1 NEW PROCESS FOR ISOMERIZING FUSED BICYCLIC STRUCTURES AND PREPARATION OF
VITAMIN D ANALOGS COMPRISING THE SAME 5The present invention is concerned with a new
process for isomerizing fused bicyclic structures and alprocess for preparing vitamin D analogs
comprising the same.  Vitamin D is a pro-hormone, meaning that it has no hormone activity itself but is
converted into the active hormone through a regulated synthesis mechanism. Several forms of vitamin D
have been discoveratEEREINESS F58 FEHERTANS (HESERIBUS fohieIeR i iR e secosteroids,
in which one of the bonEEE&PHW@N@EMQT&AMIUer@NAEﬁGSM@WWdHEtSmMED differ from the side
chains. Vitamin D receptors belong to the nuclear receptor super family of steroid/thyroid hormone
receptors and are expressed by cells in most organs, including the brain, heart, skin, gonads, prostate
and brea$t. Vitamin Thequeptot iagtivation coribenatbstine, feonegoketadyr gothparathipssd lgjtaniit cells leads
to the 15 main%&ﬂ&ﬂﬁ@s@r@é%%ﬂe@@%Pﬂ%Bhﬁﬁ%aﬁY@ﬁ A sbéeﬁa@mméﬁarﬁ@aintenance of bone
content (Holick et al Amerllgan Journlgl;ll of Clinical Nutn%on 3}1‘26) 16/8S-88S Vltamln P receptor is also

. n ean| rmone_activity. itsel
known to be mvolveg iAcell prol?eoraﬁlon AR aiferenFatich Vitsmin rIff’also ety RS mMuRe system as

vitamin D recepiorsesirs dRrisréRe cgtinesbo@ranoykieusio drealaeitisding saoneejreismndenaidhted T and B
cells. 20To increase theithaiapeidie petendist®letiae, najutaly bamisn Dhanrlogsthavearbeaemsysthesized

with incrggsed BP\tzﬁ%YnfBra§Q§8&f6%t@Féi'8’§ ﬂ%é‘ﬁ%‘?@hﬂ@]&%& W@&%r@%ﬁ&?@%%‘%ﬁ'%ﬁd such as

seocalcitol, inecalcitol, elocalcitol, exacalcitol. Vitamin D analogs are now recognized for their potent

role in cell prohf@f&ﬁﬁr{(’éﬁﬁ BEN'@fﬁé}Qnﬂgﬁbﬁ%ﬁ%ﬁ ?ﬁéﬁaﬁ}%rﬁlgﬂﬁ‘d?dﬁgeé’éﬂal f@é‘fBrtﬂ‘?e treatment
of cancer 25patiepiEsar recépecalaio] fansitive stearidabipnal momere perpioysnarerfoexpressed by

(7E)-19-nor-9, 10spepantAss @%&&’u@%ﬁb%ﬁabm%éaﬂ %2&)#&%(%@H@%M@R&%'nformaﬂon
Vol 17, No.2, 2%0%)00f formula : {asygthetlﬁ éienvatlve of alcl o aAncepsa]turgs iacthve metabolite
t

of vitamin D3. Inecaﬁ:n%of aﬁg\ﬁg%}n |tsh 'nt Times More poqe)ﬁfjl aé%te AR tines 1853 foXIR than

calcitrioldThis ﬁf@ﬁﬂ@ehﬁﬁcﬁd&ﬁ@ﬁw|ﬁé@eﬂbﬁ@ﬂbﬁ%n‘%ﬁ@cﬁv@@MgoéaﬁmdatéleiHﬁMIS‘?ﬁ@FQﬁé’ftreatment of
hormone resistaph@resiain: GRIaGeN . éﬂrdikemibﬁfavitam:irm@ anaipgs Ninesicioleytrsrigsesssyharacterized

by a cis C/D ringjunctian, RIeeSsesaf I}HB%?' Wf)ﬂgédcﬂnégf 130k S5 ARy e ?r{ﬁu%ﬂ rticular

disclosed in US 6 017,907. It includes the cou e cis C/D olety derivative with a corresponding
A ring derivative/! té\mi%rP iR'tReasE d?%m%lsﬂ?ﬁbé‘?uu%‘f&@ bﬂ‘??ﬁ@‘?ﬁlé\ﬁﬁn@(&ﬂ%?ﬁe'” OEE

several white blood cells including monocytes and activated T and B cells.

20 To increase the therapeutic potential of the natural vitamin D, analogs have been
synthesized with increased potency for specific action and several vitamin D analogs have
been developed such as seocalcitol, inecalcitol, elocalcitol, exacalcitol.

Vitamin D analogs are now recognized for their potent role in cell proliferation and
cell differentiation making them promising drugs candidates for the treatment of cancer

25 patients.

