16 OCT 2006 NOVEL CURCUM N ANALOGUES AND USES THEREOF St at ement of Feder al
Support This invention was made wi th Governnent support under ﬁnéqg\b CA
-5 17625 and Grant No. CA-55639. The governnent has certain rliﬁ(j% 2 this
invention. Field of the Invention The present invention relates to
conpounds capabl e of acting as androgen receptor antagonists,

phar maceuti cal formul ations containing the sanme, and nethods 10 of use

t her eof Background of the Invention The androgen receptor (AR) is a nenber
of a large famly of ligand- dependent transcriptional factors known as the
steroid receptor superfamly. Chang et 15 at., Proc. Natl. Acad. Sci. USA,
85, 7211-7215 (1988). Beato, M, Cell, 56, 335-344 (1989). Androgens and
the AR play an inportant role in the growh of the normal prostate and .
prostate cancer. Prostate cancer represents the nost comon nal e

mal i gnancy in the United States. Landis et al., Cancer J. din., 48, 6-29
(1998). Recently, antiandrogens such as hydroxyflutam de (HF) in

conbi nation with surgical 20 or nedical castration have been w dely used
for the treatment of prostate cancer. Crawford et al., New Engl. J. Med.,
321, 419-424 (1989). -Several conpounds, including cyprosterone, HF, and

prostate cancer -1 4t B TB0RAERARALREURS AfRb A Tl ° TN

Cyprosterone rlutam de, R=HBi cal utam de Hydroxyflutam de, R = OH

Statement of Fedé}a_l Support
This invention was made with Government support under Grant No. CA-

5 17625 and Grant No. VCA—55639. The government has certain rights in this invention.

Fi_eld of the Invention

The present invention relates to compounds capable of acting as androgen
receptor antagonists, pharmaceutical formulations containing the same, and methods

10 of use thereof.

Background of the Invention

The andfogen receptor (AR) is a member of a large family of ligand-
dependent transcriptional factors known as the steroid receptor superfamily. Chang et
15 al., Proc. Natl. Acad. Sci. US4, 85, 7211-7215 (1988). Beato, M., Cell, 56, 335-344
(1989). Androgens and the AR play an important role in the growth of the normal
prostate and prostate cancer. Prostate cancer represents the most common male
malignancy in the United States. Landis et al., Cancer J. Clin., 48, 6-29 (1998).
Recently, antiandrogens such as hydroxyflutamide (HF) in combination with surgical
20 or medital castration have been widely used for the treatment of prostate cancer,
Crawford et al., New Engi. J. Med., 321, 419-424 (1989). Several compounds,
including cyprosterone, HF, and bicalutamide (shown below), have been used

clinically in the treatment of prostate cancer.




Chart 1. Structures of cyprosterone, hydroxyflutam de, and bical utam de.
The synthetic steroidal antiandrogen cyprosterone is one of the first

anti androgens used clinically in Europe, MLeodd, D., G, Ca T 29¢
1046-1049 5 (1993) but it has many side effects. Neumann et at, J. din
Oncol ., 1, 41-65 (1982). HF and bical utam de are both nonst er oi dal
antiandrogens. Bicalutam de is a newer nonsteroidal antiandrogen
originally thought to have a pure antiandrogen activity w thout agoni st
activity. It has a longer balf-life (6 dii%g_and a higher binding affinity

to the AR than HF.  Verhel st jets al ., ding focrinoL, 41, 525-530 (1994).
(a) Kelly 10 et al., J. O 1993), 149,Y607-609; (bye Rgf et al.
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Acad. Sci. USA, 95, 7379-7384 (1998). The sane nechanismis used to

explain the "flutam de vvl.thdravval syndronge," in which 20 patients who
experience an i nciheayoathenc meusdaitaauapbngehicwpmtdrg@ns@ﬁsﬁjﬂmmmte t aki ng

can act var B UGHGPETSRLORBBY Tngee Yeneed Gof, CaebtTa oY LT (0

reporter s geneo ﬁﬂh@%ﬂfaﬁ§§ﬂ@eﬂ@%0%&nh&§&%59“ EliR o)., Jlm-wgs:srz)esence
of ARA70, the rst identified androgen rec (Enoor co-activator eh ‘et al

The Lancet, Ié‘agnd @s@umdqsre(bp@lgmnst@e@am@an gensy Ricalpemide is g newads to
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phenol i c di axifhduepfa@iaiadtivity. Clg tihda (chjzer l&lﬂhﬁ (6lags) amtigrrﬁgﬁer binding af@nite .
Curcum n and its anal ogs show_potent  anti-oxidant _ activi

ant i -i nf | ammtlr 4R than Bl Nerhalphef phdlat Egrocrimaiy 41,0254 ei??@m@ Ieedly
321-328 6199&);11.91 tlﬁBP)ﬁ S@B‘),yl @9@071399, (b) ther et al., Prostate Cancer. .J. Clin. Oncol.,

11,1566-1572 (1993).
Although antiandrogen hormone therapy has been widely used for the
treatment for prostate cancer, some antiandrogens may act as AR agonists which may
_ result in “antiandrogen withdrawal syndrome.” Miyamoto et al., Proc. Natl. Acad,
15, Sci. USA, 95, 7379-7384 (1998). A currently accepted hypothesis postulates that
mutations in androgen receptors may account for why HF, the active metabolite of
flutamide, can activate androgen receptor target genes and stimulate prostate cancer
grdwth. Miyamoto et al., Proc. Natl. Acad. Sci. US4, 95, 7379-7384 (1998). The
same mechanism is used to explain the “flutamide withdrawal syndrome,” in which
20  patients who experience an increase in prostate-specific antigen {PSA) while taking
flutamide, have a decrease in PSA after withdrawal of treatment. Indeed, HF can
activate androgen receptor target genes, such as PSA and MMTV-LTR (a reporter
gene which expressed androgen-response element), in the presence of ARA70, the
first identified androgen receptor co-activator. Yeh etal., The Lancet, 349, 852-853
25 (1997). Because this syndrome often leads to the failure of androgen-ablative

therapy, it is desirable to develop better antiandrogens without agonist activity.
-




“tunor cells, Syu et al., J. Nat. Prod., 61,1531-1534 (1998),
antitunor-pronoting 5 activities, Sugiyama et al., Biochem Pharn% L, 52
519-525 (1996). Ruby et al., Cancer Lett., 94, 79-83 (1995)

anti angi ogenesis activity (J.L. Arbiser et al. MI. Md4: 376 (1998)). Two
cyclic diaryl heptanoids, 13-oxonyricanol and nyricanone, exhibiting potent
antitunmor promoting effects on DMBA-initiated and TPA-induced nouse skin

10 carci nogenesi sThapbenbhedlarﬂh@“thleﬂd clughintte(18 s @t maf@rigmnedt @l turmedio9-
135-140 (200§B I n éﬁlfﬁ 43 ent . stud a nunber of novel _curcum n anal ogues
have been pr gﬁét‘%‘ﬂpp LAt aydmtactivitaeniivafimmgannst the AR
in the presegngrit fN@qg{agggn L7719 aGhi yadt_ v t wo human
prostate cancer Igel l'i nes, PC—%%% Cg%ﬁ‘llofg yﬁPg%G?gﬁ ‘gn%#gmﬂgagamﬁ

andr ogen- |nd@1plmddm Syuebal., deNus Prodf 6 4d Sabd 5k (1968 ahtiaior-prahotifg 15

DU- 145 ¢ Is r e. andr ogen-i nde ent _tunor cells that also do not express
functi ona gl?ﬁ':g a gt g BW\‘? A L meedn dengl 4 2 886) Fedvst ek, t he

resent i nveg&h&p[, gth 0eSE(1

gccor ding to for rrulea 9?“01 99%&}4—@%&1 1?&/?1 195&&5@@ %&%}E&gf‘%)zm 25
wherein: Rt Mﬁd4@7®ﬂé’9&)ich i ndependent |y sel ected fromthe -group

consi sting of al di a 0; R3 and R4 _are each

i ndependent |y ser‘g‘#g&a %’?‘ﬁ}’f}‘?@aﬁp@ﬁ;&de Yré‘%‘{’f‘ fYRAPe%; sxhibitmgy . and

- OR7C(O) R8, pieitahitubibr @sorﬁ&ﬁ@refﬁalc{sydnqmm%ﬁ&ed 204 B AL MR Qe Fypand R3

t oget her, are al kyl enedj oxy; - OCT 2006, or R2 and R4 toget er “are
al lryl enddi db@einogenesis have been reported Ishida et al. . Cancer Lett., 159. 135-140 (2000).
In the present study, a number of novel curcumin analogues have been prepared and
~evaluated for antagonistic activity against the AR in the presence of androgen receptor
coactivator, ARA70, usihg two human prostate cancer cell lines, PC-3 and DU-145.
PC-3 cells are androgen-independent tumor cells that do not expréss functional AR.
15 DU-145 cells are androgen-independent tumor cells that also do not express
functional AR.

