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(54) Title: STERO D DERI VATIVES (57) Abstract bli shed Wth inlernational
search report. St @smdugrapy s %@1 gafingsinflangrasiey diseasehsessestiia-h nucl ear
liver X receptor (LXRniaRer dlb@kiHaRsret 8agRhRNt doblRis AM0mE 3R Pemiaed to
treat a variety of LXR or. UR nedi ated di sorders. STERO D DERI VATI VES

BACKGROUND Nucl eal addi apprplate trapseringiopal astivifiepby inferpdngrvifhothsh ariasiob e

nodul ated by smal kraRyrehiopaaiie; Ebﬂmhhmw@pﬂnm-eﬁdmglak@Dsh@;hm ds, thyroid
hornone, free fatty am%?, vitamn Da.nSIIJr%tinoids. cl ear eptors are
i npor t ant phdP mac B dgmdhmdingdgmein. Pamag iy the MeECOWRTF g’f”hwéfng se
managenment . For eﬁmﬂﬁﬁcepﬁammyfxeﬂmalarquesdafuegﬂmotmpmﬁgﬁays&ﬁnechmte?r acts with
estrogen receptor to del.iver its.therapeutlic ,effects n ast cancer;
RU486, an ant agoni" Eﬁ%"fznﬁ?rabod’éss"f}g?hf AL 3 g fipey oo §t“{5’sgge E?’F ?‘B?I’fﬁ ation of
pregnanci es and nﬁmams@tdrsedraﬁmdmdalsnntdemagcaaheleﬂNeemﬁfametei‘ma&mne
interacts with gl HCOCOI’tl‘I:: Oe!ad receptor ]l_z)gAsbur%p 5SSk aune. s mfunctl on
and is useful for @ traarRnd™ RiPamiErey i Sukpsdoman cante Tuk hrra Nucl ear

receptors hawe thhgxmmbnﬂmgdmﬂanbfﬂomnmeﬂtorahdi thamsuitmgARJBBnmrxmwl and 111
nodul ate transcri factors of
the transcripti onpeg%})?&%n Iﬂ&%}oa\{é Eﬁd%?%em(esb&%l% @%ﬁglrg} %g%“ﬂgén and Domai n

11 is , Ammo acid sequence homology of the DNA-bmdmg 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



t5 the |ligand-binding domain. Domain Il is the nost consefy, ireabﬂ%n W t hin
the nucl ear receptor famly, with a unique feature of fou QS (s

cysteine chelated with two zinc atoms which forma "zinc finger" structure.
The three domai ns of nuclear receptors are functionally interchangeabl e

bet ween divdewasis menbers. For exanpl e, the androgen receptyasoddsbi ndi ng
domain can be fused to the 20 |igand-bindi ng domain 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 dormai n between nenbers of nuclear receptor famly all ows

identification of ReWtdTEADEbSdroldhidsgdnaik bugohmgmékc{e@m?ﬁ&h RERACY
nucl eot i de- probe screeni ﬁg. dHuman enpone 25 @r oject also facilitates

i dentification of AP Saynamgd fBAuRERAYiTe) tesspior BB pt breause pkitspr esent, a
few dozens of nucl gsiquifoRCEptettich panere iniBeibdy, dJER hid Yeadfoamito $@guenced, but
their ligands have_yet .to be identified. Recentl a novel nucl ear

receptor was cl onehé/t?rﬂ‘?lﬁlﬁrﬁﬁmb(gg{gﬁfé‘feaftoés %ﬂﬁﬁ&?ﬁéﬁ"ﬁ’&fﬁ”ﬁ@%%ﬁ‘@bﬁ% €from human
and rat cells and v@senenedf SGGTTANDIBNAGCCT@RSEOEDANOaN (ORIR!) , because of
DL ous, S R oy e Ry RS BRSO
sequence notif: AGCEHIANNINAGGTCA (SEQ ID NO 1) ("DR4"™). Pronoters

contai ning DR4 can be jvated by UR .an R heterodipmer, in.cultured
cells. LXRa, anot her nZLvC?/hi e oghrer% T?\nébeﬁgfct ee‘%’fcg?ré%cgﬁt?ro{l;%’fi%l P¥has been
cloned recently. Adbmd rgently. Seguengcquratepsilgsiy reveakil gt it $hates bter 80%ar es over
80% 10 honol ogy w {8, LR i natie. ngd (b gand- b ndi n. - TN

expressi on of {XRa rrR(hJ i@ﬂj[:j?nl_nte TEI% %d\}lggﬁa%ﬁlﬁgrh?}é’\%gb?ﬁer {glsséésg&gs. LXRa
has been identifi eblXBamENAighimaed todiveyand 2 Eutotheatisvesol XRinbasdhel est er ol

7a- hydroxyl ase gengiemfild Al A s@riddIPRI AR of fObRidsRrot ARLES LT gefiat abol i sm
Recently other nuclear proteins Interact |62(3 {\é\ﬁ@;[?{] nucl ear réeceptors have 1s
E 1

been identified thfSURRYS peRPOInhElg D shalest % t echni ques, anong which

are co-activators and QEz&fRboeSSRERarProtdMGheALink WBRLAES recEpt@s havoRCl . 2, 3,
and Gipl. These proteins_interact with nuclear receptors in a.

1'i gand- dependéht nB§eA&lentifiedithyoysh ypast ixp-hykridsceeenipg feghnigues, wpotsi vEURerm cal
assays for |igand- eeeEpites ahdoatiReskérd b nulRar Sc8piors b J@RMa isvas gigscri bed in
this invention are_found to . nodulate the transcriptional activities via
binding to UR or LXPECPRISHS fHgeet wihnysleay reesgiopsgn ¢ figapd-dapesdybi@pdichedi at ed by
such receptors sucihigpropértyds @stul ®rsesipSiochefnical assays for ligand-receptor

nteraction.
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.



An aspect of this invention relates to steroid derivatives of formula (1):
Rl12 R" RIT" RI3 R ~~~ RI6 R1 Rlo |l Rs "~ Rl4lvin R (1)
R15 3. R3 is hydrogen, am no, carboxyl, oxo, halo, %ﬁv‘%ﬁ'ﬂg&
-Osulfonic acid, or alkyl that is optionally inserted with -NH,

-N(al kyl) - wodsserr S-) -SO, -SQz-, -0 SOz-, -SOz-0O, -0 SFrusondidas O,
-CO, CO% -OCO, -CONH, -CON(alkyl)-, -NHCO, or -N(al kyl)-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, i s hydrogen, hydroxy, am no,

car boxyl, oxo) halo, sulfonic acid, - MMMC acid, or alkyl that is
optlonallylnserted vvlth NH- -NaIkI) S) -SO, -SOz-, -0 SQz-,
Sz O, -OSQ -, -SOeAtRspect efthis inveRyopslatiscy E%Old deriatings of formdle (i al ky ) -
-NHt o CO, or -N(al kyl)-CO, and further q?tloni_.lquy1§ubst|tuted with
hydr oxy, hal o, am no, car boxyl sul fonic & o] | fonic acid. Each of
R5, Rs, R~, R~, R-3, and R, |ndepen,dentl |R1ﬁyogen al kyl , hal oal kyl
hydroxyal kyl , al koxy, hydroxy, or Baino, . ®'%s a bond, or

al kyl or al kenyl, optionally inserted yl)-, -O, or -S,
and further optionally formn R 6 andthe2ring
carbon atons to which R3" l_(E)SO
-SOz-, -O SCz-, -SCz-OR )5 - CO N

-CO-N(al kyl)-, -NHCO, - eid. is alkyl, alkenyl,

al kynyl , cycl oal kyl, heter heterocycloalkenyl,
aryl, heteroaryl, aralkyl, and is optionally substituted
wi th hydroxy, al koxy, R réid, -Osulfonic acid,

car boxyl, oxo) al kyl oxycar bon ar bonyl oxy, al kyl am nocar bonyl ,

al kyl car bonyI am no, al kyl car al Iﬂ/ﬂ sul finyl, alkylsulfonyl, or

al kylthio; or is -CH(A) -B. blnga5|de chain of an am no aC|d and B is
hydrogen, -NR Rb, or -COOR wherein each of R, Rb, and R, |ndependently,
is hydrogen or alkyl. nis O, 1, or 2. Note



1 o that when Z is substituted with carboxyl or alkyloxycarbonyl, Y is a

bond and either X or Z contains at |east one double bond, zaglcﬂg'h@ﬂg\hen Y

is a bond, either X is -NHal kyl-, -NHal kenyl-, -N(al kyI ) - al kyl -

-N(al kyl') - al kenyl -, - O al kyl - Oal kenyl -, -S- aI kyl -, or -S-al kenyl -, or Z

IS substi tyib Gifkekd th hal o, sul foni c acid) Osul foni c aci g¢crajskydisddl finyl,

or al kyl sulfonyl or is alkenyl. t 5 Another aspect of this invention

relates to steroid derivatives havi ng the formula (1) as depicted above.

Each of R, Rz, R3, R4, R4~, R~, R, R~ ~, Rz, RCS, R-, and R-~~,

i ndependently, is hydrogen, hydroxy, am no, carboxyl, oxo, halo, sulfonic

ﬁ?' f]k |-)OSU| fC;)m CRaghﬂ}ro h, aﬂ‘luk)y J:arﬁolﬂ% OJlOSth%pTSl!ll%ﬁlaLlM -btk%ﬂéﬁl@&ﬁ"ﬁo} h ONH' 0.
al ky - - :

z0 COO, -OCO allﬂtb@ﬂNﬂDphoné@WamﬂyNH- —N@% 'OGrS“ ﬂ@m ‘4&91 )-Dco and

further opt| onal Isozsugg;_ot u@gdh_vugd; dqy@boxzm (bla,l(gcoana;@qm C@d;)oxyl

sul fonic acid, or.-Q sulfon R~~, and R~4,

i ndependent |y, i sNﬁwlrbdgﬂ*coai %yl]‘l(alkﬁlé'lcéh’l *12‘9 If““hPFﬁBPWQhWWPWtC‘hW@bxy,
hydroxy, or a nohydRxy, Hak, anfind; 'chboﬁrl |s§lfcﬁmﬁ@iﬂdor —@tsuﬁJ}rhé/Amcp 'Eadl &1y |

optionally insert yvltm Nk | -, and further
optionally form B &/cBl & i & yﬁwgb’@dRanéPdFﬂ’?éd‘?ﬂ)‘ iy dE%Fbon at ons to

ng (é 83R~ aggg R~~ mdexhontdead car%xyﬁ oxd ko, sn]ﬁ@ic,acrds(@zsulkfmln&mi'\l T_l{lééﬁ@ O,
“N(al kyl )-co, or“’ 8”638%’ 1“S‘Z'“i’ds""‘éh N‘co Njé\llﬁ%@ 60 y 1%9 y =Pt Sark9r |

het er ocycl oal kyI Ocy@-lSOal, kenyl-, -Chet-eodsy €- caL keDWE-, -@Wﬂ%all@ﬁ{ aevaryl ,

aral kyl, or 0 or t[\ﬁzhg)ﬁﬂ:g ulildfi%qger Io%mn ylsgl%_ ﬁ.\ ueﬁfwdtﬁggérlg}&u :Sd Wi th

hydr oxy, al koxy, am oni ¢ %car boxyl ,
oxo, al kyl oxycar bowyd, carhbdyy salomisanig) cmegb sulafd)rkg/zicamﬁadcﬁ‘lﬂf}mﬁ/R?, R“’ R”’

al kyl car bonyl am ng. LKy nyl ,

al kylthio; or is - &S?Aw%%ﬂ%ﬂﬁg%hﬁd% addlg& nl%’ﬁ h lgo tai n| ng an
aromatic noiety, dxB qrsmhydﬂog&X-Y-Z\lR(Rbbomt ona&l@!malkmﬂr@tmaélach of Ra,
Rb, and R, indepgndent |y xNIJI-S-mM@'] 208 I %(—aa{nﬁ}ﬁlrthe h&laﬁy fc%mn L 2. Note that

when Z is substl tuted wth car or al 0X ca a bond and
either X or 7 conaliqwoigty Wit&s anéﬁ@%wmréomms toaﬂiwhﬁhamldﬂh@ne Y is a bond,
either X is -NH aldaida v xsNH al kenyl -, -N(al kyl)-al kyl -, -N(al kyl')-al kenyl t
0, -Oalkyl-, -Oalkenyl-, -Sal kyI-, or -S-al kenyl-; or Zis substituted
with halo, sulfonic acid, -Osulfonic acid, alkylsulfinyl, or

al kyl sul fonyl, or is alkenyl. -G A further aspect of this invention
relates to steroid derivatives of formula (1), sarpra. Each of R~-, RZ, R3,
R R, R~, R, R ~, R~Z, RCS) R~, and R-~~, independently, is hydrogen,

hydr oxy, am no, carboxyl) oxo, halo, sulfonic acid,



O sulfonic acid, or alkyl optionally inserted with -NH, -N.al 2on - O
S, -SO, 5 -SOr, -OSO0z-, -S-O, -0 S03-, -SOB-O, coygafﬁéﬂa