Inecalcitol 1 is the international non-proprietary name for (7E)-19-nor-9,10-seco-143-
cholesta-5,7-dien-23-yne-1a,3[3,25-triol (CzsH4003) (WHO Drug Information, Vol 17, No.2,
2003) of formula :

1 : Inecalcitol



34 The cis C/D ring junction is obtained from epimerization of the corresponding trans C/D ring. US
6,017,907 teaches that epimerization attempted on diverse protected ketones can be carried out in the
presence of NaOMe, MeOH, at room temperature, duribg 24 hours, and always leads to the expected
epimerization with a circa 3/1 ratio in 15favor of the cis isomer and 60-70% yield, according to the scheme
i However, this reaction, performed in the gram scale, afforded the desired pure cis isomer only
after careful separat|bh°‘ B’)FP‘I?-“‘L‘@C \ﬂﬁ'iﬁ’ﬁt%(ﬁﬁéaﬁféﬁtf@'bg‘ﬁ%}éﬁ%é‘ﬁ@’lﬁ labeYie PupRMHSis and
industrial procebses|ckdr imstarer,isnténeti®3 gnscalpottne 20investousdrbdained desistvginshratio of 78/22,

which required Q&T&ﬁleﬁUfFﬁ%S&Wﬁ?eChéQ'ﬁ@éﬂGﬁ@Hm%M%FﬁE%Seﬁb&\v@EiFanJHHGIJdHHJ erfiRigagHpound

(98/02 C|s/trans[)nW|th 3 onl 4*9% x]eld ;I'eg%}/a%{sorgg%rtlg (t:a%(t: |nt ale |terat|v8 chrcfmatographlc
separations lead %o (TReAf s%/lng BRSRS d6RRAT A5 AN d pur e cis Er/ﬂi( etone : L&

purificatiohs welRegrieiiall§tive b ipinharaeetizadhive @h@sd%?ré'ﬂgpwmﬂ?%ms?qmﬁcﬂﬁg'm%%g of 50/50
mixtures. Sltis therejerenigilyiglesiraie tingradde gaiewaprosessetoNISEBUZIY A ravtubiyclic fused
strueture into (e Lol ERRRBARE jé%?d%‘&lf&%%%@a?‘ifé‘ %wa%ws.ha%%va%}{y&h@ep gL inventors

have now surprisingly discovered new experimental conditions allowing very satistying yields and higher
ratios of |somer‘i’§§1?oﬁis@o?{\}‘é‘?ﬁ@'ﬁtt%&%r?§ URGRIBHEY dnipIPHR iR SfUstrial scales. This represents an

important
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The cis C/D ring junction is obtained from epimerization of the corresponding trans
C/D ring. US 6,017,907 teaches that epimerization attempted on diverse protected
ketones can be carried out in the presence of NaOMe, MeOH, at room temperature,
during 24 hours, and always leads to the expected epimerization with a circa 3/1 ratio in

15 favor of the cis isomer and 60-70% yield, according to the scheme :

a) MeONa, MeOH

b) Hydrolysis

o] o]
2 Pg=EE 3 Pg=EE

However, this reaction, performed in the gram scale, afforded the desired pure cis
isomer only after careful separation by HPLC, which appeared to be problematic in the
scaled-up synthesis and industrial processes. For instance, in the 100 g scale, the

20 inventors obtained a cis/trans ratio of 78/22, which required three successive
chromatographic purifications in order to afford pure cis compound (98/02 cis/trans) with



10simplification of the process of preparation of Inecalcitol and other putative vitamin D analogs with cis
C/D ring junctions.  According to a first object, the present invention thus concerns a process of
preparation of a cis fused bicyclic derivative from a co&esponding trans fused bicyclic 15 derivative, said
process comprising the step of reacting said trans fused bicyclic derivative with an hydride baseSuitable
bases may be chosen from those of formula M-H, where M is an atom of the IA group, such as KH or

NaH, more pref@?bPRaiield- FHEYHAKE idistel3Blyin BRcE8s STHR cUiiRbYRr SHRBIHENLSe is
comprised betwsepardtians! 12 valsatisyofdha ¢ drenean sasiading qordd wE ttherefe @bl yketaend 1.5. 20

Said reaction maydg) GaliRd:1RHE Al deARANGIHER RRMRATEE RS tyiReN HROMR IREIRGIALH @G} the boiling

temperature of II#C? re r?c%%ncrmxtufr , /Eéenﬁlertﬁpelg, the reaction may be carried out at the ref lux temperature.
Said reaction mayLbe R uring A time sufficient for achieving a satisfying 25yield. The duration

can be comprised bétieterafasqy Hamlutessiabio e RIQYidnGragreheretsy Futisemsziaad 1enrdurs. The
reaction is genajiajlicanshiciaa diure Suitalie etgrBpbAgiMERIsSHIEhcAS usdd stkydaiedwith higieluding

Me-THF, tolue ulségt(j%ﬁ&pﬁfeerﬁrg%;ftHRe%?&ﬁ%%%W &%ﬁiﬁﬁ@dﬁ%{%ﬁﬁt Helusgd hicyglc derivative

is chosen from d bicyclic systems comprising a cycloalkanohe fuse  a cycloalkyl. Said
cycloalkanone SAAPRPER ARV RTaYHE SHISBEM D AN0 MRS UBRRRE FRYEIGRERANTIV R & pentanone,
cyclohexane, cycldpenteorglitions, Saighfasedviticyoticstterivetaresis Prisferemésdiychosemproanthose

Systems;gomprigingifR2abr0Bti aRaYoeBRs HuERehayLloN X anen.ild CARPBINGU RIS GRilaRaly substituted

cyclohexanone nggd v\\;\lntrpl an ;:Biolﬁall ngtlljcpsstituted cyclopentane (so called "C/D rings). 4  c,
Optionally subs%tu{e%s), RefiT rafEig s opﬁohal, one or more substituents of said cycloalkanone and said

cycloalkyl, being independently chosen from H, halogen atom, Cr C6 alkyl, C2-C6 alkenyl, OR, NRR', CN,
NO2, perhalogeno(QicEhgallsyto GORsICENIR, GoNRIBartlkylanybralikesyndemibesepricBssidgntical or

different, are chagen fram i LakYl@bicycileS &r\%ﬁ%tﬂcﬁﬁ‘%Q%Fr%?&%ﬂ&%%@%@é&aﬂﬁﬁﬁ@ cis fused
bicyclic structures are respectively of formula (I) an II%: _ _ o T
15 derivative, said proceéss comprising the step of reacting said trans fused bicyclic derivative

with an hydride baseSuitable bases may be chosen from those of formula M-H, where M
is an atom of the 1A group, such as KH or NaH, more preferably NaH.
The base is preferably in excess. The concentration of the base is comprised
between 1 and 2 equivalents of that of the trans starting product, preferably around 1.5.
20 Said reaction may be carried out at a temperature comprised between room
temperature and the boiling temperature of the reaction mixture. Preferably, the reaction

may be carried out at the reflux temperature.

