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dihydroxvitamin D;. 1,25-dihydroxyvitamin D; is then distributed throughout the body

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

The present invention provides for methods of treatment using a combination
of a 2-alkylidene-18-nor-vitamin D derivative, and particularly the compound 2-
methylene-19-nor-20(S)-1a,25-dihydroxyvitamin D3, (also known as 2MD), and a
bisphosphonate. The present invention also provides a pharmaceutical composition

comprising a 2-alkylidene-19-nor-vitamin D derivative, and particularly the compound
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are methods of treatment wherein the blsphosphonate is selected from tiludronate,
alendronate, zoledronate, ibandronate, risedronate, etidronate, clodronate or
pamidronate. Particular embodiments of this invention are the methods of treatment

wherein the bisphosphonate is alendronate or risedronate.

Detailed Description of the Invention

The present invention relates to pharmaceutical compositions and methods of
treating metabolic bone disease, senile osteoporosis, postmenopausal osteoporosis,

steroid induced osteoporosis, low bone turnover osteoporosis, osteomalacia, renal
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are senile osteoporosis, postmenopausal osteoporosis, bone fractures, bone grafts,
breast cancer, prostate cancer, obesity, osteopenia, male osteoporosis, frailty,
muscle damage and sarcopenia.

Osteopenia is a thinning of the bones, but less than is seen with osteoporosis
and is the stage before true osteoporosis. The World Health Organization has
developed diagnostic categories based on bone mass density (BMD) toindicate if a
person has normal bones, has osteopenia or has osteoporosis. Normal bone density
is within one standard deviation (+1 or -1) of the young adult mean bone density.
Osteopenia (low bone mass) is defined as a bone density 1 to 2.5 standard

deviations below the young adult mean (-1 to -2.5), and osteoporosis is defined as a
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Another condition that can be treated using the compounds and combinations
of the present invention is bone loss associated with aggressive athletic behavior,
particularly in women. Aggressive participation in exercise, athletics or sports can
result in bone loss, which is usually accompanied in women by ammenorhea. Men
who also exhibit aggressive athletic behavior also exhibit bone loss.

Andropause (also called male menopause or viropause) is a natural
occurrence in men that typically happens between the age of forty and fifty-five.
Andropause is a decline in the level of the hormone testosterone. As testosterone
levels decline, and men enter andropause, various changes or conditions may be
observed including decreased energy and strength, increased body fat, osteoporosis,

depression, decreased mental acuity, inability to maintain muscle, cardiovascular
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have Osteoporosis in the elderly woman is determined by the amount of peak
bone mass gained in adolescence leading to aduithood, the premenopausal
maintenance of such peak bone mass, and the rate of postmenopausal bone mass
loss. Determinants of peak bone mass include genetic, nutritional, weight loading
(exercise), and environmental factors. Enhancement of peak bone mass in
adolescence is therefore desirable in order to maximize the skeletal mass in order
to prevent the development of osteoporosis later in life. Likewise, enhancement of
-peak bone mass in adolescence for males is also desirable.

Hip fracture has a significant impact on medical resources and patient
morbidity and mortality. Few patients admitted with a hip fracture are considered for
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Det er netic, .
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|p8g ?eénlgl cg'\aaaecg?rlzgg decrease in total plasma calcium concentration
below 8.8 mg/dL (mllhgrams/decmter) in the presence of normal plasma protein
concentration. Tetany may be overt with spontaneous symptoms or latent. Tetany,
when overt, is characterized by sensory symptoms such as paresthesias of the lips,
tongue, fingers and feet; carpopedal spasm, which may be prolonged and painful;
generalized muscle aching; and spasm of facial musculature. Latent tetany requires
provocative tests to elicit and generally occurs at less severely decreased plasma
calcium concentrations, such as 7 to 8 mg/dL. Hypocalcemic tetany is also observed

in veterinary practice in animals. For example, hypocalcemic tetany in horses is a
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nsgmetimnesartht dierationthin Isetum cancealrations démegmi@m sinchprozphate. It

L5 BEA0PAldrRE) IR AR A Flgh Byl g i
alactatlmmpare,s (|azlam31 tetMV)?)&gMeSrﬁﬂableFahd! mlate tp reeusaausedlar
hl‘ﬁ@:eﬁﬁ?&& patients' level of mobility determ ned

e soci al i ndependence. O der patients and
t hose Whe preserfiiryention inélsombdndepies Vit mharrlnachtmcal leompesitions for

SR ol IS8R 6 o SR e
a$tar0§blﬁdlaied ostedppesisldow bond turnavet beteafonosis, detebmaltia, fteaal
@ed&@%ﬂﬁ?t %&%Ié HubidhE s AEBYE Hidie orfnefﬂﬁus 19 gﬁsﬁe[% opd graft

gosarcona Is a re
hregiﬁlgn r@hspiard rejegion mheymatoidearthutis BsthM'aabori'ea‘eacaJres bone

ke S L1 8l s RO SO
ﬁecmtvna@@kle&bmmerth@mn tsfukeinia, oglor o@mecchmt camcer, prostate
I n
| %ﬁr\gﬁig &geaqrpﬁﬁg ﬂﬁal@ ffg@ﬁal%glg %)@B@%ﬁédlsﬁ?%pgr%g&%lé Faitty,
oﬁnue@@ é@@@ges SAROPETYEp DBlePsareerna.ynocdieamiotetanys ar coma

t r
pr g%p&r%ﬁ?%c&&ﬁ?’nda%‘tg C\ﬁtggirlﬂ;?:ﬂ\e{g&erw% gho?%[n& %vy bor@ @Q% resulting
diemeggesgye atblefiebetavionyeat éor ebsiaentsnt p‘hpeambsm aEBsINOr
Rt dhd (FAMAR ol Bievbich o 8 Gebdi 5 R EPRsing a 2
oAl Bélﬁe'%é%l‘)@ra\ﬂfé@"\/@ darivagige, §hﬁ|©ﬁ$ 8 cpepamd ofdouhylahgnd a -
L Ogﬁﬁd%ﬁr%@{]éé%h@rnﬁfv GG HESfeDY | ow serum
cal ¢l um an serum orus eve
Hypopa\nalnﬁ@mﬁo iment, @hmzqnnt;meftrgms ofibis lraleotltd”ewmﬂnse enoval

Otﬁel%r heGRBRAG dcReSHY &fr@éfn %ﬁrﬁypo pda ohd, Hife co%[)hm;be being an 2-

r0| dectony. Transi rat ’hyr0| Ism1s

Jkyliganardo- aferb\tlt@mm Dﬁﬁ?\faﬂ}/@@é@@ﬁ?a @ﬂmpom;tcvffgrmula I and a
ptﬁél%@@tﬂ:rall)yeﬁe@tl\}eea?ﬁotfnlﬁ 8fh é&%ﬁ& c tl‘fefse‘é&%ecfotn# und being
per formed 't hyroi dect om es em c tetan

fabigpkapheeatany resul ting from hypocal ceni a.
A particularly preferred combination is a combination of 2-methylene-19-nor-

20(S)-1a.,25-dihydroxyvitamin D3 and a bisphosphonate.
2-Alkylidene-19-nor-vitamin D derivatives that can be used in the present
invention are disclosed U.S. Patent No. 5,843,928, which derivatives are

characterized by the general formula | shown below:
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Hypocal cem a is characterized by a decrease in total
pl asma cal ci um concentration below 8.8 ny/dL

w@ noosloege s/ deciliter) in the presence of norPel/1B2004/002935

pl asma protein concentrati®n. Tetany nmay be overt
wi th spontaneous synptons or l|latent. Tetany, when
overt, is characterized by sensory synptons such as
parest hesias of the |ips, 30 tongue, fingers and feet; |
car popedal spasm which may be pral onged and painful;
general i zed nuscl e aching; and spasm of facia
muscul ature. Latent tetany requires provocative tests
to elicit and generally occurs at |l ess severely
decreased plasma cal ci um ce at i ons, such as 7 to
8 ng/dL. Hypocalcemc teta ® observed in
veterinary practice in anikal s #Foerexanpl e,

¥ iB a WO 2005/027921
PCT/ 1 B2004/ 002935 7 rare caondition associated with

magnesi um and phosphat e.
physi cal exertion or tra
in lactating mares (] agtatjo
vari able and rel ate tgfheulonuscular 5

hyperirritability. The pre€sent invention is al so
concerned wth pharmacdti cal @pnpositions for

treating netabolic bone di sease, senile osteoporosis,
post nenopausal osteoporosis, steroid induced

ost eophiersY sndloywhiom enaylnertbe same st diffsventoaiessach selected from

B 0T Bt BBl BN PR AR e
gﬁ@&hﬁ&@sam@ecﬁﬁmantamaﬁmpbabcmdépgdhégnwpmbgﬂang@ﬁd
Bt P B PARE BRSO LSE Sl B Bt FeprBSne

igraupf-f(Cel,prtwheebX i arsiataget from 2 tasd) arid vessre hggroteRseprasents

| eukemi a, . col. .
ain e delrd o i o tb et W8 comBbART °
hy pogddurel spanificallydR opatepeesent abéttisated anussataratkaygegcarbon

e L e o e

amayreexiain oeoaw e edditiersal s@ssituentsgsuch @e iy drgyy-ex profected-

thletic ) f t
FR) HouBE S tonndh ot SRR o1 lOERSBRZoups.
Seefomed bide chaiaxofihie typergue represgnteddy the structure below:

al kyl i dene-19-nor-vitamn D derivative, such as a
conmpound of Forrmula I, and a

occurs after prol onged
(transport tetany) and
éwgtany). Signs are

Z

where the stereochemical center (corresponding to C-20 in steroid
numbering) may have the R or S configuration (i.e., either the natural configuration
about carbon 20 or the 20-epi configuration), and where Z is selected from Y, —OY,



bi sphosphonate and a carrier, solvent, diluent and the
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of a first conmpound, said f4rst conpound being an 2-
al kyl i dene-19-nor-vitamn D derivative, such as a
conpound of Formula |; and a therapeutically

ef Ve e second .
coRE i Rar R 2 Ehiio ERERAF TR fons By BEEE s o rans
pgednaetrye dnd owhivienaisiselected francionigeat methylpf-COR® and a radical of
24 ne-19-nor- 20(S)-1a, 25-di hydroxyvitam n D3
athg%g'{]%tlhgephosphonat e. 2-Alkylidene-19-nor-vitamn D
derivatives that can be used in the present invention
are disclosed U S. Patent No. 5,843,928, which
derivatives are characterized by the general fornula

| shown bel ow. 30 WD 2005/027921 PCT/|B2004/ 002935 8

| R where Y, and Y2, which may pe the same or

different, are each sehected ffom 5 the grougs

consi sting of hydrogen \;\d a Mydroxy-proteeting group,

R6 and R8, whi-ch—nay,pe—the-sargCen) di-ff erent, rare

each sel ected from t he group consi sting of\hydrogen,

al kyl , hydroxyal kyl and fluoroal kyl, or, when g*aken
together represent the group -(CH2)1- where X is an
integer from2 to 5, and where the group R represents
any of whére nhppi oahdepieddentlyaiepseskmidhaintegers/iréra®ito 50vhere R’ is

eGP At e B R Sl MR LR

36iﬂc@rolh5\etlwl, andh &% s-afixyl, wlicts tnagibg Istraightaihain drrbearehed and,

Ao WL oI RIS BB TLE, AR Rl v

galigs indeperndenfly, insdientsd frore sibeteriure pirujgroalkyl ryydageot fluero,

RGN NS P RN EnSRE Birled B
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
—(CHy)s—, where p is an integer from 2 to 5, and where R® and R?, taken together,
represent an oxo group, or the group —(CH,);—, where q is an integer from 2 to 5,
and where R® represent hydrogen, hydroxy, protected hydroxy, or Cq.s alkyl and
wherein any of the CH-groups at positions 20, 22 or 23 in the side chain may be
replaced by a nitrogen atom, or where any of the groups —CH(CHs)—, —CH(R®—, or
—CH(R?)— at positions 20, 22 and 23, respectively, may be replaced by an oxygen or
sulfur atom.

The wavy line to the methyl substituent at C-20 indicates that carbon 20 may
have either the R or S configuration.

Specific important examples of side chains with natural 20R-configuration are
the structures represented by formulas (a), (b), (c), (d) and (e) below, i.e., the side
chain as it occurs in 25-hydroxyvitamin D (a); vitamin D (b); 25-hydroxyvitamin D,
(c); vitamin D, (d); and the C-24 epimer of 25-hydroxyvitamin D, (e);

(@)
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where the stereochem cal center (corresponding to C 20
in steroid 20 nunbering) may have the Ror S

wa@eovsiogieerti on (i.e., either the natural confiBUr/E2001002935

about carbon 20 or the 20-dfpi configuration), and
where Z is selected fromY, -0OY, WO 2005/027921

PCT/ 1 B2004/ 002935 9 -CH20Y, -C-CY and - CH=CHY, where
t he doubl e bond may have [ r trans geonetry,
nmet hyl , - COR5
B R3 (CH2)ni C

and a radical of the|structure:
(CH2)n C R5 R4 where and n, independently, represent
the integers from , Where R is 10 selected

from hydrogen, deuterium hydroxy, protected hydroxy,
fluoro, trifluoronethyl, and Cl_5-al kyl, which may be
strai ght chain or branched and, optionally, bear a

hydr oxy or protected-hydroxy substituent, and where (b)
each of R2, R3 and R4, i ly, is selected

from deuterium deuter ~ fluoro,
trifluoronethyl and Cl;5 aIkyI whi ch may be

strai ght-chain or branched, and 15 optionally, bear a
hydr oxy or protecteg: oxy substituent, and where R

and R2, taken together, represent an oxo group, or an ©
al kyl i dene group, =CR2R3, or the group -(Cl2)q ,

where p is an integer from2 to 5, and where R3 and

R4, taken together, represent a@ oxo group, or the

group -(CH2)q , wherg from2 to 5,
and where R5 represenf hydrogen, F;\/Q ﬁ pr ot ect ed
hydroxy, or Cl.5 al ky]l and 20 wherein any of the

CH groups at positions 20, 22 or 23 in the side chain
may be replaced byVa™itrogen atom or where any of

the groups -CH(CH3)-, -CH(R3)-, or -CH(R2)- at
positions 20, 22 and 23, respectively, may be repl aced

by an oxygen or sulfur atom The wavy line to the

met hyl substituent at C-20 indicates that carbon 20 (d)

may 25 have either the S csqpfiguration.
(e)
7, \
’ ~
OH
[AVAVAVAVATAY S

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 alkylarylsily! groups (hereinafter referred to
simply as “silyl” groups), and alkoxyalkyl groups. Alkoxycarbonyl protecting groups
are alkyl-O-CO- groupings such as methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, tert-
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Specific inportant exanples of side chains with
natural 20R-configuration are the structures

wo eseseat ed by formulas (a), (b), (c), (d) aneCT/#E2004/002935

below, i.e., the side chailh as it occurs in
25- hydroxyvitamn D3 (a); vitamn D3 (b);
25- hydrpxyvitam’n D2 (c); vitamn D2 (d); and the
epi ner y ' i ol
55583585 Ry Ut St SRR ERy The (SR K i an
alfari@) gd0p A5 i@ darhenssinell of lie isoaene fQﬁWr@')%ﬁ%f)P@%@ ?ncﬁ’b
roup. il f,

FRRr 4K 8 GorbblE P aoPil TRIBAE, bR or it oup, oran
eTCﬁmqube\p)ld@hfammbrabbﬁwow acy habamnkg pealky) sulstituted benzoyl
a B r

U¥> ﬁ'F‘-X tc—:?rhg?él(lﬁlg e)% é%ﬁ{eﬁhr@@%ﬁfﬂeﬁ?{egﬁ) ?@n&t@s 8skrBigHt-
éhémmybran&mui;ﬂlkybradm@b@f Trig 1§cothess, "25' g somptis/fores-co

i RN i e N
Inmmwemywéjkm yar, tettaiswdrow:arwb@gi [ alg:,gi{opyranyl Preferred ‘silyl-
}%ch étﬁé %gcﬁ(grg %gegt?‘iﬁﬂetﬂy?sll? Ui zlgr Q‘Bﬂ%ﬁdrmeth%lgﬂytl g;b#]tylggth?dsﬂyl
silrgranylmemyaﬁwl Qhelnaldmﬂthy@rlyiu@pt@ﬁny&t-l@@ylglybmeéogopﬁ a&ylpted
% Iyl (r)écgcellsS ?E%rtbﬁn f‘é?iél”%gcgéﬁg ﬁ@g@@hﬁ@@@cmgﬂ s&lems g%ﬁﬁ%ﬁbf
@hegylubaay aligd-ooiyo- orhaim SU@*‘@“%F{P'@VH@'PU@ oup such as
benzoyd v, QEci8d RfdrBxy” Brdub % & hydibkydrodyBerviatizéaast phetaeted by
any of the above groups commonly used for the temporary or permanent protection
of hydroxy functions, e.g., the silyl, alkoxyalkyl, acyl or alkoxycarbonyl groups, as
previously defined. The terms “hydroxyalkyl”, “deuteroalkyl” and “fluoroalkyl” refer to
any alkyl radical substituted by one or more hydroxy, deuterium or fluoro groups
respectively.