CO, -CONH) -CONalkyl)-, -NHCO, or -Nalkyl)-CO, and further
optionally substituted with hydroxy, halo, am no, carboxyl, sulfonic acid,
or -0 sul fygisee@dsd d- Each of R5, Rs, R-, R-, R', and R-4pdmgepgagently, is
hydr ogen, al kyl, hal oal kyl, hydroxyal kyl, al koxy, hydroxy, or amno. R' is
-X 1o Y-Z. X is a bond, or alkyl or alkenyl, optionally inserted with -NH,
-N(al kyl)-, O, or -S, and further optionally formng a cyclic noiety with
R~ and the 2 ring carbon atons to which R~~ and R~-~ are bonded. Y is -7.

-CO-, -SO, -S0z-.co-Qs82se,-:- 20-80 @5&%03- S603 Qco o-C@-@o -C@CO
- CONH- CON(aIk , or a bond., Zis alkyl,

al kenyl , al kynyl, *@zfci?gﬁ(k%ﬂl) %%@é’ocly}élkaj%%wraéw &aip plsyyglkenyl,

het er ocycl oal kenyhmy@i )ﬂroloalll@l Q6108 loal r@‘ci@}ﬂkenyp'het&@é)%foglﬁ&@'l Is%h and is
optionally substi ut ed Wt an no , .sulfonic acid,

-O-sul fonic acid, ?f%f?%xi’?l 3’103{ g““&?@%bﬂd%%ﬁ‘&%ﬂ S“bé‘lltktﬁi with heksrroxy
al kyl ani nocar bonyhlko?@l &iih6, anb RN ATACRD O-Al oy a&in Remdytyl, cabky! sul finyl,

al kyl sul f onyl , | t e chajn _of an am no
acid, and Bis hy@?gﬁ’é’ﬁar{; hé%%lcarg‘?“ypé&yﬁwﬁ@@éﬁ’%ﬁeQifﬂcaél?‘m mingh and R,
i ndependently, i salhylchﬂmgglnailaﬂmﬁdyylalky]l@ulfo&leor allcyltigio; ofis -0E{4)-H.0A bliag when z

bstituted th [ d eith X
Io? iucznlt alung a\tNI F‘E‘}%"g am%X]bI%IB?%m‘JS%]h%E‘(YS og‘ir’]?gtl\%\gbe @(ﬁ{qg’%ﬁ%ﬁd,egi tﬁ(rar X

is -NHal kyl -, - NedchbK&hR!, and R"L\(ndélieg{de)lﬂﬁksl&yﬁmgen—oh\lé]kjrlk)ﬁhgG a) deenote,
-O al kyl - al kg 0 hstituted with
hal o, sul fonlq)?: acl gty‘l’he& T“?%)tﬁ'lx‘léd ‘glg} ‘%Tbox){l &y %\ﬁE}{]%!)%ycarb “yl o%’rIS ;(/JI s%l fonyl, or

is al kenyl; and tbﬂﬁler&tOrZefamnsahleastgneanmﬂemm dﬁdﬂlaRWh@riHmR&pnd?Sﬂand R-, R
and Rs, R~z and J_ toforma
SR AA-r QAR of S B

doubl e bond. One su the just- vat |
enconpasses conpofridienyihi-Thalkdr. er 'rSe?élfﬁmlele Bys Sﬂlbﬁémlfﬁdei@@rh@b, wifozie adl(iaast one

doubl e bond in theg. 51;11f5}g§m&/\gk3ggh1 Oﬁg%)pmow oqiglaggeh one or nore of the

follow ng pairs of substituents: and R~z and R~~) 20 and
R-5 and R~. Ahot her su‘H?@Ff@%%@%%@%@WWHMﬂWa&%MW% ed by that

Z is alkenyl, al dei’MJl}a (1§ ¥depdlek ¥ove. NELR HOLY RY, ?\alﬁé)’ﬁ(“ ReYEl ﬁallkle'wii
het er ocycl oal kenyl &NI het eroaryl , aral kyl, het er oar al ky and
optionally substi But%’& i tPRERSPAFEN S hﬁf%ﬁsﬁydraﬁﬁ H‘Bm"’cﬂafbﬁé)l”(i’mdrah»

-CH(A) -B. A and Bsifosic a86id,doSerefidiabang] mhaSs Higbell Rabred wMANK- opt i onal |y
join together to ty, For exarrple if both X and Z are

rma cycli

alkyl, and Y is E?‘ﬂ@)‘)ds 1%8ct% & P 0700l POrnthgOx SRd -z, A salt
of the ster oiad deciovadt LOLEZOQf CONIS, IODEQiiyDY) -NB- c&i &ﬁ WatldSll)REG hadscope of
this invention an a ampl.e teroid of this
o M vont Fofa PGl B T i BSRR o At o b NG such. ab
au al kali netal cat-iOss}fosc gid. acls-ﬁfdlf‘uhﬁ ROR'QR " gard®' G srlepemidnap;is or  an
ammopnhi um canon th t can | tu h or c.gro @1
t et r anet hyl anmoni ﬁ%m% 1%{8&( mx yéfam ﬁ’f#&?ﬁyu%angrﬁ’: Ryt g%t of this
i nvention can al s&-Z. oﬁimabvenm»eﬁk)ﬂ healbe{nek optohnadlyrinseded with -DH-t-N{atkyi)avent i on
having a protgnatgd Fela] a sulfate
ion, a nit ra:zg i oﬁ) og@p%ggg{]r@n&%pﬁ&ﬁllﬁbnﬁﬂh%%ﬁ% %%%R{xﬁ%}? 6n %h‘?z ?%%’t h bel ow
are sone exanpl es casbongtantséo whigleR |°vind RY @ hondedhi¥ss iGeye56H080:-, , “0-80;-,

-$03-0-, -0-805-, -803-0-, -CO-0-, -0O-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.



COOMe O ~ (1) O(2) OOHHO-~ OHO H H bH N(4) HNO%A 0 HHO \

~COOH NH (G O H - 10 CF3 GOOH S O (12) (13) (24 05 2843 -

OH r O00H H0350 OO JJ~/H C18) ~~ N (79) ~~~ HO v HO- HO (2~) 23) (20
WO (0/66611 PCT/US00/11243

10

heteroaralkyl, and is optionally substituted with hydroxy, alkoxy, amino, halo,
sulfonic acid, -O-sulfonic acid, carboxyl, oxo, alkyloxycarbonyl,

alkylcarbonyloxy, alkylaminocarbonyl, alkylcarbonylamino, alkylcarbonyl,

alkylsuifinyl, alkyl.sulfony], or alkylthio; or is -CH(A)-B. A is an amino acid

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-
, -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.

p
HO H



and As used herein, the term™"alkyl"” in this disclosure denotes a straight
or branched hydrocarbon chain containing 1-8 carbon atons: ofdml es of
an al kyl group are nethyl, ethyl) propyl, isopropyl, butyls,~ isobutyl,
tert-butyl, pentyl, s hexyl, heptyl, octyl, or 2-nmethylpentyl. By the term
"cycl oal kyivo obvgggieant a cyclic hydrocarbon chain that hascn&ogapon at ons.
The cycl oal kyl groups herein described may al so contain fused rings. Fused
rings are rings that share a conmon carbon-carbon bond. Exanpl es of

cycl oal kyl groups include, but not limted to, cyclopropyl, cyclopentyl,
cycl ohexyl, cycloheptyl, adamantyl, and 10 norbornyl. The term "al kenyl "

-refers to a straight Q&ﬁx%@f&sﬁ@@ldafhmh%ﬁérbf@l@teéi!a%{efbl&&b%&!v@é Sorgufl Carbon
atoms and characterized in havjng qne o) pore bonds.  Exanpl es of a

typical al kenyl i HeFHe, Eaﬁhf’f% Bt RAR R %H%f p%p@ﬁﬁ - 12

2-butenyl, 3- hexemﬁépeﬁdédﬂﬁuﬂ@a@gw hﬂfr@ds*Paian Bﬁb&&}l"ﬂ)& ﬁM@sQﬁénlﬂ;%M' " is meant
a cyclic hydrocar on _chain bon_at oms and havi ng at | east

co
one or nore doubl ¥BEHtEcIdsPiA! n]fyii’pti"ﬁ ]tyH’é“e‘G"élfW'Wl THonNBHoby cPoat-k§P- gr oups
above) cycloahken¥thmmag@ gnycaysp&@pngago-fused rlngs Sonme exanples of 5

cycl oal kenyl grouy cl ohept enyl ,
nor bonyl enyl , and’ b] oct égﬁ) 3%%’"&g%ﬁﬁh%" 'CO' IJKMM%4I}

and further optionally substituted with hydroxy, halo, amino, carboxyl, sulfonic
acid, or -O-sulfonic acid. Each of R*, R®, R, Rm, RY, and R, independently, is
hydrogen, alkyl, haloalkyl, hydroxyalkyl, alkoxy, hydroxy, or amino. R'7 is -X-
10 Y-Z. X s a bond, or alkyl or alkenyl, optionally inserted with ~-NH-, -N(alkyl)-, -
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



The term "al kynyl" refers to a straight or branched hydr ocaww?ﬁ%
contai ning 2-8 carbon atons and characterized in having one i ple

bonds. Sone exanples of a typical al kynyl are ethynyl, 2-propynyl, and 3to
met hyl butynyl. The terns "heterocycl oal kyl" and "heterocycl oal kenyl" refer
to cycl oal\kyleogddgs Cycl oal kenyl groups which contain one QcTiRb®11243

het eroat ons, such as, nitrogen, oxygen, or sulfur. Typical heterocycl oal kyl
and het erocycl oal kenyl groups include tetrahydrofuranyl, tetrahydropyranyl,
pi peridinyl, nmorpholino, t5 pyrrolinyl and pyrrolidinyl. "Aryl" represents
an aromatic noi ety which contains 6- 12 carbon atons and can contain fused

rings. A fused ringl _sso'gn_sgg.o_@jgé(b Ond@@?s_,_sgprbt_ -BSp.aln. beasEet wo aryl

rings sharing a common car bon-car Jon i cal ‘exanples of aryl include
phenyl and napht h)#-. -20-Nekyler d8F 0", @@BNMQ rprtaﬂ?msi e'ﬁlseikﬂsdke@ylar e aromatic

groups contai ni NgaRytyd cledodit 'I‘Q]let@t%%alk&]n hlﬁghypﬂgterggycmgﬁc&y?f ihese ring

atons are heteroatons as l?ﬁ ned above: ggﬁe exanpl es of hét’ercaryl groups
are pyridyl, pyra?$#yt Fétlh(}l or hferoprgikyl a“dtlh‘i’lé‘ﬁ%“)/ sybsiitated Wit hydroxy,

benzi m dazol y§, aﬂlﬁoiy”hﬂﬁ@@xla%'sulfa_r{?@aclﬁps(bjsdlféﬂ§aélﬁ cablsfidients on each of
the cyclic groups be at any avail abl e position,