Said reaction may be carried out during a time sufficient for achieving a satisfying
25 yield. The duration can be comprised between a few minutes and one day, more
preferably between 1 and 12 hours.
The reaction is generally conducted in a suitable organic solvent such as THF,
alkylated THF including Me-THF, toluene, more preferably THF.

30 According to a preferred aspect, said fused bicyclic derivative is chosen from fused
bicyclic systems comprising a cycloalkanone fused with a cycloalkyl. Said cycloalkanone
and cycloalkyl may be chosen from optionally substituted cyclohexanone,
cyclopentanone, cyclohexane, cyclopentane.

Said fused bicyclic derivative is preferentially chosen from those systems comprising

35 an optionally substituted cyclohexanone, more particularly an optionally substituted

cyclohexanone fused with an optionally substituted cyclopentane (so called “C/D rings).



10in which: R1 represents H or a C1-C6 alkyl group; R2 represents H or D; where D represents a
deuterium atom; R3 represents a CI-C20 alkyl, optionally comprising one or more double or triple 15
bonds, and/or optionally interrupted by one or more heteroatom(s) selected from 0, N, S, Si; preferably,
R3is a linear or branched CI-C20 alkyl, C2-C20 alkenyl, C2- C20 alkynyl, said alkyl, alkenyl or alkynyl
being optionally substituted by one or more group(s) chosen from OH or a protective group of the OH
function. Said proteéﬁ%tm b BV CRES S O AU POARS YrBlaps LRsHYR KephRald
20ethoxyethyledqfeBllenfluedde sabilesigatkyp seioh iadep@ikyislsitiisendwosH, halogen atom, C;-
trlmethyISIlyl(T%§)awth¢5 de'Gﬁl%%)it@tﬁRBlrlMﬁm@NM@dy'(E@@lob’éﬂé&ﬁfég)ﬂﬁyb" €HRSEooR,
tert-butyldiphen 8?4‘!2 1%(1 mJs er chosen fOI | ﬂ?’é nisan nNT%er chos nfromO, 1
or 2; 25- when presen eaelha er%/ ac}/efn alrdi er'eref 'Fé"sﬁ’éc‘%iverlye/nrep%lrrgs%n r}o norltom
groups, identicaliet: d\'f!érent from each other, and are independently chosen from halogen atom, C1-C6
alkyl, C2-C6 alkenyl, OR, NRR', CN, NO2, perhalogeno(CI-C6)alkyl, COR, COOR, CONRR’, alkylaryl,
alkenylaryl, where Ry &l 3 8i A ErmRlaih 1GRPRHO T ke RIRIARY:
m=n=>, respectively of formula (1) and (II):

R1 R3 R1 R3
RY)y—— _
) /~R),
R2
O
{)] ()

10 in which:
R’ represents H or a C;-Cs alkyl group;
R? represents H or D:
where D represents a deuterium atom;
R® represents a C;-Cy alkyl, optionally comprising one or more double or triple

15 bonds, and/or optionally interrupted by one or more heteroatom(s) selected from
O, N, S, Si; preferably, R? is a linear or branched C;-Cy alkyl, C,-Cyo alkenyl, C,-
Co alkynyl, said alkyl, alkenyl or alkynyl being optionally substituted by one or
more group(s) chosen from OH or a protective group of the OH function. Said
protective group is preferably chosen from acid labiles groups such as ketals:

20 ethoxyethyle (EE), or fluoride labiles group such as trialkyls silyls groups:
trimethylsilyl ~ (TMS), triethylsilyl (TES), tert-Butyldimethylsilyl (TBS),
trisisopropylsilyl (TIPS), tert-butyldiphenylsylil (TBDPS);

m is an integer chosen from 0, 1, 2, 3;
n is an integer chosen from 0O, 1 or 2;

25 - when present, each R'and R, identical or different, respectively represent 1 to n
or 1 to m groups, identical or different from each other, and are independently
chosen from halogen atom, C;-Cs alkyl, C,-Cs alkenyl, OR, NRR’, CN, NO,,
perhalogeno(C;-Cg)alkyl, COR, COOR, CONRR’, alkylaryl, alkenylaryl, where R,
R’, identical or different, are chosen from H, alkyl, aryl.

