting with the nicatmide moiety. In the following, this binding
mode will be named as alternative binding modeufq@).

|

Figure 1. docking complex between B-HSD1 (X-ray 1FDT-B) and compouna3 (blue;
SUB binding mode). NADPH, interacting residues a@bbton rendered tertiary structure of the
active site are shown. Residues of the flexiblepl@oe rendered in sticks and colored in
yellow. Hydrogen bonds a1t stackings (and hydrophobic interactions) are drawyellow
and blue dashed lines, respectively. For comparig@nis depicted in magenta lines. Figures
were generated with Pymol (http://www.pymol.org).

In case of the steroidal binding mode (1FDT-B a#®7, Figure 1) the following specific
interactions can be observed: hydrogen bond irtierecbetween theneta-hydroxy group of
23 and Ser142/Tyr155l6.0= 2.6 A for both amino acids) and between phaea-OH group and
His221/Glu282 don= 2.8 A and do.c= 3.8 A, Figure 1). Additionally, hydrophobic
interactions ande1t stackings (Phe226, Phe259) are also involved.



RESULTS -89 -

Figure 2. docking complex between f-HSD1 (X-ray 1FDT-A) and compoun®3 (green;
alternative binding mode). NADPH, interacting resd and ribbon rendered tertiary structure
of the active site are shown. Residues of thelfledioop are rendered in sticks and colored in
blue. Hydrogen bonds andrt stackings (and hydrophobic interactions) are drawgellow
and blue dashed lines, respectively. For compariséns depicted in magenta lines.

In the alternative binding mode obtained using 1FDa&nd 1I5R (Figure 2), compouri8 is
also stabilized by hydrogen bond interactions:rtieea-OH group forms a strong H-bond with
the phosphate group of the cofactdg.¢= 2.9 A). The fluorine atom could establish halogen
bonds with the backbone -NH- of Val143 and Glyldd\e 3.2 A and 3.8 A, respectively), in
addition to a halogen bond with the OH-group ofl8&r@r.o= 3.5 A) which is involved in the
catalytic process. Further, tpara-OH points perpendicular toward Phe289_{enroic 4.5 A)
indicating a possible OHE interaction. This could explain the importance tbis group
observed in the SARs. Moreover, stromgtstacking interactions seem to stabilize the
inhibitor in this binding mode: between theeta-OHphenyl-thiophene moiety and the
nicotineamide part of the cofactor (parallel-disggld configuration; distance between the two
ring centers, 4.3 A) and between thaa-OH-phenyl-thiophene moiety and Phe226 (T-shape
conformation; closest C-C contact distance 3.7 Wpreover, electrostatic interactions
between the sulfur atom of the heterocycle withgheounding amino acids like Tyrl55 and
Ser142 might also play a role as descrifted.

The results presented so far suggest that bothngindodes have to be considered as possible
for this class of inhibitors. They depend mainlytbae orientation of the flexible loop. There is
only one conformation of the loop leadittga steroidal binding mode (1FDT-B/1A27). In case
of 1IFDT-A/1I5R the pose showing the alternativedimg mode is obtained using two X-ray
structures having two different conformations oé tfleop. Unfortunately, due to the almost
identical scoring function values observed for bptlses with the docking programs (Gold and
Autodock), it was not possible to determine whicbdel (LFDT-A/1I5R or 1FDT-B/1A27) is
the most appropriate to describe the interacticgtsvéen the inhibitor and the enzyme and
therefore which is the most plausible binding mode.

Comparing both poses obtained by docking®i 1FDT-A and 1FDT-B shows that there is a
common area in the neighbourhood of the catalgti@tie which corresponds to the D-ring of
the enzyme-substrate complex (Figure in Suppottif@grmation).
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Molecular Electrostatic Potential (MEP)

Recently we reported on the influence of the eteutr density (MEP maps, “semi-QMAR”)
on the potency of the inhibitors in this class @mpound$’ The 3D-structures of the
inhibitors were virtually divided into three areasd a given optimal range of ESP values (in
Hartree) was determined for each region (-1.7 t& x110° for |, -1.6 to -0.9 x 18 for Il and -
1.2 to -0.5 x 18 for Ill). The MEPs of compouné3 were calculated as shown in Figure 3.
The molecular ESP distribution observed (-1.8 t@ .10 for |, -1.6 to -0.8 x 18 for Il and
-1.1 to -0.4 x 18 for IlI) fitted well to the optimal ranges ideriéfl previously, confirming the
correlation between the ESP range and the potehthyeacompounds. The MEP maps of the
natural substrate E1 and of E2 were also calcul@eplire 3) and compared to the one28f
The finding that the ESP distribution 28 and E2/EL1 is very different might be an indication
that compoun@3 does not bind in the same way as the steroid.

— B | —
-3.1 -2.1 -1.1 0.1 0.7 2.1 3.1 4.5
A
NADPH
truncated
B. III
thiophene

23

Figure 3. structures and MEP maps of both ventral (stetaieside) and dorsal (steroid@
side) views of truncated NADPH\], thiophene&3 (B), E1 (C) and E2 D). MEP surfaces
were plotted with GaussView 3.09.

According to the alternative binding mode, thmeta-hydroxyphenyl thiophene part &3
overlaps with the nicotinamide part of the cofacad forms stabilizingeTtinteractions. The
ESP distribution of these two entities should theee show complementarity. To get an
insight into this, the MEP map of a truncated NADPtHe counterpart of theeta-OHphenyl-
thiophene moiety- was calculated @y initio methods. As it can be seen in FigG@ra certain
complementarity was observed. The NADPH MEP mapsg ghe explanation for the
observatiof’ that a strong polarization between the vertex thedbase of the central ring of
the inhibitors is negative for binding. Positive EE8alues on the vertex side lead to repulsion
effects with the nicotinamide and therefore redihecinhibitory activity. This finding indicates
that this class of compound might bind accordinghi® alternative binding mode (Figure 2).
However, this hypothesis needs to be further ingatad.
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Discussion and Conclusion

Structural optimizations of compoundl led to the discovery of new substituted 2,5-
bis(hydroxyphenyl)thiophene derivatives: the flmatied23 and the methylated1 being the
most active and selective inhibitors identified.

From a previous work in this class of compofhitswas demonstrated that removal of one of
the two hydroxyphenyl moieties is detrimental fioe factivity. In this paper it was shown that
replacement of theara-OH function by a bioisoteric group like F, NHSH, CN leads to a
drop of activity. The lack of hydrogen donating pedies of the fluoro and cyano substituents
might not be the only reason for this decreaseciivity as the amino and the thiol derivatives
are also less active than the parent compdunithiterestingly, the omission of a C1-linker
between the methylsulfonamide moiety and the phemg (compound9) resulted in an
increase of potency. Deprivation of electrons frtbie phenyl ringpbviously is necessary for a
good inhibition. The relatively higlactivity observed for compoundll (ICs;= 350 nM)
especially compared to compoufidICso= 523 nM) demonstrates that in the protein there is
some space available in this position for a bullpstituent. Furthermore, the tolyl group
might also be involved in the stabilization of timibitor in the binding site, establishirg
Ttstacking interactions with appropriate amino aesidues present in this region.

With the aim to increase the activity and the deldg in this class of compound, substituents
were introduced on the 2,5-bis(hydroxyphenyhthiepésl and 7. This was successful for
compoundl5 (ICs¢= 119 nM vs.7, ICso= 216 nM). Apparently, the formation of an additbn
hydrogen bond is responsible for this increasenlmbitory activity, while a puretmstacking
interaction as supposed for compourkis not sufficient. The 2,5-disubstituted thiophefg
and15 differ only in the position of one hydroxy groupafa: compoundl2, meta: compound
15). The fact that compountl5 shows a much higher activity @& 119 nM vs.12, ICsp>
1000 nM) indicates that only in case 1& the geometry of the Ogroups is acceptable for a
reasonable interaction. It demonstrates, as obseaready’> *® a sharp SAR and a reduced
flexibility in this region of the active site.

The trisubstituted compouri# bearing a phenyl substituent at the thiophene iffeom the
triazole A%?® (Chart 2) only in the nature of the heterocyclée Tfollowing comparisons
highlight the importance of the heterocycle for tphetency of the molecules: inactive
compoundA vs. thiophenel4 (IC5¢= 493 nM), thiophene2l (ICso= 46 nM) vs. thiazole7
(ICs0= 143 nM) and thiophen23 (ICs¢= 8 nM) vs. benzen89 (ICs;= 123 nM). It becomes
apparent that the thiophene ring is the most aptepheterocycle for high inhibitory activity.
Provided that all compounds bind according to tames binding mode, there are different
explanations for these results: 1. the presenaenefor several nitrogens in this area of the
enzyme is not well tolerated, 2. the absence ofthiir leads to an inadequate repartition of
the electron density in the molecule, 3. a redutedbility in the binding site is responsible
that the enzyme can not adjust its geometry talitherent hydroxyphenyl moieties (depending
on the heterocycle, the angles between the pheHgl-&e different).

A high increase in activity and selectivity coule keached by introduction of substituents into
the hydroxyphenyl moiety, especially when the gStilestt is locatedortho- of the para-
hydroxyphenyl group (compoundAdl to 24). Not all substituents are equally well tolerated:
there is no space available for a phenyl group fmmd 25). An additional OH group
(compound2?) is obviously not able to establish specific iatdons while small lipophilic
substituents (methyl, compoundg; fluorine, compound®3 and trifluoromethyl, compound
24) are enhancing the activity. There is enough spates region of the enzyme to introduce
a flexible chain 26) but conjugation seems to be necessary to actaenigher activity as
already observed with the tolylsulfonamide substitcompound.l).

The positive influence of the fluorine atom hasenftbeen demonstrated in medicinal
chemistry?**and was also proven in this study with compoRB@Cs, = 8 nM). The position
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of the fluorine is decisive for an increase in\atyi it has to be inmeta-position (L7 and23).
Highest activity was achieved wmrtho- of the hydroxy group (compourZB). This indicates
that either direct interactions of the fluorine hwiamino acid residues in this region of the
active site or the increase of acidity of the nbmlring OH groups might be responsible for
this effect.

Introduction of a second fluorine atom into thisdiftohydroxyphenyl ring (compourgil) does
not enhance the activity suggesting that the effetthe fluorine are not additional. A second
fluorine was also added to the other hydroxyphengiety (inortho- andmeta- of the meta-

OH group) leading to compound® and 30. However, no enhancement of the activity
compared to the monofluorinate23 was observed indicating that there are no specific
interactions of the second fluoro substituent.

A close look at the X-ray structures offitASD1 crystallized in presence of different steabid
ligands showed that the flexible loop (amino acl®¥-200) can adopt different geometries
depending on the nature of the ligand and on tiserate or presence of the cofactor in the
catalytic region. It indicates that some parts hid Enzyme can adapt their geometry to the
molecule present in the active site in order tdiBge it. However, other parts are rigid,
explaining the sharp SAR observed in this paperpaadiously*® %’

Two plausible conformations of the loop in the tegncomplex enzyme-E2-NADP PDB
code: 1FDT, have been described (1FDT-A, 1IFDT-Bg hdve shown that both can be used
for docking studies. In case of 1FDT-A the substiiainding site is extended, enhancing the
volume of the active site. It is therefore a goooldel to evaluate an alternative binding mode
for inhibitors which are larger than the steroidbiéhding mode as observed for steroids in the
X-ray structures was found when the loop closesSt® (1FDT-B). Surprisingly, when the
inhibitors were docked to the protein with the longhe open conformation, they interact with
the nicotinamide part of the cofactor. MEP caldoleg showed a certain complementarity
between the electronic density 28 and of the nicotinamide moiety of the cofactoricating
that this alternative binding mode is not only glale, it might be the one which is more
likely.

Up to now, designing compounds as potenti-HBD1 inhibitors, several groufs**'tried

to mimic the cofactor. Our finding of the above mened alternative binding mode makes
another strategy very promising: the cofactor, Whi likely to-be present in the active site
when the inhibitor is entering, could be used atneato achieve additional interactions rather
than trying to displace it.

The most potent BFHSD1 inhibitors21 and23 exhibit a higher selectivity toward gHSD2
compared to parent compound, (selectivity fact@add 118, respectively vs. 28 fbr. This
indicates that the amino acids close to the GHF substituents must have different properties
in the two 1B-HSD enzymes, which could be further exploitedncréase selectivity.

The most potent inhibitors show only marginal tayéttle affinity to the ERx and no
stimulation of cell proliferation (agonistic eff¢ah the ER-positive T-47D cell line could be
observed. The weak affinity of compoufd for ER3 may not be critical as it is reported that
ERB exhibits anti-proliferative effects in breast cancells®®

Compound23 might be used in an appropriate animal model twerthe concept of ¢
HSD1 inhibition with non-steroidal inhibitors. Thc@mpound shows a good pharmacokinetic
profile in rats.

