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sel ective estrogen receptor nodulation (SERM wth such a conpound and to
the use of such a conpound for the manufacture of a nedicine for
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The di scoy, PlresiBi s of estrogen receptors, there being an a-subtype
(ERa) and %5 e3-sub'tdype SER(S) of such receptors (Msselnan et al., FEBS

Letters vol. 392 (1996) pp. 49-53 as well as EP -A- 0 798 378), offers the
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and estr Ogﬁé‘n. This is in particular a problem for women for whom the decline in

estrogenic hormones at menopause is drastic and has negative
consequences for bone strength and cardiovascular functions. For the
control or prevention of estrogen sensitive tumor growth, compounds are

20 needed which are antagonists, partial antégonists or tissue selective
agonists for estrogen receptors.
The discovery of subtypes of estrogen receptors, there being an a-subtype
(ERa) and a B-subtype (ERf) of such receptors (Mosselman et al., FEBS
Letters vol. 392 (1996) pp. 49-53 as well as EP -A- 0 798 378), offers the

25 possibility to influence one particular subtype of those two receptors
more selectively, immanently resulting in more effective treatments or
treatments with less side effects. Since these receptors have a different
distribution in human tissue, the finding of compounds which possess a
selective affinity for either of the two is an important technical progress,

30 making it possible to provide a more selective treatment in estrogen-
receptor related medical treatments, such as those for contraception and
for treatment of menopausal complaints, osteoporosis, and estrogen
dependent tumour control, with a lower burden of estrogen-related side-
effects.

35
This invention pertains to non-steroidal estrogenic compounds with a 10-
aryl-11H-benzo[b]fluorene or a 7-aryl-5,6-dihydrobenz[alanthracene



dependent tunour control, with a | ower burden of estrogen-rel ated side-
effects. 35 This invention pertains to non-steroidal estrogenic conpounds
with a 10voar/u31d 1H- benzo[ b] fl uorene or a PCT/EP01/09500

7-aryl -5, 6-di hydrobenz[ aj ant hracene WO 02/ 16316 PCT/ EP01/ 09500 2 skel eton.
Compounds with a 10-phenyl - 11H benzo[ b] f|l uorene skeleton are described as
products from enedi yne thernocyclisation [Schmttel, M, Z Naturforsch.,
B: Chem Sci. (1998), 53, 1015-1020] aBd from[4+2] cycloaddition
reactions of diarylacetylenes [Rodriguez, D., Og. Lett. 5 (2000), 2,
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substitutions. at specifl ¢ locatians, i.g.,.2 8-dihydroxy-lQ-aryl-
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The present invention resides in the finding that compounds with an
unsaturated or partially unsaturated four-ring skeleton with hydroxyl
15 substitutions at specific locations, i.e. 2,8-dihydroxy-10-aryl-11H-
) benzo|b]fluorene and 3,9-dihydroxy-7-aryl-5,6-dihydro-
benz[a]anthracene, possess surprisingly high antagonism for ERB. Some
of these compounds also show ERa antagonism or ERa agonism.

20 Specifically, the invention provides non-steroidal compounds having the

formula 1

Formula 1

25 wherein:
Re and 'Re are OH, optionally independently etherified or esterified;
Z is —CHjy- or -CH2CHa-;
R! is H, halogen, CF3 , or (1C-4C)alkyl;
R2, R3 and R* are independently H, halogen, -CFs, -OCF3, (1C-8C)Alkyl,
30 hydroxy, (1C-8C)alkyloxy, aryloxy, aryl(1C-8C)alkyl, halo(1C-
8C)alkyl, ~-O(CH2)mX, wherein X is halogen or phenyl and m = 2-4; -



Formula 1 25 wherein: Re and 'Re are OH, optionally independently
etherified or esterified;, Zis -CH2- or -CH2CH2-; R is H, halogen, CF3 ,
or (ICG4Qyoar/keplls R2, R3 and R4 are independently H, hal oBeWEPOIGBN0 - OCF3,
(1 G8C) A kyl, 30 hydroxy, (1C 8C)al kyl oxy, aryloxy, aryl (1C 8C) al kyl,

hal o(1C 8C)al kyl, -Q(CH2) X, wherein X is hal ogen or phenyl and m= 2-4;
WO 02/ 16316 PCT/ EP01/ 09500 3 Q(CH2) mNRaRb , -S(CH2) mMNRaRb or - (CH2) mM\RaRb,
wherein m= 2-4 and wherein Ra, Rb ar® i ndependently (1C 8C)al kyl,

(2C 80 al kenyl (ZC-8C) al kynyl, or aryl, optionally substituted with
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non- st eroi daéci%%%lng &‘ tltgﬁksgagwg&;j/iatglﬁ@g@)g{@fhgqr appl(BRel et on having

the formul a
10 8C)alkyl, halo(lC -8C)alkyl.

Preferred compounds of the invention can be obtained by selecting -CHz-
for Z and hydrogen for R* in formula 1. For Rl it is preferred to select
compounds having H, halogen or CFs. Compounds with R! in formula 1

15 is halogen, whereby chlorine is most preferred, are particularly potent
and selective for the ER.

Another embodiment of the invention is a non-steroidal compound with a
10-Aryl-11H-benzo[blfluorene skeleton having the formula 2
20

Formula 2

wherein:
Re and 'Re are OH, optionally independently etherlﬁed or esterified;
25 R!is H, halogen or CF3;

R2 and R3 are independently H, halogen, -CF3, -OCFs3, (1C-8C)Alkyl,
hydroxy, (1C-8C)alkyloxy, aryloxy, aryl(1C-8C)alkyl, halo(1C-
8C)alkyl, -O(CH2)mNRaRb , -S(CH2)mNRaRp or -(CH2)mNRaRb, wherein
m = 2-4 and Ra, Ry are independently (1C-8C)alkyl, (2C-8C)alkenyl,

30 (2C-8C)alkynyl, or aryl, optionally substituted with halogen, -CFs, -
OCF3, -CN, -NO2, -OH, (1C-8C)alkoxy, aryloxy, carboxyl, (1C-



Formula 2 wherein: Re and 'Re are OH, optionally independently etherified
or esterified; 25 Rl is H halogen or CF3; R2 and R3 are independently H,
hal ogen, w@p81631€0CF3, (1C-8C) Al kyl, hydroxy, (1C 8C)al kyPOREPOIANIFIOOXY,

aryl (1C-8C) al kyl, hal o(1C 8C)al kyl, -Q(CH2) M\RaRb , - S(CH2) mM\NRaRb or

- (CH2) M\NRaRb, wherein m= 2-4 and Ra, Rb are independently (1C 8C)al kyl,
(2C-8C) al kenyl, 30 (2C-8C)al kynyl, or aryl, optionally substituted with

hal ogen, -CF3, - OCF3, -CN, -N®, -OH 4(1C 8C)al koxy, aryloxy, carboxyl,
(1C WD 02/ 16316 PCT/ EPO1/ 09500 4 8C)al kylthio, carboxylate, (1C 8C)alkyl,
aryl, aryl (18cBsaitnib, caﬁtﬂb@déteC(B@&D]aykyloarﬁaaaykﬂleSﬂHIkyh 3-8 rrenber ed

'\ad, *" hydr oglo (&%@%@ﬁg?b“é%"%?&%@kﬁﬁﬁ?ﬁﬁ.o Eotnier, o

car boxyl at e, optiofGa8§)sudtitiuted with healoggr, G%E)- HNA2.C 80) al kyl .
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wherein m= 2-3 and Ra, Rb are |ndependently (1C5QC) al kyl or

(3C 50 al kenyl , bstituted with OH or 15 nethoxy, or Ra and Rb
form a 4-Fomg gﬁ“fﬁ’ﬁ'@‘%?gtf elected fromthe list: azetidine,
pyrrolidine, 3-pyrroline, pi peﬂl d q,{:am ne, tetrahydropyridine,

nmor phol i ne, thionorpholine, thy e, honopi peri di ne,

t et rahydr oqui nol i ne and 6-_azak 3. 2.1 loctane, which 4-7 nmenbered ring
structure can

R2

Formula 3

10 it is preferred to select those in which
Re and 'Re are OH, optionally independently etherified or esterified;
R! is H, halogen, CF3;
R? is -O(CH2)mNRaRb, wherein m = 2-3 and Ra, Rp are independently
(1C-5C)alkyl or (3C-5C)alkenyl, optionally substituted with OH or
15 methoxy, or Re and Ry form a 4-7 membered ring structure selected
from the list: azetidine, pyrrolidine, 3-pyrroline, piperidine,
piperazine, tetrahydropyridine, morpholine, thiomorpholine,
thiazolidine, homopiperidine, tetrahydroquinoline and 6-
azabicyclo[3.2.1]octane, which 4-7 membered ring structure can
20 optionally be substituted with OH, methoxy, acetyl, carboxylate, (1C-
3C)alkyl, phenyl, benzyl, and phenylethyl.

In particular, a very effective compound is made available by this
invention by selecting a compound having formula 4:
25




20 optionally be substituted with OH nethoxy, acetyl, carboxylate, (1C
30 al kyl, phenyl, benzyl, and phenylethyl. In particular, a very effective
conpound W@ oraes avai | abl e by this invention by sel ecti nBCHER@IYSNd
having formula 4: 25 |Re Re R2 WD 02/16316 PCT/ EP01/09500 5 Formula 4
wherein: Re and 'Re are OH, optionally independently etherified or
esterified; R2 is (3C6C) al kyl oxy, -Q(CH2) mX (wherein X is hal ogen or
phenyl and 5 m= 2-3), or -Q(CH2) m\Ragb, (wherein m= 2-3), whereby Ra, Rb
are independently (1C-5C)al kyl or (3C5C) al kenyl, optionally substituted
with OH or nmethoxy, or Ra and Rb fgy M diad4 7 menbered ring structure
selected fromthe list: azetidine, pyrrgl I di ne, 3-pyrroline, piperidine,
pi per azi newHertirahydr opyri di ne, norpholine, 10 thionorpholine,

thi azol i di ge.a P RRLREOH iftioh Ay BMEiaar énerifitiobeamaliiaycl of 3. 2. 1
] oct ane, |c?h 4-7 nmenbered ri rycture . n lonally.b tituted
with OH hﬁrl@@@l@%&%ﬂw’ ,-Oq%éfzﬁmgj‘f"?'%@f@?}s %‘%ﬁ%%‘?& Pﬁiﬁ’&e%é’i 230 al kyl |
phenyl ,5 benzy} = 28], ophengHe)AYRRi,bwherdihone= 2a3)e swhearabytRe Reoaggound in
free base or taqeEendrin LECEFCRURT, of KR IRk, GOERANTS SemedeRrateoF, 22 °
acet ate, oxakwitle OHtaarmetihexy,cot Ratead Bhéepna 47 meBReeedFininar ate. 20
The ester anq:tﬁﬁ({’cﬁ'fe RN GFointHe Bt @zhﬁﬁiﬂé}?ﬂiﬂol@@iﬂ%@ Brggretier; ding to
the invention o _gn have acti vi %&rgﬁ ggoodr ug. o nPJrO?l%llli%el, s defined as
piperidine, piperazine, ydropyr ) P
10 thiomorpholine, thiazolidine, homopiperidine, tetrahydroquinoline
and 6-azabicyclo[3.2.1]octane, which 4-7 membered ring structure
can optionally be substituted with OH, hydroxy(1C-2C)alkyl,
methoxy, acetyl, carboxylate, (1C-3C)alkyl, phenyl, benzyl, and
phenylethyl.
15
In those cases that the compound in formulas 1-4 contain a basic amine
function, the compound may be used as a free base or as a
pharmaceutically acceptable salt such as hydrochloride, acetate, oxalate,
tartrate, citrate, phosphate, maleate or fumarate.
20
The ester and ether compounds in the collection of compounds according
to the invention often have activity as prodrug. A prodrug is defined as
being a compound which converts in the body of a recipient to a
compound as defined by the formulas 1 to 4 and to the free hydroxyl
25 compounds of the above defined compounds. Preferred ester and ether
prodrugs are carboxylic acid esters or alkyl ethers on one or both
hydroxyl groups, and more preferred prodrugs are (2C-6C)carboxylic acid
esters, such as esters of (iso)butanoic acid, or (1C-4C) alkyl ethers.
In general, the hydroxy groups can for example be substituted by
30 alkyl*oxy, alkenyl*oxy, acyl*oxy, aroyloxy, alk*oxycarbonyloxy, sulfonyl
groups or phosphate groups, whereby the carbon chain length of the
groups denoted with an asterisk (*) is not considered to be sharply
delimited, while aroyl generally will comprise a phenyl, pyridinyl or
pyrimidyl, which groups can have substitutions customary in the art,
35 such as alkyl*oxy, hydroxy, halogen, nitro, cyano, and (mono-, or
dialkyl*-)amino. The length of the alkyl, alkenyl and acyl groups is
selected depending on the desired properties of the prodrugs, whereby



