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PARATHYRO D HORMONE 5 Fi el dl of the Invention The
present invention relates to pharmaceuti cal
conpositions and nethods of treatnent conprising
adm nistering to a patient in need thereof a
conmbi nation of a 2- alkylidene-1 9-nor-vitamn D

der i VA{ARMARRHTIGAREOMPOSITIONSAND METAODS'COMPRISIRIG
OrcoMBINANDNS GE KL KYADENEW BROR-VITARIN DASERVATIVES AND

invention relates tpaRRHYROIBHG@ONE conpositions
and nmet hods of treatnment conprising administering to a

patient in need thereof 2-nethylene-19-nor-20(S)-1

a, 25-di hydr oxyvi t an n figd ghthedavestion r oi d  hor none or
activeng LASERNAveRfiorY Ridtédo ﬁ%%%uﬂca&é’&h&isﬁiéﬂg aRd nefdds of
Invention 15 Vitamn Dis a general termthat refers
freataneyi eriperisingsadatinistaringblocratiest innaed thareof § sombinatiaprof a 2-
WKy R8N B-1B:no¥litdihin TPd&rRbR k) p’a?atﬁﬂlralﬁ %bﬁ’?fdﬁ@ draftive Fment or

(1,25- di hydroxychol ecal ciferol), bi osynt hesi zed i n

W@"r‘ﬁiﬁ fepspft ﬁéﬂ‘ﬁ‘dﬁr\'b’e Engi Repsent 'nrenta%\ﬁ?'aieé Ehefiasmpesicalt o

‘ébﬁwﬁﬁ%nfbn@%né %%&B%lr ﬁéétﬁfeﬁ{ &omﬂﬁ% 6@ a‘élﬁfh(éiérﬁg‘}e atr@ﬁgﬁt in need
|ace in the skin and ui res radi ati on, which is

tﬂ}qﬁ@qf%m?thvlﬁlaﬁﬁ %ﬂﬁﬂ-Z%Ha Biinirpxpdtamin Deasw paeathyroid
ﬁ(ﬁ‘@l hydroxyvi tam n D3

?%F drr%)%(f%e‘ﬁ%gygegt Jé‘:\%‘égégtlttﬁe%\%fh ch is then further

metabol ized in the kidneys to the active form of

vitanin D, 1,25 di @éénzq%mot&wm%t.on

1, 25-di hydr oxyvi t amn I's then distributed

t hr oudfitanin B isea grigyal t@m‘ethét referplorrogrowrofistareid ceqleguegr The

\lli@/Tofin B Vil Db Qe BIeBICT bY@, B bmifl 0 A7128. D 115 2

hornone that is known to be i nvolve mi ner al
maquf@mcalﬁ@r@b rebigybiliasizan dn apansiby Aheconvatsionaf dal
%@ﬁﬁr@éHo%‘%te%l t&ﬁ{a%lh‘ﬁ!; (chgetcél@fé"rolp ﬂﬁ@b&ﬂérsﬁfnetakes place in the

di scl osed . Pat ent ) i ssued

Bkibés é@qures Wé*edlatmewa@Hp%ﬁyﬁlegllyd‘r%%\é@a Yjtamin D is then
Zneﬁéwﬁéd} R lke?fo'ﬁhyﬂkéﬁmd?nn@ Ds ‘(@3’ iRy Metec@Rfferdl) Swhich is

characterized by low’intéstinal cal ciumtransport

dlean furtiesy mgiabalizeshin thpdnayaite theractsbior shiiteein Hcl.2i ty
WS BroxGERak 6d Qstw&érosiyméﬁﬁrpmyréltmm.ﬁnmed %%uahsw the body

present | nvention provi des for hods of treatnent

lyghef@lt gm%mptﬁa@@u@@f 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-1 9-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 D,

The present invention provides for methods of freatment using a combination
of a 2-alkylidene-19-nor-vitamin D derivative, and particularly the compound 2-
methylene-19-nor-20(S)-1a,25-dihydroxyvitamin D3, (also known as 2MD), and

parathyroid hormone or active fragment or variant thereof.
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of a 2-al kylidene-19-nor-vitamn D derivative, and
particularly the conpound 2-

woretoipmne- 19- nor - 20( S) - 1x, 25-di hydr oxyvi t am nPOBIB2004/002902

(al so known as 2MD), and parathyroid hornone or

active fragnent' or variant thereof. W 2005/027915

PCT/ 1 B2004/ 002902 2 Sunmary of the Invention The

present invention relsgggﬁa$gfﬁlgqﬁ\;&ﬁﬁijti cal

conposi tions and net conpri sing

adm niTBe preisanf ineréopaeliatento pharmaeelitichleosipiositions and methods of
f = Akl r
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[ Vot
B DA 2 O A REPLYS RGBSl
peathyrqid hamaonk ot e dctiveindgroent bheanané erdofi nvent i on
rel ates to pharnmaceuti cal corrposi tions and net hods of

ng?%ﬂgpgﬁgglbogié%tglgedeDé:sc@Sﬁl n gf tﬁe n\g(!aﬁtl ?\lﬁgggpor osis,
ost eopbe peassnt ihamtibo ndateaita pmrmaosmtsemmnwsslpns and methods of
%étﬁ%pﬁé@%l%g@% E!Esleaaé) dgss[&g (21%%( | gBé Bélf‘s‘al osteopor03|s
geadid indlGcedegdeipooosis, tlcwaberpﬂ ’axmoveepsémrmmals Dh’@omtaonadrenal
Sh By, BEABOR, AR LAY e BB Bl forsh P
rejeaiibh; transplantsejection, s*leeureatpuraﬂhvms akihew, bolyepisadiensibone
b?a‘r‘t’é%n% I8§éc§)§1 dwggﬁrlnsﬁﬁcmgklﬁ AMiidss, |H§L9ﬁél§“t%ebum
ancer B gopeni a ost ebpor 0S
he@elimm adnides, ham&irt@pmns Bukémia, colgn carm@scblr@&d aamge prostate
e bl e R e L
ansclexamagk sardspesianasieosarsarha,i hygocamecmm: teamyessi ve
' . f .
PSRt 0 SRR SR R Bl resatng
froacaggressive iathiptia kbwaision @nd dor amaac&mer&bkmakdmne ess in
%d@géce%};é any n@rel?er‘?’t?&n' A’f%%bé!rfd Fﬂﬁ faBd eﬁﬁé%f :{Pb&iﬂ&ﬂé YF 2 9L
Ive nt or varran ereo a pre erred
e%hﬁﬁnﬁéﬁtnorwmlpr[égemtat|v¢uae¢1par@thyrce¢ herewneer activetiiagahent or
Ofriark ktfAddsng net abolic bone disease, senile

oSt eopor osi s, postmenopausal osteoporosis,
In a preferred embodiment, the present invention relates to a method of

treating metabolic bone disease, senile osteoporosis, postmenopausal osteoporosis,

steroid induced osteoporosis, low bone turnover osteoporosis, osteomalacia, renal

. osteodystrophy, psoriasis, multiple sclerosis, diabetes mellitus, host versus graft

rejection, transplant rejection, rheumatoid arthritis, asthma, bone fractures, bone
grafts, acne, alopecia, dry skin, insufficient skin firmness, insufficient sebum
secretion, wrinkles, hypertension, leukemia, colon cancer, breast cancer, prostate
cancer, obesity, osteopenia, male osteoporosis, hypogonadism, andropause, frailty,
muscle damage, sarcopenia, osteosarcoma, hypocalcemic tetany,

hypoparathyroidism, rickets, vitamin D deficiency, anorexia, low bone mass resulting
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steroid i nduced osteoporosis, |ow bone turnover
ost eoporosi s, osteonal acia, renal osteodystrophy,

w@s@sioz®is, nultiple sclerosis, diabetes nelliPCEIB2eH102902

versus graft rejection, transplant rejection,
rheumatoid arthritis, asthma, bone fractures, bone 30
grafts, acne, alopecia, dry skin, insufficient skin

ffﬂo[)r{egrbpﬁe%swé Qﬁ)ﬂ{h{: 'bghﬁmr SR8 ngﬁnﬁgﬁée%é@ gf péMk' H&)Iﬁla ‘Ia‘r?‘ass in

ensi on reast
@d@lgmﬂee ar@bmeeentloo bfese¢qnd mrsfre@p@mswg Meﬁwylene 19 nor-20(S)-
t
ARG e BB ad Ao RRIR S ool Pl oy

tifestrendy hypopar at hyr oi di sm rickets, vitamn D

e A B e s oS 8 omoiaton

ardfoesenile bethaparosis, pastinémpaesd astEepensispibonededctures) done

gr?%ét l{)Jr?aest ggrfénegsp%g#éét? ﬁgﬂg%rgr %s“:ftg 639%%& Sﬁ'%%ncgstgop%ross frailty,
ant@ﬁledahytgeeu@varc@pan'ra D3 and parat hyroid hornone or

act i V%ﬁ%{%’?% L;t ner}n\{@ dg%ﬁg\g b?ﬁgée Sﬂ%%s tﬁg:lll %gsa%eﬁé/\ﬁ&eors{e%gorosis

enbod rea
@odis tha siags befareetrfecrstampirdss. ddedpdd Hsalth Organization has

g@g@é@i&%ggtlc c%ﬁaI BRED Eg§éds n %emgésa&ér% t)ZgBMl?L) Bindicate if a

cer, pros e cancer,
petsen pas h@rmahmr@somsmgiemmlasor Ifasansleto;vprosrsu drmadzoma giensity
I i npi f )
AP EERARAR JSRBARRT R - 3f e AhiAG Bk fsa BRI,
Qsé@@enmeﬂlgw@om asg)ds defiarcoas a bodenady M do Bidadtaridard

ey gtgﬂné%E glﬁtég' g%?éﬁlsrﬁ?ﬁ'p% gr\%gf'@gtah& | Ca@&8§l% RYefined as a
pene densitawhichisnzib sisodard dervaailoospempmbeio\@ thehysing adult mean

3§_t2%2porosi s. Normal bone density is within one

ard deviation (+1 or -1) of the young adult nean
bone dEMedgopadisrais genesaliyadegfinedvad nadeawais ponadalikhictinndas

"i"@arrﬂeggﬂﬁy Q8idRhli¥s i g{a ﬁ lfés%r%&zﬂjr% éj&é(ﬂo%tdfﬁgﬁadal

ow t young adul

cb@treqr;@@xmﬂscans’eaéfm mf@r@loa of bmtyca@déqrrqproduobm is

[ e adul t
e R R e o1 PRy 20
|W9Q9§qa@1§fé, Zj@ﬁg@r&aryfhnmpowlsrwndraﬂmsﬂ%@noedwbggonadlsm In

t l;

R e g e ey B0 bl S e odlidt n
@gg@\dﬁgy ryﬁ(@gqglpdlsmmq q>f\ﬁl@e hypothalamus or pituitary impairs

gonadotropin secretion and in resistance hypogonadism, the body response to
androgen is inadequate.

Rickets is a childhood disorder involving softening and weakening of the
bones, primarily caused by lack of vitamin D, calcium, and/or phosphate.

Anorexia is a disease that has the following characterisitcs: refusal to maintain
body weight at or above a minimally normal weight for age and height (e.g., weight
loss leading to maintenance of body weight less than 85% of that expected; or failure
to make expected weight gain during period of growth, leading to body weight less
than 85% of that expected);intense fear of gaining weight or becoming fat, even

though underweight; and disturbance in the way in which one's body weight or shape
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insufficiency. There are three main types of
hypogonadi sm 1) primary hypogonadi sm 2) secondary

whypegziatli sm and 3) resistance hypogonadi sm PCI/IB2004/002902

primary hypogonadi sm damagetto the Leydig cells
I mpai rs androgen production. In secondary
hypogonadi sm di sorder of the hypothal anus or pituitary
lé‘B@JeFlén%Q @rﬁ%ﬁ@q%%&?{b% &%’ Wi gﬁ’trbr@sﬂgpé &h Ecﬁfsé\?aﬁ@a%ﬁ or denial

ogonadi sm
|Orﬁ é@ﬂ@lﬂ@eswfcthewrregt law by deight! T@e@@memdsmmil opimipations
R et F\U&’(Wﬁ%’%\%%er\%eaft {5 n%%}@asanooéénr@eruée}ﬁ to treat bone
caused by lack of vitamn (E) Cal Ium an
Wﬁ?%mﬁed wilbeasiexis. s a di sease that has the

0

f ol ! OWinBthef BaHAARN RPN tréa%é&éﬁhq/ttﬁe EBhR ALY aﬂ<§ Cor

)é i ght at or above a mninma nor ne
a:g@l mations«f e preeet invapgpn Istbonk dess dseaciatad witb aggressive athletic

'B%hé\ﬁ@rnﬁﬁﬁ&lﬁ IPWnéW ' %is%j)atrﬂ%]atlgﬁ 10 é%Ieﬁ% éba%thletlcs or

expect ed; ['ure ecte
SaPishenyeslbia b@ﬂe dpsswivhich |lSelmraHuga¢Q@rrm@dgedvmwgmen Ibes s

%@ﬁa"fl\&%% %ﬁ?ee@(hﬁﬁ)agﬂﬂe@,&g% éﬁ"héctlﬁ %%Iéé\f\;\%%onéﬁg)ﬁtdbone

desSt ur bance in the way in which one's body wei ght or

shape A\Q@ro%ggéé @%Z)gélarﬂeg idid %QO#L%Q?Q V\gauée)' iS a natural

experlenced undue i1 nfl uence or snape
escwEnee gaen et bipicaly harpeng lbetwgentthe age pi fouy aed fiftyofive.

tﬁli‘ﬁrdfobl[ué@ Blg d&"ﬁ&?ﬂﬁe Wb ine ﬁ&ﬁ]&@@éﬁ%n%nﬂs tes CPsterone

nbi nati ons of present I nventl on can
tk?V@éﬁdeaH@r and aleamﬂt%r@ndwaug%d/aﬂ@uq ¢harpepomronditiorsmay be

FHSAGEPMEIEdiAG | td@cr@ﬁ@é@ Ehekgy Qnd\Q@éﬁb@i i PElichinphy i aJsgé‘o%[}ro&s

be treated uSing the co ounds and combi nat 1 ons
tdgerepsigy slecreppedb ManiH apy thﬁlﬁ@lﬂly(i@ aidain cuscledcartiorascular

@%éébs StePosRifd RS, idecrd28E@ NS de@n%‘é%é&%% Wof! Jﬂ%é@?r‘ige Brectile

essi ve art|C|pat|on I N exercise l'etic

éjpi%P?‘“é'OBdﬂché%QQI ifritpbilitycans aching anghstiEfipints, Rastigalarly in the hands
a Vi

356 L Ao, R B g TS R0 s o

PYeoEEstingarFHERid dliscsles 'wdlr&hm@o@t%@am@er@uced

hEQRA lﬂééi‘ﬁlwtys hybdg@nddigh, af¢ Eéﬂlér? Hl%%ta‘h@ hmplggét

typical | ﬁ pens between the age of
fiftyh fﬁ'%/els c @(ﬁafﬁﬁlé%%thesoragreéﬁvq Ad reient'ﬁs:r-,s lp%a/@sk@lﬁtal

inRcleanaBR s RO & 19§10k of Murly SRhPRl &ifBRty ih RMBUSHy from
3ecllne and nmen enter andropause, various changeS or

basg p[ng{gaﬁgyofﬂpspltahzatlon and long-term disability requiring assistance in
daily living. The reduction of muscle mass, physical strength and physical

performance typically leads to diminished quality of life, loss of independence, and
mortality. Frailty is normally associated with aging, but may also result when muscle
loss and reduced strength occur due to other factors, such as disease-induced
cachexia, immobilization, or drug-induced sarcopenia. Another term that has been
used to denote frailty is sarcopenia, which is a generic term for the loss of skeletal
muscle mass, or quality. Examples of skeletal muscle properties that contribute to its
overall quality include contractility, fiber size and type, fatiguability, hormone

responsiveness, glucose uptake/metabolism, and capillary density. Loss of muscle
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15 observed includi ng decreased energy and strength,
i ncreased body fat, osteoporosis, depression,

waelewsozexl nental acuity, inability to maintai PCTIB00402902

cardi ovascul ar di sease, atherosclerosis, decreased

i bi do, decreased strength of orgasns, erectile
dysfunction, increased irritability, and aching and

(i%é d{yt e\l/e%"lmh%l ab@éﬁé dﬁwse%f%dosr%lehﬂ%éqh ggﬂn guﬁ‘ﬂ‘fjlogsegftphyéleal
anmgwanSmpaamrmamamzeﬁgyn@mmnast|a serun1I|p|d
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a@swmcedf such ipealg borg, Mags, amythalrgf@ qf@@@ﬂmer\m@ﬂﬁa{’a@m @ass

S f .
92508 M CF ORGSO e b Il AER Seang

txatsisehdndeuvisennianie faciorsaritisacemeniwftteak baas Meeein 30
Hé&&éeﬂc@%%ér?fgﬁé é‘%énia?fle' g o??ércte Pﬁé}élrﬁrze‘mé %Ié@l rAass in order

generic term 0SS O skel et al muscl e mass, oOor
tpuReveny theai@/ﬁpp@snmf osieanaresis laterdn bfep léieavise, gghanggment of

