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calcipotriol {(5Z, 7E, 22E, 24S)-24-

cycl opropyl -9, 10-secochol a-5, 7, 10(19), 22-tetraene-1 a-3(3-24-triol} or

cal cipotriol nonohydrate by stereosel ect1i ve reduction. The present

i nvention further provides novel internediates and nethods for the
synthesis of the internedi ates useful for producing calcipotriol or

cal Ci pot I kot FEUEY YRR SN TRASKEBAWNEN G 3 1HRALBYERET ON Cal cipotriol or
calcipotriene (structure I) [CAS 112965-21-63 shows a strong activity in
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BACKGROUND OF THE INVENTION

Calcipotriol or calcipotriene (structure I) [CAS 112965-21-6] shows a strong activity in
inhibiting undesirable proliferation of epidermal keratinocytes [F.A.C.M. Castelijins, M.].
Gerritsen, 1.M.1.1. van Vlijmen-Willems, P.). van Erp, P.C.M. van de Kerkhof; Acta Derm.
Venereol. 79, 11, 1999]. The efficiency of calcipotriol and calcipotriol monohydrate (II} in
the treatment of psoriasis was shown in a number of clinical trials [D.M. Ashcroft et a/.; Brit.
Med. ). 320, 963-67, 2000] and calcipotriol is currently used in several commercial drug

formulations.

In the preparation of calcipotriol, the specific stereochemistry for the hydroxyl group at C-
24 is necessary for full expression of the blological activity., Under current methodology, the

required stereachemistry is introduced by one of the following methods:



2 (i) non-diastereosel ective reduction of C24 keto-trienes followed by the
separation of diastereoneric mxtures of the C 24 hydroxyl epizrtp,qm} nbe ai ned

via chronmat 87/ 00834 & MJ. Calverley; Tet rah
4609- 19, 19%@8%}?{§7§\é§tachrrent of an enantiopure G 24- hy oxy c%’#"&(ém

side chain to the vitamn D 5 skeleton @MJ. Calverley, Synlett, 157-59,
1990); (iii1) selective enzymatic esterification of one of C 24 hydroxyl
epi ners foll owed by chronmatographic separation (WO 03/060094). The

non- di ast &) eoseliasteicvselediecedoriionf of C24 Kebt-brignasdpikayvedody Hweseppration Of

h
chr omat og&gg{él,.g I O.%?,Q:EE% (%focﬂeq’;f 24 hﬁdr%ggﬂ&{].ln% dg%m%wee vid thiofatdisrapRy

w del y practlce obt ai nin Ired imer. This reductlon

process yBa0@S3ad Mily Ceherignuteiraadiran. 28 (28pi #eP9-d%alhol (typical |y about

60% of t ha.)uﬂmnh%qt 8ﬂaBeﬁ9hm&e angly.- hpd;o&yﬂtérw.ﬁgIstdetcﬂa,rﬁt%&aea«tten{uhg
desired S-éepiner fromsuch a m xture by chromatography on a production

scal e.5 15skeiton(¥rb Sbyasteyi venleYnthE=sPs 1899) is still an unfavourabl e

process f gy saattfelihzgHRitt @stdrFicatio & orﬁet&Ft-QatHVdeo)@W‘@plﬁ%‘ié f@RdledUsy to the
fact that toxic internedi ates are used. The enzymatic esterification process

(iii) haschReaPFaBtateagetoasdtq 0P 960 PPHe high cost of the enzymes

enpl oyed, that it introduces, depending on the selectivity of the enzyne,
1-2 additional reaction steps i.ch d ven furt costs to the process.
R R I R R AT A M SRR R
C- 24 hydr eepdrati@poimbieSegimerit afixtexa (ip isstHeaasstdeig ey dgractidea protuiuastsr ol
derivative 98/ 24800 .and . b |Sh| uro et,.a

115. 117, 6% i“'"‘-}'/r\ﬁb ‘gs"'e SIS e"elgl%‘ PSR ¥'e'z§5§"?i'é'yéﬁ‘§|uﬂ§?ﬁ‘%'élg\zﬁond
anal ogue epineaicclqdiot {typically Abar0st e&ttmjumwarﬁae 225R epmiarinand iitng d8fiallptae

bor ane. hascheg ABSRLIERY By M dun BNALIY b7 nAlnarbdl Bh S prolfllion e

Lett., maj or tec ca S|n
st er eosel ewtié.ve reducti on nmethods for the synt he5| s of~cal ci potriol stens

from jde ﬁ”ﬁ&tste?@@ele{] Be ‘é Ei%%?% il a?n%f%%ﬁ%% chhg RS ?F‘ﬂﬂféﬂge FOBQ such

i nt ernedi at es ESI s of calci potr em ca
as towar dgutd@iep natyc @nd:mlanclmg tottheifact Kagt texie mt@rra@tih@m%ﬂr@azgeqi y

oxi di sed, TRAdniiabtid @.ﬁ&lﬁéﬁio‘r\%a&és)f (mﬁ'@ﬁas SRR RadM, taBaittrTF'orﬁ ¥I|?é ﬂ%lh é;

reduction reaction conditions n? This results in reduced
i npur e pr eGHE ey AEsEsRlBYRd, Bk uﬁmﬁwé@%@epe@,dm@wébﬁ aelegtighy cpfathge-
enzyme, 1-2 additional reaction steps which adds even further costs to the process.
20
The stereoseiective reduction of C-24 ketones directly to the desired C-24 hydroxyl
epimers has for example been described for cholesterol derivatives in WO 98/24800 and
by M. Ishiguro et al., ). C. S. Chem. Comm., 115-117, 1981. The stereoselective
; reduction of a side chain triple bond analogue of calcipotriol with unprotected triene
25  system using S-aipine borane has been described by by M. 1. Calverly et al. in Bioorg.
Med. Chem. Lett., 1841-1844, 3(9), 1993.

A major technical problem of using stereoselective reduction methods for the synthesis
of calcipotriol stems from the fact that the unsaturated triene system of hitherto known

30 intermediates for the synthesis of calcipotriol are chemically labile, such as towards
Lewis acidic conditions, that they are relatively easily oxidised, and that they are usually
not compatible with the typical reduction reaction conditions employed. This results in
reduced yields, impure products and tedious work-up procedures, especially on large-
scale,

35



scale. 35 2 4 AUG 2006 WD 2005/ 087719 PCT/ DK200S/ 000161 3 It is an object
of this invention to provide an alternative process for the syntZteslis2066
cal ci potri oly; L y overcone one or nore of the variou )l e d

di sadvant agg\so%@glg&i? ed above. The present invention provi ]3%{33/5?&5'8@@119{1
process to produce diastereonerically en@iched 5 C 24 hydroxyl epiners of
cal cipotriol derivatives using a novel synthetic pathway conprising a
stereosel ective reduction step. The present invention further provides
novel chefi i8&N aPigRdOE thip amientionte Pradiape sitammakiEe PrREeFaMtBesynidgais9fst em i s
pr ot ect ed caj@ipofridi Pamieh dhRXh e AREYRE or RYorR P i 4KbIdI REbIRRROIRS | cal |y
enriched C 24 h'%/dr ox%% epinmers of calcipotriol derivatives the yield and
the ef fi c4BPIVITRIRS dashEkeliaR?VEseparation 10 of the desired C 24 S-hydroxyl

epi mer MayheeraetinviEntion baNedhs a SPVBR et tol plodIDVERNFIEPbrheridd§ enriched
surpri si n%l% Be{grn flound tharl or’%o,ulzéjs. of. gener al StI’UCtlEII’ e lll h 0 rR OXt5
wher ei n XS £hPETERYIEPINERLT SRR IGS vages usingia IRERITYRURRICRANSY my be

t he same @omﬁkiﬁiﬁ@e@néreasfletmm@seﬁﬁorhytdg.ogaa,pr@erenainvleytdb@x%rtlmrqirgeiaémg
group, 20 _in_an inert solvent w.th a,reducing a r with a reducing, agent
Pn the pr aauslaBenieoly me Ebie dermeripls e v BBl Sentosrninpitae of
general ste unlphnedib)(@eanidutt\/kﬁy oduditif>d 206pe Ak 205 /0 8 ¢74®0 CPEThan05/ 000161
4 OH O eg%’lé_ll's ]éilcélgip§triol derivatives the yield and the efficacy of the subsequent separation

10  of the desired C-24 S-hydroxyl epimer may be greatly improved.
( SUMMARY OF THE INVENTION

It has surprisingly been found that compounds of general structire 111,

15

wherein X represents either hydrogen or OR;,
and wherein R, and R may be the same or different and represent hydrogen, or a
hydroxy protecting group,

20 in an inert solvent with a reducing agent or with a reducing agent in the presence of a
chiral auxiliary,

to give a mixture of compounds of general structure IVa and IVb,



r Hivb X1 1 X'''' ORL which is enriched with |IVa, wherein X &@@gudﬁZ
are as defi ned above. 5 1n a first aspect, this invention relate

met hod for REOS galcipotriol {(5Z, 7E,  22E, 2005

24S) - 24- cycl opr op)f/'?gé 10-secochol a-5, 7, 10(19), 22-t et r aene- F%T@(‘rz‘-‘“zﬂ‘-"?‘r“? ol }
or calcipotriol nonohydrate conprising tde steps of: (a) reducing a

conpound of general structure Il1l, wherein X represents OR2, 10 and wherein
Rl and R2 may be the sane or different and represent hydrogen or a hydroxy
protecting group, in an,lnert soDilent with a reducing agent or with a

reduci ng agent in the chiral aUX|I|ary,lt gi ve 1 xture of
conpounds of genera _ a and | Vb, i Wiched with I Va,
wherein X, Rl and R273 i med above; (b) re ing the m xture of
conpounds of genjeral and | Vb, whic i it 1Va, in

t he presence of a~base™to give a mxture of co 2 4 AUG
2006 WO 2 0590877] 9,_PCT/ D1C2005/ 000161 5 s fe& Va and Vb, which is

enriched welg ya, -OHOH r FI Vb X1 X (@

defi ned abovg; (c) separapyqg the corrpouﬁdS
t he m xtureQf gqnpounds of general struct
with Va, whers

conmpound of g

X"
which is enriched with IVa, wherein X, R;, and R, are as defined above.

efin X, R and R2 are as
general structure Va from
a and Vb wivtleh is enriched
R, and R2 are as defi ned ; (d) isonerising the
structure Va to the conpg f general

OR,

——

5 In a first aspect, this invention relates to a method for producing calcipotriol {(5Z, 7E,
22E, 245)-24-cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1a-3B-24-triol} or
calcipotriol monohydrate comprising the steps of:

(a) reducing a compound of general structure IIf,
wherein X represents OR;,
10  and wherein R, and R; may be the same or different and represent hydrogen or a

hydroxy protecting group,
in an inert solvent with a reducing agent or with a reducing agent in the presence of a
chiral auxiliary,
to give a mixture of compounds of general structure IVa and IVb,

{ 15 which is enriched with IVa,
wherein X, Ry and R; are as defined above;
(b) reacting the mixture of compounds of general structure IVa and IVb, which is

enriched with IVa, in the presence of a base to give a mixture of compounds of general



structure Vla, 10 OH rlVla RIO R o wherein X, R and R2 are as defined
‘above; and (e) Wnen R, and/or R2 are not hydrogen, renoving the %;&M&Ql}ﬂﬁ
protecting WCP# 5 and/ or RZ of the conpound of gener a structure

to generate Cipotriol or calcipotriol 15 nonohydrate. Toi/BKep "f“H'é?l
aspect, this invention relates to a nethgd for producing cal cipotrioi or
cal ci potri ol nonohydrate conprising steps (a) - (b) above and further
conprising the steps of: 2 4 AUG 2006 WD 2005/ 087719 PCT/ DK2005/ 000161 6
(f) isonestrsitwg YahendWif whizhof ecocpdusidsvef general structure Va and Vb,
wherein X, R, and R2 are as defined in claim2, which is enriched wth Va,
to a mxture of conpotnd GBheral structure Vla and VIb, @Hch is
enriched with Via, HH ViaVib RHO X Ry 5vvhere|nX R
and R2 are as (s 3

structure Vla f
VIb which is en : ,
10 (h) when R aifd/or R2 are not hydrogen, r eney g
group(s) R andljorHR2 of the conmpound of gener$ ﬁtructure Vla to generate
cal cipotriol or~calcipotriol nonohydrate. In a/still further aspect, this

i nvention rel a]es to a nmetMeod for producing cdlcipotriol

Vb

wherein X, R; and R, are as defined above; -
5 (c) separating the compound of general structure Va from the mixture of compounds of
general structure Va and Vb which is enriched with Va, wherein X, R; and R; are as
defined above;
(d) isomerising the compound of general structure Va to the compound of general
structure Via,
10

R,0"

wherein X, Ry and R; are as defined above; and
(e) when R, and/or R; are not hydrogen, removing the hydroxy protecting group(s} R;
and/or R; of the compound of general structure VIa to generate calcipotriol or calcipotriol

15  meonohydrate.

In a further aspect, this invention relates to a method for producing calcipotriol or
ca[cipotriol'ménbhydrate comprising steps (a) - (b) above and further comprising the

steps of:



5 {(5Z, 7E, 22E, UG 2006
24S) - 24-cycl opropyl -9, 10-secochol a-5, 7, 10(19), 22-tetraene-| a- 3(&1291 ?n ol }
or cal ci pot w@boosmealydr at e conprising the steps of: Q redggiprdo@e@gpound
of general structure IIl, wherein X represents hydrogen, and wherein R
represents hydrogen or a hydroxy protecti®ng group, 20 in an inert sol vent
with a reducing agent or with a reduci ng agent in the presence of a chi ral

auxiliary xture qf conm ener yre IVa IVb
which is %fﬁ@ﬁ% aE“ﬁ T%“"e\ﬁz&f’ﬁpﬁ 5&3 ‘ﬁ‘,"-‘r R “ra?fa rﬂé’l %Y e‘”
reacting hmmnvetasr@emfedommmwﬁhwmth gameichtd sithuE, tio e rhiactmobflcvmpommia:hf IS
enri ched vmth e o as ve a m xture of conpounds
of genera?ener?ruc Cﬁaﬁljeg \bgean% \%%bu’%\%rq' L egn% edﬁ"FLft@P{gAd with Va, wherein X and R,
are as defined above; 2-4 AUG 20@HWO 2005/ 0687719 PCT/ DK2005)Q00161 7 (1)
separating the conmpound gf~QganperAl structure Va f r op-the m xture of
conpounds of ge \a and Vb Wnich ¢nriched\wi th Va, wherein
X and R, are as \ ' 1 \d of general
structure Va wt pxy1 ati ng and R, are as
defined above to orrpound of gener al uctwre Va, wherein X
represents OR2 and “represents hydr ogen, cf V\,ﬁerei n R is as defined
above; (0) isonerising the conmpound of general ructure Va to the conpound
of general strudture Via, 1‘ﬂawhere| n X, R and R, are defi ned above; and
(p) when R is ng dr ogen, rTenoving the hydroxy prote ng group R of the
conpound of ge structure Via to gene gal ci potriol or calcipotriol
nonphydr at e. na still further aspe is invention relates to a

met hod forR Roo)d al ci potri ol 6%5 Ga pod, [, ol nonohydrate conpri sing
steps (j) *(1) of claim4 and furth Qorrprlsm t he _

5 —

wherein X, R, and R; are as defined above;
(g) separating the compound of general structure VIa from the mixture of compounds of
general structure VIa and VIb which is epriched with VIa, wherein X, R; and R; are as
defined above;

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

rmonohydrate.

In a still further aspect, this invention relates to a method for producing calcipotriol
{ 5 {(5Z, 7E, 22E, 245)-24-cyclopropyi-9,10-secochola-5,7,10(19),22-tetraene-1a-3p-24-
triol} or calcipotriol monchydrate comprising the steps of:
(j) reducing a compound of general structure III,
wherein X represents hydrogen,
and wherein R; represents hydrogen or a hydroxy protecting group,

20  in an inert selvent with a reducing agent or with a reducing agent in the presence of a
chiral auxiliary,
to give a mixture of compounds of general stiucture IVa and 1Vb,
which is enriched with IVa,
wherein X and R; are as defined above;

25 (k) reacting the mixture of compounds of general structure IVa and IVb, which is
enriched with IVa, in the presence of a base to give a mixture of compounds of general
structure Va and Vb, which is enriched with Va, |
wherein X and R, are as defined above;

e



steps of:

(q) protecting the C 24 hydroxy group of the conpound of general

structure Va, wherein X represents hydrogen, and wherein R ?
hydrogen or_a h droxg9 protecting group, with a hydroxy protecting

(r) hydroxyPat 1%y

p; 20
C-24 hydroxy protected conmpound of 'ﬂpé¥m€@&ﬂﬁkure

Va with a suitable hydroxylating agent, swherein X and R are as defined
above to give a CG24 hydroxy protected conpound of general structure Va,
wherein X represents OR, and R2 represents hydrogen, and wherein R is as
defi ned appeeparbsng tiesromhpaourtchel den2dal Rydexy vprfﬁdnedzlhé ngxtgre)ufpccwﬁpddrﬁs of
conpound of r ty t

gener al SPenet ln& L?(‘{/.lrse Vaygllalélj(lﬁ wrg& nr&%é%wit?nv ardn )pgnacengr%% de?med
R . and R alaw\Ee as defined above; and (u) when R, |s not hydrogen, rem)V| ng

the hydro@é) xto%gfa'tiﬁg 5ﬁé Bfnaof)f%)% m)ng.ﬂg it G S%Q%%fjfé’{yurt re Via

to genera

ure e COI'TpOUﬂ ructure X

otr I’IO ate I'n a st

aspecty t hgenti whergin éﬂrandeﬂha@r@sasmﬁf@eﬁrebhwtd give @rcmwnung of gcnﬁ:ﬁbatﬁdctgre
gener al

wherein R an

S{/h Uﬁh&%gn klrgpre\é@,ﬁﬁw %a&@ﬁ%ﬁ@%@ﬂéﬁ, by mﬁan'@{] ISR defdrAnd

e same ofr represent hydrogen, or a

hydr oxy pﬁb@‘(—?@tl ng group, by reacting a conpound of general structure VII or

VI, 2 4 AU %8RG e 0RO ORI dF/ nPQEF /sgﬁ%ﬁﬂé/\@%ﬂtﬁé c§m90u.0d bfpdhdraVl 1 X ORL
Ro X vvhereln R1 an% R2 are as detined above, sul phur dioxide. In a
still furfteFtuEsBELt, this invention relates to a rret hod of reacting the

m Xt uy@ omhep@monggﬁdmf, aBEACHafineRt 4B4EURR4 | Va and | Vb, wherein X represents
elther hy?rogen

(

15

20

25

30
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OR2,
when R1 is not hydrogen, removing the hydroxy protecting group R, of the compound

of general structure Vla to generate calcipotriol or calcipotriol monohydrate.

In a still further aspect, this invention relates to a method for ‘ﬁﬁlucing calcipotriol or
calcipotriol monohydrate comprising steps (j) — (I) of claim 4 and further comprising the
steps of:

(q) protecting the C-24 hydroxy group of the compound of general structure Va,
wherein X represents hydrogen, and wherein R, represents hydrogen or a hydroxy
protecting group, with a hydroxy protecting group;

(r) hydroxylating the C-24 hydroxy protected compound of general structure Va with a
suitable hydroxylating agent, wherein X and R; are as defined above to give a C-24
hydroxy protected compound of general structure Va, wherein X represents OR- and R,
represents hydrogen, and wherein R, is as defined ahove;

{(s) rermnoving the C-24 hydroxy protecting group of the compound of general structure
Va;

(t) isomerising the compound of general structure Va to the compound of general
structure Via,

wherein X, R; and R are as defined above; and

(u) when R, is not hydrogen, removing the hydroxy protecting group R; of the compound

of general structure VIa to generate calcipotriol or calcipotriol monohydrate.

In a still further aspect, this invention relates to a method for producing a compound of
general structure III,

wherein X represents either hydrogen or OR;,

and wherein Ry and R; may be the same or different and represent hydrogen, or a
hydroxy protecting group,

by reacting a compound of general structure VII or VIII,



10 and wherein RL and R2 may be the sanme or different and represent

hydrogen, or a hydroxy protecting group, which is enriched with 214/al6 2005 t he
presence of v.aom;s,@s-h@g give a m xture of conpounds of genepélﬂmﬁ‘mﬁ,w@ Va
and Vb, which is enriched with Va, wherein X, Rl, and R2 are as defi ned
above. t5 In a still further aspect, thifs |nvent|on relates to a nmethod for
produci ng calcipotriol {(5Z, 7E, 22E,

24S) - 24- cycl opropyl -9, 10- secochol a-5, 7, 10(19), 22-tetraene-l a-3(i-24- triol}
or cal cipotriol nonohydrate conprising any one of the nethods above. 20 In a

still further aspect, th| s invemtion relates to a conpound of, gener al
structure Illa or ‘ ftures thereof, 2 4 AWUs_2006 MD 2005/ 087719
PCT/ DK2005/ 00061 9 i lia0\\ OIH Oo$SHII' wherein X
represents eit ) gel& F and wher ei d R2 may\be the sane or

different and r cting gr. 51n a
still further pound of ~gener al

. i ARl as
g or a hydrpxy prote
Yhis invention rel ates A o
structure | Vaa, I Vﬁb | Vba, |Vbb, IVb, or m xl ures thereof, OHOH 0 e H.
R .