6l?(escrl bed h re| n z>5s maY

unl ess speci fied BfHERRREYYLE Vlcﬁk%f?l"lé lamrorybora b By IFabRsilemEN: a benzene
r| ng can be attachﬂeﬂcﬂbmyhe}kﬂhﬂﬂngl an@l&nﬁfonﬂr o8y BhiPQs st CHO«) ghgiderm

"al koxy" is defi neg%,%‘s;1 ge noi e , exanpl es are met hoxy,

et hoxy, propoxy, Q’ﬁ/?m‘%ﬂ%f ?ﬂ?’% 5)3'9/%03%11\8{ K} 8 ﬁ”%‘erﬁm 13

haI ogen at om suckachAsfRf, Rh@ﬁd)};{ ﬁlhé;ﬁﬁdﬁntl)b isOiyBrogédlor kRGO n iFY, 11 i@, MRS

"hal oal kyl " rox ro

respectively subspgtj N S‘%('?f'“g%emglrca F’@ oﬁglié%ag'ﬁarg‘%&fy] g"’%ﬁﬁd or nore
hydr oxy groups. ThéuenKtor_de;nam;taomSltmaﬂmlaﬂbm o tanvie Yisabpnpe@sent in a
sherold deri vl ve ol s, LONSRLAAN G0 DRONRGh flggulnliphuted i h an
conveni ence, a di Qedlieeny}- ;ADralsyly of S-alleemplel Ohénseaubst]asemwlthﬂttlomﬂfemaamd)noval ent
Stande for "a kyl SRRl oo SHER) BPaftlylE 1 AR IIPHiGE B B0 01
in the art, 9%er oPtRdefRydt iR’ Beadri’ b%danﬁu@reﬂ anééhiamdﬁ'éa@dé&centers

Both the racem ¢ MagkHidfy, &faclRaWPrSy ABcnldi @pélae%aﬂ,ée%mg&hhésgﬁﬁfs are
wi thin the scope of this 1 nvention. anot her as 0 I'S Invention
relates to a phar Pﬁar@@lﬂerltﬂézweS@mmmaSﬁcewpmﬂs Vhielnarg ﬁgm&d@RIhemreStrXRa medi at ed

di sorder which comamaaﬁoaeao‘ébﬂala&rana%%g&@hk%:@@&ﬁ@&%b(he@*enﬁgsﬁelo?r and an
effective anount of one or nore of the steroid derl vati esudesc]gl bed above.

The use of such a™Sied¥ Jiedolypwinapars Afaubstnets B pndHeRemd R gt~ e ranuf act ur e

of a nedi cament fﬁl{dR'F@;ﬂitle’lgAﬁdﬂﬁrﬁlB@(@ncBﬁ ske@e&ﬂpcﬁh&%ﬂ&ra@‘e fefu@l 8 W thin
the scope of this A sti further aspect of this invention

i nye
relates to a phar Wﬁ&)lsé‘ ‘&yéla]ki’ﬂylc%ﬂﬁ@]ﬁ]’the@wcf%‘? kb élé&l?aﬂﬁnﬂancer i ncl udi ng
solid tunors and h@étk@ﬁ]oﬂker@l’,ldryi mﬂﬁyﬁﬁsmﬂn&tﬂe@fbarambﬁalﬂ@'ﬁ@ﬁﬁ?| ogi cal

conposition contains.a ceutically. acc abl.e carrier and an effective
anount of one or WthutS‘fwgh g‘?lé‘?x&a&‘oé%ra 3%} of” ¥ SHH-E- A3nd Baigasa. Each
of R, Rz, R3, R4desEiﬂ3edeqveR‘ Rl ~ Rz, RS R, and RI~~, independently,

i s hydrogen,  hydroxy, , r fonic Cld
-O-sul fonic a%;l d, or al'k lat ari%éj t%?? 1?’3%??%‘? Pi)?gﬁ %%}’C{Aﬁ ‘["ﬂ‘e'yN

-N(al kyt)-, -O - e}@m,ple— 1$@9t)| X BOZ-ate alkQh, SAXY s -CHER) O, a lacOnSRVHts froff03- o,
Co, COO - -CONallryl)-, -NHCO, or -N(al kyl)- CO
and further opti o%a“gy su t| tuted with hydroxy, hal o, am no, carboxyl,
sul foni c acid, or-O suh fadiref Grcalgiotf deBwative off thiRiverRon isRSe WRbin tht-seppeanfid Rl

i ndependent |y, i Syscitdntion and can be formed, for example, between the steroid of this

-8-



hydr ogen, al kyl, hal oal kyl, hydroxyal kyl, al koxy, hydroxy, or amno. R~ is

-X Y-Z, in which Xis a bond, or alkyl or alkenyl, option§yifh28l3ed with

-NH, N(alkyl)-, -O, or -S-, and further optlonally formng a cyclic

nmoi ety with R-~ and the 2 ring carbon atonms to which R~~ and R~~ are

bonded; Y&}é #99 -S0z-, -O0-SO, -SOZ-O, -0 S03- perASstinez - CO- O,

-0 CO, Kf CON(aIkyI) NH-CO -N(al kyl )-CO, or a bond; and Z is

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

heterocycloalkenyl, aryl, heteroaryl, aral kyl, or heteroaral kyl, and is

optionally substituted with hydroxy, alkoxy, am no, halo, sulfonic acid,

-O-sul foni ¢ aci d,infalihaYing a 3drkokyRreaatk bRyt co@{ehuﬁ Sk mméh@mﬁetallo

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

al kyl sul fonyl, orCatifne £+ fpoSiunpion pra DAESEINR iq; gfjap AMMOBET S#i08 et A8 bEhai n of an

ani no acid, and Ei;ub@anm@Mmdfrgaﬂ@rgmupé\ﬂaaﬂaxeu%ethmmmmaeﬁ51 each of R Rb,

and R, |ndepend I% q rogen, or al } and nis O, 1, or 2. Wen Zis
i at ks

substituted with PTYm o & sg {etion cagyalsy f?,"HHFQTeﬁ% at | east
one doubl e band, the ﬁeralﬂdem&ﬂ: of thiSin@enfiomEhving ia pR@Inatéd i !nﬁmo Ndn@ﬁriﬂ)éh

- NH al kenyl -, -N(alk k al kenyl -, C)alkenyl
-S-al kyl -) or - ér’%‘l’mem r° %HISN&EEB%{%PW%’BH \Rnpf“?fp%? ‘8“ p ﬁ‘?‘f%‘ﬁf c acid,
-Osulfonic acidxomlkylsulflnyl or aIkyIsquonyI or is aIkenyI The use
of a just-described sk qph 4Lwar &%ﬁx&aOH : her.eof P} t

manuf acture of a nedi Canent P rERTRY ?Shoésﬁrlg miagver’?é)ﬁ X “ﬁ"ea ‘Ui sorders
is also within the scope of this invention. Still another aspect of the
present inveption relates to a nethod of treating a UR or LXRa-nedi ated

di sorder by administering to a patient in need thereof an effective anount
of one of the pharmaceutical conpositions decribed above. Sonme exanpl es of
UR- or LXRa-nedi ated disorders are: liver cirrhosis, gallstone 25 di sease,
hyper | i poprotei nem as, Al zheiner's di sease, anem a, chronic inflamatory

di seases (e.g., rheumatoid arthritis), netabolic disorders (e.g.

di abetes), and cancers which are associated with UR expression, e.g.,
breast cancer, colon cancer, prostate cancer, and | eukem a. Patients with
ot her disorders - i5 such as atherosclerosis and liver chol estasis can
al so be treated with one of the pharmaceutical conpositions described
above. O her features or advantages of the present invention wll be
apparent fromthe follow ng detail ed description of several enbodinents,
and al so fromthe appending clains. DETAI LED DESCRI PTION A steroid
derivative of this invention can be prepared by form ng an am de bond
between a steroid having a C17 carboxyl -contai ni ng substituent and 10 an
am no- cont ai ni ng conpound or between a steroid having a Cl7 am nocont ai ni ng
substituent and a carboxyl -containing conpound. Simlarly, an ester bond
can be forned between a steroid with a C 17 carboxyl -contai ni ng substituent
and a hydroxyl -cont ai ni ng conpound, or between a steroid with a C 17

hydr oxyl contai ning substituent and a carboxyl - contai ni ng conpound. Sone
exanples of a t5 steroid that can be used as a starting naterial are cholic
acid (e.g., ursodeoxycholic acid, hyocholic acid, and hyodeoxycholic acid),
androstan-17 carboxylic acid (e.g., androstan-3-oxo0-17-carboxylic acid and
d5- andr ost en- 3- ol



17-carboxylic acid) and pregnan-20-of (e.g., d5-pregnen-3,17-diol or
pregnan- 170l - 3-one). Synthesis of these ster0|ds can be féb@mﬂﬁ?120m}
literature, e.g., Roda A. 20 et al., F Lipid Res. vol. 35, pages 2268-2279
( 1994) and Roda A et al., Dig. Dis. Sci. vol. 34, pages 24S-35S (1987).
Some exan‘gjvgﬁw&fs ,conpounds that can be used to couple to m@1%ifiphes to form
a steroid derlvatlve of this invention are aniline, glycine, phenylalanine,
or benzoic acid. Exanples of a coupling reagent that can be used in the

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

di met hyl am nopropyl ] - carbodii m de (EDC), dicycl ohexyl-carbodiimde (DCC),
N- hydr oxybenzo-triazol e (HOBt),

2-(1FFbenzotriazole-l-yl)-l coomst €t ramet hyl ur oni ym hexaf | uor o- phospghat e
(HBTU), benzotriazol- ] I-oxytrls pyrrol idi ne{phosphoni um

hexaf | uor ophosphat e ( eR) . @ham de- -formng r eactl 1 can take
pl ace in any sol venf are itable wttrthe - 1G ting
mat eri al s and @@ Not e that if the-xre i on take h an aqueous

solvent, e.g., & bufifered sol ution g- onbi nati on ot her m sci bl e
organi ¢ sol vents such as al cohol ), "sol ati o of the ?%ero product for in
vitro or in vivo screening assays is not necessary, as the product is

al ready in suitable assaying conditions, i.e., in an aqueous buffered

medi um Protection of functi groups, . Ket/m 0% the
steroids is not needed. See,
of the reaction, it@can benxegsily autol Ef. I'sol atio
of the product can be a b{ t hi @@ chr gyt ogr i gh pressure

| i qui d chronmat ogra gas’/ chr omerogriaphy, t0 capidta | ectrophoresis, or
ot her anal ytical g priepar ative procédures. Trifluorofethyl- and

[

tauri ne- conjugaﬁ%d steroid derivatives can be prepared according to nethods

described in Li, S. et al., Chem Phys. Lipids 99:33-71 (1999? and

Kurosawa, T. et al., Steroids,/60:439-444 (19
preparation of 3(1- hydro? - -cholest%p 25(R\-’
derivatives, t s see Kipibh et al. pi. d Res.
Varma, R K et al mo Chem 4:

havi ng a side cha
eordi ng to the #ol

can be preparedod

TBDVSO ~ TBDMSO OH TBDMSO TBDVBO ~\ * ~~ TBDMVB = t - butyl dlnetbyIS|IyI
3-beta-t-butyl di met hyl silyl oxy-deltalb)-chol en-24-al and

3-al pha, 6- al phadi (t-butyl di met hyl si oXxy) 5- bet a- chol an- 24stgd wer e prepar ed
usi ng NaBH4 and pyr|d|n|un1ch|w achroefmat e accordi ng to et hods described in
Sormanat han et al ., StéP A3\ 65177855 (1984). 5 an

Et hyl - 3-beta-t - butyld|-"wngIS|Ionxy del t a[ S, 24}shd| est enoat e and

et hyl - 3a, 6a-di (t-but @@ hyl si | yl oxy) - del 2 hol est anoate were then
prepared via Wtti = i i 2- phosphonopr opi onate and
a suitabl e basenatro ng to nethods desé&®ibelyin Lund et al.

