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(54 T| ttIféhwa@TER@I)SﬁthIQVE@O,(HS%W \bstract Published Wth inlernatioral
seafch r'¥Port. Steroid derivatives of ithis invention internet with nucl dar
| i viawe) Mvdneeid or (LXR) and ubi quitousireceptor (UR) and can be used to
t r efdfs) beveptmrsirpnts m@dforii&@) bIP»O-LﬂRﬂsnfE(ENSatSb ¢d di sorders. STERO D DERI VATI VES
BACK Gw'ﬁf rﬁmfﬁiﬂ%;%rs Uj’%\ ly of transcription factors
nmodul at e Ibycﬁdmlﬂr.sdayadngp obl C si gna tng nolecules, like steroids, thyrgid
hor pnne anmin D and retinoid Nucl ea ecept O arje
I Mplos4 B mmmwdg\r?sal targets for drug intervention in disease
mang, ment. For exanpl e, Tanoxifen, an estrogen antagoni st, interacts wijth
estr %gen recept or to deliver its therapeutl c effects on breast cancer;
RUAIB6, ssrvidairrivaigre Hi tgd invefionJntagedth eucien @ver 2 eepbrQIXR) ing utikpigds rfegptor (LBY & nabeu&n togf
pregﬁﬁhﬁ‘%%“éﬁ'i‘]‘oﬁﬁﬁﬁﬁ’&ﬁ%‘gmf‘ﬁ ated di sorders; and to Dexameet hasone
interacts with glucocorticoid receptor to suppress i Mmune system functign
and| is useful for treating inflammtory di seases such as asthma. Nucl ear
receptors have three independent domains I, Il and Ill. Domains | and II]l
nodul ate transcriptional activities by interacting wth other factors of
t he

FR,




transcription conplex; Domain Il involves in DNA-binding;, and Domain IIl is
t5 the ligand-binding domain. Donmain Il is the nopst conszge@ T% n wthin
the nuclear receptor famly, with a unique feature of fo g

cysteine chelated with two zinc atonms which forma "zinc finger" structure.
The three ‘?Qm@ﬁ of nucl ear receptors are functionally ipagrisedangeabl e
between different nmenbers. For exanple, the androgen receptor DNA-bi ndi ng
dormain can be fused to the 20 |igand-bi nding donai n of estrogen receptor
and the resulting AR-ER chineric receptor can nodul ate androgen-responsive
genes by binding to estrogen. Am no acid sequence honol ogy of the

DNA- bi ndi ng domai n between menbers of nuclear receptor famly allows
identification of new nenbers of | ow stringency

nucl eot i de- probe screeni ng. Hunéig ﬁg&ﬁ'}} also facilitates
identification of new genes coding for new nucl ear receptors. At present, a
few dozens of nucl ear receptors have m@@ﬁbl fi ed and sequenced, but
their ligands have yet to be identi f Bk |y, a novel nuclear

receptor was cl oned tmmugheaéﬁ@ﬁmﬁeraafbmﬂp&ﬂtg@sntimloed:idtoﬁlﬁnsdmamMymgaﬁrom human
and rat cells and nucl tor "U Jecause of
i ts ubiquitous ex??’vé?lo g‘?bé%m r?%rgérilecluessi}lu{e SISt S th mw Ben g e to form-
het er odi mers s t hvifxi Dencblptlmlds alucledmmdﬁox‘s memmp@amm@mamtgew th the

sequence notif: A%ﬂ GANNNNA i, ters

cont ai ning DR4 can be éné Tiva eﬁggagfﬁanaﬁdn%(rﬁ% ’gam c?d?nnéorx’f%lﬁn}gul tured
cells. LXRa, anot tﬁepgm@wammbaﬁermts witheestiegsh eseptordedghvarnts fhamptyichas been

cl oned recently. ares over
50% 10 homol ogy iR CR o R R o, AR oS oF BHERIRE. Kiflor o2

expressi on of LXR&’IFPRNAatiogOlfpmlta@desta@dlﬂewwsmfﬂﬁt@q@wetﬁtimér ti ssues. LXRa
has been idenifi pekgRimbsohé ﬁl&%{s'vﬂ&'gﬂﬁé‘lmﬁ&h&é&@ﬁt&% efppichemefual est er ol

7a- hydr oxyl ase gene and plays an inportant role in chol esterol catabolism
Recent |y ot her nu®isealugstion @disuseiyl ©F BeatingiglspmHon Jepasersushedépb®ts have 1s

been identified througfuckeasieplomityibich de@;ﬁﬁ&ﬁmoﬂﬂmkﬁqmumeﬁomﬁﬁ@ng whi ch
are co-activators_and_co-repressors of nuclear receptors, e.g., SRC, 2, 3,

and Gripl. These b¥6iBimedulats ransgrintiopgl aetiviige Pmtera ingayithoiter fapior of the

| i gand- dependent #@RRARKion JdkpexPDORAR MinvosiesHENA -bin@ing @hd DPmih ®C Reni cal
assays for |igand: rﬁcept Qr_.interaction. 0 Steroid de‘{fgvatlv s described in
this inventidh ar BefgmPNGeigmanaPampR Ll i the ROXPHENVEHEFOA PO NS es vi a

bi nding to UR or hﬁé%ar reéH@d)rfdﬁuE Wit lhﬁqu’dfﬁﬁllrdﬁ féur psits of bseimdehdateiedi at ed by

such receptors such at her os r
P with %vo Zinc atoms w 1(% to orm a "zing %nger“ structure. The three domains of

nuclear receptors are functionally interchangeable between different members.

For example, the androgen receptor DNA-binding domain can be fused to the
20 ligand-binding domain of estrogen receptor and the resulting AR-ER chimeric

receptor can modulate androgen-responsive genes by binding to estrogen.

, Amino acid sequence homology of the DNA-binding domain between
members of nuclear receptor family allows identification of new members of this
family through low stringency nucleotide-probe screening. Human genome

25 project also facilifates identification of new genes coding for new nuclear
receptors. At present, a few dozens of nuclear receptors have been identified and

sequenced, but their ligands have yet to be identified. Recently, a novel nuclear

-l



An aspect of this invention relates to steroid derivative f forwa (r):
Rl12 R" RIT" RI3 R ~~~ RI6 R1 Rlo |l Rs "~ Rl4lvin R \Q[H~ (1)
R15 3. R3 is hydrogen, am no, carboxyl, oxo, halo, sulfonl c acid,
-Osulfonic acid, or alkyl that is optionally inserted with -NH,

-N(al kyl ) -woedaes11-S-) -SO, -SOz-, -O SOz-, -SOz-O, -O $03asooippd3- O ,
-CO, -COO, -OCO, -CONH, -CO Nalkyl)-, -NHCO, or -Nalkyl)-CO)
and further optionally substituted with hydroxy, hal o, am no, carboxyl,
sul fonic acid, or -O-sulfonic acid. Each of R~, Rz, R R4~, R~, R~, R~ ~,
R~z, RCS, R-~, and R~7~, independently, is hydrogen, hydroxy, am no,

carboxyl, oxo) hal Ebcep‘idﬂv\fa@lﬂlbﬁ‘ed&lﬁ'bldgh deéén&wemgvngcl@@aéiscre@ﬁmgahw hubhdyat is
optlonally inserted with -NH, -N -SOz-, -0 SQz-,

JSr O, -0-SQ -, HaaLce]ls and g yame 1@4120“5 @Cé@fecepfet& NIBD becges Rl kyl ) -
_NHt 0 CO-, or - N( abilpyilops @@ess@qﬁmfwrntmﬂfodppUmmJeklyfoﬁﬁthstférh]ut ed with
hydr oxy, hal o, é%érgnﬁar box sul foni c n| C | d. Each of

R5, Rs, R-, R~, FeR™ |%B‘é¢ﬁ@é§ﬁp? gi“dsi g dﬂ%ﬁ s(‘f@'é?,ﬁ Q{AW‘I e al oal kyl
hydr oxyal kyl , al koxeyquemyﬁbmmecmAwmmmGMA (SEQIHNG:A) (WPR48). 2 bond, or
:lnl(;y:‘ u?': hglr kﬁg%/: ong’I%W Fo CPH%IH Zﬂfgg‘b Vgcﬁ‘%teﬁg}?wm%%d%ﬁ “1 ,he0r2 r |Sng
carbon atons to whiutereRetllsand R~~ are bonded. Y as - , -SO,
-SGz-, -O-SCGz-, -SCe- OLXRa an% 2r few n%eaber of the n%g'ear Téceptor fa tCO 12! has%oen
cloned recently. Amino acid sequence analysis revealed that it shares over 80%
10 homology with UR in the DNA- and ligand-binding domain. The expression of
LXRa mRNA is limited to liver and a few other tissues. 1.XRa has been
identified as a transcriptional activator of the cholesterol 7a-hydroxylase gene
and plays an important role in cholesterol catabolism.
Recently other nuclear proteins interacting with nuclear receptors have
15 been identified through yeast two-hybrid screening techniques, among which are
co-activators and co-repressors of nuclear receptors, e.g., SRC1, 2, 3, and Gripl.
These proteins interact with nuclear receptors in a ligand-dependent manner.
This property is useful to set up biochemical assays for ligand-receptor
interaction.
20 Steroid derivatives described in this invention are found to modulate the
transcriptional activities via binding to UR or LXRa, and thus can be used to treat

disorders mediated by such receptors such as atherosclerosis.



NH-, -CO N(alkyl)-, -NHCO, -Nalkyl)-CO, or a bond. Z is alkyl, alkenyl,
al kynyl, cycl oal kyl, heterocycl oal kyl, cycl oal kenyl) heteggﬁy tga%gﬁnyl,
aryl, heteroaryl, aral kyl, or heteroaralkyl, and is optio @ ituted
wi t h hydroxy, al koxy, am no, halo, sulfonic acid, -Osulfonic acid,
carboxyl, @edeahky! oxycarbonyl, al kyl carbonyl oxy, al kyl apgmngosesaeny!
alkylcarbonylanlno alkylcarbonyl al kyl sul finyl, alkylsulfonyl, or

al kylthio; or is -CHA-B. A belng a side chain of an amno acid, and B is
hydrogen, -NR Rb, or -COOR wherein each of R, Rb, and R, independently,
is hydrogen or alkyl. nis O, 1, or 2. Note 1 o that when Z is substituted
wi th carboxyl or alkyloxycarbonyl, Y igummogd and either X or Z.contains

at | east one double bond, and_that when Y is a bond, either X is

CNH-al kyl -, - NH al keny{\2 aspeqqofghigjrvpntion nghfes to StNeléﬁﬁlgﬂraPwaOE@ﬁwla ®:- 0 al kyl -
C)alkenyl-, -S-al kyl -, or -S-al kenyl-; % is s ostlkuted wi th hal o,
sulfonic acid) O-sulfonic acid, alkylsulfiﬁ 1 yl sul fonyl, or is

al kenyl. t 5 Another aspect of th|s1|nvent|onpfélf es to steroid
derivatives having the fornula (1)R e. EarfPof R, Rz, R3,
R4, RA~, R~, R, R~ ~, R~z RCS11 R~, i ndependently, is hydrogen,
hydroxy, anino, car boxyl , oxo al o i id, -@sulfonic acid, or
al kyl that is optionall -On -(fg)-sou

-SOz-, -O-SOz-, -SQz- ‘
-CONH, -CO N(al kyl) - , ;nd further optionally
, S 1% oni ¢ acid, or

substituted wi th hydroxy,
~~ and R-4, |ndependently, is

-O sulfonic acid. Each of

hydrogen, al kyl, hal oaRR 9 arréxy, hydroxy, or amino. R-~ is

-XY-Z. Xis a bond, or aIkyI vl , optionally inserted with -NH,
drthemgoptionally forming a cyclic noiety

-N(al kyl)-, 25 O, or -S-, .
with R~ and the 2 ring car bo ons to which R~ and R~~ are bonded. Y is
-0, -SO, -s&-, -O0Ss-, -Sx-O0, -09S03-, -S&8B-0, -COO, -0CO,
-CONH, -CONalkyl)-, -NHCO-, -N(al kyl)-CO, or a bond. Z is alkyl,

al kenyl , al kynyl, cycloal kyl, heterocycl oal kyl, cycl oal kenyl,

het er ocycl oal kenyl, aryl, heteroaryl, aral kyl, or -s het er oual kyl , and
is optionally substituted with hydroxy, alkoxy, am no, hal o, sulfonic acid,
-O-sul fonic acid, carboxyl, oxo, alkyloxycarbonyl., alkyl carbonyl oxy,

al kyl am nocar bonyl , al kyl carbonyl am no, al kyl carbonyl, al kyl sul finyl,

al kyl sul fonyl, or alkylthio; or is -CH(A-B. Ais an amno acid 5 side
chain containing an aromatic noiety, and B is hydrogen, -NR Rb, or -COOR
wherein each of Ra, Rb, and R, independently, is hydrogen or alkyl. nis
O, 1, or 2. Note that when Z is substituted with carboxyl or

al kyl oxycarbonyl, Y is a bond and either X or Z contains at |east one
doubl e bond, and that when Y is a bond, either X is -NHal kyl -,

- NH al kenyl -, -N(al kyl)-al kyl -, -N(al kyl)-alkenyl t 0, -Oalkyl-,

-O al kenyl -, -S-alkyl-, or -S-alkenyl-; or Zis substituted with hal o,
sulfonic acid, -Osulfonic acid, alkylsulfinyl, or alkylsulfonyl, or is

al kenyl . -G



A further aspect of this invention relates to ster0|d derivatives of
formula (1), sarpra. Each of R-, RZ, R3, R R-, R-, , RES, Uﬁ@ggycs) R~,
and R~~~, independently, is hydrogen, hydroxy, am no car boxyl) oxo, hal o,
sul fonic acid, O-sulfonic acid, or alkyl optionally inserted with -NH,

- N( al kyl)wooo(;g“" S, -SO, 5-SO, -O0SOz-, -SOz-0O, -Opc@arseomdlaB- O,
-CO, -CO0O, -0 CO CONH—) -CONal kyl)-, -NHCO, or -Nalkyl)-CO,
and further optl onal Iy substituted with hydroxy, halo, am no, carboxyl,

sul fonic acid, or -Osulfonic acid. Each of R5, Rs, R-, R~, R', and R4,

i ndependently, is hydrogen, alkyl, hal oal kyl, hydroxyal kyl, al koxy,
hydroxy, or am nog? ;i drégen%n% %r%xrl&ioshsﬁo Qﬂﬂﬂrc aﬁﬁ @Jﬁ)ﬁ)r&@ c1d'ity{leny|

optionally inserted w

optional ly forni n@l‘fyéﬂ@?‘éPP@“#b’ié‘F?WIﬁT s *h’m)heOQ -§i8§-c8PboR- at oms t o
LN g sty vk . codpeotipitty, O
- - - a , -

T NCal Kyl ) - 00, or NaRg B A£G sor el -Co s e ekl sebesessdabicy |

het Ierk Ochl oalhekyl hﬂﬁﬁ#gﬁ}okﬁﬂiﬁg 1calh@ly$rsﬁlfc¥1fc:a|@ﬂ|é?egygulforﬂé%gd éaath&fhfegr vl

aral kyl, or hetergaral kyl, and,i s, optignally.substituted w th hydroxy,

al koxy, am no, aflgzak ﬁjr?oﬁ’c}{é& dﬁ %)ﬁﬁp%Tnl“@e%?@tY’d%}Pyﬁ&g?P 0XO0,

a: ty: oxygar b?)nyl |hkyafdxy’: aﬁiﬁ:lid"lf?diib’dxf)]?éyxo Hdlig)éh]ﬁililﬁcmeﬁml kn?ﬂlﬁ acid Kyilﬁﬁfﬂﬁﬁnw am no,
o K carbonyl, el i, BRI o0 Y LG 8 5 LA B

wherei n each of Ra,, -(RlSO;«amd)gRa- -cbn,depemdencby Cﬂ)&l—hy-momgalkygr -wzlikyl nis

o k)l/l og;cir hol\éj(r)lyl ?‘féalg"’q%go' " béttg ; qgrsg?%mtwéﬁgﬁ’&%&%/y’ Pyt one

doubl e bond, and atmm, covhexyl, Yulfcmicacﬁome ~sglfordieacidX Hach of WA RA, RY IR, R,

