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PHARVACEUTI CAL COVPGOSI TI ONS AND METHODS COVPRI SI NG
COMBI NATI ONS OF 2- ALKYLI DENE- 19- NOR-VI TAM N D

wWORMENADLVES AN ESTROGEN AGONI ST/ ANTAGONI ST Fi pCT/IRR004/002900

the I nvention The present invention relates to

phar maceuti cal conpositions and nethods of treatnent
conprising admnistering to a patient in need thereof
a conbination of a 2- alkylidene-19-nor-vitamn D
derivative and an estrogen agoni st/ ant agoni st or a

phar Sa eof
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eed t her eof

2- met hyl ene- 19- nor-20(S) 25 d| hydroxyvr tamn D and
(-)-cis-6- phenyl 5- [4 E%Igp@frﬂﬁeﬁlnlvémﬂ@nlw et hoxy) - phenyl
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phar ngl'é&p(r ?%ea\ veato, 5?‘5%350 Bé?rm%?“tEP%%mlP@SF'H@%'?ﬁmeth"ds of
Bmakgerﬁlmmmérng beéminisemgito B pitiérain medd theredf HEsHABiAAton of a 2-

AR 01 B n A B L S

drﬂﬁrrdadwddsauywttépwblfsih clﬂrlpré’cﬁug thereof. Partlcularly, the prﬁsent

| r 0X al ci fer.o 0S srze i n_humans
e ARl Bt oo R R TIPS o Gegtai

E@o(n;hahg adiniridieirg) th a pHiest is nmmere@ﬂzmmﬁeret@:@ortzm@

n,and. requires radi a
lorr BB A Rt 5 S RO T bt Y Shenarphiny -
| 5 Az %—tb@af%@rd?%?ﬁtﬁéhéﬁe-@am dp a[Bharmaceutrcallk/ acceptable salt or prodrug
droxycho ecal ciferol) further
nﬂé?rﬁﬁ lized in the kidneys to the active form of
vitamn D, ,25- dihydroxvitamn D .
, 25-di hydroxyvitam n_ D is then distributed throughout
the body where it biBaekatoynd githgdveplionar vitamin D

r ecept\ﬂfaﬁun Bhea @Qhéﬁéﬁefrﬁ £HBt R—ffer% hd é@’rdi‘rplgf k@rdld MRS, The
that is known to be involved in mneral netabolism and

RsHee GFBwf viteaa Dr whichiig calied 1i2qtdiydraxvitana & pt.2em of
%ﬁrdﬁbhovéda%%%l)QSWbﬂﬁésrféﬁn AuseheB@thel ddnkerSion of 7-

Pat’ent , ed
dehydrocholesterol to vitamin D; (cholecalciferol). This conversion takes place in the

skin and requires UV radiation, which is typically from sunlight. Vitamin D; is then
metabolized in the liver to 25-hydroxyvitamin D3 (25-hydroxycholecalciferol), which is
then further metabolized in the kidneys to the active form of vitamin D, 1,25-
dihydroxvitamin D3. 1,25-dihydroxyvitamin Ds 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-alky|iderre-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,

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

estrogen agonist/antagonist or a pharmaceutically acceptable salt or prodrug thereof.
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Decenber 1, 1998. The conpounds di scl osed are
2-al kyl i dene-19-nor-vitamn D derivatives and are
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activity and high bone cal c um nobilization activity
when conpared to , 25-di hydroxyvitam n D . The present

i nvention provides for nethods of treatnent using a
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nedating He@abbﬁ@l@orfél cﬁ:%é%@,, sePRE btBoRFEHE PRE@RINSpausal osteoporosis,
st e sal osteoporosis, steroid i nduce

é%f@@dacg@eg 9stepRRO8SaW bane: BRavepesieeRRsPSis iogteomalacia, renal

Osehetsiyettaphly Spsofigdiall mlﬂﬁﬂl@ Q@léfr‘éﬁlfs Qﬁébétem@lhﬂug%o%t versus graft
]tléﬂe scl er osi s, tes nellitus, host versus

geleetion, Eprspiang F?Jecft'Pﬁvrfg’ﬁy'Bﬁff"dr%'}hé'Efi iesthma, RRImEaGyTgs, bone
3g|!rb1it\§ labhe alo@éélﬁ r@ry skaNAsdfficsrt léklﬁ?ﬂrml%elngjfﬁélénﬁase%ﬁ e,

E)ﬁema dry skin, insufficient skin t i rmess,

iR ewrakiess'@@eﬁ?%%m dqukgmia, GRIPH RRRSST. biiGASE FaRGes insestate

| @ﬁ%@ﬂb@esﬂ? WYstidpERBCRBIe J3tRPElosE; W?@hé@ﬁs‘%  LAbRpause, frailty,
cancer, O eS|t ost eopeni a, nal e osfeoporosis,

Hf)\ﬂﬁﬁlﬁ) Q?Rﬁné?p 28 gsarpcprge,| ftyyocalcemlc tetany,

hypoparathyrondlsm, 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 using a combination of a 2-
alkylidene-19-nor-vitamin D derivative and an estrogen agonist/antagonist.

In a preferred embodiment, the present invention relates to a method of
treating metabolic bone disease, senile osteoporosis, postmenopausal osteoporosis,
steroid induced osteoporosis, low bone turnover osteoporosis, osteomalacia, renal
osteodystrophy, psoriasis, multiple sclerosis, diabetes mellitus, host versus graft
rejection, transplant rejection, rheumatoid arthritis, asthma, bone fractures, bone
grafts, acne, alopecia, dry skin, insufficient skin firmness, insufficient sebum
secretion, wrinkles, hypertension, leukemia, colon cancer, breast cancer, prostate
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aggressive athletic behavio¥, and for enhancenent of

peak bone mass in adol escence and prevention of second
hip fracture using a conbination of a 2-
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SR80 DA B e 4 ERRE BB B o
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porosis. The Wirld Health O ganization has
devel dihgpdgdnaisnoigeneily definedes inrizqoate gohaue fumatich, as

FrT S RS NE AN TN T
dnRabiies, which can result in retardation of puberty and/or reproductive
insufficiency. There are three main types of hypogonadism: 1) primary
hypogonadism; 2) secondary hypogonadism; and 3) resistance hypogonadism. In
primary hypogonadism damage to the Leydig cells impairs androgen production. In
secondary hypogonadism disorder of the hypothalamus or pituitary impairs
gonadotropin secretion and in resistance hypogonadism, the body response to
androgen is inadequate.

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

Anorexia is a disease that has the following characterisitcs: refusal to maintain
body weight at or above a minimally normal weight for age and height (e.g., weight
loss leading to maintenance of body weight less than 85% of that expected; or failure
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is within one standard deviation (+1 or -1) of the
young adult nean bone density. Osteopenia (| ow bone

worams)2i9g4 def i ned as a bone density 1 to 2.5 spemtiE0e/002900

devi ati ons bel ow the young @dult nmean (-1 to -2.5),

and osteoporosis is defined as a bone density which is
2.5 standard devi ations or nore bel ow the young adult
mean (>-2.5). Hypogonadismis generally defined as
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|§‘éﬂ%n€ﬁéé?j UM |nﬁuent&¥ Pgﬁqﬁgép or lh o Pk Oevg&uatlon or denial
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& thd b %v@nﬁdﬂ 4 Herﬁégh rtc?tr%i%m%?{é a%i%gH %%zﬁ;%?%;cﬁgtreaé pone

secondary h gonadi I sor
d@f’c&ﬁqs@@'?teﬂmfalangregmadotrop| n secreti on and in

resi st %Hgy rogen
is ina equaﬁ%ﬂag; ﬁg (':Jﬁ}bse tga%t &%g‘?g g hgsgm,d
i qeuinatiens efdhe presag iavedtiorialoene fogs cafssadwedawrﬁesggresswe athletic
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B RUERI 040 WVIERAE I pfnd\ SLUDHHEud Bl
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gB5L) PEAP AP bp Pl sfihol RSk FUEAZAE cleonoos
cleptssaian] damseaskd nisnta) aewyninability énmamteit anustle, assdidvasoular
4683k 904X BpALLSERBAFAE ol BoLLEGlenlf o 885, rece
lystunetiine ihcresised)irtithkility cmdlcachig aad étiff joints, particularly in the hands
and feet. In addition, males undergoing or having undergone andropause can have
gynecomastia, serum lipid disorders, including hypercholesterolemia, reduced
vascular reactivity, hypogonadism, and benign prostatic hyperplasia.

Frailty is characterized by the progressive and relentless loss of skeletal
muscle mass resulting in a high risk of injury from fall, difficulty in recovery from
illness, prolongation of hospitalization, and long-term disability requiring assistance in
daily living. The reduction of muscle mass, physical strength and physical
performance typically leads to diminished quality of life, loss of independence, and
mortality. Frailty is normally associated with aging, but may aiso resuit when muscle
loss and reduced strength occur due to other factors, such as disease-induced
cachexia, immobilization, or drug-induced sarcopenia. Another term that has been
used to denote frailty is sarcopenia, which is a generic term for the loss of skeletal

muscle mass, or quality. Examples of skeletal muscle properties that contribute fo its
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conmbi nations of the present invention is bone |oss
associ ated with aggressive athletic behavior,
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patients’ level of mobility determined their future social independence. Older patients

and those with a history of multiple falls had a shorter time interval between fractures.
Second hip fracture has a significant further impact on patients' mobility and social
independence. It is therefore desirable to have new methods for the prevention of
second hip fracture.

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

mass are the usual symptoms of osteosarcoma. Typical treatment for osteosarcoma
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responsi veness, gl ucose uptake/ netabolism and
capillary density. Loss of nuscle quality, even in the
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physi cal strength and inpai&¢ ed physical performance.
The term ' nuscl e damage' as used herein is danage to
any nuscle tissue. Miuscle danage can result from
physical trauma to the nuscle tissue as the result of
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ti ents W Sus a secon
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lactating mares (lactation tetany). Signs are variable and relate to neuromuscular
hyperirritability.

The present invention is also concerned with pharmaceutical compositions for
treating metabolic bone disease, senile osteoporosis, postmenopausal osteoporosis,
steroid induced osteoporosis, low bone turnover osteoporosis, osteomalacia, renal
osteodystrophy, psoriasis, multiple sclerosis, diabetes mellitus, host versus graft
rejection, transplant rejection, rheumatoid arthritis, asthma, bone fractures, bone
grafts, acne, alopecia, dry skin, insufficient skin firmness, insufficient sebum
secretion, wrinkles, hypertension, leukemia, colon cancer, breast cancer, prostate
cancer, obesity, osteopenia, male osteoporosis, hypogonadism, andropause, frailty,
muscle damage, sarcopenia, osteosarcoma, hypocalcemic tetany,
hypoparathyroidism, rickets, vitamin D deficiency, anorexia, low bone mass resulting
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where Y, and Y», which may be the same or different, are each selected from

the group consisting of hydrogen and a hydroxy-protecting group, Rs and Rs, which



sonetinmes with alterations in serum concentrations of
magnesi um and phosphate. t occurs after prol onged

w@bysioemk4 exertion or transport (transport tetBROy)B2aMAI002900

10

15

20

25

in lactating mares (lactati®n tetany). Signs are

vari abl e and rel ate to neuronuscul ar
hyperirritability. The present invention is also
concerned w th pharmaceutical conpositions for

trag deitheysaree abdiferent ereceathselgsied frOBMNE ErayP @HpIBIN s |

ggqsr é@%{; %(%21:3 E}?A rp%%‘il@PM ﬁb%'r&allvgtroﬁ WiHef thkehUS§éther represent the

one turno ost eopor osi s,
gsduper@Ha)cavhere Xas anintagetfemdp Byandwbere kg group R represents
mul 1 j ' [ nﬂﬁ% er sus
SP%H tﬂ{a SjpT;C%[ %‘%?h’?ﬁ?saﬂ%s p gftr)l'?\ﬁtra ETH eigt“?doéﬁo,o r heh(rjréelit oid
ar t hr iMdre specificatiseR cbo représeata eaturtederimsaiusgted hydsegasbon
ol . L clent : ) . t
T Bl Lios orfbishinel BRibb sEabfiLoralf Benbieh g cto ang tra
Ineaylkaentain oreodronoreaddiional sulesiisentsasuabras ydsyagrerotected-

ancer LY, ' (=g | i
SR GaLaERE b, GBLRRRERrfendif RS LESREY Rk Batomic groups.
Fasfenpd side chaiss ebibisrtypenare répyessnigddarihe stregtangpelow:
hypopar at hyroi di sm rickets, vitam n D deficiency,
anorexia, |ow bone nmass resultingfrom aggressive
athl eti c -behavi or, and fok, enhaneenent of peak bone
mass i n adol escence and prewkentson of second hip
fracture conprising a 2-al kyl%dene-19-norvitamn D
derivative, such as a conpound of Fornula , and an
estrogen agoni st/ ant agoni st” 0 phar maceuti cal »
acceptable salt or prodrug thereof and a carrier,
solvent, diluent and the Iike. n one enbodi nent, the

conbi Wé[rg g'gel ﬁéreéme?nijsé]\égme} @BrrESYFREIG S 8-20 in steroid

fi
t herapeut| ective anmobunt of a first congogf{nd, .
sminibefing srnay bansatha R ¢reS epfigvration (i.e., either the natural configuration

al Kyl i >33 R8n¥dnk ASHiRuRAIS! AntBlher Z is Y8Bctag frdm Y, —OY,
c%ﬁ?égtaggag?&&o@rgmbf p? é@r‘?@“@“?ﬁﬁﬂ@t i ca{I Iy Cef f ercrtnj ve
aROHDY 0CCY% andbrEH=CHYo where thérdouhie bensl maypa\eiie isigh gans

an estroge oRj.st/an ' t Adical of
BB P PRI flr e g PRER B o
pthefseustad: conbi nation is a conbi nati on of

2-met hyl ene-19-nor- 20(S)-1 , 25-di hydroxyvitam n D and
(-)~cis-6-phenyl -5-[4-(2-pyrrolidin-1yl -ethoxy) -

R! R? 3
NS "

(CH);— ¢—(CHp),—— ¢ R’

R4

where m and n, independently, represent the integers from 0 to 5, where R' is
selected from hydrogen, deuterium, hydroxy, protected hydroxy, fluoro,
trifluoromethyl, and Cs-alkyl, which may be straight chain or branched and,
optionally, bear a hydroxy or protected-hydroxy substituent, and where each of R3 R®
and R, independently, is selected from deuterium, deuteroalkyl, hydrogen, fluoro,

trifluoromethyl and Cys alkyl, which may be straight-chain or branched, and
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phenyl ] -5, 6, 7, 8-tetrahydronapht hal ene- 2- ol ,
particularly the D-tartrate salt.

WwWQ@208sky19e4dene- 19-nor-vitam n D derivatives thaPCT/aBROBL002900

used in the present inventi®n are disclosed U S

Patent No. 5,843,928, which derivatives are
characterized by the general fornula shown bel ow

where Y and Y, which may be the sane or different,
aapdorally hbese pdydiody br protechas-lydonxy sabstittient, iand wiere R and R?,

B L S b, 2B i
f“"ﬁ'“z""h’e‘”%”"“’”s g o 2 S "’gme'ﬁnRaad;“?4 iaﬁe';§°g§*r“e“
SRS B Sk gP o HE BRI Yo Wi 5 &5 RS,
knd(wf&re Rﬁcépﬁsenlel:]ysmneg\rm 0 e pmmomld’qﬁ&x@m (D(f ellH?Band
Sosnn of e R ey PR 20 2B At b SR cgain may be

saplacaitgda mtrogr;]msaibmr artwlmbrhpdy otiae @ﬁcﬂjpls acd)l-qus)ef —I:H(R“”)— or
t t
P A orhi 2L RS FRbAIMGH e BRI B af orvaen o

subfgitatbment s, such as hydroxy- or protectedhydroxy

et or oot s 1 e MBSt B Ry 2 may

thepe eitiie tieeRioe Sesohfiglirdtiont he structure bel ow where the

:: S: gi he i rf?ﬁft i ‘(F:Fgé)‘ée‘fef@‘gfﬂg?p&h %ﬂé%&ﬁogflglgﬁtlon are

(the etructweé I'wres‘ehfed rb@rtfomajlas:(@m f(lb)gw) é(ti) anl @pbelbwlidy, 1pd side

2B e 15 B R OB AR AN oy Sevieqin O

doy bitamib @3 dd yrayd ﬂ’Iua\(E24 Bpin®ir 8f 2B-hydregsitgRiamsiey, and

where Y is selected from hydrogen, nethyl, - COR5 and
a radical of the structure: (CH);; c (CH),, c >5 R4
where and n, independently, represent the integers (a)

fromO to 5, where RLis
deuterium hydroxy, f
trifluoronethyl, and
chain or branched and
pr ot ect ed- hydr oxy .

fraom hydr ogen,
E{(Tfl uor o,
whi ch n&@if be strai ght

optionally, bear a hydroxy or
jtuent, and where each of R2,

"R3

(b)

(c)

it
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and R4, independently, is selected fromdeuterium
deut eroal kyl, hydrogen, fluoro, trifluoronethyl and

W@2005/0219k4/1 , whi ch maybe strai ght-chai n or brapche004/002900

andoptional |l y, bear a hydradfty or protected-hydroxy
substituent, and where Rl and R2, taken together,
represent an oxo group, or an al kylidene group, =CR

R3, or the group -(CH ) -, where p is an integer from

2 to 5 and where R3 and R4, taken together, represent (d)
an oxo group, or the gro CH )zwhere q is an integer
from2 to 5, and wheg, hydrogen, hydroxy,
protected hydroxy, or|alkyl and whergin 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

t he groups CH(CH fvrnﬁﬁ(R 3) , or CH(R 2) at positions

20, 22 and 23, respectively, may be replaced by an

oxygen or sulfur atom The wavy |line to the nethyl
substituent at C- 20 indicates that carbon 20 may have
either the R or S configuration. Specific inportant e)
exanpl es of side chains with natyral 20R-configuration

are the structures represeqted by forpulas (a), (b),
(c), (d) and (e) bel w1 . e chain as it
occurs in 25- hydroxyv tan1n D (a); \?t@gln D (b);

25- hydroxyvitamn D (c); vitamin D (d); and the C 24
epi mer of 25-hydroxyvitamn D (e); (a) (b) nr r r (O
rrr nrl0 (d <n s (e) As used herein, the term
"hydr oxy-protecting group" signifies any group
commonly used for the tenmporary protection of hydroxy
f unct iAsnsseddhendin, dise feon “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 carboxyalkanoyil
group of 1 to 6 carbons, such as an oxalyl, malonyl, succinyl, or glutaryl group, or an
aromatic acyl group such as benzoyl, or a halo, nitro or alkyl substituted benzoyl
group. The word “alkyl” as used in the description or the claims, denotes a straight-
chain or branched alkyl radical of 1 to 10 carbons, in all its isomeric forms.
Alkoxyalkyl protecting groups are groupings such as methoxymethyl, ethoxymethyl,
methoxyethoxymethyl, or tetrahydrofuranyl and tetrahydropyranyl. Preferred silyl-
protecting groups are trimethylsilyl, triethylsilyl, t-butyldimethylsilyl, dibutylmethylsilyl,
diphenylmethylsilyl, phenyldimethyisilyl, diphenyl-t-butylsilyl and analogous alkytated
silyl radicals. The term “aryl” specifies a phenyl-, or any alkyl-, nitro- or halo-
substituted phenyl group.

A “protected hydroxy” group is a hydroxy group derivatized or protected by
any of the above groups commonly used for the temporary or permanent protection
of hydroxy functions, e.g., the silyl, alkoxyalkyl, acyl or alkoxycarbony! groups, as
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exanpl e, al koxycarbonyl, acyl, alkylsilyl or
al kyl arylsilyl groups (hereinafter referred to sinply

w@sg005821994 " groups), and al koxyal kyl groups. PCT/IB2004/002900

Al koxycar bonyl protecting dtoups are al kyl -O CO
groupi ngs such as net hoxycarbonyl, ethoxycarbonyl,

- propoxycar bonyl, isopropoxycarbonyl, butoxycarbonyl,

I sobut oxycar bonyl , tertbutoxycarbonyl,
beavioublyxigtingd: o terms ‘Hiytipkystigt’ aideoteydalkyll aad t duanoaligt’yefer to

%#199!'{(2” ﬁcé@u%t’ﬁ?@@% f)lgé QHBOI%fh r g{é\k?&fupf ruo}‘oggréﬁgﬂs

I SOMeri c of a ca anoyl “grou
respectivelybons, such as an oxal yl, rral onyl, succinyl, or

| ut p
0, 2ol S ), BB AN L CUPBHEE s o e
gridition Ofme ragghyleneagioyp and e Yrdihdrec tefses foghe o of

tt\pc?m% giéipr%} gisec il t’gotnrfdf' &J%&.SHﬁ fhe & dekUthrﬁC rl‘.fﬁ(%w?sl k%e term

radi c rts i soneri
ﬂhk@ng’a‘efey?» toghe aidditiomef toree upethyiane qyomqudgs tterm 2526 27-

BRSBTS O b B EYHEL BB Y gfiions oo
ghdt \jdrpxampletR rqmdg? canqaethakgromps dmelvwd&s iHeyterm “26,27-diethyl” refers
It]é fh%talaﬁ |8|l| ﬁéq etﬁwyl;q%\yp %{[eny %‘H}% &ﬁ%%%%%&twlaﬁb lRV Iare
@i’qﬂymum butyl silyl and anal ogous al kyI ated silyl

r adi C% ﬁwﬁ f%lﬂ)’\a/v_ir%gglgs ofacro}q ur?d%e 'E&?&H%rglﬁﬁ%he ’sugg&tu%w

al kyl - 21058 group
ana«:hedcat e daybbm&ydsntgmcahwpuldiveaaduyditajh? ngmeuglature. For

SEARR) § Ao SbRE e SkyBENe QloclilEnt REmd PH8hyene
shodle pta'ced\e eécmqfdh@ngmémm;bmd&  ag ethyteme gsdupyib the
ékg(‘}f al kéétg%%? yth% ?erri:Fh ﬁ@)/e%gr Qﬁ)%r %r)%é%‘éﬁ%ch %?’&1% named
odmpbmdsalankq/bd omnth dditionyibtak knettyl gruprattachegi) th daybon 20
] bst.i L ,

P15, 1 o B e GBo PeStpfi AR or SRR dhd i be
ﬁriiuémitedasea?mmmmld»ﬁhg nhmed eompddhdgh ta' Lre htameﬂ epspoundsiveuld

it of.. one roup an e term
ags ?33%‘”%?8 ngflqtee%Z ogddl Itol on of two nethyl ene
gr oupsSpetifit bad pmfémad @eénm@smf iher2-alkylideee-somipowtdaiofstructure |
lee e term. tr| %I refers to the addition of

‘?1’?,"%3‘7{’1 e 15}585115 the term"26, 27-
19-nor-24-homo-1,25- dlhydroxy-22 dehydrovitamin Ds;

