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WO 2005/ 095336 PCT/ DK2005/ 000203 NOVEL METHCOD FOR THE

PREPARATI ON OF | NTERMEDI ATES USEFUL FOR THE SYNTHESI S
WOR00z1092986 N D ANALOGUES FI ELD OF THE | NVENTI ONPET/DIK2005/000203

present invention relates to novel internedi ates which

are useful in the synthesis of «calcipotriol {(5Z, 7E,

22E,

NOVELM@H@&F@RCEMPMRA‘hdﬂmh 5M|E?L5TE75hUJQEEl9) FORTHEL I a
ene- 1la- 4-t nmet hods for the preparation
SYNTHFﬁi? QS&I%EWQN Br/g\ﬁpgr#G ention relates further to the
use of internedi ates produced with said nethods for
' ipgtriol or calcipotriol nonohydrate. 10
FIELD EE&F%WTHE | N\VENTI ON Cal ci potriol or
The presentiipa@ntioe melatestto movelristarneflighks tigoege adefe] inghoawnthesis of
Ongz sk, ' 19, NLRILRARIE7, 10(19),22-tetraene-
Calc'pc’%ﬁ& ﬂgérgél%iné Z)éf‘lsg S CS/IE'WE pllzgrgatl nocytes [F. A ( )'I\/l eHraene
la- 38—@&511r|@|}| pchmethgds, for t[;@mrpp@’éﬂon theueof. Jhe pagpent invention relates
furtherlo! theB 13z B ih 8 FBedifted prod@tefiish SRBidomehotToF thalkBiglkdaripotriol or
Acta Derm 15 Venereol. 79, 11, 1999]. The efficacy of
calcipotBelcPeRRYIRIte(1 a) and cal cipotriol nonohydrate (I b)
in the treatnent of psorl asi s was shown in a nunber of
| inic Ashcroft et a/.; Brit. Med. J.
BACK%%%_@# W nd calcipotriol is currently used
CaIC|patﬁoB@rvmlcabotrleoér(mertMe I O4s flapoas- auiﬁerhowsG-‘stﬁdﬂg adtitdty in
lnhlbltln§nl,{_ 'dgglraégl% olia%ﬂgﬁ%bgﬁlegéﬁe%al ?eéé%rﬁ?@ré rgé' (E]usl\fe?g?teyjlns M.J.
Gerritsehel.8lhi.hewi Wijokn-WilkoispBdr val Eips Ptchéﬂ a{ﬁt\alermmofoACta Derm.
! y cﬁsw b e eﬁ hydrat
Veneréohe7§: Ci qg@@guﬁ'g&;?@@gﬁéfqﬁ @e( (ﬁbecrlg rffmBhonydrate
(Ib) m\Ahe fttegfztm@a@@fmsorlasls B5s SERWRP! 8, numbea@f iclmje@ttfla'm[D M Ashcroft

et al.; %Yl@t M@@'ﬁ 390, 663 %VPQ@@O]OAnd dh@psryisl iRUARM Y GQéH Al Rl &gl
sphorane side chain IVis reacted with the

Comm%C@éHWﬂefolr‘I“Pé?t'Pﬂsa Wttig reaction to give the enone
Va, wherein R and R2 are tert-butyldinmethylsilyl (see
e.g. WO 87/00834 or MJ. Calverley;, Tetrahedron, 43
(20), 460919, 198PH cCalcipotriol is“hen obtaDhed
from N\ N\

A key step in the synthesis of calcipotriol or intermediates useful for the synthesis of
calcipotriol is the attachment of the cyclopropyl-enone side chain to the CD-ring of
suitable precursors, which has been described with a Wittig reagent IV.

For example, in an industrial synthesis of calcipotriol, the cyclopropyl containing
phosphorane side chain 1V is reacted with the aldehyde Illa in a Wittig reaction to give
the enone Va, wherein R; and R; are tert-butyldimethylsilyl (see e.g. WO 87/00834 or
M.J. Calverley; Tetrahedron, 43 (20), 4609-19, 1987). Calcipotriol is then obtained from



WO 2005/ 095336 PCT/ DK2005/ 000203 2 the key
internmedi ate Va by reduction to the C 24 al cohol
w0 odos09386 by phot oi soneri sati on and the renovedT/DK2606600203
‘ silyl protecting groups. O>OOHPh3P IV HI Fi Ills
Va R20 ORL RR0' ORL 5 The Wttig processes using the
phosphorane |1V have a nunber of disadvantages,

the ke§SREFMaLIaYe 08 b rjeéluﬁfbﬁst@&h@ﬁ -2 al@blﬁcblﬁ@lldvg&l @—Q;&t@rsdglerlsatlon
ormn en osphine oxide is forne
and thﬁsreﬁjcg’gbgfe% oc‘é'MQ'? tied r%‘qurffl cult to renpve from
the reaction mxture. The formation of

tri phenyi plposphi ne oxi de currently adds an addl

g reaction furthagfnore necessd
per at ur e ove etot
reacthyvi of the phosphorangyl Lower
afur es woul d be advant ageous in an i d strial
> It is an object—of—this inventig¥ to provide
:IternativéH@rocess whi ch may overco F 15 one g/,
S [ t ages
bed above. The present invent] Nus provi des
8], process which can be run at |g enperature
Ofy avoi ds the tedious chrpmetographrgoprr enoval
of tri phenyi phosphi ne oxide to pr%duce i nt er mdi at es
useful for the synthesis of calcipotriol, such as the
enone of general structure Va. 20 SUNNARY OF THE
I NVENTION It was surprisingly found that a conpound of
The Wikthyepratessts usingrtbe bhasphordrw MO ReGbhDBB&3E disadvantages,

especEil"T W%@?g Q%Q%Oaé DL})’FI ec t eg:-%@ﬁd F&Wg{ é%flgﬁgn%etn@lp@\%sphme

r co a sin
oxide is formed as a side product which is dlffICU|t to remove from the reaction mixture.

The formation of triphenylphosphine oxide currently adds an additional chromatographic
10  step to the process outlined above. b) The Wittig reaction furthermore necessitates
reaction temperatures above 95°C due to the low reactivity of the phosphorane IV.

Lower reaction temperatures would be advantageous in an industrial process.

It is an object of this invention to provide an alternative process which may overcome
15 one or more of the various problems and disadvantages described above. The present
invention thus provides a novel process which can be run at lower temperature and
which avoids the tedious chromatographic removal of triphenylphosphine oxide to
produce intermediates useful for the synthesis of calcipotriol, such as the enone of
general structure Va.
20
SUMMARY OF THE INVENTION

It was surprisingly found that a compound of general structure Ila,

N
o
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carbon atomof a vitam n D anal ogue fragnent at C- 17,
or to a fragnent of a precursor for the synthesis of
w@ 20050233860 D anal ogue at a C 17 anal ogous posi PCDDK2@&(000203
be reacted with a phosphonage of general structure
vil, 00 I'l ROPO 1 5R4 VIl wherein R3 and
R4 are the sane or different and represent alkyl,

wherehﬂflﬁiéalwdm nﬁYﬁéd)WchahydsterlsN|5§ﬁlb(ér, coalnkgtaulby Asinbleydond to a
en

.. aral kyn or._a optionally
carboS R P BeMaTIAG HTHHS freabiRat 8fiboh Ohenad AT St L g precursor
for thé Writhéhe ogaomuarrummsarmlmm atfa @ 1ydnalagoak bygsition,
k en ydr oxyal kyl ,
can bea?[efgeg c{ XL ak% osPPn Iiglo{%énerg’ &ﬁ.{(é@( e VIIP,10 ar al kynyl
alkoxycarbonyl alkylcarbonyloxy, halogen,
al k XY, rboxy, sulfo or hydroxy, in the presence of

—h a conpound of general structure of
8 gendral strugfure Il, O I | wherein the carbon marked
witl an asterisk is either connected by a single bond

to 15 carbon atom of a vitam n D anal ogue fragnent
at 847, \ar to a fragment of a precursor for the
synthesis of a vitam n D anal ogue at a C-17 anal ogo

whergiipB; P R4 ape Etsr SAMY pyd'ff@r%rﬁaéuﬁareéenfg@h@r aalogléwugwarsééva'kv'

alken)bfhalkllh\}lbara\'ﬂyﬁ ar\éhé%n?/lX'aFdI@nyNdr:_\;ag‘éI Lyeh bQH%fgi‘:(BnaI@rsubstltuted

with %dg/r@ggs%@swpm?q)%gb@e group COI‘lSlStIng of aiﬁyi aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,

aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy, in the presence of a base,

to give a compound of general structure of general structure II,

N\

wherein the carbon marked with an asterisk is either connected by a single bond to a
carbon atom of a vitamin D analogue fragment at C-17, or to a fragment of a precursor

for the synthesis of a vitamin D analogue at a C-17 analogous position.

Accordingly, a compound of general structure IIIa, IIIb, VIa, VIb, XIIla, XIIIb, XVa, or
XVb, or IXX,




4 X\ Oflo O, Ili o,b,oH eHH s ViaHWVIb 011 1
R20" OR1 R20 Oflo HH HI HXIIlal Xllb ORL R10O
w@a@sw36 O ii | HOO0O OIH s ~ H XVa s H Xir/pR1005/000203

OR1 5 WO 2005/095336 PCT/ DK2005/ 000203 S 0 H H ORS5
I XX wherein R and R2 are the sane or different and
represent hydrogen or a hydroxy




10

15

protecting group, and wherein R5 represents hydrogen
or a hydroxy protecting group, 5 can be reacted with
w@2phosphonat e of general structure VII, 0 O PCT/DKRB5/000203
OGP O R4 VII wherein R3 and R4 are the sane or
different and represent al kyl, hal oal kyl,
hydr oxyal kyl , al kenyl, al kynyl, aral kyl, aral kenyl,
aral kynyl, or aryl, each being each being optionally
substitu{ed with one or more substituents sel ected
the group consisting of alkyl, 10 aral kyl,
sal kyl, cycl oal kenyl, hal oal kyl, hydroxyal kyl ,
I, al kynyl, aral kyl, aral kenyl, aral kynyl,
oxo, al koxycarbonyl, al kyl carbonyl oxy, hal ogen,
hkoxy, carboxy, sulfo or hydroxy, in the presence of
base, to give a conpound of general structure Va,
0% VIlla Villb, XVa, XIVb, XVla, XVIb, or XX
respecti y, 00 HrVHVa R0 OO011 Rl RIO 2 15

where¥OR28RE/RILPS 3k E4nhé DKANRDERUNIO0Rpréieht l@drbbéH‘M & hirdrofy

o, | HOSHVlla RO 011 ORRZ01 00 HH HH
protecting group,

and wherein Rs represents hydrogen or a hydroxy protecting group,

can be reacted with a phosphonate of general structure VII,
i

R 3——0—1:"
i

Py

4 VI

wherein R; and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being each being optionally
substituted with one or more substituents selected form the group consisting of alkyl,
aralkyl, cycloalkyl, cycloalkenyl, haloalky!, hydroxyalkyl, alkenyl, alkynyl, aralkyl,
aralkenyl, aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy,
carboxy, sulfo or hydroxy, in the presence of a base, to give a compound of general
structure Va, Vb, VIIIa, VIIIb, XIVa, XIVb, XVIa, XVIb, or XX respectively,




XIVa XIVb ORL RI0 0 O HrHXV O\/ | HOS H XVia OR1 1

WO 2005/ 095336 PCT/ DK2005/ 000203 7 O VH O R5 XX
wob@seI33Rl, R2, and R5 are as defined above. A@I/PK2005/000203

process, also called Wadswogt h- Enmons, W tti g- Hor ner,

or Horner-Emobns 5 Wadsworth reacti on, has severa

advant ages over the use of the phosphorane reagent
I'V: a) The reagent @f general structure VIl is nore
reactive tfgn e cprrespondi ng phosphoxane\elloQ ng

hi ch makes it easy to 10 séparate it fromthe
Ox/énoned , Vb, VIlla, VIIIbO\
r—¥X. c) The ttlg Hor ner ™

tre sftelectlve l@sui'ting in A befTer yield fitbin

prQducts Va, Vb,
b, or XX. In a
S ct, this |nvent|on r- s _to a nmethod of
RZC)reactindg 1conpound of genRE@l 5 stiQRfure |11a,
Ilib, Vla, VIb, Xlilla, XII XVa, XVb, or I XX as
above wth a phosphonate of general structure VII to
gi ve a conpound oQ)generaI structure Va, Vb, VIII6
VII1b, X-Va | Vb XVIa, XVIb, or XX as abgve..In
IS invention relates ; Yo

each represe
R1l represent

$| aHhydr oxy
protecting group. In yet another aspect, this
i fvention reléiVes to 20(R), 1(S), 3(H B - bi s(tert XIVb
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but yl di nmet hyl si | yl oxy)-20- (3" -cycl opropyl -3' - oxoprop-1
WO ¢@proea3gé ) - 9, 10- secopregna- 5(2), 7(E), 10( 19) - pCT/BE2005/000203
In yet another aspect, thisyinvention relates to a
conmpound of general structure XlVa, wherein Rl
represents hydrogen or a hydroxy protecting group,
with the proyso that RL 30 cannot be
t er  bu Id|,-thyIS|IyI WD 2005/ 095336
Oﬁ' 0Q0203 8 In yet another aspect, this
ates to a conmpound of general structure
represents hydrogen or a hydroxy
cting group. In yet another aspect, this
iavention relates to a conmpound of general structure
V* 5 wherein R3 and R4 are the sane or different and
OReeprese al kyl, hal oal kyl, hydroxyal kyl, al kenyl,
al kynyl ,*ar al kyl , aral kenyl, aral kynyl, or aryl, each
whereRPER NG, 084 ROAH ¥s aesdd duved with one or nore
substituents selected formthe group consisting of
al kyl, aral kyl, cycloal kyl, cycl oal kenyl, hal oal kyl,
This pl‘d(:dﬁs@hy:ai lled vadad@wmy&h-EmanmyWIttaj Bbiagk,, ora@hkeByimons-

Wadsv&qr@yr%a#sghs? §( erﬂaﬁdgaﬁkgé car %eyl.lcsgr (’gr)\(%/phosplhf)rane reagent
IV: a) Thehpagentyof genenal dtrdctulmvntuhamorehea@mbandhe sormesponding

phospggraﬁg %lllﬁmn&uctw L?sa ﬁ%?hhl}{il r)eamﬁﬁs ﬂto‘ﬁs s@EIH gs %V@Féyﬁerature,

er aspect I nvention re
typlcatlxobalowdmﬁu hbijqé pgefmtmams produet efrte|rpaction inAaepphata ester,

and h(ﬂ‘ﬂ% SBRRE & &/Qfer,sﬁllmﬁ(eocﬁ Héﬁ;ﬁﬁﬁ&f&h.n@%d@mrﬁéﬁ%kes it easy to
rogen or a hydr oxy 75 brot ecti ng h

separaﬁg d,t\,frg@sth@@pananH RAIE, YABP, KBfeh ngb XVIa, X{/Ib totl] XX. ¢) The
Wlttlgll-ﬁfrherbkga)&lgh fEeinbYd Shhdtkelectivy feshutngliflianhtefey lysdid ¥hd Iermproved

purity g5 the Sp PE g iy e TS, RV il e, Mo, 81

tert- butyldlphenyIS|IyI In yet another aspect, this

In a ﬁﬁr’c]\éggéétgg] [ el at qati,egg esgﬁ g)daofﬁgﬁm)%y %%[Féehg{diudggeneral
structgrediiia, IHdeF& \ﬂbpxﬁmmmbm@aoﬁéh o1 IXX asalshvexwith a
[ i ; r

phospfib &t ofe Qe v el VY 836500 BY GEREN Rt oy vo,
VIIIa,p’rIHbe?,(f\(mQ(IMbo&W,a,é<>‘(/é|6mr XRecespboveri th the proviso t hat

Rl and R2 cannot both be tert-butyldinmethylsilyl. 25

In yet another aspect, this invention relates to a
In anoéb@fp%imet éhlsgevﬁfmn refatercia £0MPaURst of gANSralgkaickrd ViR
whereﬁﬂﬂl &d &, ard b @&H@o@ﬂ:f@kéﬁt@rﬂ@acﬁﬁdpﬁe@@ﬁt@ ﬁWroxy protecting
groupp¥ 0510 g@q?%[tg ergrﬁgr’f %ﬁd gtﬁgrfets%%gﬁglyéirgxy pro&ectlng group, or R,
reprede@td hyalrbyéel an@ RY yémiekbatits a Hyaryset pranatingrgragpect , thi s

invention relates to a conpound of general structure

Xllla,
In yet another aspect, this invention relates to 20(R),1(S),3(R)-bis(tert-

butyldimethylsilyloxy)-20-(3’-cyclopropyl-3'-oxoprop-1'(£)-enyl)-9,10-secopregna-
5(2),7(E),10(19)-triene.

In yet another aspect, this invention relates to a compound of general structure XIVa,
wherein R; represents hydrogen or a hydroxy protecting group, with the proviso that R,

cannot be tert-butyldimethylsilyl.
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30 wherein Rl represents hydrogen or a hydroxy
protecting group, except tert butyldinethylsilyl. 1In

wQ edosasssher aspect, this invention rel ates toP@EI/DK2005/000203
conmpound of general structuge Xillb, wherein Rl
represents a hydroxy protecting group, except
tert-butyldinethylsilyl. 35 WO 2005/ 095336

In yet BRIhRKZGR R O902P3entbr relstes t@@%hﬁi’ouﬁ& pegtnerbhétducture XIVb,
i nvention relates to eneral structure

whereig s TaprecRuts. MG o RNV BBy deatetnGSIT oxy

protecting group except tert-butyldinmethylsilyl,

trijsopro cet t
i vex Shb0RRBESRYL B4 Wl e 05 PRPRDELSY Blhera Pt
whereiofR gBTiER adresthe setner & difkerentvaad eewrewtrélwlebdmlbyl hydroxyalkyl
alkenygya%(eﬂ-gl?rét ﬁfkgfa aﬁ%lg%rﬂﬁg% r%!l@/f’xiftf té)g %Qgggé’%rg%% ﬁyt%nafﬂv QlLb&ftuted
with og@nemre subsittients sxircked fouR the gvoup cyRisiskirg £ atkyluisalkyln
cycloal'ﬁ?l %OéogiﬁefﬁlehérBSrk§|a'r‘ﬁ§dRnyQr'k§/r afnent I, %ﬂ@n&ﬁ%hﬂﬁ;ﬂﬂ&mlkenyr

gen or dr oxy Er otecting grou
aralkvrprloerv X% ﬁﬂ@xmhom ql v'ﬁwoagl@ﬁvrdea'%efh@ikorér garboxy, sulfo or
hydro>@4 Y HisteEHaY that the .compduhl @nNn&D(2- 8y drEOAt B oxdeehyIF-pREphonic

butyl di net hyl silyl or hydrogen. 15 In yet
acid d'ﬁﬁ&'ﬁ fe¥raspect, this invention relates to a conpound

of general structure XXIl, OR6H O XXI | wherein R6
In yet :S‘QE ?%gés h urn Eﬁﬁr%rﬂaﬁeg% %Xc}éng:@%?ﬁgcoq” ngerg %‘:ﬁlgcrture II1a,

whereiasearid R amesthrersae‘ret wrodrffeearnataes rerareaerctdrmlo@gm gfa hydroxy
protec%@@%ﬁ%oogﬁgiﬁ%%gvéﬁ%maq'Rl\édeng%rrggtsg’gtﬁ be tert-butyldimethylsilyl,
tert-butyldiphenylsilyl, or triisopropylsilyl; with the further proviso that when R; is tert-
butyldimethylsilyl, R; cannot be tert-butyldiphenylsilyl.

In yet another aspect, this invention relates to a compound of general structure IIIb,
wherein R; represents a hydroxy protecting group, and R; represents hydrogen or a
hydroxy protecting group; or R; represents a hydrogen or a hydroxy protecting group,
and R, represents a hydroxy protecting group, except acetyl; with the proviso that R,
and Ry cannot both be tert-butyldimethylsilyl.

In yet another aspect, this invention relates to a compound of general structure Via or
VIb, wherein R; and R; are the same or different and represent hydrogen or a hydroxy
protecting group, with the proviso that R; and R, cannot both be tert-butyldimethyilsilyl.

In yet another aspect, this invention relates to a compound of general structure XIIIa,
wherein R; represents hydrogen or a hydroxy protecting group, except tert-
butyldimethylsilyl.

In yet another aspect, this invention relates to a compound of general structure XIIIb,

wherein R; represents a hydroxy protecting group, except tert-butyldimethylsilyl.



R3O I RaoO0-P=0 XXIllb | R o" OR wherein R and

R2 are the sane or different and represent hydrogen or
W@20wpdeB336 protecting group, and wherein R3 apdI/BR2@5©00203

the same or different and rgpresent alkyl, hal oal kyl,

hydr oxyal kyl , al kenyl, al kynyl, aral kyl, aral kenyl,

aral kynyl, or aryl, each being 5 optionally

In yet SHEGEF bblbéiﬂ Wid fhv@ﬁﬁ‘orOFelélﬁéEQo %Lﬂ@ﬁﬁpdulmdrdf@eﬁeﬂaecﬁredure XVa or
rou

stin
XV, wEGETR BRarect D oAy RBKY ProteiuhpeyP: Rty S5 pukgpimethyisiy,
triisop@ipkisiyll, acatlyk yonttiethyélgl. Kyl , ar al kenyl , aral kynyl ,
aryl, oxo, al koxycarbonyl, alkylcarbonyloxy, halogen,
al koxy, carboxy, sulfo or hydroxy. 10 In yet another
5 Inyet as@bet aspédtsthinianiionraleleattes cooppundmf@gnerabstructure XX,

wherei Q{%%%Btes?gf Mﬁ&erﬁyé(%lhgﬁroé\lﬂ %Slgngva%érﬁeq_'n g}- oHOO

represents hydrogen or a hydroxy protecting group. 15
In yet laﬁ‘otﬂelsbbbéctf tHid nﬁén@&p?‘élétesttb laScdipeRintl By ehBlaRb@8cthife XXIa,
he use of a conmpound, such as a conpound of genera
forﬂulaxlb QRa, XIVb, VI1, Iila, I1lb, Via, Vb,

Wy I bl Xva, XVb, XX XXla, XXI'l, XXIIIB, or Va
als defined above, as an internmediate in the
al ci potriol or calcipotriol
] In a further aspect, this invention
reldtes to a nethod for producing calcipotriol or

¢l ci potriol nonohydrate, the nethod conprising the
OF§5t eps ofkx A0 2005/ 095336 PCT/ DK2005/ 000203 11

10 wherein R5; and Rg are the same or different and represent hydrogen or a hydroxy
protecting group, with the provisos that when R; is hydrogen R is not tert-
butyldimethylsilyl, and when Rs is benzoate, R¢ is not tert-butyldimethyisilyl or
hydrogen.

15 In yet another aspect, this invention relates to a compound of general structure XXII,

wherein Rg represents hydrogen or a hydroxy protecting group, except tert-
butyldimethylsilyl.

20 In yet another aspect, this invention relates to a compound of general structure XXIIib,
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(i) reacting a conmpound of general structure Illa,
wherein RI and R2 are the sane or different and
WO epsesssd hydrogen or a hydroxy protecting grOUPK2005/000203
wi th a phosphonate of genengl structure VII, wherein
R3 and R4 are the sanme or different 5 and represent
al kyl, hal oal kyl, hydroxyal kyl, al kenyl, al kynyl,
aral kyl , aral kenyl, aralkynyl, or aryl, each being
optiondl |y substituted with one or nore substituents
sele ed formthe group consisting of alkyl, aralkyl,
§ I, cycl oal kenyl, hal oal kyl, hydroxyal kyl ,
4aI enyl, al kynyl, aral kyl, aral kenyl, aral kynyl, aryl,
.Ikoxy@@mbonyl, al kyl car bonyl oxy, hal ogen,
Xy, carboxy, sulfo or hydroxy, 10 in the presence
base, to give a conpound of general structure Va,
Rl and R2 are as defined above; (ii) reducing
prpound of general structure Va with a suitable
R o' TeduCMygmgent to give a conpound of general
T structure 4 Xa or a mxture of conpounds of gener al

where@%"%ﬂlﬁﬁ#e}ﬁe s@ﬂ% (!thffEIgﬁ't gﬁ'd n’e’bﬂéserﬁ HydFbden! o9 hydréRy

wher ei n are as defined
protecHpdgEOU R |a|nFj)Wf@(§F'|no%aﬂrldyRs@’ﬁaFPStsr”‘ﬁt? qrrféff%@ﬁﬁauﬁ gersesent alkyl,
haloalmwﬁbxﬁémwcam&wl aﬁﬂywloa?faum FFaideryie atdlkyr80graaMf 2ach being
general structure | Xa

°Pt'°“5'iYo$L6’is§'6‘1’F€F‘ 4Fmheng ﬂ'é”’@é?rﬁ@?ﬁﬁ'&“%?qs aé'ﬁeeegﬁogv FOR BLRYP §oRg'StIn

of alkyl,GarkIR@I, G BIRaMRIK CQEIo@IQBﬁVIahaloaleshydﬂixyal&yb(alke\ﬁ@, alkynyl,

aralkyl2 araﬁﬁeny 3a3r6aIkF;/%I/-( %Ogéé,oqgozxggarb]é%yl aIky'I’ca?bononxy, hglogen,

0oXo,

alkoxy, carboxy, sulfo or hydroxy.

In yet another aspect, this invention relates to a compound of general structure XVia or
XVIb,

wherein R; represents hydrogen or a hydroxy protecting group.

In a still further aspect, this invention relates to the use of a compound, such as a
compound of general formula Vb, XIVa, XIVb, VII, Ilia, IIIb, VIa, VIb, XIIIa, XIIIb, XVa,
XVb, XX, XXIa, XXII, XXIIIB, or Va as defined above, as an intermediate in the

manufacture of calcipotriol or calcipotriol monohydrate.

In a further aspect, this invention relates to a method for producing calcipotriol or

calcipotriol monohydrate, the method comprising the steps of:
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wherein R1 and R2 are as defined above; (v) when Rl

and/ or R2 are not hydrogen, renoving the hydroxy
w@e@teeseng group(s) RL and/or R2 of the conpPCMTKRG§05/000203

general structure Xa to gepgrate calcipotriol; and 5

(vi) optionally crystallising the calcipotriol froma

m xture of an organic solvent and water to give

(i) rea&ﬁ"nlg(%l Bhpdud d?@@ﬁ@nﬁéd&%@turémna still further aspect,
hi's |nvent|on rel a oduc

wherelp g SPGB T 41 SITEER 810 RRSTA P oS e
pnﬁedﬁﬂﬂ@&mglng the steps of 10 (i) reacting a conmpound of

it o JROGH BraBudi bt el b Y TPeli 8 Ppife e S Biteren
and repfeeér&cztlk)nghajoajkm, hvdrbixyalkphaﬁﬁhwhaﬂe’wf, agelmélr, aralkenyl

aralkyr} | cﬂ' r%aéﬂ Lta %EE&%QII a!:?sEﬁrtBé\Aﬂ Hor 8 RIOTE s@bstituents

resen oaI
selecteldyfdrro xgxalgkqup copsierg T aaqyky:wyllkyl éV%{PiP('iiV' C\a@a@lk@w halqajkyl,
hyd rox&ﬁ?kh%ﬂ%@nzl{ Qpr%lﬁ\ﬂ}’ bral I?ﬁc Brdedig &Bﬁ('yﬁﬂalahl‘l . S kdyERBony!,

substituents selected form'the gr oup
alkylcagkayilastyy Rglogen. Alkayy, carkeiy sulf9ehsHPRY |
in the Ebé@,jeﬁ@:' &enydse Hﬁb@@b@dmpo&h@%@%i‘éﬂdﬁuc&i%w|wherein R; and
X aralkyl aral kenyl , aral kynyl, aryl, oxo,
Rﬂ“eanBQy%%W%Hﬁyl al kyl car bonyl oxy, hal ogen, al koxy,

(i) recﬁlafnbcthy ,coﬁmbﬁm:l orrgdmehabstyuctuwe Vdheithreeswetabde ofduaingaesgent to give

o omi® S5 R TRONIE B BE PRk B Bt AR AR nc
and IXbpnpound of general structure Vb with a SU|tabIe
reduci ng agent to o'%e a conmpound of genera
tur

structure i e of conpounds of-general OH
struct urge Xb, WD 2005/ 095336 PCT/l‘rli’ 000203

wherein R; and R, are as defined above;

(iii) optionally separating the compound of general structure IXa from the mixture of
compounds of general structure IXa and IXb;

(iv) photoisomerising the compound of general structure IXa to the compound of general

structure Xa,
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conpounds of general structure Xa and Xb; 5 (iv) when

Rl and/or R2 are not hydrogen, renoving the hydroxy
w@e@teeseg group(s) R and/or R2 of the conpPCMTKR§05/000203

general structure Xa to gepgrate calcipotriol; and (v)

optionally crystallising the calcipotriol froma

m xture of an organic solvent and water to give

cal ci potriol nonohyggate. 10 In a still further

aspect, thf avenyion relates to a nmethod for
pr oduci [ iol or calcipotriol nonohydrate,
t he ing the steps of: (i) reacting a

conp ucture Vla and/or VIb, wherein

hydrcoeﬁ or a hydroxy protecting group, 15 with a
phospnhohat e of general structure VII, wherein R3 and
re the sag§ or different and represent alkyl,
Bxyal kyl, al kenyl, al kynyl, aralkyl,
yl, aralkynyl, or aryl, each being optionally
tuted with one or nore substituents selected
Eﬁgroup consi sting of alkyl, aralkyl,
yI2, cycl oal kenyl , hanaIkyI hydr oxyal kyl ,

R(D c

yclow

where%ll{(enn)é L lé}f%éhneqaggé? ar al kenyl aral kynyl, aryl,

ox car "al kyl car bon ony hal ogen,
(v) wmh IB@Xiyld/qraﬂrzkﬁuﬁytot bmdnfoaeor refmyaifin jhe Dydreke pprtest@iteroyp(s) Ry

and/onaR gfﬁﬁe %@P%J%eofageq@m RF.QtLQ‘fe )@hefb%@{erac'tterdé%wtﬁow'énha

wher ei n and R2 are as defined above
(vi) or(tionyllm@mawgmeﬁée calanatfielsTaP ayBherE ofan edenicesoent ahd

water 8§48 calV¥ipbtdbl dR6RyERYeel N the presence of a base to
gi ve a conpound of general structure Va, 25 wherein Ri

and R2 are as defined above; (iii) reducing the
In a st‘ﬁpﬂ'ﬁ@lkéﬂasﬁct QeRERGENSAN keldtes €o Wanathbl far stoduaibb esalcipotriol or

reduci n to a co nd . of ner a
Cmap@?PUEPU%B%ﬂiﬁ Uprﬁeﬁr§fﬁfﬁp%nﬁ%ﬂq StePl%Ig'&of gener al
0] reastlmg,latcdlmeodm(ao"ag@elré(bstrm 1200087,095336

where OS/eQQQ%Qr%e ﬁd%’glee ?'aﬂ? %pl%ggnta‘?yd%feraér 9?98%9(9

v) optrona Separa ound
pmﬁa@mgenam,structure | Xa fronlthe m xture of conmpounds

with ao;{]hogma?e oﬁéer#é?él%Eﬁj&@% \AR G hetRin ﬁ%’( n®ROLAL Wmé bF‘Glfferent

oun enera struct ure a to the COYTP
and r@resg@hgllkgq, ha@a&y?@mdwp@a}@,l alkenyl, alkynyl, aralkyl, ara keny

aralkynyl, or aryl, each being optionally substituted with one or more substituents
selected form the group consisting of alkyl, aralkyl, cycloalkyl, cycloalkenyl, haloalkyl,
hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, aryl, oxo, alkoxycarbonyl,
alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or hydroxy,

in the presence of a base, to give a compound of general structure Vb, wherein R, and
R, are as defined above;