In this paper, we described the synthesis of switsti bis(hydroxyphenyl)thiophenes,
thiazoles and benzenes as inhibitors of-HED1 and the evaluation of their biological
properties. The most promising compounds of thislyst21 and 23, exhibit high selectivity
toward 1PB-HSD2, marginal binding to ER and excellent pharmacokinetic profiles in rats
after peroral application. These new compoundsigeouseful tools to validate BHSD1 as

a target for the treatment of estrogen-dependsetdes.
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Experimental section

Chemical methods

Chemical names follow IUPAC nomenclature. Startimgferials were purchased from Aldrich, Acros,
Lancaster, Roth, Merck or Fluka and were used witiparification.

Column chromatography (CC) was performed on siiela(70-2000Jm) coated with silica, preparative
thin layer chromatography (TLC) on 1 mm SIL G-100/4} glass plates (Macherey-Nagel) and
reaction progress was monitored by TLC on Alugrdm® UV ,s,(Macherey-Nagel).

IR spectra were recorded on a Bruker Vector 33tsp@eter (neat sample).

'H-NMR and™C-NMR spectra were measured on a Bruker AM500 speetter (500 MHz) at 300 K.
Chemical shifts are reported &n(parts per million: ppm), by reference to the logbnated residues of
deuteriated solvent as internal standard (GDEE 7.24 ppm {H NMR) andd = 77 ppm £C NMR),
CD;0D: 5 = 3.35 ppm {H NMR) andd = 49.3 ppm C NMR), CD;,COCD;: 8 = 2.05 ppm'H NMR)
andd = 29.9 ppm C NMR), CD;SOCD;: & = 2.50 ppm {H NMR) andd = 39.5 ppm fC NMR)).
Signals are described as s, d, t, g, dd, m, dsifaylet, doublet, triplet, quadruplet, doublet olLiblets,
multiplet and doublet of triplets, respectivelyl &bupling constants)] are given in hertz (Hz).

Mass spectra (ESI) were recorded on a TSQ Quarifilnerihofischer) instrument. Elemental analyses
were performed at the Department of Instrumentallysis and Bioanalysis, Saarland University.

Compounds 2-bromo-5-(3-methoxyphenyl)thiophene  1b},*’ 2-(3-methoxyphenyl)-5-(4-
methoxyphenyl)thiophenel §),>’ 3-[5-(4-hydroxyphenyl)-2-thienyl]phenol),*’ 2-(3-methoxyphenyl)-
5-phenylthiophene 2@),2" 3-(5-phenyl-2-thienyl)phenol 2, 2,5-bis(3-methoxyphenyl)thiophene
(7a),%" 3,3-thiene-2,5-diyldiphenol7},%” 2-bromo-5-(4-methoxyphenyl)thiophen&6€),>” 4-bromo-2-
iodo-1-methoxy-benzene2%d),  5-bromo-2-methoxybiphenyl26¢),> [6-methoxy-1,1'-biphenyl-3-
yl]boronic acid (25h),>° [3-(hydroxymethyl)-4-methoxyphenyl]-boronic aci@6d),”* 4-bromo-2-(3-
methoxyphenyl)thiophene38b),?” 2-(3-methoxyphenyl)-4-(4-methoxyphenyl)thiophei384),?’ 3-[4-
(4-hydroxyphenyl)-2-thienyl]phenol2@),?” 5-bromo-2-(3-methoxyphenyl)-1,3-thiazol86f),”" 2-(3-
methoxyphenyl)-5-(4-methoxyphenyl)-1,3-thiazole 36§,  3-[5-(4-hydroxyphenyl)-1,3-thiazol-2-
yllphenol @6),>" 4'-bromo-3-methoxybiphenyl38h),?" 3,4"-dimethoxy-1,1":4',1"-terphenyBg&a),?’
1,1:4' 1"-terphenyl-3,4"-dioBg),?” 3,3"-dimethoxy-1,1":4",1"-terpheny@d*’ and 1,1":4',1"-terphenyl-
3,3"-diol 40)*" were prepared following described procedures.

General procedure for Suzuki coupling

Method A

A mixture of aryl bromide (1 eq), aryl boronic ac{d.2 eq), caesium carbonate (2.2 eq) and
tetrakis(triphenylphosphine) palladium (0.01 eqg)sveaspended in an oxygen free DME/EtOH/water
(1:1:1) solution. The reaction mixture was expogedicrowave irradiation (15 min, 150 W, 150 °C,
15 bars). After cooling to rt, water was added #relaqueous layer was extracted with ethyl acetate.
The combined organic layers were washed with brilveed over magnesium sulfate, filtered and
concentrated to dryness. The product was purifieddtumn chromatography (CC).

Method B:

A mixture of arylbromide (1 eq), aryl boronic acid eq), sodium carbonate (2 eq) and
tetrakis(triphenylphosphine) palladium (0.05 eqg)am oxygen free toluene/water (1:1) solution was
stirred at 100 °C for 20 h under nitrogen atmosphdhe reaction mixture was cooled to rt. The
aqueous layer was extracted with ethyl acetate.cbngbined organic layers were washed with brine,
dried over magnesium sulfate, filtered and conegatt to dryness. The product was purified by CC.

General procedure for ether cleavage

Method C:

To a solution of methoxyphenyl derivative (1 eq)diry dichloromethane at -78 °C (dry ice/acetone
bath), boron tribromide in dichloromethane (1 Me@®per methoxy function) was added dropwise. The
reaction mixture was stirred for 20 h at rt unditrogen atmosphere. Water was added to quench the
reaction, and the aqueous layer was extracted etithl acetate. The combined organic layers were
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washed with brine, dried over sodium sulfate, fdte and concentrated to dryness. The product was
purified by preparative thin layer chromatographiC).

2-(4-Fluorophenyl)-5-(3-methoxyphenyl)thiophene (3a The title compound was prepared by
reaction of 2bromo-5-(3-methoxyphenyl)thiopherfgb) (150 mg, 0.56 mmol), 4-fluorophenylboronic
acid (94 mg, 0.67 mmol), caesium carbonate (383 Iy} mmol) and tetrakis(triphenylphosphine)
palladium (6.4 mg, 5.¢imol) according to method A. The product was putifizy CC (hexane/ethyl
acetate 9:1); yield: 75 % (120 mg).

3-[5-(4-Fluorophenyl)-2-thienyl]phenol (3).The title compound was prepared by reactior?fl-
fluorophenyl)-5-(3-methoxyphenyl)thiopher{8a) (80 mg, 0.28 mmol) and boron tribromide (0.84
mmol) according to method C. The product was pedifby preparative TLC (hexane/ethyl acetate 1:1);
yield: 68 % (52 mg); MS (ESI): 270 (M+H)Anal. (CgH,,FOS) C, H, N.

4-[5-(3-Methoxyphenyl)-2-thienyl]aniline (4a).The title compound was prepared by reactior2-of
bromo-5-(3-methoxyphenyl)thiopheritb) (150 mg, 0.56 mmol), 4-aminophenylboronic acid (8g,
0.67 mmol), caesium carbonate (383 mg, 1.24 mmmal) tatrakis(triphenylphosphine) palladium (6.4
mg, 5.6umol) according to method A. The product was putifley CC (hexane/ethyl acetate 7:3);
yield: 63 % (100 mg).

3-[5-(4-Aminophenyl)-2-thienyl]phenol (4).The title compound was prepared by reactiod-{6-(3-
methoxyphenyl)-2-thienyllaniling4a) (100 mg, 0.37 mmol) and boron tribromide (1.11 oljm
according to method C. The product was purifiegpigparative TLC (hexane/ethyl acetate 1:1); yield:
82 % (82 mg); MS (ESI): 268 (M+H)Anal. (C¢H1sNOS) C, H, N.

4-[5-(3-Methoxyphenyl)-2-thienyl]benzenethiol (5a)The title compound wasrepared by reaction of
2-bromo-5-(3-methoxyphenylthiophenébj (250 mg, 0.93 mmol), 4-mercaptophenylboronic acid
(172 mg, 1.12 mmol), caesium carbonate (636 mg5 2rnol) and tetrakis(triphenylphosphine)
palladium (10.8 mg, 9.@mol) according to method A. The product was putlifiiy CC (hexane/ethyl
acetate 7:3); yield: 61 % (160 mg).

3-[5-(4-Sulfanylphenyl)-2-thienyllphenol (5).The title compound was prepared by reactiom-¢5-
(3-methoxyphenyl)-2-thienyl]benzenethi¢gba) (150 mg, 0.50 mmol) and boron tribromide (1.50
mmol) according to method C. The product was pedifby preparative TLC (hexane/ethyl acetate 1:1);
yield: 81 % (115 mg); MS (ESI): 285 (M+H)Anal. (GgH1.0S,) C, H, N.

4-[5-(3-Methoxyphenyl)-2-thienyl]benzonitrile (6a).The title compound was prepared by reaction by
reaction of2-bromo-5-(3-methoxyphenyl)thiopherigb) (200 mg, 0.74 mmol), 4-cyanophenylboronic
acid (131 mg, 0.89 mmol), caesium carbonate (508 Iniy} mmol) and tetrakis(triphenylphosphine)
palladium (8.5 mg, 7.4amol) according to method A. The product was putlifiiy CC (hexane/ethyl
acetate 7:3); yield: 27 % (60 mg).

4-[5-(3-Hydroxyphenyl)-2-thienyl]lbenzonitrile (6). The title compound was prepared by reaction of
4-[5-(3-methoxyphenyl)-2-thienyl]benzonitrilsa) (42 mg, 0.14 mmol) and boron tribromide (0.42
mmol) according to method C. The product was pedifty preparative TLC (hexane/ethyl acetate 6:4);
yield: 62 % (25 mg); MS (APCI): 277 (M)Anal. (G;H;NOS) C, H, N.

2-(3-Fluorophenyl)-5-(3-methoxyphenyl)thiophene (8a The title compound was prepared by
reaction of2-bromo-5-(3-methoxyphenyl)thiopheritb) (150 mg, 0.56 mmol), 3-fluorophenylboronic
acid (94 mg, 0.67 mmol), caesium carbonate (381 i mmol) and tetrakis(triphenylphosphine)
palladium (6.5 mg, 5.¢imol) according to method A. The product was putlifiiy CC (hexane/ethyl
acetate 9:1); yield: 82 % (130 mg).

3-[5-(3-Fluorophenyl)-2-thienyl]phenol (8).The title compound was prepared by reactior2-¢8-
fluorophenyl)-5-(3-methoxyphenyl)thiopheriga) (130 mg, 0.45 mmol) and boron tribromide (1.35
mmol) according to method C. The product was pedifi by preparative TLC
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(dichloromethane/methanol 99:1); yield: 66 % (82mMgS (ESI): 271 (M+H); Anal. (G¢H1;FOS) C,
H, N.

N-(3-[5-(3-Methoxyphenyl)-2-thienyllphenyl)methanestionamide (9a). The title compound was
prepared by reaction oP-bromo-5-(3-methoxyphenyl)thiophen@b) (160 mg, 0.60 mmol), 3-
methylsulfonylaminophenylboronic acid (155 mg, Om@gol), caesium carbonate (410 mg, 1.32 mmol)
and tetrakis(triphenylphosphine) palladium (6.9 &i@umol) according to method A. The product was
purified by CC (petroleum ether/ethyl acetate 6yiid: 75 % (150 mg).

N-(3-[5-(3-Hydroxyphenyl)-2-thienyl]phenyl)methanesilfonamide (9). The title compound was
prepared by reaction dfl-(3-[5-(3-methoxyphenyl)-2-thienyllphenyl)methansnamide 0a) (150
mg, 0.44 mmol) and boron tribromide (1.32 mmol)axding to method C. The product was purified by
preparative TLC (hexane/ethyl acetate 1:1); yiéd: % (92 mg); MS (ESI): 346 (M+H) Anal.
(Cl7H15NO3SZ) C! H1 N

N-(3-[5-(3-Methoxyphenyl)-2-thienyl]benzyl)methaneslionamide (10a). The title compound was
prepared by reaction oP-bromo-5-(3-methoxyphenyl)thiophen@b) (150 mg, 0.56 mmol), 3-
[(methylsulphonylamino)methyl]lbenzeneboronic aclé3 mg, 0.67 mmol), caesium carbonate (382
mg, 1.23 mmol) and tetrakis(triphenylphosphine)gualim (6.5 mg, 5.¢umol) according to method A.
The product was purified by CC (petroleum etheyfeticetate 8:2); yield: 58 % (122 mg).

N-(3-[5-(3-Hydroxyphenyl)-2-thienyl]benzyl)methanesifonamide (10). The title compound was
prepared by reaction df-(3-[5-(3-methoxyphenyl)-2-thienyllbenzyl)methankdsnamide (08 (122
mg, 0.37 mmol) and boron tribromide (1.11 mmol)adag to method C. The product was purified by
preparative TLC (hexane/ethyl acetate 1:1); yidd8: % (44 mg); MS (ESI): 360 (M+FH) Anal.
(C18H17NO3SZ) C, Hv N.

N-(3-[5-(3-Methoxyphenyl)-2-thienyl]phenyl)-4-methybenzenesulfonamide  (11a). The title
compound was prepared by reaction2dbromo-5-(3-methoxyphenyl)thiopher{gb) (150 mg, 0.56
mmol), [3-[[(4-methylphenyl)sulfonyllamino]phenyljeronic acid (195 mg, 0.67 mmol), caesium
carbonate (383 mg, 1.23 mmol) and tetrakis(triplgmsphine) palladium (6.5 mg, 5.6mol)
according to method A. The product was purifiedd®y (petroleum ether/ethyl acetate 9:1); yield: 88
% (214 mg).

