WD 2005/ 087719 STERECS ELECTI VE SYNTHESI S OF VI TAM N D ANALOGUES FI ELD OF
" THE | NVENTI ON PCT/ DK2005/ 000161 5 The present invention relates to methods

of produci -ptriol {(5Z, 7E, 22E, 24S)- e

.24-cycl oprgg) %’a-g@./g@secochol a-5,7,10(19), 22-tetraene-| o- f(cf;‘r-/ ’-"f'?’i"%?l‘? or
“cal ci potri ol nonohydrate by stereosel ective reduction. The present

i nvention further provides novel internediates and nethods for the
synthesis of the internediates useful for producing cal ci potriol or
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fol | owi nig'e RIS BB BRI PCT/ D200/ 000161 2 (i)
non-1di ast er eosel ect| ve reduction of C 24 keto-trienes followed by the
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Calcipotriol or calcipotriene (structure I} [CAS 112965-21-6] shows a strong activity in
inhibiting undesirable proliferation of epidermal keratinocytes [‘I:TFRC.M. Castelijins, M.J,

15  Gerritsen, 1.M.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 monchydrate (1I)
in the treatment of psoriasis was shown in a number of clinical trials {D.M. Ashcroft et
al.; Brit. Med. J. 320, 963-67, 20007 and calcipotriol is currently used in several
commercial drug formulations.

20

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

25 methodology,} the required stereochemistry is introduced by one of the following
methods: |



di astereoneric mxtures of the G 24 hydroxyl epiners obtained via
chromat ography (WO 87/00834 & MJ. Cal verley; Tetrahedron, 43 (20),

4609- 19, 14&/deos/bdsh)e attachnment of an enantiopure C 24- hyl%{/’l?{f&%ll(h%g%l‘

side chain to the vitamin D 5 skeleton (M 3. Calverley,

1990); (iii) selective enzymatic esterification of one of C 24 hydroxyl
epi ners foll owed by chronmatographic separation (WO 03/060094). The
non- di ast ereosel ective reduction of C 24 keto-trienes foll owed by

chr omat off) aphidiastargoselpetivet ieBuctsh afife 24 dietretrienesifRiiqured i Yhej sepa rdionost

wi del y pBé@%ér@t?rﬂenﬁH %@c@!%seofftaé cob4 ﬁydﬂ'oE}Ql éd?ﬁe%eéétéﬁn@d%ﬁﬁ %maI@r%pﬁﬁm@t I on
process yields main he undesired C 2 pi neric al cohol (typically about

60% of t @%ﬁﬁéﬁt'@& ﬁ:@l‘ﬁ”@ﬁ{ ﬁ%t@hegﬁﬂw,lzp ﬁ2§)d‘i“¥93 4B 1987%9; separate the
desir ed r)emarmrnehf effhﬁ@ﬁbn@oﬂﬂrét@@h?&ro&{ﬂl"»@TW@@él@@Qﬁaﬁ&o&h@ﬂlﬂgh'ﬁﬁ pon

scal e, S&"e{ | ective syn%{lgé %I i) is still an unfavourable
proce%s f EtQEa(t -SRIl gYRIgd: i 189®p nature and cost and due to the -
12 act ) t Eatmj ﬁé(é%tlvierﬁcliﬂ?ﬁﬁdtétsﬁfﬁflaétﬁbmﬁﬁﬂwe ﬁ@ﬁﬂmﬁh!?@&yl @pnﬁgetrﬁﬂdnbweatbyon process
i aste i sadvant a m.t he high cost of the enzynes

enpl oyed MPAKLOY P} 'ﬁFFB@%ﬁ'@E?mé%;ﬁégﬂ%“)on the selectivity of the enzyne,
1-2 additional reaction steps which adds even further costs to the process.
20 The stereosel ective reducti,o 4 ket nes ect t.o the desired

G 24 hy ok o e e p b Odiofhar T 28 e ks Mol citpmaterane

deri vat | vegsarathor/6) 1H8/eph860c arixturdyi) Mthle&hms;umdel@tprattlced Prodadute fochem Conmm ,
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anal ogue 0 riol unprot giem usy ng al pi ne
bor ane hapslnME:ral@éLgtfhybedllsbybduy Gﬂ% Bf tf@atlmmrityd et- Ihbplmem) Bho drig diffildto Chem

St er cosel SELTEa E SRENTS Snnaer bl 4P 4 FEAR, cRokalPaly Ui dlfosustion, ooy

fromthesfad®t that the unsaturated triene system of H\therto known 30
i nt eiﬁed'rﬁ%E&ré&ele&ﬂﬁe%ﬁﬂh@%'(ﬁ)9 t.ﬁ%han?évoru'ré}he F&egaf‘ﬁdpsﬁéib'db& difs such

as toward Lewms acid condi'tl ons, ey a e relativel easily
oxi di sed m%ételphﬁuﬁﬂﬂﬂ easé al]é GHE [ty th@hfﬂd Bmﬁaxlpmterwcilﬁtegraée used.cal
reduct i ofpg @ARIHAR £&RBHidtRADrocERE QNif flas HY Gisd@Rintdge, bPart from the high cost
of the enzymes emnployed, that it introduces, depending on the selectivity of the
enzyme, 1-2 additional reaction steps which adds even further costs to the process.
20
The stereoselective reduction of C-24 ketones directly to the desired C-24 hydroxyl
epimers has for example been described for cholestero! derivatives in WO 98/24800 and
by M. Ishiguro et al., 3. 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-alpine borane has been described by by M. 3. Calverly et al. in Bioorg.
Med. Chem. lLett., 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.
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_reduced yields, inpure products and tedious work-up procedures, especially
“on large- scale. 35 WP 2005/087719 PCT/ DK2005/ 090161 3 It is an object of
this invenii L vide an alternative process for the synthesis
caIC|potr|gﬁpﬂm’&Wﬁhﬁay overcone one or nore of the varloﬂithawP@ﬂE“hnd

di sadvant ages descri bed above. The present invention provides a novel
process to produce diastereonerically enriched 5 C 24 hydroxyl epiners of
cal cipotriol derivatives using a novel synthetic pathway conprising a
ster eose[fteietanvcévjwdnﬁ(cmiis anvestiep to Phevigy as eliernative prdcess fanthé eyntpesivioties
novel cheskallel JRER el SHTBALTEESe WK BA BB | ene System i s
protecte as sul phur di’oxi de adduct produci ng di astereonerically

enr i ched dzagvamigeRsoIgerribehiees of caIC|potr|oI derivatives the yield and
the effi &ﬁ@)sr&fens NG eAUES BANGIYS =5 MVEch@_% éogprgauééﬂ&agk%ﬁédrﬁgr iatignAchpedr oxy!

epi mer ﬁy reatly inproved. SU has surprisingly
been ¥ oufd24 Ha r%dmﬁ@sofcﬁal%@?'aﬂerwlwttﬁ"ég f ppvel|gypthedicopalimedei n X

repr esentsmptitingh JMEoaaeRivel redReiortdtdp W"Fﬁé Brdbef .rﬁ@dt.gﬁfmyertwom@s same or
di fferent and regﬁ%sent hydrogen, or a hydroxy grotectlng roug)l_lo 20 in an

i nert soP@¥HIChaMR!Y Mue &ty r&@'@ﬂ?d'@ﬁes\mhﬁfﬁ e lapiR frirgeRyata™ iInPRHRESH esence

of a Chbé@blpﬁuxﬂibki@éﬁddbﬁc By RodudihdK HIAER réfm &SNP BREeh«f Coangfdrdxyst ruct ure

| Va and | 4
e?)/lbmers of cegupotrlofdenvatlves the yieid 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 III,

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,



LPCT/DK2 0 0 5 /110111 6 1 which is enriched with IVa, wherein X, Rl, and R2
are as defined above. 5 1n a first aspect, this invention relates to a

met hod f or ' calcipotriol {(5Z, 7E, 22E, O
245)-24-cyg$%gﬁgg§??b,10-secocho|a-5,7,10(19),22-tetraene?quéf%?Q%pf}ioI}
or calcipotriol nonohydrate conprising4he steps of: (a) reducing a
conpound of general structure Il1l, wherein X represents OR2, 10 and wherein
Rl and R2 may be the sanme or different and represent hydrogen or a hydroxy
protecting group, in an inert daHvent with a reducing agent or.with a
reduci ng agent in the grésencefof a chiral auxiliary; ta givé)annixture of
conpounds of generalf si and 1 Vb, wi-€hed with I Va,
wherein X, Rl RZ itmed above; i Xt ure of
conpounds of g | ructure Il¥a and | Vb, )

t he presence of “ar-Base’to give a m xture of cdO

2005/082&3955 PCt DE2005/ 000161 structure and

Va, OH Vg, Wb vherein X, Rl and R2 argyag defi
t he conpound of| general st ture Va fronm Bhe. mi
general struc e Va and which is enrighedwith Va, whidfein X, R, and R2
are as defi ove; (d) isonerising the pound of general structure Va

5, which is enriched with
el above; 5 (c) separating

to the conpound of general structure Vla,

OR, o

which is enriched with IVa, wherein X, R;, and R, are as defined above. .
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-3p-24-triol } or
calcipotriol monohydrate comprising the steps of:
(a) reducing a compound of general structure III,
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 1Vb,

15 which is enriched with IVa,
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



10 wherein X, Rl and R2 are as defined above; and (e) when R and/or R2 are
not hydrogen, renoving the hydroxy protecting group(s) RL and/or R2 of the
conmpound @f o Structure Vlia to generate cal cipotri r..calcipotrio

15 nonohy #%%§§E¥ﬁ5% further aspect, this invention reIa@tQBPg"ENWEFhOd for
produci ng cal ci potriol or calcipotriok nonohydrate conprising steps (a) -
(b) above and further conprising the steps of: WO 2005/087719 6

PCT/ D/ c2005/ 101161 (f) isonerising the m xture of compounds of general

st r uct useustareaviel angh Vbwhvbiahi in elpiciRd wigm@faR2 are as defined in claim 2, which
is enriched with Va, to a m Iire of conpounds of general structure Vla and
VIb, which is enriclredwith yi'a, 5 wherein X, R and R2 arem$ defined
above; (g) separagin eVl asfromthe mxture
of comnpounds erif N\ched with Vla,
wherein X, R
hydr ogen, re
conmpound of ge
nonohydrate. |
for producing
24S) - 24-cycl g
or cal cipgisie
of gener al
represents! Qgen or a hydroxy protecti
with a Peductng #Bgt or with a reduci&gw G

pound of gener al
ture Vla and VI b
i ned above,;
protecting g
meral structure Vla to generate
A astill further aspect, this
calcipotriol 15 {(5Z, 7E, 22E
ropyl -9, 10{&ecochol a-5, 7, 10( 19) , 22-t et r agne- 10- 3P-24- triol}
$it eps of: (j)- reducing a conpound
ture 111, wherein X repke s hydrogen, and wherein R
20 in an inert solvent
-(ﬂRt he presence of a

1

Structd

et triol or calcipotriol
qnwgntion relates to a method

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, Ry and R; are as
defined above;
(d) isomerising the compound of general structure Va to the compound of generai
structure Via,

10

RO" X

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

(e) when Ry 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.

In a further aspect, this invention relates to a method for producing caicipotriol or
calcipotriol monohydrate comprising steps (a) - (b) above and further comprising the

steps of:



chiral auxiliary, to give a mxture of conpounds of general structure |IVa
and 1Vb, which is enriched with IVa, wherein X and Rl are as defined above;
25 (k) reaston p@sheee xture of conpounds of general struct,gf@htzl\{ﬁmﬁlng]IVb
which is enriched with IVa, in the presence of a base to give a mxture of
conpounds of general structure Va and ¥b, which is enriched with Va,

wherein X and R are as defined above; wO 20115/087719 7 PCT/ DK2005/ 000161
() separatr ng the conpound of general structure Va fromthe m xture of
conpound§) SPMeYENG Be rg'tXFLtIStQ‘]rCQ QUAGRIONARNRR' SHUCYIIR A AP R eS Raher ei n
X and R aad 8, as stedémed in abavez, wWiih Ryhrexsd atthng, the reietpewido®bogsnesal

t t Vi th | at t, wh in X d R
e oL G o BB K SR BT o s e oS

represents OR2 and R2 4 epresent @quydrogen -and wherein R igyas defined
above; (0) isonerising orrpund of general stri Va to t he conpound
of general structur O-WRerein X, R and R2fare gefi ned above; and -
(p) when R, is i y i group R, of the
conpound of ge - cal ci potri ol
nonohydrate. In

i further aspect t hi's
for producing cal 'rﬁtrr ol or 15 calcipotri
(j) - (1) of claim4’and further conprising thhef steps of: (qg) protecting
the C-24 hydroxy; group of e conpound of ner al structure Va, wherein X
represents hydrggen,. and wh whefein R represents hydroge‘ﬁl or a hydroxy
protecting gr » i G

Fonohydrat e conpri si ng steps

&

R
W \“.

R,O

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/or R; of the compound of general structure Vla to generate calcipotriol or calcipotriol

monohydrate.

In a still further aspect, this invention relates to 2 method for producing calcipotriol

15  {(5Z, 7E, 22E, 24S)-24-cyclopropyl-9,10-secochela-5,7,10(19},22-tetraene-1a-3p-24-
triol} or caicipotriol monohydrate comprising the steps of:
(j) reducing a compound of general structure 111,
wherein X represents hydrogen,
and wherein R; represents 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,
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;



,20 (r) hydroxylating the G 24 hydroxy protected conpound of general
structure Va with a suitable hydroxylating agent, wherein X and R, are as

defined ab@ye,h9udhie a G 24 hydroxy protected conmpound L :
.structure V‘etl’emv'\}?'ggeil‘)n X represents OR2 and R2 represents 35%'?%% "e'l(””

wherein R, is as defined above; (s) rendving the C 24 hydroxy prot ect| ng
group of the conpound of general structure 25 Va; (t) isonerising the
conmpound of general structure Va to the conpound of general structure Via,
wher ei n ) separaiien He enrepamdddigene! abuctere ¥adrofuthemeiurR ofi eormpsuniy af ogen,

r enovi ngqd heanyelicxst B S £Ob AP cRed Rith A WHRMRR Y Hhd BlarefasGRARES!
structure Via to generate calcipotriol or calcipotriol m)no]hydrate In a

still fuPP?& aspect, this invention relates to a nethod for producing a

conmpoundaf hy&%m%ahg ghe b'&hgztﬂ\d el gben\é/PérrsaiuetLﬁfe KERTiES 8 BLSaE hiefoxednggen or
OR2, 35 and \/\herel n e sane or different and represent

hydr cyenadsK: W e'F?y"d?(céW R Be&stds ﬁ@e‘bﬁ‘%‘ﬁi togive éé@fﬂﬂqd”‘é%aﬁ'ﬁﬁfﬁhﬂrl&ﬂt”'&ener al

st ruct ur ga Mvherein ¥lrépresdifos ZR] bha R‘ﬁe&eZe%s ArFenher®ivieRin D% &3 d@iredas
defined apove, 5 with sul phur di oxi de. ),DK2005/ 000161 In a still further

aspect, 8RS’ i nvention relates to a net hod of reacting the m xture of
corrpound(so)qéorgenrm:lﬁ@lthestdrupduﬂda:flg\éalem@trh}gﬂmre vbes ehd cotpapidestegdngrai t her
hydr ogen 0 9 10 and wherein R, and R2 may be the sane or different and
repr esent ‘l"ﬁ}H h, or a hydroxy protecting group, which is enriched with
| Va, 10 n whergom ﬁsEnead 8% aee fradefirted apbove; andn xt ure of conpounds of general

str U(_:t ur ‘(ap)\{vah&plql i\ébnotmhpgzgei\;sre%qg\jiﬁ&&% matrg'xy Srotecting 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 ErEducing calcipotriol or

15  calcipotriol monohydrate comprising steps () - (1) 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;

20  (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 above;

(s) removing the C-24 hydroxy protecting group of the compound of general structure

25 Vs
(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

30  of general structure Vla to generate calcipotriol or calcipotriol monohydrate.

