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Field of the Invention The present invention relates
to methods of treating frailty, nuscle danage or 5
sarcopeni a, the nmethods conprisj.ng adnm nistering to a
patient in need thereof a 2- al kylidene-1
9-nor-vitamn D derivative. Particularly, the present

I N2RE KeDIDENEY S-NCRRVITENINGG DERIVATESES FOR fiHE TRIZATMENT OF

nuscl e danmage pRIAISHY, MUPSELLE D AMKGEGR SARCOFENIAS| N9
administering to a patient in need thereof a

therapeutically effective anmount of 2-

nmet hyl ene-19- nor-20(S)-1 25-di hydroxyvitam n D3 10

Background of the InvenFle}dwOf\WQ byemion i s a general

termthgle &sé&& hvftioR relERefy ﬁfetrﬁidg b@trgatmg l@fiy! Bsclel@mage or

active formof vitamn D, which is cal 1

1, s2scofefiadihe xyaihadseomprising gd@gustermg to a patient in need thereof a 2-

di M&%%‘%rﬁ%w lf)%éma)nve ' ﬁamwémﬁéeabg@f@ ndventtHrH'F@E{%s to
conversi on dehydrochol est er ol

w mgthp% mre@amﬂr@@awsplérd@mage PhBaceRaiia ths r@ﬁthpa&@@npnsmg

pl eﬁu‘r‘rﬁnlht@nﬁ@% a Eé‘tieﬂt lﬁ'h@ecﬁ ﬁﬂa\’lédf @%h D%étﬁl@é@téﬁ%ehve"g?ﬁmt bi%2-

typi cal rom sunl 1 ght. tamn
nﬂﬁ@ﬂawﬁh&é&npﬁZQ(ﬁH<I>c,|25t§hh}'d@x2!‘ltalwf@|D@xyw tami n D3
(25- hydroxychol ecal ciferol), which is then further
nmet abol i zed in the kidneys to the active form of
vitamin D, 1,25- di hyMﬂK@Unebnfﬂ‘ieﬂIWention

1, 25-d : ' j
Chr qugna i [5¥ p bl Etin bt R 61 SHUp Y bRftid majeuies, The
viaciive form of gitampo &% whiciTirecalled i1\28-dilydnexoFitamin Bai(h2H i s a

; I
e R B ce et Bids e R ns By 1 B{dtson ot -
abiﬁcblv@ppmiestémb’falvﬁarum Ds (vhalegalaifel)aTalsmgsversien takes place in the

g'esi(g'l n%ﬁﬂggu&fgb\ﬁradﬁ%ﬁ r\'/\tlhlé}'Pis @c%ﬁ?fr%%%gg@g ;‘\Zl‘gamin Ds is then
2-raglbolizde ircthe Yvande Zqulmxwt@nmEDdéﬁhvdnoxmleaaldif@@lb which is
g';’tf] fi@fﬁér‘ %ggﬁa&ﬁa ﬂﬁfhle Wd‘ﬁé d B3he 8&{\)/8 ‘r&Hﬂ FVALRRD, U 25

ecamumrm |onactvty
\/\/rrhfnvcis@mtan@d)at d 2D iRy cioXyyithroir Ysiis then rilsm.uteldﬁhrhashd@!ééle body

f Qe s WO Purde LV ViR B dodnaidr - vi tam n D
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 Dj

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

sarcopenia.
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particularly the conmpound 2-nethyl ene-19-nor-20(S)-1
a, 25-di hydroxyvitam n D3, (also known as 2MD) can be

was@d/ozT14 he treatnment of frailty, nuscle damaPer/B20043®2901

sarcopeni a. WD 2005/ 027914 PCT/ |1 B2004/ 002901 -2
Sunmmary of the Invention The €fesent invention

provi des nethods of treating frailty, nuscle damage or
sar-copeni a, the nmethods conprising adm nistering to a
patient in need thereof an effective anmobunt of a

2-al kyl i dene-1 9- nor Suimpany of e deeiticr i ve.

P I he .5
e e
BRichpetsa, toapietitids gomdmlmg axireamstegmg to a pptinit emteed rihateefcn

f t t t
S RLER BT E G poE LR BN el e,
ZpresphﬁhMeub'r@&lelsynalmm Hbdatmgs‘mllty musq;je ddmage or sarcopenia,

her e@gd%ggr{n;%)ri‘i_jsﬁiqu %a Iglg%ﬂﬁé y% 4! é%ﬂse F |(g| n 'gﬁﬁlbeégof%%érgse&l%gﬂy

%ﬁéﬁﬂ@%mo@mt/\dif@f @ithykehe-18-ndB20(S)-1a.,25-dihydroxyvitamin D; or a

nmet hyl ene- 19- nor (S la, 25-d 0 i tam

R R Jtﬁépaﬂﬂﬂatﬁﬁe\ﬁ B Bhopargs of s
Dﬂkﬁtudr&@re [AestRddsif ltr@ﬁtlny‘fraﬁlh@ mussle ﬂtamage Eh&rmpea%nﬁ/hereln the 2-
invention relates to_the treatnment o scl e

degtaieneoto -nqrg%gy%sgmhgdr%ywamgw 318 adﬁnlnlstere% oraw

Zafdrkerhiydsiend@saRlly. vi tanin D derivative. In a
preferred enbodlnent the present invention rel ates

to a method of treatlng frailty, nmuscle damage or
sarcopeni a usl Ng Detailed Description of the Invention

2- met hyl ene- 19- nor - 20( S')ﬁ Ta, 25- d|‘hg/dr%)fx vitam n

a pharfgdserent avention celalss hine tregienyp f% 'i%lmi’éd?ﬁéfr@g? or
?saﬂobé!rlné dsing 'ajigalﬁyﬂlﬂe?'(é 1 S RbViEmid BrdeYiddtivee $n & Bl@ferfe’dn be
used i n the nmet hods of the resent |nv ntion

- dinodimassd, the pregentinwsntignyielates iR methed &f @%mg@ﬁlt& {nuscle
%%%g@to‘r ¥§r§o§’érﬁa GQ@ ﬂ?ﬁe%{ylek%dl @Yorlﬂ@@S)gﬁ)D% dihydrbRAitEthia D; or

bel ow
.a pharmaceutically acceptable salt or prodrug thereof 2-Alkylidene-19-nor-vitamin D

derivatives that can be used in the methods of the present invention are disclosed in
U.S. Patent No. 5,843,928, which derivatives are characterized by the general

formula | shown below:
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WD 2005/ 027914 PCT/ |1 B2004/ 002901 -3 where Y, and Y2,
which may be the sane or different, are each sel ected

wo e@s029e group consi sting of hydrogen and a PCT/IB2004/002901

hydr oxy- protecti ng group, R6 and R8, which 5 may be

the same or different, are eath selected fromthe

group consisting of hydrogen, al kyl, hydroxyal kyl and
fluoroal kyl, or, when taken together represent the

group -(CH2)1- where X is an integer from2 to 5, and
where the group R represents any of the typical side
chains known for vitamn D type conpounds. More
specifically R can represent a saturated or

unsat whered; aydY9edhidnanay Hdthe adineair differeht,tape 88ch selected from

55K BR15 sl e PPNl el D BlaREE R . when
sudysid the ]t?:ameror shﬂfgl'erma,saré]yaMme}ecte@rfrqm titeqrg@ioriss}s?ng)tﬂz r
AieBE v e O SR BT or PR SO fopfts B ne
tgﬁ@m a(lcn»lzrxeﬁgMgthe gn h%tzg;dn érost 2 03, anagwhete;ige g@g\@;ﬂp&sents
el fh rﬁ':ﬁé:ﬂlrﬁgl?i ﬁ@’f‘s f§’£ %@B%%e &%ﬁ%éﬁj Pgur ati on

g M@fetsbemﬁdmyeerhmembsemIafsamw:t?d poumsafBatad bydrocarbon
Sr'é‘ﬁﬁ' LG Pomrons byt agiB SRt dtar Bon AR oo d
trhay choitein enebmrdona;a@ddhlanm stubstitugings, sucht assmairoxyeon@biegied-
e e 4106t BRI et dromian 386 Br pfBaMipspaiciie Groups.
(Feef2)rad siGe (cﬁ‘alﬁ$ of GisR¥pe dRd réfte20MEs RO SHucture below:
PCT/ 1 B2004/ 002901 -4 where m and n, independently,
represent the integers fromO to 5 where RL is

sel ected from hydrogen, deuterium hydroxy, protected
hydr oxy, fl uoro,

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,
—CH,QY, —C=CY and —CH=CHY, where the double bond may have the cis or trans
geometry, and where Y is selected from hydrogen, methyl, —COR® and a radical of
the structure:

Rl ‘/R2 o .

C (CHZ)n C RS

(CHZ)m

R4
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trifluoronmethyl, and C1_5-al kyl, which may be strai ght
chain or branched and, optionally, bear a hydroxy or

w@e@smeeed- hydr oxy substituent, and where eachpf/1H2804/002901

R3 5 and R4, independently, is selected from

deut eri um deuteroal kyl, hydrdgen, fluoro,

trifluoronethyl and C1 5 al kyl, which nay be
straight-chain or branched, and optionally, bear a
hydroxy or protected-hydroxy substituent, and where Rl
and Rivhere mieed rt, ingepérestently, egnresanh thednteass frigrolin 5,ovhesmR’ is

SHEHERAEERAR, dhof Bl R SEEU R IREF NN L g
Ref{uotcmhediy ] tangét: etkyl, nhichapaloresiraight chaid ogpranphedand; he
SRR R Praro G e b8 AP L ARSI, AR Brbf e of ', R
land RS xipclepend@ilySis sklegleddiot devteriusi, desteyoatidy!, ihbidrogen, fluoro,
Bl Sha E2 8l Wi ey B sBEiaftldh blfakd 607, "
toptiorgllpbesr a GHiraBYr-proteCiadREYiroxy substituent, Rag whete R’ and R?,

sitions 20 d 23, re i vel he 18p
B s pribenth ol 3P B affee oY, R Eb g broue
rECRY),— sutesé b ismmintegier Bor2Q tb Bdamhwiesre i and &y taken @Qether,
nma have either t R or nfi ation.. cd fi
TS TA OB RGP s Sl AT rui i pBgEFhom 2 o5
20B-wherd RUtepeseotrhydragent aradyr proteatedhydepy, a8 éh it etkyland
f Qrnul as c)., e | Ld.e, h
afieleth 56y &t cHodons doobiin A 228 o8 B8 sick il e
(replacedi Byamittoda® Attwn; ordheny enypaifytiae teomps—DR(CH)):—, ¥ CHER) R, or
D . and_the (- i~ger of .25- [OXYVj in_D2
(—gglg(%)a—) & PEEIOTS #n %ﬁ ra%B Eg,er(esﬁectl}ﬂ%(j ré% tﬁec%pkﬁglc%y arn oxygen or
2000/avM914 PCT/ |1 B2004/ 002901 -5 .

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);

1 KOH

(@

(b)

()



10

15

20

25

OH vww (d) 5 (e) OH ~nnnnnr 10 As used herein,
the term "hydroxy-protecting group” signifies any

w@e@ap279¢onmonl y used for the tenporary protecP¢DIB2004/002901

hydroxy functions, such as for exanple,

al koxycar bonyl , acyl, al kyl si4yt or al kyl aryl silyl

groups (hereinafter referred to 15 sinply as "silyl"
groups), and al koxyal kyl groups. Al koxycarbonyl

protecting groups are alkyl-O CO groupings such as

met hoxycar bonyl, ethoxyc nyl , =_propoxycar bonyl ,

i sopropoxycar bonyl, bhuytdxyc nyl~ g sobut oxycar bonyl ,
tert- butoxycarbonyl,| benzyl oxycar bonybgor

al Il yl oxycarbonyl. The term "acyl" signifies an

al kanoyl group of 1 tio 6 carbons, in all of its

isoneric fornms, or a carboxyal kanoyl 20 group of 1 to

6 carbons, such as an oxalyl, malonyl, succinyl, or
glutaryl group, or an aromatic acyl group such as )
benzoyl, or a halo, nitro or alkyl substituted benzoyl
group. The word "al kyl " t he description or

the cl ai ns, denotes - chai r branched

al kyl radical of 1 tg 10 carbons, in all its isoneric
forms. Al koxyal kyl protecting groups are groupi ngs

such as net hoxynmettyksvet hoxynet hyl, 25

nmet hoxyet hoxynet hyl , or tetrahydrofuranyl and
tetrahydropyranyl. Preferred silyl- protecting groups ()
are trimethylsilyl, triethylsilyl,

t-butyldinmethylsilyl, dibutylnethylsilyl,

di phenyl net hyl silyl, ph ' sityl,

di phenyl -t-butyl si | yfv7and an ogousr;IkKIated WD
2005/ 027914 PCT/ 1 B200@4/ 002901 -6 sil yPHradicals. The
term"aryl" specifies| a phenyl-, or any alkyl-, nitro-
or hal o- substituted-phenyl group. A "protected

hydr oxy" group is a hydroxy group derivatized or
protected by

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

commonly used for the temporary protection of hydroxy functions, such as for
example, alkoxycarbonyl, acyl, alkylsilyl or alkylarylsilyl groups (hereinafter referred to
simply as “silyl” groups), and alkoxyalkyl groups. Alkoxycarbonyl protecting groups
are alkyl-O-CO- groupings such as methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, tert-
butoxycarbonyl, benzyloxycarbonyl or allyloxycarbonyl. The term “acyl” signifies an
alkanoyl group of 1 to 6 carbons, in all of its isomeric forms, or a carboxyalkanoyl
group of 1 to 6 carbons, such as an oxalyl, malonyl, succinyl, or glutaryl group, or an
aromatic acyl group such as benzoyl, or a halo, nitro or alkyl substituted benzoy!
group. The word “alkyl” as used in the description or the claims, denotes a straight-
chain or branched alkyl radical of 1 to 10 carbons, in all its isomeric forms.
Alkoxyalkyl protecting groups are groupings such as methoxymethyl, ethoxymethyl,
methoxyethoxymethyl, or tetrahydrofuranyl and tetrahydropyranyl. Preferred silyl-
protecting groups are trimethylsilyl, triethylsilyl, t-butyldimethylsilyl, dibutylmethylsilyl,
diphenylmethylsilyl, phenyldimethylsilyl, diphenyl-t-butylsilyl and analogous alkylated
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any of the above groups commonly used for the
tenporary or permanent protection 5 of hydroxy

wo eovsems, e.g., the silyl, al koxyal kyl, acyl POF/1B2004/002901

al koxycar bonyl groups, as previously defined. The
terns "hydroxyal kyl ", "deutereal kyl" and "fl uoroal kyl "
refer to any alkyl radical substituted by one or nore
hydr oxy, deuteriumor fluoro groups respectively. It
shoul d be noted in this description that the term
"sivivadicals. Tl term “artyl” shexifiet @ Enedylt,ico anpélkyn eitive phijdlene