-NH al kenyl -, - N( y4 I Kk O al kenyl -
-S-al kyl -, or - S—%dkli{eﬁ}qd%egénﬂ%]s }s%f%géyfl ﬂ{fd %Jﬁ%ﬂ% P Sﬁdr%ngﬂ%yl éﬁJ“fxfybnl c acid,

O sul fonic acid, Wdt@ylsfsulammyﬁ ipX-dtZ i salbbuhygt aligder dllengll deioydily and t hat
at least one is R~z and R-3,
and R~5 and R-, ?l%%ep‘gﬁg}é%y%@%w fBgtoé ﬁﬁ?’é@%’og&d]oﬁ%ﬁmﬁﬁgnd One subset
of the just- tRescriBligmeisymahd’ ct’@ﬁﬁh?étfiﬂgégfb@mtmmw@h%mdium whi ch are
featured by the pymgaense;sof at |east one double bond in the rings, which
are formed by deleting one or nore of the follow ng pairs of substituents:
R3 and R4, R4 and R5, R~z and R~~) 20 and R-5 and R~. Anot her subset
enconpasses conpounds which are featured by that Z is al kenyl, al kynyl,
cycl oal kyl, heterocycl oal kyl, cycl oal kenyl, heterocycl oal kenyl, aryl,

het eroaryl, aral kyl, or heteroaral kyl, and optionally substituted with
hydr oxy, al koxy, am no, or halo; or is -CH(A-B. A and B are as descri bed
above. 2s Note that X and Z optionally join together to forma cyclic

noi ety. For exanple, if both X and Z are alkyl, and Yis -C(=0-0, a

| actose results fromjoining X and Z. A salt of the steroid derivative of
this invention is also within the scope of this invention and can be
formed, for exanple, between the steroid of this -g_




i nventi'on having a carboxylate and a cationic counterion s 3 | kal i
netal cation, e.gg., a sodiyum I on or a potassiumion; or anQMﬁ} @ugfanon
that can be substituted with organic groups, e.g., a tetranethyl anmoni um
ion or a diisopropyl-ethylamoniumion. A salt of this invention can al so
form bet wagp oh/h@1St eroi d derivative of this invention hawiciaseaeat onat ed
am no group and an anionic counterion, e.g., a sulfate ion, a nitrate ion,
a phosphate ion, or an acetate ion. t0 Set forth bel ow are sonme exanpl es of
steroid derivatives of this invention: _9 COOve O ~ Q1) O(2) OOH
HO~~ OHO HHDbHN4 HNO(5 OHHO \ p~COOHNH (G O H - 10

CF3 GOOH S O (12) .dd-3)k0t,140.-HE:sdQ-soH8, kb.Sb,-, -s0,-0-, -CO-0-, -0-CO-, -CO-

NH-, -CO-N(alkyl)-, -NH-CO-, ~N(alkyl)-CO-, or a bond. Z is alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, aryl,

heteroaryl, aralkyl, or heteroaralkyl, and is optionally substituted with hydroxy,

5 alkoxy, amino, halo, sulfonic acid, -O-sulfonic acid, carboxyl, oxo,
alkyloxycarbonyl, alkylcarbonyloxy, alkylaminecarbonyl, alkylcarbonylamino,
alkylcarbonyl, alkylsulfinyl, alkyisulfonyl, or alkylthio; or is -CH{A)-B. A being
a side chain of an amino acid, and B is hydrogen, -NR*R®, or -COOR® wherein
each of R?, R, and R°, independently, is hydrogen or alkyl nis 0,1, or 2. Note

10 that when Z is substituted with carboxyl or alkyloxycarbonyl, Y is a bond and
either X or Z contains at least one double bond, and that when Y is a bond, either
X is -NH-alkyl-, ~NH-alkenyl-, -N(alkyl)-alkyl-, -N(alkyl)-alkenyl-, -O-alkyl-, -
Q-alkenyl-, -S-alkyl-, or -S-alkenyl-; or Z is substituted with halo, sulfonic acid, -
O-sulfonic acid, alkylsulfinyl, or alkylsulfonyl, or is alkenyl.

15 Another aspect of this invention relates to steroid derivatives having the

“formula (I) as depicted above. Each of R, R%, R?, R*, R*, R, R",R"!, R} R"®,
R“’, and R”', independently, is hydrogen, hydroxy, amino, carboxyl, oxo, halo,
sulfonic acid, -O-sulfonic acid, or alkyl that is optionally inserted with -NH-, -
N(alkyl)-, -O-, -§-, -SO-, -802-, -O-802-, -80,;-0-, -0-803-, -803-0-, -CO-, -

20 CO-0-~, -0-CO-, -CO-NH-, -CO-N(alkyl)-, -NH-CO-, or -N{alky)-CO-, and
further optionally substituted with hydroxy, halo, amino, carboxyl, sulfonic acid,
or -O-sulfonic acid. Bach of R®, RS, R, R R™, andR", independently, is
hydrogen, alkyl, haloalkyl, hydroxyalkyl, alkoxy, hydroxy, or amino. R'” is -X-
Y-Z. Xis a bond, or alkyl or alkenyl, optionally inserted with -NH-, -N(alky!)-, -

25 O-, or -S-, and further optionally forming a cyclic moiety with R'® and the 2 ring
carbon atoms to which R'® and R'” are bonded. Y is -CO-, -SO-, -SO;-, -0-SO»-,
-50;-0-, -0-803-, -803-0-, -CO-0-, -0-CO-, -CO-NH-, -CO-N(alkyl)~, -NH-
CO-, -N(alkyl}-CO-, or a bond. Z is alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, aryl, heteroaryl, aralkyl, or

-5.



r COOH H0350 OO JJ~/H C18) ~~ N (79) ~~~ HO v HO~- HO (2~) Z?dm(ZG

and As used herein, the term"alkyl"” in this di scl osur e 2d el st rai ght
or branched hydrocarbon chain containing 1-8 carbon atons. Sonme exanpl es of
an al kyl group are nethyl, ethyl) propyl, isopropyl, butyl, isobutyl,

tert-butyhwohgddkdi! » S hexyl, heptyl, octyl, or 2-methyl peaixkeonByst he term
"cycloal kyl™ 1s nmeant a cyclic hydrocarbon chain that has 3-8 carbon atons.

The cycl oal kyl groups herein described may al so contain fused rings. Fused
rings are rings that share a common carbon-carbon bond. Exanpl es of
cycl oal kyl groups include, but not limted to, cyclopropyl, cyclopentyl,

cycl ohexyl, cycl ohepiayikyl, aferBptahiy ahgindd OMPALEY hikoxt8nihe W, 2l kenyl ™
refers to a straugﬁx,or,branched Qédrocarbon chai n contai ning 2-8 carbon
atoms and char act®rPEeHd iP-AUPrisgeBrfaberyisr-kabsmaEoBdnds. Exanpl es of a

typical al kenyl iduglidiftenyl®tit alk@imihboibbed, aligicadbhydmind) GRPRAYImy1, - 12

alkylsuifinyl, alkyl.sulfony], or alkylthio; or is -CH(A)-B. A is an amino acid
5 side chain containing an aromatic moiety, and B is hydrogen, -NR°R®, or
-COOR® wherein each of R?, R®, and R®, independently, is hydrogen or alkyl. n is
0, 1, or 2. Note that when Z is substifuted with carboxyvl or alkyloxycarbonyl, Y
is a bond and either X or Z contains at least one double bond, and that when Y is
a bond, either X is ~NH-alkyl-, -NI-alkenyl-, -N(alkyl)-alkyl-, -N(alkyl}-alkenyl-
10 » -O-alkyl-, -O-alkenyl-, -S-alkyl-, or -S-alkenyl-; or Z is substituted with halo,

sulfonic acid, -O-sulfonic acid, alkylsulfinyl, or alkylsulfonyl, or is alkenyl.



2-butenyl, 3-hexenyl and 3-octenyl groups. The tern1"cyc|oa|keny| i s nmeant
a cyclic hydrocarbon chain containing 3-8 carbon atons an? g@& | east
one or nore double bonds. Simlar to the definition of cy€loa yI groups
above) cycl oal kenyl groups nmay al so contain fused rings. Sonme exanples of 5
cycl oal kenyb oflkqetPS are cycl opentenyl, cycl ohexenyl, cyclmiapoenyis

nor bonyl enyl , and cycl ooctenyl groups. The term "al kynyl" refers to a
straight or branched hydrocarbon chain containing 2-8 carbon atons and
characterized in having one or nore triple bonds. Sone exanples of a

typi cal al kynyl are ethynyl, 2-propynyl, and 3to nethyl butynyl. The terns
"het erocycl oal kyl " and-\ ﬁxﬂﬂ&r%%&@t%ﬁlﬂ@ﬁh%%ﬁ&{ re]a{esatfo%femtl@dem&lv@@éfl?&lnuﬁnd

cycl oal kenyl groups which contain gne o t os ch
ni trogen, oxygen, HbFI’PﬁJI ¥agh of By Bi>&ay KRt &&y%llld%F ‘ng’nﬁ‘d R,
het er ocycl oal kenyindg:re@deﬁﬁy, g HAregen, hﬁﬁé@%ﬁ@%&ﬁ@@v bxo, h&b rsem@trae;a ranyl,
and pyrro represents

pi peridinyl, norpholino, j ny "
an aromati c noi et T chW%éﬁﬁ@“@“@é‘%ﬁWﬂdﬁ‘aNHnﬁ”@ﬁﬂ”cdn conP@i-n fused
rings. A fusesd rintha}aoraqmnﬁnjigswﬁuwoyolch contains at |east two aryl
rings sharing a c c r ic xanpl es f aryl include
phenyl and napht hy 36)8 F@fﬁﬂ §B§J¥ ﬁ%g? r?bpg@@)éx&re aromatic
groups cont ai ni ngarﬂ ﬂn@eiéﬁaﬁon:ng salisafieed with hy%}b:@hhmemﬁfo, dm:roeyloé‘ulfbxhﬁse ring
atons are heteroato fine X et | groups
are pyridyl, pyraZinyl ﬁ?ugi?)mf acl&iy atpgf)ﬁf‘,’ t%eéﬁ ?‘ rﬁ]l z’é’? Pengenol i

benzi mi dazol yl , ahmﬁrogm dﬂ@bh@lbaiky'rhedqomjsﬂl@l eln&yoﬁycﬁdxlysdrlahlﬁiﬁnulé"' iork-each of
the cyclic grpups t an a sition,

unl ess speci ffped gt a%%ﬁ'd E%E}h Xt %léelngp Xpuonana mSFrtéé t\sf‘t M{ﬁ flkg'ﬁ ‘a benzene
ring can be attacﬁedrﬁt anlﬂuélrﬁmtdnbonaﬁlsfoanmea cyptac aloptysmtlﬂdhand'ﬁhﬁez firgr m

"al koxy" is def'”&ﬁxﬂ%&%ﬁ%bﬂ@%ﬁ§¥an ﬁ”@kﬁ%h@ §qge exanpl es are net hoxy,

et hoxy, propoxy, I sopropoxy, t %u t oxy. ﬁbl represents a -13

hal ogen atom such as, fluoro, chloro, brono, or iodo. By the terns
"hal oal kyl " and "hydroxyalkyl" are nmeant al kyl groups which are
respectively substituted with one or nore hal ogen atons and one or nore
hydr oxy groups. The nitrogen atomin an amno or am do group present in-a
steroid derivative of this invention can be nono- or di-substituted with an
al kyl, a cycl oal kyl, a heterocycl oal kyl) an aryl, or a heteroaryl. For
conveni ence, a divalent noiety is naned herein as if it were a nonoval ent
noi ety. For exanple, "alkyl," such as CH3, which is assigned to X, actually
stands for "al kyl ene,” such as -CHz-. As recogni zed by a skilled person to
in the art, steroid derivatives described herein contain stereocenters.
Both the racem c m xtures of isonmers and the optically pure isoners are
within the scope of this invention. Yet another aspect of this invention
relates to a pharnmaceutical conposition for treating a UR- or LXRa-nedi ated
di sorder which contains a i5 pharmaceutically acceptable carrier and an
effective anount of one or nore of the steroid derivatives descri bed above.
The use of such a steroid derivative or a salt thereof for the manufacture
of a medicanment for treating the above-nentioned disorders is also within
the scope of this invention.



A still further aspect of this invention relates to a pharr’rﬂw@
conposition for treating cancer, including solid tunors and i and

i mmune dysfunction. The pharmacol ogi cal conposition contains a
pharmaceutically acceptable carrier and an effective anmount of one or nore
of a ster owgogggﬁhvatl ve of formula (1), supra. Each of Rperi&eofidss R4, RY)
R-, R, ~, RS, R, and Rl ~~, independently, is hydrogen, hydroxy,
am no, car boxyl , 25 0Xxo, hal o, sulfonic acid, -Osulfonic acid, or alkyl
that is optionally inserted with -NH, -N(al kyt)-, -0, -S-, -SO) -SQz-,
-0 SCz-, -Sz-O0, -0 S03-, -S03-0, coO, -COO, -O0CO, -CONH,
-CO-N(al I1yl) -, -NehORo., 8b,- N @bkyd:E60:0.580C -sUJrot- neb. <9Ptd epaLty.

substituted w t h h drox hal o, am no, carboxy oni ¢
or-O-sul fonic aci EQ@I’N(GW]RB'N}F@()“ alkB@jCQ%mabalmal ZRp aik]/lndleﬂp}alndent ly, is

- 14 hydr Ogeﬂlk%@ll I@yélmalﬁ‘?lh&@tjo@é oalkg}’gfc%ﬁééﬁykYijsteroajcif)gl)@!n 1 QX&” oXxy, of

amno. R~ 1is -X i's a or "al orakenl optionally
inserted with - NHhetefRf(réll ﬁ?ll‘)’i 01’ he‘@“’afa]éﬂl ang is opiigpplly d‘l‘btsﬁéﬁed ik hsteyl v f or ni ng
a cyclic noiegy Wam&y%ﬁmamdotmmacchqa_&ﬁfoma@matc%ﬁxﬁq}xm ch R~ and R-~
are bonded; Y is CCI} Saz- O (@2 S03- O,
-CO0O, -0CO, mcarbO%aN(E?rR%Y}°xNﬁk®bﬂ’moc"ﬂfe%lyk91F)’lcmnyfaﬁfma bond and
Zis al kyl, al kenyih(ylcaatbdﬁynwkylsmﬁ@h @myllgmfonylh@tawyﬁwcdrQabhyA),B CX & pal kenyl

het er ocycl oal kenyl gﬁ}/ i het er oa d g or,_heteroaral kyl, and is
optional Iy substi t0t 28 G EHAYARS %" %Isll’éi%? eaMID » OH&OPK $BFPBni ¢ aci d,

- IOi-< S:.I| fonic acid, eabarobn‘xw ,anc&R‘i(MHﬂiéij((&ﬁlﬂ)bQP%ng@|déyﬂkplali-lbm]y](f})gyl,NoﬂeO I

al kyl am nocar,pony ar bo sul finyl,

al kyl sul fonylp orlha ‘fé it S“bStq“m‘gﬂcéa?(c’ﬂ?o X‘lﬁﬁ Q%’éd Jd 4 @1 d‘B chain of an
am no acid, and Belﬁerﬁgrﬁydﬂzﬂ@anl,eastbiﬁaﬁbble Bend; :ﬁiﬂ)@ﬂtwme)r Biamomhekhenf R, Rb,
and R, |ndepende t. hy:. 2. Wen Z is
substituted with ga%%\i)%hlﬁyl ﬂﬁ%&% I\é‘g’l“ﬁ%‘?“k the?aﬂ%b alke 1'C:onoﬂ’q(}ns at | east
one doubl e bond G- @ceaﬂd -Svilyl-, yr 1Ssa11a3njdar¢dz 1ses=1ubsmerted>®nhshalol\ﬂﬂlfa!hlkydld, -

