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PROCESS FOR THE PREPARATI ON 2- SUBSTI TUTED- DERI VATI VES
OF ESTRONE AND ESTRADI OL TECHNI CAL FI ELD Thi s
WO pweniilon rel ates to a process for the preparetT/BP200$/053732
2-substituted-derivates of estrone and estradiol.
BACKGROUND OF THE | NVENTI ON The t herapeutic val ue of
17-keto steroids or 17-hydroxy steroids such as
PMHSGnEOEnmEewEaelRMIW € \BEBE T KTIEAD.- DERT BRI MESO0Et O

f, also derivatives of estrone and
Eéﬁi Rttt %M&ﬁ%h

ve been found to have therapeutic val ue.
In this respect especially 2-al koxy-derivates of

estrﬂﬂﬁ1 e iol, such as 2-nethoxy-estradi ol
ed toB@ggheﬁ%ﬁgﬂed 2- met hoxyestradiol, 1,3, 5 (10)

" oSt Tt iiementich relabetriola Brogeshyfortiier pEePAER) on
%—%ﬂbSEPQ&%@%r%S@QQdE %s@&oﬁétarn%d' lcra%LJ\iEZ has

ow estrogenic activity, but has been oun to have
i mportant other biological effects, such as

antiaggaﬁ@ﬁNgcégVhﬁyiNgﬁN@ﬁﬁpribed herei n bel ow. US
patent no's 5,504,074, 5,66,143 and 5, 892, 069 descri be

netrﬁhﬁ;ﬁ@ﬁrﬁP%ﬁﬁ4Q1qaﬁﬁﬁnﬁf|%ﬂTKﬁt§eé§%ﬁpkﬁﬁapéci%T@XQ%?XY

strAbRoL Bl Lelds+phiosiy lé%ltﬂgdzoll\/%%e 81 addidon
WO A- 02/ 42319 descri bes 2-ME2 for the treatnent of

adfliddasetatdtestenat detidisicddd pysavifsrialivpyiYgenespre
and dRdesht bl eeble A QTS thSheharartrapbst i€ wfi1u@aNYn

téﬁgsigzggctlégge%qgggy tnglﬁggg géﬁ?ééﬁéstgf gggggﬂé and
estradiol, such as 2-methoxy-estradiol, need to be mentioned.

2-methoxyestradiol, 1,3,5(10)-estratrien-2,3,17b-triol-2-
methyl-ether (2-ME2) is an endogenous metabolite of estradiol.
2-ME2 has low estrogenic activity, but has been found to have
important other biological effects, such as anti-cancer
activity, as described herein below.

US patent no's 5,504,074, 5,66,143 and 5,892,069 describe
methods of treating mammalian diseases characterized by
abnormal cell mitosis using 2-ME2. In addition WO-A-02/42319
describes 2-ME2 for the treatment of disease states
characterized by abnormal angiogenesis.

Undesirable cell mitosis is characteristic of many
diseases, including, but not limited to, cancer,
atherosclerosis, proliferation of solid tumors, vascular
malfunctions, endometriosis, retinopathies, arthropathies, and
abnormal wound healing. In addition, cell mitosis is important
in a wide variety of biological functions, including but not
limited to the normal development of the embryo, formation of
the corpus luteum, cyclic proliferation of uterine
endometrium, wound healing and inflammatory and immune
responses.

US patent no 5,521,168 describes the use of 2-ME2 for

lowering intraocular pressure. 2-ME2 also inhibits estrogen-
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atherosclerosis, proliferation of solid tunors,
vascul ar mal functions, endonetriosis, retinopathies,
wa@edobnopad hi es, and abnormal wound heal i ng. | NPCT/EP2005/053732
addition, cell mtosis is inhportant in a wi de variety
i ch%'dC)l ogical funetions, lAcluding pyt not limied to
THE o rra evel opmenail %]Togt Re enbryo, PBF et on"0f "t he
gwortpusn| B gum 3@yctatspﬂaﬂmebera¢d(hy sbnatpee NS . K. et al.
%ndonegmlunl waund. q%%h;g% and, i 3&1%%“? £y and immune
" responses. paten 521 %B escri es t he use of
2 VE of ctmetramemtng uset PAOTNEL ipr bssam®e.reZuiVERSs al 92

g%gb' tﬁl Q48N PALCE Mh&wﬁ@w %449?% OIERES! Fas

suppr sses tunor® gr S as
eﬁmrst éuabyalﬁa@@pPE@raﬁedey estlaaidlol Rndcothirer .

eé(;%fsn% %%%bo@%%es 1t '\@sr %@s%g%l '%%yhtabgr%pze ZC use

: umans requires 2-NE2 aV|ng a evel
prsfoagatciey. substgaciatly aireesiphceuch mthasn@rﬂf%cﬁft%ﬁm

1€ m%?uﬂé eland %‘}ofﬂyc&%aﬁrﬁ%‘ @hnen&@}a*a%le%é%@ Gnd 2-

netabolites, it is desirable to have a 2-
hystrogaas F?ﬁfijéﬂ-béflﬁh‘thi%ll qsyirpgéél%fe%‘i?@ﬁSc@WfarﬁSn ants.

edilif86h81 LN Ale iR PB1 SLYIY 1A QBYLONUAM; AR LOG £34iadLPI
estrone and 2- hydr oxt yest r adi ol i ncl ude estrogenic

utgrieer and RIPARS FRRFHE 2 ASVehoPERRIGHe EEEaFts on sexual

oRyRlsl, f ergir QN.onl BET € Jiksksofnditarrnesans breast
cancer, devel opnental effects on sexual organs,

haﬁﬁrﬁitBPPiL%W‘beqléﬁcob‘blaéjﬁ%lﬁﬁd detregygptradicl, 4-

ndaRXRtopeh@tdic aeal Lstrddi Addirt i Ribwrd -ty e oxy esdalsadi ol ,
4- nethoxgestradiol and estradiol are known to be at

sqqﬁigFe rcinogens

These findings have prompted us to search for new
synthetic procedures for the preparation of 2-alkoxy
derivatives of estrone and estradiol such as 2-
methoxyestradiol

Processes for the preparation of 2-ME2 are known in the
art. For example, the article titled “ Synthesis of 2-
methoxyestrogens” by J. Fishman, published in the J. Am. Chem.
Soc., 5 March 1958, pages 1213-1216, describes the preparation
of 2-methoxy-estradiol starting from estradiol. Also US patent
no. 6,051,726 describes the preparation of 2-alkoxyestradiols
starting from estradiol. A disadvantage of such processes
starting from estradiol, however, is the risk that the final
product 2-ME2, will be contaminated with undesired
estrogenically active compounds, such as the starting compound
estradiol and/or any estrogenic intermediates. As explained
above, such estrogenic impurities are highly undesirable.

EP-A-0776904 relates to the completely different
technical field of the preparation of alkylketals of 3-keto-
5(10),9(11) -gonadiene-derivatives. In its examples the
preparation of such a gonadiene-derivative starting from

estra-4,9-diene-3,17-dione is described. The estra-4,9-diene-
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suspected carci nogens. These findings have pronpted us

to search for new synthetic procedures for the
w@e@pardabé on of 2-al koxy derivatives of estronECEHRP2005/053732

estradi ol such as 2- nethoxyestradi ol Processes for

t e preparati on of 2-ME2 are known in the art. Fo
e/ ras ?‘H‘%’Oé’infju ¢F PEFRATEG Ry ntonsisrsing §t) 5a- hydroxy-

S r r Li; hgqd (3-
7%?%@%%Zﬁ15€§9%. 9y6J77a5§§9%§%é§9?§&3ﬁ§&94’%ﬂ% 8o (3

pm@miibe@CicHerl@ﬁéparmﬁfb@-@EnQammpegtymaﬂale 5=

nSRESh%et [ Amaest Ladi ol Algo U pohent, ng.ul, O 28
Gescribes feparation o xye IXGIBI s

cBisaurei ng tmenﬁnastradmgﬂ(B)A &esaﬂvemuamageofaﬁmuﬂ1ng

pr Q r%séjgst?s%qzre?::oﬁgl Jf:{r%)m @3 99%1207 goés Inott ggscrlbe
nqnnﬂuagﬁﬂatthb\mrehauamkﬂn|o§d2esub$ﬁﬁﬂutedlﬁgrzﬂﬂﬁiwes of

0QUPAS; o S Sq starting conmpound estradio
eaﬁ%porgaéyeééggégen%%§lnternedlates . As expl ai ned

abgv@yrth@@moe%tﬂokkywﬁﬁ phpufi tCheg. aﬁ@CknRyﬂkyanrans 1,
1%21(?%5%@%85-%6 pg%%ge rotgle @ésqulafegt GPP r%nl%yusmg

nt technical fi e preparation
l%ﬂqgﬁsk@rgi@ﬁ(ﬁitg Reswltaple]ldpcageqd Pppble bond, followed

by $adL epe- 1‘%9&:10\41%’5}’&? of N £lihSt £XATPLeSuD he: position C2
preparation of such a gonadi ene- der|vat|ve starti

off ((Imeedt pekspauengi epeta:izarign ople the desiny bego ?heor 4-

s&%ttrl%uéeda‘Bee,OHrearag%ll?mdlscgié%l@%p&mﬂe% BEepanied @y
condensi ng (+) 5a-hydroxy- 7ab- hyl-2, 3 ,3aa,4 , 5

SUbﬁ§ltu?l°W6@QﬁﬂﬁéﬁyarEPI44H5n6@Ht$ Wﬁﬁ? &lﬁen(s-

pr oph @€ paepsatilAGt 8 MW idbstituted estradiols are

2- pent anone- neo%entylacetale 5-
described in P e Quesne et al, Steroids, vol. 53/6, June
1989, page 649-661; L.R. Axelrod et al, Chem.&Ind., November
1959, page 1454-1455; and M. Mihailovic, Tetrahedron, vol. 33,

1977, page 235-237.

FIGURES

The following figures have been enclosed to illustrate
the present invention:

Fig. 1: Reaction scheme for the preparation of 2-(3-
chloro-1l-methoxy-propyl)-2,5,5,-trimethyl-[1, 3]dioxane.

Fig. 2: Reaction scheme for the preparation of 2-methoxy-

estradiol.

SUMMARY OF THE INVENTION

Advantageously a new route to prepare 2-alkoxy-
derivatives of estrone and estradiol has now been found. In
addition this process can also be used for the preparation of
other derivatives of estradiol and estrone.