%PB&ﬁUtggge%mPh% m " 24-di honp" refers to the addition

groups at the carbon 24 position in
t he siAltpratheied hydioke\graup, is & hgdrogy group tderivetized or grbtected by

By st GRS bolitoRf o8 B ENBBORNES: pefSflent pRfecton
roé hiagrbxygiuaatiorat e.ph hecsilylbalkoxgélkginacy? @r glvsiycarbosy! gmups as

4 ;
L e e
eamyalldyyrladgabamsmutedrbg oﬁé oamdre2hydomsyi deweriuns or ﬁdum gieBps

q.ggppe L € propyl groups. In the followi ng lists of

C Sun 5, the particular al kylidene substituent

at t acHeshoatd hehmotedindbia d2sqiptort thehths lheral ‘@4enead ddersttothe

t u 1

Jb%u {S‘r?é ﬁ%&h&%ne Mup 4 ?%e@t{n eftn %1 o’ J})Z/alrneetng adifian of

Z@o mmylqureuma teeacdrbof 24 m}sltmmﬂa thecaidepahiTd sledWlsaathe term

Rn e

rﬁ%}n% Fe %?#’&e a%ld&ﬁ el%’nlé%tg @%ﬁgé Algﬁ%e te?rlﬂ 26 27~

ochmphhulh cﬁersamm&amldmnn of am@th@l grioop at the catben |®6tdmy1|27gnosmms so

h It t "
e P Rl RS o0 kst g By 2o Bl reters
shthd atiditieon df ao lethyegroumakthe B6 afid 27 @ositidrisme that Rf’aanﬂd?“ are

The naned conpounds could 25 al so be of the
3$&§§§n E& type if desired. Specific and preferred

exanpllsshefoliewieg Bstabkgdmpdands, trenpaotinuts addylidene sabsiiteent
BRI 4 BB 2ol OB SR 20 rerspre
ISampte; #4-rdethylemes groﬂﬁwdhémylﬁylmheye Eabaiﬁtm!yld thevietra '3- metb@lene”
ol phele’ babh bIRERarhed Boblds O 1en i AHR LR 6 1™ "
laﬂléyﬁdenezmwfﬁuehhtmhe terin “24ttytene” shdttd priebgatr each-02 thedeimedir
H %m@se Qﬁc} SQ0R% qdltE)R if thﬁ methyﬁ g%lp Oattﬁcraerdoa)zt thezczarbdorhzo
obonsxinon &nin iits BBi; or unnatural configuration, the term "20(S)” or “20 -epi” should be
included in each of the following named compounds. The named compounds could
also be of the vitamin D, type if desired.
Specific and preferred examples of the 2-alkylidene-compounds of structure |
when the side chain is unsaturated are:
19-nor-24-homo-1,25-dihydroxy-22-dehydrovitamin Dj;
19-nor-24-dihomo-1,25-dihydroxy-22-dehydrovitamin Dg;
19-nor-24-trihomo-1,25-dihydroxy-22-dehydrovitamin Dj;
19-nor-26,27-dimethyl-24-homo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dimethyl-24-dihomo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dimethyl-24-trihomo-1,25-dihydroxy-22-dehydrovitamin Dg;
~ 19-nor-26,27-diethyl-24-homo-1,25-dihydroxy-22-dehydrovitamin Dj;
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19- nor - 26, 27-di et hyl - 24-tri hono- 1, 25- di hydr oxy- 22- deh
ydrovi tam n D3;

wa 2008027926, 27- di et hyl - 24- hono- 1, 25- di hydr oxy- 2PcTiEbrpar@®2901

vitam n D3; WD 2005/027914 PCT/|B2004/ 002901 -7

19- nor - 26, 27- di et hyl - 24- di hond=1, 25- di hydr oxy- 22- dehyd
rovitam n D3;

19- nor - 26, 27-di et hyl , 24-tri hono- 1, 25- di hydr oxy- 22- dehy
drovitam n D3; '

19- nor192y-26 2d+dirtoyh?y-dibnim g S-tilygroty-R¢ diebygrovifanie Py;dr

(1);' tngﬁbg'%’P%'? 27~ dlet%,&ldf_t%t)md) ,20- dlhildrfgy 52 deg}/drowtaﬁrﬁn (?éhy

dr ovi t19mon-26);27-chmdp35—24 -homo-1, 25 dlhydroxy-22 dehydrovutamln Dg;

19- nor. Pl

ydr OV|1t9 i‘%r%gﬁ%ﬂ@%x 24f?déh @@n#&g%}&gﬁg\égbexa@ﬁ‘xf% B de
the 2-18iroy2b @& rdipropyhadtritiancet .26 ditydroxy-@2idehydrovitantiee Ds.

Si de t

19- no %ﬁ'ﬂ% 3&%8%?%@3% ‘?(%mg[eg, )((3{/ ’{/hetZé%kwdf%?-compounds of structure |
Ihendine glde dh\atnmmaluralﬁd@rmydr oxyvitamn D3; 10

19- nor i i.tam n D3;

19-nor- %@5 % hgﬂ%ol %5 ﬁﬁygﬂ %ﬂg&ﬁy - di hydroxyvitam n

D3; 19-nor-24-dihomo-1, 25 ~dihydroxyvitamin Ds;

18- 0126, 2 AR b Aol ARFpZ- i hydr oxyvi tari n

19- nor1-92®r-26-26+dm6ﬂhyll-242hbmm-ﬂ 126rdinydraxgvithimiy @s;oxyvi t ami n
D3;

19- nor - ﬂ?r 59 2 dlrpﬁthyl %4 d'ﬂ°m° 1125 qéhygr%xy\é?acgnf?/\%t am n D3;
15 19-nor-26 27—d|methyl-24-tr|homo -1,25-dihydroxyvitamin Ds;

19- 0026 26 b4 4ibntl- D o8 RinbadR e ipgX Y Vi t ami n

D3;
19- nor1-92ﬁ),r-26-2di-cti¢thy+24m4hctm¢-h,@ﬁﬂﬁfwwy‘diammjDeixyvi tam n
D3;

19" nor 85524 dleth)() A PmS 251d hygroxy Y{taml%)[?f/w tam n

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

10" n0r 20 A Oy 2 P IR A AA Bug 2
[ Eyd r1®m426_a7m|mom3—242mﬁcan JZﬁ?dlhyslroa(m‘taam Be.i Ized by
t he pr S .

miscl 4 THCB i BoRAtRd By FRLrERSean Bty Fp R Bl o sisleta
frmhdcle rdiaésfresuutlng/lnlarhlgrem injury frorm fall, [difiicediy jn recovery from

SS9k HaRy RARIA LI B B RIS (g s
romdyj tiingo T tef reduitioh ef meisdle Maky,gahysital strergilyahd ahysical

p[«%ﬁr@n'cg Tt%‘?c’lfaﬁlg !e'éﬁé‘ ?oedlw&?éh%g q'u¥||t §ARS 183 o‘ﬂr@‘éﬁéﬁd&‘ﬁge, and

epen encé and
moortaityi Exailtyfs aoriviajly assoc@tatavithyagiegs bui rageasoeshit atien guscle

t1oss %X'egtlxcgg sErSﬁéﬂw 'bcéfm%ﬂe %’&ﬁglefactors, such as disease-induced
cachexia, immobilization, or drug-induced sarcopenia. Another term that has been
used to denote frailty is sarcopenia, which is a generic term for the loss of skeletal
muscle mass, or quality. Examples of skeletal muscle properties that contribute to its
overall quality include contractility, fiber size and type, fatiguability, hormone
responsiveness, glucose uptake/metabolism, and capillary density. Loss of muscle
quality, even in the absence of loss of muscle mass, can result in loss of physical

strength and impaired physical performance.
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| oss and reduced strength occur due to other factors,
such as di sease-i nduced cachexia, i mmobilization, or

waleawgioeTeduced sarcopeni a. Anot her term that haBChEEE004/002901

used to denote frailty is sarcopenia, which is a
generic termfor the | oss of -8kel etal nuscle mass, or
quality. Exanples of skeletal nuscle properties that
contribute to its 30 overall quality include
contractility, fiber size and type, fatiguability,

ho:j NoTIge tlelrrﬁsmudué deanapes as géaddesein isdankagerte ap olusslmtissue.
nd capill ar ensity..lLos f ]

e Smpadiah oSt ra prgf gD st tebid g T o

harened s imales, eridoenyt disaders| dipesse edoyitgsir saigical

er f or mance. 0 027914 .PCT/. =
Bopefirdus e anate e g essadNelie et e deag ko
GAIRSd by fasifitdting mibise Hamdgemmpeir CEne present mefhodmapehslst yseful

raﬁma to theI nuscl e tissue as the result of

£ eieYiaipg MUSEIRICEARS i nj uri es, endocrine di sorders,
di seasge praseritisentiorsis afiocahcerpedwithl pharmacditeahmipodisions for

f th resent inventjon are useful j .
Jtep & GE el PSSR Kaho oF st SHala {nrkE Hentering o a
Eét%nffn&%@ﬁ&hdﬂ@if?;ﬂdslkﬁidenah s-mousitzimih D dedivative suchasiang
muscl e cr S. e . present_ inv [ ' ly. d
RO Faain | a5 BeBrpnoM R el et IR o hent of
f <r:| ai | 1tys notes tatwhiemegyepaunds arecdigrense frpeipy it sicogtemplated that
mnisterin 0 .patient _in.n
erorpon i 29 b efprRited i o PEIERT o bR ELufaly aqooptable
&8k, pesupey) oela et bicar probiaugl Allanch veriztions @e intsmdeddnbe included in
gieguen . and the like. It is noted that when conpounds

N§i¥®Ussed herein, it is contenplated that the
CONPOTRE fermmpatientdtinésd themot dndans Aupans amt othsr animals who

har nmaceut i. cal .acecent abl e al t [ ..or a salt
Brve s it o RAving e -desPin Firoe P B8kl iRca ©o”be
i ncl uded tdrm "trodtingl’,Mreat! botreativienTes used herspraintlades praventative

eed t hereaqf. ns humans. and ot her ani mals who have
-gaP@pE}’la&C@;Pg@%'Vﬁg{ﬂ%r?é"ﬁﬁ?’%?rF?Ve“ﬁusC| e damage or
sar coyMpliarmabauticallyracteptabibt ing medht theadatrienrdiluent, excipients,

RBEPLIEN a0 e el B RS SHEYEPLALIS e

Foraalaidntand ndydéigtbacwstoehe patieht.y acceptable” it is

meant g er(r:na‘rprrci)cﬁ{ug” n%alnuseang:dmgg(u%id%aql?g ffansformed in vivo to yield a
compound of the present invention. The transformation may occur by various
mechanisms, such as through hydrolysis in blood. A discussion of the use of
brodrugs is provided by T. Higuchi and W. Stella, “Pro-drugs as Novel Delivery

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

Drug Design, ed. Edward B. Roche, American Pharmaceutical Association and
Pergamon Press, 1987.