HIlVba X1 X'~

Vil Vil

whetein Ry and R, are as defined above,

5  with sulphur dioxide.

In a still further aspect, this invention relates to a method of reacting the mixture of
compounds of general structure IVa and IVb,
wherein X represents either hydrogen or OR,,

10 and wherein R; and R; may be the same or different and represent hydrogen, or a
hydroxy protecting group,
which is enriched with IVa, in the presence of a base to give a mixture of compounds of
general structure Va and Vb, which is enriched with Va,

wherein X, Ry, and R; are as defined above.

In a still further aspect, this invention relates to a method for producing calcipotriol
{(5Z, 7E, 22E, 24S)-24-cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1a-3p-24-

triol} or calcipotriol monohydrate comprising any one of the rmethods above.

20 1In a still further aspect, this invention relates to a compound of general structure 1IIa or

IIIb, or mixtures thereof,



1 OHOH H, rHVob ~1 HSHIVab/ "~-OR1O0ORI 2 4 AUG 2006 WO

2005/ 087719 PCT/DK2005/000161 10 wherein X represents eltherZKQWﬁﬂgﬁn or
OR,, andwhmznseisy7® and R2 nay be the sane or differentprandkeepneaent
hydrogen, or a hydroxy protecting group. 5 In a still further aspect, this
invention relates to the use of a con%ound of general structure Illa, I1b,
| Vaa, |Vba, |Vab, |Vbb as an internediate in the manufacture of

cal cipotriol or calcipotriol _nonohydrate. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 10 Deflnltlokf g used herein a "hydfoxy ot &¢ting group" is
any group which fprng ative that i = '

protecting QuUP ¢l se| ectively renoved

by reagents he regene 15 Said
derivative ca ai ned by*sel ective r¢g y protecting
agent wt ' d&oxy group. Silyl derivatiny

‘tert- beﬁy formng sil her# aﬂe exanpl es of hydroxy

prot ect gL Silyl chlorides ert-butyldimethylsilyl chloride
(TBSCI) i }hyIS|IyI¢maor|de triethyl g™yl chlori dgp

di phenyl netdyl sil yl chl oride, triisopkopylsilylchloride, and

tert-butylldi phgnyl silylchloride are exaymp of hydroxy 20 protecting
agents. A fluoride, such as aquep F in acetonitrile, or tetra n-
but yl ani®dni Or R| de are exanpl es gf Rwhlch can renove silyl
groups. Other hydroxy protecting groups |nclude lethers, such as
tetrahwgéggykqgmgs&%y%hhgt@ﬁﬁogeﬂgpbpglng al koxyal kyl et her s (acetal s), such

as net hoxynet hyl (MOM or esters,
{ and wherein R; and Rz may be the same or different and represent hydrogen, or a ~

hydroxy protecting group.

.

S

In a still further aspect, this invention relates to a compound of general structure 1Vaa,
Ivab, IVba, IVbb, IVb, or mixtures thereof,

OH

‘e
-




such as chioroacetate ester, trinethylacetate, acetate or benzoaty; st &0t
Non-limting 25 exanples of hydroxy protecting groups and net hods of
protecti on WRRPEHFVIR , all included in the scope of thi SPEPPKIGHDIGE, can
for exanple be found in "Protective Goups in Oganic Synthesis”, 3rd ed.,
T. W Geene &P. G M Wts eds., John l ey 1999 and in "Protecti ng
Groups”, 1s° ed., P.J. Kocienski, G Thienme 2000. 30 As used herein, "al kyl"

'S i Nt ent ol kpy FRASHe derlts BRAG Wdrggénshsa al kyl group, which may be cyclic

or acyclic, having one to tvvent%/ carbon dtons, preferably one to seven
car bon atherﬁanné%w MVORRpthectamA ogfigarsnt ﬁngrrﬁwﬁer&rwrsog% 8pRopy!

group, peRidtbxypidstingl¥yp. group, and the tert-butyldimethyl group are
non-limting exanples of al kyl groups. 35 As used herein "reducing agent" is

i ntended to nean any agent capable of reductng, including

enant is0s eﬂne&bﬂun/ﬁtlrbheerasﬁé@%rﬁg pReatiectdael Yo tl@lwe s céMpothddr deleralgr oup of
a conpound of ener struc%ure Ill\i%)o % ve co ound of e eral structure

V. In ond"ustyre éVWD yoashebr? IBGa761e aeﬁt?t‘f&cﬂ nent ,

t he I‘edUC{tEﬂ@p@gieﬂfbrmptﬁtﬁdumnbhﬁjiﬁez4 keto group of a conpound of general
structure Il without a chiral auxiliary to yield a m xture of conpounds of
general structure |V, wherein said mxture is enriched for the desired

epi mer | VBETAIRER foESAIRITIONCOHITHIG INVENZZRIE | sormer) . |1 n anot her enbodi nent,
the reducing agent may 5 reduce the C 24 keto group of a conpound of general
structure IT1 in the presence of a chiral auxiliary to yield a m xture of
conpoundsDefinigemer al structure |V, wherein said mxture is enriched for the

d d s got t
mmy be. critt recoherRit P AR ERP bibrdodior B g Erold RATH brms dchRAe B 2000

not |imitisdtage b@trmmmﬂ@mrbrq@gtlagsewhgretmealalhh/d@xmmpied@eg gmwpheaashd i t hi um 10
al um ni U”%é‘é( Ne nﬁv@%ﬁ%u@g{;@%‘iﬁé% n&raté'clz‘% e ?egg}rén% BHS?G&FB)@@% esence

of | ant hani LaCl3, CeBr3 H4) 2,
and EtBSi $f=ld@teﬁéat!\ree@njbb%gbtaaijé#ﬁssselmtwed@act@utof@riévdfexv profeqteg qg@nt rogen

in the pr@%%‘ﬁﬁy‘?fro@) Csﬁtyaha@&auv%gcéucﬁ%s teﬂfaadmamévhyrswnffsnh.ualsnﬂcgdhm\ar@
et hanol , isopropyl. alcohol and al um ni um i sopropoxi de nd owder in

wat er or EfaEpes of hydsoxy P[&t@EF”WeQ"é’iUHS "3yt ‘é*H%”‘?Wrﬁ té&eli’f{t'f‘di'ﬂ%w@é%' bor ane
or any bO&raéhedéigrEsc‘.at)t ItM@»ettwlﬁmchv&udapEraétﬁylgnwmhm@es diHey RABLAGSIERIBHRET S .
Non- i m t%rn op?égynply?c?ﬂorlde rlleert-rbe?ﬁgnphgnylsnyichlortde are examples of hydroxy
20  protecting agents. Hydrogen fluoride, such as agueous HF in acetonitrile, or tetra n-
butylammonium fluoride are examples of reagents which can remove silyl groups. Other
hydroxy protecting groups include ethers, such as tetrahydropyranyl (THP) ether,
including alkoxyalkyl ethers (acetals), such as methoxymethyl (MOM) ether, or esters,
such as chloroacetate ester, trimethylacetate, acetate or benzoate ester. Non-limiting
25  examples of hydroxy protecting groups and methods of protection and removal, all
included in the scope of this application, can for example be found in “Protective Groups
in Organic Synthesis”, 3 ed., T. W. Greene & P. G. M. Wuts eds., John Wiley 1999 and

in “Protecting Groups”, 1% ed., P.}. Kocienski, G. Thieme 2000.

30 As used herein, "alkyl” is intented to mean a linear or branched aiky! group, which may
be cyclic or acyclic, having one to twenty carbon atoms, preferably one to seven carbon
atoms. The methy! group, ethyl group, n-propyl group, isopropyl group, pentyl group,
hexyl group, and the tert-butyldimethyl group are non-limiting examples of alky! groups.

35  As used herein “reducing agent” is intended to mean any agent capable of reducing,
including enantioselectively or diastereoselectively reducing, the C-24 keto group of a

compound of general structure III to give a compound of general structure IV. In one



agents e.g. include N, N-diethylaniline-borane, borane-tetrahydrofuran,

bor abi cycl ononane (9-BBN), or borane dinethylsulfide. 20 As use(%C g ‘f
"chiral auxiliary" nmeans any chiral conpound or optically active lh %1 q
e.g. a conpdh¥eeBidtd si ng asymmetrical ly substituted car bBGETI/RKSMHS/001161
axially chiral conpounds, or mxtures of,chiral conpounds and/or optically
active catalysts, which will inprove the yield of a conpound of general
structure IVa with respect to its epinmer 25 (increase the nolar ratio

| Va: | Vb) bﬂmbb@néradtwetﬂeanaﬁé aBeROMBY ¥osLRfthgenss Rbtd GolploR al donponht laf sai d
reduci ng agent . Said chiral auxiliaries wll thus be any co ouga(?%\,hl ch is

capabl e ofe%e} SRGHE Hhwitheuh 2645 awilignt (o vield & mixtresefedq ion of a
conpound gfaneiﬁﬁﬁt@u@thresl\ﬁ WiHersiR shid mixtuROBRAFLSQIok hd Besiyddedimer Iva

st ereosel éctivit ﬁl WI t hout the chiral L ¥ ent or nvoI ved.
Non- I i mi t ﬁw&feéﬁa'ﬁm ég‘”aft & BT APOmSE 1T AnPLeT emtogHRe o s f4akiEng agent

1, 2- ?;ﬁsngr@i&@hﬁé E-24 ueld @sus bf 8 @bmpio8nd bf gemheraiostArdiuneanbin uﬁerpruﬁntaesa such
as ,

o o 1o o b i b A AR Rk f senarglfiruggure 1V, wherein said

(1S, 2R) - cinsixiurais evoiche? &, metdetsnrmyplnmmapht(hadfeabizf vididinGtther24eX saoplegy ar e

(R o2 2 P e TR B 8ra! o oy shigh Rpmelss i esising agsats ngiuce:

2,2' -di hyﬁubm;e riqtllrmmt;mrhdwrhe o@dcmagmss, rﬁetathhéwdedmhets ag hithiwrde 35 but
?rR)e ?+ 98 amnélﬁgjniﬂy&a%(sﬂlfﬁ"l B‘Dd%hﬁg'ﬁ&"e?' c]r%\l}g% éabﬁagfyrmgﬁg'%@ence of lanthanide
(R - (-) - 2salts fmgsLaﬁéi,t@ﬂBral CeCH. eN@H»Hsl(ObcDr, AndBH.){, Rnd Et;SiH. Other reducing

(+) ¢ 2-ani |
(i 25y Hfeteaetiet PRSI AERI AB0n MgP syl s eRE S ey o

PCT/ DK209B Fngrear ruthening, agcéumhér%haﬂoi" 'IS‘H@’PPY'S%CFC\P'@h@"d AeaEHsivahy or gani ¢

sol vent coympaddodicR, Whii Biredothdef HahAS or2@@RbI. Under t he Teaction conditions
enpl oyed, or m xtures of such solvents. The choice of such solvent will

depentP on the specific reducing agent used. Non-limting exanples 5 of inert

sol vents i/-\@QJséﬂﬂ?\ehélﬁlP@cﬁ@h@@étﬁmr@@dbn@'&nﬁ:@nbé?ﬁ@ran@@ﬁ a8l RFsne 8&1H0ALIAS, such

tert-butyl  nethyl ether tetrah fur m xture f co ounds. of
Gener al - 35 EOTAELCARHIoG R R G P e s B DRTIRRS O WA b9t ur e,

optionall yagemwg anagd@deuaamﬁmﬁds:oeaﬁna$@bmtmraw@fm’aa golar 10 ratio
(di astere

(0 st e oommn Pbhos! Kb B leFof Sl filhegy, Lo gor fhan one, hus, {pet
(cont28ni ng
As used herein, “chiral auxiliary” means any chiral compound or optically active catalyst,
e.g. a compound comprising asymmetrically substituted carbon atoms or axially chiral
compounds, or mixtures of chiral compounds and/or optically active catalysts, which will
( improve the yield of a compound of general structure IVa with respect to its epimer
25  (increase the molar ratio IVa:Ivb) in the reduction of a compound of general formula 111
with said reducing agent. Said chiral auxiliaries will thus be any compound which is
capable of increasing the stereoselectivity, in the reduction reaction of a compound of
general structure III in comparison to the yield or stereoselectivity for IVa without the
chiral auxiliary present or involved. Non-limiting examples of chiral auxiliaries include
30 chiral 1,2-amino-alcohols, such as chiral ¢is-1-amino-2-indanol derivatives, such as
(15,2R)}-(-)-cis-1-amino-2-indanol, or cis-1-amino-1,2,3,4-tetrahydronaphthalen-2-ol,
such as (15,2R)-cis-1-amino-1,2,3,4-tetrahydronaphthalen-2-ol. Other examples are
binaphthyl derivatives, such as (R)-2,2'-bis{diphenylphosphino)-1,1’-binaphthyl-
ruthenium acetate 2,2'-dihydroxy-1,1'binaphthyl derivatives. Further examples include
35  but are not limited to (R)-(+)-a,a-diphenyl-2-pyrrolidinmethanol, (R)-(+)-2-amino-4-
methyl-l,'l—diﬁhenyl-1-pentanol, (R)-(-)-2-amino-3-methyi-1,1-diphenyl-1-butanol, (R)-
(+)-2-amino-1,1,3-triphenyl-1-propanol, and (1R,25)-(-)-2-amino-1,2-dipheny! ethanol.



50% or | ess of the conpound of general structure IVb). A m'xtura o& 0
conpounds of general structure Va and Vb, which (enriched with af' Uﬁlg} Erreans

a mxture, opdb@aAkIYeconprising other conpounds or sol venpgrpieh&dolg 0! ar
ratio (diastereoner ratio) of Va/Vb is one (50:50) or |arger than one, thus

that the nmnixture contains at |east 50%%f the conpound of general structure
Va (containing 50% or |ess of the conmpound of general structure Vb). 20 A
m xture of conpounds of general structure Vlia and VIb, which is enriched
with Vla, neans a mxture, optionally conprising other conmpounds or
?ol ven;s AsWBé@I E&ein ol s&@édtbn(eéhﬁahﬁﬁajf&md’sdwéritQ:berfatMeaﬂth b?iidsraﬂileing f
50:50) or n _one, s that the, mxture contains a ast 50% o
t he conpo?ﬁf’d' &?‘%S'éﬁ?r%ﬂacg?? 6 li’@s\ﬂr%p‘?\ﬁ‘?f’ﬁt‘jélrﬂllxﬂﬁesg %‘rsq?‘éeé'é'&%et gice
corrpound @ffs@arser\@ht 8iilr depandeonitie)spedific Asdutsrfadwiteisad. Naepaimid @gndples
corrpo ncl udes rifi.cati.on and/or jisolation of a ¢ u_gj .g
oty done et eRHe by FEbRpedieh HsllnR oY Biec: wER R

8% puri t shetion eSoqruetragydrdfigan.er m " separati ng a conpound” al so incl udes
the neaning of enhancing the concentration of the compound in a m xture of
such 30 conpounds, optionally conprising solvents, such that the mxture is
further eAmiizhed of wpbmpoandiesi gargral stpreirelvednd dviipounidh ix enrbded withsivah as an

Pl or o msahs St BRGHG o RBRE R, Smptonl of SGHEAENele BB¥olzr .
WO 2005/ oaaml(ghasmrﬁomezwmoﬂdym\v’b igonag (b 5euer l@merythpm eher hed thaidbdi ment
of the prﬁg&me m%smgla%ﬂsas)odé%e%%n{p%eﬁséﬁag ngI &yu&meyi\ﬁa (%Hn‘%t%uﬁ*ég

tert-but , host preferabl he sane. |n anot her
errbodl rren50%lf0"t|ﬁ$ ﬁ@@@mﬁ%@éﬂﬂéﬂemmﬁ%w@@/bﬂepr esent hydrogen. 5 In a
currently preferred enbodi ment of the present invention the reducing agent .
is a borane reducing agent, such as N, N-di et hyl ani | i ne-borane

bor ane- t ef MAKGHRGF GPARROURYS ofgnnerl SH”ﬁ‘éFﬁylasalﬂ Ytﬁé"’h'i@’sﬁ‘!‘r&héﬁ witdnya,y
pr ef ery edrrBhO dimmBlre 0 bpiidreally W3 RIpHERG, oth&ecdnGsHIGHD Gr SbIRBnisS wedd fricdoRut

ratio (diastereomer ratio} of Va/Vb is one (50:50) or larger than one, thus that the
mixture contains at least 50% of the compound of general structure Va (containing 50%

or less of the compound of general structure vb).

20 A mixture of compounds of general structure VIa and VIb, which is enriched with Via,
means a mixture, optionally comprising other compounds or solvents, were the molar
ratio (diastereomer ratio) of VIa/VIb is one (50:50) or larger than one, thus that the
mixture contains at least 50% of the compound of general structure Vla (containing

( 50% or less of the compound of general structure VIb),
25
As used herein, "separating a compound” includes the purification and/or isotation of a
compound, e.g. to at feast 90% purity, such as to at ieast 95% purity, such as 97%
purity, 98% purity, or 99% purity. The term “separating a compound” also includes the
meaning of enhancing the concentration of the compound in a mixture of such

30 compounds, optionally comprising solvents, such that the mixture is further enriched

with a desired or preferred compound or isomer, such as an epimer, after said

separation.

Embodiments

35  In a currently most preferred embodiment of the present invention X represents OR;.



with a chiral reducing agent or in the presence of a chiral auxiliary. In a
currently preferred enbodi nent of the present invention the chirad AdGR006i ary

i hi | cohol , h hiral cis- |-
is a chiral, suc‘ﬁ z@gu-pp- al cohol , such as a chiral cis an}&ngz'%"%?émly

derivati ve, 15(I82R) (-)-cis-I-amno-2-indanol

preferred enbodlnent of the present invertion the reducing step is carried
out at a tenperature between 10-20C, in particular 15-20C. 20 In anot her
enbodi ment of the present invention the nolar ratio (diastereoner ratio

| Va/ | Vb) Bf aguniertypeefered empoditorntof thenesant wyeaéaruReand/ar Radenrosentuhi ch

is enri Chgm){lsm/lt BudrVb Sl cﬁﬁ%tﬁyhs?@r %%ségrer@%w RPaR@Rfdre #dGNAS S7: 43,

such as 5 such such as such as 65: 35, such as 68: 32,
such as 70: 30, such as 72 28 such as 73:27, such as 74:26, such as 75: 25,

such as 76, 2fathaHEMbagineht %3th<§b'r‘é|§eﬁslnv@r§to7xak 24nd RUG ré%n’?ﬂy&%geﬁ uch as 80:
20. I n_ anot her enbodi nent of the present invention the nolar ratio

(di-ast®reomer ratio Va/Vb) of a mxture of compounds of general structure

Va and Vb Wu?ﬂ&ntiﬁ pETEIrEd @ehbodirhdht\ thé §rés€ﬁgﬁ1ﬁzeiﬁﬂ"@‘ntlﬁ5reﬂﬁcm§ lagbntaig ab6: 44,
such as 57:43 as 59:41, such such as 63: 37, ch as

65: 35, subPraRE 8 %‘?ga%%hs'é@ %Né\bg'%rﬂ}’g?f‘”é{%e 9%”3?8 bo'?ﬂﬁjfe'é@h"?%m anich as
74: 26, suebrame dimelfylsutfitlkh as 76: 24, such as 77:23, such as 78:22, such as
79: 21, such as 80: 20. In another enbodi nent of the present invention the
nolar ratio (diastereoner ratio 35 Vla/VIb) of a m xture of conpounds of
genersad sl @ciuteathypeefanrdd ¥hibodivhethofitee erventitigdthewkddcing siepiis chraiedeutt han
55: 45, suctk 1as 56:. 44 -y C«ﬂ;en% 057 3 rS“C*E;e%?ag%#r‘%au% ch as 60:40, such as
63: 37, sulfiMaL Ukt sedud B4 B Prepeive sl 270N gh e i@ as 72: 28, 2 4 AUG
200b WD 2005/ 087719 PCT/DK2005/000161 14 such as 73:27, such as 74: 26,

such as 7gn %%réﬁﬁ{) gﬁéfe%g%%ﬁxboﬁﬂﬁ&tan? tﬁe? pfedent HGBnAGH te B4 aiidfialyas a/9: 21,

such as 8 ment present "1 nven |on, e conpound of
gener al sthirtupenvac-aehsl, §e§aﬂaﬁ@blrabcrgl mtn@mmgﬁ%rwiyef susmashe

m Xt u{ g of(1§gﬁp&qng}glogm%ogr,@&an%;ructure Va and Vb which is enriched with
Va, wherein X and R, are as defined above in (step (c)) In another

enbodi nent of the present invention, the conpound of general structure Via
In a currently preferred embodiment of the present invention the reducing step is carried

out at a temperature between 10-20°C, in particular 15-20°C.