30 More preferably:



R1=methyl; R2=H; and/or R, is of formula: ox where X is H or X is a protective group of the OH function,
and the broken bond is the bond to the cyclopentyl core. 5Generally, the process of the invention also
comprises a hydrolysis step, conducted after the abov& isomerisation step. Said hydrolysis is conducted
by routine hydrolysis procedure, such as contacting the reaction mixture with water. The process of the
invention may also comprise the purification of the obtained cis fused bicyclic derivative, by standard
procedures. As HPLT ig‘ﬁB:I@nger required, said 10purification is preferably not H PLC, according to a
particular embodiment & theetsdicess of the invention.  The purification may be advantageously
conducted by chromatograghyhdgich as column chromatography. Any type of column may be used,
including usual glass C%Iumnr%f 15 Ia!though pre-packed columns, such as Flashsmart columns, may be
preferred. The eluting solvent %rrga\"?‘antageously a’iixturgQf an alcane, an ester or a mixture thereof,
such as a mixture of heptane and ethylacetate. A prteferred i s heptane/ethylacetate in a ratio from
70:30 to 95:5, preferably around 90:10. The eluting solvent additionally comprise a base such as

TEA. 20 Acpidipg i g Burthet Riect M6 BIEf Hidrayig Al GHSHEARE BFBR:INGuREOCESS of preparation

of a steroid or secosteroid derivative having a cis C/D ring function, said process comprising the process
of preparation of a'cis RSB INESYHIARIAERE ding to the invention. 25Said secosteroid is

preferably, an analog:of MLAgiAD, 1S BreferAPLYIBRCALS ek a5 A der VoS doteg &l fRimua (D,

after the above isomerisation step. Said hydrolysis is conducted by routine hydrolysis

procedure, such as contacting the reaction mixture with water.
The process of the invention may also comprise the purification of the obtained cis
fused bicyclic derivative, by standard procedures. As HPLC is no longer required, said
10 purification is preferably not HPLC, according to a particular embodiment of the process of
the invention.

The purification may be advantageously conducted by chromatography, such as

column chromatography. Any type of column may be used, including usual glass columns,

15 although pre-packed columns, such as Flashsmart columns, may be preferred. The

eluting solvent is advantageously a mixture of an alcane, an ester or a mixture thereof,

such as a mixture of heptane and ethylacetate. A preferred mixture is
heptane/ethylacetate in a ratio from 70:30 to 95:5, preferably around 90:10.

The eluting solvent may additionally comprise a base such as TEA.

20
According to a further object, the present invention also concerns the process of
preparation of a steroid or secosteroid derivative having a cis C/D ring function, said
process comprising the process of preparation of a cis fused bicyclic derivative according
to the invention.
25 Said secosteroid is preferably an analog of vitamin D, more preferably inecalcitol or

a derivative thereof, of formula (l11).



6 where 1:11, R2, R3, R', R, m, n are defined as in formula (I) and | is an integer chosen from 0, 1, 2, 3 or
4 and each Rk, identical or different from each other, is independently chosen from halogen atom, C1-C6
alkyl, C2-C6 alkenyl, OR, NRR', CN, NO2, perhaloger®(Cr 5C6)alkyl, COR, COOR, CONRR’, alkylaryl,
alkenylaryl, where R, R’, identical or different, are chosen from H, alkyl, aryl. The process of preparation
of said analog of vitamin D further comprises: conducting a Wittig reaction; coupling the obtained
compound with a corresponding cyclohexane derivatiyg!omIOa precursor thereof; and, optionally,
hydrolyzing the obtained compound.  The Wittigreagdtiol leading to a vinyl halide derivative is generally
carried out by means of a triphenylphosphing! ,B as an ylide, such as Ph3PCH(Hal)2 where
15 Hal represents a halogen atom such as Br. Thisyedttish d&be conducted under usual Wittig
conditions, in particular at a temperature between -§0 RAd -50C. This step may be followed by one or
more purification step(s) such as chromatography,The ylide may be prepared by reacting a
corresponding alkyl halide with triphenylphosphing (PPh3). Vandewalle et al (Tetrahedron Lett, 37,
7637-7640, 1996), demonstrated that no 20epimerization take place at this stage.  Following the Wittig
reaction, the following compound is obtained, ccon(gt}b a preferred embodiment:

(1)

where R, R?, R®, R, R\, m, n are defined as in formula () and I is an integer chosen from

0, 1, 2, 3 or 4 and each R¥, identical or different from each other, is independently chosen
from halogen atom, C;-Cs alkyl, C,-Cs alkenyl, OR, NRR’, CN, NO,, perhalogeno(C;-
5 Ce)alkyl, COR, COOR, CONRR’, alkylaryl, alkenylaryl, where R, R’, identical or different,

are chosen from H, alkyl, aryl.

The process of preparation of said analog of vitamin D further comprises:

- conducting a Wittig reaction;

- coupling the obtained compound with a corresponding cyclohexane derivative or
10 a precursor thereof; and, optionally,

- hydrolyzing the obtained compound.

The Wittig reaction leading to a vinyl halide derivative is generally carried out by
means of a triphenylphosphine derivative, such as an ylide, such as PhsPCH(Hal), where
15 Hal represents a halogen atom such as Br. This reaction can be conducted under usual
Wittig conditions, in particular at a temperature between -80°and -50<C. This step may be
followed by one or more purification step(s) such as chromatography. The ylide may be
prepared by reacting a corresponding alkyl halide with triphenylphosphine (PPhg).
Vandewalle et al (Tetrahedron Lett, 37, 7637-7640, 1996), demonstrated that no
20 epimerization take place at this stage.
Following the Wittig reaction, the following compound is obtained, according to a
preferred embodiment:

R RS



7  The coupling step is preferably conducted by means of a cyclohexane derivative or bicylic precursor
thereof, such as a compound of formula (V): CHO OPg' (V) 5where Pg is a protecting group of the OH
function Preparation of compounds of formula (V) is d&scribed in US6191292.  The coupling proceeds
via metal-halogen exchange generally conducted in the presence of a strong lithiated base such as
n-BuLi, s-Buli or t-BuLi, more preferably tBuLi. 10The coupling reaction leads to a compound of formula
(VI): R3HO OPg'(VI)  Optional hydrolysis of compound of formula (V1) leads via rearrangement to a
compound of formul@h@/eQupig (Mé)) BoEFaetayyotivedydinlysesimay beyotrdyetedibyvativacid-catalysed

solvolysis in bicylic precursor thereof, such as a compound of formula (V):

CHO

V)
5 where Pg’ is a protecting group of the OH function. Preparation of compounds of formula
(V) is described in US6191292.
The coupling proceeds via metal-halogen exchange generally conducted in the

presence of a strong lithiated base such as n-BulLi, s-Buli or t-BuLi, more preferably t-
BuLi.