O Bdr%% S IR abidiSsceR¥EfSH rhal%'%l. Hiky déQde‘l@e
: e

ontractl er size and type, fatiguability,
hor nmohi frac@g@ baﬁsa gignisieant impaet ©senefieal kesovEes 5o patignt

ﬁ@% @%@iﬁ%’%ﬁge ?éwtplétleﬂ@%%nﬂfedxylﬁﬁcé ﬁlpv?@cﬁ%) gfé)e%%g@iéred for

, even I n the absence of
pepbylatticroeashies mimsed até@ﬁa “Fdé’é? PR Of fhﬂh%rsl‘éacare p#ly sGeeantly, 10-

%%ed?%\fbn?g‘\glg \RBLEEH aogﬁe Srddip f?%tﬁr‘é" '@’%ﬁentg— %ofsﬁ‘ﬁé]‘éd a

as used reinis an nmuscl e

se@@dé"p fragiise. feweraipdiefds @aainﬁaé@dmaenf aleslﬁv fﬂw@lk pendenipafter
%J&Snd"?r‘&‘?ur@ tHnhd&o Qfﬁaﬂths fnfs@ﬁd énooé1 % FespechvdfNP£0.0005).

etic |2tur|es endocri ne disorders, disease,

maﬁsﬁ Or ety Igiunm POGR: 66 t52 trhgoliouingowesord hipfracture,
gﬁﬁ’éﬁ@‘evél"af ﬁi’b‘olh@"ﬁe@érﬁln‘é%ﬁfwéﬂr th@r’é sti‘éﬁhUé‘&nﬂEﬁé& ®lder patients

facilitating nuscle e rep

as¢ é‘wg@ w@b pdiistery phaulp eé‘ails}/h%ﬁhp CY t'H@t'@Pﬁ’?H&iWW frardures.
%@éﬂ& h%ffra%ﬁ@é(hasbcpélémm fighHeP Rfbdch oﬁ@@ﬁ@ﬁ& bty and social

| eadi ng to adul t hood, the prenenopausa

independence. It is therefore desirable to have new methods for the prevention of
second hip fracture. ;

Osteosarcoma is a relatively common, highly malignant primary bone tumor
that has a tendency to metastasize to the lungs. Osteosarcoma is most common in
persons 10 to 20, though it can occur at any age. About half of all osteosarcomas
are located in the region of the knee but it can be found in any bone. Pain and a
mass are the usual symptoms of osteosarcoma. Typical treatment for osteosarcoma

is chemotherapy in combination with surgery. Either preoperative or postoperative
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10 mai ntenance of such peak bone mass, and the rate of
post nenopausal bone mass | o0ss. Determ nants of peak

whoowe/ozmss i ncl ude genetic, nutritional, wei gheCT/mBA04M92902

(exercise), and environnent@l factors. Enhancenent of
peak bone mass in adol escence is therefore desirable
in order to maximze the skeletal mass in order to
0 t
%@lﬁ%ﬁ&g&p@%tﬂ %ﬁ?‘e’[rgre anE{éHo P%ﬁegﬁ%éeggfébg%?rﬁblélﬁ c?gﬁ)létﬂ dr chBoplatin
£66be seethiodremb themsiteasareomg. so desirabl e. H p fracture
has a
bt i erl}—?p@ﬁ‘éré@?%ﬁsdw@%%&d%ﬁ ﬁ%ﬁ@%léﬁgwfgﬁﬁs%ted with
ghraniatelgnwresklting ﬁrplpw herangdeficiercyc crasacierized bydow serum
I
PP R TR SO RASR, /PR EMEINER LSlaly folows
iceifentaliremowal of er damagetomsyenal parfaﬂwrmdmlendscmurmattmmdectomy
f
oAy SR Mt KBS S i
togeurs @@@ﬁﬁmeﬂﬂ)alaﬂeﬁséhan éme@ percsot Qifexmrtl! h@rfcrrmeg thyt@dectomies.
and 9 : r l.
| ni ur ay‘%oos 34 P‘Eé@ ® a@ %@%%lr?%@mﬁﬁgfﬁ@@do%alﬁémg
fyaeealeamia !S;mare@tqr@edm\ﬂe(uec&asmtqtaluogasn“@tc@iqrnrm eenhcentration
r
R R R P e o P e
ePheentratica: szﬁtaWéﬁ%éﬁ overawithy ﬁ@@wta@us&mn@mﬂ q latent. Tetany,
WhaRToVER, i asaract&iZ80 Ky SARbryfyhpiihs édmaa%tpaﬁé%;cﬂ%f%tés%ﬂr% lips,

mobility and social ’i ndepéndence. st
MUPan@rSt@dﬁwecaf@@pm RBRESN.Pdtich ay pe etalangee ané painful;

%}@ﬁ@ﬁﬁizeﬁ'rﬁﬁcfeaé‘cwﬁ ean@%é‘é?ﬁ 8f f‘é@iﬂﬁnh&u@atur@l @Edeﬁ eiénK requires

conmon, % nan rrnmary bone tunor
QFQV@H%Fé/ﬁé«;ﬁ §t9 qﬁl@t %@ gsnera st @pqlfﬁeat|le¢ﬁsg3§ver@b/tc@§@@sed;nlasma

IcBIcREoneEMERBNd, Buch @s l?ecb%(}ﬂé/dlloH [90(%9}9“{!@@% id éls&@ﬁ‘served
are

occur at any age. About hal ost eosarc
IroYeterdgry wa?th?@ I @ij s oFort%nmtﬁeéleceml%@wnw 'ﬁQﬁ%@ﬁdS a

Irfre@BMdiH Bsobiated V\ﬂﬂ'pa&lte @&&loﬁro? sérﬂ?n BRYEd cAYIRLAES

of osteosarcomm,. Typlca treatment for osteosarcomm
Semetrarb YR AR5YionR Te SAIMeANceRirationn ok pgessium End plgsphate. It

REQRD Eftd rM@nggid 6ﬂ9§fcﬁpé(eﬁdnvd? traRs LRgoPketany) and in
PCT/ | B2004/ 00 chenot her apy h a ent s suc

RAFIDE Makes @actaiign éptapy e ﬁwnS@r%mr@Merﬁrwrre &f@éﬁu@mﬁcular
qe@,ﬁbrkpmau d to treat the osteosarcona.

rathyroidismis a tendency to hypocal cem a,
often he pESeatiRETIPR IS alsh FaffeEnaderiirRhar@acautical gompesitions for

et tRcBdlictons Bik caSbalenfid BstbER Aok, doBither®piti¥al osteoporosis,
steroid induced osteoporosis, low bone turnover osteoporosis, osteomalacia, renal
osteodystrophy, psoriasis, multiple sclerosis, diabetes mellitus, host versus graft
rejection, transplant rejection, rheumatoid arthritis, asthma, bone fractures, bone
grafts, acne, alopecia, dry skin, insufficient skin firmness, insufficient sebum
secretion, wrinkles, hypertension, leukemia, colon cancer, breast cancer, prostate
cancer, obesity, osteopenia, male osteoporosis, hypogonadism, andropause, frailty,
muscle damage, sarcopenia, osteosarcoma, hypocalcemic tetany,
hypoparathyroidism, rickets, vitamin D deficiency, anorexia, low bone mass resulting

from aggressive athletic behavior, and for enhancement of peak bone mass in
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5 cal ci um and hi gh serum phosphorus | evels.
Hypopar at hyroi di smusually follows accidental renoval

wo@Roos2¥esage to several parathyroid gl ands duP@mgB2004/002902

t hyroi dectony. Transi ent Hypoparathyroidi smis conmon
foll owm ng subtotal thyroidectony and occurs
permanently in | ess than three percent of expertly
L3 . . o fet .
PEBEREREd ohA AU b B Y FRSAESEN b § P tor
Mjqroio &) desiviative, suahtesreaesedunelcf hpmaule daneas paritiy taixt fedrmone or
. raky : : -
BB EDUBERRERIA B Ve g o e
pl asmin preogrebedimendnibe cemnbiriations afdhiariyventign bemprisera
i ' t . . : .
U ShsiRet SHERNS KT 8 o BB st b o an 2
plgylisienad Sines-vitggmin Beddrivgiive, stgnguia compaget of Famtukdsnd a

JRAARRECR) FOGRT bl of o FR6oRF SBBOGOREE RENEB i being
Rayreid hereone ar eelive fragmeyt pevarianttbergef.ovocat i ve tests

to el izGld+s I :

oot oL BRI DTS Broh BERISRUEL tyiony 1o
80(¥)/1a125-dHyyshoalitzenin O; ared payathigoid wonofs er actide fragment or
Vgﬁéﬁidéﬂ&X practice in aninmals. For exanple,

hypocalcem c tetany in horses is a rare condition

ass oc Rahliedideve-10-aarvitemindp | derivatives thag eani be used indle present
A8 Blopl RO PLERANY & BaBbbe LRSI\ A H Y™
concentrations of hagnesi um’and phosphate. occurs
ghareeteyizas] yribe densigl$orowla bstevtni lgtovar  t r anspor't
(transport tetany) and in |lactating mares (lactation
tetany). Signs are variable and relate to
neuronuscul ar hyperirritability. ¥he present
invention is also concerned with pharmaceutica
conpositions for 25 treating ngtabolic bone disease,
seni |l e osteoporosi s, postnepopagisal\ ost eoporosi s,
steroi d i nduced osteoporosi <ﬁ e turnover

ost eoporosi s, osteomnal aci a, > ost eodyst r ophy,
psoriasis, nmultiple sclerosiy diabetes nellitus, host
versus graft rejection, tragsplant rejection,
rheumatoid arthritis, asthng, bone fractures, bone
grafts, acne, alopecia, dryl skin, insufficient skin
firmess, insufficient 0 secretion, winkles,
hypertensi on, | eukem a, cancer, breast cancer,
prostate cancer, obesidy eopenia, nale

ost eoporosi s, hypogon®® sm] andr opause, frailty,
nmuscl e danage, sarcopeni a7 0steosarconmg, hypocal cem c
tetany, hypoparathyroikdi sm rirgkets, vitamn D
deficiency, anorexia, |ow bone nmass resulting from
aggressive athletic behavior, and for enhancenent of
peak bone mass in I

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 Rg, 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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WD 2005/ 027915 PCT/ |1 B2004/ 002902 7 adol escence and
prevention of second hip fracture conprising a

wQ2@bkyioidiene- 19-nor- vitamn D derivative, SuPtI/EROG/002902

conpound of Formula I, and & parathyroid hornone or
active fragnment or variant thereof and a carrier,
solvent, diluent and the like. In one enbodi nent, the

L_nat,iyaon IS, ' '

BREP ST C ApPle L Pyl PREPHAT, EARAL ek o group R represents
gay of the typicalaidepchaing Wreiwmgoayitapain D type compounds
al kyl j
Como{xjflﬁ@%&@a&l% é!ér§ ?é”Br&(?Rt 9%%{1@%& én‘j ur Cgﬁ%‘reéﬂy&}ocarbon
efdicataefi vie 3armachons dhatimag be rsttalgbhqmam dranched eewhndand that

[ {
g%?@g@’t?g r?:i’\% oﬁ%or@?&&\g&%’eﬁ Q rS’snu E&ﬁég @}b%%eo?f brafiRa
bmmxyrgiommﬂmcsoa:ammml mteroepcw alnlnetohyﬂhenleete@awmlc groops.

v, r

Atoeisid G R QR P B e
2- Al kyl i dene- 19- nor VI tam n D derivatives that can be
used in the present inveption are disclosed U S.
Patent No. 5,843,928, whic iXatives are
characterized by the genera rmula | shown bel ow 15
R 1 20 where Yj and Y2, which|my be the sanme or
different, are each sel ect rom the group
consi sting of hydrogen an r oxy- protecting group,
R6 and R$, which nmay be the sane or different are
each selected fromthe group consistin hydr
al kyl wh ﬁwh%ﬁ&%ﬁor@wmmacqnt%rdpe@q@yndm@?0 Cwidm ste
'h@lﬁ@ér\‘h%g PaeS 8RR bhe c\ﬁ@f@ﬂ&@nog?g 9&!@1er the natural con‘r" guratlon
PCT/ 1B 002902 8 group -
PheW gaon 28 r her39-epi CQH@Q%% %ﬂﬁ’é"’ﬁ?{%éﬂﬁ ‘F@'?Cé?ﬁ fé%r@% 50Y,

a—@Hz@f{ 1Hech KRl CRlH-19e, WRAE B HKAUBMbERImYY héVdthe Bs or trans

typé conpounds. Mre specifically R can rep present a
gaeruetat ead wneignsigtsglestecdiirerp dyawaendanethylad-OR’ agd atadienl of
§@EQRQS that may be straight-chain, branched or
cyclic and that 5 may contain one or nore additiona
substituents, such as hydroxy- or protected

1 R
R\ / e R}
(CHZ)m c R5
R4

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 C,_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
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_positions 20, 22 or

hydr oxy groups, fluoro, carbonyl, ester, epoxy, am no
or other heteroatom c groups. Preferred side chains

wo@Roosh2®13 ype are represented by the struct ur ePGEIBM04/002902

10 where the stereocheni cal9 center (corresponding to

C-20 in steroid nunbering) may have the Ror S

configuration (i.e., either the natural configuration
OHY), CAHHRATD Barintddaf 1rdfiy 210/, CARTIGH

ark?ere?p IS sg ectled 4& ) %HZ%\%W%—E%%H t%gether

r%ﬂf&%aq*(an fregeupHRr the amu@ ﬂ@ha)qnavtha\qes ahénteges from 2 1o 5,

bﬁé%e@%ﬁ@éﬁ%yd%n‘“ﬁﬁr@xg Pf @r? ﬁfoﬁ'@)@/ Err €M alkyl and

rogen neth% and
@%ﬁ[ﬁ‘e} el thegCHerpappatpasitivgs 22, zaprmem ¢hersidmehain may be

|ré’tﬂ%é§ g?%%ﬂréfgenra@&%e SeRherk tém gf‘fh%gﬁ&ﬁ)gf—[ ﬁiﬁ ~§3H(R3)— or

sel ected from r og eute
WWBW, at gpgiienst20d 2Ryame A3y respectively, may be f¢med rytamydxygen or
anelrlan®- al kyl, which may be straight chain or

branched and ptional ly, bear a hydroxy or
pr ot ect@¥aMy lﬂ%@?}fh@ iyl sukstituenaaldCwA mdécaé@ctha’marm 20 may

R@v@étt@ﬂfﬂue%or:‘sﬁ&?ﬁtﬁﬁ&%t ly, is selected from
deuteriu%h%deuteroa kyl drogen, fluoro,

trif| SBPeRIPpIanRraEPISs efisidp chaingivdth nedyal9R-configuration are

ﬂ’fefs’iﬂ ik e '
u@ueﬁ%ﬁﬁﬁﬁ?edwzﬂb@ﬂweb Lagher e

dr ox
It oSeusk s 25 esironeMtamindSy @b eemiavDaiel 2@rfb/dﬁ>xyvjtathz
ed KotaifHEDE(dY Ml Rhe EERERmepbf idlﬁy(%%rﬁ%%
2005/ 02791 PCT/IBZOO4/002902 mhere pis
an integer from2 to 5, and where RB and R4, taken
together, represent an oxo group, or the group (@)
-(CH2)g, where g is an i ger from2 to 5, and where
R5 represent hydrogen ydr T pr Eggted hydr oxy, or
Cl1.5 alkyl and wherein any of the groups at
3 in the side chain nmay be 5
repl aced by a nitr. tom or where any of the
groups -CH(CH3)-, -CH(R3)-, or -CH(R2)- at positions
20, 22 and 23, respectively, may be replaced by an
oxygen or

(b)

()

(d)
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sul fur atom The wavy line to the nethyl substituent
at G20 indicates that carbon 20 may have either the

woR@s/0Z9coHNf i guration. 10 Specific inportant erENB2064/002902

of side chains with naturall020R-configuration are the
structures represented by fornulas (a), (b), (c), (d)

and (e) below, i.e., the side <chain as it occurs in
25- hydroxyvitamn D3 (a); vitama#u D3 (b);
25- hydr oxyvi tam n D2 N D2 (d); and the

C-24 epiner of 25-hy#f oxyvi tam n T OH 20 (b) (c)

OH 25 (d) WD 2005/027915 PCT/ |1 B2004//002902 10 5 (e)

OH 10 As used herein] the term "hydroxy-protecting

group” signifies amygroup comonly used for the
tenporary protection of hydroxy functions, such as for

15 exanpl e, al koxycarbonyl, acyl, alkylsilyl or

al kylarylsilyl groups (hereinafter referred to sinply

as "silyl"™ groups), and al koxyal kyl groups.