In the newly found route, aromatisation of the A-ring is
carried out in the last step of the synthesis. As a result, a

final product is prepared essentially free from estrogenic



magnesi um chl ori de; oxidizing the 5 a-hydroxy group;
ring closure of the first ring (B) ; ketal cleavage;
w@eaenidge cl osure of the second ring (A . EP-PCDEFB99653732
does not descri be nor_suggea[ the preparation of
111 %ng%%Eg%5q¥ﬁernD$ééQ% A%Le ew y‘%PundCﬁoute an start
fﬁ&m’buholﬁ@ﬂnne br, al@ivarage Eﬂéﬁbdﬁ49sld63antdn§ ube
ute .usin 9. norster
Sl ta%?g zﬂﬁg lg%uéﬁqu?on ClllfoI Qg%ed Oggm ca%lyvgore
ahvnaubduetthnn dlorackamcla ¢M&Irgutmuﬁaﬂprpbsdtbxnﬂ CZlehman.
h ri
S or A paR LA ATELEM AR thel P il dRd EPL
lsﬂp@hraalgn @@@Sﬁwbatlm%@@ﬂdeﬂ@‘t@ offi sstoene andr e
eéﬂf%%nolc%$§?i Rriggarations of 2-substituted estradiols
~are descri dinP.W. Le Quesne et al, Steroids,
ildihe sgﬁﬁaIQMWéIQQSQ cqrppeng49t gpneral, Formybee| (130 by
réﬁctlgeeg1égﬁﬂ$undN8¥qggﬁﬁ3&9§8rm@ﬁgeﬂi454 1455; and M.
M hai I'ovi ¢, "Tetrahedron, vol. 33, 1977, page 235-237.
10 FI GURES The f ol | owi ng flgures have been encl osed to
illustrate the present invention: Fig. 1 : Reaction
schene fog tlhe preparation of 2- (3-

chl or o4 frethoxy-propyl) -2,5,5, -trimethyl- [1,3]
i!;!!

Reaction schene for the preparation
| r adi ol

o (1)

in one or more steps to a compound of general formula IT

R1 I i

© (I1)

15 wherein R1 is a Cl1-C10 alkyl, alkenyl or aryl group; -Cl, -Br,
-I, -F; -CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group, wherein
R2 is an alkyl or alkylene group having 1-6 C atoms; and the

bonding between atoms 9 and 10 is a single or a double bond.

20 ii) aromatization of the compound of general formula II
to a compound of general formula ITI

o

R1

HO (IIT)
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SUMMARY OF THE | NVENTI ON Advant ageously a new route to
prepare 2-al koxyderivatives of estrone and estradio
whamenomwbeen found. In addition this process BPENEPRI085053732
be used for the preparation.of other derivatives of
estradiol and estrone. In the new y found route,
aromati sation of the A-ring is carried out in the | ast
w}&t@ﬁnofutemd azmhlaesi she Adoxer esfilied anchnhays praoduct i s
epared essenti al free
D PO B R or a8 R SGBBRRTY ThacheRrY formia
IIDUmﬂarOMMEnnaho§taemeﬁabﬁksmubéaﬁtone or a derivative
thereof. Sitolactone is relatively inexpensive making
such a route economically nore attractive than for
exanpl e the rout® described by J . Fishman.
i nvention provides a process for the
bstituted-derivatives of estrone
ising i ) the preparation of a
formula (11) by reacting a

gener al

co d of general fornmula (I) in one or nore steps
e conmpound of general fornula Il wherein RIl is a
%J CIO al kyl, al kenyl or(®&fyl group; -d, -Br, -1, -F;

-CN, -OH or a -OR2, -QCOR2 or -R2-OH group, wherein
R2 is an al kyl or al kylene group having 1-6 C atons;
and the bondi ng between atons 9 and 10 is a single or

wite ) dQUbke oo hivye afBtdzat bop: @iy tm@%n?Q?POlmd of

general forrmula Il to a conmpound of general fornula
11 TynthexkRerei WhiR Iyt FON IRAPYidRe & reldeprakd

cHBAUNALS; wid¥h can be intermediates in the above process,
and processes to prepare these novel compounds.

Furthermore, as explained above, the process of the
invention can be used to prepare 2-alkoxy-estrone or 2-alkoxy-
estradiol, or mixtures thereof, containing essentially no

estrogenic intermediates.

DETATILED DESCRIPTION OF THE INVENTION

As indicated above this invention provides a process for
the preparation of estrone, estrone-derivates, estradiol
and/or estradiol-derivates. The process is, however,
especially advantageous for the preparation of 2-alkoxy
derivatives of estrone and/or estradiol. In a specific
embodiment, therefore, the present invention provides a
process as described above for the preparation of 2-alkoxy
derivatives of estrone and/or estradiol, i.e. estrone and/or
estradiol substituted at position 2 with an alkoxy group.
Moreover, the present invention provides such a process for
the preparation of 2-methoxy-estrone and/or 2-methoxy-
estradiol. As explained above such a process is especially
advantageous because of the minimization of any estrogenic

intermediates in the final product.
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iii) optionally, reduction of the conpound of genera

formula Il to a conpound of general forrmula IV
wob@eeindkR | and R2 have the above defi ned nmeaPdTiBB2005/053732

Furthernore this invention provides several novel

compaunds.. WAl £0, an 9?;' pernpdiates | %rta%‘éPé‘Qoé’F
process, and processes to prepare tRese NoVE
stoongbundsky Furtoher havieyg doexpl @b neéd cabbue, attdres, such as

roc of the.inyentjon can,be, used to prepare.
S A e ST D T S A YL
térier-bot yl ¢ qreraiyii, ngs @ssentli, ak eyt npeedtyl ogemap-pentyl,

[ng-er L & es, T S Tl g

TR LT G S0t IS Fhvantl o r GviHoc A prapesarent
wifegre Rhelprapalayilonroic.eRlr 6aer rexthydnerderhiwlatogsup.
rfthadi ok ANl AstL adl Al dRrLYEIRS or S HAGERS 1 s.

owever, especially advantageous for he preparation
etgferylal Roxgerdeni vaeTvesrasly lesbvioery lagdtoperstnyddi ol .

Eddhd eSPEE! 4 du8MIAGEIBAL 5 ot BRT ££9 &rohfei REARRN bheny1,

I nvention provides a process as descri bed above for
beryy lppreparaitlon of 2-al koxy derivatives of estrone

and/ By LeLeadEDL \erlbofingSt TONQMANILEEN SR adi Ok formula
substituted at position 2 with an al koxy grou

Ivbrddverd Fheéspreiendt iay eRRR oS Piovivlesesudi 45 an

alACESSub Hartitg Br €93 Atdr@BnOkt SndTElROXY rEStHQNE
and/ or 2-nmet hoxyestradi ol. As expl ai.ned above such a

enliosli@erti Rl dspali af 1y RNV ageoty HeCaud diR% EOUP,
wHE iR 2at{ O Gfc raRyhesdF @@@RtBed alkyl group having 1 to 6

carbon atoms. Examples of such alkoxy groups include methoxy-,
ethoxy-, propoxy-, isopropoxy-, butyloxy-, pentyloxy,
hexyloxy-. In an even further embodiment R1 in formulae IT,
ITT and IV is a methoxy or ethoxy group, and in a still
further embodiment R1 is a methoxy group.

When R1 is an alkoxy group, the invention provides a
process for the preparation of 2-alkoxy estrone and/or 2-
alkoxy-estradiol. By reducing 2-alkoxy-estrone, prepared
according to step ii) of the process, 2-alkoxy-estradiol can
be obtained.

The bonding between atoms 9 and 10 in formula II can be a
single or a double bond. In a specific embodiment of this
invention, however, the bonding between atoms 9 and 10 is a
double bond.

The aromatization in step ii) of the compound of general
formula ITI to the compound of general formula III, can be
carried out in any manner known to the skilled person to be
suitable for the process. Examples of such aromatization
methods include the use of an aromatization agent such as
potassium tert-pentoxide, and acetic anhydride; and the use of

enzymes such as aromatase.
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internediates in the final product.R I in formnmulae II
Il and 1V can be a branched or straight al kyl group
whanenide om 1 to 10 carbon atons, such as forPERBEPPOE053732
met hyl , ethyl propyl, isop{opyl butyl, isobutyl,
tert bUt ent dl Q$ roma£ tggﬁg s ¢ rri d out
neo- peﬁ%yP %exyl Py? , nonyﬁ ecy? 95 °Y
bia spesstuc gﬂﬂmodudent mhere R I is an aIkyI group, R
I S aI t%)élln grs eeth){tjlcgé%&?lm n h om rl%léll@:“f’omiesre
i an alken roup I nclude e eny prop ?
caﬁﬂ}epropeﬁ@y uSDuUehythzumjlpenthwgﬂne Examph@s of groups
mher [ r incl ud vi D .
yTodd S Bl pLOLE s B rene TR 4
afdﬂwb&bab¢¢drlﬂme andna i jag io@HcaprreanltOR2 groupomers of

tﬂ@%“oﬁwuﬁg 4 g%%e?éfyr%&féﬁlépﬂﬂf‘v'a{‘ga—]al%gcﬁ CHPAN 9 peta-

at ons. her e ment R i's an Co- al koxy
Hyfrsomer - | Oé tfa?lﬁie-rCRQel@?@J:ﬂonwhér@P@ R uirgl iy sty gihghhupan
kaﬁﬁ%%QQQlfﬁl@ﬂa1Q50HPl£EH@rn9s p£é¥é}fa%rbgavéﬁégaéously

such al koxy groups I nclude nethoxy-,

arétm@éwatlcm otfory compadist SfoggRer ButhpraRya, Thertbpreky, the

bé}mbomtweém a%mgvgnarfdlrltoh% graadieBbnl 4ith 1ithium
formilae I, Il and 1V is a nmethoxy or ethoxy group,

lQuﬁfhWﬁeaesﬁ%qmlnﬁuF?ﬁ%%t%uﬁ@oélﬁ%ﬁﬁUHQIOfléS%m?ﬁﬁlﬁ9%?rlSlng

a WBYRitWen tlle i9Sa2R, 8l kaXmegroup, the invention
provi des rocess for the preparation of 2-al koxy

est rghé §H6£B?r RbAARBRYE ldtG ZGP6F1on BYP rcéaaé?ﬁgout in a
sRbKeX Yo BeddtONex aff BPAlEd saCe T N 168nsE efthdiiydeof

dfggiygrggfﬁgi é%t%gﬁgéggeﬁﬁghédggé éﬁgLures thereof. The
temperature during the reaction can vary widely. In one
embodiment the reaction is carried out at a temperature in the
range from 0° to 60°C. In a specific embodiment the reaction is
carried out at room temperature (20-25°C).

In a still further embodiment the mixture is subsequently
quenched with a basic solution to remove residual starting
material from the mixture via an acid-base extraction.