bei ng a conmpound which converts in the body of a recipient to a conpound
as defined by the fornulas 1 to 4 and to the free hydroxyl 25 conpounds of
t he abovevaet/tased conpounds. Preferred ester and ether pPOUERYII&0E
carboxylic acid esters or alkyl ethers on one or both hydroxyl groups, and
nore preferred prodrugs are (2C6C)carboxylic acid esters, such as esters
of (iso)butanoic acid, or (1 C4C) alkyl ethers. In general, the hydroxy
groups can for exanple be substituted By 30 al kyl *oxy, al kenyl *oxy,

acyl *oxy, aroyl oxy, al k*oxycarbonyl oxy, sul fonyl roups or phagsphate
groups, wherlehget bransacprodhagnwidnipriexampledavgybap sapepidt GHiRs 3 €an
asteri sk {o) Fﬁitagie ?&nél'lgfa?]ﬁgd t:Q138e ST @Yot HRdpdPatRihs. 1id Rnawey |
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whi ch they are converted in" the body of the recipients. The active
conpouHy e CQIBPBHPGIg Is converted is called the parent conpound.
The onset of action and duration of action as well as the distribution in

t he bod f.a.prodrug_ may, di r LBS i ar ent
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deft ne%i 5 b&gélr%eed %?rrt%u{jlg)rlrﬁl?i% Ie. 'ﬁ*i(é llei?l%dppeerrggpl 1'11@?)88‘8}:1% Qﬂetgf}%u%r&up of
compounds provided by the present invention will immediately
understand that modification by a substituent to the skeleton can yield a
compound with similar biological activity as the compound without this
particular substituent. It is common practise in the art to test such

20 substitution variants for the expected biological activity so thatitis a
routine skill to obtain useful substitution variants of compounds

according to the invention.

Other terms used in this description have the following meaning:

25 alkyl is a branched or unbranched alkyl group, for example methyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, tert-butyl, hexyl, octyl, capryl, or
lauryl;

alkenyl is a branched or unbranched alkenyl group, such as ethenyl, 2-
butenyl, etc.; :

30 alkynyl is a branched or unbranched alkynyl group, such as ethynyl and
propynyl;

halogen refers to fluorine, chlorine, bromine and iodine;
aryl is a mono- or polycyclic, homo- or heterocyclic aromatic ring system,
such as phenyl, naphtyl or pyridinyl; a monocyclic ring with 6 atoms is

35  preferred for use;



conpounds provided by the present invention will imed ately understand
that nodification by a substituent to the skeleton. can yield a conpound
Wit h si mwap2/d3eé ogi cal activity as the conpound without POT/EPOIEREG cul ar
substituent. It is conmmon practise in the art to test such 20 substitution
variants for the expected biological activity so that it is a routine
skill to obtain useful substitution variants of conpounds according to the
invention. Qther terms used in this déscription have the follow ng nmeaning:
25 al kyl is a branched or unbranched al kyl group, for exanple nethyl,
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al kyl car ggﬂ{{ _)Pg%febgn%{c&t@? ot Yaids a BGAY é{%t&h@ﬁ%“ow acyl is a

(substit group, such as an al kanoyl ; carboxyl is a
- COOH18ubst i tuent, maki ng the conpond an organlc aci d; carboxylate IS an

ester or 133l brefixed QU-RQYY[2cUTyiétbURAYe tAE usual meaning to restrict the
meaning of the indicated group to those with 1 to 4, 2 to 4 etc. carbon

atoms.

15 The estrogen-receptor affinity profile of the compounds according to the
present invention, makes them suitable for use in estrogen-receptor
related medical treatments, in the sense that these compounds are
improved anti-estrogens, partial anti-estrogen, partial estrogens or
selective (partial) (anti-)estrogens. Estrogen-receptor related medical

20 treatments specifically named are those for contraception or for
treatment or prevention of benign prostate hypertrophy, cardiovascular
disorders, menopausal complaints, osteoporosis, estrogen dependent
tumour control or central nervous system disorders such as depression
or Alzheimer’s disease. In particular those compounds which have

25 selective affinity for the ERB receptor are suitable for estrogen-receptor
related medical treatments under diminished estrogen-related side-
effects. This is most desirable when these compounds are used in the
treatment of osteoporosis, cardiovascular disorders and central nervous
system disorders such as depression or Alzheimer’s disease. Selective

30 blockade of ERB-receptors with compounds of this invention can be used
to prevent and reduce malignent tumor growth and hyperplasias. The
receptor selectivity helps to effectuate tissue selectivity. Those tissues
rich in ERB-receptors can be protected by ERB-receptor antagonists from
the risk of stimulation of growth by estrogenic agonists. The latter can be

35 of endogenous origin or from exogenous origine when administered
during estrogenic treatment, for example for hormone replacement after
menopause. Tissues that can benefit from protection in view of the



The prefixes (1C4C), (2C4C) etc. have the usual neaning to restrict the
meani ng of the indicated group to those with 1 to 4, 2 to 4 etc. carbon
atons. 1W0hz16%¢ r ogen-receptor affinity profile of the chapspond®s@ccordi ng
to the present invention, nmakes them suitable for use in estrogen-receptor
related nedical treatnents, in the sense that these conpounds are inproved
anti-estrogens, partial anti-estrogen, partial estrogens or selective
(partial) (anti-) estrogens. Estrogen-8eceptor related nedical 20
treatnments specifically naned are those for contraception or for treatnent
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central SBAQHYLTEIY. iﬁﬂféﬁ% %’F’se.ré‘f%ﬂeé‘ quBF%l?éF%tﬁon &P A}{) A Eée)‘l&lﬁ%%?gbv

di sease. HRp patagonisas of lthe envemtpeunds whi ch have 25 selective affinity for
the ERR receptor are suitable for estrogen-receptor related nedical

treatments under di mnished estrogen-rel ated side- effects. -Egla i s nost
desi r alsl &hsheomipoevels ofitloe inkertian gaBdg Rre¢iaced pyaarials BictBeH&opor osi s,

car di ovasailan il 8851 HRdnse BhealisngTiMaueray et dpscifitally thech as

depressi on or el mer’ s dl sease. Selective 30 bl ockade of ERRyreceptors
with conpeuftes 06§Yﬂﬁh§51§rﬂﬁe¥%‘4$§¥?@gr}nh§l%§ mey VEHPPRC 8 dlice

mal i gnent,dddiyor growt h and hyperpl asias. The receptor selectivity helps to
effectuate tissue selectivity. Those tissues rich in ERR-receptors can be
protected by ERR-receptor antagonists from the risk of stimulation of
growm h by estrogenic agonists. The |atter can be 35 of endogenous origin or
from exogenous origi ne when adni ni stered during estrogenic treatnment, for
exanpl e for hornone replacenent after nenopause. Tissues that can benefit
fromprotection in view of the WD 02/16316 PCT/EP01/ 09500 8 presence of
ERR-receptors are prostate, testes (human), lung, colon and endonetrium
In particular, endonetriumproliferation can be reduced by ERR antagonists
of the invention. '



5 The conpounds of the invention can be produced by various nmethods known
in the art of organic chem stry in general. Mire specifically the routes
of synthewde2/as1é ||l ustrated in the schemes and exanpl es ceRér/Beov/a9s@d. WO
02/ 16316 PCT/ EP01/09500 9 Scheme 1. A general procedure that can be used
to prepare conpounds of the invention' Y X O X OOH A 4SCH3 CH3 B X SCH3 Z
b6z ZSCH3 CYYY XHXXO®on ZHozOHDYY X/ XzI| ZOXH EY
X I'\\/ //OFz OSF Z=CHZ or (®2CHZ OF X, Y = OCH3 occasional |y
acconpani ed by other substituents 5 Scheme 2 OR OR IIN.

Scheme 1. A general procedure that can be used to prepare

compounds of the invention

Z = CH, or CH,CH,

XY = OCH,
, occasionally accompanied by other substituents

Scheme 2

O
——————
I RO O Z Aryl

Aryl-B(OH),/Pd,(DBA),

R is protecting group



04 ROZI1I | ROz Aryl Aryl-B (OH)z/Pd 2(D BA)3 Ris protecting group WO
02/ 16316 PCT/ EP01/09500 10 Wth reference to schene 1, the benzofl uorene
(Z=CHz2) awmad or/hs16 benzant hracene (Z= CH2CH2) skel eton can beT/aBsi@ydloed i n an
identical manner. In step A adequately substituted indanones or tetral ones
are treated with CS2 under appropriate basic conditions to introduce a 5
di t hi oketene function (in fact serving as a carboxyl ate equivalent), after
whi ch procedure reaction with an organonetallic derivative of a

substituted benzyl halide (preferably a Gignard derivative) in step B,

fol | owedypyh HeeHRplY $hSschehe® 10tht REBolIfoane (£cHIPahENeed ester. At
this stage an acid catal Zed}fﬁ’icgﬁ ation (step D%'&Plénémdl at e FTy | equ to the
10 phenobFrzaathisraens (&reCHe Had kIRtARf2Eh RS assgmpled 1B A i@l i o o
reacti verdhgerHa Sep Alddeeuatelyl allegtitutedtindahoaks ondettadones aoeluct i on of
the desired funciionpalitjes (l1ke. aryl gr . 0 tc) by neans
of knowf%’F ea%ggmﬁétﬁﬁ vnder ARRIGRER eﬁasﬁlggﬁéﬁfoﬁgod%}ﬂ?éﬁéﬁgat ur at ed
ester bsdittrisketeyrdr fugestidre (ini facs sepviRglds prdasboxydats efuwalentl, afeep G), the
i ndi cat ed .ket o ! pgéh Yallg Rasidiivecsnyerted into the
aromat i c%tﬁgbo@%%ﬁagﬁgggﬁﬁﬁ%é@gh%ﬂlge %r?r%cuns(i%rilcgs rer:aé l%e re reactive
than t he substiubed beoasthalide (paeterablina Grgoard demvait 1B$EPBx i ves for
functi on%lh@%acu?r ARdoblysib lfsephE)ieadd) to 26 oEBteisginvatadyesteanAbehimde by
esterification of .conmpounds with free  h ()¢ iy I ifon with
appr opr i 3tasaep & §| C@E%nggal W%?‘Lﬁf?’n@fﬁeg%ég*ﬂ?%?g‘%%%g%{g&ggﬁltﬁds havi ng
formula plramnlikebengsinyremedoo besizantbfaceriepr Conversien of thisintee pr esent
i nvention also. re ihfe RN AIARES | i QPRSI theARtrsRBHdS bPEhé he
non- st er 5?35?“’%6%%&‘%%11%{8% Ti ?1{:11 o?tlf%e&&%\%nt gn m xed.

desired functionalities (like aryl groups, carboxylates etc) by means of

known organometallic techniques.

If the mentioned o,B-unsaturated ester is first hydrogenated in step F

15 prior to cyclization (step G), the indicated ketones become available. They

may be easily converted into the aromatic iodide in step H. These, under

circumstances may be more reactive than the afore-mentioned triflates

and provide valuable alternatives for functionalization (step I in scheme

2).

20 Ester prodrugs can be made by esterification of compounds with free

hydroxyl groups by reaction with appropriate acyl chlorides in pyridine.
Free dihydroxy compounds having formula 1 can be made by hydrolysis
of ether precursors.