20  In another embodiment of the present invention the molar ratio (diastereomer ratio
IVa/Ivb) of a mixture of compounds of general structure IVa and IVh, which is enriched
with IVa, is larger than 55:45, such as 56:44, such as 57:43, such as 59:41, such as
60:40, such as 63:37, such as 65:35, such as 68:32, such as 70:30, such as 72:28,
such as 73:27, such as 74:26, such as 75:25, such as 76:24, such as 77:23, such as

25 78:22, such as 79:21, such as 80: 20,

In another embodiment of the present invention the molar ratio (diastereomer ratio
Va/Vb) of a mixture of compounds of general structure Va and Vb, which is enriched
with Va, is larger than 55:45, such as 56:44, such as 57:43, such as 59:41, such as

30  60:40, such as 63:37, such as 65:35, such as 68:32, such as 70:30, such as 72:28,
such as 73:27, such as 74:26, such as 75:25, such as 76:24, such as 77:23, such as
78:22, such as 79:21, such as 80: 20.

In another embodiment of the present invention the molar ratio (diastereomer ratic

35  VIa/VIb) of a mixture of compounds of general structure VIa and VIb, which is enriched
with VIa, is larger than 55:45, such as 56:44, such as 57:43, such as 59:41, such as
60:40, such as 63:37, such as 65:35, such as 68:32, such as 70:30, such as 72:28,



10 i s separated, by chromatography, fromthe mxture of corrpounds of gener al
" structure Vlia and VIb which is enriched with VIa, wherein X, & are
as defined (step (g)). Synthetic Methods 15 The
gener al str@@%‘?edsﬁll‘) can for exanple be synthesized via Iﬂ%ﬁgam?‘fl
" reaction by treatnment of a conpound of general structure VII or VIII wth
sul phur di oxi de. The sul phur di oxi de used can be |iquid, gaseous or being
di ssolved in a suitable solvent. Suitable solvents for the D el s-Alder
react i on sack aal713: 3%l spehtas, 74nk6.civchree 75cawpaich Bis& w4 Heuch@sridaddi Bish as
condi tiong, ,SuGRLas AlKENSHRH RUGN A5 hexane or heptane, 20 hydrocarbons,
such as Xyl'enes, tol uene, ethers, such as diethyl ether or nethyl-tert-
butyl ether (MIBE), acetates, such as et hyl acetate or 2-propyl acetate,

hal Ogenatzﬁ%nesahe;@dﬁﬁene HPEhe%ﬁeQérﬁhh\%n‘%%ﬁt H%m;%un@‘ dfigdhesal efrud@tslvad vents.
In a preferred mbodi ment the solvent Is toluene. |n another @Eferred

enbodﬁrrerﬁept“f?ée%rcﬁ gehy chromatograRbyrfeomithe Mixtuse of RIMBRINMSLTASNE@) Stryfyre

wat er, SUgNa@svbAHENE anhd®hith val RhetdinHE G tHn@R,GRE adldefindeabdVel hqdteput i n
neat sul phur di oxi de without a solvent. A suitable reaction tenperature of

t he proce(§B is -50Cto 60 C, such as -30C to 50C, such as - 15C to 40C, such
as -5C to 30C, such as 0C to 35C, such as 5C to 30C npst such as 10C to

25C, h 15C to 2 nbodi t t d

excess. (HBiwENy cbiivisst 8 FEGrRpTL I Erbbe e e A g ne s igere e | "
Euch 180 as s%-&hré’éedﬁbbt ° a'Jhr@mtﬁ'&@Sapl’ﬁﬂ?&'oﬁ'}(ﬂ%sm)@ﬁremrceﬁqio&dd§Uf @dmtrrald;tmctlde may
e remov ro e reaction. m. e e.q. Wa s hase,
such as agdédls Igo"dh'ﬁ'ih's ﬁ’Vbc?'SQi“ﬂé' ‘Z{a 89%&?'2%' IRFiaﬂg ‘{]%é pﬁﬁq?f%?od’%'ae of f,

opt i onal I(gtdpo@py.her with a solvent, optionally under reduced pressure. The .

conpounds of general structure Il are usually 2 4 AUG 2006 WD 2005/ 087719
PCT/ DK2005/ 000161 15 obtained as a m xture of their_epiners Ma and Illb. O
rH11ll b  HsyBtbetic MeodB | 11s X' OR1 XRI  The nolar ratio Illa/lllb of the

m xt yige thggbﬁquﬁrfﬁg %PL '| gcthﬂe h?%ar'{jro"r' é{pﬁ’é‘fne sgﬁﬁ’\g&%%v?é‘d:lais%%ﬁd on

t he groups e reaction Con I ons
reaction by treatment of a com peund of general structure VII or VIII with sulphur

dioxide. The sulphur dioxide used can be liquid, gaseous or being dissolved in a suitable
solvent. Suitable solvents for the Diels-Alder reaction are all solvents, which are
compatible with the reaction conditions, such as atkanes, such as hexane or heptane,

20  hydrocarbons, such as xylenes, toluene, ethers, such as diethyl ether or methyl-tert-
butyl ether {(MTBE), acetates, such as ethyl acetate or 2-propyl acetate, halogenated
solvents such as dichloromethane, or mixtures of said solvents. In a preferred
embodiment the solvent is toluene. In another preferred embodiment the solvent is a
mixture of a water immiscible solvent and water, such as toluene and water. The

25 reaction can also be carried out in neat sulphur dioxide without a solvent. A suitable
reaction temperature of the process is ~-50°C to 60 °C, such as -30°C to 50°C, such as -
15°C to 40°C, such as -5°C to 30°C, such as 0°C to 35°C, such as 5°C to 30°C most
such as 10°C to 25°C, such as 15°C to 20°C. In one embodiment the sulphur dioxide is
used in excess (mol/mol), such as 5-100 molar excess, such as 7-30 molar excess, such

30 as 10-15 molar excess. Any excess of unreacted sulphur dioxide may be removed from
the reaction mixture by e.g. washing with aqueous base, such as aqueous sodium
hydroxide or by distilling the sulphur dioxide off, optionally together with a solvent,

optionally under reduced pressure. The compounds of general structure 111 are usually



5 present invention includes mxtures of all possible conp05|t|?qleWBMﬁr
ratio Illa/lllb), such as 1:99, such as 2:98, such as 3:97, such as 4: 96,
such as 5:9g, 10: 90, such as 85:15, such as 80:2 25,
.such as 30:?6{§@ﬁc7a§g 35: 65, such as 40:60, such as 45: ggjﬁgﬁ%ﬁ%ﬁmgé 0:5
such as 55:45, such as 60:40, such as 65185, such as 70:30, such as 75: 25
such as 80: 20, such as 85:10, such as 90:10, such as 10 95:5, such as
96: 4, such as 97:3, such as 98:2, such as 99:1. The general forrmula II

i ncl udes mbsainadeas amiure pﬁﬂwwém@&%&wq HHs (nolar ratio Illa/lllb) as

above. In an enbodi nent of the pyesent invention, conpounds 11la and IllDb
are used as a mxture, - ggic- ed in the general feornula 11 in the
foll owi ng reduction : Re—Ni xture of Illa andgl| Ry _dptionally be
purified or seps : 'uch as by 15 chromat ographly dr crysta lisatian. In
anot her enbodi used in t * i on step.

I n-yet another t conmpound Illb is use follo g reduction

step. Conpoupggls of general structure VI
accordi ng @Q/l 20 bt Hods di scl osed for ap
Tet r ahedr on, S ohe,, 43, No. 20, pp. 4609463

exanpl e be synt hesi sed
y M J. Cal verley,
¥987 or in WD 87/00834 and

ref erences File exanpl e, VI, whepgin X is OR2 and
both R and Rg < tert-butyl di methylsily is described in these
references ca -eprotected wi t h aqueous fluoric acid in

acetonitrile. » ein Xis ORZ and either R or
R2 are 25 HS'drogen ORis ORZ and R1 and R2 are
both hydrogen. This mixture of conpounds can for exanple be separated by

chriomat Ogﬁ%@hﬂolgrr ratff”oﬁ!l%"fﬁhﬁ bF &R ﬁ&tuﬂ%rb‘?rtﬁé le;)! nﬁ§ %Bté?ﬁ% i*ﬁ%%'d?elsﬂ){dérea‘:t Lon o~

of sai d conpounds eneral structure erein are
hydr ogen Vigadiioa vymd?am%owm BEAUPA S agénf! Rz Rag the 4‘3%@@@‘1\2590%'“\?{'? zm/Toe 7 71

9 PCT/ W%@@&Qﬁ}mat.oﬂﬁ.cw@m&tﬁes ansll possitte eaﬂpmlém(r@aap%im PepemMli ng on

the stoichionmetry of the protecting_ agent used and the reaction conditions,

m xtures SHCRIADL IR SHERY 25 fABpIUSE @836/ SHRh asdk %@fo?%ﬁtaéop gonpstiigst & 8% be
obt ai ned. sAAY at BEersRdERbE 80f 2R <LK b7 6; I RLEN Bs X017, @B&h agngd:gy)eusf afll or

2 15 IR0 220 LIRLbe Pl et D Ehr ol oaL g ool e ted i th

conpounds sath ag@osStlsush BETELEE s\th as Bhere) sucK asSIORA, and d31 90: 30 ddufchaisent

from % 95:5, such as 96:4, such as 97:3, such as 98:2, such as 99:1.
The general formula IIT includes mixtures of all possible compositions {molar ratio
II1a/11Ib) as above. In an embodiment of the present invention, compounds 11la and II1b
are used as a mixture, as indicated in the general formula III in the following reduction
step. The mixture of IITa and IIIb may optionally be purified or separated, such as by

( 15 chromatography or crystallisation. In another embodiment compound Illa is used in the

following reduction step. In yet another embodiment compound IIb is used in the

following reduction step.

Compounds of general structure VII can for example be synthesised according to

20  methods disclosed for example by M. J. Calveriey, Tetrahedron, Vol. 43, No. 20, pp.
4609-4619, 1987 or in WO 87/00834 and references cited therein. For example,
compound VII, wherein X is OR> and both R; and R; are tert-butyldimethylsilyl which is
described in these references can be deprotected with agueous hydrofluoric acid in
acetonitrile to give a mixture of compounds wherein X is OR; and either R; or R; are

25  hydrogen, or to give a compound wherein X is OR; and R, and R; are both hydrogen.
This mixture of compounds can for example be separated by chromatography or
crystallised as generally described herein. By reaction of said compounds of general

structure VII, wherein R; and/or R; are hydrogen with a suitable protecting agent, new



Conpounds of general structure VII wherein X is hydrogen and R 174 Ay diegen
or a hydroxy protecting group can for exanple be prepared starting from

conpound 7awpRdé@77eb described by M J. Calverley, Tetr ahegdbRioosNRhe1 43,
No. 20, p. 4610, 1987 and 10 foll ow ng anal ogues procedures and gener al

synthetic nethods as above and as descrlifbed in the above cited references.
The reducing process of the present invention can for exanple be carried out
by reacting a prochiral ketone of general structure |]] mnth chi r al

bor ane r egfauPsB: ARERE Rorarabe HipRAULAE. PeRRIcintgoR N TOICRIMMENpPllERIaISHNG

chiral awxdnk ¥¥as adBehPFREBSS cORBUOASS miRtdrEELof unprotected monoprotected, and
enant i oselectivel/ di ast ereosel ective reduction of th E&J‘Hégrﬁrﬁ" ket such

that one @protefed CABPRYRY Fndbeprriied: fAy4 Iprmesateors Pt gﬁ%ﬁ@é to
the corr e?s,gp?@g B?Rll ﬁmﬂrﬂtgﬂ']ydm@i’!dﬂgrtﬁﬁﬁ Bt isolated by chromatotgraphy a(;md reacted t
enant i osel ecti vi i.ast er eos epe n_.the reducin en
used, 2t heWEhlsPﬁf'blé&?tFFtéf?%/a%eﬁ'g 4 eé@%%%‘f"%ﬁ ﬁ(’f% At)ﬂ li'sgﬁsto e TREPPE gsc?tiagn
reaction @ine&almmﬁu‘ﬂdﬂqfwi@ﬁlmﬁais BRy aed By ie différensfromud. |y carri ed out in a
t tu t bet -15C
TP G L S s SR PO e S0 42K e D o5
t he rerrplwcabw erute¢tmgvga-bupsabémwmmp1®6emmeméﬁ seuging freml&@npeurRbly; such as
15C

to CCH gg d%Qér'it{EHrBj@g}e? ‘Net”eg Wodrkp dERSNG OE;tr@?e] z%oﬁbe'%&@ [&ALLAPN

condi ti on®HHd reagent he enbodi rfen?i sent’ invention,
t he ri@act fiottowimgdnalagLies prqnqmﬂchsangilgermoajlsedtfteocmndcﬁ@%@s eiDO\@OEmII aionto

avoi d the N, N-di ethylaniline is used as
redu0| ng %%sg'hpgé rﬁ&el\gtﬁ%l':%ﬁq#ghéﬁ I'me formed can be easil y renoved from
the'reaction mxture by extraction with aqueous hydrochloric acid. One

mol ar eq“ﬁY@l’é%WcmW' échés‘é‘%‘P%l‘Fé pfdehtiRvERRS L 10F eﬁ%bl%odeeélarﬂfad LM Bydeqagoric

acid is 30 preferred he reducin ent, optionally dissolved or mxed wth

an inert a@resde! k@ﬁ&pﬁﬁég%%lcﬁtf %u'te I wBhsotitia! Berageneduding pgenttQire | | |

opti onal | Yordhs $ehRth Sdentiin Btk WekBn@ofl N&fital aﬁsefhy.e,ntrhe @rébest RERItsaR tharer t
at nosphere, such as nitrogen. Alternativel EEP he compound of 35 gener al

st ruct ur eSMaNtiosgisetivRidiapter %ﬂ%?ﬁ'\’/‘éﬁe%’ﬁ'ﬂ‘i‘ R wr@ﬁh'aiﬂ kekrdiey sue U’@ﬁt""er?&y be
added t otHeh@vo ﬁbdtbllé\@plét@@@wa SPIVHOB FbhivedlinSsiefer@iteqin thk 8ee¥bdrtian | nert

sol vent ( rpex_.eerrs%gie degree o} enantlosp\ectl\.rlty/gla\é\t%rgc?s% e/cg\8/|Zy7 %\ngll clzzl)(%re/n%P%Znot 5e/r?a Ség& 17
agent used, the chiral auxiliary and the reaction conditions.

20  The reduction reaction of a compound of general structure 1II is usually carried out in a
temperature interval between -80°C to 70 °C, stch as -40°C to 60°C, such as -15°C to
50°C, such as -5°C to 40°C, e.g. 0°C to 5°C or 5°C to 35°C. In one embodiment the
remperature interval is between 10°C to 30°C, such as 15°C to 25°C, such as 15°C to

( 20°C. The optimum temperature will depend on the specific reaction condition and

25 reagents used. In one embodiment of the present invention, the reaction mixture is
immediately cooled to 0-10°C after completion to avoid the formation of by-products. If
N, N-diethylaniline is used as reducing agent, the N, N-diethylaniline forimed can be easily
removed from the reaction mixture by extraction with agueous hydrochioric acid. One
molar equivalent with respect to the base to be extracted of 1M hydrochloric acid is

30 preferred.

The reducing agent, optionally dissolved or mixed with an inert solvent, may be added to
the compound of general structure III optionally dissolved or mixed with an inert
solvent, e.g. under an inert atmosphere, such as nitrogen. Alternatively the compound of

35 general structure III, optionally dissolved or mixed with an inert solvent, may be added
to the reducing agent, optionally dissolved or mixed with an inert soivent (reversed

order}.



in one enbodi ment of the present invention, the reducing agent is used in an
equi mol ar  anmount or in nolar excess to a conmpound of gener al sﬂMﬁdJlﬁLEﬂIE L.

In a specific enbodi nent of the present invention, the nolar ratio of
reduci ng ag®f P9¥8H38Und of general structure Il is 1.0-%@5”“?%“%{"““

presently preferred enbodi nent, the nola~ ratio of 5 reducing agent/
conpound of general structure IIl is 1.8-3.0, such as 2.3-2.9, such as
2.5-2.7. The chiral auxiliary may react with the reducing agent prior to the

reduct i onyj gheSkhHoditherl OF Thé Fé@éﬁﬁhvér&w&m@r@memtg &ent h;ajs@:bi:ﬁ ah equinhdibar y
may for exanple serve as a cﬁ

iral 10 i and IP CE E{fol ihe reduci ng
agent, i .@noRRroTdRANPIPE SXeRsyity @ C&”IH?PF‘QIO PRURIBI THGUAYe ‘i‘t?eSPﬁF Sent
: nvenéI i on%ma@cﬂ.ms of Bige pﬁe%em‘ .ns%m Inuﬁar aloldradtic bh gedugiat yeat/ cfdmproeajh'nd of |
i gand-reducing . a ic sql at e tely
bef or e b%‘?'}?éa'ﬁ@% Lf'"(?rﬁfﬁel Séﬁﬁclt |%Hre3f3 'beﬁ‘ffé%ﬁ g]f)ca"g'i%(‘fpé'r% 'gu iaI I
15 .Thes t efdiuting digentygcomgesuind of gteherapsieaﬁn@aelmis B.8ehioy alicheas?. |3r219y§ucti‘mes
i ncl udes 2%y2%hi ral reducing agent. For exanple, the chiral auxiliary may

react wth~a“borane reducing agent prior to the reduction in situto forma
chiral borane reduci ng agent or the chiral auxiliary nmay serve as a chiral

ligand in [0} i ents
are chir aTﬁ%b‘%l r o | i ﬁﬁb;%yorre%%a or opudpﬁgggms%ﬁi tgghgﬁ‘?drlécﬁgg%* St 8
oxazabor ofdrdi aehiradagdutisg dgentvadhe rt:bmal(al,R;I@S) raiydot exanmple-s2riengkainohiral

1S, 2 |
o O s s 8 ol diel O e it oG e
5- di phepgent2Tihe prasenBinyeptiop inghides ywezuw@’z%b rcbirﬁU"Eﬁ‘éC'nQ gyents or chiral
2 rfbt hyl - ﬁ%?.doe@%%ar elneil:&%pne@ w?h.e%ayé @%§ré&xﬁ?@@8|%€léd ipAgateil RreesENt

i nvention refore”includes the use of suc chiral reducing agents, such as-
chiral boP&iRe USQ@)fqrefcﬂ‘ﬁd'ieﬁﬁdﬁﬁ'eﬁ’ftasm"@ﬁo%ﬁlqfélenﬁ'iaéémdc‘i“é‘%ﬂél ng agent

conpl exes, such as chiral |igand-borane conplexes, whith were prepared and
i sol ated before bei ng used for the reduction of a corrpound of %%ner al

st r uctur e Th¢ fermseEHe P9 @QS%H“&“SP’ e5elRt Php chirgamtrliany h(‘:"ér'ﬁﬂ“&?s Y IshirRk
reduci ng ?&%@hg'@eﬁh@&%h@l& thé chiraﬁ'allxﬂlér\ﬁﬁﬁly react with a borane reducm a ent

2, 2"' - di hydr ox B qphIh 3 ar ratl reduci r\%3 ent iral
1 ey B e Sl to Thsm Se) Garane g uckin faant op e S5 cugilaf b
0. 3-5.0, E‘lwfhea&@s&cﬂlr&hgﬁmﬂhnasbo]:ar@e dorfiplesubtarasied ofsukhlchirasbanas
2.1-2.9 s h. as 5 .,The chiral

auxi | i a’ry 'ngeagﬁpgs%retéq'rr?l ga?qulfd'%e %%?flgborg %Hes ssuéh B%Fﬁa aghl onetric, or

20 oxazaborolidine reagents derived from (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.a. 5,5-diphenyl-2-methyl-3,4-propano-1,3,2-oxazaborolidine, (S})-
2-methyl-CBS-oxazaborolidine, (R)-2-methyl-CBS-oxazaborolidine. The present

L invention therefore includes the use of such chiral reducing agents, such as chiral borane

25 reducing agents, or chiral ligand-reducing agent complexes, such as chiral ligand-borane
complexes, which were prepared and isolated before being used for the reduction of a
compound of general structure III.
Another example of a chiral ligand in a complex with the reducing agent is the complex
of LiAlH4 and 2,2'-dihydroxy-1,1'binaphthyi.

30
The molar ratio of reducing agent/chiral auxiliary is typically in the range of 0.1-20.0,
such as 0.4-10.0, such as 0.3-5.0, such as 0.5-4.5, such as 1.0-4.0, such as 1.9-3.1,
such as 2.1-2.9, such as 2.3-2.7, e.g. 10.8, 5.4, 2.6, 2.5, or 1.6.