The reduction in step iii) of the compound of general
formula III to the compound of general formula IV, can be
carried out in any manner known by the skilled person to be
suitable for this purpose. In one embodiment the reduction is
carried out with the help of a reduction agent. Examples of
suitable reduction agents include NaBH, and LiAlH,;, In a
specific embodiment NaBH, is used as a reduction agent. In a
further embodiment the reaction is carried out in a suitable
solvent. Examples of suitable solvents include alkanols such
as methanol and ethanol; diethyl amine; tetrahydrofuran; and
mixtures thereof. The temperature during the reaction can vary

widely. In one embodiment the reaction is carried out at a

temperature in the range from 0° to 70°C. In a specific
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be obtai ned. The bondi ng between atons 9 and 10 in

formula Il can be a single or a double bond. In a
waepweioiilge enbodi nent of this invention, howeverPCT/EP®05/053732

bonding between atons 9 and, 10 is a double bond The

comtization n sten i), of bhe comound gl gencral
ormi | 125 PR gonpouiid  of° gehera PEF o™ can
(jn}zawrjed out in any manner known to the skllled
person to be suitable for the process anpl es of

such® Wt F2at FERetRods 996 adet ?ﬂ‘@”@sél fran
caffaet-tdatd e agenl . SukHtregS tpOt assidhibar bt pepreoxides a
and acetic a grlde and _the use of enzymes such as
cPrsHafagt. Q§P%ﬁ/ pEeTT '@ difbodi ment the aromati zati on
is carried out by potassium pentoxide. In another
specific enbodi nent the aromatization is carried out
by using lithiumin etfyl ene di am ne. Wen the bonding
in formula Il is a double bond,
ult in two isoners of the
la Ill, a 9-alfa-H and a
these, preparation of the
uman body existing 9-alfa-H isoner
is pref ant ageously aromati zation of a
conmpa general formula I}|grywherein the bonding
bet ween atons 9 and 10 is a double bond, with lithium
in ethylene diamne results in a mxture of isoners

COMPFHIE A1 M PR ¥ref 2t N RidhEa- b +sS9Mbove; and the

bonding between atoms 9 and 10 is a single or a double bond.

In a specific embodiment R1 is a Cl-C6-alkoxy group, i.e.
an —-OR2 group, wherein R2 is a straight or branched alkyl
group having 1 to 6 carbon atoms. Examples of such alkoxy
groups include methoxy-, ethoxy-, propoxy-, isopropoxy-,
butyloxy-, pentyloxy, hexyloxy-. In an even further embodiment
Rl in formulae II, IITI and IV is a methoxy or ethoxy group,
and in a further embodiment R1 is a methoxy group.

Advantageously the compound of general formula II is
prepared from a compound with formula I, also called
sitolactone ( (4aS- (4aw, bawn, 9aB, 9ba) ) ~decahydro-6a-methylcyclo-
penta (f) (1) benzopyran-3, 7-dione) .

In a specific embodiment a compound with general formula

IT is prepared by a process comprising the steps of

a) reacting a compound of formula I

o

(I)



In a further enbodi nent the reaction is carried out in
a suitable solvent. Exanples of suitable solvents
wo pwbtaIgli et hyl ami ne, tetrahydrofuran; and nPQL/EP®S5/053732
thereof The tenperature du%I ng the reaction can vary
%ém n.one enbod rrlenrlo Tar\gactl on is carried out
enper a ureln erangefromO to 6A0C . In a
R ec iR4 ¢ enbodi ment the reaction is carried out at
r tenperature (20-250C ) . In a still further
nbod| ment the m xture i s subsequently quenched with a
asi cgsolution to renove residual starting materi al
fr t he.m xtaure via an aci d- base extraction. The
eductionYn step iii) of the conpound of general
formula Il to the conmpound of general fornmula IV, can
be catfied out in any)manner known by the skill ed
per be. s I r [ r . )
embadiaenr Ehe i g0 febe A o BOE hed RelRfaes, 53, and
R%fln&leped@mhlcm aggeal . a Byvdnplrespe oforquiisabd el riedgc crohon
5 28RN0 Snlnel UGHNABH Angh LhALH 5./ 1 a specifiC
embodi ment NaBH 4 I's used as a reduction agent. In a
tqd pprekere enbedinvened ehaoansxeti 6arislacdVi) ed out in a
sui tabl e sol vent. Exanpjes of suitable solvents
i ncl ude al kanol s sucl a$ nethanol and et hanol; diethyl

am ne; tetrahydrq n,~and m xtures thereof. The
tenperature duri ction can vary widely. In

one € gn is carried out at a
t enper atwu ange from0O to 7Q0C . In a
specidi cenbodj htent | the reaction is carried out at room

wherein R1, R2, R3 and R4, have the above defined
10 meanings;
b) oxidizing the hydroxy group of the compound of general

formula (VI) to generate a compound of general formula (VII)

R4 (VII)
15
wherein R1, R2, R3 and R4, have the above defined
meanings;
c) ring-closing of the B-ring of the compound of general

formula VII to prepare a compound with general formula VIIT



Sonme of the conpounds of general fornula Il are
consi dered to be novel. Hence, this invention al so
w@emeiotlass a conpound of general formula Il wheper/nPHb5/053732

and R2 are as specified herein above; and the bondi ng
between atons 9 and 10 is a(§|ngle or a doubl e bond.

In a specific enbodi nent R is a d-0C6-al koxy group,

i.e. an -OR2 group, whe is a straight or

branched al kyl group fo 6 carbon atons

Exanpl es G4 i ncl ude met hoxy-,

et hoxy-, pr 0RO~ gpoxy-, butyl oxy-, pentyl oxy,
hexyl oxy- .gl urther enmbodinment RI in
formul ag11, / is a nmethoxy or ethoxy group,
and R furt diment RI is a nethoxy group.
Advant a usi% the conpound of general forrmula Il is
preparedpfroma conpound with fornula I , also called

sitol act one ((4aS- (4aa, 6aa, 9ab , 9ba)) - B8Ry dr o-

da- net hyl cycl openta( f) (1) benzopyran 3, 7-dione)

In a specific enbodinment a conpound wi.th genera

f or MSFerP RYr grepdled@ByRy foceste c?ﬁﬁi’ﬁ Srhyrete
mégﬁﬂmgsgf a ) reacting a conmpound of fornula | IDWith a

(&und of general formula V wher? and R2 have

the bdVECHER? nEf ReERPIGS ; ORE 4R ?24V¥%Fdéﬁeﬂa%n?ﬁ yiore
stad® an a|£¢ﬁpth@UBfC§éﬁHﬂdﬂ mgrﬂula)ﬂi carbon atons; and

gekZngpgggﬁ%£ bfdlmg%t the couB?lng reacggggnfg step a)
is carried out with help of a Grignard reaction, wherein the
compound of general formula V is first converted into a

compound of general formula Va.

R3 R4
o _O
;>><:T//\\\//Mgm
Rt Va)

Suitable solvents for this reaction include diethyl
ether, tetrahydrofuran and mixtures thereof.

In a specific embodiment powdered magnesium is used,
which is activated with dibromoethane, whereafter the compound
of general formula V is added to prepare the compound of
general formula Va. The latter is added portion wise into a
solution or suspension comprising the compound of general
formula I to generate a compound of general formula VI. In a
further embodiment the reaction is carried out at refluxing
temperature and at atmospheric pressure (1 bar). Preferably
the obtained product is purified by crystallisation from a 1:1
mixture of heptane and ethyl acetate.

The oxidation of the hydroxy group of the compound of

general formula VI to generate a compound of general formula
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wherein R, R2, R3 and R4, have the above defined

meani ngs; b ) oxidizing the hydroxy group of the
wa@ewpowide of general formula (VI) to generate BCT/EP2005/053732

conmpound of gener al fornul (VII) wherein R, R2, R3

vAD lnR4,C(e)]I§I ave t he, above defl ngd meani

n
i ng &l r?g St Pﬁe %rrrller?g o] ?%eancyor?%égﬁgl% mg?etﬁg(rjal

krfcmnrrblyath& Iskid lpdepar@ra tootposnik ablieh fgeneriad uepneé a

Exr?em Ilvélhseg Isd»u)ta’ble Bd'%aftlhe methggs ngc?uggbgﬁlﬁeaq%raltinggt

Peact conp dund or nu
wigdrie aor omaetlsxnepsenb @Cdnﬁpouhdormifc gendr athfarinm a |1 .

oiai’%e@@%&hﬁé € %’I’B?thﬁﬂf%dﬁﬁef’%’ﬂé {Th h?@lg%r%]cei,n step

carri out Wt I gnar reacti on,
pwmeirieienctlh@naj:@mwﬂm&rog@ﬁepainir@rdml any ke fJppsnauer

oﬁ%‘é% edr,| an% QEQ?DPP&%%%&@&?"@E oQFHchPo Vas carried

Sul t abl e sol vent or thi's reaction include di et hy
owlt tper oxi @2t iy drioh uereiEivd anii ft Uy excettheeeoin 4 pegond

e mbh € @‘I@%@éﬁ%@io@%@%&%ﬁh@@%@é'v&%' §e£‘§§q} pBLED

is activated with di bronpbet hane, whereafter th
I@ftﬂ?ﬁ@@nﬁe%ﬁu@éﬁéfﬂal (?%%Iaﬁd\ﬂr%e%é@r?bob*%éﬁ”@xﬁﬁ%

@TRoKAad, 0f 3 genekral & osrc!‘ﬂ%z!e%tv@icﬂ_i&o'n@‘i:hgﬁe | Ssrpddedseaq.
portion wise into a sol ution or suspension conprising

t he B¥NPFoBAdCH?S genefalbe dimiiing Pt Bhyeirsraredaot general
£&QAUDdr of o gaRekak & WdRPRNY widhl Rok¥RENBSrmula VITI in
steen];ooc?l gaer?tbet hcearrr:eiggt ét?g 1|ns a(r:lgrrgénegero%novav; kgﬁfi—!huemsr]l%lled
person to be suitable for this purpose. By the B-ring is
understood those carbon atoms that form the B-ring in the
final product estrone- or estradiol derivate. In one specific
embodiment the ring-closing step is carried out by an aldol
condensation under alkaline conditions, which condensation is
in a further embodiment followed by a dehydration of the aldol
product. Examples of suitable bases that can be used include
potassium-tert-butoxide, potassium-tert-pentoxide, sodium
hydroxide, potassium hydroxide. The skilled person will
further recognize that many more bases can be used. In a
further embodiment the reaction is carried out in a suitable
solvent. Examples of suitable solvents include toluene;
alkanols such as methanol, ethanol and isopropanol;
tetrahydrofuran; and mixtures thereof. In a specific
embodiment a mixture of methanol, toluene and water is used as
a solvent. The temperature during the reaction can vary
widely. In one embodiment the reaction is carried out at a
temperature in the range from 0° to 80°C. In a specific
embodiment the reaction is carried out at room temperature

