1 8 OCT 2006 WD 2005/ 095336 PCT/ DK2005/ 000203 1 NOVEL METHOD FOR THE
PREPARATI ON OF | NTERMEDI ATES USEFUL FOR THE SYNTHESI S OF VI TA%IH{E
ANALOGUES FI ELD OF THE | NVENTION 5 The present invention rel at 8 40§ Alvel
i nt er medi atveg 20031004838r € useful in the synthesis of cal ci pethkabosiotieds 7E,
22E, 245)-24-cycl opropyl -9, 10-secochol g-5, 7, 10(19), 22-t et r aene-

| a-3R-24-triol} and nethods for the preparation thereof. The present
invention relates further to the use of internedi ates produced with said

met hods R/e rméwtgo fF@'RCME)ME#lRAQ’EON@%‘WRMEDB&TE@GQEWU Péi@THéO BACKGROUND
OF THE | NVENTI ON Imﬁotrlo or calcipotriene (structure ) [CA

112965- SYNGHESKoQRE VATAMINRANMAGHESy in  inhibiting undesirable

prollferatlon of epldernal keratinocytes [F.A.CM Castelijins, MJ.
Cerritsen, van Vlijmen-WIllens, P.J. van Erp, P.C M van de Kerkhof;
Acta DefFFiL DLQF\TéﬁeWé/@INnQ@ 11, 1999]. The efficacy of calcipotriol (la) and

cal ck potrhk QredHAR pOLALIBH eeuat(ek% nbOeItlhﬁrﬁéﬁaﬁéWHrcWBreoéiﬁfblafﬁ Itﬁe Whéémm in a
nunber of clinical tria 320, 963-67,

2000] arfaicPRrds! 3B Fi B‘Fr %?sE %65} 8ﬁt%‘°9§°@d‘ 9&09?5\‘/:@?'?;9'3 5@%&9&9&2&%8?9@9
for mul atiqog-24 @rop, ar@'ﬁ‘nelﬁhodf;/?od'thb' pteparbi¥dPerédi. 20e brdsenBinketiont Rt the

synt hesi s of cal cipotri ol | ntermedl@t es useful for the synthesis of
cal ci pot¥itler tothepise of ff&em%@team%e V’é,tlhcf'ﬁfdoWFh%’ﬁcfﬂre”@f(@E BiipPHI 87 t he
CD-ring C@fc.poﬁmnra@;h@yahﬁ@ur sors, which has been described with a Wttig
r eaqent I V.
BACKGROUND OF THE INVENTION
Calmpotnol or calcipotriene (structure I) [CAS 112965-21-6] shows a strong activity in
mhlbmng undesirable proliferation of epidermal keratinocytes [F.A.C.M. Castelijins, M.J.
Gerritsen, [.M.1.J. van Vlijmen-Willems, P.J. van Erp, P.C.M. van de Kerkhof; Acta Derm.
15 Venereol, 79, 11, 1999]. The efficacy of calcipotriol (Ia) and calcipotriol monchydrate
(Ib) in the treatment of psoriasis was shown in a number of clinical trials [D.M. Ashcroft
et al.; Brit. Med. 1. 320, 963-67, 2000] and calcipotriol is currently used in several

commercial drug formulations.

20 L . b
A key step in the synthesis of calcipotriol or intermediates useful for the synthesis of
calcip&triol 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 caicipotriol, the cyclopropyl containing

25  phosphorane side chain IV is reacted with the aldehyde IIIa 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, 1387). Calcipotriol is then obtained from



For exanple, in an industrial synthesis of calcipotriol, the cyclopropyl

cont ai ni ng 25 phosphorane side chain IVis reacted with the al deh36de [lla in
a Wttig reaction to give the enone Va, wherein R and R2 are

tert-butyl dvoredsybsistyl (see e.g. WO 87/00834 or M J. Cabtzexﬂmyq:fooozos
Tetrahedron, 43 (20), 4609-19, 1987). Calcipotriol is then obtained from1 8
OCT 2006 WD 2005/ 095336 PCT/ DR2005/000203 2 the key internedi ate Va by
reduction to the C 24 al cohol followed by photoisonerisation and the

renoval gfe & éﬁnﬁér’lﬂédl&é Vaast fdafctiirPtidhe @24 QIRhoHofhded btn pHoto¥%omdrisatibh a Va
RzO'" OR ocesses using the phosphorane IV have a

R20 he r

nunber Fnﬁf@eafﬁfﬁ?]‘faéﬁfeg‘e S‘QLB%&? AINSSTBRPS | arge scal e: a) During the
C=C-bond form ng reactjon triphenyl phosphine oxide is formed as a SI de
product which is diffigutto remove fromthe reaction nlxﬁure
formati on of triphe Iohospblne oxi de curgently adds an g
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The Wittig processes using the phosphorane 1V have a number of disadvantages,
especially on a large scale: a) During the C=C-bond forming reaction triphenyliphosphine
oxide is formed as a side product which is difficult 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 ifivention 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 IIa,



SUMVARY OF THE I NVENTION It was surprisingly found that a conpound of
general structure Ha, Ha 1 8 OCT 2006 WD 2005/ 095336 PCT/ DK2005/ 000203 3
wherein the carbon marked with an asterisk is either connect ed‘ltByUCa B]ﬂ[hgl e
bond to a warkemeasem of a vitanm n D anal ogue fragnent apcBpkZeosanoh® a
fragment of a precursor for the synthegis of a vitam n D anal ogue at a G 17
anal ogous position, can be reacted with a phosphonate of general structure
VIl, OO IlIl RBOPS5RaVII wherein R3 and R4 are the sanme or different
and repr Gaent, F\ké%lrbo#a{é?ﬁémm awacyt&@r(als%%her ccﬁq'n&@eaw @EK%{@YBmd%B%l kyl,
ar al kenyl, ara , or a eac ei ng tional substifuted wth one
or nore @b@ﬁlat%rﬂf 8 ‘@‘@I”@Bt%ﬂ”qlﬁﬁ!‘iﬁ tﬂf@@rr@nbaBCc%s:r 40 iarfepasperd] ofya pregiragiky | |
tycl oal kwr,th@ggmaég%ﬁxlwtam@éﬂmgum@%r@r&%eu@p‘s@;@m al kynyl ral kyl,

aral kenyl, 10 ara , 0xo, al koxycar bon al kyl car bonyl oxy,

hal ogen, €&l R%k%ad%WB%@Ph%ﬁﬁhP@PtSPfQHWPWC’CPW YHe presence of a base, to

gi ve a conpound of ggmeral structure of general structure Il, | | wherein

t he carbon mar k€ wi tlh an asterisk is either connected by a-si ngl e bond to a

15 car bokeiocgn_ a am n D anal ogue fragnment at C- 17, or to a fragnment of
$ or; the sy

a precur esis of a vitam n D anal ogue at a C- 17 anal ogous
position. Accor@ngly, a‘onpound of general structure Ma, IIlIb, Vla, Vlb,
XIlla, Xillb, XVa, or XVb, or I XX, OO HH

. Ry v

wherein R3 and R, are the same or different and represent alkyl, haloalkyl, hydroxyaikyl,
alkenyt, alkyny!, aralkyl, aralkenyl, aralkynyl, or aryl, each being optionally substituted
with one or more substituents selected form the group consisting of alkyl, aralkyl, e
cycioalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl,\aralkyl, aralkenyl,

10  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 11,

)
“

N\

wherein the carbon rrarked with an asterisk is either connected by a single bond to a
15 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 II1a, II1b, VIa, VIb, XIIla, XIlIb, XVa, or
XVhb, or IXX,

20



IHIHIlia Illb 20 R20" ORL RRO'" OR2 1 8 OCT 2006 WO 2005/ 095336

PCT/ DK2005/ 000203 4 \0 O HHOH OASI HOQO" " HVia S H Vlpg gR20pp50RL
R20" ORL pp HH IHIHXlia XIllb ORL Ro\p\p HH OHOA_@,|Hp~o ~
H XVa t) HVRZ§TRE3®BR1L 5 1 8 OCT 2006 WO 2005/ 095336 PCRCBRERISYE8Y203 5
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H ORS | XX wherein R and R2 are the sane or different and represent

hydr ogen or a hydroxy protecting group, and wherein R5 represents hydrogen
or a hydroxy protecting group, 5 can be reacted with a phosphddh@@rémﬁ
general stweciooseossdd, 0 OR 3-OP R a VIl wherein R3 artiR@xansodobss sane
or different and represent al kyl, hal oakkyl, hydroxyal kyl, al kenyl,

al kynyl, aral kyl, aral kenyl, aral kynyl, or aryl, each being each being
optionally substituted with one or nore substituents selected formthe
group consisting of alkyl, 10 aral kyl, cycloal kyl, cycloal kenyl, hal oal kyl,
hydr oxyal kyl , alkenyl , al kynyl, aral kyl, aral kenyl, aral kynyl, aryl, oxo,
al koxycar bonyf, Al kylar bonyl oxy, hal ogen, al koxy, carboxy, sulfo or

‘hydr oxy, he-yresence of a base, to give a conpound of general structure
Va, Vb, 'ia}-lb, XI'Va, XlVb, XVla, XVlb, or XX respectively, 0 0 H

Va | Vb ~B1 R10" OR2 15 1 8 OCT 2006 WO 2005/ 095336 PCT/ DK2005/ 000203
60 OOI ﬁt H O-SHVillb

IXX

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

5 can be reacted with a phosphonate of general structure VI,

o

i
R 3—0'-"1-;’

0
I

s

4 VI

wherein Rs; and R4 are the same or different and represent alkyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyi, aralkenyl, aralkynyl, or aryl, each being each being optionally
substituted with one or more substituents selected form the group consisting of alkyl,

10 aralkyl, cycloalky!, cycloalkenyl, haloalkyl, hydroxyalkyl, alkeny!l, alkynyl, aralkyl,
aralkenyl, aralkynyl, aryl, oxo, alkoxycarbonyl, aikyicarbonyloxy, halogen, alkoxy,
carboxy, sulfo or hydroxy, in the presence of a base, to give a compound of general
structure Va, Vb, VIIla, VIIIb, XIVa, XIVb, XVla, XVIb, or XX respectively,

15



RR0O1 RROORL OO HH HHXIVal XIVb ORL RIO\ O\ 0O HH O~ F Ol H
O- SSHXVIa HXVib ORlL ORL 1 8 OCT 2006 WO 2005/ 095336 PCT/ DK2005/ 000203
7 OH HOR XX wherein RlL, R2, and R5 are as defined above. CTp?”BE:ess
al so cal | edviaeswosizh- Enmons, Wtti g- Horner, or Hor ner-EmmmoM@m@rt h
reacti‘'on, has several advantages over tRe use of the phosphorane reagent
I V: a) The reagent of general structure VII is nore reactive than the
correspondi ng phosphorane allow ng the usage of mld reaction conditions
such as |ow tenperaturg, typi cetl)ly bel ow 35C. b) The phosphor us product of
the reactiorils--a phos esyrer, and hence sol ub”r,e in wat@r, unlike

i di M nmakes it easy to A t fromthe
8, Xl Vb, XVla, The




Wttig-Horner reaction is nore trans-selective resulting in a better yield
and in inproved purity of the desired products Va, Vb, VIIIa, Vlllf gl Va,
XI'Vb, XVla, XVIb, or XX. In a first aspect, this invention rel dtBedC §0

met hod of M™e@eedswgsid6 conpound of general 15 structure |I|Par/pKReds00dba, VIDb,
Xilla, Xillb, Xva, XVb, or |IXX as aboveywith a phosphonate of general
structure VIl to give a conpound of general structure Va, Vb, Vllla, VIIIDb,
XlVa, XlVb, XVla, XVlIb, or XX as above. In another aspect, this invention
relates to a conpound of @general structure Vb, 20 wherein Rl and R2 are the
sane or differen represent a hydroxy protecting group, or Rl

represents hy e represents a hydroxy protecting group, or Rz

r epr esent.s” hyllrayg 1 represents a hydroxy protecting group. In yet
anot her is i on relates to 20(R), 1(S), 3(R) -bis(tert 25

but yl di /1 oxy) - 20-(3" -cycl opropyl -3 -oxoprop-1' (E)-enyl )-9, 10- secopr

egna- 5(7 )} 7¢E), 10(19)-triene. In yet another aspect, this invention
relates to onpound of general structure XlVa, wherein Rl represents

hydr ogen otOR; hydroxy protecting group, with the proviso that Rl 30 cannot
be tert-butyldinethyR&ilyl. 1 8 OCT 2006 WO 2005/ 095336 PCT/ DK2005/ 000203 8
In yet another ect vent reI ates to a conpound of general
structur"gi"s{le%Rl’ gﬁtﬁ% rgpfﬁees&e Y hydrogen or a hydroxy protecting
group. In yet anot her aspect this invention relates to a conpound of

gener al ﬁ{ lﬁﬁtﬁ%g E}{%A o Iedeg{]s%dﬂoxyn“%tﬂ] R%VI& q(@hrh%r,sgrﬁorﬂé gl’nfrrﬁo isent and

r epr esent 'hal oa ara k |,
ar al ISenwadamaﬂtlkyegdt;onohaeﬁwerale’eﬂ@hnlt@eeagverp!thecmaldfyhe pbesnhptﬁned‘eawmth one

or nore r ral kyl ,

oyl oal K i EBbEne e RARRA SArdye URt RS SRNeShpf o orfidbamg” V1
ar al kyl pfmsahk@wlallomamgathwrspge Oéﬂ'yld reggiaon edridibons suply ay fow terparaturéony| oxy,
hal ogen, I t

Compaund P el T P B o P o

In yet aavest hercessahele in wakes, unlu@rﬁrﬁpbﬁnvleh%ﬁpémetw@ dmmbmaaesﬁt egenta al

ﬁ t (rj;‘ﬁ)t g:}églral—ét% it fr}‘i/ﬁﬁﬂ'@ EhdRes ¥AIVERVRIL VIRG, KBVE )@(b Fiibe koM, 25, EfphEsent
y g Wittig- Hor¥1er reactlon is more trans-selective resulting in a better yield and in improved

purity of the desired products Va, Vb, VIIIa, VIIlb, XIVa, XIVb, XVla, XVIb, or XX.

In a first aspect, this invention relates to a method of reacting a compound of general

15  structure Illa, IIIb, VIa, VIb, XIlIa, X1IIb, XVa, XVb, or IXX as above with a
phosphonate of general structure VII £ give a compound of general structure Va, Vb,
VIIIa, VIIIb, XIVa, XI?’B,‘ XVla, XVIb, or XX as above.

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

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

In yet another aspect, this invention relates to 20(R),1(S),3(R)-bis(tert-
25 butyldimethylsilyloxy)-20-(3’-cyclopropyl-3’-oxoprop-1'(E)-enyl)-9,10-secopregna-
5(Z),7(E),10(19)-triene.

In yet anocther 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,
30 cannot be tert-butyidimethylsilyl.



15 protecting group, with the provisos that R, and R2 cannot both be
tert-butyldinmethylsilyl, tert-butyldi phenylsilyl, or triisopro yI?

with the further proviso that when R2 is tert- butyldlnethyIS| 8 CTRY cannot
be tert-butwbdogesssbsi lyl. In yet another aspect, this ip@?ﬂnumﬁumamates to
a conmpound of general structure Illb, 20 wherein R represents a hydroxy
protecting group, and R2 represents hydrogen or a hydroxy protecting group;
or Rl represents a hydrogen or a hydroxy protecting group, .and R2

repr esert@e@ ahttsﬂte%é PEOHRE iR gh ea&esftescae&tm@&ﬁtdyclf,ge%tam strl&uRt QM50 t hat
R, cannot h betert-butyl di met hyl silyl I'n yet anot her aspect

thi s i nwrgrEENRy Fﬁlpé‘t-'@@t?t Byﬁoé%ﬁbémdﬁxw@ﬁéﬂ%‘mﬂrﬁ*%t ure Via or VIb,
wherein R and R2 are the sane or different and represent hydr ogen or a
hydroxy protecting grouE with the proviso that R and cannot bot h be

t er t - butjpl Yt AeCHYAr SSP§FL: h'FWWF‘O%H%P%@&%B?DUWH@EPE%ﬁtrpgﬁrer}Lq ates to a
compguNdyifr=BEREEAI RS bfdieHelide®nelbl aﬁerer?e%n\&hebeés@n&tkwenﬁeaﬂzm styhmly@mem or a

hydr oxy protectlng group, except tert butyl di methy f
aspect , akenyli altenili el %ret&s"tf a&ﬂ%dmﬂ%@aeéHeﬂaor’ewe&%ﬁét'%ttq b,

wher ei n Jgkh Bﬂarﬁsrﬁdtb%uﬁsﬂ”ﬁ@h@(%!ﬁ@i G 1 Q l@onsﬁé@:ﬁ‘%‘)&f aclglyl aralky!
tert-butyl dinmethylsily %‘E 006 005/ 095 DK20 5/ 000203 9

In yet afafétoeé'whaerﬁ@@tkenvh he'anﬂyé mrveaqvtusééertvdy akeysatl sralrivér al

st ruct urgapyayRary) Xk, at\re@marrbon hﬁ@f@ﬂ%ﬁy&)@, hmgexyamdb@t egrtbbiaﬂ SGNBWR,
except tert- but |d| met’ 3/6!%] ﬁ?r rllsog Fi silyl, acet

tri hyl Rydroxy, Broyigeg ghat c 2 hIRRFOP B Z'PéP%ttﬂ‘é‘Q Resah¥mpound
of generadid alath@tadted. XX, wherein R5 represents hydr ogen or a hydroxy
protecting group. In yet another aspect, this invention relates to a

conpound of general structure XXla, \ OR6 H H ORS XXla 10 wherein RS and .
-R6 ar e tineycradmotiodr adpbfte tisiptinviendon eglaasadta fofdpagriofafenaradl gtHitkye Iila,

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

15  protecting group, with the provisos that R, and R; cannot both be tert-butyldimethylsily!,
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 ITIb,
20  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 h‘ﬂ:l_roxy protecting group, except acetyl; with the proviso that R;
and R; cannot both be tert-butyldimethylsilyl.

25 In yet another aspect, this invention relates to a compound of general structure Via or
VIb, wherein Ry 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.

In yet another aspect, this invention relates to a compound of general structure XIIia,
30 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 X1IIb,

wherein R, represents a hydroxy protecting group, except tert-butyldimethylsilyi.
35



protecting group, with the provisos that when R5 is hydrogen R6 is not tert-
butyl dinethylsilyl, and when R5 is benzoate, R6 is not
tert-butyidinmethylsilyl or hydrogen. 15 In yet another aspect,

i nvention rnebab@meilwea conpound of general structure XXIIPCIBQQHENB

wherei'n R6 represents hydrogen or a hydioxy protecting group, except tert-
butyldinmethylsi lyl. 20 In yet another aspect this invention relates to a
conpound of general structure XXIlIb, 1 8 OCT 2006 WD 2003/ 095336

PCT/ D205 R AR80=r a]sgecthh O n\ﬂenttgﬁ r&af=0odrhfountt &7 g@n% sWIgfued RyRorand R2

are the sane or different and represent hydr ogen or droxy protecting
group, aRPWIEEINRIIEPEERENEYA &vérqu&rgfaﬁ%n@)srwpﬁ ﬁéﬁ%tteqrmwléw%twﬁ'ﬂv'm kyl ,
hal oal kyﬂrplsdbyfggymzalg@é{w & treewhsiykl kynyl , aral kyl, aral kenyl, aral kynyl, or
aryl, each being optlonally substituted with one or nore substituents

sel ected formthe group consisting of alkyl, aralkyl, cycloal kyl,

cycl agpl kﬁnyét,anhwe@aslsks&u tmm\@ﬁrah l?é’lbtesﬂ!o‘%ﬁ&ﬁfhpo@idkdﬂt?éneral%fr@l:ﬂﬁ)‘é XX

ar al kenyl ," aral k , % 0Xxo0, koxycar car bonyl oxy, halogen
al koxy, WBeIsHEYEs reé’ﬁ??"d‘t% YERPERDOY @ Misiry prote 'ﬁStQﬁ'@'ﬂp aspect, this invention
relates to a conmpound of general structure XVla or XVlib, O ,

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

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 Rg is not tert-
butyldimethylsilyl, and when Rs is benzoate, Rg is not tert-butyldimethylsilyl or
hydrogen.

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

XX

wherein Ry 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,



O NOOIA r'l1HXVlia FI° OAS H XVIb ORL ORl wherein R, represents

hydr ogen or a hydroxy protecting group. 15 In.a still further astﬁET?%pis
invention relates to the use of a conpound, such as a conpound of “gener al
formul a Vb, WH#RWs/09X3¢b, VII, Illa, IIlb, Vla, VIb, Xl IIa, pérhxzeostdecos XVb,
XX, XXla, XXI'l, XXIIIB, or Va as defined, above, as an internediate in the
manuf acture of calcipotriol or calcipotriol nonohydrate. 20 In a further
aspect, this invention relates to a nmethod for producing cal cipotriol or
cal ci potriol nonopydrate, the nmethod conprising the steps of: 1 8 OCT 2006
WD 2005/ 095336 PCT/PK2005/ 000203 11 (i) reacting a conpound of general
structure ilia, wlerein R, and R2 are the same or different and represent
hydr ogen 061Q_E%g$g§é protecting group, with a phosphonate of general
structure VI4, "wherern R3 and R4 are the sane or different 5 and represent
al kyl , hal oal kyl ,.Jhydr ogqmahbky! . al kenyl, alkynyl, aral kyl, aral kenyl ,.

aral kynyl, or afiyl, each being optionally substituted with one or nore
substituents spBlected formthe group consisting of alkyl, aral kyl,

cycl oal kyl, oaf-Kenyl , hal oal kyl, hydroxyal kyl, al kenyl, al kynyl,

aral kyl , aral , aral kynyl, aryl, oxo, al koxycarbonyl, alkylcarbonyl oxy,
hal ogen, _al ke > Xy, sulfo or hydroxy, 10 in the presence of a base, to
give a c ound of gral structure Va, wherein R and R2 are as defined
above; (ii) reducing the conpound of general structure Va with a suitable

r educi ngVBgyeift Rt pdyfe ére ecmmp ohdifsrenieng rapreseptbydipeen KaadWAeXHi xt ure of
conpoundsroedctitig Resap, Sid Weéreirer] Xad RAREL thé&hbsame or different and represent alkyl,

haloalkyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, or aryl, each being

5 optionally substituted with one or more substituents selected form the group consisting
of alkyl, aralkyl, cycloalkyl, cycloatkenyl, haloalkyl, hydroxya!k\(li_\alkenyl, alkynyl,
aralkyl, aralkenyl, aralkynyl, aryl, oxo, alkoxycarbonyl, alkylcarbonyloxy, halogen,
alkoxy, carboxy, sulfo or hydroxy.

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

wherein R; represents hydrogen or a hydroxy protecting group.

15 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, Iiia, 1Ilb, Via, VIb, XIIla, XIIIb, XVa,
XVb, XX, XXIa, XXII, XXIiIB, or Va as defined above, as an intermediate in the

manufacture of calcipotriol or calcipotriel monohydrate.