10 The coupling reaction leads to a compound of formula (VI):

R! RS

OPg' (V1)
Optional hydrolysis of compound of formula (VI) leads via rearrangement to a
compound of formula (VII):

R1 RS

(Vi)

15 Generally, the hydrolysis may be conducted by an acid-catalysed solvolysis in

HO OH
dioxane/water, in the presence of an acid such as TsOH. With these conditions, removal
of the ethoxyethyl protecting group takes place affording the crude Inecalcitol, purified via

crystallization.



dioxane/water, in the presence of an acid such as TsOH. With these conditions, removal of the
ethoxyethyl protecting group takes place affording the crude Inecalcitol, purified via crystallization. 8

The steps starting from compound of formula (1) to vitdmin D or an analog thereof are known in the art, in
particular from US 6,017,907, and can be completed by the skilled person by applying or adapting such
known methods. The starting products of the processes of the invention are commercially available or
5may be prepared by fh&' SRR H ISP ERSAAP LI U AtAG MRSHR thetihuRNA jieE Yerein,
"steroid or secostekomvdémitatize, imapanipalasi § @ & 6D UiRAIO rhdefendtocdemlativ és tembilising the
following scaffob@‘rswhgg%bgrhﬁgg,a&[&@@y%ﬁ 6 FREIEsgsto form a cis ring junction. 10As used

therein, the expressign "atm? ogg ofagtamlptD" refers to v#t%mln D derivatives com [lsmg”gbﬁ:elsoFID ring

. ran {S 0 rocesses the ipvention are commerci av .
system, such as mecaFcﬁc?l. pﬁ’l ermsheprr)ecursor t%ereo?‘vused ﬁereln rerer oya compound which

differs frobn the TYICAIBERA efkBi Erf CEHAINRATRPBPYIRENYESATE2EARIDY KbddhBe'GP8he or more
15function(s). Such Ascten (srenay heronreddeesstéransieivan aneigiomibied oy waometion”

functionaIizatiopegg@qg%ﬁvg{ﬂ%\ggof%m&tﬁgi@gvﬁ%gg ffolg: 1Ne term "corresponding” as used therein

refers to starting compounds, reagent, intermediate and/or obtained compounds involved in a reaction
and, that, hence, have the same substitution, excepted from the 'affected by said reaction. 20 The

wherein the C and D cycles are arranged to form a cis ring junction.
10 As used therein, the expression “analog of vitamin D” refers to vitamin D derivatives

comprising a cis C/D ring system, such as inecalcitol.

The terms “precursor thereof” used herein refer to a compound which differs from

the indicated or desired compound by the presence and/or absence of one or more
15 function(s). Such function(s) may be introduced, transformed and/or omitted by common
functionalization reactions, known from the skilled person.

The term “corresponding” as used therein refers to starting compounds, reagent,
intermediate and/or obtained compounds involved in a reaction and, that, hence, have the
same substitution, excepted from the moiety affected by said reaction.

20

The following examples are given for illustrating non-limitating purpose.

Example 1: (1R,3aS,7aR)-1-((2S)-5-(1-ethoxyethoxy)-5-methylhex-3-yn-2-yl)-7a-
methylhexahydro-1H-inden-4(2H)-one (3)
25




Example 1:
(1R,3aS,7aR)-1-((2S)-5-(1-ethoxyethoxy)-5-methylhex-3-yn-210-7amethylhexahydro-1H-inden-4(2H)-one
(3) 9 The trans ketone 2 (1 g) was stirred under reflux in THF in the presence of an excess (1.5 eq) of
NaH for 4 hours. A cis/trans ratio of 96/4 was obtained (determined by HPLC). Then the reaction mixture
was poured at room temperature on water at 10C. The cis/trans ratio was not affected by this hydrolysis.

Gel chromatography Wad ¥ iEiPBitoht s95iMES 65 She R SRV Bh D HEI M WAtRSEFhixEh & of
heptane/AcOEtexcEss (2 £Q).6 8By 8 3% of Als iesis edltio sfe/d vas\rteiadst ddeeziratedebpurity >99%.