It should be noted in this description that the term “24-homo” refers to the
addition of one methylene group and the term “24-dihomo” refers to the addition of
two methylene groups at the carbon 24 position in the side chain. Likewise, the term
“trihomo” refers to the addition of three methylene groups. Also, the term “26,27-
dimethyl” refers to the addition of a methyl group at the carbon 26 and 27 positions so
that for example R® and R* are ethyl groups. Likewise, the term “26,27-diethyl” refers
to the addition of an ethyl group at the 26 and 27 positions so that R® and R* are
propy! groups.

In the following lists of compounds, the particular alkylidene substituent
attached at the carbon 2 position should be added to the nomenclature. For
example, if a methylene group is the alkylidene substituent, the term *2-methylene”
should precede each of the named compounds. If an ethylene group is the
alkylidene substituent, the term “2-ethylene” should precede each of the named
compounds, and so on. In addition, if the methyl group attached at the carbon 20
position is in its epi or unnatural configuration, the term “20(S)” or “20-epi” should be
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5 group. The term"al kyl", except as otherw se
specified herein, denotes a straight- chain or

whe@sobmadl al kyl radical of 1 to 10 carbons, i nP@l/iB20043002935

isoneric forms. Al koxyal kyR protecting groups are
groupi ngs such as net hoxynet hyl, ethoxynet hyl,
nmet hoxyet hoxynet hyl , or tetrahydrofuranyl and

ﬁqeﬁ;aé@mde’aeﬁqm@yaunowﬁgefaﬁ{ee%r@bhws THeHRddi dothpB e uld

are trimet , triethylsilyl
alsp be pf tinervé@rn'w%utmﬂ if defirBdkt y| net hyl silyl, 10

di phe%%%%ﬁd{;ﬁ%fbbféd e@?&m@ @*‘tlﬁ@k@l&yﬁdén}éloompounds of structure |

he Si | and anal ogous al kylated silyl
Wadnﬂ‘@l%de chais i @r,as,ﬂturgﬁegmre except as ot herwi se

speci flg%gr-%@fl&hé‘-ﬂ ﬁmwd%@szzadehgb@wémm py any alkyl -
nitro- 0- substituted %reny group._ A "protect ed

hy dr osl§nogR4dinome-1a25ngiydsexy-4- ety eV e Ry ed or

pr ot e‘%@‘?\gr BYtrinBmg- 10i5 Elhﬁdréﬁpﬁdéﬁﬁmammm y used
for the ggorar manent %rotec i on

hydr o#9- npr: 21+ émﬁthYé'z@ hOW\Oth%ﬂ WFOXBG?%SQ'%’F ‘Wﬁmmal%w

or al I‘ig)ﬁéﬁ% Qﬂah‘rlletlgﬁ-ghl%onﬂﬁ QB-@N‘\'y@r‘dﬁi/ 22—@@ﬁydﬂ@ﬁkam'i|fh[§3,
ternms "hydrox

fl | k
ot or 1omorangT Amiv2adiERc b B e uiey g s

hydr Oﬁb*noﬁQ@E?—ﬁieW-.@l hbinB O 25- iR E%/-22- @@ﬂ,ﬁfdvltéﬂﬂih)os, I t
shoul be noted in this descri

t
D hdamor-Dep stk A HBomee SHAPYI BN - e e
g ; OUItO 1§%r-%zﬁ Qlﬂd%&ﬁ?\ zlﬂmm?mﬁ] dlhﬁ(ﬁr@féyﬁZZ-aelﬁ)laﬂa\ﬂdtt@hId[Dgon
(0] WO ne ene oups a rno 1 T Irn
Che slGeceRaTrdnamEa Bamores Slavdiorga feryni e
: ot hq ggﬂ:ﬂ% 27’-@lpﬁﬁpyt-m-aﬁlométm-@lﬁﬁd@kﬁﬂ@ﬂehy@ihﬁﬂamm@ and
erm

met hy119g1%68p 251dlprwyeﬁwfrt§@m°zb2éﬁ@yeir?xsbgg-d?hwﬁ%wté@m Ds.

that f emﬁé(éﬁﬂ%r@feﬁ%d @mmﬁiés of the tdmyllidgieoctpipouhikefwiraeture |
theterm 26, 27-dj et refers 25 to the addition of

él‘f’ﬂe@tﬂl‘l%lﬁ‘d%%ﬂfb‘se??tum%‘yé@ and 27 positions so that R3

and R4 oaidr-24 pbrBYI, Zﬁﬂlﬂrdlﬁxyvlté}nh@ fol lowing Iists of
conmpounds, the partic ne substituent

at t acHEkR4 IdﬂP”PaT%% h.’!drﬁl%’l%m Zhoul d be added to
the Eolr@rrtﬁhlﬂltﬂaﬂoﬁ}o FQ% dur@mﬂwltamm bga net h>2/I enehglroup
is the a i dene stituen nmet hyl ene"
30 shot#r ﬁ@éé’ﬂ'@e (?H‘Wq E25H§\¥§@X¥‘6$H%R I f an
et hyl emencgize W-dlrﬁethE@4 _@ihdeiio-1 denEny@gUitdmie D, t he

t t hyl I d . h t.h d
c g [’I":Jno u%gor' @g Q’g’BetE ?Z%I‘tﬁh%g'ﬁ %%gq\r’?y%%qu? 'F?é“ ?’E;l lrreg roup

attac h@naizatzhejuammmo% 1 p@aihwmymtamirmg,t s epi or
gﬂg&t 31r {ilrléor— %nf Iogel%hyef 24— omo ?2& %Ehrydroxy itamin r "20-epi”
19-nor-26,27-diethyl-24-trihomo-1,25-dihydroxyvitamin Ds;
19-nor-26,27-dipropyl-24-homo-1,25-dihydroxyvitamin Ds;
19-nor-26,27-dipropyl-24-dihomo-1,25-dihydroxyvitamin Ds; and
19-nor-26,27-dipropyl-24-trihomo-1,25-dihydroxyvitamin Ds.
Polyphosphonates, including bisphosphonates, are useful as the second
compound in the compositions and methods of the present invention. Exemplary
polyphosphonates include polyphosphonates of the type disclosed in U.S. Patent
3,683,080. Preferred polyphosphonates are geminal diphosphonates (referred to
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WO 2005/ 027921 PCT/ 1 B2004/ 002935 12 included in each
of the foll ow ng naned conpounds. The naned conpounds

wa@ombkm2792l so be of the vitamn D2 type if desiPeniB2004/002935

Specific and preferred exanples of the
2-al kyl i dene- conpounds  of structure I  when the side
chain is unsaturated are:

§raR Es FEpAtotaes) B %f)éﬁéﬁ BEARRD AT S AR o

forada A24-t ri hono- 1, 25- di hydroxy 22- dehydrovrtam n DB;

19- nor - 26, 27-di net hyI 24- homyp 1, 25- di hydr oxy-22- dehydr

ovi tam n D3; 4

19- nor - 26, 27- di et hyl -

drovitamn D3i 10

19- nor - 26, 27- di net hyl R

ydrovi tam n D3;

19- nor - 26, 27- di et hyl -@?ﬁ&{‘ﬁ?f’%-di/hydroxy-22-dehydro

vitam n D3;

19- nor - 26, 27-di et hyl - 24-di R&no- 1, 25- di hydr oxy- 22- dehyd

rwhareianmi n D3;

ﬁ?‘”n@?to?-ﬁor%&éhdet hyl , 24-tri hono- 1, 25- di hydr oxy- 22- dehy
rovi tam

1Rior - 26, 27- di propyl - 24- hono- 1, 25- di hydr oxy- 22- dehydr

ovita , .

76- nor PoBRERt o 8 cambopatgmns cptonally subzie il a0,

drovit anﬁtkylmnnoadralkylamrno or heterocyclyl;

19- norg, )zﬁalga?gg' propyl - 24-tri hono- 1, 25- di hydr oxy- 22- deh

ydrow amn Specific and preferred exanpl es of

t he 2-(8) rRithigeprefesaimpelergsubstitutedr ucture | when the

si de

19- noﬁagb%dw %@gﬁgtg?g)%rbw am n D3; 20

19- nor(epsatyiateshiye or - mmwﬁénmgemnmlrmﬂg heterocyclyl with one
19- nor - Zé g\; }% é 5 di hydr oxyvi tam n DS; r
19-nor-2 E? i met -~ 24- hono- 1, 25- di hydr oxyvi tam n

D3: ora pharmaceutlcally acceptable salt or prodrug thereof.

égf norTgBaikdl” GlolBs the ?a‘ik)ﬂjdnlﬂﬂgr%na "‘&gkﬂérmﬁgr Groisd LAt the
difinien ofdR*in famuac yiay 2ave i ithd aarban aBmsiamgcan g rideaeidently

[Biectkr in th dially

19 er(1:or _|n e 2 dy amrﬂ grOZUE r']l'cl;reréerrln Egted)c%clgr "c‘)"f&‘/'(‘u z'anrrftmrtm A

Toeafsa Wratpd@r éﬂwlllra@&ﬂ oHonemheres helterqwml@)gy&urt\uth one or

?gg rl\rlrlést gncpnp \r?]o I?ﬁetgr%a%rﬁg mdepgnﬂdertﬁ)} TS frdmA® S ahd"¥9 The term
“aryl” within the term arylthro” in the definition of R® means a substituted or

i h ®H25- di hydr oxy- 22- dehy

-t|ri ho 1, 25- di hydr oxy- 22- deh

unsubstituted phenyl, furyl, thienyl or pyridyl group, or a fused ring system of any of
these groups, such as napthyl. When substituted, the aryl group within R® is
substituted by one or more alkyl, alkoxy, halogen, amino, thiol, nitro, hydroxy, acyl,
aryl or cyano groups.

Compounds of formula A include:

4-amino-1-hydroxybutylidene-1,1-bisphosphonate (alendronate), (3-amino-1-
hydroxypropylidene)-bisphosphonate (pamidronate), [2-(2-pyridinyl)ethylidene]-
bisphosphonate (piridronate), (dichloromethylene)bisphosphonic acid (clodronic acid)
and its disodium salt (clodronate), N,N-dimethyl-3-amino-1-hydroxypropylidene-1,1-



19- nor - 26, 27-di propyl - 24- hono- 1, 25- di hydr oxyvi tam n
m.
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D3; and 30 14 _ _ _
19- nor - 26, 27-di propyl - 24-tri hono- 1, 25- di hydr oxyvi t am n
D3.  Pol yphosphonates, including bi sphosphonates, are
usisghobpleshatd enikiestRig olpa@idRas)) d -Hyardxh3-GmBagi-ti ons and

TR REr R P SaRSSBOPTAR DeIRE e b2 G pe
diysiciRsiegidene-t1Sisphasdhate 3rikBirorR8); 1-R{/&B)‘@5fe"tr%@|dene-1,1—
e A A A
bbisyrospidraratEss ) 053 rehyerd: Q-(ﬂ?iﬁmﬁé@&l&b@ﬁwﬂ@ﬁe@r1%i§dh@%ﬁonate
0 neral . formula. A0 rein 5 RAis H OHor d;
SraGiREhRY 1p$y<{fj2¥%2dlﬁ“'ﬂa{°§zs‘é‘ﬂﬂ¥§'ﬂ'”VQ‘?('}?’“]}’“?"%P%1 dispbpsphonate
ardmRiroreié ), 0¢@lchipropbidrsithib yaiediellinbid11 ,afﬂié?fho_splﬁinbbé DdRRate),
YRS BRpelBFern drishaeronal imocrorgie. incadronate), -
cyrihod Higdtadyhaxylivdnieht, BbisphospRéidi® iRrid@hateg) sat ur at ed
LoV Oty BB Boudh e herom B Pl R S i
done phapharmsakltically qucestabig stibeheebs. Fdr ekbppleathlyémm
SRR Ut B B er s Sande kYR k0 atong
haitEphzambasutiasityrasoepiable sats ieere o suprsemrdyontebaired
L\Lﬁfﬁﬁﬂﬁqﬁe, %Leaﬁlek :J‘%Waag kl%ggs' ris-léla?ontlceéci ar? ;t)r%rr%%ggdt%glly
acceptable salts thereof, such as risedronate sodium. Also included within the
definition of bisphosphonate as used herein are the hydrolyzable ester forms of these
compounds.