Al koxycar bonyl protecting groups are alkyl-0O CO

groupi ngs such as net hoxycar bonyl, ethoxycarbonyl,
propoxycar bonyl , isopropoxycarbonyl, butoxycarbonyl,

i sobut oxycar bonyl, tert- butoxycarbonyl, (e)
benzyl oxycar bonyl or allyl oxycarponyl.. The term "acyl"
signifies an 20 al kano 6 carbons, in
all of its isoneric forns, or a car?ggﬁglkanoyl group
of | to 6 carbons, suych as an oxal yi, | onyl ,
succinyl, or glutaryll group, or an aromatic acyl
group such as benzoytyvor a halo, nitro or alkyl
substituted benzoyl group. The word "al kyl" as used
in the description or the clainms, denotes a straight-

As used herein, the term *hydroxy-protecting group” signifies any group

commonly used for the temporary protection of hydroxy functions, such as for
example, alkoxycarbonyl, acyl, alkylsilyl or alkylarylsilyl groups (hereinafter referred to
simply as “silyl” groups), and alkoxyalkyl groups. Alkoxycarbonyl protecting groups
are alkyl-O-CO- groupings such as methoxycarbonyl, ethoxycarbonyi,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, tert-
butoxycarbonyl, benzyloxycarbonyl or allyloxycarbonyl. The term “acyl” signifies an
alkanoyl group of 1 to 6 carbons, in all of its isomeric forms, or a carboxyalkanoyl
group of 1 to 6 carbons, such as an oxalyl, malonyl, 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.
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chain or branched al kyl radical of 1 to 10 carbons, in
all its isoneric forns. 25 Al koxyal kyl protecting

WQ@r@aps798F € gr oupi ngs such as net hoxynet hyl, PCT/IB2004/002902

et hoxynet hyl , et hoxyet hotynet hyl, or

tetrahydrofuranyl and tetrahydropyranyl. Preferred

silyl- protecting groups are trinmethylsilyl,

triet Qyhtdorda h}fdro@&t ékﬂipr@tc\ W&ﬁk%éﬂo’up derivatized or protected by
|butglnethyIS| ,

pReafthe ah%/terqu)@smmmanlps Wéﬁ;forﬂh%tewpaw 91 pegr@nent protection

BNRYIRIG lfénc%ﬂfsv 'e%t Gfle sﬁw énko;yafik ?&ﬁ or dl k&yﬁ%%%gf&’ps as

speC| I es tro- or

ayiously @ﬁ@}fdpﬂ_@ﬁ)@rr@ﬁ dqygroxy@j(yj q:g)[g_:]” and “fluoroalkyl” refer to
8 élkﬁ@%é&(l QQRRed b Snéor RIoR! BfdG, BYHERIN or ﬁfd?é‘ grduﬁs

ydroxy group derivatized or protected by an
f%@e@b(@l)/e groups commonly used for the terrporary or

per "Hﬂ%%ul@ b@h@%ﬁ iR I£i?hls %!fesé?%%r?‘?h&ét thW&H %Shon‘ﬁ)" QefersttQ ﬁwe

oxyal car bonyl groups,

pd@gqrbquny n@@lﬁylem@céropﬁ@nﬂéhq@rm %ﬁl@g@gl [{aj/eprs to the addltlon of
t\ﬁc?MEﬁfy%ﬁé Ydups %’(‘l‘F‘ie cf,elrb'&{ oabdsthon if ﬁffeegldé Eham. @Ne@!;é‘lﬂlne term

radi cal gstl one Oor nore dr ox euterium

driheme dﬁf@rSg’fpéhL&agddlwsgfetbfqemtyylem Q@Hw G%Béhﬁ tred26.87-
Hl?he?hﬂ%ﬁ#é ﬁtth@Qdcilfi@r‘i of Aenetifl Qﬂoug‘ét fh@rﬂarbornez%eéfrﬁ 27 dsliBns so

addi t’i on of yl ene group term

e fof iexmple F? @P@Rs %r@ efhyégr@aas t h-'b?\”'%? thﬁe el By disHy!" refers
& PERBdAGN b SR BPBU O@Q’t RO 96h@R7iIpBstiBR & St RTEHIR? are

Li kewi se, the term1 tri homo" refers to the addition
BroPyHreddset hyl ene groups. Also, the term"26, 27-

di met fyihe fdll%@vﬁfgshsisooﬁd%?np%dﬂdé 'tl@pé?‘ﬁcu?ar@& BneduBSRuEH!

t he carbon 26 and p03|t| ons so or exanple

| e
aHached ahihe C@fhwﬂ rg?%m?sshom s mdded ’f@ H@ nagpgpclature.” For
eEmpPé;iflh memylene rg%@;s ﬁs thé alk?mné@dbgm%t Qhe RFMEL-Mthylene”

group at the and i ons SO R3 and R4 are
ﬁh%‘ﬂ? Preﬁ?%??s"h Oig‘ﬁ Harf‘ﬁ@ C?'BP‘P‘&WSnH aqn efbyensr aredisdimds,
fafk?ho%ﬂétsmé‘éﬁk@ht #tdrindongnyidHas Ehdui@ Plecedd bahitt thedhanhdte

car bon position shoul d be added to the nomencl ature,
Fempowjén%de” qr: Ig él?éitﬁi)l ithe naRtBY| group Jtiacheq e arrhen 20

USRS it HEIR epi bPGhr=RnM c&flgﬁﬁah&!rh Qﬁ@{ermsi!@(l%b”cbrmcﬁéﬁd&ould be
e h of the nanmed co an, et.h y ene group

ded A PEHE f%'l%%'gg NEERE corpauRds, i eZ‘aEI%F)HOQTH’QU”dS could

%&@lﬂedafﬂfeaﬁ@ﬂm BﬁyPeqffde‘sh@d named 20 conpounds, and so
on. In adgltlon t he th I grow attached at the
car borpPegfic %}?rﬁfegr?d,@@ q«;ﬁﬁé:pmogpn s of Structure |

edBh it i@ i istURSatuestad afe&( S)" or "20-epi” should be
19-nor-24-homo-1,25-dihydroxy-22-dehydrovitamin Dg;
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 Ds;
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 Ds;

19-nor-26,27-diethyl,24-trihomo-1,25-dihydroxy-22-dehydrovitamin Dg;



10

15

20

25

30

i ncluded in each of the follow ng nanmed conpounds. The
named conpounds could also be of the vitamn D2 type

w0 poodesioned. Specific and preferred exanpl es OPCT/IB2004/002902

2-al kyl i dene- conpounds of d2ructure | 25 when the
side chain is unsaturated are:
19- nor - 24- hono- 1, 25- di hydr oxy- 22- dehydrovi tam n D3

To- nor S5REb 2R ARy ERYRE, 23 e A ey b B

19- nor1926-26,2@dipearyl24- Qlﬂlelhnorm-?&-dﬂﬁldmXM*;Z@rctehydmmtaimhﬁrand
To- non°38" 32 RLeRY: 5 Homor RS I a2 dehydioviain B,

dr ovi ﬁ@m:rfnc ol preferred examples of the 2-alkylidene-compounds of structure |

men%g&gg&ﬁg%@ﬁ%ﬁé tri hormo- 1, 25- di hydr oxy- 22- deh

drovit
19- nor 92er-24-hdinet1RA-dilRytirdrymibarhjrdBe; di hydr oxy- 22- dehydr o
vi tam

19- no1§£§§%dm ORI AORHE™N BE_ i hydr oxy- 22- dehyd
rovit a&mr-@@-’tnhomo 1 ,25-dihydroxyvitamin Da;

19- ' -1 = Gy -22-deh

dr ovi 1 S0 2828t s el SRR 00,215

19- nor9261-26,2didimesiu-24 2ihomend,25; ity itaroiyDa22- dehy dr
it .

(1)\; ngr - %Pg(p}z? dlmeth IF4§TO(T%1 2 d]rh)ﬁiéo%vharg oxay’/- 22- dehy

drovi fl amOfTZ@g? d@.thyl—24 homo-1,25- dlhydroxywtamm Ds;

19- nongfy- 582‘?"&& Z—Ld%@imﬁrf %‘9 é/gj ?w%nm{gfoxy 22-deh

ydrovitamn ecific an exa Ies of

t he 2-18ineyRe aéﬁ@ﬂwg%tmﬁm@ 1of25s§i!hydthuv®rmm Ds; when t he
si de qg%‘opﬁ% ?rg %%rcgfgﬁ@?ﬂ @59 25- dlh droxyvbgmrn Ds;

19-nor-2 r ox

19- noA 92936 Réwinrapyb2A-dinayer zwwwdrﬂantamn Ds; and
19- nor 5 _
1o nor 28" SR he R FP o Re P AR D5 ¢ ai

D3: 160y parathyr0|d hormone (PTH) may be used as the second compound in

Jsgr‘té]r"? bspetof tild MREdtoh - R ik YRsthyrémHURRBEE Afitd BEfhyroid

bgﬂmne ragrents pryeetalolitestheneph ang stiuckgatianajetisdherept witiehcan

RBnulate bone formatron and increase bone mass. Also included are rath id
19- nor - 26, 27-di et hyl - 24- hono- 1, 25- d|?1 grox )f)g

hornrsie.relgtestpeglidastapd agiivedTagonents aps aaalﬁgmp ethvram ralated
?@ptrde@ 9890 PP ficAlios N&yW@éﬂm h@@)mkxemplary parathyroid

di hydroxyvitam n D3; - nor -
BPBRRNES 2ie Hbsipsedin thzéolwrrweferea%ﬁ tam n D3:

"Human Parathyroid Peptide Treatment of Vertebral Osteoporosis”,
Osteoporosis Int., 3, (Supp 1):199-203.

"PTH 1-34 Treatment of Osteoporosis with Added Hormone Replacement
Therapy: Biochemical, Kinetic and Histological Responses” Osteoporosis Int. 1:162-
170.

A preferred parathyroid hormone is recombinant human parathyroid
hormone. Another preferred parathyroid hormone is recombinant human
parathyroid hormone 1-34. Recombinant human parathyroid 1-34 is marketed as
Forteo®. Recombinant human parathyroid hormone 1-34, also called teriparatide,

has an identical sequence to the 34 N-terminal amino acids (the biologically active
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19- nor - 26, 27-di propyl - 24- di hono- 1, 25- di hydr oxyvi tam n
D3; and

WA 2008027926, 27- di propyl - 24-tri hono- 1, 25- di hydr oORGI/IB280W (02902

D3. Any parathyroid hornond3(PTH) nmay be used as the
second compound in certain aspects of this invention.
The term parathyroid hornone refers to parathyroid 20

&?5@%? thel 822 Bt er eoﬁgl%hﬂ)lfﬁa HohfREEE! Aﬁcﬂﬁer fBrm of

tural anaost can stimula
fParatimtroid homnehs me’rr@@sb@ weatkinrie presphkiovéntion usl paratiywid

E%Frﬁ'é@/{ Qi QC%}Q ([gi(pggrsali,g}?aatc {peptides and active

ragments an ara hyroi d related peptides
( See, Pla@mmlldlhoaa@mawr a@lve\f@ggne/rmwyiantsxmpbmqn be

aﬂjietastm dre%zgﬂlﬁ Eﬁrﬂ%c’ch ofo hy@aﬂé%%gh{?i éggq_hgllnb%\%l

er ence I Ol rea
ve%@mvatheeﬁtt@@mms kedwn iotoseshilled irstherart. , 3, ( Supp

1): 19%&%0@% %ne?’% Jél?lﬂji lto tﬂf)se(%%'@é%ﬁﬂ RS bﬁ ¥l fse in the

Added cenent
kiviegtiorcdeagdbed be@Im@a@éhyerlsb@nm@ mayt lecquamsersbcbdments be

it o g OIS SR s I, (5 oo,
YREINd maycbepaeneraipd bl dnatdngnonesergative coming raaudt changesmand testing
R ?és'ﬂbﬁﬁg \%nmrlﬂnﬁﬁml’c’ I ég Q)ermb\gﬁr?ﬁ R Conserva’uve amino

par at hyr ort eo. ecorrb I na
mﬁaw%awa@nﬁ/referdtqﬁ&entmgrcnaegleabdltxs(@f dasitlegs having SImllar side

tcﬁéthaFé}Ié@ﬁwple Bﬁo@‘of'éjrﬁﬁb'a%ﬁiol I%S/ﬁ@‘?{l?ﬁaﬁcoslag @h%% is glycine,

N-term nal am no Tacids (t y active
20810 YIS levicine; Bpo dsplevsosa g1dn @@ra@mo a¢ids heving aliphatic-

%a@s@: @meamamshy BB hPHA VS RhS ah@re ﬂ&g h&vidBmide-

arat hyroi d hornone that can
ﬁp@@@mg s'ciﬁv@hﬁmsmﬁ gsgarpaing and @lutamln@,rammplof@mme@dﬁ Baving

(a?cﬁ'ﬁétféasﬁ@é bR RE RN Ghla i, qgr@érn%' gn@%ﬂﬁpﬁa@r @FbtuF\b‘F amino

fragments or variants thereo can al ned~us
1268 Msving asice SRR ShaR§ isrlysian @r@l@%tar@shlﬁwn@sawga group of

Ahihdalcids RRRd @@If@ryd&hféﬁﬁlha §igs NHANESs K)OWMet ?niﬂﬁé\,\tﬁlonme.

skilled in the art. Parat rmdﬂ*orm)nelswe . '
tFEeTeHs eCyRPIVERYE |@m*ﬂﬁe3& . sPbstituien jgioupre arenvealing-ianicine-

mlngeﬁhaﬁﬁaﬁ‘éﬁhe @ﬁfsﬁ\t@w/é?héiarb%lﬂ@nﬁaﬂﬁé( valif®, SR Rb&ragine-

enmbodi nents, be variants or fragments
S4HRIPIRLY y- occurri ng parat hyroi d horm)ne For exanpl e,

a As those skilled in the art will appreciate, variants or fragments of
parathyroid hormone can be generated using conventional techniques, such as
mutagenesis, including creating discrete point mutation(s), or by truncation. For
instance, mutation can give rise to variants which retain substantially the same, or
merely a subset, of the biological activity of a polypeptide growth factor from which
it was derived.

Parathyroid hormone variants may also be chemically modified by forming
covalent or aggregate conjugates with other chemical moieties, such as glycosyl
groups, lipids, phosphate, acetyl groups and the like. Covalent derivatives can be
prepared by linking the chemical moieties to functional groups on amino acid
sidechains of the protein or at the N-terminus or at the C-terminus of the

polypeptide.
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10 variant may be generated by neking conservative
am no acid changes and testing the resulting variant

WO 008/0279nTt | onal assay known in the art. ConsePVHIB20¢/002902
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i nterchangeability of residues having simlar side
chai ns. For exanple, a group of am no aci ds having

al i phatheGhpdsdecshaingtive anfhy/ 568 %ubstffﬂt@ﬂ" fefers Y@{He%bstltlglon of

| euci ne, and isoleucine; a group of am no aci ds havi
ANE FRING @Ciflswity ar dikgtent Aeinoc acd rmvmg agstainneoramdn properties. A

tiMcaem Ny & Géfﬁfépc%n@m Pk é’ﬁééjﬁeﬂ%\éhngdlﬁpbéieammo aC|ds is to

contai ning side chains I's asparagi ne an

FalEe e Refmmbizasciremuansies Ry amine Aaidi @a@getﬁeb@iwaemowr@epondmg
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g o5 i e T 1 Al oo,
@@.ﬁsusuntgxbf@tal a_en(anumépf(m% s@igﬁﬁy-;bbléragfrb@;s d‘ohggﬁﬁ%%t alnH Cys:

eri Par at hyr oi d _hor none_vari ants may

ed,
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mr(s@ah %nﬁmncl?@;peéoménhgqﬁw Lehene anbt J7l 6Yd; &P (x) a small
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éﬂ%ﬁe\w lvglsutgﬁt%%}q%wﬂbge yvgpfe%own to tho e sl?llled in the art .

