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body, including the intestines, kidneys, prostate, bone, bone marrow, parathyroid

25 glands, skin, liver, muscle and lymphoid tissue. The widespread existence of VDR have
made vitamin D and analogues thereof attractive compounds for the treatment of

various diseases including cancer, skin and bone diseases and autoimmune diseases.

The invention relates to a novel ciass of vitamin D analogues that show a potent
30 suppressive effect on the secretion of parathyroid hormone, i.e. which can be used in
the treatment of secondary hyperparathyroldism (s-HPT). A crucial structural element
in active vitamin D are the two hydroxyl groups in positions 1 and 25. In contrast to
that, the compounds of the present Invention are characterised by a blocking of the
25-position, so that they do not have hydroxyl groups in that pesition, nor can they be
35 hydroxylated in that position /n vivo by a P450-like enzyme.



t eaches conpounds of the formula R 25 CFI=CHCCQ-OH R2 HIHCHZ HO-
--H5 H OH W91/ 00855 di scl oses conpounds of the formula RL CH CH - CHZ2 )
OH R2 HIH HO OH 10 and Onisko, Tetrahedron Lett., 1107-1108, 13, 1977
di scl oses g FRNPR ?ﬂﬁ of the fornula 2 WO 2004/037781 Hﬁﬁﬂﬁﬁﬁﬁ?ﬁﬁ?@07l8

HOL™ which is use for inhibition of liver enzynes responsible

hydr oxyl a gosl ovsky et
al, Vi tamwtgﬁmcg @éléﬁg‘g’%‘ar(%ét%ﬁ?l%%ﬁ%glgﬁggﬁoﬁ Fgljng(?’mdg fﬁ]%r oceedi ngs of
the Four t BrePBRIENESHO®Ravs PraMioHsIDbegi Aisslpsepeds a@%@mﬁy WEPG/02877\W  Nor man et
at (Eds. ) teaPedrbmbdaids dbthé eirmla G uyter, Berlin 1979, discloses a 10
synthetic study Including the preparation of 3(S)-hydroxy-9, 10-secochol est a-
5(2),7(E), 10(19), 22(E), 24-penta-ene. This reference, however, does not

di scl ose any biological data on this rticular conpound. Vitam n D and
anal ogues thereof are abpeagy—ugediq H reatment of s-HPT. 15

Parical citol (19-nor-Y, 25-di hydr oxy-vi tam n D2) and doxercal ciferol

(1 a- hydr oxy- ) are approved RA the USA for treatment of s-HPT, and
22-oxa-calcitrip acal citol) and hexafluoro-calcitriol (falecalcitriol)
are approved in pan’/ [ Mal | uche, Kidney Int., 367-374, 62, 2002]. Moreover,

WO091/00855 discloses compounds of the formula

R1
CHCH———CHz}—{—OH
R2

HO--
OH

10
and Onisko, Tetrahedron Lett., 1107-1108, 13, 1977 discloses a compound of the

formula



prodrug thereof 1la(OH)D3 are also used in the treatnent and prophyl axi s of
s-HPT 20 [Brandi, Nephrol Dial Transplant, 829-842, 17, 2002]. Al

t herapeutic Interventions which include adm nistration of vitamn D and

anal ogues wWdapgeddiust pay attention to the adverse sigepgikbfsShsrf ten
associated wth this kind of therapy, in particular the calcemc effects of
vitam n D conpounds. These side 25 effects may severely restrict or even
prevent the use of sué ' \
effects. The present vention therefore seeks to provide vitamn D
anal ogues whi ch i i i ni
suppressi ve effe
OF THE | NVENTI O
present invention
\RYR Z XRlL (
whi ch may be the

secretion of the parathyroid hornone. 30 SUMVARY
A 04/ 037781 PCT/ DK2003/ 000718 Accordingly, the

pr ovi des conpounds represented by formula I (24) 3 (20)
1716 HB HO3 Az 5 in which formula RL and R2,

d| sane or different, represent hal ogen, (Cl- C6) hydrocarbyl,
optionally su d with one or two hydroxyl group or one or nore
fluorine atons , together with the carbon atomto which they are both
attached, RP forma (C3-C6)carbocyclic ring, or one of Rl and R2

t aken toge MmTh R3 fornms a direct bond, such that a triple bond Is
constituted, or R1 and R2 both represent hydrogen; 15 R3 when not formng a
direct bond with one of RL and R2 represents hydrogen or (C -

C3) hydrocarbyl; X represents (E)-ethylene, (Z)-ethylene, ethynylene, or a
bond; which is useful for Inhibition of liver enzymes responsible for hydroxylation of vitamin

5 Djto 25-OH vitamin D3,

Finally, Bogoslovsky et al, Vitamin D - Basic Research and its Clinical Application,
proceedings of the Fourth Workshop on Vitamin D, Berlin West Germany 1979, A. W.
Norman et al (Eds.), p1257-1259, Walter de Gruyter, Berlin 1979, discloses a

10  synthetic study including the preparation of 3(S)-hydroxy-9,10-secocholesta-
5(2),7(E),10(19), 22(E),24-penta-ene. This reference, however, does not disclose any
biological data on this particuiar compound.

Vitamin D and analogues thereof are already used in the treatment of s-HPT.

15  Paricalcitol (18-nor-1,25-dihydroxy-vitamin D;) and doxercalciferol (la-hydroxy-
vitamin D) are approved In the USA for treatment of s-HPT, and 22-oxa-calcitriol
{maxacalcitol) and hexafluoro-calcitriol {falecalcitriol) are approved in Japan
[Malluche, Kidney Int., 367-374, 62, 2002]. Moreover, calcitriol Iitseif and and a
prodrug thereof 1a{OH)Ds are also used in the treatment and prophylaxis of s-HPT

20 [Brandi, Nephrol Dial Transplant, 829-842, 17, 2002].

All therapeutic Interventlons which include administration of vitamin D and analogues
thereof must pay attention to the adverse side effects often associated with this kind
of therapy, in particular the calcemic effects of vitamin D compounds. These side

25  effects may severely restrict or even prevent the use of such compounds, in spite of
other clinically positive effects. The present invention therefore seeks to provide
vitamin D analogues which have a reduced calcemic effect while retaining a
suppressive effect on the secretion of the parathyroid hormone.

30 SUMMARY OF THE INVENTION



Y and Z Independently represent hydrogen or nethyl; the bond between C#16
and C#17 is depicted with a dotted line to illustrate that said 20 bond may
be either a single bond, in which case the projection of the ring

substi t uen{yo Jodsd384s3. Or a double bond; A represents hygl hdo¥@r i ne or
hydrogen; B represents CH2 or the configuration in fﬂﬁkgmﬁogygion

correspon t D3 (normal),
o he cORE? gurJﬁaﬁﬂ@e@qm@%ﬁ?‘4@%&%9“% SHpBbnseany AL 7Y D S
(epi); 4 WO 2004/037781 PCT/ DK2003/ 000248 yith the proviso that when X
represents (E)-ethylene or (Z)-eth{@®ne\ dRe of Rl and R2 taken together
with R3 may not forma direct bond, ‘such at zatrlple bond Is constituted,
with the further proviso that when %\lep a bond Rl and R2 are not
hydrogen; 5 with the further provisothat t é“b und of formula | is not
3(S)-hydroxy-9, 10- secochol esta-5(Z Q&),loﬁlg), 22(E), 24- pent a- ene; and
prodrugs and stereo isoneric fg eof . In the conpounds according to
formula I, the bl ocking of the i |s achieved 10 by the presence
of a carbon-carbon doubl e- or tMNpre™poOnd between carbon #24 and #25. In
this way, the 25-position cannot |peHhydroxyl ated. As di scussed nore
thoroughly later, recent data suggest that hydroxylation In the 25-position
has Iimted consequences for tlhe parathyrold hornmone suppressing effect.
Vitam n D anal ogues which arelpl ocged for hydroxylation in the 25-position
therefore retain their 15 pa roi d hornone suppressing effect while being
deprived other vitamn D act es, e.g. the calcemc effect, associated
with an intact vitam n DHpTgCtare®a | n anot her aspect, the invention

relates to the use of a compound according to forrmula | in therapy. 20 In
anot her aspect, the invention relates to a pharnmaceutical conposition
conprising a conpound according to fofmula |I. In still another aspect, the

inventjon relates to nethods of treatment conprising the 25 step of
adm nistering conpounds according to formula Ito a patient in need thereof.
In a stilinwhict foemulaspect, the Invention relates to the use of a conpound

SESn P e B AP PR WIBIU b ARTRRL, | 0 TR
and R2 wheahydirearbyepriloaally spbstitute with one or two hydroxyl group or one or more
fluorine atoms,
10  or, together with the carbon atom to which they are both attached, R1 and R2 form a
{Cs-Cs)carbocyclic ring,
or one of R1 and R2 taken together with R3 forms a direct bond, such that a tripte
bond Is constituted,
or R1 and R2 both represent hydrogen;
15 R3 when not forming a direct bond with one of R1 and R2 represents hydrogen or (C;-
Cz)hydrocarbyl;
X represents (E)-ethylene, (Z)-ethylene, ethynylene, or a bond;
Y and Z independently represent hydrogen or methyl;
the bond between C#16 and C#17 is depicted with a dotted line to illustrate that sald
20 bond may be either a single bond, in which case the projection of the ring substituent
is beta, or a double bond;
A represents hydroxyl, fluorine or hydrogen;
B represents CH; or Hj;
the configuration in the 3-position corresponds to the same configuration as in natural
25  vitamin D3 (normal), or the configuration in the 3-position is opposite to natural
vitamin D (epi);



i ndependently represent brono, chioro, nethyl, ethyl, trifluoronethyl,
hydr oxymet hyl, (1- or 2-)hydroxyethyl, normal, iso- or cyclopropyl,
2- hydr oxy- 2-propyl, 2-nmethyl-2- propyl, 3-pentyl or 3-hydroxy-3-pentyl. 35

| n anot her wi floo637e enbodi ment, Rl and R2 are the sanepc Kb {sEPT ESENt
hydr ogen, nethyl, ethyl, brorm chi oro, or trifI uororretﬁyﬁmi% V@)% 04/ 037781

PCT/ DK2003/,000718 enho when, taken toget her with
t he car boﬁ‘%&grﬁr?wso 51}?? ?(rrﬁprgf. Cl%gg) eth Fg% e&ﬁze& YEPnoa© R&:ﬁ'ﬁ ocyclic
ring, a (R waehbagethdrovith Rymay n%formadum;ybbm suethat etriple@ond &sar bocycl i ¢

ring. 5 IQnangtdyer preferred embodi ment, Rl and R2 when taken toget her
i ncl ude ethylene tri-methyl ene, tetra-nethylene, pent a- net hyl ene, such

as RS and¥ ﬂ?”\ﬂf@ﬁh%ﬂk"@ﬁ'sott%&h?@rx KRPresent e %F%@@twrﬁwwmﬂ%?mey are
bot h & t awiftethetfarther progisc3natand earysdunt of Far@wleal iS4ot 3(haspedryes, 1o0ng, a C

car bocycl j e%ocrhorégtaé{ze A%@@?g%@& &l |t£1_%{_|“ 10 I n another preferred

enbodi nmen wnen pl e bond, then RL represents a
br anched @ﬁmOWdﬁéoéﬁtW@ iS@p@ﬁi@ﬁ?ahWhasmfstl tuted with one or two hydr oxyl
groups. In particular, Rl repr esents a branched Cl.6 hydrocar byI optionally

substituted with one hydrax suc C( OH) Et 2.
15 I'n anof'Hef cpreeEdsese HW%&P?FE 3 Ixghe R!ﬂaﬂ%%ﬁéﬁfi%m& g i"?"b?"@dbond

r epr egENt sy thh)pdés&gemof aredbyh- cmtboﬁxdﬁhtﬂa{@ﬂyible Hond debtdearcapionf £24 &l enbodi nent
A S oy dr oy 1 s LV 22 Bod b ARNARL, RGOS IS ES STROULIRNNGR! and R2 are

radi cal oM froma strai ght, branched,
or cycli cthgmlghlatleter,cmc@twymmaeﬁiéhat HYdrquath@m e, 25ceasiiinmps liofitefor nul a |

may be se&oegéqﬁefé Eds0r a@m&ﬂq foltehdrhidhe ss;%»éésm élﬁc@fvn%ﬁnn Danalo ues
1(S), 3(R) - dr oxgl 10- secorhol esta-5 % %% 4 pent a- ene
(Corrpoundw'l'fh T(‘é? ked FT I RRYTaLIeD Ty the Sy 8 %[35 Bin TgE) | 10(19),

22( Z) 124 - peathgroid Bornfdoenquppiresi@) effect while being deprived other v!tamm D

20(9), 1( Sch% enPg h‘éﬁ%é:%?ég@c Jf%cF %%%)o%ﬂ?eae\ﬁﬁﬁaﬁ (r%&t“t@m r;I'B(sl'l%):tu re.

22(E), 24-péenta
1(S), 3(R) - D hydr oxy-9, 10-seco- 26 27-cycl o-cholesta-5(2), 7(E), 10(19),

22(E), 24- Inpéﬁfbh?er%@ & CGpenmkERtorttelates to the use of a compound according to
20(9), 1(S droxy 9, 10- seco- 26, 27-cycl o- chol est a- 5(Z) 7(E), 10(19),

R).- D|
22(E), 24- Eﬁé“a 1dpd EB\frpound 5), 35
1(S), & R) - Di hydr oxy-9, 10-seco- 26, 27- net hano- chol esta-5(2), 7(E), 10(19),

22(E), 24- In another aspect, the invention relates to a pharmaceutical composltion comprising a
compound according to formula I.

In still another aspect, the invention relates to methods of treatment comprising the

25 step of administering compounds according to formula I to a patlent in need thereof.

In a still further aspect, the invention relates to the use of a compound according to
formula I in the manufacture of a medicament.

30 DETAILED DESCRIPTION OF THE INVENTION
In a preferred embodiment of the invention, R1 and R2 when taken separately,
independently represent bromo, chloro, methyl, ethyl, trifluoromethy!, hydroxymethyl,
(1- or 2-)hydroxyethyl, normal, iso- or cyclopropyl, 2-hydroxy-2-propyl, 2-methyl-2-
propyl, 3-pentyl or 3-hydroxy-3-pentyl.

35
In another preferred embodiment, R1 and R2 are the same, and both represent
hydrogen, methyl, ethyl, bromo, chloro, or trifluoromethyl.



pent a- ene ( Conmpound 6),
20(S), 1(S), 3(R) - D hydroxy-9, 10- seco- 26, 27- et hano- chol esta-5(2), 7(E), 10(19),
22(E), 24- pent a- ene (Conpound 7), 6 WD 2004/ 037781 PCT/ DK2003/ 000718

1(S), 3(R 20(S)-(4,4-dib 1, 3- but adi en- 1 yl -
137D ety (o, o . bt 1 e foddgag <o
%(Z(S)E) ?(252%23-6 oié e g%@rﬁgﬁ R#Ba&ﬁlﬁ@o\é? tgﬁen togg@er wgtﬁ)thé' él%g)l atom to

20(9), 1( S)lhlg'( ey 28e Pothratthchry tofotd -asecadinsydistrings ¢ Ly capeyyclioing)a Cs

22(E), 24(&hboc [f_éli&trﬁfgeﬂﬁa AR HRd.

1(S), 3(R), 26-Tr | hydroxy-9, 10- secochol esta-5(2), 7(E), 10(19),

22(E), 24(2) - pent a- ene (Corrpound 11),

20( S) , 4.( On, apMer poefdirid gohibodiyned i, K- SeiRERtretkan bdgéihef (idydeOitAPdne,

22(E), 24 n
1( (S) ) 3( R§%mﬁ$g}e§§yfegrg(r&§tr‘ﬁ%- gp?%q% FP(leine SLhChdarso§<1yarid(%W§?tEfakﬁept adi enyl)
-9, 10- se'@éﬁtlhégmih Lhezya rb*erE)atomtq\gglcm Fhemée peth te3fprm a G,

1(9), 3(R Q ¢ih T ers Ol . hdasecopr egna-
5Ezg 7%5 ca'lﬁbé(t\{gl)’c E&ﬁéﬁ%@%&%ﬁﬁﬂ.ﬁp{g@%m&@&k &) Padi %Bbﬂo}:yc(ﬁc fa. preg
1(S), 3(R) - D hydroxy-9, 10-secochol esta-5(2), 7(E), 10(19), 24-tetra-ene-22-yne
( ConpbundInldmpther preferred embodiment, when R2 constitutes part of a triple bond, then R1

LS, SR EJ;;{%% Vi ROB (TRl r@a.fgnqwbsmeymdanwmo9 10- secopr egn
1(9), 3( R)h Nyt g EKps. 2I@(F@J'tf<(l§areﬁhy¢prgsenssm brapchedCidprozerayi| optionally- secopr egn

a- 20 5( Zgubéfitatedllitd Sne hga@ﬂﬂ dr&up RGN EE J0Me;, ~C(OH)Me; or ~C(OH)EL,.

1(S), 3(R) - Di hydroxy-20(R) - (5-ethyl -5-hydroxy-1, 3- hept adl ynyl') - 9, 10- secopregn
a- 5(2),7(E),10(19)-triene (Conmpound 18),

1(S), 3% R) InDanloyithr prefe@6d RimbeBintentli REe wigh nit Barhekadiiplepbid, edr@seesopr egna-

5(2),7(E d 19), 25
12 Sg , 32 Rg h%ﬁ%e?ﬁ Si?y'k’gro&f‘é? Eig gwgl met %yl -1, 3- hexadi ynyl ) -9, 10- secopr egna-
5(2),7(E),10(19)-triene (Conpound 20),

1('S) - Fl uotroandtriRx phareired ¥nfbod Pnene aas hpdrestl ar fi¢arb, 7(E), 10(19),

22(E), 24- pent a-ene (Conpound 21),

1(S), 3(R) - Di hydr oxy-19-nor-9, 10-secochol esta-5, 7(E), 22(E), 24-tetra-ene
( Conp@dndin 8BtiR2)preferred embodiment R1 and R2 are a radical obtained by removal of one

1(9), 3(9) h\gr@éﬁré%&hﬁ‘@orﬂ%‘si%@&hﬂ%ﬁaka; H S raldd( d.2) hyardEboRd- Pent a- ene
(Conpound 23)7

In particular, compounds of formula I may be selected from amongst the list

conslsting of

25  1(S),3(R)-Dthydroxy-9,10-secocholesta-5(Z),7(E),10(19), 22(E),24-penta-ene
(Compound 1),
1(5),3(R)-Dihydroxy-9,10-secocholesta-5(2),7(E),10(19)}, 22(2),24-penta-ene
{Compound 2},
20(S),1(S),3(R)-Dihydroxy-9,10-secocholesta-5(Z),7(E),10(19), 22(E),24-penta-ene

30 {Compound 3),
1{S),3(R)-Dihydroxy-9,10-seco-26,27-cyclo-cholesta-5(Z),7(E),10{19), 22(E),24-
penta-ene (Compound 4),
20(S),1(S),3(R)-Dihydroxy-9,10-seco-26,27-cyclo-cholesta-5(Z),7(E),10(19),
22(E),24-penta-ene (Compound 5),

35 1(S),3(R)-Dihydroxy-9,10-seco-26,27-methano-cholesta-5(Z),7(E),10(19), 22(E),24-
penta-ene (Compound 6),
20(S),1(S),3(R)-Dihydroxy-9,10-seco-26,27-methano-cholesta-5(Z),7(E),10{19),
22(E),24-penta-ene (Compound 7),



1(S), 3(R) - D hydroxy-9, 10-secochol esta-5(2), 7(E), 10(19), 16, 22( E), 24- hexa- ene
(Compound 24), 35
1(S), 3(R) - D hydr oxxy- 26, 26, 26, 27, 27, 27- hexaf | uor o- 9, 10- secochol est a-

5(2), 7(E) , Wel2b&Wo377%2( E) , 24- pent a- ene ( Conpound 25), PCT/DK2003/000718
3(S), 26-Di hydr oxy-9, 10-secochol esta-5(2), 7(E), 10(19), 22(E KZZ ( - pent a- ene

Co ound 7 108 K20
(1( S;rpS( R) - (}3 DM?%%V)% &% (L 48!%&%@ 9%%%8§)é§|%eﬁlg fcs P'ée?%- seco- pregna-
5(2), 7( E)3( ZN{E@) )e"ﬁ'@"? BRHd 8)7) |

1(S) , 3( R) 1(B), By 25xyriRfairddd-9liL 0 bythoRstd G 2R 2@ 10 89} 22 24 (FfehtalOiel 9) |

22(E), 24- ent a- ene (Conpound 28), 5

1(9), 3( S cg - 26, 27-di met hyl -9, 10- secochol esta-5(2), 7(E), 10(19),

22(E), 524 2@@)1@@)@@) 2&npwimsly-200)0-secocholesta-5(Z),7(E), 10(19), 22(E),24(E)-

1(S) 3(R) thlgﬁg p%ﬁnﬂ”ﬁ_ 51 I-26 27 rret hano- 9, 10- secochol esta-5(2), 7(E), 10(1

, 22(I§i enta ene n’8
1(S) 3(R @ﬁSFgr%ZW"%’(%V‘ ! Zﬁﬁﬂ‘?"@ﬁ'leﬁfﬁtﬁ@) (B 08 e A2ENAH Z)opentr-8e& o- pr egna-
10 5(2), 7(CempdidLo3);tri ene (Conpound 31),
po Ok 25 el G Z R AN e BRI REFI 18, KB ot 1)
1(9), EI R) pdDtdrgole (SopnReing 2-2pr opano- 9, 10- secochol esta-5(2), 7(E), 10(19),
22(E), 24-4 ox ienvl}-9. 10-
1( S) 3 R) %ﬁﬁtﬁrﬁﬂ%r(:@r? %ngl r::;ﬁ%%hol }’i"ﬁ’ér?e?%’é” T 1%3) 36E)sg%pc§?%$rgé)n%’-1 0
5(2), 7(E)Se£BRrE@)a? DB Qf&ﬁb&rlﬁm* (§gpound 13),
égg “;’E g 1(3), bm)mthra%abmyw evrt(rjdrampm-d(gg,?gt?ltﬁ?g\ﬂ)é?g;ﬁ%teﬁagmna- o6 26
, - en un : : - r oxy- 26, :
26, 27, 2% Eﬁe@ﬁ"t&%g?@%&%"é‘c 4§‘hol esta- 20 5(Z),7(E),1)6( 19),y
22( E)124- pGHEER)ePiby{rosyPolhsec@d)olestoh{¥o el 1 G O, 8étvelrarenerP@yyneonpri se chiral

centres, g,$dq_:1§)ynnetr| caI I y substituted carbon atons, and carbon-carbon
doubl e bohds whi ¢ to the_ exi stencg of st ereo i soneric forns,

such as eﬁ@ﬁ@(@n%’hggmd‘i’ égﬁ@r%so%?"y' SHwdroxy- & SRAGYY )ig,&ﬂéegop(r%qrg / trans).
The pr esenz) 7B}t iDRtricak Cadphndald), such fornms, either in pure formor as

T o Lagon o SAIE) & LG ARV aaBinifd Qadbafagp (1hen v 1

conf i Yur aﬁﬁzdrﬁ(@a’rﬂ(b@ Ewese (2ompaodTiva: conpounds of fornula | may be obtai ned

in crystahfg @@R)tmwar%km@tmd(sr-@&w ¥-hp¥rof@ACE RéLadiyAN)-bl W BakBpreg@ani ¢ sol vent

or by crysiz?7l(é)?1a&(19 r_ltn%%er(‘e:grrn oundl 1 iisation from an
1(S),3(R)-Dihydroxy-20(R)-(5,5-dimethyl-1,3-hexadiynyl)-9,10-secopregna-
5(Z),7(E),10{19)-triene (Compound 19),

25  1(S),3(R)-Dihydroxy-20(S)-(5,5-dimethyl-1,3-hexadiynyl)-9,10-secopregna-
5(Z),7(€),10(19)-triene (Compound 20),
1(S)-Fluoro-3{R)-hydroxy-9,10-secocholesta-5(Z),7(E),10(19), 22(E),24-penta-ene
(Compound 21),
1(5),3(R)-Dihydroxy-19-nor-9,10-secocholesta-5,7{E),22(E), 24-tetra-ene {Compound

30 22),
1(S),3(S)-Dihydroxy-9,10-secocholesta-5(Z),7(E),10(19)},22(E),24-penta-ene
(Compound 23),
1(S),3(R)-Dihydroxy-9,10-secocholesta-5(Z),7(E),10{19),16,22(E),24-hexa-ene
(Compound 24),

35  1(S),3(R)-Dihydroxxy-26,26,26,27,27,27-hexafluoro-9,10-secocholesta-
5(2),7(E),10(19), 22(E),24-penta-ene (Compound 25),
3(S),26-Dihydroxy-9,10-secocholesta-5(Z),7(E),10(19), 22(E),24(E)-penta-ene
(Compound 26),



organi c solvent or m xture of said solvent and a cosol vent that may be
organic or inorganic, such as water. The crystals may be isolated in
essentially solvent-free form or as a solvate, such as a hydrate. The

i nvention crystalline nodifications 35 and far nd al so

m Xt ures tﬁg(ryg@?’!)%gnl the present context, unless stat edngﬁ%&équ% t he
term " prod " 1s. intended t i ndi cat e_ conpounds i n which one or nore

hydr oxy! 5{53%‘6%"8[*‘@!2'??&%138@“)5@4@1‘@?{5@0'183"6\5321?0211/%@'/9723‘1‘5?1'@?@%03/ 000718

whi ch can5{®, AE;(1e)-triztet(Commpouiraky1), gr oups in vivo so as to provide
conpounds ) _ 1 ﬁl%{i‘h- i at i . | ﬁ;gi 5 of said
groups ar é@éﬁ(%féwg'%é{, zlégir)}ggxy |’E:I 92%:&5 gédgg'ébéérsga gflié?}p(ﬁgg%ﬁg% c '%éest ers. It
i's well - kPRWA-ePRAEOPPWMGr3M, of vitamin D are hydroxylated in the Iiver and
ki dneys t Q(SP}3%9)‘1DMG]‘OQV-_@SQ@'—_GI@HétNyI?J}iO-H&oaﬁ&és@é—S(Z)LﬂE?,'10(319\94 341y, bd-s,
conpounds_o forgﬁla I ly S,hlch A is hydroxyl are preferred ones, but
conpoundsPFHRRE SHOTRPUD R%? togen are, in fact, another type of prodrug,

whi ch nay 1{®, 3{RHDiwy toay-2d-nethy!-a6, 23 ehethensd ADeseapabwleathyb (H) SHER10(08),t 0 a
patient. 2%@>$2§ﬁﬁeﬁgﬁea%&8§?d§5ﬁé3°bt he term "hydrocarbyl” is intended to

indicate t I'ne renoval of one hydrogen atomfrom a

strai ght, 1)a{RhEthydepr29f R {AbfHdichlore-d; 3rbuadigndrYiinPstR-se@t @9y dr ocar bon.
Sai d 86 r ab@) | AERIGASPEEnedRIMPEURYS]), C, saturated or unsaturated

hydr ocar b [ e but are not limited to net —.elh - propyl,

2- propyl, ?t})bﬂ%'ﬁ' yﬁf%ﬁ"t%‘:%"it- gﬁ-t9;1q-segpﬂp}ﬁ5”§q-?e%,_76§)n}%1:9),]2_2@&%{3, 2- hexyl ,
3- hexyl , peyteteppr(©pupouncydd)pbut yl , cycl opentyl, cycl ohexyl,

2- et hyl - r-QRy.h; _ 1 QPR - I 19" 2-ynyl ,
LDt - 3 y e Dy e ZEEk o SR e R A Yook ORI YO e

t he term PRHPIBACOMBOYNG BHded to | ndicate conpounds fromthe seventh main
groupisn 4{s, JARY-DAYHExXYHV(S)-cyclddrofylidéicthet HMopI®seddrgragnand | odo, and in 20
parti cul a;ﬁéh) ng Eggt bror‘EE. The C}O%ms "normal " and "epi" when used to
descri be ARG E TSR TIPSR Yef a  conpound of the present invention
rel at es t o(IHREPHyHxe-20GRT-Cyalnraepybdersimeating-9atd-sew@tpregna-anin D3 itsel f.

Hence, if5Eﬂ?(ﬁ?i‘ﬁ(ﬁﬁjﬁﬁéﬂeq&oﬂpo@ncﬁ‘.V)en carbon Is referred to as 25 "nornmal ",
it corresponds to the configuration of vitamn D3 on that t‘)agrticul ar carbon

atom Li ké@§8e.(S)3(RY1Ruhydsoy-ZerR 8t A 2 A hgrallfroc Al Bgcedoleg@ar red to as
"epi "20i t 5t3,2(BR10(@PNEA K245 paitainedCompodr@ 3d)at of vitamin D on that
particul ar carbon atom O particular relevance for the present Invention is
the treatnment of secondary 30 hyperparat hyrodi sm (s-HPT), e.g. In connection
wi t h r enaCofmagpingsef farmiutegl ey aamprise chirl! cantres anigh g @ssmmaytcalpar at hyr odi sm

is a di seggutiiad agbsd E&%@E_, B¥d cABLR2a@-N UBGHIE bbAds Which bh/% Raratdyrol d
hormone fromt he fpar athyroid gl ands. I n s-HPT, e cause for the el evated

! - t
excr et i on®N&eAER ofREFTRR FOMSShif o FUE R YraHyBerspiipsterRanes{3d or s out si de

the 25 geometric isomers (cis / trans). The present invention relates to all such forms, either

in pure form or as mixtures thereof.
For example the configuration at C-3 or at C-20 {when Y is different from Z)} of
formula I can be R or S, or when X is ethylene the configuration can be E or Z.

30 The compounds of formula I may be obtained in crystalline form either directly by
concentration from an organic solvent or by crystallisation or recrystallisation from an
organic solvent or mixture of said solvent and a cosolvent that may be organic or
inorganic, such as water, The crystals may be isolated in essentially solvent-free form
or as a solvate, such as a hydrate. The invention covers all crystaliine modifications

35 and forms and also mixtures thereof.

In the present context, unless stated differently, the term “prodrug” is intended to
indicate compounds in which one or more hydroxyl groups are masked as groups

8



glands, e.g. failing kidneys. Vitamn D is absorbed fromthe food or
produced in the 35 skin in a proformwhich has to be activated to reach its
biologically active state. Part of this activation takes place in the

ki dneys aswi hyfhiox ation of the proform In patient SP(‘_“‘fﬁ)ﬂzJo%hdoH%g
ki dneys, e.g. dialysis patients, this hydroxylation is inpaired, Tresulting

inalo |, O i Lt am in, he blood. As nt i bove, a | ow
0 v 2005 bRk s bk orols b Ve B 3RS prvSE R RIrRUFE: 4701 o
pr oduct i damala d eop admintsfradipd tha patient; Exaropleswisaidgronpd argiestars.cohdi tion is

}e][ |de S QRIS adky BRERHFRAIIABESHaEE 561 odtRR. PAE el had that! J¥efafnias a power f ul
n uence

. t | | the b : 5 themto rel | ci | nt
the. bl ood "SRRI A BHEEIVIHSH b i Db AN e KENE R BT OriLe DIy aghes 5
wel | - bal astatedIrt ineswithuthds, aompowgisalf oranllc] immvhievRlis hydrdxye alopreferretionwever,  at
I t ed ' | e i f tinme, the b
e evat € &@%,%m%%%g%%rIMEh ﬂé%ﬁrciggé a?é(ﬁﬁgbgfi%tnpﬁ{e'r tﬁ LPrédr € bones

will lose tTo0o nu cilumand w corte e an S noif'e prone to

f r act ur e. Whigh may bgrhyproxylataddnfocfreaqtivg stage Hporpadreipisiretien g palitehtost eonal aci a
fromwhich renal patients 10 are often suffering. Prolonged exposure to
parathyraoid hornones is also foynd to hgve toxic effects on nmany vital
organs, &hghe PFFéeﬁte%"Fe,"t'st}?%It%rﬂhfhyﬂ[&‘ETbég,'5 f’ﬁ@%@rt\’/&d'céﬁ?i”teﬁ@d'@epr oducti ve
syst aifa [ Miutdinehby rdthalabyf dnethydraden-aBo froGRa s@8igRi, .brédraedyaandddr aydiai r ol | i ng
the | evel rat i i i i 1 .or 15 anal ogues
t her eof va??%rﬁ&@m?IJP’%gntﬁfag?Ath{ﬁ&g%%fga@oﬁ 0 m%@%ﬁ%ﬁ%?%& ug’h t herapeutic

i nt er ventSa@Hatediaipsaturated hyssosasbgieinelyde hutsusp ingtidmiter) kr aethyi, dmds Fect s of t en
as tsoc! at Qﬂ'oWlId ﬁ'-pYéﬁyﬁfILﬁlth, th?py-peﬁgt,lmeaéﬂtwpeqaeafﬁ,vmuﬁ,{xyz-ha@,eji IeC_t of f
vitamn a n nal ogue ere s .an ingcre upt ake of cal ci um from
Uhe 1 nt e 1e CYIRTERY iy oP U5 VSRRl S BBRnE R 5P RBYL Zimy rostrict t he
utililtsy ohethiytepciopropyl 2B-rneatiayaltylicis prophz-ghylj Erbot-Bemyl, Ssmettys-lepeatbehref i ci al .
The aim fl%_r_{néﬁlyv_\ﬁgyl_t he on-going vitamn D research is thus to mnimze the
cal cemic effect ilTe maximzing the clinical effect. ldeally, if the
structural noieties in the vitamn D nolecule responsible for the different
activiti em thé pvdseAtitdhtdt Wey RrinCR8lobén"asl interiden@s rididate gREdURLE from thaani pul at e

th t t t bt.ai l ectivit) . Q. I i ivity but high
25 par at VBTG P deE 6 50 BBl ehspleoliohh BRrEHSRORRa iy o stch
cl ear20 stpartitWarehird end byormeel at i on has been established yet. However, a

recent observation by Brandi in Nephrol D al Transplant, 829-842, 17, 2002
m ght be helpful in this respect. Brandi conpares the PTH suppressive
[~

ef fect of ThedeENE rRgsmal”jand "eni’” whemuses tgglegeripe the absplyespaflayraliendies. | a(oH) D3
i S hydr oxatnsforeld iontHe@edeny BivehttonlrePiéOld) tADAbsciutd canfigursticadDofithe natiutdler ent

phar macoki. i . t t Q e .hio i ) 1, 25(OH) 2D3
was nar kie\afg;% 1{1@Sﬁét%&sm%ﬁcef\ﬁa%fggﬁ%gé%d%mn?'g%ne%\efgéd %QJF t?é'reéég%gnt t han when
1, 25(3H) Z'roamelast aeingspprdsde dbe configaption of vitaminddsdinf that paigieulpncarben

avai | abi I 4ghdh. Likewise, if the configuration at a given carbon is referred to as “epi”, it Is the
opposite configuration to that of vitamin D on that particular carbon atom.