In a still further aspect, this invention relates to a method for producing a compound of
general structure 111,
wherein X represents either hydrogen or OR,,

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

by reacting a compound of general structure VIiI or VIII,



wherein X, R, and R2 are as defined above. 15 In a still further aspect,
this invention relates to a nethod for producing calcipotriol {(5Z, 7E,

22E, 245) - 2do s)elogpiopy! - 9, 10-secochol a-5, 7, 10(19), 22-t et f’ﬁ?&%l"ﬁn'ﬁ‘(ﬁi 24-

triol} or calcipotriol nonohydrate conprising any one of the nethods above.
20 In a still further aspect, this inveftion relates to a conpound of
general structure Illa or 1l1lb, or mxtures thereof, WO 2905/087719 9

PCT/ DK2005/ 0001 @ wherein X represents either hydrogen or ORS, and wherein
Rl and R2 may be the sane or different and represent hydrogen, or a hydroxy
protecting group. 5 1In a stillgfurther aspect, this inventign relates to a
conpound of general struoture//lVaa, |Vab, |Vba, I%bb, | Vb, ,Yor m xtures

t hereof, OH OH ; WO 2005/ 087719 10 P \

represents eit#t ‘ i
different and
still further *a
general struct
t he manuf acture

be the sane or

: D., p. 51In a
pet ntion relate L conpound of
rezllla, Ilb, IVaa, |Vba, |Vap, :l Vbb as an internediate in
of ' cal ci potriol or cal cipotrif olH nonohydr at e.

Vil

Vil

wherein R, 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,
whereain 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.

15
In a still further aspect, this invention relates to a method for producing calcipotriol
{(52, 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 methods above.

20 In a still further aspect, this invention relates to a compound of general structure I1Ia or

IIIb, or mixtures thereof,



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 Definitions As used herein a
"hydroxy protecting group” is any group which forns a derivative that 1is

st abl e twoths/wpriey ect ed reacti ons wherein sai d hydr oxypot@neeisiigegr oOUp can
be selectively renoved by reagents that do not attack the regenerated
hydroxy group. 15 Said derivative caR be obtained by selective reaction of a
hydr oxy protecting agent with a hydroxy group. Silyl derivatives, such as
tert-butyldinmethylsilyl formng silyl ethers are exanples of hydroxy
(brides such as tert<butyldimg&hylsilyl chloride

(TBSCl), trinethyls , triethylsilylchlyori

di phenyl net h i triisopropyl si ie,

tert-butyl di P are exanp ] pr ot ecting
agents. Hydrogen ori de, suth as aqueo dcet oni t e, or tetra n-

d
but yl anmypni u gori de are exanpl es of reagetit
" group mTéherl haddr oxy protecting grodips inglgde ethers, such as
t et r ahydga anyl (THP) ether, in uéi ng a1 koxyal kyl ethers (acetals), such
as nmet hgxyngf (MOM (Biher, or este such as chlI“ roacetate ester,

Vot , acetate or benzoate . Non-limTting 25 exanpl es of
i ng groups and net hods ¥ ot ection and renoval , all
i ncl uded | e scope of this applicati an for exanple be found in
" Prot egfi vesG 0 DR, in Organi c Synthgsi 6%1 T. W Geene &P. G M
Wits eds., John Wley 1999 and in "Protecting oups", 15t ed., P.J. &
Koci epsKi.: j d herein, "alkyl" is intented to nmean a &
i nea%gte'%?arﬁg%é"gﬁ%lEﬁ@gpg}&orggéﬁ\%ﬁ?%ﬁ’ may be cyclic or acyclic, having one ¥
to twend whergib®a and Raenaypbether seohg oodiffertant sedanpeaetidvdregemer aThe net hyl -

gr oup I %.pq fduBropyl group, isopropyl group, pentyl group, hexyl
gr oup?y(glrr?gytpﬁ%{et er E-’blljl?yl di met hyl group are non-lim1iing exanples of alkyl

HTES ich can renove silyl

JE;

groups. 35 As used herein 'reducing agent" is i ntended to mean any agent

capabie, Qtin FEIMGH igect, tHIS IHdhAS R8I0 SRTJJuNB oY geRerdl aFtALRPARLECT i vel y
r educi n&ﬁ%&gﬂgbg kef o group of a conmpound of general structure (11 to

f e 9B PEXtUESS thefeffe 1 V. In one WD 20(i 5/087719 11
OH

give &




WPCT/ DK2005/ 000161 enbodi nent, the reduci ng agent may reduce the C 24 keto
group of a conpound of general structure IIl wthout a chiral auxiliary to
yield a m xareso$77eonpounds of general structure |1V, wherEbR2®3i000i61 Xt ur e
is enriched for the desired epinmer |IVa preferably yielding the 24-S
isoner). In another enbodi nent, the redtuting agent may 5 reduce the C 24
keto group of a conpound of general structure IIl in the presence of a

chiral aux |I| el corrpounds of general structure IV,
wher ei n %"a c?”%( %rsé'lﬁis‘se'tgﬁlj mﬁ ggﬁ e desired epimer IVa (preferably

yi el di nganheh2reiSRy soad: )rnayTh@tm@@mma ngddfgeemt amgdyrebeesehi Imgdroaen, mor- chi r al .

Exanpl es s include, but are not limted to borane reducing
agents, Hi‘]t;rgw h&%ga%%% such as lithium 10 al um ni um hydri de, sodium :

bor ohydri de, or Al H3 optionally in the presence of |anthanide salts (e.g.

Ladl 35 CgBr énn%@r)aspe& N@H?de%sa relgfé(s'%mpb@us@&da %E,Fagbbhd 9%@{ réIEdUC' ng

agent’s incl ude, are hot drogen in the prese
cat al yst Stragiere Héa: IB? dﬂ’ﬁﬁumbér IVEU-‘U H\‘Eh‘i’ aman sfdférfl]ﬁﬁi'ﬁ?f-‘ @ttﬂiarﬁanf@@Wﬁerpyl

al cohol @élép@irlé”théIB’bbﬁ%ﬁ)h%%y&ﬂ%te and zinc powder in water or alcohol. 15
As used herein "borane reduci ng agent” includes borane or any borane

derivative, such as borane conplexes with amnes or ethers. Non-limting

exanpl espefahepanescraavINorF TRgEeMvENTION | ncl ude N, N-di et hyl ani | i ne- bor ane,
bor ane-tetrahydrofuran, 9 borabicycl ononane (9-BBN), or borane

di rrejcchyl sulfide. 20 As used herein, "chiral auxiliary" nmeans any chiral
conpoundpéfini@iphs cal ly active catalyst, e.g. a corrpound corrpri si ng

asynnetrlcall su st |, ed carbon atons, or axi ound

Xt ur s A PR PR ey B SOB; By i Wi e g RLVatrs Bt 11
i mprove tstaalyueebdh@brcﬂeﬂmmwndngﬁvhgm’nesab hytraxgtproeectiva gnedphcaneispect to its
epi nmer on of a conmpound

Lhcrease t nol_a
of generﬁ?lg’ftb Teﬁnqvep%yvﬁefa erétglh dﬂ(% %t&%ﬁbﬁ{eg%‘fr%e@ﬂyf’%xyeﬁ; i aries
wi | | 1§ huSaidedexivaticongobe dbtwinahby seleaztma‘ebﬁmmfoﬁmhyckasy poptettng agent with

o oI ot b B R S A P BTN iy SERE e
W t hout €xamples of hydroxy protecting groups. Silyl chlorldes such as tert-butyldlmethylsﬂyl
chloride (TBSCIH), trimethylsilylchloride, triethylsilylchloride, diphenylmethyisilylchloride,
triisopropylsilyichloride, and tert-butyldiphenylsilylchloride are examples of hydroxy
20  protecting agents. Hydrogen fluoride, such as aqueous 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”, 39ed., T. W. Greene & P, G. M. Wuts eds., John Wiley 1999 and

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

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

35  Asused 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



«hiral auxiliary present or involved. Non-limting exanples of chiral
auxiliaries include 30 chiral 1,2-am no-al cohols, such as chiral

ci s-1-am no-2-indanol derivatives, such as

(151 2R) - ( - }\i(%?(gjf‘/’}&-’a}ﬂ no- 2-i ndanol, or cis- PCT/DR264O5/000161

| -am no-1, 2, 3, 4-tetrahydr onapht hal en-2-p], such as

(1S,2R) -cis-l-amno-1, 2, 3, 4-tetrahydronapht hal en-2-0l. OQther exanples are
bi napht hyl derivatives, such as

(R-2,2 ehib%ﬁdﬁémeﬂw RhosR 'a @arﬂaa\} redlicRaRBIYA ketoWrBep ol NRERLBME of
2,2 - d| hydr ox 1" bi napht %eirlvatlves Furt her exanf'pl es |ncI upe 35 but

are not Hﬁ?ﬁr?gﬁf”f%u'(el:\{)u X‘“F?O‘éf [T FERYPDOLYIRIE R MHitHEReR HRfyrounds o
( R) ( "‘) efdFansrdcturEV) Whedeid sdidnhBdiyre-ib eﬁﬁfﬁe@rfel' the desired epimer IVa

0- 3- | -1 - tan
(88 rarosh 3idlEd e 15 Bhfrl i notidy ppaditsit, the FAUFPAGIE LAY pheny |
et hamol . reWDc@QBéCQEﬂ?IZéLﬁ gt2uPeiTé4 BK&H@Guﬁ@Gﬂ@,@ibrﬂSstu&aﬂethelthe réseard ofel vent "
nmeans an ani.c_spl vent conp at i ent under t he

e
react i on "5 R5 R S B it Oftr)ﬁ ”?Fi?rué' 58€9§Tﬁf ]dsl{rolfc\t}'grﬁt WRREER RS ce  of
such sol menﬂurwsi énrobbpe ot tha dbheedspmmdrlma {pekiobbly véading the 8d:S Nomer) m ting

| I i.nGl d
sﬁﬁgf:ﬁﬁ%hé%ds o L PSS BB M el e
conpoundsubéregeridinaitedsiorherang eduvingayentsyimetallic dhdiidesgaueichzlithiuroh | Va,

h th
ol a0 10 Pl hPRide o BRRYd e Br Ayt bofiSHHRS iRefe Bfecfinufinatiee, | 12
one, thusalthta. g+ 4edls, et CeChbrirdiab:6PA¢)eZn(BHaD PO EtifeH cOsouedictifa gener al

Structurggbiya n@&gc?é %'uPthgnotﬁQr(&&:f td, E{o% trh‘%m&ﬁ’(&@hﬁédofoi c&%ﬂ@f %hcﬁ%é ucture

' Vb). A nixture mpounds of gene structure Va and Vb, -
enri ched PlEtPHMRY rUt'l@'Wﬁa?@“éi“rﬁ‘ﬂ'ﬂﬁ"@' '@fﬁl’"P@ﬁ@l'qoiﬁobiiﬂp@'Pm"NQ”bt her corrpounds

or sol VeRopropghRIdR, bhe ziMelpavdeAld Walfiorsicgheomer ratio)~of Va/Vb is one
(50:50) or larger than one, thus that the mxture contains at |east 50% of

t he %rrpound of general structure Va (containing 50% or |ess of the

conpound agfusee lnefeauh “lﬁdrélh@Pdﬂu@nn\g'bi)genQQn@Iun(bMﬁﬁe of anp mpAIHeASrihtigs REAl
structure Vla and which (s enriched with m Xt u

opt | onal F5 CEGIR omRIgies LT Sotesatersy or VRiip B R al e duting

agents e.g. include N, N-diethylaniline-borane, borane-tetrahydrofuran, 9-
borabicyclononane (9-BBN}), or borane dimethylsulfide.

20
As used herein, “chiral auxiliary” means any chiral compound or optically active catalyst,
e.g. a compound comprising asyrmetrically substituted carbon atoms or axially chiral
compounds, or mixtures of chiral compounds and/or optically active catalysts, which will
improve the vield of a compound of general structure IvVa with respect to its epimer

25  (increase the molar ratio IVa:IVb) in the reduction of a compound of general formula III
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 vield 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 ¢/s-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 inciude

35  but are not Iimited to (R)-(+)-e,a-diphenyl-2-pyrrolidinmethanol, (R)-(+)-2-amino-4-
methyl-1,1-dipheny!-1-pentanol, (R)—(—)—2—amino-3—methyll-1,1—diphenyl—1—butanol, (R)-
(+)-2-amino-1,1,3-triphenyl-1-propanol, and (1R,2S)~(-)-2-amino-1,2-diphenyl ethanol.



ratio (diastereoner ratio) of Via/VIb is one (50:50) or |arger than one,
thus that the mxture contains at |east 50% of the conpound of general

structure \gh&qRt-abning 50% or |ess of the conmpound of P?ﬁgﬁ{}a}%"}sul}lgucture

VI b). 25 As used herein, "separating a conpound" includes At i on

and/or isolation of a conpound, e.g. tmat |least 90% purity, such as to at
| east 95% purity, such as 97% purity, 98% purity, or 99% purity. The term
"separating a conpound” al so includes the neaning of enhancing the

concentration of the conmpound in a m xture of such 30 compounds, optionally

conpr I i ol uS&d p@%;ﬁ,“irﬁé&&l& ¥ rﬁelﬁﬁs %hngto'rﬁa%é %o[(ié’r{ttéaﬁ{paﬁﬂré ﬁﬂﬁgaidv"i‘écﬂc%g
desired or preferred conpound or isoner,” such as an epiner, after said
separ at i 8gentrsiedithrefrastiosonditiensceippleried yorrraikturgs of syehespleatid dingedhoicsf t he

) . i f - i 11
present bﬂyﬂtgmr%@ﬁgégé{%&%ﬁ@@rm St Usdd. & Hé@hrg;?%‘%ér é6l In a

currently preferred enbodi ment o present 1nvention Rl

r epr ez enef ingrigphants inclugigdrydgecatRans. sighasdiokangy paY Bthers fysh agletdiiyl y R

and R2 apRtbhetsa - etBngtotlign. enbodi nent of the present invention-Rl and
R2 represent hydrogen. 5 1n a currently preferred enbodi nent of the present
I nvention the reducing agent is a borane reducing agent, such as

N, N-di et RythaRirel dieohpoangs oDgsmpe-stieichabds ahd 1aB, whith iDerRihed with IVa,
dimethylsulfide. 10 In a c rrentlg referred enmbodi nent of the invention,

. ) y. p
the reduBl5Rgs &BEFYTE: gRYeRAY QO Wgtqii;'%’ %C’ﬁ’i‘ﬂ"é’lndﬁé’aaii'i"ﬁ@tsatj’&ﬁ‘i & MPE ¢ he
pr esemceratfo @igstereamenuttid)i Griya/IVh iflofal(5EB0) ¥r predrahbe dneroditheytheof the
present inventio Lliary i cohol , such

the chiral au Is a, chiral 1 2-apn no-al

b a chi PUXUET Gotaltia deest SO AHhe SarTRoLPY o6 9eBsrahetgieidipstla (Sontaing

(1S, 2R) - 68% ot lesd ebttien@nhdundafigkeneranstauaure BAf)] y preferred enbodi nent of

the present invention the reducing step is carried
A mixture of compounds of general structure Va and Vb, which 5 enriched with Va,

15 rneans a mixture, optionally comprising other compounds or solvents, were the molar

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 VIa (containing
50% or less of the compound of general structure VIb).

25
As used herein, “separating a compound” includes the purification and/or isolation of a
compound, e.g. to at least 90% purity, such as to at least 95% purity, such as 97%
purity, 98% purity, or 99% purity. The term “separating a compound” also inctudes 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,.