Arterioscler. ThronbHdwasc. Biol. 16:208-212 ?P@QG) After the t _ts_

- 10-



but yl di net hyl silyl oxyl groups were renoved, ethyl ester groups were

hydrol yzed under al kaline conditions. As nentioned above, & Wr g8 ut i cal
conposition containing a steroid derivative or a salt of this invention in
an effective amount can be used to treat UR- or LXRa-nedi ated di sorders.
Al'so wit highy hdagericope of this invention is a nmethod of tpeghjstgiiaasUR- or
LXRa- nedlated di sorder such as astherosclerosis by admnistering to a
patient such a conposition. An effective anount is defined as the anount of
t he derivative which, upon adm nistration to a patient in need, confers a

t herapeutic effect on the treated patient. The effective anount to be to
admnistered to a patient is typically based on body surface area, patient
wei ght, and patient condition, The interrel ati onship of dosages for
patients (based on mlligrafmsyper meter squ [
descri bed by Freireich et/ ab. ) Cancer
surface area may beOXI mately d
patient. See, e. g entific T
New Yor k, 1970 3 An effectlv nt of a co of this |nvention
used to practlce the i nvention®can range from dBout ng/ kg to about 2

g/ kg, e.qg., fromabout 1 ng/kg to about 1 g/kg, or from about 1 ng/kg to
about 500 ng/kg. Ef fective doses will also vary, as recognlzeﬂ_ﬁy t hose
skilled in the art, dependa { pi ent usage,

ther. Rep. 1
'ned3fron1he

0, 219. Body
and wei ght of the
ti céls, Ardl ey,

and the 2o p055|b|I|ty of ~€0-usage with Aer therapeu |c redtments. The
phar maceuti cal on may be adm er@d via th ent gral route,

i ncl udi ng subcut a 51y, ish raper j , intr @@: arly and

i ntravenously. pies’ of par gaid osage f omers~tnel ude aqueous

sol utions of #kde-a ve agent, in a isotonic saline, "%% glucose or ot her
wel | -known 25 pharnaceutically acceptabl e exci pient. Solubilizing agents
such as cycl odextrins, or ofher solub|I|2|ng gmnts wel | -k to those
familiar with the art, Pt i1 zed as ceutical exciptents for
delivery of the t%®rapew c¥rconpounds ives of this

invention can also p snn1ated LAt g . dosage fornms for er rouf®s of
adm ni stration wel | -1 ar own jret hods. -19 ey can be
Formul ated, fqr in dof¥age torns for oral nistration in a ge

seal, a syru, a capsule or a tablet. Capsules nay conprise any wel | -known
pharmaceutical |y acceptable m@aferial such assgelatin or ceIIquse
derivatives. Tablets may beformul ated i p-acgordance mntthhe conventlona
procedure by conpf®ssiyg/m : S
solid carrier, and_a.J«X
and sugar bent opite

rers inghude starch
nventi on can al so be
adm ni st ered i 24 capsul e containing a

bi nder (e.g., *lat gse or nannltohymand a conve phal filler. 1 o The |evel
of interaction betWeen the UR or LXRa protein and®a steroid derivative of
this invention can be prelimnarily evaluated using various assays as
descri bed bel ow. Protease ction assay is a sifple assay forgneasuring
t he | evel of

(25)
(26)

HO H
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interaction between a test steroid and the UR or LXRa prot Lsg ]ih@ assay
can be t5 done by using a 35S Met radiolabeled rat UR or h QCLX 3
protein. The radiol abel ed protein is then incubated with the steroid of
this invention and digested with a protease, e.g., trypsin. A control
experi nentywhgefQRe Py incubating UR receptor with a prot ggggudabiiizy t hout
the steroid. E;rot ein fragnents from both assays are el ectrophoresed on a
pol yacryl am de gel. The 20 fragnents from each of the assays can be

vi sual i zed by exposing the gel to X-ray filnms and conpared side-by-side. A
test steroid, if binds to the UR or LXRa protein, will protect the receptor
from being digested by the protease. \Asp@a result, reactions that .result in
bi ndi ng between the steroid and UR wip+ lead to fewer bands ow

mol ecul ar wei ghts than those that ¢o6 not result in binding/eyween 25 the
two nol ecul es. The co-acti vat a—f usi on protein
formed between a gl utathigne ans(flérase (GST) apt co- z@givat or of UR,
e.g., Gipl. The GST m)i t he fusion protekry dg' to

gl ut at hi one- coat ed sol #od pport, thereby i mrob ng the fusion protein.
UR and a steroid of this invention are -20 "9 “thgn incubated with the

i mobi l'i zed fusion protein. Subsequently) any bound" UR i s rel eased and
collected fromthe solid support. The proteins are then el ectrophgresed on
a polyacryl am de gel and visualized Ry exposing the gel to X-ray tilnms. If
the steroid interacts with UR, |ess YRwill bind to the fusyoh protein, and
a lighter band would thergipre resvlt on the gel. By ngni I ngs4,he
intensity of the band of the.bquQd UR, one can esti ps bi nding of the
steroid to UR Yeast two-hy 0 inding assay is a, Iive assay for
identifying UR nodul ati n pounds by nonitoring°transcriptional
activation. General 1w descriptions of these assay caffbe found in, e.g.)
Chien C. T. et al., Proc. Nff1. Acad. Sci. USA vol. 88, 9578-9582 (199I);
Fields, S. et al., Nature, vol. 340, 245-247 (1989) amd G een, M B. et
al., Curr. Biol., vol. 2, 403-405 (1992). In this s¢reening nmethod, a
steroid of this invention that nodul ates the interaction of UR or LXRa with
its natural ligand will have ana=ffect on the anscriptional t5 activation
of a reporter gene. In a specific assay, isnid8 are introduced into a
yeast cell. One expresses a fusion protg P g a GAL4 DNA bi ndi ng domain
and a UR natural ligand, and the othet eXprésses a fusion protein
containing a UR |igand binding domain and &"GAL4 activation domain. If the
steroid interacts w thAURedrtin itertapt"sikylh @ this ddéleryreaiendiiR atsozightor nat ur al
1gand, the 20 aChiintynRfechidén (RRQAkiRME JHEHEEREM. Wildedf lés'otfgx ed. The
changes in reporter activities (1.e., p-aal actosi dase activities) can be
measured with a ceitnerepare iyt eveed. RepropyMavimaisplanyldet-butyk pantl.ect i on

can al so be used }4y66ERAMNDCEA B AnlagBkdiakl RSerhD a1l interaction
bet ween the UR prot éi n pgﬁd cgztlster ofhgﬁjoft%t hlb(s i%ven%ﬁ%rgyﬁg%m%ﬁ?%t UR or

human LXR gene angyeHe hiiearorxebgingass bas-oaghop gioms; Rheryalopsrhgedupan expr essi on

vector (e.g., PpSGRerkihaiciela9aRE Sontadlsd\HREES HERS TS are &%}%&Qﬁi&ﬂous
pronoter is formed by inserting four_tandemrepeats of a hornone response

el ement DR4 into PORMSRSR-cpt hondnftamples ef gyplealioyl grypeincladsgbidmetle, which is
foll owed by a sequ@ictoaReostbRg cheeieh®l, affohekieyaiteh# B adedlantyl, 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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construct is naned DR4-fos-luc. DR4- fos-luc is then co-tégn &?ciﬁ W th
pSGS/ r UR or CW/ hLXR and pSGS/ hRXRa i nto manmal i an cells, é ! -1
cells. An ethanol solution containing a steroid of this invention is then
added to the transfected cells. The steroid, if interacts to the UR or LXRa
protein, the | evel at which the luciferase gene i ' ed. The
cells ar e%’hgﬁgﬁ%ysed and assayed for luciferase activity %T?%B%ﬁg%mmrci al
assay kit and a lum nonmeter. A high intensity of |um nescence indicates
that the steroid is a potent UR or LXR agonist. Another chineric receptor
that can be used in this assay is constructed by to fusing oligonucl eotides
encodi ng the |igand-bindi d Lh of rat UR.to a, hu 2.gene | acki ng

| i gand- bi ndi ng s??gmgﬂ d?’nﬁgggernégﬁqg?focﬁn&(rl WP %ﬁ%ﬁﬂr‘fyffgf?lg?f‘é(Aﬁt‘%P?mﬁa reporter
gene ARE-fos-| uc ¢wlichdscarbot eheinlbyntiinised-Bicoyort Asreecantd amdeat l.apesd & of

Andr ogen Response ' he vector .u reamto a c-fos
pronmot er which i smﬁgﬁ 0\}\6%)(1@3'/ a #aggoﬁpée?egig%éo? (é%gfjlf)ggy GEne® R ¥t er adding a
steroid ~ s of th¢ysloplkeryhgrpens map alstreontmidfusadirings. tdome exaapikett ed cells, the

steroid can inter | t | evel of .activyation of

ARE-f os- | uc iﬂ cu%ftﬂ)?%%& ggerﬁﬁss %%K%gqegt\%}}é)il’ Cg&)lfeﬁ?ﬁy#ié: cécg]ﬁ%%“y!tct ivity thus

i ndi cat es the | evedtbasgylauR, paschytleacteonl gogups.he st eroi d. Yet anot her assay

i nvol ves expressing r AP I i Lnfection. See
Underwood et al., J.. gﬁgﬁgﬂcﬁd&@yl \%%S E’g‘?g‘?’g‘gé@@“@%@%ﬁw%@ﬁ). The
transfected cel | sCORPEIREHehcashop gioms pvfl hagrterized mhaving ap adelorepiiplat ed serum and
then treated W t hygad$ Hobe ek BE 245 (eY g .S | ention. The
PC-3 cells are later washed vﬁhﬁﬁﬁgﬁmﬁéﬁfeﬁggy&gj%rgﬂn?lléh@égS) and
treated with™00 REPHP"Ebhot ericin B in DVEM nedi a without serum at 25
37EC. Anphotericin B fruaeihoRecisycloatidl e heecotiaidiydethglasiaie! in the
cell menbrane. The cellg are then fared in 10% TCA and stained wth

Sul f or hodani ne B aélfitcgﬁloaﬁi‘}?]@ SRHERYHEP covteinme OBt Betgrpaoray S4cR@H and can t hen
be assessed usi ngniflogen)oaydenpdr kilfur.aBFackl helor®y @bAMD bndHeteth felbaBeehir €CT | Y
proportional to nunbet E‘B §grhvi vi.n ﬁel |s .on the gulture plates. From
conparing the nunbef® g3de et ygrPh\rlzglﬁ Fearalydropxrapd RiRs BN 8aPEolRPL h and

wi t hout a st e oi dyymoleyt eipyerstidimpht e t he effect the steroid has on the de
novo synt hesi s of chol,,gsﬁ..eg %S.emAa str(ijl It. furtheﬂ. assaw&es use of nitrogen
monoxi de (NO) as an i ndrcacor ot T HEnugmsetoyhipheoniains 0112 GHbonslens from a
mari ne macr ophageand edd cohizindusRi@(sA Aused eing 3au batmatk mhipwidcsdoatnk st of this