Tiludronate disodium is an especially preferred bisphosphonate. Ibandronate
is an especially preferred bisphosphonate. Alendronate is an especially preferred
biéphosphonate. Zoledronate is an especially preferred bisphosphonate. Other
preferred bisphosphonates are 6-amino-1-hydroxy-hexylidene-bisphosphonate and
1-hydroxy-3(methylpentylamino)-propylidene-bisphosphonate. The
polyphosphonates, including the bisphosphonates, may be administered in the form
of the acid, or of a soluble alkali metal salt or alkaline earth metal salt. Hydrolyzable
esters of the polyphosphonates are likewise included. Specific examples include
ethane-1-hydroxy 1,1-diphosphonic acid, methane diphosphonic acid, pentane-1-
hydroxy-1,1-diphosphonic acid, methane dichloro diphosphonic acid, methane
hydroxy diphosphonic acid, ethane-1-amino-1,1-diphosphonic acid, ethane-2-amino-
1,1-diphosphonic acid, propane-3-amino-1-hydroxy-1,1-diphosphonic acid, propane-
N,N-dimethyl-3-amino-1-hydroxy-1,1-diphosphonic acid, propane-3,3-dimethyl-3-
amino-1-hydroxy-1,1-diphosphonic acid, phenyl amino methane diphosphonic
acid,N,N-dimethylamino methane diphosphonic acid, N(2-hydroxyethyl) amino
methane diphosphonic acid, butane-4-amino-1-hydroxy-1,1-diphosphonic acid,



nmeans a saturated or unsaturated 5 to 7 nenbered
heterocyclic group with one or two rings and 1 to 3
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term20 "aryl" within the ti&rm"arylthio" in the
definition of RS nmeans a substituted or unsubstituted
phenyl, furyl, thienyl or pyridyl group, or a fUSﬁd

n.0 to ) t
V\hé}garﬁe\l%taﬁm 0{-2@413 P11 dp*ﬁﬁépﬁ}og]u AP neXatiah.Binb! Bydidy-1,1-

en su he " ar
sdibkesphatiedcidyand nbarmacemiroellsaadcyebtabml detery andhsdlte giesreof.

am no, Pé@éﬂ%‘(}' rpgng gg b%}éﬁj{#sg)ﬁXnertgg ﬁé,e%l %{egéompoa & 5hd methods

gr oups. oun
4ofdhe pesenthipantionyibduge filddmeic Beidl, alebdrepih asid umfetrenic acid,

giﬁgﬁcﬂgﬁlg a8k enqsegn(é):rﬁﬁe%\:%dlj gfi%rbnlc cid ?IOdrPBIg ﬁ]cngr %r]%ié}agjldronlc acid

roxypropyli sphosp RSAa
[ anc( melppharmaoglUt)cali)mdceMQHe]saltsborsmbdxs:ghmm;lte of the prodrugs.

(el oy D1E BbSHasporics ey LB o RHR B e di e e

Nnrerdionatenkriowsw-ia therast anddedeiibegdn d:‘wl!terdtﬂrse -TiludroWB acid, related

(g dS Eha Rl B e Beo el P RBIRBIRT 4o 06

p@ﬁ?@/%ﬁh‘kﬁ?ﬂ BY73p4,BT @24k 4 980,171 sHHOS PO laad 6,656, 288 U.S. Patent

oy raor ] Qeronte el Giomts Remnydimie and sy rpate

1mﬁ9my65@f©t 'Hya PatentNo. 5165602%1@3@%rdﬂoélu(réﬂuddmrwhate@)ahydrate
Fdae, 36 fid mgéggd%@%atythw&e%ﬂn%ﬁ@h arReted as

b| s onat e
1E¢§?m-aésx,ys degeiibedrinda 2 oPgientdNasy #i684.087;14. 222003 phospESHat

e5 56@9*?%(9@?&&?1@1 F pxgmp I]e lendd'onatg int t}e bisp Pspcponlc afld] form

-hydr oxy-2-"(i mi dazo ene-
- Qﬁrstpﬁmgpafgﬁ as desqfing tﬂdJ Snlaatgy]t 4,621,077 Wthh procedure is

reg)fodggéd)ﬁé?m eRYhikiDleBr TR bf £SRfobudlrib L&R NOS Rk e
mqg’pmr@uremlq/ pRcbyAhgoLs elnierobenzamuesnp Ihlegtlad) opte100° C. At
(ﬁls@ﬂgéﬁﬁﬁf ggbmﬁﬁgﬁhﬁ%ge% {hs amount o gle is added under

am no- ene- hos o a
(ﬁ@ng @tl@lﬁﬁt%}e mlmlrerh§tlltr@d 2 15108 waﬁn@rr@urs ungkths demse phase is

SHFRAtE férPneHLﬂ’ﬁd R SRR IRARAND CoBCTIL ?]JIIQ ré‘ﬂltﬂﬂagbwashed with a

phar maceéutically acceptable salts t
eXBafiAneount gechiaspbanzeneart dssalvedds watasdhesobition is heated to the

SRGIRRTR &3 ofb ROGH 'tﬁer@@doqjeo( rFJed F)ﬁzé'?uc\hﬁ Jc‘ﬂ?é@ar%r‘? e

wi t h“phar maceut | ca accepta ts thereo
d@a’@ﬂ@'rﬁjf*'tﬂ"%ﬁ andstbe ptmluct l@pwe@xmt@f@d with exeass 1of hotseelhanphiTae

r@r@&@mﬁténﬁ@o@ﬂt&n&% ﬂeét?&‘ uH&@’ rome&HL él@‘glhloMrS Iv20% hP,d rochloric

acceptabl e salts thereof, such as risedronate sod
G Tng bydraeiong qqlq 5 remeved by distillation and the residue is recrystallized

from water. The product is 4-amino-1-hydroxybutan-1,1-biphosphonic acid in the form
of a white crystalline powder.

Zoledronate, as its free acid monohydrate which is marketed as Zometa®, has
been described in U.S. Patent No. 4,939,130. Ibandronate is described in U.S.
Patent No. 4,927,814. Piridronate is described in U.S. Patent No. 4,761,406.
Clodronate is described in Belgium Patent 672,205 (1966) and J. Org. Chem. 1967,
32, 4111. Incadronate is disclosed in U.S. Patent No. 4,970,335. Risedronate, as its

monosodium salt hemi-pentahydrate (2.5 H,O) form and which is marketed as
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definition of bisphosphonate as used herein are the
hydr ol yzabl e ester forns of these conpounds.

waneosdernt e di sodiumis an especial |y preferredr/iB2004/002935

bi sphosphonate. |bandronaté is an especially
preferred bi sphosphonate. Al endronate is an especially
preferred 20 bi sphosphonate. Zol edronate is an

SRAGRIS | decBiiRl T SS! AR RBESNN 2, s Sbi 8o RS
&, @Gﬁ 342 ahdf@!tﬁ'&ﬂb& Imykaardrdemsbd@patesqah ba arepasertiaccording to

adielE s pXABLRY RSN bAGNG) RLAAY ' AR PR B2R8NS2

I'nc
[Syspiessi ﬁr(atpwdyl)rr‘akxydw(yaeim”er-tllelrpedsphwnlcrwrd‘ ér3meaixfround-

tP)k lagk f t?et \& fh%{e%'ﬁl‘ Egrlr% Q(Hy%gh la rﬂgzéa%l ic §l§’§a(re gs{cehra ed wrth
tehed glramsr(_h@é e 2-pygidaneeackiickamiv &64 greshau@eid. mSp)smqspborus
ABLE %?(?1 RE LG for ﬁén&%ﬁe‘? ."I’}ﬁsrrgéj%i%rlnbgt rla'iéjh%i&? BY g%'oﬁing water
acl d,” methane drpﬂosp oni ¢ "aci d, pen?ane- -

H}mh, @ngt -1 6,5_]grah'np Kﬂ)ﬂ;2) hhofg) phesphdrus rhinhlw'd_e ischdclt dra_zpwise \rvith
PRty TR A8 D105 RIS SAPRANTE Lo
Ivellow ioﬂ)fmmph'_Ehei reactiondnixture is then c_ooled inan ice bath a_nd the
pc{h%?&g}a%zgrbéagﬂlﬁlc%hjfs' Hé(%%yo'ﬁjfro?ﬁ ﬁ‘,b %Bf?(ﬁﬂ&od?bcﬁrcﬂcﬁh%’reacﬁon flask

pro
ommrmmthmaohdiﬂedwmduqrsm)@rgﬁdwith 160 dinlphweiehend beated ih a

Hfo‘ﬂﬂgQ\%T% béfrpfbpgé\}e)’él ngrﬁo hot solution is theB frlterefi throu%h Celite

F ox onlc acid
sl @méormmus pmrnrl\djalllre&rbdt BBalker, dnawettllipsapion lehe@Q@aneof

ﬂh 958 RO e d A nd wah AL AERT S & pRBIHASe dBFLIBE Catter

ospnoni ¢ acl
msvpm‘;emdcaafm hbour, thvymf@@tam ig fikirehofs pibihien washet] wittD

OB (FFTLLREARHRI203onl SIS BATIRCTHe product
- nydr oxy- 1, - aci d,

hHexube regrystallized ﬂ’Othm’i Wﬁiel’ 1Yield igipprroxipiateii &9 geanas G2do). The
%d@g%%gag@h& r,f_?gtaglglscg?fﬁ 's and salts thereof.

I cul arl osphonat es used in the
conposfihe m@r&memt@rrﬁ@algo cericerred vﬂfrre@errnaqentmwmmnosiﬂons for
|
DG YaGh] OHEBIE oBho et BEHIE BrBofiblls, AR
aza‘teppomsedsf@rﬂld:mdw@ osmaomm lawdane turever osiaabaresis.r

5&15 Gl Bé‘te §BLRAP rééﬁ LRulffle Q&I%QHgéi 5’éte§ etlrfus
&Siﬁ | sp

of t prodr ugs onat es enpl oy e
dmpwslra @ak remirometfar@algnkrere@tmnsrhehmet@rd @rhr@rz éasrd"rm/rbone

P, o s AT A58 B 0, AR S0
Oe@ggh ggeeetipm vmnglegpﬁw@ﬁenm leukemigqcalgpcancer, 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 adolescence and prevention of second hip fracture comprising administering to a
patient in need thereof a combination of a 2-alkylidene-19-nor-vitamin D derivative,
such as a compound of Formula 1, and a bisphosphonate and a carrier, solvent,
diluent and the like.
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10 4,578, 376; 4,621,077, 4,876,248; 4,980, 171,
5, 405, 994; and 5, 656,288. U S. Patent 5,405, 994

wak®sioo®es di sodi um til udronate hem hydrat e anBCT/IB2004/002935

di sodiumtiludronate nonokydrate. U S. Patent No.
5, 656, 288 di scl oses disodiumtiludronate tetrahydrate.
Al endronate, as its nonosodiumsalt trihydrate form
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Hy@peRieanaiE tatanye hypopsratiyneidien. tisketsi wisinin & definieneit andrexia and
r i i . | . . . i
e i R o
freanbope mass adelesegnseand iprevepitandd secrsl gl fractaree, as

its fr j h n i i . .
oot o Bith heZBAPTHCRE oP i & (RO fiogs preventative
Aegppradylaciacrallietiveaard ¢uativedeainesd in U. S, Pat ent

No. 4,82 i L Y i i .

N, 4 B PnihcecalEORBIEEI § RSt e Corli, iusnt, Bt
Ridéntsalyor, rroBugsIoBg)beasmpatiblemih tenether ingiedients gbthe
4bdduatdpcas W@%Etéri@ugfostﬁé Bafiti n U S. Patent No.

4,970, 335. Risedronate, as' its nonosodiumsalt _
heni - pEift t&fy dradreg( means-2 pmpaineg thalds lanefarmed imwivede ¥igld a

J )/ . .
SEEIOR A H1Ah BT AR ot
gneamngms. sugh apdBrosgh hyeiglysisig Blogd 3A digguseia apihe use of

rire@eige RatBviGé b P e, IMHBARRE VRERAI H8-drGgs 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.

For example, when a compound of the present invention contains a
carboxylic acid functional group, a prodrug can comprise an ester formed by the
replacement of the hydrogen atom of the acid group with a group such as (C;-
Cs)alkyl, (C,-Cyz)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9 carbon
atoms, 1-methyl-1-(alkanoyloxy)-ethyl having from 5 to 10 carbon atoms,
alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-



the follow ng procedure which is set forth as Exanple
3in US Patent 5,583,122. Synthesis of
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A 3-neck round 5 bottomfl a8k fitted with a refl ux
condenser and a magnetic stir bar is charged wth
6.94 grans (0.04 nole) 2-pyridine acetic acid 9.84

UafkBRy ok 1) % ) RARSPRGNYSto 78&k5bn aamslﬁﬂ}egngl-ga .
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nt_inve
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I tinpl |
or af  PEPEEFHR0UE ofbB PR Bt Simopt A bna onctional
agroby, it prsdn@&iahnn foh@ﬂﬁbﬂtﬁefré;aaﬁem&nt;of Hbydrogsrpdtbs,in the
"Si8p RURERE S abs B8 el R icamony) Rigraeoky MR R gty
Iwhétenﬁxaa,ngd?ﬁ' tane mh?ﬂe,pebdeﬁﬁlgi(Cpe(bWKtyJ (CpORRyedatkyl, benzyl, or
esli oSt eo eopor
B rcs hatis GrasaBes) Stnalitely Shirree i ARk aminoacy,
sm(oelpceom)@vxmbamw‘ EQHB(kC J@gm@abrqgng) -t:f(b\a?ﬁyyx1 wherein Y*°
a 0 | Cl C
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The expression "pharmaceutically acceptable salt" refers to nontoxic anionic
salts containing anions such as (but not limited to) chloride, bromide, iodide, sulfate,
bisulfate, phosphate, acetate, maleate, fumarate, oxalate, lactate, tartrate, citrate,
gluconate, methanesulfonate and 4-toluene-sulfonate. The expression also refers to
nontoxic cationic salts such as (but not limited to) sodium, potassium, calcium,

magnesium, ammonium or protonated benzathine (N,N'-dibenzylethylenediamine),
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carrier, solvent, diluentiand the Iike. WO
2005/ 027921 PCT/1B2004/ 002935 17 It is noted t hat
when conpounds are di scussed herein,
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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
of the compounds of this invention are atropisomers (e.g., substituted biaryls) and are
considered as part of this invention.

In addition, when the compounds of this invention, including the compounds
of Formula | or the bisphosphonates, form hydrates or solvates, they are also within
the scope of the invention.

Administration of the compounds of this invention can be via any method that

delivers a compound of this invention systemically and/or locally. These methods
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25 prodrugs is provided by T. H guchi and W Stella,
"Pro-drugs as Novel Delivery Systens," Vol. 14 of the

WE\20582798y mposi um Seri es, and i n Bioreversi bl ePCHIB2GY®2935

in Drug Design, ed. Edwar@0B. Roche, Anerican
Phar maceuti cal Associ ati on and Perganon Press, 1987.
For exanple, when a conpound of the present invention
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é%:j Cﬁ% Sflgg{é)aé\?égemg Xreﬂ tajble(té g?l risedronate as its sodium salt

Irigeaitdnste dodiurt)] wehad knarkeye dagy/Aetbhei? and @5 mg, 10 mg, 35 mg, 40
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SRR B PSR ol ot g o
heimidstedtiah ahd omtiod Judgment of the prescribing physician. Thus, because of
patient to patient variability, the dosages given herein are guidelines and 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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BitRoouC e e ENAaan te o URE o™ Bt SaPuiel ol
parlehicrdl) rect@B@ﬂQﬁisuéfmaamgé fomnor prot onat ed benzat hi ne

p(N;TN Eg%%g ggdo;gﬂe %%q%@%ucaé%ﬁ%qgﬂoq%%zke the form of
dbl@ﬁdﬁm@r@]s@ﬁhﬂms ﬁbi’éﬂé @lﬂe(ﬂaﬁmlé@ poweglspad e (iRe.M2bleys -
gil)'ﬁélgrgng R’%éﬁlg?ee)i%fpt % lgr%zc}‘cra?eh %chFum/cargéna?g and calcium

phdsphate- eh% étﬁ@@y@h Bﬁhmb wlth 3arib"u@ RiResgrahts suth agbtatchled
reco | Zze e Cco 0 enti o ca
raabl f56t dpab ot FrRgng Btz porapiex SRS et Rl
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HdSired for oral administration, the compounds of this invention can be combined with
various sweetening agents, flavoring agents, coloring agents, emulsifying agents
and/or suspending agents, as well as such diluents as water, ethanol, propylene
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.