Of particular relevance for the present [nvention Is the treatment of secondary

30 hyperparathyrodism (s-HPT), e.g. in connection with renal failure, using vitamin D and
its analogues. Hyperparathyrodism is a disease characterised by increased secretion of
the parathyrold hormone from the parathyroid glands. In s-HPT, the cause for the
elevated excretion Is not malfunctioning of the glands, but rather factors outside the
glands, e.g. failing kidneys. Vitamin D is absorbed from the food or produced in the

35 skin in a proform which has to be activated to reach its biologically active state. Part
of this activation takes place in the kidneys as a hydroxylation of the proform. In
patients with failing kidneys, e.g. dialysis patients, this hydroxylation is impaired,
resulting In a lower level of active vitamin D in the blood. As mentioned above, a low
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of 1,25(0OH)2 D3 in the two dosing regines, there was no significant
difference in the suppression of the secretion of PTH This |leads to the
specul ation that the 25-hydroxyl 35 group is not mandatory for the PTH

suppr essi Vey@idhf6d77s10ne way of achieving the desired sgbg oul d thus
be to block the 25-position in the vitamn D structure sg ﬁk%%%%t?ﬁcannot be

hydr oxyl and J I_ntai ni n creaS| n e PTH 10 WO
2004/ 037z7a| qﬁ&:’f‘fﬂ@&b%ﬂﬁ&iélg@uﬁ%ﬂa%P %he@'a]raéﬁ qr@oa?'s% s88ssing the

nol ecul e pEthaogdieal condition is t&megl sstedlanabyperpdarathyroidisid. in particular Its
calcemic effect. The calcemc activities of the conmpounds of the present

I nvention were determned in 5 rats in vivo, as previously described

(Bi nder uph eLPa"atBV'Eﬂ'ﬁﬂ"O’E‘°”eBP&@IP@H’F"“P'H&?‘W@P“ thesceils IpHw lywiss cauply®) ) . The PTH
suppr essi themabireRbsetalditvg n&erm@mad@ s’@éarh.hl@ndHr@nSﬁfHathdld@;‘V@DEdlﬂftio\h@%Ib ested in

ol | ect o PrsHal b Bt S h Syetiath cur Ot AR TR eobrSfonteda -~
par at hyr otcelevatasiparaihyid Berthgparievelsfooexienddd erieds ef fimepdieddneswillr evi ousl y
descri bedodDidofmidn &i Pg?wll%{{c%ﬁzbr@f@al% Rﬁ%&@%%ne%?@f@%'ﬂ‘ﬂs of viable

| sol at ed bovi ne parat é Endocr i nol ogy, vol no 6,
1582- 1588°NditRa S refereed: 9 3sostaodustraphy and @strprRlagiot whbhdﬁ%e Fgtientst or 60
hour s1tat a&zeﬂandutf&aad?ﬁdn@@@ae&paynrd\aSpar&Imwmhmneafs alédfoand\td h&les t hese

PTH suppr.essi effects t he ca ct| Lties Q unds t he
present i} x’gr#fggﬁ on(fﬁ?%y‘f{]a?ﬁga'("i' %C%e-l)hﬁ SI‘ie etal %g' ti }P F«?Hgghcorrpound
Conpound teprogiugtivecsylstaam{Maluchd, Widngy IInt. ,\/3&7r-3749‘ﬁ-3, Q@Qit]et ion relative to
untreated relative to Calcitriol bovine parathyroidea cells (1,25(0H) 2D3)
(untreated cells as control = 100 %9 Calcitriol 100 %60 % 1 <10 %57% 3
1% 61% 6972486 9% Cq’tféﬁ'"g%%?%‘ 02593@%“1?'2%'102‘70%‘550(%96‘3“'5%?" Yigamingg 805 Tabl e
A. | n%i vanaldgues BhetedfGiHish Wiyl imHibit eHeSseameﬁ df Sgd horntBnedsutipthetapalitic Bi ochem

20 Phar mac 8 895 and he PTH suppress f tested in
o T nverfions BuERP i BOhaBpitel BT SEILhHRBLERME Gl ciEh | Po o] |

conpoundsasspciatied wnm\éwm Dithereny.i lﬁﬂqmpeﬂlmed\pee\t@smlameﬁrzttcnf vitampeP OH) 2D3) . 11

and many analogues thereof is an increased uptake of calcium from the intestine
which may lead to hypercalcemia. This effect may restrict the utility of vitamin D

20  analogues, which in other respects are beneficial. The alm for much of the on-going
vitamin D research is thus to minimize the calcemic effect while maximizing the
clinical effect. Ideally, If the structural moleties in the vitamin D molecule responsible
for the different activities of vitamin D were identified, it would be possible to
manipulate thase structures to obtain selectivity, e.g. no calcemic activity but high

25 parathyroid hormone secretion suppressive effect. Unfortunately, no such clear
structure-activity relation has been established yet. However, a recent observation by
Brandi in Nephrol Dial Transplant, 829-842, 17, 2002 might be helpful in this respect.
Brandi cornpares the PTH suppressive effect of calcitriol, i.e. 1,25(0H), D; and Its
proform, 1a(OH)D;. 1a(OH)D;s is hydroxylated in the liver to 1,25(0H)3D3, and due to

30 the different pharmacokinetics of the two compounds, the bicavailability of
1,25(0OH),D3 was markedly lower when ta(OH)D; was administered to the patient
than when 1,25(0H); D; was administered. In spite of this difference in the availability
of 1,25(0H); Dz in the two dosing regimes, there was no significant difference in the
suppression of the secretion of PTH. This leads to the speculation that the 25-hydroxyl

35 group is not mandatory for the PTH suppressive effect, One way of achieving the
desired selectivity could thus be to block the 25-position in the vitamin D structure so
that it cannot be hydroxylated, and in this way maintaining or even increasing the PTH

10



WO 2004/ 037781 PCT/ DK2003/ 000718 The data listed in Table A show that the
conpounds of the present invention have a conparable PTH suppressive effect
as the reference conpound Calcitriol (1,25(CH)2D3), together with a

surpri sing al cemic effect than the reference The
conmpounds %‘?"% %@grgsent i nvention thus surprisingly Shg%ﬁ%da PP"ZI& ectivity

for e.g. _the inhi t he producti nof t rat a hornone

wi t hout 1 FAPPPERTIAg St‘ﬁf’]'#ee‘%‘f%"sfﬁsg'\?ﬂgi 5Pﬂ“§&§ am@[}%ﬁg 81 25( OH) 208,
on the cabdivibes, bad bngeticulartitsecalzegémeftant. | ncI udi ng calcem c and calciuric
activities. 10 In a particular enbodi nent, the invention thus provides a

nmet hod for treating, reventing or arrelloratlng s-HPT, and in particular

s- HPT assotg %'%Qﬂ“'ﬁnat:%"'g%?ﬁlth? §9RAURdS of Hie RYESENG INVEBRY Wererfeterained 8t eri ng t o

80 |toat [ salnlt rdt® inges afshﬁéﬁ@uslya&es‘éfl!ﬁ&ﬁ(tﬂi?&r@]ﬂ%rﬁramﬁf =2 m@mé&urwga?ﬁa&m nrult al. 3
i ona ncl ude erapeuti ca
active co%{fo%%dggm%gﬁ ﬁ%&t’& S'I'?Pr???éveﬁ?}@ﬁ %itetﬂ? C%TP?LHQSE%B"\'Fep "R gned Y

di sease. BaratiarowpDiestis /madfrae beknepaethyeideacreisfiresmidvinegraratbgopent i al |y
wi th conpgiaRdswefe ddiEctBl BoRTHdult et Widhin 28Hini f sfalgiteP 3 -drh Pthéda | ncl ude

phosphate bi nders. 20 The use of conpounds of the present |nvent|on may not
be Iim t eB2REWHE tls?%?‘ﬁ%erﬁedo?ara%‘y cells were PIRaRTed|asRRpYieYsht déactibd n D and
anal ogoes (E.Me Begin, Im}}‘luhelti)a’itEGJDCAL&batm P&&@raﬂdn&ﬁtvmni isolhted bb&fnbet y of

di seases I, ntjati

i nhi biti ngé‘f%ﬁ Rl Bl enﬁ?éﬁw 28 ﬁ’fé‘n"%'f 91 a.lgé%gﬁé@ Ir"?ﬂfltﬁ%l ¥ "%% n cells
and cancetreated|vith vitenind? #naipgugs farmLheurmzh B74Ciang ted PHL secietiprawasef f ect in
bone bui | dalépmi@d. 25 mai ntenance (Brown AJ: Vitami n D anal ogues. Am 3 Ki dney
Dis 32 (Suppl): S25-S39, 1998; Brown AJ et al.: Vitam n D. Am Physi ol

277: F157- F175, 1999). Accordingly, the invention also provides a nethod of
t r eat ihg, Tobiewants egso PTH B8R prédsivkidifgctdiane Ase Salcathia hetbiittysi of edmpyuralsrodr nal

cel | T Senlal! Ws G| 1 SBLATENA L0 oS AREEnce LpliEN. mamary

cancer sarc anoma rosis,
psoriasis, primary hyperparathyroldism diabetes nmelitus, discoid and
system c J.Japf erytherat-esus—ehron-e—derrateses—ef—autermranre—type;
hypert ensi on, acne, Fl opeci a, skin agipg, AIDS, neurodegenerative di qorders,
Al zhei men’ sCadeaée Fogivo vdcaois agiihdfyt | &ndtrgiPafitseoretien seldtbetto uadredtedns,
rejections of transpl gRf%ve &;gg,atrq),l npduced %ﬂvfheaptaf-é%ﬂyméld%ﬁ%ti’sﬂ eroparosis,
and for induci ng 35 jpsteogenesi s, et hod rgprl si ng adm ni stéarl ndg to a
patient ifn need thergof éhzs@l‘"f)r:%)l ve ano(l‘l'ﬂtreéf EHEP@S‘U}‘EEP'OTWQ)(%I g 1.
Optional ly, said nmethod may Include tfeatnent with other therapeutically
active conpounds norymally used In the treatnent
Calcitriol 100 % 60 %

1 <10 % 57%

3 1% 61 %

6 1% 56 %

7 <0,5% 65%

25 8 % 74 %

27 <0.5 % 65 %

28 1% 62 %

Table A. In vivo calcemic activity in rats according to Binderup et al. Biochem.

20 Pharmacol. 37, 889-895 (1988) and the PTH suppressive effect tested in vitro on
bovine parathyroidea cells according to the protocol above of compounds of the
present Invention relative to Calcitriol (1,25(0H)2[J3).
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of the above nentioned di seases. Said conpounds rmay be adm ni stered
concomtantly 12 WO 2004/ 037781 PCT/ DK2003/ 000718 or sequentially with
conpounds of the present Invention, and they include phosphate binders,

steroi ds angloamislosPgp! i ferative agents. In the system C gt ﬁﬁ%}) §| ng the
present invention daily doses of fromO. 001 2 pg 5 per Ki ogram %ody

wei ght , A002- / for exanpl e
0 00a. b, SR fecka 1 DA A inindnat B o SndTBFER o oGt iBh A0 paveld) | o
co_rrespon@nmmfattbe BTldlaulblgﬁ'e@Rb\@eeffe@tasaﬂnearclﬁerenr:hmmnomfd €algtriod. 1 to 200 pg. A
suitabl e (1d£’59(b992€r5 Eagtda%tﬁmm@mwmgwomr cACAHIERAEOSHES 11 feferbROer

I nterval s ot her day, every week, or even wth |onger intervals.
In the tomnum:luntlreat rrent of 10 der mat ol ogi cal di sorders, ointnents, creans
or lotéons containing fromO0.1-1000 pg/g, and preferably fromO0.1-500 pg/g,
for exanple 0.1-200 pg/g of a conpound of fornula | is admnistered, For

t opi cal uShe 9O R9AEHa] thsIPsesRNbIinveRHRttBUS sirepisingly shew 8 higbsalestiMibheprf r om

Ofl 1000 gg! 31& immsmaﬁ@fm@@buuﬁlbﬁm&ehé&gyWee hof*rﬁbn@%&ﬁ&lt(ih@ 1- 100 gglg
of a compound. o ni stere t| ons are

f or nul at et ad‘F%‘I%‘%%E%W@?W Bgﬁ ”?:Saﬁgfn %ssl-ggfo"g @és cta iH'ng from
0.07-100 pancelh Bics@Rhmf irﬁmdﬂngcfaﬁ@mﬂfhndcﬁcalc%rmﬁﬂgg of fornula | per
dosage unit. In a further preferred aspect, the invention relates to a

phar meuti cal conposition conprising a conmpound of forrmula |I. The
f or mul at i bns paticilbeepbedtiazht, ithy BRentn, thioplovided afméthue fee tidating, and for hunman

nmedi cal u ' I

phar maceu ca'f(ﬁ{?rp éc??:r?e"%gad éesc%é}?flgg égrgﬁdéé} saﬁ ?‘g%%ﬁ%fgiap t"l’ileI¥ FLt %Iefra gurgm iC

| ngr edi entmﬂethwéoraamsmwm)niwm tb@ waé'ec@ptr@bqi éherf-‘@f Etnhftff%@‘rﬁs@m@ﬂntbel ng
conpati bl gr 5 aurﬁﬁbuhb%f%rhﬁna i. rtgftaeda@ngaad metﬁcthemrap foldattieRBfet it Sther

del et t nt | d t of
For mutat | HRrEBHST B0 SEEP OB ALk %000 (B e B el 41 S8t ween 0. 1 pg

and 50 pgmefhtienedaiigepase Gabd cdmpounl:lan-lay bB\adirii@steerduchdastgelywri t " i s nmeant a

uni tary, équer\}\%ui'mﬂm &rlgfib% ¥"§Eﬁ%@ gg&gﬁ °£nd @QQQ\?bQ@lc@igmn@ma&ered to a

patient, remal nin

physi cal | Qh%HBPtél*i’é'Meésal ly stabl e uni t dose corrprl sing either the active
material as such or a mixture of it with solid or liquid pharnaceuti cal

di | ue car - ers forrrula I ons t hose in form
sui taBe 5 S5ncbmPRRT YR S0° SISl MsIBE Moy g e Byigddaghe Fetment &

par ent er as-HPTnlisreelirgnewb thetviteminsl andenalparasttbereal may batbesefigkt il the,
intraarti Fr%t?rfen@@fja \/Qltlé@\b‘?'a%'é@es dlil '8 IEEARLetVAD M HRALEKS diffeRaaon nasal  or

buccal adm nistration
and inhibiting undesirable proliferation of certain cells, Including skin cells and cancer

cells, as well as an immunomodulating effect and an effect in bone build-up and

25 malntenance (Brown Al: Vitamin D analogues. Am J Kidney Dis 32 (Suppl): S25-S39,
1998; Brown AJ et al.: Vitamin D. Am Physiol 277:F157-F175, 1999). Accordingly, the
invention also provides a method of treating, preventing or ameliorating diseases
characterised by abnormal cell differentiation and/or cell proliferation, cancer,
leukemia, mammary cancer, brain glial cancer, osteosarcoma, melanoma,

30 myelofibrosis, psoriasis, primary hyperparathyroidism, diabetes melitus, discoid and
systemic lupus erythematosus, chronic dermatoses of autoimmune type,
hypertension, acne, alopecia, skin aging, AIDS, neurodegenerative disorders,
Alzheimer's disease, host versus graft and graft versus host reactions, rejections of
transplants, steroid induced skin atrophy and osteroporosis, and for inducing

35 osteogenesis, the method comprising administering to a patient in need thereof an
effective amount of a compound of formula 1. Optionally, sald method may include
treatment with other therapeutically active compounds normally used in the treatment

of the above mentioned diseases. Said compounds may be administered concomitantly
12



13 WO 2004/ 037781 PCT/ DK2003/ 000718 The fornul ati ons nmay conveniently be
presented in dosage unit formand nay be pre- pared by any of the nethods
wel |l known in the art of pharmacy, e.g as disclosed In Rem ngton, The

Sci ence angyFs@ebizeA of Pharmacy, 20"' ed., 2000. Al npEbagSedsiside 5 the
step of bringing the active ingredient into association wth the carrier,

which copstity 0 aor_. nor eSS0 i edients. | ral,. the

formul ati onsseqléer"glgﬁ’f)wier}pacp eq OB?/&SU%% ° 'fﬁsél%e{rr'lv F'ﬁt'i ar?é’t%%"%'f?’% I ﬂ%’hfi ?‘?e active

i ngr edi enbindars sterokls@ndtantrproliferativaagéndsii d carrier or a finely divided solid
carrier or both, and then, if necessary, shaping the product Into the
desired fornul ation. 10 Forrmul ati ons of thetéﬂelg%slent i nvention sujtable for

oral adni 1 ¢ SEEDIF tHRRIMSAL H5ing e Pressihinyen K 1deseR7fteom 8-003 s es,
sachets, palkiedramdsodyoreigige prefarably foand.a02H0R ey kg f edketraainbade dveigibunt of t he
active In I a ddd f N | ormof a
sol ution %? ggérgﬂégédrgs%i %E%lgéﬁ)%ﬁ? é;é%’g%"ﬁgwﬁ?@'ji glag{@%gh‘-ﬁgﬁﬁ'ééguypﬁgn uid, 15 such
as et hanoforeepgdingeioqs daityrdase ferran gdykuarnh from 0.loR80d19. Apditahlen or a

wai ter -in- g&slm_gl regiHeSinay, hﬁf@ar,caldoﬁna?dé dl{i‘.in@dﬁim I@n@étﬂ iﬁt_ielr\fdl% fb_.g{l?el\)rl@r-yga_ _
cottonseed Oi sesame oi cocgnut oil_or peaput, oijl. i tabl e di spersing
or suspen@RigIdgEYETY V‘feﬁ?' ﬁ'a%"é%‘d’%'%" "éﬁ%%é%f"éﬁs ?rl ﬂl‘?l Waﬁalsw?ﬂléﬁ‘g?li ¥ or natural
guns $wchdamatalegct disbiderslofitments, c@ems ioa JotiodexdntainingSoath dm-1000 pg/g,

car boxyne I ' QE I |41 Qﬁq ropyl

met hyl cel Llfyﬂﬁr‘lé%ige% ﬁ;@r%gﬁpﬁwpbgfzu opslg,s'lcgircg%%groigan ol 4P

pol yvi ny| [yrrgIliigadmeinistered gberi toricsl vge BarbEadMAlagY ginsHepis: dgRF AT¢¥'%red in the
form of aconkdhitg frofl ©.EL1EDOYIRY, MASHeferably Rérh @l 158y Pafy, Taexapl£OAPr €ssi ng or
nmoul di ng ﬁ@e %gtl ve I n re(gl f:pt 0 tl.on%!_llli\é 2(? th Cne or. nbre accessory

i ngr edi ent®? "¥8,55 P SQTRRURLB é’f’?“ﬁ&)’sﬁ BEESEF-SheRe! COMPELN A, in a

suit abb e feavhiated, pefirablytaswebletsg camilestqrsiyopsn centbingg-fréroWi.0vg10®pgn such as a
powder or QAR ?r%ml QRIZPHR! ek d%‘?&%ﬁlncpé/ffarnmlgg‘ﬁﬁhd%éﬁg uAR, & 9. lactose,

gl ucose, starch, gel atine, ‘acacia gum tragacanth gum sodi um al gi nate,

car boxynet hyl cel | ul ose, net hyl cel | ul ose, hydroxypropyl net hyl cel | ul ose,

pol yet hyl engfurier pref@red asiRyE Shdmvemmnlrblits ta al phaFmaaticsiuehpastigh 9. sodi um
ol eate, sodium stear at e, d @_ne§i rrpggtf&%rugatﬁehs SP ieurpebeergznq’at{fdn 39 ium
acetate, SCRTMIHIBIHEEYS B K8 TYMURSM PR PR TG HHERT S Y as e. g.
st ar chQ nforvgledadryindder, hemgan mediat wni camprise agdeaingeddispgeinsasadalations odi um
starch gi K:Pcﬂ'a'dj'h’éﬁnaééhﬂéé?ﬂ‘/dcgé}ﬁ@blé’"car?iBRs)' ddCoRionAly SthePesdpaBti@gent, such as
pol ysorbate 80. Mulded tablets nay be made by noul ding, 35 in a suitable
machi ne, PIFRAENESE e PHEETER I 08 aCepioRle] MyhegrRIR Of RN MPaEPIE carrier
noi St enedwwh tife éthet iRGrddidnts of tthe dbimidations 34d not deleterious to the recipient

thereof,

25
Convenlently, dosage unit of a formulation contain between 0.05 pg and 100 pg,
preferably between 0.1 g and 50 pg of a compound of formula L.

By the term "dosage unit" is meant a unitary, i.e. a single dose which is capable of

30 being administered to a patient, and which may be readily handled and packed,
remaining as a physically and chemically stable unit dose comprising either the active
material as such or a mixture of it with solid or liquid pharmaceutical diluents or car-
riers.

35 The formulations include e.g. those In a form suitable for oral (including sustained or
timed release), rectal, parenteral (including subcutaneous, intraperitoneal,
intramuscular, intraarticular and intravenous), transdermal, ophthalmic, topical, nasal
or buccal administration.
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WO 2004/ 037781 PCT/ DK2003/ 000718 Formul ations for rectal adm nistration may
be may in the formof suppositories in which the conpound of the present
invention is adm xed with ow nelting water soluble or insoluble solids
such as cog@gdewhi7eg, hydrogenated vegetable oils, polyeh&*b&ﬁﬁmghycol or
fatty acids esters of polyethylene glycols, while elixirs may be 5 prepared
using nmyristyl palmtate. Formul ations suitable for parenteral

adm ni stration conveniently conprise a sterile oily or aqueous preparation
of the acTha/formuigtienti et sonvrniesty bs prsented dibiigsaps ondieren and may the Prayl ood of

the reci pp£eali by@ng of theQh&iRbés ®all kiGwn InkAt QR pﬁéﬂﬁwee@c&st&gme@m buf f er
sol ution. ﬁégﬁ‘; Qr qyl atl on . be nven| e#) éﬁ dflr“h %F%‘B‘ﬁ&"i‘% nst ance
filtratio T a1 e Ta ‘m A si ng
agent 3o tHeestén)ofthrlerngdhe actri\reeudgwdiemnnrmd assbigtidrowiti ket cayriepwhivhat i ng of the
Phar maceuty oI R By RsBiint, BEOGRRS, 4 ol latra e et ar al
adni ni st r Biepared bysinfpraly padiinmatein iinongie astyedrgredienting sspetytize present ed

as a steriyite.a IRAId @rrid?foP Rl @Vide® s@lid Arridr @ BEtH bh@ Ehdi) Wiicessuhy, Ch S
readily di ssol tﬁg Ln %nlsge iI(ﬁe FO‘iL entI | medi ately prior to use. 20

Tr ansder nafePIg i PLgdu Qchév Se Y RE'aH8m of a plaster or a patch.
Formul@ti ons suitable ophthalmc adm nistration nay be In the formof a

sterile AR RrudtRs B R freganQmveat.f]t,m.l%sie'fﬁ.eor?nwm;fssiaﬁén n'\’élgib%hn'irl?ey be in

m crocrys ine form exa ormof an aquéous
m cr ocr ys foam qf fisceate B@Fﬁ?%ﬁpsﬁlﬁﬁﬁém taBipthAr dezepges, |eéﬁk‘3‘lﬂta'l3§"8@egr adabl e

polhynelr swﬁeﬂet&mmea anantlbSibk Getve in@rdaib@ly,(lh(ﬁlmﬂirm d¥fa EBWeHBBQMhUﬁQJ
Tehcnol og

I so be used Se he_activ gr edi ent
for oot ol s Serafen 2 ralebon T, SisBaraih MR ek Sl BB deFadibhiet g,
opht h&% ni suchdasi étihastot art glpeerdlnoF udéIEIfqulmpﬁarotpll Bowstenemiuistan ¢f pwateaimabii ons such
as |'ini meptSisidnO6h@®Siis rﬂﬁ} Be eﬁgﬁldtﬁaﬁfﬁ as Qg cbﬂﬂoﬁ@@&@BﬂQesaM@Bﬁr" n- oi |

emul sions_such as creans, i ntments or pastes; or sol Utions or suspensions
such as dFeF9BUL RrAgRRUL Gl Sukable SisPersingror suspending aEﬁB'i?afP" PP strati on
i ncl ude pgmheﬁsnorssehéluthmﬂhdticrtg naBiralagithssquciays tragaedne,iayisate satabiaas aer osol s

and at om e al so be delivered by
use of rmﬁg%t oha%; g&%ﬁgﬁezhgﬁeﬁmgge Bgla{d rﬁ&%g@%% to which the conpound
nol ecéP es hegrexyrsepiraethylcelfiless, hodroxIBoméce! oSy, DXOOBrPany18 In addition to

the af or eBBIWIhQBﬁ%iIdBBé ehealttive ifgh&iidrds Al Alsb BeadiiniBtep@PAHB forff of of Or mul a |

may |ncluge on nore additional ingredients such as diluents, buffers,
olus, e ectuary or paste.

A tablet may be made by compreassing or moulding the active ingredient optionally

25  with one or more accessory ingredients. Compressed tablets may be prepared by
compressing, in a suitable machine, the active ingredient(s) in a free-flowing form
such as a powder or granules, optionally mixed by a binder, such as e.g. lactose,
glucose, starch, gelatine, acacia gum, tragacanth gum, sodium alginate,
carboxymethylcellulose, methylcellulose, hydroxypropy!methylcellulose, polyethylene

30 glycol, waxes or the like; a lubricant such as e.g. sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate, sodium chioride or the like; a
disintegrating agent such as e.g. starch, methylcellulose, agar, bentonite,
croscarmellose sodium, sodium starch glycollate, crospovidone or the like or a
dispersing agent, such as polysorbate 80. Moulded tablets may be made by moulding,

35 in a suitable machine, a mixture of the powdered active ingredient and suitable carrier
moistened with an inert liguid diluent.
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flavouring agents, colourant, surface active agents, thickeners,
preservatives, e.g. 5 nethyl hydroxybenzoate (including anti-oxidants),
enul sifying agents and the like. Furthernore, said formnulations may al so

conpri se oWhghekher@peutically active conpounds nor nal Il’¥T)]5§&6’]3}06]]7{J]e
treatnment of the above nentioned diseases. Exanples of such conmpounds

i ncl ude te binders, steraids and anti. 10 proliferatjve agents. In
ST e R e By R ST SRR b Y &% iR st aRs s T o ing of
formul a Iwhiclofite eomadoupd pbhetpresenivinvantionds ladmixeH avitiplewtrnelting watart i ve conpound

in the MeiRELMnSolubE sQIdTRALI 34TBYoa ibU&@rﬁ‘@'n?&’ro%%ﬁéd"g%%eggﬁé H}ﬁ’dghkgf _ :b”g; %‘irlar y

cell differentiati on@ind/or C%IFI 15 Erol I fera

cancer, HYshyeneglyeelArtatty asids sskess eipplyetienegivets: W%FB’F'FSOTB% €,

psori &si spreparedmsiyig myplty palatitaye.oi di sm s-HPT, s-HPT in association with
renal failure, diabetes nelitus, discoid and system c | upus erythenatosus,
chroni c dermat oses of autoi mmune type, hypertension, acne, alopecia, skin
agi ng, Alfosnulpsighssldtpbledprpareatem| sdripistsation| copeaniantly somipsise 8 sterfipeity 20
versus grefdquadih gHepdratidresotne abiad ingRANLD Whichi€hREdrbBINIsdtbnit WA ant s,
steroid ;@déjdcefd skin atropﬂ'y and ostero QI’O@IS, and for |ﬁgu0| n%\'?

ost eogendd P ofdhe feclpipfdy e-gr 7ot PR PIEYNIG GVFRRE CUHIBB R EURRS S S Peni ent | y
be seltect®de hrrouktioromggtbe cenvpnienplly aipitisddebibfon thataice Sitteatndbroaghl a

anti-proly {] be. red from
the. i bt eriasdd “s%’a‘?a'ﬁ%ﬁ@%r?a?cﬁfé%“s%ﬁ@“@é’a;%h e B PR RE 7057 701

PCT/ DK200Be doopationor reptingpf the fermulatn tiposomal formgilatiges ag digclRgedNeo 16 Mzl H

TBS-O A 3e%> ERyclb Pt ot biratnAcdmBicht Tedhnblagy, Yol 1804 ard also- uitehifer - - - \U
Z,, 1~ INT I Nr N2~??£R3 'y ,Y, lwR Z,,.,uZ,,,(Rl
parenteral admlnistration.

15
Alternatively, the compound of formula I may be presented as a sterile, solid
preparation, e.g. a freeze-dried powder, which Is readlly dissolved in a sterlle solvent
immediately prior to use.

20 Transdermal formulations may be in the form of a plaster or a patch.

Formulations suitable ophthalmic administration may be in the form of a sterile aque-
ous preparation of the active ingredients, which may be in microcrystalline form, for
example, in the form of an aqueous microcrystalline suspension. Liposomal formula-

25 tions or biodegradable polymer systems e.g. as disclosed in Encyclopedia of
Pharmaceutical Tehcnology, vol.2, 1989, may also be used to present the active in-
gredient for ophthalmic administration.

Formulations suitable for topical or ophthalmic administration include liquid or
30 semi-liquid preparations such as liniments, lotions, gels, applicants, oll-in-water or
water-in-oll emulsions such as creams, ointments or pastes; or solutions or

suspensions such as drops.

Formulations suitable for nasal or buccal administration include powder, self-propelling
35 and spray formulations, such as aerosols and atomisers.

Prodrugs of the present invention may also be delivered by use of monoclonale
antibodles as individual carriers to which the compound molecules are coupled.