19-nor-24-dihomo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-24-trihomo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dimethyl-24-homo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dimethyi-24-dihomo-1,25-dihydroxy-22-dehydrovitamin D;
19-nor-26,27-dimethyl-24-trihomo-1,25-dihydroxy-22-dehydrovitamin Dj;
19-nor-26,27-diethyl-24-homo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-diethyl-24-dihomo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-diethyl,24-trihomo-1,25-dihydroxy-22-dehydrovitamin Dg;
19-nor-26,27-dipropyl-24-homo-1,25-dihydroxy-22-dehydrovitamin Ds;
19-nor-26,27-dipropyl-24-dihomo-1,25-dihydroxy-22-dehydrovitamin Dg; and
19-nor-26,27-dipropyl-24-trihomo-1,25-dihydroxy-22-dehydrovitamin Ds.
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dinmethyl" refers to the addition of a nethyl group at
the carbon 26 and 27 positions so that for exanple R3

wapwsed79a4 e et hyl groups. Likew se, the term PCT/IB2004/002900

"26,27-diethyl” refers to tthe addition of an ethyl
group at the 26 and 27 positions so that R3 and R4 are
propyl groups. n the followng |lists of conpounds, the
particul ar al kylidene substituent attached at the

car borSrecie shd iptrfersetbenatniies efdakeztatkylidene-coopeandsadfstracture |

F\Pﬁerﬁﬁégﬁk%haibfis g)attlgggwa)ll gne group is the alkylidene
e

substituent, th erm " 2-nmet hyl ene" shoul d precede
each of9-noie4riamat! 26+divydroggvitamimBset hyl ene group is

the altomddaninahEs Deldififonbigyh Bm * 2- et hy! ene’

shoul d precede each’ of cOnpounds, and so on.
n addi t9-a-24ttfiheme- 1R85t dilydropyeitamiaDsached at t he car bon

20 a i ; _ g tion,
Che't ol AR Bdiftelt PofRbmS ! MR 0,80, "
each of9-nar6i27-dipathyl24rdimonhoeio2fpdibydiexyvitdraintygred

' e \ »
ooy r ol ez TR LR B Eos b AR
2- al kyl9-riw8, 2 edigibyirdisharfio-4 26wditydrosyviteenin Dge si de

chain j . £ . L
9- nor 1?3”%?%?72&%&%%@@ ?”8%‘9122”2‘1'%‘/85%’%0/ '}Ja{/"i“f’ gﬁ‘l n D;
19- nor12apriol T rdiethyl2Z8-tdhdmoi1 BoydildRirdetieniosf anin D

19- nor = L - - i - 22- ravitamn D ;
9- nor @%@g‘e&?ﬁe&@@y&%@@%@& ?W%’R‘%@ﬁ&y $22- dehydro
vi t ani 19-mr:26,27-dipropyl-24-dihomo-1,25-dihydroxyvitamin Ds; and

9 N0T - R Lo 7Mbby AR ST Dty AR - 22- dehyd
9- nor -Prefepreddisiregényhgadists | afteganids A6thdiphsstnbinye@dndedivde

hé Kbl eseredtin S atent o, SRR AR RS SOTRRNGHR 256
i dessoiiredlby; the formula designated herein as formula (A) given below:

9- nor - 26, 27-di et hyl - 24- di hono- 1, 25- di hydr oxy- 22- dehydr
ovitamn D ;

9-nor - 26, 27-di et hyl , 24-tri hono- 1, 25- di hydr oxy- 22- dehyd
rovitamn D ;

9- nor - 26, 27-di propy!l - 24- hgtas 1, 25- di hydr oxy- 22- dehydr o
vitamn D ;

9- nor - 26, 27-di propyl - 24- dikono- 1, 25- ‘G'A hydr oxy- 22- dehyd
rovitamn D ; and & D )

HO

wherein:
A is selected from CH, and NR;
B, D and E are independently selected from CH and N;
Yis
(a) phenyl, optionally substituted with 1-3 substituents
independently selected from R*;
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9- nor - 26, 27-di propyl - 24-tri hono- 1, 25- di hydr oxy- 22- dehy
drovitamn D .12 Specific and preferred exanpl es of

wo b@s22mbkyl i dene- conpounds of structure when POEIE06£002900

chain is saturated are: 13
19- nor - 24- hono- 1, 25- di hydroxyvitam n D ;
19- nor - 24-di hono- 1, 25-di hydr oxyvi t am n D

19-nor-24-trihono- 1, 25-di hydr oxyvi tam n X
9- nor - 26, 263)dm'éhﬂayl|, ommnwmtlwwmw@kwﬂumn D :

%dgagnd?e(ﬁ,ﬂ;gelgaggtﬁlam R24- di hono- 1, 25- di hydr oxyvi tani n D

19- nor - 26, 19- rRstaygloatig, eptianehysubstititer Wi T-axepbptitaents
Rdepé,ﬁ)dé?,%sg@d%gﬁgh\eﬁhyl 24- hono- 1, 25- di hydr oxyvi t ami n

19 nor ~26, 2d)- cﬁs&swploauseewlh@n’f@nallmtbatlthsedrvustwr?ﬁahstﬁuemts

ependently sel d fro
méj Ror e?éyi%ed[eet hn] 24 t ri hono- 1, 25- di hydr oxyvi t amin
D : (e) afive membered heterocycle containing up to two heteroatoms

%&e@l@ﬁ Trofh thé oy A¥lstind o @TPNR2 3R d LT Bp¥ivhAigBuBsituted

whAod saiestiRents indenepfently-selastagoram &; di hydr oxyvi t ani n

D ; and
1. nor-26, 4. & s BETIER eteieaice sonjangap o beterosioms

BelectRrl dfopy ih@cgr@m agisHNGIgLA-sINR* anthtS(Eon p@h@ ¥ subatituted
ﬁﬁt@sleé‘&tnﬂs‘ﬁ}{%ﬂ{s' ﬁgbd@@géﬁ{%%eié}h fodPIMpengs described in

ose conpounds are
descri bed Kg) tehicyolie ring aysiersicgnsisting aferfiye®r sk membered

f
AL B itz 5 S e
Gbtesorions selegtell fiomeihgigrouppednsising of szé\tR t andB(@)tHpptionally
Lustitiths With YS!t ShstiB ARG h¥nth Aehtdtrdh R0 R4; 13

Z'is
(@) -(CHz), W(CHz)g
(b) -O(CHy), CR°R’-;
(¢) -O(CHgz),W(CHz)4
(d) -OCHR*CHR®-; or
(e) -SCHR’CHR®;
Gis
(a) -NR'RS;

6 —n /(CHZ)m_\22
\(CHz)n——/
whereinnis 0, 1or 2; mis 1, 2 or 3; Z% is -NH-, -O-, -S-, or -CH,-;
optionally fused on adjacent carbon atoms with one or two phenyl rings and,
optionally independently substituted on carbon with one to three substituents and,
optionally, independentiy on nitrogen with a chemically suitable substituent selected

from R* or
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(b) naphthyl, optionally substituted with 1-3
substituents i ndependently selected fromR4; (c) C-C

waey@soad9%yl , optionally substituted with 1-2 PCT/IB2004/002900

substituents independentlyildel ected fromR4; (d) C-C
cycl oal kenyl, optionally substituted with 1-2
substituents i ndependently selected fromR4; (e) a

five menbered heterocycle containing up to two

het er oat ons(c eb biyelit afminanbrhtemglgdup te wedvestarbgn afomsOeither

MdGpq B fuee bl opiciil AP WS 112 sliSiughs rdspdacenty

rmiﬂmdefdoma emrocycl e containing up to two heteroatons
sel ect r isting of -O, -NR2- and
-S(O) fda(ﬁf)jtgomn(t’(?ﬁb'%t?%qufﬁed with 1-3 substituents
i ndependently selected fromR4; or gg) a bicyclic ring
system consi sting of a five or six/ nenbered
heterocyclic ring fused to a enW ring, said
heterocyclic ring contggM, p toMmo het eroat ons
sel ected fromthe group cénsi &t i ng/ of -0, -NR2- and
-S(O -, optionally substitute fth:1-3 substituents
indepewq@ntly sel ected fromR4; Zs (a) -(CH) WCH)
-, (b) -(CH) CRR6-; (G -QQCH) WCH) - ; (d)

_ OCHR CHR3-(8) o1CHz8) - SCHR CHR3-: s (a) -NR R8: (CH )

(b) -N (b) -CH=CH-;

(c) -O-
(d) -NRZ;
(e) ~S(O)-;

fH —C—
(9) -CR*OH)-;
(h) -CONR?;
(i) -NR?CO-;

@) C ;or

(k) -C=C-
R is hydrogen or C;-C; alkyl;
R2 and R® are independently

(a) hydrogen; or

(b) C4-C4 alkyl;
R*is

(a) hydrogen;

(b) halogen;

(c) C4-Cs alkyl;

(d) C4-C4 alkoxy;

(e) C4-C, acyloxy;

(f) C4-C4 alkylthio;



\ (CH )nwhereinnis 0, 1 or 2; is, 2or 3; Z2is
-NH, -O, -S, or -CH-; optionally fused on adj acent

wa@arson79at ons Wit h one or two phenyl rings andPCT/IB2004/002900
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optionally independently substituted on carbon with
one to three substituents and, optionally,

i ndependently on nitrogen with a chemcally suitable
substituent selected fromR4; orld (c) a bicyclic
ani ne cont aihi ﬁgCﬁﬁlkélstlkfanh/\el ve carbon atons, either

bridged or (fhysggcagﬁ%%ﬁ{&?@pal ly substituted with 1-3

substituents’indep 'sel ected fromR4; or Z1 and

G|n corrbl .Mr%g,(oo&mm( )OCHS)(O) s (?I) (%_I -: (b)
C e & -

(g) - Cﬁﬁo fzﬂif? 69§m§§ (i) -NR CO;

() -CN;

(m) -CONHOR,;

(n) -SO,NHR;

(0) -NH;

(p) C4-C, alkylamino;

(@) C4-C4 dialkylamino;

() -NHSO:R;
(s) -NO;

(t) -aryl; or
(u) -OH;

R® and R°® are independently C;-Cs alkyl or together form a C5-Cyo
carbocyclic ring;
R” and R® are independently
(a) phenyl;
(b) a C;3-Cyo carbocyclic ring, saturated or unsaturated;
{(c) a C3-Cyg heterocyclic ring containing up to two heteroatoms,
selected from -O-, -N- and -S-;
(d) H;
(e) C4-Ce alkyl; or
(f) form a 3 to 8 membered nitrogen containing ring with R® or R®;
R” and R® in either linear or ring form may optionally be substituted with up
to three substituents independently selected from C;-Cq alkyl, halogen, alkoxy,
hydroxy and carboxy;
a ring formed by R” and R® may be optionally fused to a phenyl ring;
eis0,1or2;
mis1,2or3;
nis 0, 1or2;
pis0,1,2o0r3;
qis0,1,20r3;



G (k) -CGC; Ris hydrogen or C-C alkyl; R2 and R3
are i ndependently (a) hydrogen; or (b) C-C alkyl; R4

wo 3006@2792ydr ogen; (b) hal ogen; (c) C -C al kyl ; PCT)B2a04/@2900
al koxy; (e) C-C acyloxy; (@) C-C alkylthio;15 (g) C
-C al kylsulfinyl; (h) C-C alkylsulfonyl; (i) hydroxy
(C-C)alkyl; (j) aryl (CQalkyl; (k) -COH, (1) -CN,
(M -CONHOR, (n) -SONHR, (o) -NH; (p) C-C
al ky| achepticakgndgeomediiciskykstherepf; @nil noMaSIO pRarmieutically
'é@eptable acid addition salts, N-oxides, esters, quaternary ammonium salts and

prodrugs thereof.

Additional preferred estrogen agonists/antagonists are disclosed in U.S.
5  patent no. 5,552,412 and are described by the formula designated herein as formula

(Aa):
OCH,CHLG
E7 X
L »
| B
HO
(Aa)
10
wherein G is

R*is H, OH, F, or Cl; and B and E are independently selected from CH
and N, and optical and geometric isomers thereof; and nontoxic pharmaceutically
15  acceptable acid addition salts, N-oxides, esters, quaternary ammonium salts and
prodrugs thereof.
Especially preferred estrogen agonists/antagonists for the methods of the
invention are:
cis-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl}-5,6,7,8-
20 tetrahydro-naphthalene-2-ol;
(-)-cis-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-
naphthalene-2-ol;
cis-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-
naphthalene-2-ol;
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(t) -aryl; or (U -OH R5 and R6 are independently C
-C al kyl or together forma C -C carbocyclic ring; R7

wan@sB879a4 e | ndependently (a) phenyl; (b) a C PCI/1B2004/002900

carbocyclic ring, saturated7or unsaturated; (c) a C-C
heterocyclic ring containing up to two heteroatons,

selected from-0-, -N and -S-; (d) H (e) C-C al kyl;
or (f) forma 3 to 8 nenbered nitrogen containing ring
wi t h Ris-b16'RyrrolRiineatioXRe Piridyillt 2 perlyi-6éwgdrosy-112,814- f or m

' e substituted with up to three
BRI aRAtralen

s I ndependently selected fromC -C al kyl,

hal ogeh(4-aykalidinoethodyrhepydiZe(4% Budyomlygnys-a-hyugoxyet, ai8dt-by

%ﬂ‘a &Fm optionally fused to a phenyl ring; e
i'?étr’ (r)rI X |§R$20r 3; nis 0, or 2, pis 0, , 2 or
3; q iais-6;(4-hydraxyrhedy!)-6-[4it2tpipptidiodl-ylaatiabxyk phertyi}iss,7,8-
i : .~.an¢g nontoxi c pharmaceutical ®
atétge tdg%b%&g@@%n%gg)ﬂti on salts, N-oxides, esters,
quat er'nél-pymofidinviethoxgrtienyl)-2rthepyledthydrexy-heréf .

e I
descr i Aveespegialy preferatdadt o €3-cigrapeehyh8H4i(2rparsolidor trikathoxy)-
phenyi]-5,6,7,8-tetrahydro-naphthalene-2-ol is the D-tartrate salt.

Other preferred estrogen agonists / antagonists are disclosed in U.S. Patent
5,047,431. The structure of these compounds are described by the formula
designated herein as formula (B) below:

R1A

e
N

OCH,CH,N

HaC

OH

(B)
wherein
R' and R* may be the same or different and are either H, methyl, ethyl or a
benzyl group; and optical or geometric isomers thereof; and pharmaceutically
acceptable salts, N-oxides, esters, quaternary ammonium salts, and prodrugs
thereof.
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(Aa): OCH CH G (Aa) wherein Gis -Nor R4 is H OH F,
or C; and B and E are independently selected from CH

wan@sM79and optical and geonetric isoners therrof/1B2ammMi002900

nont oxi ¢ pharmaceuti cal ® adgeptabl e acid addition
salts, N-oxides, esters, quaternary ammonium salts and
prodrugs thereof. Especially preferred estrogen

agoni st s/ ant agoni sts for the nethods of the invention
ar e: Additional preferred estrogen agonists / antagonists are the compounds

Cdls%Toge& ﬂ"l U} |Sg Pﬁfégf’ns g?ﬁ%gﬁ ddr t{’{ 02¥ Ea‘?ﬁd)éﬂ’blq j=, ) %m&'inléﬂ Xhsrein
l(tgf-) %gménmeé mas 5hydr0@29rpym atothe éumsﬂory)l ar@tmmpnphm as
CdI]isScBg@d i @St P'faf PM?W@?SB%CF rle Sll'n% haﬂox y)[6 h}('drow-f-(%

mdrpxgahegylsltmﬁyq Bhﬂap-ﬁt)fﬂ&l [ér(é-plpgndmylleih@th)hemyl] ,hydrochioride)

E/a?.id %ﬁ%gﬁh ?gf(h U5 Batgnt Numbers 4,418,068; 5,393,763,

A dp.4ndph aaqi 5@41 790; toremlfene (ethanamlne 2-[4-(4-chloro-1,2-

PO e 5 Cgmpghens )5
mr@pe@etrwanbywlaisa;(bmamd 9th5r c{omp(ogncﬂa qaﬁedlstmaﬂadin VLS. dRattenty )

LPRPd pra 4Rk n AR, TR AR 5 dmeto-

@hanylpgmaﬁmvldrbbmwh@hylhmfrmﬁ@in@ Bed ntiepctrnpeUnds as disclosed
R e S L
phenyl-1-butenyllphenoxylethyl] and other compounds as dlsclosed in U.S. Patent
No. 4,839,155; 6-(4-hydroxy-phenyi)-5-[4-(2-piperidin-1-yl-ethoxy)-benzyl]-
naphthalen-2-ol and other compounds as disclosed in U.S. Patent No. 5,484,795;
and {4-[2-(2-aza-bicyclo[2.2.1]hept-2-yl)-ethoxy]-phenyl}-{6-hydroxy-2-(4-hydroxy-
phenyl)-benzo[b]thiophen-3-yl]-methanone and other compounds as disciosed in
published international patent application WO 95/10513. Other preferred compounds
include GW 5638 and GW 7604, the synthesis of which is described in Willson et al.,
J. Med. Chem., 1994;37:1550-1552.

Further preferred estrogen agonists / antagonists include EM-652 (as shown
in the formula designated herein as formula (C) and EM-800 (as shown in the formula
designated herein as formula (D)). The synthesis of EM-652 and EM-800 and the
activity of various enantiomers is described in Gauthier et al., J. Med. Chem.,
1997;40:2117-2122.

OH
CHs

HO O
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phenyl]-5, 6,7, 8-tetrahydro-napht hal ene-2-0l is the

Dtartrate salt. Oher preferred estrogen agonists /
wantagemest s are disclosed in U S, Patent 5, 04FCTHBE2004/002900

The structure of these conp®unds are descri bed by the

formul a designated herein as fornmula (B) below. OCH CH

N (B) wherein R and may be the sane or different and

are either H nethyl, ethyl or a benzyl group; and

optical or §Bometric isomers thereof; and

pharmaceutical ly acceptable salts, N pxides, esters,

guat ernary ammoni um salts, and prodrug% thergg{ 18

Addi tional preferred estrogen agog;sts / agonlsts

are the conpounds disclosed in U nt .

4,536, 516; 4-hydroxy tanoxifen (i. t ano fen

wherein the 2-phenyl .noiety has a hyddoxy g#dhp at the

4 position) and other conpoungs. as di&cl osed in U S.

Patent No. 4,623, 660H; r al 0xiA fret hanone,

[ 6- hydr oxy- 2- (4-

hydroxyphenyl)benzo b]thie

ethoxy]ph-' ofRsts

4-[ 2- (1- pi peridinyl)
> ad ot her conpounds as
Nunbers 4,418, 068; 5, 393, 763;
5,457, 117 5,641, 790; torem fene:

(ethana-

phenyl - 4-yl) - phenoxy] ethyl]-pyrrolidine and
ot heHs€@onpounds as disclosed in U 'S. Patent No.
3,822, 287; idoxifene: pyrréyl di ne,

1-[- [ 4~[[ 1- (4- i odophenyl ) -®)

phenyl - 1- but enyl ] phenoxy] et hyl ] and ot her conpounds as
disclgsed in L. S Patent No . 4,6 839, 155;.

o (- TR ai el5HB 5F e agopits aplAgPaRR nclyie TRF, 474 gt ather
rmmpbundmcpmldsehdmuzs Flatemt oo$,0©8,402) e UPdtentaso. 5,985,910, U.S.
qia%é:r%t%eg 7%8 4§"7 % S tt%ﬂtt N(I)\.I%,SB%’AA?.%,A'én?dg Eﬂropean Patent Application

EP 0802183 A1 including the compounds described by the formulae designated
herein as formulae (E) and (F), below:
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and {4-[2-(2-aza-bicycl o[ 2. 2.
] hept - 2-yl ) - et hoxy] - phenyl } - [ 6- hydr oxy- 2- (4- hydr oxyphe

wogios29enz ol b] t hi ophen- 3-yl ] - net hanone and ot PET/IB2004/002900

conmpounds as di sclosed in poblished internationa
pat ent application WO 95/10513. O her preferred
conpounds i nclude GWN 5638 and W 7604, the synthesis of
which is described in Wllson et al., J Med. Chem
1994; 37: 1550- 1552. Further preferred estrogen agonists
/ antagoni sts include EM 652 (as shown in the formula
desi gnated herein as fornmula (C) and EM 800 (as shown
in the formula designated herein as fornmula (D)). The
synthesis of EM 652.am] EM 800 and the activity of
vari olrss en- ribed in Gauthier et a

; 2122. CH19 (C) HaC CH c
dTTogen agoni sts /
and ot her conpounds

HoC (D) F

No. 5,985 910, U K. Patent No. 5,780,497, U S. Patent
No. 5 880.137. and i cat |
0802183 Al i ncl usis

r t he |conpounds described by the
formul ae desi gnat ed

s formulae (E) and (F),

bel ow. 20 XA R2 . ‘s\(&@S_YA
Xa Rag
Rig l SN \
Rsp
o
Rog
X (F)
RsB“—Ek '
7~ o
Res (CH2)s—Ya

wherein:

R4 is selected from H, OH or the C,-C,, esters (straight chain or branched)
or C4-Cy; (straight chain or branched or cyclic) alkyl ethers thereof, or halogens; or
C4-C4 halogenated ethers including trifluoromethyl ether and trichloromethyl ether.