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 (Cs-
Cg)alkyl, (C2-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-
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20 and/or salts or prodrugs nust be conpatible with
the other ingredients of the fornulation, and not

waledospemipus to the patient. The term " prodr ugPCHEE264/@2901

conpound that is transforned in vivo to yield a
conmpound of the present invendion. The transfornmation
may occur by various nechanisns, such as through
hydrol ysis in blood. A discussion of the use of 25
prodrugs is provided by T. H guchi and W Stell a,
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Fa)aﬂ‘@@ﬂa’%%)thw -mﬁ%ﬁg(f%ﬁ?e)ﬂ'éen%ow 1ld%o 9 carbon
@g %xyéa‘rlﬁdﬁylc&?ﬁnlé%b(Wd?@gyélkmé}ﬁb@léminohﬁmynguéd‘w 4C,-

10 carbon a pht hal i dyl, 4 5 crotonol act onyl

@a)@’r@n@!lt Wmlngg90§4)@lk9poyl arylacyl and a-aminoacyl, or a-aminoacyl-o-
gln O{%aléy %rr%%glt %&Wﬁa@%%&&ﬁi%ﬁhdeﬁt@%@%c@% from the
Namraﬂy(ocwrrmysanmw saifh RONOH)S -P @(cr«yq:e)@léab or glycosyl (the
%%oﬁ]@e{l g%ugtfﬁg fiolY e e84l O a ARy g}?&lrd FUESRemizaed| #¥h of a

: a compoun esent invention
carpphydrete).an aI cohol 10 functi onal group, a prodrug

can bglvﬂéﬁ‘?% Qﬁ%gyun'ﬂ%? tHe e@%@&ﬁ%ﬁl&f cérﬂﬁ'ls@é dhQaGRe fURERRal

of th roup suc
OEyupCa yaddrag ogn bs(gqmmeﬁw thelrep(agement of a hydrogen atom in the

%ﬁ? r?% ﬁl%ﬂf%’lt&é@ﬁ%? a(ihkazasn%);/ arbor)\ tl'\t’]XCf car{&nyl NR*R*-carbonyl
where R and R™ are each independently C1-C1o)alkyl Cs-C7)cycloalkyl, benzyl, or
R*-carbonyl is a natural a-aminoacy! or natural a-aminoacyl-natural a-aminoacyl,
-C(OH)C(0)OY* wherein YX is H, (C4-Ce)alkyl or benzyl), -C(OY*®) Y*' wherein Y*°
is (C4-C4) alkyl and Y*' is (C4-Cs)alkyl, carboxy(C4-Cg)alkyl, amino(C,-Cy)alkyl or
mono-N- or di-N,N-(C;-Cy)alkylaminoalkyl, -C(Y*?) Y*® wherein Y** is hydrogen or
methyl and Y*® is mono-N- or di-N,N-(C4-Cs)alkylamino, morpholino, piperidin-1-yl
or pyrrolidin-1-yl.

The expression "pharmaceutically acceptable salt" refers to nontoxic aniohic
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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a- am noacyl, or a-am noacyl-a 15 am noacyl, where each
a-am noacyl group is independBhtly selected fromthe
naturally occurring L-am no acids,

P(O(OH2,"-P(O (Q(C1-Co6)al kyl)2 or glycosyl (the
radical resulting fromthe renoval of a hydroxyl group
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Iwettikhewin ta)t)wosélkldreiddlethetarb rGaheeniemnttyi, slech redlbfahelled compounds
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resyhpoond @.dn, aloehob)r separating thendiastenebisiers argl Convertmg (e.g.,
hydrolyzing, including both chemical hydrolysis methods and microbial lipase

- hydrolysis methods, e.g., enzyme catalyzed hydrolysis) the individual diastereomers

to the corresponding pure enantiomers. All such isomers, including diastereomers,
enantiomers and mixtures thereof are considered as part of this invention. Also, some
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 1, 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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an atom c mass or nmass nunber different fromthe
atom c nmass or mass nunber ordinarily found in
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phosphorous, fluorine and chlorine include 3H 14C,

32P, 35S, 18F and 36CI, respedtively. Conpounds of

this invention which contain those radi oi sotopes

and/ or ot her radioisotopes of other atons 10 are

within the scope of this invention. Tritiated, i.e.
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;bﬁe ng beste stg@r&lsééfseté'ﬂ Well S68E& R of DtHEP dise8sds. ThHe dose

on‘poun S his 1 nvention are atropl Somer s
(eayghe, gikerbenderaidaxoeieyinar) ORGRR eRANCLIAY PRGMER Ima sustained

REELs P d&omrélléﬂ’é%%é R muRflon.Nit foslsd bé&iblé’\’ﬂféhrﬁlhi%ter the

conpounds is 1nvention, including the conpounds

sPpoHS using a Femhinalal efraadmalediale (pigase an@r?espnérpléeda'le?@se
V%qﬁmrQuétQﬂe&?&%%e%rnW@tlon' nvention. Adm nistration of

e compounds his i nvention can be via any nethod
that Tieladminigtratiopigiher aderihalkylidageniPingrvitamin D derivative

SRR HEAkINY t83H( bntineead byinteiReRt dBaIHYCHBedule. Once a day,
multiple times a day, once a week, multiple times a week, once every two weeks,
multiple times every two weeks, once a month, multiple times a month, once every
two months, once every three months, once every six months and once a year
dosing are non-limiting examples of dosing schedules for 2MD or another 2-
alkylidene-19-nor-vitamin D derivative.

The compounds of the present invention are generally administered in the
form of a pharmaceutical composition comprising at least one of the compounds of

this invention together with a pharmaceutically acceptable vehicle or diluent. Thus,
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orally, but parenteral administration (e.g.,

i ntravenous, intranuscul ar, -1f2ransder mal ,

subcut aneous, rectal or intranedullary) nmay be
utilized, for exanple, where oral admnistration is

i nappropriate for the target or where the 5 patient is
m@&i@lr?oumg diges invédtondab Ge a'ﬂlaﬁ?lstermrjoruaMSCQﬁNemﬁurﬁl oral,
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e ti .
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U a8l propylene glycol can be employed, as well as sterile aqueous solutions

of the corresponding water-soluble salts. Such aqueous solutions may be suitably

buffered, if necessary, and the liquid diluent first rendered isotonic with sufficient
saline or glucose. These aqueous solutions are especially suitable for intravenous,
intramuscular, subcutaneous and intraperitoneal injection purposes. In this
connection, the sterile aqueous media employed are all readily obtainable by
standard techniques well-known to those skilled in the art.

For purposes of transdermal (e.g., topical) administration, dilute sterile,
aqueous or partially aqueous solutions (usually in about 0.1% to 5% concentration),
otherwise similar to the above parenteral solutions, are prepared.

Methods of preparing various pharmaceutical compositions with a certain
amount of active ingredient are known, or will be apparent in light of this disclosure, to
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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
generally consist of a sheet of relatively stiff material covered with a foil of a
preferably transparent plastic material. During the packaging process, recesses are
formed in the plastic foil. The recesses have the size and shape of individual
tablets or capsules to be packed or may have the size and shape to accommodate
multiple tablets and/or capsules to be packed. Next, the tablets or capsules are
placed in the recesses accordingly and the sheet of relatively stiff material is sealed
against the plastic foil at the face of the foil which is opposite from the direction in

which the recesses were formed. As a result, the tablets or capsules are
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For purposes of parenteral adm nistration, solutions
in sesane or peanut oil or in aqueous propyl ene
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solutions of the correspondi ng water-soluble salts.
Such aqueous sol utions may bel&uitably 25 buffered, if
necessary, and the liquid diluent first rendered
isotonic with sufficient saline or glucose. These
aqueous solutions are especially suitable for
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The preparation of 1a-hydroxy-2-alkyl-19-nor-vitamin D compounds,
particularly 1o-hydroxy-2-methyl-19-nor-vitamin D compounds, having the basic
structure | can be accomplished by a common general method, i.e., the condensation
of a bicyclic Windaus-Grundmann type ketone Il with the allylic phosphine oxide Il to
the corresponding 2-methylene-19-nor-vitamin D analogs IV followed by deprotection

at C-1 and C-3 in the latter compounds:
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pl acement into a different container), or a blister
pack wi th individual doses fof5pressing out of the
pack according to a therapeutic schedule. The
cont ai ner enpl oyed can depend on the exact dosage
forminvol ved, for exanple a conventional cardboard
box woul d not 20 generally Be used to hold a liquid
suspension. It is feasible tlhat nore thah one
cont ai ner can be usege in a single package to
pr exanple, tablets may
be contained in abottle, IS in turn contained
within a box. An|exanpl ¢ th a kit is a so-called
blister pack. Blis acks are well 25 known in the
packagi ng i ndustry a are bei ng wi dely used for the
packagi ng of pharnaé%utical unit dosage forns
(tabl ets, capsules, and the like). Blister packs
general ly consist of a sheet of relatively stiff
material covered with a foil of a preferably
transparent plastic material QPP i ng the packagi ng
process, recesses are formedl in the plastic foil. The
recesses have the size and shape of indiyidual 30
tabl ets or capsules to bellpacked or may have the size
and shape to accommodate {lmultiple tablets and/or
capsul es to be packed. N the tablets or capsules
are placed in the redesses accordingly and the sheet
of relatively stiff [ i s seal ed against the
plastic foil at t it Qe..foil which is opposite
fromthe direction?in \jeh t Rd1recesses were forned.
As a result, the tablets pr capsules are WO
2005/ 027914 PCT/ 1 B2004/,002901 -14 individually seal ed
S5 or collectively sealed, as desired, in the recesses
between the plastic foil and the sheet. Preferably
the strength of the sheet _i that the tablets or
capsul es can be renoved bl ster pack by
manual |y applying pressure g ecesses whereby an
opening is forned in e place of 5 the
recess. The tablet or *¢ 5 en be renoved via
said opening. It may be UgSifFable to provide a witten
menory aid, where the wifften nenory aid is of the
type containing informatjon and/or instructions for
t he

Y0

In the structures II, lll, and IV groups Y, and Y, and R represent groups defined
10 above; Y, and Y, are preferably hydroxy-protecting groups, it being also understood
that any functionalities in R that might be sensitive, or that interfere with the



physi ci an, pharnmaci st or patient, e.g., in the form of
nunbers next to the tablets or capsul es whereby the

woeossee®icor respond with the days of the regi nROT/HR0GH002901

10

15

20

the 10 tablets or capsules so specified should be

i ngested or a card which cont-46ms the sane type of

i nformati on. Anot her exanple of such a nenory aid is a
cal endar printed on the card e.g., as folloms “First
Week, Monday, Tuesday, " . . etc .... "Second Wek,
I\abndis:rysatldfueectwyl. be suitably psotectedah i welkiricaniip the at. The process
SRR o8 3pieity df eppRain ¥t ABRANERent drticlis i8R dunicn
Tas beer apiet eﬁ‘ea;tkvelbéortthéx ereperatlan gf wiemindaompagtdsde.g.,

8ok e ol TChRMRc. Pondh Keohs ! 280 PHo7BF 196! Ll Shc. Rev

nSe—titre dal Ty UUSes

2, 44@(1963); Toh ktaldJs@en Shem. éS,e‘qldA[ﬂm) v@aghickini et al., J. Org.

@g&;%@&r@g (T0855; éé’rdﬁmﬁ EQlerJ E)gi'ldrfehwa%? %ﬂg %&'ﬂcﬁ%té}lem

rﬁac h26¢ (d&BG)cBellruoeretahalﬂ Sl F!dtl dat 5686, hel; mtbeﬁre‘r(ﬁ Ua. IRat. No.
:%0;1% t hat have been di spensed. Anot her exanpl e of

suc m)ry-aid is a battery-powered mcro-chip

menor \Hyekdogdnedeswitthe gemérquitrdlcwrg/kl;aml knowadoutan berprepared by

TR andR2iSBP R ety APl o ot BRI LA Rl the the

atrdttoresrvatin thelside nkaind &), (bh éc)rwﬂt(d)dmg iegl abovénd.et, edrydroxy

@gjg%gﬁrﬁ%gétb%(ﬂgfg?ggi@m*ﬂéﬁl.‘;é}’o_.?gt Bh¥! 513088 Fro8kH2m N

aGriuyldinamys Retore (gy [Inrdtenet aliGreni. BeD %OobGb{1RGE)]; 2vevidraxy
era Ike‘%or}%@gfé%bb%ﬁme %la Bfﬁiﬁgéﬁ'g 3%@8?1@6@%@%%&3

\Netuimds){\@ndamm 52 ONEIAB)Iwi th the allylic
phosphi ne oxi de | I | to the correspondi ng

2- met hyl ene- 19- nor - vi tam n D analogs IV fol | owed by
deprotection at GC ] e latter conpounds:
30 WD 2005/ 027914 PC‘I"/'
OPPh2

(9
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11 Y20%"1 OYl1 5 RIV " Y20 " OYl In the
structures Il, I1l, and IV groups Y] and Y2 and R

wo esesmmt groups defined 10 above; Y1 and Y2 BCEIB2004/002901

preferably hydroxy-protecting groups, it being al so
understood that any functiofBl-ities in R that m ght
be sensitive, or that interfere with the WO
2005/ 027914 PCT/ 1 B2004/ 002901 -16 condensati on
reaction, be suitably protected as is well-known in
the art. The process shown aboZ¥e represents an
application of the conve $qt hesi s concept, which
has been applied ef g * greparatlon of
e@. g. [ Chem
Soc. Perkin Trags. 890 (1978); Lythgoe, Che%1 Soc.
Rev. 5 9, 449 (19 ; yet al., J. Og. Chem 48,
1414 (1983) i @l i ni al., J. Og. Chem 51,
3098 (1986) J. Og. Chem 51, 1264
(1986); J. : 51, ' 1269 (1986); DelLuca et al.
U S. Pat. No. f,OSB 191; DeLuca et al., U S Pat. No.
5,536, 713]. Hydri ndanones of the general structure |
are known, or can be prepared by 10 known net hods.
Specific inportant exanples of such known bicyclic
ketones are the structures MAIE the side chains (a),
(b), (c) and (d) descri hethaboye ., 25-hydroxy
G undmann' s ket one ?Wy [ Baggvol i ni al., J. Oag.
Chem 51, 3098 (1986)] G undmann''s ketone (gp
[ nhoffen et . ™Ber. 90, 664 (1957)];