15



I[IN-- N 45 G 3Z2,. L YHYy2 ~NZ...¥Y~Z2,,. Z ...~ X1R NR
NM6 78 RRMHRI RY-R Z.,. RZ, RNN 910 Schene 1 17 W
2004/ 037781 PCT/ DK2003/ 000718 The synbol * is used in this Schenme to

i ndi cat e t Rad 2dolpes7880up At In an internediate corrpoundpgg,)bléjm%}a&hsbe
identical to the group A as found In conmpound I (for exanple, fluorine in

Na), or alternatively may be a group that can be converted to this at any
subsequent stage in the synthesis (for exanple, silyl ether protected

hydr oxyl Ingddigongtg theraforemagonrst ingredients, yhe feanulatiens of @ compoupdaher, the same
Isél t?ﬁtl Offoriia ﬁ'nﬁ@&ﬁﬂ?djét’ofieodr hée a}dal’tioﬁﬂ:%@&e%nts%cl\b%dNu%g/t@;'ﬂdff%spn Schene 1.
urt her e e identi 0 i:e. r and/ or of one or nore

Vari anl o Tpvainecashly cehtngh suPara sctive asnstr tiBers R B NPR 9 al ong. t he

r eact iSon rsetjylchyceoxyblenaate (indielirgecantabxidatesyt etwlsifying lagéres apparecitite. f rom t he
particular context. Note that while O and LI are atomic 10 synbols (as are
C H and 0), the letter Wls used as an abbrevi ation for a functional

group or Fartaaemere; spid farmalations gy @lse corpapd othiet HeammReylieally astiverhe

confi gur abhpBukds ®irmally usdd hitke teatmdnt BEME dbboe ARABOMAMiSea8éd)y| ene in the

final conpounds 1) is left unsp mg{i}%i .Sche 1 (by . drawing a linear
arrange P t°flsgd'§ﬁ’é'%?°l"'f‘3ﬁ{%5|§g‘éﬁ s t&ﬂ" %&%{EE%’B'F'& féd &8%iting materials
of tyife Ipraliferatiee baénisexanpl es of internediates of type 2, 4, 6, 7, and 8
are well known to a person skilled In the art and have been described in
the literature such as by G-D. Zhu and WH. Okamura in Chem Rev. 1995, 95,
1877- 1952 stk @nather pspest, the inyention relatesdaibe pge efirecampayad of Eratiathe N group,
as def i nesptioAdilyttbgethepwiRh afsthemntbeapediically attillel dofpoubdi B thdggaRiFReureeact i ons,
all vell o&ralioﬁq@di}:aomén ?nt%Xé‘éJ‘f%F Eh% t?éa(%r%@htc of abnormal cell differentiation and/or ceil
15  proliferation, cancer, leukemia, mammary cancer, brain glial cancer, osteosarcoma,
melanoma, myelofibrosis, psoriasis, primary hyperparathyroidism, s-HPT, s-HPT in
association with renal failure, diabetes melitus, discoid and systemic lupus
erythematosus, chronic dermatoses of autoimmune type, hypertension, acne,
alopecia, skin aging, AIDS, neurodegenerative disorders, Aizheimer’s disease, host
20 versus graft and graft versus host reactions, rejections of transplants, steroid induced
skin atrophy and osteroporosis, and for inducing osteogenesis. Sald other
therapeutically active compound may conveniently be selected from amongst, e.g.

phosphate binders, stercids and anti-proliferative agents.

25 A compound of formula I may be prepared from the intermediates 1 according to the
reaction Scheme 1.
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chem st skilled in the art of vitamin D chemstry, are carried out as
follows. Standard abbreviations are used throughout this disclosure, e.g.
Ac = acetyl; ag. = aqueous; DCM = dichloronethane; Et = ethyl; ether =

dl et hyl et hgyg 2ddaaz7hqur (s); LDA = lithium diisopropyla t hyl ; PDC
= pyridiniun1diéhr?ﬁate; TBA = tetra(n 25 )butylarmDnltrjqaéiieq!Egﬁ'sﬂlmﬂE
t-butyldinmethylsiiyl; TMS = trinmethylsilyl; Ts p-tosyl; DI BAL =

di i sobut yl al um ni um hydri de; Ph = phenyl; THE = tetrahydrofuran vV =

vol une. 142 Wttig or Wadswor t h- Ennnns reaction [e.g. Wttig with Ph3P=CH
30 C(OR3 (for R3 Ve internmediate, fromwhich it is
derived by Sequer ifo’and PDC or Dess-Martin perji’qeh nane

Dl BAL red
oxi dati on) . ¥ The Ubrd@lon gdoubfle bord| dst abl i shed i s
reaction is,usual Ty ;E (smal| _ anowritsYof the Z pdi ate ca 1 be

i sol at ed homéver) but condzi ons cgn be %efe 0 gi vel an i) Gr eased
proportion of thi Z internediateff e.g. a nodifichtdon of 35 the
Wadswor t h- E S i E8CH20) 2P( BFETHRC( O OMe.  Thé =
configuration converted to Z by phot oi ;
the stage ofa"i ht@ oediatm@s2o Peparati on of the required | samerifrom a

m xture of E and Z Isomers 18 WD 2004/ 037781 PCT/ DK20031 003718 Acan be
performed at this or a |later convenient stage by e.g. chromatography or
crystallisation. 144 For internedi gftes with W= S(OZ%Eh or W= SeMe, nethods
have been described in the literatyr such as by Mj d. Calverly,

Tedr ahedron Lefifters 1987, 5 286/23§7}1340 148 E. y Wttig reaction with
PhSP:CH-C(RSfE . E and 2., mers forned zf S teaction can optionally
be separated by e.g. chromataography or crystalflisation at this stage or any

| ater stage In %he Sy esi s. 1426 4 7 4 8 4 7NThe di brono-internedi ate may

be used instead of O th hown“di chl™sy o-i ntermgdsdate (6) in this part of a
wel | - known reacfion seguence maki ng Ikyneglas descri bed earlier by
e.g. WG Salnopd et al.)Tetrahéurqn Lett 77, ’i4, 1239- 1240 2 43
For R3= H (in 3): Sequential DIBAL retuction [for R@i\%uﬁ (or in 2 (see
14 2), conversipn of the alcgohol.to a | ea¥ing . or Ors) which
is 15 then substituted to-lngorporate_W.(e.g -P(C»PhQ or -S(02)Ph, either
directly or vial oxidation of Nhe | ower OXIdatIQﬂ state -PPh2 or -SPh, al
available as salts), and lithigation (e.g. with n-BuLl™~or LDA). 245 Vthig

reaction e.g. wth Ph3P=CR R2 or Wadswort h- Emmons reacti e.g. using
(Et O 2P(0) - CR1R2. ¢ciThe separation of 24-E and 24-Z |soners rmed In this

3
Y ¢4i\ Li R
Y 2
Z%F/ C{__q_ Z%P;ggf/ thx,kﬁ/R
’ 1
N N M R
6 7 I

]

/

sat ion at

R3 OH RS
R SR
z..,_'\/%; z,,h%kg
N g N

Scheme 1
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20 reaction can can optionally be separated by e.g. chromatography or
crystallisation at this stage or any |later stage in the synthesis. 345
C0upling reaction with a carbonyl conpound, e.g. by a Horner reaction when

= P(O) Ph3yo syos®yr7®y Jul i a reacti on when W= S(02) Ph (fQUr \éﬁ&]ﬂq%,’we

Iatter reaction by a reductive elimnation of Wtogether Wi

oXy- 91 Oug} a%ﬂﬁo@is%‘é%‘?ﬁh[s"%h@%&ﬁ kol (%Qéjtn%ﬂuﬁ +|%8g‘?\5‘§n faRrr{{?hl & S§°pt tonall'y

be separ i on“at age or any
| ater st &g@ppwdt may §§Fh@¢ie%iﬂ§nticaut@5th@scqypuﬁngs foupd in eamrgund I4fEar bonyl
conmpound ekehpreyRGorthe 1IN draliteratival bioRp At cﬂﬁ%rzonﬁetbartattm@n of the

d f d at thi
or 'a 1 at @ SBORPERFE: 2858 T PSS AB KPR e SR ENBh P ERE By
conpoiénd.in 8z% Aol heidbrmailydoditatsd th thisossnreobkisame wituation may aksoal

V] 2 : : : ' d
?g?g}’ gp%&?‘g é‘?‘(‘ LIh_? v%ngiélg% | g{] SRf‘ﬁg%X& E%‘n%cﬂ%b‘ia%h%ﬁerﬁ%?@ tﬁ% |o%nlt']a)|_§ge,m €
Suzuki, ®hdicotNCNad¥i 'Emél@ﬂd/ONebtP@rﬁr mg@ﬁ@ijﬁ%‘ﬁlgrﬁlp(@rfﬁagﬁhqnlgé fropy pe

Ire?KIt |4 O&?qteﬁﬁecﬁat@ ta%t@ﬂhycdétataldha thé tdachB &dgedces HbivevarBe ra@caglaa&nutg or 10 4

ddi ti A*
t r ansf or r‘f’ﬂ'éig% PP%F”QQ(-&?TEE%%@CW%{]WS&?t ‘i’:tegi#’fe“}‘R'ﬁ‘F %PB@@ERI%’%O known to a
persaf  E9mud)s 289are03 H,3dRGT HHEKEBSSW09 05etiBas Fykalibredation fbheﬂa‘rttipnaiuch as
descri be "j"‘n’hﬁ C@ é:?t*l%%]é,t\c{ﬁ‘hgs‘iﬁ{b?gaﬁé fﬁﬂﬁ&rﬂ E@éuésoﬁﬁé co;méuré?ro olr?s ock, VCH

1989. N equent | desilylation wt

oxi dat i orPf fft& ‘I’P“be pends(ta/Rpeame )ber?tbﬂﬁ'i‘%‘fﬁ‘éh?(ﬂ"?‘r@"l?@t'%) '%Wf]: Hor ner-Wttig
coupl i ng unkpdtiffean Ischdth@1 (Bptitavarid & en&dr akfafgément) it i skawiud #-dndng phosphi ne
oxi de of forrrul a} Idl to give NN Then desilylation with HF or TBA-fluoride. O
11 Ph- P“ﬂ? TBS-O A* 10 NE 4 M Conversion to NZ (B = CH2) by
triplist - sensi t Bmdng)hmtmaé&mfdw)esatandmgrtainmamd@s iof intextriediates aftypéF2.0or

TBA-f 1 uorg ge 7 %sl\ére%ﬁ'ﬂnkﬁ%ﬁ“té Qraemor.ek[ht&d B thé By Jddwvb%%en:w&nbwﬁ.ntlon I's

further |IIustrated by t ownqﬁ reparations an nB
exenpl i fitB CEHHBLTHER a&@dcﬁ'd?r@”ﬁf'df r‘hd"é“ﬁ“"%tf"ecrﬁ”étpéd A Effa%?fe 1 V\/nereas
the 1877-1952. The suffixes, a, b and ¢, identify the sttucture of the N group, as deflned

at the top of Scheme 1.

20 In outling, the suggested reactlons, all well known to the synthetic organic
chemist skilled in the art of vitamin D chemistry, are carried out as follows. Standard
abbreviations are used throughout this disclosure, e.g. Ac = acetyl; ag. = aqueous;
DCM = dichloromethane; Et = ethyl; ether = diethylether; h = hour(s); LDA = lithium
diisopropylamlide; Me = methyl; PDC = pyridinium dichromate; TBA = tetra(n-

25 )butylammonium; TBS = t-butyldimethylsilyl; TMS = trimethylsilyl; Ts = p-tosyl;
DIBAL = diisobutylaluminium hydride; Ph = phenyl; THF = tetrahydrofuran; v =
volume. ’

1>2 Wittig or Wadsworth-Emmons reaction [e.g. Wittig with PhzP=CH-

30 C(O)R? (for R3 = H, via the R3 = OMe intermediate, from which it is derived by
sequential DIBAL reduction and PDC or Dess-Martin periodinane oxidation).] The
configuration of the double bond established in this reaction is usually E (smail
amounts of the Z intermediate can often be isolated however), but conditiens can be
selected to give an increased proportion of the Z intermediate, e.g. a modification of

35 the Wadsworth-Emmons reaction using {CF3CH,0),P{0)-CH,C(0)OMe. The E-
configuration can alternatively be converted to Z by photoisomerisation at the stage of
intermediate 2. Separation of the required Isomer from a mixture of E and Z isomers

18



starting materials and Internedi ates of general formulae 1 through 10
(Scheme 1) are |listed in Table 2. 20 WD 2004/ 037781 PCT/ DK2003/000718 a O
a oVvVVCC EbXx XX XXXSXSXSXX~ saayNxxwVcGOOxvyv

ZU G Z G nvwomodosmsy w~ OC~- 00 NNNNUUGUX G'perbhidodd NN Vv y X
xw OOKXx X wawNNOOjCImZ-EUUZIM ZUUz cua) (Dci a)

a) &a¥ Hélbeng}m@dl agéhli H‘é Ht@')coﬁ\ﬂr’emeﬁt étaﬁe-b&e@ &h“orﬁa%g?&pﬁm@f' WWWwWWwWWwW W W

WWWV WWwW WWWWwWWwWwWwWwWwW
)W%}{P'Wa“?“OTTa~.TT~?TT~.>-T> LLLLLLtLtLLL
Q a4/ .4/ YFof iMterivielialds Wit WY 8€02)PB or W) =\BeMe\mktHods Wave C) w W Y W

N
% C
L C
G o o e < L NN W el Yl e lons 7 7
CC 28, 1337-1340,
125 E.g. by Wittig reaction with PhsP=CH-C(R*)=CR'R? E and Z isomers
formed in this reaction can optionally be separated by e.g. chromatography or
crystallisation at this stage or any later stage in the synthesis.
126 22752827 The dibromo-intermediate may be used instead of
10 the shown dichloro-intermediate (6) In this part of a well-known reaction sequence for
making alkynes as described earlier by e.g. W.G. Salmond et al., Tetrahedron Letters
1977, 14, 1239-1240.
253 For R3= H (in 3): Sequential DIBAL reduction [for R*>= OMe (or H) in
2 (see 1 9 2), conversion of the alcohol to a leaving group (e.g. Cl or OTs) which is
15  then substituted to incorporate W (e.g. ~P(O)}Ph2 or -S{02)Ph, either directly or via
oxidation of the lower oxidation state -PPh2 or -SPh, all available as salts), and
lithiation (e.g. with n-BuLi or LDA).
295 Wittig reaction e.g. with PhsP=CR!R? or Wadsworth-Emmons reaction
e.g. using (Et0),P(0)-CR'R?. The separation of 24-E and 24-Z isomers formed in this
20 reaction can can optionally be separated by e.g. chromatography or crystallisation at
this stage or any later stage in the synthesis.
395 Coupling reaction with a carbonyl compound, e.g. by a Horner
reaction when W = P(O)Ph2, or by a Julia reaction when W = S(02}Ph (followed in the
latter reaction by a reductive elimination of W together with the oxy-group). The
25 separation of 24-E and 24-Z isomers formed can optionally be separated by e.qg.
chiromatography or crystallisation at this stage or any later stage in the synthesis.
4=>5 Coupling reaction with a carbonyl compound followed by elimination
of W and the oxy-group. Separation of the required isomer from a mixture of E and Z
isomers can be performed at this or a later convenient stage.
30 729 Coupling reaction with a carbonyl compound.
8 2 10 Palladium catalysed cross coupling with a terminal acetylene or with a vinyl or
acetylenic derivative such as a halogenide (e.g. bromide). The reactions include, but
are not limited, to Heck, Suzuki, Cadiot-Chodkiewski, Negishi, Sonogashira, and Stille
type reactions.
35 9 - 10 Dehydration with Martin’s sulfurane reagent.
50r10>1 "N 9 M": see below. In addition A*, R, R?, R3, Y, and/or Z may be
transformed or derivatised by methods and general procedures well known to a person

19
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4 Ln %{n"f—‘H'}&ﬂYQ Sy 8s d ’bﬁdﬂ%P%ﬁﬁ 3 w%%??ﬁﬁ%%@i‘ 08%18 1 0 v
Ca
NN
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RLIVBEEIBIBE SSS| SSSSS x0000cdroro0) 0) wSL

N NNLIT GGEUUmWWUNNNNUUUUUU uv 1J 1

11 W

ME O) NO a) LL UUUSESSUSmwwUU 0) 0) 6)0)
) 0) ltl,); ? wm équ\tiel)desllylatwn with HF to give the alcohol, oxldatlon with

Dess-Martin perfodinane to the ketone, and Horner-Wittig coupling with the lithio-
derivative of the requisite known A-ring phosphine oxide of formula IT to give Ny,
Then desilylation with HF or TBA-fluoride.
C[)
Ph—P—Ph

I |

TBS-O A*

Ne 2 M: Conversion to Nz (B = CH;) by triplet-sensitised photoisomerisation,
then desilylation with HF or TBA-fluoride.
Nz=2> M: Desilylation with HF or TBA-fluoride.

The invention is further illustrated by the foliowing Preparatlons and Examples:

The exemplified compounds according to formula I are listed in Table 1, whereas the
starting materials and intermediates of general formulae 1 through 10 (Scheme 1) are
listed in Table 2.
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then purified by chromat ography. Al preparative and analytical (TLC
chromat ography was perforned on silica gel using a gradient from 1% to 50%
(v:v) ether (i.e. diethyl ether) in petroleumether as eluent, or from 30%
(v:v) ethylweeausaseasi n petroleum 10 ether to pure ethyl ﬁﬁéﬁ(%mod‘;‘i’sthe
General Procedures, the variable entries are indented {%E separate |ines)

and then #R@hﬂgﬁdﬁéﬂﬁb%&ﬁﬁb[ﬁéé: Preparations, together with details if
needed on ané eviations fromthe General Procedure that were actuall y

enpl oyed. R ereHauiitebp biniess oHfiergieaneied) Bin PhEIDaNDAen #<2T8" non- vari abl e
reagent s ativdplsere eith additionsher raBdent (IiguRindri ik seiatispeicliirag drdp wige hiaRy epar ati on
is taken rant ed d t nsj de deyiation reguiring
explicit i’ "ngg st .—é i up boced rg‘r@%toé?alms'% 9%%%’% ér/egaraé ‘?caﬁsﬁyd For 1H
nucl ea? n%egn@mtlad:lv withowaignaed saiutstedsodBODCNpUde soldion3 dripdvver 2BhBIrvigy )

chem cal ﬁEQﬁésmV@EMSﬁat@@nc( édhcerﬁ’cFHﬂd ﬁﬁr\%c&yﬂ; &§de a Rl RSl ehiitS Raspeci i ed,
for deuteriochl oro ormsolutions rel ati ‘?GB‘I‘] ternal tetrameth |SI I ane

(added, 1iHeRmErifigd by grgmaggraphysfl Waraéive ap ¥R (B6) shrogrates gty
(r esi dual wad perfdviRed Dnsiliéa 2l pong a gradiatitrem 196 hb G0Bs o) étﬂ:&(}l]&l\/ﬁietr@l 76. 81

Th | \ d
Pripi ot P 1 pabiefimTher &b ditert G 0 I Skl SR (P 01 e
unl esé0a ehegle Ruse ethybeeatates Imt@.gﬁgg@_&gm,daqyar ialte ewynies é'@s es, only
sel ect ed, ma&ecé@@sregépmts Ilﬁéé}rh%'dftherm@fedol‘ﬁ tﬁ@e%!dfwbréﬁara&m a3k BleFBthat €

conpounds i.. ose of i rocedur e bre ar ations 1-7
and 27- 285"*‘?’? 'ﬁ"%de(‘ ﬂ“ea&){r%ﬁ"la(’s'ﬁgs @@“éb‘i G[-"lerﬂ' Prefedge thag y [Pc‘f' YRy
sulspen5| oempioped) tHaoweeer thie prbmartional Bcallng offtgarquahtktyds-oftnbnphemb{é pdeggptsoni um
7
?lgxgn((as "gi%%?l\}rﬁﬂtsd{fythyﬂﬁléls%ﬁ m*%%ciﬁ?&% ea@? la'ﬁ{:)élr;rﬂobhﬁ F’Jﬂen ?8' 4 %ntgma: POWE d

to ri#% tendrhuseet Q—'!D‘SMEF\ECI afledatiofeeyiripeegdicit 4gtails- - 70 C was resurred for the

addi ti on of internedi e di ss Ivd| THE After
B0 T it os o CarEPine el S axtrisel SRrigstar ot et e ) oom

t enper at urespnanice speotmaj(ﬁeow&a)padﬁqnmm@bﬁ b ¢tHmi ehersimailghift edlueni®®Ginum chl ori de
35 sol uti Bﬂn)ggr% xf.ntoﬂ:}éﬂb uffeBe Eih%rw@é'gpe‘éﬁ(eﬁefgr H&t@ﬁ&éﬁr&i‘bﬂaﬂntsgluhl?ﬁs r%ﬁa@u@gar d

wor k- up ove to glve terne ﬁgara lon 1: ound 501

27 WD 2004 ipteye tetremretbiistiarsy Gddech SH-NMR\A = tor%%ﬁy HYHO I GPA B%m
| sopr epy! of ¢hlgtBRAN (PRRERNOALNMR] ®di AR5 HBm] 6r Geutdrickhidivin (PLNMR:edi ate 2:

202 (2. 39%%}5; BEH{).L r}ﬁcx?élbéjpor%fm&%g@?t‘ﬂqwgﬁ%z e]:t‘:\ernaetﬁned éol{.l%?et F8dr)(,)(1~flrlil|:ﬁttat by direct

crystalli
(t), quartet (q)] or not (m) at the approximate mid point is given unless a range is

quoted (s = singlet, b = broad). In some cases, only selected, characteristic signals
may be reported for the intermediate compounds i.e. those of Table 2.

25
General Procedure 1 (Preparations 1-7 and 27-28) [2 > 5] (Preparations 29-30) [1 =
5]

To a solution or suspension, maintained at about -70 °C, of an alkyl-
triphenylphosphonium salt (7 mmol) in dry THF (50 ml) was added n-butyllithium

30 (1.6M in hexanes, 4.36 mi, 7 mmol!). The temperature of the mixture was then
allowed to rise to 0°C for 20 min, after which recooling at -70 °C was resumed for the
addition of intermediate 1 or 2 (4 mmol), dissolved in dry THF (8 mi). After 30
minutes at the same temperature, slow warming up, and 70 min at room
temperature, the mixture was partitioned between saturated ammonium chloride

35 solution and ethyl acetate, and worked up according to the standard work-up
procedure above to give intermediate 5.

Preparation 1: Compound 501
27



5 nmethanol, omtting the chromatography step: 13C-NMR S = 153.5, 143.1,
138.1, 135.2, 132.5, 125.1, 124.1, 121.5, 116.3, 106.4, 70.0, 67.1, 56.3,
56.2, 45.7, 43.8, 40.4, 40.3, 36.4, 28.8, 27.7, 25.7, 25.6, 23.3, 22.0,

20. 6, 18. 1o sholes7dsi- 9. 12.1, - 4.9, -5.1 ppm 10 PrepapeibRiooziocesmpound
522 Al kyl -tri phenyl phosphoni um salt: 1sopropyl-tri phenyl phosphoni um i odi de

e descr g@-n e':t'J‘)«':'l‘?%Jts PhSTIERSg Go ?mgﬂmquﬁérﬁ'ﬂm\?%@l%%%% @ gé)'g)gyfrl%l ;O 15
Conpound 8¥eD.13CG NVR 5 = 138.5, 132.3, 125.1, 123.8, 69.3, 56.4, 52.9,

42. 0, 401r§tern3é2ﬂale 23402 (22@9’4} 25.7, 25.6, 22. 8 20.3, 18.0, 17.8, 17.5,
13. 8,

3:
Al kyl - tr| BH@H@P g ﬁm'%@ﬁ ocﬁl?cgg%&fc?gﬁﬁérﬁfﬁ %%E'Bﬁa&wf‘ﬁ?%"l odi de (1.47
g, 3.45 2@netiavbl, on‘lltmill'lerthedlllramt@l‘am$t@l Y-NYRE® +aB3.5, 1/8Li 13&ht i on of

conpound 59?2%/32%”9@1 O2P b 1 (2 %14 3V1o§hh% 0'6179636@' g3 2&'96&:)8 Conpound
503: 13C NVR 143.37 138. 5 135’ 1328771251 124.0," 121.86,

116.1, 108%4; 33, §6 46?3& 23@,?5 7556, 2233, 82 °4§°§ 184, &8- 039’76’ 134,27, 28.8,
27.1, 25 29%,7%.1%pm{, 25.6, 23.3, 21.9, 21.3, 18.1, 17.9, 12.1, -4.9, -5.1
ppm Preparation 4: Conpound 504 Al kyl-triphenyl phosphoni um sal t:

Cycl opropyl -tri phenyl phosphoni um brom de (0.76 g, 2 mmol). 30 Internedi ate

2: 2020 ( 0 Pexpargtion 2oompomnd b22 cat i on of conpound 504 by chronat ogr aphy (5%

:v, eth , 3=12Hz,
vy gthen Euggtrrbﬁtiﬁﬂ@gdéﬂh&wﬂfslalt I@G&é%@iﬁﬂ%ﬁrzﬂp o%@%n"ﬂ\‘ﬁ?-od'fd? (5% %ﬂ J=12Hz,

11-1), 5. 58%d  J=oHz, 3=15Hz., 1H), 4.97 (m 11-1), 493 (m 1H), 4.53 (m
1H), 4. 23 1fermedidte 222(8:’5(13(rén3aré.d.frb)n 12 drlalogdakly folthe)desdibid@d p3éparittbn ckH) , 2. 20 -

1 15 (m éﬂg‘};o?hﬁt W&%ﬁﬁg’gf Mu{«)? q,n n?(d, 3=7He, 3H); 2.089 (s, O9H), 0.86

Preparation 5 r’g)ound 505 28 WO
2004/ @ 77@9%@@06@ -0IiR7 D= 1A845yll32t h Asehyil23kb H9nD rfibein Pat,142.0

Cycl opr opyb:s, Bbphenw| QBQSQB@mzleB bo@bes, 18.05378, 174, 198, )5.0) M. eppmdi ate 2:
203 (0.56 g, O. 93 mmol) Purification of corrpound 505 by chr omat ography (5%

v:v, ether in petrol eum ether). 5 Conpound 505: 13C-NVR 5 = 6.44 (d,
3=11. 4Hz, phebafigtion 8: Eompbdnd 3830. 3Hz, 1H), 6.08

Alkyl-triphenylphosphonium salt: Isopropyl-tripheny!phosphonium iodide (1.47 g, 3.4
20 mmol).

Intermediate 2: 203 (1 g, 1.67 mmol).

Purification of compound 503 by chromatography (2% v:v, ether in petroleum ether),

Compound 503: 3C-NMR: 8 = 153.4, 143.3, 138.5, 135.1, 132.3, 125.1, 124.0,

121.6, 116.1, 106.4, 70.1, 67.0, 56.7, 56.1, 45.8, 43.8, 40.6, 39.6, 36.4, 28.8, 27.1,
25  25.7,25.7, 25.6, 23.3, 21.9, 21.3, 18.1, 17,9, 12.1, -4.9, -5.1 ppm.

Preparation 4: Compound 504
Alkyl-triphenylphosphonium salt: Cyclopropyl-triphenylphosphonium bromide (0.76 g,
2 mmol},
30 Intermediate 2: 202 (0.60 g, 1 mmol)
Purification of compound 504 by chromatography (5% v:v, ether in petroleum ether).
Compound 504: ¥*C-NMR: & = 6.45 (d, J=12Hz, 1H), 6.33 (bd, J=10Hz, 1H), 6.12
(dd, J=15Hz, J=10Hz, 1H), 5.81 (d, J=12Hz, 1H), 5.55 (dd, J=9Hz, J=15Hz, 1H), 4.97
(m, 1H), 4.93 (m, 1H), 4.53 (m, 1H}, 4.23 (m, 1H), 2.86 (m, 1H), 2.55 (dd, 1H), 2.30
35 (bd, 1H), 2.20 - 1,15 (m, 14H), 1.15 - 1.0 (m, 14H), 1.07 (d, J=7Hz, 3H), 0.89 (s,
9H), 0.86 (s, 9H), 0.57 (s, 3H), 0.05 (m, 12H) ppm.

Preparation 5: Compound 505
28



(dd, 1=10.3Hz, 1=15.3, 1H), 5.81 (d, J=11.4Hz, 1H), 5.55 (dd, J=9.5Hz,
3=15.3, 1H), 4.97 (bt, 1H), 4.93 (bt, 11-1), 4.52 (m 1H), 4.21 (m 1H),
2.84 (m 1H), 2.54 (dd, 1=5.3Hz, 1=14.5Hz, 1H), 2.31 (bd, J=13.7Hz, 11-1),

2.2 - 1.0 0.97 (d, 3=6.5Hz, 3 0.89 (s 9 0.52
(s, 3H), 0&%65 (?b%:’{szll-i) ppﬁn 10 Preparat i cl_)i)n 6: Corrr()oundHg‘6%Bl{gﬁ,y{’ﬁy‘i18 v

Yo ARGEAOSTARSRT S bt PSRk s o iy on e

conpound 503"@9/ chr omat ogr aphy (1% v:v, ether in petrol eum et her). Conpound
506: 13C-mygme'3|ate 55595 ogg @,931,4;,05, 137.1, 135.2, 123 6 121.5, 120.8,
116. 3, 1061}_, 45748403 3, 36.4, 31.1,
29.7, 284 czrronrofczewrundzéf’% vz*yograf%za@v (5 % v: gthey In aerr@ewﬁrtftsr) 12. 0,
-4.9, 55. Oompd&unt 5osm*3C- -IMAR PB ep &4t (dp0=T1.4E0mpYL6E5K6d, 1=10.3Hz, 1H), 6.08
AIkyI-trr hgRrisu cl y I y om de
(133 g CATTAGIRERNID TR b (11000, SRS 3R P AT o o
conmpound %87 (bY WW%%(%#HP)WR i'% \'J/H)/ 4.2 W@}rlﬂ)n 284t (Mol Bl S{dd) . 25

Chr omat ogy-anbiy;, 1LY %HEeiH)', 2. :ﬁegbobgmﬁi h‘ﬁi 2. @@@iﬂﬂd 180y, 0,986, NWR 5 =

153. 4, 14 6.9 '1i6.1, 106.4, 70.1,
67.0, 56. 3'53;5)*62'13*')'4@%(54?,“%0 %9*‘%90 82 (%éHA °§§ % 1% PPM. 28 8 27.1,

25.7,1®5.6, 23.3, 21.9, 21.3, 18.1, 17.9, 16.9, 12.1, -4.9, -5.1 ppm 30
Prepar at i 4 51 To a solution, rrai nt ai ned at about -70
C, of thep g 16}9 Cibo lﬁ"V’(=J'££é3 éﬂtﬁble 2., entry (prepared fromO. 75 g,
1 nmol  of Akhbtf@éFWﬁw“&lméé'h quFj/"GWthOE'Ph%PBPVUWHEW(@ (8%, das added
dr opwi se il gi de chain building bl ock 3-nethyl-crotonal dehyde (0.10 g, 1.2
nmol ) . r st rring e tenperature for 30 mn, the reaction 35
was quenc é&%z%hﬁéogﬁ’mlsf’wéo% xture partitioned between ether and

wat er lﬁndPurIF(n:agmn/ef dolpolind éo&bd ichtoenatctptaphy (A% a:vireittenirepetfoldirastiereoi soners.

To a sol UE&%E Lg-‘gréo'%”ic NME‘ t—a!l§59§ ﬂzh Abayt ?391 i1EFGir Xa?%'\’; Jé? m) f’?‘“d
N

triethylamn anesu of i After

S
stirring &t0.-8 %mi?&%r?ﬁé%aﬁhﬁ:e‘isf Hro¢3) 2@%/@ 0% 204%-3836- Pcfrlr Ex@)@elooons
mn, the pgachyonzaivxesiee2ds2pal bbb aned 1bet wesr 1eid)ex, gansloyvast ﬁbmehe

standard wor k- up procedure above gave corrpound 502: 13C NVR: = 153. 5,
143.1, 136.0, 135.2, 134.4, 121.7, 121.5, 120.4, 116.3, 106. 4, 70 0, 67.0,
56.5,2(56,MM@_L|1@5% 40.3, 36.4, 28.8, 27.3, 25.7, 25.6, 23.4,
22.0, 20. ﬁlkyllﬁipﬂenﬂghogphcﬂn?urg’sal't£4€y9clobutyl—triphenylphosphonium bromide (1.33 g,

3.34 mmol).

Intermediate 2: 203 (1 g, 1.67 mmol}.

Purification of compound 507 by chromatography (1% v:v, ether in petroleumn ether).
25  Chromatography: 1% ether in petroleum ether.

Compound 507: *C-NMR: 3 = 153.4, 143.3, 142.4, 137.4, 135.1, 123.6, 121.6,

120.9, 116.1, 106.4, 70.1, 67.0, 56,8, 56.1, 45.8, 43.8, 40.5, 39.6, 36.4, 31.1, 29.7,

28.8, 27.1, 25.7, 25.6, 23.3, 21.9, 21.3, 18.1,17.9, 16.9, 12.1, -4.9, -5.1 ppm.