25 The present invention also relates to a pharmaceutical composition
comprising the non-steroidal compound according to the invention mixed
with a pharmaceutically acceptable auxiliary, such as described in the
standard reference Gennaro et al, Remmington: The Science and Practice
of Pharmacy, (20th ed., Lippincott Williams & Wilkins, 2000, see

30 especially Part 5: Pharmaceutical Manufacturing). Suitable auxiliaries are
made available in e.g. the Handbook of Pharmaceutical Excipients (274
Edition, Editors A. Wade and P.J. Weller; American Pharmaceutical
Association; Washington; The Pharmaceutical Press; London, 1994). The
mixture of the compounds according to the invention and the

35 pharmaceutically acceptable auxiliary may be compressed into solid
dosage units, such as pills, tablets, or be processed into capsules or
suppositories. By means of pharmaceutically suitable liquids the



wi th a pharmaceutically acceptable auxiliary, such as described in the
standard reference Gennaro et at, Renmm ngton: The Science and Practice of
Phar macy w@antdiied. , Li ppincott WIlianms 8s WIkins, 2000PCHERI1AD500
especially Part 5: Pharnaceutical Manufacturing). Suitable auxiliaries are
made available in e.g. the Handbook of Pharmaceutical Excipients (2nd
Edition, Editors AL Wade and P.J. Weller; Anmerican Pharnmaceuti cal

Associ ation; Washi ngton; The Phar macedti cal Press; London, 1994). The

m xture of the conpounds according to the invention and the 35

phar macegbhgsdhhydacanapiledibe appiied asyanmayjebtiongmepesaiddniint ihesfoirmiof dosage

units, such.as. pills t . he_pr, N0
supposi t 8T§oég_%1o%y S'M?gﬁ%‘%g(*‘ﬁp alrl?mé%lggﬁf) ?@%ﬁf%ﬁg%f’té;%] relgﬁi&laﬁlg{y ﬁ?er
02/ 16316 nRERINERIdsAIS00its] €& dapieisd the msepivonyentiopad egddidves shiffect i on

prepar at LQariids! ESIJrQh@,OI{):OIyﬁle?% Bih@rs S48 RRBYIkeNis @iltesiplatedrims a
spray, e.d. nasal spray.’ ‘For

. y ] Kin osage.,.uynits,. e.g., tablets, the use of
convenbi geBETAlRIY IE’@Q’HS%F&VU‘@Q&‘ ??‘?'@’rd%,gféc%ﬁi‘gﬁt’é’ﬁt‘@%gfi?ﬁ%ﬂo bi nders and
the |ike jhgréset®ithl @iceflindtio of €he mativampnppaunds eani bakispdatbept abl e
additive which dges.npt . intgrfe ' s | agtive
conpoundSOEEOHR ﬁ&g&.ﬁefﬂgeﬁ§8ﬂﬁgl§X¥§1§£fbtepﬁgi| nve%??gﬁfmng{%ﬁgf go be i ncl uded
in an i nplagitial dngyagateh, rigel, andrnyxather praparalanday syistainesk epar ation
for sust%iﬁﬂ%%e rel ease. 10 Suitable carriers with which the conpositions

can be a istered include |actose, starch, cellul ose derivatives and the
li ke, 1 m xtures thereof used in suitable amounts. 15 Furthernore, the

i nvent i orgighBleeSarkRrbReitHSehivh the conpositions dah beadpunistesetor di ng t o
the invention for the nuf act,ur foa.! .. ' 1.5.0 I -receptor
rel ated tlpﬁlér%%fﬂ%‘)ﬁ?ros%élﬁt ﬁ%lﬁlﬂ%gfg dgg‘%wagafé%%rgtgg%%]gl}i EF érg?eéagigé;or ders
such as phkereofmsédin pustablemmopantsnl conpl ai nts. Thus the invention al so
pertains to the nedical

15 Furthermore, the invention relates to the use of the non-steroidal
compound according to the invention for the manufacture of a
medicament for estrogen-receptor related treatments and treatment of
estrogen-receptor related disorders such as peri- and/or post-
menopausal complaints. Thus the invention also pertains to the medical

20 indications of peri- and/or post-menopausal (climacteric) complaints and
osteoporosis, i.e. a method of treatment in the field of hormone
replacement therapy (HRT), comprising the administration to a patient,
being a woman, of a compound as described hereinbefore (in a suitable
pharmaceutical dosage form).

25
Further, the invention relates to the use of the non-steroidal compound
according to the invention in the manufacture of a medicament having
contraceptive activity. Thus the invention also pertains to the medical
indication of contraception, i.e. a method of contraception comprising the

30 administration to a subject, being a woman or a female animal, of a
progestogen and an estrogen as is customary in the field, wherein the
estrogen is a compound as described hereinbefore (in a suitable
pharmaceutical dosage form).

35 Finally the invention relates to the use of the non-steroidal compound for
the manufacture of a medicament having selective estrogenic and/or



20 indications of peri- and/or post-nenopausal (climacteric) conplaints and
osteoporosis, i.e. a nethod of treatnent in the field of hornone

repl acemwo ov/bsn@py (HRT), conprising the adm nistrati on POT/AP@AIS@Nt
bei ng a woman, of a conpound as descri bed hereinbefore (in a suitable

phar maceuti cal dosage form). 25 Further, the invention relates to the use
of the non-steroidal conpound according to the invention in the
manuf act ure of a medi canent having cd®raceptive activity. Thus the
invention also pertains to the nmedical indication of contraception, i.e. a
met hod ofarfeRktRgenid asticeypsiishrymdiicafeat et s peatially suitabdubp ect

being a man_or | e ani gﬁ% ogen and an estrogen as is
cust onar erprteﬁeot?[ﬂg%‘g(?lom%qnﬁégl gémggtt&ége |)'s a conmpound as descri bed
her ei nbefore (in a suitable pharnmaceutical dosage form. 35 Finally the

| nvent | 0t £4i3Lese hhJEt 5PN ptERIARIEhEGANY HilICTBOURE Hoiall he

manuf act ure o nmedi canment having sel ective estr i,C, a or WO 02/ 16316
PCT/ EP(L/ @usgdor ¢Stragenicec@MRPEHAS, £cii Qﬁf tlr*‘)? O%f?E Hﬁgﬁ Iﬁéd‘i"c gﬁé e ng

gener al | y, $MihRbtRidy the area of HRT (hornone replacenent therapy). The

dosage anmobunts of the present conpounds will be of the normal 5 order for

estrogeni c conpounds, e.g. of the order of 0.01 to 100 ng per

admi ni st r'eEhé dnvenfhen iis ferthieorillustiaded hereinafiestwithagierensetersanew t h

reference._t i g I 19 I SSHIQREH fegqrul a
schenes r%?gﬁg%%elﬁﬁﬁﬁ%gﬁr@%égﬁ%en .ig§ ﬂi’(‘)?rgrﬁ%é nynb ?i Bt??ff n bol d

| et t er 18 yise )CanphungiseamsnigentdiadhBy S8HRESFD Hili’Fg 48#8@@13?%“ schenes.
Abbr evi at ifé??ﬁe des@ditidicespehames nutbéss imetieyschéiness Abbneyihtiopls i s
g}i%:_ i;sa&é%ﬁ%ﬁ:g{e efsc%%gest: q\elieslg l%rsléﬂ'}ylf,t ﬁ% igq)eer}}gyl,aﬁh'ig ﬂl’%rrﬂ}f,l erjl 15

represents the substituted phenyl as in formula 1.
15 EXAMPLES

Example 1

20 Scheme 3

MeO

5a-v 4a Re ='Re =OMe
4b Re="'Re = OH



20 Schere 3 W/ / O OOV MOl O CS MOOMO0O 2 3 OH'Re HO Aryl
Re 5a-v 4a Re ='Re =OMe 4b Re = 'Re = OH WO 02/16316 PCT/EP01/09500 13
Pr epar at ivod omie3ps ecur sor 10-i odo- 2, 8- di hydr oxy- 11H benzo[ b{T/EBar®s® (4b) .
59 m 4-net hoxybenzyl - magnesi um chloride (0.2 Min diethyl ether) was
added to 1 P.V. Ramand M Nath, Indian J. Chem Sect.B; 34, 416-422
(1995)] (11.6 mmol) in 70 M THE at OC and the reaction mxture was 5
stirred for 0.5 hour at 20C. The mi xtul® was poured into saturated ag.
NHACI , extracted with diethyl ether and dried over MgSO4. After

g\é?g% ?g i p,% %fmfégﬁs r’é@ﬂi*sdrhﬁo-iddbie a/adddjmbxy/alsuﬁwénfzbﬂdﬂbvrene (4b).

o o o o etk el AR SRR I RTB A 0 hn B Hifien)Wag ! OnS
met hanol addkd tedt [govwRam BER] 5.2 {8 ndior)J. Ghemrs: 3?015%613&, 41422

tenper at g({lg;gv\‘@f 'éﬁﬁnb@tlﬁ%%ﬁq*%@*z%fl 04 2an®tte %&ﬁst{cﬁ—aﬁimﬁaﬁ\remv&bure was

poured i ed Wt 2 and the or anlcl hed th
NaHCOB § astirredttor x5 teanir ah208€ dhegnsrturg &ap Poy V\%ﬁee "

r eS| due f et § , €
Zﬁﬁﬁﬁ‘p’t 2 %&@d Wﬁfid{étﬁ gﬁié}adﬁd diriedad fﬁ‘ngS@qu&r in 45%vyield

pal | adi uW‘@P%@Flﬁ@ngt s &Ye%&/taﬁ(c%é H@ n‘{x}a%zgu?#ie an(r)rlrr?I Zacg?ldc aci d

(5:1) wascstdhs: rupﬁgromrml&twgeh@mpean@/fethyh pogeiel. &hqpm fractiggiscat al yst
was Tt ermv%gréo ncel:[l{ratceg n%]ﬁaé Iﬂ?aterlal obtained was taken up in 95 ml

10 methanol and treated with BF3.Et20 (28 mmol). After 0.5 hour the
temperature was raised to 65°C and after 0.5 hour the reaction mixture
was poured into water, extracted with CH2Cl2 and the organic layer
washed with NaHCO3 (aq). The extract was dried over MgSOa,
concentrated and the residue was recrystallised from methanol to afford

15 pure 2 in 45% yield (Rf = 0.48 heptane /ethyl acetate (3:2)).
| A mixture of 2 (5 mmol) and palladium on carbon (10% Pd (w/w), 300
mg) in 120 ml ethanol/acetic acid (5:1) was stirred under an atmosphere
of hydrogen for 1 hour. The catalyst was removed by filtration and the
filtrate was concentrated. -

20 The residue was dissolved in methanesulfonic acid and stirred at 90°C for
15 minutes after which the mixture was poured into ice water and
extracted with ethyl acetate. The organic layer was washed with
NaHCOs(aq) and dried over MgSOa. Chromatography on silica gel
(heptane/ethyl acetate) gave pure 3 in 85% yield. (Rf = 0.49

25 heptane/ethyl acetate (2:1)); MP 96-98°C.

The compound 3 (0.34 mmol) was dissolved in ethanol and 1 ml
hydrazine monohydrate was added. After 4 hours refluxing, water was
added and the hydrazone was extracted with CH2Clo. The organic layer
was washed with water, dried and concentrated. The residue was taken

30 up in 1.5 ml triethylamine and 0.2 g iodine in 0.7 ml THF was added at
0°C. After 1 hour the reaction mixture was diluted with toluene, poured
into ice water and extracted with toluene. The organic layer was washed
with 1N HCl and saturated NaHCOs(aq), dried over MgSO4 and
concentrated. The residue was dissolved in 8 ml m-xylene/toluene (2:1)

35 palladium on carbon (10% w/w, 100 mg) was added and the mixture was
heated at 125°C for 2 hours. After cooling the catalyst was filtered off, the
filtrate was concentrated and the residue was purified on silica gel



filtrate was concentrated. 20 The residue was di ssolved in nethanesul fonic
acid and stirred at 90C for 15 mnutes after which the m xture was poured
into i cewanztedshd extracted with ethyl acetate. The or gR@T/EPIIZPEN0 was
washed with NaHCO3(aq) and dried over MgSO4. Chronmat ography on silica gel
(heptane/ ethyl acetate) gave pure 3 in 85%vyield. (Rf = 0.49 25

hept ane/ et hyl acetate (2:1)); M 96-98C. The conpound 3 (0.34 mmol) was

di ssolved in ethanol and 1 m hydrazilde nonohydrate was added. After 4
hours refluxing, water was added and the hydrazone was extracted with

?;2 Cla. ;gﬂ@p%ﬂia/@tﬁyi AYEfate)AhREPRSpridtefrieliohs whreadliRaeed andent r at ed.
e resi

t 30 in 1. A m triethylam d, 0. I-0di in 0.7
M THE weensaaGRta togave Rt 44 oot BENKAT Shsirhit LI | ued wih
t ol uene, (I9sCRtnd ntentiedewivht BBrar8.entmal}t Aftewilt hotiolameriber 2hie nomgdni ¢
I hed | C1 [ SHA
ot concdtrarenas AddbE MIEE 138 BoRRt thP HHE IR AY aborufy MR 5
35 pal |5adiainNaH G@s faa) 4ndwsiracted ovithgthwaacetadedT s @resaiclpy et Wasas

heated alyJapbuEL MO U cAiLEltraral ICUdhatsEbahYySn yamalgdit ered off
the filtrate was C

ncentrated and the resi was il on silica gel
WO 02/ 163tdupat/ el agpiate) afl Tgﬁgﬂ?‘%ﬁ?eéﬁtlﬂ {Rcyé?léﬁg& “@g’oappr opriate
fracti on&on@é&dr&hwate&ter(dzngmsxams atvbtHt0 3g5v2, Mile=843.Conpound 4a was
dissolved in 30 nL° CH2Cl12 and treated with BBr3 (3.5 nmmol). After 1 hour
another 2.1 mmol of BBr3 was added. After 1.5 hours the m xture was
car ef ul0 yGenerdpronedufe tapreparacoduerndafa-ext 9-geybd Swlithydonyr Bdet at e.