Tvent on for 24 BAK:B T TRRLQU0AARS, A1, IR0, A5k Xater DY add)

acti vat ed macr opreigesshugaphdop! andniphtwed i ndirectly by quantifying NO2 in the
medi a according to G eglebur® in A i val . 12G. 13| -138 (
1982). The reduced am)un{{Jr _%r? E‘&_ﬁl}sﬁnté cé#ﬁﬁ%%&%ﬁ’ﬁa‘t&cTrﬁlﬁjtsc%rf%mqém%ghotroI _
experiment in whil@rgetogsdn gihish pre a ok dfiilekscringetonsrat hetdnatastses oi d used in

the assay has | nhiohhdabluee 6hAE ket B:ATIRA bOlhs SRt MR ADIRIRI | ne

macr ophage cell |ine RAV /, constitut Xpression nd human
RXRa gene by r et rRyVPWh thienyk thiazalyh baprisridaeelyl, uddmidazalyli s jnto foamcel | -1i ke

mor phol ogy and i nt egr ah@gbsitiBhsbr Gl Jf%e'cya{c%ﬁﬁw&s&%& hetdiff > and
undergo apoptosis. Foamcells originated from nacrophages are the maj or
conponents iff pat‘ﬂﬁﬁbﬁéf@éﬂavﬂlﬁ@&%‘%\%i@ﬁsﬁ %’e%@@a%thevwlﬁ%&%ae%mpkm i nner wal |
of bl ood vessel s rhdihypaibs@ins orsalichednt Al & GBLRCRRAPEHE bRAD Sl or?Efear oi d
derivatives of this.invention which nodulate UR can suppress the

progressi on of n’&Pé’F‘B?)‘hage-foam cell transformation at different 20 stages)

and can be used in th&hd eeatalkery" iodefiRéERreRhasy 0D-AkerREE kpmPHsS. See

are methoxy, ethoxy, propoxy, isopropoxy, and t-butoxy. "Halo" represents a
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Kel | ner-Wei bel et al., Arterioscler. Thronmb. Yasc. Biol., vgl %% gages
423-431 (1998). Yet another assay neasures the effect of tua[; i 0 f this
invention has on the |evel of adipocyte differentiation on fibroblasts.
Specifically, the |evel of 25 adipocyte differentiation in marine

fibrobl astwoddigesladl containing rat UR gene at sub-confl uercragogimbaons i s
measured. Constitutive expression of rat UR gene in marine fibroblasts
3T3-LI can be done by using retroviral systenms. Full-length rat UR cDNA are
inserted into reiroviral expression vector MW7. Infected 3T3-LI cells that
are (418- resistant are treated with insulin, dexanethacine, and -23_

1- et hyl - 3-i sobulajdgeasmbhj sueh 4sMivb}o, oo UGS, oATRHF OBY 1€ tetthd heloaRf ati on. A

control experinent .G be ne by i rtin man UR ¢DNA jnto MV7 in the
antisense orienta oﬁ’%r%@?lg@ ?fﬁf”é%}?@gﬁmuﬁgwﬁézaﬁf%@%y ®B&Ysdct s and
parent 3T3-Ll cel¥iharer abshabyeated ad bie d Reredgo®xy Housi TheMgldeai | under
sanme cell densi tya.mcianl Insalﬂmr})f (;%Itmg \rM'th ruy artew?{{?vm fo jgtg.curml ate nore Red
oil Opositive |iprd dréps tHERPECAPER P& S I T8VERE PSS HVEWOBd wi th hUR
anti sense ar e shownbe mohawedilsebsituRdovithiah alkyposicloalkg, 4 hqdrétyeloalpa, anThus, t he
finding shows thaaﬁr{;lté}%hgﬁépoﬁ sion of URin fibroblasts plays a role in

adi pocyte differentiation. ‘thout further elaboration, it is believed that
one skilled in the arfoc@nyenicocchadizgend motches okasdhipiniagifitvesrei n, utilize the
present inventio ] nt...he .f ol L ow ng .specifij.c.exanpl es,
whi ch descri bed %%@ﬁée%%g{&é érq:glé%xl%ﬁ %’, L‘gcﬁld@g?hoﬁgggl3t“é 1g'tlcs’as‘°tsigﬂegdst°§fe vari ous
conpounds of t hi sachaljesiandsfor "dindene.h suck bo1CE - tAs rbezuisddy riskilledysrsorr el vy
illustrative, an targl deddiits AL 4 g B dipssl.ogsure i n any
way what soevéor. %Jn Flgggbﬁtﬁlgta {:%%?e?&ﬁ:@%&ﬁﬁ%?g%ﬁ ft%jg?cttﬁ%?rﬁ'gh?tg tl%at ents, are
her eby i ncor por at'@esMigmpereoéseraers pnd thesgnticadly phie dsogrers Rreapitivrathé spapof

phenyl al ani ne conjfagainesmisi er oi d derivatives To a stirred solution of L-(or
D-) phenyl al ani ne ester hydrochloride (2 mmol) in dry DVF (10 nL) was added
triethylanmne (2 mol )Y esaTatheraspest ofithis Bvengongglates fo a phanaggutieldom t enper at ur e
for 10 m nutes. Biolposigdndiontdeatiipll UR-2AAXRaSleliled disorder which contains a

3-[ 3-di net hyl am'n%gropg%-car bodji.imde (2 mmol) were then added and the
suspensi on wis stiPpEgeutitally daspetinfrancl pid  cHoem gt ofgre or Bare f ®R ni xture
was diluted with srasiederbatives tidsyibed aldvat Bhe ubhI6F sOCHOARrid H@leiivewrs sgepar at ed

and the water |ayer s extracted wth ethyl_ acetat gai n. The_conbi ned
organi c | ayer z5 'ﬁﬁ%‘;???{élhe Wf‘i‘&tare\iﬁwﬁﬂw‘i’f\? f,"r'&w&{“&'}?@a veEeRioRet wat er, and
dried (MgSO4). Thisosdelsiesito wistsn the nopedf thindesntibeduced pressure to afford the
steroid derivatives [ re th nal yzed Thin Layer .Chronmat ogr aphy,
H gh Pressure Liqui dm&sﬁgr@a Srgarséeﬁ (ir}‘)ﬂ%salr'l](‘ﬂ néi?n ﬁ%’f Bonﬁ%ﬁﬁ‘a%%?&‘fl

Preparati on of composition for treating cancer, including solid tumors and leukemia, and

et hyl - 3- al pha, 6- a| pha- gli E QXY f241-5-bet a-.chol est anoat e
Et hyl - 3- al pha, 6- al pha- %ﬁﬁ%‘g‘rooky-%atf‘%f%ﬁ%ﬁ?‘gm oRe %mga’snts-gnoat e was prepared
accordi ng to net mbdsnagastically beagptale caerier 2id Mectde 6BoYnCILBNE 0OMEO 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-, -8-, -SO-, -SO;-, -0-80;-, -8§0,-0-, -0-80;3-, -803-0-, -
CO-, -CO-0-, -0-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-



(C19); 1.29 (C21); 1.88 (C26); 3.61 (C3); 4.04 (C6); 4.22 §C28)r; % 88
(C24). 5 Preparation of BET 2003

3- al pha, 6- al pha-di hydr oxy-del t af 24) - 5- bet a- chol est an- 27-0i ¢ aci d

3- Al pha, 6- al pha-di hydr oxy-del t a[ 24] - 5- bet a- chol estan-27-0ic acid was
prepared 3¢§adER9 to net hods descri bed above. ~H NVR  Opg3rukéehdiss 0. 90
(C19); L29 (C21); 1.88 (C26); 3.GlL (C3); 4.04 (C6); 4.22 (C28); G 85 (C24).
10 Preparation of ethyl-3-beta-hydroxy-deltaf 5, 24]-chol estenoate

Et hyl - 3- al pha, 6- al pha- di hydr oxy-del t a[ 24] - 5- bet a- chol est anoat e was prepared
according to nethods descri bed above. ~H NMR 0.3 (C18); 0.95, 1.00 (C19,

C21); 1.83 (C26):1nds . L CR%Y: 3j C 15 NVR:
72. 2) (C3): (121 éh o‘é&h 6@2111&&%&&8@)&1@5&1@&?;@@% Z‘?le(’cg )ilﬁj 0 (Scz4

C25). Preparation' @ m3”}b‘é‘t7élsﬁ‘§}’6 %?S/ﬂ”@@P’E dkenyloogtiopally mseted it 7NBrc aci d

3- Al pha, 6-al pha- dv@akgnoxy; stekt, afddinee piRhaty mﬁﬁgeasctyama&etpwmmaqdwas 20
pr epared accordi n% %o net hods desc%l bed aboye C18 ; Q 95,

1.00 (C19, C21): 5ng gaskep.atoms iqyw. 168?\ apd 119“(3&2%36“ %‘53‘&0( 279 (C24) .
Yeast two-hybsid Jgi-50i-NgOASS Y-8, FOEY-Cical- oye@.sjo t-w rh&ybr@@mkdlltyl)f rom

Stratagene, HybriZ pr ni ng
system Four pai rsﬁgfg%eg\gﬁlgﬁgpgg%?ﬁ@%nﬂ@lzéﬁﬁ 36} @{(QHLg%fioé&del gest ed
with EcoRl and Saﬂelte;ocaﬂdalmrdyﬂbﬁdmylﬂimm@quﬂmglsaxgalf héltdiiﬁ‘arf/loatﬁlk)ﬂ;’:ﬂrr s of

ol i gonucl eotides are |listed,as fol N represents.A T.0

OB n o roe it B ARt MRS Rl R e enc TeT
AGA GCC 3' (SEQ ) DIUND a@), ~-O\B@fonk' aciBFEHPGT, aﬂ@%x@'aﬁbo@ﬁl(.‘alﬂ'ﬂéhrﬁﬂh{bloﬂNN CAA CAA

006 Gwa TG Are TR Ao e e BBy acd o 3 (seq

ID NO 4) LS2: 5' allGBOINGT, AGRYIETCOGACCHTRABWIO A T AdCASn TCH @Bl CAA GAT

N o 2 Taekd, sha 1 S5 Hylrob, 8RRV :oOR Fhfere R @b K, NNN TTG

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-



to TTG NNN NNN TAA GIC GAC TCT AGA GCC-3' (SEQ ID NO © %%«m% TCT
AGA GIC GAC TTA NNN NNN CAA CAA CCA a5 20 25 NNN NNN CAA CCG
CGA TACG-3'" (SEQID NO 7) The purified fragnents were cloned into the yeast
vector pBD- GAL4 (Strategene) of the same restriction sites. The resulting
pl asm d pCA xpressed a fusion protein with a GAL4 I domai n
(am no am‘ﬁof‘gﬁ%’% of Gal 4) and a pol ypeptide of ten am %amsgghg ength
with a LXXLL (SEQ ID NO 8) or LXXW.L (SEQID NG 9) notif. UR |igand

bi ndi ng domain (amno acids 14l to 443 of rUR) was generated with PCR and
inserted into anot her yeast vect or pAD GAL4-2.1 (Strategene) with cloning
site EcoRl and Xhol 1/r URLB d a fusion

2 e
protein cont ai ni n&ucgast% eﬁosglr%%?ﬁ] ?:’}%qB'?'i %ﬁleﬁ%ﬂs c@‘?ﬁlf %“ﬁﬁtﬁ‘ﬁ?vﬁﬁ(? r??ﬁ’ﬁ aci ds
761-881 of Gal 4) pintinaeutidR domgasitbnbdesctibpdjatdesrai n. Pl asm ds pCAMBDs and

p2.1/r URLB were co-tr rnred LNto_an [ i.ate.yeast strain by using
lithium acetate and p(a)(?}ﬁerc% reesr?éa&ﬁcl}a i ?%e{;%td@{en\}ﬁé' Wlﬁﬁi&@?@?&% on

sel ective nmedi um Gomitle fblltrevuﬁg)dfmﬂcﬂ desa@iptiorcadlsoriabenodmtdnadand akmfroi@ol oni es
wer e picked apd g tive mediumfor I S hours at 30C and

(3-gal act osi dgse glg\téﬁb\f%@ %@L’&gre measured with a comrercial |um nescence
kit. -2G Mammal i an cel |l transfection assay (1) Rat UR and human RXRa
gene were cloned into a mamal i an,eXOf SHHRAE5ESN PSCS (Strategene) by
transfection with cal cium phosphar‘e—ang—ovvrerpr—essed in cultured cells. A
het er ogeneous pr onot erA fieEeddisngtiveefttdeinkgntipmenabe pregrredinofotiiag anect or  f our
tandem repeats of ,DiRd L WatURREIHENESA having T&ﬁ%o;f %n%sﬁ{ & @@A