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

calcipotriol monohydrate, the method comprising the steps of:



OHOH HH I I HHIXa Il Xb R20 OR 15 RROORI wherein R and I?Z ﬁ\@f@@
defi ned above; (iii) optionally separating the conpound of generaﬂ 2 ture
| Xa fromthe m xture of conpounds of general structure |IXa and | Xb; (ivV)
phot oi someW@i#g/p3se6 conpound of general structure | Xa topttyexeespoazod of
general 20 structure Xa, 1 8 OCT 2006{Y\ 2005/ 095336 PCT/ DK2005/ 000203 12
OH HHXa RO OR2 2 wherein R and R2 are as defined above; (v) when R
and/or Rz are not hydrogen, renoving the hydroxy protecting group(s) R

and/ or R3 rehctirdea g@ﬁp@ymdof@‘enggimgf@d@brmgt ure Xa to generate calcipotriol;
and 5 (Vl%e optlonal |y I{@atal |ising the calcipotriol froma m xture of
an' or ganiitereigRy&nd %rf’d’e WmEAPe PoIHIRFENC NS IS5 ESSTS ISRy AR¥IOh a stil |
further preteeshg giduibs i nvention relates to a nmethod for producing
cal cipotrjol or calcipotriol o1 g{ t he od corrprlsmg %e
o 10 (17 ERETRGEE B HOR O e, AR Rt P e R A RETeRhd. R
are the apdmeprsent dikgy mealaﬂdhvdaﬁk@s&m alResiy D GBI e, a&amy[;lraaaqyenw,r ot ecti ng
group, aralkynyl, or aryl, each being optionally substituted with one or more subst[tuents
selected form the group consisting of alkyl, aralkyl, cycloalkyl, cycloalkenyl, haloaikyl,
hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyi, aryl, oxo, alkoxycarbonyl,
alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or hydroxy,
10 in the presence of a base, to give a compound of general structure Va, wherein R; and
R; are as defined above;
(ii) 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, e

OH

,
‘s

. R,0' OR,

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
20  structure Xa,



wi th a phosphonate of general structure VII, wherein R3 and R4 are the sane
or different and represent al kyl, hal oal kyl, hydroxyal kyl, al kenyl,

al kynyl , aral kyl, aral kenyl, 15 aral kynyl, or aryl, each being1%3¥igmﬁlly
substi t ut edV@Ri20¥9RB6or nore substituents sel ected form PhEngr0es000203
consi sting of alkyl, aralkyl, cycloal kyh, cycl oal kenyl, hal oal kyl,

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

al koxycarbonyl, al kyl carbonyl oxy, hal ogen, al koxy, carboxy, .sulfo or
hydroxy, in the presence of a hgse, to give a conpound of general structure
Vb, wherein R, and 20°RZ-are ¢s defined above; (ii) reducing the conpound
of general structursg i th ui tabl e reduci ng agent to give a conpound
of general strug ure of conpounds of general structure Xa
and Xb, 1 8 OCT EP' PCT/ DK2005/ 000203 13 CHOH HHIHIA
Xa Xb RHO OR2 R wherein R, and Rz are as defined above; (iii)
optionally separa t he conpound of general structure Xa fromthe m xture
of conpounds of geheral structure Xa and Xb; 5 (iv) when R and/or R2 are
not hydrogen, rgnoving the _hydroxy protecting group(s) R and/or RZ of the
conmpound of genfr al struct$fe Xa to generate calcipotriol; and (v)
optionally cr sing the calcipotriol froma mxture of an organic

sol vent and to give calcipotriol nonohydrate. 10 In a still further
aspect, this.w Al on relates to a nmethod for producing cal cipotriol or

cal ci pot R,©! nDnohy&N%@e, the nethod conprising the steps of: (i) reacting a
conpound of general structure Vlia and/or Vlib, wherein R and R2 are e sane
or di f f ewbereimRdandRrars @stdefipey @§eveior a hydroxy protecting group,

(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

5  (vi) optionally crystallising the calcipotriol from a mixture of an‘organic solvent and

water to give calcipotriol monohydrate.

In a still further aspect, this invention relates to a method for producing caicipotriol or
calcipotriol monohydrate, the method comprising the steps of:

10 (i) reacting a compound of general structure IIlb,
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 R, are the same or different

_ and represent alkyl, r;ia‘alkyl, hydroxyalkyl, alkenyl, alkynyl, aratkyl, aralkenyl,

15  aralkynyl, or aryl, each being optionaily 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, alkoxycarbonyi,
alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or hydroxy,
in the presence of a base, to give a compound of general structure Vb, wherein R, and

20 Rz are .as defined above;

(ii) reducing the compound of general structure Vb with a suitabie reducing agent to give
a compound of general structure Xa or a mixture of compounds of general structure Xa
and Xb,



15 with a phosphonate of general structure VII, wherein R3 and R4 are the
sane or different and represent alkyl, hal oal kyl, hydroxyalkyL ng@ﬂpyl,
al kynyl, aral kyl, aral kenyl, aral kynyl, or aryl, each being o @' na
substi t ut edvORed3/ 008836 or nore substituents sel ected form poEDELOIEMO0203
consi sting of alkyl, aralkyl, cycloal kyk, cycloal kenyl, hal oal kyl,
hydr oxyal kyl , al kenyl, al kynyl, aral kyl, aral kenyl, aral kynyl, aryl, oxo,
al koxycarbonyl, 20 al kyl carbonyl oxy, hal ogen, al koxy, carboxy, sulfo or
hydr oxy, in the presence of a q§ﬁe to give a conpound of ggperal structure
VIl1la and/or VIIIDb, -\\ Rf and R2 are as def rpeehabove; (ii)) heating
the conpounds of gererg ure Villa and/orf VIfiIb abewe 60C in the
e eners ructure \Wa, 25 wherein Rl
ppound of | gener al
: e a conpound of general
éneral structure | Xa and | Xb, 1
14l wherein Rl and R2 are as
'v) optionally separating e conpound of general structure
ifture of cXapounds of genejal structu%@ | Xa and | Xb; (V)
: conpound of general

[0

g eture | Xa to the conpound of
general 5 st re Xa, wherein R andiR2 a e as defined above; (vi) when
R, and/or R2la not hydrogen, renovi ng{{ he lydroxy protecting group(s) R3

nd of generd?ﬁltruc ureCXQZto generate cal cipotriol;
and (vii) optionally crystallising the calcipotriol froma m xture of an

organic mémmrm anﬁRzai:@ auaieﬁned abgpeye cal ci potri ol nmonohydrate. In a still
further

d d
cal o pot AGPtspatsaheral e s EemRuRY &F gbBer®l REUTHES 68 Tebh i SRS P steps o
of : (i) d:oemmndgoagermmmmttm‘b dgearet db; structure Vla and/ or VI b, 15 wherein

R ar‘gd R(ZW) rﬁer;[ El an Rz Gre ilwc];tfhei‘fd?cpgten gm%@ﬁlgetﬁg%rdp&%&%&r&ts% g?o@ﬁl(gf ny
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.

10 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 genera!l structure VIa and/or VIb,

wherein R; and R; are \g&e same or different and represent hydrogen or a hydroxy
. protecting group,

15  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 opticnally substituted with one or more substituents
selected form the group consisting of alkyl, aralkyl, cycloalkyl, cycloalkenyl, haloalkyli,
hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl, aratkynyl, aryl, oxo, alkoxycarbonyl,

20 alkylcarbonyloxy, halogen, alkoxy, carboxy, sulfo or hydroxy,
in the presence of a base, to give a compound of general structure Villa and/or VIIIb,
wherein R; and R; are as defined above;

(it) 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,

25 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 ora mixture of compounds of general
structure IXa and IXb,



protecting group, with a phosphonate of general structure VII, wherein R3
and R4 are the sane or different and represent alkyl, hanaIkyﬂBUCTZMF
hydr oxyal kyl , al kenyl, al kynyl, aral kyl, aral kenyl, aralkynyl or ary

each bei ng wptpBrasisy substituted with one or. nore substlbgeﬂnamﬁﬂm@@kected
formihe group consisting of alkyl, arakkyl, cycloal kyl, cycloal kenyl,
hal oal kyl , hydroxyal kyl, al kenyl, al kynyl, aral kyl, aral kenyl, aral kynyl,
aryl, oxo, al koxycarbonyl, alkyl carbonyl oxy, hal ogen, al koxy, carboxy,

sul f o oryhetdinoxYand R, dré@sRicBisenabowd a base to give a conmpound of general
structure VIIIa nd/or VIllb, wher R2 are as defined above; 25

and
(ii) redddiswy %@ﬁﬁﬂﬂ%@eﬁ"&%a&af o&iie Ak BREUCR PiaaTamuhs VYRR with a
sui t abl etons,ﬁﬂmgg pOg@gRal sthuttade IXA&HH I8P vent, to gi ve conpounds of general
structure Xlaa and/or Xl ba, or g gbxture of _conpound of ener al struFture
Xl aa andMdPhIAFIMERF Y ths OMPeYPd okpgipral StEIhe pgo8ggnera
PCTIIQKZQQ&,’&Q}@Q@?, 15 O—| OH HVHXIba O\~ | HS H Xl aa R20 OR R200RL OH CH

OH 0, 0 rHXlab e%ﬁ R% ﬁ R20" ORI wherein R and RZare aig' defined
above; (Wher! 'f)*tﬁ“l?ﬂ%ﬂ?% IN5E PRY% he conpounds of general structure Xl aa

and/ or | )@v@awﬁérDm &y or R@&ge; narhymgogamg esmévihg\the h@dtdxl?garbf&tiﬁg@ﬁfﬁlmd);Rpf
general st Xl aa and/ or Xl ove | resence of, a base to
give a c‘?ﬂf{g fgpe gamepypd gf 9%&?‘{ SEUFSare %?ﬁi%’r%‘?r}?rﬁe ﬂ\‘ﬂpﬁfc’ Adas defi ned
above; (vii) optionally crystallising the calcipotriol from a mixture of an organic solvent and

10  water to give calcipotriol monchydrate.

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,

15 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 Rz and R, are the same or different
and represent alkyl, haloaikyl, hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl,
aralkynyl, or aryl, each being optionally substituted with one or more substituents

20 selected form the group consisting of alkyl, aralkyl, cycloalkyl, cycloalkenyl, haloalkyt,
hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl, aratkynyl, aryl, oxo, alkoxycarbonyl,
alkylcarbonyloxy, halg_gf‘n, 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;

25 (i) reducing the compounds of general structure \V11Ia and/or VIIIb, with a suitable
reducing agent in an inert solvent, to give compounds of general structure XIaa and/or
X1ba, or a mixture of compounds of general structure Xiaa and/or XIba and XIab and/or
XIbb,



(v) optionally separating the conpound of general structure |Xa fromthe
reaction mxture; 10 (vi) photoisonerising the conmpound of genfr%l
structure I Xa to the conpound of general structure Xa, wherein Ri0Cd bR
are as def wedocalhessss (vii) when R, and/or R2 are not hydsegsRrzo0506mys Ng t he
hydroxy protecting group(s) R and/or;RZ of the conpound of genera
structure Xa to generate calcipotriol; and 15 (viii) optionally
crystallising the cal cipotri ol from a mxture of an organic solvent and
water to give cal cipotri,ol ate; wherein steps (vi) and (vii) may be
in reversed order. 1 8 OGL-2 K (3
still further aspect, ifs i ion relates to a nmet hgd . pyoduci ng
cal ci potriol or Jpoty i m)nhydrat e, the '
of: (i) reading a ) :
represents hydroge pf ot ecting gr

F‘l kynyl , -aral kyl ,

al

gener al structpre
hal| ol kyl, hydroxyal kyl,_ a
pt i Q substituted with one

represent apky
aral kenyl , “arz
or nore subst'tue it 8 sel ect diad or m t he grgup ¢s |st|ng o% | kyl, aral kyl,
kenyl , hal oal kyl, 10 hydro al ke , al kynyl,
ar al kyl , ar al ke ar al kynyl , aryl, 0Xxo, '.rbonyl al kyl car bonyl oxy,
hal ogen, alkoxy sul fo or hydroxy, s presence of a base, to
give a conﬁgcmd ger@Rpl structure X )%p‘ 2 @ as defined above;
(i1) hydroxylating the conpound of gene structur R&IVa with suitable
hydroxyl ating 15 agent to give a conpound of general structure Va, wherein
R, represents hydrogen or a hydroxy protecting group and Rz is hydrogen;
(iii) optionally reacting the gggpound of general structure Va, wherein R~
represents hydrogen ofy—a—& drexy protecting group and R2 |sCH?drogen wth a
sui tabl e protecting o~gi ve a conpound of tructure Va,
wherein R and

di fferent and

wherein R, and R, are agdefined above;
(iii} optionally separating the compounds of general structure XIaa and/or Xiba from the
reaction mixture;
5 (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;

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

15 (viii) optionally crystallising the caicipotriol from a mixture of an organic solvent and
water to give caltipotriol monchydrate;

wherein steps (vi) and (vii) may be in reversed order.



20 different and represent a hydroxy protecting group; (iv) reducing the
conpound of general structure Va with a suitable reducing agent|ggC7 gilfe a
conpound of general structure |Xa or a m xture of conpounds of general
structure I8 28B@P%P3Rp, wherein R and R2 are as defined aBEVOK20G/004203
optionally separating the conpound of general structure |IXa fromthe m xture
of conpounds of general structure |Xa and | Xb; (vi) photoisonerising t he
conmpound of general structure |Xa to a conpound of general --structure Xa,
wherein R, and R2 are as defined above; 30 (VII) when R and/or R2 are not

Y 00 i SRS bR PRV IR BELLNG DERUDLSbr Blocu B BB o e

conpoun gener a are gener a
opt i onaldajcipatyigtrabhéhyidrajet the maﬂfudgotrrplneingftheﬁ’teasmfxt ure of an organic

sol vent r ohydrate. 35 18 OCT 2006 WO
2005/ 095@% 5%%@@8%%%@ %%le%i ?ﬁuﬁhggs ]9 further aspect, this invention
r el atbes wheraimiat iepcestols fydoefiesi orgh h\edrgxspprtortmslng@roumal ci potriol nonohydrate,

the met hﬂ@&gop{mgwnage&{]&gm%e{me Vi, Wi g?&ﬁ'aggna Ré%g@gw(;gam &%ﬁ{@&

structure repr esent s "hydroge Xy prote I'ng
group, Sawi ntemr@sepwsﬂhbnlaﬁlécvbfhvgmalﬁvl §tkﬁ[m|t aikgny] ara!theanalkerRB and R4 are

the same,q qunf pﬁsgm ﬁacﬁ@)glrfg R} skt ?(Q&h%'ewmo.%vsflm&

al kenyl, enyl aral kynyl, "or aryl, eac elng
opt i onal Sq}e@@mgrnﬂtb?@dow @Wslﬁﬁlégéf alih @ralliys Eydastiod scyclalieybdhdleatil( he
gro C Ve , I kyl,
hydlfi(@]xya y?h}zﬂﬁll CHI](Q?'M( a’lkyr@f aérganl aFé(l&!n?P lkynaﬁf' &&g?’glskéﬁ!ﬁ( V‘F%Ir"g'?‘h 0XO0,
al koxyca@'bﬂﬁwon\d@ﬂhlhﬁkﬂ%m @gﬁW:Gﬂbﬁxhaﬁd@éﬁ hydr®eoxy, carboxy, sulfo or

hydr XY, jnl tnetptl@seﬁe&wsgsé)fto@n}aaeseomﬁ&r@l af%eaeﬁpgm&uﬁb ﬁfvéaanﬁé@in gligucture
XI'Vb, wherein R, 1s defined above; (ii) photol sonerisi ng corrpound of >

general &% Mmedraéoy@m to a conpound of general
(i) hydroxylating the compound of general structure XIVa with siitable hydroxylating

15 agent to give a compound of genera!l structure Va,
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
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

20  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 gggeral structure IXa or a mixture of compounds of general
structure IXa and IXb, )
wherein R, and R; are as defined above;

25  (v) optionally 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;

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

water to give calcipotriol monohydrate.

35



structure XlVa, 15 wherein Rl is as defined above; (iii) hydroxyl ati ng the
conpound of general structure XIVa with suitable hydroxylati ng

gi ve a compound of general structure Va, wherein R represent hydrogen or a
hydr oxy proveebisngsggoup and R2 is hydrogen; . (iv) optiongtipxh6a%béag the
conpound of general structure Va, wherein R, represents 20 hydrogen or a
hydr oxy protecting group and R2 is hydiogen with a suitable protecting agent
to give a conpound of general structure Va, wherein Rr and R2 are the sane
or diff I ARhel SBIRE ARls AVt QLR F ) calbebiGiongy t he
corrpoundfﬁoa}egE energ g‘%ruct usrleVVa v?nt a sul tagf}gj re %Uﬁg%a%‘ent t!c? g]; ve a
corrpoundlaéiﬁquéﬁlemalﬂo@idfﬁ'}ét U]eemPRﬁ’dcﬁOm?“ﬁi“ﬁttb?ét&tPﬁ ofonpounds of general
Structur lleé%tmgzécéﬂlgouﬁ@of&@ﬁﬂfrﬁ[‘éﬁr@tur@&@ﬂ& are as defined above; (vi)

opti onal %ﬂ_ eparating the conpound general structure IXa fromthe m xture
of conpuhegs %Iffegé%éﬁ‘élh@ﬂ?ﬁﬁit@fr%h}"kaxhﬂ'@tfﬁmg qQro¥R,) phot oi someri si ng t he
corrp%un%ﬂﬁ agﬁﬁemlna&; SUGrr S étéﬁ%tare VIDGHeRTR @Y %ﬂd% ar§@hé3€é?ﬁé eJr diffdrpd ur e

Xa, wherein are as defined above; (viii) wh and/or R2 are not
hydr ogerﬁnck@ﬁmﬁeﬁbawbhﬁ&?aFﬂkWﬁFWéM atepyioalkysyl Rralksé.nwtkenm of the
conpoundy fiyBENeF a}yl Séarch:Iemgeoaéamta@y SRRBRALE Wil dHeRRhbR supdfithenit)

optlonallﬁ cr%sta I'sing the calcipotriol froma m xture of an organic

sol vent @"'Watﬂ"érg"?‘di’ [j‘?'\FéStE‘QIQflaHM A KYInerrinalied agvsloatkegylphaleriiod. Wo
2005/ 09533k oRfalityredidiiid, O > ardfkyl, Rralkelyl, ldralfcptiyi a1, Q}&Beﬁl‘koxﬁc@rﬁoﬂlﬂvent I on

relates to a method for pro u0|ng cal cipotriol or cal C|potr|ol nDnohydrate
t he et RIKYIETRARYISN GatagensplkpYY, FRPQY) SHORtYIEPY: conpound of gener al

structurg tW%r@éédéé)bf KWhse, to/yRVech BorRpolrRITRRAB S sBuRYE ROM) whierdinyOisoXy

protecti ng H 5 with a phosphonate of general structure VII, wherein R3

and R4 af%d dbR¥eior different and represent alkyl, hal oal kyl ~

hydr oxy afif photoiddasdtiging thkekympounaioabkiydral sfutlee /b to a compound of general '
structure XIVa, T~

15 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
20 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 compou‘nd 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
25 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
30 general structure Xz,
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
35 water to give calcipotriol monohydrate.



aral kynyl, or aryl, each being optionally substituted with one or nore
substituents selected formthe group consisting of alkyl, aral$ lpCT 2006
cycl oal kyl, cycl oal kenyl, hal oal kyl, hydroxyal kyl aIkenyI alkgnyl

aral ky), arsbkeesmoszsar al kynyl, aryl, oxo, ai koxycarbonyl, Ptﬁmxzoosmomos

al kyl car bonyl oxy, hal ogen, al koxy, carRkgxy, sulfo or hydroxy, in the
presence of a base, to give a conpound of general structure XVla and/or
XVl b, wherein R is as defined above; (ii) heating the conpounds of general

st ruct urg, ZMiRaaRd-AEpety) thiakeuetdDklHtas toha@ mddR &S ARGRoMiciy BaGpotHSl @ ve a
conpound ofw%gneral st ucture XL Vi 15 wherein R _is as defined above;

(iii1) hyeiarsiriat mrgok a%ﬁ%ﬁﬁﬂ"%‘fcoﬁ?ﬂﬁnﬁl thestepstdfi e XIVa with suitabl e
hydroxyl{i)t fé&ﬁtm@ee:ahpbonalovgeﬁerammw}d 0fa GRIper @b,structure Va, wherein R
represents hydrogen or a hydrox cti ng gro and R2 is hydrogen; (iv)
opt i onal VereEult Shgesehts %5‘%‘8 % Efﬂ@fg %F?ﬁgﬁw 'Va, wherein R .
reﬂ] eﬁen\m? agglf}nohﬁlﬁkﬁﬁweﬂf génea-arstflrctﬁw VI, ommémng gdorparante Bamlra&;rth}fférr?@en y
Wi a suitable nt, to e.a.c un enera ructure Va,
wher ei n #d Eﬁﬁ’&e b‘éff;:"ﬁgc%é ngoxyaﬁ‘?’ygr"‘éar’?ypnﬂﬁnygﬁl@ ne Kl oxy
pr ot egltimu@hwm aty,) earcﬁdwsmg\gpﬁdmmzenmmgd@\;Itrgmmanllnos& smamsa@/?( with a
suitable r ive ound, 0 ral str or
m xture ?ﬁje‘gﬁ%&h@% Q{P“Béﬂg?‘%f“gs rqﬁg’ ﬁralkYkgyCI%Eﬁnﬁyql%ke%ngq h‘ E and R2
are as dﬁidraﬁﬁhlla,b,oaleen\,(lval)(ylﬁ)p,taralk&l layalkepydr abikpgyll Bey) contp alkostyaibgsher al
structure! IIXa o] e]mx u e of conmpou ds of 8eneral structure | Xa and
| xb: 14 vi #HYISAEPBY 'S8 el Gy @ kﬁ’éy’ %ﬁ%"dﬂn&” * structure I Xa to the
corrpoundunaihe pséseneaef albase rumcmwa cbﬁapomiidemfegameFal samdtR2 xale aad/od ¥Y/imed

52 are not hydrogen, renoving the hydroxy

above;
pr ot ectl‘ﬁ' "eaoﬁg?sis‘fﬁ P‘ér R2 of the conpound of general structure Xa to-~
gener at e(noatleatlp@ttlne mmp@muﬂs(qfx;)anept stondlteyX\da yasid Adri Mbrﬁg:ovhéotfhlnd:hpot riol

ronopyrBieHRe & B SO R B LS P

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

20 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 hydrexy protecting group;
(v) reducing the compo:fnd of general structure Va with a suitable reducing agent to give
a compound of genefal structure IXa or a mixture of compounds of general structure IXa

25 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

30 general structure Xa,
wherein R; and R; are as defined above;
(viii) when R; and/or R; are not hydregen, 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

35 water to give calcipotriol monohydrate.



19 In a still further aspect, this invention relates to a nethod for
produci ng cal cipotriol or calcipotriol nonohydrate, the nethod-ﬁ%gprymﬁng
the steps of: (i) reacting a conpound of general structure | XX, erein R5
r epr esent swiyzhosrgesazeor a hydroxy protecting group, 5 w tgc@pRivospiwesat e of
general structure VII, wherein R3 and {84 are the same or different and
represent al kyl, hal oal kyl, hydroxyal kyl, al kenyl, al kynyl, aralkyl,

ar al kenyl, aral kynyl, or aryl, each being optionally substituted wth one
or nor e s ukshifiuesH S&peal, et atlehbbirdiies g6 @Uﬁe&x@ﬂ%rsﬁﬂoﬂ&iﬁé cakisytriol af al kyl ,

cycl oal kyl, cycl oal al oal k droxalk al kenyl , al kynyl,
a?/al kyl CZ&PSF%EHW“OF'!@%H? éF a{" 315?"9? SIS B! a%?E/car bo%yl , yn

‘al kyl caghopsteng/a cbmlpemof@édeemmmarrb@xx, sul fo or hydroxy, in the
presence of a _base, % e a co Hnd of general structure XX, wherein R5
it Fydbaduer Agy

is as dé‘fhieﬁeé‘EIRéB‘ER}'Sse e er FRXY B R6HRY 9 Pgener al  structure- XX with
a sugtam.mggﬁbgphagatagﬁ@bnéral stgistarevmonmpound of general structure XXla or a

et | ned "sE08 Ra AR H 37 Uik o e direreas SnepTR R T hepaR BRIy b ©
(iii) O@Rt#eﬂﬂlabikynﬁlegﬂlaﬂ} mmehhfam}mﬁmmd aei;X Ig@mﬁbahg&%mwrsebmmf romthe
m xture qQf conpounds . of geper stpucture a an otectin
The. al L yIOTRARERF SPBUBBR 1oreEbATELING Bsfun, rBtineat ot el a wi the 20
atsw tawaoﬁlyﬁrwc\s%ammtyed%mw em@iemtyh y atlgl, gaﬂke?yatamiem D wrslkgf a@mggwl

str ure erei i,S Q otectin rou |

def +Hed aéﬂ%%@'? VY et ?i@’c?rsboﬂg&' aﬁ?’!f?ﬁ%’é&‘,’ox?’eﬁﬂ%%b%m?é(e A g%é’y SB&%PGCU ng
group Riydfoxiyhia tdaernnenﬁnde obh bgemer al structure XXla to give a conmpound of

I d h
Py oxy ‘BB Bl SR e i B THEEROIE A8 e " S0 Lol e

oxi di si r{g) eglening the girapondoigeroeral stictyen¥Kavitts & suitdhble eedGXing, agehbtein R6 S

as give a compound of general structure XXlIa or a mixture of comp:)‘ﬁ"ﬁds of general

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

OR, XXla OR, XXlb

(iii) optionally separati\n\g“ ‘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

20 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;

25  (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 R¢ is as
defined above; )

(vii} coupling of the compound of general structure XXII with a Wittig reagent XXI1ia or
a Wittig Horner reagent XXIIIb, wherein R; and R, represent a hydrogen or a hydroxy
30  protecting g_rbupgrand wherein R; and Ry are as defined above;



defined above; (vii) coupling of the conpound of general structure XXIl with
a Wttig reagent XXIlla or a Wttig Honer reagent XXIIIb, whet@i08TRIband R2
represent a hydrogen or a hydroxy 30 protecting group, and wherein R3 and
R4 are as d¥Pi2fhEd98I6ve; 1 8 O C T 2006 WD 2005/ 095336 PCPCDHAQ0&/@0203 20
R3 P=OR4 0-P=0 XXIlla MIb | RHOOR ROCOR2 in the presence of a base
to give a conpound of general structure XXl Va, ORVIX)XalVa R102 2 wherein
R, and R2 are the sane or different and represent hydrogen or. a hydroxy 5
protecting group,~and wherein R6 is as defined above; (viii) when R6 is not
B

hydr ogen, renov fthe hydroxy protecting group R6 of the conpound of
general struct {IvVa; (ix) optionally parating the conpound of general
structure XXl Va; when R, and R2 are notshydrogen, renoving the hydroxy

protecti n) Rl and 10 R2 of the gpnpound of general structure XXIVa
t 0 gener at perPet@iol ; and (xi) _optionally crystallising the .
cal ci potrig romla mxture of an dRgafPciolent and water to give

cal ci potri ol nopdshydrat&lias DETAI LED DESHI PTI 3&1 THE | NVENTI ON

Definitions As fised herein, "vitam n D agfal ogu ans any derivative of
vitamn D2 or ch as

R,0" OR,
R,0 OR,
in the presence of a base to give a compound of general structure XXIVa,

., ORg

K

R,0" OR,

wherein R; and R; are\Ebe same or different and represent hydrogen or a hydroxy
5  protecting group, and wherein Rg is as defined above;
(viii) when Rgis not hydrogen, removing the hydroxy protecting group Rg of the
compound of general structure XX1Va;
(ix) optionally separating the compound of general structure XXIVa;
(x) when R; and R are not hydrogen, removing the hydroxy protecting group(s) Ry and
10 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.