The organj dried over MpJSO4 and concentrated. Chromatography on
silica gg’é%g?%g\ﬁ%ﬁee?)hyl acetate) afforded pure 4b in 62%yvyield. (Rf =

0.50 tol(uefes¢nes kyiscChEEI®BE (4:1)); ESI-M5 : MtH = 375.2, MH = 373.0. 10
General ps @aBAUFE of A (PikibenegofnormisdSavati(d 8- @7yha®] §, dithgdr oxy- 11H-

benzo[ b fﬂ’é‘z?(ﬁggﬁsz M Na2COs(aq), 30 umol arylboronic acid and 1 ml 2-

15 methoxy-ethanol was heated for 5 hours at 55° C. Ethyl acetate and
water were added to the reaction mixture and the organic layer was
separated, dried over MgSO4 and concentrated. The residue was purified
on silica gel (toluene/ethylacetate) to give pure 5a-v (yields 14-52 %).

Compound ARYL Yield (%) [M-H]
5a 4-chlorophenyl 37 [M-H] = 357.2
5b 2-naphthyl 44 [M-H] = 373.2
5¢c 3-methoxyphenyl 32 [M-H] = 353.4
5d 3-trifluoromethylphenyl 54 [M-H] = 391.3
Se 4-methylphenyl 42 [M-H] = 337.4
5f 3-chloro-4-fluorophenyl 40 [M-H] = 375.2
5g 3,4-methylenedioxophenyl 49 [M-H] = 367.4
5h 4-phenylphenyl S5 | [M-H]=3994
51 2-benzothiazole 30 [M-H] = 379.4
5j 3-fluorophenyl 27 [M-H]=341.4
5k 4-methoxyphenyl 27 [M-H] = 353.4
51 4-fluorophenyl 52 [M-H] = 341.4
5m 3,4-dichlorophenyl 14 [M-H] = 390.8
5n 3-chlorophenyl 37 [M-H] = 357.0
50 4-trifluoromethylphenyl 22 [M-H] =391.4
5p 3-methylphenyl 21 [M-H} = 337.2




(reference to schene 3) A m xture of 10-iodo-benzofl uorene derivative 4 (27
nmol ), 3 ng Pd2(dba)3, 0.2 M Na2C33(aqg), 30 nol arylboronic acid and 1 n
2- 15 nmetwoxyi@thanol was heated for 5 hours at 550 C. Et h¢IT/ERed&i0e and
wat er were added to the reaction m xture and the organic | ayer was
separated, dried over MJSO4 and concentrated. The residue was purified on
silica gel (toluene/ethylacetate) to &u ve pure b5a-v (yi eI ds 14-52 %.
Compound ARYL Yield (%9 -H 5a 4-chlo 8 hen | 37 [MH = 357.2 5b 2-na hth
| 44 MH =373.2 c3-pmetho—-hen+32-—MH=3534 5d8-{ri..uu.u..th1hen
| 54 MH = 39 3 5634s®pﬁdpylphelmyll 42 MH ¥ 33304 5f[M-Bht &65-9- f|l uoro

hen | 4 hnn ELEE [\W/R ﬁ%ﬂﬂgﬂ)r%mectﬁ?%%%%g’i 0 hg'rin% fg[l\h';l\ﬂ{gu—;éﬁ)fgg.él oh

4-hen 1 A Z=CHhZotThtrfZoTr€ oU |

3-fluorp hensk 27 M$+fmm14zphwlphmyho heén | 227 M HM-BE3447.91 |4-f] uoro
hen | 5P M H=z 341. 4 o hen | {14 = BAR-191 =y Bachl oro hen
| 37 M H—= 3??.0 4&&@1?}&% &%&?I’:I T—Hen ZZM}%_'H = 91&14 @%D 8— th 1
hen | 21 M HSu 337. P2:dfbmrosmbyirhemdo1/ 0050020 s 5| MiEE=39 4004 | 40

[ MH =|365. g Sr 4k éﬁ&poromsth to hen | 41 Mag = 4DfM2H] 5823.2
3-fluoro=4=hen—then 22 MH=21T7.0 5T 4-neth Ithio hen I 32 MH = 371.2
5u 2-trifluorometh 1 hen | 20 MH = 391.0




5v Phenyl 25 MH = 323.2 WD 02/ 16316 PCT/EPO1/ 09500 16 Exanple 2 Schene 4
Re '"Re Re, | Re/ R Rs 4b: Reand '"Re = OH 8. R-"R8= Owe, R2 = H R3=
OH 4a : Weoand16 Re= Ove 6: R8='"Re= OBn, R2= OH, R3= H _P€I/EBH/@0HO HO O
0-\-NO NRaRb 9 7a: NRaRb = pyrrolidine 7b : NRaRb = di net hyl am ne 7c:
NRaRb = norpholine 7d : NRaRb = diethylam ne 7e: NRaRb = piperidine 5
Compound 7a-d A mixture of 4b (0.94 mul), potassium carbonate (3.0 nmol)
and benzyl bromide (2.1 nmol) in acetlbne (10 m) was refl uxed overni ght
after which the mxture was poured into water and extracted with ethyl

acet at e. E}Zaen lganl c | ayer was dried over MgJSOH4, concentrated and purified
by chro %%?ﬁ-% 10 silica gel (heptane/ethyl acetate). The purified
pr oduct § |) was taken up in 2-methoxyet han (16 nl) and Pd2(dba)3
(36 nmol), 3- hydrox v kebor oni ¢ aci d pi nacol est g B mmol ) and Na2CO3
(2Min water, 2 re added. The m xt ure ed for 30 m nutes at

60C, poured @t er and extTadred with qtate. The 15 organic
| ayer vva§Ie o6veli MgSO4, concentr at edks b2 chr omat ogr aphy on
silica ge (CHZClZ/rrethanoI) to give pure 6 in 56% ld. (Rl = 0.34
(hept ane/ et hyl acetate (7:3)). R®
4b : Reand 'Re = OH 8 Re="Re= OMe, R?= H, R?= OH
4a : Re and 'Re= OMe : Re='Re= OBn, R?2= OH, R®=H

|

NR_R
O—_\"ND a' ‘b

9 7a : NR R, = pyrrolidine
7b : NR,R, = dimethylamine
7c : NRR, = morpholine
7d : NR_R, = diethylamine
7e : NR R, = piperidine

5 Compound 7a-d

A mixture of 4b (0.94 mmol), potassium carbonate (3.0 mmol) and benzyl
bromide (2.1 mmol) in acetone (10 ml) was refluxed overnight after which the
mixture was poured into water and extracted with ethyl acetate. The organic
layer was dried over MgSO4, concentrated and purified by chromatography on

10 silica gel (heptane/ethyl acetate).
The purified product (0.43 mmol) was taken up in 2-methoxyethanol (16 ml)
and Pdz(dba)s (36 pmol), 3-hydroxyphenylboronic acid pinacolester (0.45 mmol)
and NaxCOs (2M in water, 2 ml) were added. The mixture was stirred for 30
minutes at 60°C, poured into water and extracted with ethyl acetate. The

15 organic layer was dried over MgSOa, concentrated and purified by
chromatography on silica gel (CH2Clz/ methanol) to give pure 6 in 56% yield. (R
= 0.34 (heptane/ethyl acetate (7:3)).



WO 02/ 16316 PCT/ EP01/09500 17 A mi xture of 6 (48 nol),

1- (2-chl oroet hyl ) pyrrolidine hydrochloride (76 nol) and cesium carbonate
(0.15 Mo ot/m3acetonitrile (2 m) was stirred for 3 hourBCT/APOIZOR0 The

m xture was poured into water and extracted with ethyl acetate, 5 the
organic extract was dried over MySH4, the solvent evaporated and the

resi due was purified by chromat ography on silica gel (CH2d 2/ nethanol). The
pure fractions were concentrated and tife material obtained was dissol ved in
ethyl acetate (3 m). Pd/C (10%wWw, 25 ng) and 3 drops of acetic acid were
added and the m xture was stirred under an at nosphere of hydrogen for 5 10

hours. é@%ﬁﬁe 688 dh%&aqd% Mhidrbéﬂgrl)pg&rﬁmnfeheydﬂd&ﬂ@ﬁaewas umol)

concentra urif cnro ogr a hy on SiLiIIC
(CH2Q 2/ rmxd]aqmmnmrbynem(qa&ﬁemmolﬂ n @2%%18111?(2@1L‘%981841rred '1or 3 f5rs

(CGH2d 2/ ’% 360! THE ndikekuir ERlasMBS uMﬂ'irfto wakrAndvextractbwith éﬂqﬂcn’qmafﬂj 7b
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b df . th fash

descri t§ecthle0<P\Ilv'az‘%‘tsﬁ'lli’é‘E gggr%’gF éi‘fag; lﬁfi W&fﬁﬁ%%hg gﬁﬁﬁﬁlgpﬂﬁeiﬁpnﬁg%&%ﬁﬁn%ﬁ ori de

hydr ochl arksiud RiasspQrilisd B2 Eh Pt dgraphy( @n Bjljca €81 (OMClyfraethanpl)aThem H
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he vane PUSARCHES vecURace 158 L SHR R GARAA SRR il

1- ( 2- chl cstiwgl bykdater(Bhol)i R/ Chidd o ekl wr Qéemghgﬂéa%l dgeps of acetic acid were

1- (2-chl %@&%&kﬁ%& ﬁ%&iﬂ&%&g@,&ﬁ@é& Qfrie dtf\’fitmogéh@r&éf By rreshanol
br epat 0! howns. Sha,cabIFSH BRA FeTIPYeskDE SataBes, te el priecerart Fhisd

b epar at i-ppe bofffue WabRiuEhed tyuthmmatoer aphy cin silicdeel $0Fx oo el to
O e R SR ENE T Y T R
438.4, M-H = 436 2.
15 Compound 7b /
| Compound 7b was prepared from 6.in 5% yield, in the same fashion as
described for the preparation of 7a, using 2-dimethylaminoethyl chloride
hydrochloride (Rf = 0.18 CH2Clz/methanol (9:1)); ESI-MS: M+H = 412.4,
M-H = 410.4.
20
Compound 7c¢
Compound 7c¢ was prepared from 6 in 32% yield, in the same fashion as
described for the preparation of 7a, using 1-(2-chloroethyljmorpholine
hydrochloride instead of 1-(2-chloroethyl)pyrrolidine hydrochloride (Rf =
25 0.21 CH2Clz/methanol (9:1)); ESI-MS: M+H = 454.4, M-H = 452.2.

Compound 7d

Compound 7d was prepared from 6 in 65% yield, in the same fashion as

described for the preparation of 7a, using 2-diethylaminoethyl chloride
30 hydrochloride instead of 1-(2-chloroethyl)pyrrolidine hydrochloride (Rf =

0.17 CHaCly/methanol (9:1)); ESI-MS: M+H = 440.4, M-H = 438.2.

Compound 7e
Compound 7e was prepared from 6 in 18% yield, as described for the

35 preparation of 7a, using 1-(2-chloroethyl)piperidine hydrochloride instead
of 1-(2-chloroethyl)pyrrolidine hydrochloride (Rf = 0.15 CH2Clz2/methanol
(9:1)); ESI-MS: M+H = 452.4, M-H = 450.2.