- NH-al kenyl - g 6' éﬁ}ﬁ)r)]T (}(X]l(yl?lﬁlg %¥ %ft/%lgu fglt.)h d)rPYsa l%en%%nglﬂ‘ﬁy;t] st 096 al kenyl -

-S-al kyl -) or N suI oni'c acid,
-O-sul fonic 4gid, O%Rzl@}ﬂﬁgulﬁ‘tla?@/ﬁ{ Roimdé1 k&l@dﬁ%y#ﬂdf’onam@'&m’n@hy . The use

of a just-descri bﬁﬁﬁh@dﬂ% %d@%feﬁ\'@fol‘n\(&d&fb}e%oﬁ@l(t)ne snﬁ's'éfaoqfth 195& dé gﬁbcﬁ sorders

manuf act ure of a medi canent for treatl ng t bove zo rren I one
is also within th@ﬂ@@&ﬁévaéﬁ/%tenwmiﬂ%@ﬁéﬁmpmds Btﬂi:h jre fplred &y thegpeence of t he

present inventiongsLlaliese dRvR boRtAe ks, %ﬁﬁsﬂe@fgm@d%elé% LRa- medi at ed
di sorder by adm nisteri n%@to a patient n need thereof an, %ffec]glve anmount

of one of the phaPRE® QW“WSW?SBH@%&P’?%dRa%\Be R'Saik exanpl es of

UR- or LXRa- aedi akerk 'dhsor'exsorr ﬁfbsdt EneBhap&bds ChRSduids IAIH 54 RREred By di Sease,
hyper | i popr ot ei ne{%&ﬁé @the nmer's di sease, anem a, chronic inflamrmatory
di seases (e.g., f ‘d’]é‘ VR PPgyley! mErmssTeakylcxdtaerd. (e. g. |

di abetes), and capaabSclohikaRl, afyE hassagl ahRd, WeRdRIkeX Piasshany €. 9.,
breast cancer, col Lon.cancer ros ate cancer, and | eukem a. Patients with

ot her disorders fituted with, hyd Oﬁ%rad’é"(?r‘érrhdg’r%“%' (ArBeP VAB ESHasi s can

al so be treated V\ﬂetsblﬂ:mdebcﬂ’fe the phar maceutl cal conpositions described
above. O her . features 0 es i nvention be
appar en rom t he fol I'OW hg i rents,
D rr oz oot of e REMEMAATR Rl Lot B2 B e LG RC Pt ont
and al so from t hecappendbely Xcnd L alkyl, and Y is -C(=0)-0-, a lactone results from
- joining X and Z.
A salt of the steroid derivative of this invention is also within the scope of

this invention and can be formed, for example, between the steroid of this
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DETAI LED DESCRI PTI ON A steroid derivative of this invention can be prepared
by form ng an anide bond between a steroid having a C17 c®$HEET -Bldt ai ni ng
substituent and 10 an am no-contai ni ng conpound or between a steroid having
a Cl17 am nocont ai ni ng substituent and a carboxyl -contai ni ng conpound.
Simlarly.wap&sher bond can be fornmed between a steroi dpgriBooisdal7

car boxyl -contal ni ng substituent and a hydroxyl - contai ni ng conpound, or
between a steroid with a C 17 hydroxyl containing substituent and a

car boxyl - cont ai ni ng conmpound. Sone exanples of a t5 steroid that can be
used as a starting material are cholic acid (e.g., ursodeoxycholic acid,

hyocholic acid, apenhyOdeR)Ychioddyheafl QLanoﬁle@&ﬁ&harngu&?ascaﬁraﬁ%ﬁuap acid
(e.qg., andr ost an- 3- 0x0- 17- carboxylic acid_and d5-androsten- 3-

17- car boxyl i ¢ aci @omf&- HPUHHHIRR ST Refasgigm dpn; orgs AHFEHHE §etpn fhat Eﬁn@F or

pregnan- 170l - 3- ormsnmfeamlmaﬁgasm%touw%ea%uemh Sma@HuPRnfopynd in the
literature, e.qg. o et al vol . 35 paggg 2268- 2279

( 1994) and Roda %SOPé‘BPYﬁF*hy%aW‘a“‘“fﬁoé‘ Aﬁ‘}i‘ O‘L‘g‘alm"e@&nc 5 (1987) .
Some exanpl ess of1ﬁ@ﬁ@6ﬂﬂé&mﬁhﬁﬁﬂﬁ@ﬂv@ﬂmﬂ&ﬁﬁgb@nﬁﬁ@@&Qnm@g@m§&ﬂmﬁld to form
a steroid derivative.of this invention are anilin g %C|ne henyl al ani ne,
or benzoic acid. ECAFFPELCTEP: L-EGUPTT 198 A RHERE atpﬁ%’ LERMPEEET®I n the

am de- or ester-fioim ng reaction include 1-ethyl-3-[3 25

ﬂll- Eg;?gl(?g‘ezggr ?Ip?lla]zolggtrtb r&% ({\Q’ g‘ee some ex?nhples o(fgtero%rhenyan;’&%%f ?sqm!fen IOIle ( DCC)

2- (1H benzotri azol e- 1- yI) 1,1, 3, 3tetranet hyl uroni um hexaf | uor o- phosphat e
(HBTU), or benzotriazol e-1-yl-oxytris-pyrrolidino-phosphoni um

hexaf | uor ophosphate (PyBOP). The ami de- or ester-form ng reaction can take
pl ace in any solvents that are suitable with the - 1G starting
materials and reagents. Note that if the reaction takes place in an aqueous
solvent, e.g., a buffered solution (or in conbination with other m scible
organi ¢ sol vents such as alcohol), isolation of the steroid product for in
vitro or i.n vivo screening assays is not necessary, as the product is
already in suitable assaying conditions, i.e., in an aqueous buffered

medi um Protection of functional groups, e.g., hydroxyl or keto, on the
steroids is not needed. See, e.g., Exanple 1 below. Due to the sinplicity
of the reaction, it can be easily automated. |solation and quantification
of the product can be done by thin-Ilayer chromatography, high pressure

| i qui d chromat ography, gas chromatography, tO capillary el ectrophoresis, or
ot her anal ytical and preparative procedures. Trifluoronethyl- and
taurine-conjugated steroid derivatives can be prepared accordi ng to nethods
described in Li, S. et al., Chem Phys. Lipids 99:33-71 (1999) and
Kurosawa, T. et al., Steroids, 60:439-444 (1995), respectively. As to the
preparation of 3(1-hydroxy-5-chol esten-25(R)-26-carboxylic acid
derivatives, t s see Kim H et al., J. Lipid Res. 30:247 ( 1989) and
Varma, R K et al., J. Og. Chem 40:3680 (1975). Steroid derivatives
having a side chain that contains a double bond, e.g., between C24 and C25,
can be prepared according to the foll ow ng schene:



0O HO O OH O O TBDMSO ~ TBDMSO OH TBDMSO TBDMSO ~\ " ~~ TBDMS =
t-butyl -di metbyl silyl 3-beta-t-butyldimethyl silyloxy-delt Z&)FTHhNED- 24- a
and 3-al pha, 6-al phadi (t-butyl di met hyl sil yl oxy) 5- bet a- chol an-24-al were
prepared using NaBH4 and pyridi ni um chl orochromate accordi ng to nethods
descri bed \ivB 0?&%nat han et al., Steroids 43:651-655 (1984ctusoos11243

Et hyl - 3-beta-t1-butyl di net hyl sil yl oxy-del ta[ S, 24] chol est enoat e and

et hyl - 3a, 6a-di (t-butyl di met hyl silyl oxy)-delta[ 24] -chol estanoate were then
prepared via Wttig-Homer reaction using triethyl 2-phosphonopropionate and
a suitable base according to nethods described in Lund et al.,
Arterioscler. Thronb. Vasc. Biol. 16:208-212 (1996). After thet _ ts_
but yl di met hyl silyl oxyl groupscymge removed, ethyl gester groups were,

hydrol yzed 'under al kal i neYeonditions. As nenti oned above, a ph xeut i cal
conposition containin steroi d derivative,or—a saltyof this iyavenbion in
an effective anou > ¢ usedto trea LXRa- nedi a j sorders
Also within the @@n this inventienli et hod of a UR- or

LXRa- medi at ed dPFsordef such as ast herlosg¢| ekosi s by adminiktering to a
patient such a conposition. An ef f &€t i va anmBunt is d@*inené s the amount of
the derivative which, upon adninistration to a patient in need, confers a
t herapeutic effect on the treathd patient. The effective anount to be to
adnministered to a patient i §_gréedr patient
wei ght, and patient conditio dgsages for
patients (based on Wil ligH | ce) (63

(-l ©) Canger] Gfennt fer . ‘@ 50, 219. Body

surface area may be
patient. See, e.g.
3

New York, 1970, " An effective anount of a conpound of this invention

used to practice the invention can range fromg about 1 ng/kg tg about 2

g/ kg, e.g., fromabout 1 ng/kg—®d about 1 g/Kg, or fron1abou\ 4 my/ kg to
about 500 ny/kg. Effecti oses W Il y, as recodf by those
skilled in the art (7 depgndamt on routé olkjadm nistratio @XCI pitent usage,

atments. The
; eral route,
i ncl udi ng subcutdnedusly, intrap ly, intr&ftuscdlarly and
i ntravenously. Exanpl es of parenteral "Hosage forns include aqueous
solutions of the active agent, in a_sotonic saline, 5% glucose or other
wel | - known 25 pharnmaceutically ac bl e exci pient. Sol ubgia zi ng agents
such as cycl odextrins, or othef=sol lizing agents wel Known to those
familiar with the art{® 6y i1P%%d as phar macedyifal, gxgi pients for
delivery of the therapeufii conpounds. The stereigdA{derivatives of this
i nvention can al so be ﬁ r ot her routes of
adm ni stration utifliZin

HO™

and the 2o possibi]ijtly of co-usage
phar maceuti cal co i
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-19 They can be Fornul ated, for exanple, in dosage forns for oral

adm nistration in a gel seal, a syru, a capsule, or a tabRe} D[ﬁaﬁgﬁﬂ es my
conprise any well-known pharmaceutically acceptable material such as
gelatin or cellulose derivatives. Tablets may be fornulated in accordance
with the gogysdkiional procedure by conpressing mxtures etrhjseenedspound of
this inventton and a solid carrier, and a lubricant. Exanples of solid
carriers include starch and sugar bentonite. The steroid derivatives of
this invention can also be adm nistered in a formof a hard shell tablet or
a capsule containing a binder (e.g., lactose or mannitol) and a
conventional filler. 1 o The level of interaction between the UR or LXRa
protein and a steroid deri vati ve of this invention can be prelimnarily

evel of interact
be t5 done by using

test steroid and th LXRa prote Thi s assay
a 35S-Met radi ol at;z)UR or _Ryn Ra ‘bt ot ejq, r adi'Bl abel ed
protein is then. ated witht eroi d of thi ention and di gested

with a prot eade, &., trypsi " A control expef? nment™i s done by i ncubating
UR receptor with a protease but wthout the steroid. Protein fragnents from
both assays are el ectrophoresed on a pol yacrylam de gel. The 20/Tragnents

from each of the assays can\hg,visualized by posing the gel{to X-ray
filnms and conpared side- by side. A test st , 1f binds/To tche UR or LXRa
protein, will protect tfhe receptor fro \, N@e)di gestet heqpr ot ease. As
aresult, reactions{t] resul t betvvee steroid and UR wi ||

lead to fewer b
i n bindi ng betattert25 the two nol ecul es. The co-acti%¥@tor binding assay
enpl oys a fusion protein forned between a glutathione S-transferase (GST)
and a co-activator of UR e g., Gipl. ‘A_(;S'EOCWDI ety of tdsofusion protein
bi nds to a gl utathi one- £o %ol i d suppgr reby i rmobi lijzing the
fusion protein. URan roi d of this |nven |on are -230 t hen

i ncubated with the j ilized fusj te| n. Subseqguept| y) anVGbound UR
is released and \.proteins are then

el ectrophoresg pol yacryl'&m de gel and vi sugl i xed by exposing the gel
to X-ray filns. If the steroid interacts with UR Tess URw Il bind to the
fusion protein, and a |ightercgand woul d thepefore result on, the gel . By
nonitoring the intensity of'N—t’he band of thé kound UR onethan estimate the

bi ndi ng of the sté&bid YR, Yeast yBrid binding asgay is a sensitive
assay for identifyinrg R nodul ati,ng ounds by g teanscri ptional
activation. Cenets y descri pth t 8se asgé n be found in, e.g.)
Chien C. T. et ,@‘ . Natd=~Asad. Sci. US . 88, 9578-9582 (1991);
Fields, S. et?Pal™ sNature vol . B, 245-247719B9); and Geen, M B. et

al ., Curr. Biol., Vbl. 2, 403-405 (1992). In thi'$%screening nethod, a
steroid of this |nvent|on that nodul ates the interaction of UR or LXRa with
its natural ligand w Il havxe effect on the trangcriptional \t5-activation
of a reporter gene. In a s i fic assay, two pl ds are intrpduced

(25)
(26)

HO
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into a yeast cell. One expresses a fusion protein having a @l@ bi ndi ng
domain and a UR natural ligand, and the other expresses a 2 i ein
containing a UR Iigand binding domain and a GAL4 activation donmain. If the
steroid interacts with UR and disrupts the binding of URto its natural
ligand, thg,3eedeti vity of the report| ng gene (Gal4) willpd3pusabigied. The
changes in reporter activities (i.e., p-galactosidase activities) can be
measured with a comercial |um nescence kit. Manmalian cell transfection
can al so be used to screen steroid derivatives that affect the interaction
between the UR protein and a steroid of this invention. 25 A rat UR or
human LXR gene and a human RXRa gene.argycloned into a manmal i an.expression
vector (e.g., pSGS from Strategene) agne t efol ogous
pronoter is forned by inserting ¥oulr tandem repeats of a hormgne response
el ement DR4 into the vector jt{eamto a c-fos pronpty sequence which is
foll owed by a sequence encaod ci®8rase. The en construct
is naned DR4-fos-1uc. DRA 5 . : ﬂgfh pSGS/ r UR or
CW/ hLXR and pSGS/ hRXRa It o~manmal i an cel I's, *‘ COS-1 cells. An ethanol
solution containing a steroid of this i nvent#6n~T sI't hen added to the
transfected cells. The steroid, if interacts to th¥' UR or LXRa protein,
affects the |l evel at which the luciferase gene is activated. The gells are
then | ysed and assayed for |uciferase i Vi i i i
and a lum noneter. A high intensity g
steroid is a potent UR or JoXR aggn¥st. Anot her chi meri pt ofyt hat can
be used in this assay is cons ted by to fusing oli cleotides encodi ng
the |igand-bi nding donain fUR to a human AR o@ﬁ ng

| i gand- bi nding site codi @@. on. For this chim#fi c ré&ceptor, a reporter
gene ARE-fos-luc is comstrucfed by inserting three tan®8m repeats of
Androgen Response El enent (AP?E) into the vector upstreamto a c-fos
pronoter which is followed by a luciferase reporter \geme. After adding a
steroid ~ s of this invention to the nmedium of the yransfected cells, the
steroid can interact with UR and affect the | evel/of activation of
ARE-fos-luc in cultured cells. Fe |evel of tym nescence activity thus

i ndi cates the | evel of UR nodul ati on by oi d®"vet anot her assay

i nvol ves expressing rUR gene in PC-3 ce zo retroviral infection. See
Underwood et al., J. BioL Chenz, vol .H273, “pages 42G4274 (1998). The
transfected cells are then seeded in nmedia ontai ni ng del i pi dated serum and
then treated with a sobusedreran titedémmi "pllyld inchie dis¢lobucfdendiess: siraignt i on. The