R2g, Rag, Rag, Rsg, and Rgg are independently selected from H, OH or the C,-
C42 esters (straight chain or branched) or C4-C,, alky! ethers (straight chain or
branched or cyclic) thereof, halogens, or C4-C, halogenated ethers including
trifluoromethyl ether and trichloromethyl ether, cyano, C4-Cq alky! (straight chain or
branched), or trifluoromethyl;

Xa is selected from H, C;-Cs alkyl, cyano, nitro, trifluoromethyl, and halogen;
sis2o0r3;

Y, is selected from:
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wherein: Ris selected fromH OHor the - esters
(straight chain or branched) or C -C (straight chain

waorosnarehed or cyclic) al kyl ethers thereof, BCT/IB2004/002900

hal ogens; or C -C hal ogenat#d et hers i ncl udi ng
trifluoronmethyl ether and trichloronethyl ether. 4B>
andR are i ndependently selected fronmH, Hor the C -
esters (stral ht chain or branched) or C -C al kyl

et her s2)(t8¢ Pwigi¥it chai n or branched or cyclic) thereof,
hal ogens, or C -C halo enat%d et hers i ncl udi ng
trifluoronethyl ether £1i%chl or oret hyl et her
cyano, C -C al kyl (stra|ght chai n or branched), or
trifluoromethyl; Xis selgted fromH, C -C alkyl,
cyano, nitro, trifluoronethyl, and halogen; s is 2 or
3. YA Whergia| e pad Res aie mem)wdemtb' seisictad/fron tehgnoep of R, C4-Cs

f H,
35"@/1 %r%@ryl%%ﬁ&fﬂlg‘i[] étféuttéﬁgﬁ%fl\f% C&OJQ)A {E‘?rta%?gf?alrgh
m:amheglb Qs%%lk@m(sttmahtmhem dnroaamhedi)) halggerg - @er&lixs or
(gjdrFaJ ght chain or branched), halogen, -OH, -CF , or

;. b) a five-nmenbered saturated, unsaturated or
par t i dNiafiverisemberad saturateds Nossajuﬂa&dmnﬂaetlaﬂy nosatyrated t wo

@&B%&%@@h& %B ?cﬁ\(/for t%‘@r&gtﬁr:ng Qfégte‘a %’(3%; tﬁg'gﬂaﬁo@,‘onsmtmg of -
i @ M, € eFlikybr, oN‘F,CBnQ -Stht- whereinu iswndintegertaf dromi Q-8
AR g L .40 i

tqqnhlawtgm‘ 9l¢ogem hywcasvlkbady,, C1t®4 Fllafl drialorosthyl, c1£¢alkoxy,

A e sy
,hydrapty (CECaalkull KD AdrGN, -CANHERUE N2 k§1-GndikgaminiHE(O R

%@ﬂ@fﬁﬁﬁo; NH¥O,R, ANAHEERY | NeRL AR BH sheBs iy stb&flited with
1-3 (C4-Cy)alkyl;

¢) a six-membered saturated, unsaturated or partially unsaturated
heterocycle containing up to two heteroatoms selected from the group consisting of
-O-, -NH-, -N(C4-C, alkyl)-, -N=, and -S(O),~-, wherein u is an integer of from 0-2,
optionally substituted with 1-3 substituents independently selected from the group
consisting of hydrogen, hydroxyl, halo, C4-C, alkyl, trihalomethyl, C4-C, alkoxy,
trihalomethoxy, C4-C, acyloxy, C4-C4 alkylthio, C4-C, alkylsulfinyl, C4-C,
alkylsulfonyl, hydroxy (C4-Cys)alkyl, -CO5H, -CN, -CONHR{, -NH,, C;-C, alkylamino,
di(C-C,)alkylamino, -NHSO.R g, -NHCOR g, -NO,, and phenyl optionally
substituted with 1-3 (C-C,)alkyl;

d) a seven-membered saturated, unsaturated or partially unsaturated
heterocycle containing up to two heteroatoms selected from the group consisting of
-O-, -NH-, -N(C4-C; alkyl)-, -N=, and -S(O),-~, wherein u is an integer of from 0-2,
optionally substituted with 1-3 substituents independently selected from the group
consisting of hydrogen, hydroxyl, halo, C4-C, alkyl, trihalomethyl, C4-C, alkoxy,
trihalomethoxy, C+-C, acyloxy, C4-C, alkylthio, C4-C, alkylsulfinyl, C{-C,
alkylsulfonyl, hydroxy (C4-Cs)alkyl, -CO2H, -CN, -CONHR;g, -NH,, C,-C, alkylamino,
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1-3 (C Qalkyl; c) a six-nmenbered saturated,
unsaturated or partially unsaturated heterocycle

W@ eousaTag up to two heteroatons sel ected froPCT/IB2004/002900

group consisting of -0-, -, -N(C -C alkyl)-, -N=

and -S(O -, whereinu is an integer of fromO-2,

optionally substituted with 1-3 substituents

i ndependently sel ected fromthe ﬁroup consi sting of
a

1 Sgatkylanie.oRYAS O:Rad, SNHEORG:, aNRy andtnhienyl aptienallyl , C

- taia fal oxy, C -C acyloxy, C-C
gﬁﬁ?lhlt!ﬁ%?)gmhé?’@a?@@uﬁl nyl, C -C al kyl sul fonyl,

hydr o)) abeyeichetgmeyclea@niginingiipm-6etaNFROON atiips, eitterWgidged or

%é%i?ﬁ}qc@ﬁtainmg(& t@t@*; :ﬁélegaag&ﬂs sel RS the wonsis'ti'ﬁgof -

, phe opt'l ona ubstituted wth 1=
c)raﬁkymcwii aék)'Se\aéd -Siéhiveweereipatis pa indeger ghkami-2toptionally

i . < A | L ni .
BB Vot SR RLEA, REBRAEHE) 15901 ROR IR0 qRg b citho o
hyerogen, \ydroxg, balkyE+-C4 alkyrihalerdeth@( ©)-Cq alkake tréalmetisoxy, Cq-

. ¢ ) : | ) .
2 fob IR BIVIAE, Gog, ARIUP Cob SRUIoM P [o
Sarays +CRgH-0 fCMry O ER - NitokiF Ci-RablsyladinoCdiéCiky| |
tA h -C . ik Yo ;
SR, N ORI GORY 16, B PR il st witn
A& (0= Ayl and opttaband qeCnE)rid ikgrners Emedd, andannte@NHR
o : . T ' i R
phafiposfealabioflerndPaddud el LA B Quatelidy
vamrhoniurs saks, aad peddkyds;thereole) a bi cyclic heterocycl e
fused "angredsOTbaute GfipaRea e isaHavbio PG Y
fatrontutdse(Ey po(ip), awvei whérag: of -O- , -NH, -N(C -C |

R Yo ' ) : :
02 55p IS Ehmat, QHELART b/ BoBR EPEeRy nefedfand
ihaitggeandent |y sel ected fromthe group consisting of

hydr ogen, 5 hydr oyl 0 , | -
_C al KRy et Riepiie, 2nd #8&§feq@e$e@b§§'l§/’|38§?§?f%dj F, B¢ or the C,
dhkpbterd o, all@l eerd thgtesi)Ihaloggh, cyano,Calkstkyudrftinglomethyl,
I}%@I{e?@@_ l@ﬁié?r%ﬁegg! %t]h trgﬁ, E@vfé’b ’that%en Rg%\lﬁ, Rog is n'é'l_bH,
Xa is selected from H, C4-C; alkyl, cyano, nitro, trifluoromethyl, and halogen;
Y is the moiety:

~._ ~Rme
N

Rep

R-s and Rgg are selected independently from H, C4-C; alkyl, or combined by
-(CHJ)w~, wherein w is an integer of from 2 to 6, so as to form a ring, the ring being
optionally substituted by up to three substituents selected from the group of
hydrogen, hydroxyl, halo, C4-C, alkyl, trihalomethyl, C,-C, alkoxy, trihnalomethoxy,
C4-C, alkylthio, C;-C; alkylsulfinyl, C4-C,4 alkylsulfonyl, hydroxy (C+-C,)alkyl, -CO2H,
~CN, ~-CONH(C;-Cgalkyl), -NH,, C4-C, alkylamino, C-C, dialkylamino,
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C)alkylamno, -NHSO R, -NHCOR , -NO, and phenyl
optionally substituted with 1-3 (C -C ) alkyl; and

wopisoai92end geonetric i soners thereof; and noPCTDKB2004/002900

phar maceuti cal » acceptabl e2acid addition salts,

N- oxi des, esters, quaternary ammonium salts, and

prodrugs thereof. Preferred conmpounds of this

i nvention are those having the general structures (E)
oMH$P(Cabedliey), viP(Cat GualkiR)i andsSGec amtiofticehartd, gedrhatric isomers

f
e Y T
eddleissqurteraprRyAMBehumssaltheansidrodivgs tpeenf. cyano, C -C
| k | bl
ot B8 rinds BB $bbnedRd R % ol NGB B, nay
sléPlt-:!@¢ éwtaramtmten tccaailrlldmle azsyidine, pyridiidioe, piperidine,

tﬁé)JaHé% oF egnﬁﬂe o) ﬁ%tﬁ@g&ar#nh?n e noi et y: Rand R

are sel I ndepe -C al kyl, or
conbi nB@fQﬁﬁd opmﬁoymds ofwstraetarahfonmulas &) andt(Ey abowsd, afer those

24k05011 35 05819 B 5 08 IR v o

sl blé)rz,e@\l;ffﬁbncltﬁlds,dmaﬂﬁ}bemmclétydr ogen, hydroxyl, halo, C
-C al kyl, trihalomethyl, C -C al koxy, trihal onethoxy,
C-Calkylthio, C - Calkyls%lflnyl Cc-C
al kyl sul fonyl, hydroxy \(\G;\J«C) &l kyl, -COH, -CN,

- CONHCCr ~al kyl ), -NH CfCaIkyIamno, Cc-C
di al kyl am no, 23 NHSO(CrR;BaI kyl), -CQ(C Cal kyl), and
and optl cal and geonetric isoners thereof; and

”ﬁﬁ R8s EESeftea BEAEE AU CHAC MRl b fgteger o
a‘rm‘n |érto G wgemn Being optiorEily subsiijsted by op do thyeasubsnuents selected

SRR o SRR ERE A 52, oy,

piylhalomemome, CﬂDpaikylﬂjlmé)ﬂ O),alkyiwtfhyll @mé:aladhylsukﬁasnyl hydroxy (Cs-
I“@B Eﬂﬁwwor mul as '?(Islq%?]ad@’ Fg\l 2a 09‘19 grgurr]]?)ﬁglgé
Cs)alkylamino, -NHSO»(C;-C,)alkyi, -NHCO(C-C,)alkyl, and -NO,; and optical and
geometric isomers thereof; and nontoxic pharmaceutically acceptable acid addition
salts, N-oxides, esters, quaternary ammonium salts, and prodrugs thereof.

Another preferred compound is TSE-424 as described by the formula
designated herein as formula (Ea) below:
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wherein Ris OH - areas defined above; X is sel ected
fromthe group of d, NO, CN, CF, or CH; Yis the

woisiy7dand R and R are concat enat ed t oget her BSTAK2@H/(02900

, Whereint is an integer @# from4 to 6, to forma
ring optionally substituted by up to three subsituents
sel ected fromthe group of hydrogen, hydroxyl, halo, C
-C alky!, trihalonmethyl, C -C al koxy, trihal onethoxy,
C-Calkylthio, C-C alkylsulfinyl, C-C

al kyl sul fonyl, hydroxy (C - C)alkyl, -
-CONH(C Q) alkyl. -NH, C -C al kypanm ng7 di (
)al kyl ami no, -NHSO (C C)al kyl, C Qal kyl, and
-NO ; and optical and gepsetTHC isoners ther ;o a
nont oxi ¢ phar maceuti cal #”acceptabl e acid additio
salts, N-oxides, esters) quatekinary ammoni um salts,
and prodrugs thereof.
TSE- 424 as descri bed byt ormul a designated herein
24 OH (Ea) Anot her estrogen

agoni st/ antagoni s hat can be used in the conbination
aspect i nvertTon Ns arzoxi fene, which

is discl 74. The present

I nventi g har iddeut i cal

cog&g FiNans ar1t~nef /i ng netabolic bone

di se, seNll|l e ostgoporosis, postnenopausal

ost eoporosi s, steroi\d i nduced osteoporosis, |ow bone
turnover osteopor osi®s ost eonmal aci a, renal (Ea)
ost eodystrophy, psoriasis, nmultiple sclerosis,

di abetes nellitus, host versus graft rejection,
transplant rejection, rheumatoid arthritis, asthma,

bone fractures, bone grafts, acne, alopecia, dry skin,
insufficient skin firmess, insufficient sebum

secr et Athenastrogdresgonisy astag@mist ittt cah Bel kl@éﬂioia,thé: cdratination
cancer .. . breast cancer, prostate cancer, obesity

SRR 2 VB SRR 1D Wi Gtia8R . patent no

agymeppuse, frailty, nuscl e damage, sarcopeni a,

=

0st eosﬁecgrrersaént invention is also concerned with pharmaceutical compositions
and methods of treating metabolic bone disease, senile osteoporosis,
postmenopausal osteoporosis, steroid induced osteoporosis, low bone turnover
osteoporosis, osteomalacia, renal osteodystrophy, psoriasis, multiple sclerosis,
diabetes mellitus, host versus graft rejection, transplant rejection, rneumatoid arthritis,
asthma, bone fractures, bone grafts, acne, alopecia, dry skin, insufficient skin
firmness, insufficient sebum secretion, wrinkles, hypertension, leukemia, colon
cancer, breast cancer, prostate cancer, obesity, osteopenia, male osteoporosis,
hypogonadism, andropause, frailty, muscle damage, sarcopenia, osteosarcoma,
hypocalcemic tetany, hypoparathyroidism, rickets, vitamin D deficiency, anorexia, low
bone mass resulting from aggressive athletic behavior, and for enhancement of peak
bone mass in adolescence and prevention of second hip fracture using a combination
of a 2-alkylidene-19-nor-vitamin D derivative and a pure antiestrogen. Examples of
pure antiestrogens include clomiphene and trioxifene.
The present invention is also concerned with pharmaceutical compositions for
the treatment of metabolic bone disease, senile osteoporosis, postmenopausal
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hypocal cem c tetany, hypoparathyroidism rickets,
vitam n D deficiency, anorexia, |ow bone nass

wo e@dloiong from aggressive athletic behavi or, BeTIB2004/002900

enhancenent of peak bone ng@8s in adol escence and
preventi on of second hip fracture using a conbination

of a 2-al kylidene-19-nor-vitamn D derivative and a
pure antiestraq Exanpl es of pure antiestrogens

|?ﬁ§?QP@éDS@1 slerey ‘%MHC%QSWHO&&]SB ioMebonerengyerssteoporosis,
| GBtEdHhdIada, 'r§nél|o§fé08)9§%65§‘ %goﬁésk;h nﬁnlﬁfer%fé%glé ‘Ei?elbetes mellitus,

corrp03|t|ons for the treatnent

diosé yareus grafiireiactiost tﬁ@fﬁ@le@yepch% §lnen@?ﬁ§@d aghmt%asthma bone
OFpdARBS HRR Brafis! Sorl Hlopalil GRS 'id%ﬁﬁ@irreﬁ?é@w fithYs® WEifficient

turnover osteopor 0S| S, Osteomn acl a

oabuBRESTatiBR Y INKeso YResasionmigukeRiae Celen eanssi.dreast cancer,
dira&igiceanbd! bbdsiy, os Enl‘é\%éllé%s%bart Eeﬂiﬁ%bﬁgbg%m

transpl ant rejection, rheumatol rltls as
LRIMEORRE® (Tialys MUBElR dagpge tsercopenia os&ﬂogp@@rra, hypogalgériie,

i t@féH{/nyBbSe%tWHd?srﬁ ' ﬁd@ﬁs\ﬁtanilrpﬁ WehikiGh&NEnGHERY. %\1v bone mass

secretion, wink ensi on, ?ﬁ em a,
daRdting frosp @ggqeswm@’@btlc gﬁwoat@ddawéﬁncem@md peak bone mass

08 LaORSEtnge aﬁ@bfév@ﬂo@ﬁﬁ%fiﬂdjnp MM%?@P@ administering to a

andropause, frailty, nusc

Jatiepidn neeshieres) Bé‘émblf@h@ftOftael’ alhyhdengﬁ amrmtemn O dhirivajve,
rdughk %E 2rco H*pb@ﬂ?ﬂ Br ForAffd 168 %ﬁ%str@#@f @B'H%t/all)tgﬁ%rﬁﬁg? 2o Mass

resultin gressi ve at hl et avl or
1R eally gcc %me Beher predryg theregiAnssteartes, soivent, dlluent

PiRMRE kN of second hip fracture conprising
admnistering to a patient in need thereof a

conbi nhisingieddhatavinsgoripouadsmare tacugsed\hergimiitis Contemplated that
o RbbEts SN, A EATHO Y aiht Je PherRaBHNCAY acceptable
Redeprodbieorsnsalt e ;:psot%dg ufl sumbrvedttionsrate intendled iteebg included in
SAL ¥RBLtiondi | uent and the like. t is noted that when
conpoun s are di scussed herein, it is contenplated

t hat tHe tesnpbatians inmegd eereafiinaang hyraahs: andeptipertanémals who

LR AR S ARG s Akasd SO e
i pestroenegausel peleoperosintsierpid ikivged estappqresis,dow bpme wewer
t QR Bhos T BGtS o HIEEIA Sre AR s RIoB§traBRY, HRbSask) thuttiple sclerosis,
diabetes mellitus, host versus graft rejection, transplant rejection, rheumatoid arthritis,
asthma, bone fractures, bone grafts, acne, alopecia, dry skin, insufficient skin
firmness, insufficient sebum secretion, wrinkles, hypertension, leukemia, colon
cancer, breast cancer, prostate cancer, obesity, osteopenia, male osteoporosis,
hypogonadism, andropause, frailty, muscle damage, sarcopenia, osteosarcoma,
hypocalcemic tetany, hypoparathyroidism, rickets, vitamin D deficiency, anorexia and
low bone mass resulting from aggressive athletic behavior and for enhancement of
peak bone mass in adolescence and prevention of second hip fracture.

The term "treating”, "treat" or "treatment" as used herein includes preventative
(e.g., prophylacfic), palliative and curative treatment.
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have or are at risk of having netabolic bone disease,
senil e osteoporosis, postnenopausal osteoporosis,

wat@soe™24 nduced ost eoporosi s, | ow bone tur novBRCT/IB2004/002900

ost eoporosi s, osteomnal aci az26renal osteodystrophy,
psoriasis, multiple sclerosis, diabetes nellitus, host
versus graft rejection, transplant rejection,
rheumatoid arthritis, asthma, bone fractures, bone
gr af t sBY Zhsemaceuieally iagcepdabye"skis meanhibe fchirier, effitert kexgipients,
rofdBiERs of BBt PSfbe SERMILRSN Y Bifer HoldHR R0t ipe
p%ﬂ‘@'t“atl@, aath befrdeledgriosis ty theqetientpeni a, mal e
ost eop [ nadi andr f.r ad
nmuscl eR ge;s'targg?ﬁ%{% co 62&?3&%3@%0%@%@ gﬁ%fhakgﬁéé&g%o&ré%féhe
t faragkecepipfsopatrastragerodatiss byt mayohad efect il tandiim s@ne instances, it
defil Cl ' ng. S [ting from
CEHURRC br bBOQY SfioBof 19 440 KR AP Sk B el o380 or
pEaltulaion¢SEREB. Fairepgnlagovietsd @ntagdnipisenaynilscmive mferssictoad
"Rty ot eyl sbhe sk Bleric aqth 0% ol torget tissues.
(Testipgen goonisty | astey@)ists ped thewfare eotwlubt @ edrimenly referred to as
td , | ' le" jt .is

G SRRl donY ATRBFARASHIE E4) 1o BOCERIBANE rd tefped to s
ofypsri cotiesirogenss t Tvive | eotigsirogéniseactivath thehestogére receptor to bind

. . ¢ ) | . "

R 0l S e M I gen

cEipsiaial. + Statoidsf 1843;22: EdheCarony lebals Mok Celt Eep:bc:n'msl, t1978;3:233).
” t y .

st anfi ERf profitls fiRénd8'coRbbiid 1@ kB akB 1Yo to vies a

at¢asepdund o thespresent alveotiony €T testtansfpemati@cepy occur by various

: ! { . .St Sk L L i,.St
P, B b BRSO % s
heredrugs isepregitied be i digachiiandty. Siells She-dragg et Noveldsdisery

a%;)}es.rt%gﬁﬂ\égl?gﬁ] iroi{hé AC?' S{E&%ﬁ%s§a{e§n%&cgrgféiérrggﬁr%ﬁ)ﬁe &’gre}llers in

Abtugd3ssiang edsEdvweat Bc Roché, fonerican &haagacdutita Asseciation and

r a pe anti estrogens. Type anti estrogens
aC%r?é@?ﬂP:regsg, i%%%{ogen receptor to bind tightly in the

nucl eulsorfexamalep wbkn agedhpoung obthe présent inugrdionadntains a

T e

Jepla8ement of the hydrogen atom of the acid group with a group such as (Cs-

Ce)alkyl, (Co-C2)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9 carbon
atoms, 1-methyl-1-(alkanoyloxy)-ethyl having from 5 to 10 carbon atoms,
alkoxycarbonyloxymethy! having from 3 to 6 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-
(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-
(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-
(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C,-Cy)alkylamino(C,-Cs)alkyl
(such as B-dimethylaminoethyl), carbamoyl-(C4-C,)alkyl, N,N-di(C-
Co)alkylcarbamoyl-(C4-C)alkyl and piperidino-, pyrrolidino- or morpholino(C-
Cs)alkyl.



The term "prodrug" neans a conmpound that is

transfornmed in vivo to yield a conpound of the present
WO nwsorisan. The transformati on may occur by varPCDUBER004/002900

mechani snms, such as througl7hydrolysis in blood. A

di scussi on of the use of prodrugs is provided by T.

Hi guchi and W Stella, "Pro-drugs as Novel Delivery

Systens," Vol. of the A C.S. Synposium Series , and in

Bi or eveypRY.eviesra casmround abthegpressitgnventieh cafoised aB.alcohol

r
Rﬂﬁggbr?gﬁﬁ%P% gés"ﬂroﬁh.g %Eﬁ%}n‘fé”d nﬁfﬁ%‘?&#}ﬂé&én‘?@ht %M"&JH’&"O@F“
t3empf daealcohal geavpi with @ geuaisaeh as (ﬁur@oalyamwmymmyl 1-((C+-

R L ARV EREL et of e

5 )@lk@ryéafbomlpwraetgyloNﬁCs-@@)aM@syc(aﬂmnytan)mmgﬂhyl (s@mf@yl (Cs-

2 4PN PR X Calato) SEORY)B51) SN B S

I’ﬂmlnngcyﬂ nvavaré ech barnimbdeyh gaduphis independently selected from the

Tt 3Ethe Caie i, PREO T Chibr e & aposyi the
cradbaheatultimgsfrom theetemydvallof o iajdonyy §rup @nHeamigédidiform of a

haw(gg/ m5 to 8 carbon atons, N
9 onyl ) am nonet hyl having from3 to 9 carbon

at orlrg , Wheh Iéi-co(?dokim(w:taé bmrh lavérﬁf@h@ohidnsé@é{r? ngl{riferfﬁlﬁﬁﬁﬂ)nal
to carhon a al i nol act onyl ,
ori AP o e Tome by B8 regiiedreariob PufRgpa RO e
2arfinalgkalp Witus Groap stk asetteatbmyn 880 ariony; WR“‘Q)élrbdr@

ﬁ#&(?l%(ldrpgl\éw dlesaghcrﬁe]??%k‘y"dﬁly rg%qﬂmﬁo(@@ 7)C¢cloalkyl benzyl or

15 )R>F satbord isSh H’aﬂuﬁtﬂ bcyamMB&fyl ér ﬁé!ﬁﬂépéé%%n%ac?/%t@rraﬁé%%noacyl

i nvention cQ xan al cohol function

ple H&@(QQQP( ereih Nais iy Crrte) e PalRas s - CEPVERE™ wherein Y
hy Q’CPG@%]I@H Qﬁal T '(@1 @é)élRﬂobar% ®1C %)‘élgylaa&fr%'('@r@k)ﬁlﬁyl or

CeJal kan

)@P'R%TNOW glxl’gl,j\le@# al@yq@ﬂwwl,l-C((‘( Y*® wherein Y*? is H or methyl
@l YEROMoREN- @F BIALN-(Cr.CodiihifBieAomy Ipfaévaﬁthwlor

N(C-C aI koxycar bonyl am nonet hyl , succi noyl ,
20  pyrrolidin-1-yl.

10

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

25 nontoxic cationic salts such as (but not limited o) sodium, potassium, calcium,
magnesium, ammonium or protonated benzathine (N,N'-dibenzylethylenediamine),
choline, ethanolamine, diethanolamine, ethylenediamine, meglamine (N-methyl-
glucamine), benethamine (N-benzylphenethylamine), piperazine or tromethamine (2-
amino-2-hydroxymethyl-1,3-propanediol).

