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WD 2005/ 027917 PCT/ | B2004/ 002912 1
2- ALKYLI DENE- 19- NOR- VI TAM N D DERI VATI VES FOR THE

W RBADMBINT OF OSTECPENI A OR MALE OSTECPORCSI SpEi/a2d040§02912

the I nvention 5 The presentiinvention relates to

nmet hods of treating osteopenia or nmale osteoporosis,
the nmet hods conprising adm nistering to a patient in
need thereof a 2- al kylidene-19-nor-vitamn D
derivative. Particularly, the present invention

e oty o

a, 25- 10 di hydroxyvitam n D3. Background of the
I nvention Vitam n D iEeld offthednaéntioar m t hat refers to a

o o g ARS8 BBl g RBAIG Ol o e
asteoPorodis, tte hyed‘lfqadxy:oimpﬁsm@hdm'rhiﬂtmﬁr)g toLaSpdjiienlsiy mebe tHerend a 2-
i U S , . - .
AR oS RN Py oy YRR AT o
ntmdztbqnis c?f :tretat}!ng osﬁdpa?i_am)d mamvm' ecag)rbséss,rtaei 'rrmrt]ﬁlcmis,com;n'risihg i's

i.cal. rom sunl i .

AdbiEBIISod R et bereph e Bae Py e Sl 2hir e
di@rdxydiagiyphol ecal ciferol), which is then further

net abol i zed in the kidneys to the active form of
vitamin D, 1,25 20 di hydroxvitam n D3.
t1,hZS- di hy?r%yvibt 3mm§h$ﬂ_aurhcspf:thenn\éﬁnﬁbmi but ed .

ro ou e bo t
1 SRR S BaY o el 0 ALl DAL e
dvaveariane of Viginin B, WhioMs dalled €25 rdioydrexivitaminrDy(@r28+
BB S AT-ERS B e LB She S i e
dﬂh?@ﬂo@ﬁﬁé*a{érﬁl tbl.s\)/ﬂ“ami_lﬁglse(éﬂoléﬁdalcifgrcﬂ)élSrl"ﬁh]?&nviem' retdké@splace in the
cenper .1, - e . ,

S SR SRR B RCL PTG, Uiinps ver
RBRbAIRLE I the ved Yo DB droxyeiiarhinas; (28Hujdorytihaedsiifetol), which is

ch bR 2 S o B Bl B 4128

dihydroxvitamin Ds. 1,25-dihydroxyvitamin D3 is then distributed throughout the body

where it binds to intracellular vitamin D receptors.
The active form of vitamin D is a hormone that is known to be involved in
mineral metabolism and bone growth and facilitates intestinal absorption of calcium.
Vitamin D analogs are disclosed in U.S. Patent No. 5,843,928, issued
December 1, 1998. The compounds disclosed are 2-alkylidene-19-nor-vitamin D
derivatives and are characterized by low intestinal calcium transport activity and high
bone calcium mobilization activity when compared to 1,25-dihydroxyvitamin Ds,

In has been found that the 2-alkylidene-19-nor-vitamin D derivatives and
particularly the compound 2-methylene-19-nor-20(S)-1a,25-dihydroxyvitamin Ds,
(also known as 2MD) can be used in the treatment of osteopenia or male

osteoporosis.
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In has been found that the 2-al kylidene-1
9-nor-vitamn D derivatives and particularly the
wa@ eovpoerd’ 2- met hyl ene- 1 PCT/IB2004/002912
9-nor-20(S)-1a, 25-di hydroxyritam n D3, 30 (also known
as 2MD) can be used in the treatnent of osteopenia or
mal e osteoporosis. WO 2005/027917 PCT/1B2004/ 002912
2 Summary of the Invention The present invention
provi des net hods of treating osteopenia or nale

ost eoporosi s, the nggmfgﬁﬁ@mvgmm adm ni st ering to
a patient in need ther er apeuti cal X
ef f edEPECSERbINMENtGR Pravides mpthads of Besiing osiseRgig or male

o§te3§or€én§,ytﬂé %Ndds@:@h‘@nsuﬁ@a@ﬁm@tdﬁh?[d@ﬁ@tkgrit fitded thereof a
acceptabl e salt or prodrug thereof. Detail

tweraqqtl9@'liycﬂﬁfeeﬁvetaﬁ@unmfe%mwermé%@@%%(ﬁ"o 1p°r?\5ém>1d5qa<yv'tamm
O,k 3loR §rrﬁébehh@all§/'é€@etpf%fétsaﬂfor BRIGARPRGIeBr. Or male 10
osteoporosi s using a 2-al kylidene-19-nor-vitamn D
derivative. In a preferred enbodinment, the present

i nvention rel at epglhfePDIRERRA cﬁfhetlh\?éﬁnbﬂg ost eopeni a

or nal e ost eopor osi s usl
2- netThglnrsegent mverdion sejatsy 101%6@56\*&3%9@%&%6{]%@% 2-
é&gbﬂogﬁ RRING 222-BRYIid¥hé-200Br- oA D\RIVMSE. ‘Iméibré?élrFédbe

in the present invention are disclosed in U S
emhoémentjdhe 9@@@ igweptionieiades tga@rmethed obizeaiing osteopenia or male

SIRRBEHE SR Ryl BReABBRBGE R o DSk D, bl 0w

he "sane or
/klk;ﬂlﬁmeem norav@nera@rdes\eatlé@s @a ¢an<hﬁ usedén fedqugsent invention are

9&%‘%%@ rkg% %}ﬁﬂ6%§%e y lchﬂgﬁ@ﬁ%éoél%tcﬁ%dcmlz& S\HRe

same or different, are
genetal fopnulatlsbiown betowhe group consi sting of hydrogen
al kyl, hydroxyal kyl and fl uoroal kyl, or, when taken

t oget her represent the WO 2005/ 027917

PCT/ | B2004/ 002912 3 group - (CH2)R, - where X is an
integer from2 to 5, and where the group R represents

where Y, and Y», which may be the same or different, are each selected from
the group consisting of hydrogen and a hydroxy-protecting group, Rs and Rs, which
may be the same or different, are each selected from the group consisting of
hydrogen, alkyl, hydroxyalkyl and fluoroalkyl, or, when taken together represent the
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wa@ ananzt9ed or unsat urat ed hydrocar bon

any of the typical side chains known for vitamn D
type conpounds. Moire specifically R can represent a
r adi cal POf/1B20042002912
35 carbons, that may be str&ight-chain, branched or
cyclic and that 5 may contain one or nore additional
substituents, such as hydroxy- or protected hydroxy
groups, fluoro, carbonyl, ester, epox am no or. ot her

gFapPerGhklbmiwhegh SipHan intesekiren2da %a%wgwaith%gre\ep Rierresents

ahy BEtha hdidaPHIEE SRt Skhdin biNAtaflin BGjpd @niplsyy. \/ z 10
ere t'he stereochem cal center q(‘correspondl ng to C 20

in stMare seeciiicalitid cam EPTeRept d aaraterbonngrturgted hydrocarbon

r&Qi6d) LBV ERSE @ltbdrs; fhat may bé gfralbmechaﬁ.t Hfaal:héacmfcya.uraaa e
about carbon 20 or the 20- eP con I gurat i on)
e eﬁﬂt%ﬁﬁ%fi

mayerQtaZ\ e @ @@Gﬁée't'?% Hybati
%/ ChtbupdhRb®R, Eé}ﬁoﬁiﬂ)té@{e@ éﬂé&gdﬁ‘ﬂﬁo Bladftﬁertﬂéibré‘étémférgroups
rans 15 eomatrx ere is selected from
Riglerrag)side Chaingf this h@@l@se éﬁmeS&nFerhyéa? stcture pglow:
structure: 1 RR RR RB (CH2)nl C (CH2), CRS 20 R4
where mand n, independently, represent the integers
fromO to 5, where Rl is™,sel ecéed from hydrogen,
deuterium hydroxy, protected ydroxy, fluoro,
trifluoronethyl, and Cl1_5-al¥Xyl, which may be straight
chain or branched and, optiopnally, bear a hydroxy or
pr ot ect ed- hydr oxy substi tlien nd where each of R2,
R3 25 and R4, independently, is selected from
deuteri um deuteroal kyl, hydrogen, fl uoro,
trif Iwr@ﬂ‘ﬁtdwbo@remcﬁi cerﬁers(b&y%spomﬂihglb (Dﬁ}?? irbsteroid
tral t-chai n or nc an .
sl o e B Rt SpaTeis R e PIsERE nalira Soitenfotian

éﬂaﬂt &&bon 20 or the 20-epi configuration), and where Z is selected from Y, —QY,
—CH,0QY, —C=CY and —CH=CHY, where the double bond may have the cis or trans

geometry, and where Y is selected from hydrogen, methyl, —COR® and a radical of

the structure:

N ¥
(CHZ)rT_ C (CHZ)n_ c— RS
DY y

where m and n, independently, represent the integers from 0 to 5, where R'is
selected from hydrogen, deuterium, hydroxy, protected hydroxy, fluoro,
trifluoromethyl, and C.s-alkyl, which may be straight chain or branched and,
optionally, bear a hydroxy or protected-hydroxy substituent, and where each of R? R®
and R*, independently, is selected from deuterium, deuteroalkyl, hydrogen, fluoro,
trifluoromethyl and C4.s alkyl, which may be straight-chain or branched, and
optionally, bear a hydroxy or protected-hydroxy substituent, and where R'and R?,

taken together, represent an oxo group, or an alkylidene group, =CR?R?, or the group



taken together, represent an oxo group, or an

al kyl i dene group, =CR2R3, or the group WO 2005/027917
wEANshBR004/ 002912 4 -(CH2)g , where p i s an PCL/ERpe04/002912

from2 to 5, and where R3 ahd R4, taken together,

represent an oxo group, or the group -(CH2)q , where q
is an integer from2 to 5, and where R5 represent

roge drox pr tecte dr.oxy. .
RS tRem o S SRR R Sy f leubens,
réﬁrtegéht Bh okdtSlgro‘Erbd(ﬁr tﬁélgﬂoﬂp FEGH) f tﬁﬁém B%ﬂdntbgerarom 20 5,
nitroge atom e u
RS B reprseniyeresen. enscireteriad P oRs o7 Gl ants
mesemet a% M’Qhé’ cr-@mbge?trpe?ﬁmt Ex 0BP3 rgmu@aae @kain &rdyfbeg
atom I ne (0] e ne sSups a
5 ronlrRc R Enogan Aamcen et Fayo! thgreuts LREICTs EHIFE o
-HRA g it pokitns A0) 221206 28] respativaly, aidly wranpd:@sby)én styden or
chains with natural 20R-confi guration are the

sefnAelr es represented by formulas (a), (b), (c), (d)
and (T vmque td the metiynsutsstident = Ca2Mindigates thag carbsn 20 may

s YR HRIOL SHORBRUL ; 'vi cami n D2 (4): and the

10 G 24 gpkiie [mﬁﬁdaﬁﬁeww‘éidea:ﬁ”éiﬁs W2h aefutal 26R{coanfidarbtid are
té%%tréc%}resz ?ep%_s'e%%d\{\)ly?fgrom%?also(g)? ?b]),7 (cf%/a{n%%g)%dglgm(l),zr.ge.l,%he ssrde
chain as it occurs in 25-hydroxyvitamin Ds (a); vitamin D3 (b); 25-hydroxyvitamin D,
(c); vitamin D, (d); and the C-24 epimer of 25-hydroxyvitamin D (e);
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5 (e) OHww As used herein, the term
"“hydr oxy-protecting group” signifies any group 10

wa@ ornsoeidy7 used for the tenporary protection of POlB2004/002912

functions, such as for examle, alkoxycarbonyl, acyl,
al kyl silyl or alkylarylsilyl groups (hereinafter
referred to sinply as "silyl" groups), and al koxyal kyl
groups. Al koxycarbonyl protecting groups are

al kyl -O- CO groupi ngs such as net hoxycar bonyl (d)
et hoxycar bonyl, propa I sopr opoxycar bonyl ,
but oxycar bonyl, is 15

but oxycar bonyl, ben onxycarbonyI r allyl oxycarbonyl .
The ternr"acyl" signifies an al kanoyl group of | to 6
carbons, in all ehits isonmeric forns, or a
carboxyalkanoyl group of 1 to 6 carbons, such as an
oxal yl, malonyl, succinyl, or glutaryl group, or an
aromati c acyl group such as benzoyl, or a halo, nitro (e)
or alkyl substituted benzoyl oup. The word "al kyl "
as used in the descrip clai ns, denotes a
strai ght 20 chain o? al k radical of 1 to 10
carbons, in all its|isomeric formd. @ koxyal kyl
protecting groups arle groupi ngs such as net hoxynet hyl ,
et hoxynet hyl , et hoxynet hyl , or

t et rahydr of uranyl and tetrahydropyranyl. Preferred
silyl- protecting groups are trinethylsilyl,

triethy -

di but¥yi “r?é? hé’e@i f'&‘?qgrt“)( rr?é%ﬁﬁtr%‘“t“ﬁé PLQupy pignifies any group

cpimemﬁlydjsnéfdryﬂrestehwbrarﬁ proleetign of hyldrdxy fadtighs, aunch as for

eg%"gel?af %g%xygargﬁryﬂ )ﬂ%dl glg)(lg‘ | L% aelllfy"fla(riylg @/‘ ﬁroyag&ere?r{aﬁ]enr%@r#eo to
sy bs tdilyiegropbeard asrayalkyl grdipsoAﬁ(oKmarﬁoy\gllrmaly:btmg O0QUPS

8 R e Buchin Py bR SEaRBnY, "0y

ppaEropcEeidny rsopmpbxwxarboof/l inytaxyocaygpohyl nisvhudorycarbomyl, tert-he

e U e e T L

alkdheoyleragpl df vt |t8 6 @adbohs,|inalt ofdtsksdriericdbrars, boa ¥boxyalkanoyl
g%gu%SoquJ %%Zrb%%-/slugggg %A %)Qa%)%,lr%aloﬁyl, succinyl, or glutaryl group, or an

aromatic acyl group such as benzoyl, or a halo, nitro or alkyl substituted benzoyl

group. The word “alkyl” as used in the description or the claims, denotes a straight-
chain or branched alkyl radical of 1 to 10 carbons, in all its isomeric forms.
Alkoxyalkyl protecting groups are groupings such as methoxymethyl, ethoxymethyl,
methoxyethoxymethyl, or tetrahydrofuranyl and tetrahydropyranyl. Preferred silyl-
protecting groups are trimethylsilyl, triethylsilyl, t-butyldimethylsilyl, dibutylmethylsilyl,
diphenylmethylsilyl, phenyldimethylsilyl, diphenyl-t-butylsilyl and analogous alkylated
silyl radicals. The term “aryl” specifies a phenyl-, or any alkyl-, nitro- or halo-
substituted phenyl group.