For purposes of parenteral administration, solutions in sesame or peanut oil

or in aqueous propylene glycol can be employed, as well as sterile aqueous solutions
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by methods well known to those skilled in the art.
Conveni ently, such radi ol abell ed compounds can be
prepared by carrying out the procedures disclosed
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i ncl ud| ng di ast er eoners, ntioners and ni xtures

tGremRany. Séorbgﬁsﬂgt@r%ﬂ'oﬁsﬂ%%ﬁt of this invention.

A'SO, &fifRer a8 ecwﬁhé rERemtHlRNedn i‘ésfy It doypesihigon ar e
at ropi soner s

subst ituted
consi cer g aﬁ@“'ﬁiﬁ? £ Zlkyigene- T%U%Tn‘f' B]‘fY b@%ﬂﬁ’i“’%&&?’f 7918,
ng‘ﬁ{bohh@ oFFHFPlQiérI Osnd0d pridiacdutivalytdcesptabld chiiek orglilérd in a first
conpounds Forrmula | or the bisphosphonates, form
HWrd@ﬁé%efQFmsol vates, they are also within the scope

of the, i BY@RHoLAILSf a%iaﬁhas;ﬁfohatbl Y ®bhareiceaizaiadeptalle
this invention can be via any nethod that delivers a
Pereans:

canifRs on dilusnt g secoRd, Wit Ja5AIS al l'y and/ or
| ocal | y. sTaREGMmefet hods WO 2005/ 027921
PCT/ 1 B2004/ 002935 20 inclu oraI ar ent er. al
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NE8hakfe dbrpdsiRs 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.
An example of such a kit is a so-called blister pack. Blister packs are well
known in the packaging industry and are being widely used for the packaging of
pharmaceutical unit dosage forms (tablets, capsules, and the like). Blister packs
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for exanple, where oral administration is
i nappropriate for the target or where the 5 patient is

waie@blog79tp | ngest the drug. The conpounds of tPCEHIB2004/002935
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awmttheawemwmaﬂ {be cRaRqaoET PREReSTeRRNPUd BF "Lgsa‘iege/gnothef

BRarfife ensifAta rﬁ&no?ﬁhﬁﬁ Q%a%ﬁialb&lnw drf B8 lcamd e.@Nad fofows "First
severity of _the fliction,

WaeknMeRday; Teesdand- iRt Becand %%nvoa%yt ﬁléesﬁ’?)é’sc &% iieer
PavERibRS éﬂneﬂbﬂyfaldshﬂﬂ BY $®dﬂ§ agfarghitA eily BesePahm Bat single
variabilit |ven hereﬂare i n
it B easiyE SETesn RIS S Or EARSUIBS (Be EKEH oF ASNEN JgY Ao, 2
asify e of BEofrhiaal a@ﬁﬁodnhaé pﬁohmgﬂhbf@bﬁdr%fbhaﬁﬁélfdud@@
appropriate for the @)pc}len In conS|der|n

t
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vAané Swllyocﬂosfa@ik@fs‘écﬁhd:&br?@uﬁ@ eaméorisieoisive@niablets or capsules

presence of eexi st as well as presence
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rczgrlngﬁlasn%e 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.

The 2-alkylidene-19-nor-vitamin D derivative and the bisphosphonate can be
administered in the same dosage form or in different dosage forms at the same time

or at different times. All variations of administration methods are contemplated. A
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2-al kylidene-1 9-nor-vitamn D derivatives is a soft
30 gelatin capsul e containing neobe oil in which the
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art. For purposes of i ni stration,
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aqueous sol uti ons WO 200 02ﬁ921 PCT/ 1 B2004/ 002935 22
of the correspondi ng wat ¢r - sol ubl e salts. Such aqueous
solutions nay be suitably buffered, if necessary, and
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i njection purposes.) In thils 5 connection, the sterile
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st andard technlﬁﬂbs S ) to those skilled in the
art. For purposes of tpansdernal (e.g., topical)
adm nistration, dilute sterile, aqueous or partially
aqueous solutions (usually in about 0.1 %to 5%
concentration), otherwise simlar to the above
parenteral solutions, are prepared. 10 Met hods of
preparing various pharnaceutical conpositions with a
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Chem. 51, 3098 (1986); Sardina et al,. J. Org. Chem. 51, 1264 (1986); J. Org. Chem.
51, 1269 (1986); DeLuca et al., U.S. Pat. No. 5,086,191; DelLuca et al., U.S. Pat. No.
5,536,713].

Hydrindanones of the general structure Il are known, or can be prepared by
known methods. Specific important examples of such known bicyclic ketones are the
structures with the side chains (a), (b), (c) and (d) described above, i.e., 25-hydroxy
Grundmann’s ketone (f) [Baggiolini et al., J. Org. Chem. 51, 3098 (1986)];
Grundmann’s ketone (g) [Inhoffen et al., Chem. Ber. 90, 664 (1957)]; 25-hydroxy
Windaus ketone (h) [Baggiolini et al., J. Org. Chem. 51, 3098 (1986)] and Windaus
ketone (i) [Windaus et al., Ann., 524, 297 (1936)]:
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and c. a container. The kit conprises two separate
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19-nor-vitamn D derivatives such as a conpound of
Formula | and a second conpound as descri bed above.
The kit conprises contai ner neans for containing the
25 separate conpositions such as a divided bottle or a
divided foil packet, however, the separate
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Anot her 15 exanple of such2a mermory aid is a cal endar
printed on the card e.g., as follows "First Week,
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@ﬁ?ntmﬁﬂﬁé&?os%é?éf%la gtnh\s 3587 (t1 o7®), oAFééH‘&{ofRé@ﬁ@Wtﬁ@od.um

nistration dm ni'st e

2mathiiplifinaie ECoreyoet by Maﬁmﬂﬁiéﬂ?% é@ﬁ%a“%r’%ﬁ%ﬂum
d@%@ﬁ%glﬁ@ét%@@@né 8.1, PP eRatess (ggm)ptp&%cnd?m lhe ester

taken at"the sane tine, The paratiqn
0B with dthiwrelgsipum hydkge ongberguitghle a@ﬁurﬁm@ae%%ang’ég ALK
provided the diol 4 which was subsequently oxidized by sodium periodate to the
cyclohexanone derivative 5. The next step of the process comprises the Peterson
reaction of the ketone 5 with methyl(trimethylsilyl)acetate. The resulting allylic ester 6

was treated with diisobutylaluminum hydride and the formed allylic alcohol 7 was in

turn transformed to the desired A-ring phosphine oxide 8. Conversion of 7 to 8
involved 3 steps, namely, in situ tosylation with n-butyllithium and p-toluenesulfonyl
chloride, followed by reaction with diphenylphosphine lithium salt and oxidation with
hydrogen peroxide.

Several 2-methylene-19-nor-vitamin D compounds of the general structure [V
may be synthesized using the A-ring synthon 8 and the appropriate Windaus-
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particularly 1 a-hydroxy-2-nethyl-19-nor-vitamn D
conpounds, having the basic structure | can be

waewsopiooshed by a common general mnethod, i.e.PCT/IB2004/002935

condensation of a bicycli@W ndaus-G undmann type
ketone Il wth the allylic phosphine oxide IIl to the
correspondi ng 2-nethylene-1 9-nor-vitamn D analogs IV

{SR{Hdﬂ?ré{ﬁq k@%g%ﬂ@\%%@ ¢id &Hélreé-ge\%kgeg% %t/rﬁ’crﬂ&ec'!‘ﬁué RotdX@mple,

Mmmmmbmba@ gfsthezgmrm phosphipoxyarbaniergenesated from 8 and n-
Eﬁtglﬁtﬁﬁ,lm \?r‘[sn thb prdtéége? 35! ‘ﬂ&&ryx;gé%eﬁa% s ﬂ%ne\,{ 3 REShréd according

formsblisheipyosesiutedienskice ebs Ngd doeeThes.  S736ohe) aregihe
%fe% gcteél hﬁ\gmﬁﬂ%’c%ngp}&ﬁ& 4 ?nﬁu’s tdres dé&o@cﬁcﬂﬁkltmg How-x4

sen I ve, Interfere wt condensati on
camtelxd]angb eemafu‘qbdecy1<p.26{iéwdr9ﬁy-aﬁnetbylm -19-RerodiamimDs (11).

the .aié?' Pgirq}ee&ﬁ%?%%n wald anﬁ)ﬁ%&l t{@g.é gﬁ%g%o%s%upl ing.of the

appl i e convergen cept
pldosphine lozida Sayifhl pretectedf(203): 2beiygroky Grummn@r@dﬁtma Bh of

L
Ehﬁiectln@grodlﬂﬁgé\w(aﬁﬁ) -1d,@8b-dinydraky-2-rdethyBeng-1Chemitadg®) Ds (15).
$E 8 S5 oINSl s UGS s
(hEIB6hod disclédegl h%gml:or &dmplke? 68—!’16/(1!9)8@2 m%bbgema; @honﬁgtamin
at

9 t .
55'33” E%Bbt?'fg? by p{AYH| éﬁ&?e “?gﬂ%“%ﬁ@%&r{%)r al structure
|S| ar all lgocummentoeitaicdn tl’ﬂ)ea;rphwlan,edcm(}m?( katents andtplataadls
ci ortant exa S such_known bjc
R GAars o 8 Merey Mooy BY ripreRes e el i fenfeg below
ahy inteh6ed RNlistrale pekular bedodiments of theenvenﬂ&n arydlarexpt intended

g]@’ﬁxg{m Qﬁveégfggtl o[ﬂgggt}ne [:Ig\lan%gfnoa!nly%an%ter al., J. Og.

Examples
The following abbreviations are used in this application.

NMR nuclear magnetic resonance
mp melting point

H hydrogen

h hour(s)

min minutes

{-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 Grundmann's ketone (g) [Inhoffen et al., Chem Ber.
90, 664 (1957)]; 25-hydroxy W ndaus ketone (h)

wQ Bagegemkini et al., J. Og. Chem 51, 3098 (1P8G)B20eu@2935

W ndaus ketone (i) [Wndaws et al., Ann., 524, 297
(1936)]: WD 2005/027921 PCT/1B2004/ 002935 26 (f) (9)
a5 {h) (') 0 W 2005/027921 PCT/|1B2004/ 002935 27 For
theapHepar ati on of the re@ugdb@q,mm;ﬁgm mRrigxi des of
eneral structure Il new s nt hetic route has been

| oped starting from mi.’r %ﬂpmwm Q®erivative 1,
easi |y obtained from comrerci aI
R 3R, %e?p?épa(raﬁon%ﬁb@hﬁo@@b@f aérnﬁrpespwerl@%@t fvth irf8s! Pa@nt No.
et al trahedron Lett. 32, 7663 (1991) and DelLuca
841928 psdollgwsi .~ No. 5 5,086, 191. The overal | process
of transforrratlon of the startlng methyl ester 1 into
the desired A-ring synth i S supmar i
Sche ms'“ Ithes‘?r?&mp‘ﬁﬁé%@%ﬁ’f&%‘r‘%ﬁs ﬁ*e“fl‘ﬂ?&r%éf Pb‘E; F‘B‘Eﬁfa@f(e g 1,2,
V@%t eftl 7 WhddiicRutbtufed s’é@déﬁtrﬂéd # thE plreediMg ddschbtioh3nd in

104 as _co-oxjdant). Use of such a strong
JQ?éﬁhﬁmQ%ﬁ?qﬁ¥9§§§ﬂry for an effective oxidation
process of this very hindered hydroxyl. However, other
nmore commonly used 10 oxidants can al so be applied
(%&@WFL%Qridiniunrdichronate), al t hough the reactions
usually require nmuch longer time for conpletion. The

second step of the synthesis caonprises the Wttig

rRgeaREeN off 1p4nediBydspXyearmelfyiened 8ma-vilamiBils (€bnpound 2
wth the vylide prepared from

net hyl tri phenyl phosphoni um brom de. and n-butyllithium

dReferring HEs &SQ’!@WGH dhexstading eyt ayinichie deaivat e obfained

tfﬁﬁn (:Sr"r\ﬁrerd@ Q@Erh%'a@ﬂ%%@%ﬂmro& [Per‘hﬂaﬁ et Oetrahedron
NaN( TMS) 2, etc

d@gpaz 37{66@,61&%) gm;quLuca etal., U.S. Pat. No. 5 086 191] 1:mp. 82°-82.5°C.
(from hexane), '"H NMR(CDCls) & 0.098, 0.110, 0.142, and 0.159 (each 3H, each s,
4xSiCHs), 0.896 and 0.911 (9H and 9H, each s, 2xSi-t-Bu), 1.820 (1H, dd, J=13.1,
10.3 Hz), 2.02 (1H, ddd, J=14.3, 4.3, 2.4 Hz), 2.09 (1H, dd, J=14.3, 2.8 Hz), 2.19 (1H,
ddd, J=13.1,4.4, 2.4 Hz), 2.31 (1H, d, J=2.8 Hz, OH), 3.42 (1H, m; after D,O dd,
J=8.6, 2.6 Hz), 3.77 (3H,s), 4.12 (1H,m), 4.37 (1H, m), 4.53 (1H,br s, OH).

(@) Oxidation of 4-hydroxy group in methyl quinicate derivative 1.
(3R,5R)-3,5-Bis[(tert-butyldimethylsilyl)oxy]-1-hydroxy-4-oxocyclohexanecarboxylic
Acid Methyl Ester (2). To a stirred mixture of ruthenium (lll) chloride hydrate (434
mg, 2.1 mmol) and sodium periodate (10.8 g, 50.6 mmol) in water (42 mL) was
added a solution of methyl quinicate 1 (6.09 g, 14 mmol) in CCl,/CH;CN (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, 4xSiCHjs), 0.908 and 0.913 (9H and
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nmet hyl ene conpound 3 sone descri bed nodifications of
the Wttig process can be wused, e.g., reaction of 2

wowdok/ozmei vat ed net hyl enetri phenyl phosphor ane PCDIB2p04102935

at, Tetrahedron Lett. 26, 3655 (1985)]. Alternatively,
ot her nethods w dely used for nethylenation of
unreactive ketones can be applied, e.g., Wttig-Horner

95!-@3%% @nzmu-t Bu)ZQ 2t2f(¢HP&a wkmzobftzaHﬂ)ed 2far(qm ~dt J=14.9, 3. 6 Hz),
ne oxi de upan deprotonatio

P57 L S e, e 88 6 0, L8R, 25 LB Dy
1&9?@%5 4@@@14 enom 5lm1t(@nedd/vukm mﬁwﬁ) MS m/z (relatlve

rreth sulflnate£ n¥

'(‘tf%'g’woéﬁ‘i*d 3poiMsiry Z)n%‘?h@fi’fsfulﬁ‘f H?%’t‘g >{%§3e(éh)e2%’i (530 73

(gg@y ahedron Lett. 3755 (1976)]. Reduction of the ester
wth [ithium alum num hydride or other suitable

reduci ng agent (e.g., DIBALH) 25 provided the diol 4

@El ch \A@g,ﬁ%@@&gﬁgﬂﬂqu_%r@zed by sodi um periodate to
exanone derivative 5. The next step of the

|
S%C i ugdimgEvisiyidohhydr@yed-i on of the ket one
@emykheé@bhak&kbamm il Méthyﬂ‘E@ieﬂ(:ﬁ Tailuee resul ting

ylc est e ee dwith ? véllalumnum
'i'i‘%’l‘ ﬁtrtPé‘eaH@*qSH@"'P@rmlds $His e 7a§%'61m$1 Iy agRydrqus THR3q mlL)
AOOSKES Mdtdaoptv#@ ﬂe@Lr(%M%n rhlemhe@h@em ne nﬂmlpl@ndbr argon
O i oAneities hotibr A" NBBhE BT (81 aitmimol 2% tén adbed
#ind Bk lsem@u\lvé@ﬁw(ed # bt@ lfd)rdfa mﬁOéddvat@@brhYemm@twmr 20 frih.