Summarv of the Invention

According to embodiments of the present invention, the present invention

20  relates to a compound according to formula I:

)]
O OH
R I\ X NN Ry
P P
R3 X1 R5 RG Xz R4
25 wherein:

R; and R; are each independently selected from the group
consisting of alkoxy, nitro, amino, and dialkylamino;
R; and Ry are each independently selected from the group
consisting of hydroxy, alkoxy, and -OR;C(O)Rs, wherein R; is lower alkylene and Ry
30 is alkoxy; |

or Ry and R; together are alkylenedioxy;
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R5 and R6 are each independently selected fromthe group consisting of H, -
hal ogen, and nitro; XL is N, or X1 is C bonded to a H, al koxy. or iéro; and
5X2is N or X2 is Cbonded to a H, al koxy or nitro. Accorcﬂi%cirgo Qill

ot her enbodiments of the present invention, the present invention relates
to a conpound according to formula Il: 10 (11) O OHR11 \ \ I \ Rg

R13I X3 R15 R16 X4 R14 R17_15 wherein: Rll and R12 are each independently
sel ected fromthe group Oégﬁénéﬁﬁ@ge&crax%lﬂsl?anxa%, am no, and

di al kyl ami no; R13 and R1 ' , § t he group 20
consi sting of hydroxy, aﬁs%%l%lﬁ%g@n%dcggﬁ%g%?%?xﬁé?@%%?gﬁﬂt%@ps | ower
al kyl ene andconKtfng of ) habogen, and mitdhb; and R13 t oget her are al kyl enedi oxy; or -

R12 and R14 together are )%I kél{)enedi_oxy; R15 and R16 are _.each independently
selected fromthe group 25SEbM% %t hpogdedto a ) ks opitorand o R17 s
-R20C( O) GR21i wherei n R20yj I B?C;Lags [ yl; X3 is N, or
X3-1s C bonded to a H, a%%%ﬁo#%ﬁ??o@gﬁd ,?lgbp&o%@hjé@ is C bonded to
a H, alkoxy or nitro. 30 According to yet other enbodi nents of the present

invention, the present. inveption relates tq conpounds according to the
formula 111: - 4p chor&mg to Stﬁ?otlher emgod?ments of the pr;gsent invention, the prgsent

invention relates to a compound according to formula II: -

10
(D)

17

15
wherein:

Ri1 and Ry, are each independently selected from the group
consisting of alkexy, nitre, amino, and dialkylamino;
Ry3 and R4 are each independently selected from the group
20  consisting of hydroxy, alkoxy, and —OR 3C(O)Rye, wherein Ry is lower alkylene and
Ry is alkoxy.
or Ryj and R,; together are alkylenedioxy;
or Rz and R4 together are alkylenedioxy;

Rys and Ry¢ are each independently selected from the group

25  consisting of H, halogen, and nitro;
_ Ry7 15 —R3¢C(O)ORy1, wherein Ryg is alkylene and Ry; is H or
alkyl;
X3is N, or X31is C bonded to a H, alkoxy or nitro; and -
X418 N, or X4 is C bonded to a H, alkoxy or nitro.
30 According to yet other embodiments of the present invention, the present

invention relates to compounds according to the formula III:

4




16 OCT 2006 (111) R25 0 0 R26 R27 R28 R29 / R31 | / R 30 5 wherein: R25.
and R26 are each independently H or lower alkyl; R27, R23, @%ﬁ ?g% Rao are
.each al koxy; Rai is Hor |ower alkyl. 10 According to still & 06
enbodi ments of the present invention, the present invention relates to a
met hod of treating cancer, conprising admnistering to a subject in need
thereof a treatnent effective anount of a conpound according to the _
formul as above. Exanples of cancers that may be treated includ#) but are
not limted to, skin eancer, ResaDl &®l| Rbkging cancer, testicul ar cancer,
| ynphoma, | eukeni a, esophidg . rgach cancer, col on cancer,
breast cancer, endonetrial cH cancer, central ner vous system
cancer, |iver cancer and - € ‘“cordlng to yet other
enbodi nents of the present  invention, the préfent invention relates to a
met hod of i nducing androgen receptor antagonist activity, the method
conpr.i si contacting a.cancer cell with an androgen receptor antagoni st
20 effective anount I@:conpound according to the fornul as above.
According to other e Eg entl t he present
invention rel ates tomgng %§H€EML uc %%ﬁgﬂﬁﬁﬁg ﬁ“?e%gﬁ%or ant agoni st
activity in a subj ecﬂ{zafﬁzk,lebenﬂmotalﬁeedth x?gen related affliction.
Exanpl es of androgen- relat af fl Llons i nclude, but are not limted to,
bal dness, hirsutism BehH 8¥5Wmﬂﬂ§8 ders,. 25 acne, and uni nhi bited
spernatogenesis wherein inhibition of spermatogenesis is so desired. -5 16
OCT 2006 Brief Description of Draw ngs

. 10 According to still other embodiments of the present invention, the present

invention relates to a method of treating cancer, comprising administering to a subject
in need thereof a treatment effoctive amount of a compound according to the formulas
above. Examples of cancers that may be treated include, but are not limited to, skin
cancer, small cell lung cancer, testicular cancer, lymphoma, leukemia, esophageal

15 cancer, stomach cancer, colon cancer, breast cancer, endometrial cancer, ovarian
cancer, central nervous system cancer, liver cancer and prostate cancer.

According to yet other embodiments of the present invention, the present
invention relates to a method of inducing androgen receptor antagonist activity, the
method comprising contacting a cancer cell with an androgen receptor antagonist

20 effective amount of a compound according to the formulas above.

According to other embodiments of the present invention, the present
invention relates to a method of inducing androgen receptor antagonist activity in a
subject afflicted with an androgen-related affliction. Examples of androgen-related
afflictions inctude, but are not limited to, baldness, hirsutism, behavioral disorders,.

25  acne, and uninhibited spermatogenesis wherein inhibition of spermatogenesis is so

desired.




Figure 1 illustrates structures of curcum n anal ogues (1-20); Figure 2 -
illustrates structures if curcum n anal ogues (21-44); Fi gurelf”,(ﬁpjrlzloggt rates
suppressi on of DHT-nedi ated MMIV transcription AR 5 activit _
hydr oxyfl utam de (HF) and sel ected conpounds; Figure 3B illustrates
suppressi on of DHT-nedi ated MMIV transcription AR activity by

hydr oxyfl utam de (HF) and sel e¢t.ed conpounds; and Figure 3C illustrates
suppressi on of DHT-nedi at ed m&m ) ctivity by .
- hydroxyf 1 utani de Kiflde PIRsERELEHREEONMAALSN h0loPesF1 12og Description of

‘the I'nventi'on The present invention will now be descri bed nore fully
her ei nafter wit h Figefeck dlnsatesostivietirecid owpamyn agplégugs (Bs44mhi ch furt her

illustrate the inventipn..described 15 h ipn. This. j tion may, however, -
be enbodi ed in dilfELrEHt 11?‘65?%85 '%W(ﬂ’r‘%gﬁ‘(?&lOgﬁ%f‘m%@t%ngW%‘ﬂt%m%d to
the enmbodi Mepfiginsey hi&b;{;;rﬂdﬂ@ﬁﬂ%mmﬁ%ilﬁélectémﬁﬁp&lﬂhgdi ments are provided so

that this disclosure will be thorough and conplete, and wll fully convey
the scope of the KigwredB Blystraies swppeessien lof EHT-medintedaviV TV Hranscgiphion alRogy

used in the desgcribption,.of e_i.nvention herein is for the 20 purpose of
descri bi ng par °ﬁ‘é’h‘?@ﬂéﬁ%’6‘ﬁ%ﬂ?@e @ﬁ)f"gﬁaﬁf?dﬁBPPPﬁc%nﬂgg to be limting
of the inventi on FigereB®illusfatbhuppession R DHT-Hedidis] MM EV a8 rRfidn e
appended clains, _the singular forns "a", "an" and "the" are intended to

i ncl ude the pl#tarty byhydroxsiiviamide (i) and selepted sompesmdsc| ear | y i ndi cat es
otherw gg. Unless otherw se defined, all technical and scientific terns
used herein have 25 the sanme neani ng as conmonly understood by one of
ordinary skill in the art to which this invention belongs. Al :
publications, patent applicetarRa D&_FPALA otk RiveRfion ' €f €rences nenti oned
herein are incorporated by referencé tn their entirety. The term"al kyl" or

"] oweral kyl " as Ud€drereridnyentionayi noy i deseriles moe fyHy bereinafiRywithwhi ch may

be |inear ot : r at.ed.. 30." Cvcl pal | ", i
B 7o SEoREARE N AR R AR LR gl
cycl oal k¥l . hesdikk eTiyik inventiSdl maertalvesay be catbodiddn BEY@em fhmkewdSBotildihgts to
d to 4 ‘

be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and
“will fuily convey the scope of the invention to those skilled in the art.
The terminology used in the description of the invention herein is for the
20 purpose of describing particular embodiments only and is not intendéd to be limiting
of the invention. As used in the description of the invention and the appended claims,
the singular forms “a”, “an” and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise.
Unless otherwise defined, all technical and scientific terms used herein have
25 the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. All publications, patent applications, patents and other
references mentioned herein are incorporated by reference in their entirety.
The term “alkyl” or “loweralkyl” as used herein refers to C1 to C4, C6 or C8
alkyl, which may be linear or branched and saturated or unsaturated.
30 “Cycloalkyl” is specified as such herein, and is typically C3, C4 or C5 to C6
or C8 cycloalkyl.
“Alkenyl” or “loweralkenyl” as used herein likewise refers to C1 to C4

alkenyl, and alkoxy or loweralkoxy as used herein likewise refers to Cl to C4 alkoxy.
-6-