15  DETAILED DESRIPTION OF THE INVENTION

Definitions

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

1¢,25-dihydroxyvitamin D; or 1a,25-dihydroxyvitamin Ds, including derivatives wherein



| a, 25-di hydroxyvitam n D2 or |a, 25-di hydroxyvitamn D3, including
derivatives wherein 1 8 OCT 2006 WD 2005/ 095336 PCT/ DK2005/ 000%@&1(&I ?ﬂ] one or
nore of the A, C, or Dring are nodified or/and where the side il 7006
attached t ¥vO@u0Ep9386di fferent fromnnatural vitam n D2 or pCEDKEdERPI2ES Of
vitam n D anal ogues can for exanple bg found in ["Vitam n D', D. Fel dman,
Ed., Academ c Press, San Di ego, USA, 1997] and [G-D. Zhu et al., Chem
Rev. 1995, 95, 1877-19521 and references cited 5 therein, and include

h%/dr ory ofé of arredr tHe Alflqgfﬁ’tie@h@(hré@hdﬁiﬂwtdr}’aﬂd, Wllaér@ the ]ga.m%rcswaamttacﬂeﬂ it at ines
of cal ci_pafrigl. use erein, ."vitam n D anal ogue fragnment” nmeans a C 17
i car o) & irirshl o B e Sisaminb: BB e HiRe darHiD AT S eoutgan dna
usual | y epdrhplettedoahd G I Witak@ny) BsFelimad,0Edlj AesdemiDredta) sgupidgbpusERNt s are
represe b ructure , B D, L X erein_the C 17 anal ogous
posi ti oﬁégﬂna'{%@ié@h%%” SEa[ﬁh%héﬁPg%%vntlggﬁv%ht]i%gﬁwiaﬁ' iTErenges S%Txlwv; and
wher gi n tiRdreiapdnRhchude Hvieosapetarted bf drprertctaaing (diggirios @ant iduynilrogaa or a
hydroxydg%(l)%ﬁlcti Fgﬁg'égfrp‘“i tIH-17 CG17 HH | BRAO RO OR2 is eHH 17 eH

-17 00~ 8 OCT 2006 WD 2005/ 095336 PCT/ DK2005/ 000203 22
C17 G17 HFI HFi .

As used herein, “vitamin D-analogue fragment” means a C-17 radical of a vitamin D-
analogue as defined above without the side chain usually attached at C-17. Examples of
10 vitamin D-analogue fragments are represented by structures A, B, C, D, E, F, G, H;
wherein the C-17 analogous positions in the sense of the present invention are indicated
below; and wherein R; and R; are the same ordifferent and represent hydrogen or a

a
hydroxy protecting group.

C-17




EF ORL RIO ~" CG17 tH-17 HO\i ~HSOHGH CRl OR1 As used herein, "a
precursor for the synthesis of a vitam n D anal ogue” neans any. r[mtqgggle
useful in the synthesis of a vitamn D derivative as defined a ove such as
a b5 startiWe?mexwesizal or intermedi ate, wherein part of tpeTpieoes®oto3
nmol ecul e becones incorporated into theobi nal vitam n D-anal ogue. Exanpl es
include, but are not limted to steroid ring systens, such as ergosterol,
chol esterol, or 7-dehydrochol esterol, or derivatives of the CDrings of
steroids, such as Gupdempnn's ketone or derivativ ?WOf G undmann' s ket one.
n

Exanpl es of preeursors for the synthesis of alvitar D- anal ogue 10 can for
exanpl e be f_o S -D. Zhu et al., Chem “Revn 1995, 95, 1877-1952] and

: i vatives of CD-rings of

™ ar €7in particular useful ~a ¢ ring structures Mand N
il Iustrat ed bel WHV\:heI’ ein PGis hydrogen f hydr ogen protecting group as
defined below. OHOH VHC OOPG 15 MN 1 8JO'C T 2006 WD 200-5/ 095336
PCTI DK2005/ 00203 23 A @17 anal ogous pogition of such a precursor is
i an the carbon atom of  saidjlprecursor, Fwhi ch wil | correspond
hon atomin the final vi +g-B- anal ogue or calcipotriol. 5
"a fragnent of a precur lor the synthesis of a vitamn
@ radical of a preg for the synthesis of a vitamn
D-anal ogue as defined above. For By@npl &7a fragnent of a precursor for the
synthesis of a vitam nclql-?nal ogue

C-17

OR,

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
5 starting material or intermediate, wherein part of the precursor molecule becomes

incorporated into thefinal vitamin D-analogue. Examples include, but are not limited to
steroid ring systems, such as ergosterol, cholesterol, or 7-dehydrocholesterof, 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

10 can for exampie 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.

15



may be a steroid ring systemfragnent, which nmay be represented by structure
Qor R 10 wherein the C 17 anal ogous positions in the sense of 1t3k{ﬁ:1pm%ent
invention are indicated below C17 G17 OHCDCD ~HI H~H~H HO
Q R O her woanpmssief fragnents of a precursor for the syovrmabes 000208
vitam'n D-anal ogue are fragnments of degivatives of the CD-rings of
steroids, which may for exanple be 15 represented by structure 0 or P,
wherein the C 17 anal ogous positions in the sense of the present
invention e indicated and wherein PGis as defined above. CG17 CG17 CDCD
HH OOPG OP 20 As used herein a "hydroxy protecting &.reoup" IS angl gr oup

whi ch f d¥ fsl 7aanpiegapsinogiion RAFUCh @ PERCHFICE is Biteedgpapert B8 RE3BMCwher ei n

said hy(yaﬁ%ﬂre@ﬁr%bﬁ%hi&gwgr@#ésﬁ@tﬁﬁ Bftheseh @ Charvd MohEfhe GinBvite@gent s t hat
do not attack the regenerated hydroxy group, Said derivative can be
obt ai ned™Blpose s celARMdact i on of a hydroxy protecting agent with a-hydroxy
groug. Silyl derivatives, e.g. trialkylsilyl, such as
tert-butyldinethylsjlyl, 25 ttri methylsilyl, triethylsilyl, B
di pheny| ARtSR{I her¢ipy ,a{rﬁﬂ'l“%tp? oap9‘re§P¥'9r forithe SYBIHESS @f prdaiis Pranalosteg pct
2006 WO B4R HRhich oPE Prédt2eNF600RA)3thedtt Jfer WitdiBinDayhloglid8s Sefileg exanpl es
of hydroxy grot ecti ng? rouﬁfﬁﬂ SE yl chl or.i dﬁ_'s such as .
t er t - but3HOUBNRAHRREING B FEPtnt Qb2 Pigsarsor for iemnhiasks ¢1\A diamypiQyanalogue
tri et hyl sy pb ehterdidieing spkitpineiag m@ithywhichl b Bk @&prdéented by structure Q or R,

[ and tert.-but | silylchloride .are exanples

of 701 SOPBPE G Agnaban SR Fin bt beeall T avesght Bercove SRR T

below.

Other examples of fragments of a precursor for the synthesis of a vitamin D-analogue
are fragments of derivatives of the CD-rings of stercids, which may for example be
15 represented by structure O or P, wherein the C-17 analogous positions in the sense of

the present invention are indicated and wherein PG is as defined above.

20 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 g'ro-’ugi.' Silyl derivatives, e.g. trialkylsilyl, such as fert—butyldimethylsiiyl,

25  trimethylsily!, triethylsilyl, diphenylmethylsilyl, tritsopropylsilyl, tert-butyldiphenylsityl,

.



5 the hydroxy group(s) in the presence of a base, such as im dazole.
Hydrogen fluoride, such as aqueous HF in acetonitrile, or tety@p(l 2006

n- but yl ammoni um fl uori de are exanples of reagents which can renove silyl
groups. O veo 200pdesesy protecting groups include ethers, poenHKacs060203

t etrahydropyranyl (THP) ether, benzyl gfher, tert-butyl et her, including
al koxyal kyl ethers (acetals), such as nethoxynethyl (MOM ether, or esters,
such as 10 chloroacetate ester, trinethylacetate, acetate or. benzoate

ester. MNamsihy @wl'e@ger%aérekﬁﬁplegfof h\)’cﬂ%%}f)r&ééﬁrf'gcér’oﬂﬁs %.@vaﬁom dileh agds  of

protection and renov I ncl ud In scope his application, can

f or eanf@%ﬁdWhﬂsiM C""PF ‘8?&%9‘3} W%S‘M‘:r@@&n F%ethﬁ;miﬁ“é@?%e 3rd ed.,
9d¢ﬁ{é%y§hé%hy@4yleﬂlom S‘zn@dﬁmpytémbr&wmeexéna%Qﬁ-mﬂdidﬂenylarywmtdeng

Groups 1st . Koci enski , , Jarow cki, KOCI enski ,

P., 15 Jre @ﬁ@ﬁP’eS@éhydfPéY rotestinghagents. Sz'ab@ﬂomaarzéwxaénnebefact&ﬁ ¥ihare
her egy Itﬁ@ﬂy@@&%e&p(bymrtﬂé@rr@mee o' bHSE GubR BeliMidazak! kMYdrog& finéreded to

nmean a |inear or branche rou ic-or éC|IC
havi ng &Heh F‘%aﬁ\i\%ilﬂstc‘&r%FP"é%‘&rg’ ‘ﬁ%ﬁ Q&Y’i‘wn'%‘ﬂﬂﬁ' ﬁgefre?exa{ﬁ%' $050 as
1-4 car heageH®Which aA rkble lsﬂyﬂ'gl#dﬁﬁ blﬂsaer&wdaﬁ,s@@'@ec&ag rg%up'shkabde( atkkyl ),

secondary and tertiary al ky p |sopropyl
n- but yl SUF%aﬁa%twhvdgwra%&W)e % {%eaznﬁﬁtf\{e é«ﬂ?wm efladiy @ﬁlﬁga 9 hexyl,

i sohexylalka@dikhehbe fackulsy) ajcwe;shwéthgmﬂﬂ@thyl em§ @ﬂ-@'"dﬂaés@@@nsuchsasl nt ended
t0|nd|cip a subst |t uent oup of erlodctable

pr eft8r alfiNPrPAEES estas) Biraet &H'&c%tPEﬁ‘rﬁ‘cet'?FﬁeOT B?'%Oa'éﬁ ?c"éﬁryltN"“ 'E“'t'ﬁgéﬁﬁ'@ﬂ

i ndi cat exfaydBx9-protécting roups ahéinethody ofjotaating ahd réhodal, Ay thcludad hmfher adi cal
conprisin atons, .such as 2-4

2- atons,. i n _part Iar 2-4
car bon atdheor BisAPrlEidty oM sor e bE i P PsifBRrobP RO 50 The .
ter m " al9gnilydsis”j 3 iedt, é‘n@‘éd;:teenem? (ﬁ’itl‘e. wWotshgdb doan iteyr Bdi9cald inonpri sing 1-5
triple G- on 3tOC he, a I,n ylcal
conpr st SPBATE GBS T Rpried R BR T oS24 oA, kRO, B 5.4
car ién at ahvem. 60g, Petitiry fisdns. 1,p2@qn,1r2ytss 5207y Bl of wpightay@kreby ifexyorgted 35 The
term"” hz}% o%%_g& Is intended to indicate an al kyl group as defined above
subst it ut’e % one or nore hal ogen atons as defined above. 1 8 O C T 2006

As used herein, “alkyl” is intended to mean a linear or branched alkyl group, which may
be cyclic or acyclic, having one to twenty carbon atoms, such as 1-12, such as 1-7, such
20 as 1-4 carbon atoms. The term includes the subclasses normal alkyl (n-alkyl), secondary
and tertiary alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec.-
butyl, tert.-butyl, peani isopentyl, hexyl, isohexyl, and the tert-butyldimethyl group.

The term “halogen” is intended to indicate a substituent from the 7% main group of the
25  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.

30
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.

35

The term “halealkyl” is intended to indicate an alkyt group as defined above substituted

with one or more halogen atoms as defined above.



WD 2005/ 095336 PCT/ DK2005/ 000203 25 The term "hydroxyal kyl " is,i rhtjfﬁngﬁbd to
‘indicate an al kyl group as defined above substituted with one 48

hydroxy groups. 5 The term "al koxy" is intended to indicate a radical of the
formula - O¥O2008?83 R is alkyl as indicated above, e.RCT/DEZSR8020%t hoxy,
n- pr opoxy, isopropoxy, butoxy, etc. Tie term "al koxycarbonyl" is intended
to indicate a radical of the formula -C(O-OR, wherein R is alkyl as

i ndi cat ed above, e.g. nethoxycarbonyl, ethoxycarbonyl, n 10 propoxycarbonyl,
i sopropoxycar bonyl, etc. The term "al kyl carbonyl oxy” is intended to indicate

Shove. * Jhe et @f%m@ﬁ*& et B ngiedliieo ymbp cdekiaeSShaia ed

cycl oal kapeittadi wigh oaebprise hgdroy 26ogatr bon atons, preferably 3-10 carbon
atonms, in particular 3-8 carbon atonms, such as 3-6 carbon atons, e.g.

cycl opropyl, cyclobutyl, cyclopentyl or cyclohexyl. The term "cycl oal kenyl"
is impt enﬁedeM“alhdi\C’as mtemmto iddieatierd radafl bme&umlabum,eﬂlhmmR'ZQ aronatic

cyclic h hoca i cals ris 3-20 carbon _ atons, IIy

comr s P 55 Rl SH0EE s IR, RS naeReY Eeerry: BBy fbnt openy!

cycl obut enyl , cyclopentenyl or cyclohexenyl. The term"aryl” is intended to

indicat a radg of ,aronpmti Li.c ri C, risi -20 carbon

atoms. JHeneAt  ERoaRenRESh R8I ErE & RS SRR T Y 50 B

part [ culvﬁrerén Roiis aikpieashiedieakediabgse, ot mettmkwarbua&deutxaxmclymiyi,m—ri ngs with
ast t ag.phenyl, naphthyl, indenyl and indanyl.

The 'Bor i ORFAPRERIT sbplcpBcaRbii A i

@i cate an al kyl group as defined above
substituted 30 with one or nore aryI radi cal s as defined above. The term

- ar al kengle'told bRy ROy b8y t@%t%ﬁﬁra inBlcbRY ladilP UPuRsrofifl2 FRpKe

substltute ne or e ar S as |ne above e term
"aral kyny/he'l’elth |131@15Wcﬁ§dn€1'@aﬁeﬁ(ﬂb@a¢e an al kynyl group as defined above
substituted with one or nore aryl radicals as defined—above. 1 8 OCT 2006 WD

2005/ 09- 5336 PCTI DK2005/ 000203 26
15  The term “cycloalkyl” is intended to indicate a saturated cycloalkane radical comprising

3-20 carbon atoms, preferably 3-10 carbon atoms, in particular 3-8 carbon atoms, such

as 3-6 carbon atoms, e.g. cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.

The term “cycloalkenyl” is intended to indicate mono-, di- tri- or tetraunsaturated non-

20  aromatic ¢yclic hydrocarbon radicals, comprising 3-20 carbon atoms, typically
comprising 3-10 carbon atoms, such as 3-6 carbon atoms, e.g. cyclopropenyl,
cyclobutenyl, cyc[opent\er‘lyl or cyclohexenyl.

The term “aryl” is intended to indicate a radical of aromatic carbocyclic rings comprising

25 6-20 carbon atoms, such as 6-14 carbon atoms, preferably 6-10 carbon atoms, in
particular 5- or 6-membered rings, optionally fused carbocyclic rings with at least one
aromatic ring, such as phenyl, naphthyl, indenyl and indanyl.

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

30  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.

35 The term “aralkynyl” is intended to indicate an alkyny! group as defined above
substituted with one or more aryl radicals as defined above.



As used herein "suitable reducing agent” is intended to nmean any agent
capabl e of reducing, preferably enantiosel ectively or diast ereb&&gé&ﬁlﬂﬁvel y
reducing, the C24 keto group of a conpound of general structure XX, Va,

Vb, VI)la, WO29953360 gi ve preferably a conpound of genaaipistonsiamense XX a
(R6=hydrogen), |Xa, Xa, Xl aa, or Xl ba rmgspectively. 5 Exanpl es of reducing
agents include, but are not limted to borane reducing agents, netallic
hydri des, such as l|ithium alum nium hydride, sodium borohydride, or Al H3,

opt i onal Ay uiét h&eirprRrapieaeoicih@pjdrhisdetendbd So (Raf.ankagkat cdpeBisef Ced 3) ,

or NaBH3 nd Et 35 H. Borane re uci ng ,agents inclyde borane,
bor ohydrf §“gaﬂ??%@g‘§n@an§8ﬁ%?%yg WK t%ﬁ?f‘%@ P'Ve%ﬁégggr ?Q@rfg ﬁf‘lrllﬁelfq ng
exanpl eSg:@inhﬁraad‘Wnpic&ﬁhdmf@gna@eBm'Bcter@XX 1\03 IVitG ViTie, or VIIIb to give preferably a
NN—dleth | a - bar t rahydr of ora clonoae(9-
N o ot B Sl A R e cPRLANE: L RS Y1, S siixslononare (-
i m ted Emmplleydf ogducing apéres mahsden et afe rmtdmﬁuaddyts»tborsmml'em:nglagtannum or

r ut heni umgg gw(md @éhhé”‘snl‘i)chl ﬁ'ﬂf%ﬂhﬁﬁlﬁhg@dw% H\fr?én um| pr opoxi de,

and zinc ter or to group
of a conqmtmnhn@ﬁn gmmrreaencsewfu:ambhamde(xaltm @, Lady, ITeBriyICelCh), mrrNa\HHﬂMc)x he

t d t hi r al
| gand: r S 0 "B RRRRS el R RR LB SBTEC bBor P B ol
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t he reduc In situ reduci ng agent or ‘the where the .
chiral aashanp‘an@pﬁwl isphehandnleminiym dsopsonpxidd, pad zinlci ppavdgrimwatasofpl ex wi t h
the redugj-pgo@gent, i.e. for exanple to give a chiral--+reducing 25 agent. The
present Invention includes the use of such chiral reducing ?(ents or chiral

| i gakrd- r Biheei regucine fhe eotfpratr @sounefi T epropeundmfaeacedl sanetureai aX¥k, ¥Bar at el y
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chiral | yggasbxyta’ pra.&eyl Q@fﬁé@&anﬁ?@“ﬁﬂe&ﬁ/dﬁﬁgeﬁ% Rhé& Bidsahcdor mhgpHte@uci ng

agents are _chiral oxabor es or oxazaborolldi nes, such as Chl r al
ogazaborG?”‘éﬁ tyesy % 8 dlglygroxy 1 lginaphthyl derivatives, e.g. (R)-2,

20 bis(diphenylphosphino)-1,1’-binaphthyl-ruthenium acetate.
Chiral reducing agents or chiral ligand-reducing agents include reducing agents where a
chiral auxiliary is reacted with the reducing agent prior to the reduction /in situ to form a
chiral reducing agent or the where the chiral auxiliary may for example serve as a chiral
ligand in a complex with the reducing agent, i.e. for example to give a chiral reducing

25 agent. The present invention includes the use of such chiral reducing agents or chiral
ligand-reducing agent complexes, which were prepared and isolated separately before
being used for the reduction.
For example, the chiral auxiliary may react with a borane reducing agent prior to the
reduction /n situ to form a chiral borane reducing agent or the chiral auxiliary may serve

30 as a chiral ligand in a borane complex. Examples of such chiral borane reducing agents
are chiral oxaborolidines or oxazaborolidines, such as chiral oxazaborolidine reagents
derived frem (1R,25)-cis-1-amino-2-indanol, (1S,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-

35 oxazaborolidine, (R)-2-methyl-CBS-oxazaborolidine. The present invention therefore

includes the use of such chiral reducing agents, such as chiral borane reducing agents,



derived from (1R, 2S)-ci s-1-am no-2-indanol, (1S, 2R)-cis-I|-am no-2-indanol,
(S)- prolinol, (R -prolinol or B-(3-pi nanyl) 9- bor abi cycl of 3. 3| @hnpq@we

(al pi ne- borane) or e.g.

5, 5-di, phenWOZQOR@PW6 3, 4-propano- 1, 3, 2- oxazabor ol i di ne, ¥&PR20080b02h3 CBS 35
oxazaborolidine, (R)-2-nethyl-CBS- oxazaborol I di ne. The present invention
therefore includes the use of such chiral reducing agents, such as chiral
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“of a cowp® ﬁ'@meéh@f"‘-"t ER)a r Eastingdempiyl-it- d@bewlalspe@taa@l (Ralt-295% purity,

such as 3fiXe-PHekh Qa%r@ml - Yout&Hol 9&9{9(an2 MinclASt, SRFiPheryRRAH 8541, 2

conmpound” al so inc ‘rud 20 neani ng “of anci ng ‘the concentration of the
compéundid{ 1B, 3Rt Zea@fnosh@hdlpb‘%i%émﬁégi opt i onal I y conprising sol vents,
such that the mxture is further enriched wth a desired or preferred
conmpound or isoner, such as an e |mar after said separation. Most

pr ef er atfiS)usRE NeRRINor SARBTALEG 2 SuRRoURdL indydes (the pyrficationaad{or isolation o 2
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hydr ogen ty,rbB% purity, or 99% purity. The term “separating a compound” also includes the

20  meaning of enhancing the concentration of the compound in a mixture of such
compounds, optionally comprising solvents, such that the mixture is further enriched
with a desired or prefg[?d compound or isomer, such as an epimer, after said
separation. Most preferably R, and/or R; represent aikylsilyl, such as tert-
butyldimethylsily!, and most preferably R; and R, are the same, and R is hydrogen when

25 compounds of the present invention are separated by chromatography.

As used herein, “inert solvent” means any organic solvent compatible with 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

30 exampiles of inert sclvents 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-

35  butyldimethylsilyloxy)-20-(3'-cyclopropyl-3'-oxoprop-1'(£)-enyl)-9,10-secopregna-
5(E),7(E), 10(19)-triene obtained by a p'rocess comprising the method of reacting a
compound of general structure IIfa with a phosphonate of general structure VII.