Fibeanumambies s o EE T oD SR 4rkelare 4 552

‘ @ mmmd &nﬁ»,fdrcsd%ermenenalmw; tvas @Ipblbrﬁad tb’ rea'ﬁﬁwn h@sk during 20

esi zed using the A-ri

D AT PR MR 6L 6 183 1 Bedha Bomaa Brtyes for ah.

d8e @mnrbwsrthmbm@ny bouray intbrineecofle 394 1801 &iddextradtall with
Thus, Wtt | rner c

tu | e
St T IR S L i SGE e reg e i e
RAECO: ahdibind, dfiéd (aS®.Y) Bnd Bﬁépbfa(ﬂécﬁl@tgwé atborbiygl 6llyYesidue (ca.

PR BGR avaB e Tosh oBfomatcnr Sy i wth Go Ry Setate
(919%4% pg@vemeihglehe ecxm@jr@da w@b@@iesd ol (36BThe) 2IONPBLNMR
%ﬁoﬁfgfqeq%aéj 68F 0169118 edtn'ah, 5errs, HAICH, .48 and

dez@% bty ol @6iéh €; PESiERUE Me313 1M, V12861117 mz)(élm {2H, m),

108 (a0 BT £ 806083, SCEQrpll eNed B L, o ) 4.0

PH e GHEED 2 09) br 35 -5y ey, JSX O FENBIB i3z (fsihRiREntdasity) 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,5R)-3,5-Bis[(tert-butyldimethylsilyl)oxy]-1-hydroxy-4-
methylenecyclohexyllmethanol (4). (i) To a stirred solution of the ester 3 (90 mg,
0.21 mmol) in anhydrous THF (8 mL) lithium aluminum hydride (60 mg, 1.6 mmol)
was added at 0°C. under argon. The cooling bath was removed after 1 h. and the
stirring was continued at 6°C. for 12 h. and at room temperature for 6 h. The excess
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(SCHEME I'l1) and provided 19-nor-vitam n 14 which after
hydrol ysis of the hydroxy- 10 protecting groups gave

W@ 20S5)p27h2R, 25- di hydr oxy- 2- nmet hyl ene-1 9- nor - vi PEIiBRO@A3002935

(15). As noted above, othst
2-met hyl ene-19-nor-vitam n D anal ogs may be
syntheS|zed by the nmethod di scl osed herein. For

can c ogé ngésn(g%gb éé(erdgwlﬂ‘gédwb@a%qmazggm and thermikturelas
vi din

exacion Wity R T TGS G APgee. Faen

Eer é‘taé% I NCor p %tréslm'meg@heféﬁ‘ywat@@ ﬂXHfEDrdaermreacted

d b
ovstiet 6 'I@Iag&/%tpif% Shtelne i ¢ 63 1B AFh DReedh erpirest
%E{%P? 5 RiviR REDENE,OYE @@790@ 08N, A0S andPo. 12m(@r¢d aHl, edah s,

‘the |nvent|on i ncludi ng the cl ai ms

HSiGEt:), OBArapH 6927 18H Fnd OF opachi AESTATN /P34 (it Utata)
Yysog r4‘1|[LC cﬁeclq,'f:'lﬂ%g?% 101 NVR) w%sﬁdsaagﬂebh@m each d,

resonan 0| nt h
R, BiHRAeE5 ¢1HBL Jr 2B gﬂmHT g%wr 094554 13 P, ¢,
%LHZI)”ME%/ (rgiah{1 hééﬁbntyl)/ﬁowsgzt@ ?Ostﬂm} -BB@#H,0,
M St anda

r omat ogr aphy S rd error
@h%ﬂéﬂ@nﬂgﬁjw pAEAIA0). Me methyl Et ethyl WO

’@%ﬂ:fﬁg e ni{uﬁ%ﬁ@? D029 BRend 2. OhABIhmol) was added to a
daolu.@gtp) pbﬁby lesier 46215 mg, 0r5| m(renoI)Llr? énrlxyldtrg]dsuether (3 mL) at-78°C. under
argon. The mixture was stirred at —78°C. for 3 h. and at—24°C. for 1.5 h., diluted with
ether (10 mL) and quenched by the slow addition of 2N potassium sodium tarirate.
The solution was warmed to room temperature and stirred for 15 min., the poured
into brine and extracted with ethyl acetate and ether. The organic extracts were
combined, washed with diluted (ca. 1%) HCI, and brine, dried (MgSO0,) and
evaporated. The crystalline residue was purified by flash chromatography. Elution

with hexane/ethyl acetate (9:1) gave crystalline diol 4 (43 mg, 24%).

(@) Cleavage of the vicinal diol 4
(3R,5R)—3,5-Bis[(tert—butyldimethylsiIyl)oxy]—4-methylenecyclohexanone (5). Sodium
periodate saturated water (2.2 mL) was added to a solution of the diol 4 (146 mg,
0.36 mmol) in methanol (9 mL) at 0°C. The solution was stirred at 0°C. for 1 h.,
poured into brine and extracted with ether and benzene. The organic extracts were
combined, washed with brine, dried (MgSO,) and evaporated. An oily residue was
dissolved in hexane (1 mL) and applied on a silica Sep-Pak:cartridge. Pure 4-
methylenecyclohexanone derivative 5 (110 mg, 82%) was eluted with hexane/ethyl
acetate (95:5) as a colorless oil: "4 NMR (CDCls) 8 0.050 and 0.069 (6H and 6H,
each s, 4xSiCHs), 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
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The preparation of conmpounds of Formula | were set
forth in U S Patent No. 5 5,843,928 as follows: In

wo b@so2mxanpl es, specific products identified PyT/MB2abi/@®2935

nunerals (e.g., 1, 2, 3, étc.) refer to the specific
Structures so identified in the precedi ng description
and in the Schene | and Schene |1. 10 EXAMPLE 1

PRITAL OBisRiert-butyldimethylsilyl)oxyl-4-methylenecyclohexylidene]acetic
@a 25- )?E lsgt;y- :[ymat yyenye 19- nor - \yltans{n D?S(y'(l | 15

RReifl detrivh ﬁster {63t To @ sstkiemef diiseprepyaraing i(#gy:Ladedymmol) in
L]
AR TRE B0 UL FEm T (2 0 el h 8 ARG, 84 fimo)
athder aU@gra&gW @letHighing, 3ad m'éﬁfy&tn(‘nbﬂﬁ'lls)lylmdta@e(uegﬂ ens
Rz e ddoe GeT 33 M- Jgtsalo CoBay R B (4B 38 0,Hp v in
%@ﬂ)u@ Wxg@@#so;&gh:as ,add&(&oﬁw&)a ThHe 886ticvwadstirkd af SF$°C.

eac i -t-Bu) 820 (1 H, 13.1, .20
fp@) 24 P‘I"z'q theze@:jlo? mnixtyre quuegclﬁ vgth S@tLgateg?\ljﬁ &fz)oourgd @'g
Bﬂﬁ'e‘ énd éi(ﬂacté& Mth 3the? afd bBnzend. The Edmbided or@dﬁic eslifacis3wdre
Weshaciin bopb, it (MR EneSvgopzied. T reqdg wis daeolvedin
Bb()(g(ijwe ($mBY aﬁd—abbhembn aAsn@a Sep- F*ékttfartﬁdgegﬂlutloﬁmnh hexane and
a@lfqnggm%%gefiatg é%sy 5 gav ru(r)éJ gllylhc eé{e er g] EQO n%J IBI&V% %ts.ea colorless
o FMWR @CéC@ $0. 63@ rd odAUIab{di dlovsf(mlyl?,ﬂ bﬁd! 319xedchk; msichy),

y-4- 0x0 | ohexane

o S S L D S e BTN B8 b8, 2.7
kwrdat §=1(2433é 2 ma; 28 as ;lmmsel J=a] mdz usro@m QdalL13(31 8.683Hz),

sol yt | 0

oraH ) 12t oo 106 2 o (1S et e 25
(i T2), 4 (Wl M, 98 @MSLSi100), 083 @ cont i nued for 8

Féw drops of 2-propanol were added, the 30 mi xture
vvas poured into water and extracted W|th chl orof orm

Thqfokggumti@n%xfh@@mc&§esv@ee conbi ned, washed wth
wat er, dri evaBorat ed to

SR SR SR RGN G HORES ey e cgop daplethand
la'\mhh‘lunﬂydhd@ﬂ L’MI iMtolusA¥ aNeme! DY ImAGEwad slowly
gave pure 569 H NVR
@m@? tgyh sireq splion o] t%eai"yh@ea’fgvﬁ %%(%dﬂﬁo 0p$mmaliy 3,
eRGehefmetANShCEMrideQ2.908 7an g R 948 (1 Hdr an@dnV\Btirring was
%8r9tﬁnluce)d2 Zg g718 IE’)C;I;)/r I1 %Zgr%' éto—%% g (cyé?&wexanone/dry ice bath) for 25 min.
The mixture was quenched by the slow addition of potassium sodium tartrate (2N, 3
mL), ag. HCI (2N, 3 mL) and H,O (12 mL), and then diluted with methylene chloride
(12 mL) and extracted with ether and benzene. The organic extracts were combined,
washed with diluted (ca. 1%) HCI, and brine, dried (MgSO,) and evaporated. The
residue was purified by flash chromatography. Elution with hexane/ethyl acetate
(9:1) gave crystalline allylic alcohol 7 (130 mg, 97%): 'H NMR (CDCls) & 0.038, 0.050,
and 0.075 (3H, 3H, and 6H, each s, 4xSiCHs), 0.876 and 0.904 (9H and 9H, each s,
2xSi-t-Bu), 2.12 (1H, dd J=12.3, 8.8 Hz), 2.23 (1H, dd, J=13.3, 2.7 Hz), 2.45 (1H, dd,
J=12.3, 4.8 Hz), 2.51 (1H, dd, J=13.3, 5.4 Hz), 4.04 (1H, m; after D,O dd, J=12.0, 7.0
Hz), 4.17 (1H, m; after D,O 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



9H, each s, 2xSi-t-Bu), 2.22 (1H, dd, J=13.2, 11.7
Hz), 2.28 (11-1, -dt J=14.9, 3.6 Hz), 2.37 (1 H, dd,

wa208/097928. 2 Hz), 2.55 (1 H, ddd, J=13.2, 6.4, PGr/B2biryq02935
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3.79 (3H,s), 4.41 (1 H, t33J-3.5 Hz), 4.64 (1 H, s,
OH), 5.04 (1 H dd, J=11.7, 6.4 Hz); MS mz (relative
|ntenS|ty) no M+, 375 (M+-t-Bu, 32), 357 (M+-t-Bu-H20,

2 805 - t-Bu-
ﬁ\gac 243 (ogwﬁeﬁ4%k5(®mme 05 4)( 200 v+-6-BY, M 82 M+-tBu-H0,
(®R7BRY003, 5- Bi s[ (tert-butyldi methylsilyl)oxy]-1-hydrox
y-4- methyl enecycl ohexanecarboxylic Acid Methyl Ester

(3). To the 10 nethyltri phenyl phoshoni um b d
( 2.(g)LGopyerFiog 8f wﬁﬂb}lwuah:og r?y%fpguhgsw pge én?m Zt oC.

n%@ﬁl%‘?@ g,‘ g%&eﬂ@w{y\(ﬁmgih ERBMji hexanes, 6 0n, 15

NGOG e AR

%1‘85%9 Qﬁzé’?\%@ﬁ)'lﬁ éﬁ’rgldﬁ‘)tus ﬁ‘ﬁF (A My vdE fdedHBAS (Z.5M A

tenperatlre for The orarige-red m xture vas
agsanesctisl dd OtZﬁBGmnolhnr@deaa@@n@ PEn Feshly respstalized tosy

o e 9 @20 e RN R or Tt JEylnteces

n@amanynm ahohbuBeLl\salstlcst i Theguixtate was stireed at OFC. feyrfimige and set

3rert Pt Sp b b itn FPRoELES By Erdéfsh-BIEM2.5M in

%kara;st 210 )M. td‘6256h||myl) was atideiddo i’dn@PPtb 8z 8n .53 amol in

CORAASRE OP05 SDFE5NE s, MRS o bbb e

%rﬁg%dh; ;ﬂ@éﬂﬁl};@tc{t e l’sGIﬁhcﬂﬂﬁ tdsyRate \Eﬁltl]ﬂ\eﬁbr@')gevdmlom persisted (ca % of the
urifie a chr =y M : 0
e g S0 RTE AL R8BS B Rtz .t
C%@gn&qe% b@'sad@m@ﬁ bpmoa(ssa 2| s6ia&fs were a%wratécfunumeduced

0
G ROR AU NCEAC NteE wrk g
%t%' T drf’r/)‘} ﬁgﬁ)ﬁaﬂo@lﬂar i &. I'I'|he G?ambzféy%r @as %épéo,‘atbla)waéheﬂi Qvith cold

‘ s%q Sqdlgg\ %Jfltqz.pné H0. .dgleq (M@OS A2ng gvztpprz‘x_’rie& n; he f%%leﬂ\?s subject

(18 ﬂas%hraﬁqb%@rdam Eiukibn With ISénzeﬁe/é‘chy(ébetéte 6:4)\ele9 Hz);
mz (relative intensit %j )

mlqrmtaumegghasm@e opgy 8 (@é%mg 1%%) ﬁ@%%ﬁd@@l ?%‘g; 011

24 d.819 ¢ @, 307 §ﬂ9ar(d5@| eaZ@s(&@@HS) (@és%@tm&am@kmnm @bch s,

group In

[2GRE-BR), 29-31 @@{t{rﬂ@r?%&% i %8? K]W ¥ 81159&'9] m) A3Fdd: ™)

‘ z}/g&aﬁcﬂ'@x' m%ﬁMQHOB&MﬂﬁBSbﬂm% 0434 He), )7 4BO(4RI, m), 7.52 (2H,

Irred solution of the ‘ester (\/I gqg
m), 7.72 (4H, m); MS m/z (relative intensity) no M+, 58T (M+-1, 1), 567 (M+-Me, 3)

525 (M+-t-Bu, 100), 450 (10), 393 (48).