25- hydr oxy (h) [Baggiolini et al., J.
O g. Chem § and W ndaus 15 ketone (1)
[ Wndaus et |al ., . 4, 297 (1936)]: nn,u OH

For the preparation of the required phosphine oxides of general structure lll, a
new synthetic route has been developed starting from methyl quinicate derivative 1,
easily obtained from commercial (1R,3R,4S,5R)-(-)-quinic acid as described by
Perlman et al., Tetrahedron Lett. 32, 7663 (1991) and DelLuca et al., U.S. Pat. No.
5,086,191. The overall process of transformation of the starting methyl ester 1 into

the desired A-ring synthons, is summarized by Scheme I. Thus, the secondary 4-
hydroxy! group of 1 was oxidized with RuO, (a catalytic method with RuCl; and NalO,
as co-oxidant). Use of such a strong oxidant was necessary for an effective oxidation
process of this very hindered hydroxyl. However, other more commonly used
oxidants can also be applied (e.g., pyridinium dichromate), although the reactions
usually require much longer time for completion. The second step of the synthesis
comprises the Wittig reaction of the sterically hindered 4-keto compound 2 with the
ylide prepared from methyltriphenylphosphonium bromide and n-butyllithium. Other
bases can be also used for the generation of the reactive methylenephosphorane,
like t-BuOK, NaNH,, NaH, K/IHMPT, NaN(TMS),, etc. For the preparation of the 4-
methylene compound 3 some described modifications of the Wittig process can be
used, e.g., reaction of 2 with activated methylenetriphenylphosphorane [Corey et al.,
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(f) HO(9) O 20 WO 2005/027914 PCT/1B2004/ 002901
-17 OH (h) 0 O 5 For the preparation of the required

w@b@spbione oxi des of general structure |11, a PCEYB2004/002901

synthetic route has been devel oped starting from

met hyl quinicate derivative 118- easily obtai ned from
comercial (1 R 3R 4S,5R)-(-)-quinic acid as described
by Perlman et al., Tetrahedron Lett. 32, 7663 (1991)
and DeLuca et al., U S Pat. No. 5,6086,191. The
Qegaladrorpl et 85555 (1083h sAltermedivelprotodr rod¢tbodst widely mged for

B e Sl e B Bndd ey oIl B4 | AsoHBhRPRBcidtn

lyedPO>idl obtaimed froi rhethgidipbandpiosphing phidRupdn ¢eprotonation with n-

ST AR Eh o7 B

efdtintduifineteOots) étah, J. Oro.oeesn.@B, 11285(1988)yai patassaan

il TR 1 S AR50 S DL o o

al witndittgimmtanenineadiytiddesor otfter ssitabld nedueing bgent ifeigh DIBAILGOr

i e, f L on. _ .
eompen e SRRV B FRSealPR b SoghMEafieh s
hiytlotesxatore derivatieodpThetexPstep bhthelpeocegt coreprires iize Beterson

g Bl ¥ e on SamhRORRRARE I PREEE TR Sraptpg Aty gster 6
gendreatddorithediisoibuylalamiruinvieydnige byd thedpimesphliglicaieghol 7 wae in

e el i broe RS sMalne Pl Ruee, ofierBh ol 7o e

desied Bedeps damhely Ah istinsyibtidrhitVi-butytithimo eed - taaeneselfonyl

@E’ﬂ%jﬂ'g&"\{ﬁp ﬁgﬁéc}ﬂgﬁ 8@% ﬁ%’ﬁgpﬁg"[ogg%@é ﬂ@ﬁlﬂ’éﬁlt’ and oxidation with

hydrogen peroxide.

Several 2-methylene-19-nor-vitamin D compounds of the general structure IV
may be synthesized using the A-ring synthon 8 and the appropriate Windaus-
Grundmann ketone Il having the desired side chain structure. Thus, for example,
Wittig-Horner coupling of the lithium phosphinoxy carbanion generated from 8 and n-
butyllithium with the protected 25-hydroxy Grundmann’s ketone 9 prepared according
to published procedure [Sicinski et al., J. Med. Chem. 37, 3730 (1994)] gave the
expected protected vitamin compound 10. This, after deprotection with AG 50W-X4
cation exchange resin afforded 10,25-dihydroxy-2-methylene-19-nor-vitamin D3 (11).

The C-20 epi\merization was accomplished by the analogous coupling of the
phosphine oxide 8 with protected (20S)-25-hydroxy Grundmann’s ketone 13
(Scheme 11) and provided 19-nor-vitamin 14 which after hydrolysis of the hydroxy-
protecting groups gave (20S)-1a,25-dihydroxy-2-methylene-19-nor-vitamin D3 (15).
As noted above, other 2-methylene-19-nor-vitamin D analogs may be synthesized by
the method disclosed herein. For example, 1a-hydroxy-2-methylene-19-nor-vitamin
D5 can be obtained by providing the Grundmann’s ketone (g).

All documents cited in this application, including patents and patent
applications, are hereby incorporated by reference. The examples presented below
are intended to illustrate particular embodiments of the invention and are not intended

to limit the invention, including the claims, in any manner.
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WO 2005/ 027914 PCT/ 1 B2004/ 002901 -18 Tetrahedron
Lett. 26, 555 (1985)]. Alternatively, other nethods

wora@sioy7oused for nethyl enati on of unreactive REL/BRE64002901

can be applied, e.g., Wttig-Horner reaction with the
PO-ylid obtai ned from net hyl di%®henyl phosphi ne oxi de
upon deprotonation with n- butyllithium][Schosse et
al., Chima 30, 197 (1976)], or reaction of ketone
with sodium 5 nethylsulfinate [Corey et al., J. Og.
Chem 28, 1128 (1963)] and potassi um net hyl sul finate
[Geene et al., Tetrahedr f£1. 3755 (1976)].
Reduction of the ester 3%—%?‘@3@% t hi um al um num

hydr i Gke followinh @bbieviatiars are ueellini thig apgeation(.e. g. ,

LH) provided the diol ' quently
i zed by sodi um peri odgyée%%#ee%ieféﬁ%ﬁ%xanone
gy i vative 5. The next st epltnh polmé process conpri ses
}‘?Qe Peterson 10 reaction ?lf thée ketone 5 with
thyl (trinethylsilyl)acef¥ 8% rhe resulting allylic
aster 6 was treated w t hhduigobutyl al um num hydri de
and the forned allylic al cohql 7 was in turn
fnsfornmed to the desired™A¥Y ng phosphi ne oxide 8.
¢eoversion of 7 to 8 invddrideutyl3 steps, nanmely, in

Itu tosylation with n-butyllithi and
g-l-"@:ol uenesul fonyl chlori g%[fahy%rpfug%ﬂ\ed by reaction with
aimhenyl phosphi ne it hi umndaityl lithiwch oxi dation with 15
hydr ogen peroxi de. Several_ 2- | ene-1 9-nor-vitamn
JE s et

onpounds of the general ure IV may be
$pnchesi zed usi ng the A-rihigh messuredigull danaatiography

opri ate W ndaus- G und n k I | ng the
i red side chain struct &@Ha:gheﬁ@?ﬂﬁg%urgﬁgﬁfpl e,

Wht ti g- Horner coupling of phameyllithi um phosphi noxy

mbanl on generated from 8 %ﬁyg n 20 butyllithiumwth
protected 25-hydroxy & mann' s ketone 9 prepared

gcording to published prtltoedure [ Sicinski et al., J.

em 37, 3730 (1994)]. ga he expected
a{ﬁg{“e'gqed vitam n conpoun 'i‘%u&%ﬁtﬁrg',nu@fﬂygﬁ&e
depv ot ecti on with AG 50W Xthiune dilsopropglaotidenge resin
afforded 1 a, 25-di hydroxy-2-nethyl ene-1 9-nor-vitamn

D3 (11). The C-20.epinerization accoml.i

Che. arThe QURREo 9b ERRE oes BhES Ry dE SRITih BTS, Phtent No.
\8 843 goecisdeliond: (20S) - 25- hydroxy Grundmann's ketone 13
(Schene 11) and provided 19-nor-vitam n 14 which after

hydr ol ysi f t hydr. - tectli
(205, 1 HieSo Brameloe A5 REHnafiis lBAlied gy ALE R B4R g 1.2
(31 8)c.) refer to the specific structures so identified in the preceding description and in

the Scheme | and Scheme |I.

EXAMPLE 1

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

Referring first to Scheme | the starting methyl quinicate derivative 1 was obtained

from commercial (-)-quinic acid as described previously [Periman et al., Tetrahedron
Lett. 32, 7663 (1991) and Deluca et al., U.S. Pat. No. 5,086,191]. 1:mp. 82°-82.5°C.
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As noted above, other 2-nethylene-1 9-nor-vitamn D
anal ogs may be synthesized by the nethod discl osed

whegosiozrordor exanple, 1 PCT/IB2004/002901

a- hydr oxy- 2- met hyl ene-19-nor-vitamn 30 D3 can be

obt ai ned by providing the G#dmann's ketone (g). All
docunents cited in this application, including patents
and patent applications, are hereby incorporated by
reference. The exanples presented bel ow are intended
o hdxaRsy, &1 RIMRICDCELY b arooento ), reerizs and 0.15@ (dach&ht, Bach s,

a o Cim r :

Piuel no% med LER bt andony i+ AR AR B 7131

gt%gﬁgﬁ%@% P08 U=14 3% BExaupl 2.09THH, dd|JE04BNRS Hz), 2.19 (1H,
vi ations a use I on.

T VEdn Irbdned T RLE h D EErar i (B e SR D0 e,

hyesls GO RZ), B.70QEHES M. 120 M, 1), BIB7ESH, ), B3 @HbrisuOy). 10

THE tetrahydrofuran n-BuLi n-butyl lithium M nmass

spectra HPLC hi gh pressure |iquid chromatography SEM

andar dgddtioh of B mgrr?mn ¥BmBihyjuirgdte dédvaties hyl  Et
g&?h DI BALH di i sgbu% f 4 4

7 S-S S TR PR e e
RetmetRyl Esiee(®. g6t dhifred Miktoredf Rith&adra il didoride 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/CHsCN (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 (CDCl3) &
0.054, 0.091, 0.127, and 0.132 (each 3H, each s, 4xSiCH3), 0.908 and 0.913 (9H and
OH, each s, 2xSi-t-Bu), 2.22 (1H, dd, J=13.2, 11.7 Hz), 2.28 (1H, ~dt J=14.9, 3.6 Hz),

© 2.37 (1H, dd, J=14.9, 3.2 Hz), 2.55 (1H, ddd, J=13.2, 6.4, 3.4 Hz), 3.79 (3H,s), 4.41

(1H, t, J~3.5 Hz), 4.64 (1H, s, OH), 5.04 (1H, dd, J=11.7, 6.4 Hz); MS m/z (relative
intensity) no M+, 375 (M+-t-Bu, 32), 357 (M+-t-Bu-H,0, 47), 243 (31), 225 (57), 73
(100).

(b) Wittig reaction of the 4-ketone 2
(3R,5R)-3,5-Bis[(tert-butyldimethylsilyl)oxy]-1-hydroxy-4-
methylenecyclohexanecarboxylic Acid Methyl Ester (3). To the
methyltriphenylphoshonium bromide (2.813 g, 7.88 mmol) in anhydrous THF (32 mL.)
at 08 C. was added dropwise n-BuLi (2.5M in hexanes, 6.0 mL, 15 mmol) under
argon with stirring. Another portion of MePhsP*Br (2.813 g, 7.88 mmol) was then
added and the solution was stirred at 0°C. for 10 min. and at room temperature for 40
min. The orange-red mixture was again cooled to 0°C. and a solution of 4-ketone 2
(1.558 g, 3.6 mmol) in anhydrous THF (16+2 mL) was syphoned to reaction flask
during 20 min. The reaction mixture was stirred at 0°C. for 1 h. and at room
temperature for 3h. The mixiure was then carefully poured into brine cont. 1% HCI
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5,843,928 as follows: In these exanples, specific
products identified by Arabic nunerals (e.g., 1, 2,

wQ@003/02mt1€.) refer to the specific structures BOI/IB2004/002901

identified in the preceding description and in the
Schene | and Schene 1. EXAMRUE 1 30 Preparation of 1

a, 25-di hydr oxy- 2- net hyl ene-19-nor-vitam n D3 (11)
Referring first to Schenme | the starting nethyl

qui ni cate derivative 1 was obtained from comerci al

&nd exjraicteidavithaatiay! asetdiesmdibeaziner dhecosibinefl Reganinextrects were

Shered{ b AR o e O P

2205¢ ORe3idueCH. RB2Y) Ovhicda2B(LIrfie®By {dshatrdvestagrephy. ' EHution

DCEkaN TR ORI T o

?@Slmé '239)9) 1HLNBIEQC®U%) § 0078,6:083,10.092] BnB0HitS (e BB, each s,

o), 0398 ang p 229 (s apd gl E8chig @SBl drt (JRyca.0=p2e
iz, Hz? 23110 H hh 2131 §1HR a8, Hzi2.808)1, Hz'é, aza«aH 1), 4169 @H, ErJ=3.1

FR1 1R, Ty 964<2§w dingd ¢ 8 s b P

g;ggn\gaﬁ;ams mnw r:fsmwhyiBuqsrx)nsﬁ@\{&-ﬂieu:—;ﬁam }ealaéﬂ (;9) 313
| nme Sl 0oX I ox
5 %ﬁdé%?%%@?&i?@géé@ %%Pg- Acid Mot Kyl Ext er ()2/).