25 compounds of the present invention are separated by chromat ography. As
used herein, "inert solvent" neans any organic sol vent conpati bhlged(¥i 206 sai d
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reduci ng agent used. Non-limting 30 examwpl es of inert solvents include

hydr ocar bons, such as tol uene, and ethers, such as tert-butyl nethyl ether
or tetrahydrofuran. Preferred enbodi ments In another aspect, this invention
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but yI di net,h I 10-

canae 5 BYOR Bt PR RS BRUERroRrosr SR SR s F YR ot nodt of
reacti ng5e), Ziﬁfmiﬁmﬁ) twieng eréaiatd by Burbeass cbinpaisingtthe angthak pheedire af gener al
tructur In a
v Sl AR AP O  SOB RR B,

but yldi nit hystlﬂ ifdryhen@spe 0 1(iE' lﬂ@]&rbb[ﬁﬁl@@lt@&he &g pddypets of 20(R),1(S),3(R)-

1'(E - 7 t ai

corpt i of R AR B Poe e Tbirdog B b RS BRFR R, & 1o e e
a phosphsemmpegre-HYENA(Ea), létlrﬂ]drlameomalnedanw @ pencstd tdmrﬁrﬁmmme”re msphedtof this

. ti '
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10- secogrreqnee‘sKIE) 7(E),10(19)-triene obtained by a process conprising the
met of reacting a conpound of general structure Vla or VIb with a

phosphonate of general structure VII. 10 In a currently preferred
enbodi men aglirehdy prefeund emhasimenrofithe areseot irentierpResegior Rarq%‘yﬁ@ﬂtyl such
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anot her e present represent hydrogen ~
nmost pr&ﬂéaenbreyemboarﬁ@r%wféhepr%enwwent!%m anc{oe B rmﬁ@sey\tﬁveroeﬁm.emost '

enbodi rrePpefQIfame m@ﬁgg,te iHa\@hid on R3 and/or R4 represent alkyl, such as
(d . such as net hyl, ethyl, or 1-propyl, nost preferably R3 and R4
are %516 graﬁl-_currently preferred embodiment of the present invention Ry and/or R, represent

alkyl, such as (C;-Cg)alkyl, such as methyl, ethyl, or 1-propyl, most preferably R; and R,
are the same.
In one embodiment of the present invention the hydroxy protecting group Rs is alkylsilyl,
such as triethylsilyl, and the hydroxy protecting group R; is alkylsilyl, such as tert-

20  butyldimethylsilyl.

Compounds and intermediates of the present invention may comprise asymmetrically
substituted (chiral) c;rgbn atoms and carbon-carbon double bonds which may give rise
to the existence of isomeric forms, e.g. enantiomers, diastereomers and geometric

25 isomers, Epimers are known as diastereomers that have opposite configuration (R or S)
at only one of multiple tetrahedral stereogenic centres in molecules having multiple
stereogenic centres, such as the vitamin D analogues to which 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

30 the pair are identical. The present invention relates to all isomeric forms, such as
epimers, either in pure form or as mixtures thereof. Pure sterecisomeric forms of the
cempounds 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.

35
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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synt [ net hods di s d for Cal verl ey,

SIS BE LSRS5BS LoD RSN Wl e o,
exanpl e cezrion 06 sditlcampohede bhgdrairdl fRructurd 111a, wherein R; and/or R, are hydrogen
with a suitable protecting agent, new groups R; and/or Ry can be introduced. Depending
on the stoichiometry of the protecting agent used and the reaction conditions, mixtures
of unprotected, monoprotected, and deprotected compounds can be obtained. Any
20 intermediate of a mixture wherein one of R; or R; is hydrogen can then be isolated by
chromatography and reacted with suitable protecting agent different from the first one

used, to give compounds of general structure IIla, wherein R, is different from R,.
‘-‘-\“

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

25  structure IIla by photo isomerisation, such as with UV-light in the presence of a triplet
sensitizer, such as anthracene or 9-acetylanthracene. Such processes are well known to
a person skilled in the art of vitamin D-derivatives and are for example described by M.
J. Calverley, Tetrahedron, Vol. 43, No. 20, pp. 4609-4619, 1987 or in WO 87/00834
which are herby incorporated by reference.

30
Compounds of general structure VIa and/or VIb can be obtained from compounds of
general structure IIia or IIIb by treatment of a compound of general structure I1la 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 ali

35 solvents, which are compatible with the reaction conditions, such as alkanes, such as
hexane or hepténe, hydrocarbons, such -as xylenes, toluene, ethers, such as diethyl
ether or methyl-tert-butyl ether (MTBE), acetates, such as ethyl acetate or 2-propyl



R2 are tert-butyldinmethylsilyl which preparation is described in these
references can be deprotected with aqueous hydrofluoric acid i{a
acetonitrile or with tetrabutyl anmonium fluoride to give a m &547895
conpounds WHEPEI¥PR36or R2 are hydrogen, or to give a CcoRFOMRIIWIIEN R
and R2 are hydrogen. This m xture of coBPpounds can for exanple 15 be
separated by chromat ography or crystallised as generally descri bed herein.
By reaction of said corrpounds of general structure Illa, wherein R, and/or
R2 are Hgtotemalagenptes salyangdFuchpmsodicideramethgentor miedurgs ofipesd Rolvemid/ or R2
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met hly -tert-butyl ether (MIBE), acetates, such as ethyl acetate or 2-propyl
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Compounds XVa and XVb, wherein R, is tert—butyldmethylsdyl can for example be
deprotected with a suitable deprotecting reagent, such as aqueous hydrofiuoric acid in

20 acetonitrile or with tetrabutylammonium fluoride to give compounds, wherein R, is
hydrogen, which then can be reacted with a suitable protecting agent, to give
compounds of general structure XVa and XVb with a group R; different from the starting
compound. Furthermore compounds of general structure XVa and XVb can be

synthesised by ozonolysis of compounds 6a, 6b, 7a, or 7b disclosed in Tetrahedron, Vol.

25 43, No. 20, pp. 4609-4619, 1987.

Compounds of general structure X11Ia can for example be synthesised starting from the
sulphur dioxide adducts XVa and XVb by base assisted retro Diels-Alder reaction, such as
described below. Different groups R; may be introduced, before or after the retro Diels-

30  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 Illa,

Compounds of general structure XIIIb can be obtained from compounds of general
structure Xllla, and vice versa, by photo isomerisation as described above.
35



reaction can also be carried out in neat sul phur dioxide wthout a solvent.
A suitable reaction tenperature of the process is -50Cto 60 C, such as
-30C to 50C, such as 5 15C to 40C, such as -5C to 30C, such as Plﬁ%
such as 5C W@ B@pasewt such as 10C to 25C, such as 15Ctg ,og%)f;}

the sul phur dioxide is used in excess gyol/nmol), such as 5-

excess, such as 7-30 nol ar excess, such as 10- 15 nol ar excess. Any excess
of unreacted sul phur di oxide can be renmoved from t he reaction m xture by

e.g. washhdg rw.»tnl_a, RAARUS 0BRSS geh ] saﬁa%w%véaﬁiﬁ#'é*%y@sﬁ l'eq;%r%pfr% by
distillin hur d|0|de off, optionally together wt

opt i onal Y’gamﬁh’aérerg%?ﬂﬁ%@ﬂo SP@S’E‘EFP@GS fisglesechig %ﬁnfro%'ﬂd§h@m;§8ﬂé:r 388%38Ust ur e
[11a wth sed. mdhem. zbcmsmag?,ssuasbz beagls. tranili pddsr 68, Qézé hesy Venspiaers Via

and VI b. _The WD{%\?HO% $/VI of the m xture of the i mers obtained in
the Di el 8€APYEY ol Lridf 9o frheih d 98¢ ovh <3 13- ér? Rifferaat gnaeps

r eactsi OnRg el bt iisthsdutcse thy Lfbﬁlgﬁﬁﬁﬁ@&ﬂﬂdﬁ'o&fm&@@ﬂi@ crﬁnﬁ:smbEgu@a dGesiiBed<Vb can
for exanpl e be synthesised as previously described in EP 0078704 for R =
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R 1is tent- butyI di et hyI silyl can for exanple be deprot ected with a
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Compounds o structure X | tal ned from conpounds
gener al s@vermfétafﬁ dolueng, dertabityl nethy) ey, WBSFT:deﬂ“NW%IfB?feQBtSWDﬁSPaSGS

descri beg, BEQMEd irthe retro Diels-Alder reaction include, but are not limited to NaHCOs,
KHCO5, Na,CO0;, or K;CO;. In a preferred embodiment of the present invention, the base
20 is aqueous NaHCO; and/or the retro Diels-Alder reaction is run above 60°C, such as
between 60°C and 120 °C, most preferably above 70°C, such as between 74°C and 79 °C,
typically for about ollaitwo hours.

Compounds of general structure V1a and/or VIb can be further obtained by ozonolysis of

25  the SO; adducts of 1(S),3(R)-bis(tert-butyldimethylsilyloxy)-9,10-seco-ergosta-
5,7(E),10(19),22(E}-tetraene as for example described in Tetrahedron, Vol. 43, No. 20,
pp. 4609-4619, 1987, optionally followed by deprotection and protection of the hydroxy
groups as described above for compounds of general structure IIla and/or I1ib.

30  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.

35 7 ,
The reduction of the compounds of geheral structure VIIIa and/or V1IIb, or X\1a and/or
XVIb respectively, or XX is preferably carried out by reacting with a chiral borane

o
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general st léﬁ%t%gcl Lla ﬂpggﬁhal Jn'd? 5. TSy Qbﬁ'ﬁ;}i— é@lg?ts%%ﬁswe oq'o)é)ﬂ t he

present T nvention are o person s e af't vitamn
D synt he&esshydrogergamiecfopnad én piefergoie.dhiah barate-catalysed déddtions weas for

example reviewed by Deloux and Srebnik [Chem. Rev. 93, 763, 1993]1. Examples of

20 efficient catalysts based on chiral modified borane can for example be found in [A. Hirao,
J. Chem. Soc. Chem. Commun. 315, 1981; E.J. Corey, J. Am. Chem. Soc. 109, 7925,
1987]. Examples of the synthesis and/or use of e.g. 1,2- and 1,3-amino alcohols in
stereoselective reduc?i?ﬁ with borane can e.g. be found in [E. Didier et al.; Tetrahedron
47, 4941-4958, 1991; C.H. Senanayake et al., Tetrahedron Letters, 36(42), 7615-18,

25 1995, EP 0698028, EP 0640089, EP 0305180, WO 93/23408, WO 94/26751]. The
synthesis and/or use of chiral cis-1-amino-2-indanol derivatives in borane reductions can
e.g. be found in [C.H. Senanayake, Aidrichimica Acta, 31 (1), 1-15, 1998; A.K. Ghosh
et. al., Synthesis, 937-961, 1998; Y. Hong et. al., Tetrahedron Letters, 35(36), 6631-34,
1994; B. Di Simone, Tetrahedron Asymmetry, 6(1) 301-06, 1995; Y. Hong et a/.,

30 Tetrahedron Letters, 36(36), 6631-34, 1994; R. Hett et al., Org. Process Res. & Dev., 2,
96-99, 1998; or EP 0763005], and references cited therein.

The methed 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

35 introducing additional purification or reaction steps at any stage of the reaction
sequence. The I:;.resent invention includes all such modifications. A person skilled in the
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structure VIlla and/or VIIIb, or XVla and/or XVIb respectively, or XX, such
as in 2.5-3.0 nolar excess. 15 The process results in the

enant i osab e&diickih dr aSdopiRRNES BF hbN&al REMGI RIVaOKIVR SnpLORDIY, alx, viketpne of
general structure Villa and/or VIlib, or XVIa and/or XVib respectively, or &
XX,  sutRid/emy i yithasyigble seducingpasat i #n ingrt sejventaytly dperding on ‘

respect kveladucifl 268ne and BEhaRtios 2Bndiabes HdTRfve & niik@Febeeec-28upiners |
bor ane- cat al%%ed reacti ons were fé)r Cexaggl e revi ewed by Del oux and_Srebni k

[ Chém REtie @erespgading OlSERHRS Bras38e epmperadi ofcgfngry strichues iXeay
chiral andikh,ed uehaizehe aBripolnéX anPérerdlsthrtite XdahdXb b 4h as3he Chem Soc.

Chem Comrun. 315, 1981; E.J. re Am %em . 109, 79 1987] .
Exanpl o SOBPOUE e strisfie fteg Bad paib Sh X163 91 XfkE o7 $0e35, 5K @ehol & i n
XXIb. Depending of the composition of the mixture, the desired epimers XXIa, IXa, Xa,
Xlaa, or XIba are advantageously separated by commeon purification methods known to

20 the skilled person in the art before proceeding in the reaction sequence.

The separation, isolatip\[l-, and purification methods of the present invention include, but
are not limited to chromatography, such as adsorption chromatography (including
column chromatography and simulated moving bed (SMB)), crystallisation, or

25  distillation. The separation, isolation, and purification methods may be used
subsequently and in combination. Column chromatography, useful for the separation of
vitamin D analogues of the present invention is well known to those skilled in the art of
pharmaceutical chemistry. The technique employs a column packed with a stationary
phase, for example silica, such as pretreated silica onto which sample to be separated is

30 Joaded. 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 irreqularly (e.g. stepwise over time. Pretreated silica gel, well
known to & 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

35  is but one example of an elution program that produces the desired separation. Other
suitable eluents Witl 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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give a m x"ur _of i mers 15 of the correspo al cohol s™ f of med,

such3as $‘Hl§h-c@9ﬁ36‘é|‘ﬁt$§t'6ﬂ‘sr g}@ &r &P(51)r defin2888). )@asafar@@dl%no'@ica'sﬁ'@ﬁe%et he
conpoundgy te Br@P&fation B BUEy'phoXphéiifles®, ba@éd aHQne %%yIEHSn of %@(Xémﬁt% of
general structure Xlaa and Xlab or Xl ba and Xl bb, such | a and
enolate derivative of trialkylphosphonoacetate using mag nesmm chlonde—tnethylamlne
followed by decarboxylation [D.Y. Kim, Synth. Commun. 1996, 26(13), 2487-2496; B.
Corbel et al., Synth. Commun., 1996, 26(13), 2561-2568]. Another approach is based
20  on the reactions of a-halophosphonates with esters promoted by a soluble Co(0)
complex or by magnesium metal [F. Orsini, Synthesis, 2002, 12, 1683-1688]. Many
other procedures are described in the literature and can for example be found in

references cited in the above articles, e.g. by D.Y. Kim et al. and by F. Orsini et al..

25 The Wittig-Horner reaction is usually performed by mixing a compound of general
structure IXX, XXII, IIla, I1Ib, VIa and/or VIb, XIlIa, XIIIb, XVa and/or XVb with a
phosphonate and a base in an appropriate solvent. The addition of reagents may be in
either order, though the addition of the base as the last reagent to the stirred mixture
can be advantageously depending on the base used.

30
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 X1I by agueous extraction from the reaction mixture.
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2- hal o- 1% cyc anone, oro-1-cyct propy g one
2- br ono-¢ther, dlethyl ether 1,4- dloxane, diethoxymethane, 1,2-dimethoxyethane, or

tetrahydrofuran, and other solvents such as acetonitrile, 2-methyltetrahydrofuran,
15 diglyme, monoglyme, NMP, DMF, DMSO, or acetates, such as ethyl acetate or 2-propyl
acetate, or halogenated solvents such as dichloromethane, chlorobenzene, or water, or

mixtures of said solvents.

In a preferred embodi\n:éht of the invention the reaction is carried out under phase

20 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 hydrogensulfate, such as
tetrabutylammonium bromide or chloride, or tetrabutylammonium hydrogensulfate.

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

30  sodium hexamethyldisilazane (NaHMDS) or hydrides, such as sodium or calicium hydride,

or alkoxides, such as sodium ethoxide, potassium tert-butoxide, or lithium tert-butoxide.
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35 0 11mhB3ns2dhokkteQrT Br4odih is usually used in an equimolar afeunt or in molar

15  excess with regard to the aldehydes, such as 10% excess, or 30 % excess, or 50 %
excess, or 65 % excess, or 70 % excess, or 80 % excess, or 90 % excess, or 100 %
excess, or 150 % excess, or 200 % excess, or 300% excess.
The base is usually used equimolar or in molar excess with regard to the phosphonate
VII or XX1I1b, such as 10% excess, or 30 % excess, or 50 % excess, or 65 % excess, or

20 70 % excess, or 80 % excess, or 90 % excess, or 100 % excess, or 150 % excess, or
200 % excess, or 300 % excess, or 350 % excess, or 400 % excess, or 425 % excess,
or 450 % excess, or 500 % excess.
The optimal reaction ;Rditions for the Wittig-Horner reaction, such as the solvents,
bases, temperature, work-up procedures, stoichiometries, or the reaction times will

25 depend on the starting compounds, e.g. the groups R, and/or R; in the aldehydes of
general structure Ila, IIIb, Via, VIb, XIIIa, XIITh, XVa, or XVb, and the group R¢ of the
aldehydes XX1I1, and the phosphonates VII and XXIIIb, e.g. the groups R; and Rs.
The stereoselectivity (trans-selectivity) of the reaction may be controlled by the reaction
conditions and the choice of the phosphonate VII and XXIIIb (groups R; and Ry).

30
The oxidation of the compounds of general structure XXIa, wherein R; is hydrogen and
R; is hydrogen or preferably a hydroxy protecting group, such as tert-butyldimethylisilyl,
to a compound of general structure XXII may for example be performed with pyridinium
dichromate {(PDC), Dess-Martin reagent, pyridinium chlorochromate (PCC), N-

35  methylmorpholine N-oxide (NMO), such as N-methyimorpholine N-oxide on silica,

tetrapropylammonium perrhutenate, for example in dichloromethane.
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~ DVBO, Sor agestsuek as§*mehylacéﬂeertd¢yamamwteobuhez-qsutmwl halegesidd e, ctisride with

= hal ogenat I r N&yitQ" Water, or

L m xtures eggt@glb o%%ﬁtq;M%ﬁg]gsC%Pg erre'gfmﬁgo%nr?gn%%%% gmltnventlon t he
react i on triethyiphopelitout under phase 20 transfer conditions using a mxture

© of water h a
Ui tabl ¢ iR PBAREOATEN LR ot OAPHAR R2id B S Cin A0 SR04
t et r abut ymdihmﬂ%ﬁwyufﬁok?% Vql}aﬁﬁfcﬂ@ 6. JhQu- o@bmwllﬂaz &7, sTtﬁBIQ W87, and
t et I Jlut Vi -AIraRid: HPe8 LT (e Aoéunt%meQ:faLsQ%foﬁ@x%%:l@gff?_‘o iR Yhivative, s

. hydrogensul fate. 25 Suitabl e bases rner reaction |ngfude
hydr oxi dea§ S%Lhiﬁyidgh'uﬂ"e‘?rr'&é’lukw'tém%nl um hydr oxi des e.g.

t et rabut yl ammoni unhydr oxi de, or alkali rret ai hydrOX| des, such as sodium

2 hydr oxi de ot assi um hydroxi de, or group el enent hydrOX| des, such as

© M(OH) 2, THEPRMRYRY éHEFéB%EY@ES’P%'FF‘%Qf%‘F%U@HUWCR%H“G@A strugkuie KT\ Fambe e

- bases | ncém@edd@wdumn@nyamyré 5@,@1@ ﬁ@@ﬁb?ﬂ;@@%y%@Eﬁ?@ﬂe%ﬁ@&n%tédﬁﬂﬂmc30
sodi um hexarret h | di si |l azane rggeg dri des, such as sodi um or cal cium

hydr ifbe, D¥rO9l9eny guch asuRge H?ﬁsé’{eh'ﬁlﬁpﬁg pr'd‘F%@s POMWIE tolenf dieride, or
l'ithium t@ebzplshaxb§lwnthJ&@GFdZI@DbatM@naﬂ%mﬁ)@waﬁndwl-éﬂtﬁ&d)%a%oi 3Ad/bhe

;ggg{ : 82 éactﬁgl%rmaét ane)f[9r0}gh%hem t1|9gé,|?1r,r1%r3 S?Catsl escnl:\)lgdl 1%tpa?l gronr'\/t he

43. No.20, 4609-4619, 1987 or in WOB87/00834. The undesired hydroxy epimer formed

during hydroxylation may be removed by the general separation and chromatography

20 methods described herein.

Calicpotriol hydrate can be obtained by crystallisation of calcipotriol from aqueous
solvents, such as foFEYample by methods described in WO 94/15912.

25  EXAMPLES

General;
All chemicals, unless otherwise noted were from cormmercial sources. For 14 nuclear

magnetic resonance (NMR) spectra (300 MHz) and 13C NMR (75.6 MHz) chemical shift
values (8} (in ppm) are quoted, unless otherwise specified; for deuteriochloroform

30 solutions relative to internal tetramethylisilane (§ = 0.00) or chioroform (5 = 7.26) or

deuteriochloroform (56 = 76.81 for 13¢C NMR) standard. The value of a multiplet, either
defined (doublet (d), triplet (), 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 gei optionally using the flash technique.

35  Preferably the silica was from Merck KGaA Germany: LiChroprep® Si60 (15-25pum).
Appropriate mixtures of ethyl acetate, dichloromethane, methanol, hexane and

petroleumn ether (40-60) or heptane were used as eluents unless otherwise noted.

,"'!f



conditions and solvents used. Typically for the reaction of conpounds of
general structure Vla and/or Vib, or XVa and/or XVb, reaction tenperatures
above 50C should be avoided. Suitable reaction tenperature fof gtii{g 2006
-Wttig- Horwér2epgesssicon of Via and/or 5 VIb, or XVa and/ Orl’cﬁﬁkzt}@inﬁw%d} t he
range of -80C to 50C, such.as -50C to §0C, such as -30C to 50C, suc

-15C to 40C, such as -5Cto 35C, such as 0Cto 35C, such as 5Cto 30C, such
as 10C to 30C, such as 15C to 30C, such as 10C to 25C, such as 5C to 20C
Sui t abl L&t i H fIxXX XXI,
[11a, | ﬁxgsaxgregcaﬁme.a@feg lgirl{ed){nr?&{?ﬁe%r(it%\ %e'lc'):l% ?ﬁogaﬂﬁ:,? C, §such as 10
50Cto Zhﬁ)@&ptlodﬂh-ltl\mlzﬂ,zﬂﬁ mmcﬂweatsomaﬂ@d’am \&e&cumeéﬁthervﬁ%no&upbs as - 15C

5¢ 1o 30E R Tt §RgR elaRerag el a0t B G5B 5 25 sueh

as 5Cto 20C The phosphonate VII or XXIlIIbis usually used in an equinol ar

Theurgt q;re Q ﬂ@ gr 15 excess with regard to the al dehydes, such as 10%
excess, cess, or % excess, or 65 % excess, or 70 % excess, or

80 % exd@ssycloc B il 150 % excess, or 200 %
excess, 0 s ase is usual | y used equi nolar or in nolar
excess A ﬁ h‘e—myr@s honate WVII or XXl IIb, such as 10% excess, or
30 % exdémprmanéma%cewte@gndmmw%)eﬁd@ésswaeradd?.-ﬂ sTiwl9oteacabsyreardt 80 %
excess, 9 ﬁ}&g VAN A S %.excess,
or 300 %q{h%%(e?)sjéorﬁ @6“ g}qke&(‘%'ggéz% %BYIB)[' gk’?’egs C%§Fe4 90/%)ex99§%‘*t?' 'gr 450
% eXdessgmioe (80D gYdrescbeane. (156 nﬂbwuth&nrrrr@aketenpmg Honttinbperaiire belowh2s°C.