" al kenyl, and al koxy or |oweral koxy as used herein |likew se refers to CI to
C4 al koxy. -6 16 OCT 2006. "Al koxy" as used herein refers t%Hétﬁgﬁﬁ

. branched; saturated or unsaturated oxo-hydrocarbon chains, k @ for

exanpl e net hoxy, ethoxy, propoxy, isopropoxy, butoxy, and t-butoxy. The

term"aryl" as used herein refers to C3 to C 10 cyclic aromatic groups such

5 as phenyl, naphthyl, and the |ike, and includes substituted aryl groups

such as tolyl. “#ﬂhmhﬁasumxﬂﬁxhﬁﬁ&kﬂtbahaﬂ$rb@mmmﬂ.@ﬁh@gﬂﬁn@hﬁMﬁme§UCh as

chloro, fluoro, do. .The term "hydroxyal kyl " as used herein
refers to GOﬁO&Y%chgﬁWé‘aCPa*BF 1Belyfiegs dor emmwg%bb@fh%jwamww i.e.,
- CH2OH, (C"@p%%x eﬁﬁox%%a?%u{o?( m "ani noal kyl " as used herein refers to

C to &4 linear branc am no-substituted al kyl, wherein the term
"am no" refers t dfhehar@f‘wb aslmséd hervihaefeisrto (B tartili()l%ycms aonﬁde@mnﬁemohy
sel ected from

de d a , - NHCH3,
“N(CH3) 27 et®, Pﬁﬁ*ﬁfé nap éﬁw@? gﬂg’g'éﬁﬁ g@?@rﬂ@ﬂ@f@lﬁ%ﬂ@ astplybs
oxygen- substeigued gtad Eérléﬂxl refebs @-any %g%) gie g dstugf? a 880, BXYA! Ylomo2S; used

herein refers to C3 to C10 oxygen- ic afomatic groups. The
term "al kyl gndai oxy" refers to a group of the general formula - CR‘O -

9t:\yrg‘;ti ’ng'(')ra-s us eﬁ%’?‘é%ﬁ@ﬁ% t?f"é?iﬁ h‘?rﬁ’p?e"p%? n@a{%@{r ?%&fb'iaﬁ%;[ifits 720

a benefit t%ﬁrd&?tduﬁﬁlmﬁﬁfaﬂdyﬁi%d -OHL e -@18H g@ﬁ efcncl udi ng i nprovement in
the condition the patient (e.g., in ong’ nore synptons), delay in the

progr esdidon of tﬂ&edememnoalhylé\aem‘semmﬁ réfelsay (fio agiRas &t brg{chtdie
di sease, etc. "Phar %illtl cal ly acceptable” as used herein nmeans that the
conpound or 20¥BerERRstitylehaticy, ?@F‘Ee&bihé tqTBY "agne Tiefery torthe araug NR Blbjheedint o

achieve 1he RERARTBR!fd4RndERn! EREMHaMRe e WLLNRN M Aitho ABLEY R L oS T de

effects in |ight of the 'severrty o I 'sease necessity o
treat ment. "Nhpi-DIHCHasNGEHg)heteei n neans that a potential effect |s

partial y or compl etely
The term “oxyalkyl” as used herein refers to C1 to C4 oxygen-substituted

15 alkyl, i.e,, -OCH3, and the term “oxyaryl™ as used herein refers to C3 to C10 oxygen-
substituted cyclic aromatic groups.
The term “alkylenedioxy™ refers to a group of the general formula -OR'O-, -
OR’OR'-, or -R'OR'OR - where each R’ is independently alkyl.
“Treat” or “treating” as used herein refers to any type of treatment that imparts
20 abenefit to a patient afflicted with a disease, including improvement in the condition
of the patient (e.g., in one or more symptoms), delay in the progression of the disease,
prevention or delay of the onset of the disease, ete.
“Pharmaceutically acceptable” as used herein means that the compound or
composition is suitable for administration to a subject to achieve the treatments
25 described herein, without unduly deleterious side effects in light of the severity of the
disease and necessity of the treatment.
“Inhibit” as used herein means that a potential effect is partially or completely
eliminated.
“Androgen” as used herein refers to sex hormones generally known to those
30 skilled in the art and include, but are not limited to, testosterone, dihydrotestosterone,

and androstenedione and compounds known to act in mechanisms similar to

.7-




el i mnated. "Androgen"” as used herein refers to sex hornones generally

known to those 30 skilled in the art and include, but are n@{)ﬂbg_[?r?h d to,

t est ost erone, di hydrotestosterone, and androstenedi one and known

to act in nmechanisns simlar to -7 16 OCT 2006 androgens such as androgen

receptor agonists. "Androgen” relates to a hornone or conpound, or a

conbi nati on a%h(%r eof . "Antqi{@ndrogen Wi t hdr.awal, sxndrqme" as used herein

refers to a PHERGTHSTBFR aSANGFOREP Le5epion apgnists+ TRge Heldtse tor hammonstease in

serum pr ost ateémpReE bt £ caibindesh BeleFSA) concentration upon administration

of antiandrogen therapy, and a subsequent decreased PSA concentration

- observed after wi t'‘Adiiandsdgeofwithniriveal dyodremet’ hensadyhereitl Arfeks dg e pheeespioar

ant agoni st " aﬁm%&ergzepﬁ)r e&i.tgl refers to a conpound that partially or

conpl etely i ANEDITSE T AEH R FFRET 0L BAEAFJE eI BIgSEe-Spgeiic sptigen

" Andr ogers r e(R8Actoatddtiatibh @Pon AmiMEed B bLARIh&IRER It‘[fe?.atpz,oélﬁfé%@gé% grein
ro e con

.an 10 androgen or conbi nati on of androgens play a Int Ition
observed. Theecpase@RBAj enesntraton pbsersdadichwithgrawahof antiandpert therdpyeat ment

of human subjects | so.be enpl oyed.for the treatnment of other
ani mal subj ects ( i@é&r%enm%@%g?s "YSS‘S h?f?f’bﬁﬁ?‘?{%lw W‘f?&’?@éﬂatwamml s
are pref err epartigiity br duniiosly iHRIbRY Rkt EHbLE] IPRERIGEES: abonik) gener al
active conmpounds of the present invention conprise a structure according
to the fol | owing fordrapersrelatad affigtion” Ry used\heyein r¢feds () cRRiitid Wherdlh aR6 X2 R4
20 wher gjgn: : ' ndently selected.framthe group
conel ot 10 TR @ CBnlBaBR SRl BOSRSRIG iole HhF Rt SBRLLES.
The present invention is concerned primarily with the treatment of human
subjects, but may also be employed for the treatment of other animal subjects (i.e.,
mammals, avians) for veterinary purpeses. Mammals are preferred, with humans

being particularly preferred,

15 In general, active compounds of the present invention comprise a structure

according to the following formulas:

O  OH ®
Ry™ "X{ Rs Rg X; Ry
20
wherein:
R and R; are each independently selectéd from the group
consisting of alkoxy, nitro, amino, and dialkylamino;

25 Rsand R, are each independently selected from the group
consisting of hydroxy, alkoxy, and —OR;C(O)Rg, wherein R is lower alkylene and Ry
is alkoxy;

or R; and R, together are alkylenedioxy;
- or Ry and Ry together are alkylenedioxy;
30 | Rs and R¢ are each independently selected from the group

consisting of H, halogen, and nitro;

Xy is N, or X, is C bonded to a H, alkoxy or nitro; and
8-




25 R3 and R4 are each independently selected fromthe group consisting of
hydr oxy, al koxy, and -OR7C(O R8, wherein R, is |ower al kyl'enf@gﬁ&gﬁg IS
~al koxy; or R and R3 together are al kyl enedi oxy; or R2 and fer are
al kyl enedi oxy; 30 R5 and R6 are each independently selected fromthe group
consisting of H halogen, and nitro; X, is N, or X, is C bonded to a H,
al koxy or nitro; and -8 16 OCT 2006 X2 is N, or. X2 is C bonded to a H,
alkoxy or nitro; 5 (1) Bz GNREXHLL bdriiad Xda Rl8kedGontduRl4 R17 10
wherein: R 1 and R12 are each i ndependent |y selected fromthe group
consi sting of alkoxy, nitro, anmino, and dial kyl ami no; R13 and R14 are each
i ndependent |y selected fromthe group ‘consisting of hydroxy, alkoxy, and
-OR13C(O R, 9, wherein R18 is | ower al kylene and 15 R19 is al koxy. or R/,
and RI 3 tdgether are al kyl enedi oxy; or R12 and R14 together afl® ‘
al kyl enedi oxy; R15 and R16 are each md@peﬁ?@ently sel ected fromthe group
consi sting of H hal ogen, aird 8O OR2i, wherein R20
is alkylene and R21 is H or aI|<yI \3 is| N or |X3 s C bonded to a H,
al koxy or nitro; and X4 isRgl ]5(3 bore, ;k4 &, al koxy or nitro;
and. Rq7

10 wherein:
Ry, and R are each independently selected from the group
consisting of alkoxy, nitro, amino, and dialkylamino;
Ri3 and R4 are each independently selected from the group
consisting of hydroxy, alkoxy, and —OR;3C(O)R s, wherein R s is lower alkylene and
15 Ryg is alkoxy.
| or Ry and Rys together are alkylenedioxy;
or Ry, and Ry4 together are alkylenedioxy;
Rs and Ry¢ are each independently selected from the group

consisting of H, halogen, and nitro;
20 Ri7 18 --RapC{O)OR,;, wherein Ry is alkylene and Ry is H or
alkyl;
X315 N, or X3 is C bonded to a H, alkoxy or nitro; and
X4 1s N, or X4 is C bonded to a H, alkoxy or nitro; and

25
(1ID)
Rs O O Ry
R27Rza
R
R29 4 R30
30 wherein:

Ras and Ryg are each independently H or lower alkyl;

9.