A “protected hydroxy” group is a hydroxy group derivatized or protected by
any of the above groups commonly used for the temporary or permanent protection
of hydroxy functions, e.g., the silyl, alkoxyalkyl, acyl or alkoxycarbonyl groups, as
previously defined. The terms “hydroxyalkyl”, “deuteroalkyl” and “fluoroalkyl” refer to
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any al kyl radical substituted by one or nore hydroxy,

deuteriumor fluoro groups respectively. It should be
wmoeasm2ion7 t hi s description that the term "24- hpeDIB2004/002912

refers to the addition of ©ne nethylene group and the

term " 24-di homo" refers to the addition of 5 two

nmet hyl ene groups at the carbon 24 positi on in the side

haijn. Li i Se, t f
Bl b Bl b o gL Sk o S
réspBctiély. di hm=:t hyl't'J refers to the addition of a net hyI
grou t the carhon.
O andsBou B ra RS Ty Sesiion ind) SR efigron Bl fis
adc}ﬂgon?&f dtilietErT\qé’tWél%nd gloap and the t%rhﬁ‘ 2&@10?“05 efoils tathecdddition of
u e oS on
mefufspe s pLhey %%%?#rzﬂsiﬂswmée FH8 cbeip; LEB oAl
“ttnh@n@’ateters:wl thé aadmroﬁ cbfdlfmée fane tgisups. Aol theheth @6,27he
Car n to t .
R el ot pAdST S wrs@e@?%aﬂmogar%% Wt isfoRs o
tmuhﬁtek?mtplﬁw einbezd“taeé mhyngramshyjl@wee thﬁh@lbﬁ @6 27 atiatiohd” refers
eac . n CO t 4l
¢ 116 solioh RFar SENrS A sand 27 RBERS K TRERTAGH B o
pﬁwuél,rdu;ﬁg_ecede each 01;] the naned conpounds, and so
on. In a tion t h
car b BglouE et of PEos BeaprteyRr kyBpnr Sytluen®
aﬁQcElTédgalﬂ i d=@ivon % b@sflﬁmrsm'ibula(b(eﬁhded)ro the ﬁzmpmé!aterleo WHod be
inclu ach of 1t ] J4nd
Al £omAieTe ot i e Byeate SbsPRERS e R eyt
shbuld @edcead eactDof e aarhed ccampbundef £ an ethyleragpueds the t he
aﬁwgc%qu)él I ggtﬁg%{ﬁ Stggf dgreg%cylesﬁte’lr drpereclzede eacl"? of t'P]g nghgg
o]lagrpaalﬁdiénﬂ&ﬂbn 1l&@dﬁbhmﬂmemmgmepmammmmam 20
nory - i hono- ) »
PBalifoR 15 4S EpH o aRaR b as BN U 85 kST B0 R i bnblig be
idduded in each of the following named compounds. The named compounds could
ai% nor - ﬁ 7'19'0”%};)2 aneSIreg]om) 1, 25- di hydr oxy- 22- dehydr

19- meeZ:ﬁlc ARd 6rdia*réw¢xa2¥blaild‘ﬂma§c2-élkﬁlﬂenb bordpaungs 2Pstdetuye |

Vi@nﬁ'b‘? 5'518 Cﬁqméﬁ YRSBIRIEI A% 1 i hono- 1, 25- di hydr oxy- 22- deh

ydr ovig-agriga-HBno-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-24-dihomo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-24-trihomo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dimethyl-24-homo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dimethyl-24-dihomo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dimethyl-24-trihomo-1,25-dihydroxy-22-dehydrovitamin Dg;
19-nor-26,27-diethyl-24-homo-1,25-dihydroxy-22-dehydrovitamin Dj;
19-nor-26,27-diethyl-24-dihomo-1,25-dihydroxy-22-dehydrovitamin Da;
19-nor-26,27-diethyl,24-trihomo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dipropyl-24-homo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dipropyl-24-dinomo-1,25-dihydroxy-22-dehydrovitamin Ds; and
19-nor-26,27-dipropyl-24-trihomo-1,25-dihydroxy-22-dehydrovitamin Da.
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19- nor - 26, 27-di et hyl - 24- hono- 1, 25- di hydr oxy- 22- dehydr o
vitam n D3;

wQa 205027926, 27- di et hyl - 24- di hono- 1, 25- di hydr oxyPCRIBbe w2912
rovitamn D3; 30 7
19-nor- 26, 27-di et hyl , 24-tri hono- 1, 25- di hydr oxy- 22- dehy
drovitam n D3;

é\? | tn §h13& 27d pgjrleférrgé) anm;ﬁes oﬂﬁe -aﬁ< Iugen c%rn%(()ﬁnc?szofcslﬁng L(erre |

wihén ﬂmac%cr%\hldlsaw:anad ard4- di hono- 1, 25-di hydr oxy- 22- dehy
drovH

19- no?%g%?‘é'g-g@?ﬁ:%b%xdﬁwiﬁnﬂ&%i 1, 25- di hydr oxy- 22- deh
ydr ot 9dnarR4-dBsmoVi22diydrORandin BT/ | B2004/ 002912 7

S f I f th
2P§fﬂ§|”|882ﬂg“h i %@gycﬁ?xyg ?rﬁ%t re | ° when the side
cgal m9-|nsr-2@,t26|-dmahzi/l-a4-ebmg-1 ,25-dihydroxyvitamin Ds;

19-n ro n -

To- nap B2 g 2k bl ki aR s s

19- n(b@-nﬁﬂ-% Q‘HjMMhyLZ&'Erﬂd)nWﬁQ@)dmydrbamtan%ﬂ)g,

19 n% n%P-Zg 97 gfeﬂ% 52/ Lomo-1%?hyd’roxyw amlx(HaoxyVI tamn
19 n69-nd6:28,27-dietrgt-2drtih@rhodi, 25adiny droxdaitatninymly oxyvi t am n
19- né?'-“QEs'?‘}??'SIeHE/ ?ﬂ/’ frihggnog r‘?qig'ﬂ%qrﬁ)fyi@gra|nﬂ?ﬂdr oxyvitam n

D3; 19-nor-26,27-dipropyl-24-homo-1,25-dihydroxyvitamin Da;

197 N9B6R26 47 Iore 24 BiftomS s aiRyr Sy WL R,V i pm N D8;

19 nd9-n26:2@,27-dipedpyl24-RihonhoriczidihyROxydithrpisrx y vi t ami n

2o- PSR 5 BP0 A RO S B e aAtagRPRS'
ai¥Bis the stage before true osteoporosis. The World Health Organlzatlon has
d%fgaelonp%rd a6gn%ztlcdéaPerg%P 4 220 mnd ndRs dLhy t?r(%}ﬁ‘{ i Mt if
pér@em bas B6rn2aT boheasy lgsydsicdpenin lvo has dst@dporiodiy dlaralbdrerdensity
s PGP e i bl ) PR ASRR5 9P
O@&oﬂ)ém&lbwdmea 'masis)ss aeﬂrieﬁraeiarmpnefdehhe/ blorxSstabddrd | ess
d Vé%ang%{af etﬂ% Yeung pagﬁs r( f’llstg —6\5:? |a('j‘d :qggqtogﬁroglis Wefined as a
b&neyderisitp ivhich ihas staddmelldemehbnﬂ;lcmgnme belowdbd pamgiagslt mean
52580 has normal bones, has ooteopenia or has

, peni a or has

ost edFhepesest invdatioreis alzorenckrnsd with pharmatcédtical compositions for

St an(tjrag%( o(#f%gtlegpen%nor(ma]le teopc)roscl)é ccgnqgrlen%ue? w?‘lgtlénng an
patient in need thereof a 2-alkylidene-19-nor-vitamin D derivative, such as a
compound of Formula 1, and a carrier, solvent, diluent and the like.

It is noted that when compounds are discussed herein, it is contemplated that
the compounds may be administered to a patient as a pharmaceutically acceptable
salt, prodrug, or a salt of a prodrug. All such variations are intended to be included in
the invention.

The term “patient in need thereof’” means humans and other animals who

have or are at risk of having osteopenia or male osteoporosis.
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20 Osteopenia (low bone mass) is defined as a bone
density 1 to 2.5 standard devi ations bel ow the young
wa@oadwbn2rean (-1 to -2.5), and osteoporosis i s Per/1Bew/002912
as a bone density which is82.5 standard devi ati ons or
nmore bel ow the young adult mean (>-2.5). The present
invention is also concerned with pharnmaceuti cal
conmpositions for 25 the treatnent of osteopenia or

mal e ThetsrBpgeayos "ol Pi ‘deatneat asrissd B?rrewgn%deg preventative
(Q@ bRIphylb&ich %%maﬁdéedn%quréiuvg trabidnt.dene- 19- nor - vi t ami n

dérivative, such as a nmpound of Formnul a | and a

car r iByr'phay mao@ﬁpallyoﬁch@tﬁple 'ﬁ i rpant FheI@émef dilpent cipipnts,
dnBRF SRS p de‘ﬂljﬁqﬂ&’s'i b@%@m‘ébﬁ’&é’ﬁtﬁl@ thelbtieR ingredidnts &f the

cont enpl at he conpounds may be adm ni stered

fprmtéatlpatar@mot deletgripnsloteR Befiental | y acceptable 30

sal t . 7hR"&eH Y8odrly” n%eén’sd 4 C&”f'l% SuriItRatN¢IgansfirmedUs Bivo to yield a
variations are 1 nhtended e included in the

qompeted efihe prasendpygntigns iTEA trapsforeatign MayQcsHr b)h@éﬁgs
:ﬂ%ﬂén@”&:éﬁtdﬁﬁmﬁah H%r%ly\émn blaaa eA‘H‘scﬁésﬁ’orﬂéf thé SiKe of

avi ng osteopenla or mal e osteo O 7917

Si S.
Paiiug BB guayidrsbo b H'eucmén@ MY mtel ‘?fdﬁdﬁggs as: qvég elivgry

\?)Isfé?ﬁg TRt 14 85heAaElShe ﬁ‘\ BSIUﬁCéé#ﬂ@SarﬂﬁﬁBﬁiﬁé\%TrmM@ Carriers in
prophIaC|c ratrve and cur L))‘
B icsish; o0 weyth Br efeq,ﬁnaeéqcm PB@@?&?&"W s§qcigfign and

;B@rggﬁqoﬁ bﬁesga{gsﬁr di l uent, excipients, and/or salts
prodrugs nust be conp atlble with t

| ngr eTAr &XeRPISF Whepa GOF‘BPHQH akthe ﬁresﬁﬂtdn\f%? 5@&5@?% Pous
&ﬁbé fic a4 \‘Lﬁﬁﬁona—r@%ubeé modPugpégMﬂ)mpﬁBéaﬁ e8tet Qjm\@d gt the
Is transfornmeéd in vivo to vield onpou 0
reniECRMGaie e Pdksaen GO B 18 5t PGP i P RO B8] by
g@gmg U@:& @g@g@ﬁ%ﬁmﬁﬁ% Lne%;@aagf@xwahwamg ¥r®irs4 td® carbon
Ao mtwhfalkanw? omithakmadiam PIo 10 pHBoRPIYS: as
%%}S}c lé!)%frﬁ/etﬁﬁ haQMﬁé GO 3 to\@barbdrﬂat@fnst ’ﬂ-e A Cs.

SIU Series in Blorever3|

ey @saonyi el Eieg HOB.A RIHEbo IR e -
RN et ARG bR RBcarbon atoms, N-

(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-

(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C4-C,)alkylamino(C»-Cs)alkyl
(such as B-dimethylaminoethyl), carbamoyl-(C4-Cy)alkyl, N,N-di(C,-
C.)alkylcarbamoyl-(C4-Cz)alkyl and piperidino-, pyrrolidino- or morpholino(C.-
Cz)alkyl.

Similarly, when a compound of the present invention comprises an alcohol
functional group, a prodrug can be formed by the replacement of the hydrogen
atom of the alcohol group with a group such as (C4-Ce)alkanoyloxymethyl, 1-((C-
Ce)alkanoyloxy)ethyl, 1-methyl-1-((C1-Cs)alkanoyloxy)ethyl, (C+-
Cs)alkoxycarbonyloxymethyl, N-(C4-Ce)alkoxycarbonylaminomethyl, succinoyl, (Cs-
Cs)alkanoyl, a-amino(C4-Cs)alkanoyl, arylacyl and a-aminoacyl, or a-aminoacyl-a-
aminoacyl, where each o-aminoacyl group is independently selected from the
naturally occurring L-amino acids, P(O)(OH),, -P(0)(O(C+-Ce)alkyl). or glycosyl (the
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Per ganon Press, 1987. For exanple, when a conpound of
the present invention contains a carboxylic acid

wo eovsoemal group, a prodrug can conprise an eBCEIB2004/002912
formed by the 15 replacenment of the hydrogen at om of
the acid group with a group such as (Cl1 C8)al kyl,
(C2-C12) al kanoyl oxynet hyl , 1-(al kanoyl oxy) et hyl havi ng
from4 to 9 carbon atons,

radigabfeppiting Trom fhereywal pf a dydrpxyl BERHPIRS the kemigceta! fegn of a
cSMoRpdtay.oms,  al koxycarbonyl oxymet hyl having from 3
to 6 carbon atons, 1- (al koxycarbonyl oxy)ethyl having
f r omvMhana qoragqawrpfémq)wgseq[mygptmﬂ compriges an amine functional

g(f(ﬁ]pk sw&%{e&w b&¥ornel f&y Ithéw@wae&némt%%y%g%n%rﬁmhe
oxycarb am none| [ om3 to

amna%@r@eﬁ With $ngroun syql aS( R%RW&%%‘;‘AW%‘ %%&%Wbonyl

wWiRld RY aﬁdj R eﬂ'efchH—Pldﬁﬁér@gﬂtlya(‘d?@o)aﬁylp(@J@J)éyﬁBdalkyﬂbenzyl or

crotono actonyl, ga tyrol act
Ritcarhaay( I@lar@mral wn&mﬁam(omawl atramlnoaqyi-u@wr%{g -aminoacyl,
gt?\ﬁjg@gw W’E%H (#%Iﬂ lbel(l@ %@Xk)wm wherein Y*°
ip(GreGd) alkyicand Yy rig (Qw(asu)ail@d carb %ballfvb(mm(@zj(hbaﬂsw or
g f
”(?%)Hnap I#I Iatérjecg NéNQ@ aﬁ&lﬁﬂ?ﬁ%&yp Céal \PE %@F@in e Rl dB8en or

n al c I on group prodrug can

rshyl aneyd® bymormaNr @mlai\b@rf@npe)@wkaﬁmqam@i@f&no Ripeyigin -yl

O?@?”@Lﬁi;\fp & group with a group such as
al Kanoyl oxymet hyl , 1-((C, 30
C6) al Therexpressiph émhaylmaceutlcally acceptable salt" refers to nontoxic anionic

Ségga%rﬁéf hlné a%} F@)é’s‘ n@@ﬁ%‘(hrﬂ?ﬁé@t@ § &éride{ Blomide, iodide, sulfate,

bisu(fate, plmsahat@xmtgowﬁam fhoaete pralaieylgstaim jartratecsitrate,
(_g\&)o%t‘éa&g ane&T@%t@%@4-t&ﬁ%r@ | K NBRME . THY ddpRSe¥lon@id refers to

bac a- am noac a- am noacyl, where each
rmnsnxlqma@yc saftscaush ias (Ut G@éﬁh‘éé i) Ispdiga, Belassiumy GAHsIRe

Tebts e L brapabese o P s
qpaiirie, Bir@0diaodEg digthanglaminens V'%@'ﬁ"@@@gﬁ?@'é@'ﬂ%"‘ﬁ@?@ ns
@ ca%r% ”@édégr%éfﬁ ihd (- Beﬁﬂgﬁnh@ﬁéthﬁlé]ﬁhe)s BiRranetdt@romethamine (2-

I nventi on have at | east one
eamynnﬁétydrqumtrwbm-cnr enanadigl)-t her ef ore

It will be recognized that the compounds of this invention can exist in
radiolabelled form, i.e., said compounds may contain one or more atoms containing
an atomic mass or mass number different from the atomic mass or mass number
ordinarily found in nature. Radioisotopes of hydrogen, carbon, phosphorous, fluorine
and chlorine include °H, "C, 3P, ®S, ®F and *Cl, respectively. Compounds of this
invention which contain those radioisotopes and/or other radicisotopes of other atoms
are within the scope of this invention. Tritiated, i.e., °H, and carbon-14, i.e., “C,
radioisotopes are particularly preferred for their ease of preparation and detectability.