Compound 7e was prepared from6 in 18%yield, as described for the 35
preparation of 7a, using 1-(2-chloroethyl)piperidine hydrochloride instead
of 1-(2-owborosthyl)pyrrolidine hydrochloride (Rf = 0.15 BEPEP@/yeiohanol
(9:1)); ESI-Ms: M+H = 452.4, MH = 450.2. WD 02/16316 PCT/ EPO1/ 09500 18
Conpound 9 A m xture of 4a (0.30 mml), Pd2(dba)3 (0.40 nol), 4-

hydr oxyphenyl boroni ¢ acid (0.30 mmol) and sodi um carbonate (2 Min 5
water, 4 m) in 12 m 2-nethoxyet hanoll&as stirred at 60C. After 30 minutes
the m xture was poured into water and extracted with ethyl acetate. The
organi c extract was dried over MgSH, concentrated and purified by

chr onmat ogé&p%%y%a(?i lica gel (toluene/ ethyl acetate) to give 8 in 65%

ield. Rf I [ et hyl t at : . 10 d 8 (0.16 I
Yo di scoh gt o6 Radoes0 D, eidbs FA bindbd ooty ana o )
1-( t2 chl ot Ph%hgﬂ?ér@irﬁ@gﬁﬁdi (Wlely] ﬁ{]ﬂld@ affdL fqdiimm !c)arbﬁhateadliNDIimng _thte
m xt ure was refl uxel r 3. rs. e .reactj.on S red into
wat er ghdvalary éc@ihlwgﬁng?ﬁme%gf?@% Dol Jas 'y Ha?lql %ﬁ(élég a)cy?te\l/ﬂva%gydri ed over
MySO4, comieatdsattednarthuwiaki molued itho chatemaayexiphytashwith edaylgel
t ol / met,.h . . i t ted, th
mter al SEARHGHAe pRaE HratAGhs i Bhér SRGCHE R RRIaRILAM T8 ed. the
et hanet hi purifieddsy chnemptegraphyuanrikes gﬁbktphbel{edﬁthﬁaf%%ﬁat%ﬁo HESR 16
hour s thqﬁgg?oyfe@& ﬁ&‘&t@l_m (@@ﬁl&@yre@gyli é@&awggag)gand extracted with ethyl

e

pur 181 GYmBIRAR BoL SaYPoh & fisTOER PBEPSF [ RInGI E8 give 8 i n
22% yi el dny@¥ide 10 23mbl)chnié re{2rehiervethyipsipesidine ESidrivshloride{G-2452. 4, M H
= 450.2. rvri(fr)ng /v%eesr?élgdgg /a%%ogljleo ffureas EXAMREE f3r BCHEFurs. The
reaction mixture was poured into water and extracted with ethyl acetate.
The organic extract was dried over MgSOsa, concentrated and purified by
15 chromatography on silica gel (toluene/methanol).
The pure fractions were collected and concentrated, the material obtained
(46 pmol) was dissolved in CH2Clz and treated with ethanethiol {0.62
mmol) and aluminum chloride (95 pmol) at RT. After 16 hours the dark
red mixture was poured into water and extracted with ethyl acetate. The |
20 organic extract was dried over MgSOa, concentrated and purified by
chromatography on silica gel (CH2Clz/methanol) to give 9 in 22% yield. Rf
= 0.23 (toluene/methanol (85:15)), ESI-MS : M+H = 452.4, M-H = 450.2.



O_ -/ H B'qH!l ~/ \ R R R3 10a: RR=OH R3 =H10b : R = H R3
= OH 12a: R2= oND, R3=H i 1la:R2= O'"N R3=H 12b: R2=H, R3= o,,-,,ND 11b : R2=
H, R3=, 0W002/M312c: R2= N,R3=H 11 ¢ : R2 = oN, R3= H 12d: RREFHPRA®5@ "-" N
1d: R2=H, R3=~0~~~N 5 Conpound 12a A m xture of 3-hydroxyphenyl boronic acid
pi nacol ester 10a (0.68 mml), cesium carbonate (0.68 mmol) and

1- br ono- 3-chl oropropane (0.80 nmol) in acetonitrile (3 m) was stirred
overnight at RT. Additional cesium 10 18ar bonat e (0.31 mmol) and .

1- brono- 3-chl oropropane (0.4 mml) were added and the m xture was stirred
overnight at 60C. The m xture was poured into water and extracted with
CH2C12. e CH2CL2-1ayer was dried over MgSO4, concentrated and purified
by chro S on silica gel (toluene / ethyl acetate). The purified
product Wwheines®l ved in piperidine 15 and stirred for 48 hours at 45C. The
solid material (piperidi Eﬁi) was filtered off and the fiktrate was

concentrated to give 1lla- 8%yield. Rf = 0.05 (tol ueng yiOHacet at e

(4:1)). A mxture of 4bé@&a ), 1lla (86 nol), PdC 5 nol) and
sodi um car bonat e ( | n ter, 0.25 m) in 2.5 n yet hanol 20 was
stirred at 90C. e hours the mxture was pgyre ;

».: r %@d

R2

—10a: R2=OH,R3=H
10b : R2=H, R3= OH

|
12a:R2= O_~_N_/,R3=H
11a: R2= Clk/\/N , RB=H==

[
12b : R2=H, R® = OWO

11b:R2=H, R3=,0\/\/f‘© “—

L—11c :Re= ?’\/\"‘Q R3=H

——=11d : R2=H, R3=‘o’\/\f'\©

12¢: R?= CI)’\/\’O,R3=H

12d : R2=H, Ré= o’\/\/’O

Compound 12a
A mixture of 3-hydroxyphenylboronic acid pinacolester 10a (0.68 mmol),
cesium carbonate (0.68 mmol) and 1-bromo-3-chloropropane (0.80 mmol)
in acetonitrile (3 ml) was stirred overnight at RT. Additional cesium

10 carbonate (0.31 mmol) and 1-bromo-3-chloropropane (0.4 mmol) were
added and the mixture was stirred overnight at 60°C. The mixture was
poured into water and extracted with CH2Cla. The CH2Cls-layer was dried
over MgSO0a, concentrated and purified by chromatography on silica gel
(toluene/ethyl acetate). The purified product was dissolved in piperidine

15 and stirred for 48 hours at 45°C. The solid material (piperidine. HCIl) was
filtered off and the filtrate was concentrated to give 11a in 88% yield. Rf =
0.05 (toluene/ethyl acetate (4:1)).
A mixture of 4b (67 pmol), 11a (86 pmol), PAClz(dppf)2 (5 pmol) and
sodium carbonate (2 M in water, 0.25 ml) in 2.5 ml 2-methoxyethanol

20 was stirred at 90°C. After 2 hours the mixture was poured into water and
extracted with ethyl acetate. The organic extract was dried over MgSOa,
concentrated and purified by chromatography on silica gel
(CH2Clz/methanol). The appropriate fractions were collected and



extracted with ethyl acetate. The organic extract was dried over MySO4,
concentrated and purified by chromatography on silica gel

(CH2C12/ 0 hzanslg . The appropriate fractions were col | ect BAT/aRe/0M»002/ 16316
PCT/ EPO1/ 09500 20 concentrated, the material obtained was recrystallised
fromCHC1l3 to give 12a in 38%yield. Rf = 0.42 (CH2d 2/ net hanol (85:15)).
Compound 12b 5 A m xture of 4-hydroxyphenyl boronic acid pinacol ester 10b
(0.68 mMmol ), potassium hydroxide (2. 2omol) and 1-brono- 3-chl oropr opane
(2.8 mml) in methanol (2 nl) was refluxed for 24 hours. The m xture was

d I i t
e ari o BC“'“%%E;&M BaRHI o ﬁ%@%ﬁ rr.e?ﬁ?éaﬂz‘;g‘hﬂfﬁﬁﬁmt Rt

silica gdi2a 1oB8 m&flfédhﬁf -a@él?a{@)h Huct was dissol ved in
pi peridine and stirred overnight at 50C The solid materi al

(pi peridipe. HC1 filtered off and the filtrate was concentrated to give
1l b in 8(@6’91?%4‘%! Vﬁb: 0.10 (tol uene/ net hanol (9:1)). Conpound 12b was

pr epar &d A ntigtie ehd-hydivsyplizeiilyereindc acid pirsaculéster 10b {i68iomels,

descri bed for the ar 4 ol (85:15
e - eSO U fimdt BngilimgG R iR G ool
from 10a mm(ﬂ)sm m@h@,n(ﬂs(QdeﬁdW%édﬂWd fore24 T Wise gRCMIBRIEWADa,  usi ng

(1 CE{;&”‘Z) / ﬁ{)?ﬁ % dr&%ﬁﬁ%c@éd it @fﬂ}rl aekite) mhepé eexfface 0.21

2 Conpound 12d 25
To m xt ur%a%firlfdmtﬁr é‘f?éw@'é %11)&%8“6&9%4’ EEFBH}?&P%r FgPeé mol )
I n acefoniti¢d (t%hﬁéﬂe Jéy Ql’cétaaa)M'I&&: pddléﬁtdélprdwmtmmpkimwﬂmﬁ tmic acid

pi nacol est.er Ob%%%dggtl AL éélﬁt ?t %t@rTPg %@)ﬂ{ﬁeﬂ@f er was added and

t he mi xt J*B® E acét a e organi c |ayer was dried
over MySQpiperidhicxent CA) wasafnimlered off and the filtrate was concentrated to give

11b in 80% yield. Rf = 0.10 (toluene/methanol (9:1)).

Compound 12b was prepared from 4a and 11b in 20% yield, in a similar
15 fashion as described for the preparation of 12a. Rf = 0.42

(CH2Clz2/methanol (85:15)), ESI-MS : M+H = 466.4, M-H = 464.6

Compound 12c¢

Compound 12¢ was prepared from 10a in 25% yield, as described for the
20 preparation of 12a, using 1-bromo-4-chloro-butane instead of 1-bromo-

3-chloro-propane. Rf = 0.21 (CH2Clz/methanol (8:2)), ESI-MS : M+H =

480.6, M-H = 478.2

Compound 12d

25 To mixture of 1,4-diiodobutane (5 mmol) and cesium carbonate (0.68
mmol) in acetonitrile (2 ml) was portionwise added 4-
hydroxyphenylboronic acid pinacolester 10b (0.68 mmol) at 40°C. After
2.5 hours water was added and the mixture was extracted with ethyl
acetate. The organic layer was dried over MgSO4, concentrated and

30 purified by chromatography on silica gel (heptane/toluene). The purified
product was dissolved in piperidine and stirred at RT for 2 hours. The
solid material (piperidine.HI) was filtered off and the filtrate was
concentrated to give 11d in 32% yield. Rf = 0.55 (toluene/methanol (8:2)).
Compound 12d was prepared from 4b and 11d in 13% yield, in a similar

35 fashion as described for the preparation of 12a. Rf = 0.22
(CH2Clz/ methanol (8:2)), ESI-MS : M+H = 480.4, M-H = 478.2



30 purified by chromatography on silica gel (heptane /toluene). The
purified product was dissolved in piperidine and stirred at RT for 2
hours. TheO oyud3iied material (piperidine.H) was filtered oP€T/aRel/tH@®
filtrate was concentrated to give lid in 32%vyield. Rf = 0.55

(tol uene/ met hanol (8:2)). Conpound 12d was prepared from4b and 11d in 13%
yield, in a simlar 35 fashion as des%réi bed for the preparation of 12a. Rf
= 0.22 (CH2d 2/ nethanol (8:2)), ESI- : MtH = 480.4, MH = 478.2 WO

02/ 16316 PCT/ EP01/09500 21 Exanple 4 Schene 6 OV OV Meo OH MO O ~PBr
13 14 OH HO O 15c. R= Ph 15a. R=Br 5 15b. R=H Conpound 14 A

m xture Qéxadm gol e of 1, 3-di bronopropane and 1.02 mmol e of potassium
car bonate%:i n Og of acetone was warnmed to 40 OC. To this 10 solution
0.51 moRSRRMEP n 10 M of acetone was added dropwi se and the reaction
m xture was stirred at 40 oC for 23 hours. An additional mxture of 2.03
nmol e of 1, 3-di bronppespane and 1. 02 mmol e of C g arbonate in 5 nl
of acetone was addg ] red for 4 hours at

reflux tenpe aken up in ethyl acetate

and water, wa ¢d Y hh water amrd—sat urg ol ution, dried over MgSH4
and concemp 3 product MRBs puri fi e ohr omat ogr aphy on
silica gel