To a stirred m xture of rutheni um(III) chloride

hydr at e 434 ,10 2.1 od| um ger dat e
o 8 g Jer SipUpdh B 479
édktﬂmé_aga stE(f@tthIdlﬁh@tHylsn}ﬂ)‘ogy]éh Iﬁﬁir@@lg 14 mm|) |n

 PBesees Belhanel [y b g o Heined spiyfit oftFe 828 3 60ume.

bha mrﬂb%id’érmyms FFB!FY(BehLI) nmmm\altj&immnhlydm& K&cing . 8avirhol)
chl orof orm_ _The or%& g_aext rac wer e

WS RGP 0sCy i 21 GBS CRGONF IR BURSE) pad gnd the

gtiryi ﬁ? dad abktireked ¥t 6°C. fe 9 Q%Uan( é?tarooﬁ tgnhpavatuedfonds. The excess
pur |

R Seariendanh yps dearnsed Bt UEAR sn, Ne- 01 Ao i dmicp vas
ERtrdcted wiib&thy| acktabdVihd §R%A BﬁeoC(S'IgSD)‘@éﬂd e\BpoRited. (Fldsh7,
?:gr%nﬁ%ggrg eoqulg{acr%ggug yﬁ@pe*ang@y%‘ggé@eggqgﬁﬁog@gd gnrgalc ed
%uﬂéira?e (132]m drléi)a p\ﬁe zﬁysfalhnb diol dt(35 ﬁ1b449% b3séd biz yecovered
ystfg 3p, JrH &IMR (@DQISTJ%O) Sé) 679, @@h’l < 1004 5%0'?'21 ?eac‘n 3H, each s,
4xSiCHs), 0.895 and 0.927 (9H and 9H, each s, 2xSi-t-Bu), 1.339 (1H, t, J~12 Hz),
1.510 (1H, dd, J=14.3, 2.7 Hz), 2.10 (2H, m), 3.29 and 3.40 (1H and 1H, each d,
J=11.0 Hz), 4.66 (1H, t, J~2.8 Hz), 4.78 (1H, m), 4.92 (1H, t, J=1.7 Hz), 5.13 (1H, t,
J=2.0 Hz); MS m/z (relative intensity) no M+, 345 (M+-t-Bu, 8), 327 (M+-t-Bu-H,0,
22), 213 (28), 195 (11), 73 (100).

(ii) Diisobutylaluminum hydride (1.5M in toluene, 2.0 mL, 3 mmol) was added to a
solution of the ester 3 (215 mg, 0.5 mmol) in anhydrous ether (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 tartrate.
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 exiracts were
combined, washed with diluted (ca. 1%) HCI, and brine, dried (MgSO,) and
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20 (1 H t, J-3.5 Hz), 4.64 (1 H s, OH, 504 (1 H,
dd, J=11.7, 6.4 Hz); Mo mz (relative intensity) no

wORW058YP14{ M+-t - Bu, 32), 357 (M+-t-Bu-H20, 47),PCHBB2004/002901

(31), 225 (57), 73 (100). (b) Wttig reaction of the
4-ketone 2 25 -22-
(3R,5R)-3,5-Bis[(tert-butyldinmethylsilyl)oxy]-1-hydrox
y-4- met hyl enecycl ohexanecar boxylic Acid Methyl Ester
(3). To the nethyltriphenyl phoshoni um brom de (2.813
gvapobrdtéd. nTid Jrystallivantesiiue was PHEigd3®y fash chmmamwrephyw@utlon

BRSARRN 3ol ene AR T 28 on o

McPh3P+Br (2.813 g, 7.88 mol) was then 30 added and
e sol |onvva OC. for 10 mn. and at
i bRl RE Rt o

omte mn. The orange-red m xture
m&ayaﬁmlqaaﬁ-édtytdonéiﬁylmbhd(ywmthylemydbhekahem&)@ Sodium

bk ShtaR IR 2 P SRR o 4 Syl dindbs 4B mo,

Oeamhmolm innmathena (Svad.) at 0°Cr @deabluﬁ@; whgstirfedast 08@.doat h.,

835"8? {ﬂtt? grp ee{)%ﬁdé@graﬁ{% vﬁtﬂ eltlhel? ?og})éﬁ% 7 ﬁ&? %ﬂ% extracts were
aaasmeozmewnh SB%@CMEG) O\Z@) an@ tvapudatestt Aaoﬂ;edssidiue was
BeeiedERE0R ARl AT F ol PR Pyt
d‘(etlgﬂéér(e&ﬁgﬁ?é)(gmgté deviapiived @40 tng, QIE‘ifQ;Iaswasl elutﬁdamtl)@axahejethyl
ere BRI T Bon o0t s R R B el At 0 02 r apa v
(eacrslé @smaw&mj(gammksn@@pm@(%m dadas=714.2(; 61901 Ud4r, 2.64
rosia i De 3 Rk B T Lo’ Gug Biersls we

g@dt.&b ﬁ%ws(tﬁmoamd BB, (Medad 33, 312(BH=tBBUDO), 1388). (1 H,
12. 6, 2 Hz), 2.10 (2H m, 2.31 (1 H, dd,
J=12.6, 5.1 Hz) 3.76 (3H, s), 4.69 (1 H t, J=3.1

) Pra&réﬁbnhbfth@auywc&@er(GZH m after D20 1 H, br s),

ﬁ@m&}g% B(lqmeq %%ldlr@%yls%yfm%?tﬁggﬁéq‘@ g”esnie tic
(6&%) MetBHESE (6250 a Q(ﬂdtloﬁ?o'ﬁ)iusoaﬁibyéaiﬁe (3299; Oﬁé}nmdlﬁln

c) Reduction of ester grou | ene
@@ gtpﬁjleF (200 yL) was added n-BuLi (2.5M in hexanes 113 ,uL O 8 mmol)

[u(ﬁ% é@r{ %by ?/g?% 3@&'{ &i ﬂ{n)%bﬁ(y llngﬁg@h{%éﬁ shiyf F)@%i@ @dy6lpe
smmolv wds thehwadded Aftertivamins therketd chmocmgd S (49 mg, 0. 132 mmol) in
anhydrous THF (200+80 L) was added dropwise. The solution was stirred at —78°C.
for 2 h. and the reaction mixture was quenched with saturated NH,Cl, poured into
brine and extracted with ether and benzene. The combined organic exiracts were
washed with brine, dried (MgSO0,) and evaporated. The residue was dissolved in
hexane (1 mL) and applied on a silica Sep-Pak cartridge. Elution with hexane and
hexane/ethyl acetate (98:2) gave a pure allylic ester 6 (50 mg, 89%) as a colorless
oil: '"H NMR (CDCls) § 0.039, 0.064, and 0.076 (6H, 3H, and 3H, each s, 4xSiCHj),
0.864 and 0.884 (9H and 9H, each s, 2xSi-t-Bu), 2.26 (1H, dd, J=12.8, 7.4 Hz), 2.47
(1H, dd, J=12.8, 4.2 Hz), 2.98 (1H, dd, J=13.3, 4.0 Hz), 3.06 (1H, dd, J=13.3, 6.6 Hz),
3.69 (3H, s), 4.48 (2H, m), 4.99 (2H, s), 5.74 (1H, s); MS m/z (relative intensity) 426
(M+, 2), 411 (M+-Me, 4), 369 (M+-t-Bu, 100), 263 (69).
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15 0.21 mml) in anhydrous THE (8 ni) lithium alum num
hydride. (60 ng, 1.6 mmpl) was added at OC. under

wae@s0279The cooling bath was renoved after 1 hPCEMER04®2901

stirring was continued at 6C. for 12 h. and at room
tenperature for 6 h. The excess of the reagent was
deconposed with saturated ag. Na2SO4, and the m xture
was extracted with ethyl acetate and ether, dried
(MgS™) and evaporated. Flash 20 chronmat ography of the
reS(f)dRQthibﬂﬂOﬁﬁEaﬂﬁr’C@stB]B acetate (9:1) afforded

e e o e
gszDgffﬁty&hﬁﬁs Auméyarif 8,50 ir0Btuend). 11061, 2AdnrBol) dds @I@wlyh
addagl to a shifred S?'U*é?ﬂqﬁ')ié %@5‘3 f’%erﬁ‘i%”'g "?pzz’é%ﬂ??% 1.510
(&uéﬁe/nﬁ’éihyle}’lédwlirgjﬁ@ﬂ Hz)mL)%u 1733 (2 dnden)argéh. 2Stirdmgiwas 40

gorglngeq.gs, —784C7@r {1 gpd ﬁ§-46 65 égy%%e%ﬁnqneﬁd?yﬁ:epa@%r 25 min.
E_I’hé %l)&lﬁl{e |V'Jastoivlfné‘he& By thi slowaditiba of pcﬁée&idng godilvheashtey(PN, 3
ha)e. HEECN 7720 U2 s e BRI mRFgRs cHloride
w?oylﬂﬁdl(%%@&%u mth kHeraAd banizégﬁtThéomﬁic)exwiads adetecbriitined,
0 e esler
At BRI lee (60 Bpd e S MBS OLghapiagaretag The

P@zs}ﬁdérv%s‘c’}@ﬁﬁéd !c)iy flh @t’omé‘@@agl’g)o LELléﬁldn withrtebxahe/e@Gicefats
et her
& M%@ntstadiweaﬂyl@r@'%f)b%@ 3& Mm% 8&%%@%&@5&9 %\r/ﬁ’e”% 6050,

' %ﬂb alo78 '@3P4V3£§-I \é!ﬁa @Pldeééh g, QQQ'C‘I—EFD@?@%HB ©.909qoM bhti BBdeach s,

ine and _extr H’I
SRRBRCR TS &iﬁld’ 38 ek 5 He 2 e ol Snev A as tH .
QOW@B%Q'HZ)/\@SJW \Aﬁ& hl-qls <V ngw lH%n Bitr.D,aH, J=12.0, 7.0

brine, dried

b /A A DAT0BBBURO dch 3-2 Bt HEbd: ssmla T AL g 4.95 (1H,

fb?§L§% (8% PMT Hk)’f@ a1l atShE?Ci] Hgmarﬂ%lmnve%téﬁsl@rws
hexanel et acetate 6% S%Hée crystalline diag

it 5 V5 "2\ 55 . Ny 1En &5, dPd MirtBuH.0,

(1%2,75 , 5-Bi s[(tert-butyldinmethylsilyl)oxy]-4-nethyl
cyclo exanone (5). Sodium periodate saturated

water (2.2 nL) was added to a solution of the diol 4

( 14@? '&nvelgloﬁ@f fﬂ@%lll}/lld éicdﬁ%t'hﬁi[b%ho@ hifé-bxigé 80C. The

ion was stirred ., poured into

- lﬁH(ﬁ B,2RH3’ Mﬁﬁ&@@tmwtré’ﬁ'm}ox% benzene. The

FhSR GG ideneRifdiphenylphosphine Oxide (8). To the allylic alcohol 7
(105 mg, 0.263 mmol) in anhydrous THF (2.4 mL) was added n-BuLi (2.5M in

hexanes, 105 L, 0.263 mmol) under argon at 0°C. Freshly recrystallized tosyi
chloride (50.4 mg, 0.264 mmol) was dissolved in anhydrous THF (480 L) and added
to the allylic alcohol-BuLi solution. The mixture was stirred at 0°C. for 5 min. and set
aside at 0°C. In another dry flask with air replaced by argon, n-Buli (2.5M in
hexanes, 210 L, 0.525 mmol) was added to Ph,PH (93 »L, 0.534 mmol in
anhydrous THF (750 L) at 0°C. with stirring. The red solution was siphoned under
argon pressure to the solution of tosylate until the orange color persisted (ca. 4/z of the
solution was added). The resulting mixture was stirred an additional 30 min. at 0°C.,

and quenched by addition of H,O (30 L). Solvents were evaporated under reduced
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conbi ned, washed with brine, dried (MyS04) and
evaporated. An oily residue was 10 dissol ved i n hexane

w@ 05i0279ahd applied on a silica Sep-Pak cartri BQEIB2U®2901

4- et hyl enecycl ohexanone derivative 5 (110 ng, 82%

was el uted with hexane/ethyl -2acetate (95:5) as a
colorless oil: 1H NWR (CDClI 3) 8 0.050 and 0. 069 (6H

and 6H, each s, 4xSiCH3), 0.881 (18H, s, 2xSi-t-Bu),
2.45 (2H, ddd, J=14.2, 6.9, 1.4 Hz), 2.64 (2H, ddd,
prebdurd,and s retidde ay redlss@ﬁ/eﬁ ﬂftnedﬂlené zblofde @.6mt) pnd stirred

%éq@%ﬁ' Sa% g)é\@%rl\lﬂ?'h ( gUIC atylg\éfvaé ! ea?%gsti yv?/aspgsl with cold

B egvalivm Blﬂﬁe @hd H0, @iédy(lvlgscn;aam ev@porated. The residue was subject

&%ﬁaﬁﬁ@m@r@ﬁsﬁw% el SRl b e L

@@ﬂwlcry-gfhllﬂlggfhb%leﬁﬁbMe @I(mcmg cav%)am KNRIR(@DJdP) 5 0000280.011
I N

anhydr ous THE added n- Buli
E00 G330 OHs gach 3 SiCp 8 Aok O 0GH 2 G oagh s
2%§Q BL)/)" 3. b 231 43Hr bﬂﬂg 283141(194811{»'3 64 (1lm”ﬂt)fwh§(1wlra)aa suatie m),
( was then added. After
ASOL R R 5268 5 B 38 457 2k 4B Iy Bh 252 (@H
WE7 62 m&ﬁ)) Msﬂ-dw/zvmatﬁédﬂéhéﬁmﬂyms%sﬂ(hﬁ $,0l) LBETAqV-HA8, 3)

d th
s (o 080195568 M8 NG . poured | nio 25

brine and extracted with ether and benzene. The
conbi ned organic extracts vwere with bri

dn ed Wikligstoreraoupinggi profecied Z%H\Vé?r%gaﬁen\ﬁ/ags ketohe 9 with

theSﬁQJS ﬁiqebﬁdebexane (1 m) and applied on a silica
Pak cartridge. Elution with hexane a

e ZE a5 e e oRSTO g s G ptecs BV o PhesRbine

e
Bubi ((ZW in Iﬁa&,a@aés 83 1hniV . D 1888 u(9ét augreh \gllt-m stisdiigh Hhe solution
M SME VR R X AT
Eb%go@ofi_}:ﬁolfe&teﬂi hy«ggxy lg_etdlﬁ?es 8(9.6 n@4E|2 B ymo’B) 6@pé|fébl r;.:11ctzsc)rd|ng to
bl peocPliire S ns) o 2 ed: Sl 7,573 frolfE hnnvgiys
(e €205>U1 00129 as 3% £fed. WE: ABRGEQAESifed under argon at —78°C.