30 It will be recognized that the compounds of this invention can exist in
radiolabelled form, i.e., said compounds may contain one or more atoms containing
an atomic mass or mass number different from the atomic mass or mass number
ordinarily found in nature. Radioisotopes of hydrogen, carbon, phosphorous, fluorine
and chlorine include °H, *C, *P, ®S, "®F and *Cl, respectively. Compounds of this
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C )al kanoyl, a-am no(C -C )al kanoyl, arylacyl and
a- am noacyl, or a-am noacyl- - am noacyl, where each

waz2@3iozmacyl group is i ndependently sel ected fPONIER2064/002900

natural ly occurring L-am na@8acids, P(O (OH ,

. -P(O (O C Calkyl) orglycosyl (the radical resulting

fromthe renoval of a hydroxyl group of the hem acet al
form of a carbohydrate). \Wen a conpound of the
pRvesden whigh éﬂmtiatﬁlﬁh@aﬁfpdIpeetepamammhérua@msdnaes @‘romqm atoms

aaré’ WRRR Wk &53’{[}? Q)?ﬂ'fl.ﬁ W@rﬁloﬁyTFlﬁe?ecf ?8 l éﬁ %%‘arb%‘% ‘91

rogen at e am ne
Radlelafpf@mare narttgutadv beafsired fm theu: eanreMetm aadaietecrabmty

aR&di l@ﬁ%\l?'d% gﬁ%f't%s {rgentﬁsn cg?‘n %Fé(lja lly lggﬂregared by methods

)cy c ;
aNQﬂrﬁnﬁwaéq/thOW Slﬁ&cun &he art. abonvenienlly, ﬁachﬁredlolabelled compounds

%aﬁ@e%?ﬂﬁ‘ed b)&%@’%g%ﬁ)v!ﬁ er}r}é@bﬁfu@srhls% dé%d@ e)@eﬁ{ atrt@ng
iarepdily@vallabe radindatistied (eagertt fyra mont- rad@iabntbe(otre@gmtkyl or

\A”zg?e:}t]wﬂ "be"iifec n&'e? Egﬁé@bﬁy Wﬁlﬂ%lsm ln ﬁq_e%xh%jt SXRI%I@
-compabikdd ofithis d\ventinnpiayk iahleastping esymimetric-aarbapratom and therefore
R¥é Eﬁéﬁt@ réory(%lastgrja mersP %§t%'rd?‘{‘?erlcqni§{u@sc@alﬁtﬂ ggelplta%\ted into

accepta ers O nont oxi ¢ ani oni C
dlegit intlimidugl diasiterasmensain the badisiof thejt physidotkeimical)differences by

‘?ﬂ%cggisqﬁvo\l\}ﬂ é%g}sg?s fbr?r%{ gﬁe %I"ﬁjlp ﬁ'lysalﬁl qﬂr ¢ctional

| caysttallization. ﬁrlanmreers can batsepargued bM nalmeartlng the enant|omer|c mixture

TRL BRI ANR RaBRDy 1o 4 BbN GRF 28 UbbRBALE 0ol active

expression al so refe nont ronrc's
apnipbumd (eagy., alcohd)esepapdtingdhl diastersotressanthgonveitiog (mg.,

TR e TR Bl Rl A AO0SE B Shilnfiobi iase
mydtdiwlso‘naﬂmdﬂa e.et énzlymn edialyaed Etydruiggis)ethe ingividual diastereomers
(tﬁtc éowé%%]ﬁ rﬁ'ﬁhﬂ? Lnarﬁ%ﬁ%ﬂj f’i\ﬂqsﬂ& |somers lnC|Udl mg tdhastereomers

ehzy I perazi
(emantvmmrs apd hy)dumxymmt\cbfwre qufsmreﬂc@mﬂ cm‘ltbus invenfidnl Alse, some

o(??ﬁ) eo%néggfth%el e 8’5 %ﬂ'lgplgémeg éé g' %ﬁﬁ&ﬁdtg@ b%ﬁﬁ%} and are

exi s or m conpoun
cm»nmelemd@ﬁ@adrof trig ieverttions cont ai ni ng

In addition, when the compounds of this invention, including the compounds
of Formula | or the estrogen agonist/antagonist, 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
include oral, parenteral, and intraduodenal routes, etc. Generally, the compounds of
this invention are administered orally, but parenteral administration (e.g., intravenous,
intramuscular, transdermal, subcutaneous, rectal or intramedullary) may be utilized,
for example, where oral administration is inappropriate for the target or where the
patient is unable to ingest the drug.

The compounds of this invention may also be applied locally to a site in or on

a patient in a suitable carrier or diluent.
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an atom c mass or mass nunber different fromthe
atom ¢ mass or mass nunber ordinarily found in nature.

woadsoe®et opes of hydrogen, carbon, phosphor oUBCT/IB2004/002900

fluorine and chlorine incladdle H C, P, S, F and C,
respectively. Conpounds of this28 invention which
contain those radi oi sotopes and/ or other radioi sotopes

of other atons are within the scope of this invention.
Triti aaMid and other 2ialigtidensat oo-vditamin Pederivatjves of the present

(Rfe bR P BE BaRI Bl 1 & th Manoallbli e TBnb 0 br A1 D 01 oy

ease of preparation and |I|ty
dompoutridsugidayt M prefervenddsage eayedeasalolos gday ﬁmam

met hods wel | kno to those skill in the art
R e et e e Baesoe e st Budriskomnta abeut 0.4 pgiday.
pr epariggehsrarat éffedﬁge dbdadelter BE @@,@Ggﬁreégd#ﬁswb&ﬁg&usts of this
her ei.n except subst utlngoa rea avai |

rAEYPR 5N dif PBgS 859 Of d¢ 2 HtSH‘QI‘C!?d r B‘Ief%%@‘}’ Qd3 tpé&@ém/kg/day

t Wil *partk@léﬂgihl@%@tl@d&@@é%ﬁal@qu@b% math¥ raigel df ol Mo 100
t he t he conpounds of this invention

Hﬁgllég/rg?y’lpé%§'ia%g’n%1 é%QW‘?Q @@Year bon atom and t herefore

ar e enﬁpbm@marr an @ﬁe@klv@%bgégaqﬂﬁraﬁmoxﬁérﬁﬂreehemgecof 0.1 to 100
fures can pe separated 1nto their individual

dF%@@/@’T‘)éQFFé‘?‘?b'MﬁW ®g&gLays their physi cocheni cal

di fferg Bﬁﬁéul@b{ alRtbBars d@é{%@\‘op@(@ﬁ\eﬂﬁ)xy Fﬁénﬁxﬁmzeplpendm -1-
and/ or fractional cr l i zat| on

chronmat.o g
ShaheROmPaoN IbepEo DR e o g 0 88 G

enantlmgglrt,b@a,rrbﬁteﬁégwbr@bga fgi- asteromerl C m xture by
reaction with an appropri Wgn cal |y active conpound

( e. g. ,Cish-EbHare-pheyilap-i- %n@p%r -tivbetheneehemnd)-2hd 8-

Fd_ﬁw)h(}-%{é]\e,z_derm yzing, i ncI udi ng both chem cal
hydrol si.s_nmet hods and m cr obi al s)ase hydr ol ysi s

met hoo(s) CigsB @henyckﬁz(ﬁ}ﬁ%%ﬁ@'@lryw'oetm -Bgy)d0.¢ igiietraydro-

| Rfbhinbral2-gh astereoners to the correspondl ng pure
enantioners. Al such isoners, inc

I SSRGS L PO

irdrhe%-gs part of this invention. A so, some of
t he conpounds of this invention are atropi soners

(e. g. ,CisiHEPyroodnosthanyd Pyridhi-ahenyEehydigsy-é &% part

qgtrér{%%nbﬂmﬁaghé)n n addltl on, when the corrpounds of
this’invention, includ ﬁbt e compounds of Fornul a or

t he esH“UQ)éffP"d@@ﬁﬁhgi(ypé‘ﬁﬂ & "SluorapemHs Bydiexast.8:3.4-
Sl RbRboqliNBihed €

cis-6-(4-hydroxyphenyl)-5-(4-(2-piperidin-1-yl-ethoxy)-phenyl)-5,6,7,8-
tetrahydro-naphthalene-2-ol; or

1-(4"-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4-
tetrahydroisoquinoline is in the range of 0.0001 to 100 mg/kg/day, preferably 0.001 to
10 mg/kg/day.

The amount and timing of administration will, of course, be dependent on
the subject being treated, on the severity of the affliction, on the manner of
administration and on the judgment of the prescribing physician. Thus, because of
patient to patient variability, the dosages given herein are guidelines and the
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
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also within the scope of the invention. Adm nistration
of the conpounds of this invention can be via any

woretioesehat del i vers a conpound of this i nvenP€DmB2004/002900

system cally and/or |ocally0 These nethods include

oral, parenteral, and intraduodenal routes, etc.

Ceneral ly, the conpounds of this invention are

adm ni stered orally, but parenteral adm nistration
(desiged, thenphysicianonust biakence msdiatyaf fadtorasscieasrage of the patient,

SYBRHLE0FBSfASas o A AP il e cose
imRype given ance 4 day ohvotesthgre bnee a dhgaerd tag bpativiearit aissistained
. S The . \

YR ol bR o T £ RIS O ity g
campopeadd esing & nombiwaiierndl an ivvmadiae releasti andencort@lied/Rlease

%@/o?%h&ﬁin%d%lgﬁéfgméﬂo% nor-vitamn D derivatives of
the present invention can be adm nistered to a human
pat i enftheiadmihietratings 20D abatber BalBylidene-d@ynor-vitabiod derivative
. i S.. [ day.
BBl SRt O SO0 OTRAG, b SERplopn i Rihed? s b s Rfno o
gy woniihubusgl iégrmittenhitiesing Schedoigl dnce adaye meitiple tames a day,
f ti : : [ Al I St
SroFRSER. HRRBRI Lo bR, HECh 2060 «BFRBLES HodBHRRL By
ryo kgelisonce aehentbhyitigle Simtes al@Onthpériag/edayy. two months, once

A Gl L8641 X5, 030050l Bhd VB 6 o bmuna
Eamglesgf dasing acipautes dorl 2MD oaanethée?-tlkylkdedesi@gworfiiiamin D
PEPAIESRY B ephbEad B BloRefolto HBu MR,

ef f ectTheecodpsagds dfdine present invention are generally administered in the
SRt TR TR oroRic < Bl an i orve epreppnpn o
Ihispiviegiiaelpgethemrithta pherenaceidicaltf doeeptable velislege dilwnt. Thus,
bt SRR ket SntrRE Ll Sohhiona b
(payentéral, Gegienyydnsdeldal ddsagerfomh.i di n- 1- yl - et hoxy) - pheny
1)-5, Gof offi S5 RRC AN AENele %R&H&%&ag&gl composition can take the form of
solutions, suspensions, tablets, pills, capsules, powders, and the like. Tablets
containing various excipients such as sodium citrate, caicium carbonate and calcium
phosphate are employed along with various disintegrants such as starch and
preferably potato or tapioca starch and certain complex silicates, together with
binding agents such as polyvinylpyrrolidone, sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate
and talc are often very useful for tabietting purposes. Solid compositions of a similar
type are also employed as fillers in soft and hard-filled gelatin capsules; preferred
materials in this connection also include lactose or milk sugar as well as high
molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are
desired for oral administration, the compounds of this invention can be combined with
various sweetening agents, flavoring agents, coloring agents, emulsifying agents
and/or suspending agents, as well as such diluents as water, ethanol, propylene
glycol, glycerin and various like combinations thereof. One example of an acceptable
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2-ol;

c/ s-6-phenyl -5-(4-(2-pyrrolidin-1-yl-ethoxy)-phenyl)-5
WO 8008/08792£t r ahydr onapht hal ene- 2-ol ; PCT/IB2004/002900
c/s-1-(6' - pyrrol odi noet hoxy13' - pyri dyl ) - 2- phenyl - 6- hyd

roxy-1, 2, 3, 4- tetrahydronapht hal ene;

1- (4" -pyrrolidinoet hoxyphenyl)-2-(4"-fl uorophenyl)-6-h

ydroxy-1, 2, 3, 4- tetrahydroi soqui noli ne;

dwf,maatpnfqary aM&@;}slmwzyallatllqane( -1R-poipdiaimit B-derivdtives isexsoft
ib?uﬂ%laér j oPorgalﬁm 5@&V1ﬂ r\nﬂm{ﬁ)atﬂgtzk}@ cﬁ"}ﬁh% “ikyi8&ne-19-nor-

TNoP oxyp eny
M}G‘?ﬂwbds derivatige has b@&ﬁ@ﬁfg@ﬂdedl Qﬂmﬂllsmbﬂlhlm@rmslatwnﬂ\/ﬂﬂa be apparent

rtgﬂg)g?% %dﬁQQelrﬁrtto 100 ny/ kg/ day, preferably 0.001 to

e anount and timng of adm nistration
Wi | I ﬁWPUWS@%Of Aseenderpladirinisirationt $rutionb jresgsatnei angeanut oil

f f
Hgﬁrﬂ%cf.@oyé’g é:&;?l%r%s!f/@él Ic%ﬁ bg ngfpkb‘j{e? 4d \Neﬁ%ésosqer i& Qg&%ﬁs solutions
of &mqr@sn@%watet-@mublqsm&, Sb@tmeususdpiwsemy kecsuitably
RAreRAL i HElds ﬁdvth @ﬁ q BRRARAS: .%hg&eg el it [ Sifficient
gul ines an I Cl an may rat e 0oses C%g
caling @rcgllmlseemese Iaeuemapwnms al‘h@Bpediﬂily[shyahle:foamtravenous
%Fb?hd;%%[u%r %Bp&@é%{éo% Sn&[i %aé&ﬁor‘?e%‘i n ion gl[j]r 8£b%' R&his"g

t he reé o reat men SICI an nust
mnmlen dhe a’teyrl@tqnue@ua‘ media egpinyed aessalh@edltyfobtanrmble by

‘l’éridSFHtecrg@ ﬁ%ﬁﬁ@%éé%}kﬁ@&i dﬂ‘tr?‘ee&%e as wel| as

presence di sease se nmay be given once
a day for pnmoees bfaranedﬂrmah(ecmwoanal) adyinistratipry difuté atetle,

%‘dﬁé@ﬁ g)gitgllg?tz&iog@ géﬁ]ﬂ]%r{sgjfn%&(ﬂy Ln ébeo‘f'x?& gg/g fgd) @&%c%ﬂtrat on),
ctirdswisatsinalar &f tharabpympaienterl s@htmseararpder&xrenb nt r oI I ed
rel €asg tﬁ&?s/ ﬁr%éﬁg%gﬁ&s (g)t %ﬁﬁa%%u il %%élt%'ﬂs WEH% certain

adni ni St
Znaduny bf abiive ingBdiemt anei knawn norDviliibe prerentdn bighd ofithis disclosure, to

- $0de il ?rgtﬂg,' /F?Péﬁ%ﬂé ¢ ninddi%r pRIBRHAG bhHhabRSO!

% Secor
composmons see Remlnqton s Pharmaceutical Sciences, Mack Publishing

Company, Easton, Pa., 19th Edition (1995).
Another aspect of the present invention is a kit comprising:

a. an amount of a 2-alkylidene-19-nor-vitamin D derivative, such as a
compound of Formula |, and a pharmaceutically acceptable carrier or diluent in a first
unit dosage form;

b. an amount of an estrogen agonist/antagonist or a pharmaceutically
acceptable salt or prodrug thereof, and a pharmaceutically acceptable carrier or
diluent in a second unit dosage form; and

c. a container.

The kit comprises two separate pharmaceutical compositions: a 2-alkylidene-
19-nor-vitamin D derivative, such as a compound of Formula | and a second
compound as described above. The kit comprises container means for containing the
separate compositions such as a divided bottle or a divided foil packet, however, the
separate compositions may also be contained within a single, undivided container.
Typically, the kit comprises directions for the administration of the separate
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any continuous or intermttent dosing schedule. Once a
day, nultiple tines a day, once a week, nultiple tines

wa2esekiozonce every two weeks, nultiple tines POBIB2004M»2900

weeks, once a nonth, nultipgke tinmes a nonth, once
every two nonths, once every three nonths, once every
si x nonths and once a year dosing are non-limting
exanpl es of dosing schedul es for 2MD or anot her
xomrepentgeHe ko is-particulary advantadepus iwhen thedseparate

RS SR oo ARty B e SRS BTk 0., 0rgt and
g@ﬁ@ﬁqpl)wg@mnm@e@d@d diffaremh@osrage interivala, quivenenitratiori afdhe
QHmﬁﬁéltcbﬂBo DG b @Qmﬁﬁaelo%qgﬁeﬁﬁa bgfthé %s?ﬁgﬂpgoﬁ?yg%lan

I's 1 nvention:toget
acceptAbe@nd pf:$t@h@(kltd$ B @emanedmwr pactke Bisiemuacksl areofell

o168l 0 AP DL bl RSN R
F;marmmuh@ai KD tesagetforons (¢abjsia capsides, anathed:kerp Biister matks
gﬁﬁﬁga"ﬂif Eorlsit of QEmdior Fe?ét%lxgg{f mge%?f%[\;/g}e%g@fhe% f;%ﬁ PSS

capsul es, pomde
quefiersbi tr@swlenbmlest@mtpmai rRwing dlspackagiod iptotess tacasses are

;f?%n?]éédjiwrﬁﬁlgﬁﬁ%iﬁ THE ‘i’eé‘e@%éé MW§@%§§3@ ?ﬂ%’ tgéﬁgg or

various di sintegrants suc
prepsWesisl be proked. dNaxt, thefsbistseorsapsulds ameplased fraiha recesses and

QRé'Eh{‘e?f oﬂe‘lﬁt&é&% “%‘one SHEGL % 5@5 Pét‘ﬁ?é @Qst%%f‘éﬁhé%é%g of the

d

Addjwhlck{\lgaonpgbslta mltlmdlrawgorglg@vm¢1 the oeceasesns;aé;ﬁla@em As a

| t I e
\ngr&ﬂ{ Eftegt?blﬁ,t‘gg% :&5%%@#;%% Is%éé ﬁrtﬁ% gerea:gsée%oq%ltvgie% tﬂg E)Egtlc foil and
dbaphmttl?refwabw the stiengthaf tm)qbeetas suchl tbat tbertab@seor @psules can
fi .
e R0 b B PO 5 e
| valegretsyearoopemirigds Q:urgad |ra’$1e\sbe¢t ahdthemlaye ofthecreobss: Theta@lut or

I : [ d/

SR s FeR R LSy o SEB POHREY SR on, The
conpouhaigy bé desirable ioyeonideom meaonbaid ooriie kik @.gui it kthe form of

\érgferﬂm%g? née)&\rrﬁ g%lﬂ&s g gé;ﬁsﬁtesw %ye%&'tlpégn&g&%g %arrgsguoﬂ{i \Aﬂﬁ the

yI'ng -agents an suspen
adaysef theaeglmen Iwhtbhl the dosagagowasespecifiet ahalld beingpytee. renother

Ll o E oy g.d .ga'cgféﬁ%%ggﬁggggggh@ 84S, as follows "First
Week, Monday, Tuesday, ... .. Second Week, Monday, Tuesday,..." etc. Other
variations of memory aids will be readily apparent. A "daily dose" can be a single
tablet or capsule or several tablets or capsules to be taken on a given day. Also, a
daily dose of a Formula | compound, a prodrug thereof or a pharmaceutically
acceptable sait of said compound or said prodrug can consist of one tablet or capsule
while a daily dose of the second compound can consist of several tablets or capsules
and vice versa. The memory aid should reflect this.

In another specific embodiment of the invention, a dispenser designed to
dispense the daily doses one at a time in the order of their intended use is provided.
Preferably, the dispenser is equipped with a memory-aid, so as to further facilitate
compliance with the regimen. An example of such a memory-aid is a mechanical
counter which indicates the number of daily doses that have been dispensed.



formulation for 2MD and ot her

2-al kyl i dene-19-nor-vitamn D derivatives is a soft
w@edoaneT2capsul e cont ai ni ng neobe oil in whi chp¢heB280MMD02900

or other 2-alkylidene-19-né8vitam n D derivative has

been di ssolved. O her suitable fornmulations will be

apparent to those skilled in the art. For purposes of

parenteral adm nistration, solutions in sesane or

Aoaiher ewmple pf Sueh aquemay-ak s basier/-AWared Micierchie memory

RBWIEY Rith afﬂéund\@}ygtaﬁﬁea%@tr bt &dﬂﬁ&%ﬁdé@lg%v VRIgh, %r &8fple,

correspon I nNg wat er - solub e salts. w@gueous
seAdstqubthe q@éa/thﬁfethg {ast dailvydose has begn tal<¢n @gsaings oapavhen

thendy Bodebs @ baiemrbnfirst rendered isotonic with
sufficient saline or glucose. These aqueous sol utions

are edpecraliyigensyiQ-aeirdtami Didefivaiiye apd an estrogen
'395 iSAHRLIOhRE or SHRGHEAORRHS &%thbab rsawshbrge g?%ereof can be

ection purposes. n this connection, th

aqTsiereHting Semp dspeap Bra oain OifeedlidosagioRRabhe sBye time
2 B ifrEn RS0 A BRANRS or Kl mar%f?o({ RemBas kil éoﬁg?nwat&@ A

art. Egrposes of trans Pl Ca

mfermecbms f ghadrainisiretionsis &g adrainistey d@o@énmatlsam hglspne
LSBT 8l E'SQ% tli’]ﬁés Yt oiYer R annétor/étfoﬂ mefhod is to
concentrati on) rwise simlar above

paministertae Zsediwuﬂar@q‘s@-n@rr\@tamre@ de@\catlvwmmd@sage form and an
%é{r'?@g;én' éb%nl\é%ﬁtg%t?hlég ?@?\%Qﬁ]ﬁdﬁg@%agﬁ ?é%?%b@n%&%r W’Jd%@thereof
tirwargsherr koth of which gra tasen @Hh% sgnetmgsure, to t hose

kill
pS)r Iepaﬁ?’né’?e p‘fnagértﬁ’ﬁé%iﬂg h§8 oxg)éadﬁgli Pgﬁg&ﬁ{s‘,@gq%nﬁong on's
Iﬁla&trc[mdye tlthgdtbxﬁﬁnEetpydg 9 ndb?gelgglﬁutbt@mﬂmumgs Caniparilye basic
t w19t i on r
B cohpe ket bL3 shiriondsnely tiflod 3. 15k o8hdensation
aaidyclizf Wind2us Gy direin ey gkSetare- | vithaihie mllﬂcdﬁbsmﬂte axdde Il to

e T S E RN e R e e o SR

fR10M afid CaindmDlatiér amﬁnpmn@t rogen agoni st/ ant agoni st

or a pharmaceutical y acceptable salt or prodrug

thereof, and a pharmaceutically acceptable carrier or
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diluent in a second unit dosage form and c. a
container. The kit conprises two separate

w@b@soemeut i cal conpositions: a 2-al kyl i dene- PCT/IB2004/002900

9-nor-vitamn D derivative34such as a conpound of
Formul a and a second conpound as descri bed above. The
kit conprises container neans for containing the
separate conpositions such @ﬁPﬁ di vi ded bottle or a
di vided foil packet, howevel, the separate
conpositions may al so be cghtained wthin a single,
undi vi ded contai ner. Typi€ally, the kitlllconprises
directions for the adninﬂstration of the separate32
conmponents. The kit forpik{ s particul arly advant ageous
when the separate corgpOnen are preferably

adm nistered in diffgrent dosage forns (e.g., oral and
parenteral ), are admjinistered at different dosage
intervals, or whapotytxati ofy,t he indivi dual
conponents of the conbinftion is desired by the
prescri bi ng physician. A\ exanpl e of such a kit is a
so-called blister pack. Blister packs are well known
in the packaging industry and are being w dely used
for the packagi ng of pharnaceutfcal unit dosage forns
(tabl ets, capsules, and-thell ike). Blister packs

material covered wt br ef er abl y
transparent plastic Iri hg the packagi ng
process recesses are foened=in the plastic foil. The
recesses have the size dhd $hape of the tablets or
capsul es to be packed. Next, the tablets or capsul es
are placed in the recesses and the sheet of relatively
stiff material is sealjed against the plastic foil at
the face of the foil Mhich is opposite fromthe
direction in whic
result, the tablet|s or capsules are sealed in the
recesses between tlhe plastic foil and the sheet.
Preferably theygdYergthoNthe sheet is such that the
tabl ets or capsul es cyn be Penoved fromthe blister
pack by manual |y appl yi ng pressure on the recesses
whereby an opening is formed in the sheet at the pl ace
of the recess. The tablet or capsule can then be
renoved vi a said opening.