Radiolabelled compounds of this invention can generally be prepared by methods
well known to those skilled in the art. Conveniently, such radiolabelled compounds
can be prepared by carrying out the procedures disclosed herein except substituting
a readily available radiolabelled reagent for a non-radiolabelled reagent.
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are enantioners or diastereoners. Diasteroneric
m xtures can be separated into their individual

wale@soemeopners on the basis of their physi cochri/m004/002912

di fferences by 5 nethods knéwn per se as, for exanple,
chromat ography and/or fractional crystallization.

Enanti onmers can be separated by converting the

enant i o_rreri c mxture into a diasteroneric mxture by

r eact'i Whberecarizedipppespensal erdipary ekl inthe art fhagsome of the
CORMIBEANYADT (s Bventi®h QQVé’ét)leas‘i BREB&IhMBtrit RSrbeh @ﬁiﬁérﬁﬁﬁ@%ﬁare
and converting (e. hydrol yzi'ng, including
a&m@mﬁ%lamemldas ‘F‘Zi“%ét [Pl'éﬁ§r°ﬁ’rﬁﬂ'0 FIKHESSican be is%@teq into
tlﬁ’éﬁqh&{/lﬁ%l%ldﬁé‘tﬁﬁérs oR itk basR B XHBir &@E@b&%ﬁﬁcé‘dnﬁér@h&é‘ 1Y)

he individ di astereoners to the correspon I Ng
”ﬂﬁIP%dSéWQWﬂ .péﬁ@q%s foriexamplenchramaiogearhy Aag/gfrargonal

HsBH8lI G0 BREStiomePH 8H PSR afatéd By &’oﬁ%angliihé é@nﬁ&ﬁerﬁi rﬁ|xture
considered as part of this invention sone

iRt @ diastgremadsmpdure Ry seackyrewith amagprerate QW@W'@
c()ﬁrpgund @’gﬁsélééh'ét)eéepﬁfa%hy H’%)dleﬁﬂ&re%érs drRDheet @S

I's i nventi addi ti on, when t

M@r@b@ma@dé@ms Rt chawisat hx@mlys'%q@phf@ﬁﬁ gnq m@r%ﬁm%ds
r@Bro'l:y%fsrﬂﬂletﬁode el reﬁk)'/'m&i ERBQ S HydPS SRS indhiAeY dfsRrédridts

Rin the scope of  the invention. Adm nistration of

te rh@ OFPHRANNg Rwe ?'Pﬁnélomﬁ(?eﬁﬂ Pl isQMReTs eingliging: AigstRSORSES:

énaﬁﬁoméf@ Iahc‘i’ ﬁﬁ)&ur@s W%F@cdﬁ%ndbmdsas' ;ﬁa\*ﬁﬂ‘thl@ﬁventlon Also some
stem cal and/ or | ocal | These net hods 20 inc
qﬁ conpmue@iﬁ efthip invapien afe aﬁ%mwm(e Po gisdituted Qfaryls) &nd are

doR&i8Erab ¥ paft ReEORRGMBES of this invention are
admnistered orally, but parenteral admnistration

(e. o.In SRsiomRB the Commaupdnoldbisimyentan, ielidie i compounds
o?lFQﬁHGIQn 9 Phydr£ed & deatésnfrk? BROZIED Aithih tHEE8CoPE of the

util |zed for exanple, where oral administration is
'P‘mﬂﬁﬂrﬂoprlate for the target or where the patient is

unabl gqrhifistriRs tﬁer&nﬁj’o'dﬂds ﬁhIQWeﬁmmlﬁnytrhetﬁod that
i nvention may al so be plied | ocall /y e or
dgliverg apf@mpenmd Plhig 'rsvemocibﬂyéteeawlv 8pd/gy 'Oa?'Hyu@?ﬁs "ﬁ%
|ﬁ<5]9dé36ﬁé?ba%h@r&)’éddqmu%aedwfotﬂést 8t Gehbrd tHééHoI'r‘bp@EndQc of
present invention can be adm nistere

piingiiion HerERinE A1y A BEreD Al AInHEROn (&5 cBBAERouS.
ﬁf?arﬁbéi;@}ér tr‘én@&&ﬁ@r EESLLERRBESE ré AR intRNRIAANHry)IndBoeaftilzad,

to about
for example, where oral administration is inappropriate for the target or where the

patient is unable to ingest the drug.

The compounds of this invention may also be applied locally to a site in or on
a patient in a suitable carrier or diluent.

2MD and other 2-alkylidene-19-nor-vitamin D derivatives of the present
invention can be administered to a human patient in the range of about 0.01 ng/day
to about 10 pg/day. A preferred dosage range is about 0.05 ug/day to about 1
ng/day and a more preferred dosage range is about 0.1 pg/day to about 0.4 pg/day.
The amount and timing of administration will, of course, be dependent on the
subject being treated, on the severity of the affliction, on the manner of
administration and on the judgment of the prescribing physician. Thus, because of
patient to patient variability, the dosages given herein are guidelines and the
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30 g/day and a nore preferred dosage range is about

0.1 g/day to about 0.4 g/day. The anount and tim ng
wo@tooanieioni stration will, of course, be dependePCT/iBRO041®2912

subj ect being treated, on tlhe severity of the

affliction, on the manner of adm nistration and on

the judgnent of the prescribing physician. Thus,

because of atient to patient variability, the
PR 6 als drsparhihg e apbielmits ERMEhadhe physician
cOMIedr %Bgrbﬁnﬁgféﬂ Be Bgﬂérﬁ) Qg %égsldéﬂag R 8édrb& B H@Btment

titrate doses of the to achi éve the treatnent

desierd, m?epfp(ﬁwndn% ba@aﬁ% A qaray abigeiopt sushesrage of te patient,

pR¥eh8bf pre&xitigSdistaish s waﬁas%eée%e Qf ofnePALERRE. The dose
desired, the physician nust bal ance a variety of

e TS ORF ARG HEOTSR(E Gand THEER AN Bra sustained

rélefRXbrdohtrelled réréa§@form§|au@ﬂ. | 1t Raldd S8bLiofdnMiterF the
di seases. The dose be given once a day or nore

CPRRRIRSING QIBYMBRALOR) 9IS ieipess 80d epREaled reloase

ah8lof 35Raiféd FéPéHsb%ﬂnﬁﬂatfoﬂ' ease fornul ation. | t is also
p033| ble to adninister compaounds  usi ng

conbiTR&EdBHNIgFatian of ﬁi\ﬂ@o?raqﬂ@rﬂea"@/ag@ﬁeah%nar-\e@m'm Bl Jegiyative

chfbe %ééordﬁ\@dé ahy Soifinabies lﬁt@hﬁ‘iﬁéﬁ d‘o@fnP‘lébﬁédlﬂm Oonl&ea day,
amnlstratlon of 2MD or other 2-alk dene-1

gl tipes gida. Pnager Weelt Mpdipl el*@“%sa%WS% L0EB LU Ve Wesks)

nSuiplé fivhes Bvary thd WREBKs, toh@é‘b i, RELItTAOBHBS 8 mdARe %n@e every
day, . multiple tinmes a day, once a week, nulti

e mogths, %‘@KGV%%‘?%V‘QPSV'% Nse RS magihs Apd 8“&? fusar

de¥ifg Yard Wen-WRRiks exémsles df aBMg schetliés P eMD dotheRnt h,
once every two nont h S, . once every t hree nDnths once

aggygqi%nesﬁ(n%\ﬁt@ﬁgn RASYHVE a year dosing are
non- Imh@dorrr{bau@@a&m@ﬁre@éntméhm @@5@@@ Sadhiistafda i®the

anot her 2 15 al kyli dene-19-nor-vitamn rivative
farAEof @ophrtiAcRUtER! CPH’@"%P%‘&W”WQ@HP?%?“& i é%‘?@]P&PT‘@F of

tR6l iHvBhidnabgsihérwithephdrase ital a@b@tm@%mmg 8t diluent. Thus,

conp03|t|on conprisin at | east one of the (040
tg compgunds ﬁwm'mﬁ'ﬂ%g@ brepdpipisiered IBRAY FAREDNYS Pﬁaﬁ

pRfdHRthR Rdceal WeargdermRdl ddéddediim. Thus, the conpounds of

th|3|nvent|on can be admnlsteredlna nti on
oral er%aﬁ@msgﬁmnaP@%rfr@Pﬂ&&Cakqoawgaawé g%ﬁ@ orm o

sBQitiHrhs suspensions, tablets, pills, capsules, powders, and the like. Tablets
containing various excipients such as sodium citrate, calcium carbonate and calcium
phosphate are employed along with various disintegrants such as starch and
preferably potato or tapioca starch and certain complex silicates, together with
binding agents such as polyvinylpyrrolidone, sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate
and talc are often very useful for tabletting purposes. Solid compositions of a similar
type are also employed as fillers in soft and hard-filled gelatin capsules; preferred
materials in this connection also include lactose or milk sugar as well as high
molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are
desired for oral administration, the compounds of this invention can be combined with
various sweetening agents, flavoring agents, coloring agents, emulsifying agents
and/or suspending agents, as well as such diluents as water, ethanol, propylene
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For oral adm nistration a pharmaceutical conposition
can take the formof solutions, suspensions, tablets,
w@Ris®279¢apsul es, powders, and the |ike. Tabl eP&T/IB2004/002912
contai ni ng vari ous excipiengs such as sodiumcitrate,
cal ci um carbonate and cal cium phosphate are enpl oyed
al ong Wi th various disintegrants such as starch and 25
and certain

ref er abl otato or tapjoca starc
9@’8&';;9'&9?@)/ %“!%88?%%? "ﬁ? 8@’88‘!@@?0%*@?{60 bPRB P MBlg Ohersacsgeigble
famufatiby foerMlDyahcﬂ gihed@-?lkyhdéh@ﬂgﬁ“@r-v%hlﬁm Herfafiveas asbR-
L ona ubri cat i s such as magnes
el PR BRI ke i T hER e 2" olhe2 2R ens dpnor-
eramiyl Didervative eis Heah lbblvey OHMEPasiEBle f&ﬂidléﬁons will be apparent
|on§1§?f a simlar type are also enployed as

{% OSI
Flg qdri gt and hard-filled gel atin capsul es;
pr ef &or plafpa&srmbanenalra atimirfidiagiors; @BRIE6AS iARe&dridor ;{@@h&tﬁiﬂ

| act ose or npl . ecul ar
of BagES e proBYin T o e Eowte e 1l e Sn et sohons
oﬂtmd/correaidnmgg &/afadr%gludl%%atte Buch bq@édds soRl#fbmd ﬁ]bj’f Bé b@!&bly
ounds o i s jnyention ca
o} e B A Bk Gt ) s e e Wik syt
salgrerdrﬁqllucew |T&eia%m|@oag§mﬂt%ns @F&iésveciéwﬁﬂﬁtadl'eﬂ& nﬁt@@l béus,
. wel |, as su i luents as, water., .ethan ene
prsaburs sy Enetls ot ipee T ea Bt ases Ty iR er |
cambctia, |t|w§tlehle hquewsrltmdw elﬁ?lSyéd;ﬁé %ﬂfredad@]l ﬁbt@?ﬁ@ﬂ@ lbg of
n acgepnt abl e r mul at,j on r and ot her

%ngiar P é‘W&S T’e@'%ﬂ%’m @tb%ﬁﬁ %ﬁlﬁd HbNtFF\? ive is a soft

gel aFiﬁnpmpgﬁsl?e;cralgﬁdbahilg@g , tupidad) adivinistratioh] dildtetsteile; VD

or ot her 2- I den nor-_ vit vatl v
aBlesisi efpliantebssaTiens [al i gAML S5 gnpergalih.
otheprise BinllaBtottI@e éﬁmépa@ﬂltérblmlutlﬁné lage prieparefor pur poses

of p ? qE? admnlstrathon qult ons j.n seﬁqrrerpt

peanS{e S O BePANGRReE 8 BPEETHUSAPOgIRPs P Wi ¢ gertain
amuhDyfediivesingragicht 8 kﬁc}ivﬁ’g iok mll&mwpa&nsﬁl light ¢fritsis dieélodune, to

corr ter-sol u uch aqueous .
3P SRIGPE S b adRier ot FelPut PrarSii o ReRRE el ang
cbllfn]?]?dsmdml, sealRémiagion’s iIPhaimacentie Sdl_(le_gﬁest Maiic Publishing

i ci ose ese aqueous

?g'?ﬂ?{‘?'o'?e?sstt%ﬂ’g e?%tb%ed&\%é%ﬁt able for i n?r avenous,

intr mamageuuslysthb ptdsanteimmuamdlso ptovitiee kit$ fonasd by a
conéu%%r tg Gee@t egseeﬁcl'a or rgale os?eoporosm The kits comprise a) a

pharmaceutical composition comprising a 2-alkylidene-19-nor-vitamin D derivative,
and particularly, the compound 2-methylene-19-nor-20(S)-1a,25-dihydroxyvitamin Dg,
and a pharmaceutically acceptable carrier, vehicle or diluent; and b) instructions |
describing a method of using the pharmaceutical composition to treat osteopenia or
male osteoporosis. ‘

A "kit" as used in the instant application includes a container for containing
the pharmaceutical compositions and may also include divided containers such as
a divided bottle or a divided foil packet. The container can be in any conventional
shape or form as known in the art which is made of a pharmaceutically acceptable .
material, for example a paper or cardboard box, a glass or plastic bottle or jar, a re-

sealable bag (for example, to hold a "refill" of tablets for placement into a different
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connection, the sterile aqueous nedia enpl oyed are all
readi |y obtainable by standard techni ques well-known

wo eooshewe? skilled in the art. For purposes of PCT/IB2004/002912
transdermal (e.g., topical 13adm nistration, dilute
sterile, 15 aqueous or partially aqueous sol utions
(usual | y in about 0.1 %to 5% concentration),
ot her r to the above parenteral solutions,

AMTEP e Blstnvdk il Tivid g fassedy: Wasdiaedt of e pack’

a@b@ﬂmgwu&mad)e&.@ RBRSdUle. OTe &‘mﬁéh@ eﬁﬁﬂéy@u [tan JP&RY orPthe
active qu |ent %%e knomn paren nt

in
expefifosage HT‘@‘@’"?@ EgYample COPH%@@“%“ I@?Tqbéarq kpxwaud not
ghérallyos u@@l@iﬂioﬁﬁa pduidretispesionf Itﬁﬁ ﬁﬁgb!eﬂﬂat more than one
phar maceut i cal osi.tions, ? eni ng
CBRGIPRCELb b570 @8rBRCBS SiHele RoBASE 1 RETKS! 5 cldiidasage form
Fonekaiple RabletsiAib&dbiithiaBd (N9 Bbtile, vt P8 irRERPBSAtXined Wehin

present invention also provides Kits for use by a
umer to treat osteopenia or mal e osteoporosis. The

kits mmpﬁ@o@.lcﬁa KrhaarBGaldd Siter pAOR OSlistdr@acks are well

-3l kyl i dene- 1
BOWRI G BREFRSTeSYSY; 418 256 BB BaHatey G55 Tortnd Packabing o

p%afdl‘ﬁédé)ll{rl]ﬁﬁ anit aofé@e*fi&l%ssaableté &a%;éulds and rtwmw)t Bﬁ@t'é\’ gagks

an arna eutl Ca acc a e arri e or
ety Boramnar 8 pheet of raleelr RISl Ry Witk Besibe o;
ﬁ#&?%l%t%spﬁl@hﬂﬁéﬁlﬂmﬁ?halc QPG rtl’(d &l&ké@lng bnb@bss recesses are
ost egQ e osteo 0S| S "

fomisd hatatesiesal ik enss et i et sheRa of fgpdual’
1615186 Wr Baptliles3O belpRickEPSITASEHAVECE si2e @ﬁ@%hép@moamnﬂaate
al so i nclude divi ded g? Bt ai

Bl BRSSPl SaRsties oo o pameeh Nothdhahels fisrosds e
;ilébeamytﬁéqam%bs aa@irdmglbam 1101 slfefét of r@&tuwpwﬁ nateribiEs 8edled

h
R L
i thePbcdebesivere Bahéd. eAOE rgilt, tha taltets aeeda@hlee dag
(for exanpl e, bl et s

e e o Sl Ya Pealed s ool i g 15eesses between the
prssticfGREHIANE RSS2 Préférabfnthaistiength obthe 3hbétiis sigsh tpatctke
o 528 o PLER SR a8 P A
SERURY 6 tHedB cskRRS WheAsbytdhtopening is formed in the sheet at the place of
the recess. The tablet or capsule can then be removed via said opening.