(20°-25°C) . In another specific embodiment the reaction is

carried out at a temperature in the range from 55° to 75°C. In
a further embodiment the obtained compound of general formula

VIIT is purified by crystallisation from a suitable solvent
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tenperature and at atnospheric pressure (1 bar)
Preferably the obtained product is purified by

wa@eyshHadibé sati on froma 1:1 m xture of hept anePEm@EP2005/053732

et hyl acetate. The oxidati of the hydroxy group of
e ou d.of. general fornula generate a
s%éhngguﬁ c%ﬁa%ergP ?(ﬁﬁnﬁlfﬁFl bod qgatbg?e comﬁgund of
g&nﬁnaﬂedo:lingIamylsxpmknﬁled hgt¢my$ﬂam¢mﬂatgbdlma
. Ski erson to be suitable for this purpose.
lﬁgggnﬁgg Pof sui tabl e oxi dati on nmethods include the
tr edtimemrepptat eon ofi dateompruagent sendrals folmoha cII from
t}?ec'c%m %&q#gge%kgf/ Py iy ”%%ffklc%rﬁ%ﬁy% AN a) can
cal ci mat e yrlélne chromate
b%d@rr@neéu@@u fiymeds; mament kao@ppendler ssxilded ikprsohnto be
Lgl”c%kﬁee%b{'&l "’?9% 0t 1heaxkdati n bﬁb‘c}é‘{r{énetd RMt
oxi dat1 on on1c acid 1 n acetone. a second
r@ﬂi@@ﬁn@ﬁtstﬂ@e doxFempiimesis carried out wit h
tetrar)n- mﬁﬁ%lllyéﬁg‘)@f LHno%%BHMG‘J@tg%n(JEﬁF’%oﬁﬂuqa VITI,

N- met hyl nor p i ne N-oxide (NMO an alternative

Whﬁﬂe@@thﬂlQQHQﬂmgné?Hﬁﬁﬁl@éﬁmée9U§§HloThé i drpdicobPng-

tOforfthenBs réfipRhat B SaRQUNd-phygeneral formula V|
to prepare a conpound with general formula VII1 in
step ¢ ) can be carrifed out in any manner known by the
skilled person tq Belsuitable for this purpose. By the
B-ring is unde d thpse carbon atons that formthe
B-rigg i duct estrone- or estradio

deri vate: peci fi c enbodi nent the ring-closing
step ig| carii but by an al dol condensati on under

al kahre el tons, which condensation is in a
further podi ment followgg)by a dehydration of the

al dol

wherein R1 and R2 have the above defined meanings;

d2) ring-closure of the A-ring to obtain a compound of
general formula II, wherein the dotted bonding between atoms 9
and 10 is a double bond, from the compound of general formula
IX.

In an alternative embodiment the reaction of step d)
comprises

d3) hydrogenation of the double bond between atoms 9 and
10 of the compound of general formula VIII to obtain a
compound of general formula X;

o

R1

R3 0

R4 (X)
d4) hydrolysis of the compound of general formula X to

obtain a compound of general formula XI;
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product. Exanples of suitable bases that can be used
i ncl ude potassi umtert-butoxide,
w@oiassilgen t ert - pent oxi de, sodi um hydr oxi de, pPPCEHEB1005053732
hydr oxi de. The skilled per Qn will further recognize
that many nore bases can be“used. In a further
enbodi nent the reactjon|is carried out in a suitable
sol vent. Exanpl es Qf s tabl e sol vents include
t ol uene; al kano ’ met hanol , et hanol and
i sopropanol ; te an; and m xtures thereof. In
a sp%' ' snhod it a m xture of nethanol, toluene
[ as a solvent. The tenperature during
the reagtion jary wi dely. In one enbodi nent the
reactdon i ed out at ( fen‘perature in the range
fromO to 80C . In a spemF c enbodi nent the
reaction is carried out at roomtenperature (20-25C) .
In t s |.fic [ th cti ' ryl
out 5 2 panEERn g% B¢ IR R, BTk g GR dd
ferrfuliet Kér enisbdiient ¢dmposbtad hezkregrpodadnwla déner al
wtl el Bndddedety BURLTALD AU aLhY LA 165ahLOM TLOM Bingle
sui tabl e sol ventsuch as an alcohol. I'n a specific
bantbodi ment the conpound of general formula VIII is
purify eg by _crystal biaatloshd RHo3ePE RO, tond Nyt form
preparation of a conmpound of general fornula Il from
theh@-edppolimd-hsf fgeabrraodusitnafarand cacedrtHPt o step
a&kia¢an be carried out by any manner known by the
skilled person to be suitable for this purpose. In one
specitq dverxpous Heif herrbctdadnPef CatEpdd Optcbhmpiises

manner known by the skilled person to be suitable for this

purpose. In one embodiment the hydrolysis is carried out under
acidic conditions. Examples of suitable hydrolysis agents
include hydrohalogens, phosphoric acids, sulfonic and sulfuric
acids, such as hydrochloric acid, sulfuric acid, para-toluene
sulfonic acid and phosphoric acid. In one embodiment sulfuric
acid (H,S80,) is used as a hydrolysis agent. Any solvent known
by the skilled person to be suitable for this purpose can be
used as solvent during the reaction. Examples of suitable
solvents include C1-C6 alkanols, such as methanol, ethanol,
propanol and isopropanol. In one embodiment ethanol is used as
a solvent. The temperature during the reaction can vary
widely. In one embodiment the reaction is carried out at a
temperature in the range from 0° to 40°C, and in a specific
embodiment the reaction is carried out at room temperature
(20°-25°C) .

The ring-closure of the A-ring of step d2) can be carried
out in any manner known by the skilled person to be suitable
for this purpose. In one specific embodiment the ring-closing
step is carried out by an aldol condensation under alkaline
conditions, which condensation is in a further embodiment

followed by a dehydration of the aldol product. Examples of
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dl) hydrolysis of a conmpound of general formula VIII,

wherei n the bondi ng between atons 9 and 10 is a double
whemd/p13106 obt ai n a conpound of general fornul aPdHEP2005/053732

wherein R and R2 have th above defi ned neani ngs;

-closure of the A-r 0., obt C und of
skl ez S OSHRE Fanv&qeruaed Pet G Bot B R e e on
btaiotmsle9 Iam:las:b(lumstart}mmit@xbdad sddiom hiérconjEound of

reac Ionﬁiﬁro§l . Xfyérgé¥11%'t§éd%§ ?nPQQ nEeEPgnlze

rogena on
tltartemdombmcerdomaadebew\eecm atsens Qnamcfumhef. ¢rtd®dim$p©uh1de

afct%ﬂeE caf 8utyd£4r§ %1%89@ A1 saol?z% e Conrggales of

genera ornu rolysis of ound of
syeredrd gl S©bvernﬁsalXCiL@d©btcal4uena c@kﬂpmmm eficlyeremgithanol,

e fHTY! Q &@roﬁphﬂ?l C'Maﬁy@o%&%rﬁ lahAGm{ £ §E

corrpoun general formula X', to obtarn a conpound
t@fre@éne%ﬁé feymerkaure dmethetwmppeearbommgldely

Irp%ﬁn‘@e@fﬂbé‘&%tgtﬁgdré@cﬂl%n 8! 0gls honde By 4 herPebbbgre

I's understood those carbon atons that formthe A-ring
in reheheahg@alroor 68uct 86Ty olrea speesfiadindodieentydthe .
Thehdrol sis of s dl) can be carri SUt LN any

te
FRGT KNoWT Byt AR okt 11958 pOPROIF S5 eb S SaEESth o 1 o
t h| SI‘HB,Ilh@’@&Sgerﬁél:i(Uﬂle o&nbosk remnt cbheb@y@br@lxéal Sut Sin any

méﬁﬂgy goggtb;ﬂl %rskllled person to be suitable for this
purpose. In one embodiment Pd/C and hydrogen are used for the
hydrogenation. In a further embodiment the reaction is carried
out in a suitable solvent. Examples of suitable solvents
include tetrahydrofuran; alkanols such as methanol, ethanol
and isopropanol; and mixtures thereof. In a specific
embodiment ethanol is used as a solvent. The temperature
during the reaction can vary widely. In one embodiment the
reaction is carried out at a temperature in the range from 0°

to 80°C. In a specific embodiment the reaction is carried out

at a temperature in the range from 25° to 60°C.

The hydrolysis of step d4) can be carried out in any
manner known by the skilled person to be suitable for this
purpose. In one embodiment the hydrolysis is carried out under
acidic conditions. Examples of suitable hydrolysis agents
include hydrohalogens, phosphoric acids, sulfonic and sulfuric
acids, such as hydrochloric acid, sulfuric acid, para-toluene
sulfonic acid and phosphoric acid. In one embodiment sulfuric
acid (H,S80,) is used as a hydrolysis agent. Any solvent known
by the skilled person to be suitable for this purpose can be
used as solvent during the reaction. Examples of suitable
solvents include C1-C6 alkanols, such as methanol, ethanol,
propanol and isopropanocl. In one embodiment ethanol is used as
a solvent. The temperature during the reaction can vary

widely. In one embodiment the reaction is carried out at a
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acidic conditions. Exanples of suitable hydrolysis
agent s i nclude hydrohal ogens, phosphoric acids,
waobomige and sul furic acids, such as hydrochl BET/EP2005/053732
acid, sulfuric acid, para- | uene sulfonic acid and
hosphorlc acid. In on nbgdlneng sulfuric acid (H
t%‘@@&)a PEe yedhgs ranﬁ?/dﬁ%ﬂny& “agant. Y 8of vERRCKHEwn
enbdibenskihd adapRerEAN 4 heisHi b@ble febmt fdfppurpose
can be used as solvent during the reaction. Exanples
(#¥°-38iPabl e sol vents include Cl-C6 al kanols, such as
et PANDlr n6LBANAL e BEOPROOL-AE LEORLAPARG! cahoOMarried
enbodi nent "et hanol is used as sol vent
Otteripe RAY URRNTHT KRGWE Hey rtél@cﬁkehl%chrpqrépy W d@ ypuifpble

fane neabedi s, tIheoﬁ§aﬁé&'ﬁlbserﬁ@&[ﬂn%gtok'ﬁe atiry-closing
tenperature in the range from0O to 400C, and in_a

stfedisf FRTEHSbPUreRY #her 0dcEPRieTR dapr PegeToftl kad ine

cdday%hbﬁgpaﬂﬁkml%oﬁ&&héﬁ%@bn i$hen rd ¢ hes U firehe
fﬁvrln%_of step d2) can be carried out in any manner

b Yt%éjeélli’idlrﬁéﬂorbé%fs6ﬁet plee! sicdaBFe FHRIRPsOT

sPWaPOSEhaddt ANMRLSPEEI Bd GisRADOHE TR doheski ig-tedrasi ng
step is carried out by an al dol condensation under

LU RAPP NP G R GRS T T vﬁﬁrﬂcﬁX&E}ﬁde?%jdﬁmo RYAECFifley
pdudstshen Ey@ﬂddlment Tlfl@| é]&m@dbyeﬁs&ewdnatwtfhdﬁ rkhBgnize
al dol Eroduc ng ﬁ% of s |tableép es th can be N
ChidedoP¥clude 6?55% UMt S5EBut O%id 8 ABodiftn?Cene
rqitdsai umcteefﬁleﬂeatloMrde; ssadbbne mdirv@mtdemxamﬂ@&swm
hydr oxi de e ski son | fyrther reco ze
SO e S BAERESE AP THRRRe ol karioly PRFR 1% Mechafol,

emhﬁmmilaﬁ@tlddpaopaaclr(ﬁbunahgafofmxhn)ubndnmﬂxﬁundsabIe
tﬁg¥é%%ntTh£5%lﬂ%erature during the reaction can vary widely.