25 (I'1l) R25 O0 R26 R27 R26 R29 ' / Rat R 30 30 wherein: R25 and R26 are-
each independently Hor lower alkyl; -9 16 OCT 2006 "R27, ﬁ% nd Rao
are each al koxy; R3i is Hor lower alkyl. 5 A Specific corpgég(aﬁ g%eci fic
conpounds wi.thin the scope of the present invention include, but are not
limted to: SS1 OOHH3COI \ \ / / \ OCH3 H3COOCCH3 10 S 2 O OH H3CO |
\\//I\OCI—BI—BC(EI:I—EEHZ 15 S:3 OOHOCH3 \ \ / \ OCH3 HO
02H500C OH 28, Kog an are each alkoxy;

RiiisHor I_owcr alkyl.

5 A, Specific compounds
Specific compounds within the scope of the present invention include, but are
‘not limited to:

- S-1

0O OH
H3CO ‘ X A Z ‘ OCH;
H,CO o OCH,4
10
S-2
O
. H:}CO ‘OCH;;
H3COOCH,C CH,COOCH,
15
S-3
O OH
20 FO C2H500C OH

25 S-4
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20 25 S 4 -10 16 OCT 2006 OOHOCH3. (~OCH3 i / HOHOOC OHS5 HOO
HHCO~ N OCH3 H3CO ! // HI / OCH3 10 B. Synthesi's of mgi&%ﬁ
-Variations on the followi ng general synthetic methods will i 9
apparent to those skilled in the art and are deened to be within the scope
of the present invention. Figures 1 and 2 show the structures of curcumn
anal ogues and 1, 3-diaryl-1,3- 15 di ketoropane derivatives. Curcumn (1),
demet hoxycur cunmin. (2) and b| sdemet hoxy¥g
" chrormt ography (silica gel 9CHy RO
" (Aldrich), which contained 2 a

i.QFHy avail abl e curcumin
ents. Treatnent of 1

curcumn (9). Methylation of 1 with nethyl iodide 20 and K2C03 f urni shed
.the trinethylated derivative 10, in .which a nmethyl group was also
introduced at the C-4 position. Conpounds 5-8 were synthesized by heating
1-4 wth histidine hydrazide, AcOH andp- TsOH overni ght. Hydrogenation of 1
- with 10% Pd-C gave a m xture -of 11-13. Simlarly, conpounds 14-16 and

© 17-18 were obtained by hydrogenation of 4, and 10, respectively. H%éting 1
w th nethyl 25 chloroacetate, Nal and K2C03 in acetone furnished a m xture
of nononet hoxycar bonyl net hyl et her 1§*ano i ;thoxycarbonyhnethyl et her
19, which were separated by prﬁQ§5at|ve N s Cowpounds 21-23 were
prepared : OCH

HyCO OCH;

10 B. Synthesis of Compounds
* Variations on the following general synthetic methods will be readily apparent
to those skilled in the art and are deemed to bé within the scope of the present
invention. ‘
Figures 1 and 2 show the structures of curcumin analogues and 1,3- -diaryl-1,3-
15 diketopropane derivatives, Curcumm (1), demethoxycurcumm (2)and
bisdemethoxycurcumin (3) were obtained by column chromatography (silica gel,

CHCl3-MeOH) of commercially available curcumin (Aldrich), which contained 2 and

3 as minor components. Treatment of 1 with diazomethane gave dimethylated
~curcumin (4) and monomethylated curcumin (9). Methylation of 1 with methyl iodide

20  and K5COj3 fum.ished the trimethylated derivative 10, in which a methyl group was

also introduced at the C-4 position. Compounds 5-8 were synthesized by heating 1-4

with histidine hydrazide, AcOH and p-TsOH overnight. Hydrogenation of 1 with

10% Pd-C gave a mixture of 11-13. Similarly, compomids 14-16 and 17-18 were

obtained by hydrogenation of 4, and 10, respectively. Heating 1 with methyl =~ -
25 chloroacetate, Nal and K3COj3 in acetone furnished a mixture of

monomethoxycarbonylmethyl ether 18 and bis-methoxycarbonylmethyl ether 19,
which were separated by preparative TLC (PLC). Compounds 21-23 were prepared
from benzene or vanillin and ethyl 4-acetyl-5-oxohexanoate by a méthod known in

the art. Pedersen et al., Liebigs Ann. Chem., 1557-1569 (1985). Compounds 21-23
-11-




from benzene or vanillin and ethyl 4-acetyl-5-oxohexanoate by a net hod
known in the art. Pedersen et al., Liebigs Ann. Chem, 1557- 1(3&9] é&gSS).
- Compounds 21-23 -11 16 OCT 2006 constitute an unseparable I 280Gt
ket o-enol tautoneric isomers. The syntheses of 24-38 were described in our
previ ous paper. Ishida et al., Cancer Lett., 159. 135-140 (2000). Ishida
et al., Synthesis and Evaluation of Curcum n Anal ogues as Cytotoxic
Agent's. UnpuSPistiféeianensaparelgpiyivee oBetargneldpetomerie ingmess. f Flsayafhgsasadf, | nc

5 (M| waukee; y C i L abl e s The t " ive
agent" as us%%_\%%‘?%r?g?@pg’%ﬁd@gﬁr%@%%f?%?glttﬁlt%‘? 8?1 ll’?/il' a&/’%era egt(-:fplt%r gg}%sq gé(}ts of
t he conpound(20Bharskide ut Al Slyhthesis aepEadlhaicadftGurdiirsahdlspidiat Cylioes-aLn t he
desi red bi ol ogi cal _act.i vi t(*/ of the parent conpound and do not i npart

undesi red t oRBEYPolrEished dxte. Compnapmgs 884k wergamrdasadsfremeatidegh, dug d

addi tion gal hg; a’%eﬁ’ ith inorganic acids, for exanple hydrochloric acid, -
hydr obr om ¢ leﬂg%%sh TIYJVIri c acid, phosphoric acid, nitric acid and the

like; and salts formed with organic 15 acids such as, for exanple, acetic
acid, oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric
acid, gluconic acid, citric acid,- malic acid, ascorbic acid, benzoic acid,

tanni ¢ aci d, gpal mpi,i I LAl L pol ygl utam c aci d,

napht hal enengf o?gbg%?ﬁyﬁmr}g ﬂéaér%ggal??‘fp%%sc acid, p-toluenesul fonic acid,
napht hal enedi sul f Ohe ermacadiveppeytlak asdd icoeincinaluidds thapilatrechtidally and (b)
salts fo dfro | eme | ani ons ch 20.as chlorine, bromne, and
Codine. Kbt i SBGRREES SdRe pOMBTEEn POARRARSELTRICHSCRENE b 41 B ihat

i nvention meyiAlHcTesRid MislogidaBadtvidya® f i

‘accept abl e free1 .base{3 of a(_:tﬂi\éile géeﬁ : tﬁéﬁ%ﬁ%@??ﬁ@%@ﬁ?ﬁ%@%he
conpound i s vrdssirgblogisblogidabelfedtie Bxaniples ofsmchaalts are (ol addiion saite

area. nct i veRADE BN AR 6 eyl DSk G aror R A o
sol ution is sulfiiricaxil, beBpRofidadifldieR aRidMAShONIRE H@lsakiLHPRBE Rithitfarier Ves
as a depot of bioavail able drug which gradually goes into solution. A
Phar macekst i catidsachas 41 eeqsple, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic
acid, fumaric acid, gluconic acid, citric acid, malic acid, ascorbic acid, benzoic acid,
tannic acid, palmitic acid, alginic acid, polyglutamic acid, naphthalenesulfonic acici,
methanesﬁlforﬁc acid, p-toluenesulfonic acid, naphthalenedisulfonic acid,
polygalacturonic acid, and the like; and (b) salts fonﬁed from elemental anions such
20  as chiorine, bromine, and iodine.
Active agents used o prepare compositions for the present invention may
altermnatively be in the form of a pharmaceutically acceptable free base of active agent.
Because the free base of the compound is less soluble than the salt, free base
composttions are employed to provide more sustained release of active agent to the
25  ftarget area. Active agent present in the target area which has not gone into solution is

not available to induce a physiological response, but serves as a depot of bioavailable

drug which gradually goes into solution.