PC-3 cells are |l a nd
treated with 100 b Ch%\@w (a)%ggé %],8?1%9%9@% ‘B\/Eﬁbﬁﬁ%}‘éﬂs S%HL%S?({gr%méat 25
37EC. Anphoterici g@ﬁ@tﬁ@ﬂyl,@m’kPIOPylcléﬁrIJIf@Ybbﬁvlalsﬂh%Q tehbitelspestybl in the
cel | menbranes Thﬁex?lé?ép?y]%c%l tob%eﬁ@rpeqyﬂ eym"{e&%@&%ﬁtl% flawi th

Sul f or hodam ne B af nor e “washi |'s are Stal ne and can then

be assessed usi ngc¥ligBydsmcpiben fhag th?géw 8 qaﬁé’“&%lﬁniﬂ]‘iﬁyfﬂe%ﬂlgﬁouﬂ% rectly

proportional to NyHARHesefivedwiayakb Phitailuled raps. tHiSedGiAk] AL Bndd Bk 8Sre 47T OM
conparing the nunber 22

common carbon-carbon bond. Examples of cycloalkyl groups include, but not

limited to, cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl, and
10 norbornyl.
The term "alkenyl" refers to a straight or branched hydrocarbon chain
containing 2-8 carbon atoms and characterized in having one or more double
bonds. Examples of a typical alkenyl include, but not limited to, allyl, propenyl,
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of viable cells between assays with and without a steroi &) O@E c% estimate
the effect the steroid has on the de novo synthesis of c Be .gr 3 A still
further assay makes use of nitrogen nonoxide (NO as an indicator of the

| evel of inflammation. Cells froma marine macrophage cell |ine RAWVA. 7
are incubaf i.th a steroid of this invention for 24 ho
nacrophagg‘égg?fégﬁilhen activated by adding |ipopol ysacchar :‘Hgé'm(sg@@)usand
gama-interferon. The NO production of activated nacrophages can be
nonitored indirectly by quantifying NO2 in the nedia according to G een L.
et al., Anal. Biochem, vol. 12G 131-138 ( 1982). The reduced anobunt of NO

in to conparison . } a,.control —experiment in fch. no steroid is
used i ndi cat es th%ltgm{ﬂﬁrg%s}i%jé?ngll a(li‘ggsc’gtgn)flﬁr e @g?gv Wﬁl\ém(?ﬂéﬂ B PHA ef f ect on
i nfl anmati on. Usi ¢xgli¢ ydrosahen aeinicoreainiag 3-8 pivageatesd dnd hivigy RAWME Ghe of,

constitutive expr i ta: human e by retroviral systens
transforns these %2 Idgﬁhlﬁogés?osér%ﬁ 52({&3? ?‘1%‘5330%%?%8%@3?%%%‘*"??& egrated into
clunps whil e t5 ievsloalkgriyhgroensmay sise emtaimfiilsedminigs. gomapxypiphssiof. Foam cel |'s

originated from I | Qr onent s .i t hol ogi cal pl ague
which is us uaipl y%{?ﬂga%gﬁﬁwg all%r?kggpewa ’Cgﬁg%r?l;‘%nggc czc’shglge}F’g’%i n patients

suf fering from atPebaasdingk ansi cyclo®tenylirebipsler i vati ves of this invention which
nodul ate UR can suppr 6 i [ - f | |
transformation at di ff_qg?teeﬁ?%lg&gt geg"’ziﬁ"%gﬁ@b%gﬁ&%‘%ﬂg@g’gfﬁc%%ﬁ%%{‘ reat ment or
prevention of at h@RBEMedrHrten aigms apdhargeterizpg inhaying pneadr moreAripler i oscl er .
Thronb. Yasc. Bi Obonds, \Wkne eldplR 38 pitA Indt a&%%g@l,-z.ﬁssmyo%@er assay
measures the effect of a steroid of this i'nvention has oh the |evel of

adi pocyt e di f% er SREPAPYBHon fi brobl asts. Specifically, the Ievel of 25

adi pocyte differenti aum@fenhm'hér%mﬁaﬁ@bmbh&%%%lﬁedjh" ERPbalddAg rat UR
gene at sub-confluent .cqndi.tions i s neasured. nstitutive expression of

rat UR gene in n ﬁ%ﬂl?‘*ﬁﬁ%@f%ﬁ‘gﬁlmﬁﬁn QS TBe BesFraaterys: skhay retroviral
systenms. Full - engirdpeh akyddR o BN aTidal ek dc@lodlfll end RieFdRYdIbRen@X P €SSi ON
vector MV7. Infected 3Ti3- L) trchcg(l I g t hf':lt ar e (A18- resjistant are treated with
insulin, dexanmet HEQ{R&Cldpfgrabydrofuranyl, tejrahydpappiopy) pineidigyl PP®BFAi ne (M X) to
i nduce adi pogyt e winbfigit emttpyadlidimyl. A control experinment can be done by
inserting human UR c DINQ\ il.,r}t (%es'é%? niarrl th ant i slglﬁlise or i Er] at }Jon. Cells
infected with hUR antiSEnse Constmer e sy shay aft cogirys frl2 cabenatomps 51 5o
treated with the mdem donginlfised dagsk anded winglaran s@maticgblp Widdsdohttins Gel | s

infected with ruU t | at e .nore. Re il. O positjve.lipid
drops than par enﬁ e%{e_ Ioswﬁ%slsgar@gﬁlggl}{??\ FOTFRPY ﬁ°“§u§“’é?i‘f?’?@ﬁ1§%°fare shown
to have | ess Red aylincddpphdnyliapéndphfhiyd drops. Thus, the finding shows that

the expressign of UR kg fih0® t. Le in adipocyt.e
differentiation. Wt hout' H?%?t ;ﬁlgrgﬁselﬁgﬁéoaﬁgaéfﬂlso%,&%iaﬁm}a{s}c ve I%%’éx\)/eﬂm%%fo one
skilled in the ar¥?@aniomsgn yaisdaneom moeofdescrigptinrardietedammsat i | i ze t he
present inventi onjehifediabdvel Bbh€&Slampil %terogﬂzgig%ﬁ%ga?ééﬁgﬁ%%@?%kn | qursxanpl es,

whi ch descri bed synt heses, screenings, an | ¢ ngs of” vari ous
conpounds of t hi PYFAVEHtiggh thiazelyl, bepgymidagelyl, anddmislazaddnst rued as nerely

i |lustrative, and not Thé giskihs of SutRfindriCorlBERdFAAEY ciRfarduCadlinfted YL e 10 any
way what soever. All publications recited herein) i nég] uding tb5 patents, are

her eby i ncor Por at™®B¥ U5 e rEAabie Bositions unleps spggifigdiaghepvise. For example, a

methyl substituent on a benzene ring can be attached at the ortho, meta, or para

position.
The term "alkoxy" is defined as the moiety "-O-alkyl." Some examples

are methoxy, ethoxy, propoxy, isopropoxy, and t-butoxy. "Halo" represents a
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Preparati on of phenyl al ani ne conjugated-steroid deri vati v?m Zﬁﬁﬂ rred
solution of L-(or D) phenylal ani ne ester hydrochloride ( f P dry DIVF

(10 mL.) was added triethylamne (2 mmol) and the m xture zo was stirred at
roomtenperature for 10 mnutes. Bile acid (1 nmml) and 1-ethyl

3- [ 3- di metywylogrggsniopr opyl ] -carbodiim de (2 mmol) were therpaddeshiaad t he
suspension was stirred at roomtenperature overnight. The reaction m xture
was diluted with water and ethyl acetate. The organic | ayer was separated
and the water |ayer was extracted with ethyl acetate again. The conbi ned
organic |l ayer z5 was then washed with 1IN HCl, water, 1N NaOH and water, and
dried (MyS04). Thelset Mefmsuvm m&mw&ow&% ofﬂdwcgpm@feaﬁﬁrmalealkﬁ~' afford the
steroid derivative re then 2 zed. by Thin La}/er Chr omat ogr aphy,
H gh Pressure Lidfid ‘?’%ﬂ%oﬂ?ﬁ"ﬁm}f Qﬁ&‘y U8 VLB FRSRgRAY el sphstituted

Preparation of with one or more halogen atoms and one or more hydroxy groups. The nitrogen

et hyl - 3- al pha, 6- ha- di_hy del t af 241- 5- bet hol est anoat e

Et hyl - 3- al pha, 6- al Pha- i hs :?r%%%éldaéﬁuﬁflﬁﬁm atﬁ@foéd %ﬁ?ﬁ?t’é’gf’gtﬁ’ééﬁvé“%s pr epar ed
according to aret h@dbe these ror disdbstibtedevith'ahlalduly cy@1o6Ry1( HBrocyDlofRyl(£19) ; 1. 29
(C21); 1.88 (026) f%g&%% 4.04 (Co); 4.22 (C28); 5.88 (C24). 5
Preparation of 3 ?1a di hydr oxy-del t af 24) - 5- bet a- chol est an- 27-oi c
acid 3-Al pha, 6-al pha Fotnpdyanepced e livalfr? dloich- ibetnmed hedmlae ftitawerdy - oi ¢ aci d was

prepared accor di Q, NMR:;, ;0,63 18); 0.90
(Cl9): L29 (C21) n,gortog%g;%%)gs Pgﬁ%‘%&t’&q“‘%b SB%"‘E@S’ 4“1’2‘5“(“@%3? 85 (C24) .
10 Preparation ofachpliystards foatalklepdl ench att€lthafAsSe@4dizadlhylaakilleheaie

Et hyl - 3- al phg, 6- I n was prepared
accor d| ng to%rret %gg%%atggstéc}%ﬁ? d%g@%b&eﬂl%éher@mQ&%&?%%%@ 8%% 1.00 (C19,
C21); 1.83 (C26);remigmpags-of somes Al optispliz guie G@yrers@emithrGhdicope-j C 15 NVR:
72.0 (C3); 121.9 (@3 invekfisn.3 (CB6); 168.8 (C27); 127.8, 141.2, 144.0 (C24,
C25). Preparation of 3 bet a- hydr%y-delta [ 5, 24] - chol esten-27-0i ¢ acid

3- Al pha, 6- al pha- di hy drGx3Rotel Fpaebafthisinysation relales fesbammapeutiglc aci d was 20

prepared accor di r@nﬁa@snﬁlﬁtfﬂﬁfbﬁtl QSR | &EQR@QQHﬁted disbr YR hidl 62101 8) ;. Q. 95,

1.00 (C19, C21); %@% qéﬁﬁ% 19 (C28); 5.34 (CS); G 79 (C24).
Yeast two-hybtid 2e(rpiable e %{‘Ieff?‘é’é@f‘m?%OWBPT‘BOIRPfthﬁrom
Stratagene, Hybr istAid Aerlviiides 2ésciitd abisve dTHeQs€ OMIGEN Aibdroi® BérTafive of & kAENI NY
system Four pairs of,.d ner?ttﬁd i re anneal ed, digested

I| nucl eoti des
with EcoRl and Sarieof{Hdsues "rﬁ‘gg’ btﬁﬁtéeé‘t‘%ﬁ T AoV BEPIMEH s of
ol i gonucl eot i des chs*oe:ielrsusalsﬂwﬁsnﬁxelsdopmsﬁﬁlk\hnlvambﬁsents A G Tor O: z5

A still further aspect of this invention relates to a pharmacological

‘<:

20 composition for treating cancer, including solid turnors and leukemia, and
immune dysfunction. The pharmacological composition contains a
pharmaceutically acceptable carrier and an effective amount of oﬁe ormore of a
steroid derivative of formula (I), supra. Each of R', R? R®, R*, R*, RS, R, R'!,
R'* R, R'® and R, independently, is hydrogen, hydroxy, amino, carboxyl,

25 oxo, halo, sulfonic acid, -O-sulfonic acid, or alkyl that is optionally inserted with
-NH-, -N(alkyl)-, -O-, -S-, - » =80-, -80;-, -0-80;-, -S0;-0-, -0-80;-, -803-0-, -
CO-, -CO-0-, -O-CO-, -CO-NH-, -CO-N(alkyl)-, -NH-CO-, or -N(alkyl)-CO-,
and further optionally substituted with hydroxy, halo, amino, carboxyl, sulfonic
acid, or —O-sulfonic acid. BEach of R*, R®, R?, R'* R"®, and R¥, independently, is

-14-



VB1l: 5'-GIA TCG CCG GAA TTC NNN TTG NNN NNN TTG TTG NNN NNN TAA GE&AEAC TCT
AGA GCC-3' (SEQ )D NO 2) WB2: 5'-GGC TCT AGA GTC GAC TTA? SNBCTNG

NNN 5 NNN CAA NNN GAA TTC CGG CGA TAC-3' (SEQ ID NO 3) LS 1: 5 -GIA TCG
CCG GAA TTC ATC TTG CAC AGA TTG TTG CAA GAA TAA GIC GAC TCT AGA GCC-3' (SEQ
I D NO 4) dSdossr1- GGC TCT AGA GIC GAC TTA TTC TTG CAA CARcTASoozi£a3CAA GAT
GAA TTC CGG CGA TAC-3'" (SEQ ID NGO 5) W : 5'-GTA TCG CCG GAA TTC NNN TTG
NNN NNN TGG TTG to TTG NNN NNN TAA GTC GAC TCT AGA GCC-3' (SEQ ID NO @
WD2: 5'-GGC TCT AGA GTC GAC TTA NNN NNN CAA CAA CCA a5 20 25 NNN NNN CAA
NNN GAA TTC CGG CGA TAC-3' (SEQ ID NGO 7) The purified fragnments were
cloned into the yga ﬁ;geﬁ/g}fcploﬁam%? g&gxy@@]r af(&ge(ﬁ@)oxpforglgﬁos§ngs Kestriction

sites. The resulting. plasmd expressed fusion protein with a GAL4

DNA- bi ndi ng donai %% Bt %W‘d’o&d Eﬂaﬁkﬂf’f ey °P$‘ﬁEPHé isertegyElt NHe -of ten

amno acid in | erl&@aikyw tdn, & BX&H-ﬁ;ﬁlﬁE tio@all}l(ﬁmﬁag&r clic whitPROh® NO 9)
notif. UR |igand gdl ng donai n {n no,,aci ds 141 to 443 r UR) _was

generated with P ‘%"é‘ra{"é(ﬁ"‘iﬁ Q‘%nﬁ?‘h%r aﬂ?é’a‘%dced’v‘éﬁt'gﬁg pED: ERe4- 2. 1
(Str ;at egene) s t hosbon)- Bsz-@L Le- sEgp@oazmd-olﬂn@l -O-00e, -caarmii, LogNpdiagi d,

p2.1/r URLB, expres rotein co 4 t tion
activation domain f@ﬂ?ﬁo %@#ﬁgc&effgg F%‘Z‘q 'gmga?lbﬁy{f’ Zcﬁg‘y i ndi ng
domai n. Pl asm ds m%@%almcbyﬂaalﬂahﬂ%@odwbﬂk@m ﬁrﬁ{ﬁﬂﬁér@d’rﬂ[a&dkyl,rﬁro an
appropri ate yeast, strain u5| i ghate an ol yet ne glycol.
The yeast was thel}le§§()raéal L a dEQ Og’fﬂ Eﬁ’ﬁgg hH?fof‘y’taﬂ(ggf’S%Wg b’east

col oni es reached @ifome acﬁs‘i)I-@stulﬁsucvmndecaﬁjoxjdmﬁc}m‘xdc@mmmmlkyicaslmhﬁoxy,ve medi um

for 1 S hour § at :S;lgl an%ggcﬁgénﬂ%ﬁgé%%ny ewén ll?c?/lcar{)ongf fiIkVYeulfe rgmaasur ed with a

commer ci al | um nescence ran flectl on assay (1)
alkylsulfonyl, or alkylthio; or is -CH(A)-B with A being a side chain of an amino

acid, and B being hydrogen, -NR*R”, or -COOR® wherein each of R?, R®, and RY,

independently, is hydrogen or alkyl; and nis 0, 1, or 2. When Z is substituted
7 with carboxyl, Y is a bond and either X or Z contains at least one double bond,

15 and when Y is a bond, either X is -NH-alkyl-, -NH-alkenyl-, -N({alkyl)-alkyl-, -
Nalkyl}-alkenyl-, -O-alkyl-, -O-alkenyi-, -S-alkyl-, or -S-alkenyl-; or Z is
substituted with halo, sulfonic acid, -O-sulfonic acid, alkylsulfinyl, or
alkylsulfonyl, or is alkenyl. The nse of a just-described steroid derivative or a
salt thereof for the manufacture of a medicament for treating the above-

20 mentioned disorders is also within the scope of this invention.