(h) Wittig-Horner coupling of protected 25-hydroxy Grundmann'’s ketone 9 with
the phosphine oxide 8
10,,25-Dihydroxy-2-methylene-19-nor-vitamin Dz (11). To a solution of phosphine
oxide 8 (33.1 mg, 56.8 pmol) in anhydrous THF (450 £L) at 0°C. was slowly added n-
BuLi (2.5M in hexanes, 23 4L, 57.5 gmol) under argon with stirring. The solution
turned deep orange. The mixiure was cooled to ~78°C. and a precooled (-78°C.)
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0.21 nmmol) in anhydrous THE (8 ni) |ithium alum num
hydride (60 ng, 1.6 mmbl) was added at OC. under

w@ae@s02797he cooling bath was renoved after 1 hPCHIBR004®2935

stirring was continued at 8€ for 12 h. and at room
tenperature for 6 h. The excess WO 2005/ 027921
PCT/ 1 B2004/ 002935 31 of the reagent was deconposed

L e Y o ey
pobliseed proceduesl LSlcEimskshttal CME?EWW@D (1984)]r @@nbm;ous
LD B R0 BHEHAE % Al JL LA LRGP a7
Fay.1 K 3P Eﬂ@’egfo@ n8 he ngﬁiaté ﬁtaﬂde&)andghéld;d?'ﬁlc phase was
e e, e (o Csbantaay sy (oo trr Sahedth
B&)&netanalabpheb ohWsilica $ep-Pak cbr&ﬂgéizz)nd wa]shéd@nthi ﬂe)édnekéﬂjyl
%g@l_lgfeg(gg:ﬁj %O %%%@é\{eé%?/ﬂﬁ%édeﬁyazt ealr&%%S QM A Sep-
4Pak Svals ther, wéﬁhed it Bekéhe}‘dzthw acelatk. (96:4i 110 nil.) 1c8re(:dvdﬁsome
o oiho Raséng G2 Pobgfaiih S5 el tulfin) Gseov
(diph)anylﬁiﬂasbmﬁé)bmdé (20 m§). i Foo bodlytical purposena sgrople dfaar(:tbc@wl
i
e e8GR ig? plimecthy W G £ 28 Bl Ao SRR ED
S;ﬁ./n‘in) )CJ:SIB? h??ag\@lﬁthygﬁm‘tatte m@%ﬁ 1) ];Ehleenfsxs;tﬁnne ngescc?;mpqunédo

- . - L for 1. . ”
esielClen At 26 ol o 5 CantF ol 0 b Pyl ami 2oty s o
Nmﬁe N:DQE}%?@ ozanosom@l oge% %nﬂér?w (eéc;"'hr I, &}a%ﬁ b L UXSICHINER546
T e R S i o b1 At R TR o, cach

%Céiﬁlt@@rv:baat(laﬂrd JIB© w;_r QdﬂHg}? oenmr(@lattSJﬂveg Bz, 3xS|CHZCH3)
onbi ned, washed w th

b1r1?r8e(6Hd$ i28dandvifside) 2 QH I&PH év)agé B4t 'éodd #“ﬁ%z %r%gél‘iﬁ. b 2-33-
&’cﬁ% Y& Mﬁkf@ ¥ 4%'(ﬂ-3mc§m@r@ah@wamm ﬁb—ww@w

exane/ et ave crystall'i ne di ol
41—(133 5§, Hz2404- H) 2083 (d)4 0t &b alwag bizo®B-Hhvet.Ad (@Hnel 1ftiaod 3g-H),

(% 3 4 5 DRl i Zobe o 4 Lid 8 2p V) Gl Al U¥11.0

vidt, afr alf@6-R);rig mmerelammsutensxtyaﬂ@&;(w i1 7@9 (Mhﬁ,cﬁ)o'IOM(M‘f-t-

& s o Ao B Ry 7 T 0 T

- Protected vitamin 10 (4.3 mg) was dissolved in benzene (150 £1) and the resin (AG

50W-X4, 60 mg; prewashed with methanol) in methanol (800 1) was added. The
mixture was stirred at room temperature under argon for 17 h., diluted with ethyl
acetate/ether (1:1, 4 mL) and decanted. The resin was washed with ether (8 mL) and
the combined organic phases washed with brine and saturated NaHCOs, dried
(MgS0O,) and evaporated. The residue was purified by HPLC (62 mm x 25 cm
Zorbax-Sil column, 4 mL/min.) using hexane/2-propanol (9:1) solvent system.
Analytically pure 2-methylene-19-nor-vitamin 11 (2.3 mg, 97%) was collected at R, 29
mL (1a,25-dihydroxyvitamin D; was eluted at R, 52 mL in the same system) as a
white solid: UV (in EtOH) Amax 243.5, 252, 262.5 nm; "H NMR (CDCl;) § 0.552 (3H, s,



25 poured into brine and extracted with ether and
benzene. The organic extracts were conbined, washed

wowdaos/obmene, dried (MgSO4) and evaporated. An BCT/1B2004/002935
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resi due was dissolved in B&xane (1 nL) and applied on
a silica Sep-Pak'cartridge. Pure 4-
nmet hyl enecycl ohexanone derivative 5 (110 ng 829@ was

ThPLE D R b PRI o 2 P (.

am L6 (280 oz 58 (s1H 4%)SP.BB2)38 (2H 3B 4(49ael—l R, 1[3- and 3oc-H) 5.10
imﬁﬁ e =g gy 314 508 (o I ogia 4 f3 g

ZIZénd &HLavS Ak (rslé’g\éd\lﬁtlsl:ﬂsitzy) éq 6 ewl*gtoawesggr@?g:s&lt 1), 380 \A),

ﬁgg@) 1'}%;1]0@ t he aI(I ylic gster 23 WO 28053 02(78)21

PCT/ 1 B2004/ 002935 32 [(3' R 5 R-3

%Vﬂ%% ezft *rjrg: %lyfjelnggilglyloﬁexyl i dene] acetic Aci‘ d

Met hyl Ester (6). To a solution of diisopropylan ne
RS 09 3oy e e ok R by 1°

under argon at -788 C. with stirring, and

Sronnadbisbaies s prodorsfiitorteced RSy 2l BPPpp 4TS

efod 10BN its dduplgyith shispHitEoXid8 {@faipdd asdesceibiitid
dro%e) The solution was stirred at -78C. for 2 h.

reaction m xture was quenched with saturated
NH4CI poured into brine and extracted with ether and

ben The d nic extracts were washed
M?Eon af%ygf?xk’%ﬁ )qaand evapor ated. The r:sn due
vvalssﬂzessﬁme)tmlsn|y|9b>@pdéuaxmqmo(estanmsrom(d 3nphEoleiibnof the ketone
Sj e art I n
{2 aRBBERyPC 5% iRl i AR SR, 0.05

gmg% lﬁ%hg&%% Dwg= a. zsﬁinwlaeseate@wlth trieﬂiywmcnﬁm @6 /6., 0.56
an

4mgom.g)d the givgiga V\@ﬁ(ftlge% %WOE’@‘&FTHH%@@ rédg& ﬁrggn%r 4 h. Ethyl

Elé%%gadté w?é'%gdéﬂ aHel \&ételH,and the olgekitc I8yer70va% selpdrated. Ahe ety

Fgc)etatg layer was wpsl*@g }_%1 egersanﬁéﬁlge H{lfg ?ﬁfgé% é;§|§ (e§|qPoQaSed The

AredBué dis pBlsed4nrBAgH aﬁllc:@ﬁ;ep Eal?éar(rii:lgéim isxand/Bthyt acetate (9 1)

gqaype,dl_ éaf%e}g\ésagwg%y%ﬂ Sétg@e? %PL%’\@ 4&@%} X &%a Ivﬁll Cé]?"iny[

el BhinPusing HeXandfethl adB)atsS(9: B’ soBemtsystem Pure protected hydroxy

L Do G525 S Stttk RO i, L0 BRY AR RS 5
0.566 (6H, q, J=7.9 Hz, 3xSiCH,), 0.638 (3H, s, 18-Hs), 0.859 (3H, d, J=6.0 Hz, 21-
Ha), 0.947 (9H, t, J=7.9 Hz, 3xSiCH,CH3), 1.196 (6H, s, 26- and 27-Hs), 2.45 (1H, dd,

J=11.4, 7.5 Hz, 14a-H).

(b) Wittig-Horner coupling of protected (208)-25-hydroxy Grundmann’s
ketone 13 with the phosphine oxide 8
(20S)-1a.,25-Dihydroxy-2-methylene-19-nor-vitamine D3 (15). To a solution of
phosphine oxide 8 (15.8 mg, 27.1 xmol) in anhydrous THF (200 L) at 0°C. was



20 (7). Diisobutylalum num hydride (1.5Min tol uene,

1.6 n., 2.4 mol) was slowy added to a stirred
waoedoawedal of the allylic ester 6 (143 ny, 0. 33POMIB204/092935

t ol uene/ net hyl ene chloride3¢2:1, 5.7 nL) at -78C.

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

and at -46C. (cycl ohexanone/dry ice bath) for 25 mn.

d Q\fvl Hadbd hBu Wﬁ%?&%sbﬂ klb o7 HrWoF)@ﬁdjér' a‘PgEanifnth stulf\rlmg

ssium sodiumtartrate

pot

’mac)lutmdunne@)dequorﬁnge H?ﬂjﬂvfh&é%wéﬁ Pa@le@l {%73#%0 ARdIRAresRoled
Gkt s 4o NIt 10500 o 4 RO s
VHF {100 L) twed s(owiy addil. MGk mixue was s’ue'ed @nd@"cargomewc for 1

A oraRGr AL B ackRR a0, B plcerilores e washes

Wi blineg avied (Mg3d 2bhd eapaldied. | Thealesidhe Wwag disg@@edhig hexane and
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3ed a0 Ssifcn St ok copiecdpg e i taBOB Y Lo, o

@i9,5:@8¢20 sIL) toYisi 1rdB)tamid. deBvitive H4 (ddng) 483%) 8s a 8olgrless oil.

384 5o b i Woned i npharkieBlegats CRa 0 f) By

gdmélunchangéd eD-BRPkatone 13-MIngG), aiTd ith Bihyl acetate (10aml)to m

Ficofy pegbPhosbihe o 5 ol for dhpilod pufipefhsapfer !

profektddlvitdmin 14 wasiurthetprified/By hiPEC((B &l ramixi2d ¢rnZemex-5i)

P! fajhin i St A 08 oM st 223,
(I\/Hr ItI (E:3ua|H20 I10) 73 (100). (g) Conversion of the
5. Y 4R R T S04 2R3 T RSP BN R om0, P93 00

énd WIBD Ybaheity eherhe XyBiCi)) €]54t! r@m]sjnﬁmma qmdgrgm de?.9 Hz,

obTel Reapdoied v ¢5+4 RESRand ossale BRuofl & sy

It-Bu) W«mea t, J6¥50 lliit, 3xg1cm52:e:Hz)ml1)88ualda, 26+ guh27abls)02215-2.35
G a2 TP B P2 e s ouias faggr (e M-
%ﬂé@é }4)0499 ah@a wl(imlah@ 1al @azimd —awg 53alaatiicEe. (1/aad 1H,

ReOD G 1A oo 7hRd ik NS EYR rapive Blensind gpa Bt 3 725 Tt
a, o@n . (ViR=tBUL B), 626 Pi0), 04 fmwmm)? ¥8 (&19, 73)(&625 nmol )

was added to Ph2PH (93 , uL,

Protected vitamin 14 (5.0 mg) was dissolved in benzene (160 xlL) and the resin (AG
50W-X4, 70 mg; prewashed with methanol) in methanol (900 xL) was added. The
mixture was stirred at room temperature under argon for 19 h. diluted with ethyl
acetate/ether (1:1, 4 mL) and decanted. The resin was washed with ether (8 mL) and
the combined organic phases washed with brine and saturated NaHCO;, dried
(MgSQ,) and evaporated. The residue was purified by HPLC (6.2 mm x 25 cm
Zorbax-Sil column, 4 mL/min.) using hexane/2-propanol (9:1) solvent system.
Analytically pure 2-methylene-19-nor-vitamin 15 (2.6 mg, 95%) was collected at R, 28
mL [(20R)-analog was eluted at R, 29 mL and 1a,25-dihydroxyvitamin D; at R, 52 mL
in the same system] as a white solid: UV (in EtOH) Anax 243.5, 252.5, 262.5nm,; °H
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anhydrous THE (750 pl1.) at OC. wth stirring. The red
sol ution was si phoned under argon pressure to the

wa@oedoawedal of tosylate until the orange col or pRCEIERDEH02935

(ca. %of the 15 solution Wwas added). The resulting
m xture was stirred an additional 30 mn. at 0C., and
guenched by addition of H20 (30 pl.). Solvents were

RUARERITE T, FRRD ORIk q’g@wﬁq 53 Aetetteg 2o
and 27-16)9d 92{22048(2H0m) % 9F-2.85H(2H, Thie 268 i Uall?eiﬁ 3/52), 2.80-

2EDR TR R Bt i Es o e 4 PR A Bichoh, 20 500
anh$.e86 (12 and oHf demb i, d+iodrBizotraap IByH); BISunizdrelative intensity) 416
BR5aBRF <8 a2 2 300 P30 LFRR (o0 ) 8
0.002, 0.011 and 0.019 (3H 3H and 6H each s,
SRRy A EE 08 RgBAR (SRS s Room s 25100
BOMBAQUISDSANOTHEIRPOSHSGMERSH, m), 4.90 and 4.94 (1
Hand 1 H each s,), 5.35 (1 H -q, J=7.4 Hz), 7.46

(4H, m, 7.52 (2H, 25 m, 7.72 (4H m; MS nz

( r el aThe biologtcahexitivity) of romiplbundssit Foivkula | was setd@th in MiS.Neatent
0 -

&%’)t ??éégér as, Frolltsgsu p’fll% %froéh%gcrng %rg% Tgté?lggé ﬁ%P ct)éx {/P\E 2-position of

@-nod tRA(O8!) e boitee2@B-isbmkr hadiiitiptrawiiencondsindleg ® Beporcine

e e e

revepiohindiuding tﬁ'e—lEaIQd%@ 126)(O&b-aat mm&b% Bmﬂcwddw@tﬂ!ese results

R P o RN TRSE et oAy o) S SRy

howevﬁr,ethwasmeibxlemlsub@tltum pregiuged h@hb@@@b@@ gnajegewjth\figsir

éﬁ@?@oafc?(g@é gr ogx l\ﬁﬁ é? ?giaasg"lli aséﬂg%ﬁé R\Bdé’ftr? most potent

poreparetiestod eGP othyisuH osine @0RY GERH) D Bt Ak kihen
%b@ﬁl @&9] HIBJS{%%X) lgh%m/ltgl%?l V\?o‘?’u@%%lgﬁﬁ?r%%inzatlbﬁ] %ﬂgﬁ gél@iHﬁ\) was

of iheoedkr ohdideashrigend aossilyg @0 11060 times moagthag thay of ’fhﬁ dative
Et