30  Preparation 8; Compound 502 [4 > 5]
To a solution, maintained at about -70 °C, of the lithio-derivative 403 (Table 2., entry

14} (prepared from 0.75 g, 1 mmol of the seleno-acetal derivative of 101 in dry THF
{5 ml)) was added dropwise the side chain building block 3-methyl-crotonaldehyde
(0.10 g, 1.2 mmol). After stirring at the same temperature for 30 min, the reaction
35 was quenched with wet THF and the mixture partitioned between ether and water and
to give the intermediate adduct as a mixture of diasterecisomers. To a solution of this,
maintained at about 5 °C, in dry DCM (15 ml) and triethylamine (2 ml) was added
methanesulphonyl chloride (1.5 mmol). After stirring at the same temperature for 30

29



5 5.0, -5.1 ppm Ceneral Procedure 2 (Preparations 9. 101 [2 4 5] To a
sol ution, nmaintained at about 20 C, of Internediate 2 (0.76 mpl) In DCM (5
m ) was added triethyl 2-phosphonopropionate (0.45 g, 1.9 mmol), 50% aqueous

10 NaOH sofBbi@mate; M ). and TBA hydrogen sul phate (0. Jge@Kk06¥dosiis Vi gor ous
stirring for 105 mn, the reaction m xture partitioned between water and

t hyl t h % t hyl
ccet at o TiBe St AR Mt Vg B Bled b Ee L SRR BR-EPTRe SRapid 1 S Y
9: ConpoWeck-8p Preqedusbove paver spmtioaneé 502: JONMNRY. &6 1§B.5, AvBdy 186.0t ed product :

conmpound 1389; 133%; WB? i521 slﬁz?)ﬁ 1135533 166 4148. 0657394%6% 5&4314%;7 4335. 3, 125.3,
123.8, 121. 116. 4, 106. 0.0 589 56 5. 55 8 45 8 43.8  40.3

5,
40.3, 36 242‘837352472@3'23372 275'2é5f22§432292296 218041729@162'1@3 17 17.9,
14.1, 520513),.-%,1 pon 0, -5.1 ppm Second el uted product: conpound 508: 13C NVR
6 = 168.5, 153.5, 148.7, 142.7, 138.7, 135.4, 124.9, 123.5, 121.5, 116. 4,
106.4, 70.0, 67.0, 60.2, 56.1, 55.7, 45.8, 43.8, 40.8, 40.2, 36.4, 28.7,

27.5, 25GeneptPmcedize? (Prepamtion®B, 10) [23215] 17.9, 14.1, 12.4, 12.1, -5.0,
-5. 1 ppmToZosoRitRRa hriirtARed S a%@ﬁ@@b@%f@&t%nﬁ@&ia@ﬁ%o #@hﬁm‘; 1 16$§6 2223(}1 g,

1.68 mmo Fir el ut ed_prodyct: und =
148. 1, 1&‘?5‘) ¥as a%‘&‘&’ %'EE*‘_Vg% P§‘°S gopyopiphated. “%291 1 "Tl%) 5”’*16‘61‘*&“5 70.0, 67.0,
59. 91056 NapHxDhion45.rl), and3 B3, hyditogan sdlphbte (BGL14g). ABer/yvigaroud stirding for 25. 6,

20,7880 Sy gt iy sl oo

138. 5, 13\5>r19unw92@b9ve (chProptographys 2%t 5%, \3Y ety agetatpan petrolggmEth&@s2, 56. 5,
56. 0, 45¢lenthgave IAtkrrhedia®s®. 36.4, 28.7, 27.0, 25.7, 25.6, 23.2, 21.8,
20.7, 18.0, 17.9, 14.2, 12.4, 12.2, -5.0, -5.1, -5.1 ppm 35 Gener al
Procedure 3 (Preparatlons 11 to 14) [54 5] To a solution, nmaintained at
abouti5- 7 @re ‘ d 508 B409Mol ) in dry THE (5 ml) was added DI BAL

(IMin hgx :E” ; ' ) Ater 30 min at the sanme tenperature, the
terrperatur%prggdla% 2021(ure as then allowed to rise to - 30 WD 2004/ 037781

PCT/ DK20Frbelatedgrodusts eoptaound RO9:aTEBMRF TH 67 6883 Sntab, 148 4lel resuned
for the adei3,i10p.30h238p1hap011d 8. foem,)70l®) ey ¥olD, tdae2, 9308, td508) .43]d)e m Xt ure

was t hen t ‘grﬁf’? gir hyl cba@ ? kigd up
ecor di ndih Ok Beh et &7 5cace s o 22 200 24 e Lkl har
20 12.1, -5.0, -5.1 ppm; Second eluted product: compound 508: 3C-NMR: d = 168.5,
153.5, 148.7, 142.7, 138.7, 135.4, 124.9, 123.5, 121.5, 116.4, 106.4, 70.0, 67.0,
60.2, 56.1, 55.7, 45.8, 43.8, 40.8, 40,2, 36.4, 28.7, 27.5, 25.7, 25.6, 23.3, 22.1,
20.0, 18.1, 17.9, 14.1, 12,4, 12,1, -5.0, -5.1 ppm,

25 Pre lon 10: Compound 512 and 513
Intermediate 2: 203 (1 g, 1.68 mmaol).
First eluted product: compound 513: 3C-NMR: 8 = 167.6, 153.4, 148.1, 143.0,
140.8, 135.2, 125.2, 123.8, 121.5, 116.2, 106.4, 70.0, 67.0, 59.9, 56.6, 56.0, 45.8,
43.8, 40.7, 39.6, 36.4, 28.7, 27.0, 25.7, 25.6, 23.2, 21.8, 20.6, 20.5, 18.1, 17.9,
30 14.1, 12.1, -4.9, -5.1 ppm; Second efuted product: compound 512: *C-NMR: § =
168.5, 153.4, 149.3, 142.9, 138.5, 135.3, 124.9, 123.4, 121.5, 116.3, 106.5, 70.1,
67.0, 60.2, 56,5, 56.0, 45.7, 43.8, 41.1, 39.6, 36.4, 28.7, 27.0, 25.7, 25.5, 23.2,
21.8, 20.7, 18.0, 17.9, 14.2, 12.4, 12.2, -5.0, -5.1, -5.1 ppm.

35 General Procedure 3 (Preparations 11 to 14) {5 < 5°]

To a solution, maintained at about -70 °C, of the ester 5 (0.34 mmol)
in dry THF {5 ml) was added DIBAL (1M in hexanes, 1 ml, 1 mmol). After 30 min at
the same temperature, the temperature of the mixture was then allowed to rise to -
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Preparation 11: Conpound 510 Internediate 5: 508 (0.23 g). Conpound 510:
13C-NVR 6 = 153.5, 142.9, 141.2, 135.3, 134.5, 125.4, 123.3, 121.5, 116.3,
106.4, 70.0, 68.6, 67.0, 56.2, 56.1, 45.7, 43.8, 40.4, 40.3, 36.4, 28.7, 10

27.7, 25. Ty 3, 22.0, 20.4, 18.1, 17.9, 13.9, 5.1 ppm
0222 4%&0@0 ﬂ'%](zé:gsn%onls

Preparat| on und 511 Internediate 5: 509 (0.18 g,

Conpound ,5] N 153. 5 9, 140.8 4.0 128 3 122. 7,
15 121. 5, %1‘}8‘.’%’,1 o%sezf,"a‘}ﬁ‘ rf°°°é”?96?4;6“1."'7"""’55%"5'2'“3‘%2‘?%%‘5 2&‘9“)"“91 8. 40.3,
36.4, 28.TEth@l 60.5 @5 17 quEBhBhe EBcton. TBe BXES Bps HENDArEHNSd be@vedn 17. 0.

12. 1, '5\n5%ter'a51d3et chetaPé Ra Wkt Qﬂ@ﬂ%%ﬁ@'sé?aﬂa#dg}r%eﬁﬁﬁg Mcfe Py 512
(0.36 g, 0 Conpound 514: 13CG-NVR 6 = 153.4, 143.1, 141.8,

135. 1, 1§&’e§hei‘§8 52L23 2, 121.5, 116.2, 106.5, 70.1, 68.6, 67.0, 56.7,
56. 1, 545.8, 43.8, 40. 7, 39.6, 36.4, 28.8, 27.1, 25.7, 25.6, 23.2, 21.9,
21.1, 18pp a ,do% & % 1 5.0, -5.1 ppm Preparation 14: Conpound 515
25 Inte ne%ﬁ—nge—é—;fgm(gé—%é—g). Compound 515: 13C-NMR 6 = 153.4, 143.1,
141. 3, 136tezned_3®$ 5082®.28 9)122. 6, 121.5, 116.2, 106.5, 70.1, 67.0, 61.7,

56.7, 56 C%mp%ﬁn@ﬁlé'sﬁé NM‘F@ 55= 1%9 56114§@ 441 381353, 74,5, 12%54 Ap3%D. 6, 23.2,
21.9, 21. deral  Procedure 4

i, 5.1 30
b St si24S, 1855 BORIETR OG0 GLPLRS GnSbAufid ch MBIt S setroir or Cha
esterlo5 (0.4 25tml25.4,r2303,\2210j20(4 1811, 17was3ajded, t-h@, ad.kypprd.i t hium After 1 h
at the sane terrperature, the reaction was quenched with nethanol (0.5 m),
and the m xture partitioned between ether and water. Standard work-up gave

t he al colfegpasatioRSl Ganpoand §hl 15: Conpound 516 [5 4 5'] Internediate 5: 508

(0.4 9g). IﬁﬂekMEdlEtetg"'m(éﬁié‘qlotéﬁﬁhdﬂn (0.8 Min dl et hyl ether, 2 m). 31 WO
2004/ 037781 PCI/ DK 516: 13C-NVR. 6 = 153.5, 143.0,

140. 1, 1$pmpourgsid: Eﬂi"“it 4 Tz‘§3é5 14%?11’50 813%- §, 13fo%. 1@8 %#d22.7,70. 1, 67.0,
56. 3 1556 121.%4318.3, 465& 7d4Q, 47.0461.3, 586, Y¢6. 1345 8, 43. 284@3, 36.4628.2027.5, 25, 6,

23.3, 22. %g ) ]%(? ]2232§ 1D1_ _ é pm 5
Pr epar at |2§n7 :'éégrfgo%and 1 2[1 35]]1% o} 15 sol |(5)£r?1]/ ssus HEI on, naintai ned
at about 5 C, of conmpound 204 (0.32 g, 0.5 rrrml ) and
met hyl - t g, ) uMspgom de (0.59 g, 1.57 mmol ) in dry THE (5
Intermediate 5: 512 (0.36 g, 0.53 mmol).
20 Compound 514: ¥*C-NMR: § = 153.4, 143.1, 141.6, 135.1, 134.3, 125.4, 123.2,
121.5, 116.2, 106.5, 70.1, 68.6, 67.0, 56.7, 56.1, 45.8, 43.8, 40.7, 39.6, 36.4, 28.8,
27.1, 25.7, 25.6, 23.2, 21.9, 21.1, 18.0, 17.9, 13.9, 12.1, -5.0, -5.1 ppm.

Preparation 14: Compound 515
25 Intermediate 5: 513 (0.23 g).

Compound 515: 13C-NMR: 3 = 153.4, 143.1, 141.3, 135.2, 133.9, 128.3, 122.6,
121.5, 116.2, 106.5, 70.1, 67.0, 61.7, 56.7, 56.1, 45.8, 43.8, 40.6, 39.6, 36.4, 28.8,
27.1, 25.7, 25.6, 23.2, 21.9, 21.2, 21.0, 18.0, 17.9, 12.1, -4.9, -5.1 ppm.

30 General Procedure 4 (Preparation 15) [5 <> 5'] .
To a solution, maintalned at about -70 °C, of the ester 5 (0.6 mmol) in dry THF (5 ml)

was added the alkyl-lithium. After 1 h at the same temperature, the reaction was
guenched with methanol {0.5 ml), and the mixture partitioned between ether and
water. Standard work-up gave the alcohol 5.

35
Preparation 15: Compound 516 [5 = 5]
Intermediate 5: 508 (0.4 g).
Alkyl-lithium: Ethyl-lithium (0.8 M in diethy] ether, 2 mi).
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m ) was added potassiumtert-butoxide (1Msolution in THF, 1.4 m). After 2
h at the sane tenperature, the m xture was partitioned between water and
et her, and worked 10 up as standard to give Corrpound 517, recrystallised

from et her 13C NVR: 6 = 153.5, 147.6, 143.0, 3, 129.6,
121. 5, 116“{;?%0?%9? 106.4, 70.0, 67.0, 56.3 45.8, 43 %ﬁﬁﬁg")g&"ﬁ% 2. 36.4
8.8, 27.5 257 1 6 1 5.3 5 2
-5.0, -5. %rﬁ dl%% zgp%'agt on%%g ]éérﬂaéﬂﬂc’f giéé} %Zithf%%@tjrﬁl) ‘ononet hane
(288 ny, (RI8Y, 163, )106ak 76i% 0L 16d.0, 56E; )56121,4&5(3346 8y14D.4, 4013, BRenBiLhos phi ne

456 J1E0) aglded d Stdgr r 30
%nutgg a%ﬂ ggzom tegn%\é\?%tsu?:gg %fgo%qj??loﬂfafﬁ%oqr?pguir%yzog (42%1@(:!l p;{nqo 435

mol ) and triethylamne ( O. 06 mM ; 0.43 mol) in THE (3.2 M) was added.
The 20sre a;eﬂoms-twrﬁ rred&ifor 90 m nutes at roomtenperature,

fiTter wald nagHisH "35@%%@3% 2 28RS 40 O et A 8.329 O Bct e wi th
wat er (3 sambb) aﬂd)memdl &Hﬂmans&p@phmbm@@d@ ﬁmgchlii'rnnd'@l)(ldﬁryrﬁ'ﬂF (dried and
Concen”aﬁ@%ésrhd\ﬁé&g as;rg] t% $ %é’\ﬁ%l sJIchdn uhﬁ‘ﬁFb%%QB@é Iﬁlgp (0. 5%

ether in pétrol eum 153. 4 137. 0,
135. 3, 12¢amg temperagure; {he @ixtg@e@ pagiitioped ’?et“aeenevﬁt@r angigether, ggd pyorkeds 7.

gg g 1@888plas'3ﬁ$ﬁdar3@o BiveZdnipourd 517, r@t?ry.&allla&l ffomZthdérr-methafdol: Z8-NMR21. 8,
0 r
(Prepar at?on 158 141;"2 1%8 O’qégf ﬁ%% P%Tﬁol?ﬁql dﬁﬁl B isg% 9%’? To a

sol uti on, 67v8j 7.3/ 4768, 43. Baﬂ)@at 40.20364, ZﬁS,tZ‘FeS,dZFcPi,I ZﬁGrEmB.eZZr@.dZ(aﬂ,e 6 (1 mmol)

in dry T 1(:?’731izlé’afzi‘dﬁl%dsrrb?r‘b)’%ib%rh' um (1.33 nl, 1.5Min hexanes, 2
nol ar eq. The' teénperaturé of the mxture was then aIIovvedto rise to 0C

rmrrentarily to ensure 35 effective conversion to the internedi ate

l'i t hi 05 depreg@btive17: ggmmm'm [tzy-;»m;rti tioning between saturated ammonium
hl d | e th i X1
"t o meai SRR RRRE Gy PEL R R Bt iR LT %70°C was

resuned, anmheagghespbimedsa muar bohyimaowpotdded(@hd3hermesickion miduressdieredAf t er 30
32 WO 200&%98%&&@?@?4&%29&%&%7&& somtfaHto?&oﬁJpo&rruezéﬁ(mt Pelaiur e and

sl ow warm ng up t roomtenper at part I one bet ween

sat ur at ed"‘&?ﬂ%ﬂ%@?ﬂ%’?‘ﬂﬁlé 034 'Ei{ i %-ﬁ3e§'HB°léfrh'E"r'F (=. %Iﬁ‘ﬂ) \‘?@F REHpPduphes st andard
to gi¥e Ceapmineih@ure hsastiBiRd for gmmm‘utesrmnrmraltaadenaturab@wnc&d@itwf this

added ver PP SRR R iy CeslliB et gy P SN RGTRRR, g 2t (e
sanme t enpeerdang @ X @b nil).(Whetflitsate avws tekacted with metewra(S a7 ml) drehsatiurated
aqueous sodium chloride (15 m!), dried and concentrated in vacuo. The residue was
purified by chromatography (0.5% ether in petroleum ether). 518: *C-NMR: & 153.4,
25 145.7,142.8, 137.0, 135.3, 124.6, 121.5, 116.3, 106.5, 88.1, 70.1, 67.0, 56.4, 56.0,
45,7, 43.8, 40.8, 39,6, 36.4, 29.5, 28,7, 27.0, 25.7, 25.6, 25.4, 23.1, 21.8, 20.5,
18.1, 17.9, 12.1, -5.0, -5.1 ppm.

30 General Procedure 5 (Preparations 18, 19, 20) [6 = 7 < 9 > 10, including 6 2> 7>
8]
To a solutlon, maintained at about -70 °C, of the dichloro-intermediate 6 (1 mmol} in
dry THF {5 ml) was added n-butyi-lithium (1.33 ml, 1.5M in hexanes, 2 molar eq.).
The temperature of the mixture was then allowed to rise to 0°C momentarily to ensure

35 effective conversion to the intermediate lithio-derivative 7. Quenching by partitioning
between saturated ammonium chloride solution and ether, and work up at this stage
mixture gave intermediate 8. Alternatively recooling of the solution of 7 at -70 °C was
resumed, and addition of a carbonyl compound (1.5 mmol), was made. After 30
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bet ween et her and 20% sodi um hydr oxi de sol ution. Standard work-up gave the
Product 10. 10 Preparation 18: Conpound 1001 via Internediate 701 and
Compound 901 Internediate 6: 601 (0.62 g, 0.97 muol ). Carbonyl conpound:

| sobut yral 113 m). Conpound 901: 13CGNWR S = 135. 4,
121. 4, 1165@%%8%39 | 90-4, 80.3, 15 70.0, 68,0, 67.0. %@Bﬁz"gﬁ@“@% 6,
43.8, 39.5. 36.4, 34.5 28 7. 97 5. 0, 21.4,
18.1, 18. 'B’”“E 3 the samie tefé"eﬂat”r%a’df' 5'°‘%Wf“B§H\”*’|tﬁt’%?'ﬂ&%’?’&l?@%‘b’?ééi (0.27 g).
The pr oduwixtur® waa paftiitonte beiyeen fsatadatby anmmontumh Chigdde srutioroandeather - net hanol .
Conpound E;I,Q,q;}o gdB ggv&angm t& e400 @nd)g 142 8 135.3, 121.5, 116.4, 106.5,
20 105.4,_96. 56 6, 43.8, 39.6, 36.4, 28.7,
28.4, 26. 129a2c§ut’90n °Z5m6‘"t§‘ﬂe%at E%Oui §Q°ffh'52r1teﬁne%e@'@f8'%(031?49 12. 3,
-5.0, 55.thmo)5. 1 ppm Preparation 19: Conpound 801 via Internediate 701

| nt er nedi at N 1 .06 5 nd. 801, 13C- : = 15 142. 6,

135. 4. 12'%.“%’,’ Q'E'%gr.‘ggegﬂ‘ﬁé@?m@é‘.’?ﬁ%%&R'?ﬂ'”éss.julf?rag’%(@l!,\ﬁs%.%gf“"é‘ég@z}" ¥5. 6. 43.8,
39. 6, 36.4fterzgrring Athesame tempagture fopd ke theeaction piixtore was partitiged, 17, 9,
12.1, -4.Stwaen é'theraﬁwdlzdmrébdnﬁﬁﬂwr&&dé)fbl&f&n SRBAHNHoRA% I\%E!v@ the't ef mEd' ate
702 30 Internedi ate 6:602 (O. g). Conmpound 802: 13C-N

142.9, 1303t 19 5 116, 3, 106 5 89.1, 70.1, 69.0, 67.1, 56. o 55 4
45.8,1%43.8, 39.5, 36.4, 28.8, 27.3, 257 25.6, 23.2, 21.7, 20.8, 18.1,
,‘l -pentyne To a
sol ution © yd ' ' AVERII in (40 nl) at room
t enper at uﬁnéemdiabﬁjﬁeﬁph(%ﬁzw 0497tfhliﬂell}n (42 mmol, 1.6Min hexanes) during 10

m nutes. Afbhsiy ESM&JJ&QI&&B&@QMENH&%Q%B& e sol ution was cool ed to -40C and
a solution 33 V\Q 04/037781 PCT/DK2003/ 000718 of bromne (1.13 m, 3.52 g,

22 mol) FMRRUPPRE (SIMRY O =albo it d 3 d 1%& &8 10818 4fh3ng 20
m nutes, fmb) e dsAy, 5529.hsR8) 4561 43.8535.5,06.4,854. plasur, 27.6,028.3, 255¢,andar d

wor k- up a£§ greff{dingoﬂQf%ﬁé,hﬁ{)a{'ﬂemﬁfrlz(ghg%ﬁ%qgﬁ%’.hy: 0%to 10% ether

in petroleum ave' 1€ 'Conpdund.’
1- Br onp- 3ltgraediate 8:908t(A\A7-9)- but yne  When 3- hydr oxy- 3- et hyl - | - but yne was

used as SRy bkt FOlEdd lthbNpdAiRdY AR tallisation from ether-methanol.
Compound 1001: 3C-NMR: & = 153.4, 146.0, 142.8, 135.3, 121.5, 116.4, 106.5,
20 105.4, 96.5, 78.9, 70.1, 67.0, 56.1, 56.0, 45.6, 43.8, 39.6, 36.4, 28.7, 28.4, 26.4,
25.7, 25.6, 24.4, 23.1, 22.1, 21.6, 20.6, 18.1, 17.9, 12.3, -5.0, -5.1, -5.1 ppm.

e e
l..

Preparation 19: Compound 801 via Intermediate 701
Intermediate 6:601 (0.64 g).

25 Compound 801: *C-NMR: & = 153.4, 142.6, 135.4, 121.4, 116.5, 106.5, 89.0, 70.1,
' 68.4, 67.0, 55.9, 55.5, 45.6, 43.8, 39.6, 36.4, 28.7, 27.6, 26.4, 25.7, 25.6, 23.1,
22.0, 21.2, 18.1, 17.9, 12.1, -4,9, -5.1, -5.1 ppm.

Preparation 20; Compound 802 via Intermediate 702
30 Intermediate 6:602 (0.66 q).

Compound 802: ®C-NMR: & = 153.4, 142.9, 135.3, 121,5, 116.3, 106.5, 89.1, 70.1,
69.0, 67.1, 56.0, 55.4, 45.8, 43.8, 39.5, 36.4, 28.8, 27.3, 25.7, 25.5, 23.2, 21.7,
20.8, 18,1, 17.9, 12.1, -4.9, -5.1, -5.1 ppm.

35 1-Bromo-3-hydroxy-3-ethyl-pentyne
To a solution of 3-hydroxy-3-ethyl-1-pentyne (20 mmol) in dry THF (40 m!) at room
temperature was added n-butyl-lithium (42 mmol, 1.6M in hexanes) during 10
minutes. After stirring for 30 minutes, the solution was cooled to -40°C and a solution

33



preparation the product was 1-brono-3-hydroxy-3-nethyl-I-butyne. This was
al so prepared from 3-hydroxy-3-nethyl-1-butyne by treatnent at room
tenperature of an 10 acetone solution with silver nitrate (0.3 eqg.) and

then, aftery@folfhdtrss- bronmosuccinimde (1 nolar equiv Akbdok h et her
was added the solution filtered, and the filtrate wor%zCT-up a”g&ogltandard to

| | N = 31.0,
g1 a0 Sgbrdglith 153! 3510, 3 kol 7 o 8 T ol 455, %, )
[8 -, 10]ad¢®d Aluging GPlF@hUteﬁﬂafPHQVéﬁ%'é\dr%beaé‘bém Zw,@uﬂndabw bheurol i dine (5 m)
of the |'§t@ﬁd§?@iwaﬂ@up SrtdrChdditBNf et nd A8 (EMBmBtsiPai2ion. RUidi ng bl ock

0.8 | | d
L sct T ok B ReEedi dtnar) pave e (i AFBPIIE (5 oy 0. 05 malar equiv.).

After5stirring at the sarre terrperature for 17 h, the reaction 20 m xture was

partitio egro RV P'l— t ed amoni um chl ori de sol uti on and
wor ked u eparation 21: Con'Pound 1003
| nt er mediV#hen -'shv@ngw éeaeqlm' 1-putyperwas used as starting watsrial inthe abexs

bl ock: 1- Biregap at%dmdr FOTOWER L bmb-Prjdr 86/ §-Metil)1-bGgRBOHKIWAONZ  13C VR S
= 153. 4, o §%4 121 2, 67.0,

16 106. 5.6, .80.4, 70.1, 6
65.4, 65. Pée"%%d §°m '“éF"°’21Y537"f‘3tﬁ§'.'%%“?@?%Yﬁ?égﬂ?”tﬁ.rﬁ?mégﬁ“g‘?’a%%za" 27.2.
25. 71025 a6ptoR8 s@utiGlwith sB@r jtral8 (0.3 eb?). #hd thén, After 2009in; B-1, -5.1 ppm 30
Preparati I\n chai n
bt al og PR negicgtRRE U okl Suvl MABIES fer Sras Slided, 1! séltion @gggd 13C. VR
b = 153. @andthe filjrate; wgrked- @@fﬂandfxfésttsgivqeﬁo tha&svae dlsmeg(b P797 5. /B0 1, 69. 3,

67.0, 64. rﬁmH@ﬁlgcm.@,_ﬁ.ci,sﬂd 42.6,%5.D,8436pgm, 34. 1, 28.6, 28.3, 35 26.3,
25.7, 25.6, 23.1, 22.0, 20,7, 18.1, 17.9, 122 8.3, -5.0, -5.1, -5.1 ppm

Preparation 23: Corrpound 1007 Int er rredl ate 8: 802 (118 ng). 34 WD 2004/ 037781
PCT/ D20 02n@fx) Pf Bi

bl ock: 1-

153. 4, 12'(5’057@" %&%y%%% ‘319{ %ydé'%spgbq@ymp%@@m 5 IEBQ’%}E ﬁé&’?yalﬁt@ 69. 2,
67.0, 65.8(0-25mBol) was addedethe sidezhgin tadding bipsk 40.839mel; molr eguiv.y, 27,1,
25.7, 25. @JI (43, 0. Ldnolar edlivd), anlﬂ:@«tnﬁh?en@lph&s%hﬁe p%ll@diunﬁil&loricﬁ (¥.mg;5. 1 ppm
Preparatl 24] Co %ﬁ&e % H{' hf"] Tetrabro no, 2. 65 mmol)
was di sso H"oaﬁed{}@ T IFjy at the samed ﬁ(}‘ﬂ“ﬁ’"ﬁg@gﬁ ]gjnﬁ’l 6(56?%' 6.8 mml) was
adde®0andnixhee waa paitivthoned laeumeen sther red satugted@mmionivme shlatide sadubianeander at ur e.

A sol uti oy, REd GPIPAHREAAS ofveb.mD . 1.32

Preparation 21: Compoungd 1003
Intermediate 8: 802 (66 mg, 0.11 mmol).

25  Side chain building block:1-Bromo-3-hydroxy-3-methyl-1-butyne {75 mg).
Compound 1003: **C-NMR: § = 153.4, 142.7, 135.4, 121.4, 116.3, 106.5, 85.6, 80.4,
70.1, 67.2, 67.0, 65.4, 65.2, 55.8, 55.4, 45.7, 43.8, 39.2, 36.4, 31.0, 28.8, 28.0,
27.2, 25.7, 25.6, 23.3, 21.7, 20.3, 18.1, 17.9, 12.2, -5.0, -5.1, -5.1 ppm.

30 Preparation 22; Compound 1005
Intermediate 8: 801 (114 mg).

Side chain building block: 1-bramo-3-hydroxy-3-ethyl-1-pentyne,
Compound 1005: ¥*C-NMR: § = 153.4, 142.4, 135.5, 121.4, 116.5, 106.5, 85.0, 78.5,
72.5, 70.1, 69.3, 67.0, 64.9, 55.8, 55.6, 45.7, 43.7, 39.5, 36.4, 34.1, 28.6, 28.3,

35 26.3, 25.7, 25.6, 23.1, 22.0, 20,7, 18.1, 17.9, 12.2, 8.3, -5.0, -5.1, -5.1 ppm.

Preparation 23: Compound 1007
Intermediate 8:802 (118 mg).
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10 mol) and triethylamine ( 0.18 m ; 1.4 mmol) in THE (8 m) was added.
The reaction mxture was stirred for 90 m nutes at room tenperature,
guenched with saturated aqueous hydrogen carbonate (15 m) and filtered

t hr ough Dec@d bdogoiHsit er aid. The filter was washed wt x 25
m). The filtrate was extracted with water (3 x 15 M)QC @%@?ﬁ?(’gfﬂ

ted 15 Th
st due vete BT PG Hodd P o oo T SR pet rol eum et her) and
cryst al | i Gampodund rh087 hBE-NMR:Han di53. @dﬁ@duﬂlﬂS 33621.4H 1R 108.5 B5.868.8,
gd7éH éd97129$*2ﬁ081 GotD, é)d@ Jé@%l_tfz‘s @255@%51#'43319 3%*?9366‘:{‘0!3415 z""d‘li,)ﬂ@ 82 (10I 1H),
4.21 Em 1431}1 25. 75(%21-’1*6 21?5#%&& 16792125%3(%0"51%%12 ié@@“(m(lg i
2.10-5.00 (m13H), 1.07 (d,3H), 0.89 (s,9H, 0.86 (s,9H), 0.56 (s,3H), O.08-
0.01 d 538 [2 -4 5] Co d 202 (599
ng, (m lﬁ e ZEre ¢ %gsiet% gp?gno% m[ 1 mm%) rzrgo\tlj\gre di sgol ved
in DCI\/I ( Setrpbyoragraetbans €8P ong, 206 0Mmnwih] Was trlia?:qmeshlmdngﬂtlmée mi)enper at ur e

bet ween ﬂfbh@%é&%hﬁe%@(ﬁi Mbi &8 rﬁnﬁnoi)Ma%%‘ébé@érWih%%é@Doﬁhﬂ&Rﬁé Bfrréd- 40 i,
2.2 mol m') was added drfopwi se. After stirring m nut es at

)
room t enfPEFAMIPEEBHTCALtMPSHtHIS) Aaﬁ?Wt'R&PEFOT%%'“WZPZ\K@?‘ém&dd’eaz The organic
| ay er1onasmmojainattedihylasiedo st wa b etmél$ IkTES(ain)), waiir‘aiﬂdsal'ufeateedloaqueous

S0l U C1y 9815,k 2803 i do il SORSERALERLSS dANAGONAO YL (| 0, bY

chr omat ogr ol eum-ée
6. 45 (d, 1adueoes qugﬁnlqarbnﬂmtﬁ :(;Irﬁynl) awdlfoterqdjmrqughmglﬂsmﬁteand The mm') 5 .82

d, 1 1 4.53
E . 1::?) iﬂ%\gwééj\‘éd thpé?\tﬁdz( gk % Fhie filtrafe R8s extRcldd with w%ger(l(mx 19 19

(M IR 5nhnd Setirbie PaNigous Sodum eifasidp (L6 b Jred Syl conpentyated Tgpeuin. o6
(s, 3H)5, OrHGrebid02 wasplididd ippehromapeaphy i DS%R EtheComettatedinb dthef)2ardl 5] 35 WO

2004/ 037%‘{}(% t? é%g%%eggggmm!qcl obut yl tri phenyl phosphoni um brom de ( 516
ny, ?wassusencfndr

2/ THE (4.5 m) and cooled to -6 C. n-Butyl
l'ithium (C.-’LorﬁpqunﬂrﬁﬁexWR D. 0 6,86, dllfBJﬁQTﬁl'l;), 6viaddaldtied.02t(de, 1HeI@: 9 mi xture

stirred faq 13_‘533m)n§t8€25(d51t|-%r9@@(H@HHQEGt8Hz%nd3ﬂSd3Hz|?e4‘98%9@1!@ aanl ed to -6 C.
a

Aot o Sl PRl 203 (OB P 3 MPL (A B Belin, 248 1 et on

m xt w2t s, dHE0R. 20- 1 @oim uaﬁpamﬂt (o, BHY, @rsse(smurese\m,sab, @.26 (syBH),aneB-pet r ol eum

et her ( r dded. The organic |ayer was |sol ated, washwed with
wat er (SIQ%KH‘&%W @Hﬁ aqueous saturated sodiumchloride (20 m), dried,

concentrated in vacuo, and
Preparation 25: Compoun

Compound 202 {599 mg, 1 mmol) and bromotrichloromethane (0.095 ml, 1 mmol)
25 were dissolved in DCM (30 ml) and cooled to -20 C. While maintaining the
temperature between -20 and -10 C a solution of tris(dimethylamino)phosphine {0.40
ml, 2.2 mmol) in DCM (30 m!) was added dropwise. After stirring 30 minutes at room
temperature pentane (150 mi) and water (30 ml) were added. The organic layer was
isolated, washed with water (3 x 25 ml), and saturated aqueous sodium chloride (25
30 ml), dried, concentrated /n vacuo and purified by chromatography (1% ether in
petroleum ether).
Compound 538: *H-NMR: 8 = 6.45 (d,1H), 6.34 (d,1H,)=10.3Hz), 6.10
(dd,1H,1=10.3Hz and 15.0Hz), 5.82 (d,1H), 5.62 {dd,1H,1=8.8Hz and 15.0Hz), 4.98
(m,1H), 4.94 (m,1H), 4.53 {m,1H), 4.21 (m,1H), 2.87 (m,1H), 2.55 (dd,1H), 2.30
35 (bd,1H), 2.19 (m,1H), 2.10-1.13 (m,13H), 1.07 (d,3H), 0.89 (s,9H), 0.86 (s,9H), 0.56
(s,3H), 0.08-0.02 {m,12H) ppm,

Preparation 26: Compound 540 [2 = 5]
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purified by chromatography (0.5% ether in petroleumether). 10 Conpound 540:
IHNWR 6 = 6.46 (d,1H), 6.00 (d, 1H,J=15.7Hz), 5.81 (d,IH), 5.33
(dd, 1H, J=8.8Hz and 15.7Hz), 4.98 (t,1H), 4.93 (t,1H), 4.53 (m1H), 4.21

1H. 2 ' 2.73 (m4H), 2.55 (dd, 1H), 2. 30 1,00
Enm]lgl)l-l), 1@%2‘{0%%?%m, l.O(Sn](d!_%I-D, o8 (s,gDI-D, 0.86(?%%",0g’8‘.%'§'€(s,3m,

0.10-0.0 2 15 P ti 7; 542 .