.out at a tenperature between 10-20C, in particular 15-20C. 20 In anot her
enbodi nent of the present invention the nolar ratio (di astereorrer rati o

| Va/ | Vb) of,, e of compounds of general structure IVa a ch
is enri che&‘@nmﬁéﬁb is larger than 55:45, such as 56: 4%“9!)?:‘?‘1"’3@”3‘7 43
such as 59:41, such as 60: 40, such as $3:37, 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. | n abotherresi pdifersed enfboﬁmerproésmpreisameinvémprtlheamrUIoaRz regresent

(di ast er eQURG 8l os MAL YN BhoRIIGE Wik BfeGARRPRNGR Bl aoeialncst ruct ur e

Va and I's enri arger th "as 56: 44,
such as 57:43, such as 59:41, such as 30 60: 40, such as 63: 37, such as

65: 35, SH?En@tﬁelﬁgmggdm%ﬁflafa?e ;% %Qum?ém n3g e @&epre%eﬁph&’o%; such as

74:26, such as 75:25, such as suc 77:23, suc 'such as
79: 213 such as 80: 20. In another enbodi rrent of the present |nvent| on the

mol ar rag) g LfkAs BF g/l @94?@& ewownéﬁ ovltﬁé Mleeén%vaqtﬁwfﬂérrsde?émgggmq@qs of

general structure a and b, is enriched wth Via, Ts larger than
55: 45, sBefngd e@&"ﬂ?g%‘\ﬁcwcé?sas'ﬁ f"4§',et'§’Lﬁﬂ'l' ingsbay QPQJIPOF@G%ﬁEtﬁhYdGS@‘P@I‘,r %uch as
63: 37, sYelraiRbthBulfedch as 68: 32, such as 70: 30, such as 72:28, WO
2005/ 087719 14 PCT/ Dk2005/000161 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: #9. IMaeertppeifomed eﬁfboamernrowwtnvbﬂmaﬂtth@medadwﬁ; aeppotitiedbugener al
structure

|s5 e arate chro t ogr aph fromthe m xture of
conmpound®’ R\gfa Ef@ﬁ’éf NG PE M %5 Rhf C@'ﬂ' Fg %‘I‘ﬁﬁyched with Va, wherein
X, R and R2 are as defined above in (step (c)) In another enbodi nent of
t he present nve t|o t he eneral structure.Via
separ at ol aisyPERT RE e ASMI oIy fee FREnTv SRt din Sprehu S
struct ur ehivala a-rasdeb-lalcwholc budtsasea chichleds-tiarintd zaindahel ddrivalye Rucard R2 ar e
as dfg' n?PS,%E?—Y—G)—&;Q—l—ammo-z-;ndanol.

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/IVvb) of a mixture of compounds of general structure IVa and IVb, 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 (diastereormer 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 ratio

35 VIa/Vib) of a mixture of compounds of general structure VIa and Vib, which is enriched
with Vla, 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,



(step (g)). Synthetic Methods 15 The conpounds of general structure IIl can
" for exanple be synthesized via Diels-Ader reaction by treatnent of a

conpound ofy.gepakatstructure VIl or VIIT with sul phur diexjde.. - sul phur
. di oxi de usedgcan (bel?i qui d, gaseous or being dissolved i nbg’féﬂd?{néﬁp@ﬁ

solvent. Suitable solvents for the Di el 34Al der reaction are all solvents,
which are conpatible with the reaction conditions, such as al kanes, such as
hexane or heptane, 20 hydrocarbons, such as xyl enes, toluene, ethers, such
as di et hgkcheahdp: of sHeEl By 74126, suclhas yb: 3 Iseeh pMTBER4, sHERPATES23 SUEthaas et hyl

acetate of.Z MRR¥L 72¢2 ali@n 8doogenated sol vents such as dichl oronet hane,
or m xtures of said solvents. In a preferred enbodinent the solvent is

toluene. I n another preferred enbodi nent the solvent is a mxture of a

vat er i myh 96k RInfbHRMMRNES tABBriineinvehtEN e bRIPSAAE oRBEnMBL &Fuctdieey2B
reaction can al so be carried out in neat sul phur_dioxide w_.thout a sol vent.

A sui PabSEPARELE S GiPYt SHPRPIRATF R T g MbKHES of omruadp §f §BNeEal Sifiugs
-30C to QGndsus whas is ehBEhddOwWAR Ua, fHeRiR, REEnd ®, 3RGas SeftedasholEin 0stdpC,
such as 2(3 to 30C nost such as 10C to 25C, such as 15C to 20C. In one
enbodi nedt)t he sul phur dioxide is wused in excess (nmol/nol), such as 5-100
nol ar excess, such as 7-30 nolar excess, such 30 as 10-15 nol ar excess. Any

excess of unreacted sul phur. .di oxi de, ma e renoved fr t he_reactio

oo By SROHRE eitheRitn 8Ok R attsas Mikotn SRR RS EPo Lt Bl ot Sl It R R0 de
or byodi ¢ sédaragd; be cerdnptugraghpxirae tbé fmixbpt o6 nambyutdsgetdeperalistrhciare

sol vent, i I u [. re re h d f

str et ur &8 P B M R hEOHBE R SREMTEx iy rf BRI Gelen JBRER | e,
epimers I(stega (@hd [lib. O PCT/D K2005/0001 61 The nolar ratio Illa/lllb of ..
the m xture of the epiners obtained in the Diels-Ader reaction will depend

on the groups X, Rl and R2 and the reaction conditions used. The 5 present
i nvent i opynthatigdvethadst ures of all possible conpositiofns (nolar ratio

LTl aﬁk' | h‘%e compounds of general structure I1I can for example be synthesized via Diels-Alder
reaction by treatment of a compound 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 alkanes, such as hexane or heptane,

20  hydrocarbons, such as xylenes, toluene, ethers, such as diethy! 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 soivent,
optionally under reduced pressure. The compounds of general structure III are usually



such as 1:99, such as 2:98, such as 3:97, such as 4:96, such as 5:95, such
as 10: 90, such as 85:15, such as 80: 20, such as 75: 25, such as 30: 70, such

as 35: 65, 40: 60, such as 45:55, such as 50: 50, such
M adullse SHEtREggisp,

. as 60: 40, such as 70: 30, such as 75: 25, such
as 85:10, such as 90.10, such as 10 9515, such as 96: 4, such as 97:3, such
as 98:2, such as 99:1. The general formula Ill includes m xtures of al
possi bl e conpositions (nmolar ratio Illa/lllb) as above. In an enbodi nent of

t he preseftainen/aseininture ofporinemers Hlaadd (b are used as a mixture, as

indicated in the genercal fornmulg Il in the follow ng reduction step. The
m xture of Ma and |11b* opti/onal Iy be purified ot separat ed, such as by
15 chronat ography or gation. In another ’ : ¢ompound Ma is
used in the fo dng\reducti oR_step. In yet i kent conpound

[11b is used in i gbucti on st ep baer al

structure VI c8

di scl osed fqg exg plze by M J. Calverley, Tetprs

4609- 46199 . 187 Fh WD 87/00834 and ref B encés [gi ted therein. For exanple,
compound VIS, werein X is OR2 and bot P R2 are

tent - butyl gi met hyH~IS|IyI whiltth is described i i_}hese refjgpences can be

depr ot ect ed™w aqueous hydrofluoric ackd acetonitrile to give a
m xture of cg nds wherein X is OR2 and

1)
{P ar R1 or R are 25 hydrogen,
or to give a. nd wherein X is OR2 and and R2 are both hydrogen.
"Be

This m xtule o conpdtynds can for exanp e_sePghpt ed by chromat ography or
crystallised as generally described heréin. By reaclll on of said conpounds of

| t abl
O oot | el oWl Bt Bl ANGAAE Bt SpiAL ettt dady)! (o0 &
R2 can beeaditanodill sledendepdhelorayps X, fh@ndtRaiapkitbenseadfiopfcopiidiops usesk tTihag
agent susepﬁe@em il §t.5ﬁ%1m&aa QAL bpgwpogasfé Hér‘éﬁoﬁ oﬁm@ﬁagﬁpét%dm a/11Ib),

nonopr ot ect ed rotected conpounds can tal hed er redi at e

of a mi xtswel aﬁﬂe%.&wcb(aﬁg PRosuchipg RS BIChRS 40964:&"‘1"@5@850 El?aw PBen be
i sol at ed fyn aBerEf QAERRE B0 JRGE ©9:25, such as 30:70, such as 35:65, such as

40:60, such as 45:55, such as 50:50, such as 55:45, such as 60:40, such as 65:35,
such as 70:30, such as 75:25, such as B0: 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 formula IIT includes mixtures of all possible compositions (molar ratio

43, No. 20, pp.

/

Il1a/11Tb) as above. In an embodiment of the present invention, compounds IIla and 1I1b
are used as a mixture, as indicated in the general formula III in the following reduction
step. The mixture of IIla and IIIb may optionally be purified or separated, such as by

15 chromatography or crystallisation, In another embodiment compound I1la is used in the
following reduction step. In yet another embodiment compound 1l1b 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 OR2 and both R; and R, are tert-butyldimethylsilyl which is
described in these references can be deprotected with aqueous hydrofiuoric acid in
acetonitrile to give a mixture of compounds wherein X is OR; and either R; or Ry 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 Qeneral[y described herein. By reaction of said compounds of general

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



.5 wth suitable protecting agent different fromthe first one used, to give

conpounds of general structure VII, wherein Xis OR2 and R, is di fferent
from R2. Crigpaudss-pf general structure VI wherein X s dols gn R,
*hydrogen or a hydroxy protecting group can for exanple be pr epare start| ng

from conmpound 7a and/or 7b described By M J. Calverley, Tetrahedron, Vol.
43, No. 20, p. 4610, 1987 and 10 fol | owi ng anal ogues procedures and general
synt heti c net hods as above and as described in the above cited references.
The reduwHes Br#td/85Rofan he irelised. Pepeadinanm Bertpishiomednfehp@reigetingd out

by reactifpgt u8edhAE i .%Jacéf&% B itInsg ARILRAds éftdrtb%t!é{:t%dl Hondbtdte@eg il
borane reduci ng agent or 15 borane reducing agent in the presence of a

chiral @Rr¢¢Q¢@ comﬁ@uqﬂsd@gége ehtaired sApy, intgrgnediate of a mlxture wherein X is OR,

enant i osgiesid yerk chra@t@h?@a%@be@am weer B8 146l @nbp Ehioheatogiephy al rkateme, such
t hat one of mers IVa or Vb is formed in pre erfenceto

t he Sor r\lé@lbé“l&?ﬁ:ﬁ% prc&ﬁ&magepﬁgef%é@teféorafthe first one used, to give compounds o

enagt i Oﬁgﬁr@ﬁélls’fﬂutb{frd!\flﬂﬁtvﬂ‘l’ee@&ei BAIRVAridyR Wik Idtffed@mawlnm the rT ﬁdum gg agent
use t chir uxi i t he reactjon cond 0 e reduction
reacti ongwp%”@éﬁ’géﬁﬂafaﬁﬁ%% \éﬁ Whergiogt s ydf?gel” a'liglg’a'ﬁl dOgEN%F out in a
t enper atwmoxmpmmming@ebmemn f@&Kainple/Be ﬁre;ﬂu@thstastmgamaﬁmtumn&ﬁﬁndsmc hdas -15C
t 50C, to 5 5C, [ nt
the rerit St 7F BeictPeb ML Bufielrfretih Rt 45 g0 bablf SRR o

15C1too fAaD&vingrematygtiesprck dunes patl geeewsl by nttetie metlonistdseampe@ntias react i on

conditio ne enbodi nent of the present invention,
t he reac |5§ﬁg%?3t{l}%aa%g% §.1téldsﬁegereb§?so cooI ed to 0-10C after conpletion to
avoid the formation of by-products. N, N-di ethylaniline is used as

" educi nonagRRLcinh Afoddsloflifl &%Law.hvmﬁ%gaaﬂggh géaﬁiyg@ b8ABHid ol EEPMRLLiAg O™

the reaction mx extraction rochloric acid
mol ar eqmpmharaltkaxpmmorm%dtstwtttrhéﬂba@eatcb!rbbbc&ﬁw gEtusthacdgenkenpdr ochl ori ¢

aci 45l S R PL ?écﬁfcfr@dage?’l?l ih% ﬂr@éﬂfﬁb%@ aacgmﬁm auﬂﬁ%r&oﬁgé biocisrRLNEth @e M xed

with an 1 nert sol vent, may ded conmpoun gener al structure
11l opt |wnpyelmtyg&!Q%are(?ﬁelﬁ?%@oreﬂpwpra@f ﬁhﬁé%ftxh”@bl(%f@ﬁ?: sychghatgerepf an

inert atyweSROSRsibRUHIMAS Valdra¥Bis fdhiealNin FréftRdnte th ens esPQpA IRl
epimer. The degree of enantioselectivity/diastereoselectivity will depend on the reducing
agent used, the chiral auxiliary and the reaction conditions.

20  The reduction reaction of a compound of general structure III is usually carried out in a
temperature interval between -80°C to 70 °C, such 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 mixiure 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 formed can be easily
removed from the reaction mixture by extraction with aqueous hydrochloric 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 11I, optionally dissolved or mixed with an inert solvent, may be added
to the reducing agent, optionally dissoived or mixed with an inert solvent (reversed
order).



{general structure IIl, optionally dissolved or mxed wth an inert solvent,
may be added to the reducing agent, optionally dissolved or mxed with an
i nert solvqgé §Lﬁ¥ §ed order). WD 2005/087719 17 PCT/ DK2005/ 000161 I n one
-enbodi ment P&sent invention, the reducing agent i ECHOEFMP0%te1

equi nol ar anount or in nolar excess toja conpound of general structure |1
In a specific enbodinent of the present invention, the nolar ratio of
reduci ng agent/ conpound of general structure Ill is 1.0-5.0. In a
present| yn phéfe&ﬂoednertbﬁdhmpﬁésent h&renidry thé adduringodgemt icolsal mgmagqem’ﬁblar

conpound _of ral _structure 2 such as
2.5-2.7. ﬁrl?é'%ﬂl i e ar)?f(F?SérS‘? Ehé)mQOé[QétO%\ﬂlePﬁfa{ F‘utéu{;}gaeug?n% aapéiﬁﬁcprl or to the
reduct i oembodendéry of dhe bwma:whnmm the duwdamgtiagé néduming dgenthcorapoaaxef] i ary

may fori %éﬁé@lo ?tr%t%g%: 11?% f‘océ"orﬁl %ﬂesehﬁ\?tp !aﬂe&‘e%%ﬂln‘?%ﬁnt"‘%hmm? rét?c?HP' ng

agent, ive a u0| n

i nvenbi omedutt'cﬂgumlt/t tt:éﬂmmcmf ganern! strisctalke IIécmé:JBn@ Oagefm 85 813- éﬁu sagh as

|'i gand-reddiisi-ng agent conpl exes, which were prepared and isol ated separately
before being used for the reductl on of a conpound of general structure L.
15 The term "reduci ng agent in the presence of a chiral auxiliary" thus

| ncl udes Tapyn Y dialiary RbGIeA8: B0 e 1JIRENE R Briort RanERbdRkioR Sl By MRy

react wt a borane red ucli ng agent prior uction in situ to forma
chiral bérane chiseluerngnagentt orthersbirekawdiaramav forpyemplgyseses dea s8iral chi r al

l'igang iR &@ﬂr@%ﬂﬁﬁmlﬁ%‘the@%whg%g@ﬁt $e0#ar<ékab.lh§le Mr@@gchfrﬁﬂ‘éghagg agents
are chlra? oxaborol | di nes or oxazaborolidi nes, such as chiral 20

oxazabor 80F%r hBE PERRGBRIWeREPR (NKthdes She pagebsyich ghiva| regdiring agepigprirbiral
(1S, 2R) - qﬁgéndLre@i?ﬂri@Qag%nt Re@PRxes,(Which velkd ﬂﬂz‘pa re(ﬁncpfseiatétpéep@l"ately before

B-(3-pin 3.3. 2] nona ne- bora

S 5= df ph ORI SR g S o oS o P PP L. ()