(i) reducing the compound of general structure Vb with a suitable reducing agent to give
a compound of general structure Xa or a mixture of compounds of general structure Xa
and Xb,
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wherein R and R2 are as defined above; (vi) when R
and/ or R2 are not hydrogen, renoving the hydroxy
w@e@teeseg group(s) R and/or R2 of the conpPCMTKR§05/000203
general structure Xa to gepgrate cal cipotriol; and
(vii) optionally crystallising the calcipotriol froma
m xture of an organic solvent and 10 water to give
cal ci potriol nonohygnate. In a still .further agpgect,
' f-preducing

this invent \(el es to a nethod for
Had\a d_ of
i d R
et hydrogen or a

Ky = protecting group, wth |a phosphonate of
structure VI, wherein d R4 are the sane
and represent al hal oal kyl ,
XPkenyl, al kynyll aral kyl, &Pal kenyl,
I, or aryl, each bei opti onal | y substituted
bne or nore substituent sel ected formthe
o0 D nsi sting of al k)vﬂ 3 ycl oal kyl ,
RO cycT oal |, hal oal kyl"™M"Y hydroxyal3ya , al kenyl ,
al kynyl ., aral kyl, aral kenyl, aral kynyl, aryl, oxo,
Whae@“kd%@d%ﬁﬁ%ﬁ?ﬂﬁﬂ”%?RVP@ﬁrbonyloxy,yhglogenY al koxy,
(iii) op€idh&IRX3epafatinghecompduak i geflerahstrpdtaseXs €rodd tite hivaare of
to glye a onPoPnd f?ﬁ% eral structure VIlla and/or
compoynfly B gengrRl SEUSTHEF X5 are as defined above; 25
(iv) wl(éﬂ'dF)l areflocRNgret i hydnguenndsmoving éhe hatirasdyrprotagtieg \groupds) R:
" . duci ey
anaro e Yo blind b4 S AR o IR BRIl B0,
(v) optidreedly anditaltisinikiacal dpotsiohfreiup enigture @fipondaniefolvent and water
; : r | aa and/or Xl ba and Xl ab and/ or
to givedletb e R e 6 T DKo00B! 000205 1o 01 OH H H
p\ ii Hp\O Fi S 'S HXaa H Xlba 00

In a still further aspect, this invention relates to a method for producing calcipotriol or

calcipotriol monohydrate, the method comprising the steps of:

(i) reacting a compound of general structure VIa and/or Vib,

wherein R; and R, are the same or different and represent hydrogen or a hydroxy
protecting group,

with a phosphonate of general structure VII, wherein R; and R4 are the same or different
and represent alkyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, or aryl, each being optionally substituted with one or more substituents
selected form the group consisting of alkyl, aralkyl, cycloalkyl, cycloalkenyl, haloalkyl,
hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, aryl, oxo, alkoxycarbonyl,
alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or hydroxy,

in the presence of a base, to give a compound of general structure VIIIa and/or VIIIb,
wherein R; and R, are as defined above;

(ii) heating the compounds of general structure VIIIa and/or VIIIb above 60°C in the
presence of a base to give a compound of general structure Va,

wherein Ry and R, are as defined above;

(iii) reducing the compound of general structure Va with a suitable reducing agent to
give a compound of general structure IXa or a mixture of compounds of general
structure IXa and IXb,
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R20 ORL RRO ORL OHrHX OH H p\ ii | Hp S "H Xlab
R20 ORL R20 1 1 wherein R and R2 are as defined
W@bwsme95366 1 i) optionally separating the conpoundBDER005/000203
general structure Xlaa and{pr Xlba fromthe reaction
m xture; 5 (iv) heating the conpounds of general
structure Xlaa and/or Xl ba above 60C in the presence
whereiifR, anbiasaré as defitedameapound of general structure | Xa,

B R A S
compothds ofegerteral struafuce iXeand XK;vi ) phot oi soneri si ng the

(v) ph&ggg%%ﬂgmgtthg%P%%ngé&#%te%l %tAJé?u ()fa:;tg tﬁ@%%@ggn&)fof general

erein
structtdeﬁﬁaned above; (vii) when Rl, and/or R2 are not

where,gﬁgragrgq{] varé ?g%h'% gmehydr oxy protecting group( s) RI

onpound of general structure Xa
(vi) whesrfaraidéorcd iegint Mveregeantemay g ithe hydiky erelieryng group(s) R

and/orotYeF kA borBp&ehd bregehateh |s€}QEtruké3kaftb%]@n@rdfbkbld;ﬁ)tﬁél and
sol vent and water to give cal

iC otrio
(vi) oFSBRY G ERAI T e RS a0 A ARATS of 7 Stz ey gt and
water tc2yi@é 38|d|p6fr€tﬁrmon\69y&@&5/ 095336 PCT/ DK2005/ 000203 16
In a still further aspect, this invention relates to a
nmet hod for producing calcipotriol or calcipotriol
In a stitibinathgdagteet, thisenvarttioo delabaspoias meghod éorgiregecing caltipptriol or

calcipo\rlﬁa%i)rﬁgp@ractgnﬁ%qﬂgtth% cggl:a?*glﬁh t?lteréﬂ&#"&creom I'la, 5

represen Xy protecting
(i) reagmrtw@cowsomnchofpm@wc;tfaat:@lr@NIq;@ﬁémVIbt ructure VI I,

whereMNE&ldR FQ’gacEg s%e%‘i‘%f?eﬁ@n%&’re@r{tf B?(ﬂ_:}en cﬂ‘rbdhydroxy

rep r'esen hal oal kyl , hydroxyalkyl kenyl |
PmteCHPRQFﬂHP/ ar al kyI ar al kenyl

with a phosphonate of general structure VII, wherein R; and R, are the same or different
and represent alkyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, or aryl, each being optionally substituted with one or more substituents
selected form the group consisting of alkyl, aralkyl, cycloalkyl, cycloalkenyl, haloalkyl,
hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, aryi, oxo, alkoxycarbonyl,
alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or hydroxy,

in the presence of a base, to give a compound of general structure VIIIa and/or VIIIb,
wherein R; and R are as defined above;

(ii) reducing the compounds of general structure \VI11Ia and/or VIIIb, with a suitable
reducing agent in an inert solvent, to give compounds of general structure XIaa and/or
XIba, or a mixture of compounds of general structure Xlaa and/or XIba and XIab and/or
XIbb,
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15

aral kynyl, or aryl, each being optionally substituted

Wi th one or nore substituents selected formthe group
weosisseng of al kyl, aral kyl, cycl oal kyl, PCT/DK2005/000203

cycl oal kenyl, hal oal kyl, 1 hydroxyal kyl, al kenyl,

al kynyl , aral kyl, aral kenyl, aral kynyl, aryl, oxo,

al koxycarbonyl, al kyl carbonyl oxy, hal ogen, al koxy,

carboxy, sulLfo or hyqb y, in the presence of a basg

to glve a cofp of general structure erh er=~°hI

va,/ wherein R1 represent- !
tecting group and R2 hydr agen;  (iii)
reacting the conmp@yn of general structure
resents hydTS or a hydroxy
i"ng group”aHl R2 is hydyogen WHth a sui ¥t e

ng agent to give a conpognd _of genera
e Va, wherein R1 and R2 & e sane or 20
R ﬁ 2 éﬁﬂd represent a hydrox otecting group;

v) reducing the conpound dﬁg@ene'al sORicture Va
with a suitable reducing agent to give a conpound of
general structure |IXa or a m xture of conpounds of
general structure | Xa and | Xb, wherein R1L and R2 are
as defined. abqve; £y4(v) optional ly separatlng t IeeH
structure | Xa fromtTpe tufe of

sompound of

=" as defined above; 30 (vii )™

r enovi ng th@ hydro Y protecting

~ app(s) Rl and/ or R2 of [conpdund of genera
- :

and (¥fghl )
nal Iy crystallising the C/L 'kﬁtrlol frogba
water to give
e pot ri ol nonohydrate. 35 W |5/O95336
R,0 " "PCYDO@R/ 000203 ~ 17 In @ g’ G, aspect, this
invention relates to a metRod for produding

Where%a& cgr%o& rérgl %Efmé’cﬁél‘}d\)%m ri ol nonohydrate, the nethod
orpr | {Re steps of

(i) optlonally separatmg the compounds of general structure XIaa and/or XIba from the

reaction mixture;

(iv) heating the compounds of general structure XIaa and/or XIba above 60°C in the

presence of a base to give a compound of general structure IXa,

wherein R; and R, are as defined above;

(v) optionally separating the compound of general structure IXa from the reaction

mixture;

(vi) photoisomerising the compound of general structure IXa to the compound of general

structure Xa,

wherein R; and R, are as defined above;

(vii) when R; and/or R, are not hydrogen, removing the hydroxy protecting group(s) Ry

and/or R, of the compound of general structure Xa to generate calcipotriol; and

(viii) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate;

wherein steps (vi) and (vii) may be in reversed order.
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(i) reacting a conmpound of general structure Xl I1b,
wherein R represents hydrogen or a hydroxy protecting
wW@e@ap9s3k wi t h a phosphonate of general structPeEDKRI05/000203
wherein R3 and R4 are the ganme or different and
represent al kyl, hal oal kyl, hydroxyal kyl, al kenyl,
al kynyl, aral kyl, aral kenyl, aral kynyl, or aryl, each
bei ng optionally substituted with one or nore
ituents  sel ected formthe cons i stin f o
tn a s fRher SiPar S TR GEHEARBIeE R Fom bRy o HE g ARigHotril or
cmcmdhwdmmxyaVK&%@iﬁbkﬁmybdcamhymygthaﬁabkyf ar al kenyl ,

0 reaGiri A Wb o SRRy ™ cr boxy, sul o or

whereihyRdreprgsenta hyegen @s @arfoerofy rrotestiag grwpgi ve a conpound
with agh %J%Bﬁ%i%l cg:fehgr%q WGt Wﬂgﬁe Co Bld Rrl, §re gehk nedifferent

(0] 0|soner|S|ng oun (0] general
and repteseritalicd,

kaylohadr@zmqibxdnalkémv'g@h\@wéaaraﬁq\/h wdetkesyl

aralkyﬁglvd% ar}P eWiie B@IIHE Jdtioh&lyasubdeiut e ditaRAY & nﬂdrbls)J bstituents
roxylatin eco ound of ene truct | Vi

select%y foFm 4 ewpecorm%& a‘kv'm@ra”é)g %@V&% loglkeghdiatRp!kyls

hydro@%lkgﬁ%ﬂ{eﬂl/l %Myﬁ?fjléFeﬂkWﬁaraPléﬁ?lelaFeIR&'\yl Jaapl gsg,;ﬁ Koxycarbonyl,

n or a r oX r ot ec roup an is
a'kY'Caﬁ%}Yg‘g%( haloggny) '6?3% \é?@lo?(‘{/' st”ifj Oglrﬁ’a qxﬁe conpound of
in the gessenal ofd basel U givia, contyeruaid rof Bienerabshesc&nt@xwzo wherein Ry is

n or a hydroxy protecting group and R2 is
as def'ﬁé‘%?@%’en with a suitable protecting agent to give a

(i) hydroryletimgl thef cmmr@lofgtenarcad gtrectvies XiMaerigh auiRible fydrxylating
agent ?d'glvg g%oﬁgﬁg fgg? Vrgﬁgt?%uér\% represent a hydroxy

tectl cing the compound of general
where@tlhu@pmsentv vﬂm%n@r@hxdm&épw&%ﬁﬁ@sﬂgm@ém Re &5 §ydrogeny

(iii) op@n@ﬂﬂ%@gctﬂ{gf GRN@Houft I GEHER ét}@ct@l’fe P, rﬂﬁ@i‘é’iheRPfepresents

ounds eneral structure |

hydrogRRtTe Y RPB AEPEREE i GOUB BB e ﬂ?e@vdé%%fbw'tgxﬂ sitaible protecting

agent &péllv@%aclolrr&bo%ﬂﬂﬂ@bhélﬁl $thectGRM uittkreih RIM@rmlare the same or
ure | Xa xture of conpounds of

dﬁfereﬁ%ﬁ%‘?ﬁprgster“ﬁ@trl}'ldéoﬁy)ﬁoﬁei‘? NG REPURivii) phot oi soneri sing
(iv) retb@ng engpansbuold aferraeal sstictued Va evithXasuiabtehedemimgoagwnt to

give agcfgmpﬂgla@ 8g§%’naeral?st\ﬂtu%&grgmga >é§ﬂl rﬂ&%&? of c%pguﬂgds% aéﬁ?erélls
structimgdXe@ed IXbenovi ng t he hydroxy protecting group(s) R1,

whereﬁ'lnlg/é}{dlgzdg slABNES &H,pd of general structure Xa to
and

nerate cal CIEOthO
V) optlonally separating the compound of general structure IXa from the mixture of

compounds of general structure IXa and IXb;

(vi) photoisomerising the compound of general structure IXa to a compound of general
structure Xa,

wherein R; and R; are as defined above;

(vii) when R, and/or R, are not hydrogen, removing the hydroxy protecting group(s) R,
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(viii) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate.
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(ix) optionally crystallising the calcipotriol froma
m xture of an organic solvent and 35 water to give

w@ 20068i09386 | ol nonohydrate. WD 2005/ 095336 PCT/DK2005/000203
PCT/ DK2005/ 000203 18 In aygtill further aspect, this
invention relates to a nethod for producing
calcipotriol or calcipotriol nonohydrate, the nethod

Ina stﬁl%ﬂhérféﬂﬁc&hﬁlsSh\%&ﬁloﬁfrela(és)tora&aétﬁolgoﬂpﬂjalilﬁiﬁg rdlcifotriol or
era n Ri

_ t
Ca'C'pO?ré‘gr”é@mygragg'h%ﬁr'ﬂé%ﬂdGPm&’r'ﬁ'{)m%&teBF8 ‘ecting group, 5
(i) reattirigha mmhm@mrerajfst@eme Alllst ructure VI, wherein
wnereh P AR R ol PSSP gl [P o

with a ahad;;ihjohatemfaddnergllsnucialml\/kly mpkreinR; ang R, acatite $asiagr different
and re 'Kélgéct e%ylyhégglﬁqf %géﬁggwghaﬂgﬁyloélk Ie?l%wtérgllli@ﬁkﬂs

form sistin ar al kyl'
aralkymy} cororily k iach bpiniacuitioaniy subrEiused w;th onerwdwﬁ;ﬁwbﬁtgﬂuents

selecteRl #8AYhe g?&d@’&iﬁlsnstlﬁb %If Ebklyl a?eﬂ@l k@;’%)’dalkyﬁé}’cf@ﬁﬂdéhyl aadalkyl,

oxo0, al koxycar bony | car hony on
hydroxypjiesl ik e@ﬁ@&svynv' sau*F'f‘Y)‘ afa“fwk afa)kvrlvrlv WB OgsPe%'g?f&Yéads*PonY'
|ky|caab&a,$&«y, h@lo@bl\(ealﬂoﬂ@f&ﬁﬁﬂwﬁ QfifogR MgERdxySt ruct ur e XVl a

i the REERGR0 B4 60 D UL BTPUEAGT AP SE] SCYTPE SOMER "EREPBR: '
as defiXsdl Bbakgve 60C in the presence of a base to give a

(ii) ph(gtgpg%plglé\gf %ener alkmdsgg S%eggrlgs)t(l)él t\(?e X}\?lf ﬁggggh gm%oﬂgeneral
structigexdyYal structure XlVa with suitable hydroxyl ating

wherefﬁg@%aggﬁﬁhé/oea@o\}?eo”pound of general structure Va,
represénts h drosgen or a hydroxy tlagrot ecting
I

(i) hygrwtat@ldhﬁzom@owféipb@wra' WBUr@mIV@WathSy lgdtvidrrp<ylating

agent E(h&lvg%%ﬂmn@fof%%ﬁgfa%tr%tﬁwyr e Va, wherein R
represents 20 ro en or a drOX proteCtlng

up
whereig mrqsgnmﬁéw b q hv%r%wlf t@gpﬂrav%ew e il ngﬂa;
(iv) o;ﬁﬂoﬁ@l Fé‘re‘é@ﬂ?fﬁ’@tﬂédcd}ﬁpcﬁﬁlﬂﬂff@en?l’fa[ Stﬁiﬁdtﬁﬁd\\f@ ;wivdreiner nrefresents
erent.and r

nYrogEr G PSP BEAF A B 2Ny 15 BURSEPSTY “ERE SURBB B ERting
agent gegiee al coshpouet Ldf@eVGraWsttrhctares\ua tvetidreinrrg ceuneli Rygarageesate or

a co tr cture I Xa o t
citeref ST RRstTL %Vdm hefSeee il e o8 and 1xb
(V) reduuigetine dRmpandd I@Zgan@ahgr@renﬁnen@dwab@wﬂabl@i rpducing agent to give
a com@@jﬂdoﬁelngfiggﬁ[:&ﬁé e BPS nﬁW@UP@orﬁrﬁo&%g%’i’@l&neral structure IXa
ruc e a

romthe m xture
and IXb,

wherein R; and R, are as defined above;

(vi) optionally separating the compound of general structure IXa from the mixture of
compounds of general structure IXa and IXb;

(vii) photoisomerising the compound of general structure IXa to the compound of
general structure Xa,

wherein Ry and R, are as defined above;

(viii) when Ry and/or R; are not hydrogen, removing the hydroxy protecting group(s) R;
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(ix) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate.
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conpounds of general structure |Xa and | Xb; (vii)
phot oi soneri sing the conpound of general structure | Xa
wao eooshes3agonmpound of 30 general structure Xa, BEEDERIVS/000203
Rl, and R2 are as defined gbove; (viii) when R and/or
R2 are not hydrogen, renoving the hydroxy protecting
group(s) R and/or R2 of the conpound of general
Ina stﬁltfﬁttﬁéwé@el‘@ thig |g‘ﬁm&bﬁtrelath’s|t6iaméﬂ'iodlfbr prod uing )calcipotriol or
t he cg st%otr‘:ol froma

al |
Ca'c'pogquit”& hé‘% ai%'y%’red%t;" d§gm98ﬂ 83 %at er to give
(i) reactlga pohpowld mfogumhpalhsaueturé/\m/a@ﬁ&/dw%%

wheremm}e%ﬁ%ggrﬁ.js% e nlc?rz! ﬁ\écﬁﬁ% b{;dteéthl\r 8{1 aspect this

ion te ng
with a phbsphpoate aflgeneral @Humumvm whergain Bh?dfﬂ aa are theesame piodifferent

and re‘p‘l%ga'it'afkﬂ?hélbglkglt ﬁ?&ro?{lew{(])(l' Alkéﬁﬁcélkvw aar%%m%ameﬁlﬂ

ener a ereln represents rogen
aralkvrew, of afyldeasly bpingtapsionally sybstityted wltwom 0f W@%ﬁ%?@s
selectedffolf Qﬁé gFou?,} éd#@tsHﬁ@ omalkyl whekg @c%ﬁll@ﬂdcy%a&éﬁ‘}llt R&loalkyl,

sane r esent al k
ydron gyl Ryl Y REHGYT, (B Hy Pratiri gy oo Keifgroonyl
alkylcaam@iyl@@yhalogén BalNdxy, eadbxpeiulfyg coplydaxg) | y substitut ed
in the en@ﬁgnc&(?q’nag eﬁ@g%s%@u%? %fsggg/%rcétglirl&%ﬂjre X\Hg an%/or%lb
whereio\R;lioas Kefydd aﬂsmfleoal kyl, hydroxyal kyl, al kenyl,
(i) heaQH% chb oalw é’of ?%r ?:les?r'?% u’r? (3)(9/1?5%6{‘6)’&% agcf% 60°E%8 the

xycar carbon
presencarbappse squnrve m¢ommﬁ®i¢en¢nﬁl sﬂn@ctpreeWaee of a base

o -q{gggs'd S d of general structure XX, wherein R5
W ere'?‘s ! ?l n%at;%%ve (ii) reduci n%ﬂthe conpound of

(iif) hygmiaamgm GeMaPENckel wnenalétrslet% 2 wetaw@itﬁa'eégérﬂxv{aémg

agentﬁHd@ea&ﬁfﬁb@HB%f@En&ﬁﬂﬁF@tur@t\thUre XXla or a m xture
conmpounds of general 15 structure XXla and

of
wherelw%rrgplﬁs%tsl hy d5ededeianaxfir PHOR@ISERNRT EOY R RS H? ¢ ’rogen,
(iv) optiBalYR@actihdtHa cdrhpdlRa o}(ééﬁe%rl}@ﬁhl@ \(d, iiher6ptR,;aaptekgnts
stru ur e

nvero Rt i B St iie o Banarare L Eb Btieichrateetihs
agent angive{ldompound of general structure Va, wherein R; and R, are the same or
different and represent a hydroxy protecting group;

(v) reducing the compound of general structure Va with a suitable reducing agent to give
a compound of general structure IXa or a mixture of compounds of general structure IXa
and IXb,

wherein R; and R; are as defined above;

(vi) optionally separating the compound of general structure IXa from the mixture of
compounds of general structure IXa and IXb;

(vii) photoisomerising the compound of general structure IXa to the compound of
general structure Xa,

wherein R; and R; are as defined above;

(viii) when R; and/or R, are not hydrogen, removing the hydroxy protecting group(s) R;
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(ix) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate.
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(iv) protecting the allylic hydroxy group of the
conpound of general structure Ma with 20 a suitable
Wh@s09%3s3@r ot ecti ng reagent to give a conpoundP@f/DK2005/000203
general structure XXla, whegrein R6 is a hydroxy
protecting group and R5 is as defined above; (v) when
R5 i s not hydrogen, renoving the hydroxy protecting
In a sti@lfortReRRspett, tthie mmmﬁeu méelateafto genetrald fst pm:mung cxsipatricd or

t t 4 wh R5
coroee PR B o TR P SRS BB oy s
(i) reactieg a@oppondd of ggemersatucsireudKure Ma with a suitable

|
orro B LRSIl
with a obomnlhpngteoﬁ %her%em@urﬂiVHf general structure XX |
whereilr, 3@ FiNatr% ltlg%gﬁaﬁgpﬁlf?%Htla%d%EQéewéltdllg hEIEIRGY hydroxyalkyl

rea ent erern represent a P/ td
ue

alkenybralkdnmy@r@w aradkepy b eaiky vy @"r%'p,eaahaewepawﬁ'

with on@o%@r@@ﬂlﬁfdéﬁ@sé@&&@ form&%}%ﬁgél%iﬁmg of alkyl aralkyl
CT/ DK2005/ 000203 20

cycloaligdy Froipal VR ety peseilvbredkary 6 B el atcepy

aralkerS@ryt Q)ng R0y B EFIRYL wmarmmml halofeis,t dlkexy X¥drdaxy, sGifo or
I—l XXIVa .1 Ri

hydroxy, in the presence of a base,

to give a compound of general structure XX, wherein R is as defined above;

(ii) reducing the compound of general structure XX with a suitable reducing agent to

give a compound of general structure XXIa or a mixture of compounds of general

structure XXIa and XXIb, wherein Rs is as defined above and Rg is hydrogen;

OR, XXla OR; XXIb

(iii) optionally separating the compound of general structure XXIa from the mixture of
compounds of general structure XXIa and XXIb;

(iv) protecting the allylic hydroxy group of the compound of general structure XXIa with
a suitable hydroxy protecting reagent to give a compound of general structure XXIa,
wherein Rg is a hydroxy protecting group and Rs is as defined above;

(v) when Rsis not hydrogen, removing the hydroxy protecting group Rs of the compound
of general structure XXIa to give a compound of general structure XXIa, wherein Rs is
hydrogen;

(vi) oxidising the hydroxy group of the compound of general structure XXIa with a
suitable oxidising agent to give a compound of general structure XXII, wherein Re is as
defined above;

(vii) coupling of the compound of general structure XXII with a Wittig reagent XXIIIa or
a Wittig Horner reagent XXIIIb, wherein R; and R, represent a hydrogen or a hydroxy

protecting group, and wherein R; and R, are as defined above;
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15

wherein R and R2 are the sane or different and
represent hydrogen or a hydroxy 5 protecting group,
waeasndssei n R6 i s as defined above; (viii) wheeT/BE2005/000203
not hydrogen, renoving theydydroxy protecting group R6
of the conpound of general structure XXl Va; (iX)
optionally separating the conpound of general
structure XXlVa; (x) when Rl and R2 are not hydrogen,
gy the hydroxy protecting group(s) R and 10 R2

D |

onpound of general stpucture XXIVa to generate

calthgotriol; and (xi) optioé ly crystallising the
a

| cijpotriol froma mxture o n organi ¢ solvent and
@WP:{:@ gi ve cal ci potrjol nopohydrate. 15 DETAI LED
SRI JPTI THE | NVE nitions As used
hergin, " n D-anal ogue” ans yaa, derivative of
wtbm n D2 or D3, such as {Xx, 25-di ydroxywtam n D2
25- di hydroxyvitam n D3, including derivatives
n WO 2005/ 095336 PCHF DK&05/ 000203 21 one or
the A, C, or Dri e nodi fied or/and where

d@Rghaln attacF{%S\t 7.is different from
natural vitam n D2 Exanpl*€'32 of vitam’n

D- anal ogues can for exa e found in ["Vitam n D',
i the peopaeidbosEd IR a dePRUT etenoad o Xtk
1997] and.[G -D. Zhgyret al., Chem Rev. 1995 95,
1877-1952] "~ grefices cited 5 therein, and include
ar unprotected caIC|potr|oI and

1 a vitamn D anal ogue as defined above
wi t hdut the side chain usually attached at C 17.
Exanp egl 10 vitam n D-anal ogue fragnments are
esented by)fgw ctures A, B, C, D E F, G H
ein the C anal ogous positions in the sense of
gsent invention are indicated below and

n R and R2 are the sane or different and

“repLe hydrogen or a hydroxy protecting group.
R0 S

wherein R; and R, are the same or different and represent hydrogen or a hydroxy
protecting group, and wherein Rg is as defined above;

(viii) when Rgis not hydrogen, removing the hydroxy protecting group Re of the
compound of general structure XXIVa;

(ix) optionally separating the compound of general structure XXIVa;

(x) when R; and R, are not hydrogen, removing the hydroxy protecting group(s) R; and
R, of the compound of general structure XXIVa to generate calcipotriol;

and

(xi) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate.
DETAILED DESRIPTION OF THE INVENTION
Definitions

As used herein, “vitamin D-analogue” means any derivative of vitamin D; or D3, such as

1a,25-dihydroxyvitamin D, or 1a,25-dihydroxyvitamin Ds, including derivatives wherein
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"4 B ROORL RI0~, 2 15 CG17 tH-17 HO O ii HOCS

"HC D R0 ORL R 20 1 WD 2005/ 095336 PCT/ DK2005/ 000203
WQ200809583C-17 -HH E F ORL RLOO t"H -17 t HPCI/BK2@O®0203

H 1 erein, "a precursor fgr the synthesis of a

vitam n D anal ogue” nmeans any As used h nol ecul e

useful in the synthesis of a vitamn D derivative as

one or ARk BEtheab oy or I§Hﬁb a8 nﬂ)dlf@dsdrﬁl’ridl \nlgenﬁ&hefsldalcharn attached to
i nt er nedi ate, wherein Bart (;sfcursor

17 IS EHBSTOTE5H b SEEH! PaPbOLIR IR SRR (3 SPaiogueS can for
examp@b@rfah@@ue[“vﬁaarmbe,sm Fatdirade, Ecprcaaiemthesls,l ®art BkgbpUSA,

1597) G Al BT PR oS S A o S e
thereinChhd lmgsiedfydsa»e/rmda;tecturcwmeteaadrmmmmrlgl Rod domneans and

der,vatq,gg oV%IE)ﬁS& Grundmann's ketone. Exanpl es of
Ursors tor the synthesis of a vitam n D-anal ogue

10 can for exanple be found in [G-D. Zhu et al.
As use@ﬁ@n@in,R@"fgi‘r?@%na%ue]f%%?nekgﬁgﬂeaﬁﬁg C- !‘L?fré‘d@d’!(b?%i \/‘&'ahﬂﬁj D-

| es of speC| i ¢ derivatives of

analogues 5% RMSCRBOVRY B1PUL SRGSIAR chaip usuailvapttardies G Ca’r Etxﬁg'mes of
vitamirl D%aﬁ%ﬁ@@é&nﬁ‘eﬁt%?@ﬁép&bdehfédsﬁfﬁFLﬁﬁuﬁé@MQ\& OMID.?IE‘,%FJ’IGPQ’

wherenbéheogl 172]%9%]_90%% q%s@()dﬂg ?rgt%n s%rn(s)et: gigthengregen%ulﬁ)ven%on are lnddcated
below; and wherein R; and R, are the same or different and represent hydrogen or a

hydroxy protecting group.