Ay -1 1 CHERT R loe bR o R D5 s £ RPT R A SHRSSRH M br o de

(1. 40 g, THB.(4.5mb)land choled torediCat-Buly! litdan (1.6¢Y Inhex@nemiod yl, Pérmfebat i on of

conmpound 34 240yq, Ghé 9&9%&9.9 R0 ditrdfor/20 RiidiRés étWoQﬁttEPrE@ﬁbmr@I B%f then 20

Conmpound 542: 1H NMR oD = 6. 45 @d, 1H), 6. Ozﬁ&gd’ 1H,J=11. 1Hz and 14.9Hz),

5.87 (magpin cogleg 1o (§)°G 4 soluionzof Campeund) 285 (AG0 Tae,0-95 Mmpl) anditrigh2- ¢ | 1) |

21. 9;1H)6t , fzcti)zrr,éetlj‘fmg/gth&(me}lhm)anfn@M%m g.lﬂb,mrif?l@Waé Iﬁudéﬂ?r:jcﬂthEE'eﬁcgﬂan) , 3.135 2.24
, 20-1. . - (), . S, - )

0 ba |5, Suticsiifed &MopD vepsthtidss bllek Wheer foO Rl Shabliroidr ks

Conpound (Sammi) werie-addegEheydrgsnis lpiiemivamiseatet; washwed with water (3 x 20 ml)

Oycl ohexyha ol eie R4t PLRARBANIRRIR 26 RS, bridd, Sncerdrafedlakuo 3hd! Nt er Medi at e
2: 20 1 7 Pur| fication of conpound 544 by chromat ography (2%

2 1.6 M.

viv, et gé’Pﬂfkﬁi B\éﬁhf%&‘%ﬂf%@h‘(e(:o)ﬁ% ethshibeRitPIem ether- NVMR: b = 6. 45 (d, 1H), 6.20
E gg, %ﬂ’ g Thehpoliad ammtla.-ngﬁlhlzb,=45.481d,1(-lql,, 6.6 ,(d,5H2191(5di-|i)-,l,5J8:IL(héY|Ht)5,.3$. 42 i

(m 1H) . Zg%gh‘(z"ﬁ]%%z,a"g.%}Tzaﬁ?'%éi)(g’%)}g)ﬁ%&égg(‘r‘ﬁg?§ﬂﬁm’égql(."gfgh%’d,13H); 0.89
(s, 9H), @ -8B(MHYH.73Emed), 2,55HHd, 16,0830 (B2LH)nR22H).09 fm 168 epIbat i on 29:
Conpound (548134 . @99)2/0%35(758914)!36::5/6%92,%.99%%3?)7 ggidi%ozt(gi,?nﬂﬁ%@rﬂhosphoni um

salt: Cycl opropyl-triphenyl phosphonl um brom
Internediate 1: Conpound 103 (573 g, 1 mmol). 5 Purification by
chromst o 22 cahti842i n petroleumether) to give 1(S), 3(R) -

a5y ARt coclbpE bR AR RARETRIoRe B R o0 Pr o0
153. 4, 143%@maR5. 0, 125.0, 121.6, 117.7, 116.1, 106.4,
Intermediate 2: 202 (1 g, 1.67 mmol).
Purification of compound 542 by chromatography (2% v:v, ether in petroleum ether),
20 Compound 542: 'H-NMR: 3 = 6.45 (d,1H), 6.02 (dd,1H,)J=11.1Hz and 14.9Hz), 5.87
(m,1H), 5.81 (d,1H), 5.37 (dd,1H,)=8.8Hz and 11.1Hz), 4.98 (t,1H), 4.94 (t,1H), 4.53
(m,1H), 4.21 {m,1H), 2.87 (m,1H), 2.55 (dd,1H), 2.37-2.24 (m,5H), 2.20-1.86
(m,4H),
1.83-0.80 (m,14H), 1.05 (d,3H), 0.90 (s,9H), 0.86 (s,9H), 0.56 (s,3H), 0.08-0.03
25  (m,12H) ppm.

Preparation 28: Compound 544
Alkyl-triphenylphosphaonium salt: Cyclohexyl-triphenylphosphonium bromide (1.44 g,
3.4 mmol).
30 Intermediate 2: 202 (1 g, 1.67 mmol).
Purification of compound 544 by chromatography (2% v:v, ether in petroleum ether).
Compound 544: 'H-NMR: & = 6.45 (d,1H), 6.20 (dd,1H,)=10.7Hz and 14.SHz), 5.81
(d,1H), 5.70 (d,1H,1=10.7Hz)}, 5.43 (dd,1H,}=8.4Hz and 14.9Hz), 4.97 {m,1H), 4.93
(m,1H), 4.53 (m,1H), 4.21 (m,1H), 2.86 (m,1H), 2.56 (dd,1H), 2.35-0.80 (m,25H),
35 1.04 (d,3H), 0.89 (s,9H), 0.86 (s,9H), 0.56 (s,3H), 0.08-0.02 (m,12H) ppm.

Preparati 9: Compound 546
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10 70.1, 67.0, 56.8, 56.0, 45.7, 43.8, 39.7, 39.6, 36.4, 28.8, 27.1, 25.7,
25.6, 23.3, 21.9, 20.7, 18.0, 17.9, 12.2, 1.8, 1.7, -4.9, -5.0, -5.1, -5.1
ppm Preparation 30: Conpound 548 Al kyl -tri phenyl phosphoni um sal t:

Cycl opr opylwékédkaeayd phosphoni um brom de (606 15 ng, 1.4 h()smoona
Internediate 1: Conpound 101 (458 g, 0.8 mmmol). Purlflcatlo

chr omat Og@@}}r%ﬁe?h%fp\ﬁospho% ali::rtﬁ):%}:);c:%yletrmgnyqqwrc?spitlonuglm\{aromlg:ls)ﬁg’é R) -

bis(tert

met hyl si I'yg,oxy) 20(S) - cycl opropyl i denenet hyl -9, 10- seco- pregna 20

5(E), 7(E)3 ;,9{01)9) tr| ene (corrpound 548) . Corrpound 548: 13C-NVR 6 = 153.4,
143. 2, 135, % 21. 118, 2, 116. 106.4, 70.1, 67.0, 56.6, 56.3,
45.7, 43. ’@t‘”@@ Igte 595%'“%‘&‘%1032@7@9:%7“'20')25 7, 25.6, 23.4, 22.1, 20.3,
18. 1, 457. Iﬂmﬁﬂ:z&lcﬁ) by2chi2omatography.(2% v: &, étherib . pktrpleom athePrie gveal(SNB(R3:

Compound B erl BB Ahos 20k Lby B, sl
24- di phen%ﬁbﬁ@ﬂlﬁ’i(lﬂiyﬂﬂemegwmﬂ)"d§i45TFBS- oxy- 9, 10- seco- chol a-

S(E) , 7(E) cokioliBd 5482 CEINMRL 53 £5104, (10325 185.00 1280081 6, @Azl -1 i thium
(0.55 n1)2 30 in dry THE (2 m)) was added dropvm se a solution of di et hyl

ket one (O WM) indry THE (0.3 m)). After stirring at the sane
t enpeltat ur®e1,fen.0,385.81 56.0f #4271 €08t 3DT, 36.6136.4, 288,S2KEP25.21 25.6028.8,enper at ure

for c gyt hovet, T, rtistigni bet ween et her and
wat er angles%fﬁé’gfrhea P}E %J%b( \fl\%nht{)g’r gﬁﬁ 3110/?'1 €ther in petrol eum
et her) to give the conpound 550: 35 1H NI\/R 6 (CDCI3) =6.45 (d,1H), 6.18

(dd, 1H), &e CorR glN), 5.43 (dd, 1H), 4 98 (m1H), 4.93 (m 1H),
4. 53 1 7 b 2.20 -
1.10 Em 1 ltriz'%w‘ Qin'Uﬂ56&(fV#%vgﬁ'%sn{'g oniuggy bé%m&qéﬁﬁm 0.56

(s,3H3 Om@5 (bs, 12H) ppm 37 WO 2004/037781 PCT/ DK2003/ 000718 Preparation
32: Conpoyg q.?] A sol ution of
24- di phenyl phosphi noyl - 1(S), 135 R) - di - TBS- oxy- 9, 10- seco- chol a-
5(E), 7( E) “1@3’(“@ te QQFEPPP@W e 8(%8@ Prehar ati on 33) (2.4 g, 3.1 mol) In
IDCM ( g Sﬁrl:mmcaﬁr@smbdlsﬂdreﬁabmgeamyw/mvﬂetﬁtéznpl;féemta@hhemf) th Eﬁ/egggy Bﬁqﬂxm
(Icl(rq;I ice %g{]ﬂ%ﬁbf“h’g‘ﬁweﬁyﬁe%d }O(%S] ﬂﬁ%‘lﬁmpyﬂ E?T%?tﬁﬁlo%fl&ﬁﬁcq"ﬁﬁﬁg% mn, after
whi ch2@ he5Ep7(Eteg 1 MNetrene dopwprind 348cuo and the product crystalli sed from
ether to giNGoundS4RBrRNMROBRY 1534 P> dk8Xi d842d4YeTs, 918.34116.2,
106.4,
70.1, 67.0, 56.6, 56.3, 45.7, 43.8, 40,2, 39.6, 36.4, 28.8, 27.4, 25.7, 25.6, 23.4,
22.1, 20.3, 18.1, 17.9, 12,0, 2.2, 1.7, 4.9, -5.0, -5.1 ppm.
25 '
Preparation 31: Compound 550
To a solutlon, maintained at about -70 °C, of the lithio-derivative 302 (prepared from
the precursor 24-diphenylphosphinoyl-1(S),3(R)-di-TBS-oxy-9,10-seco-chola-
5(E),7(E),10(19), 22(E)-tetra-ene (0.21 g, 0.27 mmeol) and n-butyl-lithium (0.55 ml))
30  in dry THF (2 ml)} was added dropwise a solution of diethyl ketone (0,03 ml) in dry
THF (0.3 ml)). After stirring at the same temperature for 30 min, the reaction mixture
was kept at room temperature for 2 h, before quenching with wet THF, partitioning
between ether and water, and standard work-up (chromatography: 1% v:v ether in
petroleum ether) to give the compound 550:
35 'H-NMR: & (CDCl3) = 6.45 (d,1H), 6,18 (dd,1H), 5.81 (d,1H), 5.71 (d,1H), 5.43
(dd,1H), 4.98 (m,1H), 4.93 (m,1H), 4.53 (m,1H), 4.21 (m,1H), 2.87 (d,1H), 2.54
(dd,1H), 2.30 (bd,1H), 2.20 - 1.10 (m,18H), 1.05 (d,3H), 1.00 (m,6H), 0.88 (s,9H),
0.86 (s,9H), 0.56 (s5,3H), 0.05 (bs,12H} ppm,
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di phenyl phosphi noyl - 1(S), 3(R) -di - TBS- oxy- 9, 10- seco-chol a-5(E), 7(E), 10(19),
22(E)- 10 tetra-ene: "HHNVR 6 (CDCl3) = 7.80 - 7.65 (m4H), 7.55 - 7.40
(m6H, 5.34 (m2H), 4.60 (m2H), 4.36 (m1H), 4.18 (m1H, 3.92 (m1H),
3.58 (bd, 1)@ 208408k7éim 2H), 2.56 (m1H), 2.14 (bd, 1H), 3C9/§K200é/‘0ﬁ1)918(m 15H),

0.88 (d,3H), 0.87 (bs,18H), 0.55 (s,3H), 0.05 (bs, 12H) ppm stirred
solution, nmaintained at about 5 C, of this adduct (1.8 g, 2.1 nmol) in dry
DCM (30 rﬂ) was added dropw se boron trifluoride etherate (1.2 m). After 16
h at 3-5 Preparsiton:gg: Gomtiound B0dr ogen car bonate sol uti on was added before

di Lut I Ng AddikticAtd 2a-di V%B&Qﬂrﬁﬂyﬂg(é)?Rﬁ&ﬁfﬁ@ﬁﬂr—%@ksé&@ -chefar onat ogr aphy:
250V A TS DA e} Pl phS (<28 rreparaban 3R (84U 5 PRl A 4 L he

di phesy| phi) syakibriefjy edﬁ:@dﬁ) ey dnoicg-bb(Spr ‘ﬂFBSadditanqf]Jaulslesumhuhdiomdé(E) , 7(E), 10(1
22 48 - 7.42

(m 6H) . (?ﬂ% ﬁ*ﬁrﬂfﬁygwEsgg%ungf_é%%{e colnﬁ‘)lngez gride?ngér Hglmogt 92 (bd. 1H),

3. 58 ( bd,furher c@oling forBo Myin, g ahighihe splvents werg rmaved /n yagE andghes (m 16H) ,

0.89 (d, %duc@c@&aﬁﬁe@ﬁbm thél“to(gﬁv@tﬁ)e majgﬁs&ngﬁsm&@@om&é&métsofaﬁ) ppm A

ol ) 1 n QPRSP () e e Dt ety -SitDirebe B SNBSSy P hane (0. 5

g). At erteB88-enen 5% ag. sodi um hydrogen carbonate sol ution and 10% aq.

sodi umt mkpﬁuhpggé[gﬂs’ol 9téroon%8\§38_p4@??%§ 3Nt Hél—f)' ggémgugq% for 10 mn

before dilution ormn he st an

( chr onmat ogtaphy 30280611438 oHd), |3r92[6(§l\&H)tr§ (b, 1Hon . Gk @f5‘3{)he sul phur

di oxi de aguss, 20f4 @, tH)pbosy! POOSRNISAYYD.88(€30),1d.8) (JHE8H), 0.55 (s,3H),

oxy-9, 10- g@gfc{]%{ a-5(E),7(E), 10(19), 22(E)-tetra-ene. This ketone (0.53 g,
0.72 ? 1) PRBlved In THF-methanol (2 + 5 M) and treated with sodium
bor oh&dr | Thea §tikB=dnap)utisini h'emxalined ahgpomnSdﬂ ofabislmeitibct (Af& gr2.1 menelpohudryi on was
conpl ete i It QN {yeen cet hyl

acet at e agﬁq&ééots ) ‘mgsa {fﬁg E&c’m hudfife ¥ mr‘ﬂ@é%ré?t%g ?ﬂ% TWe -t he

3('S) - hydr&xy¥cshsediHe '?W"ngd‘rﬁakl?%“la? Utien avaspdred BeBim "Ltsmw e304R) - hydr oxy
conpound #drRadhmiAgIRE stdAdard Mistk-upr (@kldfiatobmsphye ab ety nidetonk & boM) toh t ol uene

10 / wat 10 i nj 38 004/ 037781, PCT/ 003/ 000718
guspenzie\g&é%%ﬁ %ﬁ"@ﬂ?’%"g@% %‘iﬂ?gﬁgf & tg\%@%‘j' #')?)’f" ﬁa%ﬁ'%\? " cool i ng,
partiad ondlnhgpnvbbommﬁﬁérhwmwﬂsw BS-oki-OwEhsdng-choln BEE)  (Merd12p (wi t hout

chr omat ogﬁ%
n os h| noyI (S) - hydroxy-1 TBS- oxy- 9, 10- seco- chol a-
8’(‘ t@%T %dgﬁ

24- di
S D e BrRo (COGMES TR T Bedrie i o 87 G D SR Bunt of ¢ he

3(R) 5 hygh,aNy, 4C38081RY, 4. Bhq P19y Bod2 (WA HIURBB (b dH),B.0hempHIcCESS of Cener al

Procedure /.1y 2.24 (bd,1H), 2.00 - 0.95 (m,16H), 0.89 (d,3H), 0.87 (s,9H), 0.54 (s,3H),

25 0.08 (s,3H), 0.07 {s,3H) ppm.
A stirred solution, maintained at about 5 °C, of this alcohol {0.61 g, 0.84 mmol) in dry
DCM {10 m!) was treated with the Dess-Martin periodinane (0.5 g). After 30 min 5%
aq. sodium hydrogen carbonate solution and 10% aq. sodium thiosulphate solution
were added and stirring continued for 10 min before dilution with ether and

30 performing the standard work-up {chromatography: 25% v:v acetone in DCM) to give
one isomer of the sulphur dioxide adduct of 24-diphenylphosphinoy(-3-oxo-1(S)-TBS-
oxy-9,10-seco-chola-S(E),7(E),10(19), 22(E)-tetra-ene. This ketone (0.53 g, 0.72
mmol) was dissolved In THF-methanol (2 + 5 ml) and treated with sodium
borohydride (43 mg) while stirring on an'ice bath. After the reduction was complete

35 (15 min), the reaction mixture was partitioned between ethyl acetate and water.
Standard work-up (without chromatography) gave the 3(S)-hydroxy compound in
admixture with a small amount of the 3(R)-hydroxy compound already described. The
product was heated under reflux in toluene (10 mi)/water (10 ml) containing

38



(wi t hout chromatography), using 9-acetyl-anthracene (0.02 g) and DCMto give
the 5(Z)-isonmer. To a stirred, ice-cooled solution of this product in dry
DCM (10 m) and 2,6-lutidine (0.2 n) was added TBS triflate (0.3 m), and

after all owdenohmmgact for 1 h, the mxture was parti BRlEEN wat er
and ether, and worked up as standard 10 (chromat ogr aphy: g@j‘ﬁﬂ @ acetone in

1(S) 3(S)éul5§ %g Bh'e"gq/’)fg&bsgg%l—%n%}e (152( %)) f°58‘|5 Ait él]‘i%"ng‘zl}?rg iorf"égf ra- ene:

1H NVR.  Shetesa st)hetand 8ater foflowgd pinstadpardw@R-up (Witpout ¢hrerptogearhs) (d, 1H) ,
5.94 (d, éald)e245d|§|¥er&mm§-¢m 36%5 Warc%wh(stﬁé -dlg, ikbi)seco?»el%(m 1H), 3.68
(a0 ATD) i ohS b pptin TRl St 10, 888
(s, 9H), aEhe #pdmixtyg d“&'d’( thg §(R)n. 07 (s, 3H),
0. 06 (s, 3ijdroy. @mpoandHheppoaduct Wae slibrhitied-tolévd watessef EaBerabBropedpared as

required fr r Ut vl =i 1.6Min
hexanes, Elwﬁ\%]%{:}\rgmgfo@%bhﬁ 8 Us%télrg?ée gasngﬂ{? 6'9022% alrhdaé%%dé Qﬂtvggpltﬁ()ut -70 C,
in dry THEZanspriesefs ngtlued,t-mcry&%sqlmeqfahlapéodwétrinmv DEM(10200 RR@par at i on

??S) Og?r%)ﬂ BQUI_;‘}I;%%e {92 @nlﬂvhé E@%Egsfﬂslo'frg@fé %f3 ml), and after allowmg to react for 1
22(5) -t et rethg RIXWIE Wps ?ir?'i'?"ij’ bepvger i r% Ik Frf"gFHEzrl‘i%“HF? standargom

t enper@at ufcbromasgraplade 2504 v phastaredn M) 3o gy/e%eulpﬂlmylpdmsm}mm pyridine (0.5
m). Afte I artitioned
be% ween iaﬁ%(g)‘ gl %8’@ bq?dée%g%hkﬁdﬂ 7{5?@ "8 192 @?&Iﬂr gpr%taggfaph;/ ! 1% v:v

ether in d‘éi\'P"Bl édﬁfpﬁ'@herﬁsq o7 giSv@4H), 7.50 - 7. 40 (m, 5H): 6.23 (d,1H), 594
24- chl or o¢dl{ 1), 537Dt dHY, 54 ox)2H, 4@15(3@;m)c BEREHLR), 3 6&) mHH)19)05

22(E)-tet I 5 123. 5,
50, ), 116D %J%sigdc%%swg 41 @’QFC@S é@sz °1§€(“?'15ﬁ' %,831%%?' %%}gﬁ'g'iio. 2, 39.6,
36. 4, 128 0.864d,38), @56 {5,32%5.0610 &3318), 0.030(s 3H)00.06 9s5,9H),1801 (s,3/) gpm.12. 1, -5.0,
-5.1 ppm T]:nré)l m-&ﬁ_@éﬁ‘x@% 54 BRpafRi At sd?l%g fm af?QHFecu%Qrs Q{Inmhi s chloride
(0.81 g) dﬁ ‘f\/\g %gaggéo W se a sol ution o? hi um

di phenyl pﬁ'@@]ﬂﬁ?d@bw 'ltNAUFh ¢l impgxanes ]5mﬁl|a5 equiv ) &2 §EHEY SBIutiGRit er were t hen

added bef miamtaifédat dboliO- 7000t YPHEANdI@epif @t SR tefipefituidTor 88 U0, tO
give an oil. This was taken up in DCM (15 m) and 35 stirred vigorously with

5% hydr oggW"per oxide (aq., 12 m) for 30 min. The mxture was partitioned
bet we2h water and ether, and worked up as standard (chromatography: 66% v:v
et hyl acegg%grait@g BS! @%Eﬂmdestdier) to give 24 39 WD 2004/ 037781
PCT/ DK200
di pheny! ph®23SHITRS splutignsyf HERP(RYrdiTES-oxvy2.80-pecasehdr-eHN HESL BN OF( E) , 10( 19) ,
22(E) - t ebr@)aaea-eddd20MR(1.67 @CDGUIhmel) in 8ry-THE @ 5(r) 4ldroord témperdtufe (M 6H) ,
6,42 (d, 1V|?I|%$ aédez:lz:rlglgds%gplé (0.43 g) and then dropwise pyridine (0.5 ml). After 9 min at
25 the same temperature, the mixture was partitioned between water and ether, and
worked up as standard (chromatography: 1% v:v ether in petroleum ether) to give
24-chloro-1(S),3(R)-di-TBS-oxy-9,10-seco-chola-5(E),7(E),10(19), 22(E)-tetra-ene:
BC-NMR: 3 (CDCl3) = 153.5, 142.8, 141.8, 135.4, 123.5, 121.5, 116.4, 106.4, 70.0,
67.0, 56.2, 55.7, 45.7, 45.5, 43.8, 40.2, 39.6, 36.4, 28.7, 27.4, 25.7, 25.5, 23.3,
30 22,0, 19.9, 18.1, 17.9, 12.1, -5.0, -5.1 ppm.
To a stirred solution, maintained at about -70 °C, of this chloride (0.81 g) in dry THF
(7 mil} was added dropwise a solution of lithium diphenylphesphide (0.4M in dry THF,
3.5 m!}). A few drops of water were then added before warming to room temperature
and concentration /in vacuo, to give an oil. This was taken up in DCM (15 ml) and
35  stirred vigorously with 5% hydrogen peroxide (aq., 12 ml) for 30 min. The mixture
was partitioned between water and ether, and worked up as standard

(chromatography: 66% v:v ethy| acetate in petroleum ether) to give 24-
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5.45 - 5.25 (m2H), 4.96 (bs,1H), 4.92 (bs,1H), 4.52 (m1H), 4.20 (m 1H),
3.07 5 (d, 1H), 3.02 (d,1H), 2.84 (bd, 1H), 2.55 (dd, 1H), 2.27 (bd, 1H), 2.05 -
0.90 (m 14H), 0.88 (s,9H), 0.87 (d,3H), 0.86 (s,9H), 0.47 (s,3H), 0.05

(s, 12H) pprwvohResiEhl o-derivative 302 was prepared as th| S
pr ecur sor by adding dropwi se n-butyl-lithium(1.6Min hgggir{{éﬁgm JT?sm

equi v t r nt al 0 THE and
kgepl nz; a pl?eWé’ pg'gﬂg’q'ﬂt“’é(ﬁﬁ@itr)aﬂg} d- '°§Y59q%059ﬁ?ﬁ aﬁl%ﬁ)a-z(%gqgﬁisgﬂgi npound 534
To a sol uetrerenemai nt ai ned at about -70 C, of the lithio-derivative 302

(o 1§
(prepare H N@AR atﬁ?ﬁ?ﬂ E?UéSS% ﬁgw 4H), 7 %8_7 4 (m, 6H1 6.42 éd ,1H), ? .77 _(Ld 1H),

24- di phe g ghos g 2/ 0-'se
S(E), 7(E)>-4 (f93p5 (m;2Hpk)4. %ﬁt?SalHe)né 9(2o(bmH 82 §m, erbf*)ZOe(ﬁullﬂL@uQM -lithium
(0. 55 51 )(d,1H)p 302y d i, £B4rTba hHwaasa@dh?mﬂmmeaﬂm, 205Ut0.90 (Af14H),

the same CEREPATR &7 (50 fite oDne ¥ Ga O R IA e s “kept at room
t enper at uthe Iithio-derivatief 302ewapuprpdred gs wequiredditom thidprepaseri v addirgy bet ween

et her andy - r % v ether in
petrol eum e hgizz?gggll&bg eé*g‘gpnﬁ‘g_%aﬁ& QQHEIQFQ%MK/?R&Q&W@@QL{?%:, 157. 3,

153.5, 14Daigtainghatab 05%137060 inary g HF poq kgeplng 3t the sppig tsmPE@Iweéor ¥v6.5, 70.0,
67.0,1066./@in.55. 3, 46.0, 43.8, 40.9, 40.2, 36.4, 28.7, 27.4, 25.7, 25.6,
23.2, 22.1, 19.4, 18.1, 17.9, 12.1, -4.9, -5.0, -5.1, -5.1 ppm 25
Preparat i on 35 Corrpound 205 [1 4 2] A m xture of conpound 101 (5,00 g, 8,7
nol ), 1-f{epdpiemydpbempundndd¢| | dene) - 2- propanone (8,32 g, 26,1 nmmol ), and

tol uene (‘ﬂ@Qs&hQuoalﬁﬁalﬁeH%@aB&ft 3‘@ “@Odfﬁ:ﬁe ﬁ’ﬂhnolééhvaﬂ@ 33?&@6&%& @M M xture

was cooled to room tenF and concentrated in vacuo. The
resi due WRE RIFLEIAacfl '?’?"kilﬂ?ﬁ?%‘i‘é‘°(/'7$(sr)d3)(k) dir TRS-@9-PdP-965°1 8t es at room 30
t enperzat us(€), 7aﬂd1d(n9)t, Qe )-tetra-@ug 0.2e gabigsemnol )tadt rabutyl-Thiunt (0.6% ety was

t 5 th i
et of cunyatpafy (¢ AR ool 8 St W HRBAR e e ot b 0L 0% o' ]
Hz), 6.441K @olmlﬂfyn "GdIUG'HFI dAfter shisriag at theysamsg, tgmperatqﬂ)‘or 30 o, thg 1H), 4.93
E m %::DD Areadtidrimidelre vﬁ’esaép{SBHobﬂ'n ten%er%&r(e%r% be%réﬁuérﬁﬁm%"&lth aet?’? ;le 16
(d, 3H), OT@% p%ﬁ'téﬂﬁang t(?t‘%e"(@%gl—ﬁnd ‘ﬁatSW a('g ?Qj]iardo""?fg Up @hé?Z"at? BB . Gener al
Pr oceztur e5% (; Pt impetesieuri @fhet 26, gid?the dompduid §B:= CH2)] 40 WO 2004/ 037781

PCT/ DK2003£ Q413 QDACE@O' !t'%& Mof st J(’h% %’;'54}’2‘ 13558, ?%1 Bt Eﬁfgdii’ﬁ go ype a

(0.1 mmol), atrl sen3| 1 Zer 1'ef M ne m) in a

sol vent (Blﬁrﬁ,)lq61a5,a7q39.r6§x0,f56a%l5%s46| Q,r@eﬁ a‘toe‘-ﬂ A% 413514, g?4$t7rf3f7o<m2é hi gh
pressure pdbraybobel, 184P18.1yPRo T{A 8042 (-Hapasly, a.1 ppm.

25  Preparation 35;: Compound 205 [1 =2 2]
A mixture of compound 101 (5,00 g, 8,7 mmol), 1-(triphenylphosphoranylidene)-2-

propanone (8,32 g, 26,1 mmol), and toluene (100 ml) was stirred for 18 hours at 110
oC. The reaction mixture was cooled to room temperature, filtered, and concentrated
in vacuo, The residue was dissolved in pentane (75 ml), stirred for 45 minutes at room

30 temperature, and filtered through Decalite filter ald. The filtrate was concentrated In
vacuo and purified by chromatography (0 — 5% v:v ether in petroleum ether}.
Compound 205: H-NMR: & = 6.66 {(dd,1H,J=8.8 Hz and 16.1 Hz), 6.44 (d,1H), 6.00
(d,1H,J=16.1 Hz), 5.81 (d,1H), 4.98 (m,1H), 4.93 (m,1H), 4.53 (m,1H), 4.21 (m,1H),
2.88 (m,1H), 2.54 (dd,1H), 2.38 - 2.16 {m,2H), 2.22 (s,3H), 2.10 -~ 1.85 (m,3H),

35 1.82-1.18 {m,10H), 1.11 (d,3H), 0.89 (s,9H), 0.86 (s,9H), 0.57 (s,3H), 0.08 - 0.02
(m,12H).

General Procedure 7 (Preparations 101-126, 128) [a - b (B = CH;)]
40



about 20 C for 30 mnutes (the tinme was scal ed-up proportionally according
to the 5 anount of internediate a). The reaction mxture (after filtering
when ant hracene was wused) was partially concentrated in vacuo and purified

by chronmat agsaglastgr gi ve the product internedi ate of ration
101: Conpound 519 10 Internedi ate of type a: 501 (1.29 5\59}3)1%%03}?)5(9?:?‘

%;&;gsx sol (Vi a;ratﬁsg% \i.&nggo%err%géox tftg@_/g(s 1%% tr@ét%ghggﬁe? Hy

6.13 (dd, (oqu Q)J and triethaming (0H5ombi) a sglsel@ @) dn a PHex feskwagd, 1H, 3=11.1
HZ) d. 4er€§IQted]~ch I}i;;a fﬁmﬂé h%cbréé&u% iEhviofet ila?np( pe ﬂchi)aozé (ﬁéneﬂ tlH) , 4.36
r

m 1H) AL(OBEZ %o 2.11 (m

ralgu 954 h%‘ﬁ)‘m"fsé@?“’d ép pipPP °“i§¥ﬁ°¢°iﬂg'ﬁﬁ4t°( '3H), 0.87
(s 1$—|) arfousd of mterﬁlﬁd;at@ama'hérreac‘nﬁhi)rnipmm (ﬁ&rﬁne@wabemmtﬂ:%en@wmpound 521
I nt er medi i e | - ne.

ol vent : eg) e pakREfearsfirdt o aF BENACTEY chrn BBl ALV 6E

Pr epar at | SRdUGY Bterppdbarditeed. | nternediate of type a: 503 (0.38 g).
Sensitizer: Anthracene (0.32 g). Solvent: DCM 30 Purification of conmpound
523 by c omato r Y. (0. 5% 1¥ ether in petroleum ether). Conpound 523:

'H NVR 6= : 1H), 6.11 (dd, J=14.9Hz, 3=10.7Hz, 1H), 6.00
(d JlﬂLl Dhamedidye obtyp6 af 801 (£29g/Bins rimpl). 5. 41 (dd, 3=9. 6Hz, 3=14.9Hz,

17, 4,36 (m 1 4,18 (m 1 280m1,
3 b (dd S“‘%@tﬁwpﬁ'@ag%e(@%@? 1H) 2 5 (5?1 J=7.5I(-|z, 32)13.0Hz, (lH), D 15
1.0 (mSoveqpiDCM (189 phs, 3H), 1. 72 (bs, 3H), 0.93 (d, 3=6.5Hz, 3H), 0.87
(s, 9H), BrRfatoh: ATri802 hbhp was usdtifor 25 M. (bs, 12H) ppm 41 WO 2004/ 037781

PCT/ DK200§/ OOOQ%Zlng’qﬁ_&ﬁ{ﬁtg Ogrémo 1%%?:9 éjd Fi%4 IH ?ersand 4 |giz)'type a: 504

(61 ng) rac
6.00 (d, 1H), 5.75 (d, 1H, J=11.1 Hz), 5.40 (dd, 1H, J=8.8 Hz and 14.9 Hz), 5.17 (m,

1H), 4.85 (m, 1H), 4.36 (m, 1H), 4.18 (m, 1H), 2.82 (m, 1H), 2.44 (dd, 1H), 2.21
(dd, 1H), 2.11 (m, 1H), 1.74 (bs, 3H), 1.73 (bs, 3H), 2.03 - 1.14 (m, 13H), 1.04 (d,
3H), 0.87 (s, 18H), 0.55 (s, 3H), 0.05 (m, 12H) ppm.