D. Pharmaceutical Formulations
30 The curcumin analogues of the present invention are useful as
pharmaceutically active agents and may be utilized in bulk form. More preferably,

however, these compounds are formulated into pharmaceutical formulations for

-12-




- 30 The curcum n anal ogues of the present invention are useful as
pharmaceutically active agents and may be utilized in bulk form_ Nbre
~preferably, however, these conpounds are formulated into pH&r%@@QP?cal
formul ations for -12 16 OCT 2006 adm nistration. Any of a nunber of

sui t abl e pharmaceutical fornulations may be utilized as a vehicle for the
adm ni stration of. the conpounds of the present invention. The conpounds of

the present ddaugisratn. PaY &fe: hoter babhe@bleqhanfifeniisd Fatiiuldtions fay bkhe
treatment of a variety of conditions. In the manufacture of a -

phar maceut i ciilized aso weimele fenriheedroiniitiaton of thasompownisiofthe nressntighpdionds of

the present | nvent 0Bl ASnPRNELE] RALGE) bk B PSRRARLPLR AR SEREOT O

the acid derivat hereina erred 10 as a

conpound”) dbethe yehGwint ¥f adaieneof wirditionk Nethe makiRtrédf apleephadlieacarrier.
- The carrier pust, of course, be acceptable in the sense of _ being
“conpat i bPe iPEnulatign acerhing tedhewvertian, the componnisafithe presrnbinyentignnandot be 10
del eteri ous ' I.rd o i a4 liquid, or
pot b and | SEpARIBRKIE Heccrkitle GBI hitbol BY 0 Geiahchves 8 either, Yot

f ornul ati on,(héreinafixaefired taas thalfhative colipobndr) Yirect9picail yadmined OdthYirted. 95% by
wei ght of - the, active conmpound._One .or nore_of each of the_ active caonpounds

may he i ncordy8r 4t ¥gepRblerarrics, Hi carTienBUYs of qopEse; PRASKERBNE MR SH®Y be
prepared by @py c@&ﬁahﬂlewkﬂ a@%} iﬁ%@i:@htg lﬂﬁﬁle%?@a@ ¥st @8R sting

essentially of "adm'xi ng the conponen optIona I ncluding one or nore
accessol | nigletatiomntsthe PagerftoThe batieomay bt atshkd bny Baqaitd por toticlandés t hose

T I T
‘transder mal e Ahihiady Qhtair fohOs! 9% hB8UTBS et tHHE 8RR doftPofind. NORBY

given case will depend on the nature and severity of the condition being
treated and osmareer erehwi ghepfctiveeomppeunds maarbednedrperated ip therfdmmilatédnsiof  bei ng

4729, ol LS0Rg LA Bl B oL BT READR pBR Bl EPE ™ o0 1
cont ai nitfg PphpmedstcenstititpdesseftialyBEdmiding the catpbieatss opRsHANg inchsdige powder
or granul es ;ong%r Iano%e(:) Lclgezizs(());]y i%rére%ients. |
The formulations of the invention include those suitable for oral, rectal,
topical, buccal (e.g., sub-lingual), parenteral (e.g., subcutaneous, intramuscular,
intradermal, or intravenous) and transdermal administration, although the most
20 suitable route in any given case will depend on the nature and severity of the
condition being treated and on the nature of the particular active compound which is
being used.
Formulations suitable for oral administration may Be presented in discrete
units, such as capsules, cachets, lozenges, or tablets, each containing a predetermined
25 amount of the active compound; as a powder or granules; as a solution or a
suspension in an aqueous or non-aqueous liquid; or as an oil-in-water or water-in-oil
emulsion. Such formulations may be prepared by any suitable method of pharmacy
which includes the step of bringing into association the active compound and a
suitable carrier (which may contain one or more accessory ingredients as noted
30  above).
In general, the formulations of the invention are prepared by uniformly and

intimately admixing the active compound with a liquid or finely divided solid cartier,

-13-




suspensi on i n an aqgueous or non-aqueous liquid; or as an oil-in-water or
water-in-oil enmulsion. Such formul ati ons may be prepared by any suitable
nmet hod of pharmacy which includes the step of bringing int oléagégggg@i on
the active conpound and a suitable carrier (which may contain one or nore
accessory ingredients as noted 30 above). In general, the formul ati ons of
the invention are prepared by uniformy and intimately adm xing the active
conpound wi t B Bothy f_mﬁitgeib af necpssany, shapingahe sespitamganixiire For exempics adgblet2 006

or both, and e Qﬁgp&;@ . L g: ! ] .0 '

exanple, a ta g’? préﬁaa;r/ pr ;%Srme 3{1 @g%gﬁgﬁgh%é%lﬁ%ﬁ%&gn&@m%er
-granul es contaiweidgipohed, cptbially woipatmtnoepict @salyliygradieitso Uangpiresv®at e
‘accessory ingredients. Conpressed tablets nay, be prepared by coppressing,
in a suitabl &YRiERRRES Pfﬁ}Péfeég?ﬁ(ﬁ‘@mdeeﬁswgam@ fgblemasRinggthe SPHPOUER @s a

powder ors gr anules: opkion ' ol 4 pidaaer t

di-l uent, 5and or f_@ﬁ‘?‘?@?ﬁé?ﬁ‘é@ &’@g&%‘f%&“ﬁeﬂﬂ%@?‘”@b@&e‘%@gé’f‘i&@‘g may be
made by nol diubgicantpinartsiilinemtpdrel/oresahfaceactivhidispersiter agent€¢) ndalded tablett mapd -
with. -an inegt liquid Qinder. Formnulatjons suitable for buccal )
(sub-1i ngual %eg@ﬁ?ﬁm dpE-dR 2 sHER aw@z@ﬁggeow ECSB%P?%%OFWQ“"%W@W
conpound in gﬂfdeﬁvlg#q@gmga\_se, usual 'y sucrose and acacia or tragacanth;
and pastilles conprising the conmpound in an inert base such as gelatin and

gl ycerin or sucrofermmdiiasaitable forbwota (subrlingubl) talmigstedmntinelndelozénges
sui tabl e dor $arent e{}%lf fldm' ni strat.i o conggni ent | ﬁ conprise sterile
aqueous b epSTHEPTHAE hsracHieCorapqund iR g ayonad bas: nyrafly Sucy POAST are
preferably i gatRah; dd Pastie irff thé BEmpaLRIEQd iASEbRE @ikh asifSR and

preparations nay be adm nistered by means of subcutaneous, intravenous,
I nt r anuscul aglycerin pnsucsebeandicacky. ect i on. Such preparations may conveniently

be prepared by adm xin compound wi th t r a aqglyeine. buff.er and
Cender i g the  r obaiRBodsR f HIREHT b ARBe Plpediobf pfioRilaliSh "5
For mul at i ons cemichitiatl ch@priscetérite agaksvul ipsdpanitiofobihe apief ehdddund piigiskent ed as

“unit dose suppositories. These may be prepared by adm xing_the active
conpound! i t Rreparations are preferably isotonic with the blood of the intended recipient. These

or

preparations may be administered by means of subcutaneous, intravenous,
intramuscular, or intradermal injection. Such preparations may conveniently be
prepared by admixing the compound with water or a glycine buffer and rendering the
resulting solution sterile and isotonic with the blood. '

20 Formulations suitable for rectal administration are preferably presented as unit
dose suppositories. These may be prepa:ed‘ by admixing the active éompound with
one or more conventional solid carriers, for example, cocoa butter, and then shaping
the resulting mixture.

Formulations suitable for topical application to the skin preferably take the

25  form of an ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers which
may be used include vaseline, lanoline, polyethylene glycols, alcohols, transdermal
enhancers, and combinations of two or more thereof.