In one embodiment the reaction is carried out at a temperature
in the range from 0° to 80°C. In a specific embodiment the
reaction is carried out at room temperature (20°-25°C).

A number of the above mentioned intermediates are

considered novel. Hence the present invention also provides a

compound of general formula V

R?:>x<:;4
o] o]
Cl
R1 (V)

and its Mg activated counterpart of general formula Va
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sui tabl e sol vents include tol uene; al kanols such as
nmet hanol , et hanol and isopropanol; tetrahydrofuran,;
w@aoaeniMbaur es t hereof. The tenperature during PEEEP2005/053732
reaction can vary widely. Ln one enbodi nent the
éeactlgn is carried out at "a tenperature in the range
to 8Q0C . In a specific enbodi nent the
on is carried out at roomtenperature (20-250C
he hydr ogenati on of step d3) can be carried out in
ner known by the skilled person to be suitable
' I n one enbodi nent Pd/ C and hydr ogen
t he hydrogenation. In a further
enbodilment the reaction is carried out in a suitable
sol veff. Exanpl es of suitahl e sol vents include
t etrahydr of uran; al kanol s such as net hanol, ethano
and i sopropanol; and m xtures thereof. In a specific
wlerreddi RENtRBt IRBnehdi B4 usdedeasha sulweenefifdd meanings;
AP LA LAY NTCE N, React kN, CAN VALY M JBltnc! B3 and
né enbo e reaction is carried out
RQenp@naﬂe@%pdamtﬂhemehm@bCﬁrenh@l qre@EOCIn 4 rsxgcific
n c akk i
R JFL A (e and Frof JiPq SEChE F fhdecRbx
gipur-oEysislesf oft epltel)le aonbeurds rdacdrdingi e @eperal
TS vkmm&%v FhleeSkidiled re§ra%rtoalbﬁe§m§ﬁ@r%p§9r-
this purpose. In one erbodi ment ¢ he hydrolysis i s
2 carritedmetity imides 1 depxine ¢oddi 2T bhroErahphedh oty -
pf%ﬂyﬁabbesW¥Qﬁﬂh%%h§lﬁ?€Qﬁ%lbﬁghédeHMQQQBa$Pgﬁﬂ§able
phosphoric aci ds, oni ¢ and | furic acids, such as
CORRPUBER| BFFTHETD Lo sTpTrRpdilc fagngla par Ancordrrfer example

3-methoxy-2-pentanone-neopentylacetale-5-magnesium chloride

and 3-methoxy-2-pentanone-neopentylacetale-5-magnesium
bromide.

The compounds of general formula (V) can for example be
prepared by halogenation of a suitably substituted propene
compound; substitution of one halogen atom by a nitrile group:;
addition of a methyl group by a grignard reaction and
conversion into the 5-chloro-pentan-2-one compound substituted
at its 3 position by an appropriate group; and reaction with
neopentylglycol under acidic conditions to obtain the compound
of general formula (V). The preparation of 2-(3-chloro-1-
methoxy-propyl)-2,5,5-trimethyl-[1,3]dioxane is illustrated in
figure 1.

Furthermore the invention provides a compound of general

formula (VI)



sul fonic acid and phosphoric acid. In one enbodi nent

sulfuric acid (H 2SO ) is used as a hydrol ysis agent.
waaywedadivent known by the skilled person to bePGUEPHbS/@53732

for this purpose can be us as solvent during the

reaction. Exanples of guitable solvents include Cl-C6

al kanol's, such as nethanol, ethanol, propanol and

i sopropanol. In one § 1-dinent et hanol is used as a

solvent. The te during the reaction can vary
wi delpf, I n one the reaction is carried out
e e range from0O to 400C, and in

ent the reaction is carried out at
20-25C) . The ring-closure of the

p d5) can be carried out in any manner
the skilled person to be suitable for this
In one specific egbodinent the ring-cl osing
step is carried out by an V8ol condensation under
al kal i ne condi ti ons, which condensation is in a

further.e di_nent .fol | oned a .dehydration of the
HAHER B oier FERARN ks TS Ol A D AE LN Th At e dROBe
useEvarclfudehpot@ssiinreh et dbyiroxides a compound of general
5 égqgsbgg}tert-pentoxide, sodi um hydr oxi de, potassi um
ydroxi de. The skilled person will further recognize
that many nore bases can be used. In a further
enbodi ment the reaction is carried out in a suitable
sol vent. Exanpl es of suitablle solvents include
tol uene; al kanol s such <
i sopropanol ; tetrahyd
The tenpergture duri

O
R3
O
R4 (VITI)
10 wherein R1, R2, R3 and R4, have the above defined
meanings.

Even further the invention provides a compound with

general formula VIII

R1

R4 (VIII)
15
wherein R1, R2, R3 and R4, have the above defined

meanings.



In one enbodi nent the reaction is carried out at a
tenperature in the range from0O to 80C . In a
waepweioiilge enbodi nent the reaction is carried ORCT/BP2005/053732
room tenperature (20-25C) 1A nunber of the above
nentéone%u nferng d at es {g%con3|gered nov%lu.n Hepce .1
t he present PAventd oR al'st provi des® d suna of ¢
fgemdrallXformula V and its Ng actlvated counterpart of
general formula Vawheyein R, R2, R3 and R4, have the

above defi ned meanigngs; and X i s chosen fronmCI or Br.

In a further enk R3 and R4 are independently
net hyl I'n a specific enbodi ment R3
and F and R 1 is a methoxy group.
Exanpl e conmpounds accordi ng to genera
formul a for exanple 2-

( 3- coForo-dZ ettioxy-propyl) - 2 ,5 ,5-trimethyl- [1, 3

] di oxane™and 2- (3-brono-I-nmethoxyprgpyl) -2, 5
,5-trimethyl - [1, 3 ]dioxane. Exanples of suitable
conpounds according to general fornmula Va include for

5 exanpdleerein R1 and R2 have the above defined meanings.
- el NOXY 27 RENt ANONG: DROPEN Y36 8LE! & BRARG St Beneral

f@mmbh®xy- 2- pent anone- neopent yl acet al e- 5- nragnesi um

brom de. The conpounds of general formula (V) can for
exanpl e be prepared by hal ogenation of a suitably
substituted propene conpoutd; substitution of one

hal ogen atom by a nitrill |group; addition of a nethyl
group by a grignard react and conversion into the
5- chl or o- pentan 2-one co d substituted at its 3
position 5§ 2 yropriate group; and reaction with

R3

R4 (X)
10 wherein R1, R2, R3 and R4 are as defined above.
Even further the invention provides a compound of general

formula XI

R1

O
0 (XI)

wherein R1 and R2 are as defined above.
15 The invention is illustrated by the following non-

limiting examples and the reaction scheme in figure 2.
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neopentyl gl ycol under acidic conditions to obtain the
conpound of general formula (V) . The preparation of

WQ@2006813bd or o- | met hoxy- propyl) -2, 5 ,5-tri nmep¢myEP20pL953732

3 ]dioxane is illustrated iin figure 1. Furthernore the

Ei nv re1t'&on provi des a conpound of general formula
l@éﬂ%rei n R, R2, R3 and R4, have the above defined

nfureher. §he knvention or S Bthyl-4[7-

rég.fg‘;pp !
U LT C

(R, Shavéne e laioded defimed vk ahimeshox yEd eoxdhmtfidr 1Ehe
5 ! Ei\fe_qt_i on provides a conpound with general formula
ein R, R2, R3 and R4, have the above defined
Matpasil ngspoviieen SOuMesier (tthe)i neentismengdedvitedra
£ AQIROHAD: Ola SRR L) [ ORDILAshdns MILRELN B Lone B soec.
ave'the above defined neanings . Even furt%er t he
Aftrﬂreﬁﬁiiiéalﬁg ptidvicgestharoniddidnd L bf gengrapus oreadtaox |
oMhgneln K. i3 MBpapd &4 2T 8- @§—c¢iﬁfdr63§!—ﬂ@@r¥&y—'§\éspyl) -
further the invention provides a conpound of geénera
2 formir anXib rerle PhARP N d ?R2) afes es'dget i ned above.
AfRE hn¥eptianhgs ot Lusty:ated sbyn iy, fiakboMbAg-propyl) -
nonlimting exanples and the reaction schene in Fi gure
2&?n5E%éﬁﬁ?%bYﬂ'[l'3] dioxane (35 g) was added.
After stirring at reflux for 20 h the reaction mixture was

cooled to 20°C.

The unreacted magnesium was allowed to settle down and the
upper layer was taken up in a syringe and added to a
suspension of (4aS-(4aq, 6ax, %9acx, 9ba) ) -decahydro-6a-
methylcyclo-penta (f) (1) benzopyran-3, 7-dione (sitolactone, 28
g) in tetrahydrofuran (110 ml) at -35°C.

After stirring for 4 h at -30°C the temperature was increased
to 20°C in 1 h.

A solution of ammonium chloride (10 g in 200 ml water) was
added drop wise to the reaction mixture in 40 min.

The suspension was stirred for 1 h and filtered over a
Dicalite® filter.

The filter was washed with dichloromethane (2x 100 ml).

After a solvent free distillation in vacuo at 30°C, the
residue was extracted with dichloromethane (5x 100 ml).

The organic layers were combined and concentrated in vacuo at
30°C.