CT-3'" (SEQ ID NO 10) upstreamto a c-f pronot'er sequence % I09)

whi ch was fol'? owe#? Wﬂ%ﬁ@%ﬂ@%ﬂ@@%ﬁ@@abweﬂn@@ts@élaiwg aftHé amh®i re construct

was naned DR4- fosc&rﬁmnmgaﬂstﬁ&ﬁrénalscmyt&%&n@% ckﬁla&ﬁﬁegﬁrﬁﬂﬂwaﬁ Bt SGS/ 1 UR
and pSGS/hRXRalnEo COS-1 cells. 1 G24 hours ~ o after transfection, a

steroi d derivati vBordfaRpeaRmAd bRreenafiseld tvh £ fd 7 FERRXGHE RTINS sEhREtR | rum

final concentrati g digdxPMonidiiRg toMgund ONE@M:h akieRit Wih 0] MBtoxgt hanol is
0.2 M o. After 24-48 . ho urﬁ ceII that were treated with the steroid were

| ysed and assayed“$"&i™ sf“é”reﬁrsa@ A CTPUY PRI CaMRY R PRTSPIRRESY % t and a

| umi nomret er. 145 Astwoﬁehazamlemyedmﬁae@ﬂﬁpg)mmdxsawxfechwcscxar(wgntI on were tested
and found to nodul at (gsactl vat i exanpl e,

i
steroid (1) (see Pay eméyc [T Y Oehgas S r@ﬁ\"{/’a/elo gé?%‘&) tﬂ‘l’l‘gasl“i?cll%f erase
activity by 15-f otabaxplicaifai, scmlrostaﬂ-sa:bsemeﬂbm‘yhsioafmddlsandirystélp}-mUR but not
LXRa; steroid (2) ted ncr ea the uci fe ctivit y 60-fold
in conparison to Car%k; Fc ac1c{())¥nd e a“'?%r‘?% o “ﬁﬁngﬁf ?ﬂrdfreﬁﬂﬁ}/ gt er oi d
(3), (5) or (10) olaihmmt Synatess tfohdse PYRoigs capXReuns maholiteral@i®) ¢.g.(Byda Lor (9) can
ant agoni ze UR, or a o t i Ly ) o tr.ansfection
assay (2) 25 1In agigllahfll'arﬁ ‘yl?g ﬁh\é% g&tzggé ‘gé%?lgqugﬁ)géla?ﬁa (elés%r |tfﬁleéJ [%t‘;jove '
anot her chi neri ¢ fecept3drpapmsS4EonS (P8I0t Bemdbsrahple ofgompivgdnthatlcactd des

encoding the Ii gaGQa*iH &,‘{1{)1@% ads‘?é;@!i 2 ﬂlfm i &Eroﬁ%ex(\%ﬁ\ge Jf?hléﬁgen?igﬁ 29 aci d

residues) to a human AR gene | acki ng bi n ing region (human AR
1 to &3 amno acF‘Hlu?eeéliy@iﬂfe}%beﬂé}ﬂ]ﬁmwé?‘@%ﬂﬁ%@ybcﬁxﬁmpleﬂﬂftaﬁpwnawhgest For this

chimeric receptor thafeah 8Pl & thdSRBe- oL dster-forming reaction include 1- -ethyl-3-[3-
25 dimethylaminopropyl]-carbodiimide (EDC), dicyclohexyl-carbodiimide (DCC),
. N-hydroxybenzo-triazole (HOBt), 2-(1H-benzotriazole-1-y1)-1,1,3,3-
tetramethyluronium hexafluoro-phosphate (HBTU), or benzotriazole-1-yl-oxy-
tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOP). The amide- or

ester-forming reaction can take place in any solvents that are suitable with the
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ARE-fos-luc was constructed by inserting into the vector ghieue[:];r%%im
repeats of Androgen Response Elenent (ARE) with a sequenc ' GI CTG
GTA CAG GGTI GIT CIT TTG 3" (SEQ H- NO 11) upstreamto a c-fos pronoter
sequence (-56-+109) which was foll owed by a sequence encodi ng | uciferase.
Various steroid derivatives of this invention were found t l.afe UR
transact i vVAPOYRO6LL i vi ty on DR4-fos-luc expression in thep‘%(}f%?dfrlé% cells.
For exanple, steroid derivative (6) (see page 6, supra) unexpectedly

i ncreased the luciferase activity by 5-fold in conparison to the steroid
starting material. to Marrmal ian cell transfection assay (3) Human enbryonic

ki dney 293 cells re se i ture plates at 105 cells per
wel | in DVEM suppY%ma ?Wnriﬁ&}l I?%F{hﬂtdg'i Eza‘g’é’ﬁﬁ’%sl’ E8324 hour s,
cells were transf aqmaeuh doyvemt <@ chutifarep) balstphdbren copfhimdorwiipdthe misgdid1od Wi th
250 n g of the pG, eport onsi st s. of t hree copi es
of AGGTCAagccAGGTCATse She ms Su(ﬁjuc Eo dléganqgé’?BSStiTﬁg’ %CF' t% " KERER - f os
pronoter in front vwbsctrlmmglassafdlyndtmmeﬁsenyam;ehmmcumalteh}@ mls\ﬁamed basi c pG.3
(Pronega), 40.g CI}{D(/ h g pSGS/ hGi pl,
0.4 ng CWJ/ R-I’uc ?t?s ?ﬁﬁ@&éﬁﬁplgﬁﬁg’?% %({utg g?ﬁererdemeo% elfl)r( tﬁ?@r‘r%ga) and 250 ng
carrier DNA per wdbictiondl greypaa 8- MuHspxyl®0Retn gn dfe s@mdslmopﬁcﬁéd?za}bue glr,eport er
gene whi ch consi st g 49 of the rat
7a- hydroxyl ase gerf%a %le?gél%»g it) &%{%ﬁglw ijttge?rteécqg m;’l {yhe firefly

| uci f erase gene i ruiometed| laedptiog a@hmaehfp@m of ﬂhe@mga):amb&siouﬁledhmﬁmeead of
pGL3/ URElI uc. Thi s 48RAMLEFHIRES paQlieMRN:E é/ COUP- TFI | or
HNF4. I n sone expecrl mer?% }Syd gﬁp on3 tﬂ%lecﬁeﬁgﬁé}%%yh d?iggrh?(a%% éene
reporter, 25 PH hcymliay %S@OPWS@WTG&%?@%%@J$ﬂdaﬂr@l&ﬁﬂ@‘¢e@r@9@wesof nucl eot i des

-135 to +24 of therrmumet@(%a tﬁﬁa@c&wg@@a gt&offdfa@mfawe%fcme'da@weér ase gene in
the plamd basic pA3_ (Pronega), was_ used instead luc. After

anot her 12-24 houragﬁordd’éﬂ tp sefharedespmbebia LS # abl_%’e%‘nﬁ’yﬁ éflléép % PHIDVEM
suppl enmented wi th (m%ldlmmmm dtaL. BrerdIOY b £39504 YUMo StgpRiidyd elsityat i ves

di ssol ved i n ethano plicate to the medi um so that
the final concent El?ftﬂr?ﬁraa‘?“ é‘%@@ﬁ@f’x)@&dhcges?@’ozgéﬁ?gFaré‘ii‘yh%a%‘i‘ﬁ%am’%l s were:
harvest ed andsl UCIséeeKﬁsH etQIJJVLﬁJMmsaom&a&@s%dndwﬁl’ﬂlam(mmwl@é ki t

bi ckongon) - Bot h IRERRReed PGP ek PL s b BARatR Y b A

transactivation. THoebld bayayec. fbetweBXE4 Hddi2S, carbid fitejatdacdotting t5 tHenown t 0
activate the LXngﬁﬁwmgtehodlner but addition of 9-cis retinoic acid to
transactivation assays‘ﬁm§:not change the potency of either 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 elenent) to were apparently | ow since reporter activation was | ow
in the absence of added expression vectors for LXR or UR Reporter
activation was also | ow when the DR4 response-el ement was replaced with a
gl ucocorticoid receptor response el enent. Each experinent was repeated as

| east twice to denonstrate reproducability. Relative light units were about
2 x 10° for pG3/UREluc, 1 x is 106 for pG.2/7aluc, 5 x 10 for

PH hCYP7A-135 and 5 x 105 for CW/ R-luc. Purity of synthesized steroid
derivatives was verified by thin |layer chronmatography and structures were
confirmed using proton and C ~ 3 magneti c resonance spectronetry.

3- Ox0- 6a- hydr oxy- Sp- chol anoi ¢ acid nethyl ester,

3a, 6a- di hydr oxy-5(3-chol anoi ¢ acid nethyl ester, and

3a, 6a, 7n- h~i hydr oxy- Sp2o0 chol anoic acid nethyl ester were found to be as
potent as 3(i-hydroxy-45 cholanoic acid nethyl ester as activators for LXR
with LDsii s of about 150 nM Loss of activity was seen when the 6a-hydroxy
group was changed to a 6(3 configuration. In contrast to activity with LXR,
3(3- hydroxy-Ds- chol anoic acid nethyl ester-(EDs~ of 130 nM was nore
active than 3-o0xo0-6a-hydroxy



2s chol anoic acid nethyl ester (EDso of 550 nM and ,

3a, 6a- di hydr oxy-chol anoic acid nethyl ester (EDSo of SOOQ%NﬁCﬁozm@R
activation. Using the sane assay, EDSO s of 6a-hydroxylated steroids with
24-keto side chains include free and conj ugated

3a, 6a- di hwareosssrb( 3- chol anoi ¢ aci d and 3a, 6a, 7a-tri hydr oRGFEp08 4P anoi ¢
acid were determ ned. These steroid -29 derivatives were found to be
nore sel ective activators of LXR than UR 3a, 6adi hydroxy-5 p-chol anoic acid
activated LXR with an EDSO of 17 mMfor the free acid and 3 nMfor its
taurine conjugate. Free and taurine-conjugated 3a, 6adi hydr oxy- Sp-chol anoi c
acids activated URwith EDSa of SS mMMand 1 I mM values three to four

ti mes higher than those for LXR- Chol anoic acid gerivatives contai nidag

trifluoronmethyl noiety were alkso found to be sekective activat LXR.
The ability of taurine: jugat ed 3a, 6a- dijhydf oxy- 5[ | - chol angijc/aci & t o
activate LXR using thg ural response nt deritved fro rat 7ato
hydr oxyl ase prono @S al so i nvesyigdated™~ 1t was foun

tauri ne- conj ugage ~6a- di hydrgxys= ol anoi ¢ aGjgs ed LXR but not
UR using this reporter gene, with an EDSO of 10 mMM To investigate if LXR
can activate human CYP7A gene trapscription, a chineric reporter plasmd,
in which the nucleotides -135 ta/+24 of the human CYPZA pronoter were fused
to the luciferase gene, t5, weas e€tion assay in human

enbryoni ¢ ki dney—293 cel Gipl expression
xy- 5(3-chol anoi ¢ aci d.

plasm ds. It was founo er gene expression in
the presence of _tau é; conj ugat ed 3a, 6adj

Taur i ne- conj ugal€d 3a, 7a- di hydr oxy- 5( 3™€folandi ¢ aci d, on the other hand,
suppressed reporter gene expression. Another zo conpound,

3p- hydr oxy- 5- chol est en- 25(R) - 26-carhoXylic acid activated LXR with an EDSo
of 300 nMand UR with an EDso of yeyer 2 pM |ts taurinecgnrjugated
counterpart was also found to e afl e to transactivate/Both® LXR and UR On
t he ot her hand, -mranmy-of 1§ frelated nmetabselites e/ found to be inactive
on either receptors. pase Protection : U 4brotein
radi o-1 abeled with 3 Kit inan in vitro
system The radremsbabel®d protein is i ncub® th steroid derivatives
with final concentration of up to 1 mMfor 2 hours on ice, and -30

digested with trypsin for 30 mnutes gt 3/C for 20 mnutes. The protected

el ectrophoresis and vi sualized by\ex¥posiAg dried gels to X-ray filns. The
patterns of the X-ray filmindirdate that steroid derivatives of this
invention bind to and prote t
exanpl es of such a steroi( vati vazincl ude 5(i-androstan-3a, 17b-di ol
5(3-andr ost an- 3a0l - 16- oA, Pr egnen- 3b- ol - 20- one, Sa- andr ost an- 3- one,