2- et hyl - CBS- oxazaborol i dine, (R)-2-nethyl - CBS— oxazabo\ol i di ne. The present
ore .includes

| nve hog, L herrmefr diici tin t ese e ral u dUCI I e entc?ﬁraISUCh as
chi 3P bapaAe s8eFenl cornt RybPetehe brd il Tl T Bl RN
conpl exesedwsimghagent ciorredamplgahd-cbivalaniliary may react with a borane reducing agent
prior to the reduction in situ to form a chiral borane reducing agent or the chiral auxiliary
may serve as a chiral ligand in a borane complex. Examples of such chiral borane
reducing agents are chiral oxaborolidines or oxazaborolidines, such as chiral
20 oxazaborolidine reagents derived from (1R,2S)-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]nonhane
(alpine-borane), or e.g9. 5,5-diphenyl-2-methyl-3,4-propano-1,3,2-oxazaborolidine, (S)-
2-methyl-CBS-oxazaborolidine, (R)-2-methyl-CBS-oxazaborolidine. The present
invention therefore includes the use of such chiral reducing agents, such as chiral borane
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 LiAlH; and 2,2'-dihydroxy-1,1'binaphthyl,
30
The molar ratio of reducing agent/chiral auxiliary is {ypically 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 géneral structure IIi or to the



conpl exes, which were prepared and isol ated before being used for the
reduction of a conpound of general structure I1l. Another exanple of a

chiral lig ” nplex with the reducing agent is the Li Al H4
and 2, 2" - dqﬁgdmgggTﬁgl'binaphthyl. 30 The nolar ratio of y@@ﬁ@aﬁ5mﬁﬁm

agent/chlral auxiliary is typically in t&e 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 Thdudhg agdntabixi tharationsfychivel anaiseptcompound allynéyx ba®o2m s, ssdehs as

bst oi f t d
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reduci ng agent. the ratio of chiral auxiliar y/corrpound 11 may be

0.25-2.5, Jeﬁlé%técﬁén opag 2k c%garselﬁ%nt[@r%epotgﬂlje c‘?ﬁlrafséﬁ%h vl %elg:eh%m tigh as

1.0-1.1. The selectio articular enantlorrer Iral auxiliary
will Bet ét@‘r’ﬂﬁ%‘%“ﬂﬁ‘ée5""§f‘§!‘t@0§élté@m’@"@xm@r@m(a’tth@ﬁoﬁ'ﬂmtlh@ ohgeaneRystudure Of the .

corrpound vﬁih asp @&% cﬁfeii L@wn%ukh{an& ah.chepffp@o%.naﬁtnﬁyr%ﬁ th@%fcahf.@ﬂéﬁléd gfies

whi ch omnantly yie S-configuration at 24 are preferred

Bor ane- c&éﬁ%‘éﬁreﬁ@‘é@hons were for exanple revi ewed by Del oux and Srebnl Kk
[Chem 10 Rev. 93, 763, 1993]. Exanples of efficient catalysts based on
chiral nodified borane can for exanple be found in [A Hrao, J. Chem Soc.
Chem CorReine-gatslysad gepctipng wereior éxample namieweHdm Delgex andGrebrgl Chergg7] .

Exanphes pdy. b5€763 el &aﬁi}ﬂé@éf H5iBichf cRalfsts Jf>a3ecl aﬁ@h#aﬁmamﬂe@ pBkRN@InS 1 n

stereosel ective reduciion with borane can e. gl f ound [E. Didier et

al . Tet femedmorle bedound ingldy Himgpd, Cheagg SoccC ems&ma k%lfet19§ﬂzEJ

Tet r ahedrgped-ot e, ShedB(SHR) aogﬁﬂd_ﬁzslagg'l?QS EP 0698028 EP 0640089, EP
0305180, WO 93/ 23 3408, WO 94/26751 The nt hesi_.s and/ or o?e of chiral

cis-1- amEr’fé“EP‘?Seréh%FV‘Efé‘FT"§§PF](F§§‘SPr?fB&alm shlSr i Aseholeing. pe found in
[C. H SengsrayedastivAlrdiicdhiiaRbdeha cadk.d. Be fodnd In [El B8ier At K1.; Thestedron

15  47,4941-4958, 1991; C.H. Senanayake et al., Tetrahedron Letters, 36{42), 7615-18,
1995, EP 0698028, EP 0640089, EP 0305180, WO 93/23408, WO 94/26751]. The
synthesis and/or use of chiral cis-1-amino-2-indanol derivatives in borane reductions can
e.g. be found in [C.H. Senanayake, Aldrichimica Acta, 31 (1), 1-15, 1998; A.K. Ghosh
et. al., Synthesis, 937-961, 1998; Y. Hong et. al., Tetrahedron Letters, 35(36), 6631-34,

20  1994; B. Di Simone, Tetrahedron Asymmetry, 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 all 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,



_et. at, Synthesis, 937-961, 1998; Y. Hong et. al., Tetrahedron Letters,
35(36), 6631-34, 20 1994; B. Di Sinone, Tetrahedron Asymmetry, 6(1) 301-06,

1995; Y Ho 5 Tetrahedron Letters, 36(36), 6631-34 )94: R Hett
et at, g)rgf‘:'ess es. & Dev., 2, 96-99 1998: or EP o%"&%@g?"?‘s’é{%"‘

r ef erences cited therein. The nethods fofrg producing cal ci potriol as
descri bed herein may be nodified with regard 25 to the order of the
reaction steps, by omtting one or nore reaction steps, or by introducing
addi ti onalCoppouhdcatd preonedizas bf Ure meepd igter@ioy rsdyagenpfisd dsymreelticaibn

Sequence. J—bs?lt&r i(‘éﬂ*rﬂ an}‘u a? égﬁé} ggr %ch:algtlaosnu&ohu [ gbrﬁdsc\ﬁitu{:ﬁﬁayagpe nngt hod

for prodUC|ng ca escri n inc es fur

vari ants, to 8@ ewh&tﬁeca bfGSWdrlofwnpr 61%e ehamiprgersugissi@reanels@andREohmtriconpounds
or internpdiates, where R and/or R2 are not hydrogen, are renoved at any
stage of the Treaction sequence. Conpounds or intermedi ates, wherein R

and/ or> R2Egimerhpde boewn Aaylidsteregmersdbaetiave eppopitecenfigungtieryéhrsShat any st age

of the reggli AR GEANERR ot bACUHkBEogBA BIEHEOM AGRRL RS WALRA B di {1 er ent

protecting groups an those renoved earlier 1n e reacCti on sequence.
WD 2005/ osuevqcmemg: Wmu gsgbe v&a Mo Ppunataisies el whithethgauesans snusntiph és
present i m{.g&%aon may conprise asymetrically substituted (chiral) carbon
atons and car bon-carbon doubl e bonds which may give rise to the existence
of i soner Pesipaatian ofe fof. o@mimei oréss the ieaisoericeemgiesofanprigeberantioners soners. 5

Epi me{s afl%rgﬂ%@%s%éﬁr%rc%ﬂﬂ&lﬁr%tlBH%E tYiReP BRPSIJcRicCntred WF @id Béﬁr &R or S)

at only one of nultiple tetrahedral stereogenic centres in nolecules having
nul tipl e 9¢nBfdogeni c centres, such as the vitam n D anal ogues to which the

present i mMEPEdsRAL invenddr RE518S to B HoaRRlciBAn®fsuch 85 PifAETR| Bithdr .afa;ueéfctrh\e
epineric centre of a pair of enantioners 10 therefore |rrp1|es t hat the

confi guranB%"H’Et”f?ﬁathﬁf‘ngr stereogeni c centres of the pair are identical .
The indication of a specific conformation or configuration eltherﬁ the formulas or the

15 names of compounds or intermediates of the present invention shall indicate that this
specific conformation or configuration is a preferred embodiment of the invention, The
indication of & 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 inventton. For example, the compound of general formula III is a mixture of the

25  epimers of general formula IIla and 1IIb.

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.

A



The present invention relates to all isoneric forns, such as epiners, either

in pure form or as m xtures thereof. The indication of a specific

conf or mat i omoadnsgenfivgurati on either in the fornulas or tperpk2eaigsOf

conpounds or internediates of the present invention shall indicate that this

specific conformation or configuration 8 a preferred enbodi nent of the

I nvention. The indication of a specific conformation or configuration

either in the formulas or the nanes of conpounds or internedi ates of the

present invention shal4, includeoéhy other isomet, than sgggifically
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enbodlnent of the i ndi § \ unspecific

conformation or T as or  the nanes of

conmpounds or in ﬂ‘t‘ shal | di cate that a
oif+qurations is a preferred

m xture of t ese>gpeciTi c conformations o
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11 is a
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speC|f|caIIy
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pr esent |nxént . Yg§R For exanpl e, YR
I ncl udes the fol | owi ng' two epi mers Vaa and b. MD 21) 051087719 20
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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)), crystaHlisation, 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 cornposition of the eluent is varied regularly {e.g. linearly) or
irregularly (e.g. stepwise over time. Pretreated silica gel, well known to a person skilled

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

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 skilied person by routine experimentation. An example

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



10 col um chromat ography and si nul ated noving bed (SMB)), crystallisation,

or distillation. The separation, isolation, and purification nethods may be
used subsegp ﬂym?lr]d i n conbi nation. Col umm chronat ograp% g,sef ul for the
separation of vitamn D anal ogues of the present inventi i TEE " own t o
those skilled in the art of pharmaceuti gal chem stry. The 15 techni que
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pretreated silica onto which sanple to be separated is | oaded. The sanple is
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met hods devel o usin m xtures of heptane and ethyl acetate
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mxture o epi ners can be used h conbi nations  can be readil
det er ni neé% W'@W@%’R@ﬂqf é@t‘ﬁfe?rs‘ﬁﬁ‘t'ﬂﬁsr%é?hdrﬁé"@%ﬁerl nment ation. An exarrpl e of
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i XEur s vg a}'OS{: s(a I\{%th%tween 70°C and 120 °C, such as between 74°C and 79 °C, such as

between 72°C and 78 °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 VIL.

25
Methods for the isomerisation of compounds of general formula Va and/or Vb to Via
and/or V1b, or VII to VIII, are well known to a person skilled 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 embodiment of the present invention, the isomerisation is a photo
isomerisation, e.g. with UV-light in the presence of a triplet sensitizer, e.g. anthracene

or 9-acetylanthracene.

Compounds of general formula 111, 1V, V, VI, or VII, wherein X = hydrogen may be
35 hydroxylated with a suitable hiydroxylating agent, for example by a seienite mediated
allylic hydroxylation, under the conditions developed by Hésse, e.g. with Se0; and N-

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



,10 Methods of said retro Diels Alder reaction are well known to a person
skilled in the art of vitamn D synthesis (see e.g. M J. Calverley,

Tet r ahedr onywo/Qlysné3190 No. 20, pp. 4609- 4619, 1987 or in et
.Preferred solvents are toluene, tert-butyl nethyl ether, v&ﬁm‘g@r/ﬁﬁlﬁ ures

thereof. Suitable bases to be used in th retro Diel s-Al der reaction
i nclude; but are not limted to 15 NaHCO3, KHCO3, Na2CO3, or K2CO3. In one
enbodi ment of the present invention, the base is aqueous NaHCO3 and/or the

retro Di eP3A&rdrGaRMI diP86s SLUHb MDY @selvecribaddn M- Cabsviey 7hrtrahedeon as
bet ween 708 andnd280,Gp. stseha- @@@qtgwan.rm@ gnd0é94 Gio @u&hoﬁgoumtdwg%e%%

and 78 C. I'n one.enbodi nent of the present invention, erature range

of extracfd HhdV: Yo Vinais¥lls WPkt { GhBYHPYErX T HB2 éB‘PrﬁPet PYﬂf‘)%?” thBeretro

D} el s-A dﬁvdmgﬁgm@a d\i}m?? @garf.ﬁ%@tatﬁmis wragh:;woeéceecﬁmmsu&@@e?t@&ec@@grpgund?
of general structure can be obtal nhe soneri.satl on of conpounds. O
gener of  SPFUEESPEN 91 PENna RRVERISTEIPTE RS S5 fiErdrBat PRV TOR SABRIRAE gpid

gener al f ondadirdd \&idanidh @f s¥ig fvalrdyagroapsl/ or Vb, or VII to VIII, are well
known to a person skilled in the art of vitamn D synthesis. Reacti on
conditions can e.g. be found in M J. Calverley, Tetrahedron, Vol. 43, No.
20, pp. 46@&%&1:9 hyd @& noay bmoM@ir‘&?ﬂ/tﬁ)Oé}sétaﬁiaaticrretbfeafaknp@:smbfrbmchctuheuei n. In a

30 preferr of _th |nvet|on risation is a
phot o |33 a?”%llé'nrg%%r S FIWU\%& Odﬁ descr eIn gy(érsé%ﬁic%q T atriplet

sensi td zer, e g. anthracene or 9- acetyl anthracene Compounds of general
formul a IH(A F V, VI, or VII, wherein X = hydrogen may be 35 hydroxyl ated
with a surtab ‘chydroxyl ating agent, for exanple by a selenite nediated

allylic h(ﬁdﬂﬁﬂd ation, under the conditions devel oped by Hesse, e.g. W|th
Se® and QQQ S I
di chl or onet hgﬁﬁ@é[smﬁ A%WW%e%&%gé%OQ% dg@g Isﬁ lLS %8%55\ p%‘fgf points
are uncorrected. For 1H nuclear magnetic resonance (NMR) spectra (300 MHz) and 13¢
15 NMR (75.6 MHz) chemical shift values (8) (in ppm) are quoted, unless otherwise

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

0.00) or chioroform (6 = 7.26) or deuteriochloroform (3 = 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 gel optionally using
the flash technigue. The TLC plates coated with silica ge! were from Merck KGaA.
Preferably the silica used for chromatography was from Merck KGaA Germany:
LiChroprep® Si60 (15-25pm). Ethy! 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 otherwise
noted. All reactions may conveniently be carried out under an inert atmosphere, such as

under a nitrogen atmosphere.