After drying 51.6 g crude (3a«, 4o, 5w, 7ac) 5-hydroxy-7a-methyl-
4[7-(2,5,5-trimethyl-1,3-dioxan-2-yl)-5-methoxy-3-oxohexyl]-

l1H-inden-1-one was obtained.
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Step A : Preparation of
(3aa, 4a, 5a, 7aa) 5- hydroxy-7a-nethyl -4 [7- (2,5,
wo2aociomavéyl -1, 3-di oxan-2-yl) -5-nmet hoxy- 3- oXedTEER10p5/053732
-1 Hi nden- 1-one Magnesi um ngder 50 Mesh (10 g ) was
suspended in dry tetrahydrofuran (70 m). The
suspensi on was heated up to 50 OC . After adding
di bromet hane (500 nl ) , a vigorous reaction
B %nEd An initial portion of 2-

Sée% %hl 9{:89&?&'@1: lﬂoé)f %aopp)érllﬁ) §g, ';aIS)S —%x%r bgrerﬁé]c)ﬁ 71— Ll:{'G—

uroxdire ( £ wds adulucu. 1 II st 'y dl

(?r,éif,|5ukr2me¥®lcﬁlr@rdwxarrechmU/ bTwOVY- 32ox&hexyl] -1H-

1nd% rlI gﬁ& hylox1f[q%’t1§?]opl%aﬂ§ﬁ£g’}§y ggl)ougansmag?ﬁ?e @;;er

&£ Q088 0o R QAC (3208, WY BRaGH 60n PRONAS Y M, 18l gued
to settle down and the upper |ayer was taken up in a

(Zyrionge i ddded - ﬂbO@rm?spféhsﬁwﬁféfoxwésoxohexyl] -1H-
1A fan,1 688 98 Yhak)- deoahydreranet ocwe) o-npenta (f )
(1) benzopyran-3, 7-di onet§§:3|tol act one, 28 g) in
met VL Ry EP Jtﬂearf3(519_b #R9 raBS‘éPylAfatméanéWIP?ﬁrh’&h?BFtﬂ
(;h At we3ld Yaddheart epperature was increased to 20C in 1
A sol ution of _anmoni um chloride (10 g in 200 m

A%relsfl%%n%(f&eéod'?oﬁow@eht githed r@Xco) ofefidddsfe in

THEO A&¥aBtiod NG -SWSBERSE O WS 8t bvdet fDQEai-libe@rf(ilter with
filtered over a Dicalite(r) filter, The filter

o lléHodnl T chiahPor ReCEREA( B o cflprometiane oo

ml).

The filtrate was evaporated to dryness at 30°C.
75.36 g crude (3aw,4B,50,7al)-5-oxo-7a-methyl-4[6-(2,5,5-
trimethyl-1, 3-dioxan-2-yl) -5-methoxy-3-oxohexyl]-1H-inden-1-

one was obtained containing about 10 % starting material.

Example 3

Step C: Preparation of (3ad,%aq,9pP)-4,5,8,9,9a, 9b-hexahydro-

3a-methyl-6-(2-(2,5,5-trimethyl-1, 3-dioxan-2-yl) -1-methoxy-

ethyl) -1H-benz (e) indene-3, 7(2H, 3aH) -dione, formation of the B-

ring

Potassium tert-butoxide (6.4 g) was suspended in toluene (100
ml) and 2-propanol (32 ml) at 20°C.

A solution of (3ao,4o,50-7aa)-5-oxo-7a-methyl-4[6-(2,5,5-
trimethyl-1, 3-dioxan-2-yl) -5-methoxy-3-oxohexyl]-1H-inden-1-
one (80 g) in toluene (400 ml) was added to the Potassium
tert-butoxide/ toluene/ 2-propanol mixture in 30 min.

After stirring the reaction mixture for 2 h at 20°C, the
reaction mixture was acidified with acetic acid (8 ml) to pH =
4,

After adding water (300 ml) and stirring for 15 min at 20°C,
the layers were separated.

The water layer was extracted with toluene (3x 100 ml) and the
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After a solvent free distillation in vacuo at 300C ,

the resi due was extracted with dichl oronethane (5x 100
woregoe/013ibe organi c | ayers were conbi ned and  PCT/EP2005/053732

concentrated in vacuo at 3QC. After drying 51.6 ¢

crude .(3aa, 4a, 5a, 7aa) 5- hydroxy- 7a-.nmethyl-.4 [7- (2 .
S BEaL PR TR O BT W o S s pEgpiom
hydrokddadéh-d)- dme waasr obttd méd. Erlaapirgad i St by was

Pr epar at.i on of a, 4h, ba, 7ab) : 5 0x0- 7a- met hyl -4 [ 6-
B R B R E e e AR 55
Thes-rwet Hox ywed obishekydd inl Bi-pdepandl o3€0, mbxiaatSitoCoénd

h Vi outi on of
g e e B S ethyl -4 [7- (2,5,
Afzar st hing |for32dhoxan-0Z Oy k) £i5s retrdepx 9L wlikshexybfals
IH Rdenz 1- 85 g ) in dichloronethane (450 m) |,
(7Nr$|e:|tgnr)1y ?r%r%%%lﬁe}g'(% g ) and tetrapropyl
Thanrerhanperauprh@aat evdgo g tpdwee edzidped and 20060, upaf ter
heidahkl REo a1)200C for 20 h silica (50 g ) was added.
he reaction mxture was filtered over a Dicalite(r)
THe |sedptipr ag Isitéarahart WO £i Foer3twad nnasfedhsi tgoled to
>@#ichl oronethane (500 m) . The filtrate was evaporated
to dryness at 30 OC . 75.36 g crude (3aa,4b
ALty PABYTDRDXECT VAR AU 2620 (2, £95 58-ht 3 mATRPP- §ToP
o BwHi@XaBr st Vs (21 MBLEMOXY3o0Xexyl ] -1 Hinden-1- one
was obt ai ned contai ning about 10 % starting material.
Exanpl e 3
Example 4:

Step B and C: Preparation of (3aq,%aq, 9op)-4,5,8,9,9%a, 9b-

hexahydro-3a-methyl-6-(2-(2,5,5-trimethyl-1, 3-dioxan-2-yl)-1-

methoxy-ethyl) -1H-benz (e) indene-3, 7 (2H, 3aH) -dione; Combined

oxidation and aldol condensation

A solution of (3aq, 4w, 50, 7aa) 5-hydroxy-7a-methyl-4[7-(2,5,5-
trimethyl-1, 3-dioxan-2-yl) -5-methoxy-3-oxohexyl]-1H-inden-1-
one (147 g) in a mixture of toluene (690 ml) and pyridine (162
ml) was cooled to -2°C.

Chlorine gas (42 g) was led into the reaction mixture in 2 h.
After stirring the reaction mixture at -2°C for 2 h, the
reaction mixture was poured into a solution of sodium sulfite
(93 g) and sodium carbonate (78 g) in water (750 ml) at 10°C.
The mixture was stirred at 20°C for 30 min and the layers were
separated. The water layer was extracted with toluene (4x 150
ml).

The combined organic layer was evaporated to dryness in vacuo
at 50°C.

The residue was dissolved in toluene (660 ml).

A solution of potassium hydroxide (127,5 g) in water (185 ml)
and methanol (430 ml) was added to the toluene solution.

After stirring at 65°C for 45 min the reaction mixture was

cooled to 20°C.
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Step C: Preparation of (3aa,9aa,9% b)-4, 5, 8, 9,
9a, 9b- hexahydro- 3a-nethyl-6- (2- (2,5,

wo2aociomavdyl -1, 3-di oxan-2-yl) -1-nmet hoxyet hyl PCT/EP2005/053732

-1 H benz (e) |ndene 3, 7 ( H, 3aH) -dione, formation
of the B - Pot i um tért-butoxi de (6.

i B RE T BRPOLHESS D 'écnﬁ an%ar?wp?g ShofadssohEs
wigdth 20C% etgadnetli gagbf (2x 175 ml) The combined methanol/

3aa, 4 t hyl (2409 a:2"
et R To B B ket ars ke ™ -
Thd Homhdeﬁd 1orgaarmec( 8yer )walsn evaporeried zﬂ:@Odmfr)esmsnaddeuio
at °40°%ea58t r‘é@lﬁﬁg §’§Jts%>é%>g§éeé°' uene/ 2-pr opanol
i xture in 30 i1 rrlngt e reaction mxture
2-fmcr0p2nhlat252€0@@) at he0 f®act i on m xture was acidified
Aﬂe@ s%??i‘i&g agl o(’é Al 0Pl Fné su4§ B@Eoﬁ‘ | g wateg
nd stirring for 15 mn at , e layers
ffmerle hsapat@tedindThee \Aen@rtallayeer@va%lleﬁcedc@eﬁ apick lashed

wid yepe f3x%1108xm ) and theconbi ned organic |ayer was
extracted wth a solution of sodium hydroxide (5 g )

AfGeTnarEing 100 O p pradiecomganPRt3apst- was evapor at ed

to dryness in vacuo at 50 OC . The residue was

di ssolved in 2-propanol (300 m) at 50 OC and the

sol ution was cooled to 100C . After stirring for 2 h
E8mpt@ §C a first crop of white crystals (7.8 g ) was
—obtained. The nother |iquor was evaporated to dryness

s pt: akegpahdidnhept ang dhe@yal)) 4, 5-seco-estr-9-en-3,5,17-
trione,hydrolysis of the ketal

To a suspension of (3ax,99aq, %a)-4,5,8,9,9a, 9b-hexahydro-3a-
methyl-6-(2,5,5-trimethyl-1,3-dioxan-2-yl) -1-methoxy-ethyl) -
1H-benz (e) indene-3, 7(2H, 3aH) -dione (16,2 g) in ethanol (200
ml) sulfuric acid (2 ml) was added to the suspension (pH = 2)
at 20°C.

The reaction mixture was stirred at 40°C for 2 h.

A solution of sodium acetate (3.5 g) in water (100 ml) was
added to the reaction mixture.

The reaction mixture was cooled to 20°C.

After adding dichloromethane (100 ml) and water (100 ml) the
mixture was stirred for 30 min at 20°C and the layers were
separated.

The water layer was extracted with dichloromethane (3x 50 ml).
The dichloromethane extracts were combined and evaporated to

dryness at 50°C, obtaining 16.7 g crude product.