C-17
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O OPG 15 N WD 2005/ 095336 PCT/ DK2005/ 000203 23 A
C- 17 anal ogous position of such a precursor is

WO paosnefsss t o mean t he carbon atom of sai d pr eRPCF/PERG05/000203
which will correspond to tfig G 17 carbon atomin the
final vitam n D anal ogue or calcipotriol. 5 As used
herein, "a fragnent of a precursor for the synthesis

of a vitagiqy D-anal ogue” neans a rag;ﬁzl of a

p sor for the synthesis of a D- anal ogue as
d above. For exanpl e 3 agBNt of a precursor
f ynt hesis of a vitam gue may be a

st fing system fragnent, ch~may be represented

;tfucture Qor R 10 wherei e C 17 anal ogous

gitions in the sense of the present invention are

dicated bglow C 17 C 17 EH CDCDgCH HH H

HO\ QR Oher exanples fragnents of a

ursor for the synthesisg vitam n D anal ogue

Ve the CD-rings of

er 0gfs, which may fq%1I X A be 15 represented by

structure 0 or P, whereinh the C 17 anal ogous positions

in the sen 150 the present invention are indicated
G is as defined above. -1Z}¢717 cCCD

O P 20 As used herei

oxy protecting

ar y group which forns bive that is
Ost >:To“t he projected reaction ere)/n sai d hydroxy
@cij ng group can be z
Ox tl:l Ox /(/) H

As used herein, “a precursor for the synthesis of a vitamin D-analogue” means any
molecule useful in the synthesis of a vitamin D derivative as defined above, such as a
starting material or intermediate, wherein part of the precursor molecule becomes
incorporated into the final vitamin D-analogue. Examples include, but are not limited to
steroid ring systems, such as ergosterol, cholesterol, or 7-dehydrocholesterol, or
derivatives of the CD-rings of steroids, such as Grundmann'’s ketone or derivatives of
Grundmann’s ketone. Examples of precursors for the synthesis of a vitamin D-analogue
can for example be found in [G.-D. Zhu et al., Chem. Rev. 1995, 95, 1877-1952] and
references cited therein. Examples of specific derivatives of CD-rings of steroids, which
are in particular useful are the ring structures M and N illustrated below, wherein PG is

hydrogen or a hydrogen protecting group as defined below.
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sel ectively renoved by reagents that do not attack the
regener ated hydroxy group. Said derivative can be
W bioaiovisas by sel ective reaction of a hydroxy prPCI/BERI0GH00203
agent with a hydroxy growy Silyl derivatives, e.g.
trialkylsilyl, such as tert-butyldinethylsilyl, 25
trimethylsilyl, triethylsilyl, diphenylnethylsilyl,
triisopropylsilyl, tert-butyldiphenylsilyl, WO
2005/ 095336 P 005/ 000203 . 24 form
AC- 17%'%23%9%99%?‘4 %r"’o&%‘FCWBE Edhenge @F%ﬂbe%“sfh? %@rbm atord of
said prédfl.lr@dﬂ d&ﬁch&um froarg@spdneirto-tha toy 1 7l icarbioh ydtsiinl iy lthe fiha nvitd enin D-
| HnethyIS|IyIchIor|de
analog ‘?P FH patro Vi chloride, diphenyl methyl silylchlori de,
triisopropylsilylchloride, and
UL Vi I
As usetﬁ]ﬂgFengytapft%n%}ﬁw asaglaaédr{tgg s 'tlﬁjeefyrﬂﬁfsﬁlégggltg@én‘)[? analogue”
means @xraisekofr & psceo qrﬁh§ svmféeﬁy@f axjtagiio ihprglogue qswtefmed

above. Wo?%ﬁé\%ﬁleoé( frﬁgljﬂéﬁteof SPRudsr fdFtHaz0h@esiEhod! %Q&%Fhm D-analogue
such as aqueous HF in acetonitrj

may bet étSFedf"ﬁ' W%MSW@EWF |l G@Vat?eere&k%ﬁ%ﬁrfe&sb\b?tmcture QorR,
whereih €86 €11 5 a Mk 1b §dUsGRRitioRSTY gheSdein¥é of trlp@seiiR@dntidY dir@Xidicated

protecting groups include ethers, such as
below.{ et r ahydr opyranyl (THP) et her, benzyl et her,

tert-butyl qther, including alkoxyalkyl et hers

3§@tal quck "as net hoxynet hyl efher, or

e

t LA

(MM

10 chl oroacet ate (ést €

2 , acetate or nzoat e
ng exanpl es of QLOt €

er .

i ng groups
ds Fof protection epp¢.IH all included in
: -oe of this app| Xcan for exanple be
found in "Protective ups in Organic Synthesis",
3rd e@, T. W Geene &P. G M Wits eds., John Wley
1999 and in "Protecting Goups”, 1St ed., P.J.

Other aeh6S kf fradmertBiof BpradldSor fd)atlml\ﬂ';wkhesB(Of a Kma:hens—ldnalogue

~Perkin Tran
are fragingatsabrervaf st in CBR g Chiap Gl MG oY restonigle be
represergbe bgrteictuls Qusel| wimareinrthe Gl R yinalogsus positietsdn the e of
the pre%eH ﬁ%@ﬁtl&” ax%ri%]l%gt%g a‘?\dWAer&B%ts yéh% ShelB¥ovde cyclic
or acyclic, havi one to twen carbon atons, such as
1-12, such as 1- 7 such 20 as 1 4 carbon atons. The
term| ? udes the éipclasses normal al kyl (n-al kyl),
seconaé y and tertiary al kyl, such as nethyl, ethyl,
yl, |sopropy n-butyl, isobutyl, sec.- butyl,
I, isopentyl, hexyl, isohexyl, and
hyl group. The term "hal ogen” is
are a substituent fromthe 7th main
o:3 peri odic table, preferably fluoro,
¢h|oro and b The term"al kenyl" is intended to
Oindicate a d@% -, tri-, tetra- or
Rgntaunsaturatqﬂ hydrocarbon radi cal conprising 2-10
carbon atons, in particular 2-6 carbon atons, such

HO

As used herein a “hydroxy protecting group” is any group which forms a derivative that
is stable to the projected reactions wherein said hydroxy protecting group can be
selectively removed by reagents that do not attack the regenerated hydroxy group.
Said derivative can be obtained by selective reaction of a hydroxy protecting agent with
a hydroxy group. Silyl derivatives, e.g. trialkylsilyl, such as tert-butyldimethylsilyl,
trimethylsilyl, triethylsilyl, diphenylmethylsilyl, triisopropylsilyl, tert-butyldiphenylsilyl,
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as 2-4 carbon atons, e.g. ethenyl, propenyl, butenyl,
pent enyl or hexenyl. 30 The term "al kynyl" is intended

W@ e005/09838@t e an hydrocar bon radi cal conpri si ngPQ¥/BK2005/000203
triple C C bonds and 2-20carbon atons, the al kane
chain typically conprising 2-10 carbon atons, in
particular 2-6 carbon atons, such as 2-4 carbon atons,

formin 5|g/l eﬂﬁe{ﬂ?{ Byd exarﬁﬁl@@MﬂWdrob,me&&tmgpﬁBﬂp’sn)éllybdfhldnﬂiewsjal:h as
erm

T L M L e N T

dlphenﬁm{@hhﬁlmﬂmlcﬁt orniso;izirgp‘glj_ﬁfwcnrM|caabamé terDURODhEBBIFEhloride
DK12 I

are exe?rﬂrlp gsﬁaequ%%x‘{ R %ct{ng aa(;henas1 Ry mhlgwéés%é(@lk&am Ié[)eacted with

group
the hydrok grdup(dnwhe ipresreceef arbase, Isych a&ynlgamjpsHydsogmﬂuorlde,

such a% géﬁ'golugll#odé,yacefo%lﬂ'lrét %Pgtga Fl%u'ty?lghw furft fhdrbéEale Qtantun@s of

wher ei' n as 1 ndi cated above,
reagents \gthh@ﬂh@ﬁWOV%ﬁlh@ﬂy’OUnﬁ gtWMroxy%Q?e@Fj@g()gro%tl 9,de ethers,
such a@Eéﬁrahy&rhﬁ)yPaﬁ{ﬂT@)k&Ké’rc@Ehﬂmékher' &rt—Bh@'ﬂ@%r iAcluding

di cate a radi cal formul a C& wher ej
alkoxvﬂkvh%h%nsv\(weta@)q%h@a%h%ﬁv%thvb%o }T%Ehﬁwé‘ﬂ%n%}ic as
hlorod%thQé()é&%ﬁ*bt@ﬁﬁéghyl@cét@tef?h@&@t@’@?b@ﬁﬁyﬂe, ester. Non-limiting examples

I SOpro car non e ter car
of hycioR PHBHUAGSPYPT O EE0ds atpERB A FEr Pt 4ot in the
scope oi@h@(@pﬂ&twn vhe rei GXaFﬂpIe be &uayll indBraterdive diredpaimod®@anic

Syntheggtu Féetrn‘w Cé’r%' al&lilyl Y Ca!J{éC deﬂ%hﬁ%le@?%ta%dqg on

¢ cloa ane ra onpri's
“Protecatngrmoups”eflﬁredbl Re).3<ot®nekiy GomhiemnzQ0d, ﬁammhl,cm Kpcigngki, P

J. Che526 PnPQIIy ’ran§ufkbbutyF§9 '7b9Imo Rtk -aréh reby lnclorporated

cycl oprop cyc obenty or cycl ohex

byrm@ﬂmgftern1 cycl oal kenyl" is intended to indicate nono-,
di- tri- or tetraunsaturated non- 20 aronatic cyclic
hydr ocarbon radicals, conprising 3-20 carbon ato

As usewl;sr%aa ajkyl'cisripiendsdhip mean admedar iggared Ak rerggprmch may
be cycﬁ@élb&ﬂ/cﬁ’é Qﬁﬁmgebr@ toQWéh@pcfa@B&ﬂMioms euend adbutEnylich as 1-7, such

h
a5 1-4{EH HERGRAT B0 T ELPE VA A SAREIoGT e BIRRL P L BBy cracendary
and teftiangalkghrsoch as m@t?ﬁ5etﬁ1y207 piiply b nscpirapys,, n-butyth, iasbudyl] dec.-
t
butyl, %“Z{’t ou@:&l?Jl ggrr\rtgll 'gqtp%ggyrjl’ea]}%%lr ISCPJn glaragg @h%‘%egﬂg)fjp)lﬂ?ﬁethgl group.

carbocyclic rings with at |east one aromatic ring,

The teﬁ’HGnalgaerphgmgnd&aﬁhkgﬁgte d &%@i)c'lhen@'?r%n% H%a*/'tylmain group of the

periodic table, preferably fluoro, chloro and bromo.

The term "alkenyl” is intended to indicate a mono-, di-, tri-, tetra- or pentaunsaturated
hydrocarbon radical comprising 2-10 carbon atoms, in particular 2-6 carbon atoms, such

as 2-4 carbon atoms, e.g. ethenyl, propenyl, butenyl, pentenyl or hexenyl.

The term "alkynyl” is intended to indicate an hydrocarbon radical comprising 1-5 triple
C-C bonds and 2-20 carbon atoms, the alkane chain typically comprising 2-10 carbon
atoms, in particular 2-6 carbon atoms, such as 2-4 carbon atoms, e.g. ethynyl,

propynyl, butynyl, pentynyl or hexynyl.

The term “haloalkyl” is intended to indicate an alkyl group as defined above substituted

with one or more halogen atoms as defined above.
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The term "aral kyl" is intended to indicate an al kyl
group as defined above substituted 30 with one or
worees/0233yé radi cal s as defined above. The ter nPCT/DK2005/000203

"aral kenyl " is intended to,dndicate an al kenyl group
as defined above substituted with one or nore aryl
radi cal s as defined above. 35 The term "aral kynyl" is

i ntended to indicate an al kynyl group as defined above
substituted with one or npre ar adi ¢
The tergn Savrons g/ DisBess Kpiomare Db ubes08 B35 Red foet
substitQ&ydewifh oRd ot aldre hyeugighgupgent” is intended to nmean
any agent capable of reducing, preferably
enanti osel ectively or diastereosel ectively reducing,
The tetrh&alCoR¢’ |k$1tende;;rm,lpd|oéteaa coligab ohichedbrrgelaerQR’, wherein R’ is
t I r t
ot oSS B, Yoo by, ot LG putory, et
(R6= hydrogen) IXa Xa, Xlaa or Xl ba respectlvely 5
The teFﬁam%)Sfca% ?’qH%tgﬂd&Qﬁr‘iB&cét@q Heoal QPEhe%ﬁ'nﬂ‘l‘at—C(O) O R’,
tocbgrane reduci ng agents, netallic h%
whereig(R¢fis akkyl 3% Inpigates aheve aith mgkhadearbesyi aFoNYss %’Hq rere
E,@bﬁgy- RidoQP&rbohyl Netthe presence of | ant hani de
pmpm{g’a?t S e.lsgc]).9 I_FJaC?@Ji CgBr Ced 3), or NaBH3(QAc),
Zn(BH4) 2, and Et 3Si H. Borane reduci ng agents incl ude
The teRfArMal@lcakRnQldX@T isd&&nd@meb drcatea radiogd loé xiesfoninula —~0-C(0)-R’,
n-limting exanples of borane

wherelpggdu%filﬁé{?g'éﬂ{cg?eg POV80 i ncl ude

N N-diethylaniline borane, borane-tetrahydrofuran,

The tela'n ﬁi‘%l%ﬁpl‘s ﬁi%rr]ﬂgf c‘%dlédé\% ’sat%"raé%gr ?E‘I‘Balka e dadlcab comprising

agen
3-20 carb@nratomls; piefergblyg3-10 hymoogéwnsnlntnﬁétI@H@rsMc@rlaﬁn @toms, such

as 3- Gcc% Y ) ég?r?ogéfﬁjoﬁw |:5Utylr Hf@@ﬁ@n‘ﬂ%or%?gb%?)}l n

ano cohol and’ al umi ni um i Sopr opoxi de,
and zi nc powder in water or alcohol. 15 When reducing

The teFrhe’c%/gé‘kéﬁﬁﬁ’oisgﬁt@H@?cf’fo lﬂdfégf\ﬁlﬁldﬁ\&- af- tﬁle%el‘cétlratﬁ{séttﬁéﬂéﬁﬂwon-
a, Oor

term"suit
cromeR R S e bk e e Bk Iy acgp ©
CO e o Lt AL Ll St gty oy 11 bl mapnt hy
co ex o [ a Leodi roxy-1, 1' bi napht
CyC'ObEieI%EL chgmLEggylﬂgyﬂ%@@agh in %/he p¥esence ofIO d
binaphthyl derivatives, such as

The tegrﬁ) @qj’ Eyg{??])c(lgd \]:o lndpéapeaglpgé]é(all ogngrX%d ya@ﬁocy%h@rmgs comprising

6-20 carts:(rmtph@nymmm@rﬁﬂrr@)rbon gtomisi pegherahlyl 6-1Gtdaerinatems, in
partnaﬁgleg-a&e6 dthbékd rrﬁﬂé‘%;ﬁﬁm@@ﬁﬂfsﬁd ‘EErb%lBi/(flfél rings W|th at least one

nd-reduci ng agénts 1 nclude red u0|ng agents where a
aroma@ﬁurmar SEas Pfsﬁ*v'nr@phtéb(bt'aéﬁfw' #pd inde@nyleduci ng agent
prlor to the reduction in situ to forma chira

The tefrar“lzja%glgﬁp ?sgﬁget@pgé té&%gva\@% f[zns gfknglport]leragl de%%)éél Ia¥:>o ré/ surEH¥|tuted

with one or more ary! radicals as defined above.

The term “aralkenyl” is intended to indicate an alkenyl group as defined above

substituted with one or more aryl radicals as defined above.

The term “aralkynyl” is intended to indicate an alkynyl group as defined above

substituted with one or more aryl radicals as defined above.
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ligand in a conplex with the reducing agent, i.e. for

exanple to give a chiral reducing 25 agent. The
w@e@sme9i33é nventi on i ncludes the use of such chPCEDK2005/000203

reduci ng agents or chiral »digand-reduci ng agent

conpl exes, which were prepared and isol ated separately

before being used for the reduction. For exanple, the

As use& IﬂleFet?rh “ﬁHEQbiét @'d)dcﬂ@)égéﬂa(ﬁ intéridedachnsaneny eghnticagable of
en rior 0

reduc'rnsbrpa%f@rarbévase"f%ossﬁéwe%bPr neesee Rk Ui .’%E Ieto
group &6 ¥&mpShasf @er@lﬁalrsaiuctUr@adeanVIa, \doTaa oe VEBDhd give preferably a

compo3 PR s I T AR T 20 PRS00 Repscvy.
Examptdsi afatedoxagaiyents indude htéagsenoisllmded ko barahegagucing agents,

metalli%%@dé %h@h Fg gfrﬂlnlgl_ 1 ﬂk’drIC{ sodlum glarr%xydrlde or AlHs,
optiongly) mrthglprmlnce)pf Ianthanlde salts (e.g aCl3, eBr3, CeCI3), or NaBH3(OAc),

Zn(BH E)Z,(aohdalﬁ@%W lB%ra(?\ebr%H@thﬁﬁérQE $hhudd B8R orohydrides, and borane

or ane)
compl@es “d\'-fpw@m?ls op eﬁmrﬁy |N99qmlﬁv%séwapfsyf HORNSZEHUTRY PAFHS ©-9-
mcludeeN N- §)etl$yl9ﬁhﬁ%/|boﬁ$§ B@raﬁé&é@g@i@bﬁuﬁn’]@ borabicyclononane (9-
i ne e

oxazabor
BB), PGV GHMPHTA o OV GPOKS Petu Bl B Rregtqtygpted to
hydrogeﬁdmth@ @r%ﬁﬂé sf, a sallxalysassucﬂn s alatiparaoerutieehigmpgodium in

ethanq?,%a%wabyl\/%ﬁoé ﬂancgg ﬁrﬁglg@ﬁ%-/ ;Pl%éggéé Q‘ﬂdzgﬁc Bﬁ\lztr:lgrlrin%t&abr

alcohol.i gand- bor ane conpl exes, which were prepared and

When Lesd%l @{gecﬂe Q:GEQ rk%téoglloﬂ? of'3 ecg mfp‘B[J nd '813 %%@Hpéth%u reABOLARE, XVIb,

[ex wt
VIlia, peMUéb rt@eetgernt“smléabdmedé@nﬁIaes%nt”omclw%l q*wahrﬁﬂiucmg agents or

chiral r?ga%d @dg&?‘?%¥ntﬂ-cé]mﬁbi@pgﬁmés the Eg'r‘@pléﬁgﬁgmlﬂrbn@fz Q’

nmpoun eneral structure XX, VI |
dihydrgey-31 Y blaawwvbeoth%ﬁr@réa'ea aeS hiiioag® ﬁﬂ t%seeweaeflfﬁ af Biiaphthy/
derlvaﬁhé§ %hcl@Hé( bl QiiWydr&bth 1&ﬁné|j’htﬁlﬂ deﬁeéﬁixllei;ob\gemk) -2,2'-
iliaries |nclude

bls(d'Ftt}?PV'QIhinrlﬁrr‘]‘gnjr i Hla%%éff)%”tﬁ%rﬂﬁw %?y%ﬁi ral cis-1-

Chiral a8dutthg2addrda b thieke nigamed- recﬁ’.ﬁmgszlgehtsamclude reducing agents where a

chiral %U)ﬁl@‘yf ?ﬁc;%c!qv&b&ﬁ%bﬁﬁ Igea g g{‘i()r é%rth%iréa&it%miﬂgitu to form a

chiral (dBcRg)ageing of thamivhereh@ cBirdl algiliary may for example serve as a chiral

Ilgandtlﬁ%rc%ﬁr%/pﬂéfwﬁnlmgz?%cﬁﬂlré Q_:Jent ng%r(égé"ﬁgﬁé €5 g chiral reducing

erivatives, such
agentThs miepﬁremw@rtmnpln@e)s the 1se|gf SUEMENTAl TedidishagaRts or chiral
Ilgandﬂ%@lﬁéﬂ;\s agert cc%ﬁmgé'som&lc% Wer@'ﬁﬂé‘ﬁm&@%hd léiﬁétb&l@bpé/iﬁﬁely before

her éxanples include but are not limted t
being (JFSd {or)tha redustiBReny| - 2- pyrrol i di nmet hanol ,

For ex@l%)ple( Ythe 2hadl :Slﬁqlf’aﬂ?fﬁ{alv%a& v&trdb o eamel rehuﬁﬁ@tagﬁmﬂ prior to the
reductéq_gg /_ngs:pgu_ tf_fg%nl?gc railgg %lr c?l.l.bq]fp $) rglp%ﬁla%sﬁyatl%ggglala/ may serve
as a c(nJ:B I%Shd(m h-bdrawd confdleX- Eidap‘hﬂaafsyd)f schahivél boksnasaldicing agents
are chbra[ P)ﬁrbog? faelﬁeas;oﬁt | ngaborglf %uggcl} 551811 %%%a%gb%rohdme reagents
derived from (1R,2S)-cis-1-amino-2- mdanol (15, 2R) cis-1-amino-2-indanol, (S)-
prolinol, (R)-prolinol or B-(3-pinanyl)-9-borabicyclo[3.3.2]nonane (alpine-borane), or
e.g. 5,5-diphenyl-2-methyl-3,4-propano-1,3,2-oxazaborolidine, (S)-2-methyl-CBS-
oxazaborolidine, (R)-2-methyl-CBS-oxazaborolidine, The present invention therefore

includes the use of such chiral reducing agents, such as chiral borane reducing agents,
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conmpound, e.g. to at |least 90%purity, such as to at
| east 95% purity, such as 97% purity, 98% purity, or
wOMsp3B¢ y. The term "separating a conmpound” BCEHDK2005/000203
i ncludes the 20 neani ng of gnhanci ng the concentration
of the conpound in a m xture of such conpounds,
optionally conprising solvents, such that the m xture
or Ch|ré|3|gg|a|alr€@uc|ﬁ@ég@h&@mpmﬁeb suctiesi dhedl yanai-edrane edmplexes,

as an d
which @%ﬁ?a‘?rﬁf)??ﬁq aq\90'§?laéepet?eg?r§$ew%5edp#ﬁgﬁaé r‘%ftcr ep?glsent
Anothedlekyinpid yi a cb‘luaihlgasd trea temblekydith tret feglieng poentda dharewnplex

of LlAIlPrefaeg%bldghﬁ@ro FE% ﬁ@thhe same, and R6 is hydrogen

€ present invention are
The re&ﬂp@naf@dcmpmmdmfmeogwaéphycwlﬂ%x&sé‘dlahé(Néb n/Ille; geyib may be

carrledscﬁjtgﬁ%e PF%@HE@ 3fné/ cﬂF:ﬂ%ﬂkﬁIaﬁplsMS{‘Es ﬁpé'FPme'rtbi&/éNttlﬁ‘on -limiting

Sul reduci ngl1 9ent under the reactio
examplesradichirahawdinslesyedydeosnirl i1 oplcaiRify Sioh papial cis-1-

amino- Ehﬁ’ldﬁh&' ﬁ.@tuv@%hcﬁ% Y@“PR)’*’(J)LC@QF&i‘ﬁﬂo@Md&ﬂoﬁ» peeis{i-emino-

reduci ng agent use Non- t 30 f t
1,2,3 Ao AHOR R Ryl BB IS O L BT e and

tetrahyRIrB8EFhth&leAiR-a85 Oth&r dxabplad araedilaphtiefl ierivatives, such as (R)-2,2'-
bis(diphgéyrgg ya Ofo§ f‘ﬁvgﬁ%ﬁr‘éﬁy{ q‘%g?erg@%d' ABALS 3 ANRLARY 1 binaphthy!
derivat'Z\E)a(sR):uﬂtF&) ex{(rilebirs(udertut 3e bot rhited to (R)-(+)-o,a-diphenyl-2-

.di_ e il
pyeroliin NG (O i A g Ep%?%&‘;'gﬁ'a??%gw?R’e‘&'é'z'
amino-Ghtretimdell , b;dimqnwbééssaminﬁk)r(sh)n@anh@o-m Rddipgnyl-1-propanol,

and (1&923;? 4’12% gm”poomoalig Rl cBRREI. al structure llla with a
nat e of structure VII. WO 2005/ 095336

PCT/ DK2005/ 000203 28 In a further aspect, this
As useH rﬁé%‘ih' %p"a?eltmgeasc&ﬁp&mdminclﬁc@s tBé B)Jrlhta&(dnedrfdfor isolation of a

di met hyl sil yl - - I
compou] = Gnj 7t osbS SR bHEh 25 (5 Pt 1B Sat RS S ities 57
purlty,@g%lgﬂﬁﬁybé’r @%fpﬂl@lﬁssﬂw}é&ﬁ'ﬂﬁ I“§¢;T@aﬁi|hﬁa remipodndfalso includes the
t I [ILb
meanifyh 66 pheing (T GRRGHHH st dgt apEpot s Fiprgpl i ®
compoluntis, hepticnape comptising sbiveetst swah thet tHeamixtore ihdur8@a enriched

duc s._of .20
witn aBREHEL Br BlsreQbaltab bRt Simey=ush o0 an SRITFrRErsRYs
separatioop Mopt prefE&EpblyrRi gnddorlRy represent alkylsilyl, such as tert-

butyldﬁﬁ&ﬂgrsﬁglngn§('1@st é(f&)&ra%%r%%%& R £23ehQRLANEAd RY isPhydrogen when

conpri si of Treacting a conmpound
comqumdg@ﬁélveapr%ﬁaml@vmt@mnra sgpargkast by eronaspdiephtnat e of

general structure VII. 10 In a currently preferred

enbodi ment of the present inventi a
As usqdémr@gleﬁpert solvent” r%eans any organic so?vent compaélgle w% said suitable

reducing agent under the reaction conditions employed, or mixtures of such solvents.
The choice of such solvent will depend on the specific reducing agent used. Non-limiting
examples of inert solvents include hydrocarbons, such as toluene, and ethers, such as
tert-butyl methyl ether or tetrahydrofuran.

Preferred embodiments
In another aspect, this invention relates to 20(R),1(S),3(R)-bis(tert-

butyldimethylsilyloxy)-20-(3'-cyclopropyl-3"-oxoprop-1'(E)-enyl)-9,10-secopregna-
5(E),7(E),10(19)-triene obtained by a process comprising the method of reacting a

compound of general structure IIla with a phosphonate of general structure VIL.
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al kyl silyl, such as tert-butyldinethylsilyl, nost
preferably Rl and R2 are the sane. |n another

wepdsnyizent of the present invention RL and/ or PRZDK2005/000203
represent hydrogen, nost pgeferably RL and R2 are the
same. 15 In a currently preferred enbodi nent of the
present invention R3 and/or R4 represent alkyl, such

In a fufhet Q&p&@) ﬂ'hskmvenﬁcbfrﬁélét%s 6ebbg), 1 (S‘) BYR)- blé(’te/?t- pr opyl

buty G SO R e B2 RYGHEP TV Ry SR copreame-
5(2),7E)01 A b)igerys obtaired Hysa atdegsssedrybrising thkehmaihod of reacting a

compogpgﬁtfgglrn%llalgé' %tﬁdethllltE W%%Pgﬁﬁg%??hnﬂﬁ‘ag{twumﬂs

In a stofupthendspentdthinineentat elaiss bf thdw%Opa@b@tﬂ ofj WBM(@VB(R)

bls(temtﬁgi'm{th?rgn WL ’Cc@lsll ?S[)Oc?ﬁ/ﬁig t(fﬁgiggn(gz Wgﬁlg 10-

secoprggm?SI(E)sé(E)tJ&(ﬂﬂ)atr@nesqbéwa@d b & reRessicenPsising the "@FthOd of
reactlr%naa%ﬂngggﬁé of GLAShEStRRERES/ 18R VI Willd pRospRoh&e MR IgEneral
I mers are khown as di astereoners that have opposite
StrUCtlb”SﬁfIFgur ation (Ror S) at only one of nultiple
t et rahedr al stereogenlc centres in nol ecul es having

tn a cifehergeet BRPEPIo0s o M ErteTulDas a0 g FaBppent
alkylsipgssughadsi teft-lmityldﬁmetm?bsam hest &é‘drabl!y thmdelm arerthe same.

In anogfh%terﬁlﬁgé@grq? Pgﬂhr rFsoeﬁnr%g?$etnﬁl yra?%rfl{ qregreggﬁclllﬁ?ogen, most
prefergl@intR; emddt, 30 théreapai r are | dentl cal. The pr esent

Ina currllé(rﬁty @%?eﬂ?%ﬂ@ﬁr%ﬁdﬂr%n@lolf [% Ellxtcmr/&{tmﬁ R3Sall'19 4 represent

ure or as m xtures ereo
alkyl, m*ea%t%r@@algwhépcfca?f meﬁlwloﬂhvh@r 1cRiRpYuAest BredereRly Rs and R
are théggﬁ,rerredl ates of this invention may be obtained by the
plication of procedures known in the art, such as

In oneo‘if"‘?ﬁ‘?'ﬁmﬁ‘lt @ép%ﬂvswt 'EY%PQI thglé{fjrcaw prBt}ecBlg/g group Rs is alkylsilyl,
such aSitReaRSAlyE Enid\Be Ty BEIX9 TrétecBhg JRup ML aRyisyl, Sdchaas tert-

Ig chil c, conformation or configuration either in the
butyldirgetiyisi¥l- or the nanes of compounds or internedi ates

of the present invention shall indicate that this WO
2005/ 0953 /. DK2005/ 0002 ic . ,
comoR RS BSRP PR PR Ty 5P Lo sormmericay

substitrtbd dchie) carbon latornsreedh tanban-cahen dqmla:mrictsn/vlﬁch gay give rise
to theség(%‘féliée ofclg’&%gﬁg?otrh@ne %r Qﬁﬁdrﬂéﬁrsaal'a%r&inﬁé}@ nH ebhftric

rmulas or t ounds or |nterrrE|ates
lsometﬁ Etph@elrsraigéwpwnms@@stgwomqs hathave @epesity @pfigyration (R or S)

at onN{ AR miiHpe téﬁgﬁécfrblcs'%érleﬁgémg'c@ﬁﬂré’éjm Bbleb@ks haviRg hultiple
stereogglrurp c%rntraeg, sTlc)IS\ta%rtehg vtltal%rlneonana?oSgu%s fto Euc% the present invention is
directed. Designation of, for example, C-24 as the epimeric centre of a pair of
enantiomers therefore implies that the configuration at the other stereogenic centres of
the pair are identical. The present invention relates to all isomeric forms, such as
epimers, either in pure form or as mixtures thereof. Pure stereoisomeric forms of the
compounds and the intermediates of this invention may be obtained by the application of
procedures known in the art, such as by chromatography or crystallisation, or by

stereoselective synthesis.