Wttig- 'ﬁ{eqﬁfxtér%%é &ﬂretﬁﬁ?gn&ﬁ& E@ riRbLS RliRwed By B f&flﬁ@g gt‘lf’ﬂlroﬁ é)fw_{tk up

procedures st oi chi onetri es, e reaction ti1nes on the
start i ngvater{RRhad, felloyediaye gmmsofmonmmd mdrm:hifhe? aﬁd:l&ﬁﬁj@ﬁ @t general
struct ur\,e? HE ﬁo llnk)l lﬂfeﬁhgﬁhe\/ﬂ%peﬁt{ﬁ@bel&|2|5bC W@ordji’n;é%/@ase% se!b%r LRUP R6 ™

of the , d honat es

roups
R3 and RMBS*TFHéV'@I@?éﬁ‘é‘%QL@éPWM Wm%wﬂsé\!a&m ¥RPQ migra tterbearrcbﬁ@mvm ﬁgy be

contyrol I\ﬁﬂh Qbétér"(@sb@%% "R or ane Bhaser\ﬁasaﬂﬂntceﬁc@mé&a iRlvabi®rPirsppenat e Vi |
and XXI I | 5& r oups The oxidation of the conpounds of eneral

st ruct urkos O'V\mérte|QH’Q%CY%°FH9BY'D’gé<He@ﬁHYP"R§Ph§Wrﬁ)yar%@el?foafo"tﬁ aide
hydr oxy Qftet£cid 61 WhRvasedadd 850 oA tivd il ldhrisSinitlire was refluxed for

approximately 3 hours. More water (2000 ml) was added to the reaction mixture and the

title compound was extracted with methylene chloride. The solvents were removed in

20 vacuo to give the title compound as oil. The *’P NMR, and mass spectrometry data were

found to be in full accordance with structure. 1H NMR (CDCl5):
4,16 (m,4H), 3.21 (d;2H), 2.20 (m,1H), 1.34 (t,6H), 1.11 {(m,2H), 0.98 (m,2H) ppm.

Preparation 2:

25 2-cyclopropyl-2-oxoethyl)phosphonic acid dimethy! ester
Compound VII {Rj, Ry = methyl)

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

trimethylphosphonoacetate instead of triethylphosphonoacetate. The *'P NMR, and mass

spectrometry data were found to be in full accordance with the structure. 1H NMR
30 (CDCi3): 3.80 (d,6H), 3.22 (d,2H), 2.17 {(m,1H), 1.11 {m,2H),0.98 (m,2H) ppm.

Ex‘amg|e 1;

enyl)-9,10-secopreqgna-5(£),7(F),10{19)-triene
35 Compound Va (R;, R, = tert-butyldimethylsilyl)

A mixture of- (2-cyclopropyl-2-oxoethy!)phosphonic acid diethyl ester {compound VII /
Rs, Ry = ethyl} (46.0 g, 209mmol)}, 1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20(S)-



to a conmpound of general structure XXIl1 may for exanple be perfornmed with
pyridinium dichromate (PDC), Dess-Martin reagent, pyridiniumchlorochromate
(PCC), N 35 nethyl norpholine N-oxide (NMJ), such as N-nethyl ndrbol 2086

N- oxi de on WiQ2100%095336et r apr opyl anmoni um perrhutenate, for pexanel 0@3,6(;_92

di chl oronethane. 1 8 0 C T 2006 WO 20055095336 PCT10K20051000203 Qiih
Wttig reagent XXlIlla can be prepared according to the nmethods described in
Chem cal Reviews, 1995, Vol. 95, No.6 and J. Org. Chem 2002,. 67, 1580-1887.

The W tioh@yHorna&kch g5 i h {- a@% ed om corrpound
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Arbuzov reaction ﬁ g %‘?%ggmm triethy hos It Eou pling
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i n Clgem ﬁ&ked?ﬂ\ﬂcﬂm&or aﬂ;ﬁﬁ&xlm‘é@ély oflé ,hoNOfoﬂow@dl by stifNri a@ﬁ'ﬁlen@@@%per@?ure
1580- 18867?&?%%9/ %‘ﬁ cited é@ A suitable base is for exanple
an lithi Iov%fg es[?@ﬁt'o‘ég"—“‘% lg6(litg bey qof'}Pi‘%‘iﬁ B checked 9Y I"\Pf-ﬁl um
)I—(llysl/r oxyl p:tdlmﬁn meedssh oassha«ﬂsqwlzanxmnoﬁro:ghaerﬁ@@gm%-@ﬁ ﬂeﬁn?éﬁélct@ﬁ ét»lft u[)e

a can, chi ro a or exanpl e a
sel eni t e*fiEdd %(an‘ye&y\f\%c@patigﬁﬁy%fox f F%ﬁ“’glss?&;fiﬁggéoarfﬂ r TR BHAS B8 ¢ i ong
devel (r)]ple(éably%d-laml ene I\\fasgacgmstteb tS(pHemB as @yla@mt(oﬁet%hg?émd@@% \lsblhho&ﬁa? and
N- et ol 1.ne oxlde_ .l n t and/ or I chl oro tane
17g Y, TRRREeAREE @ietadyts balett RRTE 18 Siorh R aseat orerpRed
No. 20, 4GU6wdd b thel &8Ftian of ImaMS'(E@@ﬁBéhndThahanﬁle(&I?Oedi)hydé e»@anappme forned
during h ed b en aratlona
chr onat oY PafsF k¥l TRy a B EABY et et SRR GRS sOM R et pe

obt ai ned(1ap ror)yamdaisatumeﬂl equarfus sationpbydrogén Earbonatq20usi). e vegdnd; such as

for exaf@énse#a ietmeﬂ%%woe&cg &e\@ng,%%?%% difBET N R ra' Al

chem cal 5, herw se not e rom conmerci al- sour Ces.
nucl Ear methanol (500 ml) and hexane (580 ml), and the solution was then washed with water

(400 ml}. The organic solvents were again removed in vacuo and the remainder was
crystallised from tert-butyl methyl ether/methancl. The crystals were filtered off, washed
twice with methanol and dried under vacuum to give the title compound
20(R),1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20-(3'-cyclopropyl-3'-oxoprop-1'( £)-

20  enyl)-9,10-secopregna-5(E),7(E),10(19)-triene {65.2 g, 102 mmol). The melting point,
elemental analysis, UV-VIS absorption, and mass spectrometry data were found to be in
full accordance with tb_:e_structure as described earlier by M. J. Caiverley in Tetrahedron,
Vol. 43, No. 20, p. 4616: 1987 for compound 17. 13C NMR (CDCl5): 200.4, 153.4,
151.8, 142.5, 135.5, 128.1, 121.4, 116.5, 106.5, 70.0, 67.0, 56.0, 55.3, 46.0, 43.7,

25 40.2, 40.1, 36.4, 28.7, 27.4, 25.7, 25.6, 23.2, 22.1, 19.3, 18,5, 18.1, 17.9, 12.1, 10.7,
10.7, -5.0, -5.0, -5.1, -5.1 ppm.

Example 1A:
20(R)},1(5),3{R)-bis{tert-bu

30 enyl)-9,10-secopregna-5(E),7(F),10(19)-triene
Compound Va (R,, R, = terf-butyldimethylsilyl)

To a solution of (2-cyclopr0pyl—2-oxoethyl)phosphonic acid diethyl ester (compound VII /
Ra, 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

35 additionally for 3-4 hr followed by addition of a solution of 1(S),3(R)-bis{tert-
butyldimethylsilyloxy)-20(S)-formyl-9,10-secopregna-5(£),7(£),10(19)-triene
(compound IIIa/ R;, R; = tert-butyldimethylsily!) (2 g) in THF (3 m!) beiow -50 °C. The



magneti c resonance (NWR) spectra (300 MHz) and 13C NMR (75.6 MHz) chem cal
shift values (6) (in ppm) are quoted, unless otherw se specifi¢g; 0 (o006
deut eri ochl orof or m 30 sol utions relative to internal tetramet hyl sil ane (6 =
0.00) or chworedsamm3fs = 7.26) or deuteriochloroform (5 pcrerldesionnzod3C
NVR) standard. The value of a nmultipleky either defined (doublet (d),
triplet (t), quartet (g)) or not (m at the approximate md point is given
unl ess a range is quoted. Al organic solvents used were of technical grade.

Chr onmat ggaaRIMwHEStirR&] S@iBRkI9 Fosh hi %@mﬁﬂso@@tém@w Mswgzst eplfofshhe

technique. 35 Preferably the silica was from Mer Ger many: Li Chroprepp
5160 (15ePBprature wamhelspdtedite f?ﬁ"sattﬁmeéfaétfm@wwgfzate@%lf%actlancqiﬁsmﬂ%ftdw

et hanol gon{pfetRMeny2ReLC m:e.he_trtmrséchﬁrs 66@5 il BV . S
el uents unl ess otyﬁerwl g%& not e ! @ﬂbs@%ﬁgrggg/ I63@336 33

PCT/ DK2 0ty glebsian a§§7ﬁ>&5%r’?‘?¥€ﬂ?/§Fh\6%ﬁ‘?BﬁtFllgﬁsz fe¥Hr di ng mel ting points,

el engntal analysis, U/-VIS absorption, 1H NVR, and nmass spectronetry data
wer e, unl ess ot herw se not ed, as described by M J. Calverley in

Tet r ahed?@ARIEAP: 43 No. 20, p. 4614-15, 1987. 5 Preparation 1:

(2-cycl %MM&MMM&MEM@M%@?QWMI | (R,

R4 = eth 90_/18| Eam%%‘g»s&?{%%’f%o(; 3I ori d(raI ((jQL?ﬁ)Z N 125g) was added slowy

toam

triet hylgﬂ_ﬂ@hﬁnmag:agjge g(e&l&m@r_n_%ﬁmet hyl 10 am ne (310 g) in toluene
(1600

m th sti k t bel 25C. Th t

St1 ribeq 1ot SSHHEh of (8RR POV BB e e P SSSRIACOTES VA £ o1
\r/]\1/a§ er <(:| X0 RE)eth§iol(1 Saays dm)ﬂ'H—IHTQDGEMI)G\{&facﬂ@ﬂI%BIt@Gseﬁgijoxhhﬁlbémm{sw (250

an epper at.yre pel ow ani c
phase was 2%%%9’&?‘@8“‘“%%‘9{38%% %ﬁo %{ﬂg’bﬁ HayP %S8IHF'8?|°(§¢§-{%)45 ’ in .
1200 rr’]d hisltert-bubyidindibylsilydetyd-@ 01S)-fartriy| W%ecbﬁ:@@ﬁa*ﬂ(ﬂ,?(ﬂibemmtg;mm&qohase '
was then, ¢ v S SSi VO 0.gi,xe
3-cycl opg SR@E&Q& E@ Z%ﬁox@pﬁg}é&%ﬁ "J)?&Byl SY@ E?&p'-‘f o] ﬁe@&'ﬁﬁ?ﬁ’ '5€s¥ér as an
oi | .15\at Bre neasticddasisiintéd fdrjherdornt hér bhlewcnSD °grechdt thies 308 kit @k e2W&€ beé&frbuxed

for app{hggélﬁﬁél%lt%e?im&oé’lé\%te&@& ?oc)’?'ﬁtt% 9199 8%')“%%%@%9&1‘%‘593%0“ gﬁe"& ' on

m xture d was ex ene The
sol vent sfenserapletion by HELE [Column LiChrosorb S| 60 5 ym 250x4mm frorn Merck, 1.5

mi/min flow, detection at 270 nm, hexane/ethylacetate 100:2 (viv}].

20 Example 1C:

enyl)-2,10-secopregna-5 7 10(19)-triene
Compound Va (Ry, Ry = tert-butyldimethylsilyl)

To a solution of (2-cyclopropyl-2-oxoethyl)phosphonic acid dimethyl ester (compound

25 VII / Rs, Ry = methyl) (1,51 g) and THF (16 ml) was added NaHMDS (3.2ml, 2M in THF)
over 10 min below -50 °C and stirred further 4 hr followed by addition of a solution of
1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20(S)-formyl-3,10-secopregna-
5(E),7(E),10(19)-triene (compound IIla / Ry, R; = fert-butyldimethylsilyl) (2 g) in THF
(3 ml). The reaction was stirred additionally for 2 hr below -50 °C and then 2 hr at -25

30 °C before the temperature was elevated to room temperature overnight. The reaction
was checked for completion by HPLC [Colurmn LiChrosorb Si 60 5 pm 250x4mm from
Merck, 1.5 mi/min flow, detection at 270 nm, hexane/ethylacetate 100:2 (v:v}].

Example 1D:

35  20(R)},1(S),3(R)-bis{tert-butyldimethylsityloxy)-20-(3"-cyclopropyl-3'-oxoprop-1'(£)-
envn-g,lo-secobreqna-S( £),7{£),10(19)-triene
Compound Va (R4, Ry = tert-butyldimethylsilyl)




20 vacuo to give the title conpound as oil. The 31P NVR and nmass
spectronetry data were found to be in full accordance with strughij
NVR (CDCI 3): 4.16 (m4H), 3.21 (dl), 2.20 (m1H, 1.34 (t, 6H) 2@@0

0. 98 (m 2H) waprmosndsspar ati on 2: 25 (2 cycl opropyl I - 2- oxo E %honl c
acid dinmethyl ester Conpound VII 454 = methyl) The sarre pro YYYE as in
Preparation 1 may be used, but usi ng i met hyl phosphonoacet ate i nstead of

tri et hyl phosphonoacetate. The 31P NVR, and nass spectronetry data wer e

(@ oy, 75350 i SEERARTE bR ALY el B Tometadine 10

20(R) R3, R4 = methyl} (1.08 g), 1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20(S)-formyl-9,10-

) eyl )5BS P HAN PR W (G L 1 Lo o

tert- but(>1| # ﬁiattﬁlylle@? (€23 )’“'A Wﬁtﬁt (ﬂr & g}, tetraboyiyl apropidm 2roxide (Ay h)g)htmphom C
d dw 4 |
Ei((:IS) Sgl( %O}ag'{ s(t Eelﬁm but yI di met g?4 xy§g %tbr(% Q%ﬁ%c( 4% %E’g‘bﬁgv%g& 3“

2005/ 095%aBChEckeDie goyTRe oy Blg? [ olumn LiChrosorb Si 60 5 pm 250x4mm from
fornyl - %é&k8f<sqar/%gﬁﬁa&§ Brelin alPtolh géia%@?et{'l@{aegcgfwcg?d bl J)].Rl R2 =

tert- butyldinethylsilyl) prepared accor ver
Tetrahedron, Vol. 43, No. 20, pp. 4609- 4619, 1987 (72.2 g, 126nm)|),

tol uene #L30Q¢iBh)3: water (122 m), tetrabutyl anmoni um brom de (3.13 g),

and sodi um roxide solution 27.7% (128.0 g) was 5 stirred at 30C for
appridki nHSes Rbﬁﬁ(WG?JP”*?/M"I"SWJ:F"H?%?Q(EM@'W‘ Stbisespregngper at ure  (15- 25C)
over ni ght(z) \Wen14 @J’tﬁ@ﬁél on vvas judged to be conplete as checked by HPLC

[ Col um Ll Chr osor. 50x4mm from Merck, 1.5 m/mn flow, detection

at ZYOnﬁmﬂ%@tbfé*ryBaC'eqeﬁ E”tﬂ?@“?t Y§i%)-0, water was added (500 m). The
pH of thﬁ(S)mapbus@@mbuwwmem&uwdkwmé)k&nw&981@38co%r@ghaaddl tion of -

phosphor tion 99 _keeping the te ature bet ween
Do 20e " ML g ie et ipaby Bla) & K oy B G EBOLTEY GF of hexane
(20018L) phdois®hbAsEe in(tbil@nalusing Hhehratgnisariphasensias romaedmshed with a
m xture of water (670 m), saturated aqueous sodi um Ch{?l’l de
chromatography of the crude product to give the title compound. +2C NMR (CDCl):

204.8, 148.1, 139.7, 135.4, 122.7, 118.2, 111.1, 71.9, 67.3, 55.4, 51.3, 49.6, 46.0,
45.9, 44.6, 40.1, 28.6, 26.3, 25.7, 25.6, 23.1, 22.3, 18.0, 18.0, 13.4, 12.2,-4.9, -5.0, -
5.3 ppm.

.

20

Example 2:

20(R),1(S),3(R)—bis(teg:butyld imethylsilyloxy)-20-(3'-cyclopropyl-3'-oxoprop-1‘(E)-
enyl)-9,10-secopregna-5(2),7(E),10(19)-triene.

Compound Vb (R,, R, = tert-butyldimethylsilyl).

25 The same procedure as in Example 1 may be used, using 1(S),3(R)-bis(tert-
butyldimethylsilyloxy)-20(S)-formyl-9,10-secopregna-5(2),7(£),10{19)-triene
(compound I1Ib / R;, R, = tert-butyldimethylsilyl) as the starting material, except that
the preduct may be purified by chromatography instead of crystailisation to give the title

compound. 1H NMR (CDCl5): 6.78 (dd,1H), 6.24 (d,1H), 6.16 (d,1H), 6.02 (d,1H), 5.19

30 (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:
35 1(S),3(R)-dihydroxy-ZD(S)-formyLQ,10—sec0pregna-5(2),7(E),10(19)—triene
1IIb (R4, R, = hydrogen).




(120 m), and saturated aqueous sodi um hydrogen carbonate (20 ml). The
organic solvents were renoved in vacuo and the remai nder was di ssolved-fn a
m xture of 15 methanol (500 m) and hexane (580 m), and the $8I106i@8% was

t hen washedw@i2n¢r/opaisér (400 nml ). The organi ¢ sol vents wepetagabes/geemeved in
vacuo and the remai nder was crystalljsed fromtert-butyl nethyl

et her/ net hanol. The crystals were filtered off, washed tw ce w th nethanol
and dried under vacuumto give the title conpound 20(R), 1(9),

3(R) - bits¢}, o= B (e HuTRL IR EWENY 2028 (3HmfivS  OR:ec8PMgna. - 0xoprop-1' (E) 20
enyl) - g?é)t)?(;gco??egnﬂ( E), 72%1%?19)???“ eng é65. 2 g, 102 nrnol). The

mel ti na(%b?({ﬁ)',lo L eHisredconpanis it / - §r 5 tpsbyiyidigiethdsy NS spectrometry
dat a Werdpakatibi3 heeyose B8brofadtdd Wil afEaRPELhWiloRubieast r'@g%g 16 gh& theskll bed
earlier by M J. Calverley in Tetrahedron, Vol. 43, . 20, p. 4616, 1987
for corpo@adnd 7Ib (RC RyVMRh{IDARE) cong®On4]. 1HEBMR (COIE:); 8,581¢R1), 6135. 5, 128. 1,

121 4, N i . Q, ) 5 vl 6,0, ) . 1,

36,3, S0 04108y, 50 40 Joo iy badymi s 48 Gty 2485 Ga .

10. 7, 2189 (dd,2H), @.44 5 226 (5, 2H), 26.01- biF#® (BxEHp), & -19(d,3H), 0.60 (s,3H) ppm.

20(R), 1(S),3(R -bis(tert-butvldinethvlsilyloxy)-20_(3'-cvclopro

ovl - 3" -oxoprop-1'(E)- 30 enyl)-9, 10-secooregna-5(E), 7(E), 10(19)-tri ene
Conpoudampleg ], R2 = tert-butyl dinethylsilyl) To a solution of

(2-cycl LaiRs 1 . L O BC] i.et . ) Vil | R3,
R4 = etlﬁg]v'gﬂgflgﬁﬁé&a%ﬂdrﬁ: E? ?gﬁﬁw s q%%gdfr K@Hﬁ%}g ?gﬁé&&ﬁ?&é@ﬂa |
hex@ne A1 104 3hEjene3. 2ml, 2Min THF) over 10 nin below -50 C and stirred

35 addidoh@ahb e @, B; 4 Hydrd owed by addition of a solution of
1(S),3_(I_R)-bis(ter§i{1 ;& Wardgen)
[

but yI diTRESATESRPERABYS Ps 3 EHMPlsrinippy be 18sede H5ioct Fa- K REAIMYERXY120(8Y) - t ri ene

(c0rmom&%;hld,@é-s&oprﬁenaﬁszzqunwb%ﬂqgim@nay L:§ffn|5>}éhﬂd (@b PR, R, EHydechen)) bel ow
-50 C. .The 1 8 OCT 2006 WO 2005/ 095336 PCT/ Dh2005/ 000203 40 reaction was
sti rredoRErenagREan I sothestgntingdnalgials exeephiat s pre BRy bepuifigddYr e t he

t enper ot er ni b } .was
By o ahifiattGtacy RS of Gy pQASGTIGRINE Rleihidling, TOE MASRIOAD. NS
Mer ck, 20083,rill52a3. 47T .0M 2. 4t 366 18- 2t 12940, ddy - hdldrd/ 4.-hySa8ebaile3100: 2
(viv)].46.1, 45.2, 42.8, 40.3, 40.2, 29.0, 27.4, 23.5, 22.3, 19.5, 18.7, 12.3, 11.0 ppm.

Preparation 5:
20  1(S),3(R)-bis{trimethyisilyloxy}-20(S)-formy 1-9,10-secopregna-5(Z},7(£),10(19)-triene.
Compound I1Ib (R;, R, = trimethylsilyl).
1(S),3(R)-dihydroxy-26(S)-formyi-9,10-seco pregna-5(2),7(£),10(19)-triene
(compound IIIb / R;, Rz = hydrogen) from Pr-eparation 4 may be reacted with trimethyl

silyl chloride in the presence of triethylamine in dichloromethane. The obtained raw

25  product may be purified by chromatography to give the pure titie compound. 13c NMR
(CDCY3): 204.7, 147.8, 140.1, 135.2, 122,9, 118.1, 111.4, 71.4, 67.0, 55.4, 51.3, 49.5,
46.0, 45.7, 44.6, 40.1, 28.7, 26.3, 23.2, 22. 3, 13.4, 12.2, 0.0, -0.1 ppm.

Preparation 6:

30  1(S)-tert-butyldimethyisilyloxy-3(R)-hydroxys~20(S)-formyl-9,10-secopregna-
5(E},7(E),10(19)-triene
IIIa‘(Rl = hydrogen, R, = tert-butyldiméthyl silyl), and
1{S)-hydroxy-3(R)-tert-butyldimethylsilyloxy -20(S)-formyl-9,10-secopregna-
5(E),7(E),10(19)-triene

35 Mla(R;= tert—butyldimethylsiiyl, R; = hydrogen).
1(S),3(R)-bié(térﬂbutyldimethylsilyloXy)—ZO(S)-formyl—9,1-O—secopregna-
5(B),7(E),10(19)-triene (compound IIla / Ry , R, = tert-butyldimethylsilyl) may be




5 Exanpl e 113: 20(R)

1(S), 3(R) -bi s(tent-butyl di nmet hyl sil vl oxy)-20-(3"'-cycl opropyl - -oxE)E2 ?)E 1' (E
)- enyl)-9.10-secopregna-5(E).7(E),10(19)-triene Conpound Va ( 20
tert-butyl dwoesaohsybessicyl ) 10 To a sol ution of PCT/I)IQOO:;/OO(}zos
(2-cycl opropyt - 2- oxoet hyl ) phosphoni ¢ aggd diethyl ester (conmpound VIT / RS,

R4 = ethyl) (1,51 g) and THE (16 m) was added NaH (265 ng) over 3 mn bel ow
-50 C and stirred additionally for 2-3 hr followed by addition of a

sol ut i orpzRfiall dapréfeed with tetrabutylammomum fluoride to give a mixture of the t
bis(tert- butyldlrret%sury é/ -20(S)-fornyl -9, 10-secopreg na->5 65 7 (E), 10
(19) - t r | CAPOUNEH ARG HRIMPRTPLE e"'VRE'V%HtI@K » Fat hudreeemy B Fgmpoymisiofg) i n

THF13M )thbehiowire P8byChe sé{ﬁraﬂé@ byefirh® BhrdRatSdrapheth §ive li:bl%rfrsgc@irong oF'EPebel ow
-50 C and then 3.5 hr at -25 C before the tenperature was elevated to room

t.enper attiffeecasvraunidg itla (Rhe hs@h@qemﬁzwa@rtehwmetﬁymly@pMNm (@mdm HPLC
Col wm
Ejet ecti oér;gg'?& g%r@ 5§| ne% %Sﬁégﬂgtgoﬁwggﬁi((/s v))]’ ‘?O(tg"g 2g'wlc
20(R), 1(®), IEQ F% 8§|(§@,t156¢ 2. Eat(ydduH&ez BYI-s2. BQI(Ux;’d)i},zx)u 3 1-3g/ohagmpy1133 - 0X0pro
1 (E Va (R, R
Do ) SR AR POR RgR o R Blgd 8 ] SRErPIROL DG

(Rg cg{zl mwghetﬂyﬁﬂsﬂﬁtm#l Hyribespi) Ok eIvERC Grgc)u yretdwyld, Bsy, @rao @9 % ZgMVII /
n Was In
THF) ov@nﬁi)(b%nq? Sojeﬁ,)o 55@5'@" 404{ 'T(':j?‘éd‘}ﬁ?r(f%éﬁ?@ 7%‘13@“13\3&32 by addition

of adsol (ddj ), @f45 — 2.30 (m,2H), 2.12 - 1.31 (m,14H), 1.13 (d,3H), 0.86 (s,9H), 0.59

1(9S), 3(R).-his(t -hut vl di met hyl si | yl oxy)-20(S)-formnyl -9, 10- secopreg na

5( E),7(§)sj%(§?§§6r r%neegr?corrpound l[1la/ RlL, R2 = tert-butyldinethylsilyl)

(2 g) in THE (3 m). The reaction was stlrred addi tionally for 2 hr below
-50 C anéjxag lﬂgQSZ hr at -25 30 C before the tenperature was el evated to room

t enper at i ght. The reaction was checked for ceapletion by HPLC
[ Col umm umawdaemwlssvlwmadmmmhﬁ "‘Mycokropyl-53"-odobrom 1 Epanyl)-

det I O I ate 100:2 (v:v)]. Exanple 1D 35
20(R), 1( )16 E{‘;&S?ﬁ% Sggxﬁb%g ic}% @1% %/I sil vl oxy)-20-(3"-cycl opropyl -3' -oxopro
p-1' ( E) C@nwl)m@\fiﬂ_izseéwgr@gnaRB(:E)?ffﬁ@ldmtmlﬁﬂ‘ll) i ene Conpound Va (R R2 =
tert- bUt'méjéefmé Byclcﬁﬂll.lﬁél Qs in Example 1 may be used, using 1(S)-tert-butyldimethyisilyi-
3(R)-hydroxy-20(S)-formyl-9,10-secopregna-5(F),7(£),10(19)-triene {compound Iila /
R; = hydrogen, R, = tert-butyldimethylsilyl) from Preparation 6 as the starting material,
20  except that the product may be purified by chromatography instead of crystallisation

gave the title compound. 1H NMR (CDCl): 6.75 (dd,1H), 6.50 (d,1H), 6.14 (d,1H), 5.84
(d,1H), 5.00 (s,1H), 4:92 (s,1H), 4.47 (t,1H), 4.22 (m,1H), 2.85 (dd,1H), 2.62 (dd,1H),
2.43 (dd,1H), 2.29 (m,1H), 2.15 - 1.15 (m,15H), 1.11 {d,3H), 1.06 (m,2H), 0.87
(s,9H), 0.86 (m,2H), 0.59 (s,3H), 0.06 (s5,3H), 0.04 (s,3H) ppm.