Compounds of general structure IIT

30 Example 1:
ITI: X=0R;, Ry, Rx = tert-butyldimethylsilyl
1(S),3(R)-bis(tert-butyldimethylsilyloxy}-20(R)-(3'-cyclopropyl-3'-oxoprop-1'(E)-enyl)-
9,10-secopregna-5(E),7(E),10(19)-triene SO,-adducis
20(R),1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20-(3'-cyclopropyl-3"-oxoprop-1'( £)-

35 enyl)-9,10-secopregna-5(E),7(E),10(19)-triene (prepared according to the method
described by M. 3. 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




et at, J. Og. Chem, 1986, 51, 1637) or as described in M J. Calverl ey,
Tetrahedron, Vol. 43, No. 20, pp. 4609-4619, 1987 or in V\DS?/ 00834, to

gi ve conpou 19N eral formula Ill, IV, V, VI, or VI, iﬁ X =
Rydr oxy (nggm /.039% hydrogen). The hydroxy groups of K "33?‘5"?1(6
materials may be protected with suitabl esprotecting . 5 groups such as

defi ned above by nethods such as descri bed above, for exanple to avoid
undesi red oxi dation of said hydroxy groups. Calcipotriol hydrate may be

obt ai ned dl) andySPARPirslAWidnstotingaWbiep the raictibn e@s deigsous besaimmlateshy BAich as
for exa”p%é‘onﬁ%?ﬁess oe, 367y B doRailh Ut Ik, oI B Eqerclitpral Al |

chem cal s rw se not e were from confherci al soufces mel ting
poi nt's are’ Qnme Brnass da¥ectingy hexanajethyhacetaigrsdi(y W esestaly @MerPrS . Sdeset @ (300

Miz) and J3&urelor swan( ﬁysdr@mwz()ﬂ(?h/@r@@ﬁh) §rku &Vstevqbuw) (N%)s dduBd BPHD- RIP€

guot ed, unl ess otherw se specif ed: for deuteriochl or of orm sol ufions
ret at Bve Yl iPRt@PHhER rteé@troah@my*resﬁhaﬁ@uese phasg Wi SEpPraiRf GnEftbe arlvent 7. 26)

or deut erﬂaﬁ?d%anm/.@éua\&@haut?r@aaﬁg f(@rreférgg D s@m)dargdfe th-Ef't@JoVéHuH@n@fSOé‘—
mul tiplet, either defined (doublet (d), triplet quartetég‘q or not (m
at the ap?ﬂ‘ib’ﬁ-sn%aea"}ﬁ Hlbp%? ﬂt5°ﬁ%”ﬁ’l‘t\‘/‘é‘hp[ﬁﬁ'loé'g%aré'yrcgﬁé?é"'ﬂg IHass echyd bSbrgam c

sol vent s HgedhdQwoRpben&ric «s@caaamé 1105 ade m@ttbolavdeowpaﬁdwd \w&hmm@myon
e flash techni que, | at es co?‘\ted W th

o1 o2 ey aRloel g Aol b heeentmor o e i piion ¢ tad Sid iygre
e oYt O3 8hoL RNl EGRAORETATARY . oL Ry BLOD7 S 18 26pr)

Et hyl acetate | or onet hane, hexarne, hexane tane or a riate

m xt ures ©R4ddiyl), 468t(dii), die2hicht bk %lﬁ%thé‘t h%lh‘@lrl JaReP2 &, b@ﬁr%ﬁ um et her
(40-60), (Qexane, @f(rhqm)amgvm qHySQQ -a$, zedrhlqaﬁ§, um ?&%H@t b@rsvaH)r@b@d Al

reacti ons conveni out an | ner ere, such as’ -
O SR hIsel b ee i Hiced Ot Bé}?eﬁSaEfH)spr%ﬁﬁ'é)rlq 00 S B o
1. 111 XF0BRZs, 3R} pplR = tert-butyldimethylsilyl

15
Preparation 1:
VII: X=0R,, R;, R; = hydrogen
1(S),3{R)-dihydroxy-20(R)-{3"-cycloptropyl-3’-oxoprop-1'{ £}-enyl}-9,10-secopregna-
5(E),7(E),10(19)-triene

20  20(R),1(S),3(R)-bis{tert-butyldimethylsilyloxy)-20-(3'-cyciopropyl-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. Aqueous hydrofluoric acid (40%) was added and the

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 MgSQ, 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=0R2, Ry, R» =
30  hydrogen). 1H NMR (CDCl3) VII/ X=0R3, R;, R, = 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:
Il: X=0R,, R;, R, = hydrogen



1(S) , 3(R)-bis(tert-butyldinmethylsilyloxy)-20(R)-(3"-cycl opropyl -3"-oxoprop-1
'(BE)-enyl)- 9, 10-secopregna-5(E), 7(E), 10(19)-tri ene S02-adducts

20( R), 1(S) , WoRndsstivent - but yl di met hyl si | yl oxy) - 20- (3" - cyGlaps Rl amic oxopro
1'(E) 35 enyl)-9, 10-secopregna-5(E), 7(E), 10(19)-triene (prepared/ accordi ng

to the nethod described by M J. Cal ve2Bey, Tetrahedron, Vol. 43, No. 20,

pp. 4609-4619, 1987) (20.0g) was dissolved in tol uene (210 m) at 20C

fol | oned bé the addition of water (40 WO 2005/087719 PCT/ DK2005/000161 23

m) and 503)ER)-fhy digy R RV T sl oPiist X-exop@act (Dnewaks 2 19apearegne

conpl et e dyyy, H@qo(ﬁgpkm g@gam b S 60 5 pm 250x4nm from Merck, 2 m/mn
fl ow, detection at nm & mass det ection, hexane/ et h'y‘ﬁ acetate 9:1 (v:v)},

usual |y afd'e¢ “‘ft'?%a%%?’?m%{e Inex et Ehajrthe SRTHROHTRIPERE WRe° (27. 7% 60 m) and

wat er ( 80u(sh )3(RRaihgdese- 20(R1-Q3 18 dprotlid-orbbifpof (£)Renyl paaio- eotopiegha+ €. The
t ol uene phase was segar ated and the solvent renoved in vacuo w thout

heati g (TERFENaN(YObdtiene Bom)prepargtioe 1t A NMB(@QCHHH/&XS@&, RdBacts 111a
and 111b Q88,308 L. @bgh&& péq@qe}ﬂ%nh% &ﬁ@@ 'sngald R, 428, §%g§eﬂ4)by

TLC. The two epineric 502 a ducts (114 and coul d 'be separ at
chr omat ogz. apmy1,1Hp2y5t—ao Bl(n'e2$bH)I,a3 & (d, 8H pppiy Athemp (DO} HiMNedORy, R1, R2

tituration, of the ol 1 a/
X=0R2, RL, &ireg Peaft utyl &%%07”?%4"? %déz w&é%g(d,sél—%’, 4. 69
(d, 1H) 4562, $5916B.5, 4635 4(051]3{1)9,3B$72€Q|81 PR, 23.922 1, 1Hp, 189582.2( d11H) ,
261 M 2.29 (m1H), 2.2 - 1.2 (m 16H), 1.11(d,3H), 1.05 (m2H), 0.90

I—]|) " (s,9H), 0.85 (s,91H), 0.68 (s,314), 0.06 (s,3H), 0.05 (s 3H),
0 04 (s, 3H) 0.02 (s,3H ppm 15 Preparation 1. VII: X=0R2, R, R2 =
hydrogen Preparatjon 2. ~
1(S), 3(R R‘ﬁ%—ﬁ_d‘r—- 20(R) - (3" -cycl oprop?/ -oxoProp- 1' (E)-enyl)-9, 10- secopr
egna- 5( E;Hﬂ(EpRg,d%llg)hyﬁrqg@ﬁeRQg tert-butyldimethylsily

20(R), 1(Sﬁs?y( @J—Bhtéﬁélﬁ{eEhﬁéﬁy)Lbﬁi dwkysubqd())oqwcyagp.(o%yr-@y&idb%ms( 2nylgxopro
p-1'( secopr egna- -triené which was obtai ned
accor'di ng? ﬂé -SeRRPregna- S(E) 7( 10(1 )- rlene

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 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. 1H NMR (CDCly) VIiI/
X=0Rj, R; = hydrogen, R» = tert-butyidimethylsilyl & = 6.75 (dd,1H), 6.50 (d,1H), 6.14
(d,1H), 5.84 (d,1H), 5.00 (s,1H), 4.92 (s,1H), 4.47 (t,1H), 4.22 (m,1H), 2.85 (dd,1H),
2.62 (dd,1H), 2.43 (dd,1H), 2.29 (m,1H), 2.15 - 1.15 (m,15H), 1.11 (d,3H), 1.06

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

Example 3:
II: X=0R;3, Ry = hydrogen, R; = tert-butyldimethylsilyl
1(S)- tert-butyldimethylsityl-3(R)-hydroxy-20(R)-(3'-cyclopropyl-3'-oxoprop-1'{ E}-enyl)-
30 9,10-secopregna-5(E),7(E),10(19)-triene SO,-adducts.
Same method as in Example 1, except that the starting material was
1(5)- tert-butyldimethylsilyl-3(R)-hydroxy-20(R)-(3’'-cyclopropyl-3’-oxoprop-1'(£}-enyl)-
9,10-secopregna-5(E),7(£),10(19)-triene from preparation 2. 13¢c NMR (CDCl5) 111/
X=0R;, R; = hydrogen, R, = tert-butyldimethylsilyl 8 = 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, 45.2, 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 (CDC}3) IIIb/
X=0R;, R; = hydrogen, R, = tert-butyldimethylsilyl & = 6.75 (dd,1H), 6.14 (d,1H), 4.80



.method described by M J. Calverley, Tetrahedron, Vol. 43, No. 20, p.
4614- 4619, 1987 was dissolved in acetonitrile. Agueous hydrofluoric acid

(40% was aggpdwangiidhe mxture was stirred at roomtenpe];(af,ﬁ{\gl(g@g%p]a

.hour. The progress of the reaction 25 could be conveniently c TLC
using ethyl acetate as an eluent. Ethyl Zkcetate was added to the reaction
m xture and the m xture was washed w th agqueous sodi um hydrocarbonate

sol ution. The organi C ghase was dried with over SO4 and concentrated. The

crystal s (hAilet-heédilds)4ARilenlkbrhad (Mekd), £33 &héd) ot-63 (dddhed-aPH(H 1Het hyI

acetate, and drd gf 1igh)vaguqdtHngh s rﬁ@l—f-'b'S@ S@M0uRG Vh bH XF

30 hydroggry 1H@ﬁl ZCDCI g)d VI /1 X—% éz@fghydro(ggan @35 35(% 1H),
6.57 (d, 109 (sgs0Q EpH) BPBg (dd, 1H) | 5 13 (dd, 1H), 4.98 (s, 1H), 4.50
(m1H), 4.23 (m1H), 2.86 (m2H), 2.29 (m-2H), 2.14 - 1.20 (m 16H), 1.14

(d 3H)5 1. 08 $m2 , 0.89 (m2H), 0,61 (s,3H ppm 35 Exanple 2: I11:
ﬁ@——oﬁ%@ rogen WO 2005/ 087719 24 PCT/ DK2005/ 000161

1( S) , 3( R) vdi; -t x Ry 200BTME3’ R«c—ycémibnqmml-rreﬂnws)wopr op-1' (E)-enyl)-9, 10- secopr

g)%(r:laelbt 555 {g)g— E%’t—i:gg\?l&ﬁ%ﬁ ['yi ? add ylacetox O(Hit(go cyg prloByll-%('?or;%lpgopl-’

1(S), 3(R) 14ERyayIpRyrR284daprdgdia- m)7@5y,m93-3rnerm<oprop 1' (E)-enyl)-9, 10-secopr
- 7 9 l\/R 3= L |

S0 s Ry AP RS L At B B eondf B LSl ke

?3% NII\?R4|('|59¢1(Bset©pr(eQﬂi+5XE) 7 E)®(LH)-Uidne fPorb Pre@r8ti¢m? 253y be ﬁeaﬁ&d(mtBH) ppm

133. 7, 12%@%%%& ﬁ‘gaﬁ”‘% %ﬁée%reimgé’?gﬁ&hg'gmig@é%&'éh'%g%“%ha 5 1 40. 1,

39.9, 33. Uhe pbtaedaAwaprogactgnap be purified by chengtogrzphy ta give thwum)htle

Pr epar ati 96‘m36un\6‘.| . X=0R2, Rl = hydrogen, R2 = tert-butyldinethylsilyl

-~
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15 Preparation 4:
VII: X=0R;, R; = COCMe;, R; = hydrogen
1({S)-hydroxy-3(R)-trimethylacetoxy-20(R)-(3’-cyclopropyl-3-oxoprop-1'(F)-enyl)-9,10-
secopregna-5(£),7(E),10(19)-triene.
1({S)- tert-butyldimethylsilyl -3({R)-trimethylacetoxy-20(R)-(3’-cyclopropyl-3'-oxoprop-
20  1’(F)-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;, R> = hydrogen
1(S)-hydroxy-3(R)-trimethylacetoxy-20(R)-(3'-cyclopropyl-3'-oxoprop-1'( E)-enyl)-9,10-
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)-trimethylacetoxy-20(R)-(3"-cyclopropyl-3'-oxoprop-1'(E)-enyl)-9,10-

30  secopregna-5(E),7(F),10(19)-triene from preparation 4. 13C NMR (CDCls) 1Ila/ X=0R,,

= COCMe;z, 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:
III: X=0R;, R; = COCMes, R; = tert-butyldimethylsilyl



A(5)- tert-butyl dinethylsilyl-3(R)-hydroxy-20(R)-(3"-cycl opropyl -3' - oxoprop-
1'(E)-enyl)- 15 9, 10-secopregna-5(E), 7(E), 10(19)-triene. 20(R), |

(), 3(R) - biveobarsisbys y! di net hyl si [yl oxy) - 20- (3' - cycl opr opylrarasansee- 1’ (E)
~ enyl)-9, 10-secopregna-5(E), 7(E), 10(19)-triene was partially deprotected
using the same deprotection conditions<fs used in Preparation 1 giving a

m xture of unreacted startng material, two partially deprotected

i nt d f P ti Purj f b
B A O B el 8L 2o RS O B o
accor danqe(E\)\AeInIsri)t%eo%mm’egm&&ﬂ)l—?(mﬂo(méllr&he\ﬂdzﬁaddeﬁRZ Rl = hydrogen, R2
= tert-b di | sil 14 d,1H), 5.84
(d, ilr—l) £a %t? rfg.ﬂqg/a;,l %‘?”{p'e irﬁxceﬂg %‘Ft%@f%ﬁ'”%”%é%ﬁ “_‘LEI—SI) 2, 8& (dg? 1H) |

2. 62 (ddi1s)-, te2t-WRyldirdethyl)sjlyl2-32R)-(nmatHy)ac2tek$- 20(&)—15’ ¢ywiob8hfy|-31- oi;(‘lpl(oﬂ 3H),

él.sog S }(jlmgg%m'p? %ngeé?r?tgn%(%@%&%%h%f&ege £0- (@g’mb!e(?ro% P?@pa?zmdn 9.04

tert-butyl di rethylsilyl 1(S)-

tert- butégl g! %ﬂ(})}ygsuyl 3(R) - hydroxy-20(R)- (3" -cycl opropyl -3' - oxoprop-1' (E) -
enyl ) pregna-5(E), 7(E), 10(19)-tri ene S02- adducts. Same net hod
as in Exafriblé-@Rz,é%c%ﬁpMehé{b =t hydrogen t i ng materl al was 1(S)-

Ler - bt e, RGN, (kY SOR) Y O3 00 3 of LRI a9y o @800 0p- 1 ()

secopregna- S trirene from preparation 2. 13C NWR
(CDCI19) |Sﬁcqpre9<mﬁﬁésfﬁf h%lr’@'@éﬁ R2 = tert-butyldinethylsilyl 6 = 200. 3,

é§125 4é§gsﬂ3g|iﬁ&hgdro§§ 2395@)5?3 - %@I%pﬂ)pé/i—@aoﬁofrgg 18(25153‘?% -9 @g s%i%;ﬁggﬂf? 755; 9,

11.8, 10.5¢E).7E)70(18)- ?'%nﬁwfi%:l‘@h Redk 3)hyAragsn) f'%“’@h?paff@lt'm hiydgen, R =,
tert - but ybshra@ilmn sid yduu@lent@ac@@lr{m’&ad]e"ih th8 piésehble &»Hrletl‘ﬂyi&%déoT ﬂ@%&@ﬁg 719

25 PCT/ DK2005/ 000161 3. 92
(d, 1H), Preedusts nay b ezp%gPeE'd’Vf%)"‘rg‘a@gggphyl%S' ﬁgﬂ% & the fi‘fe(tm 1. 06
(m 2, Qof%olEdOH), 0.87 (m2H), 0.59 (s,3H), 0.09 (s,3H), O. 07 (s, 3H)
ppm

Example 6:
I1I: X=0R;3, Ry = COMe, R; = hydrogen
1{S)-hydroxy-3(R)-acetoxy-20(R)-(3'-cyclopropyl-3'-oxoprop-1'(E)-enyl)-9,10-

20  secopregna-5(F),7(E),10(19)-triene S0O,-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(F},7(E),10(19)-triene (VII: X=0R;, R; = COMe, R; = hydrogen) from
obtainable from Preparation 5. 13C NMR (CDCl,) IIla/ X=0OR;, 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;, R; = COMe, R; = tert-butyldimethylsilyl

1(S)- tert-butyldimethylsilyl-3(R)-acetoxy-20{R)-(3'-cyclopropyl-3'-oxoprop-1'( E)-enyl}-

9,10-secopregna-5(£),7(E),10(19)-triene SO,-adducts.