Br

15a. R=Br
15b. R=H

Compound 14
A mixture of 2.03 mmole of 1,3-dibromopropane and 1.02 mmole of
potassium carbonate in 10 ml of acetone was warmed to 40 °C. To this
10 solution 0.51 mmole of 13 in 10 ml of acetone was added dropwise and
the reaction mixture was stirred at 40 °C for 23 hours. An additional
mixture of 2.03 mmole of 1,3-dibromopropane and 1.02 mmole of
potassiumcarbonate in 5 ml of acetone was added and the reaction
mixture stirred for 4 hours at reflux temperature. The reaction mixture
15 was taken up in ethyl acetate and water, washed with water and
saturated NaCl solution, dried over MgSO4 and concentrated. The crude
product was purified by chromatography on silica gel (heptane/ethyl
acetate) to give pure 14 in 65% yield.
Rf = 0.64 (heptane/diethylether (7:3))
20
Compound 15a
82 pmole of 14 was dissolved in 6 ml of dry CH2Cla. 327 nmole of

BF3.S(CHa)2 was added and the solution was stirred at room temperature



acetate) to give pure 14 in 65%vyield. Rf = 0.64 (heptane/diethylether
(7:3)) 20 Conpound 15a 82 nole of 14 was dissolved in 6 m of dry CH2Cl12.
327 nol e vob 02/BBB S(CH3) 2 was added and t he sol uti on was SPCT/ERE/@500r oom
tenperature WO 02/ 16316 PCT/ EP01/ 09500 22 for 16 hours. The reaction

m xture was taken up in ethyl acetate, washed wth water and saturated
NaHCO3 sol ution, dried over MgSO4 and concentrated. The crude product was
purified by chromatography on silica%fl (CH2Cl2 /methanol) to give pure
15a in 93%yield. 5 Rf = 0.47 (CH2C12 /nethanol (9:1)) Conpound 15b 22 M
of brom der 14 hears. éfhmxmbtﬂcm mixfuhowas teikecn upﬁn Mthiyhaegtate, wakhedWat er

and et BESLELS % SaRIAANA10. 0% EAGHIAN et i SO NiEa10 or ganic

Iayer was Ssepara over concentrate resi due was

purified C@le§nltr&f§§e fl‘h@rﬂ;fﬂlﬁ%ﬂ praguctevaa pinjfied byichsopiategsarhy 9 opy|

conpound slﬁ@afgelgctﬁhélzh{eﬂﬁn Q)égle( msalﬁt%%faemate 7:3). Conpound
15¢c 15 d with 1.7 nM 1-brono-3- phenyl propane

a
inthed rl%fsEch@ mef@@ﬁf&nig m acetone at room tenperature. After
24 hours the salts vvere removed by filtration. The filtrate was
concent rgt:ed awz ssolved in nmethylene chloride. The mxture was
extracte dried over MgSO4 and concentrated. 20 The resi due was

purifi ed 2% pdvh o8 lrpoyjdaphy wars mafluxed ful 1. Shkpuenwith d0QHM &)in (yiel d=

889
( CI?E%) 30 B’%h‘o %}é &gf g{ﬂﬂrlg%eé%%lf%ﬁrt%ﬁ‘e %ﬁeﬁ%&)@e@bﬁ@ﬂ‘iﬁlﬁt@r&aﬂmme

Et hyl agcetate and re added to
t he reHttougame )l%fiﬁrewaﬁ(fepﬁéa'%ﬁdgék?%d PysieM 2BPLORCEY, r%?fiwﬁh%ver
MyS04 and LG R dRhedifieiNén fstisdAhed (wRshplenicl i metivand) ko giveyplire rssemane

propyl compound 15b in yield 37%. Rf = 0.40 (heptane-ethyl acetate 7 :3).

Compound 15¢

15 54 pM of compound 13 was reacted with 1.7 mM 1-bromo-3-
phenylpropane in the presence of 1.7 mM K2COs in 3 ml acetone at room
temperature. After 24 hours the salts were removed by filtration. The
filtrate was concentrated and redissolved in methylene chloride. The
mixture was extracted with water, dried over MgS0O4 and concentrated.

20 The residue was purified by chromatography on silica gel (heptane/
ethylacetate). (yield= 88% ).
47 uM of the resulting product was demethylated with 1.9 mM
(CHa3)3S.BF3 in CH2Cl; for one night. Ethyl acetate and water were added
to the reaction mixture and the organic layer was separated, dried over

25 MgSO4 and concentrated. The residue was purified on silica gel (heptane
| ethylacetate) to give pure compound 15¢ in yield=57%. Rf 0.7 (heptane
ethyl acetate 8:2)

Example 5



/| ethylacetate) to give pure conpound 15c in yield=57% Rf 0.7 (heptane
ethyl acetate 8:2) Exanple 5 WD 02/16316 PCT/ EPO1/ 09500 23 Schene 7 011
0'1 0111we@at1da3e OH OH O SAO OO -0 O 16 17 18 F F OH PEWERMAIS® ci ci
HOoroc ~i OO19 OH 21 20Br Br OHci HOQ/ 22 NO,-'" 2

8- di et hoxy- 10- hydr oxy- 11H benzof b] f | uorene (Conpound 16) 5 The conpound
2, 8-di met hoxy- 10- hydr oxy- 11H benzo[ b] f] uorene (Conpound 16) 1 was prepared
fromits correspondi ng ester as expl ai‘red above for step 4 in schene 1. An
anount of 3 g of the corresponding unsaturated ester was added in small
portions Seleeme Tew mnutes to 30 nl of nethanesul phonic acid at 600C
After stirring for W2 Ax the 10 cyclizatkepOwas conplete. ThepPxture was

t hen poured onto icle ter and stirr, an addi tional, 1/ r. The
product was filte washed with
—— —
OH OH 0
- - < ,‘S':O
© 0 0 0 NF
16 17 18 FF

.5
>

2,8-dimethoxy-10-hydroxy-11H-benzo[b]fluorene (Compound 16)

5 The compound 2,8-dimethoxy-10-hydroxy-1 1 H-benzo|b]fluorene
(Compound 16) 1 was prepared from its corresponding ester as explained
above for step 4 in scheme 1. An amount of 3 g of the corresponding
unsaturated ester was added in small portions over a few minutes to 30
ml of methanesulphonic acid at 60°C. After stirring for %2 hr the

10 cyclization was complete. The mixture was then poured onto ice water
and stirred for an additional % hr. The product was filtered, washed with
water and thoroughly dried over P20s, to give 2.2 gr of compound 16.



wat er and thoroughly dried over P205, to give 2.2 gr of conpound 16. WD
02/ 16316 PCT/ EPO1/09500 24 Rf 0.38 (heptane / eth. ac. 7/3). NVR (DMVSO
3.82, 3.88002x316s, OCH3), 3.95 (s, 2, CH2). 9.57 (s, 1,PCHEPO1AISH, 7.11,
7.20, 7.55, 7.51, 7.75, 7.80 (7H s, aromatic protons) 5

5-chl oro- 2, 8- di et hoxy- 10- hydr oxy- 11H benzo[ b] f | uorene (Conpound 17) To a
sol ution of 800 ng of conmpound 16 in 10 m of DWVF was added 850 ng of
2,2,3,4,5, 6-hexachl orocycl ohexa3, 5-di et in small portions over 5 ninutes.
The m xture was stirred for 1 hr and then poured into 50 mMl of water. The
dar k readtﬂ@zssquoepmlm/vﬁsethxmaﬁ’t/éd NMR (BMS80) A&, 43.884Rx318, PCHS ),ed by

chronmat o { e I t t
orovi de SoaBrts, 2 CH, 9 SR (@0t OHIP B or LB R0 aTESs o, PAEN L ) °)
Rf (start7.80 ( e,ramr;laacmrotmwa) (DVMSO 3.85, 3.92 (2xs 6, OCH3) 4.03 (s,
2, CH2), 7.03, 7.30, 8.13, 838(2x AB, 4, Ar-H) , 761(2x br. s,

2, Ar- 15_ Co d1 T 900 of 17 di
ths adde a5 ghicond fobmethort Fo s %w&l%ihsgap@%@mr@ns el 3yt e
vv?s per f 0¥<5raobcﬂaﬁoh dSﬁSOatnln_lB'Bffcmimpmﬂdbm oA ngd dfrIDbIE/\macsrackifdi 880i ti onal
stirrin or (0] |

Purifi cgtlin(gn tﬂ/égn%’g‘hﬁgé RY\Brﬁ) géaih Iflggéﬁ d?%}%/é;;n %,P,‘[?al‘f?&s{jﬁoﬂg%@%?tgw de 800
ng of triminttesl ThavmikBsce W@scstumm fpx:ubcmsyng then Bousd mxtos50 gnl efHg) |
4.18 (s, %s e?’@rte dafk r ?thfi?%m r%‘oa%ct zva%'Sextgaét%d \51&'1761(1@'1"@06{&@) andd

O o b hep ot as ey v bn e phpn ThyBl felbyds Jypnery!
0.5 m of eNRingy r;c@flﬂ'o‘:v_l%ée sggalgitgo%fﬁw ases brewnesblid; ROGC38dheft 5/ Iathy.lngego a
B AT BRI SRS SRR SR e
OCH3s) 4.03 (s, 2, CHz), 7.03,77.30, 8.13, 8.38 (2x AB, 4, Ar-H) ,
7.61 ( 2x br.s, 2, Ar-H).
15
Compound 18
To a solution of 900 mg of 17 in 8 ml of pyridine was added at 0°C 700pul
of triffluoromethanesulphonic anhydride. Stirring was performed for 1 hr
at RT followed by pouring into water and additional stirring for 15 min.
20 followed by filtration of the crude product. Purification was achieved by
chromatography over silicagel, to provide 800 mg of triflate 18; Mp 165-
168°C. NMR ( CDCls) 3.90, 3.96 (2x s, 6, OCHzs), 4.18 (s, 2, CHz2), 7.0,
7.09, 7.29, 7.35, 8.11, 8.47 ( 6H, Ar-H).

25 Compound 19
A mixture of 210 mg of triflate 18, 220 mg of 3-hydroxyphenyl-
pinacolborane, 200 mg of KsPOa, 15 mg of As(PPh)s, 15 mg of PdCl2.PPhs,
0.5 ml of water and 5 ml of dioxane was heated at 100°C for 1,5 hr under
a nitrogen atmosphere. The reaction was poured into water and extracted

30 with ethyl acetate. Chromatography of the resulting material provided
215 mg of 19 as an amorphous product; R¢0.35 (hept./ethyl ac. 7/3),
Mp 184-185°C. NMR ( CDCls) 3.74, 3.87 ( s, 6, OCH3), 3.80 (s, 2, CH2) ,
6.82-7.0 (m, 6, Ar-H), 7.25, 7.40, 8.38, 8.53 ( 4H, Ar-H).

35 Compound 20
A mixture of 200 mg of 19, 500 mg of powdered K2CO3, 1.25 ml of 1,3-
dibromopropane and 10 ml of acetonitrile was heated at 55°C for 3 hr.