The collected applyticaidata iR iBrARERIAARES Yuilhtha RiBHctERsefRrEXaMRIe 2t 10EXaRaPle 1 was
reiterated with sc?ged-ulp t%uantitietsaf'?\s I%Iil%wﬁf 2Hld solug%g %f traﬁrzs ketﬁne 2 (0299 % 0.t851 moles) in
Tetrahydrofurar(f'f T%”E) Has" %\r/]v?y 84060 1 sdaidfnr?ljy/%‘ﬁde 6%0{3 Og'-’i@? 155168 1 solﬁjsﬁgnsion in
Tetrahydfofuradiitas(i). weieBhesiavateaiios Uing wimpletsdrehef meetane/ heREtifkey (09805 #80rs at room
temperature anghdodsn)usider redsiretotid padist Theesobiinadwasmthepuagoiedandhwatenctiedl.5 L) was

added. The mixtyrs g§d§§gr\ﬁggmdag&%@gﬁgg \)g%%ﬂ ne,Ihe organic layer was washed with water

and concentrated. Crude product was purified ash chromatography on silica gel to give pure cis
ketone 3 (215 g, yield 75%, cis/trans ratio 97/3). The collected analytical data were in accordance with the
structure of 3. 202.2EXasoplatibn of trans ketone 2 (2.640 kg, 7.57 moles) in Tetrahydrofuran (13 L) was

slowly a? ed to sodiilz.lmnp drj{de 600/?43%46 ‘%t%9.3 moles mﬁeuspeqaig\pvsjn Tetrahydrofuran (14 L). When

. | i — : .
the addifion was com)[:()?et 3 he mixture was st?Frae%dfgp §'5'hours At room temperature and boiled under

reflux for 4 houts: Thessotitiosr Wassthetbeoolgdsang wasr (dds) Waseaadadtofligh nixdurg weas stirred and
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the addition wa
solution of cis kelttaea®gEtyg o0 9% 9e)1&) HivE duehgdrieiaam3 (215 g, yield 75%, cis/trans ratio

97/3). The collected analytical data were in accordance with the structure of 3.

20 2.2. A solution of trans ketone 2 (2.640 kg, 7.57 moles) in Tetrahydrofuran (13 L) was
slowly added to sodium hydride 60% (464 g, 19.33 moles) in suspension in
Tetrahydrofuran (14 L). When the addition was completed, the mixture was stirred for 0.5
hours at room temperature and boiled under reflux for 4 hours. The solution was then
cooled and water (14 L) was added. The mixture was stirred and extracted with

25 n-Heptane. The organic layer was washed with water and concentrated. Crude product
was purified by flash chromatography on silica gel to give cis ketone 3 (1.850 kg, yield
69%, cis/trans ratio 97/3). The collected analytical data were in accordance with the

structure of 3.

30 Example 3 : Preparation of inecalcitol
3.1. Formation of vinyl bromide 4
A solution of Potassium bis (Trimethylsilyl) amide (484 g, 2.42 moles) in
Tetrahydrofuran (2.2 L) was slowly added at -30C to a solution of
(Bromomethyl) Triphenylphosphonium Bromide (1.124 kg, 2.57 moles) in Tetrahydrofuran
35 (2.2 L). When the addition was completed, the mixture was kept for 1.5 hours at - 30C
and then warmed to OC. A solution of cis ketone 3 (340 g, 0.975 mole) in Tetrahydrofuran



10 (0.5 L) was then added at OC and the mixture was stirred for 2.5 h. Water was then slowly added,
while maintaining the temperature lower than 20C. The mixture was extracted with ethylacetate. The
organic layer was washed with brine, dried and concetttrated. The crude residue was purified by flash
chromatography on silica gel to 5give pure vinylbromide 4 (200 g, yield 48%). 3.2. Condensation with
aldehyde 5 A solution of tert-butyllithium (1.7 M in Pentane, 1.25 L) was added dropwise at - 70C to a

solution of 4 (439311 WASHKR) AT PANdStErHT (BAY'S \iehiFFRd éBHﬁlBH‘lWWS%M%Ied the
mixture was stigled!jorddddy at+e0@aamdidrsohtorenperate sy dever( 258 g2 A0 SThwo Ie)xinrg etrahydrofuran

(0.5 L) was addgg steawiit tedRpamaisturerihe spititonyasiaensensd DRHT aﬁnJO&;.@@damlenched by
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flash chremato§féppyremiilFarger 6 GRReGMRIAARMPounds 6 (308 g, yield 51%) . 3.3. Synthesis of
inealcitol 1 A solution of p-Toluenesulfonic Acid (57 g, 0.299 moles) in Dioxane / Water (120 20 mL, 7/3)
was added to a solution of compound 6 (305 g, 0.505 moles) in Dioxane / Water (4 L). The mixture was
stirred at 60C fér% Renfeneyantén adsvdasd room temperature. Ethyl acetate was added, and the
solution was washed withitsatutatedgnteons solvionreihGod|um sy ege addsb anaieisanat brine. The
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chromatoaraphy on SI|IC&§& | and 25crystallized from Diisopropylether / Ethanol to give pure Inecalcitol 1

(145 g, yidld 7195 e5Rskdite EbdHipes cestithd © U3 897288 A solutioprd egt¥Ration of 370
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layers were then washed with brine, drled and concentrated. The crude reS|due was
15 purified by flash chromatography on silica gel to give pure compounds 6 (308 g, yield
51%).

3.3. Synthesis of inealcitol 1
A solution of p-Toluenesulfonic Acid (57 g, 0.299 moles) in Dioxane / Water (120
20 mL, 7/3) was added to a solution of compound 6 (305 g, 0.505 moles) in Dioxane / Water
(4 L). The mixture was stirred at 60T for 4 hours, and then cooled to room temperature.
Ethyl acetate was added, and the solution was washed with a saturated aqueous solution
of Sodium Hydrogencarbonate, and brine. The organic layer was separated, dried and
concentrated. The crude residue was purified by flash chromatography on silica gel and

25 crystallized from Diisopropylether / Ethanol to give pure Inecalcitol 1 (145 g, yield 71%).