Still another aspect of the present invention relates to a method of treating
a UR- or LXRa-mediated disorder by administering to a patient in need thereof
an effective amount of one of the pharmaceutical compositions decribed above.
Some examples of UR- or LXRa-mediated disorders are: Jiver cirrhosis, gallstone

25 disease, hyperlipoproteinemias, Alzheimer's disease, anemia, chronic
inflammatory diseases (e.g., theumatoid arthritis), metabolic disorders (e.g.,
diabetes), and cancers which are associated with UR expression, e.g., breast

cancer, colon ¢ancer, prostate cancer, and leukemia. Patients with other disorders

-15-



Rat UR and human RXRa gene were cloned into a mamal i an eﬁw ?QQ ect or
pSGS (Strategene) by transfection with cal ci um phosphate e %r essed
in cultured cells. A heterogeneous pronoter was constructed by inserting
into the vector four tandemrepeats of DR4 with sequence 5 -TTC AGG TCA CAG
GAG GIC ACA CT-3'" (SEQ ID NO 10) upstreamto a c-fo r sequence
(-56-+l 09)wﬂﬁ‘ﬁgﬁﬁn\/\as foll owed by a sequence encodi ng IucisPTcg‘Pja%sH@{.l e entire
construct was named DR4-fos-luc. DR4-fos-luc was then co-transfected with
pSGS/ r UR and pSGS/hRXRa into COS-1 cells. 1 G24 hours ~ o after
transfection, a steroid derivative in ethanol was added to the nmediumuntil
the maximum final cpncentratian is.2 pM The final concentratiqgn of sol vent
ethanol is 0.2 A 88 A HRpodonsliyFiholegeras Hebuerel FHRSREI i (h ¢ he
steroi d were |ysephangeassiaypmdositons dasaibbéistase activity with a commerci al
assay kit and a lumnggeter. 15 A wide variety of conpoynds of this

i nvention were test edqgtﬁ%ﬁ?%uﬁeﬁdﬁ%%’arﬁ%%ﬁw:t{’%pr?%radﬁ%vﬁe?ql\/vgﬁi%?)?Ppéli‘?Pti vity of UR
or LXRa. For exanpbm thesblsvongdefaflyd deseiptipagfaeveral avigdmentsiumdxpe badl y

i ncreased the.l ucpf Jyity by 15-fold in conparison to absence of
steroid only ?or ﬁﬁgﬁﬁﬁﬁﬂgﬁ&&%; steroid (2) unexpectedly increased the

| uci ferase activity by 60-fold in conparison to 20 absence of steroid only
for LXRa but not UR steroid (3) pieh ctivate both UR or LXRa;
steroid (7), (8), or (9) can ant ‘A) _ . lqtransactivati on
acitvity. Mammalian ceh Feroraiagtagies ¢iohs msgwign ¢appe pBpared by foimmg ar  f ashion to
the experiment deggisk BEMH RBRYE: s 20@hIAES: &@H@{bbﬁlfcgﬁﬁﬁik&ub‘é\?éen? struct ed
by fusing oligonucl eotides encoding the |igand-binding domain of rat UR
(141 to 443 ki no*HETACFEEIHUELMPPHILT htilem aARMkhingadii nginet gand- bi ndi ng
coding region (hupsmid¥g shbiiuctPad 8 0By BEnBitiBTofPaRY. §m1aﬁ}’,%g$s?fé?r essed in

cultured cells. For this chinmeric receptor, a reporter gene -27

ARE-f 0s- | uc was cBHECrTRE BENPeiRes 1591 Withe 611 FrebarabepRming sebstituaidem ‘
repeats of Androgef ReaRansOnEhRERAhpLARE) betdeh a deRROMBNEE] Plydok{G AGT CTG
GTA CAG GGT GIT CIT TTGS'bWégE%W % [1)1) upstreamto _a c-fos pronoter
sequence (- 56- +108MARHICH g B SRR B3P TG OER B e AUBUPAGP LY er ase.

Various sterasd detioldahdt vashe@bedtabi Staitiny Mt Bre\WRIIR abiod, t o nodul ate UR

transactivation actiyit n DRA-fqs:luc, expression in the cultured cells.
For exanple, ster S’is%a/effé}%/pl}”a’ﬁtafl\(}é’yf’%)omi%Cédea"ﬁl 8&8’,‘3'08?}5?8‘)(] -AREKEE =dl y

i ncreased t he | uctdrlerxgBeacilot gy addyoshiy-38oxb-QF-dabékyliombindI6AndOstén ®Bolst er oi d
starting material ,,to I lian, cel | sfection assay. (3) Human, enbryonic
i dney 993 col | o St ARIRD B Gk SENE E o PR i) rsBRR L o e
wel | i n DMVEM suppbeirer eByniicsihof 1% ftebdb cdndv ifowed siahalireratife ep., Rédahrour s,

cells were transf e ! c i recipifati Jret.hod with
250 n g of tﬁg pG?%)U%é’%%ﬁersépé??%ygég%?%g@gﬁi‘)gh@tgﬁggé%gﬁés%'sett59’0 [grrt%hsr'ee copi es
of AGGTCAagccAGGTEA ol Sédhates 248852008 e BombBanplestdf@dmpduntidbativamieen c- f 0s
pronoter in front I - 1 J . - 1.d basic pG.3
(Pronega), 40 ng B%%Stc} %%%ER?AJ&E%&%?&%%&G%@%Ed%?‘gwg&%‘l&ilgﬁ% pSGS/ hGri pl
0.4 ng CWI/ R-luc gtilingnglyees phenyidarinmpi beardivisid dpemplerof appunbipgegpzeand 250 ng
carrier DNA per Walcan At h@H Bethd #GhY or gs%@-f&gllir@fre _ ﬁbntiﬁt@udg%et%{yi@ﬂy-c reporter

O -

gene which consists of a single copy of nucleotides -101 tc 9 of the rat
7a- hydr oxyl age gefi@ethylepinopopylheartsdnmids (ppk dpycqheri-gabodiimide{BCL).r of | y

luci ferase gene i N-HyaRxpheasoidzodRASIOBHPERI-bRLAABER) - WRE 1 yged i nst ead of
pA.3/ UREl uc. This reporter does not have response elenents for COUP-TFII or
HNF4. In some exp&PPhepiuonispheraduesp-rhosah I RsPapeiRgpleak ¥-grene

reporter, 25 PH h@¥R{Aolidd.phokihekiug ARG NedSpHafphate &in@iP?. TRMIRL onucl eot i des
-135 to +24 of the huynman CYPZA%g%ggfused to the firefly lucjferase gene in

the planid basic FE3THEGREYDC placed apielvenisithgirarsseftablersityte At ¢ er
anot her 12-24 hours) cells were washed with PBS and refed with DVEM
suppl enented with 4% del i pidated fetal bevine serum Steroid derivatives
di ssolved in ethanol were -za



added in duplicate to the nmedium so that the final concenbrilkisﬁc:lr(;23&a al cohol
was 0.2% After 24-48 hours, cells were harvested and | uci ivity
was neasured with a comrercial kit (Pronega Dual luciferase Il) on a

Monol i ght | um noneter (Beckton Dickenson). Both LXR and UR form
heterodimers wih RXR for gene transactivation. The ligand. for RXR 9-cis
retinoic a@P&?/ﬁéﬁél known to activate the LXR/ RXR het er odi r?&'mgﬁﬂ?m&ﬁ%di tion of
9-cis retinoic acid to transactivation assays did not change the potency of
ei ther 45 or 6a-hydroxy steroids for activation of LXR or UR (data not
shown). The expression of endogenous LXR and UR (and TR which also binds to

a DR4 response el epent Q wer.e appar.ent Low since reporter activation
was lowin the abss{égﬁﬂé1 )ng%mglﬁla‘édge@%f‘elg&a h’ﬁt ’b@ﬁf%‘f‘@“f%?g PR UR' Reporter
activation was al squdoowgoiviampe.g.echufieved selsiparicdn alntimbbn Wasotheplibad Wth a
gl ucocorticoid receptor response el.enent.. .Each experi nent. was _repeated as
least twice to der?t?)g‘?éltcF(gfeé]%rsg%ragaﬁg%ﬁwl? - °§§f§¢ﬁ%<ﬁré’f&ﬁ‘§ﬁ#f ’ﬂﬁ’l”i"é’PWere about
2 x 10" for pGL3/ UREBkeresning assaysgs A GedessarypaEltRy piadutids alfzady i Suifable

PH hCYP7A- 135 .and g £ - . ity af synthesized steroid
derivatives was vélrgsial _F%%%g{i}gtshll' i é%‘iqug% rg%{‘r%etdonée;aﬁlﬁh;ﬂgﬁc “Uructures were
confirmed using prewctenabgrdurs e Jiydmgyler kdo, ve $enanids ispeodedaises, v.g.,

3- Ox0- 6a- hydr oxy- $p- i,.C i _ L .

3a, 6a- di hydroxy-5 ?’gﬁg? gﬂg‘%v'p])g%ogherrrgg%ﬂ%ity g@%egr%mcénng can be casily

3a, 6a, 7n- h~i hydr oxytosped lstiaionand euanitficationstf i lpradudt e healowe yabindayen be as
potent as 3(i-hydr.Qxwa Ligh e SuRGatdd € ' ors for LXR,
with LDsii s of atgou_t al%&%lngrlgsuofhac?ﬁ??fy%/gr\%%g’ %a%glﬁm\%ﬁé%;{pﬂ’e 6a- hydr oxy
group was chaliged cerliaay eecrophonssisgrrrogier analyticahandorrprraive presedisesi vity with LXR
3(3- hydroxy-Ds- choiiafeméthACiid tiRhiLYdn)Bik@telbBdsivaRles Lalbe PMpaisgs nore
active than 3-oxo- Gaécgydr OX%QZS chol angi.c aci d_net hyl ester (3EDso of 550
nM and 3a, 6a- di hy&°BRIE"E foficecriied i Lindt gl (smebhyp gimes Br33500 nv) for UR
activation. Using (1996) Sameu@seay, et BDS@6d060:68-4mdrooxy tatptveit &s@h ds with
24- ket o side chai n% i ncl yde ff bz& and co%ugag%g L L.

3a, 6a- di hydr oxy- 5(% PEFaTL P Iy frgxyapghokstel 4 R 26 T hYbeagd ds5vadyet: anoi ¢
aci d were deter ni pedKim[ Heqal St Eipidi Rks-32247 (1989)Qhd VakdaVeX.wediel.fpgind to be

nore sel ective activator R.t hap, UR. . 3a, 6adi hydroxy-5 p-chol anoic acid
activated LXR wit F5H: @D%&Q @9]722(7 Sm“?%ernv‘?tﬁﬁsalfaméaélé? E}“aaﬁbﬂtégwswor its

t auri ne conj ugat e.doéhieknd ek, thetweemnE240dj(20ake bk [depated didayddizon YreSp- chol anoi ¢
aci ds acti vat ed UI? lﬁajwtinh SEh[g%%_ of SSmMMand 1 1| mM values three to four

ti mes higher than thos or LXR. Chol anoi ¢ aci d derivatives containing
trifluoronethyl noiety were also found to be selective activators of LXR
The ability of taurine-conjugated 3a, 6a-di hydroxy-5[I-cholanoic acid to
activate LXR using the natural response elenent derived fromthe rat 7a to
hydr oxyl ase pronoter was al so investigated. It was found that

tauri ne-conjugat ed 3a, 6a-di hydr oxy-5[ 3-chol anoi ¢ acid activated LXR but not
UR using this reporter gene, with an EDSO of 10 nM To investigate if LXR
can activate human CYP7A gene transcription, a chinmeric reporter plasmd,
in which the nucl eotides -135 to +24 of the human CYP7A pronoter were fused
to the luciferase gene,




t5 was used in a co-transfection assay in human enbryoni&&b%ﬁeﬁ 93 cells
along with LXR, RXR and Gipl expression plasmds. It wai @ at LXR
can activate reporter gene expression in the presence of taurine-conjugated
3a, 6adi hydr oxy-5(3-chol anoi ¢ aci d. Tauri ne-conj ugat ed

3a, 7a- di hwareosssrb( 3- chol anoi ¢ acid, on the other hand, SEEEUS84EE3reporter
gene expression. Another zo conpound,

3p- hydr oxy- 5-chol est en- 25(R) - 26- car boxylic acid activated LXR with an EDSo
of 300 nMand UR with an EDso of over 2 pM Its taurineconjugated
counterpart was also found to be able to transactivate both LXR and UR On
the other hand, many of its related netabolites were found to be inactive
on either receptors. 25 Prot ease Prot ectl on AssabLRat UR prot ein
radi o- | abel ed W|th38- [ [

pw

wi th final concentr , :
di gested with try i 3 > i S prot ect ed
fragments were geparate A ¢
el ectrophoresi s and visual i zed by exposing dried gels to X-ray filns. The
patterns of the X-ray filmindi c%%e that steroid derivatives of this

i nvention bind to and protect i i

- Pr egren—3b- ol - Sa- andr ost an- 3- one,

Sa- andr ost an-17-ol - 3@ andr ost an- 3b- > oxylic acid,

Sa- pregnan- 3, 20, di { -*@o ~5 andr ost en- 3d| ol. to Incubation of UR
with increasing concentrations of tryPePf im the absence of

3a, 6a- di hydr oxy- Sp-chol anoi ¢ acid nethyl ester |eads to extensive digestion
of the receptor. In contrast, when JJR was i ncubated with 5 ,5rM3a 6a

di hydr oxy-5~3-chol anoi c acid netwk ester, two protease-pesistant fragnments
of 35 and 26 kDa were obserwed/ partern®was observed

i [ ' _ anoi ¢ acid. Co-activator
Bi ndi ng Assay A fusion @@ formed between u@ﬂi of?’ s-ttansferase and
Gip 1l (termed GST- a was expressed in
by zo soni cati omossa T '
Sol ubl e GST-Gipl was separated frominsoluble debris by centrifugation at
50, 000G at 4C for 30 m nutes. The sol ybl g, fusion protein was then

i mobilized to gl utathione-agarose. Hol abel ed rat UR protein was

i ncubated with GST-Gipl_ coated ut/at hi Bne-agarose in the presence of a
test conpound of this inventi for 2 hours at 22C under agitation. UR
that did not bind to the a r S TBDMS = t-butyl-dimethylsilyl

(23)

HO

3-beta-t-butyldimethylsityloxy-delta[5]-cholen-24-al and 3-alpha,6-alpha-
di(t-butyldimethylsilyloxy)5-beta-cholan-24-al were prepared using NaBH4 and
pyridinium chlorochromate according to methods described in Somanathan et al.,

5 Steroids 43:651-655 (1984), Ethyl-3-beta-t-butyldimethyisilyloxy-delta[5,24]-

cholestenoate and ethyl-3a,6a-di(t-butyldimethylsilyloxy)-delta[24]-cholestanoate
were then prepared via Wittig-Homer reaction using triethy! 2-phosphono-
propionate and a suitable base according to methods described in Lund et al.,

Arnterioscler. Thromb. Vasc. Biol. 16:208-212 (1996). After the t-
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washed away. Bound UR was eluted with solution containing SDS and

pner capt oet hanol and separated fromfree 'SS-Met with pol Q@:r{}{n‘a@ﬂ&&

el ectrophoresis, and finally visualized by exposure the dried gel to X-ray
films. -31 D osgenin was shown to be capable of pronmoting UR and Gip 1
protein iny8haedsioN I N this assay. Another fusion protei pcpRkosidRanas
expressed in E. Coli strain BL21 using the expression plasmd pGEX using a
nmethod simlar to that as descri bed above. Transfected cells were |ysed by
one cycle of freeze-thaw and soni cation. Supernatant, prepared by
centrifugation at 45,000G for 1 hour, was incubated with

gl ut at hi one- agar 0%@r{d@hetdQsilA ) bi ndi ng
buffer (20mM Hepes.  pHY. %5'% ‘?‘85_33_’&1%,1‘0,‘5‘ TA?JWNE%Et%?UWM&%%%&%