The indication of a specific conformation or configuration either in the formulas or the

names of compounds or intermediates of the present invention shall indicate that this
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5 enbodi nent of the present invention. Mthods of
prepar ati on Conpounds of general structure Ma can for
wex@spdsibe synt hesi sed according to nethods POCBEDKo®SM00203
for exanple by M J. Calverlgey, Tetrahedron, Vol. 43,
No. 20, pp. 10 4609-4619, 1987 or in WO 87/00834. For
exanpl e conpound Illa, wherein both R and R2 are
specifik %Bﬁf;]ohﬂbb{bﬁj bResmYusatioH iswhpreferfidegrabadiment bithddsedritived The

lndlcadlgfu:)foﬁegg%é‘lﬂe%g $r31$q§iw%g%e€t08ﬂ9ltll‘P?rPIgtegﬁél‘elgl tﬁn q”ornﬁﬂgsegyﬁ'ne names
of confpeUhad v yitaunmauemof theupresaiet invergioneshall mickader @yodther isomer

conpounds r ,
than seﬁﬂﬁ%ﬁﬁp{dn%\l\qﬁgi %I r m%a %ﬁ) g\rcgr %yrg!xgtg%% th Iog%rsn%')(leEtrhgr
embodifneabnpdienpesadrinvantioexanpl e 15 be separated by
chromat ography or crystallised as generally descri bed

herein. By reaction of said conpounds of general
Metho tlan a, wherein R and/or R2 are hydrogen

Compéﬁﬁﬁﬁ HbFaqgkr%c@ﬁ*@tIﬁgtcbﬁ‘%raegémple B@‘é&lﬁk‘h@bﬁ@@d &cording to

can be introduced De end |n
methosiﬁ&ls,qﬁssﬁé@rr?xa@mp'@m Nor bc@bMerigy E&}éarhe U%a/"Ln% NPe 20/ PP
4609- ﬁ@ﬁ@tim &QﬁdNDISWSOBJH Yot ersmplefcoripouat 811k pdherein both R, and

v ore QBT 98T RSP ab e PPN 50 Mg e
deprotdctdd with aded s Ingdtofdgeit addint deetoriiile sowahédtrblwtylammomum
fluoric%g%?ﬂqg%g%ig?lgrﬁto?ngml%gaﬁés hg\deirpR (H" I{ aak?ja ‘Eyﬁ’:fogteﬁ%ﬁ ﬂagglve a

I rs
compaorpwheacn Bf agbRearal hysliregan: dhis mixtuare qm@mphn cgngfor example

r I t
R RS, Ao o
reactign pfisaidcemueubgs ph@@r@ralﬁwwr@dﬂuaowhem R ard/Qr Bhafe hydrogen
with aLQ(J téb@bro‘t&t?n@%d%ﬁ?%@rd%s ﬁlbﬁdil@lr &L cad %@Sﬂ\t‘i‘d)c&&:éd Depending

as ant hracene or -acet ene.
on they OIS O6 INPIORHBrPOEB URECRELGR (SRFT B HepRemitures
of un@%ﬁe&éd Vrhén@d’ﬁrﬂte@céﬂi‘?%h&@%bm&ta@dombeuﬁdﬁ ca@xXsnghteined. Any
descri

hed
intermgIatB! B BSOSO 86 By VBT CORSIET b Salpted bY
chron@dtég ﬁé@hb)&nd nesdtpd matheslifaple mbeacing @ge®0diterepd tnodstheffirst one
eral structure Vla /
used, 35S S gt e EHERls Mo WRRe 3 TR RioRR PR
treatment of a conpound of general structure Ma or

Compol_lhgrbe é&e%é’ldﬁm&u%i 2 & be %Tgﬁaﬁ’llélj BRI cgh‘@ZSulﬁ’(fé MsRMeral

I qul gaseous or bein di ssol ved in
structsin {Hblby phety isamerisaiiomnisiugh %W‘é‘nlt"é ligk '”ttﬁF§resence of a triplet

sensitd ! S SleinthyR@né %@@té&@yléﬁtﬂrﬁehe 3Sud0proedtses awhivelnknown to
are conpatible with hereactloncndl i ons

a perggrkgifided insiherpriagf wmlgr{é d@F'V?Fé‘ﬁSQH arﬁy%fr%@g}pi%ﬁgsca‘%ed by M.
J. CalSE@8y, al%t?é‘.ﬁb@ﬂﬁ}s Vol. Oia,lme,zo;ep;bleaf&9 -s6ird) 1287 dirét ko 87/00834

th met hyl - t h MI
whick o oSy LRSIk oY B R pr opyl

Compounds of general structure Via and/or VIb can be obtained from compounds of
general structure IIla or IIIb by treatment of a compound of general structure II1a or
IIIb with sulphur dioxide. The sulphur dioxide used can be liquid, gaseous or being
dissolved in a suitable solvent. Suitable solvents for this Diels-Alder type reaction are all
solvents, which are compatible with the reaction conditions, such as alkanes, such as
hexane or heptane, hydrocarbons, such as xylenes, toluene, ethers, such as diethyl

ether or methyl-tert-butyl ether (MTBE), acetates, such as ethyl acetate or 2-propyl
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WD 2005/ 095336 PCT/ DK2005/ 000203 30 acet at e,

hal ogenat ed sol vents such as dichl oronet hane, or
worRoosa9B36 of said solvents, such as a m xt ur ePCf/DK2005/000203

wat er imm scible solvent anghwater, e.g. toluene and

water. The reaction can also be carried out in neat

sul phur di oxide without a solvent. A suitable

acetat@eﬁglbb@ﬂﬂatb@@Bﬁréﬂisbtﬁﬁh @k cﬁ&?ﬁon’@ﬁ@tl@ﬁa o8 middtad 6 Bl &Hlvents,
such as -30C to 50C, s 5C,to 40

such ST user s A M BEDrobeet Saains st PySHoerfipper The
reactlﬁmeﬁh 8150 LR Gal e b, insiezh saphiibiokide 20MouPasbbreabl Asuiteble

react|%n g hur Pll"gxolé %é?OC% e% 56 Csé%gs% (Sgpill éma 'C &UW@%UCh as -

such ar excess, such
15°C ﬂc040°1<5 quoh ss -6XCde S0 Anyu@uaﬁe@sc b 35Jrﬁ,§aléh a8 53@|t9|’3@r C most

such a%' Pd(dcdi.eo %@‘Q’: bs%cltn %gq\éeé tt)rz(bwbt B?efetragﬁptq’nle‘%ﬂlﬂﬁhnj%(ﬁjeQX used in

. queous base SucC as aqueous sodi um
excesayr@pumoa)e smdw @ﬁ 5b§0an@tar|e|Xiceﬁ§, sueh %%?p%ﬁ)urm'ar §X7ep6, Yich, as 10-

15 md?zQiI &8l | Ahyt 8Q8EDST uitebBted sﬁFﬁhYIEBbXIc%FHaanié&*elrr)bveu RELRAR the

reduced Eressure Reactin ounds  of enera

reactigy FR BY S WAL MBI e a DR o SHELER FSPagdipg hycroxide
or by H]s’éﬁlhh@ﬁtﬁe @lehhe dthdeechf f’tfp”ci%nMﬂﬁto@@d*:eVlvhth d belvemy, aptionally

VI a/ Vi
undier eyl ReardenR g Pt Teooaier pe b e TR ) e
dioxidglusaally R2danel rﬂnhmreaeafcﬂi'lectwooammilets \dasangs\dd, The molar ratio
VIa/Vg§8 %nnq%éu Sre%%mdfts 0%95 HEE r?%% )@/Q l%@gtlcgrp\yvlll depend on

eS|se rev ous escri bed
the gi@OPB8RO4NH Y, aﬁali the reecrttonmwyﬂtmnﬁﬁlﬁ@@kl si |yl oxy (Exarrpl e
11 (c). Conpounds XVa and XVb, wherein R is
tent-butyldinmethylsilyl can for exanple be
Compgepdookaenatahitrurturesiia anl &Vaepp &re%iamPée P%éﬁ@ﬁFS'S%%%
prewcﬂ.%l@gé’secﬁﬁéd Ry €p @bl 8904 foragi-d téﬂﬂ—b&&ll@lﬁ%tlﬁ)ﬂﬁtyﬂd%ye(mﬁmple 11 (c).

t et rabut yl anmoni fl
CompaeKHe RAIID, MR an S i BHOT R RIS LT RS Ragple be
deprdﬁéét@d @nti’nUé taibdife peplotsdtingJeag@itf sudntastaqueous byqroflnoléc acid in

el A i GRS LB, g .
hydrd@@ﬁp@hl’tﬂ&h@ﬁ cgerberrahctsd:l wildt alseitabla partectiXigageat thaive

comp%én%ﬁ q C$%§eg%lb§€5uo rter \%S dfdo%Vb Wl;ﬁpé)&g)gﬁ Lfg%hff@%nt ﬁ'am t‘% starting
compd669- ALGIErmbeS ZompowpisLefdeneral gimeiuse XyYe rauétwbecaﬂl '?q a

synth%@ig %8? glégtﬂ‘?%g opgﬁ)ﬁ%mé% shast 5 distibeen thRetrahedron, Vol.

cts XVa and XVb by base assi st ed
43, Npe?ﬂopm%f}@-ﬁ\%ﬁarl%gactl on, such as described bel ow

Di fferent groups RI may be introduced, before or after
the retro Diels 30 Al der reaction,

b
Compavpds of ge@er@ée@gﬁug&k}qu%aaq rtePfgma B/eOFyrBF%SéeﬁdW‘atartmg from the
sulph@h@mxﬁidé/dducts XVa and XVb by base assisted retro Diels-Alder reaction, such as

described below. Different groups Ry may be introduced, before or after the retro Diels-
Alder reaction, by methods well known to a person skilled in the art of organic chemistry

and as for example described above for compounds of general structure IIla.

Compounds of general structure XIIIb can be obtained from compounds of general

structure XIIla, and vice versa, by photo isomerisation as described above.
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and as for exanple described above for conpounds of
general structure Ma. Conpounds of general structure

wXedobo9ssan be obt ai ned from conpounds of generBCT/DK2005/000203
structure Xllla, and vice vwgrsa, by photo

i sonmerisati on as descri bed above. 35 WO 2005/ 095336
PCT/ DK2005/ 000203 31 The C,D-ring building bl ocks of

The C, ﬁ)e{?ﬁﬁ Bhll%g(fj Bedcks Bf F&%rﬁﬁﬁrdc@ﬂreﬁx&f‘@nﬁobexmﬁﬁlpafeqﬁ'ebairamfrom
Vi
gy oo SRS S il BT D EELREA D005
J. MedZQﬂ@m 22300,3531353586586} J. Medl. CBheIN1999938, B129-4537, Chemical
m 1

oo 3, SRS Sho L e 05 /07 950 Mol s
Rs canRie inarodbeed by ueidg seahdayd peitagicst anvdarchepisstesich és descrlbed
hereindf OUp chemi stry such as described herein. The sul phur

di oxi de adducts of the present invention are
preferably converted to the wunprotected triene

The SI%?‘M{ V(ﬁ&)h&@%dblﬁktg BE LY S&@@ﬁﬁn@éntﬂm@é%réﬂér@ohﬁ edriverted to the
reaction. 10 The reaction
unproiggted trﬁ'eare|de§w'iy\é6ﬁt'§ thavpressnss ef 2 Bapatt df t ?NB ?[‘F&r reaction.
The re(r?r@ﬁ@ﬁ e K@thdj @Uﬁmbéluwv@&s,a\hklaﬁ%e compétilsls wighhneeaction
ane rocar bops

conditrcReeh SRk, Gt RS POGTRET PR O e Bt o ienes,
toluen@l Befer,MliBE)as dietayiodtasy onsmethyl—atertdﬂhyll ethertMBE ) pacetates, such
as ethél_ g{.ﬁ%geleg%af eﬁg??otg?acé\}gt O%%Po ﬁngt)?tﬁaéro\égem C% ﬂa'rloromethane,
water Meinhigtiseo bf $did solventso Matfezdd§ ofithisrretrg @elﬁ dédaritype Epagtigmare
well kwgw&x tg%oﬂ'gllién slﬂll&:eirnsc&@ Kb Vi Faqlmhrb Emh@ﬁlg (§ge it ﬂml rcdRrerley,

Tetralalron 831, A, NG(20, p: 48806481 0567 obin WP FHOQEF- Preferred

solvet?tz Qg%ééne %Er%flﬁftfllelﬂetlﬁlq)latf@ﬂt\ﬁa@? eorl @l xdeee théreot. Saithyle bases
hyl ether, water, m xtu her eof bl
to be Haesbin theqebe RISECANST (ERELoaNEbicRy BISE ORIt e B O
KHCO! nl% @S, oPKICGY. &n EQirefelrdet?dbdd)rgNam,e prE&d@EBmvention, the base
referr nbad
s aay5P6S BRHCOnPERITghe "oie TIHSASs e 5’&386‘3§gk%\8‘{c9§3E65”Ch a8
betwedndd ©OC atrhelzroe’t:r endst plefeibtieabaveat’Cosudhsas hatwapové°C and 79 °C,

bet ween 60C and 120 C, nost preferably
typ'caglkfggrea §utc¥‘f? I%lourgetween 74C and 79 C, typically

for about one-two hours. Compounds of general

Com p%h[‘lb'g Fyégn otk lastﬁ.g:gé RNyl %d?@\n\/ ecah nLHé RtheP Bb&IikRIDb\Yzonolysis of

da
the SO BJGEERPE B (AE) Bt PAPABIIIISF W) LY Sa- €e87er
5 7(E§J%gfg)b€zéE {Ber Aol fo2 2kEhplecddsafped asTdtAihed @R 43, No. 20,

I n Tetrahedron,
Pp. 4669954818957 s@hongbt YRMPH %vfdﬁlprﬁﬁét&%@HOEEfﬁFgﬁ?'@Bt f §itp Dydroxy
groupdh RdsRFiBEd bBdVeOfor tb@pbyadaygeneral structure Illa and/or IIIb.

The synthetic methods used in the present invention are well known to a person skilled
in the art of vitamin D synthesis or organic chmistry. Suitable reaction conditions can
e.g. be found in Tetrahedron, Vol. 43, No. 20, pp. 4609-4619, 1987, in WO 87/00834, in
WO 94/15912, in US 69,553,962, and in Chemical Reviews, 1995, Vol. 95, No.6; and the

references cited therein, all of which hereby are incorporated by reference.

The reduction of the compounds of general structure VIlia and/or VIIIb, or XVIa and/or

XVIb respectively, or XX is preferably carried out by reacting with a chiral borane
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groups as descri bed above for conpounds of general

structure Illa and/or Illb. 30 The synthetic nethods
waIs@d/09333¢ he present invention are well known PGI/RAK2005/000203

person skilled in the art ®f vitamn D synthesis or

organic chmstry. Suitable reaction conditions can

e.g. be found in Tetrahedron, Vol. 43, No. 20, pp.

reduq@Q&lﬁg%gchgéggzmrhlrb%@oﬁﬂi/dm% oxaﬁabo"‘\@icﬁlzﬂe!slgzﬁd&as thiral

Cheni | 5.9
oxazatggoIge FrropREs I, B ol e re e HUFEPRraha e 2 amede 1
amino{Peindanyol A ER i28¢-arsp bramied- bindaebdle (€528 )-cB51-Eheno-@dndanan(S)-

prolinci?/r (ﬁs ‘?oﬁ%]p)&/:é“a@ﬁmao%!’%vﬁtab? § %r%eyk%rleaga@é&é cI!)orane), or
e.g. 5,praifteanyibi2y mesryiZod- mqmarmvlm%r@xatajvomltdm% (§)n2r@|ethyl -CBS-

oxaza l;b%lm V\@lﬁ 9%@%@%@@ (F gﬁ%ﬂg e 09028 3 ed G2idnEAEHLRE and

, such as a'chira di nes or
method&&zéb@ PEERITPHER of H1rctPrBRO R OAI9eNERPhS GHGHER YHIMeNd/or VIIIb

have Heeﬁle@%%éaehldé@m ff @smABlel\m gohysA061. THe-AekAR&IABTC hiral
(1S, 2R)-ci s-1- am_no-

auxma()ilpsdzlgy'ngc?%er]t |%1H{ef§@‘a§ly |Hd:gﬁ6pnge of 2.3-2.7. The reduction reaction is
usually dPridRbueiirs alte@per@u- intdasiobetwes) 5° 0tol35AQ) preferably 10°C to

30°C, B3R ARV 18 8556 MFLgerapaYs: SR ANG: The reducing agent s

prefer§ldy pseteirban agejmolar arfhoentgor in molar excess to a compound of general

structtgr’e@ilgisa %gn%zé% }451}61?%%&18 %gglé%g Wﬂ%sﬂec%vgly%ﬁ%ﬁb&éﬂl dsdh™.5-3.0

molar eR)es2- net hyl - CBS- oxazabor ol i di ne. These reduction

The p%@éﬁqg&l 1?&9% th'gEénl'el:ﬂH?SJIé’d'tlvtenﬁaﬁ@%%élét:ﬂl\%‘regﬁcﬂ&?of the prochiral

oun eneral structure Villa and/or VII

Ib
ketonmaﬂ/@nsé@lrﬁtae%@rﬁu\ﬂé@ e/ aeVHID, 9<\(i3 angir X\Eg respectively, or XX,

such tﬁg)c/tﬁé% Qﬁ%plﬁa% xR é}fd/blai(ll:p o@f)(\ﬁlalaha}or XVIb respectlvely, or XXIa
auxi liary/reduci ngqu%ent i s preferabl VAN

(Re=hydrggen)7arerigamped iy DTS BIF Feat S o PEe 1S alyfﬁafﬁ?ftk?gF %eé%l%r
exam;ﬂéﬂ‘e\hé\Né\d beMAs A i Siabined [eHenb.eRave o3, 363t tOBFCExamples of

el S8 R sk ot iap Lo S0 bl R hpefte B . e
J. Chepr.efoer ahkm. Coetmum. b, a@l&nnﬁlJamaemlJnArroﬁhem Foicat09, 7925,
1987]an>g§er§p e f%%gg%mﬂ%? aﬂé/og%gg OX\?I'goslt ﬁugllid,lﬁ_% é/llnliﬂ’oaalcohf())l(s in

| respectivel
stereosalettl\@sredmcm@whdvorm a&m é»@c dedoundinife pr‘#'ébé%@’ Tetrahedron

47, 444515455%5 19@)1t *&eH e@éﬁ&daﬂ?éﬁé @PL/ \fﬁ‘étpdréahﬁ{ @&&&E e@d(uzye, 7615-18,

reduct i on of rochiral

one

1995, PrQe@e0 e, Wopgoa 2/ Bt 0%51@8 VY)(P 95?’(/43‘5?'0 nWQ)?’J"S@\ng] The
ynthés@ssﬂ'?cgbi)“(l\ﬁ@é YBf cRiFal’6s-1-nhigb- vah[ﬂfgnbh&rﬁ}aaéeﬁm e se Mdactions can

or 0 nd/ qr res Ive
e.0. bp RS, Kon§er B REE S NP S ene b S5 16%8; Rk anosh
et. al.peymResicpbaywse 10eRCcY.i lny vere, TotrahakampbiterseBb 6 06631-34,
BN LTS M e )
Tetratmolddrf Lettlelsp Ba(E6)c 863 1-GH, 829dpR eHel ef elin@rd.rPrpgess Riesa® Dev., 2,
96-99, 1998; or EP 0763005], and references cited therein.

The method for producing calcipotriol as described herein may be modified with regard
to the order of the reaction steps, by omitting one or more reaction steps, or by
introducing additional purification or reaction steps at any stage of the reaction

sequence. The present invention includes all such modifications. A person skilled in the
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3. Chem Soc. Chem Commun. 315, 1981; E.J. Corey, J.
Am Chem Soc. 109, 7925, 1987]. Exanples of the
waymsihesse and/ or use of e.g. 1,2- and 1, 3- am POI/DK2005/000203
al cohols in stereoselectiygg reduction with borane can
e.g. be found in [E. Didier et al.; Tetrahedron 47,
4941- 4958, 1991; C H Senanayake et al., Tetrahedron
art of VitBHi® B ched@itd )or of§dfic E8emi2bry M KnolwFvifr8 8028 mddRications can
0640089, EP 0305180, WD 93/23408, WD 94/26751]. The
ynt hesi s and/or use of chiral cis- I-arri no- 2-i ndanol
derivatives in borane reductions can .g. be found in

The me[fg%cglt"orfeernglrl]@@léﬁltlpAi:rﬁjJI alglyegg dﬁg%?g‘ lﬁégé&%fg{&n%gg é/arlants,

where tfie yatrgxeproteting g@upaﬁe@ndtprLFétforeMﬂpwds@)“ intggBadigies,
where %b%l é)er’ ngé%ﬁbgﬂp%ﬁgﬁtéégﬁm&@d %@%HV‘%EJ »of®hd keaction

, trahedron Letters
sequens@(wpomoemtermxateﬂ WW?tRlét“déq)r R, aednydreaseasay be

protectB@%ltl’&p%e\!ctmgzagen%atggny ;@%g of @he Ee%cgzﬁgg@@énce Adiuding

references cited herein he nmet hod for roduclt n
protectig a995ts vihigh ﬂ@'dﬁgew%%ctwer%fbhpw ﬁ%&%fﬂ?\@@ rligr in the

reactioh@8@liéhcet 0 t he order of the reaction steps, by

omtting one or nore reaction steps, or by 35

i ntroduci ng additional purification or reaction steps
The redictian\ofst @gepafnds hé geracl fomuls Bie ndeb, XVik, pivélset, Va, Vb,

v, ARYEF Y40y R e BB T 85y, 0 o on
the redacingcigent adithe Beastionicondijions usedyagrivea cmistire of fhanf124 epimers

of the tL;J}Pé’:\! \Qﬂgfng a%b%lal%%gﬁwteh C%ﬁh%h%%m&%ng?gfsgené?gl RIBRs 1xa

OtrIO escrib herei n
and IXbnei mrétsasmhmq@etpoa_llnﬂs PheeraTELStrUBUgHEs and X8, Ry NP the

compolh@ @Fééﬁ&al%t%?re&laé%ﬁ@ﬁaﬁ%rf)@lﬁa ERIROBHE) by sQEh as XXIa and
I nternedi ates, where and/ or Réﬁare ngt h ﬁ%i
XXIb. %?R@nﬂétﬁavfeta\eaqo%'twﬁéh%tn%Wée AS°BR eg@féﬂé 2/ 1Xa, Xa,
Xlaa, &Qﬁ'@@lﬁﬁﬂgd%ntggécﬁfsﬁ)ﬁé@ﬁ‘&?d b@hﬁfnﬁfm% pafifléatlonRAethiogs known to
_ rogen . rotected. wit prot cting agents at
R A
protecting agents which yield other protecting gr oups

The seg%r&dgﬂ(:%%%?%:n\gl\édacfé atlo%rmetrptoEIQ%f tlﬁleoglreggl&tlhg&tlﬁn include, but

I on of ‘a
are nof lmitad do XhienatkpgMphy Xstich, aS)@ﬂSbrpt)O(\ Chramavmraph)ﬂ (ingluding

colum@&ﬂﬁoﬂtatyéljaghi/ Whh @lrﬁulgepeﬁngbﬁtgrtféi{lu(“é ) BGOBG|IisBtié) or

Teduci ng agent
distillatipp} thfesqp@aa;ttqromsc&w ta|n6rpyru§@t¢0n gtet/'@oda M% e MEeh T

subsecﬁ.@ﬁtl&za%ﬂ iR Ebl%frﬁatl%ﬁ @Bluhhﬁclﬂ‘@ﬁ{a@cs&ﬁﬁﬁl}' ﬂﬂseﬂJI(F@ht(hlefseparatlon of

ormed, such as the conpounds o eneral stru
vitamip RanalpgHesys the Presseh IyEntine 'Sc‘ﬁiﬁlbgﬁ?]‘tt% T Hase FLpIgH 1 the art o
pharmé&édutich Hérmistramtheacharque wedplaygs & Belumn packed with a stationary

phase, for example silica, such as pretreated silica onto which sample to be separated is

be ma

loaded. The sample is then eluted with a suitable eluent. Elution can be isocratic or so-
called solvent programmed (gradient), wherein the composition of the eluent is varied
regularly (e.g. linearly) or irregularly (e.g. stepwise over time. Pretreated silica gel, well
known to a person skilled in the art of chromatography, is a suitable stationary phase.
Elution with 5% (v:v) ethyl acetate in hexane or heptane followed by neat ethyl acetate
is but one example of an elution program that produces the desired separation. Other
suitable eluents will be deduced by the skilled person through routine methods of

development, e.g. by using mixtures of heptane and ethylacetate of suitable polarity.
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conmpounds of general structure Xlaa and Xlab or Xl ba
and Xl bb, or such as XXla and XXl b. Dependi ng of the

W@ oi9p0%3386 on of the m xture, the desired epi nePGI/BKR@S5/000203
| Xa, Xa, Xlaa, or Xlba arggadvant ageously separated
by common purification nmethods known to 20 the skilled
person in the art before proceeding in the reaction

For theScW&%Qfo@rapmestéﬁp%rr@tdo%bmam atst@ﬂonaawﬂmaslé (;ﬁadkﬂigl) and

met hods resent invention
cluent A% 192Dl HPBIN BghE R orEbcoal gl PTFgncar o€ vE8d. such
combln‘éhbmm@é B@hlyly deneinided gy toekkilled parsomityogutipy and

. Si r%# ated nmoving bed (SMB)), crystallisation, or 25
SXPerYeiLEHP M at i on. The separation, isolation, and

purification nmethods may be used subsequently and in

The Ho?l%Fbérﬂﬁ'lto'g% ?%?g%ﬂkygpﬂ]‘ém % &I%I%O\/hﬂ caH%%féillntﬁé%fzeHrb% various

ogues of resent
synthetm\aemoadm» sangéng flonoite @loeqt Wéb'ézoé/kﬁePF%‘ pintrisHBstiptedof

phospm?r@'ﬁcﬁ#gllkﬁ@luos%ﬁ:@% SdUcH- as-EP@tﬁy‘ﬁﬂMbﬁh'ﬂ@oﬁfﬂﬂh@tﬁill@osphate, with
acked wth a stationar ase, for
2-halode Pepr BB oy e A 0r- P BT R Brarpe-1-
cyclopr@%gl@ﬁ%roﬁ& ?le &rBPzd\ﬂ??’deﬁApthhéﬂﬂpbeq s, BtEnoahetheds using
a sultapj e el uen 1 oNn_ C
organaietalll FEAdE O ISORET FFUHP BT e i) 1 Hrer aPs gl Syneh
Commamﬁémﬁ'ist L ov6 CB‘G(ILB@E, Ha1en56813. Oﬂ‘l’arelﬂethp@qf anelpyra(t@ngnclude the
Mlchae,BF &eféedygé'a IEEE}QartaréLYII ﬁ%‘cgﬁhﬁ‘ﬁ eﬁvm f9%40\g§§8115|q§tq61 us(f of
masked rcatﬂmyacammundlsr(eaamgmpwe r¢fgremcsm Bt(abi(k) Bt & iConkal gt al./
Synth. pé]o%ﬁ%uPlcgl! (HH,)?P 35%1% h,(l%f/)zsgéryﬁl szﬁ@ %ﬁwate‘%ohé‘mﬂ‘é%%@edure

eat eth acetate 35 is
for theamepeaaanploé Bdfetcamh@smqr@ﬁesmsd@ﬁ%f)ﬂ e apy'atier &5 ”iaﬂees'“m

enolaté 93h\'}&g/escﬁQﬂalﬁdeﬁs[i')lgﬂ?)%f:etaséél LEinb InfacRlcdrRiAt Bhivtitid-the&hylamine

followest by despabapiRn, g KMy SR NGRS oo S et S/ 2nge’

CorbeleétrbYEKZﬁ%rg}C%gﬁﬁuﬁwl@@Bl 26 @) Ar56 - 255€) . 2008 GHPBGach is based

h h t
on thegiggciqsisia’ PRk B oPhep S oD SRR 39%"%% To(0)
compl@i EBB‘}? n’(d@absmm mat[IFeoosfmm Sso’thesngO@lé a, )dIGlZBBel:,GBSé Yany

other B@c?%%m? F'E)F g%cg éh%“éé%%e res EH% Fan %jrr@a I geﬁ%ﬁﬁllge

referepoepatedemtiat amave 5rt‘c'hae, El@r g rD. Fnision et ﬁb@@érhYs .gPrsini et al..
general structure VIl can be synthesized by various

synt heti c approaches, ranging fromthe direct A«Puzo
The Witdigetdroar isfactien gug)g{qllylﬂe @rmﬁﬁ@gp'mxtrgsa c%mﬁound of general

structlfel ﬂ&kﬁkph@ﬁQhﬂi@SVIaWoﬁwH IMIER hyiTob)08RhAE 08 KVb with a

phospgor;q%gfy_ng_acl?,qﬁed@%@yﬂgﬁsﬁglvegbcﬂxea%ddltlon of reagents may be in
either&r8dY, efdigh-th¥ adapiP ek hase aseh®las? raérgenb td the stirred mixture

can be advantageously depending on the base used.

Preferably, the phosphonates of the general structure VII include groups R; and/or Ry,
which render the corresponding phosphate esters XII water soluble, as this will allow the

removal of the phosphate esters XII by aqueous extraction from the reaction mixture.
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10 cycl opropyl et hanone [B. A, Arbuzov, Pure Appl. Chem
1964, 9, 307] to nethods using organonetallic

w0 e@gmemizds (see for exanple references 5 (a)- (kPCT/DKR®5/000203

Corbel et al., Synth. Comaynications, 1996, 26(13),
2561-2568]). Ot her nethods of preparation include the
M chael i s- Becker process [G Sturtz, Bull. Soc. Chim
Fr.o 1924 (2333] and the use of nasked carbonyl
confpounds (see for exanple references 8 (a k) in[B

R ;7—QoreiORt al., 15 Synth. Communi cati ons, (1g9g )26(1%),
2561-2568]. A safe and econoni cal procedure for the
preparation of 0-keto phosphonates is based on the

ati of magnesi um enol ate derivative of

trlaﬁkyﬁ%hosphonoacetate usi ng nmagnesi um
chloride-triethylamne followed by decarboxyl ation
[D.Y. Kim Synth. Commun. 1996, 26(13 2487-2496; B.

For exa@plecihogq graups ogyn@%d/%ﬁjﬁompfgg%s El(ﬂrl)g)l are advantageous,

which 2&2&{35%&; ém@élhlf?rfoaléﬁﬁ%@t;ih?é &f daeesl sEcBirel IE of at Ieast
i ons_ of a-hal o osp a
0.1mapl & BOBoHE! S35 oI GRBE SPohD SRt B T 2 puch as at
least 1@igyimiat pBYyNs iaaaldz?o)°c 20D, asldt, led5&3nd/6BI33t. pHVAIrByand RO, such as
r.oce ure r e ibed in the literature and can for
at Ieasg)gﬁ 5" 5@”?83%8”‘?%6 cf’)'ef erences cited in the above
Ina am*thércérabodmegt ofol;hemVEnﬂi@nnp@t)SMOnagm;doF@erﬁralatngicmreé/[II are

prefer%d %Nh%?e tﬁg%e}%; Eélgblrgf Qfetrherc%@%tsb?ﬁhlhgc’ f’ﬁ]’lo'n}'c ac1d XII is equal or

structure
hlgherl w(x‘omxxmon u0| tha solubjlisy ompaow’rwmw acw P.fII whereaRs 3d Rpare ethyl.

ApproBWéace%BWeﬁ’ﬂ's f%e"thhg@-lonﬂ@P?éH&ElBﬁﬁ&I@J@h@dr@@é%oh@ sAkh as

propriate solvent. The addition of reagents
xylenesSntoIWtehé?xaﬂeaeheptﬁﬁ%ﬁwcmsxm|aPF‘c?ﬁh%ﬁsr B %Sag%f‘ggty' methy|

ether,tmwlaé‘thelf gagaidiahd dlé&o%/h{efMemlﬂ dirRethoRyethene, or
vantageously deﬁendlnggon t

e
tetrahp ol P AGITA S ORRp A Re 2 cOPn T, ganertedianydrefyan
diglym¥, |mcbrfb@|ylmcilh=,‘ I\MR;)E.NF ,RIM80¢dbpacdRétes, sinihcés ednytiecetatecor 2-propyl
corr ondin osphat.e_est |
acetatfypb RaPam ity sl Tie Soe o ShePiet Elnaey, Shishdtenbte, fduater, or
mixtuplslof Byidaglveatss extracti on fromthe reaction m xture.
WD 2005/ 095336 PCT/ DK2005/000203 35 0 11 R s OP-H

0O 1 R4 X
In a preferred embodiment of the invention the reaction is carried out under phase

transfer conditions using a mixture of water and a water-immiscible solvent, such as
toluene or xylene with a suitable phase transfer catalyst, such as a tetraalkylammonium
salt, e.g. a tetrabutylammonium hydroxide, halide, or hydrogensuifate, such as

tetrabutylammonium bromide or chloride, or tetrabutylammonium hydrogensulfate.