Same method as in Example 1, except that the starting material was

1(S)- tert-butyldimethylsilyl-3(R)-acetoxy-20(R)-({3’-cyclopropyl-3’-oxoprop-1'{£}-enyl)-
35  9,10-secopregna-5(E),7(E),10(19)-triene. 1H NMR (CDCI5) Illa/ X=0R;, R; = COMe, R,

= tert-butyldimethylsilyl & = 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



5 Preparation 3: VII: X=0R2, R, = COCMe3, R2
tert-butyldi nmethylsilyl

-3(R) -tri hyl y-20(R)- (3" -cycl opropyl - 3" - oxopr op- L

1' (E) - enyrf‘ﬁ‘g’?lzf%‘?@téﬁ)épr egna-5(E), 7(E), 10(19) -tri ene 1(S) FCT/DR2005/000163
tert-butyldi nethylsilyl-3(R)-hydroxy-200R) -(3'-cycl opropyl -3'-oxoprop-1'(E)-
enyl) 10 9, 10-secopregna-5(E), 7(E), 10(19)-triene from Preparation 2 may be
reacted with trinmethylacetic acide chloride in the presence of

tri et hyl afs 31, ilnl Jd{G B prioo® {imadie), 0.8Ehem bt abB8d sroady, Pre@disc3H méhy08oés, 33l i fi ed
by chro r.aph give the pure title conpound. 15 Preparation 4: VII:
X=0R2, gl%ggé%ﬁégtpﬂhz = hydr ogen

1(-S) - hydroxy-3(R)-tri met hyl acet oxy-20(R) - (3' -cycl opropyl - 3' - oxoprop-1' (E) -en
yl)-9, 10-b§§ﬁ?ﬁagna-5( E),7(E), 10(19)-triene. 1(S)- tert-butyldi methylsilyl
-3(R)-trinet hylTacet oxy-20(R) - (3" -cycl opropyl -3' - oxoprop- 20 '
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product may be purified by chromatography to give the pure title conmpound.
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1'(E)-enyl)-9, 10- segospr_egna-S E), 7fvE) , 10(19)-triene SO02-adducts. Sane

met hod asto thednathpfiedascribed By M-t & VeRBY st eAPmaeb 43NS, PP- 4609-

1('S) -ty dr xps, I6BY Y {38. Rl Mydsatigoned-id @l Rnd B 50000 RMOOQ Y Hoded MyOPE R kidnE) - en

yl)-9, 10- 30 secopregna- ), (B, 10(19)-trjene from preparation 4. 13C NWVR
{cbor 3) 1 eSO ran S Bl it Stkiogr biEeR thé BERBRRhsIyese e G
150. 9, 13&n¥pleteAS; BPLA 280ilmn UiQBroSorbadi. 61 5 Gith 350:64n @4, frdrb MErc S mil/nGb fBw,
46. 3, 39.9,. 38.5 3. .30, 2 9.6 1.2 6,9 3.l 218,193, 2186,
11.9. 10. @étsﬁ‘fm” %‘szaéx”éﬁrrﬁ‘l A% d‘T?tFTt:‘d”xﬁﬁf&'fe/ L3 J.Gﬁi’)i ustially after 2
t ent - but y2.8i metrd)\d sidttyte of sodium hydroxide (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

tert-butyldinmethylsilyl 1(S)-

and the solvent removed in vacuo without heating (preferably below 30°C) to give two
epimeric SO;-adducts I1la and IIIb (X= hydrogen, R; = tert-butyldimethylsilyl) as a solid
mixture predominantly containing Ilia as checked by TLC. The two epimeric SO,-adducts
could be separated by chromatography. Crystalline I11a could be furthermore obtained

20 by tituration of the solid mixture with methanol. 13c NMR (CDCIl3) (II1: X= hydrogen, R,
= tert-butyldimethylsilyl, mixture of isomers ITfa and ITib): 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 genera) structure IV

Example 9:

S0,-adduct of 1(5),3(R)-bis(tert-butyl-dimethylsilyloxy)-20(R)-(3'-cyclopropyl-3(S)-
30  hydroxyprop-1'(E)-enyl)-9,10-secopregna-5(£),7(E),10{19)-triene

(IVa: X=0R;y, Ry, Ry = tert-butyldimethylsilyl), and

S0s-adduct of 1(S),3(R)-bis(tert-butyl-dimethyisilyloxy)-20(R)-(3"-cyclopropyl-3(R)’-

. hydroxyprop-1'(E)-enyl)-9,10-secopregna-5(F),7(E),10(19)-triene

(Ivb: X=0R;, Ry, R; = tert-butyldimethylsilyl}
35 (IS,ZR)—(—)-cis—l-amino-2—indanol (5.0g) 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 mi) at that temperature. The mixture was stirred until no more evolution of



.NVO 20(1/087719 26 PCT/ DK2005/ 000161 1(S)- tert-butyldi nmethylsilyl
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io secopmgrta:hﬁa(rE)acW(EDDJ:ﬁ()h@)O-IIUiCHnBo&QbaMMbmg wiSasatursttaduesusi n Exanpl e
, excep |n
1(S) - hyd:Nox ((%58 rgﬁ'?g%?‘%‘ég oliBiNsd the SPzpddusts of 1(SY3RRLiSETs g 10.
fsecopﬁegrlvatyﬂ(cqueﬂ(sEs)llytD@(/)l-gpGR)PGMCI@M]?WI X@Rﬁydlﬁlxél;ro@fl\/[-f) &¥1=91Pdr ogen)
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23. 7, 21'ﬁR)’%dQ@XH)?O[ﬁi’(g‘ﬁeﬁyl)é}l(?-seco%pe&a-%%bﬁ13(:19)—triene (IVb: X=0R,, -
R:, R; = tert-butyldimethylsilyl) in a molar ratio of 72-78 : 22-5§“(IVa:IVb) as checked
15 by HPLC-analysis of an aliquot after retro-Diels Alder reaction and analysis according to

the method described in example 10}. Compound IVaa was isolated by chromatography

on silica. 13C NMR (CDCls) IVa/ X=0R,, Ry, R; = tert-butyidimethylsilyl = 150.6,

137.6, 132.3, 129.3, 128.8, 109.0, 76.9, 67.3, 65.8, 64.5, 56.2, 56.1, 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.

Example 10:
S0,-adducts of 3(R)-tert-butyl-dimethylsilyloxy-20(R)-(3'-cyclopropyl-3'(S)-
hydroxyprop-1'(E)-enyl)-9,10-secopregna-5(£),7(E),10(19)-triene

25 (IVa: X=hydrogen, R; = tert-buty!dimethyisilyl), and
S0,-adducts of 3(R)-tert-butyl-dimethylsilyloxy-20(R)-(3"-cyclopropyl-3'(R})-
hydroxyprop-1(E)-enyi)-9,10-secopregna-5(E),7(E),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 m!)

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
evolufion 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, Ry = 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 temperatljre 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 I'11: X=OrR2, R1 = COMe, R2 = tert-butyldinmethylsilyl 1(S)-

tert-butyl dinmethylsilyl-3(R)-acetoxy-20(R)- (3" -cycl opropyl -3'-oxoprop-1'(E)-
enyl)- 9,1 8 a-5(E), 7(E), 10(19)-tri ene S02-adduct d as
in Exanpl ecklé gﬁ@ﬁg?@t hat the starting material was 1(S)- PenRTnsib o?
tert-butyldinethylsilyl-3(R)-acetoxy-202®)-(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=CR2, R1 = COMe, R2 = tert-butyldinethylsilyl 6 = 6.75 (dd,1H), 6.16

(d, 1H), Sh@()qteencmey with, spturaseddpueons BBHCOs (ZH)mI)SFf%orgdnim)waseswe@ (d 1H),
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3(R -tert-butyldi met si |yl oxy- clo - oxoprop-1' (E)-enyl)
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reaction was judged to be conplete by HPLC {Col um Li Chrosorb Si 60 5 pm
250k4mm from Merck, 2 m/mn flow, detection at 270nm & nmass detecti on,
hexane/ etdowipoands af g@er®rd! dtuc)rk vV usual |y after 2- 2.5 hours, a m xture of
sodi um h)é I’OX| dﬁ (27.7% 150 m) and water (480 m) was 15 added at 10-18C
unti | reaction m xture. The tol uene phase was separated and the
sol vent ﬂéﬁp?(&&j bis( terdcudy ivditiebutisillylay }-20(R)p(Eicpclapiopybe()vh @diGxygropgi ve two
epi nmeric I n =
tert-but Qﬁ%ﬁm@?ﬁuﬁﬁé SEH @WSQ’;fﬂgf @l%ﬁlgﬂgredom na\bl y containing Illa
as checkdé¥aby=0RE. R:TRe =t teut-bytyidmethyligh aaeiict s  coul d be separated by
chroggt og S S IDE mleb AR LoBER L ISR ARIE1-8Bhakh y
titurati oi 9%{9% esfol [ &hr(n xt Sr eﬁsv'\n&t hyfret ﬁgn_%g[. tHS%&Q?/R (%DC?S) ><%‘IS]rIOP: X=
hydr ogen 1'(Rl-enyl)-9,10-secopregna-5(£),7(£),10(19)-triene

(Vb: X=0R;, R;, Ry = tert-butyldimethyisilyl)

The organic phase from Example 9 containing the S0,-adducts of IVa (X=0R;, Ry, R; =

tert-butyldimethylsilyl), and IvVb (X=0R;, R;, R, = tert-butyldimethylsilyl) was stirred

20  vigorously with saturated aqueous NaHCO; (110 ml) 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
mi/min flow, detection at 270nm, hexane/ethyl acetate 9:1.5 (v:v)}. After completion
(usuaily 2-2.5 hours), the reaction mixture was cooled to 30-40°C and the organic phase

25 was separated, washed with saturated aqueous NaHCO; (110 ml) and water (100 m!).
The solvent was removed /n vacuo and the obtained oii (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 mi). 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-
dimethylsilyloxy)-20(R)-(3'-cyclopropyl-3(S)'-hydroxyprop-1{ E)-enyl)-9,10-secopregna-
5(E),7(E),10(19)-triene (Va: X=0R;, Ry, R, = tert-butyldimethylsilyl), and 1(5},3(R)-
bis{tert-butyl-dimethylisilyloxy)-20(R)-(3"-cyclopropy!-3(R)'-hydroxyprop-1'(£)-enyl)-~
9,10-secopregna-5(F),7(E),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 5 pm 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



= tert-butyldinethylsilyl, mxture of isonmers Illa and Illb): 200.3, 151.6,
151. 4, 149.8, 149.2, 130.5, 130.1, 128.3, 128.1, 126.6, 126.3, 110.5,
1100, 67 4ugBhshergs 6. €63, 58.0. 57.9, 55.8, 556 Shcdmydhciuff. S
45.5, 39.9, 39.7, 34.4, 34.1, 33.9, 31.4, 30.8, 30.5, 29

27.1, 26.7, 25.6, 25.1, 24.4, 24.1, 23. 60 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. Conpounds of
general structure IV Exanple 9: S02-adduct of ]
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obt ai ned in Jagﬂ was di ssol.ved i_n tol uene (160 ). and MIBE é‘SO m).
Thi s sol RYtYH! 'Q%th ed B 13Popvitee 115 /thed Bot - Cotrlar nt iRy > niS&-@

15- 25C. Theo) S XDUES.2\v86.0514i507,648.8 040.2239.7386 &0 281 nWi7es, Z8.7£25.6p0BI3eRR.0,
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acid (100 mM) at 0-10C foll owed by washing with saturated aqueous NaHCGO3

(1%00 1r;Jd ) .Ex'g%e !gaggni c phase contai ned the S02-adducts of 1(S),3(R)-bis(tert
but yl - di n¥ResthufyiedipetA0siR)exy320 (&Y« Boprangmyd 3385 ) - ivddoopyer-dfiEetH)~ enyl ) -
9, 10- 9,10-secopregna-5(E),7(E),10(19)-triene

(Va: X=hydrogen, R, = tert-butyldimethylsilyl), and
3{R)-tert-butyl-dimethylsilyloxy-20(R}-{3'-cyclopropyl-3(R)"-hydroxyprop-1'( E}-enyl)-

20  9,10-secopregna-5(E),7(E),10{19)-triene
(Vb: X=hydrogen, Ry = teri-butyldimethylsiiyl)
The organic solution from Example 10 containing the S0:-adducts of IVa (X=hydrogen,
R, = tert-butyldimethylsilyl), and Ivb (X=hydrogen, R, = tert-butyldimethyisilyl) was
stirred vigorously with saturated aqueous NaHCO; (25 ml) and then heated (bath

25 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:iv)}.
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-butyldimethylsilyl) in a molar ratio of (75:25) as checked
by HPLC {Column LiChroscrb 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}. 14 NMR (CDCI3) Va/ X=hydrogen, R; = tert-butyldimethylsily! § =
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 (s,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, R, = tert-butyldimethyisilyl § = 6.45 (d,1H), 5.83 (d,1H),



secopregna-5(E), 7(E), 10(19)-triene (IVa: X=0R2, R, R2 =
tert-butyldinmethylsilyl), and the 502-adducts of

1(S), 3(R tyl - di met hyl silyl 20(R) - (3 - cycl
a(R) - hytr ST a1 -6 10- secopt egnas S(E) . 7(E) . 100 TOICLFILHE" (1 vo

X=0R2, Rl, R2 = tert-butyldinethylsilyl3p in a nolar ratio of 72-78 :

22- 28-(IVa: | Vb) as checked 15 by HPLC-anal ysis of an aliquot after
retro-Diels Alder reaction and anal ysis according to the nmethod descri bed

i n_exanpl 247dMm, 2ich e (el LH Ve wvés 1H303-88 doh, by), Gt D bmi s 3p¥/(d, bi), s4.62 ca. 13C

Tg@e g CD% )%m)v?/zgggmﬁﬁ 85?4 @17 2rb-byhyl ¢l B IAL63 ko BuHb, G od3th, ), 2Pes

109. 0, 76. (6,81, 8; 55834 055561 2H 60 B05E1,GHAG0-B0400, BH), 4609 (5. 38),60-0845.8H) 29. 6,
27.4, 25.6,25.5,23.8,21.8,20.3,17.8,17.7,1%.4,11.8,2.8, 1.7, -4.7, -5.0,
-5.0, -5.2 ppm Exanple 10: S02-adducts of ’

3(-R) - Per t~YBNRYNdg;ot@eRenal sIUCHIR VD (R) - (3' - cycl opr opyl - 3' (S) -

hydr oxyprog: I%Iéﬁg enyl)-9, 10- secopregna-5(E), 7(E), 10( 19) triene 25 (I Va:

=h I th |yl

3R 1 or LIRS O Ry TR A0SR 33 PPy sroxyprop-
?(yﬂrgxyIOrﬂpf)ler(y'f}%'myie)bcotﬁrebﬂa*ﬁzﬂp(ﬁgllf[ﬂiél -kiené( E) , 10( 19)-triene (I Vb:

=hydr oge u i

(1S, 2R) - (U %@Vﬂazﬁﬁé“z E%WH%E%V&%'VQ 1.08 eq.) was nixed with MIBE (36
m) 3@ unoen,3dRpbls( egrebutgl- ﬂﬁﬁeﬂhﬁlsﬂ?yl@ty)m(ﬁﬁ@i@ﬁcl@vmﬁ/lmsrhﬁ/dadddpm;en of

N, N- di et nili borane 3 hat tenperature. The

m xture V\hgt nyifgul COPreﬁo r%gEgy(%(/oq(ﬁ?B% (\}ﬁygr_gtheh ¥dud BE obser ved.
The m xt mtﬁymﬁmm@isaﬂdabtssn@fm%@mm@ﬂl -V\kastgﬂotomsomerised in toluene using a high
di et hyl s Yo ( ) copregn
o 58 A BB GhRe iy (YRGS SRR B0 A BB e RaREE T
obt ai ned Yai. 33, Fx.atfhlng- 860248299198 ker it WO A/88834 %Cﬁ’ﬁf)&hafr 8- of MTBE (18 m)
and tqf U%t{lgnﬁth%&n@'wasrﬁgm$s‘?éH%?6faérHﬁPac@HQ tB@‘?\Fb gx%g%‘i'@%%?i’@rﬁﬁum the

borane contal ning m xture over m Xture was stirred

for ca. 6Hmathysi éoxafh?@n(Rbb?rrpﬂve‘p@rcmbﬁﬁbﬁv@r@dvmzﬁb@f@mﬁﬁgOzsﬁco:nregna-
5(2),7(F),10(19)-triene (Vla: X=0R,, Ry, R; = tert-butyldimethylsilyl} after

chromatography in full accordance with the data described by M. 1. Calverley in
Tetrahedron, Vol. 43, No. 20, p. 4618, 1987 for compound 28.