Formulations suitable for transdermal administration may be presented as
discrete patches adapted to remain in intimate contact with the epidermis of the

30  recipient for a prolonged period of time. Formulations suitable for transdermal
administration may also be delivered by iontophoresis {see, for example,
Pharmaceutical Research 3(6):318 (1986)) and typically take the form of an

-14-




- one or nore conventional solid carriers, for exanple, cocoa butter, and

t hen shaping the resulting mxture. Fornul ations suitable f%% ﬁiﬁbggl
application to the skin preferably take the 25 formof an o JoCcream
" lotion, paste, gel, spray, aerosol, or oil. Carriers which namy be used
I ncl ude vaseline, |anoline, polyethylene glycols, alcohols, transdernal
enhancers, and conbinations of two or nore thereof. Fornulations Suitable

for transdelogRbnABubfesdd RuEAR sHRYioR 8 SR AN EsnAfunddiSsRANE GrRAIARRS
adapted to remain’in intinate contact wth the epiderms of the 30

reci pi ent f epmaripy ciratege disies boleropH: 6) e ethEoewhtat arshentiin fratl GO¥ or
t ransder nal inistrati.on may al so be delivered by iontophoresis (see, for .
exanpl e, PH Eafr g% Bhsear ch 3(6):318 (1986)) and typically take the
formof an- -14 16 OCT 2006 optionally buffered aqueous solution of the
active conpound. Suitable formulations conprise citrate or bis\tris buffer
(pH 6) of etthanoMgetheds ofHee contain from0.01 to 0.2M active ingredient. 5

E.. Met hods of Use_ |n.addition to the jounds. of t.he, f or.nul as descri bed
hororm tne.pr oo npditRSle i BobBodidf of BETIHANR KsshiBe AGRNE P Tome
For exanpl e .intehgoRsies prividds Rivetl therap@itR\helBsds FRch@dplef the peidentng
cytotoxicity against tunor cells, antitunor- pronoting activities,

anti - i nf | aniteaiign provides pynethnd of inducing ¢yteiokigity ppainglemengellsantifpeert i on
provi des a f il n p n .S Lvity. The
andr ogen regg(%)r{}%g}g}ﬁflgg%gﬁ%gp %é%%?g’g” fiéstg/g&utsl\gérg P Er’re%%‘gagfybﬁhei%%sf%q ting
andr ogen0r elimteaton provities anngthncaiindeling gidovdeh redepiantagehiksactikitg Thay be
inhibited include cells from skin_ cancer, -small cell . l.ung cancer
testicul ar CBAHOEFI TeCSRIBTYHEONI Kby AS 2 naciptagans ot dnhibising androgencslated
‘cancer, col Qﬂn&a&(‘cgﬁecrlggl@gﬁ;mﬁancer, endonetrial cancer, ovarian cancer,
central nervous system cancer, |iver cancer and prostate cancer. The
present inventi ofaatesaells ohict esayebenmebibicd ofclideestls frgmchilcemcemsmalbodl] ect
afflicted wi,th cance Tffese su suhjects afflicted with

anti andr og erllung caricer, treé'.ticu ar cancer,qgfgl(;:)hgmg,l lguﬁ(elmqg,l elél:g&lage cancer, stomach

15 cancer, colon cancer, breast cancer, endometrial cancer, ovarian cancer, central
nervous systein cancer, liver cancer and prostate cancer. -

The present invention also provides a method of treating cancer in a subject
afflicted with cancer. These subjects also include subjects afflicted with antiandrogen
withdrawal syndrome. The method includes administering to the subject in an

20 effective cancer-treating amount a compound of the formulas of the present invention.
The method is useful for the treatment of a variety of cancer cells which include but
are not limited to skin cancer, small cell lung cancer, testicular cancer, lymphoma,
leukemia, esophageal cancer, stomach cancer, colon cancer, breast cancer, ovarian
cancer, central nervous system cancer, liver cancer and prostate cancer.

25 Compounds with anti-androgen activity also have the potential to be
therapeutically useful for treatment of androgen-potentiated hair disorders such as
baldness and hirsutism. Anti-androgenic compounds may also be therapeutically
useful as a form of male contraception where it is generally known and understood by
those skilled in theart that androgens are required to mainfain spermatogenesis.

30 Additionally, compounds with anti-androgenic activity may be useful for the

treatment of behavioral disorders which include, but are not limited to,

aggressiveness, violent behavior and sexual aggression. Anti-androgenic compounds
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wi t hdrawal syndrone. The nethod includes adm nistering to the subject in an
20 effective cancer-treating anount a conpound of the formulas of the
.present invention. The nmethod is useful for the treatnent df %CVQPﬁ]@ty of
cancer cells which include but are not linmted to skin cancer, small cell

| ung cancer, testicular cancer, |ynphoma, |eukem a, esophageal cancer,

st omach cancer, col on cancer, breast cancer, ovarian cancer, central
nervous systiaay aambetherdpeviigaliyascfol fankt peamertef acandwer to tBSalCoableveid s wi t h
anti-androgen _activit | so .have the potentjal ta be therapeutically
useful for t1ERPHENTC ‘%WB‘Q@W’&S?%EW VB A Isﬂﬁ%r ders such as

bal dness and hi r st whish imz?r!ﬁrt%?é@ﬂ. WP Bl @ﬁeﬂ:‘r@&nﬁﬁv&r}[tioin are

therapeutically wuseful as a formof male contraception where |

gener al |y krispmalnnmargeibiocsadthbyeh theasehedsi dflteripiesent heveation mhpbe asdaiogens ;

' t intain, nat is. 30 Additi I ly, ds Wi th
anti - andPogdat SRRy PupoRRy TS RSN et pRREEry e e bR havi o &l
di sorders whh6lidingGhut@et liditkd &, Borded, cbivdl dod, thbbits, &HA §RSh VRAES)k | Ré? gnt

behavi or and sexual aggression. Anti-androgenic conpounds” - 15 16 ( 06
.may al so be nokskabpeethe prebent irvshiion pravideh phamegewtinat foymulations cheprising he

: I d | f i ncl udi nd ' d wmth
i sorders. - s Snre R BERE Rt b e o R e SRR s Bt e

i nvention artheredfy i stakhycdtio@ly fubpablTarickd M ahy SligbiEbLaRAF of the present
inventign may he useful 5.for veterinary purposes with other subjects, ‘

par t i cult8r | AdpamsERtoRs Inglnsingcew nphiimited fyorabaectalotopicahibueekliperentasals s
cows, dogs, ihabhi f: ~ : t lI .!ﬁ . nat.ed..above, the

present i nvelﬁntl onstcg]ra{)’\}?%ée%nglﬁg?%aag% |SC§}% or &r%rfﬂg‘?? nr}is)msg%rtrl%?i sing the
conpounds of f or riileakerdpacticalbeeffdreiveidosagerof phpspeiftldongiiuhy vwalk ¢amt abl e

salts thereof,. :lﬁril har maceutjcal ly acceptable carriers for a’nal sui tabl e

route of 10 SAERPHACKORCOBIROURHEI ORI atiseto PRiteRtetnd willsfepend vrasthe
ol b T S ot e " and
topical, bucgalitoRdF aidtflightand il @E@l&fd&h_@&g A4 g%%ga{rg%cgog@%,aaw?&ggé an

transdermal adm ni stration. The therapeutically effe sage of —any
speci fi ¢5corfpouabbukiol ] tovakoyt SEmglgheill Have thecapeptic affichoy, ovittpsiilitdghgpat i ent t o

g? t Idgln;[ v e?g fjdo\%glelﬁ Pgeﬁgélg?[ B Og?ﬁx‘é&%ﬂ:% (g‘doié;[llicfggf&gger%go a%%[igligt%tio%? (;[x'i]c?tyr oute
concerns at the higher level may restrict intravenous dosages to a lower level such as
up to about 10 mg/kg, all weights being calculated based upon the weight of the active
base, including the cases where a salt is employed. Typically a dosage from about 0.5

20  mg/kg to-about 5 mg/kg will be emplé)yed for intravenous or intramuscular
administration. A dosage from about 10 mg/kg to abonf 50 mg/kg may be employed
for oral administration.

The present invention is explained in greater detail in the following non-
limiting examples.

25

EXAMPLES
A. Materials and Methods

Compounds 1-3 were obtained by column chromatography (silica gel, CHCl3-

MeOH) of commercially available curcumin (Aldrich), which contained 2 and 3 as
30  minor components. Compounds 39 —44 were purchased from Aldrich, Inc
(Milwaukee, WI). |
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- 15 from about 0.1 to about 50 ng/kg will have therapeutic efficacy, with
still higher dosages potentially being enployed for oral and/or_aerosol
~administration. Toxicity concerns at the higher level may r { poo '

" intravenous dosages to a |ower |evel such as up to about 10 ng/kg, all

wei ghts bei ng cal cul at ed. based upon the wei ght of the active base,

i ncluding the cases where a salt is enployed. Typically a dosage from about

0.5 20 ng/kg to pdpuhyleurfklid 5\% Curgni (B)iR Y5 bRI MJBIH W46 REMS] Rith

i.ntranmuscul ar adm ni stration. osage from about 10 ng/ kg to about 50

mg/ kg may bexeesslodRdométhinetinakheaddri 22 18t Tt Jobients MiGre PEBS@IALH bAMBIHAHON 'S
explained in greater detail_in the followng non- limti ng exanmpl es. 25
EXAMPLES A thfveasisiur 3yas pamidedvex sibesedsalyoundesonatgeiaphi aphP Crﬁ@ag&/ col urm

e o o0t ot k62l PR . o COERR Rl g Sl g o
vore pur shased g b e 107y (M gyt Wik ondfle GRTLZ0R
of . azomel hase, 4 besphety oo 01T S9UEN ST § SITNE L BipBouR ond
0 Chentnb oL e5 (L s e FLAn 0% Buflo, TRt G Mt bli RRRY, 520
Yore) 6 ob auioRd RGN LERRZ Ghog R, B0 A D 25ysri0 B £ 80 100 ¢

J=16Hz); 13CNVR ( ¥aGpidation GDRYHzol Berdaibre (8H T0oQ, sokftibndf 1399 Butaddikind,

122. 0, 2.6, 128.1, 0,4, .149, 2, 151.0, 183.2., Preparation of pyrazol
deri vat .jlée (yanokpgers aé@ﬂhl?%tﬁn%b@%g?ﬂ Huiaharetiortid anst R BQHo I Thier e added

hi stidine hydhaeh s cdimsel i Jan, SEEMEE dRGbHeANYR ERfdved %'cu&.otﬂéi on was
refluxed for 24h, and then the solvent was renoved In vaeuo. The
residue was purified by silica gel column chromatography and PLC.