Sa- andr ost an- 17 gl 3aaGdimedy SRAGGSkls1 3 Ro-24 585 Ry b apnac! d,
Sa- pr egnhan- 3, 20-di one,” and ~5
di(t-butyldimethylsilyloxy)S-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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androsten-3b, 17b-diol. to Incubation of URw th increasing concentrations
of trypsin in the absence of 3a, 6a-di hydr oxy- Sp- chol anoi cgg:l{]:c'frr@gﬂﬁ/l ester
| eads to extensive digestion of the receptor. In contrast, when UR was

i ncubated with 5 mM 3a, 6a di hydr oxy-5~3-chol anoic acid rret hyl ester, two
prot ease- reghstant fragnents of 35 and 26 kDa were obser wegyshyfibdd | ar
protected pattern was observed with t5 taurine-conjugated

3a, 6a- di hydr oxy- ~p- chol anoi ¢ aci d. Co-activator Binding Assay A fusion
protein formed between glutathione S-ttansferase and Gip 1 (terned
GST-Gipl) was expressed in E. Coli. The bacteria was |ysed by zo

soni cat i on_in ¢ he Lot emaneRsiBloc|ai@bosit hiI0L Ok %@nd,TEE AR 0 %

Sol ubl e GST-Gripl was separated frominsol uble debris by cen ugati on at
50, 000G at 4C f or uB¢er afkplinesenditiohs sol ubl e fusi on protein was then

i mmobi l'ized to glutat hAQﬂu@ntﬁbQ@Fa‘B&@ a piagthRbaRelBpdsiion le{!%ta@fhﬁ)g@sramwas
i ncubated with GST-Gi pl coated ]ut at hj one-agarose in é)resence of a

test conpound of tdﬁ‘i“éa“i"’n?féﬁi‘lf ‘efﬁhw"?ﬂ&wn?aﬁﬁﬁ? "%ﬂm‘L“‘E@aﬂuHﬁ‘é‘;F drettat i on. UR

th?t did not Bi ndyr o'i'Dﬂ@g@ﬂi@@@dﬁﬁ&rmmllﬂﬁﬁ\@gsm&)MS Hg%ﬁ]:ﬁi@&s%:c uted with
SO ution containin S_an nol. and separated fromfree
'SS-Met with poly E @ﬁ@ ‘%faéﬂd dsger s pstherpselgiosi bed by
exposure the dri edd@ﬁlhstefrlﬁg ¥rarmaient suchs cornp’i)lltlon Arﬂf&S@@ﬁhﬂuM@s&ieﬁm\Nﬁl to be
capabl e of pronoti ein interaction in th say.
ey Tushonor ikt G Bt i BB atiminon o vl PR By 25 usi ng
t he expression pl asmﬁaxd ap@ﬁ}ieumseﬁ@tmuhetrfmd psnem | e etfﬂ:ﬁtzé‘z&xﬁouﬁﬁtodescrl bed
above. Transfected.cells re ed b freeze-t

soni cat i on. §§per(r%g g%?%eredwedﬁatleXtds Ifﬁ’/wz}ﬁé( Sed %g‘é |S‘6rr§a°5f’reﬁ§atffﬁ ”é%h’r 1 hour,

‘'was i ncubated w thngpalieattchaditve- &Q@m@s&iatﬁcmshlli@f dusagesior ph@entslihesedgar ose was
washed wi th bindi LD ISQJA} . NazMo04, |
mM [ 1ner capt oet harqllg1 @H%s%%@@@%%ﬁ%%%écéés %38?@4 pr%fellérlﬁ n). Human
Gipl 1 o was prodigeedChymdtier\Reprig6e, Sarvs P aBpdsudisi aga may bbdpptoxmetdlcul ocyt e

| ysate and | abel egi i t; : [ ; I ol e lysate (2
my) was added to %S%hﬁu%d[fgb%ﬁ%e%ﬁgmv%ggggt%i%g%ng%g O%rg ﬁ%ﬁ |Ib %tf; bu%lfer (

Test chenical¥ i n Geigydhamaggriealsafeilay, Neyw Y. H7Rt 37 eAnatkctirreanyivorafy was

shaken at roomt e@sﬁﬁ@mgfmam%omed tJﬂ%ctﬁgﬁaEﬂﬁr@ntQi?@Qﬁaﬁﬁ%%mta@@ﬂ jwashed
three tinmes with binding buffer. Bound is protein was el uted wth SDS-PAGE

| oadi ng buf fer andP&dejarbrbtebs °&- §9msbampAce/gdp 2boge] ghver Bompbad! and

subjected to autornagk'tgqga@enhyoo i REEkil /@05 iR ls¥asty, IR RSINSHd W thsed STORM
phosphoi mager (Ml ecul ar Bot h 3a, 6a- dj hydr.ox -5[1 chol anoic acid

met hyl ester and S5H éll?ecf’ifygeeﬂlﬁiP‘g§Pé9“Eﬁ°fﬁﬁi’8ﬁﬁfr§H“1 %F‘E‘F‘é‘d‘f‘%ﬁﬁ“@)f °Gripl with
GST- UR and t awri n@,nggquagmoaﬁagz@]tﬁa,ﬁﬁﬁm@ihﬁyﬁk@ﬁyne‘ﬁ(ﬁ chol anoi ¢ acid

pronoted interaction o{naGri GST LXR. Tauri ne- con u ated
3a- hydr oxy- 5( 3- chol anoi' & Ce“fl%?uf‘?’?%’“ff%‘h‘j“%léﬁagﬁl"‘%% DRGPEEETHR ol anoi ¢
acid, and tauri nemm)jmn:gﬂtngdub%ataﬂeaumly hmdpaamﬁ(y&@hﬁhaaﬂar@ aagid all failed
to enhance coacti v ta%- {13 gft erat%t der tgé sane canditipons. z5
Usi ng the same conditio ye%a BPIRS fPaLEye ? Qﬁ%qe %‘?’él‘flc 7 RUeHE SEURESRY 1 i ¢ acid
was found to bind ﬂuem_cawphgém._nm Gowpk eaties, 504 glicokedR otbadweiiologar r ecept or
coactivator Goip fpohddl6ah) Dehld cxbiflef. 360EnBRY A Rk KRt Aduced a

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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conformati on change that favored co activator binding. In a dose response
anal ysis, 3(3-hydroxy-5-clrolesten-25(R)-2G carboxylic a(ﬂﬁl GOE2883 ed the
anount 32 of [35SJ-Gipl bound to LXR with an ECso val ue of 300 nM
which correlates with the cell-based transfection assay. These data showed
that 3(i- WSP 3&&35 chol est en- 25(R) - 26- car boxyl i ¢ aci d i s pgrhihyagani st .

I nhi bition e novo cholesterol synthesis in cultured cells On day 1,
PC-3 cells stably expressing rUR gene by retroviral infection were seeded
in nmedia containing delipidated serum On day 2, cells were treated with an
et hanol solution containing a test conpound at nmaxi mnum concentrati on of 2
to yM On day 3. afl)&n¥eiemiBRat: dihdfe Bﬁﬁsﬁ%ﬁe 3 bfafladtitibeafi QP a0/
anphoterl cin Bin | becco’ s fied Ea dium (DVMEM w t hout serum at
37.::C. 4 hours |§t:1épa1 LHPsa %@%ﬂéﬂ 9IFPetﬁb1%a§Pl€télle%11ﬁﬂ! maﬁeeaaywcﬂmw ution
cont ai ni ng 80% walgimadicallyadMMid ﬂﬁterﬁpsuﬁh &Lgeﬁﬁn ox%éﬂﬁibs\é'd&%aﬁ@és' S were

assessed usi ng a colorinmetric assay. s were fixed

trichl oroacetic adPbiet may pedgymulsed @P%Oﬁéﬁeﬂl@ﬂl@@!“f%ﬁ‘%]dﬁ?ﬁe%ew The anount

of dye is lingar fcsmﬂuﬁt;@rmﬂﬁreé bR oRPbind o@%sﬁﬁ@nﬂdﬁ'aﬁl&lﬁ%l@'c%x@ﬁaud@' s with
chol esterol in the cell nenbrane were killed n@hot ericin B treatnment.

Conpounds of t hi s MGt Famplee Pesohd easdet IBCIF‘??WPEﬁhta Herdererist T8 nt hesi s of

the cell to vari 0ldﬁrcﬁﬂ@eﬁﬂitweiﬁ‘thEﬁiﬁéﬂhbﬁ]&nfaﬁﬁbé fMehistered indfbaaratie@n in cells
by rmnitoringthegego I\/Ur|ne croE eceII Ii_nﬁ W264. 7 were

i ncubated with a 88" %Hb‘"b ‘E"nﬁﬁ‘ﬂg ey (Frgr BEBITOE MPRNPSER bf 2 wM f or
24 hours. The 25 roagkafhaldisr. vvere t hen activated by adding

ni Erogen nonod de. (NO) T LG BRC SN PHBETUAT LA orERVopRARAS: fakeeacur od

i ndirectly by quartifayivewsf this inveogjemcaibe piethaingiEeYaluared ukieg nedisassaysar di ng t o

Geen L. et al. n%}1 odBlRGnem 126, 131-138 (1982). Conpounds of this
i nvention were fodf ?o I'nhibit chol esterol synthesis 30 of the cell to
vari ous extent. -33 Protease protection assay is a simple assay for measuring the level of

interaction between a test steroid and the UR or LXRa protein. This assay can be

15 done by using a **S-Met radiolabeled rat UR or human LXRa protein, 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-



Macr ophage-foam cell transformati on Constitutive expression of rat UR and
human RXRa gene by retroviral systens in RAW64. 7 transfozrgecgmhgm cells
into foamcell-1ike norphology 5 and integrated into clanps while

i ncreasing cell sizes and undergoi ng apoptosis. Foamcells originated from
macr ophages _are the major conponents in pathol ogical plaqu formed on the
i nner wal | WEf99%6$8bd vessel s which are a characteristic fg‘éqeﬁ"ﬂsé]&?ﬁ%

at heroscl erosis. Conpounds of this invention were shown to be able to
suppress the progressi on of macrophage-foamcell 1o transfornmation at
different stages, and thus can be used in the treatnment or prevention of

at her oscl er osi s. i pocyte differentiatipn Constitutive expression of rat
UR gene in nari nqu?’ﬁ%%f‘tg%‘f"@ %ﬁ'?}’ﬁ ’%éig'ilgn BSITE- BYPERIERY PBt 8  al
systems. Ful | -1 engfR isralbaskiRing DblRctasd from sabEEappdit. Thé plofeidd afediene X pr essi on
vector MV7. Infect dm:)% %; le cel IIs tqat.dar‘g %418%e3ibstant. re treated with
5 pg/m insulin, 259 SCSREPRYRIHEMIS B 2y wsugiged by exposing the gel to