N-(3-[5-(3-Hydroxyphenyl)-2-thienyl]phenyl)-4-methybenzenesulfonamide  (11). The title
compound was prepared by reaction oN-(3-[5-(3-methoxyphenyl)-2-thienyl]phenyl)-4-
methylbenzenesulfonamid&1@ (214 mg, 0.49 mmol) and boron tribromide (1.47 afjnaccording to
method C. The product was purified by preparati€ Thexane/ethyl acetate 1:1); yield: 75 % (156
mg); MS (APCI): 421 (MY; Anal. (GaH1dNOsS;) C, H, N.

3,5-Dibromo-2-(3-methoxyphenyl)thiophene (12c)The title compound was prepared by reaction of
2,3,5-tribromothiophene (100 mg, 0.31 mmol), 3-rogttbenzeneboronic acid (46 mg, 0.31 mmol),
sodium carbonate (67 mg, 0.62 mmol) and tetraki$gnylphosphine) palladium (17.9 mg, 1frhol)
according to method B heating the reaction 4 headtof 20 h. The product was purified by CC
(petroleum ether/ethyl acetate 9:1); yield: 23 % 1f&y).

3-Bromo-2-(3-methoxyphenyl)-5-(4-methoxyphenyl)thiphene (12b). The title compound was
prepared by reaction of 3,5-dibromo-2-(3-methoxyptehiophene(12¢ (500 mg, 1.43 mmol), 4-
methoxybenzeneboronic acid (268 mg, 1.72 mmol),jusedcarbonate (333 mg, 3.15 mmol) and
tetrakis(triphenylphosphine) palladium (82.6 mg,5/1mol) according to method B. The product was
purified by CC (petroleum ether/ethyl acetate 9yigtd: 52 % (278 mg).

2,3-Bis(3-methoxyphenyl)-5-(4-methoxyphenyl)thioph®e (12a).The title compound was prepared
by reaction of 3-bromo-2-(3-methoxyphenyl)-5-(4-heetyphenyl)thiophene 1@b) (250 mg, 0.67
mmol), 3-methoxybenzeneboronic acid (124 mg, 0.8t sodium carbonate (142 mg, 1.34 mmol)
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and tetrakis(triphenylphosphine) palladium (38.7, 38.5umol) according to method B. The product
was purified by CC (petroleum ether/ethyl acetalg; Yield: 72 % (194 mg).

3,3'-[5-(4-Hydroxyphenyl)thiene-2,3-diyl]diphenol (2). The title compound was prepared by
reaction of 2,3-bis(3-methoxyphenyl)-5-(4-methoxgpyl)thiophene 128 (100 mg, 0.24 mmol) and
boron tribromide (2.16 mmol) according to methodT@e product was purified by preparative TLC
(hexane/ethyl acetate 1:1); yield: 92 % (79 mg); (&Sl): 359 (M-HJ; Anal. (G;H10:S) C, H, N.

3,3’-(3-Methylthiene-2,5-diyl]diphenol (13).The title compound was prepared by reaction2 &-
dibromo-3-methylthiophene (150 mg, 0.58 mmol), 8#wxybenzeneboronic acid (179 mg, 1.27
mmol), caesium carbonate (868 mg, 2.79 mmol) atrdKis(triphenylphosphine) palladium (6.7 mg,
5.8 umol) according to method A. The product was putifiy CC (hexane/ethyl acetate 4:6); yield: 45
% (73 mg); MS (ESI): 281 (M-H) Anal. (C;H..0,S) C, H, N.

3-Bromo-2,5-bis(3-methoxyphenyl)thiophene (14b)he title compound was prepared by reaction of
3,5-dibromo-2-(3-methoxyphenyl)thiophen&2¢) (250 mg, 0.72 mmol), 3-methoxybenzeneboronic
acid (134 mg, 0.86 mmol), sodium carbonate (148 w4 mmol) and tetrakis(triphenylphosphine)
palladium (41.6 mg, 36.Amol) according to method B. The product was putifiey CC (petroleum
ether/ethyl acetate 9:1); yield: 72 % (194 mg).

2,5-Bis(3-methoxyphenyl)-3-phenylthiopheng¢l4a). The title compound was prepared by reaction of
3-bromo-2,5-bis(3-methoxyphenyl)thiophefiglb) (102 mg, 0.27 mmol), benzeneboronic acid (38 mg,
0.27 mmol), sodium carbonate (58 mg, 0.54 mmol) &chkis(triphenylphosphine) palladium (15.6

mg, 13.5umol) according to method B. The product was putifiyy CC (petroleum ether/ethyl acetate

9:1); yield: 54 % (51 mg).

3,3’-(3-Phenylthiene-2,5-diyl)diphenol(14). The title compound was prepared by reaction of 2,5
bis(3-methoxyphenyl)-3-phenylthiophers46) (50 mg, 0.13 mmol) and boron tribromide (0.78 fjmo
according to method C. The product was purifiegpigparative TLC (hexane/ethyl acetate 1:1); yield:
53 % (49 mg); MS (ESI): 345 (M+F)Anal. (G2H160,S) C, H, N.

2,3,5-Tris(3-methoxyphenyl)thiophene(15g). The title compound was prepared by reaction -of 3
bromo-2,5-bis(3-methoxyphenyl)thiopheiig4b) (102 mg, 0.27 mmol), 3-methoxybenzene boronic
acid (42 mg, 0.27 mmol), sodium carbonate (58 m§4 dnmol) and tetrakis(triphenylphosphine)
palladium (15.6 mg, 13.Amol) according to method B. The product was putifitey CC (petroleum
ether/ethyl acetate 9:1); yield: 34 % (37 mg).

3,3,3"-Thiene-2,3,5-triyltriphenol (15). The title compound was prepared by reaction 8B2ris(3-
methoxyphenyl)thiophenel$a) (37 mg, 0.09 mmol) and boron tribromide (0.81 mnaxcording to
method C. The product was purified by preparativ€ Thexane/ethyl acetate 1:1); yield: 67 % (21
mg); MS (ESI): 361 (M+H), Anal. (G,H1605S) C, H, N.

5-(4-Methoxyphenyl)-2-(boronic  acid)thiophene (16b) To a solution of 2-bromo-5-(4-
methoxyphenyl)thiophenel§g (100 mg, 0.37 mmol, 1 eq) in anhydrous THF coated78 °C for 5
min, n-BuLi (1.6 M in hexane, 0.28 mL, 0.44 mmol, 1.2 egs added dropwise and stirred at -78 °C.
After 15 min, triethyl borate (0.37 mL, 2.22 mmél,eq) was added at -78°C and the mixture was
stirred for 2 h. After warming to rt, the crude exéal was acidified with 20 mL of a 1N hydrochloric
acid solution. The aqueous layer was washed witll etcetate. The combined organic layers were
dried over sodium sulfate, filtered and evaporateder reduced pressure. The title compound was not
characterized and used without further purification

2-(3-Methoxyphenyl-5-methylphenyl)-5-(4-methoxypheyl)thiophene (16a). The title compound
was prepared by reaction of 1-bromo-3-methoxy-5hylbenzene (150 mg, 0.74 mmol), [5-(4-
methoxyphenyl)-2-thienyl]-boronic acid§b) (206 mg, 0.88 mmol), sodium carbonate (181 mg6 1.
mmol) and tetrakis(triphenylphosphine) palladiur2.4mg, 37.Qumol) according to method B. The
product was purified by CC (hexane/ethyl acetad®; ¥ield: 22 % (50 mg).
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3-[5-(4-Hydroxyphenyl)-2-thienyl]-5-methylphenol (36). The title compound was prepared by
reaction of 2-(3-methoxyphenyl-5-methylphenyl)-5n¢thoxyphenyl)thiophenel6a (50 mg, 0.16
mmol) and boron tribromide (0.96 mmol) according nethod C. The product was purified by
preparative TLC (hexane/ethyl acetate 1:1); yi€@: % (41 mg); MS (ESI): 281 (M-F) Anal.
(C47H140,S) C, H, N.

2-(3-Fluoro-5-methoxyphenyl)-5-(4-methoxyphenyl)ttophene (17a). The title compound was
prepared by reaction &bromo-5-(4-methoxyphenyl)thiophents€) (200 mg, 0.75 mmol), 3-fluoro-
5-methoxybenzeneboronic acid (152 mg, 0.89 mmalgsmm carbonate (513 mg, 1.65 mmol) and
tetrakis(triphenylphosphine) palladium (8.7 mg, jrGol) according to method A. The product was
purified by CC (hexane/ethyl acetate 7:3); yield:94 (122 mg).

3-Fluoro-5-[5-(4-hydroxyphenyl)-2-thienyl]phenol (7). The title compound was prepared by
reaction of 2-(3-fluoro-5-methoxyphenyl)-5-(4-metlygphenyl)thiophene1(7a (100 mg, 0.32 mmol)
and boron tribromide (1.92 mmol) according to mdtl@ The product was purified by preparative
TLC (hexane/ethyl acetate 7:3); yield: 88 % (80 ;% (APCI): 286 M; Anal. (Ge¢H11,FO,S) C, H,

N.

5-[5-(4-Methoxyphenyl)-2-thienyl]-2-methylphenol (Ba). The title compound was prepared by
reaction of5-bromo-2-methylpheno{250 mg, 1.34 mmol), [5-(4-methoxyphenyl)-2-thigrybronic
acid (16b) (690 mg, 2.95 mmol), caesium carbonate (914 mg94 2 mmol) and
tetrakis(triphenylphosphine) palladium (15.5 mg,443mol) according to method A. The product was
purified by CC (hexane/ethyl acetate 7:3); yield:94 (193 mg).

5-[5-(4-Hydroxyphenyl)-2-thienyl]-2-methylphenol (18). The title compound was prepared by
reaction of 5-[5-(4-methoxyphenyl)-2-thienyl]-2-rhgiphenol (83 (161 mg, 0.54 mmol) and boron
tribromide (3.24 mmol) according to method C. Theduct was purified by preparative TLC
(hexane/ethyl acetate 7:3); yield: 27 % (42 mg); (4Sl): 283 (M+HJ; Anal. (G/H140,S) C, H, N.

2-(4-Fluoro-3-methoxyphenyl)-5-(4-methoxyphenyl)ttophene (19a). The title compound was
prepared by reaction @&-bromo-5-(4-methoxyphenyl)thiophents¢) (200 mg, 0.75 mmol), 4-fluoro-
3-methoxybenzeneboronic acid (152 mg, 0.89 mmalgsmm carbonate (553 mg, 1.78 mmol) and
tetrakis(triphenylphosphine) palladium (8.7 mg, jrGol) according to method A. The product was
purified by CC (hexane/ethyl acetate 7:3); yield:94 (149 mg).

2-Fluoro-5-[5-(4-hydroxyphenyl)-2-thienyllphenol (1). The title compound was prepared by
reaction of 2-(4-fluoro-3-methoxyphenyl)-5-(4-metlgphenyl)thiopheng19a) (100 mg, 0.32 mmol)
and boron tribromide (1.92 mmol) according to mdtl@ The product was purified by preparative
TLC (hexane/ethyl acetate 7:3); yield: 88 % (80 mM$ (ESI): 287 (M+H); Anal. (GeH1:FO.S) C,

H, N.

2-(3,4-Dimethoxyphenyl)-5-(4-methoxyphenyl)thiophea (20a).The title compound was prepared by
reaction of2-bromo-5-(4-methoxyphenyl)thiophenks€) (195 mg, 0.73 mmol), 3,4-dimethoxybenzene
boronic acid (160 mg, 0.88 mmol), caesium carbong&0 mg, 1.61 mmol) and
tetrakis(triphenylphosphine) palladium (8.4 mg, jr8ol) according to method A. The product was
purified by CC (dichloromethane/methanol 99:1)]di&6 % (119 mg).

4-[5-(4-Hydroxyphenyl)-2-thienyllbenzene-1,2-diol Z0). The title compound was prepared by
reaction of 2-(3,4-dimethoxyphenyl)-5-(4-methoxypigthiophene 208 (100 mg, 0.31 mmol) and
boron tribromide (2.79 mmol) according to methodT@e product was purified by preparative TLC
(hexane/ethyl acetate 1:1); yield: 17 % (49 mg); (4Sl): 285 (M+HJ; Anal. (GH1,0:S) C, H, N.

2-(4-Methoxy-3-methylphenyl)-5-(3-methoxyphenyl)thbphene (21a). The title compound was
prepared by reaction &bromo-5-(3-methoxyphenyl)thiopherigb) (250 mg, 0.92 mmol), 3-methyl-
4-methoxybenzeneboronic aditi52.8 mg, 0.92 mmol), sodium carbonate (243 mg6 2nmol) and
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tetrakis(triphenylphosphine) palladium (53.1 mg,046mol) according to method B. The product was
purified by CC (hexane/ethyl acetate 7:3); yield:9% (154 mg).