[ 1er capt oet hanol Under glplisppondiions. .\ PMSE, 2 ug/m aprotinin). Human Gripl 1
0 was produced by in Vit ﬁ,@nﬁohm%b@ugﬁnu@gma@omﬁmoh chefliditgd QGyihe |ysate
and | abeled with [35S]-nethionine, [5]-Gipl in reticulate %/sate (2 m)
was added to GST- UR'BHYMY agt Adhif BEeiBRings offerivprmqupt B Rersag oders er . Test

chemcal s i nhet h?rmi- OMEKRa-AdaieEd dicortdhe mril;)@(ﬁ;iém@thampé &r']thiﬂnUéﬂ;c]iMlé m?] shaken at
W th bi ndi ng buf f FRRALEH RS TR R AR PRt B Lo S PAGESs Bl g
buf fer and separ ataéglin@reriag 8% pPHRBOPACICa g@hposiEal. SAMET:Eivd ain8ht anidfisddhj ect ed to
aut or adi ography. Radi oacti.ye .&ipl neasyred with a STORM phosphoi mager
(Mol ecul ar Dynani gge)a.nm%ttoﬁ}%g%vﬁg‘ﬁei%%\'W?-agTTlsgﬂWé%%?agmﬁé’?’Ee thyl ester
and 22R- hydr oxy chodfestareceapic offat edthe néa@rdaatidno Mhe kffétivgpdmannt th bEST- UR and

t auri ne- conj ugat equO‘g anoi ¢ acid pro

Gip

a . fa- di.hydroxy-5(3- cho t.
interaction o W éﬁﬁ?%*fanfg{{ﬁ Wg%lssjﬁseeg%k? JgSIéliaésaarea’ anen Welgel 9
“3a- hydr oxy- 5( 3- chehdpatient canditthn. ThemierrdaivostjiygdoegeSaadernxiasd 8= chol anoi ¢

acid, and taurinesganiygat ad 33,78 JrhvgL N U AEhRLAAPHEAGI Syl | failed

to enhance coacti vat r-r%ceptor |nterac?| IR i%he sans conditi ons. 25
Usi ng the sane corfdiesr Ghanotl®t. Rehyi@p®%().-289.c Rodveytfen 225 (R bo®pwaintsty | i ¢ aci d

was found to bind sQ ang - I i 1h. ept or
coactivator Gip 1& I ndi c%ogi{%@?{]ﬂgt t ?%%%@8%&%%"0@%@?%%Eﬁgnduced a

conf or mat i on €hand§&igyFhemagspsratsd Aridnyaliew Yatko978i Bdi Ag effichiveangwaeofresponse

anal ysi s, 3(3-hydrgxysia 6f hRifeliRhudatndis GRERONMh b A folnNEhgased the
anount _32 of [35SJ-Gipl bound to LXR with an ECso "val ue of 300 nM
whi ch correl ates W& P AeUER S 58 SQmaba d megdiy to Aoy s gk, oTfierg abayht a showed

that 3(i-hydroxy- Sngiab esduesvoa(iR) EBG1iadRexWillako &), Qs teSogizka®y @ERNI St .
I nhibition of de r;l(c)i\lllf(:)d i?} r‘?hoel a?t,scse?)gn%lantsox ?(;[urt]eeosfiagmiinir;tn%i%ln} elilcgigignt%gflgle,sand the
20 possibility of co-usage with other therapeutic treatments.
The pharmaceutical composition may be administered via the parenteral
route, including subcutaneously, intraperitoneally, intramuscularly and
intravenously. Examples of parenteral dosage forms include aqueous solutions of
the active agent, in a isotonic saline, 5% glucose or other well-known
25 pharmaceutically acceptable excipient. Solubilizing agents such as cyclodextrins,
or other solubilizing agents well-known to those familiar with the art, can be
utilized as pharmaceutical excipients for delivery of the therapeutic compounds.

The steroid derivatives of this invention can also be formulated into

dosage forms for other routes of administration utilizing well-known methods.
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On day 1, PC-3 cells stably expre55| ng rUR gene by retroviral infection

wer e seeded in media containing delipidated serum On da)Z@ 0CE12083 ver e
treated with an ethanol solution containing a test conmpound at naxi num
concentration of 2 to yM On day 3, cells were washed with PBS and treated
with 100 6%66§ﬁphot ericin B in Dul becco's Mdified Eaglpgrhesiisas( DVEM

W thout serumat 37.::C. 4 hours later, cells were then washed and treated
with sol ution contai ni ng 80% wat er and 20% DVEM for 30 mi nutes. Surviving
cells were assessed using a colorinetric assay. Cells were fixed in 10%
trichloroacetic acid t5 (TCA) and stained with sul forhodam ne B. The anount

O o ye L2 near i/ B forflial 16l S s R W b FoBliBliy m @] | & i L1

cholesterol in the cel nbr ane were hotericin B treatnent.
Conpounds of t hi sgplrmlm%m hepale mi%tocamhkbmw ERPHEsnsvel-kapt hesi s of

the cell to vari oygagxiaiay ﬁ%eihﬁﬁe%{iz&érﬁgsuw&‘s @MU c@flulbéafd!eﬂi'{%' on in cells

by nonitoring the amount of Muri ne macrophage cell |ine RAWG64.7 were
i ncubated with a tledets BeKBoipREIaed Hasorameryithdie copyraemelRiesede BY 2 wM f or

24 hours. Thes25 RB& @ﬁﬂ@&ﬂﬁmﬁé@éﬁhééb%o@ﬂtoﬂhﬁtl%nﬁ% 288850 carrier, and
l'i popol ysacchari de (100 ngl m_ y-interferon (100 units/nm

ni trogen monoxi de MEREIEEBHRICE Pgﬁ?ll%?a%%?‘?}%ﬂee“arﬁli‘é@? %Pfdﬁé‘@“%)sm?reasur ed
indirectly by qua@fefoﬁc}’dlelﬁgatﬂbé(5f@19§ﬁivdit1@ﬁ<éa(ﬂ@1s6 Mzd}mmaer%m arm@h @raa@ﬁordl ng to
Geen L. et al., An Bi ochem, 126, - 138 %1 82%ﬁ g&) of this

i nvention were fod bdetoﬁﬁfat?F‘fle%’t‘TH}“%ta gt (& 0§ MY a’E‘ 2 cell to
various extent. - 3dnventionalMhler.ophage-foam cell transformation Constitutive
expression of rat UR hu raI systens i.n RAW264. 7
Cranetor mod tHece cel | L R BERTCRPF P TR PhES bRy B SFaitogr at oq
into clanps whil e demarieadfitiigingeitibn &nmsrehmhammdmtglwdmgngmmms@s asFoam
cells originated f%%%m%fo%phages are the mgj or conponents in pathol ogi cal

pl aques formed on e 1 nner wall of blood vessels which are a
characteristic featurePiosagtphdsctstisenydsd smplelaﬁrmoﬁgnm@smﬁngtthﬁ lsvel plvent i on were

shown to be able filglr?.#ig%&%éen A6 REBAT g&&%%o‘?‘lﬁy usegﬂﬁ’s ds) 2@%&1%" lo

transformation at rent st ages, t hus in the treatnent
or preventiontSof adpkreosEEer @sMstra%abgbéwHRmrmw&mwm@‘n The

radiolabeled protein is then incubated with the steroid of this invention and
digested with a protease, e.g., trypsin. A control experiment is done by
incubating UR receptor with a protease but without the steroid. Protein
fragments from both assays are electrophoresed on a polyacrylamide gel. The
2 fragments from each of the assays can be visualized by exposing the gel to X-ray
films and compared side-by-side. A test steroid, if binds to the UR or LXRa
protein, will protect the receptor from being digested by the protease. As a result,
reactions that result in binding between the steroid and UR will lead to fewer
bands of low molecular weights than those that do not result in binding between
25 the two molecules.
The co-activator binding assay employs a fusion protein formed between
a glutathione S-transferase (GST) and a co-activator of UR, e.g., Gripl. The
GST moiety of the fusion protein binds to a glutathione-coated solid support,

thereby immobilizing the fusion protein. UR and a steroid of this invention are

-20-



Constitutive expression of . rat UR gene in marine fibroblasts 3T3-LI was 15
done by using retroviral systens. Full-length rat UR cDNAgvgisgmngm ed into
retroviral expression vector MV7. Infected 3T3-LI cells that

(A18-resistant were treated with 5 pg/m insulin, 250 nM dexarret haci ne, and
0.5 MM 1-neth I-3 i sobutyLxanthine (MX) to |nduce adi poc

di fferenti X%WH6 N cont rol experi nent was done by inserti WW&H‘%R cDNA
into M7 in the zo antisense orientation. Cells infected with hUR-anti sense
constructs and parent 3T3-LI cells were also treated with the sanme insulin
cocktail under sane cell density. Cells infected with rUR were shown to
accunul ate nore Red ail ive |ipi drosth arent cells, while
cells infected wit C%Ejﬁbgﬁ{)f@éﬁggmg@gl@ g @1%%}%;pg1§§gy edosd o
positive |ipid dropBis2leaskd yridlesitcyd &oldlﬂiefselimtapm ITh8 ploRAS hictththi Ve
expression of rat in jne NN 10 | W2Q1 s done by

using retroviral se:}Js gﬁmmsiguqnapf’ ﬁcé}dﬁmwggélf’ﬁgv%ﬁ{'k %%e’fpﬂﬁué% &8l it o
retroviral expressXmayﬁlm&tlﬁtheMe’rZud1huafaetsmhlU(Relel;ssURhﬂlblmﬂbﬂm%k& -34

resi stant were cu d . a iLhduce te dlfferentlatlon
A control expgSrl rrérf%%lﬁhag Hgtcl)lglgabgnyu‘gwﬁlgmcrﬁg’eeﬁ suﬁ/ﬁg v§8t éy mREEE H\B2. 1 or

| W01 cells inf ectie‘(ﬁnai%!vﬁthphmémfthmnd@msbmmn estienie el taralittgrof the etelrowd t h G418
in parallel under sae cell density. More cells infected with rUR were
shown to accunul ate henogl obin protein (stained with benzidine) than parent
or control cells. Wen Yewgprothybiibindihg assayas eseotitiveuse fanehiifpmgbi&ct i n- coat ed
pl ates, sone cell Sk ul ocytes.

Ani mal St udi es to%aiuiailgé ug&d%gyvdn Ot H?E’M}[v,ﬁ] ﬁ%#c@%@gdg%}a& d were fed a
regul ar chow i et CEﬁFdlptl%fﬁ Ffélﬁsséidcamlbbifqvnﬁinnf ©g.» GhigpekT. dmhﬁgc Natl.

acclimatization, mdtdaﬁ@sﬂ%ﬁ@mgsvsibsenqlﬁ;élj Plefds, 3. OURS MLAAL vafr'%ms gi ven
different dietary treat control ‘and treatnent gfoups were

initially fed ad I%4612ﬁafﬁ9§9)cﬁﬁl%%epéﬂo$ -l CeTediobivet 2. WAIYEH (IR Br epared by

addi ng 2% chol est eh@kcrédpthg k4m3a, ammmaft%nﬁéﬂnhﬂdfagﬁyduﬁ(ds wehabtddeheracid to

t he regul ar chow e treatnen recei ved the sane di et
suppl ement ed wit hd@g%r‘?)& With T A iig"’g' }éi’t"F freetiepipndhe fengeripticipla g over ni ght

bef ore det er misni ngchetyn afrndeﬂmvxegenev\ﬂhghﬁecmadss@r avd plgnidseedinfrédaradt he tail
vein for serumtot.al cho asurenents. Tot al

det erni ned enzymatTREPFY ?Mﬁt ﬁ“%e’ﬁfeéﬁﬁﬁgﬂoﬁpf?{efn }(aﬁnéﬁg)ﬁﬁtﬁ\?‘ég‘ﬂg‘gg zo MO) on
day 0 and 7. Averac@mafn@mdiaﬂmmmrthgam, ammeafhe%p@ésbﬁ fuﬁia:ypxaf&dl aver age feces

production was 9 t [ day,, [The S, Nno. st i.cal ren bet ween
control and treatgr:e ff%mnﬁgﬁj&sh%aoéﬁ?lwa%doé'gﬁlsaﬁ tAg‘ﬁagth"&g %Og?np Wiction. The
dose for test st erstrad aearactsatithViR ind dismeptst theeldibdimndf TR ©utp navexal 148nd the

ng/ kg/ day. Rajs o W/ % e dtreated with a 2s
trifl uororret?l%yl C(r)hﬁﬁ}g’ tf g’ggé’gﬁfégé"ﬁﬁeﬁgﬂ%@@%% Ieg":((:ihf)r egcggln%esglcrle%fmﬁad a 20%
drop (p < 0.05) i rectivigesdier\rgalagtosiflase imtiviisy) eandic nuesipairveith asiotnimetchne | evel in
untreated ani mal s i Jabl.g 1): Food consunption, body and liver weight were
similar in the control and treatnment groups. Ln another experienment, rats
vere nmade hyper chol est &agimafincoeiliransiogtion qgh alethiesl usert te serbencteedid derigatives diet and
then treatment - 33yt affect W ffferddibn %%n el U pOfeRTRE B ¥krof QPG R Giffon.