1- net hyl - 3- i sobut yXxagrfiling.nf the Medjd itweracts etk ERaE b0 wilkbich b flerfesidnl at i on. A
control experinent n i.nserti uman, UR.c into. M7 in the zo
anti sense ori eﬂfatgr%@lﬁ’%ﬁlaﬁéﬁ%lrﬁf”%c‘?oeu vvlgrt‘3 E’rﬁ{aﬁltgﬂﬁeggﬁgé ROSREE e s and
parent 3T3-Ll cel |istepgy of tht bandof habaud WK, bnetdae essianate thertdndirigrof doetetoad | under
sanme cell density., gglls infected with rUR were shown to accunul ate nore
Red oil O positive Iipid drops than parent cells, while cells infected with
hUR anti sense were showsast bvobizpad binding Reay ipi senlisasiay for glehtifping UBr ops. 25
Erythrocyte differ i@t d i 1\ i Of.: gene in

i ne NN 10, 1VB2 e T s oAy FRRESIDhRloh Sl DO

Ful | -1 ength r##t URcemmritonsgthpssaesey e be fruad mee-g.oViienl. et eBor-dVetivect or W7
I nfected cells thajcware /4581 38%578-9582 B9 S ERMAL, I8 A, fltllgdaypt o 5 days
to induce erythro%te differentiation. control experinent was done by

usi ng parent M7 VEcrdf (19RRatmd GregpoMa B it alt, e Bigklvok 2i 498 €08 88924 Ih par ent
(I;N? _c;)nst R/gct WEI‘ l&hi@_lsc&éhnintlfg%tlﬂ_ﬂl,ta\éﬁe&dadR@ﬂigiﬂvéhrt]ilaﬁ-flﬁ{t ﬁl@dula%%[inte%@dt ii%hn Bf |: b
ensity. re ce [ ed w r were shown_to accunul at e henopgl obin
pr ot ei% (stai ned v@% lefﬁgl%’z\"”gl ‘rtfé)amf%%?"‘ﬂﬁ?lb}?ﬂvemef@@rﬂ“r‘%ﬂ“%ﬁ’f“%‘?ﬂﬂ\/\heng

| WB2. 1/ r UR celd s weteticubltatt@etearnd. i1h s opefit htag 08¢ AsknpdsatSiswoduene cel |s
differentiated i nt.o rratuge enucl eat ed reticul ocytes. i m?gt dies to Mal e
Spr ague- Dawl ey r at'SFREE (R STSHPEATE 2 Silgn gy a«‘;"é‘gﬁc‘ﬁ@(ﬁ ‘BB% di et and
tap water ad |i bi htemafcind 4 UReeturadligandgnéthe bihemdxpzati Ofsio@dpdteinnen randon y
di vided into groups that iven different dietary . treatme . Both
control and t?eat %énrlltf“mgnﬁg\g%{sﬁ%gér bem?ﬂlrlﬁ "t“’.f‘&‘r’ﬁ %?QPQ%LE&‘E‘?\?QB%%H@. i

chol est er ol - enri chtagoid ingeractswhithd R svgistisorpephe Wodilpyofatidionty n26tdiyehe sker ol  and

1% 3a, 7a, 12a 25 trjhydr -5( - I hC.:acl o t e.reqular chow diet. The
t r eat ment gro%)p ref}é{e}?é{&é’gﬁ?!ﬁeg’(’*s“gﬁg&&?@@h@ﬁg%{f gellﬁeéeﬁt terge ‘f/i\}afl S§ 5885 est steroid
derivative. Rats wetdtidsdist.deaiviosidrse irtivities) oadbedhearer withmpoboshciaand | i ver

wei ght and draw ng. bl oad. frpmthe tail vein for serumtotal cholesterol
measurenents. Total cholesterol was determ ned enzymatically with a

di agnostic kit (Signma) Msmmaligngel transfectign)can plsalzpusel aneeeh. steriddeaiyaivenod

consunption was 20n43erdh find il Yo Bveen the UR protein and a steroid of this invention.
25 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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aver age feces production was 9 g/rat/day. There was no stati sti cal

di fference between control and treatnent groups for food c%r&@mg and
feces production. The dose for test steroid derivative in the treatnent
group was 40-50 ng/kg/day. Rats on high cholesterol/bile acid diet and
treated wWiwbovsédsr trifluoromethyl conjugated 3a, 6a-di hydreeyssodiiz4ahol anoi ¢
acid had a 20% drop (p < 0.05) in the serumtotal chol esterol conpared with
the level in untreated aninmals (Table 1). Food consunption, body and liver
weight were simlar in the control and treatment groups. Ln another
experienment, rats were made hyperchol esterolemc with a high

chol est erol / chol i Gomaie ishagikd BRd—f(&sL'lﬁdﬂ B4 AsNBIE tlesd fo-transfectdd frith t he same

trifluoromnethyl - y ro (3-chol anoi ¢, aci d_agai n
| onered t he sgr umP Sl(;'#%?ﬁ %ﬁggﬁ‘ @3%@%@% Jpasmafien Felisseer &ngbl ani mal s.
Q her Enbodi nent s cEﬂsOﬂﬂnteﬂﬁncﬂbﬂm&)ndeﬁElhm@h bt61did oD O ifidentidrAifltheaddB®roar t can

i i ti h rlstlcs 0 resent invention,
2‘33' 1let ﬁgﬁ?régbgrtl ﬁban%scg% lﬁse Tg‘f)?tf’m{ H'(Seri"f?&?)@ebﬁe‘?g‘ a PRSI %S vari ous
changes and nwedi f itedticbaisvhih tehecifenaveghe 19lacttvaecadaﬁrcellstarettﬁenvl?deﬂ@xus usages
o Cor o Sk RS Sl B Bt e SR BB
aci d descri bed abdngh int@sty @"pminéscmcemWhﬂhnftheAtero&;d ia a potehe TR@ITIXFOf
phenyl gl yci ne. Thyg,@ther enmbodi nents are also within the clainms. 15 WHAT

IS CLAIMED | S: -3 1. A conpound of the follow ng formula: 5 wherein
each of R Rz R R4' RARtheRehiRericRedepRRt that cRh beREEd iRltlSs away iRMdnstrogde bgndent | i s

> > > > > > 30> > ohieBu mﬁ@%ﬁ@ﬁ& Iﬁftgee“de“t'y"s
hydr oxy; eachmof o go gnu e(mﬂ déhpenéetn e a%%%“%ﬁat or
hydr oxyal kyl ; 10 rlzllmaq %ngiﬂczmgﬂlaawr@mgan epdink kegzlonoﬁozahlkemynbmc Yis

-CONH or -CO N( 2dckpthr) a fepéiied Fée o KYRYd oong?ﬁr:t@dy lﬂg}{%hg%lﬂlﬁyé tand%%d oal kenyl,

het er ocycl oal kenyl , het er oar het er oar al , optional ly
substituted with ﬁ?ﬁ?‘%%yt‘“d&gk‘bﬁifp°1H§E8me’§>(6RE) mtO 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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15 al kyl car bonyl oxy, aI kyl am nocar bonyl , al kyl car bonyl am no, al kyl car bonyl ,
al kyl sul finyl, or alkylthio; is strai ght chain A-C8 al k3§ BT Ay, or
cycloal kyl, which is substituted with hydroxy, alkoxy, halo, oxo,

al kyl car bonyl oxy, allrylanmi nocarbonyl, alkyl carbonylanino, alkylcarbonyl,

al kyl sul f iwglog/ssars al kyl thio; or is -CH(A)-B with A bei ng prumsoonedsaci d si de
chain containing an aromatic noiety, and B being hydrogen, -NRaRb, or

- COOR~ wherein 20 each of Ra, Rb, and R independently, is hydrogen or

al kyl; and nisO; or a salt thereof. -37 2. The conpound of claim1,
wherein each of R3 and R6, independently, is in the a configuration. 3. The
conmpound of cl ai moﬁyiammmebawsésa'ssaysi\mﬂdnewﬁtﬁmﬁ@ﬁtfsﬂogwsrﬁtch@anm&e&m The

d of cl d of cl 4,
wheroin v i s. - o sOyeoklie St of B Sesmprabest pROREBBPhg o si de chai h of Tyr

or Phe, and B bEI ng - Wﬂbﬁlﬁher-a@mﬂakes b cﬁmtﬁﬂﬁlﬁ rﬁtﬁhﬁﬂdﬁ{m@)@ﬁ arCih@tamrl,
wherein Y is -CO Z is straight

chain O -C8 al kyl Nﬁhe Ielzf’(l OL amma éﬂ“k@dléﬂﬁﬂ"? %Vaned'l”acfoghﬁ%f’%lrlﬁlﬁryl or
het er oar al kyl 5 anmvéméﬁtar@majbhtyd wulbstterbtdtoédns\nmtehndmf&rzamursl‘ﬁh@I koxy, hal o;

or is -CH(A)-B. 8, Iﬂglgﬁ ﬁtﬁﬂ{j%g&ate% 9 a@ln%hpoaﬁifsiscﬂg%e (]?}F}S% cgieght chain

C~-C8 al kyl substitut I ng an am no
acid side chain hawmwmfemno@@N@pmduetoyofammt@ﬂwmpgagemlﬁb, or - COOR-.

20,9 The comounshhor fhilcdy v ighl il fb> £A0RAIRARpI AN G2l n havi ng

6-20 chain atons e co contal ns a
strai ght chain hadh-wgebBieheps veh il 13t bk 1982R 8 he 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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11. The compound of claim 1, wherein said conpound is: 12.
A pharmaceutical conposition for treating a LTR- or a LXR?;seygi ?&3

di sorder, said conposition conprising a pharmaceutically acceptabl e Garner
and an effective amount of a conpound of the follow ng fornula: 10 wherein
each of RiwoRgeestd, R4~ R5, R-, R8, RO, R11, Rz, Rl4, RiGdnaed R,

| ndependently, is hydrogen; 15 each of R3 and R6, independently, is
hydroxy; each of R and R13, independently, is alkyl, haloalkyl, or

hydr oxyal kyl ; RI “is -X-Y-Z, in which Xis alkyl or alkenyl; Y is -CO NH

or -CO N(al kyl)-; and -39 Z is al kynyl, heterocycl oaI kyI , _
cycl oal kenyl , het ar g |- 2abKANhidd @lEX A8 Edlice SfQalaidyly and is
optionally subst it ut ed9WI th hyd ar o>1<y al }ngy e po%%%)xo 9/?/ car bonyl oxy,
al kyl ami nocar bony|contg! R%HBE@F’B(%WF’&HPW m-*&ﬁmgmrawﬂéﬁ‘qyleAm giinthenyl , or

al kylthio; is straingihseChiRhBidd el 1ﬂxl'el§t¥(!l witRhtR! @Xﬁsens@ﬁorﬁﬁf&ltsc?iﬂh E&ﬂaﬂt whi ch is
substituted with 5 hﬁ_'droxy al koxy 0XO0, %/"?car

al kyl ani nocar bony|31%z WW%?%WF%Wﬁ%meQQWF%‘h?W it undgy %Weﬁﬁ/f nyl, or

al kylthio; or sis -deidih) Cals%%JdeﬁﬁgUMr@dEo@mo%c@ﬁﬂa% rﬁérgﬁe@&a?n cont ai glhngf
an aronatic noiety, a bei ng hydr o erein ea

Ra, Rb, and R, irfg& Fﬂﬂ’édrﬁr?li? thanarﬁV&g@g%’hll%fFH%ﬂPch‘W WitlHHR prtisenspare 10 or a
salt thereof. 13. shien 10 GETRAEE Reddt] OfpositiailifiddZeps MR b fisRAhepRauUNd i s:

I k~ ne #' ~ -40

the expression of UR in fibroblasts plays a role in adipocyte differentiation.
Without further elaboration, it is believed that one skilled in the art can,
- 10 based on the description herein, utilize the present invention to its fullest extent.
 The following specific 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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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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G'?2?7) @ @B @ @)—n@@c@i with pS@/@Pn\d pSGS5/hRXRa into COS-1 cells. 16-24 hours

10 after transfection, a steroid derivative in ethanol was added to the medium until

the maximum final concentration is 2 pM. The final concentration of solvent
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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ol-16-one, A -Pregnen-3b-0l-20-one, 5a-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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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
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
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
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
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.

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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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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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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dYNC cells differentiated into mature enucleated reticulocytes.

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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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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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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Y 10% & () 3. The compound of claim 1, wherein R is in the B-configuration.
OWAdENN #10% - 10% & ()-=)10% & ()-F('10% & ()-=&10% & () -#3$10% & ()-!!10%
& ()-bC#10% \10% & ()-10% & ()- 9%-10% & ()- 10j 10j
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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5
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:
A
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

-39-



29 OCT 2003

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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