4-[5-(3-Hydroxyphenyl)-2-thienyl)-2-methyl]phenol @1). The title compound was prepared by
reaction of 2-(4-methoxy-3-methylphenyl)-5-(3-metigphenyl)thiopheng21a) (100 mg, 0.32 mmol)
and boron tribromide (1.92 mmol) according to metl@ The product was purified by preparative
TLC (hexane/ethyl acetate 6:4); yield: 79 % (72 ;M (ESI): 281 (M-HJ; Anal. (G/H140,S) C, H,

N.

2-(3,4-Dimethoxyphenyl)-5-(3-methoxyphenyl)thiophea (22a).The title compound wagrepared by
reaction of 2-bromo-5-(3-methoxyphenylthiophene(lb) (206 mg, 1.14 mmol), 3,4-
dimethoxybenzeneboronic acid (247 mg, 1.36 mmagswm carbonate (779 mg, 2.51 mmol) and
tetrakis(triphenylphosphine) palladium (13.2 mg,44dmol) according to method A. The product was
purified by CC (dichloromethane/methanol 99:1)]di&4 % (126 mg).

4-[5-(3-Hydroxyphenyl)-2-thienyllbenzene-1,2-diol Z2). The title compound was prepared by
reaction of 2-(3,4-dimethoxyphenyl)-5-(3-methoxypigthiophene(228 (100 mg, 0.32 mmol) and
boron tribromide (2.88 mmol) according to methodT@e product was purified by preparative TLC
(hexane/ethyl acetate 6:4); yield: 61 % (56 mg); (Sl): 283 (M-HJ; Anal. (GgH1,0:S) C, H, N.

2-(3-Fluoro-4-methoxyphenyl)-5-(3-methoxyphenyl)ttophene (23a). The title compound was
prepared by reaction of 2-bromo-5-(3-methoxyphehidphene 1b) (370 mg, 1.37 mmol), 3-fluoro-4-
methoxybenzeneboronic aci@55 mg, 1.50 mmol), caesium carbonate (717 mgl 3nbnol) and
tetrakis(triphenylphosphine) palladium (15.8 mg,743mol) according to method A. The product was
purified by CC (hexane/ethyl acetate 7:3); yiel@:99 (421 mg).

2-Fluoro-4-[5-(3-hydroxyphenyl)-2-thienyllphenol (). The title compound was prepared by
reaction of 2-(3-fluoro-4-methoxyphenyl)-5-(3-metlgphenyl)thiophend23a) (240 mg, 0.76 mmol)
and boron tribromide (4.56 mmol) according to metl@ The product was purified by preparative
TLC (hexane/ethyl acetate 1:1); yield: 90 % (195;nmg¢S (ESI): 285 (M-H); Anal. (CeH1,FO.S) C,

H, N.

2-(3-Methoxyphenyl)-5-[4-methoxy-3-(trifluoromethyl)phenyl]thiophene (24a).The title compound
was prepared by reaction of 2-bromo-5-(3-methoxpghthiophene 1b) (408 mg, 1.51 mmol), 3-
trifluoromethyl-4-methoxybenzeneboronic a¢@®8 mg, 1.81 mmol), caesium carbonate (1033 mg,
3.32 mmol) and tetrakis(triphenylphosphine) palladi(17.5 mg, 15..umol) according to method A.
The product was purified by CC (hexane/ethyl aeetaB); yield: 75 % (412 mg).

4-[5-(3-Hydroxyphenyl)-2-thienyl]-2-(trifluoromethy I)phenol (24).The title compound was prepared
by reaction of 2-(3-methoxyphenyl)-5-[4-methoxyt8ffuoromethyl)phenyl]thiophene2éda (300 mg,
0.82 mmol) and boron tribromide (4.95 mmol) accogdio method C. The product was purified by
preparative TLC (hexane/ethyl acetate 1:1); yi€lf: % (272 mg); MS (ESI): 285 (M-H) Anal.
(C17H11F3028) C, H, N

2-(6-Methoxybiphenyl-3-yl)-5-(3-methoxyphenyl)thiofnene (25a).The title compound was prepared
by reaction of 2-bromo-5-(3-methoxyphenyl)thiophgie) (287 mg, 1.07 mmol), [6-methoxy-1,1'-
biphenyl-3-yl]boronic acid25b) (338 mg, 1.29 mmol), sodium carbonate (250 mg5 2xBnol) and
tetrakis(triphenylphosphine) palladium (61.8 mg,553mol) according to method B. The product was
purified by CC (hexane/ethyl acetate 7:3); yield:98 (135 mg).

5-[5-(3-Hydroxyphenyl)-2-thienyllbiphenyl-2-ol (25) The title compound was prepared by reaction
of 2-(6-methoxybiphenyl-3-yl)-5-(3-methoxyphenyl)thimme (258 (100 mg, 0.26 mmol) and boron
tribromide (1.56 mmol) according to method C. Theduct was purified by preparative TLC
(hexane/ethyl acetate 1:1); yield: 88 % (81 mg); (Sl): 343 (M-HJ; Anal. (G,H1¢0,S) C, H, N.
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[2-Methoxy-5-[5-(3-methoxyphenyl)-2-thienyl]phenylmethanol (26c¢). The title compound was
prepared by reaction of 2-bromo-5-(3-methoxyphehidphene 1b) (408 mg, 1.51 mmol), [3-
(hydroxymethyl)-4-methoxyphenyl]-boronic adi@éd) (329 mg, 1.81 mmol), caesium carbonate (1032
mg, 3.32 mmol) and tetrakis(triphenylphosphine)guibm (17.5 mg, 15.jumol) according to method
A. The product was purified by CC (hexane/ethyltaiee8:2); yield: 12 % (59 mg).

2-Methoxy-5-[5-(3-methoxyphenyl)-2-thienyl]benzaldbyde (26b). To a solution of [2-methoxy-5-
[5-(3-methoxyphenyl)-2-thienyl]phenyllmethan@6gg (100 mg, 0.31 mmol, 1 eq) in dichloromethane,
pyridium chlorochromate (66 mg, 0.31 mmol, 1 egsvadded in small portions over 5 min and stirred
at rt. After 30 min, the reaction was quenched wititer. The resulting organic layer was dried over
sodium sulfate, filtered and concentrated to drgriBse titte compound was not characterized and used
in the next step without purification

Ethyl (2E)-3-[2-Methoxy-5-[5-(3-methoxyphenyl)-2-thienyl]phayl]acrylate (26a). To a solution of
sodium hydride (10.4 mg, 0.43 mmol, 1 eq) in anbydrTHF triethyl phosphonate (98, 0.46 mmol,
1.1 eq) was added dropwise and stirred at rt. Aftermin, 2-methoxy-5-[5-(3-methoxyphenyl)-2-
thienyllbenzaldehyde26h) (100 mg, 0.31 mmol, 0.6 eq) was added and stioed h at rt. To quench
the reaction water was added and the resultinghardayer was washed with brine, dried over sodium
sulfate, filtered, evaporated and purified by CE&x@me/ethyl acetate 7:3); yield: 98 % (120 mg).

Ethyl (2E)-3-[2-hydroxy-5-[5-(3-hydroxyphenyl)-2-thienyl]phenyllacrylate  (26). The title
compound was prepared by reaction ethyl (Z)-3-[2-methoxy-5-[5-(3-methoxyphenyl)-2-
thienyllphenyl]acrylate Z6a@) (60 mg, 0.15 mmol) and boron tribromide (0.90 mymadcording to
method C. The product was purified by preparativ€ Thexane/ethyl acetate 1:1); yield: 17 % (10
mg); MS (APCI): 366 (M); Anal. (G:H150,S) C, H, N.

(2E)-3-[2-Methoxy-5-[5-(3-methoxyphenyl)-2-thienyl]phayl]- N-phenylacrylamide (27a). Ethyl
(2E)-3-[2-methoxy-5-[5-(3-methoxyphenyl)-2-thienyl]pid]acrylate €68 (720 mg, 2.22 mmol, 1 eq)

in a solution of THF/water (2:1), was refluxed &6 h together with lithium hydroxide (320 mg, 13.33
mmol, 6 eq). After cooling to rt, ether was addée: aqueous layer was acidified with hydrochloric
acid 1IN and washed with dichloromethane. The coewiarganic layers were dried over sodium
sulfate, filtered and evaporated under reducedspresThe resulting carboxylic acid was solubilized
dichloromethane (180 mg, 0.53 mmol, 1 eq) and xefiufor 20 h with EDCI (102 mg, 0.53 mmol, 1
eq) and HOBt (72 mg, 0.53 mmol, 1 eq). After coglo rt, the organic layer was washed with a 1.5 M
sodium hydrogenocarbonate solution, brine, driedr osodium sulfate, evaporated under reduced
pressure and purified by CC (hexane/ethyl acet&je yield: 51 % (120 mg); MS (ESI): 442 (M+H)

(2E)-3-[2-Hydroxy-5-[5-(3-hydroxyphenyl)-2-thienyl]phenyl]- N-phenylacrylamide (27).

The title compound was prepared by reaction (BE)-3-[2-methoxy-5-[5-(3-methoxyphenyl)-2-
thienyl]phenyl]N-phenylacrylamide 478 (55 mg, 0.13 mmol) and boron tribromide (0.78 mmol
according to method C. The product was purifiegptsparative TLC (hexane/ethyl acetate 4:6); yield:
31 % (17 mg); MS (ESI): 414 (M+H)Anal. (GsH;sNO;S) C, H, N.

3-[2-Methoxy-5-[5-(3-methoxyphenyl)-2-thienyl]pheny}- N-phenylpropanamide (28a). (2E)-3-[2-
Methoxy-5-[5-(3-methoxyphenyl)-2-thienyl]phenyilphenylacrylamidg278 (50 mg, 0.11 mmol, 1
eq) was solubilized ithr mixture of THF/EtOH (1:1). After addition of padium hydroxide (1.7 mg,
0.01 mmol, 0.1 eq) the reaction was stirred ahdeu nitrogen atmosphere for 20 h. The crude mextur
was filtered and the organic layer was evaporatettureduced pressure; yield: quantitative.

3-[2-Hydroxy-5-[5-(3-hydroxyphenyl)-2-thienyl]phenyl]- N-phenylpropanamide (28). The title
compound was prepared by reaction 3f2-methoxy-5-[5-(3-methoxyphenyl)-2-thienyl]phda{N-
phenylpropanamidé€8a) (55 mg, 0.13 mmol) and boron tribromide (0.78 mnaacording to method
C. The product was purified by preparative TLC @medethyl acetate 1:1); yield: 20 % (10 mg)$S
(ESI): 416 (M+HYJ; Anal. (GsH2:NOsS) C, H, N.
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2-Bromo-5-(3-fluoro-4-methoxyphenyl)thiophene (29h) The title compound was prepared by
reaction of2,5-dibromothiopheng¢500 mg, 2.10 mmol), 3-fluoro-4-methoxybenzenebaracid (357
mg, 2.10 mmol), sodium carbonate (432 mg, 4.20 ot tetrakis(triphenylphosphine) palladium
(121 mg, 1.05 mmol) according to method B. The pobvdvas purified by CC (hexane/ethyl acetate
95:5); yield: 85 % (427 mg).

2-(3-Fluoro-4-methoxyphenyl)-5-(3-fluoro-5-methoxypenyl)thiophene (29a).The title compound
was prepared by reaction of 2-bromo-5-(3-fluoro-étinoxyphenyl)thiophene29b) (100 mg, 0.41
mmol), 3-fluoro-5-methoxybenzeneboronic acid (85 &0 mmol), caesium carbonate (280 mg, 0.90
mmol) and tetrakis(triphenylphosphine) palladium?7(4ng, 4.1umol) according to method A. The
product was purified by CC (hexane/ethyl acetat®; 9ield: 82 % (113 mg).

2-Fluoro-4-[5-(3-fluoro-5-hydroxyphenyl)thien-2-yllphenol (29).The title compound was prepared
by reaction of 2-(3-fluoro-4-methoxyphenyl)-5-(2iiro-5-methoxyphenyl)thiophen&Qa (100 mg,
0.30 mmol) and boron tribromide (1.80 mmol) accogdio method C. The product was purified by
preparative TLC (hexane/ethyl acetate 6:4); yied8: % (35 mg); MS (APCI): 304 (M) Anal.
(C16H10F20.S) C, H, N.

2-(3-Fluoro-4-methoxyphenyl)-5-(4-fluoro-3-methoxypenyl)thiophene (30a).The title compound
was prepared by reaction of 2-bromo-5-(3-fluoro-@tinoxyphenyl)thiophene29b) (100 mg, 0.41
mmol), 4-fluoro-3-methoxybenzeneboronic acid (85 m&0 mmol), caesium carbonate (279 mg, 0.90
mmol) and tetrakis(triphenylphosphine) palladium?7(4ng, 4.1umol) according to method A. The
product was purified by CC (hexane/ethyl acetat®; $ield: 72 % (100 mg).

2-Fluoro-4-[5-(4-fluoro-3-hydroxyphenyl)thien-2-yllphenol (30).The title compound was prepared
by reaction of 2-(3-fluoro-4-methoxyphenyl)-5-(3tfiro-5-methoxyphenyl)thiophen&@a (100 mg,
0.30 mmol) and boron tribromide (1.80 mmol) accogdio method C. The product was purified by
preparative TLC (hexane/ethyl acetate 6:4); yiel8: % (69 mg); MS (APCI): 304 (M) Anal.
(C1eH10F20.S) C, H, N.