Suitable bases for the Wittig-Horner reaction include hydroxides, such as
tetraalkylammonium hydroxides, e.g. tetrabutylammoniumhydroxide, or
alkalimetalhydroxides, such as sodium hydroxide, potassium hydroxide, or group 2
element hydroxides, such as Mg(OH),, including aqueous solutions of such hydroxides.
Other suitable bases include, depending on the reaction conditions and solvents used,
sodium hexamethyldisilazane (NaHMDS) or hydrides, such as sodium or calcium hydride,

or alkoxides, such as sodium ethoxide, potassium tert-butoxide, or lithium tert-butoxide.
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For exanpl e those groups of R3 and/or R4 of conpounds

VI1 or XIl are advantageous, which result in a water
wa@odoalpissé y for conmpounds of general structur ePCI/DKoG05/000203

at least 5 0.1ng/m at pH 955 and 20C, such as at

| east 0.5ng/mM at pH 9.5 and 20C, such as at | east

Ing/mM at pH 9.5 and 20C, such as at |east 5ng/m at

The re%ﬁoﬁé%rgﬁ&:it@@@or ﬂ"léWVlt@i@ Ha%hel’ mtloﬂsﬂm}l’ ' petid cpH:r& reaction
n

condt R ATSHIEES Do QUREPLY Tr b AETie T comReL it o arhecd
structu‘v“@VIaeaﬁﬂer A, @F )Glalaﬁdl/br I(yb,orfeat:ihrm tmmweaspuasl iahgve 50°C should

be avo@sﬁ.pglﬂlfa&l)cre%%h?% %érrag tl'? WI%@S rg%iﬁteéé:goa of VFa and/or
VIb, onihér andR3r ¥vid, &4 ialtike adg,el of ,&Qpﬁdgﬁloaf:esls@h Ferfids Gter50°C, such

as - 30‘3?0 %‘té 's%cr?'%% Fg ¢ &4 p@nsdc‘ﬂcésu-%ecr%djgy@arsgaﬁﬁs 0SHGh 35°C,

yl €éne uene, hexanes, heptanes, ¢ycl ohexane,
such aaﬁdCéQ BErS, sushcls 1S Ctier 30 Kutsyrh ﬁétlﬁyf: tod0n&y sugh ag KYIC to

25°C, %Ségie?fé 5% ¢ %q@(@uﬁab@' RBeXY fehpaaure for the Wittig- Horner reaction
i met hoxyet hane, or tetrahg/drofur 8 (;15 o&

of IXX,S)@gI\y,eIﬁ}ag IBhcKiligy o&@{;{l@rﬁ:r@rlmtge range of 88 c toq 0 Sich as -

50°C t8-1'§©f’byl4o@trt@hm®r°qf Bi@Nas J@o%h @ Y0¥ C, "0 dglty 36° CNBRh as -

15°c S TER L AL Ub By, BocTME AERLEROE 19257, e

as 5° ChioC3U° @, eust &ane’C chBo? @bsum@wsel,s ‘o tondd ¢, sush asmoxmpe?éi C,

salvents. In a preferred enbodi ment of the
such aFﬁvéﬁ?ﬁgnet he reaction is carried out under phase 20

The pHospinsfaee VElomdXXILibris uashlihgusedhinanued o aReaeeu i @ iy molar

excess%&l? \"e a'mnt elbélaeﬁﬂiege%ch §§§@°/oaé<ce§§|d+eﬂﬁ°/@éxdé)§§ Qﬂ%o %
hase’ transfer catal yst, such as

excess, @t ﬁé&% ka}tmnﬁh 700 exgess; OB 8. % £XFetsy RbAP\AHIBTH 9100 %
excesg%grlgghﬂee cé@l begeo @’5 cRY&s08eBEeHf @lcess.such as

ammnl um broni de or chlori %5
The basetis HSHRIY| 2RFANTAIHY QY BYBASEISKERE. Vo5 G ApH1e Bgspponate
VII orf)@t‘iIﬁB h&, Mst 1084 QeSS oF 880k IexBedsnol A&k lexdessyiod €8, %o excess, or
70 % tsagchsﬁka;j‘t { M'F%%%"Eg”{e%‘s&y&r% gegmegs %r 150 % excess, or
200 YAbXabs, rmtwomaokmms;l@s 359Uthexasss odi40m tyakicesd, (e 425 % excess,

potassi um Xi de or group 2 elenent hydroxides,
or 45@ ﬁxcgés'ﬁd%% %R udi ng aqueous sol utions of such

The oftrdalaebctes. condittves feuiteabittighiarasr rqa@tlaw,esucaeaéetﬁaﬁﬁ@entsr

0 t
voses R B LEEHAR T BRCkAL BEE R afres ot e

dependgorsihei stantiog cemp@uucaﬁ,rg/armegroua‘i Rafnyer &eé" t%%%'ﬁe%\é“%s of
generélﬁP&murtggi‘I?X gﬁﬁ%ﬁgggﬁ%ﬂsfsﬁég(gﬂb hv%azwome Oac@)g:lzﬂglgtd‘r buprR; of the
aldehys waandotﬁeip@ﬁﬁrém@aﬁﬂ & 3?&9; A~ R 3 o

The sfe?@&EIeeﬂﬁtw&énsdw@ﬂﬂnm of ke weeamm oray ocatittdlied byahd reaction
condlig;ns\éagﬁéq%gr oice o?¥|?e ph ost‘nofngtre E%&ifb"(‘&r&’épsﬁiﬁ%ﬁﬁs

The oxidation of the compounds of general structure XXlIa, wherein Rs is hydrogen and
Rs is hydrogen or preferably a hydroxy protecting group, such as tert-butyldimethylsilyl,
to a compound of general structure XXII may for example be performed with pyridinium
dichromate (PDC), Dess-Martin reagent, pyridinium chlorochromate (PCC), N-
methylmorpholine N-oxide (NMO), such as N-methylmorpholine N-oxide on silica,

tetrapropylammonium perrhutenate, for example in dichloromethane.
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structure Vla and/or Vib, or XVa and/or XVb, reaction
t enper at ures above 50C should be avoi ded. Suitable
WO e@s)386 t enperature for the Wttig- Horner reRCI/DER005/000203
Vla and/or 5 VIb, or XVa ap3d/ or XVb, are in the range
of -80C to 50C, such as -50C to 50C, such as -30Cto
50C, such as -15C to 40C, such as -5C to 35C, such as

The Willfg Fe@g&'&Q(XIIl%L@h lﬁsprﬁﬁaﬁea ad0&Fdire e tismétHods aledbribhed in

oS S5 05, R Bl oy i -1 o

Wlttlg Méinki grddennEXIIIE actyi fonexanfiplé XX prxihted fidan dohippunXid diaglosed

3.0, G BE SRRl 5 R SR R ens

agent, soct8&Chisut khlaside, drBi0eacti®0d, the rekultiag-hplmmenisiesgEhderide with

5
e PGy Ao B ACAREECch iy BuaE e, 00

trlethymbe’ﬁphlt@uch as 5C to 20C. The phosphonate VII or XXIllb
Coupllﬁgscd}%%ﬂs%rf]lé§§|§i|ﬁgnco%bo%%l|)dm With @mm orOXXIITb 6631 &l6o bdFound

excess wth regard to the al deh S &131 a637
in ChegcabBeviews, RP=Vek Ss 810-8°r 800 &%Bsg i3 W0-1887, anc
refererfé6 @%8d tHtlreiR0A%uARXBIE S3ise MfoB@x%B}@:asﬁthlmha&O/l %arlvatlve, such

% .excess, or 150 % excess, or 200 %
as SGC@E@iéh'“'es‘rmgbgb}tyé' 'élg% The base is usually used

equi nolar or in nolar excess with regard to the

Hyd ro%}t %ﬂ?@‘ggg‘z 4 & h%&)&?gtlﬁw £hl; colshéén d}ﬁsof %Qe?eﬁ %‘r@r%\%tu @ rXI\?’Q can be

exce
achieved edthsy smtab%h%@xxd@@sg agantoor %émgéy aoﬁelqro@ r%%dlated allylic

hydro@(acc%ﬁs sucq\raslglgdqf’tﬁé(E@r%ﬁtlor%rdeglglgp%ﬁeaﬂﬁﬂés%e, @lg. ?vﬂaw g/élene dioxide

excess % excess

(SeO)esue s WithrSef5@ndu\eRtesudmorholng Npieds seliptiad H}ﬁt?‘?&ﬂ' and/or
dlchlogoﬁ%ﬁlt\ér%ﬂ [§.05:. tdh@ﬁ‘ﬁ 1088, $f1Q6W] bir GrsHRsBebed Bardtiahedron Vol.

he sol vents

43. Ncp;Q)dJé@qugw é@é?(ﬂﬁl"bmsﬁr/%%sﬁo?—ﬁﬁﬁg“ﬁé (?pésﬁ%lxlyr?gpmer formed
duringMydroxyfaticheRgy Be @8mbhied By e gengrabsgauaidis aed ghrofregography

and/or R2 in the al dehydes of general
methogﬁﬂﬁg?lh’gé EEM 11b, Via, VIb, Xilla, X Ilb, XVa, or

XVb, and the group R6 of the aldehydes XXII, and the
Callcpgg f%(](gragt &h VII 1_% ded>9§I (!r{/%}?lllgatgon @aIEﬁJQHRﬁ fr%%”n Qﬁ‘@eous

ec VI'ty rans-se ect|V|9y

solventgauth @s fcorae;,xdma)letbmmethb@&jd@y“b% in &4 POk 1<;2ond| t| ons
and the choice of the phosphonate VII and XXl I1b
(groups R3 and R4) 30 The oxidation of the conmpounds

EXAMEifESgeneraI structure XXla, wherein R5 is hydrogen and

GeneraP i's hydrogen or preferably a hydroxy protecting
— group, such as tert-butyldinmethylsilyl, to a conipound
All cherhicglsnenlass stheneiseneterXkdre fegym £OMNBKIERbSRUISES: perf 6t Redear
w th
magnetic resor\{afrlxcgl(NlVHlTspectra (300 MHz) and 13C NMR (75.6 MHz) chemical shift
values (5) (in ppm) are quoted, unless otherwise specified; for deuteriochloroform

solutions relative to internal tetramethylsilane (5 = 0.00) or chloroform (& = 7.26) or

deuteriochloroform (5 = 76.81 for 13C NMR) standard. The value of a multiplet, either
defined (doublet (d), triplet (t), quartet (g)) or not (m) at the approximate mid point is
given unless a range is quoted. All organic solvents used were of technical grade.
Chromatography was performed on silica gel optionally using the flash technique.
Preferably the silica was from Merck KGaA Germany: LiChroprep® Si60 (15-25um).
Appropriate mixtures of ethyl acetate, dichloromethane, methanol, hexane and

petroleum ether (40-60) or heptane were used as eluents unless otherwise noted.
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di chromate (PDC), Dess-Martin reagent, pyridinium
chl orochromate (PCC), N 35 nethyl norphol i ne N oxide
W@ biNB)9s33aich as N-net hyl nor phol i ne N-oxi de on BCT/D&E2G05/000203
t et rapropyl ammoni um perr hugenate, for exanple in
di chl or onet hane. WD 2005/ 095336 PCT/ DK2005/ 000203 37
The Wttig reagent XXlIlla can be prepared according to

Expermtlé}ﬁal'@)tnhm&%sQ@éd?rﬂllngeﬁleltxﬁg pEinediekith e @Y b A¥Gsis 1995/1SVol .
6 and J. Og. Chem 2002, 67, 1580-1887. The
absorpwmt%ngHar Aed rrraaegmﬁcromtm drtagyereoHniega RP1GEWise noted, as

d ¥= 0.5, Gagm
et B0 2 SRR TR hSE 0, 7l o

sui t abl e hal ogenati ng 5 agent, such as thionyl
Prepardt/dinOf:i de, and reaction of the resulting hal ogenide or
chl orlde vvlth tr| th I _h Rhat |n a Mchaelis
4. S I 7 o A a I LS g \Mth
ompotuhcﬂ vtﬂ"cﬂgp_p D_éihjzl@ Coupl i ng condi ti ons of coupling

Creon TRERo T AT 855 b B0 pedS o

anhydrélie magaedam &iflgride5802 b&sﬂgetmmosmbon@a@t@tﬁdégﬁ(g)t @l@;j triethy!

amlne ﬂlﬁ&h'“ tf)@eﬁ}g (%idrd %%Ifr‘ sﬂlﬁlnggq{eesmeece%eratluret: Relow 25°C.

t|ve as sec-bu
The mlpgturﬁ.v@gtsylrnedtfhli @mthep;[ym thﬁi fqyﬁwegLRyhtl‘@Scautlous addition of first

water Qﬁgrrﬂlé)’*oﬂbh%‘ b, %&%@m@mtﬁfecgﬂ?@ﬁo@hloﬁkra@ﬂ @@ ml) and
achi eved vvlthasutab droxyl atin ted,
water @é@n'fll), k@ﬁpl@(ﬁ\g&p@pspatgresl%q %|2§ [{Jétbq ak lca? v&asgSf@ara e
washe%ﬁ%%&@éo@ﬁ so&USNchisridéndeog Nael ronaoo Irrﬁrvmtele\/eeidd}hed washed
with w e{ﬁlwmaﬂ‘g]e ﬁ"ﬁl?é}"-}-,g’,%?%?vgﬁ% hgﬁlggﬁfs‘o%‘agé I/n %éth the Iowest
possml@%hﬁﬁ@lto aivd/ Beyclapireil-o- ahethbayphps pioryOr-g- ox@lmplomggﬁ:ld ethyl

ester Wn@?%ﬁ%ﬁ@w&% fggefl%g#m?to tfe &%é?%ﬁgrtﬂg ﬁ!tu ruenvg}a;ksll'erﬂgxed for

approxtyidtedx $ hepraretoré eraberd 2080 mlhglah;addgwo ab¢ srrciay npgture and the
title co,%on%v?% ye%%%t&le\n% ﬂL PR &lib@de. 2k §ch\r/é’rﬁ§t\/\%é aA¥ved in

escribed herein, Cal i cpotri ol drate&fﬁ?
vacuo b@gwbttlae figlel qurp@uw@apm% BN and BRBDERESIOTRFphfiata were

ueou sol vents y nmet hods
found Eﬁa'%%l‘rl ancwdwegﬂ,ﬂig%ﬁ@% @Am *Ceneral : Al
4.16 (ehem), Gab s (d,aH),e520 Okt nilstt (e 1wk 6mf 2HmOedhirera]apm.
sources. For 1H nucl ear mnagnetic resonance (NVR)

spectra (300 MHz) and 13C NMR (75.6 MHz) chem cal
Prepamghiph2: val ues (S) (in ppm are quoted, unless

(2-cv BIRES M S ExREAI fHoSShorfiOhcid alsh&hiosdikor of or m

Compound VII (R3, Ry = methyl)

The same procedure as in Preparation 1 may be used, but using

trimethylphosphonoacetate instead of triethylphosphonoacetate. The 3!P NMR, and mass

spectrometry data were found to be in full accordance with the structure. 1H NMR
(CDCl5): 3.80 (d,6H), 3.22 (d,2H), 2.17 (m,1H), 1.11 (m,2H),0.98 (m,2H) ppm.

Example 1:
20(R),1(S),3(R)-bis(tert-butyldimethyisilyloxy)-20-(3’-cyclopropyl-3'-oxoprop-1(£)-
envyl)-9,10-secopregna-5(E),7(E),10(19)-triene

Compound Va (R;, R, = tert-butyldimethylsilyl)

A mixture of (2-cyclopropyl-2-oxoethyl)phosphonic acid diethy! ester (compound VII /
Rs, Ry = ethyl) (46.0 g, 209mmol), 1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20(S)-
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30 solutions relative to internal tetranethylsilane (S
= 0.00) or chloroform (5 = 7.26) or

walewsmpizechl orof orm (5 = 76.81 for 13C NVR) stR@OAKA005/000203
The value of a nmultiplet, sither defined (doublet
(d), triplet (t), quartet (qg)) or not (m at the
approximate md point is given unless a range is

formy!-@ULd- S&opﬁidna‘l{(@%ﬂ(@ ﬂqhgeméhet(eedmpwmenm /trag Rai=ctrt-
ronma wa
oot D R 34 CERATED bl B po- 20,

pp. 4609a659,| 1982 (WA §,r tranMapk) ktoKGaa (Geommmy wateCH{i 3 melp( tejrabutyl

15: 2
ammorf SR EEER) gy ARG SRRl 50 .0 5) vos
stirred pe 30 @mmatdmal(eWOor&ol)omsrfmmYﬁdatnestg afsppbigat temperature

(15- ZSWS% / 2%%%5&&%%@9@ V&@Q&%%‘i@%@f‘thecked by HPLC

Experinental conditions

[Colummelghigsery FiedQ § HE pRHEN fane Mertkall- 2amMrpY) dow flptgeteon at
270nrrﬁ*i%%9£ r@/émiacéﬂété\l&/dib za(ﬂd«)qraﬁetes neetardaa@wyo ahal) aTheeple of the

resciopigBire AP AREd HE oo B) SOG40 R PR og o slyon (ca

20%) ﬂ&%?ng t@e'?éﬁh@@fa&@ﬂe%ét\]leen 20-25°C. The organic phase was separated

followeétlstgyé% a&lﬁﬁ%ﬁtlﬂf& OXO?&% gh&) er%ﬁglj\c&gf’f‘fé gnlg '?ﬁewfllgamc phase

was orenasnyd withl aomndere( KDVDRECH7(( m2)5g§itumt§d @gw@gug p@qu\ ghjoride

t
o2 BB A s 8o oo
solventanivare re81¥ed)n vacuocndehe rememewsmseﬁ'vetﬂu 'F‘rai fgcture of
methah?@&bagnl? BRq TR @S@rrﬁl)bgﬁ@mez%tlﬁhﬁaﬂﬁémmw@ﬁwm water

or anot her 30 m nutes faol |l owed
(400 rolauTheoerganig@otvients werefadeiy rempyed, n vagty ?ﬁq thff {ﬁf\“%'w&%f was

crystaﬁi% @frmnxttew- Sut9f nﬁ&%@ etHdrah&dahydTRE Blyetals waee dilteR%00ff, washed

t k h
twice WBtEmeFRanQ) AgaAF €4 pdSE S T B s et FREIRBHHGS
20(R) 61‘@9?9?:@ lﬁé(@ér@ﬁu@yhdjlﬂ’(dtldﬁs(y&ﬁﬁ)g-zmaﬂ -ciyclodr2 09 1-3{- omrepjl (E)-
e

enyl)- BMS?C%@QPEE’EE%%%(!@REP%? '&ne rggvacigoqu%mdﬂ? ﬁ{egﬁe'tﬁg point,

elemeﬂ%%hbﬂyﬁs VIOVAUie absorptive, and mass spectrometry data were found to be in

full acgc&rdénceet ﬁg;ﬁ QN uét%e%&&’é‘s%ﬁ{?@os Vé}%y by M370X8nRE@D 'l@metgfra hedron,

er as an was added (4
Vol. 4§0N5h§3tph9+6QBJ wmfotrhbmpammt wy el 3@ s MRefdDXed 208k4, 153.4,

mat el
151.84 24% ﬁelf’%éc#%sf an');] Fegghgoﬁé%té %198905'08 boé\% a,@ctedg 7
40.2, @BL1, 36tE e 117 ap2hy) 256, 2Bi202Rde. 19The 85 W%ﬁt, s‘l7vﬁer1e2 1,10.7,
Y [ 2 o to give the title conmpound as oil.
10'7’T§'§?3§'g’ Nl{\]/h aﬁﬁgﬁhss spectronetry data were found to
be in full accordance with structure. 1H NMR (CDCl 3):

Examile EmLZH:)I) ggé (d,2H), 2.20 (m1H, 1.34 (t,6H)),

m : 2
20(R), 1(S) 3(R)- bls(tert-butvldl(ntnreth'\;P&Iveng) 20-(3'-cyclopro pyl-3’-oxoprop-1'(£)-
enyl)-9,10-secopregna-5(E),7(E),10(19)-triene

Compound Va (Ry, R, = tert-butyldimethylsilyi)

To a solution of (2-cyclopropyl-2-oxoethyl)phosphonic acid diethyl ester (compound VII /
Rs, Ry = ethyl) (1.51 g) and THF (16 ml) was added NaHMDS (sodium
hexamethyldisilazane) (3.2ml, 2M in THF) over 10 min below - 50 °C and stirred
additionally for 3-4 hr followed by addition of a solution of 1(8),3(R)-bis(tert-
butyldimethylsilyloxy)-20(S)—formyl-9,10-secopregna—5(E),7(E),10(19)-triene
(compound IITa/ Ry, R, = tert-butyldimethylsilyl) (2 g) in THF (3 mi) below -50 °C. The
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Preparation 2: 25 (2-cycl opropyl -2-oxoet yl)phosphonic
acid dinethyl ester Conpound VII (R -R4 = nethyl) The

wgQ a0ms/opi3ecedure as in Preparation 1 may be usePCT/DKER005/000203
using trimethyl phosphonoaggtate instead of
triethyl phosphonoacetate. The 31P NVR, and nass
spectronetry data were found to be in full accordance

reactioivid3 sttlhl%dsdd'dlrtﬁnléﬂ? forlh Nd&Row 056 @@@Ina)the@ 28} dt0h28HIC before the

temper%ﬁmsaé 2g\|)/a§9ca FS %erg%%?t%? g( rémltgl%t The reaclgon w@s Jl% cked for
compldpiay by Hmjdwbdommy Liotydso2® S( 80 5qye Izepmmyi fram-rMaEaRy 05 ml/min

o ki e SRR e 1%

m xture of (2 cycl opr opyl - 2- oxoet hyl ) phosphoni ¢ aci d

Examg%ﬂihyl ester (conpound VII / R3, R4 = ethyl) (46.0

9mm| )

enyl): 9%9@%1&&3;@1% B/ 9@@@2&%939@ o
-Secopregna- (E),10(19)-triene
w_mwe:@%ﬁwa

;i—‘ﬁl!éf—t)‘b—%!—'%—hﬂﬁﬂ-ﬂ}t- but yl di met hyl silyl)
To a sdNithP6EG ré%)ﬂ‘@ bty (l))éohzgﬁ{o\hﬂié@d/ dle-trlﬁil re@if@d(kﬁrﬁpound VII /

o R YOS S S e ) S e B g o 3 min beow -6
oC andt firfeaitatdiionafigie R -Grarkfoloweadieby 3ddiBorgdf, a asidtisodif 1), 3(R)-

L e
(compeurisi Biet / Renfpe+ adantlfl:entyl(lm'&t%@)yl)o‘((é.ﬂrmghtTHF\(\Bgnl)t bedow -50 °C.
The re%%&%t\hé)snit)'%?dr @gg%gchtfgpﬁggwnggegea @Sch Il?%cg(ﬁld pyzé"“?é@efore

rom I\/br ck .
the temp¢rmaturefwasielehied & Fapm sqmpqawﬁpvw@meT@ fﬂﬁcé'éét‘”&tsé:hec‘(ed

for con]rpggtlgn Y HeLE [CYRRMRT Ll@ﬁ%sél%dﬁcbd 5991 ﬂi()mn:ﬁh?rd}h' Mérck NE 5

react |on m xture was adj usted
ml/mirgfien t dFACHIN FHRGY hexaa@/%rhglat:%}?feom Eév Vib 20%
keepi ng the tenperature between 20-25C. The organic
phase was separated followed by the addition of
Example:dGhe (200m ) and methanol (170 nil). The organic
20(R),DIEISH R) WAt BbatyMiTeele |siiytdxy B 20t (Bt-uy soprbpyied” evxopBdif 1'(£)-
mchI oride (120 m), and
s yO ogen carbonate (20 nl).
Compo ____QQHR@MMMEWDVM in vacuo and the

T S AP 2 By Ptk
VII / RshBn=viaetted (ki F1hgwendeFHF (omnwgs adtdes NayRP & Ssimly @it i THF)
over 198hH UG 056 8ARUE Gtildd YRENG ARArdIbRed BYRIIBARNK d¥Ssolution of

1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20(S)-formyl-9,10-secopreg na-
5(E),7(E),10(19)-triene (compound IIla / Ry, R, = tert-butyldimethylsilyl) (2 g) in THF
(3 ml). The reaction was stirred additionally for 2 hr below -50 °C and then 2 hr at -25

°C before the temperature was elevated to room temperature overnight. The reaction

was checked for completion by HPLC [Column LiChrosorb Si 60 5 pm 250x4mm from
Merck, 1.5 mil/min flow, detection at 270 nm, hexane/ethylacetate 100:2 (v:v)].

Example 1D:
20(R),1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20-(3’-cyclopropyl-3'-oxoprop-1'(£)-
enyl)-9,10-secopregna-5(£),7(E),10(19)-triene

Compound Va (Ry, R, = tert-butyldimethylsilyl)
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crystallised fromtert-butyl nmethyl ether/mnmethanol.
The crystals were filtered off, washed twice wth

woredosamsBe and dried under vacuumto give the tPCT/BK2005/000203
conpound 41

20(R), 1(S), 3(R - bi s(tert-butyl di methyl silyl oxy)-20- (3
-cycl opropyl - 3' -oxoprop- 1'(E) 20
A mixt?%br) @cfegpop?swm-eml : xﬁhﬁbsalfoi)cé?&a%ethffli @ner (6mpaugd VII /
nrnal ). e ng point, . nj [ )
Ror R RIED B8 B | B0 ot e e o aep ot e GERdmy1-0.10
secoprégiiaHEK_Etk)),cr(E)sld)(lrl_9)-fttléﬂ1e a:omfbdmhlﬂea w:RtlhR; hef_T_d‘fbu.tileUh@ha§i|y|)
escribed_eanlie g ,
(1.2 gefoiteps (gD ter Uz e G ot kP 4Ro), and
sodiumNiNRré:3DCEatI0R A0, 7% (153. M) Wes ktigred 124 B35C oygmight. Tiegrejaction
was chyckey‘for sehfgBrig o sy C {Gprigftpssid S o023 b, 290 from
Merck, 235 g/, flow, Idptectiongit 270 1@Y, hexane/gthyjaceate 1§072 (Vi Y. 7,
-5.0, -5.0, -5.1, -5.1 ppm Exanple 1A: 20(R) 1(S)
3(R)_bis(tert butyldinmethylsil
Preparatioi gy - 20- (3' - cycl opropyl - 3' -oxoprop-1' (E)- 30 enyl)-9
1(S),3@=@@(Q@/@ftﬁﬁﬂah&tﬁ)lsimchy,)—_Jz@(SPIformi-ernﬂ)—ﬁmﬂpmgmd- Va (Rl
= tert-butyldinethylsilyl) To a solution of
5(2),7(B 1L 5PNy - 2- oxoet hyl ) phosphoni ¢ aci d di et hyl
Compoﬂ_?&tlE![Ib(6(RQ,nm)ptlrtdrt\ﬂddtylﬂimd%ylsimy: ethyl) (1.51 g) and
1), 30y el B AR -FaR Fingsonregrary i
5(E),7 (@) a1 9 B OicBealodmpbiind Beh 8B1.didF ﬁ@réwlt\rlgim?etslaylslml) Wey be
photoi%o?-é%r’%??gy ?%Iiu%?? g%lbg An@fra@nd AsWhibRe s&sitizer followed by

chrom&élgyd ghyraFtthy kerideyproaduc) 1@ QivB)thé ditlmdorgotod SEKONMBYRROEY):

7(E ( -triepe ojound, LI ka/ , = 49, .0,
2043&%£biﬁ%?@ﬁ%i‘h%2§?1 %/’r%'g'( gﬂg? ?%‘b'réézgé 'rﬁ’)@:i bl oW - 25
45.9, 42.6The. 1)\D8 F) 5. HIZVBE FETIDK20DE/ 99208-0, 454 deeti-6rP: ~>-0r -
5.3 p was stirred additionally for 2 hr below -50 C and then

PP"hr at -25 C before the tenperature was el evated to
roomtenperature overnight. The reaction was checked

Examﬁ‘!g?: conpl eti on by HPLC [ Col utm Li Chrosorb Si 60 5 pm
X4mm from Mer ck

20(R)14%), B IhiEie B R as By 20y p o ey B
eny')é’? g%e(cﬁ O et L dhmet Ryl si 1yl oxy) - 20- (3" - cycl o

CompoyylYb 4 lfé’)%fpf‘?fﬁ'ﬁwpyzcg’?g’yﬁym ey yerop

The s&@h¥ byoRdiR seintaegnal bids) he7 ($d, Leiha(S),B(Rnkis(tert-
butyld%g&?/%ﬂgloy%—&&&E%brn?yltée,li6-’5?%&&%3@{ﬂﬁ(%5,|1))t])9)-triene
(compound IIIb / Ry, Ry = tert-butyldimethylsilyl) as the starting material, except that
the product may be purified by chromatography instead of crystallisation to give the title

compound. 1H NMR (CDCl3): 6.78 (dd,1H), 6.24 (d,1H), 6.16 (d,1H), 6.02 (d,1H), 5.19
(d,1H), 4.87 (d,1H), 4.38 (m,1H), 4.20 (m,1H), 2.85 (dd,1H), 2.46 (dd,1H), 2.38 - 1.20
(m,16H), 1.13 (d,3H), 1.08 (m,2H), 0.91 (m,2H), 0.89 (s,18H), 0.59 (s,3H), 0.07
(m,12H) ppm.

Preparation 4:
1(S),3(R)-dihydroxy-20(S)-formyI-9,10—secopregna-5(Z),7(E),10(19)-triene
I1Ib (Ry, R, = hydrogen).