35 The chiral auxiliary may be present in catalytic amounts, such as substoichiometric, or

equimolar or in molar excess referring to a compound of general structure III or to the



equi nol ar or in nolar excess referring to a conpound of general structure
111 or to the 2 4 AUG 2006 WO 2005/ 087719 PCT/ DK2005/ 000161 187 4 gepuzding

agent. E.g. 6 of chiral auxiliary/conpound I1I nayP@@mQ\z&h}gﬂﬁi such
as 0.5-2. o‘*‘gu‘é"rﬁﬁg@é 8-1.3, such as 0.9-1.2, such as 1.0-1.
sel ection of a particular enantiomer of the chiral auxili ary wi | I det erm ne

the 5 stereoselective orientation of the hydroxy group of the conpound of
general structure IV wth respect to CG24. Chiral auxiliaries which
pr edoni namedysing egedtt hg- the o) il awdiliary/cempaund M1 Ipay Be Oetp-2.5, such as

Bor ane- caipad ws@ dyucras blgass WeER ot @ 9-axammkR asavi-avwed by Del oux and Srebni k
[Chem 10 Rev. 93, 763 19593] Exanpl es of efficient catal ysts based on

chiral nodified borane can for exanple be found in [A Hrao, J. Chem Soc.
Chem Commua.selthon &QBbartEuﬂar en@atieer of t%@hl@ﬁmmaﬁs@@vﬂl Hegrmiv2the 1987] .

Exanpl es of the synthesis_ an 1,3-am no hoI
stereo%el STEQRel 'dﬁ(?f'eB'f‘?‘tWtcﬁ%%Hﬁﬁré’xXz?ﬁmg) ‘i_fflths °f”6’8n8d Oﬁgfzﬁeraﬁa\w&gre

al.; Tetr ahadrespecttd C424 a9 4QBi8ried BAkh fCeddmiBenty giehk theeS-cahfiguration at

Tet r ahedr %zgettezf% 3 (42), 7615-18, 1995, EP 0698028, EP 0640089, EP
0305180, 3FSBUABYTN0 94/ 26751] . The synthesis and/or use of chiral

ci s-1-am no-2-indanol derivatives in borane reductions can e.g. be found in

CH S ak | t. at,
Syt hes: © RS Eualsbb b GhE fefbt exdplepybickiy, A8 ofly SrebhjRTEpaf! -
6631- 34, Rev1994768.1903].Sixapmyes EﬁaeﬁFarlaedcaialyﬂsmsced py,chﬁéﬂmoam‘@d%ra@% Y.
Ho t | | eft 3 = ; Lt et at,
Ongg I(?a’r ogefcswseﬁes'giggggeﬁr%m A "g%ﬂ%gé @iﬁ%g)So ﬁéﬁé@gﬁﬁgéﬁ%n rlétEng' eﬁces
cited therGirey, JTA:. rfhtend pck é99p?%ﬁjd49ﬁ@'] cal ci potriol as described herein
may be moghbhffedbiiile SGORES a%g 5rq,lsteh:ﬁe°%dfﬁ 9hd &fseamﬂ%uhaﬁb@wps by

omttlng one Or nore reaction i ntroduci ng additi onal
puri fi cat iséerespeledyetrpdwrtionapish aﬁra@ﬁfagt%@ebeoﬁoun%@ [ diifies £t asedeisnphedromhe

present i moeabu@mgls@chygi@sC #. ISeaaﬁéyarveecytfav C@éﬂrmmJ Dertam] I:aegazf)ovsfs' -@guci ng
cal ci potriol as escrl herein includes further all varian wher e

t he hydr oxy?99r 6F O6PRORP: gErPoQﬁﬁooﬁg ER&PEP1IES W9r93é%$f’pﬁ§nr‘%‘§ 96v2 ‘ﬂ*ﬁlér MB6i at es,
where R ewel&sys.s%d%@g&qsf dmell §ganamiioe2 it Ederdiat RBY irbba@Pe ¢bdidi®ns can

L%fébgﬂ S9erq“eP und mc?c%o%réﬂgng;;akep}\%n”ﬁlmlca Reta, %h?g)e,llnﬁ 1 9r]8d/p?lr< Shodh ©

et. al., Synthesis, 937-961, 1998; Y. Hong et. al., Tetrahedron Letters, 35(36), 6631-34,

20 1994; B. Di Simone, Tetrahedron Asyrmmetry, 6(1) 301-06, 1995; Y. Hong et al.,
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 methods for producing calcipotriol as described herein may be modified with regard
25  to the order of the reaction steps, by omitting one or more reaction steps, or by
introducing additional purification or reaction steps at any stage of the reaction

sequence. The present invention includes all such modifications.

The method for producing calcipotriol as described herein includes further ali variants,
30  where the hydroxy protecting groups R, and/or R; for compounds or intermediates,
where R; and/or R; are not hydrogen, are removed at any stage of the reaction
sequence. Compounds or intermediates, wherein R, and/or R, are hydrogen may be
protected with protecting agents at any stage of the reaction sequence, including
protecting agents which yield different protecting groups than those removed earlier in

35 the reaction sequence.



protected with protecting agents at any stage of the reaction s?qu R
‘including protecting agents which yield different protecting g od%@ t%an
those renoved earlier in 35 the reaction sequence. 2 4 A 06 WO

2005/ 087719%%@%@%/ 000101 19 Conpounds and i nter redi SEEORH e
present invention may conprise asymretrigally substituted (chiral) carbon
atons and car bon-carbon doubl e bonds which nay give rise to the existence
of isonmeric forms, e.g. enantiomers, diastereoners and geonetric isoners.
5 Epi ner s Ghepdunduandsntdrasdietesariths ptdsaht inawetioppagicompicabsgurmetiiciy( R or
S) at onl e of (LK RLe ral, st ' . . £s
havi ng WI%P%&EEJS{ erehgc%ﬁt?og %éh?%gg,&g%% géz’arg’&?ﬁgh@iefb g’ﬁhﬁg@’dgﬁﬁgéﬁg lsfeo
whi.ch t he tprites eristednge ef iSoorericSorm, ree@t @intiDeery hadtensoniers fod gexafiple, C 24
as the epi.g%rl'rg centre of a pair of enantionmers 10 therefore inplies that
the configuration at the other stereogenic centres of the pair are

i dent i 6al .Epthersprredenivni andinsteiemess thaihave oapesitesgmdgh@tioprfer Duth as

epi Ners, &\ghe bf‘nﬂn"rﬁ;ﬁet&ﬁﬁcedpé’l s?@ra@&éﬁé’éé?ﬁréshﬁrrﬁ&%cm%shﬁadifﬁjhﬁﬁﬁ]ﬁl@n of a

specific conformation or configuration etther 'in the fornulas or the 15
nanes of GORBEAERIS cORtrestsEFas fhe wiarpn i pealppeasche whish it Peseshigventioidiscat e
that this 4ispgei.fic conformation or configuration is a preferred enbodi nent

of the invention. The indication of a specific conformation or
conf i gur atResiNEHPR& fop expBPleofrift 8% thsy eRifie iR 4RRIEe obp PEBRISIARYCHErS

i nt er npdi ahefer@ iiBePERRQNE chiMRINGtiEH 1 SIAR ] dthd Kt BB eMB YeMir&Lbf the ERT aret han
specifically indicated, either in pure formor as mxtures thereof, as

anot her 204 bi ment of the present invention. The indication of an
unspeci fi crreqitbsentahva@niod rekedf oGl iabmenc irblde Eudtad Hfinfeds, naidhas irpuret fHEm
nanmes of conpounds or.internedi ates of the present invention shall indicate
that a n‘i%{{%rr@' Yrep A€k hecifi ¢ conformtions or configurations is a

pr ef er r ed Brtiodicagorn obé spedific camemniation. orkkonfigxabph ejthétie the iowss of ttgener al

R R g e e T L A

f or mul as @pecific conformation or configuration is a preferred embodiment of the invention. The
indication of a specific conformation or configuration either in the formulas or the names
of compounds or intermediates of the present invention shall include any other isomer
than specifically indicated, either in pure form or as mixtures thereof, as another

20  embodiment of the present invention.
The indication of an unspecific conformation or configuration either in the formulas or
the names of compounds or intermediates of the present invention shall indicate that a
mixture of these specific conformations or configurations is a preferred embodiment of
the invention. For example, the compound of general formula III is a mixture of the

25 epimers of general formula IIla and IIIb.
The indication of an unspecific conformation or configuration either in the formulas or
the names or numbering of compounds or intermediates of the present invention shall
include any specific isomer although not specifically indicated in pure form, e.g. as
another embodiment of the present invention,

30 For example, the compound of general formula IVa includes the following two epimers
Ivaa and IVab.



t he nanmes or nunbering of conpounds or internediates of the pres%pﬂﬁv@zmﬁ

I nvention shall include any specific isoner although not specifitca
i ndi cat ed i wopwneesiforem e. g. as anot her enbodi ment of theP@RBERNE/A00161
Fnvention. 30 For exanple, the conpound general formula IVa includes the

following two epiners |Vaa and |Vab. 2 4 AUG 2006 WO 2005/ 087719

PCT/ DK2005/ 000161 20 OH OH o0 IHrIH H~s HlVab X1 '' OR The neaning

of conpound of general fornula I. thus includes epiners Illa and I11b.

Pure stereoisoneric forﬂs : %onpounds and the interngltiates of this

I nvention may 5 be the applicatig . jures known in the

art, such as by ¢ ' -tereoselective

synt hesis. The s s of the

present inventia afe not | »oraphy, such as

adsorption chyoma ogpaphy (|nclud|ng 10 co “C'ronatography and si mul at ed

novi ng beq)( ) ), My di sjli |4 ation. The separation,

i sol ati on, afe --rlflcatlon met hods be-tsed subsequently and in

conbi nati on, r the sepgpation of vitamn D
al chemstry. The 1

anal ogues o e~ nown to those skilled in the
art of phar nmag
with a statiQqk phase, for exanple si|

Nni que enpl oys a col um packed

such as pretreated silica onto
whi ch sanplX t o~be s@ﬁ@rated i s | oadgd” The dgyple is then eluted with a
suitable eluent. Elution can be isocratic or so-¢talled sol vent progranmed

(gradi ent ), Whehido Jb?n;ﬁﬂfﬁlacb?'gteh@Fhl?Jrn%ﬁn‘f'ﬂ#{?snufndu%eyéfﬂn?&srlﬁgla!:'narﬁﬁs (e.g.

linearly) or 1rregularl stepw se over tine. Pretreated silica gel,
well known to a person skllled 20 in the art of chromatography, is a

sui tabl e giat é@%‘%n@%rmﬁoﬂh@&rﬁbédﬁd@%ﬁ\thé’)ntﬁﬁrhé!dhates of this invention may
5  be obtained by the application of procedures known in the art, s\ch as by

resent invention is

chromatography or crystallisation, or by stereoselective synthesis.

The separation, isolation, and purification methods of the present invention include, but
are not limited to chromatography, such as adsorption chromatography (including

10  column chromatography and simulated moving bed (SMB)), crystallisation, or
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

( 15 technique employs a column packed with a stationary phase, for example silica, such as

pretreated silica onto which sample to be separated is loaded. The sample is then eluted
with a suitable eluent. Elution can be isocratic or so-called solvent programmed
(gradient}, wherein the composition of the eluent is varied reqularly (e.g. linearly) or
irregularly {e.g. stepwise over time. Pretreated silica gel, weil known to a person skilled

20  in the art of chromatography, is a suitable staticnary phase. Elution with 5% (v:v) ethyl
acetate in hexane or heptane followed by neat ethyl acetate is but one example of an
elution program that produces the desired separation. Other suitable eluents will be
deduced by the skilled person through routine methods of development, e.g. by using
mixtures of heptane and ethylacetate of suitable polarity.

25  For the chromatography step, any combination of stationary phase (packing) and eluent
that is capable of resolving the mixture of C-24 epimers can be used. Such combinations
can be readily determined by the skilled person by routine experimentation. An example

of a preferred stationary phase is silica, such as treated silica.



acetate in hexane or heptane followed by neat ethyl acetate is but one
exanpl e of an eI ution programthat produces the desired separaZE(AUE 206 her

sui tabl e el tJ-|o be deduced by the skilled person th e
met hods of e 8)8%!#3 e.g. by using mxtures of hept aneﬁgﬁg 'g(ﬁwdéggt ate

of suitable poI arity. 25 For the chromatdigraphy step, any conbination of
stationary phase (packing) and eluent that is capable of resolving the

m xture of C-24 epinmers can be used. Such conbinations can be readily
determ ned by the skilled person by routine experinmentation. An exanple of
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2-propyl agess=), @ceth&ispg@rﬂaéﬁdh?mm&aiﬁe&rsa&ﬁFbpy&ScedaﬁehhabgmthalselvemtﬂthOr
m xt ures of s vents. aid retro Diels Alder reaction are

wel | knowd® £ !5”?)’8? (?HESWF‘W@H mlﬁ“ﬁr a?a['SS?‘Ve'i’/tFt amin D synthesis (see e.g.
M J.1cCal Metﬂceiys of'Eetdrmh'ed]nels Aldol readByn &e. wa&Dkngwmn to42669|=50146ked 198% ot ofn WO

87/00834) ¢\ ] ‘ﬁﬁ‘mez?% JL‘?&‘E% M3, EQNER ’TEE%%gaL%Ht Whe réF’ 2%%&?.;16&"6@;2?“

or xt ur &s° t ere ases to e used in't
reactron ARLP UR87atind¥@ 87600834dxi ted to 15 NaHCO3, KHCOB, Na2CO3, or K2CQ3.

|1 one eTBALPEDL, Ok b RUBSRI TR oty LG Naser| b AfMpRUTIRHCS )

and/or the retro reaction’i s run above
such as b&tiielkla brees ke qsz&rri ig the gietio Béelydddas spaction laﬁradergn@are ueihluaﬁed to

bet vep) 7RGHaRd 480, ! N@.zeﬁe Shoedi,. r@rrsneoémsaﬁneﬁeeeme AraY&ER i MiohNehe
tenmperature range of ‘exfractions and phase separations after t he

conpl et i oRa%s istagiepes NaHEPepRU/AS Hes rqtga@teiisoﬁidgn FeasHOR dsaian Ve \Rer k- SHSh d@se

about 30CyA8fe 7@@99@9@@&&6%@&&&&9@@ U Rh\slHet®adn heecoiaraed divh as
i someri saLr on of gom%ounq]s of
etween 72 d78°C
In one embodiment of the present invention, the temperature range of extractions and
20 phase separations after the completion of the retro Diels-Alder reaction during reaction

work-up are about 30°C-40°C,

Compounds of general structure VIII can be obtained by isomerisation of compounds of
{ general structure VII.

25
Methods for the isomerisation of compounds of general formula Va and/or Vb to Via
and/or VIb, or VII to VIII, are well known to a person skilied in the art of vitamin D
synthesis. Reaction conditions can e.g. be found in M. J. Calverley, Tetrahedron, Vol, 43,
No. 20, pp. 4609-4619, 1987 or in WO 87/00834 and references cited therein. In a

30 preferred embodirment of the present invention, the isomerisation is a photo
isomerisation, e.g. with UV-light in the presence of a tripiet sensitizer, e.g. anthracene

or 9-acetylanthracene.

Compounds of general formula III, IV, V, VI, or VII, wherein X = hydrogen may be
35 hydroxylated with a suitable hydroxylating agent, for example by a selenite mediated
allylic hydroxylation, under the conditions developed by Hesse, e.g. with Se0, and N-

methylmorpholine N-oxide in refluxing methanol and/or dichloromethane) [D.R. Andrews



general structure VII. 25 Methods for the isonerisation of conpounds of
general formula Va and/or Vb to Vla and/or Vib, or VIl to VIIIZ4aUe 288! |

known to a %5&%@%%6' ed in the art of vitamin D synt hesbéT/@gﬁ&Mﬁgﬁl No

conditions can e found in M J. Calverley, Tetrahedron :
20, pp. 4609-4619, 1987 or in WO 87/008342zand references cited therein. In a
30 preferred enbodi nent of the present invention, the isonerisationis a
photo isonerisation, e.g. with UW-light in the presence of a triplet
sensitizert ak. 4. OrgnChealceh@86, il J63Ckeyaafrribee eM. Edmiveirys Tekrardienal

formula Ihh; d3VnoY ,zopr 8509k 10 VRN WG aby@tsme@o gRe &%p&ﬁdbwﬂgwbﬁt ed
with a suitablé hydroxyl ating agent, for exanpl eq)% a selenite nedi_ated

allylic h\ﬁ%ﬁ’%é!?llﬁt fonv \Gﬂ@é EIAc TR N KETUpendRe Tbydegen).gheyi t h

Se® and MNyd bipd Hhdlel StNgAX AR alsnEEhd PrdtBeeABYHREAta bRNE: o@é’ctm
di chl ororrewtyhﬁgwbgg. Andrewsmgz 100 2005/ 087719 PCT/ 05/ 000161

9° "ot Sal 8rouPs 4ol aSASEARY abogs by Y INABFAEGH UesTRAkRTNEA P RIMPR [0 avo

Cal ver | ey unfietirah@ddsibn of\@id hfdoxNgroupd, pp. 4609-4619, 1987 or in WO
87/ 00834, to give compounds of general formula IIIl, IV, V, VI, or VII,

wherein X = hydroxy (X=COR, and R2 = hydrogen). The hydroxy groups of the
starting rmt@wdtabShmatd)aaprb@tmmeh By chystdliidagibh f Raleipedid! mm afueiueups such

Cndest r o “BRPRE PR BT e ATy PR B eaf B 1ot 1/8bo Ry ar ot o may be

obtained by crystallisation of calcipotriol fromaqueous solvents, such as
for exarrpIEg( LBt hods described in WD 94/15912. 10 EXAMPLES General Al
chem cal s, un €SS otherw se noted were from comrercial sources. Al nelting
points arC_‘@mmjDrrect ed. For 1H nucl ear nmagnetic resonance (NMR) spectra

(300 NHZ) e?\’ﬁ%ﬁé‘ﬁi% Atﬁérvﬁsc%vhg%d ha‘?’énf eucé‘rﬂh’f ﬂ%ﬁslolﬂl s(ﬁ n(élﬁnggﬁg?ntsare

quot ed, ess (0] erw se Specl terioc orororm sol ut
relative ta@e uRt&Feakd treirrlanﬁmdswérshhmuc(rﬁsonanee @IQMR@ sp&dito3maming)(&hd=13c 26)

or deL.‘ltSGr 'x\%{‘ 9§ 8fl\?Hzr5] c(lém_lca?!%h%gvalues EB?%n pPp glgeac?uo 9 unless otherwise

specified; for deuteriochloroform solutions relative to internal tetramethylsilane (6 =

0.00) or chloroform (& = 7.26) or deuteriochloroform (5 = 76.81 for 13¢ NMR) standard.
The value of a multiplet, either defined (doublet (d), triplet (t), quartet (q)) or not (m)
at the approximate mid point is given unless a range is quoted. All organic solvents used

20  were of technical grade. Chromatography was performed on silica gei optionally using
the flash technique. The TLC plates coated with silica gel were from Merck KGaA.
Preferably the silica used for chromatography was from Merck KGaA Germany:
LiChroprep® Si60 (15-25pm). Ethyl acetate, dichloromethane, hexane, n-hexane,

{ heptane or appropriate mixtures of ethyl acetate, dichloromethane, methanol, and

25  petroleum ether (40—60), hexane or heptane were used as eluents unless ctherwise

noted. All reactions may conveniently be carried out under an inert atmosphere, such as

under a nitrogen atmosphere.