'In the structures 11, Ill, and 1V groups Y; and Y, and R represent groups
defined 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 condensation reaction, be suitably protected as is well-known in the art. The
process shown above represents an application of the convergent synthesis concept,
which has been applied effectively for the preparation of vitamin D compounds [e.g.,
Lythgoe et al., J. Chem. Soc. Perkin Trans. 1, 590 (1978); Lythgoe, Chem. Soc. Rev.
9, 449 (1983); Toh et al., J. Org. Chem. 48, 1414 (1983); Baggiolini et al., J. Org.
Chem. 51, 3098 (1986); Sardina et al,. J. Org. Chem. 51, 1264 (1986); J. Org. Chem.




t may be desirable to provide a nmenory aid on the kit,
e.g., in the formof nunbers next to the tablets or

wa@ apsiob®s4 wher eby the nunbers correspond w th PeEIRMAY002900
of the reginmen which the désage formso specified
shoul d be ingested. Another exanple of such a nenory
aid is a calendar printed on the card e.g., as follows

rst Véek nday, Tuesday, _etc.... Second Week,

w@hda99 W@%@@yuca dial oS, Ret. /s 508611811 Belg.cafet aterthByPat. No.
abgse w3 be readily apparent. A "daily dose" can be a
single tablet or capsule or several tablets or
capsul Bydringapenes £k ie ganeeal giruature dlaare kndweo or eandbe pyepared by

dfvnThe oL " $pd cﬁic‘ﬁﬁw xa nekf ?é Qfdsrqug kw{ ﬁg%cllg ge@nes are the

phar maceutical” acce
sHfusiseoWithithe side c@awgu(@.)s (£ (chan (tdaue@nbed al@ca/psm £25-hydroxy

o BB P 87 Bl Bt B Ol IR T R S

nefipeinaan’ kstepa (@) [inb@freétet al.nChemsBarn®, 1664 (£9523i 25-hydroxy

m%gg&%n& h&?‘ﬁg‘id&?‘fleé?tal oJ} Org e eéqS%QBd@ Eé&ﬂ?ngde?\ﬂgjﬁus
t kptene (ivindeus etdle ANB., PROATLHO36DE ef er abl y, t he

di spenser is equipped wwth a nenory-aid, so as to
further facilitate conpliance with the reginen. An
exanpl e of such a nenory-aid is a nechanical counter
whi ch indicates the number of d.'Iy doses that have

l'i quid crystal or audible reninder si@nal
whi ch, for exd out the date that the | ast
daily dose h

accept abl e sal toor prodrug thereof can be adm ni stered
in the sane dosage formor in different dosage forns
at the sane tinme or at different times. Al variations
of admi nistration ngthod enpl ated. A
preferred nethod of 4 ni to adm nister
the conbination in the}sanme dosage form at th?)sane
time. Anot her adni ni stration method¥s to

(h)
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adm ni ster the 2-al kylidene-19-nor-vitamn D
derivative in one dosage form and an estrogen

wa@agesiostorant agoni st or a pharnmaceuti cal A accepP@ebiB004/002900

salt or prodrug thereof in3another, both of which are
taken at the sanme tinme. The preparation of 1

- hydr oxy- 2-al kyl -19-nor-vitam n D conpounds,
particularly 1 -hydroxy-2-nethyl-19-nor-vitam nD
conmpounds, having the basic structure can be
acconpl i shed by a comon general nethod i.e., the

oxide I'll to the
correspondi ng 2-net hyl ¢ fam n D anal ogs |V
fol | owed by deprotegtig at C—l and CG3in thd)latter
conpounds: 34 V OY n the structures 11,

[, and IV

that any functigrfaljfjties in R that m ght be sensitive,
or that interfepe with the condensation reaction, be
suitably protected as is well-known in the art. The
process shown above represents an application of the

convergsihe GisPhIAASH 6f the RsRRéd p%pﬁhe@@e@gﬁ%w |s’(r€t9%lre lll, a

effectively for the preparation tamn oun
[r@mgsynth_eyp ﬁ%@ has b%ﬁn devglo%ﬁtlartggéronp@pwmuml@mg derivative 1,
5&%“}( 3R4Bed frbiﬁ dbﬁﬁﬁerc@ﬂqm%@@@ SRB@)quﬂlc aﬁl@gas(dje%@@ed by

Toh et al gi ol I ni
drerignan et gl. ci%}_ﬁeﬁ%'-_em& i@@?sﬁ@@@)a@)d D%aicaueﬁal .&J.8) Pat. lyo.

@ 086, (@€ MThedverahidfdcesd SB@Qnsfo}mQﬁ‘% ofthée Q@aﬁﬁg %thﬁ %@t%r 1 into
(1986): DeLuca et al No. DelLuca

éhe QPS'redtﬁ\ 8ng pythongols Ssms“%zerdl@] the%ﬁmﬁda’ﬁb%mﬁecpwry 4-
GFARH@ grolip BT WhS okibiized Ritk RADY (a &italfRmEBo® WRRRLEL 24 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/HMPT, NaN(TMS),, etc. For the preparation of the 4-
methylene compound 3 some described maodifications of the Wittig process can be
used, e.g., reaction of 2 with activated methylenetriphenylphosphorane [Corey et al.,
Tetrahedron Lett. 26, 555 (1985)]. Alternatively, other methods widely used for
methylenation of unreactive ketones can be applied, e.g., Wittig-Horner reaction with

the PO-yiid obtained from methyldiphenylphosphine oxide upon deprotonation with n-
butyliithium [Schosse et al., Chimia 30, 197 (1976)], or reaction of ketone with sodium

methylsulifinate [Corey et al., J. Org. Chem. 28, 1128 (1963)] and potassium
methylsulfinate [Greene et al., Tetrahedron Lett. 3755 (1976)]. Reduction of the ester
3 with lithium aluminum hydride or other suitable reducing agent (e.g., DIBALH)




known net hods. Specific inportant exanples of such
known bicyclic ketones are the structures with the

wa@e@s/ozhadi ns (a), (b), (c) and (d) described aPOWEB2004/002900
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i.e., 25-hydroxy Grundnmann'3 ketone (f) [Baggiolini et
al., J Oqg. Chem 51, 3098 (1986)]; G undmann's ketone
(g) [Inhoffen et al., Chem Ber. 90 664 (1957)];

25- h droxy W ndaus ketone (h) [Baggiolini et al., J
n?reV'd@H@ﬁ\ iaf 4 whieioway ausegyeriy axitizad By sodiem perodaty to the

[@E}bﬁ/@kﬁ?oﬁé d@hvatlvé\g; )T36 gﬁt/s/te/?p?& (ﬂ(el%éés]s co drglééesp afe?,feterson
oeaeion of fa ietans HHa it sdy oot ot fsuling alyficoster 6
| \hés tr@atét?\\Mtﬁ Ml%Bﬁt‘ylaﬁJrﬁlﬁ% BydiRR PRGRe \%?MFH 9@@9 aﬁ%ﬁé}tf WS in

fromnmeth qui ni cCate derivative

ftPGhtf%fﬁﬁ@P@ Fcaihe(dfsmedahnngpb%nhme)oxm&w| nyersipreasf 7 to 8

ggﬁ&%%%ﬁ& nBRiely] Luctgtto@a'tl?n WRh ‘h%)huﬁfﬂ{tmﬂ‘m @Htp-toﬁr%nesulfonyl

SC'ﬂIHG‘eafgtloweﬁ@/ ieaelion withghirhenykhesphinedifuars satyand axiddtion with

thRRIrcdeRbeldxitieret hyl ester 1 into the desired A-ring
sﬁ}ﬁto;gtc\?nsp(9 is summarized by the Scheme . Thus, the

second@¥eral 2-methylens 1 9-gpbvijsmin Dicompsunss ofithe dendralistrad@e IV
(rﬁa)‘?ﬁé @;Wﬁés?ze@%p\g%wrm xﬁhoﬁ@%nwe%s@?»?p}@teow.r%%l]§)

such a st ng OXI t was neces
e@ﬁt@emaoré kefenel Hhewing feodasied gitle chais siyegtyrehiThus ferexample,

Dg(lﬁf F‘Mllner E&@H? IB% tg QlifhRim BMS@PI?\W%%&&%@&&&%@?B%% and n-
antttﬁlﬁmgm W'Hﬂe’fh? @aziwt 85'gssd;axy Grundepani’e keteoh Ol pserpsed according
ttb?%?lfsggg smﬁseh@el[gemsﬁ % LoCRRd. ehan 9 3?§t?g%p@ﬁ B&R e
Hexpaeied groledted dlt@mmp@mmuad {®.t hhis,radter deprotectlon W|th AG 50W-X4
cation exchange resin afforded 1a,25-dihydroxy-2-methylene-19-nor-vitamin D; (11).
The C-20 epimerization was accomplished by the analogous coupling of the
phosphine oxide 8 with protected (20S)-25-hydroxy Grundmann'’s ketone 13
(SCHEME 1) and provided 19-nor-vitamin 14 which after hydrolysis of the hydroxy-
protecting groups gave (20S)-1a.,25-dihydroxy-2-methylene-19-nor-vitamin Dj (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
D3 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.

Examples
The following abbreviations are used in this application.
NMR ‘ nuclear magnetic resonance
mp melting point |
H hydrogen

h hour(s)
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ylide prepared from nethyltriphenyl phosphoni um brom de
and n-butyllithium O her bases can be al so used for

wo b@sgemes at i on of the reactive met hyl enephosphoT/E82604/002900

like t-BuOK, NaNH , NaH, KB#HMPT, NaN(TM5) , etc. For
the preparation of the 4- nethyl ene conpound 3 sone
descri bed nodifications of the Wttig process can be
used, e.g., reaction of 2 with activated

n8ithy| enet ri phenyl phosphor enreitgsCor ey et al .,

Tghy ahedron Lett. 26, 555 {ei"t— l] . Alternatively,

ot her nmet hods wi dely used tor t hyl enati on of

ubleact i ve ket ones can be tpphydsofurag. g., W tti g- Hor ner
reacti on with the POylid ohtai from

rrrgtg%ll di phenyl phosphi ne oxﬁgé@}g@ﬁmdepr otonation with
MP8t yl 1 it hi um [ Schosse et miass sf@eirai a 30, 197 (1976)],

reaction of ketone wth,, ' I I, nat
e et " ” 3 hro. ChenfiIBBSE b shibnia ey
peftMssi um met hyl sul fi nat e $t@ndsed erret medsureriieritr ahedr on

t. 3755 (1976)]. Reductﬂ'),%?] f the ester 3 with
['ithium al um num hydri de or other suitable reduci ng
ddent (e.g., DI BALH)37 prowethgd the di ol 4 which was
sgbsequent |y oxi di zed by s&q%um periodate to the
cycl ohexanone derivative 57 “The next step of the
PPB&ekls conpri ses the Pet ediisobutylelaotinuomhydfridehe ket one

ith methyl (trinmethylsilyl)ac he resulting
ZT%I Ic ester 6 was treat e'ﬁﬁ'y\nﬁtcﬁg%#ﬁ%%%@?/l al um num
hydride and the forned allylic alcohol 7 was in turn
t r ansf Brenwrdparatianne’ coewpurds of-Hormgja hivesspdst foetham iUdS. Fatent No.
Codd&928 anfolidws? to 8 invol ved steps, nanely, in situ
tosylation with n-butyllithiumand p-tol uenesul f onyl
chl or i ldéhese@xhmpled, $pecifie putducts identifiedbyphabiginpihesaseg, 1, 2,

i thi OXi ' AN n roxi de. .. .
S HBIeS e A B s b B MR Bl B et ana in
gechreral | aptdiScbemed. | V may be synthesi zed using the

A-ring synthon 8 and the appropriate W ndaus-

Grundmann ketone Il having the desired side chain
SEXAMPUEE. Thus, for exanple, Wttig-Horner coupling

of the Iithium phosphi noxy carbani on generated from 8
and nbutyllithiumw th the protected 25-hydroxy

G undnrreparatidredfonee2dipydrpay-2eheiiotapiedi agbrivitaminabd @ hed
procedure [Sicinski et al., J Med. Chem 37, 3730

(1994)] gave the ,

Referring first to Scheme | the starting methyl quinicate derivative 1 was
obtained from commercial (-)-quinic acid as described previously [Perlman et al.,
Tetrahedron Lett. 32, 7663 (1991) and DelLuca et al., U.S. Pat. No. 5,086,191]. 1:mp.
82°-82.5°C. (from hexane), "H NMR(CDCl;) 5 0.098, 0.110, 0.142, and 0.159 (each
3H, each s, 4xSiCHg), 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).

(a) Oxidation of 4-hydroxy group in methyl quinicate derivative 1
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expected protected vitam n conpound 10. This, after
deprotection with AG 50W X4 cati on exchange resin

wa@bdosoemes 1 , 25- di hydr oxy- 2- et hyl ene- 19- nor - vPCEHIB2004302900

( 1). The C 20 epinerizati 8 was acconplished by the
anal ogous coupling of the phosphine oxide 8 with
protected (20S)-25-hydroxy G undmann's ketone 13
( SCHEME I# and rovi ded 19-nor-vitam n 14 which after
hydr ol ($BioK)S5- Bﬁ teryautyidipethyisisdloxyigl-ardsonyst-gave
'
B OK ek e L PYt2F T BBt B iy
Killéﬁblp@@%hme wwgu,tzabmnz@blawqdh@ periddete (DS, 68.6dnmol) in
W’tﬁr‘ ﬂ% gﬁﬁﬁlva_g)éﬁﬂga ? g(r)llgt_lon of r%efthxl qtumlcate b (6.09 9 9,14 mmol) in
SOy 1l i \igoroisesiGrng e oo A, (g draps of 2
I mvérecddHéﬁl th&riirs W%@?Johﬁe@tlh Yatdr b e PR f‘?nt S
an atent applications I ncor por at'ed
mémf@lm eThertha@sz &Nﬁfﬁ@sswgles@mw@d Weﬂm VathNatam drwtb@/lgso4)
I t { f
e e R L

td’iéoreatggrﬁﬁhy i Eiutmﬁwlﬂ‘dmxene/emxbaqetaé@ (&%@aﬁ/e Pyt ketone 2
RSS2 PR EpERER oloBa Qg Bpfer SO (gt gasn o
hletﬁhlsb s@% aridrD. m&(@ﬂwdt%@acms t2d8it-Bl), 2132 (1H, dd, J=13.2,
LAY RSO R S AL YU I, ShEch e
eF 8.2, &éa&ammg (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+-1-
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
methyitriphenylphoshonium bromide (2.813 g, 7.88 mmol) in anhydrous THF (32 mL)
at 0°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 siphoned to reaction flask during 20
min. The reaction mixture was stirred at 0°C. for 1 h. and at room temperature for 3h.
The mixture was then carefully poured into brine cont. 1% HCI and extracted with
ethyl acetate and benzene. The combined organic extracts were washed with diluted
NaHCO; and brine, dried (MgSO,) and evaporated to give an orange oily residue (ca.
2.6 g) which was purified by flash chromatography. Elution with hexane/ethyl acetate
(9:1) gave pure 4-methylene compound 3 as a colorless oil (368 mg, 24%): 'H NMR
(CDCl3) 6 0.078, 0.083, 0.092, and 0.115 (each 3H, each s, 4xSiCHj3), 0.889 and
0.920 (9H and 9H, each s, 2xSi-t-Bu), 1.811 (1H, dd, J=12.6, 11.2 Hz), 2.10 (2H, m),
2.31 (1H, dd, J=12.6, 5.1 Hz), 3.76 (3H, s), 4.69 (1H, {, J=3.1 Hz), 4.78 (1H, m), 4.96
(2H, m; after DO 1H, brs), 5.17 (1H, t, J=1.9 Hz); MS m/z (relative intensity) no M+,
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Ph phenyl Me nethyl Et ethyl DI BALH diisobutylal um num
hydride LDA |ithiumdiisopropylam de The preparation

w@boosoopounds of Fornula were set forth in U SPCPE2004/002900

No. 5,843,928 as follows: A0these exanples, specific
products identified by Arabic nunerals (e.g., 1, 2, 3,
etc.) refer to the specific structures so identified
in the precedi description and in Schene and Schene

1973 (Bt 571, P dMartaRU tHhCof13) 341 (19), 313 (25), 241 (33), 223 (37),

g@(gg yq gmgz 2-met hyl ene-19-nor-vitamn D ( Referring
first to Schéme the starting methyl quinicate

del i vargdustian ofestesigredpre thef metrwtmﬁ@pmpamcl(s) qui ni ¢
et ?aﬁiﬁiﬁﬁﬁéﬁqﬁ%%“%%@étj(&%@%%‘*ﬂﬁvﬁgfzéa et al
unghyleagcyciRpexyiretieneid). . () 1Torp stigsd SIOE.of ferastar 3 (90 mg,
vl NSS40 5 e i 0
C%iedzak@"c ungen)argan. 8T2® qovling lath wasxamyedjaitem Hzjnd the

%tlg%g(vael's' cogagﬂ.tzjz‘]a‘tgcl r(flﬁ_ﬁ’ané éﬁl Jj@ tfg%fpa?w(ai&' %ﬁl Tr'l_%?xcess

zof 319 mgsntdvas pompesed WiiH)satiBatag ag1Np,SO,adndthe Diixtdre was

S aﬁeg gwtﬁ f'ﬂ%/%)ace%até%né %Eﬁ )d&?é gﬁgs&%"alnmexa%orgtéd( Hél*sh
g:rfmrpatpgrap’ey pijthe cgﬁlduedﬂmd"lea@mq/etayhag:eta;[eg@ 1) afforded unreacted
SIS TR MOERE 2 e ool UL (30 d8op B iR
Testei 35)>t HMMR (GDtPeOd 0.079, it 1ufal QDIan)d G2 ofeade3H, each s,
NS A3 o2l Tl A0t SSIUTRBE T AHTHE  Fa
nESTWMqud nJew. & 217 [8), A9 0¢2H,11), 3189 gndi3H0 (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, 1,
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).
(i) 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 evaporated. The crystalline residue was purified by flash chromatography.
Elution with hexane/ethyl acetate (9:1) gave crystalline diol 4 (43 mg, 24%).

(d) Cleavage of the vicinal diol 4
(3R,5R)-3,5-Bis[(tert-butyldimethylsilyl)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



CCl 4/ CH3CN (1:1, 64 nlL). Vigorous stirring was
continued for 8 h. Few drops of 2- propanol were

wa@adasm279the m xture was poured into water and BXI/IER004292900
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with chloroform The organi4t extracts were conbi ned,
washed with water, dried (MySO ) and evaporated to
give a dark oily residue (ca. 5 g) which was purified
by flash chromatography. Elution w th hexane/ethyl
adiesalved i bexanedaval.) mod eppliedion asilcat[epePak ¢Biridge, P8Y)-:

Mo Sonptole ey o oo, A e imgnianmisin
saceatS(9%:5)B8)a corRBs ()ILHH NiIR (GBCB) 20.05F ahi .062. (6&8 ahd 6H,
s Btsiao e Hen 3 Hsibp) Kus ORigded U128 4a o), 264
((H, ddd J318254.67).4 H),646d (BH, d6, J=618) 4. 6FHA)4.44 t2H, %MS M/z

B@é%tzvmnt?h%eﬁﬁ%w”@%%% SE BB e

2@% ( SHneparaBorf offig allyliblesdf 6ti g reacti on of the
4- ket o

(3R, 5&?3?3%5")3’!§r?ﬂ$ﬁ”"b¢{5¥"§)'i“8ﬂ\¥§t'>ﬂ&?ﬁ4ﬁﬁy| ) oxy] - 1- hydr ox
ymémymemlmmymmammamﬁwﬁsm (@\C g@ d\@gmwh ZoEst er
SRRy e Bt AL thed Bt S cpas THY (a8 Hesiwe added n-Bul
a@ommdfe&amssml 1BU-8 fréndAMiridBr é}@aﬁaﬁ%s@: Qv.t?i‘sn ik %ﬂd

under argon with' stirring.” Anothér portion
Bmethylﬁnmf@!y@llyl)acs@tmﬁéu% W38 mrheinwasitied adeet. t Adter 15 min., the

I {
8 bofectB G i BhrBim il 1P GH+gPafies acded
adyapwise.o OhesboltipnGas stinedat s18°Ct foo 2 hofindliheatadiien Zhixture was
nh THFE (1642 nl) was
s‘?%?‘gﬁeedd\ﬁ' fEsate e%d I%'ﬂ (? é’g’%dgﬁt?ﬁbﬁ'ﬂe Eé& ﬁ%dmctef%\g«%%tggrt 3h
nherizanes MC(IEIDbImGECEQfgaIDIC edractowers Washedmtlabrlme) ]tcain‘}acli (MgS0,)
t r xt ur.e u -
SRREEBOAIS: g reaus 08 da3 i Bkl Bty 20 gpptet on a sifca
a'Sdszalamrzdge Bhutiod et ee)eandeﬂlmel herariz/ethyl 2061@&1([06:2) gave a pure
‘acts d wt lu
e T B o sl o NI ICPBRS GB50 i gp4. ano
r@emi@w BEaand318, i@)ch\shuxzhc:m@so Be4 afﬁd/ egﬁb%(/gﬂ bﬁ(t’ﬁbl;l each s, 2xSi-
xane/ et hyl acetate
(P ZRRUTEE R loene? sUTblnee fe BoL st
Qi413(3389 M@, 3.88 YH, dd, ¥MR.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).
) Reduction of the allylic ester 6
2-[(3'R,5'R)-3',5-Bis[(tert-butyldimethylsilyl)oxy]-4"-
methylenecyclohexylidene]ethanol (7). Diisobutylaluminum hydride (1.5M in toluene,

1.6 mL, 2.4 mmol) was slowly added to a stirred solution of the allylic ester 6 (143
mg, 0.33 mmol) in toluene/methylene chloride (2:1, 5.7 mL) at —78°C. under argon.
Stirring was continued as —78°C. for 1 h. and at —46°C. (cyclohexanone/dry ice bath)
for 25 min. The mixture was quenched by the slow addition of potassium sodium
tartrate (2N, 3 mL), aq. HCI (2N, 3 mL) and H,O (12 mL), and then diluted with
methylene chloride (12 mL) and exiracted with ether and benzene. The organic
extracts were combined, washed with diluted (ca. 1%) HCI, and brine, dried (MgSO,)