L0

15

20

25

30

35

10 To a solution of

(2-cycl opr opyl - 2- oxoet hyl ) phosphoni ¢ aci d di et hyl
w@siosioB3sonpound VII / R3, R4 = ethyl) (1,51 pQT/BKA005/000203

THE (16 m) was added Nax{ 265 ng) over 3 min bel ow

-50 C and stirred additionally for 2-3 hr foll owed by

addition of a solution of 1(S), 3(R)-

1(S), 3(R5ﬂb$4(£e‘${ bu lwe%mlgmg;saboésw)nﬁoi , 50 -steadsmbnéa 10 seco
8-_1 a- 5(E) %ﬁ triene /( 0 P E
5(2),7(ERIOR e s (£ LWE'tI eyt = (BItoy GV %frrﬂnj
Preparatidf! Diiay He cféprotb&eli'hﬂtl’f aﬁcebmhwmsﬂsdmd scdl (4([1%1) Ilmglvéd:he title
2 hr below -50 C and then ?Iblhr at -25 Cb

compoundehHetRa; Re & Medsogandameaun 6 FHIWREFRS At 8r5(§ @&, 6. %
(d,1H), @M@ é@ll@ﬁjt 5. 3“3'*1% 1ma@t99qe ﬂ\@s 40111@@}?@4) fap3 mnnh)emsm(dmyw),

2.60 (A1, 214 et (BaHIqLaBct T GHb U A0 dric (o), €8 b5 pom.
hexane/ et hyl acetate 100:2 (v:v)]. 20 Exanple 1C. 20(R)

1(S)
E,xgr_n_elg%,R) bi s(tert-butyldi nethyl silyloxy)-20-(3'-cycl opropy
1(S),3(R)-dBhydvaop RO (R)1( X-Eyclomnyy!)3 9oxoprop-1'(E)-enyl)-9,10-secopregna-

- opregna-5(E), 7(E), 10(19)-tri ene Conpound Va (R-
S(Z)’7(Ei’q9§ﬁ3-%l ?’gl dinmethylsilvl) To a solution of
ComPOU(IQVb)(Bh,o‘mBmvldtozeo)(oet hyl ) phosphoni ¢ aci d di net hyl

The sam@ﬁntrg é?%gpwnf%mﬁé 1\4Hay (:)e R%edRﬁsmg'ﬁE?ﬁ'(ﬁ) Gﬂmyéﬂoxg)ZO(S)-
formyl-9g\Rspecpreana-b >am,s@<1@) 5%&n§t(r:?méau$fbFI{I'PaérRmth ‘Whrogen)
from Preffﬁfaltfb\"ﬁ@ RYthaGeh rtihgmArkrial, ¥Rk At ee product may be purified by
3(R)-bis(tert-butyldi nethylsilyloxy) 20 - fornyl
chromateg‘apﬁysreﬁt@em efcrystallisgton, m(gbvef%ejgbe_qqmwd( %’M_ﬁ"g DCl3):
200.8, 1%3'13 1;47%1 11432 73588 triau wish, ITEt1*iV|4S'1|1x|é %@7,966 snseT trlﬁss 5,

The réaction was stirred ddltlonally
46.1, 45| BB, $D3CHA7 2P Mo 7 2 B- Bt 2255 305, Hef b6 Lhd PPM-
tenperature was el evated to roomtenperature
overni ght. The reaction was checked for conpletion by
Preparaligs g [ Col urm Li Chrosorb Si 60 5 pm 250x4nm from

1(S), 3(RYesisrimbtidyisTlyloxy i 20 [S)vforree 1-ac L 0-sBCc@ire @74 S0, 7 (E), 10(19)-triene.
Compouﬁgﬁg;)e(jﬁé?yl—%ﬁ%te?hy?snyBO 2 (v:v)]. Exanple 1D. 35

1(S), 3(rged%hymoxytmsymuwl g IiPeseoplsedyd-0%%), 7 (00819 e yrigngpr opy
(compotﬂﬁﬂ3 IS':[Iebco gzg :hgé@gec}f%ﬁln)ﬁdg pg%ratlon 4nnéaycgﬁ6%aucﬁ%d \{V/gh trimethyl
silyl chlc(rmeRntthe pr@encebgft Vlemwmllﬁ% i ¢|9hlprwt®905/ Dysggsined raw
product P53, G PUITRSDOY S5 DREETRT) Sh L s e cqmpovpg) 15 MR
(CDCl3) €304V, (¢n8po4dd, VB5.2/ 12R3, m 1; ety 7 3.4 6708 5§)4, 51.3, 49.5,

S b ts bt y1gi pet i yl f I
w00, 3o B O A LA B o R ™
Illa / R1, = tert-butyldinethylsilyl)

Preparation 6:

1(S)-tert-butyldimethylsilyloxy-3(R)-hydroxy -20(S)-formyi-9,10-secopregna-
5(E),7(E),10(19)-triene

Illa (R; = hydrogen, R, = tert-butyldimethyl silyl), and
1(S)-hydroxy-3(R)-tert-butyldimethylsilyloxy/-20(S)-formyl-9,10-secopregna-
5(E),7(E),10(19)-triene

IIla (R, = tert-butyldimethylsilyl, R, = hydrogen).
1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20(S)-formyl-9,10-secopregna-
5(E),7(E),10(19)-triene (compound IIla / Ry , R, = tert-butyldimethylsilyl) may be
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(1.28 g), toluene (15 m ), water (1.2 m), tetrabutyl
anmoni um brom de (49 ng), and 5 sodi um hydroxi de
W@ od0and386 27. 7% (1. 54 m) was stirred at 33C oRET/DKQI5/000203
The reaction was checked 4z0or conpl etion by HPLC
[ Col um Li Chrosorb Si 60 5 pm 250x4nm from Merck, 1.5
m/mn flow, detection at 270 nm hexane/ethyl acetate
partlall‘}-Q@ %téd«ted/)/v]th teﬁ‘é@tﬁt@raa’(m@(mﬁm fludide to give a mixture of the title

compourgj 1et5'|d tgeélapéét %%EI §?%§ E?Fa]_@%lgl | yr}y%)éérfieng%h%) cofrrgﬁdo%ds of
the mnﬂfl(n‘se?mg?ge sEﬁaF(a\ttécE{)\}l E:)ddtjmlylldcxﬂurmr:aaiwlgi‘aﬂlﬁyyﬂo)glve pure fractlons of the
is(ter u i me Si
tte compo i ThegMorogER Rart B oI B OB RER:
9.59 (d, irh)ta 6.50Rld, 1R, 586 €4 :1H|l))u$ wh dijTen hylogi (syH), aag (beHLH. I24
0 o ri ol_u usi n ce
(m 115 (D 2ot et by SR AR o Ry ot T £1s
(d, 3H),2%26L(e,@|112§0 ?owiiﬂeomfggesznmlz scRH) BB ;NVR [TIEDML 3) tert-
putyldiptia iy, B = bydresenb 8 NG (6DCHY0 55 Wik, SaY @;1hg5de
(d, 1H)2§03 (sa5+)74 98shLH)23.45, (N 2HP, 4.28.(Fh, 1A 5.2087 (BL, #H), 2252,
(dd, 1“20% ﬂe’f' 1% §? (G1% %!;1 é E%) i ér%gé'ﬂt%r ﬁelt%hﬂ?l EHh 8o 038
(s,3H), €yel(epHYpyhr.3' - oxoprop-|' (E)-
enyl )-9, 10- secopregna-5(2), 7(E), 10(19)-tri ene.

Conpound Vb (Rl, R2 = tert-butyldinethylsilyl). 25 The
Exampsabe procedure as in Exanple 1 may be used, using
h 20(R)-(3"-cycl I-3"-oxoprop-1'(E)-enyl)-
1(S)- t%{tj ﬁ)ét%?g)ﬁ %gllﬁ);)xy rox%) § ¥ %rr%/'c OBm% secogr epgna 5(
9,10- szc)op‘rw_)a 3@ V9F)A Gjé’hé”e'c%onpound Ilib/ RlL, R =

cOmpJu%tVabéﬁ W HV%EEM &) & ybok- @@yla#ﬁ@etﬁwawl) ng materi al ,
except t'hat

duct
T s bnaedanty g Expgakiy Tyl T e A Sir Uyl meisiv:
3(R)-hiH x? RS RSHia-o, 14 80dBrd B ) .7 (B), T& 1O YHtiridrd) (codpRdnd 1ila /

6. 16

Ry = h(%/’aroggw Ry=4 rt(t?Htxlggnﬁetﬁyliﬁy 2 ﬁ]bfﬁ:%r’epgraég %&#%%‘s@r&nﬁgﬁenal
except{hdt #Hd) produds maylbe2furifiec HybromatoBagiy, iBsfead of ggstallisation
gave t(‘:mtl_’gl;?.qprrmgﬁpd p{TlléﬁlQRaQq%% % %?JEP 1H)c,) 5?0 (dsllsl)’)l_% 149((5)ZH), 5.84
(d, 1H)1(556o Ry, di, 31y ¢k, 0bry, 2% B) :Hm03a (9, 1H), 2ESoEd g A2 HRARd, LH),
2.43 (dé Gl 18 %9(% U engs AR (L RsHyRe. 13 (/409588 (m,2H), 0.87

(s,9H), 0.86 (m,2H), 0.59 (s,3H), 0.06 (s,3H), 0.04 (s,3H) ppm.

Example 6:
1(S)-hydroxy-3(R)-tert-butyldimethylsinI—ZO(R)-(3’-cyc|opropyl—3’-oxoprop-1’(E)-eny|)—
9,10-secopregna-5(E),7(E),10(19)-triene

Compound Va (R, = tert-butyldimethylsilyl, R, = hydrogen)

The same procedure as in Example 1 may be used, using 1(S)-hydroxy-3(R)-tert-
butyldimethylsiIyI-20(S)-formyI—9,10-secopregna-5(E),7(E),10(19)-triene (compound
IIla / Ry = tert-butyldimethylsilyl, R2 = hydrogen) from Preparation 6 as the starting
material, except that the product may be purified by chromatography instead of

crystallisation gave the title compound. 1H NMR (CDCl3): 6.76 (dd,1H), 6.49 (d,1H),
6.14 (d,1H), 5.85 (d,1H), 5.06 (s,1H), 4.95 (s,1H), 4.49 (m,1H), 4.19 (m,1H), 2.86
(dd,1H), 2.52 (dd,1H), 2.45 - 1.20 (m,17H), 1.12 (d,3H), 1.07 (m,2H), 0.88 (m,2H),
0.86 (s,9H), 0.59 (s,3H), 0.06 (s,6H) ppm.
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WD 2005/ 095336 PCT/ DK2005/ 000203 42
1(S),3(R) -bis(tert-butyl di methyl silyl oxy)-20(S)-fornyl
WO 009secopr egna- 5(2), 7(E), 10(19) -tri ene (coPEDDREA005/000203
[lib / Rl, R2 =tert-butylgy methylsilyl) from
Preparation 3 may be deprotected w th aqueous
hydrofluoric acid (40% to give the title conpound
I9I :Sg gzl{lll_DRZ g gydrog(;en) compound. 1H NWR (CDCl 3):
.37 5 (d,1H), 6.04 (d,1H), 5.33 (s, 1H),
Examplg 739 (s, 1H) , 4.43 (m1H), 4.23 (m 1H)H? 2.85 (t(:id,lli:bb,
20(R), 1256@“03515%% buyWimeth1s?do '~ x -
nyl)-9 1 Ckeeco ks £ Sa 3Bl RBD so B %'tse 4

propyl - 3' - oxoprop-1
M@M&Mﬂ&&m@@bﬂﬂmm E), 10(19)-triene

A mlxﬁpélﬂ@g?afcygb{&@ E?oe‘t‘h)nziq{ 2EENic JNE dRARR REHPTEIMDEURPVII R,

use usi ng
Rs = et]]yls.)(3g(g[)z,) 1@)]%(5 tegtopg)yldlmethylsnyloxy) 20(S)-formyl-9,10-

secopré(:d?\rany E) %éépl@@@?ﬂﬁ@:%‘go'}@@ucﬁ @on’l&(ulaaé VI bn@WEb / Ry, Rz =

onpo = hyd f
oo L0 1, R e dogth  eom it eogr et
Tetrah&f¥n P@oiPus) fib.eZb,hp. léongHﬁlW)amlyenel’(S%lseadl),oWater (35 mi),
tetrab@%%“uﬁ?%&?@d 2%%' gséﬁnﬂ' g&?@%%ﬂgtl&ﬁ%%(% mi)
was stlilr%é at 3310.70r4app]:d>€|1m%tel370 57|,’10lﬁ’6 \AB\,enEtﬁe teadsisn 3vas judget to be

comple{% as chi%( g byAI%PIgZ C%Qur%n [},%Z?'lrgsor%gi éﬁ) 3%33550%% frér%-l@erck

repara
1.5 mlﬂmlﬁ)ﬂo:@(,m)et@t@otwntwshyemrueyq:tbxwetztﬁ( H)Q:R 4wy, water was added

(160 rr]]I %OﬁSP%%rl%g&%é&%u%(@s 39(48¥ 16 HHeNs-9.5 GoraaaiRA of

phosph_@*@)ach R)Iulmmgqu gb%tz@@wgftgg ﬁzimpgatj}b’e depween 20-25°C. The
orgam%ﬁgﬁaw% £dpafhtel W) by fHeeJtﬁiltlcﬁWﬂWKBm@OHI),bNa{teleﬁOO ml),

drogen) from Prepa r eact.ed

saturatedi qgélleﬁyq; so@pmhlg,ﬂeo(ﬁodg{){ ﬁ”‘fﬁ%ufﬁf%‘iaﬂ% usfsodlum hyc}rogen
carbontafé @f(h?ﬂl)aﬁh@@ollu@n@ bﬁ&ﬁe&ﬁlmﬂa&ﬁed aht ehebolaemeadmosed 2bvacuo

w1tho% hlegtn[:q; t{;g‘g lﬁl%gaﬁ[? 5‘?‘%&% Chrtﬁ%%%ﬁmﬁ) &= géla{%SSIVﬁIa and

VIIIb /140 .Rl,= #a3b-bidtyldiRi2tidylsilyl 8s & sond_mmuremreqlomwpn@ly cggtamlng Viila

as cheﬁée_cl3 %y 4?%5Tiwe qf\% gp W%?B%O_zgéﬁfgctsﬂﬂé anagvrlgbbl %ﬁld:gbe g%a%ted by
chroma{d§)apter Cryaiaine Vilda hglll|§|b|eyfllfig9m$(lﬁ)0bgﬁ)@l‘?%%y tibgptign ¢l

solid mxwgwégbﬁgt rEgltl-glplE’IE E%Dﬁ?é%m?/lg {“61[ ; %G%lddllnle?mﬁﬁ%l =
6.73 (dd,1H), 6.14 (d,1H), 4.69 (d,1H), 4.62 (d,1H), 4. 35 (s 1H), 4.17 (m,1H), 3.92
(d,1H), 3.58 (d,1H), 2.61 (m,1H), 2.29 (m,1H), 2.2 - 1.2 (m,16H), 1.11 (d,3H), 1.05
(m,2H), 0.90 (m,2H), 0.87 (s,9H), 0.85 (s,9H), 0.68 (s,3H), 0.06 (s,3H), 0.05 (s,3H),
0.04 (s,3H), 0.02 (s,3H) ppm.

Example 8:
20(R),3(R)-(fert-butyldimethylsilyloxy)-20-(3'-cyclopropyl-3’-oxoprop-1'(£)-enyl)-9,10-
secopregna-5(E),7(E),10(19)-triene SO,-adducts

Compound XVIa and XVIb (R; = tert-butyldimethylsilyl)

The same procedure as in Example 7 using 3(R)-(tert-butyldimethylsilyloxy)-20(S)-
formyl-9,10-secopregna-5(E),7(E),10(19)-triene SO,-adducts (mixture of the two

epimeric SO,-adducts XVa and compound XVb) as the starting material giving the two

epimeric SO;-adducts XVIa and XVIb / Ry = tert-butyldimethylsilyl as a solid mixture
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1(S) - hydroxy-3(R)-tert-butyl di nmethyl silyl oxy-20(S)-for
nyl -9, 10- secopregna- 5(E), 7(E), 10(19)-triene 35 Ma (Rl
wWe2a40810953Bwit vyl di met hyl silyl, R2 = hydrogen). PCT/DK2005/000203
1(S), 3(R -bis(tert-butyldijgethylsilyloxy)-20(S)-fornyl
-9, 10- secopr egna- 5(E), 7(E),10(19)-tri ene (conpound
IllTa/ R, R =tert-butyldinethylsilyl) my be WO
predon%QQrﬁ‘ﬁ&ﬁ@éﬁﬁmBWI%Qﬂ@él&@%oﬂ_c 43e @.@btelpﬂhét’j’c S0,-adducts XVIa

rotected with tetrabut
and XV} Gl BesepRiied by F@ron@gﬂ%aam Cousiahonetln ﬁ?ﬁ#%&gfaatﬁermm
obtaingdely Malratiéh dbtheRblid Rﬂxtﬁr@mth(}g&h)anolﬂ?e: RERCDAYS (ofxture of

the twq BSGTE Shr e R RV RO IEAAe T FEF o DU SRRl

151.6, 15ty rlagem, 14822, =1 3065, 130w, y128i 3re1t2l8y1,s1|2|6y$,)1,26131| NS, 110.0,

67.4, 626@%333% 665345%% %2091’3'}1' 4355@? élsd'_g 1%‘59 2, 56 §64§ %H)%b% 39, 70%4 4,

34.1, 33cR), 3, 3028620608 BHRS-12. 2, S (n?@ﬁ) T30 0.4 245,836,

23.2, 222”41%)"@ 211.9,1§9.4( q9%8é)1%84 (. @"% 901% (5.23H) 9,008 -5.0
s,"3H),’ 0.04 (s and Ma =tert-

pPPmM. put yl di net hyl si I yI R2 hydrogen) 1H NMR (CDCI 3) :
9.59 (d,1H), 6.49 (d,1H), 5.86 (d 1H), 5.07 (s, 1H),
4.95 (s, 1H), 4.49 (m 1H. 4.20 (m1H), 2.87 (dd, 1H),

Example @5 10 (dd. 1H), 2.45 - 2.30 (m2H), 2.12 - 1.31
20(R), 3(fR)J(4=éﬁt bulvl&ﬁwe(tdvll_fﬂoxv@-ﬂ)@(i’-&yabbropQ 590xopsQB Y £)-8n5-9,10-
secopr 8ne:

I silyl-3(R)-hyd 20(R -
Compati wln_dLIUQK_RrﬂeﬁrmpﬂmEimﬂi!ﬁhg)enyl()) 1% roxy-20(R - (37-ey

7
A m;x%%f%‘?ﬁ%gg gﬂreeclgé‘gbyl ﬁ@(o%(ﬂ?l%?gdos !tnﬁel%g@f%imﬂwr%éé@ane

(comppurst €duTRe, &s =5 ethER dApi4eg)1 30y fﬁ’ét Qj.gé@mef@yé@yloxy) -20(S)-
formyl]E{ stegécf;regﬁa ﬁgﬂ' f@? ¥t f!j)lt)‘dehe (compounds XIIIa / Ry = tert-
E?e'/y -secopre na->5 é E) }

butyldme::t vhsz)s gbawpamq&cwd/ng 'iQI s énTet%zedf n/ Vo
No. 20t ‘f‘abt ?@@5-)4%@% nﬁé%{'téihéﬁ’é 032Bram Wéﬁi.?&(BBtnhI(}),rtdeﬁ*aBBtyl bmmonlum

arting nma e r.oduct o
brom'cﬁu@q 93 Qg ?ﬂ‘?#tﬁﬁﬁ‘f/é 5% Pth&hgaég/ &Src)q)y‘g?saftfrlnga 1zlb%nc for
approXieeely IIEhdurtWaeﬁ, o eaantion Wbk NiviRet BBDGeIpm et Bs (aidcked) by

d, 1 4

HPLC [3: 3’2“'% C}‘n::géorgr SA%O% HT%Oxim%fr?&q‘i«%ﬁ& 5%8@9%%%&3 detection
at 2702hrB2héxdoheldthylac&adl1qad,(LH)], wateowaspd#dd (1501B1). The pY of the
reactlognn%%%pp %&%%&Fgggﬁp’kl 718%@ Jda% of Org'roggh&r& a%l)hl) so|9c|§\6&ca
20%) keeping the temperature between 20 25°C. The organlc phase was separated
followed by the addition of water (2000 ml), saturated aqueous sodium chloride (36 ml),

and saturated aqueous sodium hydrogen carbonate (6 ml). The organic solvents were

removed in vacuo. 13C NMR (CDCl3) (compound XIVa / Ry= tert-butyldimethylsilyl):
200.3, 151.8, 149.8, 142.8, 136.4, 128.1, 119.7, 116.1, 107.4, 69.2, 56.1, 55.3, 45.9,
40.2, 40.0, 37.3, 35.0, 30.9, 28.7, 27.3, 25.7, 23.2, 22.0, 19.3, 18.5, 18.0, 12.2, 10.7,
-4.9 ppm.

Example 10:
1-Cyclopropyl-4-(4-triethylsilanyloxy-7a-methyl-octahydro-inden-1-yl)-pent-2-en-1-one
Compound XX (Rs= triethylsilyl)

2-(7a-Methyl-4-triethylsilanyloxy-octahydro-inden-1-yl)-propionaldehyde IX (Rs =
triehtylsilyl), which was synthesised as described in Eur.J.Org.Chem. 2003, pp. 3889-



10

15

20

25

30

35

Exanpl e 6:
1(S) - hydroxy-3(R)-tert-butyldinethylsilyl-20(R)-(3"-cy
W@ b@pnesyé - 3' - oxoprop-1' (E)-enyl) - PCT/DK2005/000203
9, 10-secopregna-5(E), 7(E) ,4H(19) -tri ene Conpound Va
(RL = tert-butyldinethylsilyl, R2 = hydrogen) 30 The
sane procedure as in Exanple 1 may be used, using
3895, W) why 8 eeyroH B)xtlu%réf Li-tert. butoxnde (0.6 g) and (2- cyclopropyl -2-

oxoeth%l@?l')a%gl gg;: g%l!dls’l ﬁlz]%y( éFp aﬁgu V?I /égB,iic_og{h%n& 652(9E)? in THF

(50mI)tR -0, Wi aehblets tdaytion Bik reabyich agemuefichetwith water (50 mi)
repar t mat

o o RS 00 P B B £ S5 TPg  o

and condenti@tgdstravdciuis & gve @H\P@Uhhe(ﬁﬂ%#etrlcmﬂﬁﬂuﬁd 1H NMR

as an cﬁoegggh%g gf6lq%£4lggzﬂdﬂ)3a}_§7éid@gH% i'gb%ﬁ 1@4),14 O§3d(n:|l-:l:g-i), 2.40 -

0.80 (mnz_n_gi)(mom)ﬂ,%ﬂ, 894 (@) a0p54 @, &D I{Rjﬂ 1H), 2 45 - 1.20
(m17H), 1.12 (d,3H), 1.07 (m2H), O. 88 (m2H), 0.86
(s,9H), 0.59 (s,3H), 0.06 (s,6H) ppm WO 2005/ 095336

Prepargiiony FK2005/ 000203 44 Exanple 7. 20(R) 1(S)

1- chl&(rB%vlb4-$41tﬁétﬂkaauéW|&dvnﬁ h’)@tﬁ‘HLdtltM)ro-ZrQ}eﬁﬁi—vﬂywdn@Qr Py -(S)-
-oxoprop- 1'(E)- enyl)-9, 10-secopregna-5(E) 7(E)

ol 10( 19)-triene S02-adducts 5 Corrpound Villa and VII1Db

CompoliRd XR2a £Ri=etdiethysiphdi met hyl silvl) A mixture of

(1S,2R§-§%C_ igl(]%g%g.c}%an%nlop%ggl R@'%E‘Pé’q EWa;;, n?\%%&jm@ﬂh%mﬂ (100 ml)
under 4 (8fqddhRtrivispiidre rat 16t57 Cdolimyduylys tHeyd dsijon SOy, Sy ditthhapiline-
borane, 61616) ag%%\ﬁr gtatggglﬁ)bmgér%ur&ggﬂeg% idtlileENEs SHPeRIM HoSmore

evolutlpemf hbdjltoglec! icareltl el abispiMey. L 52ycppgyPY(offobiataysiamy oxpd a-
methye/é?tghﬁﬁgﬁagﬁga}lﬁpé\ﬂt ﬂ—en@b?ﬂf@é&ﬁﬂpouﬂa xXbe) Rabkeghie@isilyl) from

Examplg }O (W&Pé}) V(q;5d|$ﬁo§)ved ip @{T@gﬁ%@w atnfﬂgm Eéﬁ?;%é{*gﬂ,&a%n%ihmadded
dropw@% to §£‘ig rﬁ&mrb}@c thZBE’QS'oQ@r S Gloutd. C!'He Mixii e (\/\&Evs\lgi'r)ed fovac. 10
stirred a or a oxI mat our en t
minutller AR Hdgaa A SRt AT st ik oy NBece:
(100ml) G duestrddtéchwins diekar (2B0n3). pl'meZCB@a(mlmphéseowask/Bepﬂ{ated Bng

washed yihL T (/Lﬂw%"’fchq%f%};é PR dubi) WPo: ﬁgg@%ﬁ%@%@&ﬂ@ Rith

saturatduieaqueans NaHCOE Xt alme!) wad veedpucited) gtyingH8. iBixQurs 069ompound
XXIa a%gq{)&bgﬁ trlegﬂfgs?lpg% LGn&iGk patﬁo(l)f"g? 95‘ a(s ‘Eﬁeck%go’@/ HPLC analysis.

ture between - org ani ¢
{Colurphé,sféwrmb§e|§aﬁamréc25péﬂméreﬁbvlefqifelfaﬂm"t f'@:‘ﬁf Y- Ci@l‘?@é

hexané/%wgcgté(‘@tﬂ 16 800):NkY xx1RaLAr Rb@Fin2 AT SNUS= T8d8 Uhin}. 1H-
; z and sat urated aqueous sodi 2

NMR (RDElbg&ke / Rs=trie hylsnyl 138.0, 128.3, 766, 69.1, 56.2, 41.9, 40.5, 39.0,

34.4, 30.1, 27.4, 22.8, 20.0, 17.5, 17.3, 13.5, 6.7, 4.7, ppm; XXIb / Rs= triethylsilyl:

138.2, 128.4, 77.1, 69.2, 56.1, 53.0, 41.9, 40.5, 39.1, 34.4, 27.5, 22.8, 20.0, 17.5,

17.4, 13.5, 6.7, 4.8 ppm.
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20

carbonate (10 ml). The tol uene phase was separated and
the solvent renpoved in vacuo 20 w t hout heati ng
w@ prospessabl y bel ow 30C) to give the two epi merPCI/DK2005/000203

SM2-adducts Villa and VIj4b / Rl, R2 =

tert-butyldinmethylsilyl as a solid m xture

predom nantly containing VlIlla as checked by TLC. The
cLAIMstwo epineric S02-adducts VilIla and VIIIb could be

separated by chromatography. Crystalline VIlla could

be furthernore obtained by tituration of the solid
1. A mefRodtdfpeephiring an@inhigeld. of HendMdRs(rGBGHS)L, VI 1 la/ Rl, R2 =
tert- buéyl dimethylsilyl = 25 6.73 (dd, 1H), 6.14

4.69 (d,1H), 4.62 (d,1H), 4.35 (s, 1H), 4.17

3.92 (d,1H), 3.58 (d,1H), 2.61 (m1H, 2.29
2.2 - 1.2 (m1i16H, 1.11 (d,3H), 1.05 (m2H)
: , 0.87 (s,9H), 0.85 (s,9H), 0.68 (s, 3H
0.06 (s,3H), 0.05 (s,3H), 0.04 (s,3H), 0.02 (s, 3H
ppih 30 Exanple 8: 20( ) 3(R) (tert butyldi nethyl

neren g G 2Rk e Y LB e PYERERRD { o o

carbon ﬁﬁﬁ‘pﬁﬂmditéﬁﬂna) ansgloyéd fragliﬁlant:at erit7- rutoyd fdgreeitydfsi prepgursor

o the SHEYARTE FUBERILS SrdRal o ED)Srdoldn,

the method uyMpOsing +exstiop rae@mra:%l@E)of E@Es’—raie‘(r&@)ltet Heene
) S02- adducts (m xture of the two epineric S02-adducts

v

-, a and conpound XVb) as the starting material giving
\tbe two epineric SO02-adducts XVla and XVIb / Rl =

* tert-butyldinmethylsilyl as a solid m xture WO
2005/ 095336 PCT/ DK2005/ 000203 45 predom nantly
contai ning XVla as checked by TLC. The two epineric
BB2- adducts XVia and XVIb coul d be separated by

wherein g'{ ogg%gm&ﬁ -witH ¥|$ta§delr|bl@% M c6ﬁh@c@eobl§>’y E%Mdllﬁbdiﬁﬂ&o a

tituration of the solid m xtu

carbon mnhgﬁ@wltamg(j)m ocg@(jrggmlepﬁ 4 Grld yfto atfHa@r?%{bt oI? a p recursor

for the §Wtﬂ@§1é 6f §Q@arﬂﬁﬂl§%ﬁ1§lo§i\fé at ang 1X\dhhlogoiRlpesition,

t - but yl di met hy Iqu IgOO 3, 5 151.6, 151.4, 149.8,
W'thaa*mpbonai%efse”ei%'oStTCt rsa/l3 128.1, 126.6, 126.3,

110.5, ©l0.0, 67.4, 66.7, 66.6, 663 58.0, 57.9,
55C8 5% 6, 55.3, 55.2, 46.3, 45.5, 39.9, 39.7, 34.4,
Cg 31.4, 30.8, 30.5, 29.6, 29.1, 27.3, 27.1,
6. 7 25 6\ 25.1, 24.4, 24.1, 23.6, 23.2, 22.4, 21.9,
21@ 19.4, "19.3, 18.6, 18.4, 17.9, 17.9, 13.9, 12.2,
11.|9, 10. 8, -5.0 ppm 10 Exanple 9:

R, il

wherein R; and Ry are the same or different and represent alkyl, haloalkyl, hyd roxyalkyl,

alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralk enyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base.