25
Example 6:
1(S)-hydroxy-3(R)-tert-butyldimethylsilyi-20{R)-(3"-cyclopropyl-3'-oxoprop-1’( E)-enyl)-
9,10-secopregna-5(£),7(E),10(19)-triene
Compound Va (R, = tert-butyldimethylsilyl, R, = hydrogen)

306 The same procedure as in Example 1 may be used, using 1(S)-hydroxy-3(R)-tert-
butyldimethylsilyl-20(S)-formyl-9,10-secopregna-5(£),7(£),16(19)-triene {compound
Hia / 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),

35  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. '



1 8 OCT 2006 WD 2005/ 095336 PCT/ DK2005/ 000203 41 A m xture of

(2-cycl opropyl - 2- oxoet hyl ) phosphoni caci d di net hyl ester (conpoungl (el iiile RS,
R4 = nethyl) (1.08 g),

1(S), 3(R) - bwgY 2085/425B3st y| di net hyl si |l yl 0) Cy)-20(S)-formyl -9 ptq-mmgﬁ:,,ooozw
secopregna-5(E), 7(E), 10(19)-triene (coggound Illa / Rl, R2
tert-butyldinmethylsilyl) (1.28 g), toluene (15 m), vvater (1. 2 m), tetrabu
yl amoni um brom de (49 ng), and 5 sodi um hydroxide solution 27.7% (1.54 m)
was stirred at 33C overnight. The reaction  was checked for conpletion by
HPLC [ Columm LiChrosorb Si 60 5 pm 250x4mm from Merck, 1.5 mi/mn flow,

det ecti 2ol nm hexane/ et hyl acetate 100:2 (v:v)]. Preparation 3: 10
1(S), 3( Rk a(s)ﬂ(mmﬁ(vérwbmtimmmwwm) -2301(38:@&%& P-ckdpapcopnegna-
5(Z),7(E 0 )-trlne Conpg % =tert but yl di mret hyT'silyl).

L For nyl - 9, 10- secopr egna-
5(E) 57( Elmjﬂdatﬂ)vmral aemevﬂmtm%m& ﬂeHLmWIdmethR%uﬁ)tert butyldineth rlsilyl)
sin anthr cene as

may be 1 t oi ri,sed in tolu riplet sensitizer
o | ovedk HRouR o AEuEP R 31> pHED DplRo b devbrger (dasthonprdt Brpoina
égc?,NNSRSR@@U@/)H (30294 185),349- H!S(t%r%&:u‘t’ﬁﬂ:h%@hwﬁlgﬂ yia@)-Do(Stbrdyl-3 hb- 1, 71.9 e o
23. 1. 225e§°prf§”?)’5(é)87@:) 1%81%'“5‘?29?% 2-gfldycts. (80'6‘90””‘% ‘géﬁﬁ'ﬁ\‘ﬁﬁé%a%hp 2
|20|( R), )l(iﬁ)t—blB:&Iﬂ)méulhg(sﬂﬂ) i(346tg)l (dompetrs Ii:aa and 14 b described in M. J. Calverley,
y -20- 1,0 [0)4 op-1. -
enyi 5 b, OSSR Yoharaant) 20y o EISTHI S, b tolvenm el 35 ) -
t er t - but feb@butiyl ayiwiniyh)bro@ieT1e0 ks g)iemndrsodatiu hedraside ra;oEXianﬁl?@%L (BRynibe used,
usi ng 1( | $4o z ) | oxV) 0- secopreg
a5 2) "o B ST anlbkhTER BblF o Pt regdioR v fuled b o .
t ent - but gdropletetdsydherked hy HELE Iﬂ@olgtrmrlllftlrrrgsmrhtf‘erGOaH pme3afpnm frat Metek, product ™
my be pyrki ] he
Ftl e obianlRn My AR MY, e3hRtn e RhE ThE2 {35, o fdatied ™
6. 025 d, G_JI-QP mB. Tiee pH of the reaction mixture was adjusted to pH 8. 5 9.5 by addition of
phosphoric acid sofution (ca. 20%) keeping the temperature between 20-25°C, The
organic phase was separated followed by the addition of MTBE (90ml), water (600 ml),
saturated aqueous sodium chloride (60 ml), and saturated agueous sodium hydrogen

carbonate (10 ml). The toluene phase was separated and the solvent removed in vacuo
20  without heating (preferably below 30°C) to give the two epimeric SO;-adducts VIIla and
VIIIb / Ry, Ry = tert-butyldimethylsilyl as a solid mixture predominantly containing VIIIa
as checked by TLC. The two epimeric S0;-adducts VIIla and VIIIb could be separated by
chromatography. Crystaﬂlne VIIla could be furthermore obtained by tituration of the

solid mixture with methanol. 1H NMR (CDCls) VIIIaf Ry, Ry = tert-butyldimethylsilyl =

25  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 (s5,3H), 0.06 (s,3H), 0.05 (s,3H),
0.04 (s,3H), 0.02 (s,3H) ppm.

30 Example 8:

secopredgna-5(£),7(E),10{19)-triene S0,-adducts
Compound XVIa and XVIb (R, = tert-butyldimethylsilyl)

The same procedure as in Example 7 using 3(R)-(fert-butyldimethylsilyloxy)-20(S)-
35  formyl-8,10-secopregna-5(F),7(E),10(19)-triene SO;-adducts (mixture of the two

epimeric S0,-adducts XVa and compound XVb) as the starting material giving the two

epimeric SO;-adducts XVIa and XVIb / R; = tert-butyldimethylsilyl as a solid mixture



30 (d,IH), 4.87 (d,1H), 4.38 (m1H), 4.20 (m1H), 2.85 (dd, 1H), 2.46

(dd, 1H),
(s, 18H),

2.38 - 1.20 (m16H), 1.13 (d,3H), 1.08 (m2H) 0.91 (m21H), 0.89
0.59 (s,3H), 0.07 (m 12H) ppm Preparation 4: 35 18 0CT 2006

1(S), 3(R) - dwyshwsmssZ0( S) - f or myl -9, 10- secopregna-5(2), 7(

I1lb (R, R2 = hydrogen). 1 8 OCT 2006 g\o 2005/ 095336 PCTW@?%%%%OS 42
1(S),3(R) -bis(tert-butyl di nethylsilyl oxy) 20(S)-formyl -9, 10- secopr egna-
5(2),7(E),10(19)-triene (conpound Illb / Rl, R2 = tert butyl di met hyl silyl)

I L e G S B e e e i

( CDCl 3) : arg! Kl epuidpe sgpByFtegl t(VdChIPD’lattJ@rmhy( amfwmesxm c(cmjdlb& furﬂ*ne@@m('es 1H),
g ifg f m t;tm.:m(e& b%"tl_l%_lpgt%ﬁ)of tRe §'|3§ ﬁlﬂ%ﬁlng) rﬁo(f]dlag 'F?M ?) (n}txture (2,

1(S), 3( R)hem@w@@eﬁﬁd(lgs)@%mwww RB“- &extzapmtamumetwbsnydhyoo 39, 10- secopr

LO 1 %d
o ocour bae) {FLE) 11O o 211903, EOTR0vIe oh ok 28 el I ROSTNGHE S

f or nyl - 964:6- §‘é€0|§f5éi3rﬁ§ %(%0#75? 9%9B155-6t bb.3eR8.2 d@@dﬁnﬁ 39.9.539. 7R14 4R2 =
hydr ogeny4 ngPB@para@ts o5, §\oas, w@ 5% 81 by g z@‘ﬂ} %fs'@' EXLeRt a{ % 3khe

produces-

P e 2 ha, 2y é‘fc%@ao%rp@

I'Sati on

uri X 15 chronat ogr aphy |nsté “of cry
ABEENMRE( ED 379, 1205 18,9, 11222, 1119,41708, -51@2. 2,

133 5, 1g§m3, 124.7, 117.4, 111.8, 70.7, 66.8, 56.1, 55.5, 46.1, 45. 2,
42 40. 3, 40. 2, 29. 0, 27.4, 23.5, 22. 3 19.5, 18. 7 12.3, 11.0 ppm
Prepiaoratlon 5: 20 1(9), 3(R) - bls(trlmethylsHyI oxy) - 20(8)-forrry

1-9, 10- sma 5(Z) 7(E), 10(19)-triene. Conpound Illb (R1, R2

trlmsthyl 1 f -dih droxy-20 5) - forrryl-9 10 seco
pr egna_ A DA Ul :d =111} ‘-31 OIDH '!L - '_' p- 1y f';_ ¥iid 0, 108 om
Pr epar at $é@:ﬂgﬁbgﬁﬁﬁ(§§ (B ed)-vidna tr| met hyl  silyl chI oride in the presence

of triet iyl ol oefyh il S Qiiskangy Jfip bt i ned raw-—_

i5

20

25

30

35

A mixture of ETH655 (2-cyclopropyl-2-oxoethyl)phosphonic acid diethyl ester
(compound VII / R, Ry = ethyl) (22,4 g), 3(R)-(tert-butyldimethylsilyloxy)-20(S)-
formy}-9,10-secopregna-5(£),7(£),10(19)-triene (compounds XIlla / R, = tert-
butyldimethylsilyl) (27 g) prepared according to M. 1. Calveriey, Tetrahedron, Vol. 43,
No. 20, pp. 4609-4619, 1987, toluene (328 ml), water (35 ml), tetrabutyl ammonium
bromide (0.93 g), and sodium hydroxide solution 27.7% (38 g) was stirred at 33°C for
approximately 1 hour. When the reaction was judged to be complete as checked by
HPLC [Column LiChrosQLIJ Si 60 5 pm 250x4mm from Merck, 1.5 ml/min flow, detection
at 270 nm, hexane/ethylacetate 100:2 (v:v)], water was added (150 ml}. The pH of the
reaction mixture was adjusted to pH 7.8 by addition of phosphoric acid solution (ca.
20%) keeping the temperature between 20-25°C. The organic phase was separated
followed by the addition of water (2000 ml), saturated aqueocus sodium chloride (36 ml},

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

rernoved /n vacuo. 13C NMR (CDCls) (compound XIVa / R;= 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, 45.5,
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,

Examnple 10:
1-Cydopropyi-4-{4-triethylsilanyloxy-7a-rmethyi-octahydro-inden-1-vi)-pent-2-en-1-one
Compound XX (Rs= triethyisilyl}

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

o



25 product may be purified by chromatography to give the pure title
conmpound. 13C NVR (CDClI 3): 204.7, 147.8, 140.1, 135.2, 122.9, 118.1, 111.4,
71.4, 67.0, 55.4, 51.3, 49.5, 46.0, 45.7, 44.6, 40.1, 28.7, 26180023008, =22.
3, 13.4, 1Ww0Q2005/0053360. 1 ppm Preparation 6: 30 PCT/DK2005/000203

1(S) - tert butyldlnethyIS|Ionxy 3(R) - hygdr oxy- 20(S)-fornyl -9, 10- secopr egna-
5(E),7 (E),10(19)-triene Ma (Rl = hydrogen R2 = tert-butyldi ndthyl silyl),
and

1(S)-h ]
3 DA A b PR e o
hydroger‘i’)‘oemﬂ) osphpiicisicil digihyL gter {campet g Vi }/ o dYcy rz@(l 62 g) in THF

('S)- f or mghem &mewreamp&&}ea%@. ShOLERNog 8 0fre ﬁ&mwﬂ tdrlBomiRl, R2
= tert- butyI di net hy 006 WO 2005/ 095336

PCTI DK2G03/e5bestsd W'E'Ps hﬁ%ﬁﬂﬁ éfﬁ{ Wbeﬁ}ecﬁréefﬂ'é@hm was &itergdhyauahaiier @el £ 1 uor i de

to gsve aﬁdrﬂoﬁééﬂtﬁht@d irf mubltb bRe &&mmua% @Qd trnlaaqwmlpr)ot ected derivative
ound may be separated by

[1la ( I o en‘%S
Lol o RS R g 674405 GHY. DAY, fO atbotags. M (R

= hyd | d | CDCI3): 5 9 59 (d, 1
6. 50 239‘?’?8 (85&1?3; %édﬁidgowm lgﬂtw)ﬁ&"w(?q 6}1-)"%%( 4. 48)(t 1H), 4.( 24 i
(m1H), 2.88 (dd,IH, 2.62 (dd,1H), 2.50 - 2.30 (m2H), 2.11 - 1.30 (m 14H),

1 13 (da,réggéﬁgn ©: 88 (s, 9H) 0.60 (s,3H), 0.06 (s,3H), 0.04 (s,3H) ppm and
gRl = ert- yl d |, _R2 = hydrogen) 1H NNR (CDCI 3) 9.59
(d, 5¢ Xy-7a-meihyl d it ' r1r(S

2 . pent-2-ey H),
420(m01 287(dd 1H) 2. 52 10(dd 1H), 2.45-230(m2|—|) 2.12 - 1.31

(m 14H), 13 q 0.59 (s,311), 0.06 (s,6H ppm Exanple
5:15%&&%%—%%” SMB R “h dro () tyy y () y

xy- ZQ( R)(16FR)aypLiepr-apyro-2-indaep(&1p3 4, OB7 €Ny Wes miked with MTBE (100 mi) ™
? ’ea' ,([) : Eﬁf & défgrglfq:h%e@ Eftao)%zahere(a%%)i ig t%ol?owedr@y H’\ dad\é% (nRg¥ N Nh(YIethy%ane- a

15 borane (16.0 ml, 1.85 eq.} at that temperature. The mixture was stirred until no more

evolution of hydrogen could be observed. 1-Cyclopropyl-4-(4-triethylsilanyloxy-7a-
methyl-octahydro-inden-1-yl}-pent-2-en-1-one (compound XX / Rs = triethylsityl) from
Example 10 (19.0 g) was dissolved in MTBE {80ml) at room temperature and then added
dropwise to said mixture at 15-25°C over 2 hours. The mixture was stirred for ca. 10

20  minutes after complete addition and then quenched with saturated aqueous NaHCO;
(100ml!) and extracted with hexane (200ml). The organic phase was separated and
washed with 1 M hyd[gEhloric acid (4X120ml) at 0-10°C followed by washing with
saturated aqueous NaHCO; (100ml) and water (50ml) giving the mixture of compound
XXIa and XXIb (Rs = triethylsilyl) in a molar ratio of 87:13 as checked by HPLC analysis.

25  {Column LiChrosorb Si 60 5 pm 250X4mm from Merck iml/min flow, MS-detection,
hexane/ethylacetate 90:10 (v:v): RT XXIa= ca. 9.9 min, RT XXIb= ca. 8.4 min}. *H-
NMR (CDCl3) XXIa / Re=triethylsilyl: 138.0, 128.3, 76.6, 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,

30 17.4,13.5, 6.7, 4.8 ppm.
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The sane procedure as in Exanple 1 may be used, using

1(S)-tert-butyl dinethylsilyl-

3(R) - hydroxy-20(S)-formnyl -9, 10- secopregna-5(E), 7(E), 10(19) -tri eh8 U@édﬂuﬁound
Mo/ R = hydrogen, R2 = tert-butyldinmethylsilyl) fromPreparation 6 as the
starting material, 20 except that the product may be purified by

chromat ogiCapHYS i nst ead of crystallisation gave the title conpound. 1H NMR
(CDbCl3): 6.75 (dd, 1H) 6.50 (d,1H), 6.14 (d,1H, 5.84 (d,1H, 5.00 (s, 1H),
4:92 (s,1H), 4.47 (t,IH), 4.22 (m1H, 2.85 (dd,1H), 2.62 &Gd,ll—l), 2.43
(dd, 1H), 2: QQ“%WP!HfPr@aI'BQaqo”l@%’ﬁ]quﬂ)‘ﬂaisqﬂd(itﬁ‘é%w Mg, YHBH), 0.87
(s,9H), 0x@@a(m8|-&v1a0x59b(&>§t%s pBetBiy S, 3H), 0.04 (s, 3H ppm 25 Exanple
6: 1(S)- hydroxy (R -tert-butyl d| met hyl si |lyi-20(R)- (3" -cycl op
ropy) - 3" -oxoprop-1' (E)- ényl 9,Q0- secopr egna- 5( E), 7(E)%10(19) -t
Conmpound Va (R1l = by W nethyl silyl, R2 = hydrogg e /same
procedure as in sed, using 1(S)-
but yl di net hyl si | 3Q- secopregna-5
(conpound Ma / R et hyl silyl, R2
Preparation 6 as the stafti ng material, except that-the~product nay be
purified by chromatpggaphy instead of crystal | i satijonqgave the title
conmpound. 1H NMR : 6.76 (dd, 1H), 6.49 (d, 1H 35 6.14 (d,1H), 5.85
(d,1H), 5.06 (s, 4.95 (sydH), 4.49 (m1H, 4.19 (m1H, 286 (dd,1H),
2.52 (dd, 1H . 2. 1.20 (m17H), 1.12 (d,311), 1.0 m 2H), 0.88 (m 2H),
0.86 (s,9H), ,31-1), 0.06 (s,6H) ppm 1 ¢ 2006 WD 2005/ 095336
PCT/ DK2005/ 000_ 44 Exanple 7: 20(R), 1(S)
3(R) -bis(te yT O hyl si | yl oxy) - 203’ - Bpropy - oxoprop-1' (E)-
enyl)-9, 10- gcopr egnamSi(lE) 7(E), 10(19)-tri ?r/%g SO, - addu(gtRé 5 Conpound VI1la
and VIIIb (R . R = tert-butyldinethylsilyl) A mxture of

(2-cycl opropyl - 2- oxoet hyl ) phosphoni ¢ acid di ethyl ester (Conpound VIl RS,
R4 = ethyl) (30 g)

nd VIb / Rii




tert-butyldinmethylsilyl) (34.8 g) (conpounds 14a and 14 b described in_ M
Cal verl ey, 10 Tetrahedron, Vol. 43, No. 20, pp. 4609-4619, 1987), ﬂ(&ﬂlﬁn‘!@ﬂﬁ
(350 M), water (35 n), tetrabutyl a®oniumbromde (1.01 g), and sodium
hydr oxi de solution 27.7% (35 mM) was stirred at 33C for approximately 1.5
hour. Wen the reaction was judged to be conplete as checked by HPLC

[ Col um LiChrosorb Si 60 5 pm 25®x4mm from Merck, 1.5 n1/m'nf|ow,
detection with M5, hexane evyyl dcetate 100:2 (v v)],"'- 8 > added 15 (160
m ). The pH of th : i N xt\ure was adj usted tp p by addi tion
of phosphoric 3 - i ng

20-25C. The org ? q

(90M ), water (6 ~ saturat ed aqueous sod
sat ur at ed @h ous F,l um hydrogen carbonage (1f
separ at ed d th vent renoved in vaguo?20
bel ow 30C) t/ glqu_lthe two epjqreric S02- ady
tert-butyl digettyl'silyl as a solid mxtur

as checked by
LAt

of MIBE

: ride (60°m), and

rEI) The tol uene phase was
thbut heating (preferably

S VIlla and VIIIb / Rl, R =
edbini nant | y X8Rt ai ning Villa
VIlla and VIIIb could be
separ ated by at ogr aphy. Crystall i ne could be furthernore

obt ai ned by ti of the solid m xtur'e Q net hanol. 1H NVR ( CDC13)
VIlla/ Rl, R2 = tert-butyldimethylsilyl = 25%.73QRgd, 1H), 6.14 (d, 1H), 4.69
(d,1H), 4.62 (d,1H, 4.35 (s,1H), 4.17 (m1H, 3.92 (d,1H, 3.58 (d,1H),
2.61 (m1H), 2.29, (mlH) @.2- 1.2 (m1eH, 1.11 (d,3H), 1.05 (m2H, 0.90
(m2H), 0.87 (s, 9 W85//(s,91-1), 0.68 (s,3H), 0.06 (s,3H), 0.05 (s, 3H,

50

0.04 (s, 3H) 1) ppm 30 Exanpl e 8:

20(R), 3(R | silyloxy)-20-(3"-cycl opropyl - 3" -oxoprop-1'(E)-
enyl)-9, 10 ¢ (E),10(19)-triene SO, -adducts Conpound XVla and
XVIb (R = - bt yl d| met hyl silyl The sane procedure as in Exanple 7 using

3(R-(tert- bt di met hyl si |l yl 0) Cy) -20(S) -

opr egna-5(E), 7(E),10(19)-tri ene S02-adducts (m xture of the
two epi rreri C 302- addygts XVa and conpound XVb) as the starting material
giving the two epineric S02-adducts XVla and XVIb / R =

t ert - but ymdiensin Ry [apd IRy lare sheasaoe iod difffereniraod Ire reSe@Th 200G VD 209d0895336

PCT/ DKZOO%&QWQrOﬂE, and wherein Rs represents hydrogen or a hydroxy protecting
group;
the method comprising reacting a compound of general structure Illa, IIlb, Via,
VIb, XIlla, XIIlb, XVa, or XVb, or IXX respectively,




predom nantly containing XVla as checked by TLC. The two epineri &ﬁ@ﬁ
-adducts XVla and XVlIb could be separated by chronmat ography. ers ?@%
XVla could be furthernore obtained bggtituration of the solid mxture with
met hanol . 13C-NMR (CDCI 3) (m xture of the two epineric S02-adducts XVla and
XVIb / R tert-butyldinmethylsilyl) 200.3, 5 151.6, 151.4, 149.8, 149.2,
130.5, 130.1, 128.3, 128.1, 126.6, 126.3, 110.5, 110.0, 67.4, 66.7, 66.6,

66.3, 58.0, 57.9, 55. §57® 55.3, 55.2, 46.3, 45.5,™* , 39.7, 34.4,
34.1, 33.9, 31.4, . 80.5,029.6, 29.1, 27.3, 27.41, f26.Y¥~ 25.6, 25.1,
24. 4, 24.1, 23.6, 2.4, 21.9, 21.9, 19.4 .g{ 18.4, 17.9,