10

15

20

25

30

(CbCl ) d 0.078, 0.083, 0.092, and 0.1 5 (each 3H,
each s, 4xSiCH ), 0.889 and 0.920 (9H and 9H each s,

wQ@z@s0pBu), 1.811 (1H, dd, J=12.6, 1.2 Hz), 2PQDIK2864/002900

m, 2.31 (1H, dd, J=12.6, 921 Hz), 3.76 (3H, s), 4.69
(1H, t , J=3.1 Hz), 4.78 ( m), 4.96 (2H, ; after DO
brs), 5.17 (1H, t, J=1.9 Hz); Ms nfz (relative
intensity) no M+, 40 373 (Mt-Bu, 57 355 (M MBu -H
énhd &®)pordtdd. '(negn)esldeas/a@wylf;edzaylfla(saggworrmrqm) Elytigg with

%%ke#;hyé (ﬁ]%qu&e r(m(lﬁ%] a)%ﬁb%‘iélhr%“al@/ o SS4HRN 7 HAURg) I7oh)EH NMR
([EBBLHRD. oﬁs 5. (%05 hiid ©.075 @H ,yaH] |arrda6Hyemh| sy HxSiik), 0.879 @nd
gtaoﬁxage ot PR PR LA TR M0 R -8 0. ¢ ShEl 28 ¢ o
?EEB/QTZMS-IZS[ R5((1R] dd, JEi 2.8 4u81He), s hidi, He.diS18:8, ﬁﬂﬂ'lzﬂgﬂf 04
i mvater P ddei 2 20 e HERE RGP B 020 74 o,
qcaat ﬁqﬁumﬁ 4049 @Hcm) f405 tiH, dnd), 8105 dieh ﬂ=e1ni)blz)315_tﬁ9e(1ﬂo1—t 7.2
S s s ragtve et At GRS &5 Mo, 4,
\g\z}g MI\(;I?E{BSJ&)@BQ@(W-EBd—I—QOh%). 78¢iogy (MySO ) and
o GmvRsIon st e A Aerr & FR pdan bR ol B " "
subst go/ fp(,ag) -8 -Biterabyvidienetioyigiighadyl-4'ne di ol 4 (35

emiuoraoosy MR- Eh S qube B 16FbyiPalonol 7

4X& 4, 0. ze@nﬁ&ﬁ) |ﬂﬁdh}fhr&257ﬂ("9(f2 &) @l agdeshn-BuLi (2.5M in
2XSi -t - Qg |1 1H dd
Foxancs, 168 L5363 mingl under Sraqit At o PSR yRtaLiERd fogy

%ﬁﬁrﬁ@?&) 4 n‘g%U%M 91n{1'3|9 waé‘dn@&;h(e)’df’h ghriyéﬂo(L% 'ﬁ-lF*‘K’A)BD yﬂ.) 5|8d added

leﬁhe a}&hcnalzof(ql -Bukitsolution.n T e BEY was sfifred Q%C( ms iRy @nd set
8315&5%;’31 I’V;% éﬂoﬁ‘rérg'[}»ﬂai%%lmth %Heélgc"eh by1a9§or{, RBuLi #85M in

al um num hydri de 5Min

thlixaaese 21a,un 0525 mmnlwe)s adged iaibledrH @3 als&b3 Menpl iy
B L

ar§8n presbgre t3the.somutidn af tosylﬁé u6til theorange holor phrsisted dca. 1/2 of the

‘(’,V'ﬁ@,qﬁb@ﬁ%}g@?g)m”?ﬁe resu(?tln% e0E e ¥irtdiG SRR hifiNat 0°C.,
and quenched by addition of HO (30 £L). Solvents were evaporated under reduced
pressure and the residue was redissolved in methylene chloride (2.4 mL) and stirred
with 10% H,0, at 0°C. for 1 h. The organic layer was separated, washed with cold
ag. Sodium sulfite and H,O, dried (MgS0O,) and evaporated. The residue was subject
to flash chromatography. Elution with benzene/ethyl acetate (6:4) gave
semicrystalline phosphine oxide 8 (134 mg, 87%): '"H NMR (CDCl3) § 0.002, 0.011
and 0.019 (3H, 3H, and 6H, each s, 4xSiCHs), 0.855 and 0.860 (9H and 9H, each s,
2xSi-t-Bu), 2.0-2.1 (3H, br m), 2.34 (1H, m), 3.08 (1H, m), 3.19 (1H, m), 4.34 (2H, m),
4.90 and 4.94 (1H and 1H, each s,), 5.35 (1H, ~q, J=7.4 Hz), 7.46 (4H, m), 7.52 (2H,
m), 7.72 (4H, m); MS m/z (relative intensity) no M+, 581 (M+-1, 1), 567 (M+-Me, 3)
525 (M+-t-Bu, 100), 450 (10), 393 (48).



sodiumtartrate. The solution was warnmed to room
tenperature and stirred for mn., the poured into
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organi c extracts were conbi4bed, washed with dil uted
(ca. 1% HCA, and brine, dried (MJSO ) and evaporated.
The crystalline residue was purified by flash

chromat ography. Elution with hexane/ ethyl acetate

(19: 1) WjtiigeHarnsrsoaplingroé pritestedi2-hiraxy, Gringgnany’getone 9 with

ﬁfﬁﬁ\é’%?ﬁ gam gg vicinal diol 4
5 | S[(tert-butyldinethylsilyl)oxy]-4-nethyl
egegyg&;ﬁﬁdmaydm?/-gﬁjethymmmqquemamd@ﬁ(1éhtTﬁraﬁ@dthnalfer

ed t t
E}Bosp@ r@%}%@& m %@ i Ir??ﬂrglﬁjrogﬁtlhﬁ (ql?'iz é"— X 6‘&& QNas
WRWIPAddeaedB @l (Q&“M irh ﬁéxaiheia 23 M98V SLinhdl} nder aryen avitd stlrrlng
extracted with ether and benzene. The o racts
e soltiem fuad depaSFRNYewi A nwﬁw?ewaﬁm%’r tg wﬁ%‘% éﬁd’fecoded
?Yéfrt'{i éél&tg: (ﬁ‘grcﬁéété(d ﬁﬁﬁb)@%t%%df(b @lﬂngS@i S%ﬁwol):})rﬁﬁéﬂ'@@e

[ica Sep- Pak cartri

faccordityo sl DReSIGISCIERK pias JJMSs Ghe. g, Sgpdg o84S in
Y5 ) DR A o368 2 ARt e
GhrorestciT8%G. fdiSh.@Ad jat 0. $8 11 8(ht FEihylsicetaiesvag a®l§e}i, ard the
%%%%nlc?p Sﬁ%a]sébvég@g} ngh bflrnded d'r_%a g\/@s@j é& 'élv?ﬂﬁlsed JT re%|due
Was didsoMed i helaat iane appiied magﬂjcarﬁﬁpwak %@dgwanwasmd with
j*‘e@rgq'\/hh%lsa(cg}at%@gh 26 %L (Sdive §&hof ViR, BEARIVET0 HBS mg,
[7(83’0)R|T51e F@epaTalﬁhathsrﬁ Wwasged-witic hexaherethiaostats (9ey 10 mpl-) to
enec
TR T VoA IATAAB b o A6 Sotin Eptde (D m
|recmh¢@hem3phwnceamder®0 gl lﬁmaeaiyucaanmpoqeza SARIA of

SRRyt G My BEOS 2 188 bbb
Q:oﬁ.ﬁnmmnhb_ana)SJsldgmxamﬂetdyl aAéta@r (98i%0.1) soﬂm@nk%tem Pure

TR 10 ek Bt oL bl BRI hc 22025,

Siddf rﬁrﬁg‘l-ﬂﬂMdR (&ﬁ% ) 50@2520.049, zmneet Bed 0.680 (éazh 3, RadT %

iChis, Sada b 15Bonb S5 Ry, 7. PRSRICH] ! BBl bRFo.coe
(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,CHs), 1.188 (6H, s, 26- and 27-Hs), 2.00 (2H, m), 2.18 (1H, dd, J=12.5,
8.5 Hz, 4p-H), 2.33 (1H, dd, J=13.1, 2.9 Hz, 108-H), 2.46 (1H, dd J=12.5, 4.5 Hz, 40
H), 2.52 (1H, dd, J=13.1, 5.8 Hz, 10a-H), 2.82 (1H, br d, J=12 Hz, 9B-H), 4.43 (2H, m,
1B- and 3a-H), 4.92 and 4.97 (1H and 1H, each s, =CH,), 5.84 and 6.22 (1H and 1H,
each d, J=11.0 Hz, 7- and 6-H); MS m/z (relative intensity) 758 (M+, 17), 729 (M+-Et,
6), 701 (M+-t-Bu, 4), 626 (100), 494 (23), 366 (50), 73 (92).

Protected vitamin 10 (4.3 mg) was dissolved in benzene (150 xL) and the resin (AG
50W-X4, 60 mg; prewashed with methanol) in methanol (800 L) 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



benzene. The conbi ned organi c extracts were washed
wth brine, dried (MJSO ) and evaporated. The residue

wormsae®sol ved i n hexane (1 nL) and applied onPeEr/s2004:@2900
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Sep-Pak cartridge. Elution4nith hexane and

hexane/ et hyl acetate (98:2) gave a pure allylic ester
6 (50 ng, 89% as a colorless oil: HNW (CDCl ) d
0.039, 0.064, and 0.076 (6H, 3H and 3H, each s, 4xSi CH
) the@og@med@mamlcagmsegvuam WitH, bripa @ind satulatSil NaHBtDs dried

LU0 he Saporaied Fre resibydBis orfbl oL o iy 2
JZargagSil 60l8mAz4 MLANIBY usBid, hese)ne/mpmsam KB: 1h§olve4at o@tdraH,
ot 8y U B L5 e ity
Ratl (&, RDdihgdrokindtaadin m was elgtedrat 8,52 mL i ln the same system) as a
SRR o Bty PR P B (FRIR Ty .o,

Di §-Bi9boioyd edHId, Doy Imzdm d@ sgzg MSHt I'ér 1r2@;1 déhgg?alﬁ)?n G‘rng m),

s sl ow
C227 TR B 2 b, oo B8 Iy 2, 1 andic, 510
t gl ne( Mém’mr&cﬁ@ ot HIEs 68 and 6%7?1%)1d @}H dCJ =113 Hz,

under ring was continued

- B *a? R (rleyeamasian e 5. 05 &%ﬁ)mm 1) 380 (14)

gy 2011818(10oyr € was quenched by the sl ow addition of
potassium sodiumtartrate (2N, 3 nL), aqg. HCO (2N, 3

m.) and H O (12 nlL), and then diluted with nethyl ene
cikuipde 2(12 nl) and extracted with ether and benzene.
The organic extracts were conbi ned, washed wth

diluted (ca. 199 HC, and brine, drled (I\/gSO)42 and

ev apof%g%uﬁ#& (E?é glyies) RS- X‘;&;@M% Ty ﬁén‘e\ptapwm Ds (15)

chr omat ogr aphy |on W
(9:1) gave crystalline allylic al cohol 7 (130 ny,

57 SgpEn NS i e Py oy 9l
aegtenest3, aadslts couRling with phosphide axidle B(bRtaBied@sBlestrjbedn 23
nﬁj@e =13.3, 2.7 Hz), 2.45 (1H, dd, J=12.3, 4.8
}—%é 1(1H dd, J=13.3, 5.4 Hz), 4.04 (1H, ; after
D dd, J=12.0, 7.0 Hz), 4.17 (1H ; after D dd, J=12.0,
Hz m, 4.95 ( , br s),

(385 (é"y'%ﬁc"?fﬁf ﬁydﬁ‘”@?é et°$§4'%9 (', ~t, J=7.2

(20S)-25- [(Tnethylsﬂyl)oxy] des-A,B- cholestan-S—one (13). A solution of the
ketone 12 (Tetrionics, Inc. Madison, WI.; 56 mg, 0.2 mmol) and imidazole (65 mg,
0.95 mmol) in anhydrous DMF (1.2 mL) was treated with triethyisilyl chloride (95 /L.,
0.56 mmol), and the mixture was stirred at room temperature under argon for 4 h.
Ethyl acetate was added and water, and the organic layer was separated. The ethyl
acetate layer was washed with water and brine, dried (MgSQ,) and evaporated. The
residue was passed through a silica Sep-Pak cartridge in hexane/ethyl acetate (9:1)
and after evaporation, purified by HPLC (9.4 mm x 25 cm Zorbax-Sil column, 4
mL/min) using hexane/ethyl acetate (9:1) solvent system. Pure protected hydroxy
ketone 13 (55mg, 70%) was eluted at R, 35 mL as a colorless oil: 'TH NMR (CDCl,) &
0.566 (6H, q, J=7.9 Hz, 3xSiCH,), 0.638 (3H, s, 18-H), 0.859 (3H, d, J=6.0 Hz, 21-
Ha), 0.947 (9H, t, J=7.9 Hz, 3xSiCH,CHj3), 1.196 (6H, s, 26- and 27-H5), 2.45 (1H, dd,
J=11.4, 7.5 Hz, 140-H).



Hz); Mo mz (relative intensity) 398 (M, 2), 383
(M--Me, 2), 365 (Mr-Me-H O 4), 341 (M+t-Bu, 78), 323

w@ kws2Bex H , 10), 73 (100). (g) Conversion of PeTEB2004/002900
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allylic alcohol 7 into phogphine oxide 8 [24(3H5

)-3\5' -Bis[(tert-butyldinmethylsilyl)oxy]-4"-

nmet hyl enecycl ohexyl i dene] et hyl ] di phenyl phosphi ne Oxi de

( g] To the allylic alcohol 7 (105 ng, 0.263 mmol) in
dRhy dr \Yiitg-Hpme( QOUI'-’"m_Pf mratected 208)rR5Ewdroxy Bredimann’s ketone 13

;édp,gh Gy 263 mmml ) under argon at OC.

gﬂﬂﬁy recr sta Ilzed tosyl chloride (50.4 ng, O0.264

m’rgl ) (\R§§t :‘:]hc a@auhylgmmzl matri]nykbnerds niSHﬁlte(nZﬁS@ Dg{9)5).ammd a solution of
1o e | c co so

s alide alia ¥ g 2 el R 1 B0 B gevas

Qlowip agdat rﬁlBULl({Q ¥Mih atfékarvést I|11 ,aL rzwapha@ aﬁd&)érgfﬁrgﬁiﬂw stlrrmg
- BuLi n hexanes, 210

2.
w'%& élgee eepoOfé@Q@ nThS mixwr%w&%/ e?qi%%tonif)ﬁ °¢ g afm:cooled
3(t7) s@l‘uﬁckh Storéteétad h t?)ﬁkégné% o ﬁh@ 83 Ao Qﬁﬂ/drcius

under "ar pressure e sol utIOI’]O t osy | ate
t HeF 610/ W@%)Bl@wlyp%idgﬁstT bel mdure wasfstirge uedﬂrwg;qnatwﬁs"c for 1

I
%ﬁ? I)a;c) (r)] g‘ ?o§ 6%51” F_tthﬁ %c%f&t\b'és add'(ﬁé e%idﬁcﬁ% 8&9?% d)dhatse Wﬁs wfashed
Hwtb rive, died. (MgSOubandsevapotstasy a]fmrraslé@b wasldissoleatlio dédxane and

CHHPE =306, SO P o Kt ol BT eR R e Rl

J(Qa 5: %éowl@ao gve [18@yor-vilensinsierivatize dd (7 mgsH2%) as & lsolodéss oil.

ev apor at ed. géI{Lfgh &%gﬁ%\évrb\%xag %{)e é%é@%ﬁgf(%eagh% mL) to recover
ctomenunobgngashy, P-riflgtsitane 14 (ﬂhn@earxb\mm ethylyacetatee18tnal ) to

i BRKER RIS bto (RgR e 0efblyfisa rdipie R

apm dtesidg vidaroin 19, wabxgitia purified I&BISPE(MB R 868 26%kh éwba)gﬂu

ST O oy e B e,

4.94 (14am/ (in lesxahe ) 248, 353.6, 263, nnd;=RA. NIVIRIZ(()IDCE &6.008H).049,

W oed il Pt tsafh aredd 4 AR icTy, 084 T . 1B ) S2g 161 o

(Je7-a HBLBXSFKI}Q),,O.W_SHJ.@,)J=63QBZ, (4 8},),4838649gnd 0. 896 (9H and 9H,

c?ﬁ?h '{;ﬂft- G, éf@éfg(bgngﬂ%ﬂg?—fzoﬁ%&ﬁdcﬁ?mﬁ &Y s, 26- and 27-
Hs), 2.15-2.35 (4H, br m), 2.43-2.53 (3H, br m), 2.82 (1H, br d, J=12.9 Hz, 9p-H), 4.42
(2H, m, 1B~ and 3a-H), 4.92 and 4.97 (1H and 1H, each s, =CH,), 5.84 and 6.22 (1H
and 1H, each d, J=11.1 Hz, 7- and 6-H); MS m/z (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 vitamin 14 (5.0 mg) was dissolved in benzene (160 L) 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 (MgSO,) 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
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30

t he phosphi ne oxi de 8
la, 25- D hydr oxy- 2- net hyl ene-19-nor-vitamn D ( 1). To

wa@2®sloetoeon of phosphine oxide 8 (33.1 ng, 56. BCTIB204/092900

anhydrous THF (450 niL) at @¢. was slowy added n-Bul _i
(2.5Min hexanes, 23 nL, 57.5 nol) under argon with
stirring. The solution turned deep orange. The m xture
was cooled to - 78 C. and a precooled (-78 C.)

sl i20Bhandlopwes eluteddt Ry 88 onlyand:tn28-dByddxitamin B2atR, 52 mL

(Rt s B A°F i Ba R BIOAL S 5o S5 Hpe: 262,5nm: 1
anmmm)w%tsmgrea@a@ Hls?)o msﬂl @vxd—ys @H@IQ@I HJhﬁms (6M, s, 26-
m X |
! Aot 5 104 2l A 5752 36 0 g SAAI dREB 2D He), 2.80-
2. gA(UH; rRNERE as- ARBREA) W, édﬂam 5, ﬁ]?gﬁéh&? BRQ l%ﬁf}ds 89
evapor at ed. 1he resi due vvas di ssol v exane  a

4.3 (15hand Ui, qash debpl IFkz daend Bette MSeméz (velative intevisity) 416
NEraneOLEYY (26RaRbais, SaPoh), ggéﬁ&g) to give

19-nor-vitam n derivative 78% . The Sep- Pak
was then washed with hexane/ ethyl acetate (96:4), nm )

{moLerATAL mlwwmﬁﬁg SUBSTEHPFED 9-NOHY L5-(OH),D,

and Wt acetate to recover

FBNERY Wr%égm HERGAS! For anal yti cal

pur pose a sanple of protect ed V|tarri n was further ‘
purified by HPLC (6.2 nm x 25 cm Zorbax-Si| colum, 4

m_/ m nyhmolﬁ@cﬁ@féb\ﬁfé/otst:@mpmai@epéF@rn(ml wasset Yorthdh LeSitPatent

7 5o 208 R0 BBl 9 Bl Syl 2 qgston o
Mﬂaﬁqrdm’éﬁ (QH)dDoorotggosesmg hag lifie@r nareffed. c(msmc(nrmonhepprcme
SRS i ot 25l Sl S Gl
s“ecea@tg In@lucmg the@tamgrd( BRP-(QH)-D=6lt mlghz pe 2xpadted fragm gze%e

(rgthltstthatv‘an%g% mpﬁgﬁ% Lga-lh%\ﬁ gq&mﬁej](?gyog&a ;@V,p{;nd

mrpgsmgzy :g\gwe\lem‘ thg@-mgthylgnqsubgt@ths pmd@:qd)hngrw getived,

aﬁ%%%\nta)thé}r ﬁ'glgg'{ féﬁ) tgan% %@eng@ T_é]a);s%n fhﬁjf)-? mode,
the rrmsﬁwemﬂ)comomd @a@dzwa@’m 2inetdeneH] 9-eerc?0Ss1,25(PH),P;
e o 2y el o e o
((serupt calcmm) was of the order of at least 10 and possible 100-1,000 times more
than that of the native hormone. Under identical conditions, twice the dose of 1,25-
(OH).Ds; gave a serum calcium value of 13.8 mg/100 ml of serum calcium at the 130
pmol dose. When given at 260 pmol/day, it produced the astounding value of 14
mg/100 ml of serum calcium at the expense of bone. To show its selectivity, 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),D; 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)2Ds. These resullts illustrate that the 2-methylene and the 20S-2-methylene
derivatives of 19-nor-1,25-(OH),D; are selective for the mobi‘llization of calcium from
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6), 701 (M+-t-Bu, 4), 626 (100), 494 (23), 366 (50),

73 (92). Protected vitamn (4.3 ng) was dissolved in
whenwzeem24 150 L) and the resin (AG 50W X4, 60P@mIB2004/002900

prewashed wi th nmethanol) i@7methanol (800 ni) was

added. The m xture was stirred at roomtenperature

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

(1:1, 4 m.) and decanted. The resin was washed wth

chaner Teblerd illysteatas4he résponsendfibothdniestienand senam ealcivastb edsingle

T S e

ﬁ'@thﬁ-Zorbax-Si | col umm, 4 m/mn.) using .

pur o 2 MEREARANR ol thdy2 BEINERL 3RS BEHFE romely

ositerd én ieducing étfferentiation of PIb-60i dejjsliodky wichagyiter The\@snethylene-

O ofpalhe sty S8 5 s e iell ket the

(Rcerttial e §-,mQByl¢m(—:)—i9-00@03—(,35+(OH)2D% ﬂ&i z-mezhyleg?-ge-%oé-1 25-

{5hHy ol P ooy P o

1dancembiredst ddncersarti(prasiate Tadder( oraschgkhts ireﬁrehr@tmerfﬂdldf psoriasis.
. 89 ; J=11.. -

o by ; e patite bPGBE? wtlneRASH, O ohichne ieSthgljec8pwes

(@Bjed B8 by (IBINethBe descibhd bpBamE2D ). (Bidcheien) 25, EX20REH:,

2129D§ par ati on of
( (? -1a, 25- di hydr oxy~2- et hyl ene-19-nor-vitamn D ( )
ScheneThd différeatiztion beHL6h @ramysianytd inbbnmohoqytestvesst determined as

R T 22 PRBZ e b bec

in Exanple 1). (a) Silylation of hydroxy ketone [

(@E 5-[(Triethylsilyl)oxy]-des-A B-chol est an- 8- one
( . sol ution of the ketone 12 (Tetrionics, Inc.

Madi son, W.; 56 ng, 0.2 mvol) and i m dazol e (65 ng,

0. 9Respohge dfintastmpbiCaltiamOvandport2ntiSeruwa Caloiuga {Bahevddidium

t r Mebilixatioh) Attivith tooChrdaic O25es1of, 2-Debifylenmsderivatived of t®Nor-1,25-
m xture was stirred @H)Deamdite 208isdmere under ar gon

for 4 h.