%grnqgl er ﬂ‘éﬁt%% gornl\gﬁlané 24 ¢ &%g&? 281 AGHZZ\'?; %{égefierum

'ChlelunE\zaleJ@‘ Wesme19¢ o1l vfe@erum cawémaiéh%\h%p ripel OIOéa Wiheg

yi\)eb %@2&?@351?Aéy qgﬁrﬁég&@e{he Q%uﬂ@ﬁd\%é%fﬁh RGXENR SiWim

ve 19-nor-vitammn
@;elcmmntb@emn(:qgf gy To;s%g»gv its pplectigity this compound produced no

significant change in intestinal calcium transport at either the 130 or 260 pmol dose,
while 1,25-(OH).D; produced the expected elevation of intestinal calcium transport at
the only dose tested, i.e. 260 pmol/day. The 2-methylene-19-nor-1,25-(OH),Ds also
had extremely strong bone calcium mobilization at both dose levels but also showed
no intestinal calcium transport activity. The bone calcium mobilization activity of this
compound is likely to be 10-100 times that of 1,25-(OH),Ds. These results illustrate
that the 2-methylene and the 20S-2-methylene derivatives of 19-nor-1,25-(OH),Dz are
selective for the mobilization of calcium from bone. Table 2 illustrates the response

of both intestine and serum calcium to a single
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Pak was then washed with hexane/ethyl acetate (96:4),
10 nmL) to recover sonme unchanged C D ring ketone 9 (2

wogjos/oarsdi Wit h et hyl acetate (10 nl) to recovePCLB2004/002935

di phenyl phosphi ne oxide (28 ng). For anal yti cal

pur pose a sanple of protected vitamn 10 was further

purified by HPLC (6.2 nm x 25 cm Zorbax-Sil colum, 4

r&&e doselti &H&/éﬁﬁmﬁﬁé@ 2BEMA! Aokt 15 ébnausﬁﬁg M@rﬂfed from
ystem Pure conpound 10 was eluted at R'26

&’@‘P'@rﬂ ess oil: UV (in hexane) Xmax 224, 253, 263 nm "H

NVR (CDCl 3) 8 0.025, 0.049, 0.066, and 0.080 (each 3H,

each s, 4xSi CH3), 0.546 15 (3H, s, 18-H3), 0.565 SGH

dhe mspitwilusiratathel 2pefhylene d@naEraSH. zﬁg@w@m in ragpgly potent in

8@8{%99 35‘fﬁ?€h§éﬂ&1 o@HLGOQ:e@égtB tﬁe’i’> Hlo&g_cdgt —ﬁhQZJﬁ?ethﬁe\web@nor

zgnpqmsi . aqbylty szm@otq 1225 (%l D2 Tmaasgiefwlts d@str@te e Fsvten‘ﬂal

%f @\e 'dénetﬂ\glénéblg n@r-'ﬁc?s 1 Q@(@%)zggandlz%%tﬁyler%hﬂ) h& 1,25- (O(H)ng

ppmawndsycsp@t@an@r egquﬁs esprialy agamstzielekﬁmla,mom can%xzbreast

’égnce9 E§d EPosta‘fe Gecbr2 bl aéﬁgela(s?ih t%a%ﬁeﬁoof pd&lichisd2 and
and 1 H each’s, =CH2), 5.84 and 6.22 (1 H

anle each d, J=1 1.0 Hz, 7- and 6-H); M5 niz

%ﬁ'{p%ﬁﬂ' \)é%u‘ncmgemt'\é é(ﬁaloéégo (H@gporéﬂé intebdifal (*é\ébg% wal l:arrlez,()i) dut

vmee@ﬁf@ad 9?%@?@&%@& eéal@_éﬁw&oﬂ K 6%er%iene
(150 L) and the resin (AG 25 50W X4, 60 ng; prewashed
wi th nmethanol) in nethanol (800 pL) was added. The

Wﬁﬁlﬁﬁ@%@%‘iﬁ"ﬂf@oﬂa‘fﬂw%@ﬁ?t%ﬁ@ﬁ%@yﬁqsew%%?r@'ﬂ%
tB&cribéd By Osteine: ey vsibincRERY D62, A6 r3ipfmat feyry(1: 1, 4
m.) and decant ed. e resin was washed W th et her (8
m.) and the conbi ned organi c phases washed with brine
gpgLgat urated NaHCOB8, dried (MySO4) and evaporat ed.

Zor bax-Si | col um, nmJmn.) usin exane/ 2- pr opanol

(9: Resnensq ehintes{al @ﬁic'uwfan qricand Serpm (el guméBoNa eaeun
9-Mehilizafieraficvityto Chropi egwﬁ Mﬁ&y%@l@%@@@saf 1¢xNop-8,25-
m. (1 a, 25-di hydr ox{fHe W‘Eﬁ%@@?rﬁt ed at R' 52 nL

dn the same systen) as a white solid: WV (in FtOH)
QrawP 243. 5, 252, 262.5 Mese1H NvRIntesticglHalgurp. 53ppum $iglcium

s, WO 2005/ 027921 Pmmw'lsam’é’ae@)@zgss Traslsppst H3), O ml)
- _and

FiawmyD Defigant( 21, ), STER 2. 36 (26.5%0.22. 58 (B4 0.16
H25-OPIreded2H, m, 4280 (2H, m 88+ GAd 3(X H2+05

-Methylene-19-Nor-1,25- 130 5.3+ 0.4 9+0.2
(OH).D5 260 4.9+06 9.6+0.3
2-Methylene-19-Nor-20S- 130 57+0.8 13.8%0.5
1,25-(OH),D4 260 46+0.7 14.4+ 0.6

Male weanling rats were obtained from Sprague Dawley Co. (Indianapolis, Ind.) and
fed a 0.47% calcium, 0.3% phosphorus vitamin D-deficient diet for 1 week and then
given the same diet containing 0.02% calcium, 0.3% phosphorus for 2 weeks. During
the last week they were given the indicated dose of compound by intraperitoneal
injection in 0.1 ml 95% propylene glycol and 5% ethanol each day for 7 days. The
control animals received only the 0.1 ml of 95% propylene glycol, 5% ethanol.



and 5.11 (1 Hand 1 H, each s, =CH2), 5.89 and 6.37 (1
Hand 1 H each d, J=11.3 Hz, 7- and 6-H); MS mz
wQ@ e@barioee i ntensity) 416 (M-, 83), 398 (25), BEHWIK2804y002935
380 (14), 5 351 (20), 313 (200). EXAMPLE 2 Preparation
of (20S)-1 a, 25-di hydroxy-2-net hyl ene-19-nor-vitamn
D3 §15) 10 Schene Il illustrates the preparation of
prote te
PLHERE oS TP 19 e R ol AR B e S estod cABm
Eemport bed determmarmweeerie)d satseqhainusia previqusly descripgdi@ady
et one
& kit petermuipeg PLaiPYs absoreliqn speptigmety on 3 model 3110
Pélaa)n Elfes inbtitrient (Nbrvtaﬂe ClognpnEhere weferztats Befi Graup ncthe
i son 4 0.2 mmol ) and im dazole (65
5 B%SFGH‘}?SV%W%E‘“&P] rous DMF (1.2 L) was treat(ed Vr{llgth
trlethyIS|IyI chloride (95 ,aL, 0.56 mvol), and the
qgétgﬁe was stirred at roonttenperature under argon
Et hyl 20 acetate was added and water, and the
organlc | ayer was separated The ethyI acetate | ayer

o bﬁlcn ‘f‘rdﬁ'sb&%nd”é B orfd Galcium
v ﬁ%ﬁpgtnoga thl to b

ﬁettsawa o‘éhbJN%M 25.-

e
after evaporatlon Etl),lr ??%EF F!E%a at4emn;( 25 ?nm

Zaorhas anl

hax—SH—eol 4 IIUIIITI) E&kll’lg{d T/ et n%erlﬂﬁ@aﬁﬁ
1(6@; § solvent system Pure lnr rox
ketone 13 (55rTg, s y y (%1@/100ml)

70% was el ute/

NIV '.' ‘o " Q

) 0. 638 (3H, s, 18' ) O 859 (3H 5}7_,_.02

i 7 (9H, % 4%
s, 26- 7-H3) 2.4
© ;I?%ﬁz;@m H. 38% th|)g Horﬁsegldj

PHotectea \LUQ =25 IIYUI OXY Gundmanmn s
ket one 13 ith the phosphi ne oxide 8
10 (20S) - 1a, 25- Di hydr oxy- 2- net hyl ene- 19-nor - vi t am ne D3

ald Holgnah Sk rgapg e HEEE PR i Saledi BaffRy oo
2MH¥=haRAl8 2ihd [PEimd Fe8tBe 0/4702886um3B3% phosphorus diet described by
Suda et al. (J. Nutr. 100, 1049-1052, 1970) for 1 week and then fed the same diet
containing 0.02% calcium and 0.3% phosphorus for 2 additional weeks. At this point,
15  they received a single intrajugular injection of the indicated dose dissolved in 0.1 ml
of 95% propylene glycol/5% ethanol. Twenty-four hours later they were sacrificed

and intestinal calcium transport and serum calcium were determined as described in
Table 1. The dose of the compounds was 650 pmol and there were 5 animals per
group. The data are expressed as mean (+)SEM.

20
Accordingly, compounds of the following formulae Ia, are along with those of formula

I, also encompassed by the present invention:
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slowy added n-BuLi (2.5Min hexanes, 11 ulL, 27.5
,unol ) under argon with stirring. The solution turned

wale@ps/ogmange. The m xture was cooled to -78C. BOMIER2004/002935

precooled (-78C.) solutioroof protected hydroxy
ketone 13 (8.0 ng, 20.3 ,unmol) in anhydrous THE
(100, uL) was slowy added. The nixture was stirred
under argon at -78C. for 1 5 h.xand at OC. for 18 h.
Ethyl acetate was added, andxd,h§ or ganic phase was
washed wth brine, dried (MJS&) and evaporated. The
resi due was dissolved in hexane|and applied on a
silica Sep-Pak cartridge,xgn' aglged wit h lhexane/ et hyl
acetate (99.5:0.5, 20 nL) 4 giky€®19-nor-vitanin
derivative 14 (7 ng, 45% asja colorless oil. The
Sep- Pak was then washed w th<¥exane/ et hyl acetate
(96:4, 10 nmL) to reco¢® 0 %pne unchanged C D-ring
ketone 13 (4 ng), and w {lh ethyl acetate (10 nL) to
recover di phenyl phosphi ng oxide (9 ng). For anal ytical
purpose a sanple of prefected vitamn 14 was further
purified by HPLC (6. 2[jnrm x 25 cm Zorbax-Sil colum, 4
nmJm n) usi ng hexane/ eflhyl acetate (99.9:0.1) sol vent
system 15 14: WV (N hexane) kmax 244, 253.5, 263 nm
"H NWR (CDCI3) b d 0. 049, 0.066 and 0.080 (each
3H, each s, 4xSi 41 (3H, s, 18-H3), 0.564 (6H,
q, J=7.9 Hz, 3x& MNg48 (3H, d, J=6.5 Hz,

21-H3), 0.864 amd 0.896 .(9FOC¥nd 9H, each s, 2xSi-
t-Bu), 0.945 (9H, t, {§=7.9 Hz, 3xSi CH2CH3), 1.188 (6H,
S, 26- and 27-H3), R15+Q.35 (4H, br m, 2.43-2.53
(3H, br m, 2.82 (1 H br d, J=12.9 Hz, 9(3-H), 4.42
(2H m 1 [3 20 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=11.1 Hz, 7- and 6-H); M nz (relative intensity)
758 (M¥, 33), 729 (M+-Et, 7), 701 (M+-t-Bu, 5), 626
(100), 494 (25), 366 (52), 75 (82), 73 (69). Protected
vitamn 14 (5.0 ng) was dissolved in benzene (160 , ul)
and the resin (AG 25 50W X4, 70 ng; prewashed with

Rinaaibele fdrmukBs, henedfintiofdoidl) YVEs, Relarerlz afél‘afs m’e\i(déustyeset
was stirr at ro r re e, argon,for .h.
TR ST e e B ke g SR sl
%%@am 106 _safﬁ?%r tigfeient m;armabadd Wbtrfhygltdgen of Bwet Jikenic., a Cr.
t conbi ned o ga ases S Wi t £in

o S RIPECR, S L0 PPt ot et ce e TS 4 2nd .
o i Faeorv@ aing X bif X2R, tryXsHRkdXs(08 X3, whenxakks togetBEr with the three
Zorbax-Si| cqQlum,, 4 /[ m n Si an -
EolepaartprAtogs B o oduahih §r e PRSP ARFERE R HEEPANElo,
PoBtibny/8. BN B oA ™, (12, & ory 3, 952D respecthdly, ean bel tratsaRie @8
different and form a saturated or unsaturated, substituted or unsubstituted,

carbocyclic 3, 4, 5, 6 or 7 membered ring.

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

following formulae:



m. [ (20R)-anal og was eluted at R' 29 nL and
| a, 25-di hydroxyvitamn D3 at R* 52 nL in the sane
waymsenjo2as a white solid: UV (in EtOH Xmax 2BGT/HE2004/002935
252.5, 262.5nm 3H WD 20054027921 PCT/ |1 B2004/ 002935
37 NWVR (CDCI 3) 8 0.551 (3H, s, 18-H3), 0.858 (3H, d,
J=6.6 Hz, 21-H3), 1.215 (6H, s, 26- and 27-H3),
1.95-2.04 (2H m, 2.27-2.3% (2H m, 2.58 (1 H dd,
J=13.3, 3.0 Hz), 2.80- 2m87 2H m, (2H m 1 R and
3a-H), 5.09 and 5.11 .(2) % H, each s, =CH2), 5.89
and 6.36 (1 H and H, edchXd, J=1 1.3 Hz, 7- and
6-H); Ms nmz (relatjve i tenS|ty) 416\b5 (N% 100),
398 (26), 380 (13), M., 313 (31 Y. BI OLOd CAL
ACTIVITY OF 2- NETHYLENE- SYBSTI TUTED
19- NOR- 1, 25- (OH) 2D3 POUNDS AND THEI R 20S- | SOVERS
10 The bi ol ogi cal actilvity of conpounds of Formula I
was set forth in U S_-Patent No. 5,843,928 as
follows. The introdgcti
2-position of 19-ny
had little or no e t on binding to the porcine
intestinal vita
equally well to the porg¢ine receptor including the
standard 1, 25- (o‘ 203 I 1 ght be expected fromthese
results 15 tha? 8%compounds woul d have
equi val ent bi¥%gi call activity. Surprisingly,
however, the 2-net lpy @, Substitutions produced highly
sel ective analogs with their primry action on bone.
When given for 7 days in a chronic node, the nost
potent conpound tested was the 2-nethylene-1
9-nor-20S-1, 25-(OH) 2D3 (Table 1). ®hen given at 130
pnol /day, its activity on bone cal giLwfenobilizati on
(serum cal cium was 20 of thexporger~of at |east 10 and
possi bl e 100-1, 000 tines @pﬁ@ t of the native
hor nrone. Under identical con fw ce the dose of
1, 25- (OH) 2D3gave a serum cal |un1va- e of 1g3.8 ng/ 100
m of serum cal ciumat the 136\ dose. When given
at 260 pnol/day, it pro ed tRe astoundi ng val ue of
14 nmg/ 100 m of serum cal g§iumat the expense of bone.
To show its selectivity, this conpound produced no 25
significant change in intestinal calciumtransport at
either the 130 or 260 pngl dose, while 1,25-(0H) 2D3
produced the expected el kvation of intestinal calcium
transport at the only dose tested, i.e. 260 pnol/day.
The 2-net hyl ene-1 9-ng (OH) 2D. 3 al so