It may be desirable to provide a written memory aid, where the written
memory aid is of the type containing information and/or instructions for the
physician, pharmacist or patient, e.g., in the form of numbers next to the tablets or
capsules whereby the numbers correspond with the days of the regimen which the
tablets or capsules so specified should be ingested or a card which contains the
same type of information. Another example of such a memory aid is a calendar
printed on the card e.g., as follows "First Week, Monday, Tuesday,”. . .efc....
“Second Week, Monday, Tuesday, . . ." etc. Other variations of memory aids will be
readily apparent. A "daily dose" can be a single tablet or capsule or several tablets
or capsules to be taken on a given day.



exact dosage forminvol ved, for exanple a conventiona
cardboard box would not generally be used to hold a

wo p@aiog7osuspension. It is feasible that nore tPenBeH®2912
cont ai ner can be used togetiher in a single package to
mar ket a single dosage form For exanple, tablets may
be contained in a bottle, which is in turn contained
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of the recess. The tabl et |or capsule gan then be
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with the days of th& regi men which the tablets or
capsul es so specified should be ingested or a card
whi ch contains the sane type of information. Another
exanpl e of such a nenory aid is a cal endar
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will be readily apparent. 1A "daily dose" can be a
single tablet or capsule or several tablets or
capsules to be taken on a given day. WD 2005/ 027917
PCT/ 1 B2004/ 002912 14 Anot her specific enbodi nent of a
kit is a dispenser designed tofRdispense the daily
doses one at a tinme. Pre hbI At he di spenser is

p [ to fuiMher
facilitate corrpl iance with the regj men. An exanple of

i ndi cates the nunber Jarfy 5 doses that have been
di spensed. Anot her exanfl e of such a menory-aid is a

liquid crystal readoute or audible rem nder signa

whi ch, for exanple, rfads out the date that the | ast
daily dose has been Xaken and/or rem nds one when the
next dose is to be %, The preparation of 1

vitam n D conpounds, 10
partlcularly 1l a- ydroxy 2-met hyl -19-nor-vitanmn D
conpounds, haw structure | can be
acconpl i shed bf a congon g&Yaral nmethod, i.e., the
condensation of a bityclic Wndaus- G undmann type
ketone Il with the allylic phosphine oxide Ill to the
correspondi ng 2-nethylene-1 9-nor-vitamn D analogs IV
foll owed by deprotection at CG1 and CG-3 in the latter

|r§,g«9f§9@§@g§§/ %g béﬁ% 5oL V! afdY, 40 NR 7O 8268 defined

above; Y4 and Y, are preferably hydroxy-protecting groups, it being also understood

that any functionalities in R that might be sensitive, or that interfere with the
condensation reaction, be suitably protected as is well-known in the art. The process
shown above represents an application of the convergent synthesis concept, which
has been applied effectively for the preparation of vitamin D compounds [e.g.,
Lythgoe et al., J. Chem. Soc. Perkin Trans. 1, 590 (1978); Lythgoe, Chem. Soc. Rev.
9, 449 (1983); Toh et al., J. Org. Chem. 48, 1414 (1983); Baggiolini et al., J. Org.
Chem. 51, 3098 (1986); Sardina et al,. J. Org. Chem. 51, 1264 (1986); J. Org. Chem.
51, 1269 (1986); Deluca et al., U.S. Pat. No. 5,086,191; DeLuca et al., U.S. Pat. No.
5,536,713].

Hydrindanones of the general structure Il are known, or can be prepared by

known methods. Specific important examples of such known bicyclic ketones are the
structures with the side chains (a), (b), (c) and (d) described above, i.e., 25-hydroxy
Grundmann’s ketone (f) [Baggiolini et al., J. Org. Chem. 51, 3098 (1986)];
Grundmann’s ketone (g) [Inhoffen et al., Chem. Ber. 90, 664 (1957)]; 25-hydroxy
Windaus ketone (h) [Baggiolini et al., J. Org. Chem. 51, 3098 (1986)] and Windaus
ketone (i) [Windaus et al., Ann., 524, 297 (1936)):



15 R IV Y2&0OYi In the structures Il, IIl, and IV

groups Y, and Y2 and R represent groups defined 5
w@bw3m279Y] and Y2 are preferably hydroxy- prot eBCT/IER004/002912

groups, it being al so undenstood that any

functionalities in Rthat m ght be sensitive, or that

interfere with the condensation reaction, be suitably

protected as is well-known in the art. The process

shown above represeq} ’ ation of the
convergent synthesis concept i ¢ghoHhas been applied
effectively for t eparation of vitam n Of)conpounds
[e.g., 10 L S J. Chem Soc. Perkin Trans.
1, 590 (19 ; Chem Soc. Rev. 9, 449
(1983); To . . O g. Chem 48, 1414 (1983);
Baggi ol i ni Chem 51, 3098 (1986);

Sar di na et 1264 (1986); J. Og.
Chem 51, DeLuca et al., U S Pat. No.

5, 086, 191; DeLuca et al . , U S Pat. No. 5,536, 713].
15 Hydrindanones of the general structure Il are
known, or can be prepared by own met hods. Specific
[ bt-cycl i ¢ ketones are
the structures with jthe side chains (a), 3&5 (c) and
(d) descri bed . €., 25-hydroxy Gun nn's

ket one (f) at., J. O-g. Chem 51, 3098
(1986)]; one (g) [l nhoffen et al.
Chem Ber. ]; 25-hydroxy 20 W ndaus
ket one (h) et al., J. Og. Chem 51, 3098

(1986)] and
524, 297 (193&
(f) 0(9)

ketone (i) [Wndaus et al., Ann.,
]: WD 2005/027917 PCT/|B2004/ 002912 16

(i)
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O (h) O (I) O W 2005/027917 PCT/|B2004/ 002912 17

For the preparation of the required phosphi ne oxi des
wotoogeemral structure 111, a new synthetic roRPCEIBAG4/002912

been devel oped starting frdf nmethyl quinicate

derivative 1, easily obtained fromcomercial (1

R, 3R|, 4S, 5R) -(h) aqui nic acid as described by Perlman

et al_.,, Tetrahedrop Left. 32, 7663 (1991 d DelL

ot 2ot b Pesrapsion SRk Tedusedphosiiie eSSy ertie FrduSY a
ntaﬁ syrthetsd r@gfézta's bae®bevdiped tstiring Teoniaiei qlgﬁfbﬁé d&rri]\}dﬂtf@t

e sire -rin n
o515 RS T SUBRRA IR A A Ot O SR By
P@P{ringh zeal., WetrBhdQubiiL ! gttsa 32,&%&(‘% 997 ) awd Deruasi étfal.,RUISéﬁataNd.
CcO- oxI dant) . of .such ,a stron i dant
SR 194 408 GHS/al BPoaRs L PRTPTALOD 2| HRSIEING TP OUEsEr ointo
tﬁeftlé%irdtlﬂm)ﬁr@is)gdulig@ iS§URiraided byksonml g 1. Dﬁlibl?_thd”ﬁéb@wdary 4-

C n u oxi dan an_al sp..be I, . 0.,
PR BT g shized pih cha Eredre el BB GrRick dh aio,
al s;uajxigym?.qué ?mﬁu @h,trbt gQdarit wae née@ssa@wbu}r] & eftativeldxiation

secon te i e syn S conprises the Wtti
PSSR PRI GPIRASER UMD G186 P Tk FUMRORBUERY 2
o)(\i’diaﬂri]tslfcthﬁ _alsﬁ|bbda|§plﬁdﬂ§.%t,¢>§}ridihi0m dichromatez]i although the reactions

net hyltri phen 0 ni um br.om de an -butyllithium
e e TR lorep BRG s Oeleior of e FEropl s s vphest
cbﬂ‘hﬁlﬂﬁlzé%&ﬁé '\F/?umgK Jrr@ohqari @nﬂtNgolil bl?ﬂ@ﬂg hindered WBkedtd kempeuBidQyith the

., etc. .For th - ,
VR RbarE G Pe HEPHS S ORPAEHT RIS e B Buylipium. Other
belesednIsals®déeli forathé gaserationtdi ¢helibbittive nisthylessphospholzee,
used, e.g....react i acti yat ed .
ks ERypBr ety KBRS K€ iUy sl 3L e groparation of the 4
ﬂéttﬁwmtnﬁibgh@B_tsgn%@,es&%df(rﬁ&ﬁ&)aﬁonﬁ/k:fthW&IIg pretass can be

ot her net hods use rnet nat i.on of
S5 e e S e SR oAk R Ortsy b
TeGakédrom Lud. 128, 555 (1985)]. Alternatively, other methods widely used for
methylenation of unreactive ketones can be applied, e.g., Wittig-Horner reaction with

the PO-ylid obtained from methyldiphenylphosphine oxide upon deprotonation with n-
butyllithium [Schosse et al., Chimia 30, 197 (1976)], or reaction of ketone with sodium
methylsulfinate [Corey et al., J. Org. Chem. 28, 1128 (1963)] and potassium
methylsulfinate [Greene et al., Tetrahedron Lett. 3755 (1976)]. Reduction of the ester
3 with lithium aluminum hydride or other suitable reducing agent (e.g., DIBALH)

provided the diol 4 which was subsequently oxidized by sodium periodate to the
cyclohexanone derivative 5. The next step of the process comprises the Peterson
reaction of the ketone 5 with methyl(trimethylsilyl)acetate. The resulting allylic ester 6
was treated with diisobutylaluminum hydride and the formed allylic alcohol 7 was in
turn transformed to the desired A-ring phosphine oxide 8. Conversion of 7 to 8
involved 3 steps, namely, in situ tosylation with n-butyllithium and p-toluenesulfonyl
chloride, followed by reaction with diphenylphosphine lithium salt and oxidation with
hydrogen peroxide.

Several 2-methylene-19-nor-vitamin D compounds of the general structure IV
may be synthesized using the A-ring synthon 8 and the appropriate Windaus-
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20 the PO-ylid obtained from nethyl di phenyl phosphi ne
oxi de upon deprotonation with n- butyllithium/[Schosse
w@00a/02791Chi mi a 30, 197 (1976)], or reacti on OPCRER2004002912
wi th sodi um nethyl sul finatig [Corey et al., J. Og.
Chem 28, 1128 (1963)] and potassium net hylsulfl nat e
[Geene et al., Tet rahedr on Left. 3755 (1976)].
Reducti on of the ester wi,ith |ithium alum num
Giyreamang ksfonstlhegving e stedrs&mewgstra@ Fie Thwisgfor example,

VWHI@Mdrﬂer?e%uﬂlfr@\ﬁfﬂ'@ltﬁlﬁﬁ ﬁﬁb@éhlr{’ox%bl%anlﬂﬁéeﬁéi%ﬁ /T8 hnd n-
OoXl d zed i um periodate to the C¥C ohexanone

by 'Wm WB¥® Profested @erhyefqxy Gsandragnngsy < R ed agaprding

td waeé 868turd [BiGihdkPet A1 LN, loreRN 87,3 4 t
PEbliERE5re 6tiur lel A l\h&j resu?@!t):'(ir”?g )]gave he

[ (t th
Bt IolepiRg LI GAPRLOS 18, Taiscatey Hemalectam AR -4

cafish &x8Rarfd¥ BB afibldeh 16, Z'SLdimb%nyZrW@ﬁlylbﬁe 1846Rvitamin D; (11).
transformed to the desired A- rlgggyhos hi ne oxi de 8.

ConvdheiCoA0 epimerizajiog W acavrpPlizE theapalogeimequpling of the
pﬁb&}hlr{eoééfdeaé {vm p?’@té&bd‘@@gfdéy h#/dra)h}@uﬁﬂ‘ﬁéann s ketone 13

(5 tol uenesul f ony lorid y reaction with
%

hemen)| a@m@mw 9- nqrfwtawrbm whigthafteskydratysis @f thietpidroxy-

EESTRRER PR J6 o N gRfe o RP Rl b0
Pgnwmozemthm 2argg|ethblen¢c19m¢g~vmn RPoanalpgs rﬁcaytbeesyntheSIzed by

R]r 91% frstﬁ'ra?ﬁ&liﬂ one ﬁé?%%&ﬁé&%ﬁé@&?&é@gm dégqﬁ%‘%mm

Ilstaau <be Lmbtalne“ﬂkbysqromd]ng thea®Bnohdmani¥ ketomp (ghr ner coupl i ng

and 15 ke cARERHe ARAEAEH, PERLER ARSE iRt O °

applioations) areshé(ebwneorporpteeipyrreieremeoH'Ue expmples preséntachizalow

roce J N
$AB550H LDl Bl B 5 0 R s
td Omit THei isvendibn, énclubipy e eims nn anyt mal@r50W X4 cat i on
exchange resin afforded 1 a, 25-di hydroxy-2-net hyl ene-1
9-nor-vitamn D3 (11). The C 20 epinerization was
acconpl i shed by the anal dg@omlesoupl i ng of the

& uncriEI B Eapaltiohs BieRt it e
NMRnor - vitam n 14 whi ch afuckar madnesicysdonande t he

hydroxy- 10 protecting gr e (209)-1
e{25 di hydr oxy- 2- net hyl en@&ﬁﬁ% nor vitam n D3 (15).

hydrogen
h hour(s)
min minutes
t-Bu tert-butyl
THF tetrahydrofuran
n-BuLi n-butyl lithium
MS mass spectra
HPLC high pressure liquid chromatography
SEM standard error measurement
Ph phenyl
Me methyl

Et ethyl
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As noted above, other 2-nethylene-1 9-nor-vitamn D
anal ogs may be synthesized by the nethod disclosed
woersioenoiFor exanpl e, 1 a-hydroxy-2-net hyl ene- BCT/IB2004/002912
9-nor-vitamn D3 can be oliai ned by providing the
G undmann's ketone (g). Al docunents cited in this

application, including patents and patent 15

| ications, are hereby jncorporated b eference
Dﬂﬁ&'—%xanpl es presented b&ISARMY, Lé“‘f“t‘ff‘é‘ﬁé’

LDlal ustrate particul ar enbmmnm@bgropﬂammg | nvent| on and
are not intended to limt the invention, including

t he cl ai ns, any nmanner 20 T

abbr J@?ﬂwﬂﬁ%ﬂ%@ﬁ%wnﬁwﬁ FRrau Wgadavqr%a?‘afsﬁs &i’xﬁ- B No.