Compounds of general structure JI1
30 Example 1:
III: X=0R,, Ry, R> = fert-butyldimethylsilyl
1(S),3(R)-bis(tert-butyldimethyisilyloxy)-20(R)-(3'-cyclopropyl-3'-oxoprop-1'( E)-enyl)-
9,10-secopregna-5(£),7(F),10(19)-triene $0,-adducts
20(R),1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20-(3"-cyclopropyl-3'-oxoprop-1(£)~
35  enyl)-9,10-secopregna-5(E),7(£},10(19)-triene (prepared according to the method
described by M. 1. Calverley, Tetrahedron, Vol. 43, No. 20, pp. 4609-4619, 1987)
(20.0g) was dissolved in toluene (210 ml) at 20°C followed by the addition of water (40

~



The value of a nmultiplet, either defined (doublet (d), triplet (tzi quartet
(q)) or not (m at the approximate mid point is given unless a ZiaAlellls
quoted. All 0 | vents used 20 were of technical gr % Q raphy
was perfor rregjgﬁ) )gigl-’l?gga gel optionally using the flash tgfél HP @.‘Whg‘gTLC
pl ates coated with silica gel were fromMerck KGA. Preferably the silica
used for chromat ography was from Merck KGaA Germany: Li Chroprep(r) Si60
(15-25pnm). Ethyl acetate, dichloronethane, hexane, n-hexane, heptane or
appropri ate) ankE0s 629 of) withh gtirrge VWites, theirehttmnoras ivdaed torbe kamplete &diPRRS

pet r ol eUTYELRH (iChrB0h shexans, %o)tlﬁ%aﬁ?&nwrﬁ UBRA/ AR Rk QREStUAI8SS

ot herw se reacti o ¥ convenl ent be carri ed out under an

inert at n@i@’ﬁérgema%éﬁteé@on Urrrene/£tin peelgen 9ak %E}}hélﬁéa”yc%ﬁ‘?ﬁo%rﬁcﬁsh%rsg@ner al

t t = t |
Lt Ak 3 G g eyt thrw o

-cyclo | -3 -oxoprop 1
' (E) - ény| yntilpH 6 %é%tﬁaéaﬁ%mymfe ﬁtrstotlt?@fgahaﬁ? Wéﬁée@wt?ég &E%’ solvent

20( R), 1( ShembRs Al vBcbSWithbut et sy bW )3026) {o3aive ¥Eé BRE @Piherid S@XOPT O
1'(E) 35 eny IﬁéQ 10-secopregna-5(E), 7( 10(19)-triene { repared accordi ng

t o the nePddts Hdaepd HEh aﬁy‘ﬂ qlid gmix \Pé?q’%’ymafﬁé\t Faregshilia g chegked Q¥ 20,
pp. 4609- 4@é9thel%7épim(ea@ s@g)ad&@s_tsctmsmd/ﬁpb tduld Bk wepaatatilby Bhibnatto@fhy.

foll d b f
P(C)ZT/ %&goog%ﬁé{hﬂ é%‘!’%‘qgrtr‘fg)f” ter 40&@“?&' P‘L’J\;G\ht‘tr%gg't‘ V\ﬁ oo /d\/WBﬁE“‘teh‘%'t'? eaction
was Jit?'geﬂwétﬁ’arpﬁ WW@&@@% Iﬂ%!‘@? drELRYMR, J—'tQBItQ&ﬂB#ne'ihYt@Ww& B2y

from Merck, etecti on ‘at nass ection,

hex?ne/ et fyl4 @@b‘t‘ht“@e%(qlw 462 (dgslafi3p Gy 4270 1HM 392 (8,11 Bt e of
sodi-um hyga Kb de.60 2, 7%, 26@9 mtra)n@ watlez (ﬁﬁﬂsmﬂ X Ma(sj adfledogimlss)l G

unti | ‘the react] par at ed and the

sol vent ﬁ‘é‘m%*v)eﬁ §7 (5\'/%[&5(9 S fsh%m Oné%tt(? F"I@) (Cbpéﬁ%gﬁb@ogéﬁ@\ﬂ)?,@@ﬁ Ectgi ve the

t wo epi nem@@Q;aq)@ﬂ-ducts l1la and I11b as a solid mxtire predom nantly
cont aL%' ng Illa as checked by TLC. The two epinmeric SO -adducts Illa and
[11Db uld be separated by chromat ography. Crystalline Illa could be

furt her nopeepabdtiinned by tituration of the solid mxture with 10 nethanol. 1H

NVR ( CDCl %}I:I)le(%béi 2, hl\?%foggh‘ = tert-butyldinethylsilyl = 6.73 (dd, 1H),
1(S),3(R)-dihydroxy-20(R)-{3'-cyclopropyl-3’-oxoprop-1'(£)}-enyl)-9,10-secopregna-
5(F),7(E},10(19)-triene

20 20(R),1(S),3(R}-bis(tert-butyldimethylsilyloxy}-20-(3"-cyclopropyl-3’-oxoprop-1'(£)-
enyl}-9,10-secopregna-5({£),7(E),10(19)-triene which was obtained according to the
method described by M. J. Calverley, Tetrahedron, Vol. 43, No. 20, p. 4614-4619, 1987

was dissolved in acetonitrile. Aquecus hydrofiuoric acid (40%) was added and the

(k mixture was stirred at room temperature for ca. 1 hour. The progress of the reaction

25  could be conveniently checked by TLC using ethyl acetate as an eluent. Ethyl acetate
was added to the reaction mixture and the mixture was washed with aqueous sodium
hydrocarbonate solution. The organic phase was dried with over MgS0Q,4 and
concentrated. The crystals (white needles) which formed were filtered off, washed with
ethyl acetate, and dried in vacuo to give the title compound VII {(X=0R;3, Ry, Ry =

30  hydrogen). 1H NMR (CDCl3) VIIf X=0R;, R;; R2 = hydrogen = 6.77 (dd,1H), 6.57 (d,1H),
6.15 (d,1H), 5.88 (dd,1H), 5.13 (dd,1H), 4.98 (s,1H)}, 4.50 (m,1H), 4.23 (m,1H), 2.86
(m,2H), 2.29 {(m,2H), 2.14 - 1.20 (m,16H), 1.14 (d,3H), 1.08 {m,2H), 0.89 (m,2H),
0.61 (s,3H) ppm.

35 Example 2:
ITI: X=0R,, Rl; Rz = hydrogen



6.14 (d,1H), 4.69 (d, 11-1), 4.62 (d,1H), 4.35 (s,lH), 4.17 (m 132, 3.92
(d,1H), 3.58 (d,1H), 2.61 (m1H), 2.29 (m1H), 2.2 - 1.2 (m 16H)Y 4 Al61A06
(d, 3H), 1.0%W¢mo3kB7719.90 (m2H), 0.87 (s,9H), O. 5 (s, OHPCTORGRS(B013H) ,
0.06 (s,3H), 0.05 (s,3H), 0.04 (s,3H), 0.02 (s,3H ppm 15 Preparation 1:

VIl: X=0R2, R1, R2 = hydrogen 24

1(S), 3(R) -di hydroxy-20(R) - (3" -cycl opropyl - 3" - oxoprop-1' (E)-enyl)-9, 10- secopr
- 5(E 0(19)-tri ,20 , ;

So(R  2( SHIRP BT bR i RpPyt PP ge H RS R SERERRRIE - oxopr o

p-1' (E)- e, 7(E9.100tBeciepe ahaadiUE)s, 7(E), 10(19)-tri ene whi ch was obt ai ned

according_to the t ho des bed b J. e rahedron, Vol. 43,
No. 20, pS 9:@1'2 gg:'s IT%&’;‘?mpﬁag cheg%ﬁ%ahef ﬁtgicréq E)nr?l%%(rgai'%ts Aqueous

hydr of | uon(s), B(Gil)djll(mmz@cy-\masR)a(:ﬁjedclambpth omprbwlé(ﬁhmyléts? Lo-sdcegtregmom
tenperature for ca. hour. The ress t he re ction, 25 C%Eld be
convent enb(E): %Q?éép@éw)bﬁr'ereéf %"%Pﬁ%’aé 1q M’{Pe(%c ant e AeRe Rt Ry T acetate

was addedny/ardgBp & £&C80 ooy, THX LS (@NH)) tJnes r(hxtzHy e4.9853 9g5h)eH) Va.v 0 (aquepus
sodi um hydrocarbonate solution. The organic gse was dried with over MpSO4
and concaril andd), 2r$e—@ra/@naasy)(m8t(@,3rh@emre;s} GINMEN( GDSHnEEl/ Wer QR4 Rty BRed
of f, washed th C tie; | VEGUD iest tEhl-e
conpound Vi }I“y% E%Rg ibl% %Ql 15%%dr1§§e7?|;12§r1hH NIVR lé%ciﬂs%/ﬁ\/lﬁlxé%% R1,
R2 = hydr &§§eh 55.%. WW%%F& 1, §9597 3(3d9 1398, 2541830 22H) 1955, 968 9022+ 1-25. 13
(dd LD . %8,9}.3 (s,11-1), 4.50 (m1H), 4.23 (m1H), 2.86 (m2H, 2.29 (m2H,

.14 - (m1l6H), 1.14 (d,3H), 1.08 (m2H), 0.89 (m2H), 0.61 (s, 3H)
ppm' 35 Exanpl e 2. 1l1l: X=0R2, Rl, R2 = hydrogen 2 4 AUG 2006 WD 2005/087719
PCT/ OKZOON%QQ@C;In 224 ~

1(S), 3(R) - d| drox 20(R '-cyclo - 0X prop 1' (E)-enyl)-9, 10- secopr
egna- 5(EVI % %1 ‘3"0 A 502 t%(%cﬁ}%flgm HKlsi Wet hod.as in Exanple 1,

except t ha(s;-hertsmwdnmgthmﬁ!w3(@1) hasoxdit B)(R) 3~ cyclopropyl 3’-oxoprop-1'(F)-enyl)-

( R) di ?ydr Of(é/s %Rggn(a S(ES%E?%&%'tnene oxo prop- 1'(E)-enyl )-9, 10-secopreg
20(R),1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20-(3'-cyclopropyl-3"-oxoprop-1'( E)-
enyl)-9,10-secopregna-5(£),7(E),10(19)-triene was partially deprotected using the same
deprotection conditions as used in Preparation 1 giving a mixture of unreacted startng
material, two partially deprotected intermediates and the compound of Preparation 1.

20 Purification by chromatography gave the pure title compound.

The 1H NMR was found to be in accordance with the structure. TH NMR {CDCl3) VIl
X=0R;, R, = hydrogen, R; = tert-butyldimethylsilyl 3 = 6.75 (dd,1H), 6.50 (d,1H), 6.14
(d,1H), 5.84 (d,1H), 5.00 (s,1H), 4.92 (s5,1H), 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

25  (m,2H), 0.87 (5,9H), 0.86 (m,2H), 0.59 (s,3H), 0.06 (s,3H), 0.04 (s,3H) ppm.

Example 3:
HI: X=0R,, Ry = hydrogen, R; = fert-butyldimethylsilyl
1(S)- tert-butyldimethylsilyl-3(R)-hydroxy-20{R)-(3'-cyclopropyl-3’-oxoprop-1'( £)-enyl)-
30 9,10-secopregna-5(F),7(E),10(19)-triene S0.-adducts,
Same method as in Example 1, except that the starting material was
1(S)- tert-butyldimethyisilyl-3(R)-hydroxy-20(R)-(3’"-cyclopropyl-3"-oxoprop-1'(E)-enyl)-
9,10-secopregna-5(£),7(E),10{19)-triene from preparation 2. 13¢c NMR (CDCl5) 111/
X=0R3, R; = hydrogen, R, = tert-butyldimethyisilyl 6 = 200.3, 151.5, 150.4, 132.0,
35 129.5, 128.0, 108.5, 66.8, 65.5, 63.8, 56.1, 55.9, 55.2, 456.2, 39.8, 33.6, 29.5, 27.2,
25.4, 23.7, 21.8, 19.2, 18.5, 17.7, 11.8, 10.7, -4.7, -5.2 ppm; 1H NMR (CDCl3) IIIb/
X=0R;, Ry = hydrogen, R; = tert-butyldimethylsilyl & = 6.75 (dd,1H), 6.14 (d,1H), 4.80



5 5(E),7(E), 10(19)-triene frompreparation 1. 1H NVR (CDCl 3) II&/ ﬁ(}m R1,
R2 = hydrogen 5 = 6.80 (dd,1H), 6.15 (d,1H), 4.75 (m2H), 4.5 1’3Q 4H)

3. 70 (d, 1H) o 2RRstp1H), 2.5 - 0.8 (m25H), 0.68 (s,3H) I@@@‘)mé?r&nlhll}ﬁ;
(CDCI3) I/ X=0R2I R1, R2 = hydrogen b = 201.0, 152.1, 151.0,

129.2, 128.3, 108.8, 67. 3, 65.1, 63.6, B8B.1, 55.9, 55. 5 46. 5, 40. 1, ' 39. 9,
33.9, 29.8, 27.4, 23 9, 22. 1 19.5, 18.9, 12.2, 11.2 10 ppm Preparation 2:
VII: X=0R2, Rl = V‘?) = tert-butyl di nethyls

tert - but yl(ditimt ﬁ@ﬁsﬁd} HR Cmgﬂ&)oﬁ@@c R}"J’(%gzc{?cﬁ@p%rﬁﬁy@( 31"')0)@0% Ghit),
1'(B)-enylys 1152 mlﬂameqom&gﬁﬁ)%&(ﬁﬁ)i) 10468, oY, 10288 (m, 2H), 0.59 (s, 3H),
20(R), 1(9), % ert-butyl di net hyl sil yI oxy) - 20- (3 -cycI opropyl - 3' - oxopro
p-1' (E)- 55@"')1(9 96&%5%5%‘{‘ 5(E), 7(E), 10(19)-triene was partially

depr ot ect ed using the same deprotection conditions as used in Preparation 1
giving_a mxture of unreacted startng material, two partially deprotected

i nt-er nedi L e conpound of Preparation 1. 20 Purification by

chr omat ogr\,qpl"py_gayealtzheomwreg, ki &l rertelortp@imethyfElitg 1H NVR was found to be in
accordance Rl = h drogen, R2

NVR
T er 1 - bucyPn e g EEvEnh st Watrigrerhy g o i Sprdiy 3 PRORRRE 54
(2d6!2H%dd5 10@){&31yi)|=9 104be?@pr€agnd-|5IIE)(21(E4710(19)1m§ne4 22 (m 1H25 2. 85 dd 1H)
06 25 (M Eroburint byt Sdy Ptbly S plodip b3 oesé‘vsb%fﬁ% éZD
(s, 3HLoOppr, 10-Eg¢amnda@1a’35(ﬂ)l'ﬂ(f),X&0|m trike froly Brepgeation2may be reacted with
tert-but yI I
tert- butyI |rret eﬁﬂa\é"j 1I:?1%”(152 'Hrtgifr%sg?fs oft§|ej:!2:yl%mlne 0 di?hl%romgtr(‘)aneop 1' (E)-
enyﬂ )- 30 Melcﬂntslec@pa\e@n@d@( Bayespuriftydiie) chrprr@mgrm %cddiuettbe PEgrtitlaret hod ..
as in Exar’[;%hﬁ)E dexcept that the starting material was 1(S)-
tert-butyl t Hy'l silyl-3(R)-hydroxy-20(R)-(3"-cyclopropyl-3'-oxoprop-1'(E)-
enyl)- 9, 10- secopr egna- 5( E),7(E), 10(19)-triene frompreparation 2. 13C NWR

(CDCI 3k | Igbpardg®Rqa: R1 = hydrogen, R2= tert-butyldinethylsilyl S = 200.3,
151. 5, 0.4, 132.0, 35 129.5 128.0, 108.5, 66.8, 65.5, 63.8, 56.1, 55.9,

55.2, 46. 2U%-gR. 48 5 COslag, Ro7 hydrogan 4 237 21.8, 19.2, 18.5, 17.7,
11.8, 10. 71,(53-41yar0xy53(a)-ﬂﬁﬂ‘ietﬁs)ﬂadﬁhﬂﬁ<y( VB’ l:\]rdl(liﬁrop\x'@%pl%p ?(Eyd:ﬁﬁ}}@mo R2 =
tert- butylsc(ielcgrgrtegxa %(é)y%(f? 10({59) 2 gjdd 1H) 6.14 (d,1H), 4.80 2 4 AUG 2006
1({S)- tert-butyldimethylsilyl -3(R)-trimethylacetoxy-20(R)-(3'-cyclopropyl-3'-oxoprop-
20  1'{EF)-enyl)-9,10-secopregna-5(E),7(E),10(19)-triene may be deprotected using the
same deprotection conditions as used in Preparation 1. The obtained raw product may

be purified by chromatography to give the pure title compound.

{. Example 4.

25 III; X=0R;, R; = COCMe;, Ra = hydrogen
1(S)-hydroxy-3(R)-trimethylacetoxy-20(R)-(3’-cyclopropyl-3'-oxoprop-1'(£)-enyl)-9,10-
secopregna-5(F),7(F),10(19)-triene SO,-adducts.

Same method as in example 1, except that the starting material was
1(S)-hydroxy-3(R)-trimethylacetoxy-20(R)-{3'-cyclopropyl-3'-oxoprop-1'(£)-enyl)-9,10-

30  secopregna-5(E),7(E),10(19)-triene from preparation 4. 13C NMR (CDCls) IIa/ X=0OR,,
R; = COCMes, R; = hydrogen & = 200.4, 177.6, 151.6, 150.9, 132.8, 129.3, 128.1,
108.8, 66.9, 66.3, 64.6, 55.8, 55.5, 55.3, 46.3, 39.9, 38.5, 36.3, 30.2, 29.6, 27.2,
26.9, 23.7, 21.8, 19.3, 18.6, 11.9, 10.8 ppm.

35 Example 5:
IIT: X=0R;, Ry = COCMej, R; = tert-butyldimethylsilyl



WD 20051087719 PCTI DK20051000161 25 (d,1H), 4.65 (d,1H), 4.43 ( &ljl—l% 4. 25
1H), 3.92 (d,1H), 3.63 (dd, 1H), 2.60 (d,1H), 2.5 - 1.2 (ml@lﬁ 105
,3H), 1. OGo(2w2éd77190. 88 (s,9H), 0.87 (m 2H), 0.59 (s, SHECT/OKSO:(@1@H) ,

07 (s,3H ppm 5 Preparation 3: VII: X=0R2, Rl = COCMe3, R2 =

ert-butyl dimethylsilyl 1(S)- tert-butyl®f rrethylsilyl

3(R)-trinmethyl acet oxy-20(R)- (3" -cycl opropyl -3" - oxoprop-

Ler ) but yH LR TOTS AU R U S TsBy po=pl BGOF G bpromn-3iaxepser-y. ()
enyl) 10 9{APesgiOpitgempHdEp; ﬂﬁ?iﬂﬁla(gﬁéitrleméoﬁﬁdﬁul@ﬁepar ation 2 may be
react ed Vel LRI Behbe AGhHEGRLOMH L negwgt#astewaemace of

trlethylamneln | orone he o raw product may be purified

by chr omat ()¢ &pinpbutddighatbylsibe bﬁﬁ*r)etnmetth\elaceiem@m@ (ﬁ*quﬂpe@mh re¥PRIeP-y/| |

X=0R2,c R, 4 C%i'lg? ! r

1(S) - hydro ? %fqugn%%ohe?/acetg@ 7(%)(5 %198 tn?r(‘:?/g goglragapl)r;ﬁb-e fr?B”x%FSPSSt'f”fE) -en

yl)-9, 10- secopregna-5(E),7(E),10(19)-triene. 1(5)- tert-butyl dinmethylsilyl

-3(R)-tri Ydenes.oxy- 20(R) - (3' - cycl opropyl - 3' - oxoprop- 20

1 (E)-enygﬁbg—l‘o-‘ﬁcopr e%na S5(E), 7(E),10(19)-triene may be deprotected using

the sameVHe Fee Ri snCRBAARY rd’!’{gf%e"used in Preparation 1. The obtai ned raw

produlct Zws SRﬁrew '3tFggcé?b{xyﬁbb%?ﬁ%é@ﬁ%p?pygwﬁbr&ﬂl@ (BpeRylhid 1@ conpound.
anpl e

1( S) - Wy dr S36PPERIRP: ?@%Hﬁ}@@@é‘ttﬁ?("f 20(R) - (3' -cycl opr opyl - 3' - oxopr op-1' (E) - en

yl) -9, 10- 1 gncoR)afiairbkER o H)E)3 - C\}QéﬁfgbyI-B"-@(b@rcSQZ‘(&ﬂ-éHﬂl)Q 1Gestopreghed as in

le 1 t th t
el hﬁdr@m%ﬁ}otﬁ%tﬂﬁgﬁgﬁe S B 5 7 Batiogny BPEREeR=tgn domap be
1'(E)- enyfe)acaacﬂwrthaﬁemmpreeugBaetﬁ(cEDon?i(eE:) tﬂ@ﬁu&a&)an&ermfanetﬁwa)mmreparraiwm 4.
13C NVR - 200 4, 177.6,
151. 6, 1&6 0%% rgay E‘ié’gégéiglécﬁm 318%“@“"6’@ Sé"éég% 9%9%'2 %‘reg@' 55. 5.
55. 3,196, 8&mpBurd. 38.5, 36.3, 30.2, 29 6, 27.2, 26.9 23.7. 21.8. 19.3.
18.6, 11.9, 10.8 ppm

1 — OA/—\

Example 6:
ITI: X=0R,, R, = COMeg, R, = hydrogen
1(S)-hydroxy-3(R)-acetoxy-20(R)-(3'-cyclopropyl-3'-oxoprop-1'(E)-enyl)-9,10-

20  secopregna-5(E),7(E),10(19)-triene SO,-adducts.
Same method as in Example 1, except that the starting material was
1(S)-hydroxy-3(R)-acetoxy-20(R)-(3'-cyclopropyl-3"-oxoprop-1'(E)-enyl}-9,10-
secopregna-5(£),7(£),10(19)-triene (VII: X=0R;, R; = COMe, R; = hydrogen) from

{ obtainabie from Preparation 5. 13¢ NMR (CDCl3) IIla/ X=0R;, R; = COMe, R, =

25 hydrogen & = 200.5, 170.3, 151.6, 150.9, 132.8, 129.2, 128.1, 108.3, 66,8, 66.4, 64.6,
55.9, 55.7, 55.3, 46.3, 39.9, 36.4, 30.4, 29.6, 27.2, 23.7, 21.8, 21.0, 19.3, 18.6, 11.9,
10.8.