2. A method according to claim 1 of preparing a compound of general structure Va,



10

15

20(R) 3
R)-(tert-butyldinmethylsilyloxy )-20-(3"-cyclopropyl -

WO e00s93pe 1' (E) - enyl ) -9, 10- secopreg PCT/DK2005/000203
na-5(E), 7(E), 10(19) -tri eneggonpound Xl Va (Rl=
tert-butyldinethylsilyl) 15 A m xture of ETH655
(2-cycl opr opyl - 2- oxoet hyl ) phosphoni ¢ aci d di et hyl
ester (conpound VI g R3, R4 = ethyl) (22,4 9g),

3(R) -(tert-bht Qi met/hyl silyl oxy) 20(S) -

fornyl -9 ghna-5(E), 7(E), 10(19) -tri ene

(conp d = tert- butyldinethylsilyl) (27
g) pre [ »o M J. Calverley, Tetrahedron,
Vol 20, pp. 4609-4619, 1987, tol uene (328

m), wa eqi(SS m ), tetrabutyl ammoni um 20 brom de
(0.93 gJ, and sodi um hydr oxi de solution 27.7% (38 Q)
was s:lrred at 334 for approximately 1 hour. Wen the
_acC 'on was judged to be conplete as checked by HPLC
Li Chrosorb Si 60 5 pm 250x4mm from Merck, 1.5
ow, detection at 270 nm hexane/ethyl acetate
vV:\QR, water was added (150 nl). The pH of the
reaction n1xture was adj usted to pH 7.8 by addition of
wherephl@ls@hblki areabk Gamel artdifferefcand ?.Encth(é%esleeEpymggeﬂner a hydroxy
mxe&"] ture between 20-25C. The organi c phase was
P Bgra éd followed by the addition of water (2000
the meﬂh)nd ceuptisiag edaciipgeocmn o didef gehe @ sdectugsiiig,), and
saturat ed aqueous sodi um hydrogen carbonate (6 nl).
The organlc vents were renoved in vacuo. 13C NWR
afl XIVa / Rl= tert-butyldinethylsilyl):
149.8, 142.8, 136.4, 128.1, 119.7,
69.2, 56.1, 55.3, 45.9, 30 40.2, 40.0,
30 9, 28. 7, 27. 3, 25.7, 23.2, 22. O 19. 3,
18. 5, 1850 12.2, 10.7, -4.9 ppm Exanple 10:
1-Cyc gl opyl - 4- (4-tri et hyl sil anyl oxy- 7a- net hyl
ahydr o-i nden-1-yl)-pent- 2-en-1-one 35 Conpound
(IR5= triethylailyl)
a: Met hyl - 4-tri et hyl sil anyl oxy-oct ahydr o-i nden- 1-yl
pi onal dehyde I X (R5 = triehtylsilyl), which was
e sed as described in Eur.J. Og.Chem 2003, pp.
R,O’ 388 WO @B95/ 095336 PCT/ DK2005/ 000203 46 3895, (2 Q)
was added to a mxture of Li-tert.-butoxide (0.6 Q)
wherejihB: grd By areopt effined 2boykoet hyl ) phosphoni ¢ aci d di et hyl

with aeﬁ{o%bh&rié(@érﬁﬁg&%réﬂ'dtrdctlﬁ% vIRd = ethyl) (1.62 g) in THE
(50mM) at_-50 C. After conplete reaction the reaction

was ~quenghed with water (50 nl) and extracted with
hex%ﬂe (100 m). The organic phase was filtered
Ré—ﬂMfl i ™ gel
7
Ry v

wherein R; and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base.



5 and concentrated in vacuo to give conpound XX (R5=
triethylsilyl) as an clear oil (2 g). 1H NVR (CDCL3):
wW@®@2004/095386 1H), 6.12 (d,1H), 4.03 (m 1H), 2.40 PCDDRR005/000203

(m21H), 1.06 (d,3H), 0.94,4t,9H), 0.54 (q,6H ppm
Preparation 7: 10
1-Cycl opropyl -4-(4-triethyl silanyl oxy-7a-net hyl - oct ahy
dro-inden-1-yl)-pent-2-en-1-(S)- ol Conpound XXla (R5=
trieth |Isil I)_(1S,2R)-(1)-cis-l-anin?-z-indano

3. A meghogpegordinggte @M 1 RARIRRIIRY AGOIIPONTBE" BE0RTahTY Ut
a nitrogen atnosphereg at 15-25C fol |l owed by the
addi ti on of N et iyl ani line- 15 borane (16.0 ml,

, enperature. The mi xture was stirred

of hydrogen coul d be observed.
1-Cyc hyl sil anyl oxy- 7a-
net hy etzahydr o-i nden-1-yl ) -pent-2-en-1-one (conmpound
XX/ =@ riethylsilyl) from Exanple 10 (19.0 g) was
di ssolved 1n MIBE (80nl) at roomtenperature and then
addedl dropw se Yy said m xture at 15-25C over 2
hour The m xture was stirred for ca. 10 20 m nutes

after c | ete addition and then quenched with
satlurat ed aqueous NaHCO3 (100m ) and extracted with
Rinﬁka (Z@RY ). The organi c phase was separated and
washed with 1 M hydrochloric acid (4X120m ) at 0-10C
wherefnGt,| iteR), &y thashinegruiffdrenisaidieathedpegasiobd rbgéiCaBa hydroxy
5 ¢ glooq%%)and wat er (50ml) giving the m xture of
pProtectiBRgbUitd  Xxia and XXIb (R5 = triethylsilyl) in a
the methbacomatisiog oéading kBcamspaindci{ gnenal BPucumBllysi s. 25
{Colum LiChrosorb Si 60 5 pm 250X4mm from Mer ck
I /min fl'ew, M5-detection, hexane/ethylacetate 90: 10
C;;' 9.9 mn, RT XXIb= ca. 8.4 mn}.
la / R5=triethylsilyl: 138.0, 128.3,
6.2, 41.9, 40.5, 39.0, 34.4, 30.1, 27.4,
L 20k 17.5, 17.3, 13.5, 6.7, 4.7, ppm XXlb /
R5= tyfiethylsilyl: 138.2, 128.4, 77.1, 69.2, 56.1,
53.0,1)J4H9, 40.5, 39.1, 34.4, 27.5, 22.8, 20.0, 17.5,
7.4, 13.5, 6.7, 4.8 ppm 35 WO 2005/ 095336
PCT/|DK2005/ 00088 47 CLAIMS 1. A nethod of preparing
d of general structure Il, O

OR,

wherein R; and R, are as defined above,

with a phosphonate of general structure VII,

10 4 VI
wherein R; and R, are the same or different and represent alkyl, haloalkyl, hydroxyaikyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,

cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
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I 5 wherein the carbon marked with an asterisk is
ei ther connected by a single bond to a carbon atom of
w@2ws0233860 D anal ogue fragnment at C 17 or to aPC¢T/REA®HN000203
of a precursor for the sygghesis of a vitamn D
anal ogue at a C-17 anal ogous position, the nethod
conprising reacting a conpound of general structure
aralkyhyi@aryl,| $:&, %Qo&?@r@é@lﬁ&@yl@&ﬁ&%ﬂoi@ﬂ%ﬂ@em 4IRoR) carboxy, sulfo or
asterisk is either connected by a single bond to a
hydrog/ar bon at om of a vitamin D anal ogue fragnent at C 17
in the BFeskAc@of & Bgs@nt of a p, recursor for the synthesis
of a vitam n D anal ogue at a C 17 anal ogous position,
with a phosphonate of general structure VII, OO I11I
4. A midBhdd FordiRy 4o Mhim 15%f whepaging R rapal N fgepetah strechuee @Hla or
different and represent al kyl, hal oal kyl, hyd
VH“’?%Q?@W%@P, al kenyl , al kynyl, aral kyl, aral kenyl
aral kynyl, or, aryl, edrh being optionally substitutgd
wi th one or myre Subsf/ituents sel ected formthe groip
ar al kyl, cycl oal k

cycl oa hydr oxyal k ] ke
al kyn yl, aral k) @
al koxy¢ ) , al kyl carbonyl oxy, halogem—46

:ésence of a
preparing a
%223/0953§ﬁ”b

gul fo or 20 hydroxy, pn th

coftpoud, of generyg|jjsstructure Va
P&T/ DKR005/ 000203 48 0 H IH Vg

\\‘

wherein R; and R, are the same or different and each represent hydrogen or a hydroxy
protecting group,
the method comprising reacting a compound of general structure VIa or VIb

respectively,

wherein R; and R, are as defined above,

with a phosphonate of general structure VII,



wherein Rl and R2 are the sanme or different and each
represent hydrogen or a hydroxy protecting group, the
woredohoes3sonpri si ng reacti ng a conmpound of genePEi/DK2005/000203

structure Illa, OZn' Iligy 5 RROOL 5 wherein R and
R2 are as defined above, wth a phosphonate of
general structure VI, OO I I REOPO 1 R4V

wherein @ and R4 are the sane or different and

repPesent| al kyl, hal oal kyl, hydroxyal kyl, 10 al kenyl,

al kyl, aral kenyl, aral kynyl, or aryl, each

|y substituted wth one or nore
suhstltuents sel ected formthe group consisting of
al kyl, aralkyl, cycloalkyl, cycloal kenyl, hal oal kyl,
hydquyabhyl, alkenyl, alkynyl, aral kyl , aralkenyl,
aral kynyl', aryl, oxo, al koxycarbonyl,

whereial Bgyd el paeythesymehal difje@ant alhd<mpyesanalab®xyxaldﬂu{yﬂ JChyairoxyalkyl,

ydroxy,_ 15 jn _the pres nc 3
alkeny BEEHh Y rsaRb G BRI Bt Al SRf oS PG ey Sibiutes
with oné oprrepesubajitacgospledted fofm generaip nsigtitaipealil, aradky

5 cycloallkbll,lcyé'fgalkw, %alkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,

aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or

hydroxy,

in the presence of a base.

10 5. A method according to claim 1 of preparing a compound of general structure XIVa,

@)

OR,

wherein R; represents hydrogen or a hydroxy protecting group,

the method comprising reacting a compound of general structure XIIIa,

N
K

Xllla

OR,

15  wherein R; is as defined above,



wherein Rl and R2 are the sanme or different and each
represent hydrogen or a hydroxy 5 protecting group,
w0 b@soeshod conprising reacting a conpound of PERBK2005/000203
structure Illb, \0 HIIlbgy,RI0 OR2 wherein R and R2
are as defined above, wth a phosphonate of genera
structure VIl, 0O IIl REROPO 1 10 R4 VI
with a\yﬂegﬁdma@ofa{@eh% fAfRuiree/isame or different and
represent, al kyl, hal oal kyl, hydroxyal kyl, al kenyl,
al kxnyl , -ar al kyl , aral kenyi, aral kynyl, or aryl, each
beifig optjonal Iy substituted wth one or nore
R-—-@ubB uen el ected formthe group consisting of
al kyl , aral , cycloal kyl, cycloal kenyl, hal oal kyl,
hy oxyalkyl, al kenyl , alkynyl, aral kyl , aralkenyl, WO
2008/ 095336 PCT/ DK2005/ 000203 50 aral kynyl, aryl,
oxo, 4al k¥lycar bonyl , al kyl car bonyl oxy, hal ogen,

whereglI %;ge)érid R%g rrfq:%ﬁ sﬁ,g}eh%rdé)lff%regF 8X9 Fé)ril(‘&er\t glw%a%a“?ﬁﬁ nl%?d r8xya|ky|
alkenybrakanyil narakkyt ampleemd, wfallg'embloalar)é,t gacbtheing afptidnallpsubstituted
5 with oyé L%J@%BS& thgﬁésyselege@o}'mQhé gl'_(lJupréEMHs{:lﬁg Qf alkyl, aralkyl,

cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base.
10

6. A method according to claim 1 of preparing a compound of general structure XIVb,

RO

wherein R; represents hydrogen or a hydroxy protecting group,

the method comprising reacting a compound of general structure XIIIb,

15
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S\WW"'~" HHWVIIIb R20 1 RO ORL wherein R and R2
are the sane or different and each represent hydrogen
W@Rr008/098386 oXy protecting group, 10 the net hodPCT/DK2005/000203
conprising reacting a conpa4nd of general structure
Vla or VIb respectively, O HHOO0"11 HQ H SS H
Via HVIb 00 R0 ORI R20" OR1 wherein Rl and R2 are
whereRSR { .gfasrn%«ima@@wvevvnth a phosphonate of general

uctu | 200 36 PCT/ DK2005/ 000203 51 0
with aCPthIOF'PhO"?%P gengral ﬁ@cguregfli VII wherein R3 and R4 are

the saneCor different and represent al kyl, hal oal kyl,
hydﬁoxyal kyl,
RB-—O—FI’
0O

Ry v

wherein Ry and R4 are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, -aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base.

7. A method according to claim 1 of preparing a compound of general structure XVIa or

XVIb respectively,

wherein R; represents hydrogen or a hydroxy protecting group,
the method comprising reacting a compound of general structure XVa or XVb

respectively,
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al kenyl , al kynyl, aral kyl, aral kenyl, aral kynyl, or

aryl, each being optionally substituted wth one or
WOorRe0e/0s3best i t uents sel ected formthe group conBCEDKR2@S/000203

of alkyl, aralkyl, 5 cycloalkyl, cycloalkenyl,

hal oal kyl , hydroxyal kyl, al enyI al kynyl , aral kyl,

aral kenyl, aral kynyl, aryl, oxo, al koxycarbonyl,

alkylcarbonyloxy, hal ogen, alkoxy, Carboxy, sul fo or

hyd roxy, ~in _the presence of a base.l0-5. A nethod

accordl o &t@im1 of preparinglja conﬁbgnd of

ucture XIva, O H a OR: 1 wherein
ot ecting group,
zoHpound of gener al

gﬁ% 15 wherein R is
5 / DK2005/ 000203 52
tructure Vbb O Ol

conprising reacting
u:e Xilla, \0 H Hcﬂll

= S-wi a phosphonate of gengta
R3[OHP O 1 XVa v

wherein R; is as defined above,

with a phosphonate of general structure VII,

4 VI

wherein R; and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base.

8. A method according to claim 1 of preparing a compound of general structure XX,

wherein Rs represents hydrogen or a hydroxy protecting group,

the method comprising reacting a compound of general structure IXX,
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wherein R3 and R4 are the sane or different and
represent al kyl, hal oal kyl, hydroxyal kyl, al kenyl,
w@bdopngdsze ar al kyl , aral kenyl, aral kynyl, or arRCT/DEa@HE/000203
bei ng optionally substitut 5 with one or nore
substituents selected formthe group consisting of
al kyl, aral kyl, cycl oal kyl, cycl oal kenyl, hal oal kyl
hydr oxyal kyl , al kenyl, al kynyl, aral kyl, aral kenyl,
[y aryl, oxo, al koxycarbonyl,
af kyJ cartgnyl oxy, hal ogen, al koxy, carboxy, sulfo or
o in the presence of a base. 10 6. A nethod
sling to claim 1l of preparing a conmpound of
ehkral structure XIVb, O H H XIVb R1O wherein R1,
répresents hydrogen or a hydroxy protecting group, the
thod conprising reacting a conpound of genera
OR gructurggflllb OHXIIb RO 15 1 WO 2005/ 095336
PCT/ Dk20#8Y 000203 53 wherein R is as defined above,

wherel RNissisRARaLe of general structure VII, OO | |
R3OPO 1

with a phosphonate of general structure VII,

4 Vil

wherein R; and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base.

9. A method of preparing calcipotriol or calcipotriol monohydrate, the method comprising
the method according to any one of claims 1, 2, 3, 4, 5, 6, 7, or 8.

10. A method for producing calcipotriol or calcipotriol monohydrate, the method
comprising the steps of:

(i) reacting a compound of general structure Illa,
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R4 VII wherein R3 and R4 are the sane or different and

represent al kyl, hal oal kyl, hydroxyal kyl, 5 al kenyl,
w@bdopngdsze ar al kyl , aral kenyl, aral kynyl, or arRCT/DEa@HE/000203

being optionally substitutegg with one or nore

substituents selected formthe group consisting of

al kyl, aral kyl, cycloal kyl, cycloal kenyl, hal oal kyl,

hydroxyal kyl, al kenyl, al kynyl, aral kyl, aral kenyl,

aral kynyl , g . 0xo0, al koxycar bonyl,

al kyl carponfyl oxy@ hal ogen, al koxy, carboxy, sulfo or
hydgo n the presence of a base. 7. A nethod

e

claim1 of preparing a conpound of
cture XVla or XVlIb respectively, 0 0 H

H O F O/ I H O-SSHXVia HXVIb ORlL ORl 15

wher e nrﬁl represents hydrogen or a hydroxy protecting

gr ofip, t he nEtBﬁd conprising reacting a conmpound of

ral structuf® Xva or Xvb respectively, WO

Q95336 PCT/ DK2005/ 000203 54 0 0 \~1 H O-S

XVa / HXVb 1 ORL wherein R is as defined

fﬁh a phosphonate of general structure VII, O
1

wherein R; and R, are the same or different and represent hydrogen or a hydroxy
protecting group,

with a phosphonate of general structure VII,

R, v

wherein Rz and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base,

to give a compound of general structure Va,

’, O

R,O" OR,

wherein R; and R; are as defined above;
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O Il RBROPO R4 VII 5 wherein R3 and R4 are the

sane or different and represent al kyl, hal oal kyl,
whyasospas kyl , al kenyl, al kynyl, aral kyl, ar ab&EDKRG05/000203

aral kynyl, or aryl, each beyng optionally substituted

with one or nore substituents selected formthe group

consi sting of alkyl, aral kyl, cycloal kyl,

(i) rede¥FlgaRk kempoundaf gahdesl strioedrowy ditkyd suigdbieerlicing agent,

o) i B PR Al s

structuc@nkRexyd 1¥b) fo or 10 hydroxy, in the presence of a
base. 8. A nethod aeéfrding to claim1 of preparing a
conpound of. ructure XX, OH H OR5 XX b
wher ei n 5 edt s hydrogen or a hydroxy—prQt ecting

gro {met hod conprising reacting af co
genk ture | XX> WO 2005/ 09532
)08/ 000203 58 OH OR5 |
def i ngd sabove, with a phosphonate © structure

wherein Ry and R, are as defined above;

(iii) optionally separating the compound of general structure IXa from the mixture of
compounds of general structure IXa and IXb;

(iv) photoisomerising the compound of general structure IXa to the compound of general

structure Xa,

RO OR,

wherein R; and R are as defined above;

(v) when R; and/or R, are not hydrogen, removing the hydroxy protecting group(s) R:
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(vi) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate.

11. A method for producing calcipotriol or calcipotriol monohydrate, the method
comprising the steps of:

(i) reacting a compound of general structure IIIb,
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R3OP O R4 VII 5 wherein R3 and R4 are the sane or
different and represent al kyl, hal oal kyl,

whyasospas kyl , al kenyl, al kynyl, aral kyl, ar ab&EDKRG05/000203
aral kynyl, or aryl, each bejgg optionally substituted
with one or nore substituents selected formthe group

consi sting of alkyl, aral kyl, cycloal kyl,
cycloalkenyl hal oal kyl , hydroxyal kyl, al kenyl,

al kynyl , |, aral kenyl, aral kynyl, aryl, oxo,
al koxyca @l kyl car bonyl oxy, hal ogen, al koxy,
car fo or 10 hydroxy, in the presence of a
bag thod of preparing calcipotriol or

cal nonohydrate, the method conprising the

cordlng to any one of clainms 1, 2, 3, 4, 5,
or'8. 15 10. A nethod for produ0|ng caIC|potr|o
cal ci potriol, nmonohydrate, the method conprising
steps of: d”? reacting a conpound of genera

e Ma, WD 2005/095336 PCT/ DK2005/000203 56 O
lia R20 ORL wherein R and R2 are the sane or
! and represent hydrogen or a hydroxy

protecti %zgroup, wi th a phosphonate of genera

whereln i ua%td'lﬁz al%l tlh’e sa(r?'leoor <|:liffjeren|$ a%d(%egre(s)ent hydrogen or a hydroxy
protecting group,

with a phosphonate of general structure VII,

4 VIl

wherein R; and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base,

to give a compound of general structure Vb,

/ O

RO OR,

wherein R; and R, are as defined above;



10

15

1 5R4 VIl wherein R3 and R4 are the sane or
different and represent al kyl, hal oal kyl,

whyasospas kyl , al kenyl, al kynyl, aral kyl, ar ab&EDKRG05/000203
aral kynyl, or aryl, each beiyng optionally substituted
with one or nore substituents selected formthe group
consi sting of alkyl, aral kyl, cycloal kyl,

(i) redG&‘ﬁbQﬁl& %@Hﬁbbun@%f 8@{'\&%' strtﬁ&gfeo%ly%tlﬁ% sw?eltJF@Féd'ucmg agent,
kynyl, aral kyl, "ara 10 ara 0Xx0,
to G'Veeﬂ R@??%‘éﬁdo@:n%neraajl %Wc{:‘gleﬁén?/'l %WXtuﬁ%\ngféﬂpo c%éd;&general

structuean@aang Xwul fo or  hyd roxy, in the presence of a
base, to give a comgound of general structure éa 0
HIH Va RZO(PllShherelan and 2 are as HEtined
above; W R_(Ki)

redu e conpou d of genera d ith a
sui t, tog
gengr al or a mx onpounds~of

gene S ructure IXa and 1 Xb, | Xa
| Xb ORL 5 whergiM R and R2 are as
def Lr ; (iii) optionally separating the
conpound of gelaral structure |Xa fromthebm xture of

gs of general structure a-and | Xb;

R O OR2 R1O : ORZ

wherein R; and R; are as defined above;

(i) optionally separating the compound of general structure Xa from the mixture of
compounds of general structure Xa and Xb;

(iv) when R, and/or R; are not hydrogen, removing the hydroxy protecting group(s) Ry
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(v) optionally crystallising the calcipotriol from a mixture of an organic solvent and water

to give calcipotriol monohydrate.

12. A method for producing calcipotriol or calcipotriol monohydrate, the method
comprising the steps of:
(i) reacting a compound of general structure VIa and/or VIb,

wherein R; and R, are the same or different and represent hydrogen or a hydroxy
protecting group,

with a phosphonate of general structure VII,



(iv) photoisonerising the conpound of general
structure | Xa to the conpound of general structure
WX2005@$33¢ Xa 10 Rlo ~O R2 wherein Rl, and R2 aP€I/nK2005/000203
defined above; (v) when R ggnd/or R2 are not hydrogen,
renovi ng the hydroxy prot ectl ng group(s) R and/or R2
of the conpound of general structure Xa to generate
cal ci potyi ol ; and (vi) optionally crystallising the
calxi potjtiol froma mxture of an organic sol vent and
c%fg'k/vat o0 give calcipotriol nonohydrate. 11. A
thod for duci ng cal cipotriol or calcipotriol
m)rqphydrate the nethod conprising the steps of: (i)
regcting a conpound of general structure Illb, WO
20@5/ 09%36 PCT/ DK2005/ 000203 58 O H F-I Illb R10
0 R wh in R and R2 are the sane or different and

whereifi RPEAS Rtarb ek egan dDrdiﬁéerBMdﬁlﬁt}(yepréi@it%ﬂtyﬂ,ﬁgal@’ll@,ﬂphydroxyalkyl
alkenyahiio . RO CHET R Ty tingr My SR ey pusthutes
with oreasremorte slifstieresnié selncked dpime slea graadpksdnsistiag oéklkyl, aralkyl,

5 cycloalm,dapca%qa(&wl,’ haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,
in the presence of a base,

to give a compound of general structure VIIIa and/or VIIIb,

10
wherein R; and R; are as defined above;
(ii) heating the compounds of general structure VIIIa and/or VIIIb above 60°C in the
presence of a base,

to give a compound of general structure Va,
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al kenyl , al kynyl, aral kyl, aral kenyl, aral kynyl, or
aryl, each being optionally substituted wth one or
WOoRNs/03bet i t uents sel ected formthe group conBRCEDKAS/000203
of al kyl, aralkyl, cycloalgyl, cycloal kenyl,
hal oal kyl , hydroxyal kyl, al kenyl, al kynyl, aral kyl,
aral kenyl, 10 aral kynyl, aryl, oxo, al koxycarbonyl,
whereﬂ'liﬁ)én@&izké‘ﬁ@ﬂs @é}‘me@éb@\g@n al koxy, carboxy, sulfo or

Presence of a base, to gjve _
() re Qe gty e B e VB o Dbt esips sags
to giveld covhpoeidiofien exaldstREtaved Xaordemmixtack afbarnepols of general
suuctzogg/9%§§§$ PCT/ DK2005/ 000203 59 (ii) reducing the
efs an general structure Vb with a suitable
reduci ng agent toOgl ve a conmpound of genera

OHOHHH
and R2 @ e as defi ned
eparati n he conmpound
Xa fromthe mixture of
e Xa and Xb; (iv) when R

structure Xa to
htlonally IXb
a m xture of an

erate calcipotriol; and 10 (v)
al | i sing the cal cipotri ol

c solvent and water to gi | ci potrio
N Y e. 12. A nethod for prt Qg cal ci potri ol
2~ or caIC|po&r|oI nonohydrateRQChe 5t hodOR,

wherein Ry and R; are as defined above;
(iv) optionally separating the compound of general structure IXa from the mixture of

compounds of general structure IXa and IXb;
(v) photoisomerising the compound of general structure IXa to the compound of general

structure Xa,

R,0" OR,

wherein R; and R; are as defined above;

(vi) when R; and/or R, are not hydrogen, removing the hydroxy protecting group(s) Ry
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(vii) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate.

13. A method for producing calcipotriol or calcipotriol monohydrate, the method

comprising the steps of:



conprising the steps of: 15 (i) reacting a conpound of
general structure Vla and/or VIb, \OO H 0 OGOOH
wOob@s89538¢ H VIb R20 1 R20\, OR1L wherein R apdI/BR2@5600203

the sane or different and ggpresent hydrogen or a
hydroxy protecting group, with a phosphonate of
general structure VII, WO 2005/095336

(i) rea&%/%ﬁ@&!r@%werﬁost&ct@e|VIla angforyi, O 1 R 4 VII
whérein R3 and R4 are the sanme or different and
represent “al kyl, hal oal kyl, hydroxyal kyk, al kenyl,

, aral kenyl, aral kynyl, axyl, each

. substituted with ond of mor®

3 selected formthe gro goToN sti ng of

yl, 5 cycloal kyl, cyg @ hal oal kyl ,

, al kenyl, aIkynyI ars ~ar al kenyl ,

, aryl, oxo, alkox &)bonq

carbonyloxy, hal ogen, goxy,
i n theélgresence of basf

arboxy, sul fo or
to give onpound
Wb o 8

R,0" OR,

wherein R; and R, are the same or different and represent hydrogen or a hydroxy
protecting group,

with a phosphonate of general structure VII,
i

R ;—O—Fl’

7

Ry wi

wherein R3 and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base,

to give a compound of general structure VIIIa and/or VIIIb,



HrHvIlIb 11, ~HO" SHVIHVIIla RRO ORL R20 1 10
wherein Rl, and R2 are as defined above; (ii) heating

wao b@spespounds of general structure VIIIa and/ PCT/WKR0K/000203
above 60C in the presencegpf a base, to give a
conmpound of general structure Va, 0O HIH Va 15 R20
OR1 WD 2005/ 095336 PCT/ DK2005/ 000203 61 wherein Rl
and R2 arge as defiped above; (iii) reducing t he
compound & » structure Va with a SU|tabIe

reduci np
7 i Xture of conpev
detrany
” Rl 5 mhereln R and R2 |
ﬁlv) optional Iy separafing ez conpound of
structure I Xa fro h

m xtjurld of conpounds
offgener al stgﬁﬁture | Xa and S-xh; v) phot oi someri si ng
¢ npound

' General strufturé™HKa to thevitlnpound
ggneral 10 structure Xa,

R,0’

wherein Ry and R, are as defined above;

(ii) reducing the compounds of general structure VIIIa and/or VIIIb, with a suitable
reducing agent in an inert solvent,

to give compounds of general structure XIaa and/or XIba, or a mixture of compounds of

general structure XIaa and/or XIba and XIab and/or XIbb,
OH

’,
,/
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rXxal R O-~~2 2 wherein R and R2 are as defined
above; (vi) when R and/or R2 are not hydrogen,

WO 200093386 t he hydroxy protecting group(s) R  BCIDER0RA00203
of the conpound of generalgstructure Xa to generate
calcipotriol; and 15 (vii) optionally crystallising
the calcipotriol froma m xture of an organi c sol vent

whereif®g anM@{%%Fe 59d&NR ARVE] potriol nonohydrate. 13. A
met hod for Rr oduci n cgl cipotriol or cal

. : i potrj ol
(i) opHeRrMyaPaEHhS Ehe ComBaIGS <l GpEr ISy etie Xpe pRolsy Xpgyfrom the
reactiodQRiRIPO5336 PCT/ DK2005/ 000203 62 (i) reacting a
. CO und of neral structure a and/ or. VI o H
(v) hegid B onthoufRt R Sensipratfigtie ¥laR bkt otiyd g Tigpne
presenasdf &RBasa,e the sanme or different and represent

. 0 ecting group, 5 with a
to 9”6%%%”3‘%)?&36% Q%ngéag%gﬁfrég?%ct ure VIl, 00 Il R3
-0-P---- 8 1 R4 OH wherein R3 and R4 are the sane
or differen epresent al kyl, hal oal kyl

R,0" OR,

wherein Ry and R, are as defined above;
(v) optionally separating the compound of general IXa from the reaction mixture;

(vi) photoisomerising the compound of general structure IXa to the compound of general

structure Xa,

N
N

OH

RO OR,

wherein R; and R, are as defined above;

(vii) when R; and/or R, are not hydrogen, removing the hydroxy protecting group(s) R.
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(viii) optionally crystallising the calcipotriol from a mixture of an organic solvent and
water to give calcipotriol monohydrate;

wherein steps (vi) and (vii) may be in reversed order.



al kenyl , al kynyl, aral kyl, aral kenyl, aral kynyl, or

aryl, each being optionally substituted wth one or
WOR00s/083B6t | t uents sel ected formthe group conBCEDKR@S/000203

of al kyl, aral kyl, 10 cyclﬁflkyl, cycl oal kenyl ,

hal oal kyl , hydroxyal kyl enyl, al kynyl, aral kyl,

aral kenyl, aral kynyl, aryl, oxo, al koxycarbonyl,

14, A n@éthw @&rd}e@ly&.%Malc.la@drragsncanawmar S
I OX in the presence of a base, to give a conmpound

Compnﬁﬁgé@%éﬁﬁF°§tructure ViIla and/or VIllb, WO
(i) rea&@@%/&ﬁﬁ;ﬁﬁﬁnd%ﬂe%%@@ﬁb&@@ﬁﬁla 63 00 HrHVIIIb OO0
HSHVilla RO ORlL R20 1 wherein R and R2 are as
deflned abo e; (ii) reducing the conpounds of genera
ba and/or VIllb, with a suitable
in an inert solvent, 5 to give
of general structure Xlaa and/or Xlba, or a
¢ conmpounds of general structure Xl aa and/or
and Xlab and/or XIbb, OHOH O O Ol H rHX aa
H Xlba 011 1 R20" ORL RRO OHOH 11, 001 H S
Kl ab H HXTmF&OOMF&OOM
Xiila

OR,

5 wherein R, represents hydrogen or a hydroxy protecting group,

with a phosphonate of general structure VII,

R, wi

wherein Rz and R4 are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,

alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
10  with one or more substituents selected form the group consisting of alkyl, aralkyl,

cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,

aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or

hydroxy,

in the presence of a base,

15 to give a compound of general structure XIVa,
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WO 2005/ 095336 PCT/ DK2005/ 000203 64 wherein Rl and R2
are as defined above; (iii) optionally separating the
w@eovpoessskes of general structure Xlaa and/ or Xl BPEI/DKow05/000203
the reaction mxture; (i heati ng the conpounds of
general structure Xl aa and/or Xl ba above 60C in the 5
presence of a base, to give a conpound of genera
structuge I Xa, @41 HIHIXa 011 ORI R20 wherein R
and R2 ane—as def/i ned above; (v) optionally separating
general | Xa fromthe reaction m xture;
eri sing the conpound of genera
he conpound of general structure
2 2 wherein R and R2 are as
d above; (vii) when R and/or R2 are not
hyd o@en, renmovi ng the hydroxy protecting group(s) R
and/ or R%%S{ t he conpound of general structure Xa
tlb generate X%ipotriol; and (viii) optionally
ystallising the calcipotriol froma m xture of an
ani ¢ sol vent and water to give calcipotrio
S égéate; wherein steps (vi) and (vii) may be in
rever order. WD 2005/ 095336 PCT/ DK2005/ 000203 65

wherein R, is as defined above;

(i) hydroxylating the compound of general structure XIVa with suitable hydroxylating
agent,
to give a compound of general structure Va,

R,0"

wherein R, represents hydrogen or a hydroxy protecting group and R; is hydrogen;

(iii) optionally reacting the compound of general structure Va, wherein R; represents

OR,

hydrogen or a hydroxy protecting group and R, is hydrogen with a suitable protecting
agent,
to give a compound of general structure Va, wherein R; and R; are the same or different

and represent a hydroxy protecting group;
(iv) reducing the compound of general structure Va with a suitable reducing agent,
to give a compound of general structure IXa or a mixture of compounds of general

structure IXa and IXb,



14. A nmethod for producing calcipotriol or
cal ci potri ol nonohydrate, the nmethod conprising the
WEL@p®9BBe (i) reacting a conmpound of general BCT/DERNSH00203
Xilla, \O HHXIla ORk5 wherein R represents
hydrogen or a hydroxy protecting group, wth a
phosphonat e of general structure VII, O OIlIlIl R3 OP
O 1 R4Vl whergjp R3 and R4 are the sane or
di fferent * epr gsent al kyl, hal oal kyl %, OH

hal oal kyl , hydr oxyal Ky
. aral kyl, aral kenyl,

xycarbonylX al kyl car bonyl oxy,
oxy, sulfd*8r hydroxy, in th
gi ve a conmpound of gene

0XO0,
ogen, al koxy,
presence ofxm base,
ructure Xl Va, WO

wherein R; and R, are as defined above;
(v) optionally separating the compound of general structure IXa from the mixture of
compounds of general structure IXa and IXb;

5  (vi) photoisomerising the compound of general structure IXa to a compound of general

structure Xa,

RO" OR,

wherein R; and R, are as defined above;

(vii) when R, and/or R, are not hydrogen, removing the hydroxy protecting group(s) Ry
10  and/or R, of the compound of general structure Xa to generate calcipotriol; and

(viii) optionally crystallising the calcipotriol from a mixfure of an organic solvent and

water to give calcipotriol monohydrate.