5Bl 28lasaIBRt | ¢ resonance np nelting point H

_Fmgr;)gten hhdho?r(s) 25 m n m But es t-Bu tert-butyl
etra rofuran - bu um MS na

spect? 31%9%?&@%%8@1%0‘%@9 %'dP“t!i')éij ayém%%waﬂﬁﬁdﬁy 1.2,

396 )$éféf1ﬁ|ﬁth§| sPEdifiRlstriBtaRs 56 ntifidd in IHEerBtedinddasetiftioh and in

Et et hyl WO 2005/ 027917 PCT/ | B2004/ 002912 19 DI BALH

WP@%@WIS&P%TH? um hydride LDA lithium

di i sopropyl am de
EXAMPLE 1

Preparation of 1a,25-dihydroxy-2-methylene-19-nor-vitamin D3 (11)

Referring first to Scheme | the starting methyl quinicate derivative 1 was
obtained from commercial (-)-quinic acid as described previously [Periman et al.,
Tetrahedron Lett. 32, 7663 (1991) and DelLuca et al., U.S. Pat. No. 5,086,191]. 1:mp.
82°-82.5°C. (from hexane), '"H NMR(CDCls) § 0.098, 0.110, 0.142, and 0.159 (each
3H, each s, 4xSiCH,), 0.896 and 0.911 (9H and 9H, each s, 2xSi-t-Bu), 1.820 (1H,
dd, J=13.1, 10.3 Hz), 2.02 (1H, ddd, J=14.3, 4.3, 2.4 Hz), 2.09 (1H, dd, J=14.3, 2.8
Hz), 2.19 (1H, ddd, J= 13.1, 4.4, 2.4 Hz), 2.31 (1H, d, J=2.8 Hz, OH), 3.42 (1H, m;
after D,O dd, J=8.6, 2.6 Hz), 3.77 (3H,s), 4.12 (1H,m), 4.37 (1H, m), 4.53 (1H,br s,
OH).

(@) Oxidation of 4-hydroxy group in methyl quinicate derivative 1

(3R,5R)-3,5-Bis|(tert-butyldimethylsilyl)oxy]-1-hydroxy-4-
oxocyclohexanecarboxylic Acid Methyl Ester (2). To a stirred mixture of ruthenium

(1) chloride hydrate (434 mg, 2.1 mmol) and sodium periodate (10.8 g, 50.6 mmol) in
water (42 mL) was added a solution of methyl quinicate 1 (6.09 g, 14 mmol) in
CCl/CHLCN (1:1, 64 mL). Vigorous stirring was continued for 8 h. Few drops of 2-
propanol were added, the mixture was poured into water and extracted with
chloroform. The organic extracts were combined, washed with water, dried (MgSO,)
and evaporated to give a dark oily residue (ca. 5 g) which was purified by flash
chromatography. Elution with hexane/ethyl acetate (8:2) gave pure, oily 4-ketone 2
(3.4 g, 56%): "H NMR (CDCls) § 0.054, 0.091, 0.127, and 0.132 (each 3H, each s,
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The preparation of conmpounds of Formula | were set
forth in U S Patent No. 5 5,843,928 as follows: In

wo b@sm2mxanpl es, specific products identified bOT/IB2a0i/@2912
nunerals (e.g., 1, 2, 3, @0c.) refer to the specific
Structures so identified in the precedi ng description
and in Schenme | and Schene |1. 10 EXAMPLE 1

ASERE, BobBnR0.933 (31 A9 oo 3,815 BLL AR B P33
1RFfHm) 4. 2&:](1H r~ditJ=tlé 9S6]6€HM3 2.37 (v, sid ad=t114190 3. 264 A)y2.55 (1H ddd,
[ e t m,co
SR EGE A b B R E T £ B ESTRL i s RS f (am,
dd] J=11.7Ted ka8 omiz (rekative |aﬂe,ns'fy)6|8 M+19951Mﬂﬂ3u£32)u$5¥ (B+-t-
1:np. 82-82.5C. (from
B0, 47 Zi{mhﬁ%@sﬁgoé?ogs 0.110, 0.142, and
O 159 (each 3H, each s, 4xSiCH3), 0.896 and 0.911 (9H
C 1.820 (1 H 20 dd,
sg‘i'_h'gi% Qorigf)t%eg@mg% L ddd, J=14.3 4.3 2.4
Hz) (3R,0R)- $513+é{(terﬁtiutyldimsth)3sllylao>&] H-Eh)/droiZy 49 (1 H, ddd,
= . . 8 Hz, OH),
wtybhelyqchetanstaibollitiac Hhriedid. Jhe,, "y 7
niedtyitaphentipi@hphiubh brpmide. 28181, HB8 mr)mol)flanﬁﬁh;(dtou&, THF 632 mL)
aggg ﬁ]- \&%% %dgélgl%?%;)é(\ﬁ%]evrggfu (géﬂ/{ m@éx% ou@ Olmr]_, qgtmthél) under
a@iiR,vEﬂR)s{iﬁmljl B\Est[h(at Mrt‘lor’goﬂl\yé%eﬁtﬂrh%?l&m|gyV.|)38wi10|)lw562/tﬂléﬂX
-4- 0x0C ohexanecar Y. cid Met Est er .
e e SR BT Bt 1 AT, Yoo meqeiire for 40
nlﬂly.dTIgé ga(lgléslltbdn‘glxtu?e Vagragain ceolel mﬁcmndgf%dmmsatof 44éfon8 2
6. mol). i wat 4 was adde sol.utio
Bpogiite Mrainpluetts Ty 084 LR sBifones  BRsthhedien
doﬁnglilo wih. mth)a ree\étugnhmare%asrshrreg aV\ePds: gxonth anedt rbomm 8 h.
Few ro 0 an e m oxt ur
R e el RS fhen et fiHoRrec a1 Bk ik P AT
agd @Rtractedoith ethyl %c&@fe%ndd&’émzélaﬁ:i , Thaasphibth engQB;M)«ltracts were
rpe evapor at.e ve ark. o .
Wesbe HERe N0, AR ER S MR o PRAGIE e an
otdrige ity rgidaplisa. 2/ g)twhich wad purified by édstitdydmatogrbpltye Elution
v&itﬁ'h@ar%?é{ﬁyl ggertgl’e 8:'1& &avdé_ é(uercta a-nnget%ylene compound 3 as a colorless: oil
(368 mg, 24%): '"H NMR (CDCls) 5 0.078, 0.083, 0.092, and 0.115 (each 3H, each s,
4xSiCHs), 0.889 and 0.920 (9H and 9H, each s, 2xSi-t-Bu), 1.811 (1H, dd, J=12.6,
11.2 Hz), 2.10 (2H, m), 2.31 (1H, dd, J=12.6, 5.1 Hz), 3.76 (3H, s), 4.69 (1H, t, J=3.1
Hz), 4.78 (1H, m), 4.96 (2H, m; after D,O 1H, br s), 5.17 (1H, t, J=1.9 Hz); MS m/z
(relative intensity) no M+, 373 (M+-t-Bu, 57), 355 (M+-t-Bu -H,0O, 13), 341 (19), 313
(25), 241 (33), 223 (37), 209 (56), 73 (100).
(c) Reduction of ester group in the 4-methylene compound 3
[(3R,5R)-3,5-Bis[(tert-butyldimethylsilyl)oxy]-1-hydroxy-4-
methylenecyclohexyllmethanol (4). (i) To a stirred solution of the ester 3 (90 mg, 0.21

mmol) in anhydrous THF (8 mL) lithium aluminum hydride (60 mg, 1.6 mmol) was
added at 0°C. under argon. The cooling bath was removed after 1 h. and the stirring
was continued at 6°C. for 12 h. and at room temperature for 6 h. The excess of the
reagent was decomposed with saturated agq. Na,SO,, and the mixture was extracted
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(3.4 g, 56%: 1H NWR (CDCI3) 8 0.054, 0.091, 0.127,
and 0.132 (each 3H, each s, WD 2005/ 027917

weanshBRID4/ 002912 20 4xSi CH3), 0.908 and 0. 9RGT/(126D4/002912
and 9H, each s, 2xSi-t-Bu)212.22 (1 H, dd, J=13. 2,
11.7 Hz), 2.28 (11H, -dtJ=14.9, 3.6 Hz), 2.37 (1H, dd,
J=14.9, 3.2 Hz), 2.55 (1 H ddd, J=13.2, 6.4, 3.4
Hz), 3.79 (3H,s), 4. 41&1 H t, J-3.5 Hzl)__, 4.64 (1 H,

with ety acegatoand ether, drigel gﬁQdarrd eapgratpd. . Flash ehrematography

of %E hé’éld%%gihﬁf_ﬁ%ﬁé/&ﬁ/ T}Eﬁ‘org%/g uhre@é‘ted %aﬁstrf@@ 2 mg)
'fngt

a(Wb? pwie; ciygtalisg ol 4 hasagtqslrf@cgered ester SS H NMR

R A ik i e
aE&)) gzmelﬂ hied 98, eaxhhsy RxSiitRudriyd39HdE hio i 12 Dy @ﬁﬂ@l(ﬂH dd

J ?4 §,a 5 1%82% gset@na@n{x&gg@ﬁwﬁ %gig 235)811 oﬁﬁ%}oé 66
(111'5, tndn2l§ HZI)nde (1 Hr@blﬂi 98 (1 H, t5¢51.7 Hay 5. 18{did Hed= %Q,Hz) S miz

(reI? |{>€PFE%ET)5 o+ B3, (ﬂ‘l’-l--thBusg) I\%I+ ‘P@?d-i 6952) a9slep l),al@g

Nowas Stirre and
(1ﬁo?ﬁt1eﬁ)3erature for 40 mn. The or ange- red m xture

15 ( ?ﬂg@golﬁﬂﬁéﬁ% dufh ﬁ)ﬁrld@?g%lﬂy%@gﬁéé%% 1§ nlﬁﬁérf\wgs ddded
tcsmsbhltmdofttbe estacy (245 rhg,skmmel) in W@YQ@Uﬁle er {hil) at —78°C
qng ry rgn@eef@ u e‘()@§ sﬁr%%d éte%dtt fc%@uhr 204 a{‘——imc%m ath.,
dilated fwith leyhep G0 wtl) amt we@pmeddoydbﬁslowpdqi@tlpm:pf 24 pgtassium

‘58?1 at%hl%ge Wi o%tn)}‘ulwagglﬁatn%%& éﬁ\%&ﬁﬁ@@ﬁ?@ﬁﬂe Eﬁ‘&stﬁ%ﬂt?brn@

t
I'blnl tthee, pcnilsez(deurj‘?o((: bvals\éﬁl;d eea‘mabtgi/\wﬁbetbyl @Qe’qatp @d\@he;n T@g organlc
S8Rl bintE) RSt s I e Srasco,
sadiedvaparaled: :|1)1ewmllmwesmamsmunmb%aﬁbmmn@%@w

g gherenkiG R e (ols laMEup Mo 2R ™

@) 88%laandag@ b e (Oraldisti49H, each s, 2xSi-t-Bu), 1. 811
( 1 H @%%@%‘%%fﬁﬁrs ﬂut%d@wgl#%%wl)%xgiql &%Mgleﬂ@@yc%h@ﬂarbﬂae k5).
Qcﬁiuhm Yerichaf8s4taraked wdter (2.208L)vwag, adged g @ §qalu1|1§g@f1hq_plolu+ (146
mzy, 0.56 gh?nOQ)]In H1etﬁan01](9]m§) el"@c. e &Yiftion was stirred at 0°C. for 1 h.,
poured into brine and extracted with ether and benzene. The organic extracts were
combined, washed with brine, dried (MgSO.) and evaporated. An oily residue was
dissolved in hexane (1 mL) and applied on a silica Sep-Pak cartridge. Pure 4-
methylenecyclohexanone derivative 5 (110 mg, 82%) was eluted with hexane/ethyl
acetate (95:5) as a colorless oil: "H NMR (CDCls) & 0.050 and 0.069 (6H and 6H,
each s, 4xSiCH,), 0.881 (18H, s, 2xSi-t-Bu), 2.45 (2H, ddd, J=14.2, 6.9, 1.4 Hz), 2.64
(2H, ddd, J=14.2, 4.6, 1.4 Hz), 4.69 (2H, dd, J=6.9, 4.6 Hz), 5.16 (2H, s); MS M/z
(relative intensity) no M+, 355 (M+-Me, 3), 313 (M+-t-Bu, 100), 73 (76).
(e) Preparation of the allylic ester 6
[(3'R,5'R)-3’,5™-Bis[(tert-butyldimethylsilyl)oxy]-4'-
methylenecyclohexylidene]acetic Acid Methyl Ester (6). To a solution of

diisopropylamine (37 4L, 0.28 mmol) in anhydrous THF (200 xL) was added n-BuLi
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(relative intensity) no M+, 373 (M+t-Bu, 57), 355
(M+-t-Bu -H20, 13), 341 (19), 313 (25), 241 (33), 223
W@ 300502200 (56), 73 (100). (c) Reduction of esPET/IRPOGUW2912
in the 4-nmethyl ene conpound23
[ (3R 5R)-3,5-Bis[(tert-butyldimethylsilyl)oxy]-1
- hydr oxy-4 30 net hyl enecycl ohexyl] nethanol (4). (i)
To a stirred solution of the ester 3