215 mg of 19 as an anor phous product; Rf 0.35 (hept./ethyl ac. 7/3), M
184-185C. NWR (CDC13) 3.74, 3.87 (s, 6, OCH3), 3.80 (s, 2, CH) , 6.82-7.0
(m 6, Awo2163125, 7.40, 8.38, 8.53 (4H, Ar-H). 35 ConpoRCUER@/A500 Xt ure
of 200 ng of 19, 500 ny of powdered K2CO3, 1.25 m of 1, 3- dibronopropane
and 10 m of acetonitrile was heated at 550C for 3 hr. WD 02/16316

PCT/ EPO1/ 09500 25 The reaction was diluted with water and extracted with
et hyl acetate. The crude product vvaszéurifi ed by chronmat ography on silica
gel (hept. / ethyl acetate) , to provide 220 of 20; Rf 0.63

(hept . / etTheareacticd) wasNliutqdomdisyagemeand tC?CBr,ar%?—Q pyith ethgba¢etate Tioep) |

4.13 (t, ?I—}@_@j : ; b i pn of 220

of 20 inci_ud 0 r’lrlect%kﬁ%e%?gh%oc} Pgecgvf’zvé}natd e ans%ha_%gé IBE%H&'HQ sul fi (Tg

conpl ex. cthil arstatele pravifded g e 26'0 Z}P?Wh/ 6‘?11'?ﬁe7?®ab{\]m (5

hr) . The (repCH) B6Bas, BOTERMBH) M B3W@h £2, Gil), 418 (i Af CHGBrE8 (2 th

et hyl gﬁé%e Chr omat ogr aphy provided 210 ng of 21 as a colorles

anor ph terial; Rf 0.25 (hept./ eth.ac. 7/3) . NWR (CDC13) 3.67 (t,3,

(2];2?)_, t2 33 (m 2, CHZ]Z : 24. 15 (t, 2, CH20, 3.77 (s, 2, CH2). 15 Conmpound
m Xt ure o] 1, 0.3 m of 1,2,5,6- i di

2 aceton#?’?lfj?{mzzozp of 1,2,5,6-tetrahydropyridine and 3 ni

onto 5% m‘fu@\g’gi@rﬁéﬁg@gﬂ%ﬁfy%p %ﬁé&‘t&&p@%@%&%%@&g@ﬁ%spw ed
B‘rlg:j‘;gtedt %gpgﬁg@%éﬂﬂmyggmgﬁvé&ﬁgleﬁ mﬂecmizlz;%imrm?é @Ei&ﬁé&hﬁtﬂﬂ-l) . The
Dol ut |t aorepietion Bhaae FrACRER ind-ereRiiian TRoeo e B8 R dia
hydr ochl ofHedisrazldt dsttuacielit witheethyh acératezE€hdoinedographyarevided b ai n 45
g of am’ﬁl%ho‘i*ﬁ 2azs a Iélgﬁ)rﬁg)slvg%or%h%ﬁs r%a@griélgﬁf%.Zg(haSrt.? Jethoad 07 P@)d.
NMR ( CDCls) 3.67 (t,3, CH2Br), 2.33 (m, 2, CHa), 4.15 (t, 2, CH20), 3.77
(s, 2, CHa).
15
Compound 22
A mixture of 70 mg of 21, 0.3 ml of 1,2,5,6-tetrahydropyridine and 3 ml
of acetonitrile was heated at 550C for % hr. The mixture was then poured
onto 5% NaHCOs and extracted with ethyl acetate. The product was
20 purified by passing through a short silica column ( CH2Clz/CH30H). The
product thus obtained was converted into a HCI salt by treatment of a
solution the free base in methanol/ether with 1M HCl/ether.The
hydrochloride salt thus obtained was freeze-dried from water to obtain 45
mg of amorphous 22. NMR (DMSO) 9.77 , 9.82 (2x s, 2, OH’s), 5.70 and
25 5.88 (2x m, 2, tetrahydropyridine), 8.32, 8.20, 7.52, 7.21, 7.08, 6.98,
6.87 ( 10, aromatic H’s).

Example 6

30 Scheme 8



25 5.88

6.87 (10, aromatic H s).

26 01,

(2x m 2, tetrahydropyridine), 8.32, 8.20, 7.52, 7.21, 7.08,

{1 { HOOO pOOCH 26 2827 Br Br OHC HO29 N LI 3,

9- di met hoxy- 7- hydr oxy-5, 6-di hydro-benz[a] ant hracene (conpounds 23)
2-chl oro-3, 9-dinethoxy-7-hydroxy-5, 6-dihydro-benz[a]anthracene 5
(conpound 24) The conpound 3, 9- dineth%?y 7- hydr oxy-5, 6-di hydro

- benz[ a]

in exanple 5. To a

portions
m xture

10

ant hr acene

3¥9\n 10 ml  of DWF
ycl ohexa- 2, 5- di

gt'utyi on of 600 ng o
I

600 ny 3,4,4,5, 6- hexad ne.
———
OH OH
~ ~ - ) =0
© © ° o xF
23 24 25 FF
OH
Cl OQ
COJ 0 —
HO ~o

3, 9-dimethoxy-7-hydroxy-5,6-dihydro-benzfajanthracene (compounds 23)
and 12-chloro-3,9-dimethoxy-7-hydroxy-5,6-dihydro-benz[ajanthracene
(compound 24)

The compound 3,9-dimethoxy-7-hydroxy-5,6-dihydro-benz[ajanthracene
(compounds 23) was prepared analogously to compound 16 in example
5. To a solution of 600 mg of 23 in 10 ml of DMF was added in portions
600 mg of 2,3,4,4,5,6-hexachlorocyclohexa-2,5-dien-1-one. The mixture
was then stirred at 400C for 4 hr. Then the reaction was poured into
water and the product extracted with ethyl acetate. The crude material
was passed through a silicagel column ( hept./ eth.ac.) and finally
triturated with heptane-diisopropyl ether to provide 280 mg of 24 as

6. 98,

Example 6 30 Schenme 8 WD 02/ 16316 PCT/ EPO1/ 09500
o'wWO¥16310H OH Cl 93::~O p OO F 23 24 25 F F OHPONVEBL/095(@

ca d

and 1

cogpounds 23) was prepared analogously to conmpound 16



10 was then stirred at 40C for 4 hr. Then the reaction was poured into

wat er and the product extracted with ethyl acetate. The crude material was
passed t W@uoyks3as sili cagel columm (hept./ eth.ac.) and fiPral/Epor/@sdot ur at ed
wi t h heptane-diisopropyl ether to provide 280 ng of 24 as WO 02/ 16316

PCT/ EPO1/ 09500 27 orange crystals; M 140-1410C, Rf 0.28 (hept. / eth.ac.
7/3) starting material Rf 0.30. Conpound 25 5 To a solution of 300 ng of
24 in 3 m of pyridine was added 200 4 of triflic anhydride . The m xture
was stirred for 1 hr at rt, and then poured into water and extracted with
et hyl acefrahge.crybealsy Mjut#40wes19r ReiCe@8 (bept./sth.nca7§8) stavdirgf f or ded 220
nmg of 25 _as, a.whit lid; M 122-124; Rf 0.70 (hept./ethyl ac. 7/3). 10
Corrpoundnﬁ%te,&l%ftﬁ‘ragfof 210 ngy of 25, 220 ny of

3- hydr oxyphenyl pi nacol borane, 200 ng of K3P04 15 ng of (PPh3)As, 15 ng of
PdClz(PP@érﬁpoﬁnﬁﬁk of water and 5 m of dioxane was heated at 100C for

1.5 hr.Th ) th d.int i ith ethyl
acetar 8 ek cubonaphgdlyas TR 50 of PYrihE ALaagey PRELREGY, " Pl Y
0.28  heptiflié @iHHri@e e Mdleemikidire WRstibMEDor2l b dt4rt, EHAGHEN p6usdd 3. 80
5. B s ot ket et b BB
1, 3- di broveemilipapel and dffordedo22@aegaii2d asa whdtensadibdMat 123d3%r 2.5 hr.
Th i ' d d with ethyl .

e react$f0617ﬁa€1?%€?_zee%r2%grzﬁgmt er and extracted wt et Yy acetate

Chr omat ography f 27 as a colorles oil ; Rf 0.60 25
(hept . ¥t hyl acetate 7/3) . NVR (CDC13) 2.60 (m 4, CH2CH2), 2.30 (m 2,
CH2), 3. 60ofpcdindPeBr) . 4.13 (t,2, CH0O) ,3.72, 3.87 (2x s, 6, OCH3).
Conpound lggnixture of 210 mg of 25, 220 mg of 3-hydroxyphenylpinacolborane,
200 mg of K3POs 15 mg of (PPhs)As, 15 mg of PdClz(PPhs)2 , 0.5 ml of
water and 5 ml of dioxane was heated at 100°C for 1.5 hr.The mixture
15 was then poured into water and extracted with ethyl acetate.
Chromatography over silica gel provided 215 mg of 26 as an oil; Rr 0.28 (
hept. / ethyl acetate 7/3) . NMR ( DMSO) 2.56 ( 4, CH2CHy), 3.67, 3.80

(2x s, 6, OCHa), 8.32, 8.18, 7.33, 6.93,6.70 ( 10, Ar-H’s) , 9.64 (s, 1, OH).

20 Compound 27
A mixture of 215 mg of 26, 500 mg of K2COs3 , 1.2 ml of 1,3-
dibromopropane and 10 ml of acetonitrile was heated at 55°C for 2.5 hr.
The reaction was then poured in water and extracted with ethyl acetate.
Chromatography provided 220 mg of 27 as a colorles oil ; Rr 0.60

25 (hept./ethyl acetate 7/3) . NMR ( CDCls) 2.60 (m, 4, CH2CHa), 2.30 (m, 2,
CH2), 3.60 (t,2, CH2Br) , 4.13 (t,2, CH20) ,3.72, 3.87 (2x s, 6, OCH3).

Compound 28
To a solution of 190 mg of 27 in 7 ml of methylenechioride was added 1.5
30 ml of BFs.dimethylsulfide complex. After stirring at rt for 4 hr the mixture
was poured onto water and extracted with ethyl acetate. Chromatography
of the crude product gave 150 mg of essentially pure 28; Rf 0.20 (hept./
ethyl ac. 7/3); NMR (DMSO) 2.27 (m, 2, CH2), 2.50 (m, 4, CH2CHb), 3.68
(t, 2, CH2Br), 4.12 (t, 2, CH20), 9.68, 9.82 (2xs, 2, OH).
35
Compound 29



To a solution of 190 ng of 27 in 7 m of nmethyl enechloride was added 1.5
30 m of BF3.dinethylsulfide conplex. After stirring at rt for 4 hr the

m xture wWa82/pswe ed onto water and extracted with ethyl arPetT/are/09500

Chr omat ogr aphy of the crude product gave 150 ng of essentially pure 28; Rf
0.20 (hept./ ethyl ac. 7/3); NWR (DMSO 2.27 (m 2, CH2), 2.50 (m 4,
CH2CH2), 3.68 (t, 2, CH2Br), 4.12 (t,,2, CH2O, 9.68, 9.82 (2xs, 2, OH).
35 Conmpound 29 WD 02/ 16316 PCT/ EP01/ 09500 28 A m xture of 60 ng of 28, 0.4

mM of pyrrolidine and 3 nl_of acetonitrile was stirred at 500C for 1/2 hr
The i xtAimeixiree 0h6A pawri@Bi Arb el pymolidingand & rafaraipnirie hy|

acetate. e sPirRdiiat 5088 ﬂay%fmedfrmé ixAa%SWAY theﬁqsmea #her 59%i i ca col um
L 101 RAICGE el crRclebwdin £ R Rpa olen 196 BROMRS FRe BIISRT B 1 rom
wat er to pRs&ingihigugh a28hortRiilia 2dh i CHLCH} OH IS aDEluehd) afill;, NWVR
6. 84, ﬁféen‘é@%ver%e% e Rl gt e g g /o tﬁe%’faéaﬂ& e6788
Schene 9 @sulitag hydroshlaridewes freezairied frem WaBT R1gEE

R; 0.20 (CH2Cla/CH30H/HOAc 90/10/1); NMR (DMSO) 9.70 and 9.82 (

2x s, 2H, OH’s), 8.22, 8.05, 7.48 7.17, 7.06, 6.88, 6.84, 6.76, 6.70, 6.62

(m, 10H, Ar-H’s), 4.10 (t,2, CH20).

10
Example 7

Scheme 9

15
Compound 30
A mixture of 300 mg of compound 13, 900 mg of powdered K2COgs, 2 ml
of 1,2-dibromopropane and 8 ml of acetonitrile was heated at 55°C for 16



N 15 Compound 30 A m xture of 300 ng of conmpound 13, 900 ng of powdered
K2C03, 2 m of 1,2-dibronopropane and 8 ml of acetonitrile was heated at
550C f or W@ 023302/ 16316 PCT/ EP01/ 09500 29 hr. The react i pOTARBE/@500ut ed
with water and extracted with ethyl acetate. The crude product was
purified by chromatography on silica gel ( hept. / ethyl acetate), to
provide 310 ng of 30; Rf 0.50 (hept. hgeth. ac. 7/ 3) ; NWMR (CDCLl3) 3.67
(t 3, CH2Br), 4.35 (t, 2, CH2O, 3.79 (s, 2, CH), 3.75, 3.87 5 (2x s, 6,

0 R el b A O T

& atogsaphuem sHicasgelr()he
e
acet at e. %%%?8 ﬁ 80

material ; G@C&)ng'(hgt &%&?;ﬂ 35733 ¢ H2QNR3( aco‘léﬁe);??gngr gléf),),

4.35 ( dcH _76 (s, 2, CH2). 15 Conmpound 32 A m xture of 60 ngy of
31 0. 3t5 é% Sgﬁgzﬁyrl m§ | nyl pi perazine and 2 ml of acetontrile was heated at
50C for 16 hr. The m xture was then diluted wth water and the product
extract edcympbuftii@l acetate. The organic material was passed through a

cosent s alteapuratia dr 1] B Bl acin 6 HEtdetndpeioads G llined 0PI T8

of ethyl mtef Bfe.dimtthytsulfde eamplervThe mixEEHERS ﬁ&lr5¢£é1nt tle HO salt.