20  Preparation 102: Compound 521
Intermediate of type a: 502 (63 mg).

Sensltizer: 9-acetyl-anthracene.
Solvent: DCM,
Compound 521: *H-NMR in agreement with structure.
25
P ration 103: Compound
Intermediate of type a: 503 (0.38 g).
Sensitizer: Anthracene (0.32 g).
Solvent: DCM,
30 Purification of compound 523 by chromatography (0.5% v:v, ether in petroleum
ether).
Compound 523: 'H-NMR: 5 = 6.22 (d, 1=11.2Hz, 1H), 6.11 (dd, 3=14.9Hz, J=10.7Hz,
1H), 6.00 (d, J=11.2Hz, 1H), 5.76 (d, }=10.7Hz, 1H), 5.41 (dd, }=9.6Hz, J=14.%Hz,
1H), 5.17 (m, 1H), 4.86 {m, 1H), 4.36 (m, 1H), 4.18 (m, 1H), 2.80 (m, 1H}, 2.43 (dd,
35 J=3.8Hz, J=13,0Hz, 1H), 2.20 (dd, 3=7.5Hz, 1=13.0Hz, 1H), 2.15 - 1.0 (m, 14H),
1.75 (bs, 3H), 1.72 (bs, 3H), 0.93 (d, 1=6.5Hz, 3H), 0.87 (s, 9H), 0.86 (s, 9H), 0,49
(s, 3H), 0.05 (bs, 12H) ppm.

41



Solvent: DCM 5 Purification of conmpound 524 by chromat ography (0 - 2% v:v,
ether in petroleum ether). Conpound 524: 1HNMR 6 = 6.33 (bd, 3=10. 3Hz,
11-1), 6.22 (d, J=11.2Hz, 11-11), 6.11 (dd, J=10.3Hz, J=15.3Hz, 1H), 6.01

(d, J=11. 2G7 bles+®155 (dd, J=15.3Hz, 3=8.8Hz, 1H), 5.3c/bR%osdoh7ik). 4. 86
(bs, 1H), 4.18 (m 1H), 2.81 (m 1H), 2.44 (m 1H, 2.25 10 1.0 (m 20H),
1.06 (d, d38.8H2: 135 corfodibd(Sy, 18H) . 0.55 (s, 3H), 0.05 (bs, 12H) ppm
Prepar at i 5 ; nternedi ate of type a: 505 (0.24 g).

Sensi t i zetermediateotlype @0 524 (6} mgl5 Sol vent: DCM Purification of conpound

525 by chsmtz@gr@@mc&{g .@&py: v, ether in petroleum ether). Conpound 525:
"HNVR 6_= 35 &bd, 1=1 .3|—E, 11-11), 6.22 (bd, J=11.5Hz, 11-1), 6.08
(dd, J= 105%114’2"t BCYs 4z, 1H), 6.00 (d, J=11.5Hz, 1H), 5.55 (dd, 3=9.4Hz,
3=15. 4%z, PuriGatidd) of ripB(ihdl 524 by Epromatd@Bantyd0 -129p v, dber(impefdledh, 4. 18 (m
11-1), 2. §cgr(bd J=12. 2Hz, 1H), 2.43 (dd, J=3.6, J=13.0Hz, 1H), 2.20 (dd,
3=7.3Hz. 50§ 11-1), 2.15 - 1.0 (m 18H), 0.97 (d, J=6.8Hz, 3H), 0.87
(s, 91- 1)C070PQ}'T‘C1(5§4 QH)NMR) %50 &3 (WH=1G3Ms 1Hiss- 22 dH)= Hp?ﬁz 25)P5ré3par ation
i\o?h Conpaid n91=ﬁ)2§Hz) |JQt1§r3mdhﬁ§ P%';édt pEeia QHZ,5?§ 495 cg)J=15§ﬂBSJ=tS§l@zr

nt hr acen v at.lon ou

Ao SRl OO Bds AR, bt B BB e

"H NVID 618 (61, 2RH],d.08%d, =Br8Hz, ;BHI),,O&VOsOlGEI), 54 (s, B, 0.03(B3, 128) B@m. (dd,
J=15Hz, 3=10.7Hz, 1H), 5.65 (m 1H), 5.34 (dd, J=15Hz, 1=8.7Hz, 1H), 5.17

(bs, 11-1), 4.85 (bs, 1H), 4.36 (m 1H), 4.18 (m 11- 1) 2.69 (m 5H), 2.44
(m 1H), E@a@sﬂé_i(ﬂm%—% 1.03 (d, J=6.7Hz, 3H), 0.87 (s, 18H), 0.54
(s, 3H), tht&nddiie of 8peb2HD5ADM4 Yy eparation 107: Conpound 527 |Internediate

of type a_ 507 2004/ 037781 PCT/ DK2003/ 000718 Sensiti zer:
Ant hr aceng® "(sgzgé ’Hﬁ%hra%%ﬂevéﬁ% Purification of conpound 527 by

chr ontb ogBalpdnt: CM.5% v: v, ether in petrol eum

Purification of compound 525 by chromatography (0 - 2% v:v, ether in petroleum
ether).
Compound 525: *H-NMR: § = 6.35 (bd, J=10.3Hz, 1H), 6.22 {bd, J=11.5Hz, 1H), 6.08
(dd, J=10.3MHz, 1=15.4Hz, 1H), 6.00 {d, J=11.5Hz, 1H), 5.55 (dd, 1=9.4Hz, 1=15.4Hz,

20 1H), 5.17(bd, 1H), 4.86 (bd, 1H), 4.36 (m, 1H), 4.18 {m, 1H), 2.80 (bd, J=12.2Hz,
1H), 2.43 (dd, J=3.6, J=13.0Hz, 1H), 2.20 (dd, J=7.3Hz, J=13.0Hz, 1H), 2.15 - 1.0
(m, 18H), 0.97 (d, J=6.8Hz, 3H), 0.87 (s, 9H), 0.87 (s, 9H), 0.50 (s, 3H), 0.05 (bs,
12H) ppm.

25  Preparation 106: Compound 526
Intermediate of type a: 506 (0.4 g).

Sensitizer: Anthracene (0.34 g).
Solvent: DCM,
Purification of compound 526 by chromatography (0.5% v:v, ether In petroleum
30 ether).
Compound 526: H-NMR: & = 6.22 (d, J=11.2Hz, 1H), 6.00 (d, }=11.2Hz, iH), 5.84
(dd, J=15Hz, 1=10.7Hz, 1H), 5.65 (m, 1H), 5.34 (dd, J=15Hz, 1=8.7Hz, 1H), 5.17
(bs, 1H), 4.85 (bs, 1H), 4.36 (m, 1H), 4.18 (m, 1H), 2.69 (m, 5H), 2.44 (m, 1H),
2.25-1.10 (m, 17H), 1.03 (d, J=6.7Hz, 3H), 0.87 (s, 18H), 0.54 (s, 3H), 0.05 (bs,
35  12H) ppm.

Preparation 107: Compound
Intermediate of type a: 507 (0.38 g).
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ether). 5 Conpound 527: 13C-NVR 5 = 148.2, 142.3, 140.9, 137.5, 134.7,
123.5, 123.0, 120.9, 117.6, 110.9, 71.9, 67.3, 56.7, 56.0, 45.8, 45.7,
44.6, 40.6, 39.7, 31.0, 29.7, 28.7, 27.1, 25.7, 25.6, 23.2, 21.8, 21.3,

18.0, 17.9wd6to903733. 0, -4.9, -5.0, -5.3 ppm Prepar at ppppkSssntaigoound 528
10 Internmedi ate of type a: 510 (0.15 g). Sensitizer: 9-acetyl-anthracene

(0.02 g). SeréﬁﬂzMﬁ'ABthrm (%und 528: 1H-NMR in agreenent with structure.
15 Preparation : oun 29 Internediate of type a: 511 (24 ng, 0.04

mol ). Seent Q‘E‘Y‘t 9 acetyl -ant hracene. Sol vent: Tol uene. Conpound 529:

" H- NMVR | nP@icgtsiiesticomipblinds 5220 6¢ diir@matod@apRiy&paoaiig etietGn pelpgipannd 530

| nt er medi q}l l_of type a: 514 (125 ng, 0.2 mmol). Sensitizer: 9-acetyl-a nth
racene. G\5«3‘nt DCM_ 25 Compound 530: 'H-NMR in agreenent with structure.
Pr epar%at i emaaimd 5REnPEtNREB E 148 2r ¥del, A¢8-9 13T ppa3h7, 525 5(123.0m) .

Sensi ti zeg3g, é\”h'?re'ﬂlcﬁﬂea (79 993679:9 563;0 SSQJ V@sﬂé 45T@I4$@e4d8 9.7, 31@”&1}3?'”0' 531:

IHNMR in_ a reerrent w t oun

| nt er nedi 4¢-é tF113pe %1566%%2(%8{7633 1§@ é@ﬁsﬂﬁ zé?o 94§ce'i 0 5a3 PR"H race ne.
Sol vent: DCM Conpound 532: 1H-NVR in agreenment with structure. 43 WO
2004/ 0377 00,448 -5Pr epar ation 113: Conpound 533 Internedi ate of

type a: 5 . Sensitizer: 9-acetyl-a nth racene.
Sol vell : mrnegla@mfwgm §38(0.1BMVR. 6 = 6.23 (d, 11-1), 6.03 (d,1H, 3=15.6

Hz) ., 6. 01lgéhlitizdkdo-acetyl-anthracene (0.02 g).
Solvent:DCM,
Compound 528: 'H-NMR in agreement with structure.

15  Preparation 109: Com 29
Intermediate of type a: 511 (24 mg, 0.04 mmol).
Sensitizer: 9-acetyl-anthracene.
Solvent: Toluene.
Compound 529: 'H-NMR in agreement with structure,
20
Preparation 110: Compound 530
Intermediate of type a: 514 (125 mg, 0.2 mmol).
Sensitizer: 9-acetyl-anthracene.
Solvent:DCM.
25  Compound 530: 'H-NMR in agreement with structure.

Preparation 111: Compound 531
Intermediate of type a: 515 (17 mg).

Sensitizer: Anthracene (0,01 g).
30 Solvent:; Toluene (2 ml).
Compound 531: 'H-NMR in agreement with structure.

Preparation 112: Compound 532
Intermediate of type a: 516 (90 mg).
35  Sensitizer: 9-acetyl-anthracene.
Solvent:DCM,
Compound 532: 'H-NMR in agreement with structure.
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5.88 (dd, 1H, J=8.4 Hz and 15.6 Hz), 5.17 (m 1H), 4.86 (m 1H), 4.78 (m
1H), 4.72 (m 11-1), 4.37 (m 1H), 4.18 (m 1H), 2.83 (m 11-1), 2.45
(dd,1H), 2.30 - 2.06 (m 2H), 2.05 - 1.95 (m 2H), 1.07 (d 3H), 0.87 (s,

18H), 1.93wo &hodts7tsn 12H), 0.67 (m 2H), 0.56 (s, 3H)P f(%no@)ﬂbm , 0.05
(m 61-1), 0.04 (m 6H) ppm 10 Preparation 114: Corrpoun 2 I nt er nedi at e
of type Bre &%l&ﬁﬂﬂ})m@g@% % izer: Anthracene (0.05 g). Solvent: DCM 15
Purification o chr omat ography (0.5%v:v, ether in petrol eum

et her) . éa%mﬁ@t%ozcquﬂﬁmo ¢ @1§mpel). J=0. 9Hz, 1H), 6.22 (d, 3=11.2Hz,
1H), 6.0(seﬁqg|¢;zerjglékemnthlécei;}; 6.01 (dd, J= 9 9Hz, 3=15.3Hz, 1H), 5.81 (dd.
J=15. 3Hz 4 5 . 11-1), 5.17 (bm 1H), 4.85 (bm 1H), 4.36 (m 1H), 4.19
(m 1H), e "1H), 2.44 (dd, 20 1H), 2.2 - 1.0 (m 15H), 0.95 (d,

3=6. 61z, QIH)POUDdgﬁ:(’tb‘SNMBBEI)— 63350, LK), 6309 (d,1H,0515(ENz), 62) (dppH), Prepar ati on

115: CO”FBDB'@gddeQZ lé‘h%%ﬁ'ﬁ@@‘ sti’ﬁﬁ-nam)lﬁ% ((-riLOL‘H)”E;?sQn{LEHm - 25

Sensitizer acefyl ant hracene her. Conpound
1002: 1H®RH n4§§r(@eﬂrﬁht43\§£'ﬁrét'} u?c%ﬁfar IH)Plzéqﬁa(tdéﬁ"Bn ﬂ?ée‘ 2.8%fPound 1004 30
| nt er rredlza)ezm‘s -tyw(m 2|1ﬁ&307((kﬂ,3m,)0 87 &&nsHY, .83 - 0Bmeal virgnolergegne (10

ng). Sol m ou 1 w1 . 6 =6.23 (d, 1H, 6.00
(d, 1H), 5 6(9'1%@4 ."gsf*t)m%%‘&w%%@%m%%w; 4.18 (m 1H), 2.82
(m 19, 2.44(dd 1H), 1.52 (s, 6H), 1.17 (d, 3H), 35 0.87 (s, 18H), 2.38 -
0.80 (m i@ﬁ(mtn%}?ﬁ} (L?mpihbml 59505 (s, 6H), 0.04 (s, 6H ppm Preparation
117: Conpoun late of type a: 1005 (70 ng, 0.1 mml). 44 WO
2004/ 037718'1‘3’?6?}68@(5@%?905]731@57 Bghsitizer: Anthracene (80 ng). Sol vent: DCM
Conpound ddMftizert dnthddene §005148. 1, 140.0, 135.2, 122.8, 118.0, 111.0, 85.1,
78. 4, 2%05 ez@lgzrq 69.3, 67.3, 64.8, 55.7, 55.5, 45.8, 45.5, 44.6, 39.5,

34.1, 28 5 26.4, 25.6, 25.6, 23.0, 21.9, 20.7, 18.0, 17.9, 12.2,
8. 3, ].54 g’unﬂsampn of SopeiyA 520 by chromatography (0.5% v:v, ether in petroleum

ether),

Compound 520: H-NMR: & = 6.87 (d, J=9.9Hz, 1H), 6.22 (d, J=11.2Hz, 1H), 6.00 (d,

J=11.2Hz, 1H), 6.01 (dd, J=9.9Hz, J=15.3Hz, 1H), 5.81 (dd, J=15.3Hz, J=9.5Hz, 1H),

5.17 (bm, 1H), 4.85 (bm, 1H), 4.36 (m, 1H), 4.19 (m, 1H}, 2.81 (bm, 1H), 2.44 (dd,
20  1H), 2.2 - 1.0 {(m, 15H), 0.95 (d, J=6.6Hz, 3H), 0.87 (bs, 18H), 0.50 (s, 3H), 0.05

(bs, 12H) ppm.

reparation 115: Compound 1002
Intermediate of type a: 1001 (104 mg, 0.17 mmol).
25  Sensitizer: 9-acetylanthracene.
Solvent:tert-butyl methy! ether.
Compound 1002: 'H-NMR in agreement with structure.

Freparation 116; ound 1004
30 Intermediate of type a: 1003 (41 mg).
Sensitizer: 9-acetylanthracene (10 mg).
Solvent: Toluene (4 ml).
Compound 1004: *H-NMR: 3 = 6.23 (d, 1H), 6.00 (d,1H), 5.17 (m, 1H), 4.85 (m, 1H),
4.37 (m, 1H), 4.18 (m, 1H), 2.82 (m, iH), 2.44 (dd,1H), 1.52 (s, 6H), 1.17 (d, 3H),
35 0.87 (s, 18H), 2.38 - 0.80 (m, 16H), 0.56 (s, 3H), 0.05 (s, 6H), 0.04 (s, 6H) ppm.

Preparation 117: Compound 1006
Intermediate of type a: 1005 (70 mg, 0.1 mmol).

a4



Preparation 118: Conpound 1008 Internediate of type a: 1007 (68 ng, 0.1
nmmol ) Sensitizer: 9-acetylanthracene 10 Sol vent: DCM Conpound 1008: 1H NVR
6 =6.23 (d, 1H), 6.00 (d,1H), 5.17 (m 1H), 4.85 (m 1H), 4.37 (m 1H),
4.18 (m 1Ko 2084/853761m 11-1), 2.44 (dd,1H), 1.17 (d, 3Hi’CTIi)K9(§)3/0607186|_|)
0.87 (s, 18H), 2.38 - 0.80 (m 20H), 0.56 (s, 31-1), 0.05 : 04 (m
6H) ppm Conmpound 537 Internedi ate of type a 536 (150
ny) . Senss%élﬂgéer‘ra%kﬂ%%%éene 80 112 g). Solvent: DCM Purification of
conmpound IPYENEYDEMr omat ogr aphy (0 - 2% v:v, ether in petroleum 20 ether).
Conpound Cepolind MbBsi ¥icagireee s, t1ho 9 lwstzpmz 8, Preeparnat 0,@5%.1,2@.4,Conpound

2 e SR AL R T S S s M D s A B A TS SO

et her 3i n 3%et,r28.&2h.6,621@r1.9,GRDH o0 H39: 1211+8WR456 -5.06 -33 ppm.

(d, 11-1,3=10.31-1z), 6.22 (d,1H), 6.09 30 (dd, 1H, 1=10. 3Hz and 14. 9Hz), 6. 01
(d,1H), 569 (dd 1H ]=8 8tz and 14.9Hz), 5.17 (m1H), 4.85 (d,1H), 4.36

(m 1H), 4regaratiomiis: Compound 1008 2 44  (dd, 1H), 2.25- 2.10 (m2H), 2.05-1.10
Em ig? IhteﬁﬁnSeeﬁteBaHWe aﬂmzrz(laf,@gi)o 1%?31{)32& 9:-1) 0. 53_ (s, 3H]2 0. 07-0528

m p n mpoun nternmedi ate of type a:

(120 ny) %n’%‘é? A8 e cébq ﬁ':[aﬁ?rhcene (115 ng). Solvent: DCM 45 WD 2004/ 037781
PCT/ BRR2OCBNGMO7R8M Puri ficati on of conpound 541 by chromatography (0 - 2%

viv, et heéodaﬁbulﬂ@tfo@be%Mﬂt Ber . 23%”&%%%05611 H)“SHW% 1@1),4%53% (ﬁil 11- 1)

0. 00 (d, lHé 1H, J=15 (dd, 1H, J= , 17
O 0 & s 2 A e Gy 2R, 1 3 T D1 0 19 ({trrﬁ@H) > an
(dd, 1H), ®821s,(1d¢h) 1Hps - D.86crd,. A0H)( 01566 3H)L 055 (ehBHIHY .04 nQ)4H) pgm3H) , 0. 87
(bs. 18H), 0.55 (s.3H), 0.07-0.03 (m 12H) ppm

15 Preparation 119: Compourid 537

Intermediate of type a: 536 (150 mg).

Sensltizer: Anthracene (0.112 g}.

Solvent: DCM.

Purification of compound 537 by chromatography (0 - 2% v:v, ether in petroleum
20  ether).

Compound 537:*H-NMR in agreement with structure.

Preparation 120: Com 53
Intermediate of type a: 538 (76 mg).

25  Sensitizer: Anthracene (60 mg).
Solvent:DCM.
Purification of compound 539 by chromatography (0 - 2% v:v, ether in petroleum
ether).
Compound 539; H-NMR: & = 6.34 (d,1H,J=10.3Hz), 6.22 (d,1H), 6.09

30 (dd,1H,)=10.3Hz and 14.9Hz),6.01 (d,1H), 5.69 (dd,1H,)=8.8Hz and 14,9Hz), 5,17
{m,1H), 4.85 (d,1H), 4.36 (m,1H), 4.18 (m,1H), 2.82 (m,1H), 2.44 (dd,1H), 2.25-
2.10 (m,2H), 2.05-1.10 (m,13H), 1.06 (d,3H), 0.87 (s,9H), 0.87 (s,9H), 0.55 (s,3H),
0.07-0.03 {m,12H ppm.

35 reparation 121: Compound 541
Intermediate of type a: 540 (120 mg).
Sensitizer: Anthracene {115 mg).Solvent:DCM,
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Preparation 122: Conpound 543 10 Internmedi ate of type a: 542 (300 ng).
Sensitizer: Anthracene (200 ng). Solvent: DCM Purification of conpound 543
by chronmat ography (0 - 2% v:v, ether in petroleum ether). 15 Conpound 543:

"HNVR S 3 1H), 6.01 (d, 1H), 6.01 (dd, 1H J=11. Hz
5.86 (m 1mvf@%@g/%i7?add,kblH,J=8.sl(ﬂz anH)d 14. 9Hz§ 5.16 (m W’“}Q@é’“‘%‘ﬁ‘ﬁ )

4.36 (m . 18 1 82 1H, 2.4 m 23 1.04
(d, 3H§, ) '?c%iso,nlcggfn%"plﬁ_g'?Sg‘tls?y:%%%mgg.o@'ﬁpﬁygg('%grﬁ ?H)Ether n p%ﬁoq%f"épar a’lt_? on
123: Conpdkerd 545 Internediate of type a: 544 (214 ng). Sensitizer:

Ant hr acer&néﬁbﬁﬁd @) : 'H ﬁ@iRV%rE 6 2@@(‘1@“6 'ob'(ea.LH)05199f(d @ﬂ@%@@z?“ by

chromat o 3&) &_(‘) - 2% etro r Corrpound 545:

o e O 88 o oo B g 15 ER5 AT atb4 T o b 1 8 BB8 0. Shy

5. 69 (sd, i(hh,1&0. 7Hz) 5.43 (dd, 1H,J=8.4Hz and 14.9Hz), 5.17 (m 1H), 4 85

d, 1 d

ngE)H) 42%334&)@#% %%géwﬁé%fﬁé*@%%@%ﬁ(éésﬁg bljg%b? ﬁéﬁ? ppm 30
Pr epar atﬂﬁrﬁ"ﬂ)ZQW@wﬂ@Uhd’ U@ 3HINP 8B dmel 26¥) PPYpe a: 546 (217 ng).
Sensitizer: Anthracene (214 ng). Solvent: DCM 35 Purification by

chr omat ogr aph 0.-.2%v:vV her in petroleumether) to give

1(S), 3( R 2 i siiyloxy)-20(R)-cycl opropylidenenet hyl -9, 10-
seco-10pr dpixarie(ig)e o tgpe 2064D]300rmeghe (conpound 547). Conpound 547: 'H- NVMR 5

= 6.22 ( 2 (m1H), 5.17 (m1H), 46 WD 2004/037781
PCT/ Dmog%%’g%%?’ﬁé*%}fgge@w% " 4.36 (m1H), 4.18 (m1H), 2.79 (m1H), 2.44
(dd, 1H), SOlt@&MH), 2.20 (dd 1H), 2.02 - 0.80 (m17H), 0.96 (d, 3H), 0.87
(s, 9H), OpBificdtforddcomPodii 54§b33bﬂrom@td%9aphyQ00&% m\ﬂ,%tﬁermﬁlﬁbtr@etﬁhepar ation
125: Conp %H g 549 Internediate of type a: 546 (175 ng). Sensitizer:

Ant hr aceng"t157 ng) .
15  Compound 543: *H-NMR: & = 6.23 (d,1H), 6.01 (d,1H), 6.01 {dd,1H,J=11.1Hz and

14,9Hz), 5.86 (m,1H), 5.36 (dd,1H,J=8.8Hz and 14.9Hz}, 5.16 (m,1H), 4.85 (d,1H),
- 4.36 (m,1H), 4.18 (m,1H), 2.82 (m,1H), 2.44 (dd,1H), 2.37-0.80 (m,23H), 1.04
{d,3H), 0.87 (s,18H), 0.55 (s,3H), 0.07-0.03 (m,12H) ppm.

20 Preparation 123: Compound 545
Intermediate of type a: 544 (214 mag).

Sensitizer: Anthracene (150 mg).
Solvent:DCM.
Purification of compound 543 by chromatography (0 - 2% v:v, ether in petroleum

25 ether}.

Compound 545; *H-NMR: & = 6.23 (d,1H), 6.19 (dd,1H,J=10.7Hz and 14.9Hz), 6.00
(d,iH), 5.69 (d,1H,=10.7Hz), 5.43 (dd,1H,J=8.4Hz and 14.9Hz), 5.17 (m,1H), 4.85
(d,1H), 4.36 (m,1H), 4.18 (m,1H), 2.81 (m,1H), 2.44 {dd,1H), 2.32-0.80 (m,25H),
1.04 (d,3H}, 0.87 (s,18H), 0.54 (s,3H), 0.07-0.03 (m,12H) ppm.

30
Preparation 124: Compound 547
Intermediate of type a: 546 (217 mg).

Sensitizer: Anthracene (214 mg).
Solvent: DCM.

35 Purification by chromatography (0 - 2% v:v, ether in petroleum ether) to give
1(S),3(R)-bis(tert-butyldimethylsilyloxy)-20(R)-cyclopropylidenemethy!-9,10-seco-
pregna-5(z),7(E),10(19)-triene (compound 547).

Compound 547: *H-NMR: & = 6.22 (d,1H), 6.00 (d,1H), 5.62 (m,1H), 5.17 (m,1H),
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Sol vent: DCM Purification by chromatography (0 - 2%v:v, ether in petroleum
ether) to give 10
1(S), 3(R) -bis(tert-butyldi net hyl silyloxy)-20(8)-cycl opropylidenenet hyl -9, 10-

- E),10(19)-trl d 549). Co - JH NVR 6
o eo2s (T AN Iy, 561 (m1n). A7 (m b, TeamRae 5

706 o%éﬁgét‘%ﬂ“%(%%*‘? b oot el 2 L @ Bias (S oiy
0.07 - 0.H20 (46, 13})2.-GprP-BOHTLpANaPIHr(dzH: 083 ({pEHMD-85 (5, 9HhitdTredi at e of

type a: 5(5@%00@6_9()0229, f#nphi. zer: 9-acetyl -anthracene (0.01 g). Solvent:
DCM (7 m). Conmpound 551: 1H-NWMR (CDClI3): S = 6.22 (d,1H), 6.17 (dd, 1H),
6.00 (d, 1H) 5.70 (d 1H), 543(dd 1H), 5.16 (bd, 1H), 4.85 (bd, 1H), 4.36
(m 1H)5 ZPrégargiipn H)5: g 5491H), 2.43 (dd, 1H), 2.25 - 1.15 (m 19H), 1.04

(d, 3H), JinT%g;amf, Be§6sé§§n1%%%) 25 0.54 (s,3H), 0.05 (bs,12H ppm

Prepar ati on sol ution, nmaintained at about -70 C, of
t he I|th|$ﬁf'6‘§'FPr\/zftﬁtWéC%M1(5f)m9@ar ed from the precursor
24- di phensdnaimesidM.noyl - 1(S), 3(S) - D - TBS- oxy- 9, 10- seco- chol a-

5(E), 7(E),. 1 92(E)-fetra- 13 g,.0.1 | d. n-butyl -1ithi
( ((). )1 m( ) 3"%@@%[&3"09&3%3@6%@%&% )E(‘Eﬁéé/g) éB’dSﬁ“’ear"bB‘%%f ‘gg‘?’%)e%*}a?h?’ G of di et th:Jm
ket ont ( 01(623(Ri-dis(tertdwyyldifidEhy{Dyiasy)n20(5)-cydienropyidemaniethyled, 104seces ane

tenper at ure was kept at room terrper ature
(ompera ;ﬁ;‘ggxﬁéﬁg(ﬁ@(m S e L prat ¢

partiti onfHBPLEE RS RINMR: & &-2detH). 60 (gtléﬁdéﬁa%ﬂb#@ L?p1L7 Q‘Bﬁﬁémat ogr aphy:
20% v: Vv tqbaw@mn 4087 (0] 20420 el JH); 2.821 (MG 1K), wr&uqundzmm 18p 1H-NWR in

2 Son (G 0b QIO SsreRe Bl B B ShH G el P

9- acety| -@@H)r acene (0.01 g). Solvent: DCM (7ml). 535: 1H-NWR (CDClI3): 5 =

6.96 (d, i ¢ 22 (d, 1H). 6.19 (dd, 1H), 6.01 (d,1H), 5.15

(m 1H§ g/ ?06?('4'12“5058"‘6 A (m 1H§, ) o (d,1H),(2.4T)5 (dd, 1H),
.40 - 2.15 (m2H), 2.0 - 1. 5 (m13H), 1.15 (d, 3H), 0.87 (s, 9H), O.86
(s,9H), Oprbdarbtoitl6: Coribound 58t), 0.04 (s, 6H) ppm

Intermediate of type a: 550 (0.07 g).
20  Sensitizer: 9-acetyl-anthracene (0.01 g).
Solvent: DCM (7 ml).
Compound 551: *H-NMR (CDCl,): 3 = 6.22 (d,1H), 6.17 (dd,1H), 6.00 (d,1H), 5.70
(d,1H), 5.43 (dd,1H), 5.16 (bd,1H), 4.85 (bd,1H), 4.36 (m,1H), 4.18 (m,1H), 2.79
(dd,1H), 2.43 (dd,1H), 2.25 - 1.15 (m,19H), 1.04 (d,3H), 1.00 (m,6H), 0.86 (bs,18H},
25 0.54 (s,3H), 0.05 {bs,12H) ppm.
Preparation 127: Compound 552
To a solution, maintained at about -70 °C, of the lithio-derivative 303 (prepared from
the precursor 24-diphenylphosphinoyl-1(S),3(S)-Di-TBS-oxy-9,10-seco-chola-
5(E),7(E),10(19), 22(E)-tetra-ene (0.13 g, 0.16 mmol) and n-butyi-lithium (0.1 mi))
30 indry THF (2 ml)) was added dropwise a solution of diethyl ketone (0.025 mi) in dry
THF {0.25 ml)). After stirring at the same temperature for 30 min, the reaction

mixture was kept at room temperature for 2 h and then at 40 °C for 1 h, before

guenching with wet THF, partitioning between ether and water, and standard work-up

(chromatography: 20% v:v toluene In petroleum ether) to give the compound 552:
35 H-NMR in agreement with structure.

Preparation 128: Compound 535
Intermediate of type a: 534 (0.09 g).
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General Procedure 8 (Exanples 4, 14-18, 23. 25-27. 29, and 36) To a m xture,
mai nt ai ned at about 25 C, of an ethyl acetate solution (about 0.3 m) of 10
the appropriate silyl-protected internediate (ca. 0.1 nmol) in acetonitrile

(4 M) waswesdoehrigfi @ pl astic pipette) 40% aqueous hydpefhiokmoeds d (0.5
m, ca. 10 nmol). After vigorous stirring at the same tenperature for 1 h,

the reactd 1 XL ) L-ntd0o0ed between ethyl acetate and 3N sodi um
hydr oxi dege?ﬁg%a¢tﬁgﬁ%wg%§g@c eﬁ%n(of%l% paper) solution before standard
wor k- up t9NgNGeDEME7®Opound 1. 15 General Procedure 9 (Exanples 1-3, 5-13.