Example 7:
30 III: X=0R,, Ry = COMe, R, = tert-butyldimethyIsilyl
1(S)- tert-butyldimethylsilyl-3(R)-acetoxy-20(R)-(3'-cyclopropyl-3'-oxoprop-1'(£)-enyl)-
9,10-secopregna-5(F),7(E),10(19)-triene S0,-adducts.
Same method as in Example 1, except that the starting material was
1(S)- tert-butyldimethyisilyl-3(R)-acetoxy-20(R)-(3’-cyclopropyl-3'-oxoprop-1'(£)-enyl)-
35  9,10-secopregna-5(E),7(E),10(19)-triene. 1H NMR (CDCl;) IIa/ X=OR;, R; = COMe, R,
= tert-butyldimethylsilyl 3 = 6.75 (dd,1H), 6.16 {d,1H), 5.20 (m,1H), 4.71 (s,2H), 4.33
(s,1H), 3.95 (d,1H), 3.60 (d,1H), 2.61 (m,1H), 2.31 (m,2H)}, 2.15 - 1.2 {(m,15H), 2.03



35 Exanple 5: 111: X=OR2, R = COCMe3, R2 = tert-butyldinmethylsilyl 4 A
2006 WD 2005/ 087719 PCT/ 0K2005/ 000161 26 1(S) “tert-butyldi rretMlbéli |'19ﬂ5
-3(R) -trimethy t oxy-20(R)- (3" -cycl opropyl - 3" - oxopr op-

1' (E)- eny|)“é)1"6 S 2]09pr egna-5(E), 7(E), 10( 19) - trl ene S02- addudPE2""E8Me et hod
as in Exanple 1, except that the startingzmaterial was 1(S)-

tert-butyldi rrethylsilyl -3(R)-trim et hyl

acet oxy-20(R)- (3" -cycl opropyl -3' -oxoprop 5

1' (E) - enyly, 319) 101 5 éd,5pi ey10a- (of BN, 74 B (F0219)0-88 {w8l), .68 (aBthi hadl(e3fH)om
Preparatig I%r@g_ﬁration 5. VIl: X=0R2, Rl = COMe, R2 = hydrogen

1(S) - hydr ox %ﬁ(ﬂl t oxy-20(R)- (3" -cycl opropyl 3' -oxoprop-1'(E)-enyl)-9, 10-
10. secopregna 5(E), 7(E), 10(19)-triene.

1(9), 3(R) &4 rexy-20(R)- (3" -cycl opropyl - 3~-oxoprop 1' (E)-enyl)-9, 10- secopr
egna- 5(EF—%®§L_IO(19)-tr|ene (M1: X=0R2, Rl, R2 = hydrogen) from

Prepar@t i oih: X=nmidregen, Pe&cteéﬁbmvmméﬁbﬂ?é'th val ent acetylchloride in the
presence egR)tEér%DWI&imea%ymM&ynioﬁzw(@ - R0 pPERALLE R o PR - p@mpéw:)tgq@ by A

chr omat ogr on silica ure title 15 conpound.
111 x—ORgechIegﬂacﬁ@ 7(Rp 19( ¥y dFispRRO:- Rdaucts

1(S) - hydr m&@mw 20X Ry drégerf; G | O RArOBY tyl B rrme@PhRBIFP Porbpéiriah 2R B )Img®, 10-
20 secoprggﬁgg%(é); I( 19) - trlggeﬁ]e%OZ- 4 4 mS‘Q y‘DPprhgd as in &szl e

dduct s. t
1, except Qﬁﬁmﬁ@%td&ﬁ‘f”ﬁ‘?& ¥alMerdi G3IVEHRY: Te“'ahec'rgn Vol 43, No. 20, pp. 4609
1(S) - iy dr axys 3{ 57)q881aY w3 Giskol(& iTCHMIMRI(EPY ImIP'at QBUPFNPwad bE)th@aadnhoH 10-

] ?Sgp;ﬁﬁ?gr?v%s%r&&?w#ﬁﬁéé%%#(sﬂ?g’ R DS oI 525 sRad RePB2. v

5 hytdﬂh@@@ b I-FPLZO{_(tdﬁJmﬁT_ﬁ:fﬁosol:SSJ 60 51 . 2% 0xdwn ol A8rck, Zlﬁlﬁmin ﬂ&\QB 3
66.8, 66.4 05,3 46.3 3 0.
23.7, 21. géteﬂ'% at Zgg%m glg’aés gl eegon, Hexage/ &2 Asptate 8 %g" 2! “Ska‘gﬁ@%eré
COVe, R2 2.5 botirsbatyikdire®f bgdisim ptdroxide (27.7%, 150 ml) and water (480 ml) was

15 added at 10-18°C until pH 6 of the reaction mixture. The toluene phase was separated

and the solvent removed in vacuo without heating (preferably below 30°C) to give two
epimeric S0;-adducts Illa and IIIb (X= hydrogen, R, = tert-butyldimethylsilyl) as a solid
mixture predominantly containing Iila as checked by TLC. The two epimeric SO,-adducts

could be separated by chromatography. Crystalline Illa could be furthermore obtained

20 by tituration of the solid mixture with methanol. 13¢c NMR (CDCI3) (IIE: X= hydrogen, R,

= tert-butyldimethylsilyl, mixture of isomers I11a and IIib): 200.3, 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, 55.8, 55.6, 55.3, 55.2, 46.3, 45.5, 39.9, 39.7, 34.4, 34.1, 33.9, 31.4, 30.8,

{ 30.5, 29.6, 29.1, 27.3, 27.1, 26.7, 25.6, 25.1, 24.4, 24.1, 23.6, 23.2, 22.4, 21.9, 21.9,
25 19.4,19.3, 18.6, 18.4, 17.9, 17.9, 13.9, 12.2, 11.9, 10.8, -5.0.

Compounds of generat structure 1V
Example 9:
SO,-adduct of 1{5),3(R)-bis(tert-butyi-dimethylsilyloxy)-20(R)-(3'-cyclopropyl-3'(S)-
30 hydroxyprop-1'(£)-enyl)-9,10-secopregna-5(£),7(£),10(19)-triene
(IVa: X=0R,, Ry, R; = tert-butyldimethylsilyl), and
S0O,-adduct of 1(S),3(R)-bis{tert-butyl-dimethylsilyloxy)-20(R)-(3"-cyclopropyl-3(R)’-
hydroxyprop-1'(E)-enyl)-9,10-secopregna-5(F),7(E),10(19)-triene
(Ivb: X=0R;, R, Ry = tert-butyldimethylsilyl}
35 (JS,ZR)-(-)-cis—l-amin0—2-indanol (5.0g9) was mixed with MTBE (160 ml) under a
nitrogen atmosphere at 15-25°C followed by the addition of N, N-diethylaniline-borane

(16.0 ml) at that temperature. The mixture was stirred until no more evolution of



1(S) -
tert-butyl d| met hyl silyl - 3(R)-acet oxy-20(R)-(3'-cycl opropyl -3' - oxmeablt' (E) -

enyl)- 9, 10i§89&g[{'§g9 -5(E),7(E),10(19)-tri ene SO2- addUCtSpC§ﬁHBo([%t(.Pm as

in Exanpl e except that the starting material was 1(S)-
tert-butyldinmethylsilyl-3(R)-acetoxy-20(R-(3"-cycl opropyl-3"'-oxoprop-1'(E)-
enyl)- 35 9, 10-secopregna-5(E), 7(E), 10(19)-triene. 1H NVWVR (CDCI 3) Illa/
X=0R2, R1 = COMe, R2 = tent-butyldinethylsilyl b = 6.75 (dd,1H), 6.16

(d, 1H), Shedtofem tbllid bé.cbefved2Fhe mMixiB8e of SOLkNduds 061(9, A(A);biZtE0-bLdyidH) ,
2.61 (m1 ' 3
200519877%%@%@%&%8&%1 C??Jr‘:’%'ﬁgjﬁ%ggpfpl%@ %’rﬁ 9%%%%?%)248) . 0.89
(m 2H), 0585 7((§) 9Bj12)ariese (H]:3KORD. AR s, tEHrPUtYIﬁlm?ﬂ(YéSIWH)Ot{B@ln?d Fxanpl e 8:
5111 X= | 4i |.si @g[ﬁ% t

di et hyI Sl 1(y %? Eﬂss@gé@&{/’%olﬂ%&%éo 3‘? P"?—éﬁ)ég)ﬁ(opﬁ?ﬁe E This %Bmt%ln Vg)as added
secopr?egnaFC!i)QnE!)e m(!m)e box@(elgant@mir@rmlm@toﬂeﬁ:é% %he r@'ﬁamm stiterfonra.v | |
X=hydr Ogeag GBminy&d brediUlonh slédidavdcH 4d cHe \;ﬁl@ﬁ&ﬁ‘&j ﬁﬁﬁ%ﬁ?ﬂrﬂﬂad édaeBJ}@ et hods

descri bed Cal verl ey, Tetrahedron, pp.
4619, 198rﬂ)aH(:@3(51@5nlmt51%1§%F\hédargﬁmwha%@afe 5@@'"?{18;1 %nd \ze%t'qddlwﬂbm by

the addit h?(ﬂ}ocﬁlfarl%ﬁ:i@r(lﬁé%) Et b- give f&%&f’% Whahikg Wihsddtlifatd@aqidees t he
reacti on was npl ete by HPL Colum LiChrosorb Si 60 5 pm

250x4nm f Naﬁpngfﬂo - Hﬁhﬁrﬂrﬁaw Blxase SRARIBE? 6‘?? 2P2-298ie &F Abs> Fettix(fersn,
hexangi et Bwy@ﬁﬁémﬁ/%naoiy)ézook))}(s uw@irbuy;aj(tsgth@mzy&obqwaqyer@a)ng xbure of
sodi um hydr oxi de (g é 5;1 %J n? water_ (480 nl) was . 15 addeg 8C
until pH BEEOPTeHE 7 EA Z':bﬁo(r}lg tipRe YRe X6 &ﬂaeﬁé Bias eorhps tddimathylal ')'é‘t‘i' t he
sol vent ra@segauauctﬁlo?@(sma*(gwtnﬁs(mﬁbum dimegiyesiiaky)-belrow Bglopr@pg-ve two
epi meric - cts an
tert-but ysg%nz'[yﬂgﬁxé’PWrJ; 'e'y[)séfll% §&& @/%Pe&g‘?g@h%&ﬁhtve%%wgr AERf 11 a
as checked,,m, Tl&z- b'ﬁhsﬂdimmhﬁpuiyﬂr)am a:rrﬁ(Deﬁ ratid be r3- 7scon2d§bel\£aep£br)atseﬂeb§ed
1t ur Bt 1 oRY BPCErRtlB Y A Siieh B0 Ho e PR A e R AR cBelSF Ehertina o
hydr ogen, tIRzlmedeedetsct)mQ/Irmmm? MESTHS Qbmpnwxct M@ wés issateat by chiloanadography b) :
1503 Sttt Yoot Balnaltinder i 3 54" 50 o
55.2, 46.33745.182.83929,3,328748, 134.0,7634, 47.3385.9, 635,46.8061, 55.9, 46.0, 40.5,

40.0, 39.6, 34.1, 29.6, 27.4, 25.6, 25.5, 23.8, 21.8, 20.3, 17.8, 17.7, 17.4, 11.8, 2.8,

20 1.7,-4.7,-5.0,-5.0, -5.2 ppm.

Exampie 10;
S0O,-adducts of 3(R)-tert-butyl-dimethylsilyloxy-20(R)}-(3’-cyclopropy!-3'(S)-

( hydroxyprop-1’(£)-enyl)-9,10-secopregna-5(£),7(£),10(19)-triene

25 (1Va: X=hydrogen, R, = tert-butyldimethyisilyl), and
S0O,-adducts of 3(R)-tert-butyl-dimethylsilyloxy-20(R)-(3"-cyclopropyl-3’(R)-
hydroxyprop-1'(E}-enyl)-9,10-secopregna-5(F),7(£),10(19)-triene
(Ivb: X=hydrogen, R, = fert-butyldimethylsilyl},
(15,2R)-(-)-cis-1-amino-2-indanol (1.22 g, 1.08 eq.) was mixed with MTBE (36 ml)

30 under a nitrogen atmosphere at 15-25°C followed by the addition of N, N-diethylaniline-
borane (3.6 ml, 2.7 eq.) at that temperature, The mixture was stirred until no more
evolution of hydrogen could be observed. The mixture of SO,-adducts of 3(R)-tert-butyl-
dimethylsilyloxy-20{R)-(3’-cyclopropyl-3’-oxoprop-1’(E}-enyl)-9,10-secopregna-
5(E),7(E),10(19)-triene (III: X=hydrogen, R, = tert-butyldimethylsilyl) obtained in

35 Example 8 (4.32 g) was dissolved in a mixture of MTBE {18 ml) and toluene {36 ml) at
room temperature and then added dropwise to the borane containing mixture at 15-25°C

over 15 min. The mixture was stirred for ca. 60 minutes after complete addition and



30.5, 29.6, 29.1, 27.3, 27.1, 26.7, 25.6, 25.1, 24.4, 24.1, 232 Eélﬂﬁ

22.4, 21.9, 21.9, 25 19.4, 193 18.6, 18.4, 17.9, 179 13. 115 F119

10.8, -5.0. of general structure IV Exanple 9:

1(S), 3(R) - b“g“()ﬁrt’mbut - di met hyl si | yl oxy) - 20(R) - ( 3' -cyclolp%)%gsggﬁmoé?- 30

hydr oxyprop-1' (E) - enyl) 9, 10- secopregna-B(E), 7(E), 10(19)-triene (IlVa: X=0R2,

Rl, R2 = tert-butyldinethylsilyl), and SO2-adduct of

1(S),3(R) -bis(tert-butyl-dinmethylsilyloxy)-20(R)-(3"-cyclopropyl-3(R)" -

hydr oxy pr oenlduebyhazhy ith -8t rbtesieswpregNaH SO E) 2 57 ()., The (c1§9nit phageewag | Vb:

X=O?2, R1 . di . _4n° H

(15.2R- (sﬁp&ate?kﬁgtﬁw”%ﬁ% "ﬂﬁﬂghﬂ%ﬁ’?@&ﬁ@c 284 (25 i) at 0:10 MR ELEY S Whder
- ni t r ogethsehsigdaqears NgHEOC(2 DM baletP- B§3°¢ Hdheaardphic piagg contained the

NN—dleth a ne. .+ 1f T m xture was
Stirred uBes PUBAE oIl iy By D DO So0Ly B TE) =
PCT/ DK200KY GOBYBPP- 136 )-4nydir Bd ErpeceriFanays (BhadnvedL Thiensi (RYaire= nfdragen,

-adduct s { iﬁﬁqb%% n@tﬁ&lgiﬁﬂf- R teid S adducts of 3(R) tert-butyl- dlmethylsnyloxy-
rrethyIS|I¥ ropy oxopr.o (E) - enyl 0- secopreg

c
na- 5(E), #® eéoexiéwppv'e («B%(h Ciproxwrepzzl (Eﬁzf”‘/ﬁzg 40t5@F‘E’P"SEE‘§/‘I éﬂm@@glpm)yl)
obt ai ned {reneEX @RI Shyld rwgén R, S5 pdr eyl rrfethHaR®, (160 n) and MIBE (80 nl).
Thi s solution was added dropvm se to the borane containing m xture at
15-25C. The mixture was stirred for ca. 30-60 mnutes after conplete

addi ti®n aphpblieds Glustehadinichlte sat ur at ed aqueous NaHCO8 (110 ml) at
10- 15C, TEe or| ani. phase was separated and washed with 1 M hydrochloric
aci (100—1%@—[)"-‘1%%26 10C fol | owed by washing with saturated aqueous NaHCO3

(100 ni). 1{8)3() dasitat{pbad alinetilysilpledy J- he(RF02 -agdombpyles(S)-Bydrdkiropi s(tert
10

but yl - di mt(%Fng )?F%g(ﬁcof@f%a %%E) 7éE)Cil (&%59?”%(8) - her\oxyprop 1' (E)- enyl)
9, 10- seco\par OGRS (RT) R?éﬂ)ef&m(t&@l)metrhwbnw),(anﬂa X=0R2, R2
tert- | .

109 5 R 1ETRIHSIY bl ey Qﬁﬂr%ﬁxy@z@sﬁ?& PP AR shyoyprop-

3( R) - hydil(ﬁ@rpmdflrsllf( ERcapriggna- ﬂ@(&ht@(ﬁﬁé@ﬁéﬂﬂé( E), 7( E) 10( 19) triene (IVb:

OR2, R@Gthg{tR ut pel-db et ah syl in a molar ratio of 72-78 :
22 28- (1 Vi gvl as ch eggke 15@% ﬁ’g analéwlrs of an aliquot after

retro-Di efgeAr Eti’é‘l'c phaget Ton Bxae PQ%F%F‘E"% Pnaddusts phiveng . Bedtr+ bed
i n exanmpl g4ty &RIEOHEH1Y, Yaa VB IXEBRL,ARER DY t&AIHMRLAEAPEINYI) was stirred

20  vigorously with saturated aqueous NaHCO; (110 mi) and then heated {bath temperature

ca. 90 °C) where the MTBE was distilled off. Conveniently the retro Diels-Alder reaction
could be checked by HPLC HPLC {Column LiChrosorb Si 60 250x4mm from Merck, 1
mil/min flow, detection at 270nm, hexane/ethyl acetate 9:1.5 (v:v)}. After completion
{ {usually 2-2.5 hours), the reaction mixture was cooled to 30-40°C and the organic phase
| 25  was separated, washed with saturated aqueous NaHCQ; (110 ml) and water (100 ml).
The solvent was removed /n vacuo and the obtained cil (29 g) was dissolved in hexane
{200 ml). The organic mixture was cooled to ca. -15°C, filtered over a short path of
silica, and the remainder washed with hexane (ca. 100 ml). The hexane phase was
washed with a mixture of methanol and water (1:2) and the organic solvent was
30 removed in vacuo. The remaining oil, containing a mixture of 1(S),3(R)-bis(tert-butyl-
dimethyilsilyloxy)}-20(R}-(3'-cyclopropyl-3(S)'-hydroxyprop-1'{£}-enyl)-9,10-secopregna-
5(E),7(E),10(19)-triene (Va: X=0R;, R, Ry = tert-butyldimethylsilyl), and 1(S),3(R)-
bis{tert-butyl-dimethylsilyloxy}-20(R)-(3'-cyclopropyl-3(R)"-hydroxyprop-1'(E)-enyl)-
9,10-secopregna-5(E),7(£),10(19)-triene (Vb: X=0R,, Ry, Ry = tert-butyldimethylsilyl)
35 in a molar ratio of a range of 72-78 : 22-28 (Va:Vb) as checked by HPLC {Column
LiChrosorb Si 60 & Hm 250x4mm from Merck, 1 ml/min flow, detection at 270nm, n-
heptane/2-propanol 100:0.25 (v:v): RT Va ca. 14.3 min, Vb: 11.9 min; or hexane/ethyl



on silica. 13C NWR (CDCI 3) IVa/l X=0OR2, Rl, R2 = tert-butyidinmethylsilyl 6 =
150. 6, 137.6, 132.3, 129.3, 128.8, 109.0, 76.9, 67.3, 65.8, 6y AL 2L 2,
56.1, 55.9, 46.0, 40. 40.0, 39.6, 34.1, 29.6, 27.4, 25.

21.8, 20.3, f’/"@"’"ﬁf’?lf’? 17.4, 11.8, 2.8, 20 1.7, -4.7, 6“%‘\%"06“’“0131

ppm Exanple 10: S02- adduct s of

3(R)-tert-butyl-dinethylsilyloxy-20(R)- (3 -cycl opropyl -3' (S) -

hydr oxyprop-1' (E)-enyl)-9, 10-secopregna-5 (E), 7 (E),10 (19) -tri ene 25
(1 Va: X=hydetagean: IBZI(\/:\/)LQTHVé)UéyT dimit kgl sidl win}, vaaschusiRdagdinctsamlraphy

3(R-tert-hb d t hyl

h§/d2 oxsgr ﬁﬁlgfgf%édg%&';r‘%l ¥ %V%rQ%BﬁSérg?@gg’(@ %y'%?zé ﬁpe#gw (4I6\]/8
?Igygg;)g(erlgsmlormm B?MHdtmgWhWosﬁa gxlaa} .9 % HPLC purlty) of Va/ X=0R;, Ry, R, = (36
) 30 under SRR AE SO s e RS ok OR8¢ thobhdrdes URE

N, N-di Bt hyshaat dmewnt df oriethglahBné (by slogiy7evegoyating tﬂwhattexaeﬂﬁéiomedrbe coflieg to -

m xture V‘@%"é)}, rrégtgld Ldaln g@ g?mp%)da@é( 9!2&?6 iH3l b9fM W‘Ha%ﬁl@y GOYLGal&iohSgs v ed.