The present invention is also concerned with pharmaceutical compositions for
the treatment of metabolic bone disease, senile osteoporosis, postmenopausal
osteoporosis, steroid induced osteoporosis, low bone turnover osteoporosis,
osteomalacia, renal osteodystrophy, psoriasis, multiple sclerosis, diabetes mellitus,
host versus graft rejection, transplant rejection, rheumatoid arthritis, asthma, bone
fractures, bone grafts, acne, alopecia, dry skin, insufficient skin firmness, insufficient
sebum secretion, wrinkles, hypertension, leukemia, colon cancer, breast cancer,
prostate cancer, obesity, osteopenia, male osteoporosis, hypogonadism,
andropause, frailty, muscle damage, sarcopenia, osteosarcoma, hypocalcemic

tetany, hypoparathyroidism, rickets, vitamin D deficiency, anorexia, low bone mass
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P PARIRNE UTRA aBYIROGEH I8RIFLGsis in blood. A discussion of the use of
prodrugs is provided by T. Higuchi and W. Stella, “Pro-drugs as Novel Delivery

Systems,” Vol. 14 of the A.C.S. Symposium Series, and in Bioreversible Carriers in

Drug Design, ed. Edward B. Roche, American Pharmaceutical Association and

Pergamon Press, 1987.
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€SS Thosect Aonwri
Bg)adkyt. ensi on, | eukem a, colon cancer, breast cancer,

pr ost % rﬁﬂa?l?r\ﬁﬁéma ggl%gbhﬁd oPt‘chteg)(?gse '?1‘t I??‘n’velli@clnf compfr{ses an alcohol

ost eopor 0s ropause,
rfmmbbnml denvpga prcmhuug:m@ be dormmitla/dbaremmamerthpptb\eaiydmgen
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mieamuytdaeuma% Lis®fino detdS(?P(O)((BNH m(amg cgﬁn@ngé:og“lycosyl (the
rugs nus
PPl T TR BT RGRo! diee i neefe e g of

tcerldohgadraat),l ent. The term "prodrug” means a conpound

that lVéhetnraacr:]osl%;g)orumcei of tRe }érevs%n{ mvé/r{ti%ln Ccl:o%prises an amine functional
group, a prodrug can be formed by the replacement of a hydrogen atom in the
amine group with a group such as R*-carbonyl, R*O-carbonyl, NR*R*-carbonyl
where R* and R* are each independently (C;-C1o)alkyl, (Cs-C)cycloalkyl, benzyl, or -
R*-carbonyl is a natural a-aminoacyl or natural a-aminoacyl-natural a-aminoacyl,
-C(OH)C(0)OY* wherein Y* is H, (C-Cg)alky!l or benzyl), -C(OY*®) Y*' wherein Y*°
is (C4-C4) alkyl and Y*" is (C,-Cg)alkyl, carboxy(C,-Cg)alkyl, amino(C;-C,)alkyl or
mono-N- or di-N,N-(C,-Cg)alkylaminoalkyl, -C(Y*?) Y*® wherein Y*?is H or methyl
and Y*® is mono-N- or di-N,N-(C;-Cg)alkylamino, morpholino, piperidin-1-yl or
pyrrolidin-1-yl.
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conmpound of the present invention. The transfornmation
may occur by various nechanisns, such as through

whasotiwss s in bl ood. A discussion of the use PET/BE2004/002902

prodrugs is provided by T. 1H guchi and W Stell a,
"Pro-drugs as Novel Delivery Systens," Vol. 14 of the
A C S Synposium Series, and in Bioreversible Carriers

i N Drjg Ry ﬁgmagg%%ﬂ/a%cdce%gy?saltﬁ Fs%%ontﬁ;ig;nionic
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gidﬂganE)gﬂd |%@P&ﬁa8f&sﬁﬁfpgopﬁ}&b5é/ ca(b%HCPhc%?)horous fluorine
(3-di et hyl am noe; Cl- C2)

RPCI‘\PHPFQV@EDC'G% &l E;ﬂ Er b8 %agg%iyﬂcz)sm%wyaﬁ%mmunds of this
Piv@ﬁtfdnqwﬂ?& conBif 1hesd AldsotdPEs HHIRR %kHé’r‘ %ﬂsot@é@f@ﬂe’r atoms

Simlarly, when a conpound of t present 1nventjon

éwih"s@@ sspPepf il ventionn dtitiaed) i.qyr bb@nd gampeadtue. c 26
pé%hcflé!ftéﬂ'é% a@é’ pérﬁ&:!ér@@r&@ﬁé@ﬁ? trir éeﬁ% SIBALRERRN Ak AR ability.

t he al cohol group with a group such as

(@Q@)@Hﬁ(ﬂ( g%@/qugg§, ﬁ@hﬁyrpventlar( gmgenerally be prepared by methods

(R RhdAOUhEkBEMN the art. Conveniently, such radlolabelled compounds
1-nethyl -1 (de1 C6) al kanoyl oxy) et hy

€9) be Rl@;@@ (g:ﬁsyyxag@%m@qocedures dlsclose(s herein except substituting

B"rééémﬁQ@él@blé%di&%é?l@&%a@@hﬁ@ﬂﬁtrﬁ)ﬂradléféﬁéllé&q)éé er{t Cl 20
C6) al kanoyl, a-am no(Cl-C4) al kano

a- ani HoWERe recagnizedyyingrens pt qudingry ﬁ'@%\ %e avsﬁléatéO@saﬁthe

BorAPbUHAR &Y thisdhiABor ﬁa\)e"éﬂ RRENGIED ééWnr%Sin@ %b%nfaﬁ&mah@ therefore
naturally occurring' L-am no acids, ) (

aﬁ@a@@gn@rsgg;ﬂggtﬂgomr% Pigstafemeyic n’(l)ft|(=|l@s can be separated into

their individual diastereomers on the basis of their physicochemical differences by
methods known per se as, for example, chromatography and/or fractional
crystallization. Enantiomers can be separated by converting the enantiomeric mixture
into a diasteromeric mixture by reaction with an appropriate optically active
compound (e.g., alcohol), separating the diastereomers and converting (e.g.,
hydrolyzing, including both chemical hydrolysis methods and microbial lipase
hydrolysis methods, e.g., enzyme catalyzed hydrolysis) the individual diastereomers
to the corresponding pure enantiomers. All such isomers, including diastereomers,

enantiomers and mixtures thereof are considered as part of this invention. Also, some
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Soviienin pevitadly eaner oafitlety  magnesi um  anmoni um or

Ry DEIVLRIRE T Y fH83ent
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amwﬂmman@rawgerma@omnmmmoﬁg/agmwgo 1 Mg/l@d/@div pref&ably
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i Bong tEfteg Thine S2GD o i srobar e PEheds

reddhirdstsatioio ped oa tie jodgrodritesf th@drexscﬂlﬂh@ pRysickin. athiaebecause of
ar.e t h| s.inven

Bl iy BBV Mol 1% 5888 By Heorp B Rliglpes ana the

physician may titrate doses of the drug to achieve the treatment that the physician
considers appropriate for the patient. In considering the degree of treatment
desired, the physician must balance a variety of factors such as age of the patient,
presence of preexisting disease, as well as presence of other diseases. The dose
may be given once a day or more than once a day and may be given in a sustained
release or controlled release formulation. It is also possible to administer the
compounds using a combination of an immediate release and a controlled release

and/or sustained release formulation.
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radi oi sotopes are particularly preferred for their
ease of preparation and detectability. Radi ol abelled

wa@orssoeTeds of this invention can generally be peEpE20ed02902

by nmethods well known to tihose skilled in the art.
Conveni ently, such radi ol abel |l ed conmpounds 20 can be
prepared by carrying out the procedures disclosed
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iﬁﬁ{also within the scope of the inventio

Ngiagepig SHEhaHROlY Y IRYB RIS R e sUGPSe, igeiatip ﬁo@ﬁ@a% can
b@d%r&auanubrr@mg)&bénwuch de hia¢fiesiuth S8R 86diah l&Lll'H/I%ulfate
ntion_systemc and/or locally. These methods
% e&ﬁsf{ Verésa'ﬁ%fa t egfélo'ett'ae\ @Hrﬁ’ﬂﬁeéo%@'ééﬁmpoﬁléi%?e@f a similar
@}p@ ar&‘ﬁl@@ embloyed b6RllcEDIRROH BAS I"@fd—fll'[&'g%ldtlﬂ‘éﬁ?édléﬁ" pfdf&rred
adm n red orally, hut arent eral adm nistration
gti?é" dlspgngl

('E"%’as 'P i CRADR &lachose or Ak sugafasliag high

mh&we@hﬁpolyeﬁqﬂe’ﬂe glycolsm\/héﬁ%dlbb@d MspBRYor€and/or elixirs are
ere oral admnjstration is

%ﬁ%{?‘fa?%rpq!?lﬁdgm?'gfa?gﬁ’éh? gqr@&xuqﬂs (3 @vgrp{@n 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
glycol, glycerin and various like combinations thereof. One example of an acceptable
formulation for 2MD and other 2-alkylidene-19-nor-vitamin D derivatives is a soft
gelatin capsule containing neobe oil in which the 2MD or other 2-alkylidene-19-nor-
vitamin D derivative has been dissolved. Other suitable formulations will be apparent
to those skilled in the art.
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patient is unable to ingest the drug. The conpounds of
this invention may al so be applied locally to a site

WO 2006027905 a patient in a suitable carrier or PECT/IB2004/002902

15 . 2MD and ot her 2-al kyl 28lene-19-nor-vitamn D
derivatives of the present invention can be
adm ni stered to a human patient in the range of about

0.01 g?/ofEI Qt‘frgoéé@, dﬂbé’r*éhtelé? a@/rﬁﬁé’traﬂenpécﬁutﬁfn%‘?ﬁjséjs%%%g& peanut oil

range i s about O. /day to about a nore

o &W@'ﬂf Qfe@é@“@ 9 gan l%e applayed. as \@@? %ﬁa§leml@ aguenus solutions
&f thedoflashonding Mot EbiuvR BAS eSuéP1r a@ﬁb@é BALRIAE QY @%@ably

active fragnments or variants hereof 1sin
?’éﬂ Heredd “938%??{3’ e Jroiouidylilvgntiist readerediigokanieiaijh sufficient
Qém‘feedr@ﬁlcwse Qh@@éqde@u@séutr@“{sk&é @§Memaﬁiy%ﬁ£t§é fo‘?“?ntr%gér??us

terlparatlde is %#) ay. The anount
i

éiHFﬂn?Hng PrapiiRsHtappeys a nfé%nﬁrg@eab@%}é% AdeasesHin thtShe
SUhhRG6N, lﬂﬁé sﬂ&nlé é@iﬁo@g meih éﬁ%lo‘?@d’ 8fd i¥reQbily dHRaina dble by

afflicti manner dm ni stration an

Sdpd mue%yvelg h'éo"lfﬂ @é'&‘?ﬁ%ﬂﬂlfdﬂ%yﬁ @t-an. Thus,
bec auser pirpades @Nrér%fdibrrﬁ& @3, 't@;ﬂ&al)’é’dmlﬁ@trbhéry dllLE:l[Q Sterile,

osages given herein are U|dI|nes an /E Si Cl an
ﬁ‘ﬁye StF g?féﬁ'&@&é%ﬂ@r%&%l@ﬂﬂKlefgiai'wnaﬁhwteoé"/q i9eb% eenraentsation),
olrwib& SinAvS it #dve PARKEAST SolRBAS ARG ipAdrdpr the

t t he degree of treatnent
B et oF BRoa O e B R ba omeeng wih @ crtain

faanuar & a&ﬁi/éhngi@dl@ﬁ%r@f(ndv\hﬁ P ill !%‘épparéﬂt%@#?ﬁ Bf fos disclosure, to
as well as presence o

reex

oS8 Sliled NS h A 358 SxarPies otmefhogbit Bropaneo ey maceutisele

icbmposiime, @e@mm&dn'ﬁﬂha%@uﬁ&ﬂ Sclkndes Wi FBfshin

rel ease colg ﬁ%éggreleas formulation. It is also

GESBRRY. @oa?@n oftri R E8ftioR (9% onpounds using a

colrrbl mmr%@écwﬂtnaﬁr@wngmermrﬁa%g.%@?@tsmgﬂt r\c;\!ol ed

rel ease an ust ai ned rel ease fornul ati 0

2005/ 62 ﬂl%“%@g?fsas%@%w}d@ﬁ%&m“vigwm@ dgyative stuches én

Cbmamdajf chﬁlﬁ |, an@ b lpybintiRRetidallf) 2R8EptbIE BHrBr Q diluent in a first
Iil vat i and parathyroid hornone or active fragnent

goga08 rmt hereof or the conbination thereof can be

accor di rey dnoouahyf m&hyrauwmr]e ohbe éaﬂ\fetf%hémﬁﬂ Viffiant thereof
tines a once a

B8 Pnieerricanforetiibie ier s fient fer Second ust desas form;
anditi pl e tlmas every two weeks, once a nonth, nultiple
times _a _non once every two nonths, once every

t hr ee “méhtH "165nce every six nonths and once a

The kit comprises two separate pharmaceutical compositions: a 2-alkylidene-
19-nor-vitamin D derivative, such as a compound of Formula | and a second

compound as described above. The kit comprises container means for containing the
separate compositions such as a divided bottle or a divided foil packet, however, the
separate compositions may also be contained within a single, undivided container.
Typically, the kit comprises directions for the administration of the separate
components. The kit form is particularly advantageous when the separate
components are preferably administered in different dosage forms (e.g., oral and
parenteral), are administered at different dosage intervals, or when titration of the

individual components of the combination is desired by the prescribing physician.
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year dosing are non-limting exanples of dosing
schedul es for 2MD or another 2- al kylidene-1

w®20080027%13% ami n D derivative and parathyroi d hoP@DIB001002902

active fragnment or variantlthereof or the'

conbi nation thereof. 10 The conpounds of the present

invention are generally adm nistered in the formof a

phar I ' [ rdySd .

e TSR oA RRL I 20, OMYIBP ok BBFhot0 el

;bh@mmﬂdb@pacdagm iralvistep ead kee beihg videlyorsedifortbe packeging of
; .

AGERTRRAINI Aheb i AL 00, DR BTG Shirbas

genersijecanaibt efessiget ¢fc§etatlvqy's sttbmaterial cayeradnvitht a foilioda a

BB Rahorkont ERERE Rl Rl o ¥R ok d6ing BBl ecesses are

mmeﬂrsthe@mtw Toll. Thekrecegsas! fewve tha:sjm amdwsm@e\xmhaiablets or

ué’ﬂégqgﬁé ﬁ?&@ﬁ ﬁa@%' tgg]g&g%?éﬁjl%scgﬂfeyléﬁ% (ﬁf{qg(?&?egges and
dtessheete@‘rraat\@lmlﬂhn@tsnaltlasfaaie(hagamqj ithef plmsiisl fgil pidhefase of the

: : il i
950 SRS PAMESTLEE RO Skt o st e

septitgbe tab@iﬁﬂ; ar ¢apsdﬁ$j aeee ozdled in tiag m‘cesmajelt\yeen the plastic foil and
I )
ltHaé%He%f" «%f get Cf}{éﬁl? 0@?90 ?%%6@31] etﬁétetﬁé ?%b ts ?P(%'pgtrﬁés can
tbamréwadrfgmput\emhstésr)acgow asuaty @splying rmessureaprsihmre@sses

f

Whe %b? aﬁ ogtaﬁﬂ%f%rf&ln%ﬁqﬂ tAe sfzéét af e dIeQ: ‘;tg the l%@gss Tre tablet or

tin capsu es,; pre err terra

' Pﬁ@%"ﬁ:@ﬂﬁﬁ-h@ﬂ b@fermv%wawaal@e@em@@t ose or m I k sugar as

wel | méﬁaﬂet@gwﬁe éé‘ﬁ)k @e'omﬁ@m S ﬂtaecfe.ln% of

When aqu Ous suspensi ons IXIrs are eS|r
fnembeiisdlexiigheiabletssaricapsulen wh@@W@m@gﬂmrsmtrgsmnd wnth the

Idayse&tth@ré mt@mm@c&&%@e%r #n@&'%hédf@ﬁé d Another
H

ag ents, avorlng gents (0] ag ents,
@g@n@lg of aw@/a:me@g@/p%tﬁ agalaqéaﬂuosmted@mtbe Cge 6 @u@fhfo ows "First

@Yéékemt)ﬁd A TUWREY, . &kharken wm&%a gtué‘s% " gle. Other

cerin and various l'ike co atlonst ereo

SRt obmeeryzidsapt Apireadly Sponienl. & tolly dee” sarbengingle
@éthﬁ lor ga&'ul@’dr s@?étgrtaﬂte% Mapé’uléé"f@ 4 tQkéir?{)h ¥§tvb¥ %éy 'A‘tsc?‘ a

atin capsu e contal ni ng neobe ol |

tdﬁ'é/ @v%oa‘)a Fetrpida | corapquyd. @driedrag therenf or eumawapemca"y

@@éép‘t’a”tﬂé ¥4 d1daid Q:%%oﬁlhé Py @?rodgdj@efn SHslp Fre tablet or capsule
formul ations wll be apparen to those skilled in the

ahile aggjhyinss/of thepesomiCepmnposigancrogist of szmerﬁbtablets or capsules
RHE PRS 98rsaf THRANKSMbE A AW fdfREl ki on, sol utions in
sesane or peanut oil )

In another specific embodiment of the invention, a dispenser designed to
dispense the daily doses one at a time in the order of their intended use is provided.
Preferably, the dispenser is equipped with a memory-aid, so as to further facilitate
compliance with the regimen. An example of such a memory-aid is a mechanical
counter which indicates the number of daily doses that have been dispensed.
Another example of such a memory-aid is a battery-powered micro-chip memory
coupled with a liquid crystal readout, or audible reminder signal which, for example,
reads out the date that the last daily dose has been taken and/or reminds one when

the next dose is to be taken.
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or in aqueous propylene glycol can be enpl oyed, as
wel | as sterile aqueous solutions of the

wa@erosespendi ng wat er -sol ubl e salts. Such aqueoRGT/IB2004/002902

solutions nmay be suitably 2buffered, if necessary, and

the liquid diluent first rendered isotonic with

sufficient 5 saline or glucose. These aqueous

sol ut pas. gﬁ‘de%éﬂ@%ﬁl/ itanift ® detRlafvd Qhd ‘cl'{étd'a‘?é(tﬁ{/‘f‘aldishormone or

I ntranuscul ar, subcut aneous and 1 ntraperitoneal

pefjve drepmenirivpdd §1eraaf cambe adadtisieredi b e samee dessgpferm orin
I btagiy,

S s

a@mlnlsprghorprme@g@se@e spntemgleadate rArrefersegymethogsif ggm)nlstratlon is to

Qﬁirﬂ?n@tffttﬁ@&drﬁanatlgh Iinutf@ sértn@rdb% ?onacﬁ @ﬁme Another

partia agueous sol ut1ons i n about 1 %t
Bfars lmlatfatl@nmethwtlm@raﬂny@sarmq Ikwsietnﬁewamwiamm D