PCT/ 1 B2004/ 002901 -23- (2) Reductjo th | yl
dar Bh. gpd at 0°C. for 18 h. Ethyl acetate was aéded J the o(regaz?lll alsg was

%visﬁé% Rith bffe, %ne@(l\ﬂ&@[) Ghe ét/ad@%téédj drReteRius Wa ld)seulydd th

| enecycl ohexy IldeneLetha

mewgraﬁﬁnwﬂl%ﬁmam"ﬁ@ app e eirtr i ?mf\eﬁ%%m@ﬁ vith hegang/ethyl
ZachiaiB@o), P LS ke 19-nor-vitamin derivative 10 (13.5 mg, 78%). The Sep-

Pak was then washed with hexane/ethyl acetate (96:4), 10 mL) to recover some
unchanged C,D-ring ketone 9 (2 mg), and with ethyl acetate (10 mL) to recover
diphenylphosphine oxide (20 mg). For analytical purpose a sample of protected
vitamin 10 was further purified by HPLC (6.2 mm x 25 cm Zorbax-Sil column, 4
mL/min) using hexane/ethyl acetate (99.9:0.1) solvent system. Pure compound 10
was eluted at R, 26 mL as a colorless oil: UV (in hexane) Amax 224, 253, 263 nm; 'H
NMR (CDCls) 6 0.025, 0.049, 0.066, and 0.080 (each 3H, each s, 4xSiCHs), 0.546
(3H, s, 18-H3), 0.565 (6H, g, J=7.9 Hz, 3xSiCH,), 0.864 and 0.896 (9H and 9H, each
s, 2xSi-t-Bu), 0.931 (3H, d, J=6.0 Hz, 21-Hs), 0.947 (9H, t, J=7.9 Hz, 3xSiCH.CHj),
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added to a stirred solution of the allylic ester 6
(143 ng, 0.33 Mol ) in 5 tol uene/ nethyl ene chl oride

W@ 2008/02814 nlL) at -788 C. under argon. Stirri NBCTVEER004/002901

continued as -78C. for 1 h. and at -46C.

(cycl ohexanone/dry ice bath)-2®»r 25 mn. The m xture
was quenched by the slow addition of potassi um sodi um
tartrate (2N, 3 nlL), ag. HC (2N, 3 nL) and H2O (12
m.), and then diluted wth nethylene chloride (12 nli)
ands ¢t robeshd®-Hs)e2.be (2Hyme), D87 tnald, Tht2. BrégaHecip-H), 2.33

P40 s 29 FRQORT: 245 (W SBa 2ot ica o2 it .

JE‘P\%?L\*?B 1&9810&49 fz'&dmh}’brfd %élﬂz PIQV%IH Q,gfaa(ahym ﬁk lanu%-H)
'hexane/ et dy11-| acetate 9:1 ave crl_{st al

4192yandct. 3 @brritd 1H, eados.zHA g armxm @Bti*s‘)eaehd J=11.0
£ +

e B A s g B s 570 0

Bush), 62@(00), 494 £23).1366 (5@ 73492). 3, 8.8 Hz), 2.23 (1 H,

dd, J=13.3, 2.7 Hz), 2.45 (1 H, dd, 15 J=12.3, 4.8

Hz) 2.51 (1 H dd, J=13.3, 5.4 Hz), 4.04 (1 H m
ﬁ’mtecptemmamid 10143 an) wap d@ssolmc) in hrpnzene( (0 581,ul handathe ggsin (AG

G307 o b bl g e

ntlxtunb:Was2stlHE)i at Momtempératiratunder drgdreios i1 7 1), dB8&d w(tmbthyl

2 %tagézégé m N? h%égpﬁggc%n% 'l%%ée? rg &I@f Xﬂaﬁgd'c%wm/gthgr (%lllnL) and

Gaooentsneaorgénit peasek wgshed witte bifirad ardl satdrated INz$ {80 neried
ide 8 [2-[(3' R -5 R.:3, 3 |
b EBaFppisFabirmie The it nas g py HPLC (62 mm x 25 om
IZBtHa)(JfSilrt@thm Ghﬁlx/;dln )irsn@]hlﬁ}xbyé/]zmrcmwnwageelpéﬂtmgst@ni de
cono , \
D U el e o RiShantn 14 3l o7l A PiRsk k. 20
it ki At oyigand Uy
res | Z |
NP SO VST ko5 B 2662 TR (MO (CRE P50 862 (. 5.
addes 0.94 BReq:; aJ=|6)al HE 241%9 hO;izineHl 5,90l Hihd 2nH,)The1 (2H, m),

m xture was stirred for mn. and set

i de
DADTORES (30 Ao RB ). PREASEAZH) T 4149 E, 50 Al B B0-51), 5.10
Ahg 3 ¥ G(WQ%MHH ﬁﬁ%ﬁﬁ% '%l—hf%%@eaﬁwd 62§70(1+-Pénd ﬂ-l %%éh H“PH)I 3 Hz,

was a dr ous
THENq §318); MBIy zrelaties Wﬁfﬁﬁy)éﬂﬁKMFn@) 39%(25)3@8%631 +3868r{14),

?d ﬁ@o nder argon pressure to the solution of
tos;s azte u t he orange col or persisted (ca. % of

the solution was added). The resulting m xture was

shiffi®% an additional 30 min. at OC,

Scheme |l illustrates the preparation of protected (20S)-25-hydroxy Grundmann’s
ketone 13, and its coupling with phosphine oxide 8 (obtained as described in

Example 1).

(@) Silylation of hydroxy ketone 12
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and quenched by addition of H20 (30 pL). Solvents were
evapor at ed under reduced WO 2005/ 027914

wEansBROO4/ 002901 -24 pressure and the resi dRET/W2904/002901

redi ssolved in nmethylene chloride (2.4 nL) and stirred
with 10% H202 at OC. for 1 h-26Fhe organic | ayer was
separated, washed with cold aq. sodiumsulfite and
H2O, dried (MySOX) and evaporated. The residue was
subject to flash chromatography. Elution with

s 28¢(Teibinylsiaory]ates-A, B:chdlestan-8-Breg@8). ok yulttin df the ketone

REBR0 . HBRob 9l b2 mol Aok Rl 3. 000
?@lﬁﬂh d?e&iﬁmar(d 2Qn|§6(aas(t@atmwitr9u-ﬂeth§a|am clslonde (95 4L, 0.56
Xl - u

ppmq{} an@thfgme(tyrep_yvaﬁft er a 5o%n1gmqﬁr§{ure4.lr§18f grlgah jprgl% éltﬂiyl
(’é'zﬁ@t@ r}/)ﬂasl‘é;idgg@?dz I$_|\ﬁa)er éwdfige (;r@ahiglljyér wé§§eﬁbr%értéh Tﬁie éﬁmyl
! , . NurNe uPk z (relati
PRRtaledaey vag gvagfied ymnzvemaﬂg bfifje d@%r)gr('\@&%"d %yap%eé{ “The
\}%ﬁ:{&'\ﬁaﬁé a@'ged M)glh #ika (Sb@)Pak%?ruﬂg’eglh hekdelethyl acetate (9:1)
i rnbr cou ect e
end AlRRAYAPalian gHAes Rl F?FEL@ %‘Lm”bhgé %b’%’&é'ﬁ%"“é“’i 4
LAAmPusivig hé‘k@he?eﬂﬁ??b&@tbt@ e LSoivemk syétérﬁnPUreEB‘o@&tb)i hydrexy
a sol ution of hos hi ne 15 oxi de 8 S\r,% @U%
kawems.@mwwom Sl U0 i 7o aobress s LRl (eoCw) 8
@ dai; q,Butkig Mzzs%bl—l;) b%éé@,s 28.+4). 0.958 (§Hfd mebb Hz 21-
er argon with stirri Lution
ShnAge? <3met 8 BRI Isb) de B0t 88- andiZAre), A5 IH, dd,
@pgo} gﬁfg1%§%) sol ution of protected hydroxy

tone 22.8 pnol), prepared according to
publlshed procedure [Sicinski et al., J. Med. Chem

3/@3 3 (s (H@raé)dgupfﬁr@e@ FBfQ&&d@o%?zg 'H?dr@%?@u&\gi%mw%)(etone 13

sIo ture was stirred er argon
awthtfresmosphmozlth and at OC. for 18 h. Ethyl acetate

PR it St RR- i RISREIRO- (18P, Rln Mibhn o

pheshineaskidend (1?568(@9327&11 ;dn”ak) i ardydmus THE (20€ al S Pakas
oA o B S0 P22 BB S s

A(qu% seluliBh tuffed deeEhﬁar%%D Tﬁé nﬁﬁlﬁre\/\ﬁée dooRsd twapserl and blﬁ)recooled

hexane/ et hyl aceta to recove

rTEHa B Ch 2 PR B 61508 U0 e (OB YTcrous
alg-gi ﬂg? y(_’ﬁ_\gaéﬂslbwfg/oad%& O¥RY mixllr@ R85 ¥li W‘r RQyoR%t 4E°C. for 1

r analytical purpose a sanple pr ot ect ed
h and at 0°C. for 18 h. Ethyl acetate was added, and the orgamc phase was washed

with brine, dried (MgSO,) and evaporated. The residue was dissolved in hexane and
applied on a silica Sep-Pak cartridge, and washed with hexane/ethyl acetate
(99.5:0.5, 20 mL) to give 19-nor-vitamin derivative 14 (7 mg, 45%) as a colorless oil.
The Sep-Pak was then washed with hexane/ethyl acetate (96:4, 10 mL) to recover
some unchanged C,D-ring ketone 13 (4 mg), and with ethyl acetate (10 mL) to
recover diphenyiphosphine oxide (9 mg). For analytical purpose a sample of
protected vitamin 14 was further purified by HPLC (6.2 mm x 25 cm Zorbax-Sil
column, 4 mL/min) using hexane/ethyl acetate (99.9:0.1) solvent system.
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vitamn 10 was further purified by HPLC (6.2 mm x 25
cm Zorbax-Sil colum, 4 nlJm n) using hexane/ et hyl

waec@sarm®i4 99. 9: 0. 1) sol vent system Pure conmpoROTIB20048@2901

was eluted at R 26 nL as a colorless oil: W (in

hexane) Xmax 224, 253, 263 nm27-1H NMWR (CDCI 3) S

0. 025, 0.049, 0.066, and 0.080 (each 3H, each s,

4xSi CH3), 0.546 (3H, s, 18-H3), 0.565 (6H, g, J=7.9

Hz, 3xSi CH2), 0.864 and 0.896 (9H and 9H, each s,

3490V (in BeXaneD 1,93 244,3183.5] 263 afy; H NRIR @DCH3)5,0.026) 9040964066

bt PR R b 50458 o) S Rer. 31598 Q0 Y. pgl7.9 Ha,
%xQ@I—(g)Z U,84BX?aH 2, 186 6H, 20i¢H,), H862.ahd 0BB (B and OB, Ehch s, 2xSi-
eh ogtabbhy 37 ik piatiche 51 ot 4, g

( =194 Biz| )
hr%(r'rﬁ) 223-&253 (%Il)-lHar Y, 2®2a(?1|a|16’rd;lg 1(2519§H g%Hﬁﬂ@gﬁlglm 1B

and 3@p) 4 2 9Ba8d14&ﬁd1ld aﬁg 1Hy epphes FCH WS- 84A0H €2 (ﬂ’f*lartg o,
%ﬁgﬁd 17-11%9%99 %_d %'}45* rg;s-?n/%r'éla {d 1 Y:?enbugﬁ) 88 '(M¥ 3%5;329 (MH+-Et,