Group Dose Intestinal Calcium  Serum Calcium
- (pmol/day/7 days) Transport (mg/100 ml)
(S/M)
Vitamin D Deficient Vehicle 5.5+0.2 5.1+£0.16
1,25-(OH).D3 Treated 260 6.2+ 0.4 7.2+05
2-Methylene-19-Nor-1,25- 130 5.3+04 9.9+0.2
(OH).D3 260 49+0.6 9.6+0.3
2-Methylene-19-Nor-20S- 130 57+0.8 13.8+0.5
1,25-(OH).Ds 260 46+0.7 14.4 £ 0.6

Male weanling rats were obtained from Sprague Dawley Co. (Indianapoalis,
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%
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Et hyl acetate was added and water, and the organic
| ayer was separated. The ethyl acetate |ayer was

wormkeeroas t h wat er and brine, dried (MgSO ) anBCT/IB2004/002900

evaporated. The resi due wag8passed through a silica
Sep-Pak cartridge in hexane/ethyl acetate (9:1) and
after evaporation purified by HPLC (9.4 mm x 25 cm

Zorbax-Sil colum, 4 ni/m usi ng hexane/ eth
avtengle W@*“ﬂOLEJS\PV@rﬁfteésrﬁl@ahdow ffee rﬁtﬁdﬂ%’@tse@nfﬁyd pointestinal

kehgng tlfaﬁé_ﬂwb Wgsoc?@ter‘t‘\ﬁﬁe Cﬁ%@ﬁe@%a&e@lfmugﬂe stpr%wot}s% dle_]szcrlbed

col orl ess ojl Qg
LHm Calﬁlumt%rmme by qtemlq e}bsomﬂ%gpe(cypmeay op-agn@del 3110

Hierkl?-uja'lmbf |hstrLQn<9ﬂZN&rWdlk bonn 9 =T hec?e5 W%rleHé;?%t%%l quqlia ﬁnd the
W@Weprfﬂﬁitmeaﬂd_ﬁﬁ'\ﬁwul g- Homer coupl i ng of
protected (20S)-25-hydroxy G undmann's ketone with the
phosphi ne oxide 8

(DARKE 23, 25- Di hydr oxy- 2- net hyl ene- 19- nor - vi t ani ne D
(15). To a solution of phosphine oxide 8 (15.8 ng,

27 1 mm\) in anhydrous THE (200 m) at OC. _was slowy

add&RespomeLqf Intestivel Caiciventrarsportrand Serure Gaisiom (BaterCalcium
ar Yohilization) Aetivity torfghroniadoses oft 2-bisthylena E¢rivatives of Her-1,25-
The m xture was cool (@)sls andjtg 20S Isamera precool ed (-78

C ) solution of protected hydroxy ketone 13 (8.0 nqy,

20ra8pnol ) i n anhydrous THF (ntegtinalFalvim sl owl Beata Edlcium
The mi xture was stirred under arapsporat - 78 C. (ihgk10Q mi)
h. and at OC. for 18 h. Ethyl ad8fMte was added, and

t#eCaontiphni ¢ phase was washed wi4th+br3d ne, dried @BHS01)
ah@5€Qldpbs at ed. The resi due was.8i 90l ved i n hexaneo.2
ah iethylneeld-Nor-925{OHEB; Sep- Pals xapty i dge, and waghed
ve-hMetHyRxeneliesrnos-aest at e (99. F4H:96 20 M) to Gyeo.1

[pvi tamn derivative 14 (7 no, 45% as a colorless

ol . The Sep- Pak was then washed W th hexane/ ethyt
acetate (96:4, nL) to recover sone unchanged C D-ring
ketone (4 ng), and with ethyl acetate (10 nL) to

recov elVla@'l—RﬁlEM&h Q{?'éﬁﬁ %aﬂ%g@é’cs%ré SbiFhkd fr%ﬁ*\' th@ I?5’%Jré/g}u'e(i‘.?‘éwley

purpose a sanp protected vitam n was further

pe®- .(fnd@aawlsHpQ@aoé fezi then0yd 72scalehimol. Béphosphargs dighdesgribed
Ny %d%)et BB I N NURS X80 el08d NYb2, 0% Abe1 (1B8k Sndthbh f&PIhY &8Me diet

stem
gontamlng 0.02% calcium and 0.3% phosphorus for 2 additional weeks. At this point,

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.

Accordingly, compounds of the following formulae la, are along with those of
formula |, also encompassed by the present invention:
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under argon for 19 h. dil

14: WV (in hexane) | 244, 253.5, 263 nm H NVR (CDCl )
d 0.026, 0.049, 0.066 and 0.080 (each 3H, each s,

wdx®s501924 0.541 (3H, s, 18-H ), 0.564 (6H, q, POEB2804/002900

Hz, 3xSiCH ), 0.848 (3H, d49J=6.5 Hz, 21-H ), 0.864
and 0.896 (9H and 9H, each s, 2xSi-t-Bu), 0.945 (9H,
t, J=7.9 Hz, 3xSiCH CH ), 1.188 (6H, s, 26- and 27- H
), 2.15-2.35 (4H, br m, 2.43-2.53 (3H, br m, 2.82
(1H, br d, J=12.9 Hz, 9b-H), 4.428(2H, , - and3 -H),
4.92 and 4.97 (1H and 1H, eacle, EH ), 5.84 and 6. 22
(1H and 1H, each d, J=11.1 Hz, 7-f and 6-H); %) MZ
(relative intensity) 758 (M, L 729 (M- Et, 701
(Mt-t-Bu, 5), 626 (100), 4%, X366 (52), 75 (82)
73 (69). Protected vitamn 14 (5X® ng) was di ssol ved
in benzene (160 nlL) and the rggin (AG 50W X4, 70 ny;
prewashed w th net hanok)—ip-hethrénol (900 nlL) was
added. The mixture was st{rret® at roomtenperature
ted with ethyl acetate/ether

with brine and saturatpd NaHCO , dried (MJSO ) and
evaporated. The residus was purified by HPLC (6.2 mm x
25 cm Zorbax-Si| cg X [

hexane/ 2- pr opanol dl vent system Analytically
pure 2-nethyl ene-19 tamn 15 (2.6 ng, 95% was
collected at R s bvanal og was eluted at R
29 L and , 25-di Itydr oxyjyi tam n Dat R52 L in the sane
systen] as a white spbrq: W (in EtOH) | 243.5, 252.5,
262.5nm H NWVR (CDCl' %) dR®.551 (3H, s, 18-H) , O0.858
(3H, d, J=6.6 Hz, 21-H ), 1.215 (6H, s, 26- and 27-H
), 1.95-2.04 (2H, m, 2.27-2.35 (2H, rr), 2.58 (1H, dd,
J=13.3, 3.0 Hz), 2.80- 2.87 (2H, m, (2H, , 1b- and3a
-H) 5.09 and 5.1 (1H and 1H, each s, =CH ), 5.89 and
6.36 (1H and 1H, each d, J=11.3 Hz, 7- and 6-H); M
MZ (relative intensity) 416 (M, 100), 398 (26), 380
(13), 366 (21), 313 (31). BI CLOGI OAL ACTIVITY OF

2- METHYLENE- SUBSTI TUTED 9 O_%& D COVPOUNDS
AND THER(hE 2ty fesmvieds, ﬂr'ﬁ@'efbmt!ﬂ@glféfa 28] i'%iansizoa‘re as

GREREUSNCSet RlrthtRrdTH] ithasspaet tohQ! X X X UK X, Bat RDbnd X, these
substituents may be the same or different and are selected from hydrogen or lower
alkyl, i.e., a Ci5 alkyl such as a methyl, ethyl or n-propyl. In addition, paired
substituents X, and X4, or Xs, X, or Xz and Xs or X7, X4 or X5 and Xg or Xg, when taken
together with the three adjacent carbon atoms of the central part of the compound,
which correspond to positions 8, 14, 13 or 14, 13, 17 or 13, 17, 20 respectively, can
be the same or different and form a saturated or unsaturated, substituted or
unsubstituted, carbocyclic 3, 4, 5, 6 or 7 membered ring.

Preferred compounds of the present invention may be represented by one of
the following formulae:



No. 5,843,928 as follows. The introduction of a
nmet hyl ene group to the 2-position of 19-nor-1, 25-(CH)
w@2@5/0219%4 20S-1 sonmer had little or no effect opChiBedio4an®2900
to the porcine intestinal ¥btamn D receptor. Al
conmpounds bound equally well to the porcine receptor
i ncluding the standard ,25-(OH) D . t mght be
expected fromthese results that all of the conmpounds
woul d have equi val ent biolog&caﬁ activity.
Surprisingly, however, the 27nhpthwkene substitutions
produced hi ghly selectb e amglogs wth their primary
action on bone. Wen gijven fgr 7 days in a chronic
node, the nost potent 1a¢ tested wasid he
2- met hyl ene- 19- nor - 20S- 5- & D (Table 1). Wen
given at 130 pnol/day, itlp activity on bone cal ci um
nobi li zati on (serum cal cijum) was of the order of at
| east and possible 100-1,000 tines nore than that of
the native hornmone. Under identical conditions, twce
t he dose of , 25- D gave a serum cal ci um val ue of
13.8 ng/ 100 mM of sepdm cal ciumat the 130 pnol dose.
, It produced the astounding
val ue of 14 ng/100|m of gerum cal cium at the expense
of bone. To show ifs selegtivity, this conmpound
produced no sigf'§1 8 oe in intestinal calcium
transport at eit¥ier thi 130 or 260 pnol dose, while
, 25-(OH) D produced gphe~expected el evation of
i ntestinal calciun1transp6rt at the only dose tested,
i.e. 260 pnol/day. The 2- nethylene-1 9-nor-1, 25-(COH)
D al so had extrenely strong bone cal ci um nobilization
at both dose |evels but al so showed no intestina
cal ciumtransport activity. The borfg cal ci um
nmobi | i zation activity of this conpoundXss likely to be
0-1 0 tinmes that of ,25- (OH) P, sse results
e
20S- 2- net hyl ene derivatives of| 19-nor-/1,25-(OH) D are
sel ective for the nobilization| of calg€iumfrom7 bone.
Table 2 illustrates thex ‘ both irdfestine and
serumcalciumto a single |farge dose of the various
conpounds; again, supportilpg the concl usi ons derived
from Table 1. The results lfl lustrate that
2~met hyl ene- 19- nor - 20S- 5-(OH) Dis extrenely

-

oYy



potent in inducing differentiation of HL-60 cells to

t he nonocyte. The 2-net hyl ene- 19-nor conpound had
wW@easoe g4 simlar to ,25-(0OH) D . These resul t BCT/IB2004/002900

illustrate the potential ofsithe

2- net hyl ene- 19~nor - 20S- 1, 25- (OH) D and

2- nmet hyl ene- 19-nor-1, 25- (OH) D conpounds as

anti-cancer agents, especially Xagai nst | eukem a, col on

cancer, breast cancer and pr sthé}ez cancer, or as

agents in the treatnent m' asis. Conpetitive

bi ndi ng of the anal ogs tofthe porcine intestinal

receptor was carried out Kk 2 t hod descri bed by

Dame et al. (Biochenistry 357 4523-4534, 1986). The

differentiation of HL-60 onyel ocyte i ntg nonocyt es

was determ ned as desgri bed=ieyx Gstrem et 4 (3 Biol.

Chem 262, 14164-14171, 17%. 'FABLE 1 Response of

I ntestinal Calcium Transgert?and Serum Cal ci um ( Bone

Cal ci um Mobi lization) Actjvity to Chronic Doses of

2- Met hyl ene Derivatives~of 19-Nor-1,25- (OH) D and its

20S I soners Group Dosq|Intestinal Calcium Serum

Cal ci um (pnol / day/ 7 days) Transport (ng/ 100 m) (S/'M

Vitami n D Deficient Xehisle 5.5 0.2 5.1 + 0.16

1,25-(CH) D Treated 260 6.2 0.4 7.2 0.5

2- Met hyl ene- 19- NoM}, 25- 130 5. 3 + 0.4 9.9 0.2 (OH) D

260 4.9 + 0.6 9.6 Q. 3 g hyl ene- 19- Nor - 20S- 130 5.7

+ 0.8 13.8 + 0.BO1, 25 DO‘\é604.6+o.7 14.4 0.6

Mal e weanling rats werk

Co. (Indianapolis, IPd.)Rand fed a 0.47% cal cium 0.3%

phosphorus vitamn D-deficient diet for 1 week and

then given the sane diet containing 0.02% cal ci um

0. 3% phosphorus for 2




weeks. During the | ast week they were given the
i ndi cat ed dose of conpound by intraperitonea

wo pgosorisah in 0.1 m 95% propyl ene gl ycol and BC&/1B2004/002900
et hanol each day for 7 day$2 The control aninmals
received only the 0.1 ml of 95% propyl ene glycol, 5%8
et hanol . Twenty-four hours after the |ast dose, the
rats were sacrificed and intestinal calciumtransport
was determ ned by everted sac techn%qgg as previously
descri bed and serum cal ci um det’'er m fled” by atom c
absor ption spectronetry on af Per ki n El mer
instrunment (Norwalk, Conn.).\{There pere 5 rats per
group and the val ues represe_pean SEM TABLE 2
Response of Intestinal Cakgiu

[ vatives of

05 $oners G oul
ci ufh Transport (rg/ 100 m)
7 +0.11,25-(OH D 5.
0
6 8

Chroni c Doses of 2-Methyl
19-Nor-1,25- (OH) D and its
I ntestinal Calciun1Serun10#
(S'M -D Control 4.2 0.3 4

NoM , 25-(OH) D 5.3
[hbr-208-1,25- 5.5 0.
strain weanling rats were
Dawl ey Co. (I ndi anapolis,
Ind.) and fed the 0.[47% calium 0. 3% phosphorus di et
descri bed by Suda etf al. (J. Nutr. 100, 1049-1052,
1970) for 1 week aps\then figd the sanme diet containing
0. 02% cal ci um an@. 3%piospNovus for 2 additiona
weeks. At this point, tlhey received a single
i ntrajugul ar injecti g orgt he indicated dose dissol ved
in 0.1 m of 95% propyl ene gl ycol /5% et hanol
Twenty-four hours later they were sacrificed

.1 2-Methyl ene-1

Xg 7
N\

Ig
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and intestinal calciumtransport and serum cal ci um
were determ ned as described in Table 1. The dose of

wo b@sogmpounds was 650 pnol and there were 5 aPCTEE2804/002900

per group. The data are expBessed as nean (+)SEM
Accordi ngly, conpounds of the follow ng formnulae Ia,
are along with those of fornmula , al so enconpassed by
the present invention:49 la X QY n the above fornul a
la, the definitions Y, Y, R, R andZ are as
previously set forth herein.gW&h respect to X, X, X
, X, Xe, X7, andX , these”subStftftents may be the sanme
or different and are sel ected from hydrogep or | ower
alkyl, i.e., a alkyl s¥ech as=&xgethyl, eth or
n-propyl. n addition, paitledxsubstituents X and X , or
X, Xor Xand X or X, Xjlor X and X or X, when taken
together with the three adjacent carbon atons of the
central part of the cogpound, which correspond to
positions 8, 14, 13 or |14, 13, 17 or 13, 17, 20
respectively, can be the sane or different and form a
saturated or unsat
unsubstituted, carhocyclicl 3, 4, 5, 6 or 7 nenbered
ring. Preferred corpounds jof the present invention nmay
be represented Qy$b 8.0 Mwfollowng formulae:50 Ib
Y X Xs'"/111 X IE51 d §52 1

In the above formulae Ib, Ic, Id, le, If, Ig and Ih, the definitions of Yy, Y, R,
Rs, R, Z, X4, Xa, X5, X4, X5, Xs, X7, @nd Xs are as previously set forth herein. The
substituent Q represents a saturated or unsaturated, substituted or unsubstituted,
hydrocarbon chain comprised of 0, 1, 2, 3 or 4 carbon atoms, but is preferably the
group —(CH,)— where Kk 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
WQO95/01960.



f g OY53 X X 1h g OY n the above fornulae Ib, Ic, Id,

le, If, Igand Ih, the definitions &Y, Y, R, R,
W®R2008/027924 X , X4, X7, andX areas previously SPCT/AR20041002900

herei n. The substituent Q s¢épresents a saturated or

unsat urated, substituted or unsubstituted, hydrocarbon

chain conprised of 0, , 2, 3 or 4 carbon atons, but is

preferably the group -(CH e eV\/nere k is an integer

equal to 2 or 3. Methods f ki ng conpounds of

formul ae la-1h are known. Specifically, rmgg&re e is

nmad&°9% Hter nat i on¥°Apebi cati on Nurber &
7, 1994, r@nd publ
t er nat i ow&ﬁﬁé}%l ]
> . O Ot BGRABUMe:
qs?%ﬁ uMe (-)-Qui n'Q:aC| d H

NurtBler 0997 019§, 54
SiO'OSHt BuMe H t BuMe S
MePh “PBFHZ BuLi . Li Al HOHJ

1

MePh3P“Br
o n-Buli
Hzc//
NalQ 0 MeOOC/,,
o
tBuMe,Sic™ OSitBuMe, <A
tBuMeZSK) OSitBuMe,
5
tBuMe, S!O OSitBuMe,
Me;SICH,COOMe
LDA
CH,POPh,
CH,OH
COOMe
l 1. n-Bulli, TsCl
~2.0Bulj, PhoPH o,
“awo,
DIBALH
. o tBuMez&O\\ OSitBuMe,
_ {BuMe,Si0™ OSitBuMe;,
tBUMe,Si0 OSitBuMe,

///,W
OsiEt, | BU




OsltBuMe tBuMe SiO " OSitBuMe, Me SiCH COOwe LDA ,CH
POPh H OH n-BuLi, TsCl 2. p-BuLi, Ph,PH 3. HO

wo Bube28e0" OSKBuMe OSItBuMe t BuMe Si0 ' OSKBuMeCBTE28)4102900
n- BuLi 55 Schene 1 (continuéd® *'/, OSi Et tBuMe Si O
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(2- PYRROLI DI N- 1- YLETHOXY) PHENYL] - 5, , ,

8- TETRAHYDRONAPHTHALEN- 2- OL, D TRATRATE Preparati on
wobt@sm2BP2phenyl - 5-f 4- (2-pyrrolidi n-1-yl et hoxy)P¢EIB2004/®2900

, 6,7,8- tqtrahydronapht hal émn-2-o0l asof oxifene"):

Lasof oxi fene was prepared as described in U S. Patent

No. 5,552,412 and reproduced bel ow. A solution of

1-[ 2-[ 4- (6-net hoxy- 2- phenyl - 3, 4 di hydr onapht hal en- 1-

yl ) phenoxy] et hyl ] pyrrol i di igeBedr ochl ori de (naf oxi dene

hydrochloride) (1.0 g, 2.16 nmmol) in 20 nl of absolute

et hanol containing .0 g of palladi um hydroxi de on

car bon enated at 60 psi (0.4 MPg 0 for
hr . ; oration provi ded §63 0 N
c/s-1- Xy- 2- phenyl 3
tetr t hal en- 1- yIsSiEpfienoxy rrolidine.
H- NV d 3.50-3.80 Em

4. 20- L 6.80- 7.00 (m

To a s on of 400 ng (0.94 Mo

c/s-1-&2-%4-(6-nethoxy-2-pheny|
1, 2,3, 4-t€trahydronapht hal en- 1-yl ) pRengxy] et hyl }
pyrrolidine in 25 m of nmethylene chlgride at 0 C wgs
added, dropwise with stirring, 4.7 (4.7 mol ) of [a
1.0 M solution of boron tribromide {[n methyl ene n-Bul
chloride. After 3 hours at roomtepperature, the

reaction was poured into O L of stirring
sat ur at ed aqueous sodi um bi carbopate. The organic
| ayer was separated, dried over,godiu ul fate,

filtered, and concentr at e&MesSIONT f org-28 P8iBYME4 %0

yi el d) of |asofoxifene as the free jase. H NVR ( CDC
): d 3.35 (dd, 1H), 4.00 (t, 2H), 4.21 (d, 1H), 6.35
(ABq, 4H). The correspondi ng hydrochl oride salt was
prepared by treating a solution of the base with
excess 4N HClI & i ol |l owed by eva
dryness and ethpr trituratben (Ms: 415 [P 1])).

AG 50W-X4
-
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Al ternatively, |asofoxifene may be prepared using the
procedures descri bed bel ow. Preparation of

wa 2002840 A24 6- met hoxy- 3, 4- di hydr onapht hal en- 1-  PCT/IB2004/002900
yl') phenoxy] et hyl ] pyrrolidi d2: A m xture of anhydrous
CeCl (138 g, 560 mmmol) and THF (500 nli) was vigorously
stirred for 2 h. n a separate flask, a solution of
nﬁ% (4- bronnphenoxy)ethyl]pyrrol|d|ne (100 g, 370

AMHLEST@F THEOSUSNTIHE @S ANBIT RRIMUATIOE O R G5-A-ARIEN YL-5-[4-

ver é%ﬁ? 9’8’ Xﬁ?ﬁ?{%{?ﬁ&#ﬂﬁ/}/ﬁ@%% }%ﬁ%\ﬁ)\gzba%% ﬁﬁ? AjLEN'Z'

the CeCl slurry cool ed @t, DmT\R/H'E:annul a and the

Em@ﬁ's—eﬁwﬁ#ﬁ—aﬂooo

's“ e aryI cerium reagent Vi a

cannulLaasofBQ ee\ﬁgé %Ba?@ﬂsase?des nge ih . % l\?d"’%%f% 412 and

roomtenpera ure a I'rred for
Teprofusadipelomas filtered through a pad of Cellte(tn).

(500 §OEGh YRR RIAGEEohdyY 35 GtithaBp Ml
fybphenaxyletidpymglicine wdrashiodige (mafexidertriydamphéenids) (1a3/¢.r2.16
2?@3&?*1 O SEBEAM ol borliatiro § BFpERERInM itgorice on
rherasahye:hiogwaﬁndcmﬂG@qasB{Ofﬁ ME&)/aﬂ20°§:efbtr 'EQt lom & ll(Nraﬁ’organd

e _aqueo wa i fie Wi
SR SAYEE iy et <R o B BB e 1Rk
aefinsioydsonapkthalen- va¥phexoxg ethyt) pyrmliunﬁ?é-l Cl (2x). The

conconPrAVBTTY §or 468 B0 ol ras (o o8 v o0

.60 { rhl:&ql) MS‘42(86P@1140C @. 2 mTHg) to yield the

?EOdg Syl 400 0 B i e (- ety 2 phgnyi

HZZ 3]4H)etr§h3ﬁﬁ016 ;thaﬂen81 -@L)pﬁbn@xﬂzeth)ﬂf}"ﬁwroﬁdlﬂa lr( 25 mll o?F‘ﬁneYherne

-ql;\qyldﬂzat OWasgdqu (dlropvy]se-vyltlg sqqzmg 2‘1“3 mi 24 ggnr(uﬁl? ofzeHj oM
%oﬁﬁoﬁ'@f ?8:@1 tn@roﬁﬁde(lmméhﬁ)lené:’ érﬁ@ﬁfeatAffeF 3%ours at room

br ono- 6- et hoxy- 3, 4- dronaPht hal en-1 -
temperature the reaction was poured into 100 mL of rapid

y stirring saturated
aqueous sodium bicarbonate. The organic layer was separated, dried over sodium
sulfate, filtered, and concentrated to afford 287 mg (74% yield) of lasofoxifene as
the free base.

"H-NMR (CDCls): & 3.35 (dd, 1H), 4.00 (t, 2H), 4.21 (d, 1H), 6.35 (ABq, 4H).
The corresponding hydrochloride salt was prepared by treating a solution of the
base with excess 4N HCI in dioxane, followed by evaporation to dryness and ether
trituration (MS: 415 [P*"]).