Géf\%ﬁ\t/eeﬁ@ne%gébte'f an drath | Car\&%on%%‘aﬁf%ﬁ menljt] or variant

E@eparl ng vari ous ceu conpositions wt

fachinmancdirsieth @M%‘tafﬁ taken gt & eame Bine. known, or

Il
41| PROBERAN o £Vl Sl Metndl ks ekl
parépdanlyn‘gx bhhoxya&:mamyle‘eﬂ ndrSitavim Dsiompousds, Sering the basic

P Publ.i shi .
%ﬁ cuﬂ%ﬁ 89 Be &%HEE&%H%&%% @.ﬁg%ﬁ&?hrgg@@, i he cbrftfénsation
a’sqx)blcyChoNV mdiwsgﬁrem‘rrﬂnn tppeckatomo llivethahé atlylic phpsphinenaxide 1l to
t -
gﬁgrc%&gswgﬁgséa%ﬁfﬂglén@ll 5—%:‘ Qt‘gﬁﬁ Jf??ﬁ%%ogrs l\/tfafq%d%ﬁ( Gdegrotectlon
ph@ﬂrmweﬁzlﬁiim:ﬁnlellqlteac@efmmb#;e carrier or diluent in a
first 20 unit dosage form b. an anount of
par at hyroi d hornone or an active fragnment or vari ant
thereof and a pharmaceuticilly acceptable carrier or
diluent in a second unit, dopage form anli c. a
contai ner. 25 The I es two separate
phar maceuti cal co [ - al kyl i dene-
19-nor-vitam n D |deri vat h as a conpound of
Formula | and a slecond X nd as descri bed above.
The kit conprises

ant-didner neans for containing the
separate conmpositiong sdth as a divided bottle or a
di vided foil packet, “however, the separate
conpositions may al so be contained within a si ngl e,
undi vi ded container. 30 Typically, the kit conprises
directions for the adm nistration of the separate
conponents. The kit formisQRH, cul arly advant ageous
when the separate

2

\
Y0 ov;,
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conmponents are preferably adm nistered in different
dosage forns (e.g., oral and parenteral), are

waeivsie®diered at di fferent dosage intervals, oPCTAB2004/002902

titration of the individua conponents of the
conbination is desired by the prescribing physician.
WO 2005/ 027915 PCT/ |1 B2004/ 002902 21 An exanpl e of
such a kit is a so-called blisteg pack. Blister packs
are well known in the packag ng |ndustry and are
bei ng wi dely used for #t Yo [ ﬁynaceutlca
unit dosage forns (taplets, ~, and he |ike).

cered-wth a foil of a 5
rStifg material. During the
packagi ng process recessgp are fornmed in the plastic
foil. The recesses have e size and shape of the
tabl ets or capsules t® be packed. Next, the tablets
or capsules are placed]in the recesses and the sheet
of relatively stiff arjal is seal ed agai nst the
plastic foil at the¢ the foil which is

preferably transparent p

seal ed in the refesse N the plastic foil and
the sheet. Preferably |the st rengt h of the sheet is
such that the tablets or capsules can be renoved from

. the blister pack by manual |y applying pressure on the

recesses whereby an opening is fornmed in the sheet at
the place of the recess. The tablet or capsule can
then be renoved via said opening. 15 It may be
deSlfﬂbh@s&@ﬁ@@@“‘mea@iNEQRMMS&HQn@?f&ﬁ?RKé&es&ﬂ%ankn

the formof nunbers next to the tablets or caps

WRIsdAPoY e &1 Rid e P& RBTEFRIYY BrToni-pretaatiag gepaps, ibheingalso

ruﬂ@ér@‘t@ﬁd wat sHy fuh&iofamiad i Rahah mghemesdrkitied o?'?l%él rﬂeﬁb@e with
ngest ed. _Anot her exanple of such a nenor

@%ﬂ coRdensafion wesipnohe F‘H@%Prél’t%’teﬁj as 'ayveﬂﬂsnpww thg,arts tThe
Vasksss Montamovd, té@ﬁéi@bfts an QMF cation o?@rﬁé’%v%@lﬁt s%@%&oncep’r

vari ations of menor

R T8 becranrie s for the prasRrafon 66 taria smppunds [e.g.
$ithgdeet . aW(EHenD So6.ARFKhETBhs. SIEBEH @1*97%?‘%@:5% ®@hem. Soc. Rev.

Gol8 By Byl . Crademssnth. 4 1hi (9% pobisBnies il of O

(Chamet, 3008 ¢risk, Saﬂﬁrﬁ‘ae&teﬂb eg@neldheﬁi‘ 5$a12é4<(@§%§u br@ Chem.

{
3 200 Rl s 88 U 0% B B0 b ot ol et o
Gﬁ3sevaral tabl ets or capsules 25 and vice versa. The

menory, g shoul d, refl ect %his
ydrindanones 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)]:



I n anot her specific enbodi nent of the invention, a
di spenser designed to dispense the daily doses one at
wW@2a0507915 t he order of their intended use is peDIB2ded02902
Preferably, the dispenser i2¢6 equi pped with a
menory-aid, so as to further facilitate conpliance
with the regi nen. An exanple of such a nenory-aid is a
mechani cal 30 counter which indicates the nunber of
dai | y doses that have been di spensed. Another exanple
of such a nennry-aigm}s a : power ed m cro-chip
menory coupled withd Iiquid cryst@,yeadout, or
audi bl e rem nder sggngl which, for exanple, fgads out
t he date that the dai | y dose has been taken
and/ or rem yfds one he next dose is to be taken.
WO 2005/ 027915 PCT/|I B2004{ 002902 22 The
-1 9-ngr-vitamn D derivative and the
par at hyroi d "n? or active fragnment or variant
t hereof can be ladni’nistered in the same dosage form or
in different éﬁsage forns at the sane tine or at
different tinmes. Al variations of . administration
nmet hods are contenpl ated. A preferred nethod of
adm nistration is toy, > adHwprsSt e~ the conbination in

preferred adm
2-al kyl i dene
dosage form and pafathyroj d hornone or active fragnment
or vari ant i n anot her, both of which are
taken at the sane £me—The preparation of

la- hydr oxy- 2- akkyl g19-nor-vitam n D conmpounds, 10
particul arly 1ca-hydroxy-2-nethyl-19-nor-vitamn D
conpounds, having the basic structure | can be

- acconpl i shed by a common general nethod, i.e., the
condensation of a bicyclic Wndaus-G undmann type
ketone Il with the allyl ig _phosphine oxide Il to the

correspondi ng 2- netHyl <nor = mn D anal ogs |V
- followed by deprotectijon at C1 amndO8-3 in the latter
conpounds: 15 CPPhp JAY20'11% OY 1 11 (h)

(i)
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11 20 WD 2005/ 027915 PCT/1B2004/ 002902 23 RIV HY

0O~~" 2 OY) 51In the structures Il, I1l, and IV groups
wQ2o0a/0279¥2 and R represent groups defined aboR&T/1B%004/002902

and Y2 are preferably hydrxxy-protecting groups, it

bei ng al so understood that any functionalities in R

that m ght be sensitive, or that interfere with the

condess @id @Qpérﬁtﬂﬁqtdf% re?@irédﬂ bﬁ@ﬂ@hmemme@,caf 8Endtal dtdicture 1ll, a
wel | -kngwn in cess shown above

rieé‘b$yé‘§@ﬂ‘f Eoué%haas&iﬂef‘éi&t’?'@??%ﬁtaﬁﬁ‘é f@&hv@lﬂﬁ’éﬁ‘ﬂm'ﬁtﬁﬂ@@ﬁt@e 1,
SRIESREined fombbehcras (IRER, @@BRD-@-‘)’-q@fnfc%‘did é(s?&lé’scﬁ@éd Byhe

|£)re aratjqn of vitamn D co oe et

D aly Eesahetion Lt her 768 BT and Beicess y UL et No.

5—&861me,Th@tﬁ€ﬁall Qﬁ:es%rans%m%ﬂ&l 6&98%)artm5q{ﬁetﬁ ie%’tem into
Chem 4 1414 (198 3 ggl ol i ni

t@ daa%ﬂ@@m syggpongdggur(@gg@ thedpGhems . g hus a}cbe sggogdary 4-
@ml drdup dfaﬁﬁas(a;&ﬁ@d w1ﬂ1 RQDQ ga é?a‘tslmuc method J«@ﬁﬁa&dﬁa‘fr@) MalO,

Luca et : DeLuca_ et al
3§ ag-oxsint). ilée of ‘i@hé‘ %@Gg %B’F“t ‘M%l P?%ﬁw@rs,arb?ﬁq%e oxidation

;g@é&rs,@hh%t\r iﬁlhk!éi‘edi hyd6:81. kH@W@verobth@aﬁwob@c&ﬁﬁBﬂIS/ @Qed)y
kKnown net ecjfic |g ort%%‘fexa | es of suc

QIR BRI o PR e AT Flp] AR R fapgtons
@sudw @@t ucaibngdriime féﬂdorﬁmandrd)m&%bh@ erpap essynthesis

ciriges P Wikagcenant s e sabs ragBe Ko brro ity e
Higé prepaled)fran mbmﬁ/ftrﬁiheﬁylpt&isphoﬁihﬁﬂbroﬁﬁﬂe ar@0n-b@Qrthium. Other
éﬂls%g Z:%A bqulsau OX e@%‘r’m&%@%s o{ tgg%zjeﬁtlg/g%@[tr@?%%gﬁgsphhrane
e t-BueK( N)aNHWNBﬂﬁW-IMP',F MNaN(TWB),, etb2for A8 prdpbPaohlof thA-
r%gt%?/erg)ez gogr%psoulr:; /slo%zeo eAé{m %%lglg%odlﬁca%o‘]s of the Wittig process can be
used, e.g., reaction of 2 with activated methylenetriphenylphosphorane [Corey et al.,
Tetrahedron Lett. 26, 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-toluenesulfonyi
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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0 (J) O5 (h) O (lI) Fi 0 WO 2005/027915
PCT/ 1 B2004/ 002902 25 For the preparation of the

wo egaioe®ds phosphi ne oxi des of general struct urBCT/IB20042002902

new synthetic route has beém devel oped starting from
met hyl quinicate derivative 1, easily obtained from
comercial (1 R 3R 4S,5R)-(-)-quinic acid as described

O SR 1, g SR8 g 2962 53,
Widigdtlorneyrepeipling aftthet lithinsT pirasphinoxy edrbarien gereratedfom 8 and n-
B R Ay 165 R RSN 0 e
lhg Bvldighed proergurefSicinakhet alxildMeddChemnh3RIFA0 (1994)] gave the
%%@ét%/ci brotedRIaAG 50'9%%19(131 02rhid\akd4e ?&e&@h%%@kéw-m
Use o or an

such a strong Oxi dant was necessary
ehfierceichangsdediataifornled J oo dibydrbxy-Binsetindene-t@-ndevitachin D; (11).
hydr oxyl. .~ . r n .
o Rl 165 AEERRSTE) e Ui coping or e

dhosnhireadéde, 8 wlth hotephed (ROS)-@adtydmmxy Grursdnadring kedone 13
e, f ¥ :
THEREME S ph Tl ERTRERIN B8 BB ERRPEyei g byarowy-
srdedtinglgrqupkigade (296)-4&;Gﬂ-dihymnneimmbtwmd-?-hdsrggtamm g£(1 5).
f hyl t I ro e .

DR e PN DA BB S LB b 5 Beea o
F;l%meﬂtbg @gim?\cl‘a lliﬁ;me fgr iexanEIet ierthgzmﬁpy;anéétwlaltrem 9-%&—vitamin

- - J , etc. For
H?@SB&’S Bﬁiﬂé{ﬁd&{ pé?v'q'%ﬂiﬁ élﬁ@?{ﬁ?hﬂ E%e&’&ﬁ'vz@bnd 3 sone
descr iMlieidcurnetits ittt ih ¢S applidatien, \Mdltdity patente 28d patenbe
Sy AR rSte gblampiespesentd blow
Bed inadneldd anillustate paiiculabrEmictianat of hktiientdr arel afe not intended

. i del. for. hyl ' f
PR O e R BN Wt g- Hor ner

reaction with :

Examples
The following abbreviations are used in this application.
NMR nuclear magnetic resonance
mp melting point
H 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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20 the PO-ylid obtained from nethyl di phenyl phosphi ne
oxi de upon deprotonation with n- butyllithium][Schosse

w@e00a402791Chi ma 30, 197 (1976)], or reaction OPCRER2004002902

wi th sodi um nethyl sul fi nate [Corey et at., J. Og.
Chem 28, 1128 (1963)] and potassium net hyI sul finate
[Greene et al., Tetrahedron Lett. 3755 (1976)].

dM gfii on of the ester 3dY¥ gntgia'ldrﬂﬂnHm@dtlHénum

ride or other suitable re agent (e.g.,
Ib BALH) 25 provided the dlltblumdlmpmymd%ubsequentIy
oxi di zed by sodium periodate to the cycl ohexanone

d
t5el*8rgr |3V q?b fo rat.;&g gfc c ug(ifj sedtS’thigrrggI{%gln\,gerg %Stsf%ﬁtﬁ HB'd. $2%ent No.

met hyI tri rretﬁyl S|Iyl)acetate The resulting allylic
ester e
eSLer | PinplBxdfRl 5;% Molpfodlicls 30l B WELALRLAYAE €%, 1, 2,
B elag refentedhe @eplﬁeswreedo ientifieg! iptsprrreding desheipton and in

§Qﬁé{rﬁé$bﬁ(?188{en78 o 8 30 involved 3 steps, nanely, in
situ tosylation with n- butyl l'i t hi um and

p-tol uenesul fonyl chloride, followed by reaction with
@i phosphine lithiumsalt and oxidation with
hydrogen peroxi de. Several 2-nethylene-19-nor-vitamn
D conmpounds of the general structure I'V nay be

por onr e e liPh BaE st e gilade tetel Wil og 1o
26 Grundmann ketone |1 having the desired side chlai n
of |t e e oA Bifing el A R0 TenGAR 10
ahigingd figm sanmerpial(mraninitaciches gessirived @deVBﬂJSIME’edmyn etal,

g%@g%%gf@gg@g@y %ﬁﬁ&%o@%‘i%‘i d%q@ Pal. gu?%giggga?ﬁ 1:mp.

@2@@21;‘]0 gfeare heseoe s ' NMRICEEB G1Q8A, 6 10] 0.442,rarcidipisedch

JJN Axéua-@' 556’5%5 85&% Wl Whd BHAG VXG53 1 8% (1h,

exC ange resi
dd2~5~1611h96 Bdiay-ZZOMthdOEdeién.@-mmrz ¢iHzaE.00 OB, ddi1)=14.3, 2.8

HE ri,zat |sh .
IRl Raar i AR 48 RER (VR B B e
pﬁ@t[é& @d JF&@Q 6 Elz) Rydr(3ky8),@: tih(d h"almr)m. £3KketHhn®e, 433 (1H,brs,

EME 11) and provided 19-nor-vitam n 14 which after

hydrol ysis of the hydroxy- 10 protecting groups gave
(20S) Oxiglation df%l%drmyyrmmeme}hyémemmmﬁmmimeam n D3

(91ﬁ2)r (V@?Q&Q‘S%@Qﬂ?{& Id'mewsb@&% §‘?’§‘¥%‘ “by the

asedyslgheavetarbaalihagie MethyFEqstere()Zémﬁ b@ stifred mixture of ruthenium

SPGB e ek WA B 0a0 B0 o

water (42 mL) was added a solutlon of methyl quinicate 1 (6.09 g, 14 mmol) in
CCl4/CH3CN (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,
4xSiCHs), 0.908 and 0.913 (9H and 9H, each s, 2xSi-t-Bu), 2.22 (1H, dd, J=13.2,
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Al'l docunents cited in this application, including
patents and patent 15 applications, are hereby

w0 pwsoporat ed by reference. The exanpl es presePtBIB2004/002902

below are intended to illua8trate particular
enbodi ments of the invention and are not intended to
l[imt the invention, including the clains, in any

TRTNRE), 2@8@1\@'«%% 1299 EhGH‘ 'é@?’\'hrl’ﬂ dabﬁfﬁ\’d %ti 027285 %1H, dad,
i

VR nucl ear

S s iaf 1 @) a1 Tyt S bk &6 616hue( YY), 528 (1H,
nddn JH11n?“6Q§H£ ﬁs rh&r(ﬁeﬂw%tenéf Fnb &l ahy %th—ﬁuag.?? 3?]7 (M++-t-

n- BuLi n-b f hi um mass’ sp ectra

PP erAd), I%él@ﬁ %@Frht_"@g(ﬂﬁ%y SEM standard error

SUNGiERNHeadtion RR#BY-ketdfRe BBt Nyl  Et ethyl WO
3885/ 02%15 B 850041002802 ~ 27 DI BALH

di i sod8RyRABEnBipliattiytridimethyisir) et tihyeroxy-4-
(hétRABRPbRILAC RSy RS RBANAHATESR (PGS of

For mul a were set fort In

S“@Mtﬂglz@y@@omnr%wgromlﬁeK%éé%ge&aﬁmr@@) ingplydrouse THF (32 mL)

Félw@b' Q\.ta% aUQ&i‘&r' FW%@ nOSUIAT @ BIFinHeES ! 8, O(rﬁL 915 mihol) @inder argon
refer to the specific structu

|Vﬂ®rﬁ“rfingeé\npme& Mi%}@‘d\é@l’*‘w Beé281%9. 7o$18 ampl)i wes tBemadded
lan@nie SHBARVak Istirddat 0°C. for 10 min. and at room temperature for 40 min.