20
Calcipotriol
Example 14:
1(S),3(R)-dihydroxy-20(R)-(3"-cyclopropyl-3(S)-hydroxyprop-1'(E}-enyl}-9,10-
secopregna-5(Z),7(£),10(19)-triene

25  1(S),3(R)-bis(tert-butyl-dimethylsilyloxy)-20(R}-{3"-cyclopropyl-3(5)'-hydroxyprop-
1’(E)-enyl)-9,10-secopregna-5(Z),7(£),10{19)-triene (VIa: X=0R,, Ry, Ry = 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. 1. 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. J. Calverley in Tetrahedron,
Vol. 43, No. 20, p. 4618, 1987 for compound 4.

Calcipotriol monohydrate
35 Example 15:



.PCT/ Dk2005/ 000167 t hen quenched wi th saturated aqueous NaHCO3 (25 ml).

organi ¢ phase was separated and washed with 1 M hydrochloric acid (25 m)

The

at 0-10C f okbowsshsbyowashing with saturated aqueous NaHC@R-r{m@d oM doofth

*10- 20C. The organi c phase contained the
3(R) -tert-butyl

SO2- adduct s of
- di net hyl si | yl oxy-20(R)- 83" -cycl opr opyl

-3(9)

5

hydr oxypr op-1' (E) enyl)-9, 10- secopregna-5(E), 7(E), 10(19)-triene (I Va:
and the SO2-adducts of

X=hydr ogen,

3(R) -ter tThSlfF'ﬂHpO&'f’

Aok

rt-butyldi met hyl sil
?Irlgfl |||3/[5655{99Ie T4 was &rystallised from ethyl acetate / water as

yl)

20( R) - ( 3'destideann apy 1943{ 5 1 > hygiv® xypipetriol mMdnbhediskd iPsuliGresadaptegnathé E) , 7(E

), 10( 19) -

Corpound<nBfchElF 47

(R) - bi s(tert but yl -

triene

b b pdSNE B9 G o

= tert-butyldinmethylsilyl).

Bhie 11: 1(9),
d| met hyI si |yl oxy)-20 -
- hyd

3

10

-~

tert- but)ﬂjmm_hgd S| I yI) and 15
l(S) 3(R'UID tert=h |-ui||,L||y|—$||" oxy)=20tR) ey tl-o I‘Opy|-3(R)'-hydl‘O
xyprop- 1' (ER ‘l"é" ‘")“’9 %’CY seco Fﬁ?gﬁﬂ‘ EEMR-E %fé)Y%@) | fationk (Vb: X=0R2, RI,
R2 = ter{-butyl dl(ﬁ’ﬁt)hyl silyl) Eganit€phhse fron] Ma&Mp| e 9 cont ai ni ng
t he SO02- adducts of |Va (X=0R2, (:@H)RZ = teri-butyld n®hy|silyl), and |IVb
(X=0R2, R1, R2 = tert-butyldinethylsilyl) wap stirred (%20 vigorously with
sat ur at ed @@ BOHE ) NEHCENIEEL0 n’jE)L\l\mnd tiwpohpamede( bpvh: A8epperature ca. 90
C) where|the MIBEnsasidi stille Conveni engluenkhe retrp Diel s- Al der
reactionj coul d(bg &ppcked by PLC ?—IPLC {Col U Li Chfosorb| Si 60 250x4mm
from Merg¢ 15 07 ij n a y| acetate 9:1.5
(v:iv)}. GSZR)Q_ r%iql Elnqwf)w %ﬁwi Zaésoﬁ %ngﬁ P?gg%:d; on m xture was -
cool ed to 30- 40 %L-f org< %(h se 25 wap e'“ﬁgra Led, washed with
sat ur at ed F r ) —and—wat-er—{106 ) —Fhel| sol vent was
removed i #a%@ érfbs"t}ﬁ’é“’bBT ai @fg\'\@gl (¥51yg) MHJBEJSSSP\F& in hexane (200
m). The organlg M3 dr e was|cbol®H)tp ca. - gelueng| {ered pver a short pat h
of silicta—and (1He% bnpi ndet.. washed With hekane (cal100. M ). The hexane
phase was (AMagett)wish-animpx{ uEAHB mFtlfaaal aMdBat e72(28 2) and the organic
sol vent \as 2-indanol (2.7eq.) toluene
(0.5 eq.)
(15,2R)-(-)-cis-1-amino- DEANB 15-20 MTBE/ 56:44
2-indanol (2.7eq.) toluene
{0.25 eq.)
(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 eg.)
(1S,2R)-(-)-cis-1-amino- | BH3.SMe, | 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 eqg.)
(RY-(+)-o,a-Diphenyl-2- DEANB 15-20 MTBE/ 68:32
pyrrelidinmethanol {2.7eq.) toluene
{1 eq.)
(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.)




.30 renmoved in vacuo. The remaining oil, containing a m xture of

1(S),3(R) -bis(tert-butyl- di

met hyl si (R - (3" -cycl opropyl -3(9)" -hydroxypro 9, 10-sec
+ opr egna-\luE{)(Z%'Qnﬁé;a 10(19)-triene (Va: X=0R2, Rli R2 Q'ij{ E%%Wl()]
tert-butyldimethylsilyl), and 1(S), 33R)-

bi s(tert-butyl -di methylsilyloxy)-20(R)-(3"-cyclopropyl-3(R)"- hydroxyprop 1 (
E)-enyl)- 9, 10-secopregna-5(E), 7(E),10(19)-triene (Vb: X=0R2, Rl, R2 =

t ert - Quigh-di-petdrineid, |3 35 oanns Mol as-20at i mMTEE/ a| ramge| of 72-78 : 22-28
(Va: Vh) asiphdratieptopsndtPLC {£okgim| Li Chr ps@rdenSi [ 60 5 pm 250x4nm from
Merck,| 1 m/niprs &4.9w, detection at [270nm [n- hept ane/ 2- propanol 100: 0. 25

(v:v) 2-Adhine- 0, Vi ) iI§ nejl WO 2005/ 087719
PCT/DKZOOSZ%Q bahopcet at 539%5 3. Fﬁﬁ\%gﬁ NACATE A P vet o e n},
was purified (pys efipomat ogrja S%y descrl garl | er by|M J. Calverley,

- Tet r ahedron, VoI 43, No.” 20, pp. 4609-4619, 1987 or in WD 87/00834, to
give 10.9 (98.9 1o HPLC purity) of vVa/ X=0R2, Rl, R2 =

tert- Ldi met hyl silyl after crystallisation froma m xture of hexane and

met hanDias@B@os@le@tlﬁéYBéducﬂﬂfﬁ)Uﬂtorﬁﬁodrfds%ﬁ‘ layhévat ﬁteuc(tbbe 1311 omhe/reeébmraaﬁimg the

hexane ove c00l i n - 15C cco he dat a
doscr | B ﬁ‘/& %‘}%V'ééﬂ“?/t@?’ X} FHXtFé %’%h@nﬁéﬁ b\?gﬁe’t'E' ?GCNSW‘V%%'VO&V) 4617, 1987
fors CODQB((N)F(G -2l otk 36y I[N x b Lo BY £ty XeAB2secBiregRa-5¢£), B(£); 10(19)-triene

106, 4. S0ttty Sxgpni)e LGt yoceurandiBols il Sgbicuedty

27 5 Geld@rof@Se8rud® 6f sulPh,didddem!BwinbS Procedure,anbhgbys 1@ Etampled1 1. 6,

1926, oy compbindDbr Sk syt g S0k g hY AEL gk and 2%, >

56. 0, b ¥:=0B3.R, R46. 2t-BeyldimeBiyisilydder vaiou, cop8itions18q6; nfar3, 22. 0
2. nple 12:
20 o gl irde el plonont Soer bws B 4 B oy
r oxypr bfp'amex E) enyl )- 9,10-secopregna-5(E), 7(E), 10(19)-tri ene (Va:
X=hydrogen, Rl = tert-butyldinethylsilyl), and 3(R)-tert-butyl-di
met hyl si | yl oxy-20(R)- (3" -cycl opropyl -3(R)' - hydroxyprop-1' (E)-enyl)- 20
9, 10- secopregna-5(E), 7(E), 10(19)-tri ene

Egs-'f
B

ik

15

20

25

30



.(Vb: X=hydrogen, Rl = tert-butyldinethylsilyl) The organic solution from
Exanpl e 10 containing the S02-adducts of |Va (X=hydrogen, R =

tert-butyl qi-g8bdiwkshbyl), and I Vb (X=hydrogen, Rl = tert- ?Eﬂﬂl@h(ﬁ%ﬁrmﬂs' lyl)
-was stirred vigorously with saturated aqueous NaHCO3 (25 mi

heated (bath 25 tenperature ca. 90 C) whére the MIBE was di stllled off
Conveniently the retro Diels- Al der reaction could be checked by HPLC HPLC
{Colum LiChrosorb Si 60 250x4mnm from Merck, 1 mi/mn flow, detection at
270nm heétaRdFet hyl acetate 9:1.5 (v:v)}. After conpletion (approx. 2
hours), the reaction m xture was cooled to 15-25C and the organic phase was
separated, washed wth water (25 ml) containing a mxture of 30 Va: Vb

( X=hydr ode, Meghod of Speuding 9IC8FW€F'F1‘§/P§9‘P'§RF‘?! firPUolthr ratio of (75:25) as
checked by HPLC {Colum LiChrogorb Si 60 5 pm 250x4mm from Merck, 1 nml/mn
flow, detection at 270 \Qexe/et hyl acetate 90:15 (v:v): RT Vb: ca. 6.1
mn, RT Va: ca. . I\/R (CDCI 3) Va/ X=hydrogen, Rl =
tert-butyldineth (d,114), 5.84 (d,1H), 5.46 (m2H), 4.92
(s,1H), 4.63 ( 3.42 35 (m1H), 2.85 (d,1H), 2.64 (d, 1H),
2.45 (m114), 8 (m17H), 1.04 (d,3H), 0.98 (m1H), 0.87 (s,911),
0.56 (s, 3H),n0. 51|( 2H) 0.32 (m1H), 0.22 (m1H), 0.05 (s,3H), 0.04
(s,3H); MDA X=hydyo ?E Rl = tert-butyldimethylsilyl 6 = 6:45 (d, 1H), 5.83

I\)U)

(d, 1H), WO~ 087719 PCT/DK2 00 5/0 011 61 31 5.47 (m2H), 4.90 (s, 1H),
4.62 (s, 11 83 (m1H), 1845 (m1H), 2.83 (d,1H), 2.62 (d,1H), 2.44
(m1H, 2.2 , 2.18 - 1.17 (m 16H), 1.03 (d,3H), 0.96 (m1H), 0.86
(s,91-1), 0.5 3H), 0.50 (m2H), 0.30 (m1H), 0.20 (m 1H), 0.05 (s, 3H),
0.04 (s,3 b Comgaunds of general structure VI Exanple 13:

1(S), 3(R) - |s(tert &R\iyl-dl met hyl sil yl oxy)-20(R)- (3" -cycl opropyl -3(S)" -hydro
xyprop- 1' (E)-enyl )- 10-secopreg na-5(2), 7(E), 10(.19)-triene (X=0R2, Vla:
R1, "f@f’?'—“k?&f%ﬂ"ﬁ%;er%% HW%" h¥drgaenger ORz,

1(9), 3( R)anlalvsréérerntklbaﬂdm afBlelnk Shmg! dditferdt Bid tepresantIngBrsyey| 086 S) ' -hydro
xyprop 1 %Eg nryg 10-secopregna-5(E), 7(E), 10(19)-triene (Va: X=0R2,
= t er thydroxy prot cting group,

in an inert solvent with a 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 1Vb,
OH

OR,

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

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

(@) reducing a compound of general structure III,



butyl dinethylsilyl) obtained in Exanple 11 was photosi sonerised in tol uene
using a high pressure ultraviolet |lanp at 20C as described earlier by M J.

Cal verl 20 dron, Vol. 43, No. 20, pp. 4609-461
-87/ 0083 Oe'x@{e"%tg}hfhat 9 15 acetyl ant hracene was used |I§1)¢5 /égg {ml’{]hr acene,
to give 1(S),3(R -bis(tert-butyl di 35
nmet hyl sil yl oxy)-20(R)- (3" -cycl opropyl -3(S)' - hydroxyprop-1'(E)-enyl
)-9, 10-secopreg na- 5(2),7(E), 10(19)-triene (Vla: X=0R2, Rl, R2 =
tert-butyldinethylsilyl) aft®r chromatography in full accordance with the
data described by Myi\Cal Yerley in Tetrahedron, Vol. 43, No. 20, p. 4618,
1987 for conpound . al\ci potriol Exanple 14:

i ’ cycl opropyl -3(S) ' - hydroxyprop-1' (E)-enyl)-9, 10
ene 25 ~

secopr egna- &

1(S), 3(R) - bi cE = utyI di met hyl silyl oxy)-20(R)- (3" -cycl opropyl -3(S)'-hydro

xypr op- ngl )-9, 10-secopregna-5(2),7(E), 10(19)-triene (Mla: X=0R2, Ri1,
= t@rd- imethylsilyl) obtained in Exanple 13 was deprotected using

tetrabut moni um flyoride in tetrahydrofuran at 60C fol | owed by

chr omat & as described earlier by M J. Calverley, Tetrahedron, Vol.

43, No. 4609- 4619, 1987 or in WO 87/00834. 30 Crystallisation from

et hyl acet & exane containing a few drops of triethylam ne gave

calcip {f) II accordance with the data described by M 3. Calverley

i n Tetrahedron, 43, No. 20, p. 4618, 1987 for conpound 4. Calcipotriol
nonohygr.at.e éelgégggﬁ 15: WD 2005/087719 32 PCT/ DK2005/ 100161 The
ca|C|potr|oR< tarn ih Exanple 14 was crystallised fromethyl acetate /

wat er aad wheesie R lged HarinMQmelme ot diffgrens apdlrebresent bydraserobyarate in ful | .
accor gapesy WdtBclififgroppar acteristic data described in that patent.

5 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 IvVb,

which is enriched with IVa,

-
- Y,

OH

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



. 5 Diastereosel ective reduction under various reducing conditions Exanple
16: Chiral AuxiliaryReduci ngTenp. Sol ventRatio (eq.)reagent("CVa:V (eq.)b
(1S, 2R) - (- & h&=hsé no- DEANB15- 20MIBE/ 72: 28 2-i ndanol ( 2. ;f pib®sweng; (1.1

.eq.) (1S, 2R -(-)-cis-1-am no- DEANB20- 25MIBE/ 72: 28 2-i ndano ?2. 7eq. )tor uene
1.1 eq.)-" (1S,2R)-(-)-cis-I-am no- DEANB10- 15MIBE/ 70: 30
2-indanol (2. 7eq. )toluene (1.1 eq.)

(1S,2R)-(-)-cis-I|-am no- DEANB15- 20MIBE/ 72: 28 2-i ndanol (2. 7eq. ) tol uene (0.5
eq.) (1SsuRyre Ya@nd Vb afiiHbls SEANBASWROMPBE/ 56: 44 2-i ndanol (2. 7eq. ) t ol uene
(0.25 eq.) (1S, 2R)-(=)-cis-I-anyyno- DEANB15- 20MIBE/ 59: 41 2-i ndanol (1.8

eq.)toluene (1.1 eq.)” 8) J(-)-cis-1-am no- BH3. THF15- ZOWSEH75: 25
2-indanol (2.7 eq. ‘ -1 eq.) N
(1S,2R)-(-)-cis 4 15- 20MIBE/ 73: 2 eq.)tal uene

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, Ry and Rz are as
defined above;
{d) isomerising the compound of general structure Va to the compound of general
structure Vla,
10

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:



. (1.1 eq.) (1S,2R)-(-)-cis-|-am no- DEANB15- 20THE63: 37 2-indanol (2.7eq.) (1.1

(R)-

(+)-a, a- D phenyl - 2- DEANB15- 20MIBE/ 68: 32

pyrrolidi nmet han‘gl (2.7eq.)toluene leq.)