$9. .34 18
17.9, 13.9, 12.2, @
20(R).3(R)-(tert- E :
| yl oxy) - 20- 3C1cyclogq0pyl-3'-oxoprop-l'(f7 enyl|J-9 10-
secopr egna-3t¢ ). 10(19)-triene CD”DGDQA?XIV (R =
tert-butyl di fet hytsilyl) 15 \Agmixture of EPHES
(2-cycl opr op¥l - 240x0et hyl ) phosphoni ¢ aci d /di etlhyH ester ¥bBbnpound VI1 / R3,
R4 = ethyl) (2¢ 3(R -(tert-butyldi metNg#sil yl oxy) -20(S) -
fornyl -9, 10-se| ggna-5(E), 7(E), 10(19)-tri ¢ onpounds Xllla / R = tert-
but yl di ne \Si g) prepared according toNWM 1. Cal verl ey,
Tetraheolrtgdrq%],zj Vol . 43,@ﬂNo. 20, pp. 460RA19, ~19870R,0l uene (328 nl), water
(35 m), tetrabutyl ammonium 20 brom de (0.93 g), and sodi um hydroxi de
solution 27.7% (38 g) was stirred at 33C for approximately 1 hour. Wen the
reaction was judged to be conplete as checked by HPLC [Colum LiChrosrb S

0.8, -5.0 PPM 10 Exa
difret hyl si

60 5 pm 250x4mm from Merek, 1.5 m/mn flow, detéetion at 270 nm
hexane/ et hyl acet at e} 10p: : ). The pH of the
reaction m xtur ab-ad] : i.dn of phosphoric acid
solution (ca. ! @ Ben 20-25C. The organic
phase was separs ol | oned by the addit dter (2000 m), saturated

aqueous sodiumchll oride (36 m), and satura
carbonate (6 m) e organi c solvents were
hd XIVa / Rl= tert-butylding
bs. 1, 119. Xllla1e. 1, 107. 4,
30.9, 28.7, 27.3, 25.7,

ueous sodi um hydr ogen
reqroved in vacuo. 13C NWR
ylsilyl): 200.3, 151.8, 149.8,
56. 1, X5 3, 45.9, 30 40.2,
22.0, 19.3, 18.5, 18.0,




Exanpl e 10: 1-Cvclo Propyl-4-(4-triethvlsi |anyloxy-7a-nethyl-octa hyd ro-i
nden- 1-v1)-pent-2-en-1-one 35 Conpound XX (Rt= triethylsilyl) 180CT 7006
2-(7a-Methyl -4-triethyl sil anyl oxy-octgpydro-i nden-1-yl)-propi onal dehyde | X
(R5 = triehtylsilyl), which was synthesi sed as described in Eur.J. O g. Chem
2003, pp. 3889 1 6 OC T 2006 WO 2005/ 095336 PCTI DK2005/ 000203 46 3895, (2
g) was added to a m xture of Li-tert.-butoxide (0.6 g) and (2-cycl opropyl -
oxoet hyl ) phosphonipc—agi d di et hyl ester (conpound VII / R3, R4 = ethyl) (1.62

g) in THE -B0 C. After conplete reaction the reaction was
guenched (50 mM) and extracted with hexane (100 m ). The organic
phase was d/t hrough silica gel 5 and concentrated in vacuo to give
conmpound XX~fR5=friethylsilyl) as an clear oil (2 g). "HNWR (CDCL3): 6.74
(dd, 1H), 6.1p |C|d 1H), 4.03 (m1H), 2.40 - 0.80 (m21H), 1.06 (d,3H), 0.94
(t,9H), 0.5 6H) ppm Preparation 7: 10

1- Cycl opropy Ifaﬁ1-(4- triixgd hyl si | anyl oxy- 7a- net hyl - oct ahyd
ro-inden-1-yi)-pent-2-en-1-(S)- ol Conpound XXla (Rc= triethylsilyl)

(1S, 2R) - (W)\er@"usRi, Rapbnd RR afadadefingdmt®sey, 0.87 eq.) was mixed with MIBE
(100 m) 15- 25Cfo||owed by the addition of
N, N- di et hyr{anl hﬁgﬂégéggﬁganeg?%gj%w% \?ﬁl 85 eq.) at that tenperature. The
m xture was stlr ed uBtil no nore evolution of hydrogen coul d be observed.

1- Cycl opr opyl - -trijet hyl SI | anyl oxy- 7a-
met hyl - ocRah.yL J; n- ) -pent-2-en-1-one (conpound XX / R5 =
trlethyIS|I 1) fnom Exa e 10 (19.0 g) was dissolved in MIBE (80mlL) at

roomtenperatureoand then added dropwise to said m xture at 15-25C over 2
hours. The m xtude was stirred for ca. 10 20 m nutes after conpl ete addition
and t hen quencheBthvusatur ated aqueous NaHCO3 (100m ) and extracted with
hexane (200mL). The organi c phase was separated and washed with 1 M

hydr ochl oWhereit ReandsRa amihe sameporiditferest paheerreseriasnl iiploalkd.  sat ur at ed

aqueous Na a(l Oﬂkényﬂnﬁkw eara(kk}praidm&w é’}glktyh?l mégwreacﬂfb efyrpound XXl a
and XXl b trie ZISI I in a nolar ratio of as checked by HPLC
anal ysi s. ptlonally substittted 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.

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

R,0" OR,

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 I1la,



25 {Colum LiChrosorb Si 60 5 pm 250X4nm from Merck I/ mn fl ow,

MS- det ection, hexane/ethylacetate 90:10 (v:v): RT XXla= ca. 9.9 g"ﬂrﬁ, ?ﬂ'
XXIb=ca. 8.4 mn}. "H NWVR (CDCI3) XXia / R5=triethylsilyl: 138.0, ﬂ [lg
76.6, 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 / R5= 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, 30 17.4,
13.5, 6.7, 4.8 ppm 35 4 N8 OCT 2006 CLAIMS 1. A nethod of preparing a
conmpound of gener sfrycturva, Vb, VIlla, VIlIb, X Va, Xl Vb, XVla, XVIb,
or XX respecti vel HH HI Hval Vb RO ORL RO, OR2 0\ O HFI

O1 HO\O I HVIIIb R0 ORI RRO' ORL 00O HHIHIH XIVa |
2006 48 0 O rHXVlia 0 rHXVIb

lla
R,0" OR,

wherein R; and R; are as defined above,

with a phosphonate of general structure VII,

0
9

R:;""'O—Fi’
1
Rse wi

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.

3. A method according to claim 1 of preparing a compound of general structure
Vb,




O00OCR1'1 O H OR5 XX wherein RL and R2 are the sanme or different 2
represent hydrogen or a hydroxy protecting group, and wherein R51 Be@? A¥nt s
hydrogen or a hydroxy protecting grogp, the nethod conprising reacting a
conpound of general structure Illa, Illb, Vla, VIb, Xllla, Xlllb, Xva, or
XVb, or I XX respectively, O\O HHHH Ilialllb R0 ORl1 RIO-OR2 1 8 OCT
200b 49 @hgreiMRiandRare the)same gr different ayideaghirgprigserRMydGRENRI@ ORL 0 0 H

H H 1 H X gy ¥rbteRingRbuB 0 \0 0 HH Oit | HOH

the method comprising reacting a compound of general structure IIIb,

R,0"

wherein R; and R, are as defined above,

with a phosphonate of general structure VII,

s Vi

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

in the presence of a base.

4, A method according to claim 1 of preparing a compound of general structure

VIIla or VIIIb respectively,



SOAS HXva HXVvb OR1 ORL 18 OCT 2006 50 O HORS I XX wherein Rl, R2,
and R5 are as defined above; wth a phosphonate of general stru?? §l
O RBOPIIlI --V OR4 VIl wherein Rgzand R4 are the sanme or different and
represent al kyl, hal oal kyl, hydroxyal kyl, al kenyl, al kynyl, aralkyl,

aral kenyl, aral kynyl, or aryl, each being optionally substituted with one

or nore substltuents selecied form Dhe group conS|st|ng of al kyl_, aral kyl,
cycl oal kyl , cycloalkenyl ) hydr oxyal kyl , al kén al kynyl ,
aral kyl , aralkenyl 0Xo0, alkoxycarbo kylgar bonyl oxy,

halogen, al koxy, ca
nmet hod according to
Va, 0 HH Va R200R]

represent hydrogen or '
62" ° 0f
Vllla P
R0 OR, R,0' OR,

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 Vla or VIb

respectively,

wherein R, and R; are 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,
hydroxyaltkyl, alkenyl, alkynyl, aralkyl, aratkenyl, aralkynyl, or aryl, each being
optionally substituted with one or more substituents seiected form the group
consisting of alkyl, aralkyl, cycioalkyl, cycloalkenyl, haloalkyl, hydroxyalky!,



hydr oxy protecting group, the method conprising reacting a conmpound of
general structure Illa, 1 8 0C1 2006 51 0 HHIlia R20 OR1 wiek{nhiim
and R2 are as defined above, wth a glgosphonate of general structure VII,
OIll RBROP O R4 VIl wherein R3 and R4 are the sane or different and
represent al kyl, hal oal kyl, hydroxyal kyl, al kenyl, al kynyl, aralkyl,

ar al kenyl 2lkgpgl RW?Y' am'k\dr%aikeeabhrdiwwg armlppx@,naslk@y/csltmgvi,t uted with one
or nore sHmsftclammro%y,s%egé@%E&marhsx 'SQHP o %9@;%&,3“ ng of alkyl, aralkyl,
cycloalkyl cycl oal kenyl ,~ hal oal kyI", "hy roxyafky , al kenyl, aIkynyI

aral kyl , HPHEﬁ?FWeéFé“E§ﬁyI aryl, oxo, al koxycarbonyl, al kyl carbonyl oxy,
halogen, al koxy, carboxy, sulfo or hydroxy in the presence of a base. 3. A
met hod ac%ordl % to clgim1 of prepari a conmpound of general structure V
b, 0 r 1V %t T g@g to §ga|m lo pre g a compound of general structure

XIVa,

wherein R; represents hydrogen or a hydroxy protecting group,

the method comprising reacting a compound of general structure XIlIa,

Xllla

OR,

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, aratkynyl, or aryl, each being

optionally substituted with one or more substituents selected form the group



wherein R, and R2 are the sane or different and each represent hyﬂrqgﬁnmﬁ; a
hydr oxy protecting group, the nethod conprising reacting a conpou c@

general structure Illb, O H IHnNib 5BL0" OR2 wherein Rl and R2 are as
defined above, wth a phosphonate of general structure VII, 0O R3 Op O R
4 VIl wherein R3 and R4 are the sanme or different and represent alkyl,

hal oal ky| condigtimacmtypsivikyaralky|, iceeigdikylackgiopfkenyhriwlldalkyl, kydabkwatidl,, ar al kynyl ,

or aryl . sReRyDEIGY, Qﬁqmnﬂal%nauasawn% Yl%w G RErBRIE substituents

sel ected form f rou consi st cycl 6al kyl ,

cycl oal keﬁwlcamsems P‘K:y'l‘a'Oﬂ}SfdraHs&)‘w Wpoxvféuff'éﬁyhyd@wynyl aral kyl ,

ar al kenyl in feadrkydhtb of @rbdse. 0X0, al koxycarbonyl, al kyl carbonyl oxy, hal ogen,
al koxy, carboxy, sulfo or hydroxy, in the presence of a base. 4. A nethod
according to claim1 of preparing a conpound of general structure Villa or
VIlIb r esBEAtnhétab&'ac&ﬁdlhg&o@Sl’mZi)Gtﬁpreeriﬁd'Mcbl’fnéo@nd ofigerferdl dttuceS H VI I b
R20 O1 R2 OR1 wherein R, and R2 are the sane or different and each

repr esent Hipdrogen or a

R,0"

wherein R, represents hydrogen or a hydroxy protecting group,

the method comprising reacting a compound of general structure XIIIb,

R,0"

wherein R; is as defined above,

with a phosphonate of general structure VII,

0]
0
R 3—0—F|>
i

Ry wi

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

hydroxyalkyl, alkenyl, alkynyl, aralkyl, aralkenyl, aralkyny!, or aryl, each being



hydr oxy protecting group, the method conprising reacting a conmpound of
general structure Vlia or VIb respectively, 0 0 HeHO0" HHS O 8000 AlbvI b
R201 RZO OR1 wherein R, and R2 are gg defined above, wth a phosphonate
of general structure VII, O11 R3 30-P O Ra VIl wherein R3 and R4 are
the sanme or different and represent al kyl, hal oal kyl, hydroxyal kyl,

al kenyl , apbtgmaly substitbied witapat ke mdre sabditkgmy selecieddpyh thegohipbei ng

opti onal | ¥0,§¥@§]blgfléqlg¢|‘.| EWF&(Q‘ QQQOQFW"P‘{(&?E?WF I ysrf ﬁﬁjrﬁ,&; ﬁgll (formthe group

consi sting alkyl cl oa en I
hydr oxyal RVP"Y'AG'SYQIL’FB% arsweavlkéwwnymgﬂnyxo ad'scawréwbondv al kenyl

aral kynyl ank?rcwbonw@say, l@éllﬁé@?ﬁ/%ﬂ(owné’drboxsﬁ'sli%QahP%Sé{/OXy hal ogen, al koxy,
car boxy, fo or dr ox in the presence of a base. 5. A nethod accor di ng

to claim TWP%P%{S‘&PPH@ S‘Eorrpound of general structure X Va, 0 HH XlVa
ORI wherein R represents hydrogen or a hydroxy protecting group,

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,

wherein R, is as defined above,
with a phosphonate of general structure VII,



the nethod conprising reacting a conpound of general structure Xl|
IH XIla OR wherein R, is as defined above, with a phosphonatq{?ﬁcpﬂm§ral
structure VII, O R3 OP O R4 VIl 8erein R3 and R4 are the sane of

different and represent al kyl, hal oal kyl, hydroxyal kyl, al kenyl,

ar al kyl ,

with one or nore_subs
consi sting of aI%&I,
hydr oxyal lgyl—0 -2l
al koxycar bohyl

hydr oxy,

la, \O H

al kynyl ,

ar al kenyl , aral kynyl, or aryl, each being optionally substituted

al kyl, cycl oal kyl, cycl oal kenyl, hal oal kyl

tuents selected formthe group 1 8 OCT 2006 55

ynyl, aral kyl, aral kenyl, aral kynyl, aryl, oxo,
nyl oxy, hal ogen, al koxy, carboxy, sulfo or

in the esence of a base. 6. A nethod according to claim1l of
preparing a conpgund of general structure X Vb, O rIXIVb RI0O wherein Rl
represents hydroffen onlB hydroxy protecting group, the method conprising
reacting a conpound of general structure Xillb, OH IH

wherein R; and R, are the same or different and represent alkyl, hatoalkyl,
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

wherein Rs represents hydrogen or a hydroxy protecting group,

the method comprising reacting a compound of general structure IXX,

wherein R;s is as defined above,
with a phosphonate of general structure VII,



| XIllb R10 wherein RL is as defined above, wth a phosphonate of general
structure VI, 0 R3 0-P O R4 VII wherein R3 and R4 are the sanme or
different and represent alkyl, haloal ggl, hydroxyal kyl, alkenylﬂib@&@ﬂ$ﬁ,
aral kyl, aral kenyl, aral kynyl, or aryl, each being 1 8 OCT 2006 56
optionally substituted with one or nore substituents selected formthe group
consi sting of aIEiI, al kyl, cycl oal kyl, cycl oal kenyl, hal oal kyl

hydr oxyal kyl , aky enyl]} al kynyl, aral kyl, aral kenyl, aral kynyl, aryl, oxo,

al koxycar lponyls— C nyl oxy, hal ogen, al koxy, carboxy, sulfo or
hydroxy, in*the presence a base. 7. A nethod according to claim1 of
preparing a conmp®und of general structure XVlia or XVIb respectively, Ile O
O FI" HONOI Fil O\ ~OH SS HXVla HXVIb OR OR wherein R represents
hydrogen or a hyBpxy\protecting group, the nethod conprising reacting a

conpound of general structure XVa or XVb respectively, ~0 O
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, aralky!, cycloalkyl, cycloalkenyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aratkenyl, 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 methed for producing calcipotriol or calcipotriol monohydrate according to

claim 9, the method comprising the steps of:

(i) reacting a compound of general structure Illa,

’
“

IMa

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
Ra—O—ﬁ’
O

|
Re v



HH 011 HO\ 1 HS ""HXVa HXVb ORL ORL wherein R is as deflned above
with a phosphonate of general structure VII, 57 1 8 OCT 1006 O &8 AGT 206
OP R4 VIl wherein R3 and R4 are thes9ane 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 optlonally substltuted Wi th one or nore substituents
sel ect ed MHERAIR Reagd Bupre Bersaing phdjfferens pry Ireprgsentialky!. kalealisdl kyl |

cycl oal kenyaroxf@maémx&yl myﬁﬁxy@m@ylara;kameaaémyn@i lswav,h ea%rhadéwd

ar al kenyl , ara oxo, al koxycarbony yl'car bonyl oxy, hal ogen

al koxy, coptRRaly Sg%ﬁtftﬁteérmﬁya%ﬁqur%Svh’?é'tlp?f&éﬁe%teeffor&“ Fagseroug. A net hod
accor di ngcdrBistingioMalkyPfarBikgh 2y di68ka, @@Méﬁ«}l Hal@BEE Rldrotyaued,ure  xx, O H

ORS XX vvh rein R5 re nts h dr ox ro ectlng group, the
Tt hod coRBFIAT HvPaREy SolkBiontioey gerobs Atelerre X O o F
alkylcarbonyloxy, halogen, alkoxy, carboxy, suffo or hydroxy,
in the presence of a base,

to give a compound of general structure Va,

R,0" OR,

wherein R; and R; are as defined above;

(ii) 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;
(iii) optionally separating the compound of general structure IXa from the mixture

of compounds of general structure IXa and IXb;



ORS | XX wherein R5 is as defined above, wth a phosphonate of ggqib&{, '
structure VII, 58 1 8 OCT 7006 O 11 -)t'v R3 OGP O R 4 VII wher A8 and
R4 are the sane or different and repréggent al kyl, hal oal kyl, hydroxyal kyl,
al kenyl, al kynyl, aral kyl, aral kenyl, aral kynyl, or aryl, each being
optionally substituted with one or nore substituents selected formthe group
consi st i n§ivdPhelicispmerigingl thglcomppend af asneralsaichieEaye theeeroppund of

hydr oxyal k¥heral &hl@mé xa,al kynyl, aral kyl, aral kenyl, aral kynyl, aryl, oxo,

al koxycar bonyl, al kyl car bonyl oxy, hal ogen, al koxy, carboxy, sulfo or
hydroxy, in the presence of a ba$#l 9. A nethod of preparing calcipotriol or
cal ci potriol nonohydr t hes nef hod conprising the nethod according to any
one of clainms 1, 3 R, or 8. 10. A method for producing

cal cipotriol or ) vdrate according to claim9, the nmethod
conprising the s ) ng a conpound of general structure Illa,
O HHIlia R20 O whérein R, and R2 are the sane or different and

repr esent hydrogen|orﬂa hydroxy protecting group, with a phosphonate of
general structure¥l1, O

Xa

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 according to
claim 9, the method comprising the steps of;

(i) reacting a compound of general structure IIIb,

b

R0 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,



11 RBOP O11--v O R4 VIl 1 80CT 2006 59 wherein R3 and R4 are the
same or different and represent al kyl, haloal kyl, hydroxyal kyl, 1d k&n3b0g

al kynyl, aral kyl, aral kenyl, aral kynyle] or aryl, each being optionally
substituted with one or nore substituents selected formthe group

consi sting of alkyl, aral kyl, cycloal kyl, cycl oal kenyl, hal oal kyl,

hydr oxyal kyl , alkenylQ al kynyl, aral kyl, aral kenyl, aral kynyl, aryl, oxo,
al koxycar bonyl , Tl kyllgarbonyl oxy, hal ogen, al koxy, carboxy, sulfo or

hydr oxy, iRG%h@—ﬂﬂ a base, to give a compound of general structure
Va, 0 H HVa rein R and R2 are as defined above; (ii)
reduci ng the conggund of general structure Va with a suitable reducing
agent, to give a!conpound of general structure |Xa or a m xture of conpounds
of general structureVlKa and I Xb, CHOH H r HIXb 1 RZO ORl wherein R

and R2 are as_d%fingd above,; _
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,

R,0

wherein R; and R; are as defined above;

{ii) 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,




(iii1) optionally separating the conpound of general structure |Xa fromthe
m xture of conpounds of general structure | Xa and | Xb; 1 6 UCL 2 @ Fﬁ”%
(iv) photoisonerising the conpound of g@eneral structure | Xa to the g

of general structure Xa, OH HH Xa R o0 OR2 wherein R and R2 are as

defi ned above v) when R and/or R2 are not hydrogen, renoving the hydroxy
prot ecti ngh e@“@) pP8Y Repreprifiefinedabgvet he conpound of general structure Xa to

generate (.ﬁﬁbgmcmawIse,baraangltﬁé/tampmdd%rajehur&%&%ké g iR tempalL & potri ol
froma mxture of an organic solvent and water to give calcipotriol

monohydr aPeCOMACUNES PEARReI2 B UFHERREPRGXBal ci potriol or cal cipotri ol
nonohydr atie) me@mlana/drmz aﬁé@\bﬂhﬁdrob&e rarﬁiolon@ m@mﬂhﬁd\/ﬂﬁoié&ﬁn§t9p3 of : (i)
reactlngacon&Bﬁ?é z@_%{nff‘ stru%{iellI [I'lb R o OR2 wherein
R and R29IHHE( ofdnf LeMERYN G ALITER? e‘é‘é‘t‘?’f“rﬁﬁﬁr@&@ﬁ'ewea hydr oxy
prot ecti ngalgibotip); amd h a phosphonate of general structure VII, 1 8 0CT
2006 61 ?v)o . . o . .

ptionally 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 according to
claim 9, the method comprising the steps of:

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

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

with a phosphonate of general structure VII,

P |

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 alky!, 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,



R3OP O R4 VIl wherein R3 and R4 are the sane or different and represent
al kyl, haloal kyl, hydroxyal kyl, al kenyl, alkynyl, aralkyl, aral Kepgty 2006
aral kynyl, or aryl, each being optiogd |y substituted with one or nore
substituents selected formthe group consisting of alkyl, aralkyl,
cycl oal kyl, cycl oal kenyl, hal oal kyl, hydroxyal kyl, al kenyl, al kynyl,

aral kyl , &9 alvRengampeynd| afyaeperal giryftureXHla andioxyEdbbonyl ,  al kyl car bonyl oxy,
hal ogen, al koxy, carboxy, sulfo & hydroxy, in the presence of a base, to
gi ve a conpound of gener’g R{UC'Ure Vo, 0 HHVb “Rio OR widerein R and
R2 are as defined aboye; [ guci ~ structure Vb
with a suitabl e reduslnat L0 give a conpgs structure Xa
or a mxture of NJHTrI X H Xb
2 RHO2 Ro OR2 )
(iii) optionaldy se
m xture ofO,ggrrpou dsflof general struct uqu a ang

=S

romthe

:Structure Xa

H Viiia Vilib

R,0" OR,

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,

R,0" OR,

wherein R; 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,



(iv) when R, and/or R2 are not hydrogen, renoving the hydroxy protecting
group(s) R and/or R2 of the conpound of general structure Xa to gqﬂﬁrﬁm§a
calcipotriol; and (v) optionally cryseallising the cal cipotriol

m xture of an organic solvent and water to give cal cipotriol nonohydrate.
12. A method for producing calcipotriol or calcipotriol nonohydrate
according to claim9, the netho@HKonprising the steps of: (i) reacting a
conmpound of general A and/or VIb, 00 HeHDO S Cﬂ"l/l a Vlb
5 !r ahe the sane or diffefen gpr esent
5
different and repr-'eht al kyl, hal oal kyl, hydrg
ar al kyl , aralkenyl agal kynyl, or aryl, each being optlonally subst it ut ed
with one or nore sdbstituents selected formthe grjolp consisting of alkyl,

ar al kyl , cycloal |, cycloalkgnyl, hal oal kyl, hydroxyal kyl, al kenyl,

al kynyl , ara aralkenyl aralkynyl aryl, oxo, al koxycaXbonyl ,

Nal ogen, alkoxy, carboxy, or hydroxy, in the

1 8 OCT 1006 63 to give pound of general structure

R,0"