2-(3,5-Difluoro-4-methoxyphenyl)-5-(3-methoxyphenythiophene (31a).The title compound was
prepared by reaction o2-bromo-5-(3-methoxyphenyl)thiophen@b) (430 mg, 1.60 mmol), 3,5-
difluoro-4-methoxybenzeneboronic ac{@857 mg, 1.92 mmol), caesium carbonate (1094 mgR 3.
mmol) and tetrakis(triphenylphosphine) palladiur8.6Lmg, 16.0umol) according to method A. The
product was purified by CC (petroleum ether/etlodtate 9:1); yield: 42 % (223 mg).

2,6-Difluoro-4-[5-(3-hydroxyphenyl)-2-thienyl]phend (31). The title compound was prepared by
reaction of 2-(3,5-difluoro-4-methoxyphenyl)-5-(3-methoxypheiglophene (318 (220 mg, 0.62
mmol) and boron tribromide (3.72 mmol) according nethod C. The product was purified by
preparative TLC (hexane/ethyl acetate 5:5); yidld: % (18 mg); MS (ESI): 305 (M+H) Anal.
(CleHlonoQS) C, H, N

2-(3,4-Difluorophenyl)-5-(3-methoxyphenyl)thiophene(32a). The title compound was prepared by
reaction of 2-bromo-5-(3-methoxyphenyl)thiophene(lb) (150 mg, 0.56 mmol), 3,4-
difluorobenzeneboronic acifl05 mg, 0.67 mmol), caesium carbonate (383 mg3 hiPnol) and
tetrakis(triphenylphosphine) palladium (6.5 mg, fréol) according to method A. The product was
purified by CC (hexane/ethyl acetate 9:1); yield:98 (152 mg).

3-[5-(3,4-Difluorophenyl)-2-thienyl]phenol (32).The title compound was prepared by reactior2-of
(3,4-difluorophenyl)-5-(3-methoxyphenyl)thiopherg28 (120 mg, 0.40 mmol) and boron tribromide
(2.20 mmol) according to method C. The product padfied by CC (dichloromethane/methanol 99:1);
yield: 85 % (98 mg); MS (ESI): 289 (M+H)Anal. (C¢HF,0S) C, H, N.

4-(4-Methoxy-3-methylphenyl)-2-(3-methoxyphenyl)thophene (34a). The title compound was
prepared by reaction of 4-bromo-2-(3-methoxyphehidphene 83b) (400 mg, 1.49 mmol), 3-methyl-
4-methoxybenzeneboronic acid (296 mg, 1.79 mmailgsium carbonate (1019 mg, 3.27 mmol) and
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tetrakis(triphenylphosphine) palladium (17.2 mg,91d4mol) according to method A. The product was
purified by CC (hexane/ethyl acetate 7:3); yield:96 (320 mg).

4-[5-(3-Hydroxyphenyl)-3-thienyl]-2-methylphenol (3}). The title compound was prepared by
reaction of4-(4-methoxy-3-methylphenyl)-2-(3-methoxyphenyl@ibihene(34a) (180 mg, 0.58 mmol)
and boron tribromide (3.48 mmol) according to mdtl@ The product was purified by preparative
TLC (hexane/ethyl acetate 1:1); yield: 54 % (88 ,M$ (ESI): 281 (M-HJ; Anal. (G/H140,S) C, H,

N.

4-(3-Fluoro-4-methoxyphenyl)-2-(3-methoxyphenyl)ttophene (35a). The title compound was
prepared by reaction d@fbromo-2-(3-methoxyphenyl)thiophef@3b) (400 mg, 1.49 mmol), 3-fluoro-
4-methoxybenzeneboronic acid (303 mg, 1.78 mmalgsiuim carbonate (1019 mg, 3.30 mmol) and
tetrakis(triphenylphosphine) palladium (17.2 mg,914mol) according to method A. The product was
purified by CC (petroleum ether/ethyl acetate 9yigtd: 80 % (403 mg).

2-Fluoro-4-[5-(3-hydroxyphenyl)-3-thienyllphenol (35). The title compound was prepared by
reaction of4-(3-fluoro-4-methoxyphenyl)-2-(3-methoxyphenyliihhene(35a) (400 mg, 1.27 mmol)
and boron tribromide (7.63 mmol) according to methG. The product was purified by CC
(dichloromethane/methanol 98:2); yield: 22 % (88:mMdS (ESI): 287 (M-H)

4-(4-Methoxy-3-methylphenyl)-2-(3-methoxyphenyl)-B-thiazole (37a). The title compound was
prepared by reaction of 5-bromo-2-(3-methoxyphefy8)thiazole 86b) (402 mg, 1.49 mmol), 3-
methyl-4-methoxybenzeneboronic acid (247 mg, 1.#8i) caesium carbonate (1019 mg, 3.27 mmol)
and tetrakis(triphenylphosphine) palladium (17.2 i 9umol) according to method A. The product
was purified by CC (hexane/ethyl acetate 7:3);dyiéP % (320 mg).

4-[2-(3-Hydroxyphenyl)-1,3-thiazol-5-yl]-2-methylpkenol (37).The title compound was prepared by
reaction of4-(4-methoxy-3-methylphenyl)-2-(3-methoxyphenyl3-thiazole(373 (80 mg, 0.26 mmol)
and boron tribromide (1.56 mmol) according to metl@ The product was purified by preparative
TLC (hexane/ethyl acetate 3:7); yield: 16 % (11 md$ (ESI): 274 (M+H); Anal. (CeH1aNO,S) C,

H, N.

3-Fluoro-3",4-dimethoxy-1,1":4',1"-terphenyl (39a). The title compound was prepared by reaction of
4'-bromo-3-methoxybipheny(38b) (175 mg, 0.67 mmol), 3-fluoro-4-methoxybenzenelnar acid
(136.7 mg, 0.88 mmol), caesium carbonate (457 mdjy Inmol) and tetrakis(triphenylphosphine)
palladium (7.7 mg, 6.umol) according to method A. The product was putlifiiy CC (hexane/ethyl
acetate 98:2); yield: 58 % (117 mg).

3"-Fluoro-1,1":4',1"-terphenyl-3,4"-diol (39). The title compound was prepared by reactior3-of
fluoro-3",4-dimethoxy-1,1"4',1"-terphenyB9a) (115 mg, 0.37 mmol) and boron tribromide (2.22
mmol) according to method C. The product was pedifi by preparative TLC
(dichloromethane/methanol 99:1); yield: 62 % (69 M\dS (ESI): 281 (M+Hj.

3,3"-Dimethoxy-4-methyl-1,1":4',1"-terphenyl (418). The title compound was prepared by reaction of
4'-bromo-3-methoxybipheny{38b) (230 mg, 0.87 mmol), 4-methoxy-3-methylbenzenehimr acid
(172 mg, 1.04 mmol), caesium carbonate (595 mgl Ir@nol) and tetrakis(triphenylphosphine)
palladium (10.1 mg, 8.@dmol) according to method A. The product was pullifiiy CC (hexane/ethyl
acetate 98:2); yield: 53 % (140 mg).

4-Methyl-1,1":4",1"-terphenyl-3,3"-diol (41). The title compound was prepared by reactior3,8f'-
dimethoxy-4-methyl-1,1":4",1"-terphen@la (120 mg, 0.39 mmol) and boron tribromide (2.34 esijm
according to method C. The product was purifiedpgogparative TLC (dichloromethane/methanol
97:3); yield: 38 % (42 mg); MS (ESI): 277 (M+H)

4-Fluoro-3,3"-dimethoxy-1,1":4',1"-terphenyl (423). The title compound was prepared by reaction of
4'-bromo-3-methoxybipheny(38b) (200 mg, 0.76 mmol), 4-fluoro-3-methoxybenzenebar acid
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(154 mg, 0.91 mmol), caesium carbonate (520 mgy Irnol) and tetrakis(triphenylphosphine)
palladium (8.8 mg, 7.imol) according to method A. The product was putifiy CC (hexane/ethyl
acetate 9:1); yield: 75 % (175 mg).

4-Fluoro-1,1"4',1"-terphenyl-3,3"-diol (42). The title compound was prepared by reactiondof
fluoro-3,3"-dimethoxy-1,1":4',1"-terphend2a (175 mg, 0.57 mmol) and boron tribromide solution
(3.42 mmol) according to method C. The product wasfied by preparative TLC (hexane/ethyl
acetate 1:1); yield: 63 % (100 mg); MS (ESI): 2B1-H)".

Biological Methods

[2, 4, 6, 7°H]-E2 and [2, 4, 6, 7H]-E1 were bought from Perkin EImer, Boston. Quitks Flow 302
scintillator fluid was bought from Zinsser Analytierankfurt.

17B3-HSD1 and 1B-HSD2 were obtained from human placenta accordingreviously described
procedures> °* **Fresh human placenta was homogenized and certrifdihe pellet fraction contains
the microsomal 1F-HSD2, while 1B-HSD1 was obtained after precipitation with ammaomisulfate
from the cytosolic fraction.

1. Inhibition of 17B-HSD1

Inhibitory activities were evaluated by a well ddished method with minor modification$>° Briefly,

the enzyme preparation was incubated with NADH [RBA)] in the presence of potential inhibitors at
37 °C in a phosphate buffer (50 mM) supplementdti @80 % of glycerol and EDTA (1mM)nhibitor
stock solutions were prepared in DMSO. Final cotregion of DMSO was adjusted to 1 % in all
samples. The enzymatic reaction was started bytiaddif a mixture of unlabelled- and [2, 4, 6:H}

E1 (final concentration: 500 nM, 0.1&i). After 10 min, the incubation was stopped witgCl, and
the mixture was extracted with ether. After evafiora the steroids were dissolved in acetonitidé.
and E2 were separated using acetonitrile/wates8}5as mobile phase in a C18 rp chromatography
column (Nucleodur C18 Gravity, 3 pm, Macherey-Na@eglren) connected to a HPLC-system (Agilent
1100 Series, Agilent Technologies, Waldbronn). Diéde@ and quantification of the steroids were
performed using a radioflow detector (Berthold Tremlbgies, Bad Wildbad). The conversion rate was

. . . . %E2
calculated according to following equat|0|%converS|on=0—ElOO. Each value was

%E2+%E1
calculated from at least three independent expatisne

2. Inhibition of 17p-HSD2

The 1B-HSD2 inhibition assay was performed similarly be tL3-HSD1 procedure. The microsomal
fraction was incubated with NAT[1500 pM], test compound and a mixture of unladklland [2, 4, 6,
7-°H]-E2 (final concentration: 500 nM, 0.14Ci) for 20 min at 37 °C. Further treatment of thenples
and HPLC separation was carried out as mentionedeab

3. ER affinity

The binding affinity of select compounds to the cERNd ER was determined according to
Zimmermann et al’ Briefly, 0.25 pmol of ER or ERB, respectively, were incubated with [2, 4, 6, 7-
*H]-E2 (10 nM) and test compound for 1 h at rt. Pagential inhibitors were dissolved in DMSO (5 %
final concentration). Non-specific-binding was penfied with diethylstilbestrol (10 uM). After
incubation, ligand-receptor complexes were seletibound to hydroxyapatite (5 g/ 60 mL TE-
buffer). The formed complex was separated, wasineddrasuspended in ethanol. For radiodetection,
scintillator cocktail (Quickszint 212, Zinsser Awat, Frankfurt) was added and samples were
measured in a liquid scintillation counter (Racka&Brimo 1209, Wallac, Turku). For determination of
the relative binding affinity (RBA), inhibitor anB2 concentrations required to displace 50 % of the
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receptor bound labelled E2 were determined. RBAiemlwere calculated according to the following

. ICsolE2
equation:RBA(%] = IC50(Cc5):$1p0l)Jnd)

[100. The RBA value for E2 was arbitrarily set at 100 %

4 .Evaluation of the estrogenic activity using T-47[zells

Phenol red-free medium was supplemented with soddirarbonate (2 g/L), streptomycin (100
pg/mL), insuline zinc salt (10 pg/mL), sodium pyater (1 mM), L-glutamine (2 mM), penicillin (100
U/mL) and DCC-FCS 5% (v/v). RPMI 1640 (without ploéned) was used for the experiments. Cells
were grown for 48 h in phenol red-free medium. Coomql 21 wasadded at a final concentration of
100 nM. Inhibitors and E2 were diluted in etharfolg] ethanol concentration was adjusted to 1%). As
a positive control E2 was added at a final conegioin of 0.1 nM. Ethanol was used as negative
control. Medium was changed every two to three agayb supplemented with the respective additive.
After eight days of incubation, the cell viabilityas evaluated measuring the reduction of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazoliumbrode@ (MTT). The cleavage of MTT to a blue
formazan by mitochondrial succinat-dehydrogenase quantified spectrophotometrically at 590 nm as
described by Denizot and Lafigvith minor modifications. The control proliferatiavas arbitrarily set

at 1 and the stimulation induced by the inhibitamswcalculated according to following equation:

_ [proliferation(compound —induced) - 1]
[proliferation(EZ—induced)—l]
mean value of at least three independent expergment

%stimulation A00%. Each value is calculated as a

5. Inhibition of human hepatic CYPs

The commercially available P450 inhibition kitsftdBD Gentest’ (Heidelberg, Germany) were used
according to the instructions of the manufactu@ompound®21 and 23 were tested for inhibition of
the following enzymes: CYP2D6 and 3A4. Percentdgalubition at 2uM for compound<21 and23
were determined.