OY4



had extrenely strong bone cal ci um nobilization at both
dose | evels but also showed no intestinal cal cium

wo ec@ippmet activity. The bone cal ci um nobi | i zaP€DIB2004/002935
activity of this 30 conmpourdd is |likely to be 10-100
times that of 1,25-(0OH)2D3. These results illustrate
that the 2-nethylene and the 20S-2- net hyl ene
derivatives of 19-nor-1, 25- (Ck&z are selective for
the mobilization of calciumiy one. Table 2
illustrates the response& of ooth i ntestine and serum
calciumto a single WD ‘OOSIO 7921 PCT/IBZOO4/002935

results illustrate that 2-i
9-nor-20S-1, 25-(OH) 2 e >%enely potent in 5

i nducing differentiation| ok, H.-60 cells to the
nonocyte. The 2-nethyl eng-19-nor conpound had activity
simlar to 1,25-(0H)2D3,7 These results illustrate the
potential of the 2-ngthyl ene-19-nor-20S-1, 25-( CH) 2D3
and 2-rmet hyl ene-19-ndf -1, 25- (OH) 2D3 conpounds as
anti-cancer agents, especially against |eukem a, colon
cancer, breast caicer and prostate cancer, or as
agents in the treatnent qf psoriasis. 10 Conpetitive
bi ndi ng of the an.logs td_the porcine intestina
receptor was car§|-- 0 Byyi he net hod descri bed by
Dame et al. (Bf¥cheni Rtry 25, 4523- 4534, 1986). The
differentiation of =6Q, pronyel ocyti c i nto nonocytes
was deternmined as 15 deScribed by Ostremet al (J.
Biol. Chem 262, 14164-14171, 1987). TABLE | Response
of Intestinal Calcium Transport and Serum Cal ci um
(Bone Calcium Mobilization) Activity to Chronic Doses
of 2-Methyl ene Derivatives of 19% -1,25 (OH)2D3 and
its 20S Isonmers Dose Intesti Hal ci um Serum Cal ci um
G oup(pnol / day/ 7 days)Té




(mg/ 100 M) (S/M Vitam n D DeficientVehicle5.5

0.25.1 0.16 1, 25-(0OH)2D3 Treated2606.2 0.47.2 0.5
wQ@20sbbene- 19- Nor - 1, 25-1305. 3+0.49.9 0.2  PCT/IB2004/002935

(OH)2D32604.9 0.69.6 0.342-Methyl ene-1

9- Nor-20S-1305.7 0.813.8 0.5 1, 25-(0 H) 2D32604. 6

0.714.4 0.6 Male weanling rats were obtained from

Sprague Dawl ey Co. (Indianapolis, ;(nd ) and 20 fed a

0.47% cal ci um 0. 3% phosphor us—v~tgnizn D- defi ci ent

contai ning 0.02% cal cium O0{3% phogphorus for 2 weeks.
During the |ast week they i ven the indicated
dose of conpound by i ntrapetiN & wyinjectionin 0.1
m  95% propyl ene gl ycol & et h?&nol each day for 7
days. The control ' ived only the 0.1 m of
95% propyl ene glycol, 5% ¥ oy, VO 2005/ 07921
PCT/ 1 B2004/ 002935 39 Tmen-f)qur hours after the | ast
dose, the rats were sacrificed and intestinal calcium

Jl~serum cal ci um det ermi ned by
onetry on a nodel 3110 Perkin
El mer instrunment (Nor k, Conn.). There were 5 rats

per group and the 5 represent nean () SEM TABLE
2 Response of Intestlinal Cal cium Transport and Serum

Cal ci um (Bone Cal ci ym Mbbijl i zation) Activity to

Chroni c Doses of_ 2x% ey Deri vati ves of

19- Nor - 1, 25 ( OH) 283 il S | soners I ntestinal

atom c absorption spect




(S'M -D Control4.2 0.34.7 0.1 1,25-(CH)2D35.8 0.35.7
0.2 2-Methylene-1 9-Nor-1,25-(0H) 2D35.3 0.56.4 0.1

wQ 208k ene- 19- Nor - 20S-1, 25- 5.5 0.68.0 0.1 (@Eb/p280412935
Mal e Holt zman strain weanl 4hg rats were obtained from
the Sprague Daw ey Co. (Indianapolis, Ind.) and fed
the 0.47% cal cium 0. 3% phosphorus di et described by
Suda et al. (J. Nutr. 100, 1089-1052, 1970) for 1 week
and then fed the sane diet XacqQntaining 0.02% cal ci um
and 0. 3% phosphorus for XgngdddglXeonal weeks. At this
point, 15 they received a gingfe intrajugular
i njection of the indkgat ed=woge dissolved in 0:1 ni
of 95% propyl ene gl ycollcj %xgt hanol . Twenty-four hours

| ater they were sacrifigqed and intestinal calcium
transport and serum cal ¢ um were determ ned as
described in- Table he dose of the conmpounds was
650 pnol and there e 5 animals per group. The data
() SEM 20 Accordingly, conpounds
ag |a, are along with those of
formula |, also enconpas$sed by the present invention:
WD 2005/ 027921 PCT/ |1 B2004/ 002935 40 X8 la 5 In the
above formula | ay '25 ions of Y1, Y2, R6, R8
and Z are as prBvioulfy set  'forth herein. Wth
respect to X1, X2, X4, X5, X6, X7, X8 and X9,
t hese substituents °mayRbe the sanme or different and
are selected fromhydrogen or lower alkyl, i.e., a C, _
10 5 al kyl such as a nethyl, ethyl or n-propyl. In
addition, paired substituents X1 and X4,

In the above formulae Ib, Ic, 1d, le, If, Ig and Ih, the definitions of Y4, Y, Rs, Rs, R, Z,
X1, Xo, Xa, Xa, X5, 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 —(CHz)v—

where K is an integer equal to 2 or 3.

Methods for making compounds of formulae la-Ih 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 WO95/01960.



or X5, X2 or X3 and X6 or X7, X4 or X5 and X8 or X9,
when taken together with the three adjacent carbon
wa@ras®2ok1 t he central part of the conpound, wWhPCHIB2004/002935

correspond to positions 84514, 13 or 14, 13, 17 or

13, 17, 20 respectively, can be the same or different
and forma saturated or unsaturated, substituted or
unsubstituted, 15 carbocweths 3, 4, 5, 6 or 7 nenbered
ring. Preferred conpounds of the present invention may
bq{kgpr- ented by, opne of the follow ng"fevrattae: 20

5080027921 PCT/ | B288%/ 002935 41 R |
2oo 1921 _PCT/ 1 B2004/ 0p2935  4%iEd e 5

005/ 024921 “FEPH B2A004/ 002935 43 | faulefisic®
26%5/ 275?51 P@ETielsBd 004400
mgg Ib, Ic, Id, e, If, Ig and Ih, the2

definitions of Y1, Y2, R6, R8 R Z, ,
MePhsP*Br-

n-Buli
o]

HOH,C,,
L) MeOOC:,, OH
tBuMeZSio‘*\\\\ OSitBuMe, LiAlH;
tBuMe28|O OSitBuMe,
& tBuMezsxO OSitBuMe,

MeSICH,COOMe
LDA

CH,POPh,

CH,OH
COOMe
1. n-Bul.i, TsQl
| 2. n-Buld, Ph,PH
3,0, -
DIBALH o, @ tBuMezs;O‘\ OSitBuMe,
N BuMe,SIo™ OSitBuMe,

W\
BuMe,Sic™ OSitBuMe;

n-Buli




X1, X2, X3, X4, X5, X6, X7, and X8 are as previously
set forth herein. The substituent a represents a

wa@e adoanzted or unsat urated, substituted or PCT/IB2004/002935
unsubstituted, hydrocarbon46chain conprised of 0, 1,
2, 3 or 4 carbon atons, but is preferably the group
-(CH2)k where k is an integer equal to 2 or 3. 10
Met hods for neking seapowsdseanf formulae |a-1h are
known. Specifically, reference is nade to
I nternational Application Nunber PCT/EP94/(2294 filed
July 7, 1994, and published January 19, 1995, under
I nternational Publication Nunmber W95/ 0196 15 WO
2005/ 027921 PCT/1B2004/ 002935 45 Schene | 'HOOCH McOCC
OH HO~cNH OH {-)-Quinic acid 2 steps )10 MuMe2S
~OSRBUW2 MeOOC OH RuC~~-~ )p NalO4 t BuME2Si O

4 tBuMe2Si % OSi t 6yMe? LI AUHA 5 OSiEts

AG 50W-X4

{BuMe,Sio™

10



LDA DI BALH t BuMe2Si e\ Y 1' \- OSABUW2. 6 47 1.
n-BuLi, TsCl 2, n-BuLi, Ph,PH 3. HZO2 tBuMe2Si O~
wO agsoBere?2 OSit BuMe2 n-BulLi 9 t BuMeAl OSi t BuMeCI/IB2004/002935
McPhsP*Br- n-BuLi 5 WD 20087027921 PCT/ | B2004/ 002935
46 Scheme | (continued) OH AG 50W X4 OSi Et 3 tBu
Me2Si &' -,,,/ OSitBuMe2 10 WD 2005/ 027921
PCT/ | B2004/ 002935 47 Schep®Rmdil

SiEtaCl
._—_:.3——>-

12

n-Bul.i

O
1BuMe;SIO™ OSitBuMe;

OH OSIEt3

‘ EAG 50W-X4 l

\\\\ . \\\\ .
HO OH tBuMe,SiO OsitBuMes

15 14
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OSiEt3 SiEt3C n-BuLl 8 OH AG 50WX4 OSI Et3 HOB "- V
" OH tBuMe2Sie OSitBuMe2 15 14 5 WD 2005/ 027921

wEANsHBRAOD4/ 002935 48 Cdains 5 What i s cl ai nePICT/EB2004/002935

A pharnmaceutical conpositi@® conprising the conpound
2- et hyl ene-19- nor-20(S) - 1a, 25-di hydroxyvi tam n D3
and a bi sphosphonate. 2. A conposition of claim1l
wherei n the bi sphosphonate is selected from 10
tiludronate, al endronate, zol edronate, ibandronate,
risedronate, etidronate, 2% onate or pam dr onat e.

3. A conposition of claim2 wherein the bisphosphonate
\Woats slaiipeshist e. 15 4. A conposition of cIa|n12 wher ei n
t he blsphosphonate is risedronate, 5. A neth of

t r eat 1-ndr E@npeeulical sgpersiionscomiyisingthe ﬁamga‘und 2- methylene-1 9-
oste I st
cancar 2Rl BRrbRERAMED, 2PREs SR anRe™ i
osteopor05|s frailty, nuscle damage or sarcopenia, 20

the ngtho dA%BHBGé@'nW cafhy Wh%fe% lt blE;Shd%gH@ﬁét@ R sélél:ted from

need ther €eo erapeut i cal fective anpunt
2- net fydrengie) egenmmmg@pd@natﬁzl ndionptes osgArpnates efldwgrate

and ayb48RABSHbifAldYee! f ective anount of "a

3. A composition of claim 2 wherein the bisphosphonate is alendronate.
4, A composition of claim 2 wherein the bisphosphonate is risedronate.
5. A methad of treating senile osteoporosis, postmenopausal

osteoporosis, bone fracture, bone graft, breast cancer, prostate cancer,
obesity, osteopenia, male osteoporosis, frailty, muscle damage or sarcopenia,
the method comprising administering to a patient in need thereof a
therapeutically effective amount of 2-methylene-19-nor-20(S)-1a.,25-
dihydroxyvitamin D3 and a therapeutically effective amount of a
bisphosphonate.

6. The method of claim 5 wherein the 2-methylene-19-nor-20(S)-1a,25-
dihydroxyvitamin D3 and bisphosphonate are administered orally.

7. The method of claim 5 wherein the 2-methylene-19-nor-20(S)-1c,25-

dihydroxyvitamin D3 is administered parenterally.

8. The method of claim 5 wherein the 2-methylene-19-nor-20(S)-1a.,25-
dihydroxyvitamin D3 is administered transdermally.
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bi sphosphonate. 25 6. The nethod of claim5 wherein
the 2-net hyl ene-19-nor-20(S)-1 a, 25- di hydroxyvitamn

w®@3noanerobi sphosphonat e are adm ni stered oral | yPCTIB20642002935

met hod of claimb5 wherein uhe
2- et hyl ene-19-nor-20(S)-1 a, 25- di hydroxyvitam n D3
is adm ni stered parenterally. 30 8. The nethod of

| ai 5 wherei :
clainy ﬁﬁeehq_@thbggof%rd%ﬁ ﬁ&&ﬁiﬂ@%-ﬂﬁtgﬁ%%g&é?@@émzs-

di hydroxyvitam n i's admnistere _ _
2005/ dinydyoyvikgTin DB ashbis rgpBonal® ag adnpsisiesecheitpsightially

cl ai m; }@Qﬁ; LD the 2-nethyl ene-19-nor-20(S)-1 a, 25-
di hygér'%%yw tog%rl?'n D3 and bi sphosphonate are
adm ni stered substantially sinultaneously. 5 10. The

met hog, of ] ' : '
et Ry ol ipEq R WA ERRR MR bReRR G, &
ost eoleatedi s, post nenopausal osteoporosis, bone
fracture, bone graft, breast cancer, prostate cancer,
10 obesity, osteopenia, male osteoporosis, frail tK’
muscl #1.damhgeetioed efareaiine seaile ostenpormsish odstowppausahg
admi ni , ! .
ther a%%%ﬁdé%%Bg?{%gH€gﬂog%§&eﬂf S%fats{‘@el'n%glf, pfbstate cancer, |
2- net biydsénosievpana, TR{es)staoppross, frallihymHests damags or sascopenia,
and a j : ' ;

tHe étﬁ@dabgrh@ﬁglg %ﬁ%ﬁw%@érlnpﬁ? %?réﬁéﬁt iPhed thereof a

bi sphosphonate s rom onat e, al endronate,
zol edtherepesticallp effdrtive romané of 2-metytenr&itOenorediIr thel-e,
cl odr ) d . im1ll
wher eanR Bl BAD o2 erandncd NS AE S s 614

met hobispiospharniate dslevied fwinmtilpdronatenapadrendte pzlesippiasi s

s Zgah r%ﬁét?%seardbna-@%ﬁﬂﬁ}ng%q C@EfOﬁ%%legp l%h%%}@ﬁ%[ I n the

bi sphosphonate 1's risédronate. claim
14 wherei n postnenopausal osteoporosis is 25 treated.

12. The method of claim 11 wherein the bisphosphonate is alendronate.

13. The method of claim 12 wherein postmenopausal osteoporosis is
treated.

14. The method of claim 11 wherein the bisphosphonate is risedronate.

15. The method of claim 14 wherein postmenopausal osteoporosis is
treated.