OR,

wherein R; 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

wherein R; and R; are as defined above;

{vi) 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

(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 monchydrate according to
claim 9, the method comprising the steps of:

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



HH~~SOHWVIIla O rHVIIIb R20" ORL RRO1 1 wherein R and R2 arf ﬁf
defi ned above; (ii) heating the conpounds of general structure Vi @ L%%@or
VII1b above 60C in the presence of aglgase, to give a conpound of general
structure Va, 0 HHVa 101 R20 ORlL wherein R and R2 are as defined
above; (iii) reducing the conpound of general structure Va wth a suitable
reducing agent, to give a conpound of general structure |Xa or a m xture of
conpounds of general stigucRure IXa and IXb, 64 1 8 O 2006 OHOH Hr H

| Xo R200RI R2OOR) ¢refn ROand R2 are as defineq agbve)
separating the cq d:0f general structure | Xa
conpounds of gengq S cture | Xa and | Xb; (V)
conmpound of gener tru€ture | Xa to the conpod

Via 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,

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, cycioalkyl, cyclealkenyl, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, aryl, oxo, alkexycarbonyl,
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;



general structure Xa, OH HIHI Xa R o OR2 2 wherein R and R2 are as
defined above; (vi) when R and/or R2 are not hydrogen, renoving tﬁ:(@ Z)ﬁ@hoxy
protecting group(s) R and/or R2 of gBe conmpound of general stru r[:
generate calcipotriol; and (vii) optionally crystallising the calcipotriol
froma mxture of an organic solvent and water to give cal cipotriol
monohydr afig.red@ingathreedmarpunds of genkrel stouatereciIiatanidger BHIkG atiti ot ri ol

nonohydr a I met hod conprising the steps of: (i)
reacting a mta%?r&p%trjdﬁb% atgggtng]rﬂ mgt&rst?ytéﬁFe Vla and/or VIb, 1 8 0 0 7 2006 65
00 HFI Q'MePOTH‘PPP'EF’SI-Pf\®“@E"$StMCWr%XHMW/O'R’é@aO?&aW'm ofwherein Rl and
R2 are theyrigshdlof Gehéml SithctaRIXT28RINRABEHNIbE WAHOAEH aRl/o? xhwlroxy protecting
group, with a phosphonate of generaCI)Hstructure vil, O00O-" 11 R3 OP 4

VI | ",

wherein R; and R; are as defined above;

(iii) optionally separating the compounds of general structure Xlaa 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 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, or19g2¥1mﬁach
being optionally substituted with ong7or nore substituents sel ecte orm
the group consisting of alkyl, aral kyl, cycloal kyl, cycl oal kenyl,

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

aryl, oxo, alkoxycarbonyl alkymudrbonyloxy hal ogen, al koxy, carboxy,
sul fo or hydroxy, i e of a base, to give a conpound of general
structure Villa andiof V ;000 H rIHVI H ~SHMVIIb ROl RRO-, OR1

wherein R and
conpounds of geneg
agent in an inert
and/ or Xlba, or a
Xl ba and Xl ab and
OH OH 00O H rHXl 3
defi ned abovg; (U
structure Xl aa

hove; 66 18 OCT 2006 (ii) reducing the
a and/or VIlIlb, with a suitable reducing
, to give conmpounds of general structure Xl aa
i Xgure of conpounds of general structure Xl aa and/ or
or XIlbb, OHOH HrHX HOAS OH Xlaa \/ R20" OR1 R 200R1
H 0S |RaXIbb R20 I R20-, OR1 wherein R and R2 are as
i) optionally separating the conpounds of general
or XIba fromthe reaction m xture;

R,0" OR,

wherein R; 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,

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 crder.

14. A method for producing calcipotriol or caicipotriol monohydrate according to
claim 9, the method comprising the steps of:

(i) reacting a compound of general structure XIIIa,



(iv) heating the compounds of general structure Xl aa and/or Xl ba above 60C
in the presence of a base, to give a conpound of general structure I Xa, 1 0
0012006 67 OH HIHIXa RO OR gherein R and R2 are as deflifridd Hiove;
(v) optionally separating the conpound of general |Xa fromthe reaction

m xture; (vi) photoisonerising the conmpound of general structure |IXa to the
conpound of general sgtructure Xa, OH HIH Xa R O OR2 2 wherein R and
R2 are as defined abovy: ii) when R and/or R2 are not hydrogen, renoving
t he hydroxy protectfngf grdip(s) R and/or R2 of the conpound of general

structure Xa tg : calcipotriol; and (viii) optionally crystallising
the cal ci potri b 8/ m xture of an organic solvent and water to give
cal cipotriol nonahydrate; wherein steps (vi) and (vii) may be in reversed

order. 14. A netfjodsf or produci ng cal ci potriol or calcipotriol nonohydrate
according to claim9, the nethod conprising the steps of: (i) reacting a
conpound of ge ]eral struct*mg Xilla, 68 1 8 OCT 2006

OR,

wherein R; represents hydrogen or a hydroxy protecting group,

with a phosphonate of general structure VII,

Ry v

wherein Ry 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, cycloalky!, 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 XIVa,

wherein R; is as defined above;
(i) hydroxylating the compound of general structure XIVa with suitable

hydroxylating agent,



OH IHXIla ORL wherein R represents hydrogen or a hydroxy protectin
group, wWwth a phosphonate of general structure VII, 0 | II1 R3 OB ¢ R
4 VII wherein R3 and R4 are the sane gp different and represent al kyl,
hal oal kyl , hydroxyal kyl, al kenyl, al kynyl, aral kyl, aral kenyl, aral kynyl,
or aryl, each being optionally substituted with one or nore substituents
sel ect ed togive @reempovng of genera siruejurst Vaal kyl , aral kyl , cycl oal kyl ,
cycl oal kenyl, hal oal kyl, hydroxyﬁikyl, al kenyl , al kynyl, aral kyl,

aral kenyl , aral kynyl, aryl—Qxo,//al koxycarbonyl, al kyl carbonyl oxy, hal ogen,
al koxy, carboxy, sulfp o N-exy, in the presence of a base, to give a
conpound of genera O r HH XIva ORl wherein R, is as
defi ned above; (i e conpound of general structure Xl Va
with suitable , 1 8 OCT 2006 69

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 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,
z, OH

R,0" OR,

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;

{vi) photoisomerising the compound of general structure IXa to a compound of

general structure Xa,



to give a conpound of general structure Va, 0 HHVa RO CRl wherein R
represents hydrogen or a hydroxy protecting group and R2 is fh%ﬁ%%(l i)
optionally reacting the conmpound of ggperal structure Va, where

represents hydrogen or a hydroxy protecting group and R2 is hydrogen with a
suitabl e protecting agent, to give a conpound of general structure Va,
wherein R and R2 are the same oOHdifferent and represent a hydroxy
protecting group; (iv ‘ ng f he conpound of general structure Va with a
sui tabl e reduci ng _-ag & a compound of general structure |Xa or a
m xture of corrpo uctureIXa and IXo, OHOH | H r HIXb
R2OR1 1 R2OOR1L WA NHR re as defined above; (v) optionally
separating the cohgetnd~of general structure I Xa fromthe m xture of
conmpounds of gener g ﬁtructure | Xa and | Xb; (vi) photoisonerising the

conpound of generar structure | Xa to a conpound of general structure Xa, 70
1 8 OCT 2006 O—||H H Xa

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

(viii) optionally crystallising the calcipotrio!l from a mixture of an organic solvent
and water to give calcipotriol monohydrate.

15. A method for producing calcipotriol or calcipotriol monohydrate according to
claim 9, the method comprising the steps of:

(i) reacting a compound of general structure XIIlb,

R,0"

wherein R; represents hydrogen or a hydroxy protecting group,

with a phosphonate of general structure VII,



| Xa Ro OR2 wherein R, and R2 are as defined above; (vii) when R and/or
R2 are not hydrogen, rempving the hydroxy protecting group(s) R and/ or R2
of the conpound of general structure ¥X§ to generate calcipotriol ;| gt 2006
(viii) optionally crystallising the calcipotriol froma m xture of an
organi c solvent and water to give calcipotriol nonohydrate. 15. A nethod
for produehagircBi engas ai-&)thecrrambrcdhffercen't ahd neprebardraditye, lteakylj ng to claim

9, the ne r f r ' of general

ot ruct ur oS r BRI REE, ST SRR B pplky SRARYPRS oo B KR D°0 2
hydr oxy periicetly sgbgjitoteg, witwond onmehe syisbitisangs aélqudémvm trs&t goepure VI, O
1l R3 O- ol L rethesarreor
di fferent &e{]ﬁﬁ’ﬁpg%?skeln\gréllk . C}dﬁa @f‘%ﬂ%@e}%‘yd?‘g?a&yﬁﬁ%@% al kynyl,

aral kyl , @kam%e@igvnvla@ralwrfyﬁlkewl é'iath"‘Yb@éﬁv %, r@@wxdﬁﬂrpgﬁ‘dl |y subst it ut ed

with one akyumb%n%ie@tnawgeéht %Ik%ﬁ}/e&trﬁ&yf QiR bhRydbRyP consisting of al kyl,
aral kyl, cycloal kyl, ¢ cloalkeny hal oal kyl , hydroXyal kyl, al kenyl,

al kynyl , @r”a“FW‘Fse”é?éfRéﬁﬁ‘Fr aral kynyl, aryl, oxo, al koxycar bonyl ,
al kyl car bwwgnb@monfp%hag%ngeaé.%pstyuct@@mxsy, sulfo or hydroxy, in the

resence oO
P Lereln ﬁ‘ is'as defined above;
(i) photoisomerising the compound of general structure XIVb to a compound of

general structure XIVa,

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;



to give a conpound of general structure XIVb, wherein R is as defined
above; (ii) photoisonerising the conpound of general structure X{éﬂﬁ ggﬂ%
conmpound of general structure XIVa, P2 HIH XIVa OR wherein R 0§
defined above; (iii) hydroxylating the compound of general structure Xl Va
with suitable hydroxylating agent, to give a conpound of general structure
Va, 0 Hi¥ serionRipreactprg th epapeurr) ofr gamersd skrustung ¥eowbarebt Ra hydr oxy

prot ect i Ng BEQHEs wmoﬁi-?n bSa hbqu#&ect?r?g &ro%p% U0 Ryaldg¥h v 4 onal 1y

reacting the conpound general structure wherein R~ represents

hydr ogen ﬁf'taQ'%V@F%F%VQ@QSFEE‘t 9iMg adraRouak &f 9&“‘?@' HAH OGP V\Wﬂeﬁe'ﬁ Risui t abl e

Erz otecti R@ncﬂ&l?aﬁe m@dsgfmeeof radlﬁ@magan@i r@freg@m@rra)dr@i\,rmtémmg\éaouwmerel n R ( ;ind
are t ifferent, gnd repres r ox otect|ng group; (v

et ng R RGP BenE el SEbante Ua N U FEEES equct ng

agent, toagange a conpound of general structure |Xa or a m xture of conpounds

of gener &)l gi\sfé I;Juc%Hero%ntlj %?ggrqéjral épuctlgré' IQ; OI‘FEII 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



r HiXb 1 R0 OR1 wherein R, and R2 are as defined above; (vi) opt]iolﬂﬁlia/
separating the conpound of general structure |IXa fromthe m xture 8 006
conmpounds of general structure |Xa ang3 Xb; (vii) photoisonerising the
conpound of general structure | Xa to the conpound of general structure Xa,
OH HH Xa R OOR2 wherein R and R2 are as defined above; (viii) when Rl
and/ or R2('aﬂ)epﬁomallhwdvshglﬁﬂngrtbmadtingtrtolhé'ohyainﬂ)dyarq:)obaleotgarmfgp sofvemtip(s) Rl

and/ or 0 r ucture Xa to generate calcipotriol;
and 1 8 di,T O%gr &7@9‘??@?"’%%89%| %/dré%/stal lising the calcipotriol froma
m xture of an organic solvent and water to give calcipotriol rmnohydr ate.
16. A met h@dAfreéthea @%HGaﬁ&'ch'ciB@Erfdl ol caaps@io@mbﬁwiat &?Ft%ﬁ

according to claim?9 onprising the steps of: react| ng a
conpound 61‘3"@@mé’?%W%‘E?%@Q%P@W%ﬁGP%ﬁf XVb, 0 0 HH. Hio ~H S OAS

aH XVa H Xyhesdihg@tompound of general structure XVa and/or XVb,

wherein R, represents a hydrogen or a hydroxy protecting group,

with a phosphonate of general structure VII,

n
R;—0—P
!
Ry v
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 with one or more substituents selected form the group
consisting of alkyl, aralkyl, cycloalkyl, cycloalkenyi, haloalkyl, hydroxyalkyl,
alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, aryl, oxo, alkoxycarbonyi,
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 represents a hydrogen or a hydroxy protecting group, mﬁbg QW@
phosphonate of general structure VII, 0 R30-PO0 Ra VI wher ei hd Rg] R4
are the sane or different and represenyy al kyl, hal oal kyl, hydroxyal kyl,

al kenyl, al kynyl, aral kyl, aral kenyl, aral kynyl, or aryl, each being
optionally substituted with one or nore substituents selected formthe group
consi sting of alkyl, atal kyl, cyrloal kyl, cycloal kepyl, hal oalkyl,

hydr oxyal kyl, al kenyl , FatRqoyl// aral kyl, aral kenyl ,~aral\kynyf, aryl, oxo,

al koxycar bonyl , Xy, hal ogen, alk ~~sul fo or

hydroxy, in the to give a structure
XVl a and/ or 0 rHXVla 1 wherein H
is as defined ab heati ng the conpounsd cture XVla

the presence of @ basw,_td gi ve a conpound of
XI'Va, 0 HIHX Va QR wher¢ifl R is as defined above;

(iii) hydroxyl atng the conpguynd of genera ucture XlIVa with suitable
2 erll-?, XVib

wherein R, is as defined above;
(ii) heating the compounds of general structure XVIa and/or XVIb above 60°C in

the presence of a base,

to give a compound of general structure XIVa,

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,




to give a conmpound of general structure Va, 0 HHVa R2O-CR1 75 16 OC
2606 wherein R represents hydrogen or a hydroxy protecting group and R2 is
hydrogen; (iv) optionally reacting tf#g conpound of general structid @V
wherein RL represents hydrogen or a hydroxy protecting group and R2 is
hydrogen with a suitable protecting agent, to give a conpound of general

st ruct ur ewtareimReresireserts hydrogen ar @ hyHeoxy aeteoting didubeargii®: iand represent a
hydr oxy pﬁ?argﬁg,{;ng group; (v) reducing the conmpound of general structure Va
with a suitable reducing agent, to give a conpound of general structure |Xa
or a m xt (VeoRforalypeasiing te comapwihdt aqnerr! stiveturky2alieTebRioOH OH | H
FI' 1 Xb  RlepReaRLhydreg@i br Rhyansty Botat@nqfgrodefdnaat, iaboumigeh With #pt i onal |y
separat i ng _t% con%o_und of , general structure I Xa fromthe m xture of
conmpounds>Yf gf‘eﬂfé’ tingi39§Bture 1 Xa and 1 Xb; (vii) photoi somerising the
conpound &f gigeacoaiposhd WEgahéral staudtore g vrEmpia LR thnaf R, ArenNRE 8hmatoruct ure Xa,
H

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,

g OH

R,0" OR,

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;



Xa R O OR2 wherein R and R2 are as defined above; 1 8 OCT 2006 76 gviii)
when R1 and/or R2 are not hydrogen, renoving the hydroxy protectihg0CT 2006
group(s) R and/or Rz of the conpound7gf general structure Xa to generate
calcipotriol; and (ix) optionally crystallising the calcipotriol froma
m xture of an organic solvent and water to give calcipotriol nonohydrate.
17. A net bdd woen Br acl/or Rg acaaheti psiredes, removiab dhe bydiosy pretedimr at e
accor di ngg ;o@p(sc)lrallamd%rmﬁtn@w@omﬁa&a sm%t@é%sto%neéaté reacting a
conpound Of genera struct ure wherei'n RS represents
hydr ogen E¥CiBOWipHr &Yy protecting group, wth a phosphonate of general
struct ure(yf bphéﬁallﬁ%n@taﬁ’ldlﬁd the'&a\%:ura_l iR RorMld miiBFoaRSgaRR sBivedf © the same
al

or differen nd represent alk oal kyl, hydroxyal kyl, al kenyl,
al kynyl , &9 l”l?yil" to givg s@ldpetriobngnelidiate. or aryl, each being optionally
substituted W|th one or nore substituents selected formthe group

i sti | k
Py oxyal B34 Mel iy ProaReAinetfal RyFeIc B RERDT IS SRS B y1 . oxo,
al koxycar blarmyB theaink§H ocladolbgprisiraxthe diegsagfen, al koxy, carboxy, sulfo or

hydr oxy, t 51 reagtlr%rgégmsgu Jo@gene?aq 'structure IXX,

IXX

wherein Rs represents hydrogen or a hydroxy protecting group,

with a phosphonate of general structure VII,

4 Vi

wherein R; and R, are the same or different and represent alkyl, haloaikyl,
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, haloalkyi, 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,




to give a conpound of general structure XX, O ORS XX 1s OCT 2006 77
wherein RS is as defined above; (ii) reducing the conpound of genemgairT 2006
structure XX with a suitable reduci ng7z7agent, to give a conpound of general
structure XXla or a m xture of conmpounds of general structure XXla and
XXIb, OR6 OR6 H Fi HORS XXla ORS XXIb wherein R5 is as defined above
and R6 i sWhetEibBels;as(defingd gpeyesnal | y separating the conpound of general
structuregj dih et 4T ture XXla and
XXl b; (i v§ Psio%%% ec?imn%%pemgal djlg%ggmg?ggcgwgg%d\giho%g?%ﬁ%B%p%u}h:?d of gener al
structuredd8® a with a suitabl e hydroxy protecting reagent, to give a

conpound & gige aedod potihb WE igeh&raketirdatuex Bl dF HRistErelofepdiMdPbPt ect i ng
group and R5 is as define hqove; (v) when R5 is not hydrogen, renoving the

hydr oxy pP%TeéeltﬁtHij:tﬂredﬁﬂaﬁ@ga?XIPhe conpound of general structure XXla to

gi ve a conpound of gener aloﬁtructure XXl a, -wherein I@?Ri s hydrogen; (vi)

oxi di si ng the hydfoxy p ®f the conpound 8tructure XXla with

a suitable oxiqisfng ager structure XXI'l, OR6

ar al

OR, XXla OR

XXIb

wherein Rs is as defined above and Rg is hydrogen;

(iii) optionally separating the compound of general structure XXla 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
XXla, 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 R is as defined above;
(vii} coupling of the compound of general structure XXII with a Wittig reagent
XXIIla or a Wittig Horner reagent XXIiIb,



wherein R6 is as defined above; (vii) coupling of the conmpound of general
structure XXIl with a Wttig reagent XXllla or a Wttig Horner 13:3%
XXI'llb, 78 1 8 OCT 2006 R3 P=0 O R478@P 1 =0 XXllla XXIllb R0 lee%
OR2 wherein R, and R2 represent a hydrogen or a hydroxy protecting group,
and wherein R3 and R4 are as defined above; in the presence of a base, to
gi ve a conpound of-general structure XXIVa, rIXXIVa ORL0O Rio' OR2 wherein
R, and R2 are thg e or different and represent hydrogen or a hydroxy
protecting group; wherein R6 is as defiged above; (viii) when R6 is not
hydr ogen, By he hydroxy protecting gfdup R6 of the conpound of
general strp _%2; (ix) optionally s arating the conpound of general
structure en R and R2 ﬂr_e_@Qtp_?lrogen renovi ng the hydroxy
protecting R, )@(\ R2 of the4conpopnd of general structure XXIVa to
generate cal ci po| ; (XI ) optional Ly cryskghlyg si ng the cal ci potri ol
froma m xture ofl an organlc sol vent andjwater to give calcipotriol
nonohydrate. 18 nmet hod according tolany gne of clains 1-17, wherein R3

and R4 are (C, al kyl. 79 18 OCT 2006 g~ The nethod according to any
one of cl ﬁESB ﬁrel n R3 and R4 @
‘ R,0"

wherein R; and R; represent a hydrogen or a hydroxy protecting group, and

OR,

wherein R3 and R, are as defined above;
in the presence of a base,

to give a compound of general structure XXIVa,

R,O OR,

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

{viii) when Rgis 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;-
Cslalkyl.



met hyl or ethyl. 20. The nethod according to any one of clains 1-19, wherein
R, and R2 represent hydrogen or alkylsilyl. 21. The nethod aCCO{giE? b% any
one of clainms 1-19, wherein R and R278epresent hydrogen or ter Q }U
dinmethylsilyl. 22. The nethod according to claim8 or 19, wherein R5
represents triethylsilyl and R3 and R4 are nethyl or ethyl. 23. The nethod
according to any one of clains 1-22, wherein the reaction with the

phosphonat e, e ﬂ@ﬂﬁfdaéccgﬁdmbcwas@y AAd of GaifRI 1- wdwﬁwemgisﬁd Rbaﬁee transfer
conditions. 24. The method according to any one of clalins 1-22, wherein the

reactlon{MqWV‘YﬁQW&hosphonate of general structure VII is carrled out under
phase-transfer condl tions in a mxture of toluene or xylene and water with

phase {1 afGY I RRMEALOLE T8 o o of FAmorisd ot VHFEIDR O Bngprgrsegt
tetraalkyhamngmmunhmdbwwide as the base. 25. The nethod according to any one
of clains 1-24, wherein the reaction with the phosphonate of general

structure VII is carried out at a tenperature between 10C-50C 26. A
conpound @t. Henmetlodstacociing ® afiyl one & dGlitms 1-R3, Whétreih R dnd\RerepireseRB and R4

are the SQ?ﬁ?ﬁ@?g;éﬁPFE§ﬁmﬁﬂﬁh' [esent al kyl, hal oal kyl, hydroxyal kyl,

al kenyl , nyl , aralkynyl or aryl, each being
optionally substituted with one or nore substituents selected form the group

consi sting I a
hydr oxyal kylofhegﬂgalﬂé)d aﬁ:(:@rldlﬁ}’ to& eﬁ?flﬂ; Whgar%y R§ ttérijg nts,' h’?étg‘ﬁkenypd

ar al kynyl Rs apd/Rs apscmethy l@bﬁVb’ér bonyl, al kyl car bonyl oxy, hal ogen, ~ al koxy,
car boxy, sulfo or hydr oxy, provided that that

23. The method according to any one of claims 1-22, wherein the reaction with
the phosphonate of general structure VII is carried out under phase-transfer

conditions.

24. The method according to any one of claims 1-22, wherein the reaction with
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 VII,

=0

R;—0—

3

0—0—T

4 VI

wherein R; and R4 are the same or different and represent alkyl, haloalkyl,
hydroxyalkyl, alkenyl, alkyny!, aralkyl, aralkenyl, aralkynyl, or aryl, each being
optionally substituted with one or more substituents selected form the group

consisting of alkyl, aralkyl, cycloalky!, cycloalkenyl, haloalkyl, hydroxyalkyl,



t he conpound is not (2-cycl opropyl-2-oxoethyl)phosphonic acid diethyl ester.
27. Use of (2-cyclopropyl-2-oxoethyl)phosphonic acid diethyl ester h@ﬁﬁ%ﬁ
manuf acture of cal cipotriol or calcipggiol nonohydrate. 28. Use oa 06
conpound according to claim 26 in the manufacture of calcipotriol or
cal ci potriol nonohydrate.

alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, aryl, oxo, alkoxycarbonyl,

alkylcarbonyloxy, halogen, alkoxy, carboxy, suifo or hydroxy, provided that that
the compound is not (2-cyclopropyl-2-oxoethyl)phosphonic acid diethyl ester.

27. Use of (2-cyclopropyl-2-oxoethyl)phosphonic acid diethyl ester in the
manufacture of calcipotriol or calcipotriol monohydrate.

28. Use of a compound according to claim 26 in the manufacture of calcipotriol or

calcipotriol monchydrate.