Comparative Example 1 (according to US 6,017,907) :

The isomerisation of 370 mg of the trans compound used in example 1 is carried out
in the presence of a MeONa/MeOH mixture, at room temperature for 12 hours. The
30 mixture is evaporated, under reduced pressure, the residue is purified on a silicagel
column (ethyl acetate/hexane 2/8) and the pure cis ketone is obtained upon separation by
HPLC (ethyl acetate:hexane 2:8) with a yield of 65%.



Comparative Example 1 was reiterated on scale-up quantities : A solution of sodium methoxide (30
wt% in methanol, 73 ml) was added dropwise to a solution of the trans ketone 2 (538 g, 1.55 moles) in
methanol (5.4 L) at 10C. When the 5 addition was coitfpleted the mixture was stirred for 3 hours at 50C.
The solution was then cooled to room temperature and filtered on silica gel (1 Kg). The filtrate was
concentrated to afford 522 g of crude cis ketone 3 (cis/trans ratio of 80/20). The crude residue was
separated in two poftIRBAAYSEXAMAeEN was purified by flash chromatography on silica gel (2 x 2 Kg,
eluent n-Heptane/EtGyhacedtive Bdpld hevasirdication evesaromitgredtivgsLOHPLC.  The fractions
showing a cis/trans WQSH&%dﬁ%@l&ﬂ%@lﬂ@ﬂ&@@%ﬁ%ﬂ@tﬁgn@ %%9%&5%\8&@%‘9&%@&@% g, yield

27%, cis/trans ratlo 97/3 hetrgrr?g gtrgﬁ s#ggégc%aiggsltro n rﬁt#])e etw ? @8% 9\?/;? W%‘hre combined,

concentrated afd SUBIEY T3 A8 EESG romatography on SI|I luen
n-Heptane/ Ethﬁd@@f&t@%@ﬂw Plgack Retimndush vRgriyreeeisiransuatid @3375 W@réobéﬁibwwf?ﬂﬁbl

concentrated tocgiveiaddibananmpiadie katonedd bhsidey RIf(22Y), Tistianseraie O&i@ontnally, the pure
materials were FoOHﬁBkﬁeng‘)gaUPEﬂﬁQ]mg %tBH e3° §|§?£91@er;§l Syb‘?'goﬁ%{" e/ Ur%@é ralQuR/ (=) Note: The

fractions showing a cis/trans ratio 85/15 from t olumns were combined 20 and concentrated to give

217 g of a crud&RAAIHE R HEaRAIME TR 258 R@ﬂtﬂﬁb‘“@%\ﬂw'{}%ﬂwgyﬁ@mﬂh@?m&ﬁ%&%&ﬂé'écﬂ48) This
fraction could beehaim 2skmetisad nsinpgtahe/Ebmdiatersead 4tyibEdeahoiiiedioalifors aartmedixture of 3
(cis/tranggatio §(H4ge). The tedious purification technique using several flash chromatographies could be
repeated in order to slightly increase the total yield of the synthesis. 25 Comparative Example 3: The
isomerisation of the I B3SOt Nt GIS/BRATEHS Ei8¥arme§ SoTRiner 3Bt VaRiI¥ conditions.
The obtained rajizs @ne rép aeeddrst(iettad ¢iblel @RS aligarinB asto TEBpeThtuiredonatibowinglds (cis :trans)
MeOH/H20 cis/trans ratio between 85/5 and 95/5 were combined, concentrated and submitted to a
second flash chromatography on silica gel (2 Kg, eluent n-Heptane/Ethylacetate (9/1)).
15 Fractions showing a cis/trans ratio = 95/5 were combined and concentrated to give
additional pure cis ketone 3 (117 g, yield 22%, cis/trans ratio 98/2). Finally, the pure
materials were combined to afford 261 g of pure cis ketone 3 (yield 49%, cis/trans ratio

97/3).

Note: The fractions showing a cis/trans ratio < 85/15 from the 3 columns were combined

20 and concentrated to give 217 g of a crude mixture containing mainly cis ketone 3 and
trans ketone 2 (cis/trans ratio 52/48). This fraction could be again isomerised using the
conditions described above to afford a crude mixture of 3 (cis/trans ratio 80/20). The
tedious purification technique using several flash chromatographies could be repeated in
order to slightly increase the total yield of the synthesis.

25
Comparative Example 3:

The isomerisation of the trans compound used in example 1 is carried out in the

following various conditions. The obtained ratios are reported in the table below:

Solvent Base Temperature Duration Yields

(cis :trans)
MeOH/H,O NaOH 50C 24h 76:24
MeOH MeONa Reflux 24h 80:20
THF MeONa 5% Reflux 24h 84:16
Me-THF/H,O NaOH 5% Reflux 24h 84:16




NaOH 50C 24h 76:24 MeOH MeONa Reflux 24h 80:20 THF MeONa 5% Reflux 24h 84:16 Me-THF/H20
NaOH 5% Reflux 24h
12

tBuOH tBuOK 5% Reflux 24h 75:25

It is apparent that none of the various bases tested leads to a cis :trans ratio higher

than 84/16, wherein the use of a hydride base leads to a cis :trans ratio > 96/4.



84:16 12 tBuOHtBUOK 5%Ref lux24h75:25 It is apparent that none of the various bases tested leads
to a cis :trans ratio higher than 84/16, wherein the use of a hydride base leads to a cis :trans ratio >96/4.
13 CLAIMS 1. A process of preparation of a cis f@8sed bicyclic derivative from a corresponding trans
fused bicyclic derivative, said process comprising the step of reacting said trans 5fused bicyclic derivative
with an hydride base. 2. The process according to claim 1, wherein said fused bicyclic derivative
comprises an optionally cyloakanone substituted w4 ptionally substituted cycloalkane. 10 3. The
process according to claim 1 or 2, wherein said trans and cis fused bicyclic structures are respectively of
formula (1) and (ID LinAWpiRgess RiFeIeRsgsrEaR 9fsaHFisfusesl oo/ dikyegiMatipe FRMrame s Hingr D;

trans fused bicyclic derivative, said process comprising the step of reacting said trans
5 fused bicyclic derivative with an hydride base.