The orange-red mixture was again cooled to 0°C. and a solution of 4-ketone 2 (1.558
g, 3.6 mmol) in anhydrous THF (16+2 mL) was siphoned to reaction flask during 20
min. The reaction mixture was stirred at 0°C. for 1 h. and at room temperature for 3h.
The mixture was then carefully poured into brine cont. 1% HCI and exiracted with
ethyl acetate and benzene. The combined organic extracts were washed with diluted
NaHCO; and brine, dried (MgS0O,) and evaporated to give an orange oily residue (ca.

~ 2.6 g) which was purified by flash chromatography. Elution with hexane/ethyi acetate

(9:1) gave pure 4-methylene compound 3 as a colorless oil (368 mg, 24%): "H NMR
(CDCl3) 6 0.078, 0.083, 0.092, and 0.115 (each 3H, each s, 4xSiCH,), 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,0, 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,3R)-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 anhydrlous THF (8 mL) lithium aluminum hydridé (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 aq. Na,SO,, and the mixture was
extracted with ethyl acetate and ether, dried (MgSO,) and evaporated. Flash
chromatography of the residue with hexane/ethyl acetate (9:1) afforded unreacted
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EXAMPLE 1 Preparation of 1 _ _
a, 25-di hydr oxy- 2- net hyl ene-19-nor-vitamn D3 (11) 15

woredospeiongyy first to Scheme | the starting net hpdT/1B2004/002902

qui ni cate derivative 1 was29obtained from comerci al
(-)-quinic acid as described previously [Perlman et
al . Tetrahedron Lett. 32, 7663 (1991) and DelLuca et

ahbstral;é @2 ritptand Dopurb, &?ﬁalﬁr?elailol 4%3%%8133’0@ Base on(r ERBled

@3)6%'@&@#* @é'a‘é‘%@? &0. 0&9«@ Q%s? 109, agD. ézﬂj(eecmaﬂ dehis,
amshc@ﬂ o%slamm 93275(9Htan%® eécﬁg%&}t-?z) g%%g‘{gH tyl~12 Ha),

A0 bt (45 2 01072.00 (31 ). 6.2 4QLHH ancHH el
J=1 18 HE), 44664(1H2t éj~t*é)H 24?&({4 ng} é@g é‘?lgthszW ls—lz)%')m (1H, 1,

533—45 §§Z '\AS méz quawewten&ltsem(l\zh 13451+ tBIE S), (&NMM—B@—HZO

b)) 218 @s) QoA ed)i P8 (R0)4- hydroxy group in nethyl
derivative

?gkngﬁﬁbﬁs@ug jalyrpirei hmvfim(aﬁwev knfueriel 10)rokyg mmoh ywds arded
waﬂsolatm%fmecé:e.@ﬁ@@%rrhéﬁwé hw%dﬁ% gnr?{%‘r&{ etﬁﬁg‘vl(g "mé_%%? 78°C.

Toastlrr d m xture of rutheni'um

HYAH GE90n 438 mpgurewas ﬁwfﬁo) atar 8°G der i arnsrat oa4Ce for 1618,
Gllutéﬂwﬁh it (10 hil) a\fﬂ@tcﬁ,{enéﬁ’e% Bilthe Yo% ﬁﬁﬂﬁlﬂ rﬁ)"f‘Z@g %%%ﬁ@ oN

ni cate (6.09 14 nmo

W“im t‘%’ﬁaﬁ%e ‘e‘ﬁ"lj&%%s @@rmﬁg Infopaderpatatyaaad siredgonts

I e ek e

ErBcPaReS iRshed e, (cavalshiddClnpndhbring: diigd (MgSO,)
alid @hpoidiss Mhe o%?éialﬁr\{@#b@rd@b%st&mﬂéd/ ﬁgﬁaéﬁﬁhﬁn‘?étbé’raphy

fied
BT P BRI p i o shia xeiHn IRy (4hos 246).
(8:2) gave pure, oily 4-ketone 2 (3.4 g, 56%: 1H NWR

S 0.Q054, 0.091, 0.127, and 0.132 (each 3H,
@g éea’é@e@% eoieina #ldog and 0.913 (9H and 9H, each

s, 2x¢sR5R)3u5 Blsgté’;zb(:tgddtrhetﬁﬂsn Q%%etﬁ@e%@p%gﬁ% (5).

14.9,
cg:TtlJlelngtoo r w r%2?_ ) yas gdge as@utpg ﬂjle}ql0|4(146
PUMpfiodatesa scf af& 3 m&w 3 onv) of

ldg,d) 36 dTPddﬁ) iR meﬁwa‘hol B |41L)‘Et)0°C3 ThE sbBlbrSwvas é“tll‘pél‘j t ?°d’| {0111 h.,
%O%e‘w o Fie Exf(%éﬁaw"fs &thehaad Q?'ﬁ%?}‘gna hproRBiEacts were
c(dhhblmedBWasf%Zi)WIthfﬁr?ne( Wtied (MJROHERY eddporatéd3 Ak %H‘)) resifiée was
é \/ed m x%%g 1 m?.) %b& appljl;etdI ar selﬁlc%t égpnPglz cetirlt}%ge llguere%r-]e
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, 4xSiCHj), 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 L) was added n-BuLi
(2.5M in hexanes, 113 4L, 0.28 mmol) under argon at ~788 C. with stirring, and
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(3R 5R)-3,5-Bis[(tert-butyld
i met hyl si |l yl)oxy]-1-hydroxy-4-

woredobyemnecycl ohexanecar boxylic Acid Met hyl ESPET/IK28)4/002902

To the nethyltriphenyi phosthoni um brom de (2.813 g, '
7.88 mmol ) in anhydrous THE (32 nL) at 0C. was added
dropwi se n-BuLi (2.5Min hexanes, 6.0 nL, 15 mol)

(PR APy bpceals @b %mrﬁé"ﬁvg?% SR REGAR 15 e the
detatdnground$ (49 g, €di 3atmidial) irf ahyditusiTiF (200k8U 1) @&added
LGRS oHiecept %s%ﬁr&d%“‘é@ﬁ R, R4 1RsEgHion e was
(cﬂje&?r&d vath s’étuﬁatﬁdtNll—)@l Ipoardtyietochrine Birltt e&ﬂcﬁdté’d Wlth eiWdBand
RIS o gt tBate BRfart ibbediheg il i g oS0
ramdlewammtedatr bie eesfidue Bés didSolVdeein hiexang @ nmgysaridlpBlied on a silica
SHEA DR T Bl o 92 gove a pur
caipioiested 60{5%ﬁ1@l &9%)}%1& aadoforiees 6il: \Aas\fjm (@bth) ?05)9? eUJ|064 and
an evapaorate
Wﬁg@g oﬁ'\rd;?’rﬂf @éﬁf} ﬁeg)(éfgp‘% 9.8 gihd W@ KOR&ad BUr ?qqhesd 2xSi-
3B, | eEE(1Eh to R 2, apmz) El4ut(n|qudl\nJL-m bexarp) @tday(lﬂ-l dd,

STa8) £aekDia00 §Bh I B T e R e PR 4 B0 an

&) cszm (161, OBRIS rﬁ/zQQ&atlmdtea&MEZG €A m)?»m mMeSA,) 369 (M+-t-
&,?89 and 0.920 (9H and 9H, each s,
%QB 811 (1 H dd, J=12.6, 11.2 Hz), 2.10

((ﬂH Iﬁe,ductﬁ)nfbfbe(éllyhbedterSJ 12.6, 5.1 HZ) 3.76 (3H,

. 4.96 (2H,
m " af @3?3 %%(é_' i % Bt (§G§S}b %A'T‘Ftﬁyis"w O%Vﬂ‘a =1.9 Hz): MS
mhethylerelcatiohaxylidehelsihang) (7)0 Didobutydaldminiir RydBde (195M in toluene,

LR TR MO T e

e‘sg Or33gnmal) iri tnluéhe/nélethﬁéﬂra/d:m&jeo(saﬂpeﬂﬂﬂu'iat —78°C. under argon.

SRR PP B TGP AP 00 Aerdiof dresyerammae(iny ce bath)
rfcmt%anlol Thé)mxtuare)wér@qlaemw bﬁméﬁémmmmf p{oF?ﬁFﬁimwduuﬁm
S e 5% P b e a3 (12 ). Gl neiyS i
0@ thylereeshiaidg ¢12 mlhend erbradted \ibm latgmaqd @erm?ﬁfi Tilgé ﬂt’ adic
B b BB WA SRS A1) 6ol Bt Sl oa0s0)
raeagmorata¢ Teresiheerhspuriies &y flasi edoragtoglmRRCRIutiG@ith

SRRty B lar O SRNERUG BB e BT o, B 1 e

c(@D@lagaa ogﬁapmesoofanu IG)&)?ISE(SHdBle aMdtoH, kaximb eh@idnd), 0.876 and
@@}4?@3683;9%) af f °r29'< a8V 535459 XéOJ 2002920313 03 (1, ad,
J=13.3, 2.7 Hz), 2.45 (1 H dd, J=12.3, 4.8 Hz), 2.51 (1H, dd, J=13.3, 5.4 Hz), 4.04
(1H, m; after DO dd, J=12.0, 7.0 Hz), 4.17 (1H, m; after D,0 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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29 substrate (12 ng) and a pure, crystalline diol 4
(35 ny, 48% based on recovered ester 3): 'H NWR

w@ gios3»R0) 6 0.079, 0.091, 0.100, and 0.121 PEHmR0GBH402902

each s, 4xSiCH3), 0.895 angtl 0.927 (9H and 9H, each s,
2xSi-t-Bu), 1.339 (11-1, t, J-12 Hz), 1.510 (1 H, dd,
J=14.3, 2.7 Hz), 2.10 (2H, m, 3.29 and 3.40 (1H and

1H e taspk 55{)%’:é-ibl§{2téﬁ'—butyfdlrﬁ§thg|§1 %/on%]% g %38( TZ)H N

Wyé? Sjclowyhei%edqt'éyﬂ&tnhe@ylpmsgh@re@qden(a) NFo theylic alcohol 7
E—‘Mﬁ rhg 3112633)nm6’r)2iﬁ ahMyarbuPvrEZD 4 mL%%)as l?%giﬁd E]?B%%' (ZJSi/'i_’ElM

73(102} ||)D||sobutlaumn
ﬁxamsﬁu@ﬁeuL F3nmod urgel Jrgerst A efrﬂesfﬂweawstalllued mayl

Pk 58 PRI DR SRR 5o s

&1 the piiylic atcohipBBuLifsolutin.h Theimiktare wad4Eired at 0°C. forl3.min. and set

i hed b
Shp O R ol T R BIE B D AR o5
bexames,02 Ovyals Qz@b‘rmmot)avascmlded enplerat (eﬁ ?nggﬁgmrﬂécg m:/jm o

Wil to b . .
ahpfols TR ok LB e ety ghfired Satir aiss whspgd uncer
e@m’oIpra.f}urel\asthedolmdmofdbéw!ét@dntﬂfﬁh'rb oréf’@e H%r pe@ﬁ&e@ {da®; of the

and vapo rated. The c

g@' %gwg“%f %{a iThe eu '{)91”’”&&?? %@ﬁ%ﬁr&@@@@gsmnw e 4°C-
mnd quetmn@m a&%ﬁbmbn aclIGI A9; Sblv@ﬁt% Nehd é%p%lrété@ Gndéér Rlduced
Clava he vicinal diol
lgﬁ)a %”56 §%@ﬁre§'§w T 'H@T%W%ﬂel ShlorisiRy2- 44nlr)@nﬁytlrred
wmecg%l Mg %A 1000 fof Bh. TR otﬁjﬁgﬂg%dl@g{a:sggﬁér‘étet%ﬁgv%@g%th cold
18! S ST LS S o s acesromes suct

tm‘lalslh chlomsatsgrabhy. I Eldtic w@poerfz@he/@atrﬁ}l acetdlO8: @%dv@t 0
i ne ahld extracted with ether and benzene.

B?fa'a@(?@ IBg Rhgspringexide 8 bithing el %o lnctd NMR (FRGI)5Y §-9@2, 0.011
gfid @014 MHQR, a?ia@l-ﬁ\éﬁﬁ% aﬁx@ﬂbH 'f‘rO 8)35 éir(gﬁé(g Fi i 9H, each s,

ST S i B e mmn%@gwbm@e%pdmméﬁé (2H, m)
) laH@T4|94€( 151 &L Nich 8,30@ 35\'@ﬁ4 elyufe0y WF} i 46 (4H, m), 7.52 (2H,

a col or

h t at
Rt (et 59 M%%%a%l%we 0o Qe ol BT, Do O, 3

[\@I:B xSi-t-Bu), 2.45 (2H, ddd,
oz B 11)(13845(( 39§(4 2H ddd, J=14.2,4.6,1.4

14 6
\ﬁ/lt&@l-{ozp.pr ngpll g_@ pg)tegte Zwydrogy (@gmgg}qnn §)ket0n59 with
ﬂo{b@hoégm{ea@mu@gl nten3|ty) no M+, 355 (M- Me, 3), 313

(Mt-t-Bu, 100 73 (76). 30 (e) Preparation of the
aI |yl ?c@Z%Q Ry r@xy-2 methylene-19 nor-vitamin D3 (11). To a solution of

phosphine oxide 8 (33.1 mg, 56.8 umol) in anhydrous THF (450 .L) at 0°C. was
slowly added n-BulLi (2.5M in hexanes, 23 L, 57.5 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 9 (9.0 mg, 22.8 pmol), prepared
according to published procedure [Sicinski et al., J. Med. Chem. 37, 3730 (1994)], in
anhydrous THF (200+100 zL) 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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[(3'R 5 R-3,5 -Bis[(tert-butyldinmethylsilyl)oxy]-4"-
nmet hyl enecycl ohexyl i dene] acetic Acid Methyl Ester (6).

waooog/osmdhut i on of diisopropylam ne (37 ,al, OrpCBIB2®I/(}02902

i n anhydrous THE (20011 L) 3%as added n-BuLi (2.5Min
hexanes, 113 ,ulL, 0.28 mml) under argon at -788 C
VVI th stirring, and WO 2005/ 027915 PCT/ |1 B2004/ 002902

e T .
(fwsanﬁéethﬂ acalatertiQ! 1) 20 mlard gire d @noFMiEriRORABRIVEQOES5 mg,
a;%e}gd Thd égﬁ\gaﬁ as e ﬁ/%l‘)\(’%d With M@?an@}elﬂ{éﬁ 5%’(%& \5\496{7 %q 0 rn?_'} to

and t reaction m ure was
sra@qyerascme wighangegh6UP-8ag ketooe Br(2 nm)aamﬂ ittt ethyl theetatsi (1 O mL) to

e L R L T
Tmtecpte@ wtarmn W8 wagi forlgnpaidfiehbn BREGE6.21mmix)25aml Zamak&d

51 b3y S Tl A 5H0se BRSSPl
ezgtnppurﬁi ’(CB\QasrguteB!%Rvaﬁ nal emhoolodess ol UV (lﬂkﬂ@dﬁﬁé) éﬂax 224, 253,
%%@?H%%%%B@é@ A o Spt B0 s adfi s
2xSICHLY) 0t546Lq3H K 126H4),10.565 BH, o) 3429 8iz, :?XSICEN;B)) 0.8@2 4rid .896
by SR ot 245500 8 M S uth o Wil iy gh 8 w0

4-1248x.‘.{|(2HL7CH@ 1.¥8898H, 21126- 87, 275H4)42.00. (21, ) 2.18811) atl, J=12.5,

(Ate 48, 2308 adu=59, 2y et o litomdunids 220z 4o

a{)l 352 c1HEeter=16.11%.8 Hz, 10a-H), 2.82 (1H, brd, J=12 Hz 93 H) 443 (2H m,
2-[(3'R 5 R 5 -Bi s[(tent-butyldi nethylsily %

1B MwHéﬁ‘)&%@v%ﬁ@%ﬂH@éﬂéﬁeﬁﬁ%{h@l =QH), 584and6 2(1 and1H

@abﬁ@bwwloaiizum Mbmr)dm /ﬂ(klé%'lﬂeﬁ%ygﬁe W+, 47P 7?§(M+ Et,

1) was sl owl to a stirr ti'on
BreTR iy €52 (100)2468 iy 360 (50, ). | n
t ol uene/ net hyl ene chloride (2:1, 5.7 nL) at -78C.