(28. 130- 3?935?%@'_11&@%%9?5@1 G.QBQBI,QHP,F&@? kﬁi'?' s)ileydcr,m)ptsgcgt(ed,ﬂﬁr),t ?.nm(sgi ig e
.1 ol ), i 0 - r rLydrate (0. 13g,
ca o4 o, >anahD a Rl G GRuth aiimab® 487 QabTHEET uf e
cool i rrg ((dAdHpaR-#0 al2. To(ro2hi)s 20i-Amld fmaaBhol. Whéh3B)) adie(s/dulsB6of THE in a
scal ed-uqugg?p@gyr(gjﬁgcdgtgﬁ?#s@’)qu)cs,ép.,)%pmlaqueous sodi um hydrogen

ethy

carbonat e solution an acetate were added. Standard work-up gave the
conmpound |. Exanple 1: '

1(S) , 3( RGednek Bropedurd. gl pelaokesigas(28-27(59), ah8(369) , 22(E), 24- 25

Dot r o n- B3 Pien AP ed oF HeE 25 optanetRpig e soi s pau s mp of
t et r atfy drtbé eppnop(iF@ sityypratestdddateadediated6E 0.h mmolairgrretordiriro@phbvesf or 60

m nut es. Af LN tH bRV AG e i ture was
partiti onﬁghﬁé‘{‘ﬁ%%“ﬁ?ggﬁ%ﬁﬁ{a%ﬁﬁé‘éh%d”ygﬁ’a'gﬂu?ﬁ%g?-aﬁbf%ﬁ?ﬁf‘s’aﬁ?-eé@me 30

or gani ¢ peRUSEETIng ahHte sHMefempe@tursder hhi e reagticadnixiie wWaseafr at ed. The
resi due tined petwdehating acedtearait INsaNI hi HdXidet(toydlkalimetrasction o pAt r ol eum
ether). F [ . i the title. re concentrated in vacuo
to yield ‘%’ﬁg@iﬁ%m' P%%&tégﬁieg'"g%gl%ﬁ'r‘ﬁgst%%%'r%&g? gﬁﬁg?‘\‘r’\@r%e met hyl for mat e.
Conpotnd 1: 13CG-NVR 5 = 147.7, 143.1, 138.2, 132.9, 132.8, 125.3, 125.0,

124.3, 1 fs9.3 5814, 2 30%R3)45. 3, 35 42.9, 40.5, 40.4,
29_. 1, 27.38, . b, . 8, .2, .3_%pm ExarTPI_e 2: 1%@ 3R

- Di hvdr ox\P-dSABLALAJER sPRIOpHats sHyl-Preterted dptegyediste (931 mmoljr IHE (& /) ( conpound
2) 48 WO v2430xtded éaiail TRGCTLONROBIBY fafk/(D81 3gSich 0.4 pirabig Cireicthé Bbletioredaat e: 521
32 ny, ; - NVR: = 147 “ 134. 8,

132, 00 125 930G SEURHIR. ey bibiha ot el vadiddufy T o

45. 3,22 the valyre of JAIF7n azgaled-uppracedpm exceedrd 39 mhp0.2 M aguegus sgdigm 12, 4 ppm
5 Exanpl eny@irogkh 2hrbdhBe dAInoArpd YrBi d8et81RGArd QtidRd. SRaHdRRd AoAkdp gaeE) . 10(19),

the compound I.

Example 1: 1(S).3(R)-Dihydroxy-9,10-secocholesta-5(Z),7(F),10(19), 22(E},24-
25 penta-ene (Compound 1)
A solutlon of 519 (2.1 g, 3.36 mmol} and tetra-n-butylammonium fluoride trihydrate
(5.42 g, 17.2 mmol) in tetrahydrofuran (70 ml) was heated at 60°C in an argon
atmosphere for 60 minutes. After cooling and concentration in vacuo, the reaction
mixture was partitioned between ethyl acetate and agueous sodium bicarbonate, The
30 organic phase was washed with water and brine, dried and concentrated. The residue
was purifled by chromatography (50% ethyl acetate in petroleum ether}. Fractions
containing the title compound were concentrated /n vacuo to yield an oil which gave
colourless crystals from methyl formate. Compound 1: **C-NMR: & = 147.7, 143.1,
138.2, 132.9, 132.8, 125.3, 125.0, 124.3, 117.1, 111.8, 70.8, 66.9, 56.4, 45.9, 45.3,
35 42.9,40.5, 40.4, 29.1, 27.8, 25,9, 23.6, 22.3, 20.8, 18.2, 12.3 ppm.

Example 2: 1 3(R)-Dihydroxy-9,10-secocholesta~-5(Z),7(E),10{19), 22(7),24~
penta-ene (Compound 2)
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22(E). 24-penta-ene (Conpound 3) Silyl-protected internediate: 523 (135 ng,
0.22 mmol ). Purification of conpound 3 by chronmat ography (40%v:v, ethyl
acetate in petroleum 10 ether). Conpound 3: 13C-NVR S = 147.7, 143. 4,

138. 6, 132%205@337581 125.3, 125.0, 124.3, 116.9, 111.8 56. 9,
56.2, 46.0, 45 3, 42.9, 40.9. 39.7, 29.1 27.3., 25.9 §¥@“9‘5’§%%215

18.3 12.

1(S). 3(R) S ﬁmée&éd F@%"E"é‘%os%“ff“% DM est a- s(2), 7(E) . 10(19),

22(E) . 24- @muadéne Q-UMRpSUmd4dy, 8134l 13&|=Q)t1é&t99é32|% apEddiat.a; 120a, (36 ng).
Purificatipom, of11c0mReis.4 da/s @U&%@%@h}é 9(,5@% 34z, Bz acetate in

etrol eu t "HNVR S =6.37 (d, J=11Hz, 6. 34
E)bd J= 13}%8 %)2% 11’18(:?3@? meIOHz 3=15Hz, 1H) 6(01 (d, J= 11H2H) 1H), 5.56

(dd, 39Hz, 3=15Hz, 5.32 (bs, 1H) 5. 00 (bs 1H), 4.43 (m 1H),"4.23
(m 1H), (dd . izt 13abeHE, 1H), 2. 31
(dd, J= 07 (d, J=THz,

1(9), 3( R)sswliayﬁé@wrr@erh%mgoﬁﬁu%z @lpz&ﬁ{ .-chol esta- 5(2), 7(E) 10( 19) .

0. 26 ol l,rq,ﬁquenp%mpgﬁqgg%g%ﬁogﬁﬁ%g i <G §?+a'teﬁ*¢y?a€% R BT eyl

acet al@ iethpdtrol eum 30 ether). Corrpound 5: 13C-NVR S = 147.7, 143. 2,

139.5, 13 YR e 9 56. 9,
e n 48 orﬁpqau:l'h§3 é % 32?’5 §431%, 13]86#8(2155151112%232?[95%2]}93 3812 S
2.4, 2.2 b%ﬁ’f? 131@,@@)@@5%569 56.2, 46.0, 45.3, 42.9, 40.9, 3é7 29.1, 27.3, 25.9,

1(S) . 3(R) 23k hydL 0x1,5914.8; $2egpaf. 27- net hano-chol esta- 5(2) 7(E).10(19) 22(E)
24- pent a-ene (Conpound 6) Silyl-protected internediate: 526 (348 ng, 0.55
mmol). 49 WO 20041037781 PCT/ DK2003/ 000718 | sol at| on fromthe crude
produt® bixadnple (S ihyslagsiyes oo 2 )
chr omat 0952’(55] %ﬁg e,@@%@qn@q) 13C- NIVR 5 = 147. 6 143. 1, 142 8, 137.2,
133.0, 12 111.8, 70.8, 66.9, 56.4, 56.4, 45.9,
45.3, 42. Silylpiptacted intermeghats: 5229(3@"‘929 1, 5 27.8, 23.6, 22.2, 20.8, 17.2,
12. 3 ppm pirfrEdreoficompound 4 by chromatography (50% v:v, ethyl acetate in petroleum

1(SS). 3( th-hgi_)hydr oxy-9. 10- seco- 26, 27- met hano- 20( S) - chol est a-

20 Compound 4: 'H-NMR: & = 6.37 (d, J=11Hz, 1H), 6.34 (bd, J=10Hz, 1H), 6.11 (dd,
J=10Hz, )=15Hz, 1H), 6.01 (d, J=11Hz, 1H}, 5.56 (dd, J=SHz, J=15Hz, 1H), 5.32 (bs,
1H), 5.00 (bs, 1H), 4.43 (m, 1H), 4.23 (m, 1H), 2.83 (dd, J=4Hz, J=11Hz, 1H), 2.59
(dd, J=4Hz, J=13Hz, 1H), 2.31 (dd, J=6Hz, J=13Hz, 1H), 2.2 - 1.2 (m, 16H), 1.10
{(m, 4H), 1.07 {d, J=7Hz, 3H}, 0.58 (s, 3H) ppm.

25
Example 5: 1(S),3(R)-Dihydroxy-9,10-seco-26,27-cyclo-20(S)-cholesta-

5(2),7(E),10(19), 22(E),24-penta-ene (Compound 5)
Silyl-protected Intermediate: 525 (165 mg, 0.26 mmol).

Purification of compound 5 by chromatography (50% v:v, ethyl acetate in petroleumn
30 ether).

Compound 5: °C-NMR: § = 147.7, 143.2, 139.5, 132,9, 127.1, 125.0, 123.9, 119.1,

117.0, 111.8, 70.8, 66.8, 56.9, 56.2, 46.0, 45.3, 42.9, 40.7, 39.8, 29.1, 27.3, 23.5,

22.1, 21.3, 12.3, 2.4, 2.2 ppm.

35 Example 6: 1(S),3(R)-Dihydroxy-9,10-seco-26,27-methano-chol

5(Z),7(E},10(19), 22(F),24-penta-ene (Compound 6
Silyl-protected intermediate: 526 (348 mg, 0.55 mmol).
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5(2).7(E),10(19), 22(E), 24-yent a-ene (Conpound 7) Silyl-protected
I ntermedi ate: 527 (150 ng, 0.23 mmol). 10 Purification of conpound 7 by
chromat ography (40% v:v, ethyl acetate In petroleum ether). Conpound 7:

13C- NVR 6 wo dbhoFeld3. 3, 142.6, 137.6, 132.8, 125.0, 116. 9,
111.8, 70.9, 66.9, 56. 9, 56.2, 46.0, 45.3, 42.9, 40.8, 3@@1’1&3@%@0 }"29

29.1, 27.3,..23.5 21. 7.1, 12. 5 Ex
1) a( Ry S350 TRaRE s Pradice bl cibreatico BRShm hpm e Gyate,
22(E), 24(Er)1¢ym1ﬂm-cbrcenz(t®rﬁpbwat¢p9) Silyl-protected internedi ate: 528 (148

, 0.23 Pus atsi .0 f o 9 [ a a. nmet hyl
pgrmate BUER aundoﬁun ¢- Nmih N&R@ 6,1 e%gggutlgjrl?oia%%?o#zé $i3°é‘ %P?] y
1@92?8, 24, J= 11 1

6.25 (dd, 1317l—|1 111!1&1?018 185 AR ‘155514:H£§ S 85.8042.8; 0.4 49.4

Hz), 55522%.4023.8/02.9=%.8, 172, and ppt.1 Hz), 5.31 (m 1H), 4.86 (m 1H), 4.39

(m 1H), 4.17 (m 1H), 3.96 (d, 2H), 3.86 (d, OH), 3.68 (t, OH), 3.62 (d,

OH), 2.87 (m 1H) 250(dd 111) 229(dd 111) 2.20 (m 11-1), 1.72
Ezam|t S8 gk 8 S metiia g

9: 1(S).3 hoI esta-5(2), 7( E).10(19),
22(E), 24( | Og prot ected Internediate: 529 (0.126
g, 0.2 -7, 143.2, 141.8, 134.5,

132. 910 125uﬁficaﬂ<ﬁﬁoﬂbompiaaﬁd4bykh?orﬁatod.rihﬁthﬁ(%@@v&,, ebtiBl Acetote. i .pelrble®m 56. 2,
460 45%th29 41.0, 39.8, 29.1, 27,2, 23.5, 22.1, 21.3, 14.2, 12.3 ppm
nple 1 (SI 3(R) 26- Tri hydr oxy-9, 10- secochol est a- 5(Z) , 7(E) 10( 191 35

22( E) 24 ( Zympesridar: éife NMBo Bpe UMY . 1, 10435, [1¢R.6p A 3T.6c 132181 M BPERH.&t €21.530 (24

ng, 0.04 W@Eéuic@%oé'% 91156 é"kd\lﬂ/&sfé ?5§ §§9$@0 315%»8 §1%22§@d,2911"' J=11.1

Hz and 14 i g_ 5.51 (dd, 11-1,
J=8.8 Hz &hd: 4 592%&1)21 3372 HH}“ 50 VO 2004/ 037781 PCT/ DK2003/ 000718
5.00 {50 1H), 4.43 (m 11- 1) 424(s 2H), 4.22 (m 1H), 2.83 (m 1H), 2.60
(dd, 1H), o 6 b b Dy (d, 3H), 2.08 -
0.80 (m 26- Tri hydr oxy-9

10- seco- 24£(%5)<4 : irfe s l) 19), 22( E) 24( Z) - pent a- ene ( Conpound
12) Silyl SWI%&Eét‘éE‘:dt&%‘éd&Q' §i§(14'8?nlg (6tZ3 Fmolf)- 03 ol ) .
Purification of compound @ by crystallisation from methy! formate.
20 Compound 9: H-NMR: (in hexadeuterioacetone) d = 6.29 (d, 1H), 6.25 (dd, 1H,
J=11.1 Hz and 15.1 Hz), 6.09 (d, 1H), 5.99 (d, 1H, 1=11.1 Hz), 5.52 (dd, iH, 1=8.8
Hz and 15.1 Hz), 5.31 (m, 1H), 4.86 {(m, 1H), 4.39 (m, 1H), 4.17 (m, 1H), 3.96 (d,
2H), 3.86 (d, OH), 3.68 (t, OH), 3.62 (d, OH), 2.87 (m, 1H), 2.50 (dd, 1H), 2.29 (dd,
1H), 2.20 {m, 1H), 1.72 (bs, 3H), 2.10 - 1.20 (m, 13H), 1.08 (d, 3H), 0.60 (s, 3H)
25  ppm.

Example 9: 1(5),3 26-Trihydroxy-9,10-seco-20(S})-cholesta-5(7).7(E),10(19
22(E),24(E)-penta-en 0 10
Silyl-protected Intermediate: 529 (0.126 g, 0.2 mmol).

30 Compound 10: *C-NMR: & = 147.7, 143.2, 141.8, 134.5, 132.9, 125.5, 125.0,
123.4, 117.0, 111.8, 70.9, 68.7, 66.8, 56.8, 56.2, 46.0, 45.3, 42.9, 41.0, 39.8, 29.1,
27.2, 23.5, 22.1, 21.3, 14,2, 12.3 ppm.

Exa : 1(8),3(R).26-Trih -9,10-secocholesta-5(2).7(E),10(19
35 22(E).24{Z)-penta-ene (Compeound 11
Silyl-protected intermediate: 530 (24 mg, 0.04 mmol).
Compound 11: *H-NMR: & = 6,38 (d, 1H), 6.22 (dd, 1H, J=11.1 Hz and 14.9 Hz), 6.01
(d, 1H), 5.88 (d, 1H, J=11.1 Hz), 5.51 (dd, 1H, 1=8.8 Hz and 14.9 Hz), 5.32 (m, 1H),
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Conpound 12: 'H-NMR 6 = 6.37 (d, 1H), 6.20 (dd, 1H, 3=11.1 Hz and 14.9 Hz),
6.01 (d, 1H), 5.89 (d, 1H, 3=11.1 Hz), 5.52 (dd, 1H, 3=9.5 Hz and 14.9 Hz),
5.33 (m 1H), 10 5.00 (m 1H), 4.43 (m 11-1), 4.24 (s, 2H), 4.22 (m 1H),

2.81 1 dd, 1 2.31 (dd, 1 1.86 (bs, 3
2. 81 fm %62004/3377591, (0 - '(")S o pg)m E;Darrpl g 12( S, peorabbsRtortd: 3H)

1(S). 3(R droxy, ) )

het adi enyF) 0 ﬁd?ée%(%% @%gﬁg{% re%(zllz:a %g% %?lzcej%%%%l:%&gozu%@?))miS

Si |yl - pr o2&dt{dd, 1hhy @riPelin oliD: 183Xbs,o8H ), 05C(¢£L3")ﬂ2d18) 0.88rfpuuaH) 1856 13C- NVR:
6 = 147. 7(s, ]gﬂgpgm_ 140.2, 137.5, 133.0, 125.0, 124.6, 124.0, 117.1, 111.8,
78.4, 70.8, 6 56.4, 56.4, 46.0, 45.3, 42.9, 40.5, 40.4, 31.8, 29.1,
27.7, 23.6, 22.3, 20.6, 14 2, 13. 5 12 3, 7.7 ppm 20 Exanple 13:

1(S), 35R) Exa R).26-3ri ‘ 8-28) S Yachiested b 67))

; [(SAB(R), 26-Tribyd o) E), 90(10

secopr eongs (Fohtak Qel(2 rrpound 14) Silyl-protected

I nt ermedi ). Purification of conpound 14 by
cryst al | i Shyirspterted intaemesates 6$hé¥7emgcﬁ|%onme!) 14: 13C-NVR 6 = 147.8, 147.7,

é2351 5é3ﬁoﬁ% podrB1A), 'HINIR 95 -15253) d, %7632,0 (ddH 3k18,1 AdOnP 14 5@-!23 66{25096
12.8, 12. g" 13‘8591883{? %«a?nf’nlei 'ié S5t 93 'T!z)JZ% %UGFB‘?&‘@Z@@ Eé”éﬁ&hﬁl‘*&sta 5(2)

7(E) 10( 1g)002(4n,t1et)r Ha31fm, 19240 (4,wmwadm5y) 308 B{ iy ILHpro6@ tdce dH),
t di 440 f 15 b
i ntermedi g 9@% 208031 0 oldh (HT%Z 2.8t ipfdoC@, I%)e{) ﬁgquﬂ-éo’%p y

chr omat ography (5 viv, ethyl “acetat pet r'ol éum ound 15:
13CGNVR. 6 = 147.4, 146.1, 142 6, 132.9, 124 7, 117.0, 111.6, 105.4, 96.4,

78.9, 70. @xarﬁ@eﬁ,z 5@),1 (3@5@@ ﬁ&—fﬂ(Rﬂ;@g hetﬁéﬁ?ethﬂ%&yd@y&ﬁﬁﬁ $, 26.3, 35
24.4, 23.2 221,21 6 205 _ A5 15 1(S)
3(R) - Di hv : " & =9-30- secopregna-5(2)

7(E) 105 19)541vlrpreteete(i([mmpmm:nte15;i2 599 W6, 006411867781 PCT/ DK2003/ 000718

|yl | -
g' _y14$r ‘;E%Frﬁxgﬁlncl ﬁlggéfngatae— 51190}4 1443, !’1% 20139655% %Ougqml‘?i!d%d 1%%9 13065'\/8'?

65.6, 65. 41795191 8528.8, 708, 0.8456.3, 563, ‘95 08‘955'4%3?'42052@01 38, %9 1, 27. 3,
23.5, 21.97.7203%, 213, 20@p0u.25 16 1RI3R 716ppm.

1(S), 3(R) - Di hvdr oxy- 20(8) (5-et hyl -5-hydroxy-1, 3- heot adi ynyl ) -9, 10-
secopr egna- 5(Z) 7(E) 10( 19) tdrl ene (Corrpound 17) S|IyI prot Iect ed

i nt er 28di &xampleQ36 1(3 butad

secopreqna-5(Z),7(E),10(19)-triene (C ound 14
Silyl-protected intermediate: 533 (0.10 mg, 0.16 mmol).
Purification of compound 14 by crystallisation from methyl formate.
Compound 14: 3C-NMR: & = 147.8, 147.7, 143.1, 137.0, 133.0, 129.9, 125.0, 117.1,
25 111.8, 110.5, 70.8, 66.9, 56,5, 56.4, 46.0, 45.3, 42.9, 40.4, 40.3, 29.1, 27.5, 23.6,
22.2, 20.6, 12.8, 12.3, 5.5 ppm.

Example 14: 1(S),3(R}-Dihydroxy-9,10-secocholesta-5(Z),7(E),10(19),24-tetra-ene-
22-yne {Compound
30  Silyl-protected intermed!ate: 1002 (100 mg, 0.16 mmol}.
Purification of compound 15 by chromategraphy {50% v:v, ethyl acetate in petroleum
ether).
Compound 15; 1*C-NMR: § = 147.4, 146.1, 142.6, 132.9, 124.7, 117.0, 111.6,
105.4, 96.4, 78.9, 70.6, 66.6, 56.1, 55.8, 45.6, 45.1, 42.7, 39.5, 28.8, 28.3, 26.3,
35 24.4,23.2, 22.1, 21.6, 20.5, 12.3 ppm.

ecopre - E),10(19)-triene (Com nd 16
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Conmpound 17: 13CG-NVR 6 = 147.6, 142.4, 133.4, 124.8, 117.4, 111.9, 85.1,
78.8, 10 72.7, 70.9, 69.4, 66.9, 65.3, 55.9, 55.8, 45.9, 45.3, 42.9, 39.6,
34.3, 29.0, 28.4, 26.3, 23.3, 22.2, 21.0, 12.5, 8.5 ppm Exanple 17:

1(S) . 3(R) - Bvbyeuexms20( R) - (5- et hyl - 5- hydr oxv- 1. 3- hept adiphgRrn3obiris
secopr eana- 5(2), 7(E) 10(19)-triene (Conmpound 18) 15 Silyl-protecte

i nt er medi 8§ nr8984 (R ,i t0- ﬁom)n 18: 13C— NVR. 5 = 147.7, 142.7,
1332, 1247674574 j 3 R 8. 69,4, 06,9, 65. 6, 559
55.6, 45.6omagng 16421 %NM§953= 1§Z 7, 14@9% 133281%49 ;2377 3, T18,885.9. 806, 20. 4,
12. 4, 8. 57@Ppe7. Zpsﬁsaeplsﬁsia 55.9, 55.6, 45.9, 45.2, 42.9, 39.3, 31.2, 29.1, 28.2,
1(9), 3(R o] § di br ono- 1, 3- but adi en- IyI) 9, 10- seco-
pregna 5(#7%%% é%(c’lg gr?g’rrt Compound 8) Silyl-protected internedi ate:

ng, 0.1 mmol) Purlfl cation of corrpound 8 by chromat ography (50% v: v,

145. 7, : , : .6, 66.6,

56. 4, 55 Compound 38) g ' 26.9, 23.2, 21.8, 20.5,
12.1 mSE)tajrqnieaed%te&ééi‘EéteFim(cﬁe&ﬁB)e In\mimxy 9 10-secochol est a- 5(Z 7(E)
10( 19) -1y, ) e |, ar QC, r (but

pr ol ongi ne %Eé@de%t éﬁ“ﬁ ﬁe to‘;‘;&ﬁ%'i’hd 1%%%?!%92{'%2’81:})1@?’ %dg J/r:%rgé’l ) was
desi | W at E%L?t 80.8h69.806p 85 pDARAP NG, a5.80ABE, 483be2.8- 3N HdBHRY 28185 AB4,

chol est a- gg@E)g3§42gI|2eQe0 ,fggtgrsr,ed;ln sol ution, maintained at about 5 C, of
this al cohol (O ‘5 mol) in dry DCIVI(lO m) was treated with the
Dess-Martin per| od| nane 35 (0 7 g) ~After 30 mn 5% aq sodi um hydr ogen

car bonat eEshy A DYty 2 3-bithiyD Sthypiox Ay E-added and
stirring ;,eHg_ i; thefo Sm hlwb”lh nvmth ether and perform ng the
standard - et one,

8- oxoldesAutiotected dotponediate 1100868 mal.4 mreeldne (67 ng, 0.25 mml) was 52

WO 2004/ 084rA8durfdGlid: OB Qi: QA0 713, 7,slao, 383 eda bny THE, {H1.8] 85.9,0790,50! uti on,

T ot o et 7887 Bh e BReCeo Bl s ph e ALS-8 VB S, BORSE TR ) 5L
(4nml). Af e2.3, 2B.5; 2Ri10g 264, Lhd, SzSnmarraerrperature for 2 h and warmng to room

tenperature, the m xture was quenched with wet ether and worked 5 up as
standard (chromat ography: 2%v % et her In petrol eum et her) to1 gi ve the TBS

deri va®i vExamplg d8pa(MB(E o AQra rdutadienahid-8110nsegeedure 9 to
give Conpridng-52d) z@rmp_ggjqr.&ie (g}ﬂd_}g@ BN agreerrent wth structure.

Silyl-protected intermediate: 520 {75 mg, 0.1 mmol)
Purification of compound 8 by chromatoegraphy (50% v:v, ethyl acetate in petroleum
ether).

25 Compound 8: *C-NMR: & = 147.4, 145.7, 142.6, 137.0, 132.9, 124.7, 124.7, 116.9,
111.6, 88.1, 70.6, 66.6, 56.4, 55.9, 45.7, 45.0, 42.7, 40.7, 39.5, 28,8, 26.9, 23.2,
21.8, 20.5, 12.1 ppm.

Example 19: -Fluyoro-3(R)-hydroxy-9,10- holesta-5(Z2),7(E),10(19
30 22(E),2?4-penta-epe [Compound 21)
By general procedure 8 (but prolonging the reaction time to 5 h) compound 522 (0.8
g, 2.1 mmol) was desilylated to the corresponding alcchol, 8-beta-hydroxy-desAB-
cholesta-22(E),24-diene, A stirred solution, maintained at about 5 °C, of this alcohol
(0.39 g, 1.5 mmol) in dry DCM (10 ml) was treated with the Dess-Martin periodinane
35 (0.7 g). After 30 min 5% aq. sodium hydrogen carbonate solution and 10% aq.
sodium thiosulphate solution were added and stirring continued for 10 min before
dilution with ether and performing the standard work-up to give the corresponding
ketone, 8-oxo-desAB-cholesta-22(E),24-diene. This ketone (67 mg, 0.25 mmol) was
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10 Exanpl e 20:
1(S). 3(R) - D hydr oxy-19-nor-9. 10- secochol esta-5. 7(E), 22(E) . 24-tetra- ene
(Conpound 22) By general procedure 8 (but prolonging the reaction tine to 5

h) conpoundy&2es$78 9, 2.1 mmol) was desilylated to t i ng
al cohol , 8-beta- hydroxy desAB- chol esta-22(E), 24-di ene. QﬁT@?{lécﬁégﬂgl ution,

mai nt ai n ( 3¢5, I n dry DCM
(10 M) wa esqlo"ﬂ%r ea lhﬁ_":qt? rﬁh 1 ngluak)g{ 'ngta%%rdlag ﬁﬁ‘éﬁ”” m"%l%t er 30 mn
5% aq. sOHryalive @eogatediarsiymathel %lmBulehofmsntd% jde IIs(ddﬁ rﬁ tiitbkul phat e

sol ution peey einadRtrATAF SN ARer ﬁ@ﬂﬁg{(%d sb@e téapeaamrbeérozﬁandl lution with
et her and perfo t he stand ve %Q ondi ket one,
8- 0x0- des‘?&%"ﬂ'llﬂ){" '?P&' ehReyatye, ﬁtee'ﬁﬁ&"'?m %8?%}‘?8 wi ‘?ﬁfk?ég was 20
sl owl \5 adgeab stande ((IFombjographa: 3% wiviether 1mraehnctlaunme¢ha) tca@oelthe-m C, of the
l'ithio- Rsphi ne oxi de
I (A= Od%ggé\g #&'ﬁg; Eo%qﬂn’lﬁo%ﬁieg%é%a gﬁég?gﬁr?rﬁgﬁdgt‘ggft?pn ng at the
same tenp%crranqw Zlor 2 h and warming to roomtenperature, the mxture was

quenched @drhfbungtz1etRNMRMNagMEIKSR withstastuwé.andard (chromat ography: 2% v:v
ether in petroleumether) to give the di-TBS 25 derivative if conpound 22.
Thi s was deS|IyI at ed u5| ng general procedure 9 to g| ve Corrpound 22

1(S), 3(9) gl : mggg 4 9 0-secochol esta.5(2) 7(E) 10(19) 22(E) 24- 30
yent a- ene Thi s conpound was Iprepar ed_ anal ogously to Conpound
29, usi ngB¥ Wer‘ﬂt%?‘i?éﬂfeaQ ghuproleRging therpagtiond %@t%hh@tﬂ“%ﬂ‘\’&ﬂéé&fgtsy to

Cﬁmcl\)/lénd $521 sy et utwtytait’agj ®ahk @ﬂleesfpghdmg AR ohbIL8bgta-Krireedesfgrpound 23:
I N_,a e SLI I e

Sl R b hyP Ry 2idithen el sSugon @ BB 3 3Baw S5 of tinaontgl . ene

( Corrpmmd((ma Q&SWQDMﬂmllmﬂméd)ww 18e Das-Martiorpeoadidaneas

prepared g ' 39 rtanﬂ @%%%&hﬁ §&PER b te ?&I&tloﬁa?rrdtidwa the sequence

(of Prepar at | ons usin e int errre type 2a that was
prepar ed FadBfR i@%%ﬁ&ﬁ%‘?’&/‘”ﬁ"& at’ﬂ%j Eﬂéjs%ttrl"B%H°’5F’é'5%tf°£t’1°d’ﬁ’“d?ef‘2'82 from 101
In W91081R&bn uﬁth@tﬁ@(&ﬂd@be%rmﬂnbttw&ahﬂbragtoeemartb givetthe 8brirebpbhding Exanpl e

23. 1(9) R-Qih 62 7 e . 10+secaoghol est a-

5(z1, 7(E) ',‘33%6'2"18) e °'eﬁE gzgﬁézf éber?SoTn ﬁ%@b 7 ?gi %'(r%ést'g’é‘f’@c?%s

i nt er Aedi glowly a886d (GBI ml) to a solution, maintained at about -70 °C, of the lithio-
derlvative (generated In situ with 1 eq. n-BuLi} of phosphine oxide II (A= O-TBS, B =

Hz) (0.5 mmal) in dry THF {4ml). After stirring at the same temperature for 2 h and

warming to room temperature, the mixture was quenched with wet ether and worked

up as standard (chromatography: 2% v:v ether in petroleum ether) to give the di-TBS
25 derivative if compound 22. This was desilylated using general procedure 9 to give

Compound 22.

Compound 22: H-NMR in agreement with structure.

Example 21: 1(S),3(S)-Di oxy-9,10-secocholesta-5(2),7(E),10(19),22(F), 24~

30 enta-ene (Compound 23
This compound was prepared analogously to Compound 29, using the intermediate of
type 5 that was obtained analogously to Compound 552 by substituting acetone for
the diethyl ketone.
Compound 23: 'H-NMR in agreement with structure.

35
Example 22: 1(S),3(R)-Dihydroxy-9,10-secocholesta-5(Z),7(E),10(19),16,22(E),24-

hexa-ene {(Compound 24
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10 Chromat ography; 50% v:v ethyl acetate In petroleum ether. Conmpound 25:
1HNWR (CDCI 3): 6 = 6.96 (d,1H), 6.43 (t,1H), 6.35 (d,1H), 6.18 (dd, 1H),
6.01 (d,1H), 5.31 (bs,11-1), 4.98 (bs,1H, 4.41 (m1H, 4.22 (m1H, 2.80

(dd, 1H), 2.vg 26085734, 2.30 (m2H), 2.05 - 1.20 (m8H), 0. 58
(s,3H ppm 15 Exanple 24: Capsul es contai ni ng CorrpoungéTA)&é?;g”c‘)]‘tgjﬂr?Q 1 was

di ssol ve i ggmbound 1/m
oil, 10 gm‘%lg&ﬁ%%% dreéé}eafﬁé]g@m@g&%n‘%@ﬁd 9&5%%&9 1? tglférl ne,” 0.08 parts
by wei ghthem%@? el?-'ﬁat'@s b M)ya-rnséhwtmqgmeer @fpﬁﬁﬁéhatvm%r wer e

m xed tog@feba@dmnwmmaﬁaagduag ta ik GpenBasl proparation bf o5 eémn@idapsul es. These
wer e then F)g é&% each with 100 i of Conpound 1 in oil solution, such that
each capsw t5a| ned 1 g of Conpound 1. Exanple 25:

1( S) . 3% R) Conprpohd Ry ' 2ONMG in( agrderdeivathostucBrreut adi en- 1-yl ) - 9, 10- seco- 25
preona-5(2).7( .10( 19) triene (Conpound 27) Silyl-protected internediate:

537 (101 .13_ A Purlfl catl on of co ound 27 b chromat ography (50%
viv, ethy e 48:1(5) 0,274 Sl pgoRRolS 147. 7,
145. 3, 142(21,2(&)31_11(32),]23&)&4—&&%@@ Lédlm@unﬂJZB)B 30 111 8, 88. 3, 70.8,

66.9, 56. l1vl§§dt§%xé1§nt19rmefzat§ %32(5% 4)0 6, 40.3, 29.0, 27.6, 23. 5 22. 3,

20.0, 12. D hydroxy-26 27-di net hyl -
10- set®chbhremategrafhyy SOHEY: v1etuxl_@99tatezla(pEyroiyemt%th@ne ( Conpound 28) 35
Silyl-pr %sm%&ﬁmlzstenrm@h@é@cuﬁ'él—é&@mm, a4 '(tfil-ﬁbats'ﬁ‘(dof gcerﬂ@ound 28 by
chr omat ogr ap 50% v: v ethyl acet ate In etro eum et her WO 2004/ 037781
PCT/ D|<200§’/d@’6é7§é’ 1 (BoiBoarid G819 Ady(m,gH) 422 (m, 184889 142 9
138. 4, 13@d/1H)12478dd,1H332.30 (#Q2H)/ 2.06261.90 (hBH)6 1.10QdBH)66.58 (s,38) 2, 56. 2,
45. 7, 45 ép 42.7, 40.3, 40.2, 29.3, 28.9, 27.6, 23.6, 23.4, 22.1, 20.6,
13. 2, 12.1 ppm 5 Exanple 27: 1(S)3(S)-Di hydroxv-26 27-dl net hyl -9
10-seé5cho| esta- S(2),7(F). 10( 19), 22(E).24-yenta-ene (Conpound 29)
Si |yl - pr oggehgds 2i0 th Purification of conmpound 30 by
v te | etroleum ether. 10 Co

h 7 d 29:
T e SR 1 s HsSolEe s Ao MOD e ioneSi A g HRyrnouRe

1/ml oil, 10 Parts by weight of gelatine, 5 parts by weight glycerine, 0.08 parts by

weight potassium sorbate, and 14 parts by weight distilled water were mixed together
20  with heating and formed into soft gelatine capsules. These were then filled each with
100 pl of Compound 1 in oil solution, such that each capsule contained 1 pg of

Compound 1.