The m xturé o uct tert
| yl oxy- 20(4I§), N(o3'26pw0461m’ APR7|feBcormpaMdaIR. ﬂ%ﬁ&mam;&bﬁﬁ v&f)xs:mpkggaznatert-

bt Al ned IHOUETISIHERRS S (4242 147 e 42012 45 1 Wontad L B ArEEd (1 )
gn? ;OI ggmﬂ (QW o] 5(_5 a{ 55, Bo@mzle{ng,rm EJ,I’IGBr .ande Bhea.7addes a17.6pRb. 5\223 Gt Frra?ed
Rl (Rpdtion b L AR VAN g?g‘cg‘%ﬁ'g"’ré’ ggdioélls’onsl g'n?g ¥b A%G%O%l’%? 5565/ 087719
_IIZ_'ET / Drzogwemnylzwl 16her1;5a15e11@ﬁ;£d 1Ri7teh 188t riBel HEugols. BlaHEos, €628 m2)5
e A A s U R O b e e e

10- 20C. ThH®.3rfkhi t7. Qhé%é, d@rﬂt;aﬂ ﬁetl 6t W80, SOL- ddtwors of

3(R) -tert-butyl-dinethylsilyloxy-20(R)-(3'-cyclopropyl-3(S)' 5

hydr oxypr op- E) enyl)-9, 10-secopregna-5(E), 7(E), 10(19)-triene (I Va:
X—hydll\é elgﬁm__&tert butyl di nethylsilyl), and the S02- adducts of

3(R-tert t -
L 1 Rk 8 - g ot e

(1 Vb: X—hﬁzl?%éé?Per&“a-Sz@ﬂ(ﬁy&Pﬂ% WPyl silyl). 10 Conpounds of general
structure (Va: X=hydrogen, R, = tert-butyldimethylsilyl), and

3(R)-tert-butyl-dimethylsilyloxy-20{R}-(3'-cyclopropyi-3(R)’-hydroxyprop-1'(E)}-enyl)-

20 9,10-secopregna-5(F),7(E),10{19)-triene
{Vb: X=hydrogen, R; = tert-butyldimethylsilyl)
The organic solution from Example 10 containing the S0;-adducts of IVa (X=hydrogen,
R; = tert-butyldimethyisilyl), and IVb (X=hydrogen, Ry = tert-butyldimethyisilyl) was

( stirred vigorously with saturated aqueous NaHCQ3; (25 ml) and then heated (bath

25 temperature ca. 90 °C) where the MTBE was distilied off. Conveniently the retro Diels-
Alder reaction could be checked by HPLC HPLC {Column LiChrosorb Si 60 250x4mm
from Merck, 1 mi/min flow, detection at 270nm, hexane/ethyl acetate 9:1.5 (v:v)}.
After completion (approx. 2 hours), the reaction mixture was cooled to 15-25°C and the
organic phase was separated, washed with water (25 ml)., containing a mixture of

30 Va:Vb (X=hydrogen, R, = tert-butyldimethylsityl} in a molar ratio of (75:25) as checked
by HPLC {Column LiChrosorb Si 60 5 pm 250x4mm from Merck, 1 ml/min flow,
detection at 270nm, hexane/ethylacetate 90:15 (v:v): RT Vb: ca. 6.1 min, RT Va: ca.
7.4 min}. 1H NMR (CDCl3) Va/ X=hydrogen, R, = tert-butyldimethylsily! 5 =
6.45 (d,1H)}, 5.84 (d,1H), 5.46 (m,2H), 4.92 (s,1H), 4.63 (s,1H), 3.84 (m,1H), 3.42

35 (m,1H), 2.85 (d,1H), 2.64 (d,1H), 2.45 (m,1H), 2.32 ~ 1.18 (m,17H), 1.04 (d,3H), 0.98
(m,1H), 0.87'(5;9H), 0.56 (s,3H}, 0.51 (m,2H), 0.32 (m,1H), 0.22 {m,1H), 0.05 (s,3H),
0.04 (s,3H); Vb/ X=hydrogen, Ry = tert-butyldimethylsilyl § = 6.45 (d,1H), 5.83 (d,1H),



Exanpl e 11:
1(S),3(R) -bis(tert-butyl-dinethylsilyloxy)-20(R)-(3"-cycl opropyl Zé(%ﬁﬁ' 2-U%ydro

xyprop- 1'( 10-secopregna-5(E), 7(E), 10(19)-trie [Baos58RE: RL,
R Fer - oS TR o Ty and 15 10S) SUR bt sli ert - EgyPRgsHAHR?

i met hyl silyl oxy)-20(R)- (3" -cycl opropyl -3@R)"' - hyd roxyprop-

1' (E)-enyl)-9, 10-secopregna-5(E), 7(E), 10(19)-triene (Vb: X=O0R2, Rl, R2 =
tert-butyldinmethylsilyl) The organi c phase from Exanple 9 containing the
S02- adducts4d{m, 2k, HEDERIHRRA.6REE, £H),t 88 (nutly), d-Heimyirsi Pya3) (d tid 2.65

(X=0R2, Rig {78 3 4frh1 Cgt ylodi (e by 2byl 1. iyam sbihy, iesh (@8] A6 QHELM) W68

sat ur at ed ‘aqueous heat ed erature ca.

C) . where tR "M’BéS\/\fés3"Hv §t5q ‘l@@"‘éﬁf@ 30(&5‘?}\1@%4 AP I i*ﬁb 0% (ggtﬁ -84 Ap.dEp-
reaction coul d be checked by HPLC HPLC {Col-umm Li Chrosorb Si 60 250x4nm
from Merck m/mn fl ow det ection at 270nm hexane/ethyl acetate 9:1.5
(v:v)}> Af 2-2.5 hours), the reaction m xture was
cool ed to 3@8nffiC18nd the organi c phase 25 vvas separated, washed with

sat ur at ed S H 100 ol vent was
eroved 1 rioheun- are ey et oo iy Fag et By T (200
n1) Tlhe qrgamm:mxbw&omgn&G@EEd%&)QlG{ﬁB)htﬂ&@ filtered (r)ﬂver ahshﬁrt pat h
silic epai_n ed . wt exane (ca. 100 The hexane

phase msqm@;ﬁegpﬁml{lh Y néjeg{ﬁl\f“a%(']me%%lé{n and \(/vat er (1: 2))and t he organic
sol vent vvals{S$,G(R)ebtsmct—bwtyvamnmhyla‘heoxyemmb-mg'-qicio,prmmmasmhy@rca(ym{roﬁ-ure of
1(S) 3(R-b . )

r’r|'et hyl S|]1§/$(én$’ 35?%%?%%9 csl(g)p7{)EBy]IO(é?)S r'enheﬂr oxy 6‘p 1IR(E7 rﬁyl) 9, 10-s
ecopr egna- buEW}E)m@mEMMI(D(Jm@)netdrm@xen'(p\bal1 XeBRhotdRIsonRRised in toluene using a high
tert-butyl
bi s(tertydjq gpﬁé\)ﬁ% lea %é) %&)‘&r ed_%arg? ?’opyllcg V%IeyhT%raoh)a%c}ndp 1 (
E)-enyl) - \93|1‘®3 Ji otk @Qnéﬁg?—ﬁﬁl?,(1':38710(1119\)!%&3/@@@‘( \ﬂbceﬁ:ﬁDFQ‘B Rl, R2 =

tert-RQutyl . 22 28
(Va: VI e SRR Eh¥ h"asﬁg*’cﬁ“@ed@*’fﬁ*tﬁﬁéﬁ% 9 g R st B 2

Merck, 1 rﬁ'WW'?'\Yéﬂﬁy)"&Q{@c FswclapropybAes) ﬁvdmp@@ﬁeil Qf)mw@aﬁdo smepl@gzg-

(viv): RT (@) Gae),18(18)Witne Maa: 1oR, nkpR&rté}%a %Ml IYarflyG 700b WO
2005/ 087719 PCT/)O%(OO /00 161 30 acetate 90: 15 W R‘?F)AI% ca. 7.6 mn,

Vb: 6.4 miSROMAERIraRYY inifht apsprdancs muth Hieagate dea%“':tféé%'r'?“b%diaé‘éﬁr!qvéﬂ by M J.
Cal ver| ey, Tetetheahanvan,43Yelo. 283p. 4618, A087F0r caHRPRQmcAN,

20
Calcipotriot
Example 14:
1{S),3(R)-dihydroxy-20(R}-{3'-cyclopropy|-3(S)'-hydroxyprop-1'( E}-enyl)}-9,10-

{ secopregna-5(2),7(F),10(19)-triene

25  1(S),3(R)-bis(tert-butyl-dimethylsilyloxy)-20(R)-({3'-cyclopropyl-3(S)'-hydroxyprop-
1'(E)-enyl)-9,10-secopregna-5(Z},7(E),10(19)-triene (VIa: X=0R;, Ry, R; = tert-
butyldimethylsilyl) obtained in Example 13 was deprotected using tetrabutyl ammonium
fluoride in tetrahydrofuran at 60°C followed by chromatography, as described earlier by
M. J. Calverley, Tetrahedron, Vol. 43, No. 20, pp. 4609-4619, 1987 or in WO 87/00834,

30 Crystallisation from ethylacetate/hexane containing a few drops of triethylamine gave
calcipotriol in full accordance with the data described by M. 1. Calveriey in Tetrahedron,
Vol. 43, No. 20, p. 4618, 15987 for compound 4.

Calcipotriol monohydrate

35 Example 15:




1987 or
R1, R2

hexane and nebheszakrand a 5 smal |
evaporating the hexane followed by coolin
with the data described by M J.
p. 4617, 1987 for conpound 22. 13C NMR (CDCl 3) Va/ X=0R3, Rl, R2

= 153.4, 142.9, 137.9, 1

but yl di hyl si |yl
06 4, 77 THE Clppbiyiol hrgned i Biargy=g s Gysighised

106.4, 77

in WO 87/ 00834,

to give 10.9 g (98.9 % HPLC purity) of Va/ X=0

tert-butyldinmethylsilyl after crystallisation from a b Upr 10 of

Cal verl é

to

150) ,

in Tetrahedron,

in full
Vol .

anount of triethylam ne @Ry 5t0W 0161
accordance

43, No. 20,

tert-

128. 7, 121.5, 116. 3,
i sthybgcefateypwaterpg’ 7

27.5, 25. @es&ﬁleﬁ lﬂﬂﬂ)@ﬁ/?@l@ toltﬁvéea[apotlﬁl Gwonibﬁy@raté.ﬁx #)l akdorian: With thé,
S = 153. 5,
70.0, 67.0, 56.2,
56.0, 45.7, 43.8, 40.2, 39.7, 36.4, 28.7, 24.6, 25.7, 25.6, 23.3, 22.0,

-5.0,

-5. 0
142. 9, 13?h%ra°‘i‘?‘§‘§“

4 a3 ad it 1St p3eE

106.

4, 76. 8,

but yl di net hyl silyl,

g(()R?t%?t |as]cgre35 i&&l\%’reéact?un b v%'rigus Fe%u@i’n 'c%hi'ﬂtio'n?' 1 ppm 15 Exanple 12:
nethyIS|Iﬁk@x¥E2Dif0 (3 -cyclopropyl 3(8) -hydroxyprop 1 (E) enyl)
9, 10- secoprey B 1ot =trien K=h Oet; =
tert-buty|d néﬁ*m‘lgq)&]ii?lly‘ and ﬁ’educmg T&a Solvent”| Ratio
3(R -tertt butyl dKﬁﬁthyIS|Iylaﬂf (Q(Dcyclopropy VMR | - hydr oxyprop- 1' (
E)-enyl)-|20 9, 10- secopregna-:( eq? 10(19)rtriene VB Xehydrogen, Rl =
tert-butyldimethylsilyl) The @rganic solution from Exarfi¥e¢ 10 contai ning the
S02- adduct 18f2RMa }{ck=Mgedniagen, DERNB= I ers-2but yMuBaet ’1712518 gl) and |Vb
(X=hydrogen, Rl Z-ibdartol but yl di ngthed.5i|yl) wap tokfeher ed vigprously with
sat ur at ed| aqueousl.iaddOO3 (25 pl) and then healed (batﬂ 25 tenperature ca. 90
O ere Ted Co ent i Di el s- Al der
reaction ,ggﬁﬁﬁiizggiiiﬁﬁMB 4P§5£EE}C ?%5 EW EyB >Z?ﬁ&§ 60 250x4mm
Eron;?brc<, 1|ﬂ/{ngbfjom/ def [ 270nm exane.QLhyI acetate 9:1.5I g
vViv)}. ret an OT 2—hpurs o1 Xt ure was cool e
to 15-25C aqg% (g %rﬁ”&’hﬂh hs é?e M@Eﬂeﬁgﬁon water (25 m).,
contai ning a nlx 30 Va hydrogen felueng o f t-but yl di met hyl silyl)
in a nol af—ratiol QQﬂ: 25)—as—-checkedl by HPLC {Columm-LiChrosorb Si 60 5
pm 250x4nm (flﬁﬁﬁ)kkbﬂé" 1-prippm| n DEANR, | ddc @@t | oM TBE/ 27 0AAs
hexane/ et hyl acet ateda®! 15 (v:V)€2.FE-Ybj ca. 6} kohieng RT Va:|ca. 7.4 min}.
1H NVR (CDCL3) VA2.5xdhydrogen) Rl = tert-buty|dinmethyl|silyl|S = 6.45 (d, 1H)
5. 84 (d, 1H)(1S2RY6(-(mis21-ahjino4 92)E(A$181HF 14263| (SITBE) , | 8684 (m 1H), 3.42 35
(m1H), 2|85 (d,2khdandl 64 (d, LH2.7é4.45| (M 1H) | di2ke-|1.18 (m 17H), 1.04
(d,3H), 0{98  (0.25e€q.) _
(15,2R)-{-)-cis-1-amino- DEANB 15-20 MTBE/ | 59:41
2-indanol (1.8 eq.) toluene
(1.1 eq.)
(15,2R)-(-)-cis-1-amino- { BH3.THF | 15-20 | MTBE/ | 75:25
{ 2-indanol (2.7 eq.) toluene
(1.1 eq.)
(15,2R)-(-)-cis-1-amino- | BH3.S5Me; 15-20 MTBE/ 73:27
2-indanol (2.7 eq.) toluene
{1.1 eq.)
(15,2R)-(-)-cis-1-amino- DEANB 15-20 THF 63:37
2-indanol (2.7eq.)
(1.1 eq.)
(R)-(+)-a,a-Diphenyl-2- DEANB 15-20 MTBE/ 68:32
pyrrolidinmethanol (2.7eq.) toluene
(1eq.)
(R}-{+)-2-Amino-4- DEANB 15-20 MTBE/ 72:28
methyl-1,1-diphenyl-1- | (2.7eq.) toluene
pentanol
(0.5 eq.)
(R)~(-)-2-Amino-3- DEANB | 15-20 | MTBE/ | 76:24
methyl-1,1-diphenyl-1- (2.7eq.) toluene
butanol
{0.5 eq.)

.~
EasN



(m1H), 0.87 (s,911), 0.56 (s,3H, 0.51 (m2H) 0.32 (m1H), O. 2% (

0.05 (s,3H), 0.04 (s,3H); Vb/ X=hydrogen, Rl = test-butyldi rrethyIS|IyI 8 =
6:45 (d, %2()@/(%371(9‘1 1H), 2 4 AUG 2006 WO 2005/ 087719 PQ‘E/M@@AOQqul 31
5.47 (m 2H) ) (s,1H), 4.62 (S,1H, 3.83 (m1H), 3.45 (m 1H), 2.83
(d,1H), 2, 62 (d 1H, 2.44 (m1H), 2.8 (m1H, 2.18 - 1.17 (m16H), 1.03
(d, 3H), 0.96 (m1lH), 0.86 (s,9H), 0.55 (s,3H), 0.50 (m2H), 0.30 (m1H),
0.20 (m41H), 0.05 (s,31-1), 0.04 (s, 3H). Compounds of general structure
VI Exanpl{e)13)-2148)nc- B |S[(JEM1$ Euuy420d MTBE/ | 74:26
i met hyl|si ltyibbaay)~120(0RrRPGI3" -|cY2I7epriopy!| - 3( S)' toyeheoXypr op-
1' (E)-éenyl ) -9, ®0s sggopregng-5(2), 7( &), 10( 15}) triene (X=0RZ, Vla: Rl, R2 =
tert - but yirdeset-ma-siind-1,210 peane | 15-20 MTBE/ 57:43
1(S), 3(|R) - buphteytetharoy| - dijmeplpshsi iyl oxy) - 2%0 (3" -cycliopropyl -3(S).' -hydro
xyprop-| 1' (E) -@yky)9, 10- secopregna-5( E),? 1(5?91())-tri ene (Va: X=0R2, Ri1,
R2 =tert- butyl dinmethylsilyl) obtained in Exanple 11 was photosi soneri sed
in tol u_? sing a high pressure ultraviolet |anp at 20C as descri bed
earlier*%@-;il- . Calverley, Tetrahedron, Vol. 43, No. 20, pp. 4609-4619,
1987 or Dlaméﬁ&:ﬁ?dcﬁ%&iétlucam eptombpaind® dyeaert ytractuihe 8 cwbensas=0Rethd RSt ead

(r)TIat ﬁ;f 2 |r ?@ﬁéxyﬁ rtzB'?‘ﬁﬁydef(‘%&“S Ef@[‘)?@ﬁ%g 5@;?(ﬁlt)]-ﬁijs(gért—butyldimethylsilyloxy)-
r oxyjr ope(R)( B)-cergprpp@; Ci’O»@emﬂal ¢6)-aay!)-5( 1) sepB)eIbO(I(E) 7 F), 20(d 9 Wiene X=CR, ,

Rl, R2 znt .S ful | d

W th ¢ heOuapaie et K aoihing®] bicea GRiARREAR BEDYhPle'tioREEBL 0N 0,

p. 4618che1©$<7m¢ @xtr@@w@etuﬁdpw dipgidefe o a ippiced@seaansiiegols:to Example 11

1(9), 3(R) ydi mdggé @).-ne(ré] stﬁy&mpwpxl-o%ﬁih DY OF XY Bk R AN ) - 9, 10~

- secopr egna -triene
1(S), 3( P BroRe :t:Rbm bart- Pmlwtwisim brxtjﬁ)r V0P cqratitigaclegpr GpRar- 3(S) ' - hydro
XY Pigop- eém(,ﬁ)en@rmlahvsta@nsmprzegé}abﬁéﬁ%ea{yﬂthw(é@/xmﬁsr—l RNE-die¥hAanifmOR2, RL,
R2 = tert- butyldinmethyisilyl) obtained in Exanple was deprotected using
t et r abuP9@"&moni um fiuoride in tetrahydrofuran at 60C fol | owed by

chromat ogr aphy, as described earlier by

15

25

30



M J. Calverley, Tetrahedron, Vol. 43, No. 20, pp. 4609-4619, 1987 or in WO
87/00834. 30 Crystallisation from ethyl acetate/ hexane contai ni g, ayd &g dr ops
of triethylam ne gave calcipotriol in full accordance with the data
~described by M J. Calverley in Tetrahedrgy, Vol. 43, No. 20, p. 4618, 1987
for conpound 4. Calcipotriol nonohydrate 35 Exanple 15: 7 4 AUG 2006 WO
2005/ 087719 PCT/ DK2005/ 000161 32 The calcipotriol obtained in Exanple 14
was crystaldlasied fromethyl acetate / water as described in WD 94/15912 to
gi ve cal ci potriol nonohydrate in full accordance with the characteristic
data described in that patent. 5 Di astereosel ective reduction under various
reduci ng cdndi miethns! ofirdngphe a @MpChind &F gdaped] steycpurRdduci ng Tenp. Sol vent
Ratio (eq.) reagent (C), Va:V (eg.) b (1S, 2R)-(-)-cis-1-am no- DEANB 15-20
MIBE/ 72:28 2-indanol (2, ,7eqg.) t/pluene (1.1 eq.) (1S,2R) -(-)-cis-1-anino-
DEANB 20- 25 MIBE/ 72: 28 i ntand] (2.7eq.) toluene (1.1 eq.)

(1S,2R) -(-)-cis-I|-amdo-<ADEANB 10715 MIBE/ 70:30 2-indanol (2.7eq.) toluene
(1.1 eq.) (1S,2R -am no- ANB 15-20 MIBE/ 72:28 2-indanol
(2.7eq.) toluene -(-)-cis-l-am no- DEANB 15-20 MIBE/ 56: 44
2-indanol (2.78q.) (0.25 eq.)