Th| S dorfYrasipehreitpheaterdGid sal t  of
V\ﬁls Jé)éﬁﬁlé_‘fgf é@ﬂh&&f@tﬂ@ §'hr OTHR fvd A¥pShir (15} r

aC|d9/ 0,1 Q). 4. m
CHZO) 6 the progiics. eeﬁra@eéé”l Y1 aceiate. ég‘ébm}i“t‘i p}%éEr ‘%‘dggsﬂ%d 21,
8.32, 8.4 o(4rePP asldicolottds éiﬂori:HDuanaﬂéﬂ;lall Re OLHD (hlbpt Trethaae. DfB)s.
Ar-H'S). NMR (CDCls) 3.67 (t,3, CH2Br),), 4.35 (t, 2, CH20), 3.76 (s, 2, CHa).

15 Compound 32
A mixture of 60 mg of 31 0.3 g of 2-pyrimidinylpiperazine and 2 ml of
acetontrile was heated at 50°C for 16 hr. The mixture was then diluted
with water and the product extracted with ethyl acetate. The organic
material was passed through a short silica column (a gradient of

20 CHaCly / CH30H as eluent), to provide essentially pure 32 as the free
base. This was dissolved in a small amount of ethyl acetate and treated
with 1M HCI in ether to give the HCI salt. This was freeze dried from
water to provide 48 mg of amorphous HCl salt of 32. Rs 0.82 (CH2Cl2-
CH3OH- acetic acid 9/1/0,1); NMR ( DMSO) 4.50 (m , 2, CH20), 6.76,

25 6.84, 6.88, 6.96, 7.05, 7.09, 7.16, 7.21 ,7.55, 8.21, 8.32, 8.44 (resp. 1H,
1H, 1H, 1H, 1H, 1H, 1H, 1H, 1H, 1H, 1H, 2H’s ; Ar-H’s).

Example 8

30 Biological activity
Determination of competitive binding to cytoplasmic human estrogen
receptor o or P from recombinant CHO cells is used to estimate the
relative affinity (potency ratio) of a test compound for estrogen receptors
present in the cytosol of recombinant Chinese hamster ovary (CHO) cells,
35 stably transfected with the human estrogen receptor o (hERo) or p
receptor (hERB), as compared with 17p-estradiol (E2).



Exanple 8 30 Biological activity Determ nation of conpetitive binding to
cytopl asm ¢ human estrogen receptor a or (3 fromreconbinant CHO cells is
used to av0bra3ecthe relative affinity (potency ratio) oPCHEPE#S@onpound
for estrogen receptors present in the cytosol of reconbi nant Chinese
hanster ovary (CHO cells, 35 stably transfected with the human estrogen
receptor a (hERa) or receptor (hER(3), as conpared with 17(3-estradi ol
(E2). WD 02/ 16316 PCT/EP01/09500 30 P estrogenic and antiestrogenic
activity of conpounds is determned in an in vitro bioassay with
r econbi néiite E&tirogaeichand teerticstargeniCacyivitgl dfcomspabihs ¢ detemmsinect #d wi t h
the human_e . : ) EReRt difor atppexytocin
pr onot er (’gg&a%tléégﬁeaycﬁ%?%e reag%r(t:%r gentgé %@%sti%eﬁic
acti vi t y tpobesrryransiesiedbvigh ﬂé%gu%wémepor PRI %t(BERed or B
transact ir¢aép@n (RERM)E tB6 ZxFoxytivih Pragoote RO bed tHaludiferass r ogen
receptaors hERa or h (L} i corrgared vmtr% tg'e %t andard es rggen estradi ol .
The antd dSPPEGERELS gltsl;hf(ﬁ TRRECAGEY motency £ 10)(:8#@ ®d to i nhibit
t he transeehprahddo stimuletetizy marsaciivetieacofihenediyane dusiferaske estr ogen
recept or - sgen RHERY id SornipAPAd HtHHKE the
standard%ggﬁ?gg.végiﬁ%ib#g%é,%i ’1\:|_ u'g};F-%M_ Eﬁ.l. P ]
3, 17- di hystandgrdiestrdgeressiradiol 3The roitiastragesniv aghy ey {Rrasd) r.e_ltm @2/ 16316
PCT! EP0L D88 TorthouRestd irthibATRHUnSRE CRBR UIdnERZyAi AUSTras:
an ago1n 0I S15“1necha611:ed v1esl the esl%rogen recep%grs hllé_‘,llﬁa or hiqiﬁ b}y the estrogen

estradiol is compared with the standard ICI 164.384 (= (7a,17B)-N-butyl-

3,17-dihydroxy-N-methylestra-1,3,5(10)-triene-7-undecanamide).



5e ++ 7a +++
5k + 12a +++
5 +W(Jh2/36816 5r

formula 1 R1

5f + 7b +++
51 ++ 12b ++

'Re Re ZRR2 R4
OH, optionally independently etherifi

59 + 7c +++
5m ++ 12c¢ +++
++ 17c ++

5h + 7d +++

5n + 12d +
5> 5% (relative to 1Cl):
100% +++ WO 02/16316 PCT/EP01/09500 32 dCainms 1. A conpound having the
R3 5 Formula 1 wherein
%dlor esterified;

- CH2CH2- ;

Results

Compound ERp Compound ERp

antagonism antagonism

Sa 5s +
Sb + 5t +
5¢c + 5u ++
5d + 5v +
Se ++ 7a +4+
5f + 7b ++
5g + 7c +++
5h + 7d +++
51 + Te ++4
5§ + 9 ++
5k + 12a +++
51 ++ 12b ++
5m ++ 12c¢ +++
5n 12d +
50 14 ++
5p 17a +++
5q 17b ++
Sr ++ 17¢ ++

51 + 7e +++
50 + 14 ++ 5p + 17a

RCEHEPH09500 >

Re and 'Re are
10 Z is -CH2-

5 > 5% (relative to ICI): +
> 40% : ++
> 100%: +++



R is H halogen, CF3 , or (1C4Calkyl; R2, R3 and R4 are independently H,
hal ogen, -CF3, -0OCF3, (1C8C) Al kyl, hydroxy, (1 C 8C) al kyloxy, aryloxy,
aryl (1 Cweyzalddyé , halo(1 C 8C)al kyl, -Q CH2)nmX, wherei nPXI/EBOINAB@gen or
phenyl and m= 2-4; 15 QCCH2) M\NRaRb , -S(CH2) MNRaRb or - (CH2)n\NRaRb,
wherein m= 2-4 and Ra, Rb are independently (1C 8C)al kyl, (2C 8C)al kenyl,
(2CG 8C)al kynyl, or aryl, optionally gbsti tuted with hal ogen, -CF3, -OCF3,
-CN, -N02, -OH, (1C 8C)al koxy, aryl ox%, carboxyl, (1C-8C)al kylthio,
carboxyl ate, (1C8C) al kyl, aryl, aryl (1C 8C)al kyl, hal o(1C 8C) al kyl or 20
Ra and RBldigrsn a 3 8 menbered ring structure, optionally substituted with

hal ogen, -CF3, - -CN, -NO2, hydroxy hydr oxy(1C- 4C) al kyl ,
(1C 80 al koxy, aryI ox (1C- 80 aI K 5 R car boxyl, carboxylate, (1
G- 8C) al k¥ A gemnound i n@ggl@sgqmg} alo(1 G 8Calkyl. 25 2. A conpound

accordlngto claim1l1, characterised in that Zis -CH2- and R4 is H 3. A
conpound according to claim1l or 2, gghar aeteri s'eed inthat RLis H 30
@ ¥ A conmpound according to

) Rl is hal ogen. 5. A conpound
pjat 5 RlLis H RZ3is H R2is

al ogen or phenyl and m= 2-3, or
-Q(CH2) MRaRb, wherein m = R® ¥ R__igdependent |y (1C 5C)al kyl
or (3C-5C)al kenyl, optionally substi tﬁn with OH or nethoxy, or Ra and
Ro forma 4-7 rrenbered ring structure selecthed fromthe list: azetidine,
pyrrol jsdi ne, 3-pyrroline, R3

anyone of clains 1-3, characterised i
according to claim 2, characte
(3G 60 al kyl oxy, -QO CHZ) mX, whe

Formula 1
wherein:
Re and 'Re are OH, optionally indépendently etherified or esterified;
.10 Zis —CHa- or -CH2CHa-;

Rt is H, halogen, CF3 , or (1C-4C)alkyl;

R2, R3 and R* are independently H, halogen, -CF3, -OCF3, (1C-8C)Alkyl,
hydroxy, (1C-8C)alkyloxy, aryloxy, aryl(1C-8C)alkyl, halo(1C-
8C)alkyl, -O(CH2)uX, wherein X is halogen or phenyl and m = 2-4; -

15 O(CH2)mNRaRy , -S(CH2)mNRaRs or -(CH2)mNRaRb, wherein m = 2-4
and Ra, Ry are independently (1C-8C)alkyl, (2C-8C)alkenyl, (2C-
8C)alkynyl, or aryl, optionally substituted with halogen, -CF3, -OCF3,
-CN, -NOg, -OH, (1C-8C)alkoxy, aryloxy, carboxyl, (1C-8C)alkylthio,
carboxylate, (1C-8C)alkyl, aryl, aryl(1C-8C)alkyl, halo(1C-8C)alkyl or

20 Ra and Ry form a 3-8 membered ring structure, optionally
substituted with halogen, -CF3, -OCF3, -CN, -NOg, hydroxy,
hydroxy(1C-4C)alkyl, (1C-8C)alkoxy, aryloxy, (1C-8C)alkylthio,
carboxyl, carboxylate, (1C-8C)alkyl, aryl, aryl(1C-8C)alkyl, halo(1C-
8C)alkyl.

25

2. A compound according to claim 1, characterised in that Z is ~CHz- and
R% is H.

3. A compound according to claim 1 or 2, characterised in that R! is H,
30  halogen or CFs.



pi peri di ne, piperazine, tetrahydropyridine, norpholine, thionorpholine,

t hi azol i di ne, honopi peri di ne, tetrahydroquinoline and

6- azabi cywe0 02/8:32¢ 1] oct ane, which 4-7 menbered ring struct BERERS/H&V
optionally be substituted with OH hydroxy(1C 2C)al kyl, nmethoxy, acetyl,
carboxyl ate, (1C 3C) al kyl, phenyl, benzyl, and phenylethyl. 6. A conpound
according to any one of claim1-5 forgdse as a nedicine 20 7. The use of a
conpound according to any one of clainms 1-5 for the manufacture of a

mpound _
phar mcedh i SPRRAHA EFOROBRAB IS & CANRue: SRERrR Aot e of

claim 1-6 RI!is halogen.

5. A compound according to claim 2, characterised in that
5 RtlisH;
R3 is H;
R2 is (3C-6C)alkyloxy, -O(CH2)wX, wherein X is halogen or phenyl and
m = 2-3, or -O(CH2)mNRaRp, wherein m = 2-3 and Ra, Ry are
independently (1C-5C)alkyl or (3C-5C)alkenyl, optionally substituted
10 with OH or methoxy, or Ra and Ry form a 4-7 membered ring
structure selected from the list: azetidine, pyrrolidine, 3-pyrroline,
piperidine, piperazine, tetrahydropyridine, morpholine,
thiomorpholine, thiazolidine, homopiperidine, tetrahydroquinoline
and 6-azabicyclo[3.2.1]octane, which 4-7 membered ring structure
15 can optionally be substituted with OH, hydroxy(1C-2C)alkyl,
methoxy, acetyl, carboxylate, (1C-3C)alkyl, phenyl, benzyl, and
phenylethyl.

6. A compound according to any one of claim 1-5 for use as a medicine

20
7. The use of a compound according to any one of claims 1-5 for the

manufacture of a medicine for use in estrogen-receptor related

treatments.

25 8. A pharmaceutical composition comprising a compound according to

anyone of claim 1-6