25 regna-5(Z},7(E),10{19)-triene (Compound 27
Silyl-protected intermediate: 537 (101 mg, 0.13 mmol).
Purification of compound 27 by chromatography {(50% v:v, ethyl acetate In petroleum
ether).
Compound 27: *C-NMR: 3 = 147.7, 145.3, 142.7, 137.3, 133.2, 125.0, 124.9, 117.3,
30 111.8, 88.3, 70.8, 66.9, 56.2, 55.8, 46.0, 45.3, 42.9, 40.6, 40.3, 29.0, 27.6, 23.5,
22.3, 20.0, 12.3 ppm.

Example 26: 1(S),3(R)-Dihydroxy-26,27-dimethyl-9,10-secocholesta-
5(Z -penta-ene {Co

35 Silyl-protected intermediate: 551 (70 mg).
Purification of compound 28 by chromatography: 50% v:v ethyl acetate in petroleum
ether
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5.43 (dd, 1H), 5.28 (bd,1H), 4.98 (d,1H), 4.29 (m1H), 4.03 (m1H), 2.84
(dd, 1H), 2.64 (bd,1H, 2.55 (dd,1H), 2.43 (dd, 1H), 2.20 - 1.15 (m 19H),
1.04 (d,3H), 1.00 (m#61-1), 0.56 (s,3H) ppm 15 Exanple 28:

1(S), 3(R) - Gvbyshoxms24- net hyl - 26, 27- met hano- 9. 10- secoch@l-§48i
5(2),7(E).10(19). 22(E).24-oenta-ene (Conpound 30) Silyl- prot g(g{ogo 18

| nt d & ! fl f 30 b
cﬂrg:ran?olg?érﬁ 22 ( E mRéteRe‘ % acet 4%e ?%5'9 &a%eg% Qe Conpgund 30:
1H NVR: bt 7(,d1§+sr; 11, 6®¥30(6d S6H) 568, §@2( a3 ZH4§-£1527"H219 3,8083 (m 1H),

5.32 (m 129.3, @.@Q%mﬁﬂ,&zﬂﬂ@z fred.b) 13.4,. 234 (1.1 ppm. 2. 83 (dd, 1H), 2.79-2.65
(m4H), 2.60 (dd,1H), 2.31 (dd,1H,6 2.22- 1.16(m18H), 1.56 (bs,3H), 1.05
(d,3H), 0.57 (s 3H) ppm 25 Exanpl e 29
1(S) . H R) Exainip) (SP.O(N)Pihdded 617 ] gbtarl ) - 9. 10- seco-

pr egna- 5(5()%%)1% ))13}2[ 2r ge& %ﬁgﬁ@ Si II protected internediate:
539 (70 rrg i 2l |(§£é e 8§%ound 31 by chromat ography (50%
y

viv, et hyPilvkeemtested |nﬁerp@fiia<§'r-‘e%ﬁﬁ (230"@k her). Conmpound 31: 13C-NVR S = 147.7,
144. 6, 1l4euriicatiohdof2ompddnd30 by 4hfdmatedgtapghy 15808 ¥:v ethl/Vachtatd Id péroldiln 8, 66. 9,
56. 3, 55 46.0, 45.3, 42.9, 40.6, 40.3, 29.0, 27.6, 23.5, 22.3, 20.2,
12.3 ppm g Exanpl e 30: 1(S) 3(R) -D hvdroxy-26 27-ethano-9

10- sebbc hGdrepsund 207 JH-NMB: ¥D8 942 (D 2H)ES, 1Z74(dg git) 26 684 d 180 nH-30r{d, 182)

Silyl 0 /03778
CT) DKo003 OB L o Ty R B A28 Pl &, ST B, 280 AR (5000 ve v,

et hyl acet-&fdbd hiher 30 (dshihl). @t%@dﬂ.l% 8ur4d153(2“ 1?§t NR(d, HE 11&07 6, 145.1,
143.1, 13fmBH),18%6 &,382pprd. 125.0, 120.4, 117.1, 111.8, 70.8, 66.8, 56.4,
45.9, 45.2, 42.8, 40.5, 40.4, 33.9, 29.3, 29.1, 27.8, 5 26.4, 26.3, 23.6,
22.2, 20.8, 12.3 ppm Exarrpl e 31
1(S) , B R) Exanhnel28nd/(S Diimydyea eptad 0( 19) ,

22( E). 24- ) 10 (SichydunB =9 ect ed i nt er rredl ate: 545 (200
™ EWWMWM%M Sk 7RG 1 i, 0T 097 2P (0% V-

Purification of compound 30 by chromatography {50% v:v, ethyl acetate in petroleum

ether).

20 Compound 30: 'H-NMR: 6 = 6.38 (d,1H), 6.01 (d,1H), 5.99 (d,1H,J=15.7Hz), 5.33

(m,1H),

5.32 {m,1H), 5.00 (m,1H), 4.43 {m,1H), 4.23 {m,1H), 2.83 {dd,1H), 2.79-2.65

{m,4H), 2.60 (dd,1H), 2.31 (dd,1H), 2.22-1.16 (m,18H), 1.56 (bs,3H), 1.05 (d,3H),

0.57 (s,3H) ppm.

25

regna-5(Z),7 19)-tri ompound 31
Silyl-protected intermediate: 539 (70 mg, 0.10 mmol).
Purification of compound 31 by chromatography (50% v:v, ethyl acetate in petroleum
30 ether).
Compound 31: *C-NMR: 3 = 147.7, 144.6, 142.6, 133.2, 129.2, 124.9, 122.4, 118.9,
117.3, 111.8, 70.8, 66.9, 56.3, 55.9, 46.0, 45.3, 42.9, 40.6, 40.3, 29.0, 27.6, 23.5,
22.3, 20.2, 12.3 ppm.

35 E le 30: 1(S),3(R)-Dihydroxy-26,27-ethano-9,10-secocholesta-5(Z),7(E),10(1
22(E),24-penta-ene (Compound 32
Silyl-protected intermediate: 543 (300 mg, 0.46 mmol).
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et her). Conmpound 33: 13CG-NWR 6 = 147.6, 143.1, 140.9, 138.5, 132.9, 125.0,
123.6, 122.1, 117.1, 111.8, 70.8, 66.9, 56.5, 56.4, 46.0, 45.3, 42.9, 40.4,
37.2, 29.2, 29.1, 28.4, 15 27.8, 27.7, 26.9, 23.6, 22.3, 20.7, 12.3 ppm

Exanpl e 32:wg 2004/037781 PCT/DK2003/000718
1(S). 3(R) - D hydroxy-20(S)-cvcl opropviidenenet hvl -9. 10- seco- preona-

. 0 24 e RS SR e hf@°2°4‘?%§3%§?%‘%§%t%r S Faosor: v,

et hyl acetthen- i n petrol eum ether). Conpound 34: 13C NWR : = 147.7, 143.4,

132. 8, 12§or&poulua%20l3clﬂﬁa06 =1147. @,, 14511 1143,1 1873, 1§@9912§6 925 561zib446 0,
453, 4200 2%t W 66k, e, 2555 430, 0k a0 shie, 2% B for 10
1(S) . A R) 28 h361B,033:6, 220 B) 2§ c1HPr opyl i denenet hvl - 9, 10- seco- pr eana-

5(Z),7(E) (19) triene (Conpound 35) Silyl-protected Internediate: 549 (111
ng, 0.18 30 Purification of conpound 35 by chronmat ography (50% v: v,
et hyl acet ate In petrol eum ether). Conmpound 35: 13C-NVMR b = 147.7, 143.2,
132.9, 128«gphpld 3% QS),3@@-15.@&;1;11125,Zb&o&ang-i@o&gg@oﬁgtﬁ6 8, 56.4, 45.9,

45. 3, "l, 3 92 . 20.5, 12.2, 2.3, 1.9 ppm
35 Exarrpl e3¢ ' - J 6 26 27 27 27-hexafluoro-9 10-
secochpl eSlt\dt"PB-(tzt)tecV(nEermbﬁ(aIQ)StEZ((ZEP r@Wmmmoda)ne (Conmpound 36) 56 WD

20041 031 T8 B ORBONP T By AR SPERRLRENIGS, BESPALRHALOSRLS| Y L0
Conpound 25 ( Exanpl ep@é %utygt alr”f“‘.‘?% t'he sequencg %re? I%reaaragllﬂgns 34 and
128) wi t hetPelepi - 1(S), 3(R) - di - TBS- oxy- 9, 10- seco- chol a- 5( E), 7(E) 10(19),
22( E) - t et Compaad3%: PL-N@RNIP UMY . 8561431H MER, i13sFyneewenbs.e, ib3.6f 12t ure. 5

57 V0 2004 051751, B D0 00175 £ %, b £HERL A 0

formul a |
15 27. 8 27.7, 26.9, 23.6, 22.3, 20.7, 12.3 ppm.

le 32: 1(S},3(R)-Dihydroxy-20(S)-cyclopropylidenemethy!-9,10-seco-pregna-

5(Z),7(E),10(19)-triene (Compound 34)
Silyl-protected Intermediate: 547 (143 mg, 0.24 mmol).

20  Purification of compound 34 by chromatography (50% v:v, ethyl acetate in petroleum
ether).
Compound 34: ®C-NMR: 3 = 147.7, 143.4, 132.8, 125.1, 125.0, 118.0, 116.9,
111.8,
70.9, 66.9, 56.9, 56.1, 46.0, 45.3, 42.9, 39.9, 39.8, 29.2, 27.3, 23.6, 22.1, 20.9,

25  12.4, 2.1, 1.9 mmp.

5 10 ~triene (Compound 35
Silyl-protected Intermediate: 549 (111 mg, 0.18 mmol).

30 Purification of compound 35 by chromatography (50% v:v, ethyl acetate in petroleum
ether).
Compound 35: *C-NMR: & = 147.7, 143.2, 132.9, 125,0, 124.5, 118.5, 117.0, 111.7,
70.8, 66.9, 56.8, 56.4, 45.9, 45.3, 42.9, 40.4, 39.7, 29.1, 27.5, 23.6, 22.3, 20.5,
12.2, 2.3, 1.9 ppm.

35
Ex le 36: 20-Epi-1 3(R)-dihydroxy-26,26,26,27,27,27-hexafluoro-9,10-
secocholasta-5(2),7(E),10(19), 22(E).24-penta-ene {C ound 36
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Y2 (25 R17 16 HBHO3 A5 1 in which fornula RI and R2, which may be
the sanme or different, represent hal ogen, (O - C6)hydrocarbyl, optionally
substituted with one or two hydroxyl group or one or nore 10 fluorine

atons, or, WwoeRkkersWi th the carbon atomto which they aeep@bdioddtfched, Rl
and R2 forma (C3-C6)carbocyclic ring, or one of Rl an? R@D?étaa@/gn t oget her

ith R3 f.Qr i i [ i d, 15
R and RO o heE 3G pPeiRen Sihold vo Bohbbiys RO C2 5 BIE ebithc 17, "
one of RIthgseauRnce égfRseranatons\Bdrangci?8d with G0-eptd ( Fly3H RO BFtoxy>8, t&pr esent s

(E)-et hy|s%@@-ch&lZ—)S(ELiﬂ(ﬁEb,Qﬂﬁ.bg),eiiTE)lYétﬁﬁﬁéne—QE-oﬁ bond; Y and Z independently
nd between C#16 and C#17 is depicted

represent_hydro r thyl; 20 the b

with a dochr%'?f‘ﬂ"ﬂ%g’?%"\lg'ﬁ:} 'L'}satgf?t"ée"&ﬁ‘gtth sg%ﬁcﬁ"e'bond may be either a single
bond, 5 n which case the projection of the ring substituent is beta, or a
doubl e bond; A represents hydroxyl, fluorine or hydrogen; B represents CH2
or H2; 25 the configuration In the 3-position corresponds to the sane
configuration as in natural vitamn D3 (normal), or the configuration in
the 3-position Is opposite to natural vitamn D3 (epi); 58 WD 2004/ 037781
PCT/ DK2003/ 000718 w th the proviso that when X represents (E)-ethylene or
(2)-ethylene, one of RL and R2 taken together with R3 nay not forma direct
bond, such that a triple bond is constituted; with the further proviso that
when X represents a bond R and R2 are not hydrogen; 5 with the further
provi so that the compound of fornmula I is not 3(S)-hydroxy-9, 10-
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secochol esta-5(2), 7(E), 10(19), 22(E), 24-penta-ene; and prod rugs and stereo
| soneric forns thereof. 2. A conpound according to claiml wherein RL and R2
when taken separately, 10 |Independently represent brono, chloro, nethyl,
ethyl, trifyyoseaetéy! . hydroxynethyl, 1- hydroxyethyl,P%Tn%gpgé&shpyl
1-propyl, 2-propyl, cyclopropyl, 2- hydroxy 2- pr opyl propyl,

3- pentykéRAlﬁshydroxy 3-pentyl. 3. A conpound according to cIa|n11 mhereln
Ri and are the sane and both 15 represent hydrogen, nethyl, ethyl,

bromo, cHi-oro, Aciompolnd aesootieg tyflormula IA conpound according to claim1

wherein Rl and R2 when taken together (o th the carbon atomto which they
are both attached to forma C3 car@z ¥ing, a C4carbocyclic ring, a C5
carbocyclic ring, or a C6 carbocyc Yr 20 5. A compound according to

claim4 wherein R1 and R2 when taken
tetra-net hyl ene, or penta- nethylenezh_
together with the carbon atomto C
carbocyclic ring, a C4 carbocyclkieJip a C5 carbocyclic ring, or a C6
carbocyclic ring. 25 6. A co gding to claim1l wherein Rl and R2
are a radical obtained by rens hydrogen atom from a straight,
branched, or cyclic saturated CL)[6 5hydrocarbon. 30 7. A conpound according
to claim1-6 wherein A is hydroxyl or fluoro. 8. A conpound according to
claiml1l wherein R2 constitutesypart of a triple bond and Rl represents a
branched C1. 6hydrocar byl , optinnallq'substituted by one or two hydroxyl
groups. 35 9. A conpound accg 10 claim7 wherein Rl represents - CMe3,
-C(OH)Me2, or -C(OHEt2. 59 :
conpound according to cl aj a] ' n R3 represents hydrogen, nethyl or

cycl opropyl. 11. A conpot % .ccordﬂkg to claim1 wherein one of R and R2
taken together 5 with R3 forns a direct bond, such that a triple bond is
constituted. 12. A conpound according to clains 1-11 wherein the
confiéhration in the 3- position corrédsponds to the configuration of natural
vitamn D3 (normal). 10 13. A conpound according to clains 1-11 wherein the
conflgurth% Hg”fng 3- position corresponds to the opposite configuration

to that o ura vitamn D3 (epi).
R1 and R2, which may be the same or different, represent halogen, {C;~

r & e ethylene, tri-nethylene,
a iﬁﬁL d R2 when taken
I(heyR attached to forma C3

Ce)hydrocarbyl, optionally substituted with one or two hydroxyl group or one or more

10  fluorine atoms,
or, together with the carbon atom to which they are both attached, R1 and R2 form a
{C3-Cs)carbocyclic ring,
or one of R1 and R2 taken together with R3 forms a direct bond, such that a triple
bond is constituted,

15 or R1 and R2 both represent hydrogen;

R3 when not forming a direct bond with one of R1 and R2 represents hydrogen or (C;-
Cs)hydrocarbyl;

X represents (E)-ethylene, (Z)-ethylene, ethynylene, or a bond;

Y and Z independently represent hydrogen or methyl;

20  the bond between C#16 and C#17 is depicted with a dotted line to illustrate that said
bond may be either a single bond, in which case the projection of the ring substituent
is beta, or a double bond;

A represents hydroxyl, fluorine or hydrogen;
B represents CH, or Hy;

25 the configuration In the 3-position corresponds to the same configuration as in natural
vitamIn Ds (normal), or the configuration in the 3-position is opposite to natural
vitamin D3 (epi);
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14. A compound according to claim1 selected fromthe |ist consisting of
1(S), 3(R) - D hydroxy-9, 10-secochol esta-5(2), 7(E), 10(19), 22(E), 24-pent a- ene
15 (Conmpound 1), 1(S), 3(R)-Di hydroxy-9, 10-secochoi esta-5(2), 7(E), 10(19),
22(Z) , 24- pend an&ie7s1( Conpound 2) ,

20(S). 1(S), 3(R) - Di hydr oxy- 9, 10- secochoi est a- 5(2) , 7(E) , 18F 18} 2003/000718

22(E), 24-p N

1S, 3R W ise b BRENR Jedbsert? (5:styisne. or.@:etiyiofe, ppepr Hhpd

22(E), 24- R%j@h@ratognthe( mmy opt form a direct bond, such that a triple bond is

20(S), 1( LbngftieaD hydr oxy-9, 10-seco- 26, 27-cycl o-chol esta-5(2), 7(E), 10(19),

22(E) . 24- Co
oS st %n&@ﬁ%%(w B ki X s9rmantan GO0 61 @00 R2sre ot bysroaes 1o)
22( E) ,R4-witbthadmttbergrrevi§éthnad ohencbntgound of formula I is not 3(S)-hydroxy-9,10-

20(S) , 1( Qe %@%‘?ﬁ?@?ﬁ%@ﬁé&& 25&5942&“23793@ hano- chol esta-5(2), 7(E), 10(19),

22(EB), 24-

1((8))3( R)aaglnﬂﬁWP%(?nCQSI@@&iéqﬂﬂfjﬁpbﬁ%wf@f3 but adi en-1yl)-9, 10- seco- pregna-
5(2),7(E), 10(19)-triene (Conpound 8), 30

]2-(2(S)E) 3(22 ZGpQEch_&rﬁ nd %%9%%_85%8%%01 ?)Een%ln%\% )ahg &E)when(t Qn’separately,

20( S)101 ( SrdepeR)erRiy-réprehsrdrimamme Schldye smethgh ethedt taifl 6¢raneTHyE) hyd Gxy Sethyl,

22(E), 24

1( (S) ), 3( R@%"’?’?‘{g"ﬁﬁr Oxyé@%ﬂ% gc?} ﬂ%l esP mpg ngoﬁ' %'3"' 1%)21 X roxy-2 propyl,
22(E), 24(2zywﬁyﬂf@apremé, ﬁntvteh%wﬂ@xn@wentv

20(S), 1(S), 3(R), 26-Tri hydroxy-9, 10- secochoi esta 5(Z) 7(E), 10(19),

U020 RS IR S SRS T

-9, 10t5 seepprsadgdBiEen, Metky), iyl Brompj eriawro( @oumgammemgl

1(S), 3(R) - Di hydroxy-20(R)-(3-cycl opropyl -1(E), 3- but adi enyl ) -9, 10- secopr egha-
5(2),7(E),10(19)-triene (Conpound 14351 5 |

1(9), 3( R)4 ‘Di hyd‘r%‘ﬂpﬁgn‘ie%%@'ﬁﬁ KoFiaist awberein it gnd R3wihep token togethierne- 22- yne

( COWDOUHwaﬂl'Bﬂhe carbon atom to which they are both attached to form a C; carbocyclic ring, a

;E 8)5( % R) - PL\é ‘:T‘égﬁ“?f g) 3£ ?’Wﬁp%ﬁ&ﬂj%iggejr o%q}d% r{”rl‘gxadl ynyl)-9, 10- secopr egn
1(S), & R) D| hydr oxy-20(S) - (5- et hyl - 5- hydr oxy- 1, 3- hept adi ynyl ) -9, 10- secopr egn
a- 10 _5( 4., 7( By bHpbdha bEdRRRg ¢COTRPY Mhereld R1 and R2 when taken together are
. ethyleng, trl-methylene, tetra-methylene, or penta-methylene, , such as R1 and R2
when taken together with the carbon atom to which they are both attached to form a
C; carbocyclic ring, a C4 carbocyclic ring, a Cs carbocyclic ring, or a Cg carbocyclic ring.
25

6. A compound according to claim 1 wherein R1 and R2 are a radical obtained by

removal of one hydrogen atom from a straight, branched, or cyclic saturated Cy¢

hydrocarbon.

30 7. A compound according to claim 1-6 wherein A is hydroxyl or fluoro.

8. A compound according to claim 1 wherein R2 constitutes part of a triple bond
and R1 represents a branched C,.shydrocarby!, optionally substituted by one or two
hydroxy! groups.

35
9. A compound according to claim 7 wherein R1 represents -CMe;, ~C{OH)Mez,
or —C(OH)Et;.
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1(S), 3(R) - D hydr oxy-20(R) - (5-ethyl -5-hydroxy-1, 3- hept adi ynyl ) -9, 10- secopr egn
a- 5(2),7(E), 10(19)-trlene (Conmpound 18),

1(S), 3(R) - Di hydroxy-20(R)- (5, 5-di net hyl -1, 3- hexadi ynyl ) -9, 10- secopr egha-
5(2), 7(E) , ¥ 293p0d7vd1ene (Conpound 19), 15 _ PCT/DK2003/000718

1(S), 3(R) - D hydroxy-20(S)- (5, 5-di net hyl -1, 3- hexadi ynyl ) -9, 10- secopr egna-

5(2), 7(E) yd0( 19 11 i :
109" Fl oot 3( B SRS elIRE B e rerein 3 sporsssss hyprpgn, methyi or
22(E), 24- p&lopEap¥he (Conpound 21),
1(S), 3(R) - D hydr oxy-19-nor-9, 10-secochol esta-5, 7(E), 22(E), 24-tetra-ene
Co d,, 20 22), .
103759 thi byt S5Pynd pecaureiia e  Wiessn 9pest &b pnd 2598098 et a- ene
( ConpozndwRBR3 forms a direct bond, such that a triple bond is constituted.
1(S), 3(R) - D hydroxy-9, 10-secochol esta-5(2), 7(E), 10(19), 16, 22( E), 24- hexa- ene
(Conpound_ 24), 25 ) . ] )
1(S), 3(R) i hyd} erRPupd aseprdipg do chimsi-1j shergin Scanfignratiop Hris|3sst a-
5(2), 7( E) pddi(ch®brresbtin} t@ thedenfiguation (fGtpauvithrain)D; (normat).
3(S), 26- D hydr oxy-9, 10-secochol esta-5(2), 7(E), 10(19), 22(E), 24(E) - pent a- ene
Co d 26),
(1( S;rPgtlQJ g) 1B %yd‘r eypod Rreqrding-tdiclainmb-11 véherrio sl emfiguratipn &) 4@-3seco- pregna-
30 5(2), 7h&tiohQomedpdnldl 880 ehd SfydRRY B figrhtion to that of natural vitamin Ds (epi).
1(S), 3(R) - D hydr oxy-26, 27-di met hyl -9, 10- secochol esta-5(2), 7(E), 1 819) ,
22(E), 24- penta-ene (Conpound 28),
%(2 ?)E) 3(2 ZQ:) 18 hydy aaﬁypo&gg%zcdﬂgigtztbwafrgJketea@aafdﬁotmltsac&(s?s)tina(ol%) , 10(19),
, 24- - ene n
1S 3cr MR ERye e st SR BT 00 RUBARHBRRRIS ), 7(1), 1001
9), 22(EfCompopetifia- ene (Conpound 30),

1(9), 3(R 1H a - PRl BfH- ' 2 0- - -
B G o e

1(S), 3(R 169 )Qﬂ- 26, 27- et hano- 9, 10- secochol esta-5(2), 7(E), 10(19),
22( E), 24- 20 165)e3(R)Dlotpaynel, 18Xecocholesta-5(Z),7(E), 10(19), 22(E),24-penta-ene
1(S), 3(R -((gr{;ﬁé%@%- 26, 27- propano- 9, 10-secochol esta-5(2), 7(E), 10(19),
22(E), 24- *penta-en€ (Conpound 33),

1(S), 20R) 1) R Bibyd2ay-S) Le-yesoops spyyaletehriessa H(T) AELOOEI 02 HE b gfra-

5(2), 7(E) pddib-LA (Eérhgdlmd(4yompound 34),

I G T RO R
22(E),24-penta-ene (Compound 5),
1(S),3(R)-Dihydroxy-9,10-seco-26,27-methano-cholesta-5(Z),7(E),10(19), 22(E},24-

25 penta-ene (Compound 6),
20(S),1(S),3(R)-Dihydroxy-9,10-seco-26,27-methano-cholesta-5(Z),7(E),10(19),
22(E),24-penta-ene {Compound 7),
1(S},3(R)-Dihydroxy-20(S)-(4,4-dibromo-1,3-butadien-1yl)-9,10-seco-pregna-
5(Z),7(E),10(19)-trlene (Compound 8),

30  1(S),3(R),26-Trihydroxy-9,10-secochclesta-5(Z),7(E),10(19), 22(E),24(E)-penta-ene
(Compound 9),
20(S),1(5),3(R),26-Trihydroxy-9,10-secocholesta-5(Z),7(E),10{(19), 22(E),24(E)-
penta-ene {Compound 10),
1(S),3(R),26-Trihydroxy-9,10-secocholesta-5(2Z),7(E),10(19), 22(E),24(Z)-penta-ene

35 (Compound 11},
20(S),1(S),3(R),26-Trihydroxy-9,10-secocholesta-5(Z),7(E),10(19), 22(E),24(Z)-
penta-ene (Compound 12),
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20(S), 1(9S), 3(R) - D hydroxy- 26, 26, 26, 27, 27, 27- hexaf | uor 0- 9, 10- secochol est a-
5(2),7(E), 10(19), 22(E), 24-penta-ene (Conpound 36). 15. A conpound accordi ng
to any of clainms 1-14 for use in therapy. 16. A pharnaceutical conposition

conpri si ngwe BeReend according to any of clains 1-14, pO@RbkRgsbdoyisanot her
t herapeutically active conmpound, and optionally a pharmaceutically

accept abl g(eoaf)Byarbky-28(ROIRARIY8LE: RGO -t ()3 RiphfaisiRodon sai d

ot her therapeutically _active conpound is,selected from anongst phosphate

bi nders, S§QPERRR> M (EhiPQO)tdens CoawryRd Ients. 18. The use of a conpound

accor di ng1{s),3aR)yDibiydidke 206R )3 dyclappépyb 0 ¢8) | 3ybdtedjetyi g9, 10asdchpgnd-her

t her apeut 5@9 ) fcﬁ&é)\fff—ieﬁgrﬂ?,?ﬂdggunaj it he manufacture of a nedicanent for the
! zgnlé I'0

t r eat ment rror‘ation ‘o |seasgs selected fromthe |Iist consisting of
di seas®s &a34RBihydony 191G FeqeansleNg 5674 Ehl By PbRAiteip-eseci@nder v
hyper par atdnsiRufd $8),and secondary parathyroi di sm associated with renal

t her apout M6 BVA RS SO SBERY oo BH Y B BBrIRS i ng of
phosphat e5H)WEY, 1(13)-artede dSompdundati)} - prol i ferati ve agents. 62
1(S),3(R)-Dihydroxy-20(S)-(5-ethyl-5-hydroxy-1,3-heptadiynyl)-9,10-secopregna-

10 5(2Z),7(E),10(19)-triene (Compound 17),
1(S),3(R)-Dihydroxy-20(R}-(5-ethyl-5-hydroxy-1,3-heptadiynyl)-9,10-secopregna-
5(2),7(E),10(19)-triene (Compound 18),
1(S),3(R)-Dihydroxy-20(R)-(5,5-dimethyl-1,3-hexadiynyl)-9,10-secopregna-
5(Z},7(E),10(19)-triene (Compound 19},

15  1($),3(R)-Dihydroxy-20(S)-(5,5-dimethyl-1,3-hexadiynyl)-9,10-secopregna-
5(Z),7(E),10(19)-triene (Compound 20),
1(S)-Fluoro-3(R)-hydroxy-9,10-secocholesta-5(Z),7(E),10(19), 22(E),24-penta-ene
(Compound 21),
1(S),3(R)-Dihydroxy-19-nor-9,10-secocholesta-5,7(E),22(E),24-tetra-ene (Compound

20 22),
1(S),3(S)-Dihydroxy-9,10-secocholesta-5(Z),7(E),10(19),22(E), 24-penta-ene
(Compound 23),
1{S),3(R)-Dihydroxy-9,10-secocholesta-5(Z),7(E),10(19),16,22(E),24-hexa-ene
(Compound 24},

25  1{5),3(R)-Dihydroxxy-26,26,26,27,27,27-hexafluore-9,10-secocholesta-
5(2),7(E),10(19), 22(E),24-penta-ene (Compound 25},
3(S),26-Dihydroxy-9,10-secocholesta-5(2),7(E),10{19), 22(E),24(E)-penta-ene
(Compound 26),
1(5),3(R)-Dihydroxy-20(R)-{4,4-dibromeo-1,3-butadien-1-y1)-9,10-seco-pregna-

30 5(2),7(E),10{19)-triene (Compound 27),
1(S),3(R)-Dihydroxy-26,27-dimethyl-9, 10-secocholesta-5(Z},7(E),10(19), 22(E),24-
penta-ene (Compound 28),
1(S),3(S)-Dihydroxy-26,27-dimethyl-9,10-secocholesta-5(Z),7(E),10(19), 22(E),24-
penta-ene (Compound 29),

35  1(S),3(R)-Dihydroxy-24-methyl-26,27-methano-9,10-secocholesta-5(Z),7(E),10(19),
22(E),24-penta-ene (Compound 30),
1{S),3(R)-Dihydroxy-20(R)-(4,4-dichloro-1,3-butadien-1-yl)-9,10-seco-pregna-
5(Z),7(E),10{19)-triene (Compound 31),
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1(S),3(R)-Dihydroxy-26,27-ethano-9,10-secocholesta-5{Z),7(E),10(19), 22(E),24-
penta-ene (Compound 32),
1(S),3(R)-Dihydroxy-26,27-propano-9,10-secocholesta-5(2),7(E),10(19), 22(E),24-
penta-ene (Compound 33),
1(5),3(R)-Dihydroxy-20(S)-cyclopropylidenemethyl-9,10-seco-pregna-
5(Z),7(E),10(19)-triene (Compound 34),
1{5),3(R)-Dihydroxy-20{R)-cyclopropylidenemethy!-9, 10-seco-pregna-
5(2),7(E),10(19)-triene (Compound 35),
20(S),1(S),3(R)-Dihydroxy-26,26,26,27,27,27-hexafluoro-9,10-secocholesta-
5(2),7(E),10(19), 22(E),24-penta-ene (Compound 36).

15. A compound according to any of claims 1-14 for use in therapy.

16. A pharmaceutical composition comprising a compound according to any of
claims 1-14, optionally another therapeutically active compound, and optionally a

pharmaceutically acceptable carrier.

17. A composition according to claim 16, wherein said other therapeutically
active compound is selected from amongst phosphate binders, steroids and anti-

proliferative agents,

18. The use of a compound according to any of claims 1-14, optionally together
with another therapeutically active compound, in the manufacture of a medicament
for the treatment or amelioration of diseases selected from the list consisting of
diseases characterised by primary hyperparathyroidism, secondary
hyperparathyroidism and secondary parathyroidism associated with renal failure.

19, The use according to claim 18, wherein said other therapeutically active

compound is selected from the group consisting of phosphate binders, steroids and

anti-proliferative agents.
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