2. The process according to claim 1, wherein said fused bicyclic derivative
comprises an optionally cyloakanone substituted with an optionally substituted

cycloalkane.
10
3. The process according to claim 1 or 2, wherein said trans and cis fused bicyclic
structures are respectively of formula (1) and (ll):
R R®
(R)m— .
>Ry
R2
O
(In
in which:
15 - R'represents H or a C;-Cg alkyl group;

- R?represents H or D;
where D represents a deuterium atom;
- R® represents a C;-Cy alkyl, optionally comprising one or more double or triple
bonds, and/or optionally comprising one or more heteroatom(s) selected from O,
20 N, S, Sj;
- misan integer chosen from 0, 1, 2, 3;
- nis aninteger chosen from 0, 1 or 2;
- when present, each R'and R, identical or different, respectively represent 1 to n
or 1 to m groups, identical or different from each other, are independently
25 chosen from halogen atom, C;-Cg alkyl, C,-Cy alkenyl OR, NRR’, CN, NO;,
perhalogeno(C;-Cg)alkyl, COR, COOR, CONRR’, alkylaryl, alkenylaryl, where R,

R’, identical or different, are chosen from H, alkyl, aryl.

4. The process according to claim 3, wherein m=n=0, Rlzmethyl, R?=H; and/or R; is

30 of formula:



where D represents a deuterium atom; R3 represents a CI-C20 alkyl, optionally comprising one or
more double or triple bonds, and/or optionally comprising one or more heteroatom(s) selected from O,
20N, S, Si; m s an integer chosen from 0, 1, 2, 3; n i&lan integer chosen from 0, 1 or 2; when present,
each R'and R, identical or different, respectively represent 1 to n or 1 to m groups, identical or different
from each other, are independently 25 chosen from halogen atom, CI-C6 alkyl, C2-C20 alkenyl OR, NRR',
CN, NO2, perhalogeno(C1-C6)alkyl, COR, COOR;CO , al?lgélaryl, alkenylaryl, where R, R', identical
or different, are chosen from H, alkyl, aryl. 14 where X IS0 X is a protective group of the OH
function, and the broken bond is the bond to the cyclopentyl core. 5. The process according to
anyone of the RgGrRAiNG o, AR 2RSS IRORTITIA Wit ign atom of the 1A
group. 6. The process according to anyone fothe preceding claims, wherein said base is NaH 107.
The process accep:dingstq]awaeoqﬁéhg,@éggﬁqgi@grglaims, wherein said step is conducted in a solvent
chosen from THF or an alkylated THF. 8. The process according to anyone of the preceding claims
further comprising an hydrolysis step, conducted after the above isomerisation step. 15

5. The process according to anyone of the preceding claims, wherein said base is of

5 formula M-H, where M is an atom of the IA group.

6. The process according to anyone of the preceding claims, wherein said base is
NaH.

10 7. The process according to anyone of the preceding claims, wherein said step is

conducted in a solvent chosen from THF or an alkylated THF.

8. The process according to anyone of the preceding claims further comprising an
hydrolysis step, conducted after the above isomerisation step.
15
9. The process according to anyone of the preceding claims further comprising the

purification of the obtained cis fused bicyclic derivative.

10. The process according to claim 9, wherein said purification is carried out by

20 column chromatography.

11. The process according to claim 10, wherein the eluting solvent is a mixture of

heptane and ethylacetate.

25 12. A process of preparation of a steroid or secosteroid derivative having a cis C/D
ring junction, said process comprising the process of preparation of a cis fused bicyclic
derivative from a corresponding trans fused bicyclic derivative according to anyone of the

preceding claims.

30 13. The process according to claim 12, wherein said secosteroid is an analogue of

vitamin D of formula (111):



9. The process according to anyone of the preceding claims further comprising the purification of the
obtained cis fused bicyclic derivative. 10. The process according to claim 9, wherein said
purification is carried out by 20column chromatograph 11. The process according to claim 10,
wherein the eluting solvent is a mixture of heptane and ethylacetate. 2512. A process of preparation of a
steroid or secosteroid derivative having a cis C/D ring junctlon said process comprising the process of
preparation of a cis fused bicyclic derivative from a corre8p dlng trans fused bicyclic derivative
according to anyone of the preceding claims. 15 fiz(Rk); 14. The process according to claim 12 or
13, wherein said secosteroid is inecalcitol of forfRinac S ’~R)LO. The process according to claim 12,
13 or 14 further comprising the steps of: conducting aj\Wggig reaction leading to a vinyl halogenide
derivative; coupling the obtained compound with a cerresponding cyclohexane derivative or a precursor
thereof; and optionally 10hydrolyzing the obtained cgmpound.

A ——(RY)
()

14. The process according to claim 12 or 13, wherein said secosteroid is inecalcitol

of formula :

5 HO"

15. The process according to claim 12, 13 or 14 further comprising the steps of:
- conducting a Wittig reaction leading to a vinyl halogenide derivative;
- coupling the obtained compound with a corresponding cyclohexane derivative or
a precursor thereof; and optionally
10 - hydrolyzing the obtained compound.