6. In-Vivo Pharmacokinetics

Male Wistar rats weighing 300-330 g (Janvier Franeere housed in a temperature- controlled room
(20-22 °C) and maintained in a 12 h light/12 h deykle. Food and water were availabklibitum.
They were anesthetized with a ketamine (135 mggyzine (10 mg/kg) mixture and cannulated with
silicone tubing via the right jugular vein and attad to the skull with dental cement. Prior to filngt
blood sampling, animals were connected to a cobak@nced system and tubing to perform blood
sampling in the freely moving rat.

Compound=21 and23 were applied orally in a cassette dosing in 4 aathe dose of 10 mg/kg body
weight by using a feeding needle. The compounde wissolved in a mixture labrasol/water (1:1) and
given at a volume of 5mL/kg. Blood samples (0.2 miere taken at O, 1, 2, 3, 4, 6, 8, 10 and 24 h
postdose and collected in heparinised tubes. Therg wentrifuged at 3000g for 10 min, and plasma
was harvested and kept at -20 °C until analyzed.

HPLC-MS/MS analysis and quantification of the sassplvas carried out on a Surveyor-HPLC-system
coupled with a TSQ Quantum (Thermo/Fisher) tripl@dyupole mass spectrometer equipped with an
electrospray interface (ESI).

Computational Chemistry
1. Molecular Modelling

All molecular modelling studies were performed atel(R) P4 CPU 3.00 GHz running Linux CentOS
5.2. The X-ray structures of f#HSD1 (PDB-ID: 1A27, 1FDT and 1I5R) were obtainegdnfi the
Protein DatabanR and further prepared using the BIOPOLYMER moduleéS¥BYL v8.0 (Sybyl,
Tripos Inc., St. Louis, Missouri, USA). Water malées, E2 (or HYC for 1I15R) and sulfate ions were
stripped from the PDB files and missing proteinnadovere added and correct atom types set. Finally
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hydrogen atoms and neutral end groups were addédhasic and acidic residues were considered
protonated and deprotonated, respectively. Sinoestlall histidines are oriented toward the outat p
of the enzyme, accessible for the surface, they wensidered as protonated (HIP) after a prediction
run made by MolProbit§? For 1I5R the cofactor NADPH was merged into theyeme after an
accurate overlay with the hybrid inhibitor HYC ati# X-rays 1A27 and 1FDT. Further, every crystal
structure was minimized for 500 steps with the et descent minimizer as implemented in SYBYL
with the backbone atoms kept at fixed positionsrier to fix close contacts, followed by 2000 steps
conjugate gradient minimization requested for agral better starting structure.

Inhibitor 23 was built with SYBYL and energy-minimized in MMF&8 force-field as implemented in
Sybyl. Subsequently aab-initio geometry optimizations was performed gas phasbeaB3LYP/6-
311**G (d,p) level of density functional theory (DfFby means of the Gaussian03 softwaré? in
order to obtain the RESP charges of compdf)dhought to better perform in Autodock4.

Two different softwares were used for docking st8diGOLDv3.2® and Autodock4? ®° using the
graphical user interface AutoDockTools (ADT 1.5.8nce both allow flexible docking of ligands, no
conformational search was employed to the liganecire. For both programs the compo@iwas
docked in 50 independent genetic algorithm (GAxrun

GOLDv3.2: Active-site origin was set at the center of trex@t binding site, while the radius was set
equal to 13 A. The automatic active-site detecticas switched on. Further, a slightly modified
GOLDSCORE fitness function (increased scaling fgdrbphobic contacts) was used and genetic
algorithm default parameters were set as suggéstédte GOLD authors.

Autodock4: The docking area has been defined by a box, cehteréhe mass center of the CD-rings
of the cocrystallized E2. Grids points of 60 x 7@4with 0.375 A spacing were calculated around the
docking area for all the ligand atom types usingo@rid4. The Lamarckian genetic algorithm local
search (GALS) method was used. Each docking runpea®rmed with a population size of 200. A
mutation rate of 0.02 and a crossover rate of OfBewused to generate new docking trials for
subsequent generations. The GALS method evaluapepalation of possible docking solutions and
propagates the most successful individuals frorh gaoeration into the next one.

Both programs performed in a similar way, suppgrtime herein suggested binding modes. The quality
of the docked poses was evaluated based mainlysaalvnspection of the putative binding modes of
the ligand, and secondly on the scoring functieviich give a good measure to discriminate between
the found binding modes for one single X-ray confation, but do not help us to compare the poses of
different X-rays.

2. MEP

For selected compound-initio geometry optimisations were performed gas phaseeaB3LYP/6-
311**G (d,p) level of density functional theory (D}by means of the Gaussian03 software and the
molecular electrostatics potential map (MEP) wasttetl using GaussView3, the 3D molecular
graphics package of GaussfiriThese electrostatic potential surfaces were gestbtay mapping 6-
311G** electrostatic potentials onto surfaces olenalar electron density (isovalue = 0.0002e/A)eTh
MEP maps are color coded, where red stands fortinegealues (3.1*18 Hartree) and blue for
positive ones (4.5*IOHartree).
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4. Summary and Conclusion

The aim of the present thesis was the developnfemttass of non-steroidal highly potent
and selective inhibitors of B7hydroxysteroid dehydrogenase type 134¥SD1) as potential
therapeutics for the treatment of estrogen-depdandpathologies. Following the
pharmacophore model established in our group, Yus@xyphenyl)substituted azoles and
arenes were designed with the goal to reach higlitHSD1 inhibitory activity as well as
selectivity versus 1#HSD2, the enzyme which catalyzes the intracelldiactivation of E2
into E1, and the estrogen receptarsand 3. In order to deliver a suitable candidate which
could be applied as a drug, the biological propsrtif the most potent inhibitors were further
investigated aiming at metabolic stability in ratel microsomes, inhibition of hepatic CYP
enzymes and intestinal absorption using a CaCo2gaility assay. In a final step, the
pharmacokinetic profile of the most promising caadés was evaluated in rats after oral
administration in a cassette dosing approach.

Chapter3.l deals with the design, synthesis and biologicaleation of a series of 19
bis(hydroxyphenyl) azoles. As the compounds havwaitaic the steroidal substrate, different
substitutions patterns concerning the phenolic @bus (meta andpara), in which the O-O
distance is the same range as observed fodE11 A), were investigated to find out the one
which fits best to the active site. Additionallpetinfluence of the central ring for B-HSD1
inhibition was also investigated. Heterocycles aonhg nitrogen and/or oxygen were selected
as their heteroatoms might be able to establishleogentary interactions with the amino acids
Tyr218/Ser222 which are located close to the Cétipasof the steroid. It was established that
the inhibitory activity of the di-substituted azotkerivatives depends on the presence of
hydroxy rather than methoxy groups on the phenplsstents and on the OH substitution
pattern: meta-para and para-meta substituted compounds being more active tpara-para
substituted ones. The fact that only severth-para, para-meta di-substituted azoles showed
inhibitory activity, indicates that also the heteyole is involved in the stabilization of the
inhibitor in the active site of the enzyme. Thegamce of a hydrogen bond donor function on
the heterocycle seemed to be detrimental for agtii@, 4-disubstituted imidazolels9-11,*
1,3-disubstituted pyrazolek12-13), whereas several compounds bearing H-bond aacepto
atoms in the central aromatic ring (1,4-disubstidutl,2,3-triazoled.7-8, 1,3-disubstituted
isoxazolel.16, 2,4- and 2,5-disubstituted 1,3-oxazolel83, 1.19) are active (Table 4). It is
hypothesized that the increase of inhibitory attiis due to the establishment of an additional
H-bond interaction between the heteroatoms of fodeamoiety and Tyr218/Ser222.

Interestingly, aiming the N, O containing heterdegg¢it becomes evident that the location
of the heteroatoms in the aromatic scaffold hag@st/e effect on the BFHSD inhibitory
action: the 3,5-disubstituted isoxazl&6 and the 2,4-disubstituted oxaz®l&9 turned out to
be selective 1F-HSD2 inhibitors while their 2,5-disubstituted owéz isomerl.18 shows
higher 1PB-HSD1 inhibitory activity (Table 4). Consistent Wwithese findings, it can be
assumed that besides a high amino acid similabbth enzymes present also important
structural differences in the area of the bindig where the heterocycle is anchored.

Aiming at the selectivity over the ERs, all thetégscompounds showed very marginal to
weak binding affinities to the receptors (Table h)the literature, it has been described that
the high binding affinity of similar ER ligands &k tris(hydroxyphenyl) pyrazol&§2°°
depends only on the presence of the three hydrenyhmoieties, the heterocycle playing

*For the sake of clarity, all compounds that aremref to in chapter 4 are presented as a combinafia Roman
numeral IV ) and an Arabic numeral. The roman numeral indgatewhich paper they are published and the
Arabic numeral corresponds to the compound numbtirecpublication. (e.d.9 is compound 9 from paper I)
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only a passive role, orienting the peripheral dtlestts in an appropriate topology.
Contrariwise, in the case of our bis(hydroxyphemsylbstituted azoles, it becomes evident that
the combination of at least two parameters is regggsto reach activity and selectivity: an
adequate O-O substitution pattern and a suitalitrdwycle. Therefore, the concept of varying
the heterocyclic moiety as well as the positiontled OH groups on the hydroxyphenyl
moieties is further investigated in the followingbgrojects of this work (Chapté&:.ll and
3.1l1') to get on insight into the impact of these twitetia on activity and selectivity.

Table 4 inhibition of human 13-HSD1, 1PB-HSD2 and binding affinities for the estrogen
receptorsa andp by selected azole derivative.

IC 50 (NM)? ) RBAS (%)
Cmpd Structure 17B- 17B- S?;ifg;/d'ty ERG ERB
HSD1° HSDZ
N=N OH
NN ==
7 %@ 1320 8120 6 <0.01 <0.01
oH 0.01< 0.01<
Eas N—/
ERNS 840 7280 9 RBA<0.1 RBA<O.1

03 ot 0.01<
- Z 7
.16 HOW 1610 270 0.2 RBA < 0.1 <0.01

R 0.01<
~ y
118 e 310 17500 56 noacod 0.5
S ™ 0.01< 0.01<
= P2 7
119 Oy 1850 250 01  mpA<01 RBA<O1

®Mean value of three determinations, standard devidess than 10 %’Human placenta, cytosolic fraction,
substrate E1, 500 nM, cofactor NADH, 5QM; “Human placenta, microsomal fraction, substrate 389, nM,
cofactor NAD, 1500 uM; 4Cso HSD2/1G;, HSD1; °RBA: relative binding affinity, E2: 100 %, mean wal of
three determinations, standard deviation less 13a%.

It is striking that compounds sharing the sameta-para O-O substitution pattern and
bearing a heterocycle without hydrogen bond dogafumction like the 1,4-disubstituted
imidazolel.6 are inactive while the corresponding 1,2,3-triazisomerl.8 is a fairly potent
inhibitor of the enzyme. Therefore we focussedh@ $econd part of this thesis (chafsr)
on triazole core structures and especially on Iygagoles (Figure 17). Thereby, we gained
further insights into the impact of an additionaragen atom and on the influence of the
nitrogen distribution in the central ring on inhdoly activity.

In addition, a non polar substituent was introducedhe heterocycle, with the aim, on the
one side to tackle the hydrogen bond donating fanatf the heterocycle. On the other side,
these additional substituents should be able tee@ase the potency of compounds by the
induction of supplementary hydrophobic interactianth amino acids of the binding site (e.g.
TETU stacking with Tyr218 in case of compounds-9). Moreover, it would also deliver
important knowledges about the space availabihityiad the heterocycle.
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ICsq (17B-Héol): 840 nM
Figure 17: design strategy followed in chaptil

Analysis of the biological data of these molecylessented in Table 5, revealed interesting
structure-activity relationships regardingptASD type 1 and 2 inhibitory potencies. As a
general rule, molecules bearing a 1,2,3-triazoleetgshow higher inhibitory activities toward
17B3-HSD1 than their corresponding 1,2,4-triazole ismnébviously, the nitrogen in the
vertex position on the heterocycle and/or the sapphtary substituent is not tolerated by the
type 1 enzyme. The introduction N1 position of a methyl or phenyl moiety on thetole
core (compound$l.4-9) leads to a strong limitation of the free rotalibiaround the C-C
bonds between each aromatic ring. Thus, a coplaoaformation becomes energetically
disfavoured compared to the di-substituted defresti The hydroxyphenyl moieties might
therefore not be able to adopt the required gegmnietestablish polar interactions with the
enzyme active site.