- under argon. Stirring was contl nued as -78C. for 1 h.

and atProtgges vitagyio| Wé)@dﬁg)rwaiﬂdlysql‘(%i ib beh@enemi’onL)%dfthe
h I 0

et e St 8D Fadite RN b Rk iplenb 3 Vg

rﬂdyiedan"ﬂld—ﬁﬁ@%d@amjlrrecz‘aatfobﬂnﬂanﬂeltature dnsértangormfet iy h.edi&xted

%Eté%gﬂlyggcegtg/em)%? 139 ngﬁé: 5 \%J hl'heefl{;gglh gv%xg\()jo{a?sﬁ n& \?/%e'ether

ani c I hed
d8 mb elmbl he@ombiney df@amc pinasel Masbed dith bdnd AySYrateddNaHCO;,

?ﬁ (9:)i ant#: Q\%pﬁfﬁ{eﬁgﬁ'h%ﬁj@}éﬁkg &ﬂ'iﬁgg b{/ 'H?’ila (62 mm x 25 cm
Zorbax—SII co!umn 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-dihydroxyvitarmin 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 (CDCls) § 0.552 (3H, s,
18-Hz), 0.941 (3H, d, J=6.4 Hz, 21-H3), 1.222 (6H, s, 26- and 27-H3), 2.01 (2H, m),
2.27-2.36 (2H, m), 2.58 (1H, m), 2.80-2.88 (2H, m), 4.49 (2H, m, 13- 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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25 hexane/ ethyl acetate (9:1) gave crystalline allylic
al cohol 7 (130 ng, 97%: "H NVMR (CDCI3) b 0.038,

w@:2®50279&nd 0.075 (3H, 3H, and 6H, each s, 4xSPCHBE2004/002902

0.876 and 0.904 (9H and 9B3 each s, 2xSi-t-Bu), 2.12
(1 H dd J=12.3, 8.8 Hz), 2.23 (1 H, dd, J=13.3, 2.7
Hz), 2.45 (1 H dd, J=12.3, 4.8 Hz), 2.51 (1 H, dd,
J=13.3, 5.4 Hz), 4.04 (11-1, m after D20 dd, J=12.0,
Z_: 4.17 (1H, m after D20 dd, J=12.0,7.4 Hz), 30
: #. ), 4.49 (LH ), 4.95 (1 H brs), 5.05
(1 H t, J=1.7 Hz), 5.69 (1 H, -t, J=7.2 Hz); MS nlz
(rel atlve i ntensit 398 & 383 (M+-Me, 2), 365
( M- METGREGAtIQN OF (2811 o, RA=0l yg@xy-zswethﬂe@ (Q«m@wt@mm@ms)
10), 73 (100). (g) Conversion of the allylic alcohol 7
i nto phosphi ne oxi de 8 WO 2005/ 027915

PCT/ | Bsbemedouriyates3he prepamtipn of protected (20S)-25-hydroxy
Brifdndnn® kdd

nmet h)él enecyc?ﬁ%ﬁee%%nﬁdtgﬁg ﬂ"p’?%?“l ﬁbﬁly%aﬂ%%%ﬁbﬁ%n %
degcribgdinkarapleyi)i ¢ al cohol 7 (105 ng, 0. 263 mol ) |n
@)hyds;pyuéhc;lﬂ—ﬁr(y@r& r;(ggonyng added n-BuLi (2.5Min

hexan | ) under argon at OC.

Fres hfs S é?@r[ﬁfteéwlsllzwyi 6@% Bsch,qlﬁs«tﬁn -8ren¢ 613) 4 Arsglution of the
Qetaﬁé1zrm&t;‘nom@§ n@B mhs\bﬁd\/\ﬁl n5@FH§ 204 olzglfduﬁé&o%5 mg,

and added to the allylic afcoho
Ri%tprd) Re@nhydrqusdMB(1.3 L) wes treatedwithdrethysityl chisrided95 4L,

8i56(&moll, [érfdrlﬁé Prﬁftur%r \Naé étﬁl%b 2o %ﬁf&)&%ﬁjegﬁgg 5&%\‘0} 4h.

ar gon exanes,
Y/ %F&&Pédwa@ anﬁsﬁﬁn@ g@temnd ibe SRyANeafer Was sepdmatido Tbe ethy!

Abdate 7&@@ wiklwhed G?Ith Wekd shbibkihe Wied TM@S{)@%n?%vﬁédr%@d. The

was si phoned under argon gressure
Eﬁslquswﬁ@?&%thwuq%smea‘ﬁ@% dotariridpe inshexanefe(hybacetate (9:1)
ahd hie evép%ﬂéhérp rﬂ)u\‘lﬁéﬁ @Sﬂﬁﬁg@ 59 4 Iﬂ‘ﬁn 8%%%% 2&ga%ﬁgﬁkﬁavﬁy

stirred an additi onal uenc
A4anin] Gingohexae/atng ﬁge;t;ite (Sd D 9@lm¢r§ syaiens. Evpgppotectsd hydroxy

Ko 1 PR o RSB 308, LA 1y g g
Qb6 (GHo s $202 Ha 3@&510sz|0 6B8K3H Ts;esdisgmag (BEye,rJ=6@sHz, 21-
R B, e o ) o RorR o AT A 2, o

éruﬁj"e(?ﬁ Hz.o14d-dsh chr omat ogr aphy. El uti on Wt h

@ﬁos ohi i‘—g%ﬁ%'gﬁgb%?J &)@dté&t%cg%\b%) f"%_l%m G r){ éﬁ%dg)angs ketone 13
gitothe phosmiine oxidel 80. 019 ( 3H 3H and 6H, each s,

251 ot LA P2l i i G, % veoiten o
phosphine 8xid8 & (1518, mg)27. 14,ur316|) (reéﬂmym)ous THF (200 1L) at 0°C. was
slowly added n-BulLi (2.5M in hexanes, 11 zL, 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 umol) in anhydrous
THF (100 pL) 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 was dissolved in hexane and

applied on a silica Sep-Pak cartridge, and washed with hexane/ethy| acetate
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20 4.90 and 4.94 (1 Hand 1 H, each s,), 5.35 (1 H,
-q, J=7.4 Hz), 7.46 (4H, n), 7.52 (2H, m, 7.72 (4H,

wo pjos/oM813 z (rel ative intensity) no M+, 581 (R&F/1B2004)002902

567 (M+-Me, 3) 525 (M+-t-B#, 100), 450 (10), 393
(48). (h) Wttig-Horner coupling of protected
25- hydroxy G undmann's ketone 9 with the phosphi ne

3@5@ 9. 582(¥$nlg) t@ggt?v'é 19. ﬁd?x/gélﬂﬁﬂyde%vmhlﬁl (9?1‘?9 2tﬁ% a%a colorless oil.

nor-vitam'n a sol ution

dxederdakasasd they, wa@Be@ wity rexgnefaihyd ﬁh@tdbda@% THEﬂ(.)fliBOecover
sHlln%Ja Lﬁ"\Eh edv@ﬁ) rll’ﬂ Ir@é% Gﬁq?f h/‘t gg\}/ﬁé\é‘e{a‘i}e H?))@Lrﬁg
gmqyer' C&nhertwm@gprde@ pxude é&@g) ﬁwr@naiyﬁcaj perp}mssa sambledft o
pgcg%?(@\ﬂ%erﬁlg ﬂgﬁg&oﬂéﬁger r%ln? %b%H@E%fS )2% ?(e 52c¥ng %8@%?%”
&@@mﬂd ﬁ@—/ﬂwﬁ)pﬁbigl@H@@lﬁhwwtﬁ%ﬁ%ﬁh@ﬂh@kwenmyswm J.

d 7
{200+ T80 phexdiePdy 20 5 S5 BRIHNARICRED 2 p0pp 0o,
Grt6rand @r@&m(each MBECH D KXBiOhs), Arfd 14BHOC 1 89Ha), 05B4HEH, g,

B A N A B R e e o e s R

eesh 8PSHEBRD 0594529816 JPCYHZB2HITHROI) 02 18BBHWE.26- and 27-

P20l 55 U P IR02 APt REL Rl b SO . 4.2

(&9, 1BQQndB)x mp4@2vaad1499maHahd ’H-Hﬂé@cﬁleri&'ﬂ’zl) 15/84 érQi 6.22 (1H

%8§éﬁe9r%hq%ﬁ féeﬂ%‘? 62(@ M%%T‘/me?&?%e 'r\%eé@tsx)gﬁ%wﬁess) 729
(e HE V), exoqm-t-sngsy ez@(ne)oﬁ 402 (269) 3669(6Q W6 (4D) e13\6D).

(56" aEfol 88 i e el Ve bl 2&%2'%&3@85%
Vésﬁrammso\ﬁ/-msrd MPIM@WaMIvﬁlthqﬁethxn&Fh%ét@an%l gtﬁ%_?&as

cm Zor bax- Si | usi ng hexane/
Fededt Therpotuge wag)stigeg abr@pms@@p@rmtureun@er aggnmdeutuh. tijuted

| \Oﬁ’tﬁ eﬂiyk’éc@iat@ietl%@% ”ﬁ- m‘-l_z afd Bé’éé?ﬁéoe 3ﬁ1e0r%§m \AH% V\/eg %l%ether

hexanpe) Xmax

¢ m&@amﬂh@e@mw Qrgerse Pb@@éh"@?hﬁd witl Arieg arﬂﬁah;(etlem)‘-lCOs
Qn&fl%sﬁi) ahd elfgpch@ﬁed &hé @és:é@@va@pun?@g b? HEEC (6.2 mm x 25 cm

4 and

ZRigaxsll Bajumre 49’9&/%"3 Nhs'ag hgxa@et? FPW?PafPi(er@)SOIVgntQ“:!{$te(fQH

fAn IPputdza- &2 witdmirBfs S959
2761"‘}'_'%0% }Q%UOO ?ﬁ:ﬁ'@ a @‘Balrsw i d(dZGé"mg S@QNasad'bqecﬁgd atR, 28

mLd(4GR)-analpy was luted @t Ry 29 mlandzlog25-gihydroyysitaspin Dz a1 B, 52 mL
\(]n]:ii\g'saqug %'}S‘ﬂe@ 3s fémrﬁﬁ_b%h% IZ '}QCH—I)Z%? 2243%*2?%%%62 5nm; ®

VR ({QDCl. MQSQQ&BH ra, 18-Hs), 0. 858 (3H, d, J=6.6 Hz, 21-H3), 1.215 (6H, s, 26-
and 27-Hz), 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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151 R and 3a-H), 4.92 and 4.97 (1 Hand 1 H, each s,
=CH2), 5.84 and 6.22 (1 Hand 1 H each d, J=1 1.0

woi2005/62798hd 6-H); MS miz (relative intensity) FESBIE2W/002902

17), 729 (M+Et, 6), 701 M+-t-Bu, 4), 626 (100), 494
(23), 366 (50), 73 (92). Protected vitamn 10 (4.3 ny)
was di ssolved in benzene (150 ,alL) and the 20 resin

@ﬁ&ﬁ\%ﬁcﬁ%mo#ﬁ Wér\rﬁt%}sg’ﬁmﬁ&@ 99-NOR-1,25-(OH),Ds

anol é ?‘\E?’ ded. The m xture was stirred
GOMPEINR BrD & %2Qﬁd§9'\/ﬁ%%n for 17 h., dil uted
wth ethyl acetate/ether (1:1, 4 nlL) and decant ed. The
resin was washed with ether (8 nmL) and the conbi ned

or ganThe hirkgicsl spfyiveal coamneupds el aimmylad atasisat lorh Sk atent
IQB '?&%M%ll@@g Z‘PH@P\%@&&%n of B ‘Fnerﬂ%ﬁérfé Olyl@t% tﬁ’é’ Digbkifih of

HPL
ﬁ{mﬁm@ 5@50@@ OF B g 3sprsr 69851@2 )é( go fjfevé en \bé\‘i*tngst9 degppreine
uﬁlé%{erél kn%%lryo PéHe?to% mk&mb@un%s%oan@ @?Uéﬂﬂ/%mtd"théjpo(czn@

was col I'ected at

ARy ety FERSH 45Dl LG e exeectss am fhase

Fe@ﬁltsstﬁ%llsd‘ﬁﬁg B@mé@unﬂs vx‘/&h'ld 12V ngﬂ/ale%lélbg ﬁta@g)ll'tyxgax

&wpneémgly mwe( sﬂme 2dnetbﬂwe484h§t'tumnsrmducﬂ @mfy@@hchge
gl%bgc?éﬂ,ﬂth%%elf%}lma%/ chtloﬁ%H bome V\ﬂ%n?gl\?e?rfgr ﬁ@ay(szﬂﬁa chdonic mode,

{incmostpeipht SopsUngasizd et (6 M rer]S AR ox] 25 QpDs
@I’ a%% ﬁnwrﬁa@&véﬁaﬁ Findidbly, isabvi) onsohe kaliuhzmobilization

- (relative |ntenS|t 326416@%)
@ggmc Q@glurrgg\@s@ il)e orderof @ lep ;{ iple 19D, Q%‘Gg»es RAgye
#1807 P EN G hbBAsHA/ FH4P Qi%ntléé:ﬁccﬁ?&ﬁWl} Bwige the dose of 1,25-

Preparati on of

ORI G %S(ym?am,iszﬁ'a‘ﬁ of 138 mey/ 187 miefisprunscylaigy as the 130

SebEdRe) Whdd &iodd at B9 ;trhkﬁ/day ep@bamde@nh@éstmmr@c\taaﬁ; of 14
(209).- 25- hydroxy . Grundmann’ s ket one _13

E\S(ﬂ ,rﬂ@f Wefbﬁn ﬁﬂggg}ﬁltﬁlée expease 8RBt di orﬁbew étg selectlvrcy this

E&HsdUNR dhﬁbe’awmérﬁﬂobht cHzpe ¥l ihidsaitdl edlciain thndp&Kiit either the

ket
 S00) Soprmehiase Wyles! P9y praeucer the expsciscevaton e
{nié’s}ma|/éa|§mjrmrbﬁ£bdatfattﬂh€omyawnestba ileTebu p@Bl ﬂw@@,

Db RROyor SRS AT e eabue fPpiizator

bt btk Bydesiels bahhies sRevdd o intéstinal 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),Ds 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 results illustrate that 2-methylene-19-nor-208-1,25-(0OH),D5 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-(0OH),Ds and 2-methylene-19-nor-1,25-

(OH),Ds; compounds as anti-cancer agents, especially against leukemia,
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20

0.56 mmol ), and the m xture was stirred at room
tenperature under argon for 4 h. Ethyl acetate was

wa@dwed2antl wat er, and the organic |ayer was separ/m2ee/002902

The ethyl 15 acetate |ayer 3¢6as washed with water and
brine, dried (MySO) and evaporated. The residue was
passed through a silica Sep-Pak cartridge in

RSk e Bl oy g2l A5 £URRT BB
wgeragis.usi ng hexane/ et hyl acetate (9:1) solvent

SYSt engs oty R&H@gtoﬁ% r%%'io%é)f? tHéeﬁo%?ﬁeoiﬁé:sﬁﬁlFé&Egom%

was el uted at eas a~col orl'ess

capEIaut by 2 methed desibed by Dameoetiar (BRetwinaisipy) 25, 45838534,
(1?36)3, 18-H3), 0.859 (3H, d, J=6.0 Hz, 21- H3), 0.947
(9H,"t, J=7.9 Hz, 3xSi CH2CH3), 1.196 (6H, s, 26- and

27- H3) Thediigetiatipn ofidlL-60 pramyelocytic iite-nondcytesias defgrmined as

AR l i 0 - dro
ekl O fert 8L T Cndth R A R ERL Bl 2%
(20S)-1 a, 25-Di hydr oxy- 2-net hyl ene- 19-nor-vi tam ne D3

¢ EJ0 a solution of phosphine oxide 8 (15.8 nuy,
27.1 unol) in anhydrous THE (200,ul) at 0OC. was

slowy added n-BuLi (2.5Min hexanes, 11 ,ulL, 27.5
prolRespainker of dntgsiinalalpiugt Trepspegt andi$rsury Glaiaiune (BanerGaieium
debjobiizatiogeActivie tmfiionicdosgs otdtledylane Derigativea atil Nor-1,25-
precool ed (-78C. ) s@HiRcnddts 9Edsenered hydr oxy

Kk ne 1 . 20, [) in anh THE
@EoppL) was sl ow y adde®osdhe mni xintaséinal&alck r Secum Calcium
under argon at - 78C. (dmgl/day/7 daysind atTreGpoftor 18 (mg/100 ml)
Et hyl acetate was added, and the organ(SMphase was

Watingd D Deftdenbr i ne, dri adehidé@gSO4) ands.6vdpdr at ed. 5The0.16
rie25-(0KH),Da3reditegisol ved i n 280xane and @pplo.£d on a72+05
S-Mettg/lspeptoRadr- 1254 ri dge, 13nd washed sgtzhp hexane/ e dylp 2
qogde WO 2005/ 027915 PCGHol B2004/ 002992 0. 84 . 9.6+03
(BRretrybne-192Qor30s-t 0 gi verghd- nor - vi t agyn (deri vati yggldy 5

(17,25@@Hf£,§°{? as a colorlesggpil. The ggp_r-ou,ak was Yh8an.gs

recover sone unchanged C D-ring ket 6né 13 (4 ng), and
wi t h elMplglwesnbngiaés varg abtginadorom Spragae Dawley Co. (Indianapolis,

i 3 i Eor: 18 kG
SRR S S e R Bk AR
@nd there divey theplame detxontaining8.02¥h cadniua,d. 35 IPhosphpwsiior 24

A DUl U SRR A0SR e el SRR
NvReeditxoies) inigciipron @, 1 ml 9af9 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.
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15

0.066 and 0.080 (each 3H, each s, 4xSi CH3), 0.541 (3H,
s, 18-H3), 0.564 (6H, qg, J=7.9 Hz, 3xSi CH2), 0.848