Alternatively, lasofoxifene may be prepared using the procedures described
below.

Preparation of 1-[2-[4-(6-methoxy-3,4-dihydronaphthalen-1-
y)phenoxylethyl]pyrrolidine: A mixture of anhydrous CeCl; (138 g, 560 mmol) and
THF (500 mL) was vigorously stirred for2h. Ina separate flask, a solution of 1-[2-
(4-bromophenoxy)ethyl]pyrrolidine (100 g, 370 mmol) in THF (1000 mL) was cooled
to -78°C and n-BuU (2.6 M in hexanes, 169 mL, 440 mmol) was slowly added over
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yl) phenoxy] et hyl ] pyrrolidi ne: Pyridinium brom de
perbrom de (21.22 g, 60.55 mmol) was added portionw se

wWo 0008/08™bait | on of PCT/IB2004/002900

1-{2-[ 4- (6-net hoxy- 3, 4- di hy8lr onapht hal en- 1-

yl') phenoxy] et hyl ] pyrrolidine (23 g, 72 mmol) in THF

(700 nmL). The reaction was stirred for 60 h. The
precipitate was filtered through a Celite pad with the
2AUMyT. Aftgr 15Thie, Biefsolutipn was abiied teeibe deSiodivedcedotedat -T8°C via

h | t Th

e NG o e Slie AP B 4t SBC A aied SF ornedier-1-
(kjivtralahm(@ﬁ 2d, W@ﬁo{)am)rHFthommm fm?""ﬁ e%ea@éthg

[ ered,. and concentrated to provide a
b%\%ﬁ”éﬂw?%ﬂ%*& I'agaanul%s?f/@e feﬁCﬁmmwe% BtoWAG o vy slqwly & room
7temﬂ>e(a1ure~1a¥ﬂ wagtirredlfbr.a 1ot 6f {6lh. T Fr§ nﬁxth% wé’d‘ﬁlter&j t?n]ough a
zq%d ofac,ze}lge FIZ Thg ::Btr‘atezwg%céﬁceg‘gg?ed@ g@uprﬂnd@ INDHCI (w rplq) and
AHO (F0Eph) akieddddet. After stlrrmg for 15 mm the layers were separated.
lr%ep?fh‘r? ;.6 nmet hox?:/wrt?1 E %R dronapht hal en-1

o5 [eRYPS Byihebre eﬁ‘é""ﬂ‘y’éfrz% orlihg&oMRiTes arerstie
haﬁr@%r@ﬁhétﬁbl\ﬂg%@ Filtated dh@cﬂfcgﬂatrated to anndle 6nmethox -1-
i rona al e
S TN A R A s SR rwﬁ»a ang 15%
fauuéo(ﬁ (r?-l,ng@J(wwla%%wag ﬁlﬁcgerg Tf;ﬂeI aqueous mjxt mixture was ex{ragtled
|

it GG b TR0 bR <Plaon gk oeg (BEPPUEHrecz80mol )
Ih dd)nbb@re(té@fb proYide ?éhﬁo\nreaw P OritRRSwde B Pdir (1%1= YXodoko.2

. ayers were separated and the organic |layer wa
v@%‘l‘f@dt%ﬂ?'ﬁ the @“OFjBPtI(M\éd5b§¢) brine. The organic

[ utis t

Co.yi of TYEEGRO M, ULy d7.27 (1. £z ), SSIEXY ()

ft- 85 (. ved.6i hiz, 4 H). 616 5{dek Jr&6.03. 6||=IZI 1Hhd. B2 QAC=4.2 512, i), 4.15 (t
0 f ty AL

for z%l)'\{agﬁkogﬁgﬁjgpg(} ?ovved g'?al Tlézi_‘eze?ng%'ééMQZH)’

323311(m02H)aﬁ@4g(mf4Hhat erial was coI I ected by

filt f | f

| It s r glirtageratl&? BEE L%ﬁa(tz' 8! t6 %E@ngé%edlhyd{%?%d}a?ﬁn £

Bﬂ)@bamcawiaﬂwl]of/rrohdme Pyndmlum bromide perbromlde (21 22 g, 60.55 mmol)

t a}l- Po ﬁ (gnq(nenoxy L{tﬁyI%?gg%{':[%g?_ﬁfeﬁg?@h%&ﬁygr%g&%%en-1'
M)plaer[:m(.y[%hy{]pym@pdwezczp lgeny mn3iYin THF (700 mL). The reaction was
stirred for 60 h. The precipitate was filtered thrdugh a Celite pad with the aid of
THF. The off-white solid was dissolved in CH,Cl, and MeOH and was filtered away
from the Celite. The organic solution was washed with 0.5 N aq HCl followed by
saturated NaHCO; (aq). The organic solution was dried (MgSOQ,), filtered, and
concentrated fo provide a brown solid (21.5 g, 83%).

"H NMR (250 MHz, CDCls): § 7.14 (d, J=8.7 Hz, 2H), 6.97 (d, J=8.8 Hz, 2H),
6.71 (d, J=2.2 Hz, 1H), 6.55 (m, 2H), 4.17 (t, J =6.0 Hz, 2H), 3.77 (s, 3H), 2.96
m,(4H), 2.66 (m, 4 H), 1.85 (m, 4H).

Preparation of 1-{2-[4-(6-methoxy-2-phenyl-3,4-dihydronaphthalen-1
yhphenoxylethyl]pyrrolidine hydrochloride (Nafoxidene hydrochloride): To a mixture
of 1 [2-[4-(2-bromo-6-methoxy-3,4-dihydronaphthalen-1-yl)phenoxy]ethyl}pyrrolidine
(19 g, 44 mmol), phenylboronic acid (7.0 g, 57 mmol), and



di hydr onapht hal en 1yl ) phenoxy] et hyl ] pyrrol i di ne
hydr ochl ori de (nafoxi dene hydrochloride) (75 g, 162

wones)p2mas di ssol ved in 1000 niL of Et OH and 30BCTiB2064/002900
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MeOH. Dry Pd(OH) on carbonshas added and the mixture

was hydrogenated on a Parr shaker at 50 C and 50 psi

(0.34 MPa) for 68 h. The catalyst was filtered off

wth the aid of Celite and the solvents were renoved

i fetrakis(idphenyiphperhaniumipaliadiure ($6igd 138 Inmiol smmscae,Oan) was

T TN N
af?g s &5 dSrt r Eecdlayers were bepagated fahd Wie orgasiollayer (a2 vxﬁzsged with
gﬂé@ fqllBUv@H %P%‘i’lh?n Tﬂ% olggyanlc ﬁoluélon was queg AMQSP&’] glrtﬁﬂa? apdg
qorgen @t@fi %yléldo"r?a%g obé brosvrpsali. The nésidugr\waflissolved in a 1:1
clpodglof A SrRORL oy AL 1 e 10,100 gty e
( &fzergstlrrm fﬁﬁ‘g ) progggttwa@ alloweld (7&rysthllize froh stBftohiBnd (ﬂ@ of
n?’ngtéf‘%gw%‘sgg(ﬂ ﬁeﬁtbya\fﬁ%tﬁnf %g@eqt@ég?n 3P Btr@}ﬁ?rﬁas 8@%&?% its
qulumaprwedﬁmadwmbf am qj@rcsmk:t (9.6 g, 69% was

Naroo et PRI ERLAES UdPE A Hirlied o
| @@c&ﬁha}@rswlimemxy]@thyl}pammmem t-[2-BHEHMé e -2- pfﬁhla’yl 3,4

d red,
Crg el’ﬁfﬁéﬂ%?g )dh%%&[yi?tﬁﬁ%&rr | dl rgéi'ygc%%r?d]le ( o%q ene
fMWChH)I’NWR(?(%d 6REmOITHEs d)ssoldec? in0WOOmML 8HEtOHbardt3@0mmL of

26,5 sfor it yad g dhnnoddiaton

Hzarr 2hbker at 30PQ ale 50 EQJZO 34 MPa) fai88 H Hhe CatQgst(was fitdhed off

At el of e Bho s Eleh ek hempisilinyBud i< stiie white

f sadichwasSlisdehiedrinh CARPI, iand theosoldtion W/ vedshed T8th sfatdr@tdd NaHCO;
gt THESadrie 2Fnes YUt MHERSD; Bl Bl spSomiated s iew an
Poff-esbitd solidRB2®1g, IQM%)Phar maceut i cal (Philadel phia, PA)

Preparation of cis-6-phenyl-5-[4-(2-pyrrolidin-1-ylethoxy)phenyl]-5,6,7,8-
tetrahydronaphthalene-2-ol: A mixture of cis-1-[2-[4-(6-methoxy-2-phenyl-1,2,3,4
tetrahydronaphthalen-1-yl)phenoxy] ethyl}pyrrolidine (12 g, 28 mmol), acetic acid
(75 mL), and 48% HBr (75 mL) was heated at 100°C for 15 h. The solution was
cooled and the resulting white precipitate was collected by filiration. The
hydrobromide salt (9.6 g, 69%) was dissolved in CHCls/MeOH and was stirred with
saturated NaHCO; (aq). The layers were separated and the aqueous layer was
further extracted with CHCls/MeOH. The combined organic layers were dried
(MgS0,), filtered, and concentrated to yield product as an off-white foam.

"H NMR (250 MHz, CDCls): 6 7.04 (m, 3H), 6.74 (m, 2H), 6.63 (d, J =8.3 Hz,
2H), 6.50 (m, 3H), 6.28 (d, J =8.6 Hz, 2H), 4.14 (d, J=4.9 Hz, 1H), 3.94 (t, J=5.3 Hz,
2H), 3.24 (dd, J=12.5, 4.1 Hz, 1H), 2.95 (m, 4H), 4H), 2.14 (m, 1H), 1.88 (m, 4H),
1.68 (m, 1H).



(mcrocrystalline cellulose) Lactose Fast Flo(tm 316
Forenost Corp. (Baraboo, W) nmgnesium stearate

waovmlosiopmoks odt (St. Louis, MO hydroxypropyl cePCTIRE2S€4/002900
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Hercul es Inc. (Hopewell, VA sodium croscarnell ose FMC
Phar maceuti cal (Phil adel phia, PA) b-cycl odextrin

sul fobutyl ether Prepared using the nethod descri bed

in US. Patent No. 6,153,746 silicon dioxide Gace

Davi sofhefotiowine peocenmpes pne Symulatiops 81 efatesed from U.S. Patent
P i rystalline cellul ose
as%’? %@r@%gb /d1ﬁ%vée7|r?§ f“%ggply%%%aﬁul ation Process )

( Conpatha follewipg siaderigs mag be ebtaivadritpnt Higresuiesporsingesairces

.a high shear blender in the listed order.

l'actose 5.000 g microcrystalline cellulose 17.432 g

sodi uMiNiead¥' 2 | ose . 000 g hykiMEBheroagsuticali(Philadslphia, PA)
. 250 g(mnqrwmialmamllul@se) 125 g Lasof oxi fene 0.068 g

The m ghepged for app
Wi | e glpr%{g&lan appropriate gﬁ%@ﬁ?ﬁﬁr}{ﬁa%%swn
(apprdnasmmsmwstea%e/v/ w of dry bMelfiebkredi¢Statiodsl MOEr a

. h [ '
bi onal NoFRyPRRlaRE (TN 51" HERMES M HOREY Ay,
desi re&i)dm cnoacatmelivsre wet mass WEE Rhagnachutieal (Philadelphia, PA)
o St élo%\é?lrrrlg)sﬁ %{hepbout %#I@E%rsmﬁ"?ﬁéJH‘u@h(cﬁbd%scnbed in

50 m I e ari ed gr P No. 6.153 746
silicon dioxide Grace Davison (Columbia, MD)

ProSolv™ 50 Penwest, Patterson, NJ

(silicified microcrystalline
celiulose)

Lasofoxifene Conventional Wet Granulation Process

(Comparative process)

The following ingredients were added to a high shear blender in the listed

order.
lactose 5.000¢g
microcrystalline cellulose 17432 g
sodium croscarmellose 1.000 g
hydroxypropyl cellulose 1.250 g
silicon dioxide 0.125¢g
-Lasofoxifene 0.068 g

The mixture was blended for approximately 15 minutes. While blending, an
appropriate amount of water (approximately 63% w/w of dry blend) was added over a
8.5 minute period and then allowed to continue blending for an additional 30 seconds
to achieve the desired wet mass. The wet mass was then dried to a moisture level
less than about 2% under vacuum (about 50 millibar (mB)). The dried granulation
was milled through a conical mill fitted with a 0.04 inch (0.10 cm) screen and round
edge impeller set at 1750 rpm speed. The mixture was blended for about 10 minutes



was mlled through a conical mll fitted with a 0.04
inch (0.10 cnm) screen and round edge inpeller set at

waZ@6/0eed speed. The mi xture was bl ended for aPoOLNB2004/002900
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m nutes6l in a 150 cc glasslbottle on a Turbula m xer.
Magnesi um stearate (0.125 g) was added to the m xture
and then bl ended for about 5 m nutes. The active blend
was then conpressed into tablets using a Kilian(tm

TG0 3045 dasshaitisson aTuibulebniver r Wagnasiuna atearas (0.125g) was

0
FeTRAT IR 878 1eh Kl eoed Riridbolt s¥indls? g ekive e was
nihen M@P%E@Hmﬁ%taﬁ'e%@lﬂg K™ AR é&bl@tqmeqsdedalrable tiroen Kilian

n&w IndibRh&hi PAJ. NG, b-cyclodextrin sul fobutyl ether
(0.452 g) was added fol |l owed by the | asofoxifene (0.1

3 g) and allowed to stir until the b-cyclodextrin

SulLoputy! EaRRbRAOL RIS W HanlKABaILE

solution was forned 'I@S ngre
t hen added in the orde@qmwr@depmoesd hi gh shear

bl endeWatér?‘féé’ﬁﬁ) waS88dét &' d 254 %L%s?‘@%é?&fo%ﬁx pgeh Wi 2

cel | ul ose g sodi um croscar
hmerpr\ﬂ@ pijiring e+ bydlmrt%trin%lﬁo@tw le¢hari(R 862 g) was abdehidéolved

d L bh .
LRGP RS QL B R Sy Pesvoioderti suteputy
Ioeme.lomd Iﬁfm‘oxvﬁitnﬁrmmlvm?ndi h/@f(bluﬁbh &dlstf@n%dﬁqfh%tf?lkﬁnng
e a 0 C
oG oer et dre R e bBhFewdient
coni cal lI {Qltted with a 0.055 inch (0.14 ﬁgg screen
and round e&ﬁ rrpel | er set at 1750 rpm spe

Magnesi um ssitiaifiesit reic(derys2iing celisseadded to the4ogxt ure

and then bl ended for ut 5 mnutes. The a e bl end
was t hen Coﬁ%qﬁitgg%o&c?rm °Fabl et s usi ng a l\/a é@ J(tm

F- Press tabhydrowpmptyl c(diulasé abl e from Thomas1.250 g

[E)Ps' Q;re l’ﬁﬁljlirl]]gitl]llrg :s:yalglbbe@ggg?oq' ag taZt mantesLMhlle% Onfd%)él, Ih%ne
lasofoxifene:water solution was added over a 3 minute period. The wet mass was
then dried to a moisture level of less than about 1% in a 50°C forced hot air oven.
The dried granuiation was passed through a conical mill fitted with a 0.055 inch (0.14
cm) screen and round edge impeller set at 1750 rpm speed. Magnesium stearate
(0.125 g) was added to the mixture and then blended for about 5 minutes. The active
blend was then compressed into tablets using a Manesty™ F-Press tablet press
(available from Thomas Engineering Inc., Hoffman Estates, IL).

Lasofoxifene Dry Granulation Process

The following ingredients were added in the order listed into a high shear

blender
lactose 1052.25 g
microcrystalline cellulose 375.00¢g
croscarmellose sodium 45.00¢g
silicon dioxide 75049

Lasofoxifene 525¢g
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The follow ng ingredients were added in the order
listed into a high shear bl ender |actose 1052.25 g

wore@sozmyst al | i ne cel | ul ose 375. 00 g croscar nePCDER004/002900

sodi um 45.00 g silicon dioxtde 7.50 g Lasof oxifene

5.25 g62 The | actose, mcrocrystalline cellul ose,
croscarmel | ose sodium and silicon di oxi de were bl ended
for 5 mnutes. The | asof oxi fene was added next and

bl endé*deiamtmbminrom/stalliee;celrul@éea@msqaémﬁllwq%%n amgbsgilicon

AISRBANSIEHHOTTIRamALAR. ThEHeoRhaae a8 Bdud RHSAd bRAded

es Ina tw n neS|um
fdrehoat 5 mmm dihevactive tigad was thenedisghargas fmr@ﬁw highy shear

Hﬂnﬂgegncf n‘% cge%ﬁgry aboll'5HhERs i Qﬁmﬁgﬁél}’@”@l?ﬂa@r fAggnesium

on a Vector reun
steapste (D60 ghivas addedrio the actmrtrﬁmharai b'@i‘dﬁdl fagabout 5 minutes.

an ul 'V%/@?'P%k’%% ?&Ire\é“ﬁ{)@g%tgd 9%0 3 Velkldr %ébn%lﬁ‘@ ro‘?l@F &ﬁflipactor unit
amti mmeogmmhax notatmg@wmnlaéwdétedmﬂh aa%aa%” (Q Q&flwm)égreﬁn (both

e
beoEahirfubes iakeomin smam“\dUbleederTmomeh gprtipn ehenagiaesium stearate
B?ggg Ssﬁ%‘ga?%f rgrﬁlﬁ’atg aﬂd?’lén’d@@ c%r'go-ga rrirkéy. YThe final

ease osa ornul ati ons of
theh dowasseomhpresseghiniodablatsran Kiiaaeld 08golerenisssf i ed

bel ow. H‘é‘},edo%"%p%?%‘%r |8\Brdog§/%r %Frﬁﬁ?tlcms%? 1 5REeR!iRRAGSN were

was ac] ous [actos
l’prégsaﬁédi ﬁsp&émpﬁedmldvul ose, croscarnel I ose sodi um
silicon dioxide and bl ended for 5 m nutes at

Lﬁpr opL i %i%%[',r? %'t(l? g%%c?agg gﬁ%{?%'le‘%&r wad |n?order anhydrous

sof o roduced an fen ded for
Mhétoées snierbergpipltiing celbdase| crpedalrpelloge @O@\’J@nﬁﬂl(&m(ﬂlow

3. i i
g@gatglfgr DheRd ¥ %p%‘pﬁg‘tg Hheadr SiPGRahRBoRssdbdghear
2. Lasofoxifene tartrate was introduced and blended for 15 minutes at
appropriate impeller and granulator speeds.

3. Active blend was discharged from the high shear blender.

4, Active blend was charged into an appropriate size twin shell or bin biender

and blended for 5 minutes.

5. One-half of the magnesium stearate was added to the active blend and

blended for 5 minutes.

6. The active blend was compacted on an appropriate roller compactor unit at

the appropriate roller pressure, roller speed and feed rate.

7. The active compacts were milled through an appropriate mill fitted with a 20

mesh (0.033") screen or equivalent.

8. The milled active blend was charged into an appropriate size twin shell or bin

blender and blended for 5 minutes.

9. The second half of the magnesium stearate was added to the milled active

blend and blended for 5 minutes.
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4. Active blend was charged into an appropriate size
twin shell or bin blender and bl ended for 5 m nutes.

w®20080emkal f of the nagnesi um stearate was addedI/iB20041®2900

active blend and blended f®o8 5 m nutes. 6. The active
bl end was conpacted on an appropriate roller conpactor
unit at the appropriate roller pressure, roller speed

and feed rate. 7. The active conpacts were mlled
t18r oudihedinaldigndopas eanaprassed onja otady tabteh peese Gttedbwith the

%Pg,%gﬁgtgs%rtg&mggﬁ 2GRy 8f Rftmg 8- The milled active

was charg Into an appr%pri ate size twin shell
Qcond hel Tores BRI BAEE o Soofil SR8 AnbooiBunit., The
@pPIogtaty @maust o apaaifingrns rolisftiep filgy costswagarntied B the fablets.
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(Hydroxypropyl Methyl Cellulose (USP/EU/JP) (1.12) Coat
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(Titanium Dioxide) (USP/EU/JPE) (0.32) (Polymer)
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(Hydroxypropyl Methlyceliulose (NF/Eu/JP) (0.45) (Polymer)
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(Triacetin)

Total 104.500

1. Based on a theoretical potency of 73.4%
2. Weight adjusted for slight potency changes in the lasofoxifene tartrate
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Cel I ul ose 2910-15 cP) (USP/Eu/JP) (0.94) (Polyner)
(Titanium Di oxi de) (USP/Eu/JPE) (0.32) (Opacifier)

w@ To0smemei n) (21 CFR EHO (0.02) (Plastisizer)pCFHDREG04/002900

Yel l ow No. 6 (Col orant) Al e num Lake 15% 18% Opadry
Cear(r) (YS-2-19114- Pfizer 0.500 Polish Coat A)

(NF/ Eu/JP) (0.45) (Polymer) (Hydroxypropyl

(USP/ Eu/ JPE) (0.05) (Plastisizer) Methlycellul ose
2910-15cP) (Triacetin) Total 104.500 . Based on a

t heoretical potency of 73.4 s Wi ght adjusted for
slight potency changes in t asof oxi fene tartrate65

GhVRLTE cMidg iss claimed is: . A pharnmaceuti cal
conposition conprising the conmpound

2. met h - 19RO - S) - <l i t gni
. Tos UK pRafiatBuftel corfplistbn bomBiiitl MEoftbiiihd St RftOfo-nor.
a 8pl aBbwlihydraxyditamin Beandjan bsiragen aganistantagopiss ior aon

e e VA T SRR S R
I]-5,6,7, 8-tetrahydro-napthal ene- 2-o0l or a
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A co on"of clarm er el
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netbolyg-pHamplei 6,3 18- saalnapenapihaléec2-obis lirotihe Fomrpofi tee tegirate salt.

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

agonist/antagonist or a pharmaceutically acceptable salt or prodrug thereof.

5. The method of claim 4 wherein the 2-methylene-19-nor-20(S)-1a,25-
dihydroxyvitamin D3 and estrogen agonist/antagonist or a pharmaceutically
acceptable salt or prodrug thereof are administered orally.

6. The method of claim 4 wherein the 2-methylene-19-nor-20(S)-1a.,25-
dihydroxyvitamin D3 and estrogen agonist/antagonist or a pharmaceuticaily
acceptable salt or prodrug thereof are administered parenterally.

7. The method of claim 4 wherein the 2-methylene-19-nor-20(S)-1,25-
dihydroxyvitamin Dz and estrogen agonist/antagonist or a pharmaceutically
acceptable salt or prodrug thereof are administered transdermally.
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a pharmaceutically acceptable salt or prodrug thereof

are adm nistered parenterally. 7. The nethod of claim
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pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-nap
t hal ene-2-0l or a pharmaceutically acceptable salt or
prodrug thereof. 11. The nethod of claimwherein the
(-)-cis-6-phenyl-5-[4-(2-pyrrolidin-1-ylethoxy) -

phenyl ] -5, 6, 7, 8-tetrahydr o- napt hal ene-2-0l is in the
formof the tartrate salt.