It is also noteworthy that the loss of planarityc@related with an increase of EHSD2
activity. This observation is in accordance witlke talmost published BHSD2 inhibitors
which also lack planarit}:®**?These important structural features should begif televance
for the future design of selective non-steroidgs-HSD2 inhibitors.

Table 5: Inhibition of human 13-HSD1 and 1B-HSD2 by bis(hydroxyphenyl) triazoles
R

= \
NN /N R, NN
@ J\Q @AN)\©/RZ
R L R, 11.4-9
IC 50 value UM)?
cmpd RO R R mpspr®  178-HSDZ
1.1 3-OH 3-OH 17 ni
1.7 4-OH 3-OH 1.32 8.12
1.8 3-OH 4-OH 0.84 7.28
1.4 CH; 3-OH 3-OH ni ni
1.5 CH; 4-OH 3-OH ni 26
1.6 CH; 3-OH 4-OH ni 21
1.7 Ph 3-OH 3-OH ni 44
1.8 Ph 4-OH 3-OH ni 4%
1.9 Ph 3-OH 4-OH ni ni

®Mean values of three determinations, standard temidess than 18 %Human placenta, cytosolic fraction,
substrate 3H]-E1 + E1 [500 nM], cofactor NADH [50@M]; *Human placenta, microsomal fraction, substrate
[*H]-E2 + E2 [500 nM], cofactor NAD[1500uM]; %% inhibition at 1uM; ni: no inhibition (<10 % inhibition at 1
UM).
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In Chapters3.l and3.1l, it has been identified that the inhibitory adivof this class of
compounds depends on the O-O substitution pattednom the nature and location of the
heteroatoms present in the central aromatic rirggaRling the properties of the heterocycle,
hydrogen bond donor functions turned out to beimetntal, while hydrogen bond acceptor
atoms are favourable. Chap®ill is principally concerned with the design and thetlsesis
of bis(hydroxyphenyl) azoles and arenes. Besidesirtiestigation of molecules bearing 5-
membered sulfur containing heterocycles, it is agaluated whether 6-membered rings are
suitable cores to link the two hydroxyphenyl masti

Most of the compounds described in Cha@téi turned out to be even more active than
the previously identified 2,5-disubstituted oxazalE8. Regarding the OH-OH substitution
pattern of the inhibitors similar findings, as s@eChaptei3.l., can be observed: to reac17
HSD1 activity, the distance between the two oxygaithe OH groups of the molecule has to
be close to the value observed for B% (1 A). Therefore only compound withnaeta-para,
para-meta andmeta-meta substitution pattern (8.5&< 12.8 A) shows activity while thgara-
para analogues are inactiveéX 12.5 A).

In order to obtain insights in the role of the Okxgps on inhibitory activity, several
thiophenes bearing only one hydroxy substitudiit19-20) were synthesized and their
biological activities compared to the di-substitl{#l.22 ) analogues. The slightly decrease in
case of the replacement of tpara-OH with a hydrogen and the dramatical loss ofvitgtin
case of the exchange of theta-OH by a H atom, indicates that both hydroxy groaps
important for activity, with themeta-OH being, obviously, more important than tpara-
hydroxy (Table 6).

Table 6: influence of the number and location of the Odugs on 1B-HSD1 and 1B-HSD2
inhibitory activity

Rl
cmod R R IC 50 (NM)? selectivity
P ! 2 178-HSDI®  17B-HSDZ factor®
.17 H H ni nt .
111,19 3-OH H 342 2337 7
111.20 4-OH H ni nt .
111.22 4-OH 3-OH 69 1953 28

®Mean values of three determinations, standard tlemidess than 12 %Human placenta, cytosolic fraction,
substrate 3H]-E1 + E1 [500 nM], cofactor NADH [50QM]; ‘Human placenta, microsomal fraction, substrate
[*H]-E2 + E2 [500 nM], cofactor NAD[1500uM], “ICso (178-HSD2)/ IGs (17B-HSD1); ni: no inhibition, nt: not
tested

Considering the influence of the heterocycle, tkehange of the N-Me moiety of the
inactive 1,2,4-triazolél.6 by a sulfur leads to a fairly potent compouHd.O (ICs= 413 nM,
Table 7). This finding indicates that a sulfur atomthis position has a positive influence on
the binding affinity of the enzyme. The role of thérogen and the sulfur was further
investigated by varying the position as well as tihenber of heteroatoms in the central ring.
Regarding the biological data of the 1,3-thiazoéivdtives, it becomes apparent that the
location of the sulfur and the nitrogen is decisigethe activity of the compounds: the 2,4-
disubstituted thiazoldl.22 turned out to be a very weak inhibitor of the eney(IGy> 1000
nM) while its 2,5-disubstituted isoméit.3 is the most potent compound &S 50 nM). In
contrary, in the thiophene class of compounds #r@ation of the position of the sulfur atom
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seems not to be relevant: both compounds exhibitedar inhibition values (Ig= 77 nM and
69 nM forlll.27 andlll.22, respectively).

Surprisingly, the 1,3-thiazolédl.3 (ICs;= 50 nM) and thiophendl.22 (ICs;= 69 nM)
show almost similar inhibition values. The nitrog#nll.3 is obviously not contributing to the
binding, i.e. no hydrogen bond interaction can bened between this heteroatom and the
binding site of the enzyme.

In the six-membered ring class of compounds, pleweylll.35, pyridine 111.37 and
tetrazinelll.39 show similar inhibitory activities suggesting thiae nitrogen of the different
ring are tolerated by the enzyme active site buhadbcontribute to specific interactions (H-
bond, Table 7), as it is observed for the 5-mentbbleterocycles.

Looking at the selectivity toward BHSDZ2, the biological results show that most of the
meta-meta di-substituted inhibitors present only a poor sy toward the type 2 enzyme
except for two members of the six-membered ringsclaf compounds (compountdis37 and
[11.39, selectivity factor of 34 and 25, respectivelypnSidering themeta-para disubstituted
inhibitors, compoundll.3 is the most potent molecule with a selectivitytdaof 80.

Table 7. inhibition of human 1@-HSD1 and 1[B-HSD2 by selected bis(hydrophenyl)

substituted azoles and arenes
.c RZ
Rl

IC 50 (NM)° .
cmpd Het Ry R> 17B- ) 17B- S?;iig\rﬂty
HSDI® HSDZ

1.6 %\4\» 3-OH  4-OH ni nt
11110 K:% 3-O0H 4OH 413 2194 5
.7 %43# 3-O0H 4OH  >1000 nt
.27 ) 3-0H  4-OH 77 1271 16
1.2 W % 3oH  4OH 69 1953 28
.3 d Y soH 40H 50 4004 80
.4 d Y soH 3OH 243 2500 10
.8 WV 3oH 3OH 455 2220 5
111.20 LN 30H 30H 173 745 4

1128 LW 30H 30H 185 559 3
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IC 50 (NM)°
cmpd Het R R> 17B- 173-
HSD1 HSD2

11.35 XQX 3-OH 3-OH 173 2259 13

N

1.37 | 3-OH 3-OH 101 3399 34

Pz
N

/N\
111.39 ALYY 3-OH  3-OH 201 5102 25
N

_N

z

selectivity
factor?

®Mean values of three determinations, standard tewmidess than 12 % excepi.3: 18 % for 1PB-HSD1;
®Human placenta, cytosolic fraction, substratd]{E1 + E1 [500 nM], cofactor NADH C[50(]11M]; ‘Human
placenta, microsomal fraction, substralid]{E2 + E2 [500 nM], cofactor NAD[1500 uM], ®ICso (178-HSD2)/
ICs0 (17B-HSD1); ni: no inhibition, nt: not tested

As it is shown in Table 7, the nature, the numisewall as the location of the heteroatoms
in the central aromatic ring plays a crucial robe the potency of this class of compounds.
Besides their ability to establish polar interactiqe.g. H-bond in case of the nitrogen), they
have also an important impact on the electron tep$ihe whole molecule.

Therefore, the charge density distribution of agl@nof molecules was calculated and their
corresponding MEP maps plotted. For a better coismarthe MEP maps were divided into
three different regions corresponding to the tlam@enatic rings of the compounds (Figure 19).

Trying to establish a semiquantitative MEP-activigyationship (“semi-QMAR?”), optimal
ESP ranges for area I, Il and Il for high inhibiti activity were identified: for region | ESP
from —1.7 to —1.2 -18 for region Il —1.6 to —0.9 -10and for region Il =1.2 to —0.5 -0
Hartree.Similarly, the optimalA values of ESP for each region were determined:@%and
0.7 Hartree, respectively. The shift of a certa®PEdistribution range on the scale or the
change of the value results in a decrease of inhibitory activity

The high importance of the location of the heteso® on the central aromatic ring on the
MEP maps is well demonstrated with the 1,3-thiaadl@ andlll.3 isomers, which only
differ by the position of the nitrogen in the thidée moiety. The change of the position of the
nitrogen (compoundll.3 vs. compoundill.2) in the thiazole ring has a decisive influence on
the electronic distribution in each area making poundlll.2 inactive.

Regarding the 2,4-disubstituted imidazol&2, a polarization between top and bottom
sides of the molecule resulting in a higtor area Il A= 7.2.10% Hartree) might be the main
reason for the inactivity of this compound.
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1.12 1.2 1.18 111.22 .3
inactive (IC4,> 1000 nVI) (IC4o: 310 NM) (ICs,: 69 NM) (IC4p: 50 N

| |
= 0.7

C1}|22--12[-30-42[-1,3-01||1,3--1,0}-25--1,0[-1,7--08(|-1,7 1,1 25-0,1|-1,1 01| |1,8--1,2[-1,7--05}1,5--08]|-1,7--1,1-25--05[-1,2--05
C2| 17 06 06 4,2 475 | 13 14 42 | -06 15 A1 | A2 14 15 085
C3| 1 72 14 03 15 08 06 26 1 06 | 12 07 06 2 07
D. 0 0 + 0 0 + + 0 + 0 pe

Figure 19 (A) structure and J3¥HSD1 inhibitory activity of compoundk12, 111.2, 1.18,
111.22 andlll.3 ordered by increasing activityB] MEP maps, dorsal and ventral viewg')
ESP distribution range (Hartree; 30(C? mean value of distribution range (Hartree, 310
(C% A of ESP; D) “semi-QMAR”. MEP surfaces were plotted with Gavigsw 3.09.

The selectivity profile of the compounds was furtiestigated. The binding affinities of
molecules with fair to high selectivity toward[3HD2 were therefore examined on &Rnd
ERB (Table 8). All tested compounds show very margtoalveak affinity to the ERs. Since
binding affinity does not explore intrinsic activiat the receptor, the compounds were further
analyzed on the estrogen dependent mammary tunldineeT-47D. Cell proliferation was
monitored after incubation with the test compourids.agonistic, i.e. stimulatory effect was
observed even at a concentration 1000-fold highan tE2 indicating that this class of
compounds is devoid of estrogenic activity.

Table 8 binding affinities for the human estrogen recept@ndp of selected compounds

o RBA (%)°

P ERo" ERR®
.3 <0.01 0.01< RBA< 0.1
111.22 0.1< RBA< 1 15
11.27 0.01< RBA< 0.1 0.1< RBA< 1
11135 <0.001 0.01< RBA< 0.1
111.37 0.01< RBA< 0.1 <0.01

®RBA (relative binding affinity), E2: 100 %, meanlwas of three determinations, standard deviatiess than 10
%; "Human recombinant protein, incubation with 10 "M]fE2 and inhibitor for 1 h.

In order to get an insight into the pharmacokingtiaperties of this class of compounds, a
representative compound of the thiazdléd , thiophenesll.25 and of the phenylendHd.35
compound classes were evaluated for its phase dbwiat stability using rat liver microsomes.
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The tested compounds show longer half-lives<t12.6, 18.6 and 22.7 min fdoil.4 , 111.25
andlll.35, respectively) than the antihistaminic drug dighgramine (1= 6.8 min).

The pharmacokinetic profiles of the most active aeldctive azolél.3 and aza-benzenes
[11.39 were determined in rats after oral administratiora cassette dosing approach. The
examination of the availability in the plasma rdsdahaat both compounds show relative short
half-lives (4= 1.5 and 1.2 h folll.3 andlll.39, respectively) and reasonable plasma levels in
case oflll.39 (AUCy..= 1204.0 ng/mL following a dose of 10 mg/kg). ThaIplasma levels
observed fotll.3 might be due to glucuronidation or sulfatatiortred parent compound.

In conclusion, non-steroidal BHSD1 inhibitors with a bis(hydroxyphenyl) thioplen
thiazole and benzene molecular scaffold provedetsignificantly superior to the previously
identified bis(hydroxyphenyl) oxazolel9. These molecules are highly selective towarfd-17
HSD2 and the ERs, show good metabolic stabilitsatriiver microsomes and a reasonable PK
profile. The structural motives obtained in thistpaere pursued and refined in Cha8dV .

Chapter 3.1V describes the efforts of improving the activity darselectivity of
bis(hydroxyphenyl) thiophenes, thiazoles and beezdwy the introduction of an additional
substituent on the inhibitor backbone. Thereforeseol on the molecular scaffolds 183,
[11.22 and 111.35, several structurally modified derivatives werentbgesized and their
biological properties were evaluated.