Example 6

Step E: Preparation and purification of 2-methoxy-estra-4,9-

diene-3,17-dione, formation of the A-ring

A solution of 2-methoxy-(+)4,5-seco-estr-9-en-3,5,17-trione

(10 g) in tetrahydrofuran (50 ml) was added in 30 min to a
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The solution was stirred at 700C for 30 min and then
cooled to 20C. After stirring the suspension at 200C

wo 20068016 , a second crop of white crystals (1RCBEBR20P5/053732
was obt ai ned. Exanple 4 : %ep B and C : Preparation

9bh xahydro-
S%%)egstlﬁh %P%bEfS%‘imSte% ?Htror% l(a,50 gl oxan- 2- yl)
tetJr-amYelthﬁtxmret(ﬁybl i}l &t 2oz (e) |ndene 3 7 (2H, 3aH)
di_on i, n x} dat nd_ al nsatiaqn A
AU EChT T (dng0aa, B 7l Eo Ry HEtSty Tat Rt e 7.
HE(UZtra5125d ta |prﬂet=hyfl wilth 3H @i Oxanl anilo) aCld
e ] -1 H 14 in a
T R ey R e IR g P gﬁ% by vas
Thepglegddbe wazs @i@ssomwum@llga@(m@t@ap_em;o(P ed )i and
edl8 eacki an Juxbuye, idh 21k, After stirring the
reaction mxture at -2 0Cfor 2 h, the reaction
The orgeeige2ysoured ¢areratedl bei dryrsisssati ¥mGunt el g
B %rgd@@g Sdi g, e bonate (78 g ) in water (750 m)
at The m xture was stirred at 200C for 30 mn
and the |layers were separated. The water |ayer was
e4foiacted with toluene (4x 150 m) . The conbi ned

—organic |ayer was evaporated to dryness in vacuo at
STRPCE : TRECPIS 98 QA s TIESORYaasS EFPcnl aspBEbRIIfR) . A

Lj?tﬁ?lsighh??,% POLASSE UM Y Al des (hdhf18n8 diddhieat@H0 m1)

at 100°C.

After stirring the mixture for 30 min at 100°C it was cooled
to 20°C.

A solution of 2-methoxy-estra-4,9-diene-3,17-dione (5 g) in
ethylene diamine (20 ml) was added in 30 min to the reagent at
20°cC.

After stirring for 3 h at 20°C the reaction mixture was poured
into water (250 ml).

It was acidified with sulfuric acid to pH = 7.

After stirring for 12 h at 20°C light brown crystals were
obtained and filtered off.

The crude product (6 g) was filtered over silica to remove the
inorganic salts, yielding 1.7 g product. The ratio of formed

90-H isomer to formed 9o-H isomer was about 7:1.

Example 8
Step F: Preparation of 2-methoxy-estrone, aromatisation

At 20 °C 2-methoxy-estra-4,9-diene-3,17-dione (500 mg, 1.66

mmol) was dissolved in tetrahydrofuran (12.5 ml). Hereafter a
solution of 1.7 M potassium tert-pentoxide in toluene (5ml
toluene, 8.5 mmol potassium tert-pentoxide) was added. The
reaction was quenched with 25 ml of a 1M Sodium hydroxide
(NaOH) solution. The aqueous layer was separated and the pH

was brought to 4 with 2M sulfuric acid. After extraction with
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and net hanol (430 mM) was added to the tol uene
solution. After stirring at 65C for 45 mn the
WO e@eixame m xture was cool ed to 20C. The | ayer SPGEER2005/053732
separated and the organic quer mas washed with 50 %
nmet hang q) in nethan
thr%? Poeg éactg(ééFézgﬁf Qt a c Vo?go Thane' €4x
pﬁuﬂmcmiyas dﬁuaumedbvn@daam@aatmomayﬁkhmmssewabdmatedganﬁc
ness in vacuo at 40 0OC and the residue was
Qbspended in 2-propanol (250 m) at 50 0C . After
ThﬂlﬂlmsthEaadﬂmJQa&er (etmahythefstmpansdiione waprshired edo

d
R Dt R B abans kA Rtk g <
di581e64 @%rl@;‘dmtoduas ot aibtedneExanple 5 Step D :
THd %B%E@%P”f&{%neé gﬁtﬁ“’f‘syome(r*%é‘ ﬁo'ar %C%eﬁt{so%eef”wﬁs
- trione rolysis of the ta a suspensi on

abﬂht(gaé Qaa, 9ba) 4, 5,8, 9, 9a,

9b-hexahydro-3anethy|- 6- (2,5, 5-trinethyl-I,

3-di oxan-2-yl) -1-nmethoxy-ethyl) - | H benz (e)
Exanpdged3, 7 (2H,3aH) -dione (16,2 g ) in ethanol (200

stlp cSUbtabd Gt8ehdof 2> Hontag- ég%ltoq t begssspeNsi on
H=Z ) at ZuUC. Ihe reactri on n1xture was stirred at

(P
TQGoeotBEION L 2AMg BRORYSTT TP s 6dli Umidc s RFRN (TS ugay (15

mi)N 388t 86a{d0Alrbxvas atrbed)t and heatre@aqtzl @D) MetleUb8ded
The %eactlon m xture was cooled to 20 0O

at
Sodium borohydride (0.25 g) was slowly added to the reaction
mixture.

The reaction mixture was stirred for 1 h at 20°C and
neutralized with acetic acid to pH = 7.

After stirring for 30 min the layers were separated and the
water layer was extracted with dichloromethane (2x 10 ml).
The organic layers were combined and evaporated to dryness at
35°C.

The residue (2.1 g) was chromatographed over silica (200 g)
with a mixture of toluene and ethyl acetate (volume-ratio of
toluene to ethyl acetate 9: 1).

Crystallizations from acetone and ethanol yielded 400 mg 2-

methoxyestradiol.



After adding dichloronmethane (100 m) and water (100
m) the mxture was stirred for 30 mn at 200C and the
wo 200608310€r e separated. The water | ayer was exPCHEP®US/053732
wi t h di chl oronet hane (3x 5 5n1) The di chl or onet hane
extr@ﬁﬁﬁamere conbi ned and “évaporated to dryness at 50
aining 16.7 g crude product. Exanple 6 Step E
: Preparat|on and purification of 2-nethoxy-estra-4,
ool utbeea o il atorataiRy A bl ativapives
aﬂzﬁtmpoa&nﬁi@sgrﬁdlﬂlUemmahydn@furan (50 M) was added

0 uspens P to e
S T R R SR A e n B R Shbentd Rfdre
regdtingng eem@ndCof oyereralt fermekrt(Ion m xt ure was
neutralized to pH =6 with 4,0 N sulfuric acid. The

reacti on m xture was concentrated in vacuo at 35 0C .
The residue {vas dissol ved in dichl oromethane (100 m)

| ai ned. Exanple 7 Step F : Prebaration
estrone, aronatisation Lithium(0,58 g )

(I)

10 in one or more steps to a compound of general formula IT

) “

© (IT)

wherein R1 is a C1-C10 alkyl, alkenyl or aryl group; -Cl, -Br,

-I, -F; -CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group, wherein
15 R2 is an alkyl or alkylene group having 1-6 C atoms; and the

bonding between atoms 9 and 10 is a single or a double bond.

ii) aromatization of the compound of general formula IT

to a compound of general formula ITI

o

R1

20 HO (IT1)

wherein R1 and R2 have the above defined meanings; and
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to 20C. A solution of 2-nethoxy-estra-4, 9-diene-3,
17-dione (5 g ) in ethylene diamne (20 mM) was added
WO 20080131960 t 0 the reagent at 20C. After stirripgr/EPr003053732
h at 200C the reaction m xture was poured into water
(250 ) . lt was cidifieé with sulfuric acid t H =
45 et by PR 015 e SeRteit o HepGrel Rttt
IXT yst al somwsrendobfagemesrandormbtared of f. The crude
product (6 g ) was filtered over silica to renove the
inorganic salts, yielding 1.7 g product. The ratio of
formed 9a-H isorf to fornmed 9a-H i soner was about
7:1. Exanple Step F : Preparation of
aromati sation At 20 C
-di ene-3, 17-dione (500 ng, 1.66
ssolved in tetrahydrofuran (12.5 m).
solution of 1.7 M potassiumtert-pentoxide
i ntolue (5m toluene, 8.5 mMml potassium
HR ert -pent oxi de) was addetlV)The reaction was quenched
wth 25 ml of a I M Sodi um hydroxi de (NaCH) sol uti on.
The aqueous | ayer was separated and the pH was brought
to 4 with 2M sulfuric acid. After extraction wththree
WL HORE Oy HCRLOL oAkt hang e (dorflda med@Png®, Crude
product was obtained via evaporation to dryness of the
organic layer. The first organic |ayer

2 (tetsaled0f HE U tR) YBNE) 2 BPPEAKBErEPh in the compounds of

general formulae II, III, and IV Rl is an -OR2 group, wherein

R2 is an alkyl group having 1 to 6 carbon atoms.

3. Process according to claim 1 or 2, wherein in the
compound of general formula II the bonding between atoms 9 and
10 is a double bond.

4, Process according to anyone of claims 1-3, wherein the
aromatization in step ii) is carried with the help of lithium
in ethylene diamine.

5. Process according to anyone of claims 1-4, wherein the
reduction in step iii) is carried out using NaBH,; as a
reduction agent.

6. Compound of general formula II

o]

0 (I1)
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contain a considerabl e anmount of product. After

evaporation to dryness 250 ng product was obtai ned.
wab@enstipe® of formed 9a-H i somer to fornmed 9a-PCT/EPIUBH053732

was about 1:1. Exanple 9 S ep G: Preparation of

2rretho est r adi ol uc n T | ution.of
2- ne‘fkhoxyesg!}one fl Eig hfyqtraz %?56 uorrar?ré’ngﬂ?Ljp’SS%
-Bodi-Um hydr-eo; deOEIZO@Jrﬂa y-oaad v@t@ﬂ) R@2 oml YR30t gadded
t 2 . . Sodi or oh S
Whgedftfég‘ gg% he'r éagc iteoonr n%/l%y&%ge epr %g%tlm%nlré%t S)réoms’
anwhshet bon@thd detiehn adt2G0C and Heutsr al szeglavidrha double
(?hc ptic acid to pH =7 . After stirring for 30 mn the
ayers were separated and the water |ayer was
extracted wth dichloronethane (2x 10 m) . The
707 gafl g sayep s Y ggpwleéﬂn Y CUBRAU ALYl GoslLyniess
at 35C. The residue was c rorrat ographed over
faginileaT{200 g ) with a mixture of toluene and et hyl
acetate (volune-ratio @f toluene to ethyl acetate 9 :
1) . Crystallizatiogsl|ffrom acetone and et hanol

yi el ded 400 ng 2-~wel bhexyestradiol .CLAIMS 1 . Process
for the prepar aubst i tut ed-derivatives of

estrgne and estfadio pri si ng

(IT)

wherein R1 is a C1-C10 alkyl, alkenyl or aryl group; -Cl,
-Br, -I, -F; —-CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group,
wherein R2 is an alkyl or alkylene group having 1-6 C atoms;
and the bonding between atoms 9 and 10 is a single or a double
bond;

comprising the steps of

a) reacting a compound of formula I

o

(I)

with a compound of general formula V



I ) the preparation of a conpound of general fornula
(I'l) by reacting a conpound of general formula (1) in
wo@a@en131s®r e steps to a conmpound of general fopPemER20h3/053732
wherein Rl is a d-dO0O alg%l, al kenyl or aryl group;
=Br, -1, -F, -CN, -OH or a -OR2, -QQCOR2 or
group, wherein R2 is an al kyl or al kyl ene group
1-6 C atons; and the bondi ng between atons 9
is a single or a double bond. ii) aromatization
conmpound of general fornmula Il to a conpound of
cmila 111 wherein R1 and R2 have the above
defi nped nmeanings; andiii) optionally, reduction of the
nd of general( rmula 111 to a conmpound of
general fornmula IV whérein R|1 and R2 have the above
def i wietterpaRil ngrsd R22 haver deesdogecde dimyl meavkiagsn R3 and

rein. u of e QL I,
R IR R P R BRI B T P i e
atgmsupahdvX nigg rhoged Eaerbéhd arobls: 3 . Process
L.Qg, t ' , [y he conpound of
S s T TR BT G Bt ween b oms o and 10
is a double bond. 4 . FRocess according to anyone of
clains 1-3, wherein t}hel|laromati zation in step ii) is
ithiumin ethyl ene di am ne.
anyone of clains 1-4, wherein
is carried out using NaBH