. ((LO0) (MA:QzBU( QBﬁZG 669), (458)(25)7%54 62), 7518 é%fﬁ@él vi tamin

10 (4.3 ng) was dissolved in benzene (150PQ and the
resin (AG 50WX4, 60 ngy; prewashed with nethanol) in
Reotactad Mitang0 04 (5.9 m@svasdtirsalved inbenzena{ 190 ud-panddihe resin (AG

SO ol BIRAE Methshaif HenBhdBgb of) whs fded. The
:ﬂﬁg&rﬁ\ﬂa’k stifrbe at &&mﬁewqbsram hmdznr/]mer%dmwfet heh. dl&taMltlthyl
SaPREY KB 2o AR RS Wosl A gRengagm and
ﬁl@esccdnlﬁnam.‘argaluc pha@ waghétPlvith ()ﬁrié amd sat@&tedNaHCO,, dried

u
TR BB SSUralED; The Mhdlelyds QIFROGp GHEETE S RSB
Zoreixksil ehenn] 49l0onin. )/Ml@‘fhlexaﬂlé&(pio@nagﬁa 19 2efyentesystem.
CAYOTER N e NUNER RS R AT
Al [(20R)Malogwasteitdd maquzﬁha ahd 1&523rd|]’%@20)®wm'mm mat\NRsz mL
(CDCI3) 6 0.552 (3H, s, 941

i hespimeaysiem 2o 8 wiikesolc: LSl SRk Spaitdf . 3585, 2625rm;
rnMRiéDé ye??_l§§1 ﬁﬁ(s 3. H3)20%§8Q§H 'd 196 12 §QH§ 8&16?6’#1 s, 26-

Hndﬁéf Hs) H 9% 20f (%H IE)CI%IZY--? 355(2%"‘6@15%(13'7 dd 1J=|-’l3é’n§ O1 291 2.80-

P b, e AN ol MRUFT AP By oy 50

3t G(m)OIH HEIH, 26¢) d, J=11.3 Hz, 7- and 6-H); MS m/z (relative mtensﬂy) 416
(M+, 100), 398 (26), 380 (13), 366 (21), 313 (31).

BIOLOGICAL ACTIVITY OF 2-METHYLENE-SUBSTITUTED 19-NOR-1,25~(OH),D3
COMPOUNDS AND THEIR 20S-ISOMERS

The biological activity of compounds of Formula | was set forth in U.S. Patent
No. 5,843,928 as follows. The introduction of a methylene group to the 2-position of
19-nor-1,25-(0OH),D; or its 20S-isomer had little or no effect on binding to the porcine
intestinal vitamin D receptor. All compounds bound equally well to the porcine
receptor including the standard 1,25-(OH),Ds. It might be expected from
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EXAMPLE 2 25 Preparation of (2095)-1

a, 25-di hydr oxy- 2- net hyl ene- 19-nor-vitam n D3 (15)
wewsoeold il |l ustrates the preparation of protRBCT/ER004/002901

(20S) - 25- hydroxy G undmann's ketone 13, and its

coupling with phosphine oxi de&28 (obtai ned as descri bed

in 30 Exanple 1). (a) Silylation of hydroxy ketone 12

WO 2005/ 027914 PCT/ | B2004/ 002901 - 26

(20S)-25-[(Triethylsilyl)oxy]-des-A, B-chol est an- 8-one

{hes? resAltshkatiall aftheoorhrainkie vonld have eqdiealentdimlogical betivity.

I MR Y ST NG NG

analegshyitrsthkly primatycrctioleorf Banegp L\Whén gigen famgldays aradchirbmic mode,
X1

it potéRfedindun el AED R HRR(BALAS PSR 1 Zetelyo,

OF=toieni )c Wisgregivenest 18@ patotitiad its attvite bhpbne ealetmtreotilizption

St 2aPE Weh & M sEierdh o et 1B enf pofis YR hoois rore

Hep-tRalof thermativeligemone h El?deredenthall coadiors, BNl(:eS)thia)dosapm 25-
{e t

SRS, AR e R B R T e g

meollc)oseo IWiesmit givansdt @60 pRol/dayp ﬂm@te«ﬂtﬁeﬂtmylng ¥8lue of 14

£y BiETec s C Rk Rt G Bofb T sty [E ooy, gie

bhm Sorfd (Ebijced Do BBMific3H, changelid-intdgtinalcaBHiom (rahspad, at either the

el ond S D Bkl e oo
thdestindlhlciufy transpottiaf thbdnk-ddse tdsbed, by. 280taMa)/delpr Tee 2-

PRI A AL, AR el ko BOMPEIBIN obiization

I'né" oxI
al2Bsh dﬂ:@e @ﬁelﬁ)bht}alkrcnsryov\@d metlmtyi;tmbeeﬂﬂdm transparizavtivity. Ohe bone

A8k et 4o SHESPRARRAY 9%, o0yttt .25

sOEWDY. Trade cesnkiBilibstrafethaihe 2-hetkpaes and the 20S27msthylene

Rt A RR O Y S0 R ar e ool Bt i from
@bde aT@rIerzdjlulsmtes {het8&ponse of hath testifie pnaserumemildiyl laox gingle
large ose o% trge varlo@ bon%géu%dg;@daan, 'sUppao%%thng Bgnclusiqns derived from

" Table 1.

25

30

35

Thé results illustrate that 2-methylene-19-nor-208-1,25-(OH),D; is extremely potent in
" inducing differentiation of HL-60 cells to the monocyte. The 2-methylene-19-nor
compound had activity similar to 1,25-(OH),Ds. These results illustrate the potential
of the 2-methylene-19-nor-20S-1,25-(OH),D; and 2-methylene-19-nor-1,25-(OH).Ds
compounds as anti-cancer agents, especially against leukemia, colon cancer, breast

cancer and prostate cancer, or as agents in the treatment of psoriasis.

Competitive binding of the analogs to the porcine intestinal receptor was carried out
by the method described by Dame et al. (Biochemistry 25, 4523-4534, 1986).

The differentiation of HL-60 promyelocytic into monocytes was determined as
described by Ostrem et al (J. Biol. Chem. 262, 14164-14171, 1987).
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THE (100 ,uL) was slowy added. The m xture was
stirred under argon at -78C. for 1 h. and at 0C for

wadoos/02Bihyl acetate was added, and the or gani BCPE9@/002901

was washed w th brine, dried (MJSO) and evapor at ed.
The residue was di ssol ved i n-29exane and 25 applied on
a silica Sep-Pak cartridge, and washed with
hexane/ et hyl acetate (99.5:0.5, 20 nlL) to give
19-nor-vitamn derivative 14 (7 ng, 45% as a
colorless oil. The Sep-Pak was then washed with
Jﬂg@ﬁgﬁ/ ethyl acetate (96:4, 10 nL) to recover sone
ged C,D-ring ketone 13 (4 ng), and with ethyl

acetate (10 nL) to recover diphenyl phosphine oxide (9
mél)ResB@ﬁseacﬁfahtxétsti@&CalplummaspmanSaumeaBmrp(erecﬂiaidum
ViMobiizatiohd Avisty taIChloaic Duses bf 2ieltyyladeLieriatives o $-Ne61,25-
cm Zor bax-Si|  col uf@H).B% andiisrP0Susomershexane/ et hyl
acetate (99.9:0.1) solvent system WD 2005/027914

Bfolipl BZ0047 002901 - 27 DPése UV (i ninkestiaal @alcimax Ssédm Calcium
253. 5 263 nm 1H NMmd/aeer dpyd 0. 02Gandpo@t49, O.(BB100 mi)
and 0.080 (each 3H, each s, 4xSi CH3), (9IMp41 (3H, s,

VE&hiRD DERg&ft (6H, 0, Jrehide Hz, 3xSe@H)2 0.848 5.%13.16
¢ 051601.D, Teated - H3) , 0. 8fgh and 0. 8966(Bid.and 9H, g@eb5
.M Ae-19-Re-1,28. 945 (9o t, J=7.9 8ip 1+ 8xSi CH2CHBY + 0.2
6H, s, 26- and 27,41), 2.15-2435 &s(4H brogk.03
14@ %@ m, 2.8H(1 H br §7J582.9 H2438+05

)D4 4 1 f§so and 3a-H) 464 82 and 4494 £{d6

H allu =, edul S, = T, 5.84 and 6. 22 (I H and I H,
each d, J=1 1.1 Hz, 7- and 6-H); Msnmz (rela
Mateewsariiny rats @ie(e\abtaias) from Spragve awley 69., (lnﬂ@napohs Ind.) and

%76%4"r a( @6?% Cfgﬁtfg? ?%{‘:’ ég%opfa@mﬁtﬁ%adeﬁ@@ntw}or 14ieck@Alb then
dives tlevsating dietontaining 9.08% calgium, e@rﬁf/ ph@srg@g{sﬁor(a\@eeks During
?’%V%é e)eKQh%ng g@\éﬁ?{i}qqdlx\é’é@ dB& Mﬂ&uhd"bﬂﬁ?rgﬁﬁ%neal

m xture was stirred room

irgantien it Ui el QBUerropmieyerolcel andds % etrmnpma@a dm/t‘cn 7&%@ The

%8&@%&(@{'%%? géedr Jrkl%(ﬁﬁg-? ﬁg&szadﬁ %@Mg@e %waﬁ S%E'rt]rlfég&ﬁs

PhastyFowdwhesiafiar the lastidase, émmrai%nwerﬁaqaéwqqaﬁm esfpalggicium

KRS I AT e B g

ssiunycdignamietezmined st ataimi¢ ebsgrptml ap@ﬁtforw@'t@m model 31 10
l; e

FORy B ol RShaepaik BRI Ther A% 5l ofd ahduk

ehlues tepagseRt m2on (M)SkMd 1 a, 25- di hydroxyvitani n D3 at

R' 52 m_

TABLE 2

Response of Intestinal Calcium Transport and Serum Calcium (Bone Calcium
Mobilization) Activity to Chronic Doses of 2-Methylene Derivatives of 19-Nor-1,25-
(OH),D3 and its 20S Isomers

Group Intestinal Calcium Serum Calcium
Transport (mg/100 ml)
(S/M)
-D Control 42+0.3 47 +0.1
1,25-(OH).D3 58%0.3 57+02
2-Methylene-19-Nor-1,25-(OH).Ds 53+05 6.4+ 0.1
2-Methylene-19-Nor-20S-1,25- 55+0.6 8.0+0.1

(OH),Ds
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in the sane systen] as a white solid: W (in EtOH)
Xmax 243.5, 252.5, 262.5nm 3H 20 NMR (CDClI 3) S 0.551

W@ 3045/0879148- H3) , 0.858 (3H, d, J=6.6 Hz, 21-H3pCT/IB280143002901

(6H, s, 26- and 27-H3), 1.95-2.04 (2H, m, 2.27-2.35
(2H, m, 2.58 (1 H, dd, J=13-%- 3.0 Hz), 2.80- 2.87
(2H, m, (2H m 1(3- and 3a-H), 5.09 and 5.11 (1 H
and 1 H each s, =CH2), 5.89 and 6.36 (1 Hand 1 H,
each d, J=1 1.3 Hz, 7- and 6-H); M5 niz (relative
intensity) 416 (M+, 100), 398 (26), 380 (13), 366
(21), 313 (31). 25 BIOLOG CAL ACTIVITY OF

2- METHYLENE- SUBSTI TUTED 19- NOR- 1, 25- (OH) 2D3 COMPOUNDS
AR AblENR2aSi0 WeVERS rdib wels citaigeddmaied Bpriayye Dawley Co.