3a, 6a- di hydr oxy 5 (3-chol anoic acid
A rat UR or human LXR gene and a human RXRa gene are cloned into a

mammalian expression vector (e.g., pSG5 from Strategene) and overexpressed.
A heterologous promoter is formed by inserting four tandem repeats of a
hormone response element DR4 into the vector upstream to a c-fos promoter

sequence, which is followed by a sequence encoding luciferase. The entire
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again |l owered the serumtotal chol esterol by 20% conpared with untreated
ani mals. O her Enbodi ments From the above description, one?%lﬂlm'egﬂgan t he
art can easily ascertain the essential characteristics of the present
invention, and without departing fromthe spirit and scope thereof, can
make vari owg otbggmoes and nodifications of the invention tp@:mm&at to
various usages and conditions. For exanple, the noiety A to can be a side
chain of an amino acid which is structurally simlar to a naturally _
occurring amno acid described above. One specific exanple of Ais a side
chain of phenylglycine. Thus, other enbodinents are also wthin the clains.
15 WHAT |'S CLAI VERohsBuctisHamed Dm-fds-lﬁ@rmwrﬁsk-]@d‘lsm@cé-ﬁidsfe%mlﬂ{ ormula: 5

wherein each of R R4! 11 R12, R15 RIs and RM rode
endent! is > > > §S§§/£U © CMBM&I‘%P @@meaﬁfellﬁﬁgaﬁ@sﬁb
i ndependently, is cbi}sdmﬂmncﬂaﬂﬁﬁoﬁlfcoﬂhmﬂgd stE¥bid, ofﬁmmmmﬂxleﬁ’adldttﬁtloa' kyl,

i s.alkyl or

hal oal kyl , or hydr K X
al kenyl y Y is 't ﬂﬁﬁ{mf c\{edéﬁﬂ.sN(T?? WPS‘] *fmé%?f“’? hg‘%nﬂziﬁ%aw%‘é% afssycl oal kyl |
cycl oal kenyl , shet eluedwbdtmlchdnytq:feheet@n@ﬁwivatemrﬂiaeél&ramnai el andand i s
optionall substlt h dr | koxy, hal o, ,0x0 5.
alokyl car bgnyl oXY, feqlf%\nr%‘% eSS 8v1§'|w1 aalﬁ?{}]%égfagﬁﬁ@lkgﬁp‘%%’mé?wpﬁa‘?bonyl ,
al kyl sul finyl, or hahklytttrtsm of; lurhigesséncaingitstecthaiir s€loidi8 a abiaytlUR @lllxrenyl , or
cycl oal kyl , whi ChagﬁﬁUbS“ tuted with hydroxy, alkoxy, halo, oxo,

r

al kyl car bonyl oxy, 'yl ami nocar bonyl , al kyl car bonyl anmi no, al kyl car bonyl,
al kyl sul finyl, or al kyhediiepchinerid rscep@Hha)caBbanstinAibgssaygs a;mstam:ienby aci d side

chai n cont ai njn s o ; or
- COOR~ wher elnI lﬁ go%e%% OQ%BMQOU{&P&@%%H@ I%ﬁ&)@%&e]%% (g?ﬁU%yar ogen or

al kyl; and ni sO; Hpman %%lg@netleh:gmgégand bgljdmg site coding region. For this chimeric
receptor, a reporter gene ARE-fos-luc is constructed by inserting three tandem

repeats of Androgen Response Element (ARE) into the vector upstream to a c-fos
promoter which is followed by a luciferase reporter gene. After adding a steroid
15 of this invention to the medium of the transfected cells, the steroid can interact
with UR and affect the level of activation of ARE-fos-luc in cultured cells. The
level of luminescence activity thus indicates the level of UR modulation by the
steroid.
Yet another assay involves expressing tUR gene in PC-3 cells by
20 retroviral infection. See Underwood et al., J. Biol. Chem., vol. 273, pages 4266-
4274 (1998). The transfected cells are then seeded in media containing
delipidated serum and then treated with a solution containing a steroid of this
invention, The PC-3 cells are later washed with phosphate buffered saline (PBS)
and treated with 100 mg/ml amphotericin B in DMEM media without serum at
25 37EC. Amphotericin B functions to kill cells containing cholesterol in the cell
membrane. The cells are then fixed in 10% TCA and stained with
Sulforhodamine B after more washing. Viable cells are stained and can then be
assessed using a colorimetric assay. The amount of dye is directly proportional

to number of surviving cells on the culture plates. From comparing the number
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2. The conpound of claim11, wherein each of R3 and R6, independently, is in
the a configuration. 3. The conpound of claim 1, wherei n%@@leﬂﬂa he
(3-configuration. 5 4. The conpound of claim1, wherein X is alkyl. 5 The
conpound of claim4, wherein Yis -C(=0-NH; and Zis -CHA-BwthA
being a siweebiin of Tyr or Phe, and B being -NRaRb or -pCO@Rb113 6. The
compound of claim1, wherein Yis -CONH. 7. The conmpound of claim6,
wherein Z is straight chain C-C8 al kyl or al kenyl or alkylsulfinyl; or is
heteroaryl, or heteroaralkyl, and is optionally substituted w th hydroxy,
15 al koxy, halo; or is -CH(A)-B. 8. The conpound of claim1, wherein Zis
strai ght chain C~0cﬁa1ﬂbkg1bbawbalmbgaya\ammwmdﬁmm, orlcan &stimbiEl®) - B with A

bei ng an am no aci e, ch havi n ona noi ety, and B being
-NRagRb or - gﬁ% @Steﬁfha%ﬁg‘ V81‘S}"5 eélf T"]eﬁﬂg ein Rl' contains a
strai ght cha| n haV| ng ﬁsﬁl@ﬁxﬂhﬁlaﬁaﬁh@k&uselﬁmtﬂﬁ@ mwwmh Y@k arﬁih@bal?ﬂr%s
wherein R' contai tr.a vVin -16 25 chain, atons. -

11. The conpound OFI%E gano]f rjl%t?oéli Fnlésral? J'i"?(ﬁr(’?]%agef’§ ar 1td ,. 5 12.
A pharmaceut i éal Wmar@mﬁb@u&d itieasterog oathis'Einenﬁxm for 2¥cugeTheat ed

di sorder, said comg&hﬁagg%rg&gm{cb%{egg)ya?cp]t’%émp eté(t:c a&e@’l%ssc pt abl e Gar ner

and an effective anou oun a: 10
gamma-interferon. The NO production of activated macrophages can be

monitored indirectly by quantifying NO2 in the media according to Green L. et
al., Anal. Biochem., vol. 126, 131-138 (1982). The reduced amount of NO in

10 comparison to that of a control experiment in which no steroid is used indicates
that the steroid used in the assay has inhibitory effect on inflammation.

Using the same murine macrophage cell line RAW264.7, constitutive
expression of rat UR and human RXRa gene by retroviral systems transforms
these cells into foam-cell-like morphology and integrated into clumps while

15 increasing cell sizes and undergo apoptosis. Foam cells originated from
macrophages are the major components in pathological plaque which is usuvaily
found on the inner wall of blood vessels in patients suffering from
atherosclerosis. Steroid derivatives of this invention which modulate UR can
suppress the progression of macrophage-foam cell transformation at different

20 stages, and can be used in the treatment or prevention of atherosclerosis. See
Kellner-Weibel et al., Arterioscler. Thromb. Vase. Biol., vol. 18, pages 423-431
(1998).

Yet another assay measures the effect of a steroid of this invention has on
the level of adipocyte differentiation on fibroblasts. Specifically, the level of

25 adipocyte differentiation in murine fibroblasts 3T3-L1 containing rat UR gene at
sub-confluent conditions is measured. Constitutive expression of rat UR gene in
murine fibroblasts 3T3-L1 can be done by using retroviral systems. Full-length
rat UR ¢DNA are inserted into retroviral expression vector MV7. Infected

3T3-L1 cells that are G418- resistant are treated with insulin, dexamethacine, and
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wherein each of Rt, R2, R4, R4~, R5, R-, R8, R9, RIl1, RI ng ?b@/RI b and
R'', independently, is hydrogen; 15 each of R3 and R6

hydr oxy; each of R and R13, independently, is alkyl, haI oal kyl, or
hydroxyal kyl; R' is -X-Y-Z, in which X is alkyl or alkenyl; Y is - CO- NH
or - CO N( alylo¥bkssaz and - 39 Z is alkynyl, heterocycl@alieobaiads
cycl oal kenyl, heterocycl oal kenyl, heteroaryl, or heteroaral kyl, and is
optionally substituted with hydroxy, alkoxy, halo, oxo, alkylcarbonyl oxy,

al kyl am nocar bonyl, al kyl carbonyl am no, al kyl carbonyl, al kylsul finyl, or
alkylthio; is straight chain C-C$ al kyl, alkenyl, or cycloal kyl, which is

substituted with 5. Imégl, PX ka ) Qﬁgty
al kyl am nocar bonyl , yl %:ég?ﬂl iﬁgﬁlag?{ﬂo m%f% a&&h@# cﬁﬁé giy ayf nyl, or

alkylthio; or is CQFK%?XIBHWWHE‘W%‘@PW 1&%?“@&111%&@&13 QDIEIAGRSO Hiimtheont ai ni ng

an aromati c noi et yantidhd Hich@idI RNGHRGENMWth ﬁm%?user%[% con anH"Bﬁ‘Erﬁ' n each of
Ra, Rb, and R, independentl hydr ogen or cyl; and ni1s 0; 10 or a

salt thereof. 13. 3ﬁ3|é‘léﬁﬂlﬁdé“s%st(’lt"&i"F"‘?)‘f"“‘é:@ﬁF'f’fW"l‘Q*‘“hW @it pndspsamecdhpound i s:

ik~ ne #'~ -40 densﬁ?VCAﬁynfé\Qedmdih OR- AR oA kceiie hste REd 0if 8- AP
. APv. AP. A3. APY. Al . A .. AP,

CAP!. Al Y. A3. A3! . APOR{EpeAipd ‘i&"wthaﬁ\@ere‘ﬂlﬁel}ﬁb whilexells infotpd WiHNWIR putisepsege

( PPPO00POOPPP?<<?>3hatfixtoBBreie REFEPD PrspRBYRLARA0PAROAOHRERARAMIAL0080000
00<0x0<>010<| 0x00

Q
0x080x0p00° 0xooo<d%“%§<%’?(?%8d’685‘6@6%6@’6ﬁé"l%‘ﬁé%@’@dbﬁwﬁ'amﬂ-
O0p000” " 0000ppp” 0000px Wil fiitheredOmti@p EBR1icv@p that o G0N PRARRSK,

P OpBaxaa: pxl | Fadarthtos 3 snau5uBabs: hricsos Bion d is bilstexent
The following specxf ic examples, which described syntheses, screenings, and
biclogical testings of various compounds of this invention, are therefore, to be
construed as merely illustrative, and not limitative of the remainder of the
disclosure in any way whatsoever. All publications recited herein, including

15 patents, are hereby incorporated by reference in their entirety.

Preparation of phenylalanine conjugated-steroid derivatives

To a stirred solution of L-(or D-) phenylalanine ester hydrochloride (2

mmol) in dry DMF (10 mL) was added triethylamine (2 mmol) and the mixture

20 was stirred at room temperature for 10 minutes. Bile acid (1 mmol) and 1-ethyl-
3-[3-dimethylaminopropyl]-carbodiimide (2 mmol) were then added and the
suspension was stirred at room temperature overnight. The reaction mixture was
diluted with water and ethyl acetate. The organic layer was separated and the
water layer was extracted with ethyl acetate again. The combined organic layer

25 was then washed with 1N HCI, water, IN NaOH and water, and dried (MgSQOa).
The solvent was removed under reduced pressure to afford the steroid derivatives
which were then analyzed by Thin Layer Chromatography, High Pressure Liquid
Chromatography, and/or proton-NMR.
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5 LS1: 5-GTA TCG CCG GAATTC ATC TTG CACAGA TTIG TTG
CAA GAA TAA GTC GAC TCT AGA GCC-3' (SEQ ID NO: 4)
LS2: 5-GGC TCT AGA GTC GAC TTATTC TTG CAA CAA TCT
GTG CAA  GAT GAA TTC CGG CGA TAC-3' (SEQ ID NO: 5)
WDI1: 5-GTA TCG CCG GAA TTC NNN TTG NNN NNN TGG TTG
10 TIGNNN  NNN TAA GTC GAC TCT AGA GCC-3' (SEQ IDNQ: 6)
WD2: 5'-GGC TCT AGA GTC GAC TTA NNN NNN CAA CAA CCA
NNNNNN CAA NNN GAA TTC CGG CGA TAC-3' (SEQ ID NO: 7)
The purified fragments were cloned into the yeast vector pBD-GAL4
(Strategene) of the same restriction sites. The resulting plasmid pCAM/BDs
15 expressed a fusion protein with a GAL4 DNA-binding domain (amino acid 1-147
of Gal4) and a polypeptide of ten amino acid in length with a LXXLL (SEQ ID
NO: 8) or LXXWLL (SEQ ID NO: 9} motif. UR ligand binding domain (amino
acids 141 to 443 of 1UR) was generated with PCR and inserted into another yeast
vector pAD-GAL4-2.1 (Strategene) with cloning site EcoRI and Xhol. The
20 resulting plasmid, p2.1/fURLB, expressed a fusion protein containing a Gald
transcription activation domain (amino acids 761-881 of Gal4) and a rUR ligand
binding domain.
Plasmids pCAM/BDs and p2.1/fURLB were co-transformed into an
appropriate yeast strain by using lithium acetate and polyethylene glycol. The
25 yeast was then grown on selective medium until the formed yeast colonies
reached 2 mm. Colonies were picked and grown in selective medium for 15
hours at 30°C and p-galactosidase activities were measured with a commercial

luminescence kit.
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ethanol 15 0.2 %. After 24-48 hours, celis that were treated with the steroid were

lysed and assayed for luciferase activity with a commercial assay kit and a
luminometer.

15 A wide variety of compounds of this invention were tested and found to
modulate transactivation activity of UR or LXRa. For example, steroid (1) (see
page 5, supra), unexpectedly increased the luciferase activity by 15-fold in
comparison to absence of steroid only for UR but not LXRa; steroid (2)
unexpectedly increased the luciferase activity by 60-fold in comparison to

20 absence of steroid only for LXRa but not UR; steroid (3), (5) or {10) can activate

~ both UR or LXRa; steroid (7}, (8), or (%) can antagonize UR or LXRa

transactivation acitvity.

Mammalian cell transfection assay (2)

25 In a similar fashion to the experiment described above, another chimeric
receptor was constructed by fusing oligonucleotides encoding the ligand-binding
domain of rat UR (141 to 443 amino acid residues) to a human AR gene lacking
ligand-binding coding region (humnan AR 1 to 623 amino acid residues) and

overexpressed in cultured cells. For this chimeric receptor, a reporter gene
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10 Mammalian cell transfection assay {3)

Human embryonic kidney 293 cells were seeded into 48-well culture
plates at 105 cells per well in DMEM supplemented with 10% fetal bovine
serum. After 24 hours, cells were transfected by a calcium phosphate
coprecipitation method with 250 ng of the pGL3/UREluc reporter gene which

15 consists of three copies of AGGTCAageccAGGTCA fused to nucleotides -56 to
+109 of the human c-fos promoter in front of the firefly luciferase gene in the
plasmid basic pGL3 (Promega), 40 ng pSG5/hRXRa, 40 ng pSG5/MUR or
CMX/hLXR, 10 ng pSG5/hGripl, 0.4 ng CMV/R-luc (transfection normalization
reporter, Promega) and 250 ng carrier DNA per well. Altematively, 500 ng of

20 the pGL2/7aluc reporter gene which consists of a single copy of nucleotides -101
to -49 of the rat 7a-hydroxylase gene fused to the SV4( promoter in front of the
firefly luciferase gene in the plasmid basic pGL2 {Promega) was used instead of
pGL3/UREluc. This reporter does not have response elements for COUP-TFII or
HNF4. In some experiments, 500 ng of the human 7a-hydroxylase gene reporter,

25 PH/MWCYPTA-135, which consists of 2 single copy of nucleotides -135 to +24 of
the human CYP7A gene fused to the firefly luciferase gene in the plamid basic
pGL3 (Promega), was used instead of pGL2/7aluc. After another 12-24 hours,
cells were washed with PBS and refed with DMEM supplemented with 4%

delipidated fetal bovine serum. Steroid derivatives dissolved in ethanol were
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activate LXR using the natural response element derived from the rat 7a-

10 hydroxylase promoter was also investigated. It was found that taurine-conjugated
3o, 6a-dihydroxy-5f-cholanoic acid activated LXR but not UR using this reporter
gene, with an EDsp of 10 mM.  To wvestigate if LXR can activate human
CYP7A gene transcription, a chimeric reporter plasmid, in which the nucleotides
135 to +24 of the human CYP7A promoter were fused to the luciferase gene,

15 was used in a co-transfection assay in human embryonic kidney 293 cells along
with LXR, RXR and Grip1 expression plasmids. It was found that LXR can
activate reporter gene expression in the presence of taurine-conjugated 30,6a-
dihydroxy-5p-cholanoic acid. Taurine-conjugated 3o, 7a-dihydroxy-5f-cholanoic
acid, on the other hand, suppressed reporter gene expression. Another

20 compound, 3f-hydroxy-5-cholesten-25(R)-26-carboxylic acid activated LXR
with an EDsp of 300 nM and UR with an EDsp of over 2 uM. lts taurine-
conjugated counterpart was also found to be able to transactivate both LXR and
UR. On the other hand, many of its related metabolites were found to be inactive
on either receptors.

25

Protease Protection Assay

Rat UR protein radio-labeled with **S-Met is produced with a commercial
kit in an in vitro system, The radio-labeled protein is incubated with steroid

derivatives with final concentration of up to 1 mM for 2 hours on ice, and
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al- 16 -0ne, A -Pregnen-3b-ol-20-one, Sa-androstan-3-one, Sa-androstan-17-0l-3-
one, 5a-androstan-3b-ol-17-carboxylic acid, 5a-pregnan-3,20-dione, and A’-
androsten-3b,]1 7b-diol.