. (R -

(V925!

pentanol (0.5 eq.) (R)-(-)-2-Am no- 37DEANB15- 20MIBE/ 76: 24
nmet hyl -1, 1- di phenyl -1-(2. 7eq. )t ol uene butanol (0.5 eq.) WO 2005/087719 33
PCT/ DK2005/ 1100161 (R)-(+)-2-am no-1, 1, 3- DEANB15- 20MIBE/ 74: 26

t ri ph@nigbmeriging plae olixt2ire eficrmiundn ef GBndraksfrycture Va and Vb, wherein X, R,

DEANB15- 20MIBE/ 72: 28 net hyl - 1, 1- di pREMPRUS9Eq ) t ol uene

(0.5 4 a5 ey P Gabrdman SN oved v B MU ey ) o o1

st r ucgeneen! Btructuph Yz apd-URR virich Rienrghed REhVigert - but yl di net hyl si | yl
of 1(S),3(R)-bis(tert-butyld Het hyl si |yl oxy) 5
' 0

20(R) - (3' -cycl opr opyl -3\- 0Xgp
)-triene SO -
Exanple 9 fo

10

15

12

anple 1 foll owgng f

wherein X, Ry 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;

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

monohydrate.

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

(j) reducing a compound of general structure 111,

wherein X represents hydrogen,

p-1' (E)-enyl ) - 9..10- secopPEgna- 5( E), 7(E), 10(19 =,
hcedur e anal ogous to K

(m xture




. Chel etropic extrusion of sul phur dioxide follow ng a procedure anal ogous to
Exanple 11 to yield conpounds of general structure. Va: X=0OR2, Rl, R2 =
tert-butyldi i yl and Vb: X=0ORZ, Rl, R2 = tert-but i iyl
- under variggs@%g#cﬁit)i ons (eq.= nolar 10 equivalents rel at]i)/é\/ﬂb{z%ﬁ'g%“%“ﬁk*ﬂBE =
tert-butyl nethyl ether; DEANB = N, N-di e3thyl aniline borane). 15 20 25 30 WO
2005/ 087719 34 CLAIMS 1. A nethod of reducing a conpound of general
structure 111, PCT/DK2005/ 000161 5 wherein X represents either hydrogen or
OR2, andanghaherain R repraseRts Hygrogen oha yshieaoprotidingraéypand r epr esent
hydr ogen;y 9 irert SWHR@MW S PEREIgNEh Bk BH Rithi Aredilicing &igkn B M HRMNre¥ddcd o a
reduci ng agent or with a reducing agent in the presence of a chiral
auxi | i ar NirAl@UYagive a mi xture of conpounds of general structure |Va and
| Vb, whi ghgive aeind@ieest conipouhdiof ydiasrai srubturRIva and 1R, are as defined above.
15 2._A nethod for e%ro_%g?\ilng calcipotriol {(5Z, 7E, 22E,

245) -524-%%%)?8591-9’}” “Y%ecochol a- 5, 7, 10( 19), 22-tetraene-1 0-3(3-24-triol }
or calcipotriol nmonohydrate cqywrising the steps of: (a) reducing a
compound of general st e I'l, WO 2005/1187719=35 PCT/ DK2311S/ 000161
wherein X represent§ N

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,

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 generat structure

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

above; ' _



.and wherein R, and R, may be the sane or different and represent hydrogen or
a hydroxy protecting group, 5 in an inert solvent with a reducing agent or
wWith a [g¢ L gent in the presence of a chiral auxiliary, to give a

‘mi xt ur e(*gf% ’d{'}g’gﬁgnds of general structure |Va and IVb,PCWF%W"’P@]g'nri ched
with IVa, OH 10 wherein X, R and Rxcare as defined above; (b) reacting the
m xture of conpounds of general structure IVa and IVb, which is enriched
with IVa, in the presence of a base to give a m xture of conpounds of

gener @) ischi€2is2)) BieldBrptled 36 geherad st ukéavans thédcormboctal dfgednrdiched with Va,
Va O—ls Plgrgl/"e <_:]08/0116161 wherein X, Rl and R2 are as defined above; 5 (c)
separatfl g the’conpound of general structure Va fromthe m xture of
conmpounds of general structure Va and Vb which is enriched with Va, wherein
X, R1 and R2 are as, defi nedoﬂ)ove; (d) isonerising the conmpound of general
structure Va to the*gcampound general structure Vlia, 10 wherein X, Rl and
R, are as defined abve; (e) when RL and/or R2 are not hydrogen,

renovi ng the H X protect \ng group(s) RL and/or R2 of the conpound of
general stru ' at e calcipotriol or calcipotriol 15

nonohydr at e. AL ter’'hod for produci ng cal ci potriol or calcipotriol
nonohydrate co rE[si ng steps (a) -

Via

ROV

wherein X, R; and R; are as defined above; and
(p) when Ry is not hydrogen, removing the hydroxy protecting group R, of the compound

of general structure Via to generate calcipotriol or calcipotriol moenohydrate.

10 5. A method for producing calcipotriol or calcipotriol monchydrate 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 hydroxyiating agent, wherein X and R; are as defined above to give a C-24



. (b) of claim2 and further conprising the steps of: V170 2005/087719 37
PCT/ Dli 200S/ 900161 (f) isonmerising the m xture of conpounds of general
structure Vg apndoado Wherein X, R and R2 are as defi nedp&ppghdis/ihds Whi ch
.is enriched wth Va, to a m xture of conpounds of generaf structure Vlia and
VIb, which is enriched with Vla, OH R O48 OH wherein X, R and R2 are as
defi ned above; (g) separating the conpound of general structure Via fromthe
m xture of conpounds of general structure Vla and VIb which is enriched
wi th VI a,hygFiyairategtedreorpepnidofgesesd stryaii e Wheel X 1erers iwi¥h ard Rend/ or

R2 are nqgbplRyehte B9BsogeRITBNE Mhetdlf RIYSEO finRHAIbBeE] Ng group(s) R and/or R2
ound of general structure Vla to nerate cal ci potrjol or

of the co ]
cal ci pot r(ggTem%%H‘sﬁ‘d‘Fé?ﬁe’?Yd@XWrr?é‘?%@& qryP H%H&BWQ“E%PEEEB?@I Huqsz  7E,
22E, 24Spa24-cycl opropyl -9, 10- 15 . : .
secochol g:5, 7, 10(.19), 22-tetraene-| a- -24-triql}, or calcipofriol

ronohyar dPSBEIR b SrmRet R Bae i stiutire Yadp kS FoARR ALOH R Pener a
struct ur etdukture@Idl IH Nl ORj wherein X represents hydrogen,

RO 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 V1a to generate calcipotriol or calcipotriol menohydrate,

6. The method according to any one of claims 1-5, wherein the reducing step is 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

barane derivative.

8. The method according to any one of claims 1-6, wherein the reducing agent is N, /N-

20  diethylaniline-borane, borane-tetrahydrofuran, or borane dimethylsuifide.

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.



« WO 2005/087719 38 PCT/ DK2005/ 000161 and wherein R, represents hydrogen or a
hydr oxy protecting group, in an inert solvent with a reducing agent or with
a reduci nﬂ ar(;,]_ent in the presence of a chiral auxili ar%, toléﬂi_ve a mxture

-of compoBRE™WE7Héneral structure IVa and I'Vb, 5 whi cKGTPEIPTVREE with
| Va, OH wherein X and R, are as defingd above; (k) reacting the m xture of
conpounds of general structure IVa and |IVb, which is enriched with IVa, in
the presence of a base to give a m xture of conpounds of general 10
st ruct gneThMarmzatbddrcomdme to sy eng bedleithaM BhwHareiniiier ehiralduaiidnRs are as
defi ne (L) separati he conpound of general structure Va fromthe
mi xturgJ%?BX'gﬁﬁéﬁ)% sm%f)'ﬁdqedr%g?gl structure Va and Vb which is enriched with
Va, wherein X and R, are as defined 15 above; (m hydroxylating the
compou f 4 §.h U, € - i.ng:.. agent,
wher ei ngﬂgen%%R@%cgﬁ@#%é#%ﬁyegﬁ%m@gm&f g :1{/@9%%& oirlr‘g%ﬁ‘)réy %?Jeglg her al

. st riuct teleeneydertwtivdyleneihX etbpr.dstrabyirofPam it riiXtyrepthereoft s hydr ogen, and
wherein R, is as defined above; WD 2005/087719 39 PCT/ DK2005/ 000161 (o0)

i sonerising the conpound of general structure Va to the conpound of general
st ruct dPeThg metmdrspeding 5o amy oagaf Faims b 13swherdimie agvee ofgahRoyNdhen RI

i's not oYK ogetructGEaVARAdUIDE JBYIRQXYy PARIRGd BB MHPofderlalshgcqpapound
II1 has a molar ratio of IVa:IVb which is at least 56:44,

10
' 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 III,

O
Os
X" OR,

15

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

20 by reacting a compound of general structure VII or VIHI,




of general structure Vlia to generate calcipotriol or calcipotriol
nonohydrate. 10 S. A nethod for producing calcipotriol or calcipotriol
nonohydr at g,, ri.siNg steps U - (1) of claim4 and further conprising the
3teps of: ?ﬁ?qg?gkzgping the C24 hydroxy group of the cofbS(HFSYtAer al
structure Va, OH 15 wherein X represenyg hydrogen, and wherein Rl
represents hydrogen or a hydroxy protecting group, with a hydroxy
protecting group; (r) hydroxylating the C 24 hydroxy protected conpound of
general structure Va-pith a spitable hydroxylating agent, wherein X and Rl

are as defined above i 4 C- 24 WO 2005/ 087719-40RCT/ D¥2005/ 000161

hydr oxy protected general structure N X represents OR2
and R, repres wherein R, ; (s)
renoving the G i ng group -0 gener a
structure Va; : onerising the conpouRd 8 strticture Va to the

conpound of genq al;, structure Via, OH Vla RL[O:Z" wherein X, R and R2 are
as defined above; and 10 (u) when R is not hidrdgen, renoving the hydroxy
protecting grofgp R, of thgnconpound of general structure Vlia to generate
cal cipotriol aopf calcipotriol nonohydrate. 6| The net ho&/llccording to any one
of clains 7 herein the reducing step is~hpthe presence of a chiral
auxi liary. The net hod according to ne of clainms 1-6, wherein the
reduci ng agen borane derivative. .

9 )%g a)Rl Rlo‘

wherein R; and R; are as defined above,

with sulphur dioxide.

M\‘-_

16. A method according to any one of claims 1-15, wherein the compound of general

structure I is the epimer of general structure I1la

10  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



« 8. The nethod according to any one of clains 1-6, wherein the reduci ng agent
is N N 20 diethylaniline-borane, borane-tetrahydrofuran, or borane
di met hy| s UL 9@7 9. The method according to any one of clains erein

* the chi W% %ry is a chiral 1,2-am no-al cohol . 2%TWBKNWNQWM§thod
accordlng to any one of clains 1- 8,£Mperein the chiral auxiliary is a
chiral cis-I-am no-2-indanol derivative. W 2005/087719 PCT/ DK2005/ 000161 41
11. The method according to any one of clainms 1-8, wherein the chiral
auxiliary is (1S2R)-(-)-cip-1-am no-2-indanol. 12. The method according to
any one of clainms I; whet/ein the inert solvent is 5 toluene, tert-butyl
nmet hyl et her, , or mxtures thereof. 13. The nethod accordi ng
to any one @ > herein the m xture of conpounds of genera
structure | D obtalngb’by reducing a conpound of general structure
11 has a nohag atf 0 of IVa:lVb which is at |east 56:44. 10 14. The net hod
according)to dny=one of claims 1-13, wherein the reducing step is carried
out atOs ’tenprréﬁure bet ween 10-20C. 15. A nmethod for producing a conpound
of gener ucture I h O 1ll 15 wherein X represents either hydrogen or
&ln R and® may be the sanme or different and represent
hydr oxy protecting group, 20 by reacting a conpound of

ure VII or VIII, WO 2W 087719 42 wherein RL and R2 are as

OR,

hydr ogen

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,



i th sul phur dioxide. 5 PCT/DK20 0 51110 0 1 6 1 16. A nethod according to
any one of clains 1-15, wherein the conpound of general structure Ill is

t he epi mer structure Ma 0 10 17. A nethod accoydi tQ any one of
tl ai ns 1_1§ﬁ53 g@iﬁ%‘the conpound of general structure If&hﬂEJWﬂ@mgéfner of
general structure Illb e WD 20115/ 087718 PCT/ DK2005/ 000161 43 18. A net hod
of reacting the m xture of conpounds of general structure IVa and IVb , CH
OH | IVa 5 wherein X represents either hydrogen or OR2, and wherein R, and
R2 may be the sane of differe@Hand represent hydrogen, or a _ hydroxy
protecting group, whigh 1§ enfiched with IVa, in thé. pre enc@di a base to
give a m xtur ] N general structureyVafand\Vh. {which is
enriched with 02005/ 087739 44 wherein X and R2 are\ as defined
above. PCTI DK ¢ : i
wherein X represerits~OR,. 20. A nethod acco i i-"cl ai n5 1-19,
wherein R, and/¢rlﬁ, represent al kylsilyl.

Va

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

e
5 19. A method according to claims 1-3, 15, or 18, wherein X represents ORa.

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

alkylsityl.

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, 245)-24-cyclopropyl-9,10-
secochola-5,7,10(19),22-tetraene-1a-3p-24-triol} or caicipotriol monchydrate

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

23. A compound of general structure IIla or IIIh, or mixtures thereof,

wherein X represents either hydrogen or OR,,



10 21. A nethod according to claim?20, wherein R and/or R2 represent tert-
butyl dinethylsilyl. 22. A nethod for producing calcipotriol {(5Z, 7E, 22E,
245) - 2456 %6ds2R53pY! - 9, 10- secochol a-5, 7, 10(19), 22-tet 5?‘?%&‘»&7@61%‘ 24-triol}
or cal cipotriol nonohydrate 15 conprising the nmethod of any one 011 cl ai s
1-21. 23. A conpound of general strésture Ma or Ilib, or mxtures thereof, O
wherein X represents either hydrogen or OR,, WD 2005/187719 45

PCT/ DK2005/ 000161 and wherein R, and R2 may be the sane or different and

r epr ewehrhergily igertdl Romay bepidsang prddfferens e frvesEnt drogepodpdund of
gener@ly Sty potdttifiglgv@d. | Vab, IVba, 1Vbb, IVb, or mxtures thereof, . OH 5
| Vaa wherein X represents either hydrogen or OR2, and wherein R, and R2 may
be the sane or different and represent hydrogen, or a hydroxy protecting
gr OUpz4.JADco?r§p0LAdqqgﬁaam SBUERFE TV, 1'0ats [TabaN RBbOIVE br riixaires Fhekedfepr esent s
OR2. 26. A compound according to any one of clains 23-25, wherein R and R2
represent al kylsilyl% 15 27. ®Honmpound accordi ng to claim 28 wherein R,
and R2 represent tet- difmet hyl silyl. | WO.2(10%5108 7 7ll_|9 46

wherein X represents either hydrogen or ORs,
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.



£ 28. A conmpound according to any one of clains 23-25, wherein Rl and R2
represent hydrogen. 29. Use of a conpound according to any one of clains
23-28 as awomhmeseddi ate in the 5 manufacture of cal ci pGici®k2095000161

*cal ci potriol nonohydrate. 10 15 20 25 30 35
46

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

5 manufacture of calcipotriof or calcipotriol monohydrate.
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