Compound 8. Yellow powder (vield 17.5%), mp 166-168°C (MeOH); IH
NMR (300 MHz, CDCt 3): & 3.92 (6H, s, OCH3 x 2) 3.94 (6H, s, OCH3 x 2), 6.62
15 (1H, s, 1-H), 6.86 (2H, d, J=8Hz), 6.93 (2H, d, /= 16Hz), 7.04 (2H, dd, J = 8, 2Hz),
7.06 (2H, bs), 7.05 (2H, d, J = 16Hz); I3CNMR (300 MHz, CDCL3): & 55.8, 55.9,
99.6,108.6, 111.2, 115.8, 120.1, 129.7, 130.6, 149.1, 149.3; Anal. calcd. for
Co3Ho4NyO 4 1-1/4H70: Theory: C, 66.57; H, 6.44; N, 6.75. Found C, 66.44; H,
6.19; N, 6.27.
20 Monomethylcurcumin (9). Curcumin (1) in MeOH was treated with excess

diazomethane in EtpO for 24 h. After removal of solvents, the residue was purified
by silica gel column chromatography and PLC to yield a yéllow amorphous solid
(yield 20%); mp 89-91°C, [a]p —3.6 (c=1.14, CHCI 3); 'H NMR (300 MHz,
CDCl3): 63.93 (9H, 5, OCH3 x 3) , 5.81 (1H, s, 1-H), 5.94 (1H, bs, OH), 6.49 (2H,
25  bd,J=15Hz),6.93 (1H, d, J= 8Hz), 6.97 (1H, d, /= 8Hz), 7.10 (4H, m), 7.60 (2H,

bd, /= 15Hz); EIMS m/z 382 (M"), HRFABMS 382.1396 (M+H*) (caled for
CooHp00¢: 382.1416).

Hydrogenation of 1, 4 and 10 (11--18). A solution of starting material in
EtOAc was shaken with 10% Pd-C under Hy (45psi) overnight using a Parr’s
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residue was purified by silica gel colum chromatography and PLC Corrpound -
8. Yellow powder (yield 17.5%, np 166-168C (MeOH);. 1H NMR ]%3(%@ I¥H§6

3): $3.92 (6H, s, OCH3 x 2) 3.94 (6H, s, OCH3 x 2), 6.62 1 120 -H, -
6.86 (2H, d, J= 8Hz), 6.93 (2H, d, J= 16Hz); 7.04 (2H, dd, J= 8,21-1z),
7.06 (2H, bs), 7.05 (2H, d, J= 16Hz) 13CNVR (300 MHz, CDC13) 8 55. 8,
55.9, 99.6,108.6, 111.2, 115.8, 120.1,129.7,130.6, 149. 1, 149. 3;. Anal .

calcd. for E(E?SIHEJ@NQ@EA??IUPPEW te1ed gAY contenated r vaquodo glve aNesidue7s.  Found

C, 66.44; H,, RE? rcumn (1) in
MeOH was treat ela%\%s Ehgg%gismgggazo %Jé&?%%gaﬁh'gmh After renoval
of solvents, the TasiuRov@supiinifi)eWhibposidkd, e FLHITD Rtmghté ROARLOIr aphy
and PLC to yield a yell ow am)rphous) sol i ? (yi gq)d 209 ; ( 895]910 [a] D

-3.6 (c=1. LAChdoHGoc. 3 erkivH, BVR-LHBA101, 95- mS)ngeom GDCIRHE x 3)
5.81 (1H, s, 1-H), 5.94 (11-1, bs, OH), 6.49 (2H, 25 bd, J= 15Hz), 6.93

(1H d, 3= 853-2.58.(3H, ()i2.78+2.8845HHn), 3.97 (0L, 6AGICHY)x 2)7 560 (( Bk, 1-H),5.50-
15Hz); EIMS miz 382 (M, HRFABMS 382-1396 (MrH+) (calcd for C22H2206:

382. 1416) . HpHL SQRIGI), 6/65qRH]d, J= 8He), 5G((2H; 3)3)5.8342H0H UL+ Hzpfl3sNavIRi ng
material in EtOAc was shaken with 10% Pd- C under H2 (45psi) overnight
using a Par r(380 MHz CRClaid 2b3610- 4558 89.85111Thel 148, U20.8nl3des 1A bt@d and

concentrated in vacuo to give a residue, which was purified by silica gel
colum chro@@d hy and PLC. Tetrahydrocurcum n (11). Wiite powder,

55852(8% ( R?:Hg *N"Néy(liéﬁvﬁ{o&cw%f@ﬂﬁﬁ o Vi a7 Gl Dt ?‘5#(42 .
R SR I Yo
193. 2. Hexahfjge ggdﬁg}l}mmr)] i 9,97&%14 ), gé@v\%%&{ Slé%ﬂ% X%)d ((%OQJ ?‘ Q-H)a. . et

A a3 e RE 6. SBG{Qﬁ' 8, /= 8B3Y, QSéMQW%z EHEH 5267, N"B (300

MHz, CDCL3):
38.8,45.8,49.8, 56.3, 67.4, 111.5, 111.6, 114.8, 114.9, 121.2, 121.4, 133.0, 134.2,

144.2, 144.5, 146.9, 1479 and 211.9.
'. 15 Octahydrocurcumin (13), Colorless oil, 1H NMR (300 MHz, CDCl3): 6 1.61
(2H, m), 1.75 (4H, m), 2.53-2.70 (4H, m), 3.80 (6H, s, OCHj x2), 3.91 (2H, brs),
6.13 (2H, s, ArOH), 6.65 (2H, d, /= 8Hz), 6.69 (2H, bs) 6.82 (2H, bd, J = 8Hz},
13CNMR (300 MHz, acetone-dg): § 31.1, 39.8, 42.6, 35.6, 72.0, 111.0, 114.3, 120.6,
133.6, 143.6 and 146.4. A ,
20_ Compound 14. White powder (yield 26.0%), mp 60-61°C, TH NMR (300
. MHz, CDCl3): 6 2.56 (3H, m), 2.86 (5H, m), 3.85 (12H, s, OCH3 x 4), 5.44 (1H, s, 1-
H), 6.71 (4H, m), 6.78 (2H, bd); Anal. caled. for Co3Hyg0¢ 1/4H7O: Theory: C,
68.21; H, 7.09. Found C, 68.25; H, 7.06.
Compound 15. White powder (yield 20.0%), mp 94-95°C, 1H NMR (300
25  MHz, CDCl3): § 1.65-1.80 (2H, m), 2.53-2.84 (81, m), 3.85 (12H, s, OCHj x 4),

4.05(1H, bs, 2'-H), 6.68-7.23 (4H, m), 6.79 ( 2H, bd), Anal. calcd. for
C23H300g 1/4H20: Theory: C, 67.88; H, 7.55. Found C, 67.73; H, 7.49.
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©1.60-1.81 (2H, m, 2.53-2.97 (8H, m, 185 (6H, s, OCH3 x 2),4.06 (1H, m
2-H), 6.70 (4H, m, 6.80.(2H, d, J= 8Hz); 13CNMVR (300 MHz, 13) 5 29.7,
31.7, 38.8, 45.8, 49.8, 56.3, 67.4, 111.5, 111.6, 114.8, 114GQC T2996 2,
121.4, 133.0, 134.2, 144.2, 144.5, 146.9, 147.9 and 211.9. 15

Cct ahydr ocurcum n (13). Col or | ess oil, ITHNWR (300 MHz, CDCI3): 5 1.61 (2H,
m, 1.75 (4H, m, 2.53-2.70 (4H, ,380 6H, s, OCH3x2 3.91 . (2H,

br s)J_ 6 Hi? (2H, C(Ig\lw%%m%cﬁéﬂés%'du rggx’elélé?'%g%%pl6§.ﬁ§9%’(lmp® 1\%%12(2'4

35. 6, 72-0, 11dDCI118.15512.65 G411, BH3.18-1.84 816 mdNd. 604072 (3B Anameqerds, 14. Wi te
powder (yield 26.0%, np 60-61C, 1H NMR (300 Mz, 13): 5 2 56 (3H, N,

2. 86 (5H, MOCH3852)( 18H(8H, bsQOHBIxx 2)2,2'5¥ 4.7 178 &1, In), K79 (5{{75@( 4H, m,
6.78 (2H, bd); Anal. calcd. for C23H2806. 1/ 4H2O Theory: C, 21; H,