A 90 ny, 0.21
fj‘fﬁ{‘ﬂ iy hexanapnlidrduS 28 HemelBundey argopiat oS S With piiAIGPEd | de
a e
88 Fimothy gy IRERlcte LR34, BERTmg ya o iy SRS i ne
k]?ms:oummtmmaé@ ag, G2 o) IrRamhydeous TatF (200180 grypes atded
ar t
R aT 2 S St T I E e PRSRIARGR wes
qemrllc‘r@dt\mh smréiétﬂ)EHmWQdﬂedDﬁW bris2COv ex0ra&ta@ witl2 &ther arid
et et a . e .
oBhal- e RBsEl SR o LBl IR i R YRR PESRY)
aad et/amcealée The eefsidae o dissoleed indebxand £t mh) and(ebplistn a silica
n I S o i 0
Pt Pl on, R R ke s et s S8y R Baa pure
agylﬁﬁgékteé@ (30fhg, w%) & 4 2dlor(ezaoki: 113-I-NMR{;((‘.)I?)C‘J@,) 80)089(0-%4 and
9
010&43*'( 3 gnd 5. 2t SR i 500 Faag M agh ojf Gacn s, st
1820),,2.26 (B4, Gélhl—1ms, 7.8 .HX, 224WI(181, 46 (—]lZH arH7), 208 @hictd.d,
4. 78
Jzﬂ%é R0 0B, bd Lo 31880 . 1ot Topeon
MZ74 (M lsﬁMS/mlzzjz(;’élaIg? grttg(;’ﬁsntgnmmﬂMBQﬁ 4(1 WieMi-MBy 4), 859 (182-F-
28 195 (11 73 (100 10
éqNQBt;$§g%ﬁtylalun1nun1hydr|de (1. 5h2|n tofuené 2.0
( 2,153Qéﬂm{|dn ofdise alljtieestert® a sol ution of the ester 3
h u Iy 3 n) at -78C.
underirg{5 Bg"r"% gﬁpé?ﬂ(ﬁ?ﬂﬁu@ k&ﬂg%gépﬁ)%ﬁ | 78%3 for 3 h.
rﬁélﬁyléhecy&lﬁﬁ‘exyfdﬁne]bﬂ‘far’bl ). ﬂilsiobtl‘tykdalummlhmaydhme (0.501 intdluene,
a enche addi t i
E8 i parame) upt sopRRGBT TS Si<E flep sREIR TS (140
ﬁ]ﬁ{@&% FHmdan ﬁi(ljl!bné{m&tlﬁyt&éhefdbﬂon% (2:9, B rmL,) at 4788 Eoumdzd argon.
into brine and extr t t d_ eth
SHRING WgR FANINUR A & TRbt B Lk -E{é GeloRefprgne Y ek batn)
i bt Credmixturddad §lienchedibPineiow slditesh df MoEE¥ImM sodium
tartrate (2N, 3 mL), ag. HC! (2N, 3 mL) and H,O (12 mL), and then diluted with
methylene chloride (12 mL) and extracted with ether and benzene. The organic
extracts were combined, washed with diluted (ca. 1%) HCI, and brine, dried (MgSO,)
and evaporated. The residue was purified by flash chromatography. Elution with
hexane/ethyl acetate (9:1) gave crystalline allylic alcohol 7 (130 mg, 97%): "H NMR
(CDCl;) & 0.038, 0.050, and 0.075 (3H, 3H, and 6H, each s, 4xSiCH), 0.876 and
0.904 (9H and 9H, each s, 2xSi-t-Bu), 2.12 (1H, dd J=12.3, 8.8 Hz), 2.23 (1H, dd,
J=13.3, 2.7 Hz), 2.45 (1H, dd, J=12.3, 4.8 Hz), 2.51 (1H, dd, J=13.3, 5.4 Hz), 4.04
(1H, m; after D;O dd, J=12.0, 7.0 Hz), 4.17 (1H, m; after DO dd, J=12.0, 7.4 Hz),
4.38 (1H, m), 4.49 (1H, m), 4.95 (1H, br s), 5.05 (1H, t, J=1.7 Hz), 5.69 (1H, ~t, J=7.2
Hz); MS m/z (relative intensity) 398 (M+, 2), 383 (M+-Me, 2), 365 (M+-Me-H:0, 4),
341 (M+-t-Bu, 78), 323 (M+-t-Bu-H;0, 10), 73 (100).
(9) Conversion of the allylic alcohol 7 into phosphine oxide 8
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and evaporated. The crystalline residue was purified
by flash chromat ography. Elution with hexane/ et hyl

wae@sar®119: 1) gave crystalline diol 4 (43 ng, PCHI§2004/002912

(d) Ceavage of the vicinal2idiol 4 20
(3R, 5R)-3,5-Bis[(tert-butyl di nethylsilyl)oxy]-4-nethyl
enecycl ohexanone (5). Sodi um peri odate saturated

water (2.2 nl) was added to ol uti f the diol 4
(146 2GR R SR TR BBy ot 0C. The

nfthyidrieR il aweéxymiehéreﬁ@n@?hé}@lph&gﬂhmb Mide (8)OTH ené allpltcoalcohol 7

bri'ne and r act her and benzene,

(Haya8i @26k mmebin aghkydeous i nidal Wﬁé’&dm%' fs?»rwaﬂ
g?ér%g dﬁ%@%ﬁ%’?ﬁm@l‘f ﬁﬁ@ér%?&ﬂ atﬁ"C 0Fr’e¥hl{/ %%Wit&ﬂlz\é@%syIZ5

I ssol ve exane applied on l'ica
Cﬁbpd@éﬂo 4 o0t 0. Q%mmqb)lwas eﬂsawleﬁw ahwdpes & HE)(@@fbnlé and added

ﬁ i an@} e?\fﬁol]gl éél%ig?ﬂ?on 8@?@&5@%% @éé'%tg\%d"%t gg% f%rET mln and set
djlﬂg at Om':I ta)aneth@r oryOlagkwitio aio 6placediby agos H)-Buld 42| ﬁMsm

X
s, 210l 5 it e e piFiflon A bpasingfig: |
é'\rj,h)drggs BAF (789 L0t 0% 6nith stiding. Tag redSollfiorf Rk siphonedBinder

z

aramn QregﬂJre ggg%;a\égly cgl‘g?sy %géwg]eedﬁ%q%%tsqo p8|%3|sttehd3()ca )?’ Jo?the
sdlutivh was @dded). Ghé (&ul’@nlj nfRttu@' was stirred an additional 30 min. at 0°C.,

ORI oGHEN o1 Helo k) e hONE M pieRgFeiacunger gy

FSF@ss@ré%dehb ?8sidfe wal leaRBoIIYih iﬂét né&?ﬂondé (2 Hn2 Y andrstirfed
I n anh ous THE %200 pL) was added n- BuL

withoE)% P02t Q8eTior @od&!ﬁmavwae SORAFE) W%%P&H diith cold

éqlgotﬂlhrgtsﬂlfl?@?rﬁmng rﬁ“f"@' Q\Pg@@g @RAd 8Vapordiéd. The ﬂeglsltm wvas sgbject
S| ace

adgsh AEEMAIEPYAELBP with hbsserc pire dqetas (b Bide g B )

éeﬁkge aHRe Bﬁ&pﬂﬁ@'dﬂdé% (quw@r grn). THRMR A6 aOEL(»ozNasOH

ropw se. The s

ution was_stirred
S0 01 BH, B, Pk Son 1 PSB85 Sand b, Bt i §p. cadh s
éﬁ't“éﬁg%go D&, prRRubed (11t), BlosneH aﬁﬂ3e|>9t(n|aq’hgd 34 (bH, m),

8 ol 1 oo 4 SR s T P 2o GRCRT LB
@?27: fygwm A5 552\ réRtlvd RidhEMaRs M+1 58’4—1M&ﬂ d1yap@t (mdmm)
525 (M+-t-Bu, 100), 450 (10), 393 (48).
(h) Wittig-Horner coupling of protected 25-hydroxy Grundmann’s ketone 9 with
the phosphine oxide 8

‘ 10,,25-Dihydroxy-2-methylene-19-nor-vitamin Ds (11). To a solution of
phosphine oxide 8 (33.1 mg, 56.8 xmol) in anhydrous THF (450 pL) at 0°C. was
slowly added n-BuLi (2.5M in hexanes, 23 L, 57.5 ymol) under argon with stirring.
The solution turned deep orange. The mixture was cooled to —78°C. and a precooled
(-78°C.) solution of protected hydroxy ketone 9 (9.0 mg, 22.8 umol), prepared
according to published procedure [Sicinski et al., J. Med. Chem. 37, 3730 (1994)], in
anhydrous THF (200+100 L) was slowly added. The mixture was stirred under
argon at —78°C. for 1 h. and at 0°C. for 18 h. Ethyl acetate was added, and the
organic phase was washed with brine, dried (MgSO,) and evaporated. The residue
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Sep-Pak cartridge. Elution with hexane and

hexane/ et hyl acetate (98:2) gave a pure allylic ester
wWo 205027197 89% as a colorless oil: 1H NVR ( COEI'BIB2004/002912

0.039, 0.064, and 10 0.0762¢6H, 3H, and 3H, each s,

4X Si CH3), 0.864 and 0.884 (9H and 9H, each s, 2xSi -

t - Bu), 26(1Hdd J=12.8, 7.4 Hz), 2.47 (1 H, dd,

J=12.8, 42Hz) (1 H dd, J=13.3, 4.0 Hz), 3.06
wesg dﬁsolagd quel(gn%ancgap@hg@ N aglllgq;S(e@-ﬁak §§rtnc19e4gnd( \Qqufheq-yvlth
héxa%%/e(t%bﬂacetgﬁe (9@ RAZéb L) 1o Z?Né)19 rk\@vﬂérﬁm(deﬁl/ﬁt\/e\ﬂ@ ©(135m

nt Ly
7ale; o 54b Febyas isryiashed il pPemain Hestaigh iy 1651010
r&ov@r s[.cﬁ'r?e ﬁae’ﬁal%ed% D'5’| Eﬂeﬂrkt tmé)uédd With ethyl acetate (10 mL) to

i meth SI| Ienec cl.ohexyl i dene] et hanol

recpyer qiphesy 9§n mwd%ﬁ? H}Qér F@rear\ewtlwppfpoes%p@aﬁ@eof 1.6

detecté’d GitmmR 1D w&gffurmepm,r)ﬁea@simtqe@ rﬁin! M@é&nsz%éwsnn
of the allylic ester

cplympeft @M@mw@% ee@ap&thya@ce(t@_tg?% %Oﬁ) ﬁwerﬁtsyst?rss Pgre

cumaeanoﬂwwas ela%d%tt R 56 pl a4@scofiatd Giken/ heéﬁg) xmaX02241253,
. 46 (cycl ohexanone/ dr

268rmm ‘hHéJMR kftlla@le) &/\%1@251 @@@h@aﬁ%;ané IQl@%gl (@Wfa%wlqaicl@m of
BSIHER TR0 T P LR Gl ey @ HE s o). bidoalario s
(et laod QUIeeQQhZS ﬁ@l-ﬁ&\d &3 Btk dd)=@iQ iz, é3t1HﬂH) G (Bblntz ¢7e?

T PRCHRTlg. P (RLpee S o IR e e AR R -1
mhapmﬁaﬂm 33T, dek SE RIS, &@{slzptﬂﬁrlﬂ) adjsmg/Hchamz.s, 4.5 Hz, 4a-
oo F Rt Bt e darh Pep R B RL = 2a STk @ m,
@H%% ﬁ% HWE%g&CfDS@V mﬂ( and11038xch @, 961,), 584 afd 622 ({Bkhd 1H,
6 coach. %Hz SRERa B o bt s Joa ot B Gk
eﬁ 23 (ﬁvil+ lHBu du)i 626\11:(302 R4 (23)736@50) 734821 H, dd,

3.
30 ( 1Prp|fect¢p V&@m@rmdé@ ra@) WM%OUGG%" '@egflzlfge ?1450%1#) and 'E\

%ﬁln &&é%bV\P?(g %%n?“lpr%%ed |tf* ng&%asnol)‘fn %tl{aﬁoﬂsom%) whs?9
a51de9. (rlne Riixtune wag=stired atHigpm twsperﬁfyre( wrdes ergns f@fn‘ﬂéhed"tlw

vﬁﬁ%_et YWE‘BG‘%%‘?%&@%W ?nc@eﬁg%% (Tg(@ W%Qwaéﬂed with(ether
@on@nditemcarfibingseorganiy phasea meashes wrvh lprmeoarmrﬁ%tﬁﬁﬁe gl)aHCOs
@rfé'd‘%ﬁlg%@) and evaporated. The residue was purified by HPLC (62 mm x 25 cm
Zorbax-Sil column, 4 mL/min.) using hexane/2-propanol (9:1) solvent system.
Analytically pure 2-methylene-19-nor-vitamin 11 (2.3 mg, 97%) was collected at R, 29
mL (1a,25-dihydroxyvitamin D; was eluted at R, 52 mL in the same system) as a
white solid: UV (in EtOH) Amax 243.5, 252, 262.5 nm; "H NMR (CDCl5) § 0.552 (3H, s,
18-Hs), 0.941 (3H, d, J=6.4 Hz, 21-Hj), 1.222 (6H, s, 26- and 27-Hs), 2.01 (2H, m),
2.27-2.36 (2H, m), 2.58 (1H, m), 2.80-2.88 (2H, m), 4.49 (2H, m, 1B- and 3a-H), 5.10
and 5.11 (1H and 1H, each s, =CH,), 5.89 and 6.37 (1H and 1H, each d, J=11.3 Hz,
7- and 6-H); MS m/z (relative intensity) 416 (M+, 83), 398 (25), 384 (31), 380 (14),
351 (20), 313 (100).
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WD 2005/ 027917 PCT/1B2004/002912 23 [2-[(3'R 5’
R -3 ,5 -Bis[(tert-butyld inethylsilyl)oxy]-4'-

woreaoipbmnecycl ohexyl i dene] et hyl ] di phenyl phosphP@ETE2R4d®2912

(8). To the allylic alcohol2s7 (105 ng, 0.263 mml) in
anhydrous THE (2.4 m -) was added n-BuLi (2.5Min
hexanes, 105 pL, 0.263 mmol) under argon at OC.
Freshly recrystallized tosyl 5 chloride (50.4 ny,
EXAMRLEn2ol ) was di ssol ved in anhydrous THE (480 pL)
and added to the allylic al cohol-BuLi solution. The
m xture was stirred at 0OC. for 5 mn. and set aside
at 0Crepanatiomadf 120S)elioy25-dibgdcoxy-2-hethylene-d ptracwitarn Ds (15)
argon, n-BuLi (2.5Min hexanes, 210 L, 0.525 nmol)
was added to Ph2PH (93 pL, 0.534 mml in anhydrous
THE (Sehemell)illustras thenpriehamstion ofi pnofectdth 20Sg-a5hytinaxy on

I pho r t Q: i,Qn
L L L s R
descritled in Erxdropledh was added). The resulting m xture was

irr A mn. at 0C., and quenched by
(g)tddl tsﬁlglﬁﬁ‘%} gﬂig}gwf(gga{oﬂgﬁz Sol vents were evapor at ed
unde (202K trictnvsiyianydendl, B-trolastawitdone (i85 A solution of the
[ J h ' \ t/d d
(G 20T EbS 1E BRAPAR b G2 et S in ol 64
(S%)mngil)ém thmisdsusd)MF {('h2 onll) vas Sreaigd witb diiatimylsilyll dhiaride §8dul,
rie S and .evapor at e j
ABtinah. St e e PR R EreP BB Ehlghtfodior 4.
E‘tﬁw zesiefeeiviy/dddedeind watéroant) thg avganicdayer wey sepdratede The ethyl
i ne oxid 134 O
S263EEL 72 5 i g ol R e e
rgzxifﬁué}daé passe@Froagita Bili&H68ef-Pek aarttidgelin leexahe/sthyl acetate (9:1)
xSi -t -Bu 2.0-2.1 (3 r ) 8, (1
A0 4t SBotptDy. i by el (piym 28 e Sl oy
hil/niih)austhglhekdanedaibil selate @: BSolvéntidysteny, Pl pudtadied hydroxg
4H, 7.5 H , 7 H : 2 '
fsiotn L] @ion foki wes ailep gl By 36 s floionkss B HARIAREEHER) o
6 5b8 feﬁﬁa, J?Q@Hz,t %&blélg,oo.ess@%m, 6 48)H,) (M5943H; T gl=adY e 21-
coupling o cted 2p- I '
G ol sl s B e S SicRoPY 5354 (o $6T3RA 274K S PR, aa
F=1A4% Piaygdrayy)2- met hyl ene-1 9-nor-vitamn D3 (11). To
a solution of
(b) Wittig-Horner coupling of protected (20S)-25-hydroxy Grundmann'’s ketone 13
with the phosphine oxide 8
(20S)-1a,25-Dihydroxy-2-methylene-19-nor-vitamine D; (15). To a solution of
phosphine oxide 8 (15.8 mg, 27.1 pmol) in anhydrous THF (200 1) at 0°C. was
slowly added n-BuLi (2.5M in hexanes, 11 uL, 27.5 umol) under argon with stirring.
The solution turned deep orange. The mixture was cooled to —78°C. and a precooled
(-78°C.) solution of protected hydroxy ketone 13 (8.0 mg, 20.3 zmol) in anhydrbus
THF (100 L) was slowly added. The mixture was stirred under argon at —78°C. for 1
h. and at 0°C. for 18 h. Ethyl acetate was added, and the organic phase was washed
with brine, dried (MgS0Q,) and evaporated. The residue was dissolved in hexane and
applied on a silica Sep-Pak cartridge, and washed with hexane/ethyl acetate
(99.5:0.5, 20 mL) to give 19-nor-vitamin derivative 14 (7 mg, 45%) as a colorless oil.
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phosphi ne oxide 8 (33.1 ng, 56.8 ,unol) in anhydrous
THE (450 pL) at 0OC. was slowy added n-BuLi (2.5Min
wheooaiez®17 23 pL, 57.5 ,unol) under argon w th BCT/IB200wH02912
The sol ution turned deep orénge. The m xture was
cooled to -78C. and a precooled (-78C.) solution of
prot ect ed hydroxy ketone 9 (9.0 ng, 22.8 pcnol),

ar ccor ubl i sh d d Si ci nski
18 Pk e B Vst il he iyl olaie (Goiin 10 alkhaTeBST
sEﬁHE ma%gba@: ll:hwg\ka@néhsm WgR&ee dith Eh@l Sty (B MESto

ar go for . and at 0C. for
vy & %e %8%%11%& HERE "?éd ar a%ﬂlvacwwerpoaﬁ gaRmPleffase
pm&tweltmﬁin VIl twis tirthee purdlied 89 HAVZSED) mandoata 7o Faik & -

The r ue WO 2005/ 0 7 P / 04/ 002912 24 was

C “E@og "élgmf’ﬂ URIBS ﬁ’éanﬁzﬁg‘ Yh3sigte &5%584)%? Y?’gay%%"ﬁ Pak

cart rmdge (mafésiarv@sxpaqdwzm 5, b@%ﬁmefwmwd (m;)%tcﬁozs 0.049,
nor-vitamn derivative 10

0(°P§ a;ud,pgoso (?8% 3Himaen Seﬁi@!%lﬂa) V4 @Bnsvidsia 0964 (6H. a.