SBIREAISS 194) 534 e by P b e

I‘Hgﬂﬁ)é{ SNE. NUBUD0, 90491€052; m@gn)uéardwveék and tlaerr fed the same diet
19- nor - -i S r h ittle gr,.no_.
R e s 8 2l rhopaionus B B adfional wepks S Boint
RiRapEsNed a%lhglé‘ﬂW@S |Hjbulmlofetb|el aldicateteddse dizsblaed in 0.1 ml
o7 5 o B P ATE NS BB TR 7 i i) vhere bachced

Bed intéstindaige &énspo&&nt:l Isemm caciumntveeré Heterrainkd a$ dédueibed in

| d_h bi gl o | tivit
ToPB glere chivapoisias GhA AT and 15l uBre & Fhitsis per
RFaUCee datpive)expeksst asibearn@dSBls Wi th their primary

action on bone. Wen given for 7 days in a chronic
node, the nost potent conpound tested was the

?Acﬂf@ﬁmmly?ﬁ@nﬂ&rﬂg of ﬂ}@%lﬂ:wﬂi@ o3, are(alary withlihosdMféormula

en at 130ep f]ﬁ?’ t t|V|ty on bone cal ci um

?qwgmpaﬁs d[%’et % e@ﬁndn °UWas of the order of at
| east 10 and possible 100-1,000 tinmes nore than that
of the native hornone. Under identical conditions,
tw ce the dose of 1,25- (OH)2D3 gave a serum cal ci um
val ue of 13.8 ng/ 100 m of serumXgal ciumat the 130
prol dose. Wen given at 260 4 [&ay, it produced the
ast oundi ng val ue of 14 10 ng/ 100{m of serum cal ci um
at the expense of bone. To shaw [ts selectivity, this
conpound produced no si gnixs, eflange i n'd nt esti nal
calciumtransport at either e X130 or 260 pnol dose,

HaTXghe only dose tested,

intestinal calciumt r apspor
Xo

i.e. 260 pnol/day. The 2



nmet hyl ene-19-nor -1, 25- (OH) 2D3al so had extrenely strong

bone cal ci um nobilization 15 at both dose | evels but
wabk@s/osironed no intestinal cal ciumtransport apCT/iB20§4/002901

The bone cal cium nobilization activity of this

conpound is likely to be 10-180 tines that of 1,25-

(OH)2D3. These results illustrate that the 2-nethyl ene

and the 20S-2-nethyl ene derivatives of

19-nor-1, 25- (OH) 2D3are sel ective for the nobilization

of calciumfrom bone. Table 2 illustrates the
oa{ﬂn%g%f?{ngplggg ggégﬁlﬁdﬂg 0?93 2, ﬁgﬂ'&gﬁtj} % l?ﬁé(%é 8re@|ously set

sfuﬁphr:rrelnn W "h”esmtd Xis Xan&, ¥e K, VadXf K@ﬁnd Xabhese]subﬁﬁteents

éﬁaﬁ}% t§8 §5%Q?&B?®% &%ﬁ ?ré% sg%'ti:{ré\él ﬁ);'dr?geen or. Iower alkyl, i.e., a Cy.

isratkytsuel ad iafriethgnethgtar orprodyl. Ho- eﬁidltloxel daired eubsﬂutuents X4 and Xg,

BROEAG X HE X X OB R o W OR A R PP win the e

iddjacemtr(atm)ntdlmm) ot tlae iceatral parft of the c@mpedrity Whivk-correspond to

Slltich I3 62y oot anaresame o

a:irffeireniand armageaitreedas pesatatated, sigstituted dremketstituted; ol on
r rostate cancer, or as

% f%gd'cl% Eﬁsz%torrga ?rg&]ﬂ %sori asis. 30 Conpetitive

bi ndi ng of the analogs to the porcine intestinal

(THERE oS G ity il o iR b Bl B

dolfovirgeotmaae:on of HL- 60 pronyel ocytic into nonocytes
was determned as described by Ostremet al (J. Biol.
Chem 262, 14164-14171, 1987). 35 WD 2005/027914

PCT/ 1 B2004/ 002901 -29- TABLE 1 Response of Intestinal
Cal ci um Transport and Serum Cal cgkum (Bone Cal ci um

Mobi l'i zation) Activity to Chrghi ¢ Doses of 2-Methyl ene
Derivatives of 19-Nor-1, sand its 20S

| somers Group Dose I|ntestinal{CaKei um Serum Cal ci um
(prol / day/ 7. days) Transport (pg/100 M) (S/M Vitanin
D Deficient Vehicle 5.5\. £, 16 Ib




1,25-(OH)2D3 Treated 260 6.2 0.4 7.20.5

2- Met hyl ene-19- Nor-1, 25- 130 5.3+0.4 9.9 0.2 (OH) 2D3
wQe@s429140.6 9.6 0.3 2-Met hyl ene- 19- Nor - 20SPCI/BE206L/002901

0.8 13.8 0.5 1,25-(0OH)2D3 260 4.6 0.7 14.4 0.6

Mal e weanling rats were obtai-8&d from Sprague Daw ey

Co. (Indianapolis, Ind.) and 5 fed a 0.47% cal ci um

0. 3% phosphorus vitamn D-deficient diet for 1 week

and then given the sane diet cont ai ni ng 0.02%

cal cium 0.3% phosphorus for 2 weeKs. During the |ast

week they were given the indi cat ed [doe& of conpound by

i ntraperitoneal injection inXo. 95% pr opyl ene

gl ycol and 5% et hanol eacWsua}y-for 7 \days. The

control animals received only|the 0.1 m of 95%

propyl ene gl ycol, 5% et hanol . U

after the |ast dose vere~Sacrifileed and

everted sac techni que as
serum cal ci um det erm ned
spectronetry on a node
(Norwal k, Conn.). Therp
val ues represent nean
I ntestinal Calcium

110 Perkin El nmer instrunent
were 5 rats per group and the
)SEM 15 TABLE 2 Response of

2-Met hyl ene Derivatives ofl 19-Nor-1, 25- (OH) 203 and

2y nal Cal ci um Serum Cal ci um
Transport (ng/ 100 rH) SIMOYD Control 4.2 0.3 4.7
0.1 1,25-(OH)2D3 5.8 10.3 5.7 0.2
I\/lethyl ene- 19- Nor - 1R625°ReH) 2D3 5.3 0.5 6.4 0.1

hylene19 Nor-20S-1,25- 5.5 0.6 8.0 0.1

z



WO 2005/ 027914 PCT/ |1 B2004/ 002901 -30 Mal e Hol t zman

strain weanling rats were obtained fromthe Sprague
w@awbmey79Cb. (I ndi anapolis, Ind.) and fed the BCHI4004/002901

cal cium 0. 3% phosphorus di et described by 5 Suda et

al. (J. Nutr. 100, 1049-1052,-33970) for 1 week and

then fed the sane diet containing 0.02% cal ci um and

0. 3% phosphorus for 2 additional weeks. At this point,

they received a single intrajugular injection of the

i ndi cat ed dose dissolved in 0.1 ff of 95% propyl ene

gl ycol / 5% et hanol . Twenty-fowy hgurs |ater they were

sacrificed and intesti % transport and serum

The dose of the conmpounds was| 650 /pnol and there were
5 animal s per group. The afe expressi&d as mean
() SEM Accordingly, conpo ndsKPf the follow ng
fornulae la, are along w}llh those of formula 1, also
enconpassed by the preseny invention: 15 X8 X9Z X4
la X5///~ X6 X7 X = X3 1 R2 Y2c$ O¥Yl R6 R8 20 WO
2005/ 027914 PCT/IBZOO4‘002901 -31 In the above
formula la, the definitiions of Y1, Y2, R6, R8 and Z
are as previously se th herein. Wth respect to
X1, X2, X3, X4, X5, X8 and X9, these
substituents




may be the sane or different and are selected from
hydrogen or lower alkyl, i.e., a C 5 5 alkyl such as
wa@200sibih4 et hyl or n-propyl. In addition, paiP€IB2004/002901

substituents X, and X4, or X5, X2 or X3 and X6 or X7,

X4 or X5 and X8 or X9, when t-3ken together with the

three adjacent carbon atons of the central part of

t he conpound, which correspond to positions 8, 14, 13

or 14, 13, 17 or 13, 17, 20 respectively, can be the

sane or different and forma sgsurated or
unsat ur at ed, substituted un Stituted, 10
carbocyclic 3, 4, 5, 6 or menmhered ring. Preferred

conmpounds of the present i i °may be represented
by one of the followng f

In the above formulae Ib, Ic, Id, le, If, Ig and Ih, the definitions of Y4, Y5, Rs, Rs, R, Z,
X, Xa, Xa, X4, Xs, X, X7, and X are as previously set forth herein. The substituent Q

10  represents a saturated or unsaturated, substituted or unsubstituted, hydrocarbon



Id XI X3 X2 Y2c Oyi R6 R8 5 WD 2005/027914
PCT/ 1 B2004/ 002901 -33 R X4 X6 Qle X3 Y20Y1 R6 R8
WOX00Z/021Q4 X4 r~ ~ X6 Q X7 X3 If X2 Yep QY PCBIHOMR®2901
WO 2005/ 027914 PCT/ |1 B2004/ 002901 -34 X8 Z Q
-35-

chain comprised of 0, 1, 2, 3 or 4 carbon atoms, but is preferably the group —(CH_)—

where k is an integer equal to 2 or 3.

Methods for making compounds of formulae la-lh are known. Specifically, reference
is made to International Application Number PCT/EP94/02294 filed July 7, 1994, and
published January 19, 1995, under International Publication Number W095/01960.



X6 X4 X1 Qlg X3 y20 OYl R'- RB R X4 X5111 X X6

7 X X3 1h X2 Y20Y, R6/\ R8 5 In the above fornul ae
wo kgosioz7914 d, |e, If, 1g and Ih, the definiti onBCDIB2¥14/002901

Y2, R6, R8, R Z, X1, X2, X3, X4, X5, X6, X7, and X8

are as previously set forth heéein. The substituent Q

10 represents a saturated or unsaturated, substituted

or unsubstituted, hydrocarbon WO 2005/ 027914

PCT/ 1 B2004/ 002901 -35 chain conprised of 0, 1, 2, 3

or 4 carbon atons, but is $t@Ferably the group -(Cl2)k

where k is an integer equal to 2 or 3. Mgidagds,for

makhaog, gerpounds ofvedamr, m@onae | a-1 h are knoww

[ % € I's madentig | Nte

94/ 02294 Neloi'ed Jul
1995, undé&MesH er

bnal
1994,
rat i oFiyMe:

PCT/ LB2084/ 002901 - 36 ®cheme 1 McOOC, ~ OH 2

1 MePh3P+Br
n-BulLi

HOH,C,,
0 MeOOC,,
o LIAIH
tBuMe,Si0 OSitBuMe, <A
{BuMe,SI0° 0SitBuMe,
5 tBuMeZSIO OSitBuMe;

Me;SiCH,COOMe
LDA

CH,POPh,
CH,OH
COOMe
1. n-Bul.i, TsCl
| 2. n-Buli, Ph,PH
3. H,0,
\
DIBALH g o 1BuMe,SIO™ W ositBuN
o {BuMe,SiO™ 0SitBuMe,
BuMe,Sio™ OSitBuMe,

’0//\/*
OSiEty | MBul

182



HOOC, OH McOCC,, OH RuCk 2 steps Nal ol tBuMe2Si 0
CSitBuMe2 HO OH OH tBuMe2Sid' OSitBuMe2 0 (-)-Quinic
waeidobiL 1 McePh3P Br- n-BuLi 0 HOH2C/ ~ OH Mex®2063402901

t BuMe2Si 0 OSit BuMe2 E i AlH4 t BuMe2Si 0 OSi t BuMe2 5

t BuMe2Si O OSi t BuMe2 Me3Si CH2G80Me 4 LDA 3 CH2POPh2
CH20H COOwve 1. n-BuLi, TsCl 2. n-BuLi, Ph,PH 3. H202
tee DI BALH t BuMe2Si GSit BUuN "\ \x\\\ t BuMe2Si
OSi t BuMe2 tBuMe2Si0 OSitBuMe2 8 6 7 OSi Et 3 n- Buli H

9 Scheme 1 (continued)

AG 50W-X4

HOM OH
{BuMe,Sio™

10



0 5 WD 2005/027914 PCT/1B2004/002901 -37 Schene |
(continued) G50WX4 r OH H HO st BuMe2Si &' OSit BuMe2
WA 20050270 2005/ 027914 PCT/ | B2004/ 002901 - 38 Se¢EmB2004/002901

OHOSiEt3 SiEE3 H O12 H O 13 n-BuLi tBuMe2Si O
OSitBuMe2 8 OH COSiEt3 EAG 588 X4 HOB OH t BuMe2Si oo,
OSitBuMe2 15 14 WD 2005/027914 PCT/ 1 B2004/ 002901 -39

Scheme ll

SiEt3Cl

12

n-BuLi

W
tBuMe,SiO™ YOSitBuMe;

EAG 50W-X4

\)
HOW W
OH tBuMe,SiO OSitBuMes

15

14
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Cains What is clained is: 5 1. A nmethod of treating
frailty, nuscle damage or sarcopenia, the nethod

w@oimse®ifg adm nistering to a patient in needP€TEB200§002901

a therapeutically effective anount of

2- met hyl ene- 19- nor - 20( S) - 1a, 289di hydroxyvitam n D3 10

2. The method of claim1l wherein the

2- met hyl ene- 19- nor-20(S) - 1a, 25- di hydroxyvitamin D3 is
adm nistered orally. 3. The nethod of claim1 wherein

the 2-nethyl ene-19-nor-20(S)-1 a, 25- di hydroxyvitam n

D3 is adm nistered parentergbiys 15 _ 4. The nethod of
claim1 wherein the 2-meth =19-nor-20(S)-1 a, 25-

%Eyﬁ%%%%gm n D3 is adm nistered transdermally. 5.

claim1 wherein frailty is treated. 20

Ureatct, - 7o rptodBEEinG (A8 AhRogUsiate BERARERR, the method
i s tre@nmygdisingBdinisteringte taratiefin beed netoih dresapeutically

ot r PR PR ERR A G b AR
physi cal performance resulting from sarcopenia is

treategd. 30n . ethod of claim 1 wherein the 2-methylene-19-nor-20(S)-10,25-
dihydroxyvitamin D3 is administered orally.

3. The method of claim 1 wherein the 2-methylene-19-nor-20(S)-1a.,25-

dihydroxyvitamin D3 is administered parenterally.

4, The method of claim 1 wherein the 2-methylene-19-nor-20(S)-1c,25-
dihydroxyvitamin D3 is administered transdermally.

5. The method of claim 1 wherein frailty is treated.
6. The method of claim 1 wherein muscle damage is treated.
7. The method of claim 1 wherein sarcopenia is treated.

8. The method of claim 5 wherein impaired physical performance resulting
from frailty is treated.

9. The method of claim 7 wherein impaired physical performance resulting

from sarcopenia is treated.