W@ 3i45/0277919=6. 5 Hz, 21-H3), 0.864 and 0.896 (9HrENTB29¢4/002902

10 each s, 2xSi-t-Bu), 0.94% (9H, t, J=7.9 Hz,

3xSi CH2CH3), 1.188 (6H, s, 26- and 27- H3), 2.15-2.35

(4H, br m, 2.43-2.53 (3H, br m, 2.82 (1 H, br d,

J-ﬁ% pPoHz, 9(3-H), 4.42 (2H m 1 [3- and 3a-H), 4.92
4.97 (1 Hand 1 H, each s, =CH2), 5.84 and 6.22 (1

Hanleeachd Jllle 7-and6H) I\/Sn12

d| ssol ved |n benzene res n (AG

SR QAT 1Y Y, prewasnec It THe\t cium
HMrred a
"%Eput ed wth("@?@ml)

(9007pL) was "added. The mix urTera
tenperature under argon for 19
G CO i ned or gan £ 0.1

h et her (8 m.) and t

Igg e and satt aGEdNaHCCB 7+£0.2

YSfi 05915 d at ed. T@Ié—l‘%l due was pLﬁf‘ftloéd

9 #%m Zor bax@80.80l um, 4 nid-Hid.Y
u Hw)épﬂﬁpynnpl’) propanol (9:1) solvent system

Analytlcally pure 2- rrethyl ene-1 9-nor-vitanin 15 (2.6
ng, 95% was collected at R 28 nlL [(20R)-anal og was
eluted at Rv. 29 nL and 1la, 25-di hydroxyvitam n D3 at R
52 ni Mele Holemansirain weaniiy s weigrbiainesidrorg the Rpragye Dawley

E(CQ’@nd?émé ol?s43105 andFéd the 0267, éﬁlﬁhnﬁUﬁp%&m&bes@nbed

1b)2§u5da(%t@l (g N% 10Qn1304§71_0ﬁ§)1( 979) fpr 1 wesk apg [tlpenrﬁad the s)ame diet
gcog\galﬁgég ;fZ(@lglkzlaI&ixm a?}(du"_[ﬁs% bhb&ph@ﬁhs férégdcﬁt;_?)ﬁl \Qeéizs) At th|s point,
5they1 rc-(cflvpp gﬁzwgie ptra]élgelﬁr lgjecth}g)the igdigated gﬁgp @sgéve(dln 1 ml
as¥b5Y, ptopplahd g@collb“/él-eﬂqaﬁol Hzl‘weﬁ -f@ur}dwoﬁrs"ﬂlterﬂ@ We?e sacnflced
atlvelnten3|t ( M+ 1 0), 398(2}l
(qn;n& lnteggr@ 6:9 gipm tgqn;p()@ fnd sggm\@logg@ yp@@@q@med as descrlbed in
P@Blé B2G04 /1882 80Be céPp&irds WasEAb pﬁ@T b fﬁ?ﬁrﬁere 5 ammals er
- METHYLENE- SUBSTI TUTED 19- NOR- 1, 25- (OH) 2 Dg

A‘NIBUB( Perislgare QRIS IASENeANdISiMal  acti vi ty of
corrpounds of Formula | was set forth in U S. Patent 5

28 as foII The introduction of a
rret hyI %pgm,pcqn)ooyﬂ czf t?,eofgllewlgﬂ fgulae la, are along with those of

1f9>rmma1Jalﬁﬁedc@tﬁpa%mythégre%@&mmw had little or no
effect on binding to the porcine



intestinal vitamn D receptor. Al conpounds bound

equally well to the porcine receptor including the
waee@adzmods 1, 25- (OH) 2D3. It might be expected fPOMB2ew®2902

results that all of the cospounds woul d have

equi val ent bi ol ogical activity. 10 Surprisingly,

however, the 2-nethyl ene substitutions produced highly

sel ective analogs with their prixgary action on bone.

When given for 7 days in a Ch&@ﬂl pode, the nost

pot ent conpound tested was the K

2- et hyl ene- 19- nor - 20S- 1, 25- ( Q) 2D3

gi ven at 130 pnol / day, |ts>@ %

nmobi | i zati on (serun1caIC|un§

(Table 1). Wen
on bondacal ci um
° the order of at

that of the native hornpne. atex, i dentica

conditions, twice the serof X1, 25 (OH) 2D3gave a
serum cal ci um val ue of 13.[B ng/ 100 m of serum cal ci um
at the 130 pnol dose. \Weph given at 260 pnol/day, it
produced t he astoundi ng »al ue of 14 ngy/ 100 m of
serum cal ci um at the eXfpense of bone. To showits
selectivity, this congound produced no significant
change in intestinal
ile 1,25-(0OH) 2D3 produced
the expected el evatfion of |intestinal calcium
transport at the Qa ested, i.e. 260 pnol/day.
The 2- nethyl engd 9- ; -1 Y6 OH) 2D3 al so had
extrenely strong bone

JaIC|un1nDb|I|zat|on at both
dose | evel s but al soRghowed no intestinal calcium
transport activity. The bone cal cium nobilization
activity of this conpound is likely to be 10-100 tines
‘that of 1,25 25 (OH)2D3. These results illustrate that
the 2-net hyl ene and the 20S-2-net hyl ene derivatives
of 19-nor-1,25-(0OH) 2D3 are selective for the

5 nobilization of calciumfrom bone. Table 2
illustrates the response of both intestine and serum
calciumto a single |arge dose of the various

conpouhtbe abona formudal fxp thet defigitiomeofoge), RS iRy RHid ek wed

oAb S o S S LRy g s

psmtzsnmen’ls maychectha garhi fof different aid are selbctel frofh gatdgen bPlower

t noDNocyt e h 2 neth 19-nor . c nd had
10 AR o] BerCad F bty B v cPYRBHE Hiea
i Sdlh$§mea’msé<1tahé X4,rmtXanXg @l Xsahd ger X;, X, or Xs and Xg or Xg, when taken

2 I -1.25- d

2 R Ry VS e R 3o R i e et the compouna
awhich camesponad treprisiione 8 et i18lor 14,aiai heit 13, dWkEOTieapecifely\@an
29(9 ﬁ(e%%?r%losr dﬁ‘grrér!t gg&) %}Aﬁoaoga%)r%ted or unsaturated, substituted or

15 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:

20



36 col on cancer, breast cancer and prostate cancer, or
as agents in the treatnent of psoriasis. Conpetitive
whemdiozry1of the anal ogs to the porcine intestiPel/1B2004/002902
receptor was carried out By the nethod descri bed by
Dane et al. (Biochem stry 25, 4523-4534, 5 1986). The
differentiation of HL-60 pronyel ocytic into nonocytes
was deternined as described by @tremet al (J. Biol.
Chem 262, 14164-14171, 1987)x, TABLE 1 Response of
Intestinal CalciumTr ansper{\ ne=SEKam Cal ci um ( Bone
Cal cium Mbbilization) Activiiy %@ Chronic Doses of
2- Met hyl ene Derivativesiof 19{Nor-1,25 (OH)2D3 and its
20S | soners Dose |ntestixal €d¥gj um Serum IBal ci um
G oup(pnol / day/ 7 days) TraspoK:I (mg/ 100 M) (S/I'M
Vitamn D DeficientVehiclgs5.5 0.25.1 0.16
1, 25- (OH) 2D3 Treat ed2606. 0.47.2 0.5

Sprague Dawl ey Co.
0.47% cal cium 0. 3% phosphHorus vitam n D-deficient
diet for I week g $ven the sane diet

cont ai ni ng O. 029 al O am 0. 8% phosphorus for 2
weeks. During the | ast lueek they were given the

i ndi cat ed dose of co'?ﬁpouﬁel by 15 intraperitoneal
injection in 0.1 mM 95% propyl ene glycol and 5%
et hanol each day for




7 days. The control animals received only the 0.1 ni
of 95% propyl ene glycol, 5% ethanol. Twenty-four
whowss2mis er the | ast dose, the rats were sacrPET/m82004/002902
and intestinal calciumtratnsport was determ ned by
everted sac technique as previously described and
serum cal ci um determ ned by atom c absorption
spectronetry on a nodel 3110 20 yPerkin El ner
i nstrument (Norwal k, Conn. )/—Ih\el/e'%/vere 5 rats per
group and the values repraésent nean () SEM WO
2005/ 027915 PCT/ 1 B2004/ 002902 7 TABLE 2 Response of
I ntestinal Calcium Transpokt f rum Cal ci um ( Bone
W tyXyo Chronic Doses of
2- Met hyl ene Derivatives of 1°-hbr-1 25 (C}%ZDB and its
20S | soners I ntestinal X163 Serum Cal ci Um
.G oupTransport (ng/ 100 M}) 5(28/ M -D Control4.2 0.34.7
0.2

2- Met hyl ene- 19- Nor -1, 25- é 2D35.3 0.56.4 0.1

2- Met hyl ene-1 9-Nor-208°1, 25-5.5 0.68.0 0.1 (OH)2D3 5
Mal e Holt zman strain wganling rats were obtained from
t he Sprague Daw ey I ndi anapolis, Ind.) and fed
the 0.47% cal ci um c.396p‘osphorus di et described by
Suda et al. (J. Nutfr. 100,] 1049-1052, 1970) for 1 week
and then fed the s cont ai ni ng 0. 02% cal ci um
and 0. 3@6phosphp&ﬁs egvtional weeks. At this
poi nt, they recei ved B S|ngle i ntrajugular injection
of the indicated dosg-tksgsolved in 0.1 nm 10 of 95%
propyl ene gl ycol / 5% et handl . Twenty-four hours |ater
they were sacrificed and intestinal calciumtransport
and serum cal cium were determ ned as described in
Table 1. The dose of the conpounds was 650 pnol and
there were 5 ani mal s per




group. The data are expressed as nean ()SEM 15

Accordi ngly, conpounds of the follow ng fornul ae Ia,
wae@satny with those of formula |, al so encon@QEEEREE/002902

by the present invention: WD 2005/027915

PCT/ 1 B2004/ 002902 38 la 5 In the above formula Ia,

the definitions of Y1, Y2, R6, R8 and Z are as

previously set forth herein. VVth<respect to X1, X2,

X3, X4, X5, X6, X7, X8 and 2 substituents may

be the sanme or different agd are |sel ected from

hydr ogen or |ower 10 al kyl . e.

a methyl, ethyl or n-propy\. Xn dddition, paired

substituents X1 and X4,

X4 or X5 and X8 or X9,

dhen thker together with the’
three adj acent carbon alons of the central part of the
conpound, which correspand tppsitions 8f 14, 13 or
14, 13, 17 or 13, 17, 20 flespectively, can be the
same or different and forfha saturated or unsaturated,
substituted or 15 unsubstituted, carbocyclic 3, 4, 5,
6 or 7 nmenbered ring. Preferred conpounds of the
present invention may pe represented by one of the
foll owi ng formul ae: 208WD 2005/ 027915

PCT/ | B2004/ 002902 1 QX6 X7 I|b R X4 X5,,11i




10

15

X1 X3 y2dl OYl R6f~R8 X6 Ic 5 WD 2005/ 027915
PCT/ 1 B2004/ 002902 40 X8 Z QI Id X2 Rér~ R8 le X3

WReNs/0R®15 WO 2005/ 027915 PCT/ 1 B2004/ 002902  4RCT/iB2bgp/ 2902

WD 2005/ 027915 PCT/ | B2004/4002902 42 R1h R6 R8 5 In
t he above formulae |Ib, Ic, Id, le, If, Ig and Ih, the
definitions of Y1, Y2, R6, R8, R Z X1, X2, X3, X4,

%(E X6, X7, and X8 are as prewously set forth herein.
e

In the above formulae Ib, lc, Id, le, If, Ig and lh, the definitions of Y1, Y2, Re,
Rs, R, Z, X1, X2, X3, X4, Xs, Xs, X7, @and Xg are as previously set forth herein. The
substituent Q represents a saturated or unsaturated, substituted or unsubstituted,
hydrocarbon chain comprised of 0, 1, 2, 3 or 4 carbon atoms, but is preferably the
group —(CH.),— 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
W095/01960.



substituent Q represents a saturated or unsaturated,

substituted or unsubstituted, hydrocarbon chain
weewpor®esl of 0, 1, 2, 3 or 4 carbon atons, buPCT/BB2004/002902

preferably the group -(CH3}k where k is an integer

equal to 2 or 3. 10 Methods for maki ng conpounds of

formulae la-1h are known. Specifically, reference is

made to I nternational Applsthetti on Nunber

PCT/ EP94/ 02294 filed July 7, 1994, and ubllshed

Jamwarye.d9, 1995, wuwrder bnternational P

Nunbe \095101960. WQ 2005/02;@;5

PCT/ 04/ 002RQ2 eme | Y'OH
OHud- duc acid 4 0Q/ OH tBuNbﬂﬁ%@oos B2,
steps p®. t BUMERGSO ~, @Buw8uMe2 OH 1 5
Me3Sha2000Me LDA t Bubk2Sie 6 4 2

1

MePhaP*Br
n-Buli
0
HOH,C,,
Nalo4 Meooc,,
tBuMe,Sic™ 0SitBuMe;, <P
tBuMeZSIO OSitBuMe,
5
tBuMeZSIO OSitBuMe,
Me;SiCH,COOMe
LDA
CH,POPh,
CH,0H
COOMe
l 1. n-Buli, TsC!
2. n-BuLi, Ph PH
3. Hao2
DIBALH "
—_— o tBuMe,Si0 OSitBuMe,
_ \\\\\\\ tBuMe,SiC* OSitBuMe,
tBuMe,Si0 OSitBuMe,

/”//W
OsiEt, | MBuli




Me000/, OH RuC Nal04 tBuMe2Si O CSitBuMe2 0 2

CH2POPh2 CH20H "'I- (I 7 8 n-BuLi 9 tBuMe2Sie
w@BiosBeve? 1. n-BuU, TsCl 2. n-BuLi, Ph PH 3.P&R082004/002902

DI BALH "\\\ ~~~~ t BUMe2Si 0 4#BuMe2Si 0 CSit BuMe,

OSi t BuMe2 5 WD 2005/ 027915 PCT/ 1 B2004/ 002902 44

Schenme 1 (continued) OSiEt3 HO OH tBuMe2Sie

CSRBuMeZ2 11 n 10 Scheme 1 (continued)

I AG 50W-X4
e

HOM oH
tBuMe,SIO™

11

10



WD 2005/ 027915 PCT/ | B2004/ 002902 45 Scherme |1 OH O 12

Si Et 3CI n-BulLi tBuMe2Si C OH HO' OH 15 AG 50W X4
WOBI0ENB7985 OSi Et 3 ir t BuMe2Si O' OSit BuMe2 14 5 REX/1B2004/002902

2005/ 027915 PCT/ 1 B2004/ 002992 46 Cains 5 Wiat is

clainmed is: 1. A pharmaceutical conposition conprising

t he conpound 2-net hyl ene-19-

nor - 20(S) -1 a, 25-di hydr oxyvid:amen D3 and parat hyroid

hor none or an active fragnment or variant thereof. 10

2. A conposition of claim1 wherein the parathyroid

hornone i g human reconbi nant parathyroid hornone. 3.
A conposi t iin 1 wherein the paa ol
hor none i OH

SiEtsCl

12

n-BulLi

R\
tBuMe,Sio% OSitBuMe,

OSiEts

|
l EAG 50W-X4 l

\\
HOY R\
| OH tBuMe,SiO* OSitBuMe,

15 14
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reconbi nant parathyroid hornone 1-34. 15 4. A nethod
of treating senile osteoporosis, postnenopausal

wW@sisopmIHsi s, bone fracture, bone graft, brerST/1B2004/002902

cancer, prostate cancer, dbesity, osteopenia, nale
osteoporosis, frailty, nuscle damage or sarcopenia, in
a patient, the nethod conprising admnistering to a
patient in need thereof a therapeutically 20 effective
amount of

2- met hyl ene- 19- nor - 20( S) - 19288 di hydr oxyvi tam n D3 and
par at hyroi d hornone or an active fragnent or variant
Whatigelpimeslis:The nmet hod of claim 4 wherein the

2- et hyl ene-19-nor-20(S) -1 a, 25- di hydroxyvi tam n D3

and phr A&ANArBRGEUReH RRMBOLONLeMRESING befcoatREpd 2wethylene-19-
vari g t 2 g m inal ;

S Ul e A R T S DR g R or Y actve
post ritagppent exarigsttbeiger osis is treated. 7. The met hod

of claim4 wherein a bone fracture is treated. 30

2. A composition of claim 1 wherein the parathyroid hormone is human

recombinant parathyroid hormone.

3. A composition of claim 1 wherein the parathyroid hormone is human
recombinant parathyroid hormone 1-34.

4. A method of treating senile osteoporosis, postmenopausal osteoporosis,
bone fracture, bone graft, breast cancer, prostate cancer, obesity, osteopenia,
male osteoporosis, frailty, muscle damage or sarcopenia, in a patient, the
method comprising administering to a patient in need thereof a therapeutically
effective amount of 2-methylene-19-nor-20(S)-1«,25-dihydroxyvitamin D; and

parathyroid hormone or an active fragment or variant thereof.

5. The method of claim 4 wherein the 2-methylene-19-nor-20(S)-10,25-
dihydroxyvitamin D3 and parathyroid hormone or an active fragment or variant
thereof are administered substantially simultaneously.

6. The method of claim 4 wherein postmenopausal osteoporosis is treated.

7. The method of claim 4 wherein a bone fracture is treated.