Jﬁﬁ?ﬁgﬁéﬁ&hﬂg) 8BaB e o 6.9 Hz, iﬂHg)L@ 86‘43andi @‘898 ?QH §ﬁH@-I

K
Hen T o, RS TR QI b hABe oo
HoR Q. 150 355 b"f‘ﬂ?}' Y4398k (YR ASE. 92 %ﬁ%‘r@ 12, sﬂq?tgﬂﬁ@e@'@

vitam n further purified b (6.2 mm'x

(3 rzo‘rﬁo@adgafH) 48R anth4.94 (thi Andl ik, thnSg ﬁHx)aﬁéA@nﬁfiIZZ (1H
991 Q..1) -s0] v« I

el 0 n p RS AN ISR e R 39, 720

(MeEn®) 7Xhévt+-2By, 5) 2628, (1 @334%6251 BOUAR) (1R B Y 3869). 025,
0. 04 . 4 Si ,
0. 5 robpfi e tals S xEahedfleq FAEASop (g0 AR
ré’e(@(KCHBDW-ﬂ/-l SAMGrevibsBOG with Editemdl) HHnethandi (900 1) was
a?ié 'i}hgn‘? )11\2% \A%%’ &t w&qx;@ﬂ[%gm ’ge_[n%%tuwdeg argég for, 1%31 di u?e'?:li
with-atig)l acé’ta%ﬂﬁéi&h 19 mLRarkBddcantdd. THe rebirilRadwasHHdwithizther
(% gri) Hég t téne'éépr ri_&ghaﬁgs W?ﬁhedglv Eébrknf q&g sg%fratgd_ngCf‘Os
drie8 (I’M@SOJ,) doa- évlhporate82TﬁdrdsJ!§ub was, pzdf-éédﬁoy-lgPIaG (6732 hi)lm >|i| 25 cm
a-H), 4. nd A4,
LSOty L gy byt Yieae Briongingbiof Solvent v

A&%@Jﬂcaﬂy pld 2-mdihyiéhe-18=-norvitarbinHG; (2 B&W%%{)Més&blle@d atR, 28
i Nt ensi

r(\lNL(Z )B@Ha)lqg wasaégteg fb%ﬁ 29 Q@é gn% glé)zg douyg %xgw;amlq Bs ebl%v) 52 mL
in the same system] as a white solid: UV (in EtOH) Amax 243.5, 252.5, 262.5nm; °H
NMR (CDCls) & 0.551 (3H, s, 18-Hj), 0.858 (3H, d, J=6.6 Hz, 21-H;), 1.215 (6H, s, 26-
and 27-Hjz), 1.95-2.04 (2H, m), 2.27-2.35 (2H, m), 2.58 (1H, dd, J=13.3, 3.0 Hz), 2.80-
2.87 (2H, m), (2H, m, 1B~ and 3a-H), 5.09 and 5.11 (1H and 1H, each s, =CH,), 5.89
and 6.36 (1H and 1H, each d, J=11.3 Hz, 7- and 6-H); MS m/z (relative intensity) 416
(M+, 100), 398 (26), 380 (13), 366 (21), 313 (31).
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Protected vitamn 10 (4.3 ng) was dissolved in benzene
(150 L) and the resin (AG 50W X4, 60 ng; prewashed

wowvas/orwthanol ) in methanol (800 ,uL) was 20 edd®Eg004/002912

The m xture was stirred at 27oom t enperature under

argon for 17 h., diluted with ethyl acetate/ether.

(1h1 4 m.) and decanted. The resin was washed with

et the c ined organic hases washed
LA CNPCar A MESE R aNEaBS T &S (RRey S2ig rh-0:
comPOUNDIIAND heiEIR sbduSONERSUr i fied by HPLC (62 mm x
25 cm Zorbax-Sil colum, 4 nlmn.) using

hexane/ 2- propanol (9:1) solvent system 25

Anal ynhle%ldgycapwtﬁutﬁ?ﬁagmmb@dseofroann@n web batTbrth ih .8 2Paent
ecte

NG, 55 bR GaTalgs1 Taonsanel ameElengerayp e fpesifon o

1obeor3 B ﬁig%mts 26S-BomaR hb@it8® b &b effdét ént ﬁn&h%‘ﬁ the\ﬂl’;ﬁBP@me
243. 5 252 262.

intgsting) vitagiyl Ieczeg’;qr gh C@“B"Wdﬂi’ou'ﬂle%@ﬁb‘ﬂ@@?ih? gcp.qcmg
r@&pt&%l@?rg"tﬁé staRddtd 1(ZBHOHND; It Aight bé e%c(eaﬁkonﬂhesé réebits

thal. 3lypr the’ L cogogandsipud ﬁaive(e?umalsﬁbb@'gmca' 54ty séum&fzﬁ@%

r%\n%%ra% %ﬂ@tﬁ lede kbt%ﬂiﬂxhéné{bro@&feﬁ Highlyselektivie dnialogs Avithahelr
: z (relative in
F(%)ry agjign op @9? nghen | for s f'ﬁ%)yhm@%widg% indygpotent

%ﬂ%@@%%& WA The Ba/1dH2RlRor-BS- FEXAGMEDATable 1). When
repa

GVt N pEURY: A5 SRR rehrRnescs P mpblzgiion (G5 paipugn) was

Shehesaed df at ieb$tslbraﬁhﬂ¢>‘é>ss§lbl§ 1004 [BD0A M3 MEE tHNab#F e native
(20S) - 25- hydr ox

G- d 1 k .
hsmpng- nﬂén%rfdﬁ,n gmﬂ%ﬁ@%ﬂ:@h% St QJQ%G(Q%SE;;% a serum
%m{:mﬁ lvéxeéi of 18.&Ex@Moeni br serlit) ca‘ﬁnw labghie B0 pinohdadeoXyhen

et on

gt %64 p[rpwaryett Ripdured iy GRippndiag valugok oPgd PA Y 8Tt
alchim at¥hs @kpdrise f Bénd, M shbl itsasemetvity2this Tetnpbarml reduced no

siffcontan ek raTb e eE Qe | R PP el dove

White  23-{Gy |:§fd)dthébd ﬂw pbeted eRVatidnlof lnt&tlﬁﬁ canivh) trar@padrt at
tgpga&"d’ﬁtaéj ‘Eegt ﬁib pm ﬂda ar 'Irheoénmet?'m% %5191 58 ?8[—! oDz also
had extremely strong bone calcium mobilization at both dose levels but also showed
no intestinal calcium transport activity. The bone calcium mobilization activity of this
compound is likely to be 10-100 times that of 1,25-(OH).Ds. These results illustrate
that the 2-methylene and the 20S-2-methylene derivatives of 19-nor-1,25-(OH).D; are
selective for the mobilization of calcium from bone. Table 2 illustrates the response
of both intestine and serum calcium to a single large dose of the various compounds;
again, supporting the conclusions derived from Table 1.

The resulis illustrate that 2-methylene-19-nor-20S-1,25-(OH),Ds is extremely
potent in inducing differentiation of HL-60 cells to the monocyte. The 2-methylene-
19-nor compound had activity similar to 1,25-(OH),Ds. These results illustrate the
potential of the 2-methylene-19-nor-20S-1,25-(OH),Ds and 2-methylene-19-nor-1,25-
(OH),D3; compounds as anti-cancer agents, especially against leukemia,
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Et hyl acetate was added and water, and the organic

| ayer was separated. The ethyl acetate |ayer was
wormkeeron t h wat er and brine, dried (MgSO4) anBCT/IB2004/002912

evaporated. The 15 residue28as passed through a silica

Sep-Pak cartridge in hexane/ethyl acetate (9:1) and

after evaporation, purified by HPLC (9.4 mm x 25 cm

Zor bax-Sil colum, 4 nlUmn) using hexane/ethyl

celpe cancer,(boeast carsiey and Propiategance pasAasnisdn ée trapimentypf
pg&[a%l%? 13 (55ng, 70% was eluted at R* 35 nL as a

colorless oil: 1H NVR (CDCI3) 8 0.566 (6H, q, J=7.9

Hz, $resipetive bindimnef thaanalegs to glq.mgln@l_ng@gnql Be¢eptpr was
AR g e SBep bt DS o egodol . g0z
1886). J=11.4, 7.5 Hz, 1l4a-H). (b) Wttig-Horner

coupling of protected (20S)-25-hydroxy G undmann's
ketone 13 with the phosphi ne oxide 8 )

( 20S)The diffesntiptignefdily S piepyalpFidia éta JoREEYIeS Wamfigiarnyined as

' ) @n . Y i . (15.8 ny,

d%%???fec,i-ggool%;réﬂné{taah yB?gl?shgﬁl E@Z(Jggg6 p%ﬁgf @%B? was

slowy added n-BuLi (2.5Min hexanes, 11 pL, 27.5

TAEPE)1 under argon with stirring. The solution turned
deep orange. The nmixture was cooled tao -78C__and a
precooled (-78C.) solution of protected hydroxy .
k eResronse of Bitasting Cataiurg Transpgrt and JeTH(pieigm (Bppe &%e@m
Lylokikzatien)d\atiyityta dduoniqResasi of 2dviethylere Rervatives qiri§dyor-1.25-
argon at -78C. for (@H3Dsgnd EmedSleomers for 18 h. Et hyl
acetate was added, and the organic phase was washed
Guoup brine, dried (MySO3yseand evéjiesiinakericiyme Peramdpricium
was di ssol ved i n heaeldayadaysppl i etirapprat si | i cmg/100 mi)
Sep- Pak cartridge, and washed with héRAhe/ et hyl
\iizetimDdefitigdt 5: 0. 5, 20Vehiplet o gi ve $PHH02 vitanihl £0.16
1925-(MdLDy Eredted( 7 ny, 45%P0as a col 0BlZ58.40i 1. WO7.2%£05
201e5YyRAZA9NIPAT2-B2004/ 082912 26 The3 $&t Pak wa9-%heg
(@rpjmd Wi th hexane/ et hyl26acetate (96:94+080 nL) t8.6+0.3
Z-RethyRhe-19Na-208c hanged 18PD-ri ng ketdhe0B3 (4 ny)3.8 afkb
wps-folLbyl acetate (10 r@6p to recowdd+0.7 14.4 + 0.6
di phenyl phosphi ne oxide (9 ng). For analytical purpose

by 1195 &%gglirfﬂ%%ige%g St To dora8 RS DAEY CB! (R0

Ind.) and fed a 0.47% calcium, 0.3% phosphorus vitamin D-deficient diet for 1 week

and then given the same diet containing 0.02% calcium, 0.3% phosphorus for 2
weeks. During the last week they were given the indicated dose of compound by
intraperitoneal injection in 0.1 ml 95% propylene glycol and 5% ethanol each day for
7 days. The control animals received only the 0.1 ml of 95% propylene glycol, 5%
ethanol. Twenty-four hours after the last dose, the rats were sacrificed and intestinal
calcium transport was determined by everted sac technique as previously described
and serum calcium determined by atomic absorption spectrometry on a model 3110
Perkin Elmer instrument (Norwalk, Conn.). There were 5 rats per group and the
values represent mean (+)SEM.



5 colum, 4 nl/mn) using hexane/ethyl acetate
(99.9:0.1) solvent system 14: WV (in hexane) ?max
WQ@4005/02887 5, 263 nm 1H NVR (CDClI 3) 8 0.026, OrPOHE52004/002912
0. 066 and 0.080 (each 3H, each s, 4xSi CH3), 0.541 (3H,
s, 18-H3), 0.564 (6H, g, J=7.9 Hz, 3xSiCH2), O0.848
(3H, d, J=6.5 Hz, 21-H3), 0.864 and 0.896 (9H and 9H,
each s, 2xSi-t-Bu), 0.945 (9H, t, J=7.9 Hz,
3xSi CH2CH3), 1.188 (6H, s, 26- and 27 10 H3),
2.15-2.35 (4H, br n), 2.43-2.53 (3H, br m, 2.82 (1 H,
1%53@% J=12.9 Hz, 9[3-H), 4.42 (2H, m 1(3- and 3a-H),
Bb52%nd 4.97 (1 Hand 1 H, each s, =CH2), 5.84 and
6.22 (1 H and 1 H, each d, J=11.1 Hz, 7- and 6-H); M
Respy se o Infestinal

Ty otonst pinlestie] S ELTE Serpaarane S GA R g
Aohikz |9n)7°5§:t| ityd _bh Qses 9f giMeipylene e ’_u\@s 19-Nok-"1,25-
_di stgolz?/ed inY.beZze XZ@G@“%[S)ZI% ONRE (1% reggﬁ (AG

QoW , uL) was added. The Wisgting! Calgimst | rréi?”é{y Calcim
tenperature under argon for 193PSPOHi | uted w9/ 18P
acetatelether (1:1_ 4 m) and Minted The resin was
REomEa with ether (8 m) and*BHL-2onbi ned org??n’i@“
1P Dashed with brine and 28ttt ed NaHCOB, 2! dl%d
%M@@M?eﬁﬂﬁ%\?igdpﬁ)&. The resiZfie was puri fi%ﬁi&1
2Hetbylebe-49Mar2039.29m 20 Zor ba®P4i 9-%col um, 4 P &M )
(Qlfli)zag hexane/2-propanol (9:1) solvent system

5 Anal ytically pure 2-nethylene-1 9-nor-vitamn 15 (2.6
ng, 95% was collected at R" 28 nL [(20R)-anal og was
eluted at R' 29 nL and | a, 25-di hydroxyvitamn D3 at R’
52 miMale fofterearssirain woanlisgyats wege QW'P%X et SriRays Hawle

[ i 3 . i, 0339, hofdedie? Hestribed
5 Splaie i g B R 0% P e e
by, Sur &t gh(J. NutrpE02 404530527 19¢) fory! werkoa th?fzfﬁ,d%ﬂﬁs,a € diet
T beclci 88, dnbsphor@stior 3akditidnal %ekd1ZAt this point,
10 %n%gn"?gzég%&?zalﬁdmn?ngo gaé msbhl R- and 3a-H), 5.09 a dp
they received singleintrajugaas injection-pf ihe indicater dogg gisgohie '(‘ril’-H“'
% T . fy-foRPHolrs ter thy weré sacrificed
(?r@gl/a rlbb)(,—:!&?ér:l %c%)g?%%ﬁﬁaﬁyﬁ%e'\%y _10g<)), 398 P@G& 580. .
qngsmt,estg@ecqiqqm,tragq;@ﬂ(%lﬁ)seﬂmCWWP@Q@@%W as described in
Fipld *.%Rgﬂéﬁ%Mon?pZ)unds was 650 pmol and there were 5 animals per

15  group. The data are expressed as mean (+)SEM.