10 Incubation of UR with increasing concentrations of trypsin in the absence
of 3a,6a-dilydroxy-5B-cholanocic acid methyl ester leads to extensive digestion
of the receptor. In contrast, when UR was incubated with 5 mM 30,60~
dihydroxy-5§-cholanoic acid methyl ester, two protease-resistant fragments of 35
and 26 kDa were observed. A similar protected pattern was observed with

15 taurine-conjugated 3a.6a-dihydroxy-3p-cholanoic acid.

Co-activator Binding Assay

A fusion protein formed between glutathione S-transferase and Gripl

(termed GST-Gripl) was expressed in E. Coli. The bacteria was lysed by

20 sonication in the presence of detergent NP40 0.1% and Tween-20 0.5%. Soluble
GST-Gripl was separated from insoluble debris by centrifugation at 50,000G at
4°C for 30 minutes. The soluble fusion protein was then immobilized to
glutathione-agarose. Radiolabeled rat UR protein was incubated with GST-Gripl
coated glutathione-agarose in the presence of a test compound of this invention

25 for 2 hours at 22°C under agitation. UR that did not bind to the agarose was
washed away. Bound UR was eluted with solution containing SDS and f-
mercaptoethanol and separated from free *S-Met with polyacrylamide

electrophoresis, and finally visualized by exposure the dried gel to X-ray films.
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Diosgenin was shown to be capable of promoting UR and Grip 1 protein
interaction in this assay.
Another fusion protein GST-TUR was expressed in E. Coli strain BL21

using the expression plasmid pGEX using a method similar to that as described

5 above. Transfected cells were lysed by one cycle of freeze-thaw and sonication.
Supernatant, prepared by centrifiigation at 45,000G for 1 hour, was incubated
with glutathione-agarose for 10 min at 4°C. The agarose was washed with
binding buffer (20mM Hepes, pH7.5, 10 mM EDTA, 10mM Na;MoQy4, | mM B-
mercaptoethanol, 1 mM DTT, 0.5 mM PMSF, 2 ug/ml aprotinin). Human Gripl

10 was produced by in vitro translation using a rabbit reticulocyte lysate and labeled
with [*°S]-methionine. [5]-Grip1 in reticulate lysate (2 ml) was added to. GST-UR
bound to agarose beads in 100 ul binding buffer. Test chemicals in ethanol were
added to the mixture and the slurry was shaken at room temperature for 30 min.
The agarose beads were then washed three times with binding buffer. Bound

15 protein was eluted with SDS-PAGE loading buffer and separated on a 8% SDS-
PAGE gel. Gels were dried and subjected to autoradiography. Radiocactive Grip1
was measured with a STORM phosphoimager (Molecular Dynamics).

Both 3a,60-dihydroxy-5B-cholanoic acid methyl ester and 22R-hydroxy
cholesterol promoted interaction of Gripl with GST-UR and taurine-conjugated

20 30,6a-dihydroxy-5f-cholanoic acid promoted interaction of Gript with GST-
LXR. Taurine-conjugated 3u-hydroxy-5p-cholanoic acid, taurine-conjugated 3a-
hydroxy-5p-cholanoic acid, and taurine-conjugated 30,7a-dihydroxy-5p-
cholanoic acid all failed to enhance coactivator-receptor interaction under the
same conditions.

25 Using the same conditions, 3p-hydroxy-5-cholesten-25(R)-26-carboxylic
acid was found to bind to and form complexes with LXR and nuclear receptor co-
activator Grip 1, indicating that this acid bound to LXR and induced a
conformation change that favored co-activator binding. In a dose response

analysis, 3B-hydroxy-5-cholesten-25(R)-26-carboxylic acid increased the amount
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10 10 10510%& () -1 s 18n/§5y(1), PC-3 cells stably expressing rUR gene by retroviral infection were

seeded in media containing delipidated serum. On day 2, cells were treated with
an ethanol solution containing a test compound at maximum concentration of 2
10 HM. On day 3, cells were washed with PBS and treated with 100 mg/m!
amphotericin B in Dulbecco's Modified Eagle Medium (DMEM) without serum
at 37.:C. 4 hours later, cells were then washed and treated with solution
contaiming 80% water and 20% DMEM for 30 minutes. Surviving cells were
assessed using a colorimetric assay. Cells were fixed in 10% trichloroacetic acid
15 (TCA) and stained with sulforhodamine B. The amount of dye is linear to
number of fixed cells on the culture plates. Cells with cholesterol in the cell
membrane were killed by amphotericin B treatment.
Compounds of this invention were found fo inhibit cholesterol synthesis
of the cell to various extent.
20

Measuring the level of inflammation
in cells by monitoring the amount of NO»

Murine macrophage cell line RAW264.7 were incubated with a test
compound at maximum final concentration of 2 pM for 24 hours. The
25 macrophages were then activated by adding lipopolysaccharide (100 ng/mL) and
y-interferon (100 units/mL). The nitrogen monoxide (NO}) production of
activated macrophages was measured indirectly by quantifying nitrogen dioxide
{NO-) in the media according to Green L. et al., Anal. Biochem. 126, 131-138
(1982). Compounds of this invention were found to inhibit cholesterol synthesis

30 of the cell to various extent.
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10 transformation at different stages, and thus can be used in the treatment or

prevention of atherosclerosis,

Adipocyvie differentiation

Constitutive expression of rat UR gene in munne fibroblasts 3T3-L1 was
| 15 done by using retroviral systems. Full-length rat UR ¢DNA was inserted mto
retroviral expression vector MV7. Infected 3T3-11 cells that are G4138-resistant
were treated with 5 pg/ml insulin, 250 nM dexamethacine, and 0.5 mM
1-methyl-3-isobutylxanthine (MIX) to induce adipocyte differentiation. A
control experiment was done by inserting human UR ¢cDNA into MV7 in the
20 antisense orientation. Cells infected with hUR-antisense constructs and parent
3T3-L1 cells were also treated with the same insulin cocktail under same cell
density. Cells infected with tUR were shown to accumulate more Red oil O
positive lipid drops than parent cells, while cells infected with hUR antisense
were shown to have less Red oil O positive lipid drops.
25
Erythrocyte differentiation

Constitutive expression of rat UR gene in murine NN10, IW32.1 or
IW201 was done by using retroviral systems. Full-length rat UR ¢cDNA was

inserted into retroviral expression vector MV7. Infected cells that were G418-
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Animal Studies

10 Male Sprague-Dawley rats that were 50 days old were fed a regular chow
diet and tap water ad libitum for 1 week during acclimatization, and then
randomiy divided into groups that were given different dietary treatments. Both
conirol and treatment groups were initially fed ad libitum a cholesterol-enriched
diet, which was prepared by adding 2% cholesterol and 1% 3a,7a,120-

15 trihydroxy-58-cholanoic acid to the regular chow diet. The treatment group
received the same diet supplemented with 0.03% test steroid derivative. Rats
were fasted overnight before determining body and liver weight and drawing
blood from the tail vein for serum total cholesterol measurements. Total
cholesterol was determined enzymatically with a diagnostic kit (Sigma, St. Louis,

20 MO) on day 0 and 7. Average food consumption was 20-25 g/rat/day and
average feces production was 9 g/rat/day. There was no statistical difference
between control and treatment groups for food consumption and feces
production. The dose for test steroid derivative in the treatment group was 40-50
mg/kg/day. Rats on high cholesterol/bile acid diet and treated with a

25 trifluoromethy! conjugated 3o, 60-dihydroxy-5B-cholanoic acid had a 20% drop
(p < 0.05) in the serum total cholesterol compared with the level in untreated
animals (Table 1). Food consumption, body and liver weight were similar in the
control and treatment groups. In another experiement, rats were made

hypercholesterolemic with a high cholesterol/cholic acid diet and then treatment
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10! I's$ 109 8(: %@ "1092& ()-y!'10% ()-y 109%&' ()-&10%&' ()-!y1l0%
& ()-18xnbC 10! ! ' 10%&' ()- 102 102
102S5109%R2& () -y. 10%& ()---Cl0%&' ()-yC 109%2& ()-1fdEnC
10! 1 f109&' () - @10 () - PLO0WE ()-@ 109%&' ()-!f109%& ()-3F10%& () - MraBnbC
10!! @910%\&' () ! ) &' ()- RaBnbC
1011\ . : 109%& ()--%é%&ééia&g&hﬁmé%@ %z&h@@g’%’g%/%]ﬂ-l S 80/%&' ()-@R 12
3456~ @ 10! | Pf 109R& y)wgmigxmulp)mtal ch@eslegol by 0% compared with untreated
10i S510%&' ()-\cll1Q¥Ukafs) -1\ 010%\ & ()-6@}"?~_@
10! #109%&' () - 109X&' () - 6109 ()-! bl CLOYXX& ()-]!< 10%b&' ()-}<
109X& () -} Fih<~_@
10! v. 1096<XX&' (k-1Vv. 109 () -] - 109X& () Cd&%&b&&me,hﬁ#lO%' & ()-!i SH109%<XX& ()
-FbC 10! f GLO%&' ()-3"1 %&'ﬂggabolOX

Tom ve dcscnphon one skilled in the art can easily ascertain the

essential characteristics of the present invention, and without departing from the
spirit and scope thereof, can make various changes and modifications of the
invention to adapt it to various usages and conditions. For example, the moiety A
10 can be a side chain of an amino acid which is structurally similar to a naturally
occurring amino acid described above. One specific example of A is a side chain

of phenylglycine. Thus, other embodiments are also within the claims.

WHAT IS CLAIMED IS:

15
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10XS5109%X&' () - 2109 ()-c110%&' ()-: QaBbC 10! 109%& () - 10%&' ()-J! 10%*& ()-)
109 ()-< 10%<& ()-]'110% ()-Q@ dEbC

10'i1's10%&' ()-9| CLO%&' ()-V10%&' ()-\6V10%& ()-V10%& ()-9l 109%& ( % eJ/ aBbC
10! 0*s10%&' () - @s10%& ()-C s10%& ()-% 109&' ()-V$S10%&' () -!" sADUEALAOB-/ Y~
“abxnbC 10! P*10%&' ()-Y 10 10

10S510%&' ()-c1s109%& ()-v.s1l0%& ()-]-"'10%& ()-bc: p}[ <nbC

10610%& ()- ' b\ D10% | & () JI\DLIO% | & ()-J!'< 10%& ()-<

1098& ()-11 10%&A(90n)@g{1 ghthe following formula:

10C 10%&' ()-" 109%& ()-!" 109 ()-!]jO#0! 10%a& ()--!0#0! 10%a& ()--109%& ()-/
u _@10!'109% ()- 10 10 10S510%& () 2109&' () - 0110%&' ()-'T-"10%& () - $YOdEj @
10310% & ()-F 109& ()-610%& ()- 6109&&E) - KH09%& ()- PF109%& ()-of aBj _
109v10%&' ()-@0% & ()-L10%& ()- Va1QuB& 4) iaa-»,,sty&'gg,) 3109&' () - ?( +dEj @
10Wo0%&' ()-#109%& ()-f1"j109%& (), TOPR %) - VIO%F&' () - +OxJ{ aBj

10s- V10%&' () -1 V+109%& ()-*V10% & §) - sH V1098 () - G&VL0%' () - &{bC
848 () - VL3 10%&' () - [ dEbC

10i | 10908 () - F109R& () - | #109R& 4T AP
10109%F&' () - 10%& () - IV3@L0%R& ([

5 wherein
each of Rl, R2, R4, R4,, RS, R7, Rg, Rg, R”, Rlz, RM, RIS, R'® and R”’, independently, is
hydrogen,;
cach of R? and R®, independently, is hydroxy;
each of R and R"3, independently, is alkyl, haloalkyl, or hydroxyalkyl;
10 R is -X-Y-Z, in which
X is alkyl or alkenyl;
Y is -CO-NH- or -CO-N(alkyl)-; and
Z 1s alkynyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, heteroaryl, or
heteroaralkyl, and is optionally substituted with hydroxy, alkoxy, halo, oxo,
15 alkylcarbonyloxy, alkylaminocarbonyl, alkylcarbonylamino, alkylcarbonyl, alkylsulfinyl,
or alkylthio; is straight chain C;-Cg alkyl, alkenyl, or cycloalkyl, which is substituted with
hydroxy, alkoxy, halo, oxo, alkylcarbonyloxy, alkylaminocarbonyl, alkylcarbonylamino,
alkylcarbonyl, alkylsulfinyl, or alkylthio; or is -CH(A)-B with A being an amino acid side
chain containing an aromatic moiety, and B being hydrogen, -NR°R®, or -COOR® wherein
20 cach of R, R®, and R®, independently, is hydrogen or alkyl; and
nis 0;

or a salt thereof,
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109R2& ()-109R& () -<VcaBbC 10&10%& () -,

1 109R28& ()-J10%& () -! @ 109%R22&' ()-109%R2& ()- 109%R& ()-czaVK@ 10 102 102
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10- 109&' ()-C s109%& ()-19%R109%&' ()- 109%&' ()-, 10%&' ()-s10%& ()--Y<bC 10
1F109R2& ()-!109%R2& ()- 10 10 10S510%&’ ()-2910%&' ()-.910%& ()-.71dBbC 10

| VI09R2&' () --3109%R& ()-F 109%2& ()-109%& ()-Y 109R& ()-i!f10%¢& ()-+qt dE: /
102 102p5189R& (The @wopwnd gf.clanpie wherebn 09ehof(B - ami(Rp Gidepeniiend & n)the peuVs/
10 10%#% o0& ()-!f110%& ()-=10% ()-S10%& ()-$-10%& ()- 102e~}~?5/ 10

'P"10 0% ()-!"P"10%&' ()- L! 109 ()- 109& ()-!10%& ()-d~e~_C8/ 10
10
3. The compound of claim 1, wherein R is in the B-configuration.
5
4. The compound of claim 1, wherein X is alkyl.
5. The compound of claim 4, wherein Y is -C(=0)-NH-; and Z is -CH(A)-B with A
being a side chain of Tyr or Phe, and B being -NR*R” or -COOR".
10

6. The compound of claim 1, wherein Y is -CO-NH-.

7. The compound of claim 6, wherein Z is straight chain C;-Cg alkyl or alkenyl or
' alkylsulfinyl; or is heteroaryl, or heteroaralkyl, and is optionally substituted with hydroxy,
15 -alkoxy, halo; or is -CH(A)-B.

8. The compound of claim 1, wherein Z is straight chain C;-Cy alkyl substituted with
hydroxy; or is -CH(A)-B with A being an amino acid side chain having an aromatic moiety, and
B being -NR’R®, or -COOR".
20

9. The compound of claim 1, wherein R contains a straight chain having 6-20

chain atoms.

10.  The compound of claim 9, wherein R'7 contains a straight chain having 8-16

25  chain atoms.
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12. A pharmaceutical composition for treating a UR- or a LXR-mediated disorder,
said composition comprising a pharmaceutically acceptable carrier and an effective amount of a

compound of the following formula:

10
wherein
each of R, R, R%, R*, R, R", R%, R®, R", R'2, R R'° R' and R'7, independently, is
hydrogen,;
15 each of R? and R, independently, is hydroxy;

each of R'® and R, independently, is alkyl, haloalkyl, or hydroxyalkyl;
R" is -X-Y-Z, in which

X is alkyl or alkenyl;

Y is -CO-NH- or -CO-N(alkyl)-; and
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Z is alkynyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, heteroaryl, or
heteroaralkyl, and is optionally substituted with hydroxy, alkoxy, halo, oxo,
alkylcarbonyloxy, alkylaminocarbonyl, alkylcarbonylamino, alkylcarbonyl, alkylsulfinyl,
or alkylthio; is straight chain C,-Csg alkyl, alkenyl, or cycloalkyl, which is substituted with

5 hydroxy, alkoxy, halo, oxo, alkylcarbonyloxy, alkylaminocarbonyl, alkylcarbonylamino,
alkylcarbonyl, alkylsulfinyl, or alkylthio; or is -CH(A)-B with A being an amino acid side
chain containing an aromatic moiety, and B being hydrogen, -NR®R®, or -COOR® wherein
each of R, R”, and R, independently, is hydrogen or alkyl; and
nis 0;

10  or a salt thereof.

13, The composition of claim 12, wherein said compound is:
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