In chapter3.lll, it was found that removingne of the two hydroxyphenyl moieties of
compoundV.1 is detrimental for 13-HSD1 inhibitory activity. The replacement of thara-
OH function by one of its bioisoteric groups like ¥H,, SH, CN leads to a drop of activity
(compoundslV.2-6). The lack of hydrogen donating function of theioflo and cyano
substituents might not be the only reason for dieisrease in activity as the amino and the thiol
derivatives are also less active than the refereangoundV.1. Interestingly, the insertion of
a Cl-linker between the methylsulfonamide moietgt Hre phenyl ring resulted also in a loss
of potency (compoundV.11). This finding supports the fact that the delacation of the
electronic density, resulting in a deprivation tgatrons in the phenyl ringg necessary for a
good inhibition (Table 9).

Looking at the selectivity of these compounds, bi@ogical data presented in Table 9
shows that mono-hydroxylated molecules exhibit ars®lectivity over 13-HSD2, the most
selective one being compouid5 with a selectivity factor of 5. This finding sugge that the
para-OH is important for activity but is also influemg the selectivity of this class of
compounds.
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Table 9 effect of the exchange of one OH group on theibitdry activity of
bis(hydroxyphenyl) thiophene

R 0 [ >

HO  IV.1-6 V.2
HO 711 R
IC 50 (nM)a . IC 50 (nM)a ..
selectivity selectivity
Cmpd R 17[3' b 17[3_ factord Cmpd R 17[3- b 17[3- faCtord
HSD1I” HSDZ HSD1 HSDZ
V.1 OH 69 1950 28 V.7 OH 173 745 4
V.2 H 342 2337 7 V.2 H 342 2337 7
V.3 F 717 3655 5 V.8 F 535 1824 3
IV.4 NH, >5000  nt V.9 NS 523 1575 3
SO
V.5 SH >5000 nt V.10 X\H/ ~ >1000 nt
V.6 CN >1000 nt V.11 XH\ ©/ 350 276 1
S0,

®Mean values of three determinations, standard tlemidess than 10 %Human placenta, cytosolic fraction,
substratéH-E1 + E1 [500 nM], cofactor NADH [50QAM], ‘Human placenta, microsomal fraction, substate
E2 + E2 [500 nM], cofactor NAD[1500 uM], %Cso (17B-HSD2)/ 1Gs, (178-HSD1); ni: no inhibition, nt: not
tested.

With the aim to increase the activity and the deldy, substituents were added on the 2,5-
bis(hydroxyphenyl) thiophendéVv.1 and IV.7. The introduction of a substituent into the
thiophene core (compoundg.12 to 1V.15) seems to be detrimental for activity, except for
compoundIV.15 (ICso= 119 nM vs.IV.7, I1Cs= 216 nM). Obviously, a supplementary
hydrogen bond between the additional hydroxyphemyiety of V.15 with polar amino acid
residues might be responsible for the increasenimbitory activity. A pureteTtstacking
interaction as observed in compouRdl4 is obviously not enough to achieve an enhancement
of activity. The 2,5-disubstituted thiophenk&12 andIV.15 differ only in the shift of one
hydroxy group from thepara- (compoundV.12) into the meta-position (compoundV.15).
The gain in activity observed for compound15 (ICso= 119 nM vs.IV.12, ICss> 1000 nM)
indicates that only in case bf.15 the geometry of the OH moiety allows additionatitogen
bond interactions.
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Table 10 influence of an additional substituent ondHSD1 and 1[B-HSD2 inhibitory
activity

R R
/\ ]\
U7 s on (s ()
HO V.1 HO V.7 OH
V.12 IV.13-15
IC 5¢ (NM)? . IC 50 (NM)? .
lectivit lectivit
oma R IR 1B Seteme R i e
HSD1° HSDZ HSD1° HSDZ
V.1 H 69 1950 28 V.7 H 173 745 4
IV.13 CH;s 567 856 1
vaa [ 49F ot
OH OH
V.12 x© 51000  nt V.15 x© 119 188 2

®Mean values of three determinations, standard tlemidess than 10 %Human placenta, cytosolic fraction,
substrateH-E1 + E1 [500 nM], cofactor NADH [50AM], ‘Human placenta, microsomal fraction, substrete
E2 + E2 [500 nM], cofactor NAD[1500 uM], “ICso (17B-HSD2)/ 1G5, (17B-HSD1); °caculated value, obtained
with the LOGIT transformation; ni: no inhibition{:mot tested.

The trisubstituted compound/.14 bearing a phenyl substituent at the thiophene miffe
from the triazolell.7 only in the nature of the heterocycle. The inatgtivobserved for
compoundll.7 supports the important role exerted by the ceraramatic ring on inhibitory
activity, the thiophene being always the best cdfaking the hypothesis that all the
compounds bind according to the same binding mdi#erent reasons could explain these
results: 1. the presence of one or several nit®genthe absence of the sulfur in the
heterocycle leads to an inadequate repartitionhefdlectron density in the molecule, 2. a
reduced flexibility of the enzyme which cannot adjuts geometry to the different
hydroxyphenyl moieties (the position of each hygmhenyl moiety being different in the
active site as the heterocycles and especiallyldbation of the heteroatoms in this ring
induces different angles between the phenyl-OH).

An abrupt rise in activity and selectivity could Eached by insertion of substituents on
the hydroxyphenyl moieties, especially when thessituent is located irtho- of the para-
hydroxyphenyl (compound¥.21-24). The inhibitory data of some representative conmas
out of this series are shown in Table 11. All siltbshts are not equally well tolerated: no
space is available for introduction of a bulghenyl group (compoundV.25), the polar
additional OH (compoundV.22) is not able to establish specific interactionsilevismall
lipophilic substituents (methyl, compound#v.21; fluorine, compound IV.23 and
trifluoromethyl, compoundV.24) are enhancing the activity compared to the coresirel
(ICs= 69 NM vs. IG= 46 nM, 8 nM, 38 nM forV.21, IV.23 and V.24, respectively).
Furthermore, space to introduce a flexible chawmigoundslV.26-28) is available in this
region of the enzyme but conjugation (compo@6fseems to be necessary to achieve a higher
activity.
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Table 11 effect of an additional substituent on the hygmhenyl moieties on the
inhibition of human 1[3-HSD1 and 1-HSD2

J 3 R
O S OH

HO

IC 50 (NM)? .

selectivity
cmpd R 173~ 17B- factor?
HSD1 HSDZ*

V.1 H 69 1950 28
V.21 CH; 46 1971 49
V.22 OH 402 1636 4
V.23 F 8 940 118
V.24 CFR 38 97 3
IV.25 Ph >5000 nt
IV.26 s A 130 502 4
V.27 A0 427 468 1
IV.28 oA ) 620 982 2

®Mean values of three determinations, standard temidess than 15 %Human placenta, cytosolic fraction,
substrateH-E1 + E1 [500 nM], cofactor NADH [50AM], ‘Human placenta, microsomal fraction, substrete
E2 + E2 [500 nM], cofactor NAD[1500 uM], %Cso (17B-HSD2)/ 1Gs, (178-HSD1); ni: no inhibition, nt: not
tested

The insertion of a fluorine atom induces a sigaifit increase of the activity and
selectivity. Introduction of a second fluorine atoon the fluorohydroxyphenyl ring
(compounddV.31) does not enhance the activity anymore suggestiaigthe effects of these
atoms are not additional. The presence of two dlhpdroxyphenyl moieties on the thiophene
(compounddV.29 andIV.30) is slightly better tolerated when the fluorindasated inortho-
to the hydroxy moiety (compountl/.30) leading to a derivative equally active as the
monofluorinatedV.23. A plausible explanation could be that in case@hpoundV.29, the
fluorine is located to far away from the hydroxygp to have any influence on its pKa-value
leading therefore to a slightly decrease in agtigtmpared to compouril.30 (Table 12).
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Table 12: effect of two additional fluorine atoms on the3iASD1 and 1-HSD2 inhibitory

activity
R / -\ F /R F
HO V.23 HO E

IV.29-30 V.31

IC 5 (nM)a L.

ompd R~ 7B 178 SR
HSD1 HSD2

V.23 H 8 940 118
V.29 5-F 29 227 8
1I\vV.30 4-F 17 218 13
V.31 56 312 6

®Mean values of three determinations, standard temidess than 10 %Human placenta, cytosolic fraction,
substrateH-E1 + E1 [500 nM], cofactor NADH [50AM], ‘Human placenta, microsomal fraction, substrete
E2 + E2 [500 nM], cofactor NAD[1500uM], YICs (17B-HSD2)/ 1Gs (178-HSD1); nt: not tested.

The close look at the X-ray structures of3dHSD1 crystallized in presence of different
ligands showed that the flexible loop (amino acl@¥-200) can adopt different geometry
depending on the nature of the ligand and on tlserate or presence of the cofactor in the
catalytic region. It indicates that some partshef €nzyme are able to adapt their geometries to
the molecule present in the active site in ordestadbilize it.

Two plausible conformations of the loop in the sayncomplex enzyme, E2 and cofactor
(PDB-ID: 1FDT) have been described (1FDT-A, 1FDT-B) case of 1FDT-A, the loop is in
the open conformation extending the substrate bgnhdite. It is therefore expected that it is a
good model to evaluate the binding mode of noreglal inhibitors which might have a
geometry different to the one of the sterdidio different binding modes have been identified
for this class of inhibitors depending on the positof the flexible loop. A steroidal binding
mode was found when the loop closes the SUB (1FRTSBrprisingly, an alternative binding
mode was also identified when the loop is in theroponformation: the inhibitor interacts with
the nicotinamide part of the cofactor (Figure 20).

MEPSs calculations can show a certain complemepthgtween the electronic density of
the inhibitor1V.23 and the nicotinamide moiety of the cofadtadicating that this alternative
binding mode is plausible and might be the faveusite.
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Figure 20 overlay of the binding poses of compouR23 obtained with 1FDT-A (presented
in lilac) and with 1IFDT-B (marked in light blue)oFthe sake of clarity, the amino acids of the
flexible loop are drawn in blue and yellow for 1FATand 1FDT-B, respectively.

The most potent BZHSD1 inhibitorslV.21 and1V.23 exhibit a high selectivity toward
17B3-HSD2, the fluorinated derivativly/.23 being the best one (selectivity factors of 49 and
118, respectively). This result indicates that itespf a high active site similarity between the
type 1 and type 2 enzymes, the amino acids clogeedCH (compoundlV.21) and the F
substituents (compountl/.23) must exhibit different properties, which could b&ther
exploited to increase selectivity. Moreover, thelenales show marginal to very little affinity
to ERd (RBA< 1 %) and no stimulation of cell proliferatiqagonistic effect) in the ER-
positive T-47D cell line could be observed. The kvainity measured, in case of compound
V.23, for ER3 (RBA = 1 %) may not be critical as it is reportétht ER3 exhibits anti-
proliferative effects in breast cancer céffs.

The selectivity over CYP3A4 and CYP2D6, the two trtzepatic CYP enzymes which are
responsible for 75 % of drug metabolism was ingas&d. At a concentration of 2M,
compounddV.21 and V.23 turned out to be equally active on both enzymésbiting the
CYP3A4 activity by 80 and 71 % and CYP2D6 by 5586 56 %, respectively. The high
affinity observed for both isoenzymes has to bernakto consideration in the process of drug
development but might not be relevant for the pmfofoncept. In addition, the PK-profile of
these two molecules was determined in a casseimgl@xperiment and compared to the
results obtained for the most potent compoundsapterlil (Figure 21). Compoundy/.21
and1V.23 reach higher plasma concentrations after pergualiaation in rats (following a 10
mg/kg dose, AUG..= 19407 and 12275 ngxh/mL fov.21 andIV.23, respectively) than the
parent compounddil.3 and II1.39 (Figure 21) which is indicative of an excellent
bioavailability.
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Figure 21 mean profile (zSEM of plasma levels (ng/mL) int ngersus time after oral
application (10 mg/kg) of compoundi$.3 , 111.36, 1V.21 andIV.23 determined in a cassette

dosing experiment.

In summary, the present work describes the desgnthesis and biological evaluation
which led to the identification of a new class obnrsteroidal 1[-HSD1 inhibitors:
bis(hydroxyphenyl) azoles and arenes. Beside agtt@-HSD1 inhibition with IGyvalues in
the low nanomolar range and an excellenf-HED2 selectivity (up to 100-fold), the
compounds show also low to marginal binding affid the estrogen receptors and good cell
permeability. In view of the pharmacokinetic prdpes, two of the investigated compounds
reach excellent plasma-levels indicative of a higbavailability and might be therefore
excellent candidates to validate the concept acsee 1B-HSD1 inhibition as treatment for
estrogen dependent diseases. In addition, the tigadens of the present work provide a
concise structure-activity study for f-HSD1 inhibition which can be used in the future
development of new inhibitors interacting with@tASD1. Moreover, this work delivers also
information about SARs which are important for stlee 1[B-HSD2 inhibition. These
findings might be of particular interest for thesdgm of compounds for the treatment of

estrogen deprivation disorders such as osteoporosis
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