Accordingly, compounds of the following formulae la, are along with those of
formula |, also encompassed by the present invention:

20
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Bl OLOG CAL ACTIVITY OF 2- METHYLENE- SUBSTI TUTED
19- NOR- 1, 25- (OH) 2D3 COVPOUNDS AND THEI R 20S- | SOVERS

wab@sloeohipgi cal activity of compounds of For nuPET/IB20&002912

set forth in U S. Patent B0No. 5,843,928 as foll ows.
The introduction of a nmethylene group to the
2-position of 19-nor-1,25-(CH 2D3 or its 20S-isoner
had little or no effect on binding to the porcine
intestinal vitamn D receptor & | conpounds bound
equal |y well to the porcine XsmgEepgt or including the
standard 1, 25-(OH)2D3. It m ght|be expected fromthese
results that all of the co uou‘ds woul d have
equi val ent bi ol ogi cal actXsvj, grprisingly, 10
however, the 2-nethyl ene sub i ons produced highly
selective anal ogs with their rimary action on bone.
When given for 7 daysxj-o_a¢chradhi c node, the nost
potent conpound tested
2- met hyl ene-19- nor-20S-1 25 (OH)2D3 (Table 1). Wen
gi ven at 130 pnol / day, s activity on bone cal ci um
nobi lization (serumcafciunm) was of the order of at
100-1,000 tinmes nore than that
of the native 15 horpwmpe. Under identical conditions,
OH) 2D3gave a serum cal ci um

prnol dose. Vhen gi ven at| 260 pnol/day, it produced

t he astoundingvmﬁl-- 0 » /100 m of serum cal cium
at the expense e"20f bone. To show its selectivity, this
conmpound produced ng ignificant change in intestina

cal ciumtransport at’ ei fher the 130 or 260 pnol dose,
20 while 1, 25-(OH)2D3produced the expected el evation
of intestinal calciumtransport at the only dose
tested, i.e. 260 pnol/day. The 2-nethylene-1
9-nor-1,25-(0OH) 2D3 al so had extrenely strong bone
cal cium nobi lization at both dose | evels but also
showed no intestinal calciumtransport activity. The
bone cal ci um nobilization activity of this conpound

is likely to be 10-100 tjnes th?w,q@ éeﬁﬁ ﬁéﬁ?
Thes e'nrté% abeve Tormuyla oy thegdebaitionsar Yo, eRY FAiR a8 ind
bréGiodéhpset-fom harkian Wlﬂﬂ’ébp@i to\Oe,Sxpfxs,bQ X9 r><6,1x7258 émg Bse

are selective for the nobilizatio

sitituentaipay be the sarge ergierent i ase agﬁ%ted g Tegen Sfower
éll@)ﬂ a%l,i 1€, 24Me)| SEhHY &ﬂ\bﬁh‘yu Bthyiora-sropygl | ddatige, phoee of

vari ous conpounds p orting the
RBP4 K Ty 5o B e O, e O Xs e Xy or X, when taken
together with the three adjacent carbon atoms of the central part of the compound,
which correspond to positions 8, 14, 13 or 14, 13, 17 or 13, 17, 20 respectively, can
be the same or different and form a saturated or unsaturated, substituted or
unsubstituted, carbocyclic 3, 4, 5, 6 or 7 membered ring.

Preferred compounds of the present invention may be represented by one of

the following formulae:



The results illustrate that

2- et hyl ene- 19-nor-20S-1, 25-(OH) 2D3 is extrenely 30
w@oeaosor79in i nduci ng differentiation of HL-60 ckRCT/EBB206+002912

t he nonocyte. The 2-nethyl éhe- 19-nor conpound had

activity simlar to 1,25-(0OH)2D3. These results

illustrate the potential of the

2- met hyl ene- 19- nor - 20S- 1, 25- (OH) 2D3 and

2-nethy|ene-19-nor-1,25- B conpounds as

anti-cancer agents, es owgi,nNst | eukenm a, WO

2005/ 027917 PCT/ | B2004 0029 7 B colon cancer, breast

@) i tive bindpng of the
esy,jal receptor was

descri bed by Dane et al.
34, 5 1986). The

promyel ocytic into nonocytes
was determ ned as defcribed by Gstremet al (J. Biol.
Chem 262, 14164- 1417 1987). 10 TABLE 1 Response of
port and Serum Cal ci um ( Bone

G oup( pnol /daykzb\‘da FfanSpwrt (ng/ 100 M) (S/M
Vitamn D Def|C|entve||cIe5 5+0.25.1 +0. 16

1, 25- (OH) 2D3 Tr eat eBZ60,2+0. 47. 2+0. 5
2-N®thy|ene-19-hbr-1,25 3305 3 0.49.9+40.2




(OH) 2D32604. 9+0. 69. 6+0. 3
2- Met hyl ene-19- Nor - 20S-1305. 7+0. 813. 8+0. 5
wa 2e540¢10H) 2D32604. 6+0. 714. 4+0. 6 Mal e weanl i ng PEIL/BB20er®2912
obt ai ned from Sprague Daw 8y Co. (Indianapolis, 1nd.)
and fed a 0.47% cal cium 0. 3% phosphorus vitamn
D-deficient diet for 1 week and then given the sane
di et containing 0.02% cal cium _0.3% phosphorus for 2
15 weeks. During the | ast weekl were given the
i ndi cat ed dose of conpou by Nntraperitoneal
injection in 0.1 m 95% propyl gne gl ycol and 5%
et hanol each day for 7 days. BQe control aninals
received only the 0.1 ni Q 5%7|?§?opyl ene glycol, 5%
et hanol . Twenty-four hourS*pfter the | ast dose, the
rats were sacrificed gad indesginal  cal dfum transport
was determ ned by everted sac techni que as previously
descri bed 20 and serum c#ll cium det er m ned by atom c
absorption spectronetry @n a nodel 3110 Perkin El mer
i nstrunent (Norwal k, Nn.). There were 5 rats per
group and the val ues|jrepresent nean () SEM WO
2005/ 027917 PCT/ 1 B2004
Intestinal Calciu ransport and Serum Cal ci um ( Bone
Cal cium Mobilizatjion) Acfivity to Chronic Doses of
2- Met hyl ene Derivgtives of 19-Nor-1,25 (OH)2D3 and its
20S Isoners I ntegtNal Cadng um Serum Cal ci um
G oupTr ansport Y¢hg/ 109" nl ) Pgl M -D
Cont rol 4. 2+0. 34. 7+0R1 25~ (OH) 2085. 8+0. 35. 7+0. 2
6 8




2- Met hyl ene-1 9- Nor -1, 25- (OH) 2D35. 3+0. 56. 4+0. 1
2- Met hyl ene- 19- Nor - 20S- 1, 25- 5. 5+0. 68. 0+0. 1 ( OH) 2D3
wo/R0s/0kdIT Zzman strain weanling rats were obt ai PETIB20011002912
the Sprague Daw ey Co. (1@3dianapolis, Ind.) and fed
the 0.47% cal cium 0.3% phosphorus di et described by
Suda et al. (J. Nutr. 100, 1049-1052, 1970) for 1 week
and then fed the sane diet 10 containing 0.02% cal ci um
and 0. 3% phosphorus for 2 add't%@qgl weeks. At this
point, they received a siagle i[ntrajugular injection
of the indicated dose di oIved in 0.1 mM of 95%
propyl ene gl ycol /5% et hanpol ., Twgnty-four hours [|ater
they were sacrificed and =g, cal cium transport
and serum cal ci um weregd né@ as described in
Table 1. The dose of tle conpounds was 650 pnol and
there were 5 aninmals pe Qroup. The daja are
expressed as nean () SEM 'ré?ngly, conmpounds of the
following formulae |a, afle a’ong with those of
formula I, al so enconpassed by the present invention:
20 WD 2005/ 027917 PCT/ |1 BZ004/ 002912 30 la Y20 OY1l R6
R8 5 In the above formula la, the definitions of Y1,
Y2, R6, R8 and Z are 4 previously set forth herein.
Wth respect to X1, X3, X4, X5, X6, X7, X8 and X9,
these substituentg may bDp the sanme or different and
are selected fromhydrogep or lower 10 alkyl, i.e., a
C1_5 alkyl such agla methyl, ethyl or n-propyl. In
addi tion, pair o‘s » X1 and X4, or X5, X2 or
X3 and X6 or X7, X4 off X5 and X8 or X9, when taken
together with the thg€e g dJacent carbon atons of the
central part of the conpound

Q/\I/
Xs
X4
Q
X4 lg
l N
i
S oY
Y,0 1
P
R
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waledome™mt and form a saturated or

whi ch correspond to positions 8, 14, 13 or 14, 13, 17
or 13, 17, 20 respectively, can be the sane or

_ unsat ur at edPCT/IB2004/002912
substituted or 15 unsubsti B#ted, carbocyclic 3, 4, 5,
6 or 7 menbered ring. Preferred conpounds of the
present invention nmay be represented by one of the
followi ng fornulae: 20 WD 2005/ 027917

PCT/ 1 B2004/ 002912 31 RIb X1 jlc X3 R6' R8 5 WO
2005/ 027917 PCT/1B2004/0 & 82 X$ Qldle Y2 ~ Qi
R6 Rg 5 WD 2005/ 027917 I'YB260%/ 002912 33 X If

Ih

X3

In the above formulae Ib, I, 1d, le, If, Ig and Ih, the definitions of Y, Y2, Re,
Rs, R, Z, X4, Xz, Xa, X4, Xs, Xs, X7, and Xs are as previously set forth herein. The
substituent Q represents a saturated or unsaturated, substituted or unsubstituted,
thwmmdwmmmM%ddQ123m4wmmmmmmMBpmmwwme
group —(CHa)— where k is an integer equal to 2 or 3. '

Methods for making compounds of formulae la-lh are known. Specifically,
reference is made to International Application Number PCT/EP94/02294 filed July 7,
1994, and published January 19, 1995, under International Publication Number
WQ095/01960.



R6/\ R8 5 WD 2005/027917 PCT/1B2004/002912 34 RIh R
R8 5 In the above fornulae Ib, Ic, Id, le, If, Ig and

wo bgospemidefinitions of Y1, Y2, R6, R8, R Z, POWIB2RL/002912
X3, X4, X5, X6, X7, and X83are as previously set forth
herein. The substituent Q represents a saturated or
unsat urated, substituted or unsubstituted,
hydrocarbon chain conpriged of 0, 1, 2, 3 or 4 carbon
atons, but is preferablyfe group -(Cl2)k where k is
an |nteger equal to 2 or 3. 10 Met hods mmo@,n.lng

y of for mif&e.d i

7, g S SWe
0 £k Qatl ona1I Gbl i ¥ation

b W)95/ 3%@636. 14 805 027917 o

PCTPRB2004/ 002912 35 %Bcheme 1 HOOCH MeOOOHHC - OH

OHt-}Quinic acid tBuMe2Si 5 MePhaP"Br
n-Buki
o}
HOH,C,
Nal04 MeOOC,,/ OH
W
{BuMe,Sio™ OSitBuMe, <A
tBuMeZSIO OSitBuMe,
5 tBuMeZSIO OSitBuMe,
Me,SIiCH,COOMe
koA CH,POPh,
CH,OH
COOMe
1. n-BuLi, TsC!
| 2. n-BuLi, Ph,PH
3.H,0, >
DIBAH 4, o tBuMe;,_Slo\\ OSitBuMe,
\
a {BuMe,SIO OSitBuMe;
1BuMe,SIO™ OSitBuMe,

n-Buli




Me3Si CH2OOOMe LDA 6 OH 1 ENal 04 OSitBuMe z McOOC OH

RuC NalO4 tBuMe2Si 0~\ OSitBUM2 0 2 ~t BuMe2Si ([
w@siosBevee 4 3 CH2POPh2 7 1. n-BulLl, TsC 2. pcBuB2004/002912

Ph, PH 10- 3. H202 8 n-BuLi 36 WO 2005/ 027917

PCT/ 1 B2004/ 002912 36

Scheme 1 (continued)

AG 50W-X4

{BuMe,Sio™

10



Schenme 1 (continued) COSIiEt3 11 10 WD 2005/027917

PCT/ 1 B2004/ 002912 37 OH Schene Il SiEt3CI OH Y AG
wGRMWsXZ79¢0SI Et 3 O 13 8 OSi Et 3 H&\\ OH PCT/IB2004/002912

t BuMe2SI &\ - - - ~CSi t BuMe2 W872005/ 027917

PCT/ 1 B2004/ 002912 38 Clains 5 Wat is clainmed is: 1.

A nethod of treating osteopenia or nal e osteoporosis,

t he net hod conpri sing adg&nieﬁt ering to a patient in

need thereof a ther apeutic*a%ﬂ?"y ef fective anount of 2-

SiEt3Cl

n-Buli

QN
tBuMe,SiO™ OSitBuMe;

OH OSiEt3

AG 50W-X4
-

| |

N\ \)
HO™ OH {BuMe,SIO™ OSitBuMe;

15 14
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nmet hyl ene-19- nor - 20( S) - 1a, 25- di hydroxyvitam n D3 10 2.
The nmet hod of claim 1l wherein the

wWQ20080kp ENne- 19- nor - 20( S) - 1a, 25- di hydr oxyvi t aPCTIEX804/@2912

adm nistered orally. 15 2038. The nethod of claim1
wherei n the 2-nethyl ene-19-nor-20(S)-1 a, 25-

di hydroxyvitamn D3 is adm nistered parenterally. 4.
The nmet hod of claim1l wherein the

2-nmet hyl ene-19-nor-20(S)-1 a, 25- di hydroxyvitam n D3
is adm ni stered transder mgdidishs 5. The nethod of claim
1 wherein osteopenia is treated. 6. The nethod of
Whatigldimades:ei n nmal e osteoporosis i s treated.

1. A method of treating osteopenia or male osteoporosis, the method comprising
administering to a patient in need thereof a therapeutically effective amount of 2-
methylene-19-nor-20(S)-1a,25-dihydroxyvitamin Ds.

2. The method of claim 1 wherein the 2-methylene-19-nor-20(S)-1a.,25-
dihydroxyvitamin D; is administered orally.

3. The method of claim 1 wherein the 2-methylene-19-nor-20(S)-10.,25-
dihydroxyvitamin D is administered parenterally.

4, The method of claim 1 wherein the 2-methylene-19-nor-20(S)-1,25-
dihydroxyvitamin D is administered transdermally.

5. The method of claim 1 wherein osteopenia is treated.

6. The method of claim 1 wherein male osteoporosis is treated.