5 . Process accg
t he ri8ductiqn iy

R3

wherein R1, R2, R3 and R4, have the above defined
meanings;
10 b) oxidizing the hydroxy group of the compound of general

formula (VI) to generate a compound of general formula (VII)

O
R1
O
O
R3 o
O
R4 (VII)
15 wherein R1, R2, R3 and R4, have the above defined

meanings;
c) ring-closing of the B-ring of the compound of general

formula VII to prepare a compound with general formula VIIT
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6 . Conpound of general formula Il (Il)wherein RI is
a d-doalkyl, alkenyl or aryl group; -, -Br, -I
WO B/ 36 - OH;, or a -OR2, -0 (CO R2 or -R2- OHeQr/appmps/053732
wherein R2 is an al kyl or glkylene group having 1-6 C

atons; and the bondi ng bet n atons 9 and 10 is a
single or a double bond. Process for the
preparati on of a conpo general formula I'l, :ii)
wherein Rl is a d-¢@ al kenyl or aryl group;
-ad, -Br, g, -F a-OrR2, -0(CO R2 or
- R2- OH group X is an al kyl or al kyl ene group
havi ng 1- the bondi ng between atons 9
and 10 i doubl e bond; conprising the
st epR3Qfl a ) [ a conmpound of forrmula | wth a

o

conpoun neral formula Wherein R and R2 have
the abovg, defined meanings; R3 and R4 inde endently
are an a tyl group conprising 1 to 6 caf )at oms; and
X is chosen fromd or Br; to prepare a compound of
general fornmula (VI mhereln R, R3 and R4, have

t he WK dBE i afPAgRe k??yeoﬁbﬁ|%QQﬁf OREIASAr oxy

néirwgs@f the conpound of general fornula (VI) to
generate a conmpound of general_ forpula (V1)
d) reacting the compoltnd of formula VIIT in” one or more

steps to a compound of general formula IT.

8. Process according to claim 7, wherein the reaction of
step d) comprises

dl) hydrolysis of a compound of general formula VIIT,
wherein the bonding between atoms 9 and 10 is a double bond,
to obtain a compound of general formula IX,

o)

R1

(IX)
wherein R1 is a C1-C10 alkyl, alkenyl or aryl group; -Cl,
-Br, -I, -F; —-CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group,
wherein R2 is an alkyl or alkylene group having 1-6 C atoms;
d2) ring-closure of the A-ring to obtain a compound of
general formula II, wherein the bonding between atoms 9 and 10

is a double bond, from the compound of general formula IX.

9. Process according to claim 7, wherein the reaction of
step d) comprises

d3) hydrogenation of the double bond between atoms 9 and
10 of the compound of general formula VIII to obtain a

compound of general formula X;
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wherein R, R2, R3 and R4, have the above defined
meani ngs; ¢ ) ring-closing of the B-ring of the
wa@ewpowids of general formula VIl to prepare a PONPP2MNE053732
with general formula VIII rein R, R2, R3 and R4,
have the above defined nmeagings; d ) reacting the
conpound of formula VIIIlgim one or nore steps to a
conmpound of gener al a_ll. 8 . Process according
to claim7 , wherei tion of step d )
conpri sesrdl) of —a conmpound of gener al
t he bondi ng between atons 9 and
10 is a o obtain a conmpound of general
fornmul a I X, wherg R is a d-d O al kyl, alkenyl or
aryl®group; od, -Br, -1, -F, -CN, -OH, or a -OR2, -O
(CO RZ/or -R2-0OH group, wherein R2 is an al kyl or
al kyl ene group having 1-6 C at (995; d2) ring-closure of
t he &%) igdrboyold aifm thecOmfMind of general rfbenud & Ito,
erein_the bhondi.ng bet at and 10 is a double
GG 21 PO COnPEUt of GRS &1 o mi & 1% 9
Process according to clmim7 , wherein the reaction of
step d ) conprises dg) |hydrogenati on of the double
bond between at gws™~Q}land\10 of the conpound of general
formula VIII ' onpound of general fornula X
: [ heconpound of general formula X
t o obt aiyf d of general fornula X ;

d5) ring-closure of the A-ring in the compound of general
formula XI, to obtain a compound of general formula IT,

wherein the bonding between atoms 9 and 10 is a single bond.

10. Compound of general formula V
R?:><igm
0] 0]
Cl
R1 (V)

wherein R1 is a Cl1-C10 alkyl, alkenyl or aryl group; -Cl, -Br,
-I, -F; -CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group, wherein
R2 is an alkyl or alkylene group comprising 1 to 6 carbon

atoms; R3 and R4 independently are an alkyl group comprising 1

to 6 carbon atoms; and X is chosen from Cl or Br;



d5) ring-closure of the A-ring in the conpound of
general fornmula Xl, to obtain a conpound of general
wo eooalE9d |, wherein the bondi ng bet ween at onsPOI/APZHOL 53732
is a single bond. 10. Conp nd of general formula V
wherein RIl. is a al Kyl , .al kenyl or aryl group;
ll-'CI ,@O-H@ro,unfjl ,Oj?-qle;ne-réﬁ; 90 !(Jyor(vg OR2, -Q(COR2 or
-R2-CH group, wherein R is an al kyl or al kyl ene group
conprising 1 to 6 cajbo

atons; R3 and R4
y| group conprising 1 to 6
carbon atons; psen fromd or Br:;11.

Comp mHa (VI) wherein R is a
a-dao nyl or aryl group; -d, -Br, -1, -F;
- ON-2 & 2, -Q(COR2 or -R2-CH group, wherein
rRRZ2|Is a r~ al kyl ene group conprising 1 to 6

2 ons; R3 and R4 independently are an al kyl
conprising 1 to 6 carbon atons . 12. Conpound of
gen%‘fal formula (VIIJ wherein R I '(\SL)a d-d o al kyl,
Ikeny or_ary -F, -CN -OH, or
PRk % (b BAP Rl aHFGPBes” e PP 6 an PE
- Bl k—;ﬂ eCNaIJfQH,ene grﬂ@FpZ,cempr:DSRanarl—m 6Hcardgn wherein
n endentl are an alk
5 RGNSt NS Fo b uhr Bord SLBme i Copbund S JoRRr a
aifcmrsrruRa athd IRA/\,hedepﬂnd-'édthys aae Chn G1QvAl kybyp aldeemykiog 1

r P, , -, -F, -CN, -OH4 or a -0R2,

8\(/66%5}5' Fro (}| group, wherein R2 is an al kyl or
al kyl ene group conprising 1 to 6 carbon atoms; R3 and
154 TadeRendent! Yo . f8 1288k @ryp conprising 1

10

R3 o

R4 (VIT)
wherein R1 is a C1-C10 alkyl, alkenyl or aryl group; -Cl,
-Br, -I, -F; -CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group,
wherein R2 is an alkyl or alkylene group comprising 1 to 6
15 carbon atoms; R3 and R4 independently are an alkyl group

comprising 1 to 6 carbon atoms.
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to 6 carbon atons . 14. Conpound of general fornmula
I X, wherein RI is a d-dO0O alkyl, alkenyl or aryl
w@e@ap319Cl , -Br, -1, -F -CN -OH or a - OR2, PETEEN)FAS3T32

or -R2-CH group, wherein R% s an al kyl or al kyl ene

1 group COHBFIS n %gé ?ogg 6 @IE onms . 15. Conpound of
genergf ornu &tét n is ad-doalkyl,

al kenyl or aryI group -ad,oBr, -1, -F, -CN, -OH;, or

a -OR2, -Q(COR2 or -R2-OH gfoup, wherein R2 is an

al kyl or al kyl ene group>egrprising 1 to 6 carbon
e are an al kyl group
yteows! . 16. Conpound of

atons; R3 and R4 i nde

conpri si nd3 at-ors

general for ein Rl is a d-dOoO alkyl,

al kenyl o -, -Br, -1, -F;, -CN, -OH or
a - , R2- OH group, wherein R2 is an

ane group conprising 1 to 6 carbon atons
Oxy- estrone, 2-al koxy-estradi ol or mxtures
t hereof B&sentially free from estrogenig/r11)

i nt er nedi at es.

wherein R1 is a Cl1-C10 alkyl, alkenyl or aryl group; -Cl, -Br,
-I, -F; -CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group, wherein
R2 is an alkyl or alkylene group comprising 1 to 6 carbon

atoms; R3 and R4 independently are an alkyl group comprising 1

to 6 carbon atoms.

14. Compound of general formula IX,

o)

R1

(IX)
wherein R1 is a Cl1-C10 alkyl, alkenyl or aryl group; -Cl, -Br,
-I, -F; -CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group, wherein
R2 is an alkyl or alkylene group comprising 1 to 6 carbon

atoms.

15. Compound of general formula X,

o

R3

R4 (X)
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wherein R1 is a Cl1-C10 alkyl, alkenyl or aryl group; -Cl, -Br,

-I, -F; -CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group, wherein
R2 is an alkyl or alkylene group comprising 1 to 6 carbon
atoms; R3 and R4 independently are an alkyl group comprising 1

to 6 carbon atoms.

16. Compound of general formula XI,
O
R1
O
© (XI)

wherein R1 is a Cl1-C10 alkyl, alkenyl or aryl group; -Cl, -Br,
-I, -F; -CN; -OH; or a -OR2, -0(CO)R2 or -R2-0OH group, wherein
R2 is an alkyl or alkylene group comprising 1 to 6 carbon

atoms.

17. 2-alkoxy-estrone, 2-alkoxy-estradiol or mixtures thereof

essentially free from estrogenic intermediates.