15. A method for producing calcipotriol or calcipotriol monohydrate, the method

15 comprising the steps of:
(i) reacting a compound of general structure XIIIb,



OR1 wherein R is as defined above; (ii) hydroxylating

t he conpound of general structure XIVa with suitable
whyasospbat i ng agent, 5 to give a conpound of POEDER@S/000203

structure Va, 0 H H Va0 ~, ORIl wherein Rl

represents hydrogen or a hydroxy protecting group and

R2 is hydrogen; (iii) optionally reacting the

conpound 9f general structure Va, wherein R

represents drogen or a hydroxy protecting group and

R2 is hydrpgen@ith a suitable protecting 10 agent,

to sla<gonpound of general structure Va, wherein
R1, re the sane or different and represent a
hyd pt gt ecting group; (iv) reducing the conpound

of gehegal structure Va wth a suitable reducing

., 'to give a conpound of general structure |Xa or

xture of gg ounds of general 15 structure |Xa

I Xb, WO 20898P095336 PCT/ DK2005/ 000203 67 OH OH H

I Xa I Xb R20 ORL R20 OR1 wherein R and R2

; defi ned above; (v) optionally separating the
~cqmpeund of general structure | Xa fromthe m xture of

R-O conpounds of general structure | Xa and | Xb; 5 (vi)

wherelglgggtdgé%(ﬁ)%%rahg!:l%)%etag)ﬁgclm OXY progectrﬂgeg% al structure |Xa

with a phosphonate of general structure VII,

4 Vi

wherein R; and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkeny!, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base,

to give a compound of general structure XIVb,

wherein R, is as defined above;

(i) photoisomerising the compound of general structure XIVb to a compound of general

structure XIVa,
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structure Xa, OH HH Xa Ro\\ OR2 wherein R and R2
are as defined above; (vii) when R and/or R2 are not
whyasogssg renoving the hydroxy protecting gr oREI/BK2085/000203
10 and/or R2 of the conpo of general structure Xa
to generate calcipotriol; and (viii) optionally
crystallising the calcipotriol froma m xture of an
or gani c_sol vent @d water to give calcipotriol
nmonohydrigte~x15. //A met hod for producing cal ci potri ol
i ' qonohydrate, the nethod 15 conpri sing
epys of . (i)\reacting a conpound of general
XI I'1b, 2005/ 095336 PCT/ DK2005/ 000203 68
X¥l1lb Ri Owherein Rl represents hydrogen or a
oxy protecting group, wth a phosphonate of
er@l structure Vil, 0 01l I R3OP 0 1 R4 VI
wherein R3 and R4 are the sane or different and
rlepresent al¥WMa8 hal oal kyl, hydroxyal kyl

OR,

wherein R; is as defined above;

(iii) hydroxylating the compound of general structure XIVa with suitable hydroxylating
agent,

to give a compound of general structure Va,

R,0" OR,

wherein R; represents hydrogen or a hydroxy protecting group and R, is hydrogen;
(iv) optionally reacting the compound of general structure Va, wherein R; represents
hydrogen or a hydroxy protecting group and R; is hydrogen with a suitable protecting
agent to give a compound of general structure Va, wherein R; and R, are the same or
different and represent a hydroxy protecting group;

(v) reducing the compound of general structure Va with a suitable reducing agent,

to give a compound of general structure IXa or a mixture of compounds of general

structure IXa and IXb,
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al kenyl , al kynyl, aral kyl, aral kenyl, aral kynyl, or

aryl, each being optionally substituted wth one or
WOR00s/083B6t | t uents sel ected formthe group conBCEDKR@S/000203

of alkyl, aralkyl, cycloalkyl, cycloalkenyl,

hal oal kyl , hydroxyal kyl, alkenyl, al kynyl, aral kyl,

aral kenyl, aral kynyl, aryl, oxo, al koxycarbonyl,

alkylcarbpnyloxy, Qﬂhogen al koxy, carboxy, sulfo or

10 hydr oxy: i\t hefpresence of a base, to glve a OH

eral structure Xl Vb, wher grmR

ZIH V_a 1 wherein R is as defi
yHatlng t he conpound of gener;
sui tabl e hydroxyl ating agent
ound of gé ral structure Va,
A, wherein R represents
ting group and R2 is hyd
s t he conpound of gener a ucture Va, wherein
R,0 R repr Rant s hydr ogen orpgchy Yy Rt ecting group
and R2 is hydrogen with a sditable protecting 10 agent

whereih ®, @hM&R,arE QEROUNG fovgeneral structure Va, wherein Ri
and R2 are the same or  different and represent a

(vi) °PH9'&*?”c¥x%¢Pﬁ'ia6'f‘@6E‘¢ RYMBPIO! qaPFTd ST TG XhE BT hso G B Of
compodRdtesadenstdl delubiuge Waa whd IXH3 sui t abl e reduci ng agent,

(vii) photoisomerising the compound of general structure IXa to the compound of

tructure Xl Va
5 to give a
O H H Va bR20 Z

(iv) optionally

general structure Xa,

RO" OR,

wherein Ry and R, are as defined above;

(viii) when R; and/or R, are not hydrogen, removing the hydroxy protecting group(s) R
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(ix) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate.

16. A method for producing calcipotriol or calcipotriol monohydrate, the method
comprising the steps of:
(i) reacting a compound of general structure XvVa and/or XVb,



to give a conmpound of general structure |Xa or a
m xture of conpounds of general structure |Xa and
WO Xin5/09¥332 005/ 095336 PCT/ DK2005/ 000203 70 OH EEI/DK2045/600203
H I1Xal IXb R0 ORlL R0 OR1 wherein Rl and R2 are
as defined above; (vi) optionally separating the
conpound of general structure IXa fromthe m xture of
conpounds of general structure |IXa and | Xb; 5 (vii)
[ erising the conmpound of general structure |Xa
to thejJcogpound) of general structurg Xg

nherein R and R2 are as~defi ned aﬂave;
@» R and/or R2 are no dr agan, renovi ng
ar-axy protecting group(s) 1B and/ or R2 of
ypound of general strugturéyXaztd generate

t he
Ot he ogp
Ol caldipébtriol; and (ix) optjo aIIy|cﬂystaIIising t he
S af.ci potri ol &&pn1a m xt ureS®f_an or gani ¢ sol vent and
el to gi ve”¥&l ci potri ol 16 X\Ap et hod
pr oduci ng cal ci potri ol clipotrio

drate, the nethod 15 cp

e&i&ng a conmpound of ge
, WD 2005/ 095336 PCT.

sing the steps of:
structure XVa
RQOOZOB 71 \0 O

y
and/ or

wherein R; represents a hydrogen or a hydroxy protecting group,

with a phosphonate of general structure VII,

4 VI

wherein Rz and R4 are the same or different and represent alkyl, haloalky!, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl,
cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or
hydroxy,

in the presence of a base,

to give a compound of general structure XVIa and/or XVIb,

wherein R; is as defined above;
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HSHeHOOOHXva XVb ORL ORL wherein R
represents a hydrogen or a hydroxy protecting group,
wowralk/ogs3phosphonat e of general structure VI, ECT/KRI05/000203
RO 1 R4 VII 5 wherein and R4 are the sane or
different and represent alkyl, hal oal kyl,
hydr oxyal kyl , al kenyl, al kynyl, aral kyl, aral kenyl,
(ii) heaﬂfn%l ¥ %Hpogﬁdsaédeene?a@%nu%'ré‘Qvﬁaoéﬂld?eﬁk{/ib %HQ\% bt @lCthe
ne or nore substituents selected formthe group
Presené%ﬁ%??@ﬁ?rg of alkyl, aralkyl, cycloalkyl,

to glvecé’&irﬁ BoURNYA gien@ﬂsll galiéyte Xhygr oxyal kyl , al kenyl ,

al kynyl , aral kyl ,
alkoxyca{bonQ,

aral kenyl, aral kynyl, aryl, oxo,
P kyl car bonyl oxy, hal ogen, al koxy,

10 hydroxy, in the presence of a
tolgi ve a c-npound of general structure XVla
Il HOO S rHXVla H HXVib 1
as defined above; WD 2005/ 095336

XiVa

OR,

wherein R; is as defined above;

(iii) hydroxylating the compound of general structure XIVa with suitable hydroxylating
agent,

to give a compound of general structure Va,

wherein R; represents hydrogen or a hydroxy protecting group and R; is hydrogen;

(iv) optionally reacting the compound of general structure Va, wherein R; represents
hydrogen or a hydroxy protecting group and R; is hydrogen with a suitable protecting
agent,

to give a compound of general structure Va, wherein R; and R are the same or different
and represent a hydroxy protecting group;

(v) reducing the compound of general structure Va with a suitable reducing agent,

to give a compound of general structure IXa or a mixture of compounds of general

structure IXa and IXb,
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72 (ii) heating the conpounds of general structure
XVl a and/or XVIb above 60C in the presence of a base,
W 200g/0983@ conmpound of general structure Xl Va, PCDDKERDOS000203
XIVa ORL 5 wherein R is as defined above; (iii)
hydr oxyl ati ng the conpound of general structure Xl Va
Wi th suitable hydroxylating agent, to give a conpound
of general, structur§yva, 0 rva | 001 1 R20 10
wherein R™ s hydrogen or a hydrexy protecOPhg
hydr ogen; (iv) optionally

t he structure Vg
rep o a hydroxy d
R2 gen with a suitable prg

gfnpound of general structu
e the sane or different and represent a
oxy protecting group; (v) reducing the conmpound of
ral struct Va with a suital| e reduci ngpggent,
e a conpound of general
e of conpounds of genera
X ‘ 005/ 095336 PCT/ DK2005/
RZO i R O w
2

73 OH

wherein Ry and R, are as defined above;

(vi) optionally separating the compound of general structure I)XXa from the mixture of
compounds of general structure IXa and IXb;

(vii) photoisomerising the compound of general structure IXa to the compound of

general structure Xa,

OR,

wherein Ry and R, are as defined above;

(viii) when Ry and/or R, are not hydrogen, removing the hydroxy protecting group(s) Ry
and/or R, of the compound of general structure Xa to generate calcipotriol; and

(ix) optionally crystallising the calcipotriol from a mixture of an organic solvent and

water to give calcipotriol monohydrate.

17. A method for producing calcipotriol or calcipotriol monohydrate, the method
comprising the steps of:
(i) reacting a compound of general structure IXX,



OH HHHH IXalXb ROOR2 1 R0 ORL wherein R
and R2 are as defined above; (vi) optionally
w@epangsseig t he conpound of general structure PCEDKR@F1000203
the m xture of conpounds 9f general structure |Xa and
I Xo; 5 (vii) photoisonerising the conmpound of genera
structure | Xa to the conpound of general structure
Xa,, OH rXa RHO 2 2 wherein R and R2 are as defined
—{Viii) when Rl, and/or R2 are not hydrogen,
inbcjhe hydroxy protecting group(s) R 10 and/or
t he conpound of general structure Xa to generate
potriol; and (ix) optionally crystallising the
potriol froma mxture of an organic sol vent and
r to give calcipotriol nonohydrate. 17. A nethod
produci ng cal ci potriol or calcipotrio
nohydrate, the nmethod 15 conprising the steps of:

ﬁ%te
r
ORgp
(1) rea ng a conpound of general structure I XX, WO
. : R5 | XX
where e e P B D 9%4Phxy prot ect i ng
with a @hg@;monate of general structure VII,

0
R;—0—

FI)

I
Ry il

wherein R; and R, are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,

alkenyl!, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted

with one or more substituents selected form the group consisting of alkyl, aralkyl,

cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,

aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or

hydroxy,

in the presence of a base,

to give a compound of general structure XX,

wherein Rsis as defined above;

(ii) reducing the compound of general structure XX with a suitable reducing agent,
to give a compound of general structure XXIa or a mixture of compounds of general
structure XXIa and XXIb,
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wi th a phosphonate of general structure VII, O OI |

R3OP O 1 R4 VII 5 wherein R3 and R4 are the sane
w@eoodiod$3a¢ ent and represent al kyl, hal oal kyl, PCT/DK2005/000203

hydr oxyal kyl , al kenyl alg nyl, aral kyl, aralkenyl,

aral kynyl, or aryl, each being optionally substituted

Wi th one or nore substituents selected formthe group

consi sti ng 06 al kyl, aral kyl, , cycl oaI kyd)
Rsal oal kyl, hydr o¥ya Renyl |

aralkenyl \ aryl, oxo,

al kd A élkylcaraO' ‘ alkoxy,
bo 10 hydr ox nce of a
3 to give”a conmpound\ of 4 ure XX, V H

Q RS XX wherein R5 is as deflned above; 15 (ii)
rféduci ng t he conpound of dedral structure XX with a
ORyi t ablX¥Xkeeduci ng agent, Ry gi ve aoggmpound of
general structure XXla or a m xture of conpounds of
whereigdhids as defineduahhaveean)8eds dpdrogxhb, WO 2005/ 095336

(iii) op@é%gatngag%omégg@g? %r:]ﬁgé a%ﬂ&%m%%frg%l t%e%g’(ture of

compoHydy eigesnerglistiuctusptdX@mand YXBepar ati ng the conpound of
(iv) proRBERAtheSIHE hYERxy Gk Su 6L (den PBUHIWY Pk ral structure XXIa with

a suitable hydroxy protecting reagent,

to give a compound of general structure XXIa, wherein R¢ is a hydroxy protecting group
and Rs is as defined above;

(v) when Rsis not hydrogen, removing the hydroxy protecting group Rs of the compound
of general structure XXIa to give a compound of general structure XXIa, wherein Rs is
hydrogen;

(vi) oxidising the hydroxy group of the compound of general structure XXIa with a

suitable oxidising agent to give a compound of general structure XXII,

wherein Rg is as defined above;
(vii) coupling of the compound of general structure XXII with a Wittig reagent XXIIIa or
a Wittig Horner reagent XXIIIb,
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conpounds of general structure XXla and XXIb; 5 (iv)
protecting the allylic hydroxy group of the conpound
w@boogeyss@l structure XXla with a suitabl e hyRPCDRK2005/000203
protecting reagent, to givega conpound of genera
structure XXla, wherein R6 I's a hydroxy protecting
group and R5 is as defined above; (v) when R5 is not
hyd renmovi ng the hydroxy protecting group R5 of
Swound 10 of general structure XXla to give a
of general structure la, wherein R5 is
; (vi) oxidising the hydroxy group of the
ound of general structuregX a with a suitable
rBF{Yy agent to glve a conppund of genera

/ruc urebgghl Ro1®PxXTO 15 wherein R6 is as
ed a (VII) coupl i ng Jof thgxﬁ ound of
[ agent XXllla or

005/ 000203 76 R3
R O OR RHO OR2

OXXIlla R4 OP=0

n R1 and R2 represent a

RO’ hy ogePRyr a hydrOXé&)\‘ S . group, and wherein R3
and R4 are as define ovel in ¥ presence of a

base, 5 to give a c ound of general structure | Va,
wherein R; and R; replgesent a hygrggen ora hya%oxy protecting group, ar)g(wyuerein R
and R, are as defined above;
in the presence of a base,

to give a compound of general structure XXIVa,

wherein R; and R, are the same or different and represent hydrogen or a hydroxy
protecting group, and wherein Rg is as defined above;

(viii) when Rg is not hydrogen, removing the hydroxy protecting group R¢ of the
compound of general structure XXIVa;

(ix) optionally separating the compound of general structure XXIVa;

(x) when R; and R, are not hydrogen, removing the hydroxy protecting group(s) R; and
R, of the compound of general structure XXIVa to generate calcipotriol;

and

(xi) optionally crystallising the calcipotriol from a mixture of an organic solvent and
water to give calcipotriol monohydrate.

18. The method according to any one of claims 1-17, wherein R; and R, are (C;-Cg)alkyl.
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20

25

OR rXXIVa | RHO~~ 2 2 wherein RL and R2 are the
sane or different and represent hydrogen or a hydroxy
w@e@bee3seg group, and wherein R6 is as defi nePCEHDE2®5/000203

10 (viii) when R6 is not h ogen, renoving the

hydr oxy protecting group of the conpound of

general structure XXl Va; (ix) optionally separating

t he conpound of general structure XXl Va; (x) when Rl

and R2 are not hydrogen renmovi ng t he hydroxy
19. Thgrpetbet iaRePraingdp @)Y e effdaimsol+ a? Wher%ﬁpaaﬁd%afe methyl or
ethyl. general structure XXIVa to generate calcipotriol; 15

and (xi) optionally crystallising the caIC|potr|o

froma mxture of an organic solvent and water to
20. TheirMethedlaccqraingitolanyomehyfelaitres. 1-18, whkesimBy kad R, represent
hcko%gpgggkﬂ%%§o any one of clains 1-17, wherein R3 and R4
yarogse (C1* ‘al kyl . WD 2005/ 095336 PCT/ DK2005/ 000203 77

19. The method according to any one of clains 1-17,

21. Th‘éﬂﬁ%ﬂ%’ga a%goran\(a tBA‘arW &ndTBf Héﬁmso:[ 19eW\3él“elni 20d RTh'%present

accord to any one of clainms 1- 19, wher el

hydm9@30%hﬁfR@YK@E? dsityl. hydrogen or aIkyIS|IyI 21. The

nmet hod according to any one of clains 1-19, mherein Ri

and R2 represent hydrogen or tert-butyl dineth i1yl .
22. Thegmethod AeECTHENIHE 1A ity V‘thﬁr%PéD}WF%')éﬁ?ntf@”e iﬁ” ?/‘:h”d Rs
and RR&ra @pasenEyL.ri ethyl silyl and R3 and R4 are nethy

or ethyl. 23. The nethod according to any one of

clainms 1-22, wherein the reaction with the 15
23. Trrmmenimdmtmrdofg tgearey ahe sf claimhut €2ymhergindhe reéatioowyith the

phospag%aecr éﬁ?ﬁgﬁxﬁo t%‘&(.l% Vgl;)lggi[aérije%g&it_lﬂgj’%r \Rﬁgge -FBhERA conditions.

any one erein the
reaction with the phosphonat e of general structure

24, Th:lél theb dCGREEidRf RUANY BAE br PRRSE 117 ARRPEINGAB dbddtRASKitH the

phosphonate of general structure VII is carried out under phase-transfer conditions in a
mixture of toluene or xylene and water with a tetraalkylammonium halide or a
tetraalkylammonium hydrogensulfate as the phase transfer catalyst and with an

alkalimetal hydroxide and/or a tetraalkylammoniumhydroxide as the base.

25. The method according to any one of claims 1-24, wherein the reaction with the

phosphonate of general structure VII is carried out at a temperature between 10°C-50°C.

26. A compound of general structure Vb,




m xture of toluene or xylene and water with a

t et raal kyl ammoni um hal i de or a 20 tetraal kyl anmoni um
whyasogsscul fate as the phase transfer catal ysPCEDE2005/000203

with an alkalinmetal hydroxjgde and/or a

t et raal kyl ammoni unhydr oxi de as the base. 25. The

nmet hod according to any one of clains 1-24, wherein

wherefn®, 4R0€1 4 @th¥sbd bedirRRes RRANRALR rehredeMes Bl droxy protecting
structure VIl is carried out at a tenperature between

group1gycRigigeresents hyg ro%\e%éﬂ%Ba ﬁ%PrS?erﬁéﬁ’é?y roxt PipERqiing 9yBup, or Ry

repres@ntsiiydRiged dfd RO eSIHR9 8 398 rd§ ThrokelBing/dPe0R03 78
wherein Rl and R2 are the sane or different and each
represent a hydroxy protecting group, or R

5 27. 20(leplt@aaqwbw@m@ewlammtmsm@qesm}w & clopespyXB’-oxoprop-1'(E)-

r,at I r gsents hydr ogen and R1.

enyl)- ?éer%gs 'Jgg élsﬁ% 8@y1(§r%o g@‘?rl; ng group. 5 27.
20( R, 1(S),3(R) -bis(tert-butyl di met hyl silyl oxy)-20-(3

I
28. Acedrﬁ%‘%@g df%‘@%%&s?"é%ﬁﬁgg%%(% E),10(19)-triene. 28. A

conmpound., of enerfl structure XIVa, 0 HIHxiva ORl

10  wherein Ry represents hydrogen or a hydroxy protecting group, with the proviso that R;

cannot be tert-butyldimethylsilyl.

29. A compound of general structure XIVb,

RO

15  wherein R, represents hydrogen or a hydroxy protecting group.

30. A compound of general structure VII,
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15 wherein Rl represents hydrogen or a hydroxy
protecting group. 30. A conpound of general structure
w/R105/09¥8332005/ 095336 PCT/ DK2005/ 000203 79 O EXT/DK200R800203
OPO 1 R4 VIl wherein and R4 are the sane or
different and represent al kyl, hal oal kyl,
hydr oxyal kyl , al kenyl, al kynyl, aral kyl, aral kenyl,
aral kynyly or aryl, each being optionally substituted
wi t@® onefjor nore substltuents sel ected formthe group
ondi st j of alkyl, aralkyl, 5 cycloal kyl,
Ré_—éyéfoa keny hanaIkyI, hydroxyalkyl, alkenyl,
al kgnyl , araVkyl, aral kenyl, aralkynyl, aryl, oxo,
al kpxycar bonyl , al kyl car bonyl oxy, hal ogen, al koxy,
carjRoxy, V:ﬁulfo or hydroxy, provided that that the
conpound s not (2-cycl opropyl -2-oxoet hyl ) phosphoni c

whereﬂqg,darﬂzl Rl B tHRSdaBie ol @ifidlent AnBGEPALBAL &lﬁleﬁQl%EFP(lyl hydroxyalkyl,

whe
atkeny AP aTe o herr e op ity s R Bipe SaHpnally substiuted
with ohy 6F egas soﬁst:xubmrw@ctar mrmcﬂhlen_;gotgn% e%msthth diae, aralkyl,
n canpo 0
cycloalyf BB ERaoRg PP T Ar SRS S ctomahyaraliyy aralignyt,
aralkybylj asopoapyallsixygarbomyli bBlkyvardanytdxer halbgen, sokdxyatanblory, sulfo or
hydro>§2|p{§%8§<§ ic?t]tﬁ teyéoﬁ#ﬁmhgéé ﬁh\\{ {i n)é&donge\gnﬁ)toge(ﬁgtpg\)phosphonic

acid dlgtth!l@tStﬂfe Il I b, WD 2005/ 095336 PCT/ DK2005/ 000203

31. A compound of general structure IIla,

p
“

llla

OR,

wherein R; and R; are the same or different and represent hydrogen or a hydroxy
protecting group, with the provisos that R; and R, cannot both be tert-butyldimethylsilyl,
tert-butyldiphenylsilyl, or triisopropylsilyl; with the further proviso that when R; is tert-
butyldimethylsilyl, R; cannot be tert-butyldiphenyisilyl.

32. A compound of general structure IIIb,
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80 \OH IHIlIIb RLIO OR2 wherein R represents a
hydr oxy protecting group, and R2 represents hydrogen
W@r00&/0943y€r oxy protecting group; or R represePtEDKE2005/000203
hydrogen or a hydroxy protegfing group, and R2
represents a hydroxy protecting group, except acetyl;
wth the proviso that R 5 and R2 cannot both be
tert-butyldinethylsilyl. 33. A conpound of general
structure ¥Yla—gr VIb, 0 ~0 00 Fi OSVla HVIb eORH
H 011 1\0 OR1 wherein R and R2 are the sane
ch and represent hydrogen or a hydroxy 10
pr g o0 group, with the proviso that RlL, and R2
cannot kx be tert-butyldinmethylsilyl. 34. A
compogine of general structure Xlilla, WO 2005/ 095336
PCT/ DKk2¢b5/ 000203 81 OH Fllla "X ORL wherein R
represents hydrogen or a hydroxy protecting group,
exdept tert- bl di net hyl silyl .

wherein R; represents a hydroxy protecting group, and R, represents hydrogen or a
hydroxy protecting group; or R; represents a hydrogen or a hydroxy protecting group,
and R, represents a hydroxy protecting group, except acetyl; with the proviso that R,

and R, cannot both be tert-butyldimethylsilyl.

33. A compound of general structure Via or VIb,

wherein R; and R, are the same or different and represent hydrogen or a hydroxy

protecting group, with the proviso that R; and R; cannot both be tert-butyldimethylsilyl.

34. A compound of general structure XlIIIa,



5 35. A conpound of general structure XlIllb, 0 H H
XIIlb RLO wherein R represents a hydroxy protecting
w@e@ap9s3axcept tert-butyldinethylsilyl. 36. APCDDEWSH00203
of general structure XVa or , 0O HH O0\/ HO Fi
S OAS HXva HXVvb ORl 10 WD 2005/ 095336
PCT/ DK2005/ 000203 82 wherein Rl represents a hydroxy
protecting group, except tert-butyldi nmethylsilyl,
triisoprogysilyl, acetyl, or triethylsilyl. 37. A
eperal structure XX, O HH ORS 5 XX
represents hydrogen or a hydroxy protecting
A conpound of general structure XXla, 6

XXl a

Xllla

wherein R; represents hydrogen or a hydroxy protecting group, except tert-

butyldimethylsilyl.

35. A compound of general structure XIIIb,

wherein Ry represents a hydroxy protecting group, except tert-butyldimethylsilyl.

36. A compound of general structure XVa or XVb,




O 10 wherein R5 and R6 are the sanme or different and

represent hydrogen or a hydroxy protecting group,
WaRG/093386 provi sos that when R5 is hydrogen R6PCEHDRRM05/000203

tert- butyldimethylsilyl, ?Q when R5 is benzoate, R6

IS not tert- butyldlnethyIS| or hydrogen. 15 39. A

conpound of gener al structure XXI'l, OR 6 HOHXX

wherdin WD e&5k8erfth alifRIFEELHHoSedingPEES) ekterit t@MdHSlﬁ?Mlmethylsnyl
ljproteci ﬁroug_ eé E&t tert- butyidinmethylsilyl. 20
triisopyppylsly 'o‘?‘l%B n@" btetyes structure XX I1b, WD
2005/ 095336 PCT/DK2005/000203 83 R3 O | R4 OP=0
37 AXXIIIb Ileo ~F§2C ,n R and R2 are the sane or
- A GPTPRPRR P GRIPTPLYF % ydrogen or a hydroxy
protectlng group, and mhereln R3 and R4 are the sane
and represent al kyl, hal oal kyl,
al kenyl , al kynyl , aralkyl, ar al kenyl ,
aryl, each being 5 optionally

one or nore substituents sel ected
the group consisting of alkyl, aralkyl,

IoaIkyI cycl oal kenyl, hal oal kyl, hydroxyal kyl ,
Efﬁenyl
y

alkynyl, aralkyl, aral kenyl , aral kynyl,
I, oxgx_alkoxycarbonyl, al kyl car bonyl oxy, hal ogen
al koxy, carboxy, sulfo or hydroxy. 10 41. A conpound
whereh Rgeemreaénts thydosgeneord/hydroxy Kitecting group.

651

38. A compound of general structure XXIa,

OR, XXla

10  wherein Rs and Rg are the same or different and represent hydrogen or a hydroxy
protecting group, with the provisos that when Rs is hydrogen Re is not tert-

butyldimethylsilyl, and when R; is benzoate, R¢ is not tert-butyldimethylsilyi or
hydrogen.

15  39. A compound of general structure XXII,

wherein Rg represents hydrogen or a hydroxy protecting group, except tert-
butyldimethylsilyl.

20 40. A compound of general structure XXIIIb,
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20

OO0 Hflit>11, O ii I HOS HXVH XVla ORL 1

wherein R represents hydrogen or a hydroxy protecting
wW@e@a9s33dR. Use of a compound accordi ng to anyPON®BKed05/000203

clainms 26-41 as an internmediate in the 15 manufacture

of calcipotriol or calcipotriol nonohydrate. 43. Use

of (2-cycl opropyl - 2- oxoet hyl ) phosphoni ¢ aci d di et hyl

esterRisn t he manufacture of calcipotriol. 20

|

7
R ;—0—P=0

XXHIb

RO OR,

wherein R; and R, are the same or different and represent hydrogen or a hydroxy
protecting group, and wherein R; and R, are the same or different and represent alkyl,
haloalkyl, hydroxyalky!, alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being
optionally substituted with one or more substituents selected form the group consisting
of alkyl, aralkyl, cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl,
aralkyl, aralkenyl, aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen,
alkoxy, carboxy, sulfo or hydroxy.

41. A compound of general structure XVIa or XVIb,

wherein Ry represents hydrogen or a hydroxy protecting group.

42. Use of a compound according to any one of claims 26-41 as an intermediate in the

manufacture of calcipotriol or calcipotriol monohydrate.

43. Use of (2-cyclopropyl-2-oxoethyl)phosphonic acid diethyl ester in the manufacture of

calcipotriol.