1

5 wherein X represents'either hydrogen or OR,, —
and wherein R; and R, may be the same or different and represent hydrogen, or a
hydroxy protecting group,

in an inert solvent with a chiral reducing agent or with a reducing agent in the presence
of a chiral auxiliary,

10 to give a mixture of compounds of general structure IVa and IVb,

which is enriched with IVa, wherein X, R,, and R; are as defined above,

15 2. A method for producing calcipotriol {(5Z, 7E, 22k, 245)-24-cyclopropyl-9,10-
secochola-5,7,10(19),22-tetraene-1a-3p-24-triol} or caicipotriol monohydrate
comprising the steps of:

(a) reducing a compound of general structure III,



(1S,2R)-(-)-cis-1-am no- DEANB 15-20 MIBE/ 59:41 2-indanol (1.8 eq.)
toluene (1.1 eq.) (1S,2R)-(-)-cis-l-am no- BH3. THF 15-20 MIBE/ 75: 25
2-indanol (2.7 eq.) toluene (1.1 eq. ) (1S 2R) - (-)-cis-1-ani no- BHB4 B0
15-20 MIBE/ 73:27 2-indanol (2.7 eq.) gene (1.1 eq
"(1S,2R)-(-)-cis-l-amno- DEANB 15-20 THE 37 2- |ndanol (2.7eq.) (1.1

(R -(+)-a, a-Di phenyl -2- DEANB 15-20 MIBE/ 68:32 pyrrolidinmethanol (2.7eq.)
toluene 1 eq.) (R)-(+)-%-Am no- 4- .DEANB 15-20 MIBE/ 72:28

met hyl - 1, 1- di phenyl -1 - (2._Zeg. pl uene pentanol 0.5 eq.)

(R-(-)-2-Am no- 3- MKBE/ 76:24 nethyl -1, 1-di phenyl -1- (2.7eq.)

t ol uene but anol 82006 WD 2005/087719 PCT/ DK2005/ 000161 33
(R -(+)-2-am no-1 : '.v‘ BE/ 74:26 triphenyl-1-propanol

(2.7eq.) toluene
di phenyl ethaqgl

-(-)-2-Anino-1,2- DEANB 15-20 MIBE/ 57:43
) toluene (0.5 eq.) Tabel 1:

wherein X represents OR,,
and wherein R, and R; may be the same or different and represent hydrogen or a
{ hydroxy protecting group, _
5 in an inert soivent with a chiral reducing agent or with a redut;igg agent in the presence
of a chiral auxiliary,
to give a mixture of compounds of general structure IVa and IVb,
which is enriched with IVa,

10
wherein X, R; and R; are as defined above;
{b) reacting the mixture of compounds of general structure IVa and IVb, which is

enriched with IVa, in the presence of a base to give a mixture of compounds of general

W



Di ast ereosel ective reduction of conpounds of general structure I, where
X=0R2 and R, and R2 = tert-butyldinmethylsilyl (mxture of 7 & AUG 2006
1(S),3(R) -bis(tert-butyldinethylsilyloxy) 5

20(R) - (3' -cycl opropyl - 3' - oxopr op- 1'(E)-eg¥l)-9,10-secopregna-5(E),7(E)
10(19)-triene 502-adducts from Exanple 1 foll ow ng a procedure anal ogous to
Exanple 9 followed by cheletropic extrusion of sul phur dioxide follow ng a

procedure %g%kgggwgEﬁﬁ\ﬁ¥qﬂp£@é;$nC5&thﬁm¢ conpounds of general structure.

Va: X=0R2, = tert-butyldinethylsilyl and Vb: X=0R2, Rl, R2 =
tert-butyl di nethylsilyl. under vdgPHous conditions (eq. s mol ar Q?ﬁqU|vaIentS'
relative to Il1; = N\bu yl met hyl et her; = \-di ethyl ani li ne
borane). 15 25 34 CLAIMS 1. A m ; etjuci ng a
conmpound of geneg 0 rR X5 1 el &\represents either

hydrogen or OR2, d R2 may be t
r epr esent hydroge' ir & hydroxy protecting gr
a chiral reducing :gent or with a reducing agent
chiral auxiliary,~10 to give a m xture of conpoqusHof general structure |IVa
and |1 Vb, OH OH H r Hivla XI XOR which ig enriched with IVa, wherein
X, ‘R1, and as defined above. 15 2. A netlhod for pro¥@cing

cal ci potri ol TE, 22E, 24S)-24-cycl oprapyt =9, 10-

nzt he presence of a

X" OR,

( wherein X, R; and R; are as defined above;

5 (c) separating the compound of general structure Va from the mixture of compounds of
general structure Va and Vb which is enriched with Va, wherein X, R, and R; are as
defined above; )

(d) isomerising the compound of general structure Va to the compound of generai
structure Via,
10

R,O"

wherein X, R; and R; are as defined above; and
(e) when R, and/or R; are not hydrogen, removing the hydroxy protecting group(s) R,
and/or R, of the compound of general structure VIa to generate calcipotriol or calcipotriol

15 monohydrate.

3. A method for producing calcipotriol or calcipotriol monohydrate comprising steps (a} -
(b) of claim 2 and further comprising the steps of:



secochol a-5, 7, 10(19), 22-tetraene-1a-313-24-triol} or calcipotriol
nonohydrate conprising the steps of: (a) reducing a conpound of &ér&%ﬁﬂﬂﬁ
structure I'1l, 2 4 AUG 2006 35 0 OX1 rn wherein X represents OR2, and
wherein R and R2 may be the sanme or different and represent hydrogen or a
hydroxy protecting group, 5 in an inert sdlvent with a chiral reduci ng agent
or with a reduc ng agent in the presence of a chiral auxiliary, to give a

i th 1 va, G epRencns She BECHELr SbpLNg B beiefn e v e Do nE R ORS¢

as defi ned amddRsere @bpefinat i sigim Rewhick iverriched edipburtds mfxtg@n@‘rcarnwnq@pﬁr e

| Va and | Vh, S ot WiHibh |s\Grichéd Wit \Rpesence of a base to give
a mxture oqfen\é@lg%ﬁ%% ?géenera 2 4S 0° 200b 36 structure Va and Vb,
which is enri ched with Va, O—I\O—I GHH HA . “, OH

wherein X, R; and R; are as defined above;
(g) separating the compound of general structure VIa from the mixture of compounds of
general structure VIa and VIb which is enriched with VIa, wherein X, R; and R; are as
defined above;

10 (h) when R, and/or R; are not hydrogen, removing the hydroxy protecting group(s) R,
and/for R; of the compound of general structure Vla to generate calcipotriol or calcipotriol
monohydrate.

4. A method for producing calcipotriol {(52, 7E, 22E, 245)-24-cyclopropyl-9,10-
15 secochola-5,7,10{19),22-tetraene-1a-3p-24-triol} or calcipotricl monohydrate
comprising the steps of:

(j) reducing a compound of general structure I,

wherein X represents hydrogen,



Va Vb X ORL XOR wherein X, R and R2 are as defined above; 5 (c)
separating the conpound of general structure Va fromthe -M xture Ae\%muﬁ
conpounds of general structure Va and Vb which is enriched with erein
X, 'R, and R2 are as defined above; (d) iggnerising the conpound of general
structure Va to the conpound of general structure Vla, 10 OH HIH Vla RO
X wherein X, R and R2 are as defined above; and (e) when R and/or R2 are

not hydaoggﬂd Wr?é?@?hlmgeb%eh%dfy@mgemr@{aemdrﬁgy gfdbeltﬁ(r@)gra.lp, and/or R2 of the
conpound of general structure ene trlo Rotriol
5 Tonohy aiaga et st Bl brebEE Agehes oy Boeraeres adledf Baf pRSERLS
nmonohydr at ef aadipral sixigargt eps (a) - (b) of claim?2 and further corrprl sing the
st eps of 4. AUG 200E t f conpounds of

gener al str?tﬁ@f‘i?rae%uée 853{%“%3?3’@%(&5&%6&8§% ale‘:]:dgwgé defined in claim
2, which i shech iscdredhed WthVIY3, to a mi xture of conpounds of general

structure VIl a and VI b, V\/mchls ched with Vla, OHOH HH HHVIa ~ Vlb
ROXR o0 X 5 wherein X- R2 are as defined above OH

wherein X and R; are as defined above;

(k) reacting the mixture of compounds of general structure IVa and IVb, which is

enriched with IVa, in the presence of a base to give a mixture of compounds of general
10  structure Va and Vb, which is enriched with Va,

OH

X" OR,

wherein X and R, are as defined above;

(1) separating the compound of general structure Va from the mixture of compounds of

general structure Va and Vb which is enriched with Va, wherein X and R; are as defined
15  above;

(m) hydroxylating the compound of general structure Va with a suitable hydroxylating

agent, wherein X and R, are as defined above to give a compound of general structure

Vva, wherein X represents OR; and R, represents hydrogen, and wherein R, is as defined

above;

Vi



(g) separating the conmpound of general structure Vla fromthe m xture of
conpounds of general structure Vlia and VIb which is enriched w th M A6 2006
wherein X, R, and R2 are as defined above; 10 (h) when R, and/or R2 are not
.hydrogen, renoving the hydroxy protectingsgroup(s) R and/or R2 of the
conpound of general structure Vla to generate calcipotriol or calcipotriol
nonohydrate. 4. A nethod for producing calcipotriol {(5Z, 7E, 22E,

243) - 24- CYgl)j;F%%Yilsn‘n%,til\@‘corgréound of general structure Va to the compound of general
secochol a-5,7, 10(19), 22-tetraene-10-30-24-triol} or calcipotriol nonohydrate
conpri sing SFWét‘g?é/}% of : (j) reducing a conpound of general structure III,

0 \ rR X wherein X represents hydrogen, 2 4 AUG 2006 38 and wherein Rl
represents hydrogen or a hydroxy protecting group, in an inert solvent with
a chiral reducing agent 6t with a,/8ducing agent in the presence of a
chiral auxiliary, to gigve fa mxtufe of conpounds of general structure |IVa
and | Vb, 5 which is~efri€hed with\IVa, OHOH r H Ol HOSIWw X11
OR1 wherein X and @ defi neove; (k) reacting the m xture of
conpounds of generla ! ure IvVa'*and Vb, which is enriched with IVa, in
t he presence of a bggezto give a m xture of conpounds of general 10

Via

wherein X, R, and R; are as defined above; and
(p) when R, is not hydrogen, removing the hydroxy protecting group R, of the compound
of general structure Vla to generate calcipotri'ol or calcipotriol monohydrate.

10 5. A method for producing caicipotriol or calcipotriol monohydrate comprising steps (j) -
(1} of claim 4 and further comprising the steps of:
(q) protecting the C-24 hydroxy group of the compound of general structure Va,

OH

X" OR,

15  wherein X represents hydrogen, and wherein R, represents hydrogen or a hydroxy
protecting group, with a hydroxy protecting group;
(r) hydroxylating the C-24 hydroxy protected compound of general structure Va with a
suitable hydroxylating agent, wherein X and R; are as defined above to give a C-24



Il Hr & Vb 1 X'"'" ORl wherein X and R, are as defined above; (1)
separating the conpound of general structure Va fromthe m xturgdgls 2006
conmpounds of general structure Va and Vb which is enriched with Va, wherein
X and R are as defined 15 above; (m hyggoxylating the conpound of general
structure Va wth a suitable hydroxylating agent, wherein X and R, are as
defi ned above to give a conpound of general structure Va, wherein X

represents hiﬁéxggﬁotggteﬁ%hﬂﬁ@ Rt Sf By AER0SRuctaRd/ANEIEEn XRrepresents 08f aRadk,
above; 2 4 06 39 éog isgrrerl E\l ns%t (?,&g_‘gngound of general structure Va
to the confRRIREENSF MYAREFY ANSYPEE LRe SHSLENBER 2P R105 wherein X, R and
R2 are as dgfierrAirmecc-2arydiey mhestiRy graipdithéyompgem] of genevalrgruchere
hydroxy protecting group R of the conpound of general structure Vlia to
generate cdPcipotriol or calcipotriol nonohydrate. 10 5. A net hod for.
produci Big ¢glissmetising theocorspdundptgenetal sondhyelVate theoapmpaindefgengsal (j ) -
(1) of claig)éltagqgurther conprising the steps of: (q) protecting the C 24
hydr oxy gr3 5 o} i["lé conmpound of general structure Va, OHH [AVa X ORL
15 wherein X represents hydrogen, and wherein R, represents hydrogen or a
hydroxy protecting group, wth adwdroxy protecting group;

N\

R,O" X

wherein X, R; and R; are as defined above; and
10 (u) when R, is not hydrogen, removing the hydroxy protecting group R, of the compound
of general structure VIa to generate calcipotriol or calcipotriol monohydrate.

6. The method according to any one of claims 1-5, wherein the reducing step is with a
reducing agent in the presence of a chiral auxiliary. '

15
7. The method according to any one of claims 1-6, wherein the reducing agent is a

borane derivative.

8. The method according to claim 6, wherein the reducing agent is N,N-diethylaniline-

20 borane, borane-tetrahydrofuran, or borane dimethylsulfide.

9. The method according to any one of claims 1-8, wherein the chiral auxiliary is a chiral

1,2-amino-alcohol.

25 10. The method according to any one of claims 1-8, wherein the chiral auxiliary is a

chiral cis-1-amino-2-indanol derivative.



(r) hydroxylating the G 24 hydroxy protected conmpound of general structure
Va with a suitable hydroxyl ating agent, wherein X and R are as dg&in@d0ot
above to give a CG24 2 4 AUG 2006 40 hydroxy prot ect ed conpound of general
structure Va, wherein X represents OR2 ang represents hydrogen, and
wherein R, is as defined above; (s) renovi ﬁg the G 24 hydroxy protecting
group of the conpound of general structure Va; 5 (t) isonerising the

corrpound of, .g r e Vi a
compound ol IR Rlingh BEGNE t;{%n%%ngb‘?c%grqg?;@ggﬁ%a 4 éﬁlrgoavirg.l&.%f S0
when R, |s (ﬂ&IZRiy(d)-éfgeha"W@?Tvaﬁ@qlhe hydroxy protecting group R of the
compound of general structure Vlia to generate calcipotriol or calcipotriol
nonohydrate. 6. The nethod according to any one of claips 1-5, wherein the
reduci ng sti@p The mgthpd accardingdr RgY K& Cﬁ"“h’"? Rel hruheseiadheinest sqlygnfiis
auxili asy. tdfvede, fERebigt RRthyd e dtdterhl@rciianPBemditufdsahameot.- 6, Wherein the
reduci ng agent is a borane derivative. 8. The nethod according to claim®6,
wherein the reducing agent is N, Ndiethylaniline- 20 borane,

bor ane-t et rih e Ghathaed aceurdibgrianay dinewt hbairasl hfizjevhe@em‘fhe niRfup© df esrtpsEHdag

to any one f cl al ms t iral auxi ry is.a.chiral

1270 no- sl Buctee N EAEIR oleed o Fea e o chimbohe B Sttt
wherein thdIIcﬁusrarno#ﬂMIatloafWa $vtawhighiis at leests58:4am no- 2- i ndanol derivati ve.
2 4 AUG,2006 41 11. The met hod according to any one of clains 1-8, wherein

the chiral auxili arz
14. The method according to any one of claims 1-13, wherein the reducing step is

carried out at a temperature between 10-20°C.

15. A method for producing a compound of general structure-HI,

15

. wherein X represents either hydrogen or OR,,
and wherein R, and R, may be the same or different and represent hydrogen, or a
hydroxy protecting group,
20 by reacting a compound of general structure VII or VIII,



(1S, 2R)-(-)-cis-l-amno-2-indanol. 12. The nmethod according to any one of
clains 1-11, wherein the inert solvent is 5 toluene, tert-butyl nethyl
ether, tetrahydrofuran, or mxtures thereof. 13. The nethod accor dih4li &kny
one of clainms 1-12, wherein the m xture of conpounds of general structure

| Va and | Vb obtained by reducing a co und of general structure 111 has a
nolar ratio of IVa:lVb which is at |east 56:44. 10 14. The nethod accordi ng
to any one of clainms 1-13, wherein the reducing step is carried out at a
tenperature between 10-20C. 15. A nethod for produci ng a conpound of general
structure IIl 0 H 0 Fi OAS LIl 15 X' OR wherein X represents either
hydr ogen or OR2, and R2 may be the~same or @fferent and
represent hydrogen,
conpound of genera
Vil VIl X ORl
wherein R and
according to any|
structure |11l is

ar-E d above, w
one of clains 1-15, wherein
t e epi mer of general strucﬂ r

Ml

w K
\\
X : R,O

wherein X represents either hydrogen or OR;,
and wherein Ry and R, are as defined above,

with sulphur dioxide,

16. A method according to any one of claims 1-15, wherein the compound of general
structure III is the epimer of general structure I1Ia

17. A method according to any one of claims 1-15, wherein the compound of general
structure III is the epimer of general structure IIIb



HO OH "HIIlIls X' ORL 17. A nethod according to any one of clains 1-15,
wherein the conmpound of general structure IIl is the epiner of gep;\r%3
structure I11b 2 4 AUG 2006 430 HO | H HIlIlb x orl 1 18.%Afeilbg
of reacting the m xture of conpounds of o] eral structure IVa and IVb OHr
OH H OO11 HSIVh X1 1 X1 ORL 5 wheregin X represents either hydrogen
or OR2, and wherein R, and R2 may be the sane or different and represent
hydrogen, or a hydroxy ,protecti group, which is enriched with IVa, in the
presence of a base to gi¢e-awm xtlire of compounds of general structure Va
and Vb, which is enrighed witR-V¥a, 2 4 AUG 2006 44 OH CH

5  wherein X represents either hydrogen or OR;,
and wherein R; and R, may be the same or different and represent hydrogen, or a
hydroxy protecting group,
which is enriched with IVa, in the presence of a base to give a mixture of compounds of

general structure Va and Vb, which is enriched with Va,



HH HHVal Vb XORL XORL wherein X, R, and R2 are as defined above. 5
19. A method according to clains 1-3, 15, or 18, wherein X represgp%%%.
20. A nmethod according to any one of clainms 1-19, wherein R, and/

represent alkylsilyl. 10 21. A nethod acggerding to claim?20, wherein R
and/or R2 represent tert- butyldinmethylsilyl. 22. A nethod for producing
calcipotriol {(5Z, 7TE, 22E, 24S)-24-cycl opropyl-9, 10-

secochol a-5, 7, 10(19), 22- tetraen ha 3(i-24-triol} or calcipotriol
nonohydrate 15 conpri si gf hod of any one of clams 1-21.083. A
conpound of gener al < Ia or I'llb, or mxt S *, FI rIH O
~0H OO0OHIIIE elaneprese di hydr ogen or OR2, 2
4 AUG 2006 45 aj :

represent hydroge
general structure Va
r rH Vba OOX 1 i

hydr oxy protecting gr
| Vab, |Vba, |Vbb, |Vb,
r H Vbb

Va

res thereof, O—l H

Vb

wherein X, R,, and R; are as defined above.
5 19. A method according to claims 1-3, 15, or 18, wherein X represents OR,.

20. A method according to any one of claims 1-19, wherein R; and/or R, represent

alkylsilyl.

10 21. A method according to claim 20, wherein R, and/or R, represent tert-
butyldimethylsilyl.

22. A method for producing calcipotriol {(5Z, 7E, 22E, 24S)-24-cyclopropyl-9,10-
secochola-5,7,10(19),22-tetraene-1a-3B-24-triol} or calcipotriol monohydrate

15 comprising the method of any one of claims 1-21.

23. A compound of general structure IIIa or I1Ib, or mixtures thereof,

wherein X represents either hydrogen or OR;,



rO5 1 XORL wherein X represents either hydrogen or OR2, and wherein R
and R2 may be the sane or different and represent hydrogen, or a &Béﬁgpﬁmk
protecting group. 10 25. A conpound according to claim23 or 24, i
-represents OR2. 26. A conpound according Ag any one of clainms 23-25, wherein
R, and R2 represent alkylsilyl. 15 27. A'Conpound according to claim 26,
wherein R, and R2 represent tert- butyldinmethylsilyl. 2 4 AUG 2006 46 28. A
conmpound acgcqrdi t Ve O | : rej repr esent
hydr ogen. PAh @segggfﬂaﬁ@o%@g‘ﬁggégégéﬂ?r?gﬁffge!;%rﬁtwgn%bg%ﬁé? %%5%303 as an

i nt er nedi atwdiaxytptetecBngrarfpact ure of cal ci potriol or calcipotriol
nonohydrate. 10 15 20 25 30 35

24. A compound of general structure IVaa, IVab, IVba, 1Vbb, IVb, or mixtures thereof,

wherein X represents either hydrogen or OR,,
and wherein R; and R; may be the same or different and represent hydrogen, or a

hydroxy protecting group.
10 25. A compound according to claim 23 or 24, wherein X represents OR..

26. A compound according to any one of claims 23-25, wherein R; and R; represent

alkylsilyl.

15  27. A compound according to claim 26, wherein R; and R; represent tert-

butyldimethylsilyl.
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2 4 AUG 2006
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28. A compound according to any one of claims 23-25, wherein R; and R, represent
hydrogen.

29. Use of a compound according to any one of claims 23-28 as an intermediate in the

mahnhufacture of calcipotriol or calcipotricl monohydrate.