7.09. Found (08, 3D K2) TEIMS nf DA WDE) IR FABiNS ,,wmmmm@e 0%, np
94- 95C, IHNI\/R 300 25 CDC13 65-1.80 (2H, nm, 2.53-2.84 (8H,

'm, 3. 853 1Arpled forGontlzg QO 404218 91)H bs, 2'-H), 6.68-7.23 (4H, n), 6.79
(2H, bd), Anal. calcd. for C23H30061/4H20: Theory: C, 67.88; H, 7.55.
Found C, 67.73; Hempdsnd 11EdelaCHilZonR 5. CoNpPdd NMRE30EMdz, ICBEpid (i el d
4.2%, np 60-61 C, 11-1 NVR (300 MHz, CDC13 ): 8 1.55-1.65 (4H, m),
1.73-1.82 (3Hi0 6, d 1e%0 GHz ) 243-2:42 ( $.38), 086, (GH, s, @CHE x2)23.87 GIBE, ( 8H,

bs, OCH3 x 2, 2,2'-H), 6.72-6.78 (4H, m), 6.79 (2H, bd), 7.27(2H, s, OH x

2), El V5 nz/QCHg(MZ)(W(HHI?J*EAB—HWB.?T@I—G‘:?&@-I,&QCHME{Mizl-d)lﬁ(MB‘).(caI cd for
C23H32 06: 404.2198891). Conpound 17. Col orl ess oil (yield 5.9%9, 1 H NWR

(300 MHz, CDC13):Cénpduddif.3thloss ofl (FR1d(6195%), 1k NMR EDOMB2, (CBEM) 3. 86
(6H, s, OCH3 x 2), 3.87 (6H, s, OCH3 x 2), 3.94 (1H, bs, 2'- 40-6. 78

(6H, m) 10EI NE9S3H, 416Q¥9), 1Cenblng, 184 (Xdlny; DEIIGH] m),(:ys:etldmbgmﬂ 1H NVR
(300 MHz, CDC13): S 10 0.95 (3H, d, 1-CH3), 1.52 (1H, m), 1.84 (2H m,

2.67 (6H, mx 4,2, 83H{, 5418 (6b m)OBHAS vz 413, (M+)FBIR.F@LBZMSM41B)236518VB mz: 418
(M+), HRFAB-MS ink 418.236618
(M+H)* (caled for Co4H340¢: 418.2355392).

* Preparation of 19 and 20. A mixture of curcumin (1, 100 mg, 0.81 mmol) in
acetone (20 mL) with methylchloroacetate (2 ml) and Nal (20 mg) was refluxed with
15 anhydrous potassium carbonate (176 mg) for 24 h with stirring. After filtration and
removal of solvent, the residue was purified by silica gel column chromatography to
yield the corresponding methyl acetates 19 and 20.
Compound 19: Yellow powder (yield 20.0%), mp 60-61°C, mp 66-67°C,
falp -2.4 (c = 2.08, CHCl3); 1H NMR (300 MHz, acetone-dg): & 3.73 (311, s, -
20 COOCH3), 3.86 (6H, s, OCH3 x 2), 4.79 (2H, 5, 0-CH2-COO), 5.99 (11, s, [-H),
6.70 and 6.73 (both 1H, d, J= 15.3Hz), 6.88 (1H, 4, J = 8Hz), 6.94 (1H, d, J = §Hz),

7.17 (2H, m), 7.33 (2H, m), 7.59 and 7.61 (both 1H, d, J= 15.3 Hz), I3CNMR (300
MHz, CDCl3): d 51.8, 55.9, 55.9, 65.9, 101.4, 111.2, 111.6, 114.3, 1159, 121.8,

122.6,123.0,123.5,127.6, 128.7, 129.8, 140.3, 141.3, 148.4, 149.8, 150.0, 150.4,
25 169.4, 1834, 184.6; Anal. caled. for CyqH240g-3/4HoO: Theory: C, 63.50; H, 5.66.

Found C, 63.53; H, 5.65.
Compound 20: Yellow powder (yield 20.0%), mp 141-142°C (MeOH), [a]p

-0.29 (c = 5.86, CHCl3); |H NMR (300 MHz, CDCl3): & 3.80 (6H, s), 3.93 (6H, s),

-19-




(MrH) + (cal cd. for C24H3406: 418.2355392). Preparation of 19 and 20. A.

m xture of curcumin (1, 100 ng, 0.81 mol) in acetone (20 6) éﬁ

‘met hyl chl oroacetate (2 nL) and Nal (20 ng) was refl uxed wi t hi6 Q5T H?drous
pot assi um carbonate (176 ng) for 24 h with stirring. After filtration and
renoval of solvent, the residue was purified by silica gel colum

chr omat ogr aph yi.el d the correspondi ng nethyl acetates 19 and 20.
Corrpound 19: 4%&(%\@, boldilor COM ePH S8, (08 s, Infd), 6056RH, dr &p 16615679 (25};1];11)

-2.4 (c = 2.08, CHC13); IH NWR (300 MHz, acetone-d6): 5 3.73 (3H," - 20
- 'COOCH3), 3.86= (SGH) 509 G(H-,l:’as); T8 (28, ?19J(:21I61Hz}§ 1301“4]?11’{(801)))\/1}{5 ©OC( }i—di S,
-1-H), 6.70 and 6.73 (both 1H, d, J= 15.3Hz), 6.88 (1H, d, J= 8Hz) 6. 94 :
(1H, d, J= 8&$,56.00 6620, (0HA, F)0.7,7113%, (210, 19,7, 128, i1, 7146:0 (BdFhieo, d,. J=

ég g E&Zs)g 10%&@?3@?%%@}&9@%%&@?@0@ £55248: Hp8.68. Faud G 107 6,

128.7, 129. 862‘});1 7141 3, 148.4, 149.8, 150.0, 150.4, 25 169.4, 183.4,
~184. 6; -Anal or C24H24C8- 3/ 4H2G. - Theory: C, 63.50; H, 5.66. Found

C, 63.53; H 5.6 ) 142(: '
(MeOH), [all) -gcz‘g?' cﬁlidrzg‘ gguo%%@@h&%amé(@go@%%@o -
(6H, s), 3.98DCHk): 35).58 (2H,9n) @.95GTIR&)H7.12 (AR d| 4+ SHz), THERH GR) 760 H 5 82
(1H, s, 1-H), 6.50 (2H, d, J= 16Hz),.6.79 (2H, d, J= 8Hz), 7.09 (4H, bs),
7.58 (2H, d,, ) 780kEH, d, T3] FE, {B60(1Hkibs); @amaalcd dor 62787(68. Theob6 (),

101.4, 110.7, 113.6, 122.0, 122.7, 129.5, 140.1, 149.0, 149.7, 169.0,

183.1; Anal. 75:&4&85190rFm¢@§61i61Hz|§|26 Theory C,.62.18; H 5.60. Found

Gt S8, oM eSS40 Bt &, 10

7.40 (6H, mMC @Hﬁ@gl[ﬂieofﬁc 36%5,(HH5.0Q| de&dﬁHaB;H}@.léﬂlH bs); Anal.
cal cd. for C22H2004: Theory: C, 75.84, H, 5.79. Found C, 75.56, H, 5.74.

10 Conpound 22: YEbinpeuaddBpNellswyokider (¥lesl 023, ﬁ%mMmPc (Mabm for
C26H2808: Theory: C, 66.66, H 6.02. Found C, 66.38, H 6.1
(Pedeérsen et al., Liebigs Ann. Chem. 1557-1569 (1985), 71-73°C (CHQCIZ)) Anal.

caled. for Co4Hp0g-2-1/2H 20: Theory: C, 59.87; H, 5.23. Found C, 59.94; H, 5.11.
15 The structures of 14, 10-13, 22, and 23 were confirmed by comparison of
their physical spectral data with those reported in the literature. Pedersen et al.,

Liebigs Ann. Chem. 1557-1569 (1985), Roughley et al., J. Chem. Soc. Perkin I, 2379-
2388 (1973).

20 B. Suppression of DHT-Mediated Transcription Activity.

Cell Culture and Transfections. Human prostate cancer DU145 and PC-3
cells were maintained in Dulbecco’s minimum essential medium (DMEM) containing
penicillin (25 units/mL), streptomycin (25 pg/mL), and 10% fetal calf serum (FCS).
For AR transactivation assay, PC-3 cells were transfected with an AR expression

25 plasmid and reporter gene. Because of a low content of endogenous AR coactivators,
DU-145 cells were transfected with expression plasmids for AR and ARA70, and |
reporter gene. The conditions were followed as previously described in Miyamoto et
al., Proc. Natl Acad. Sci. USA, 95, 7379-7384 (1998), with minor modifications.

Transfections were performed using the SuperFect kit according to

30  manufacturer’s procedures (Qiagen, Chatsworth, CA). Briefly, 1 x 103 cells were
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- Compound 23: Yell ow powder (yield 45.0%, np 144-146C (MeOH) (Pedersen et
~al., Liebigs Ann. Chem 1557-1569 (1985), 71-73C (CH2C12)) Anal. cal ed.
for C24H2608.2.1/2H 20: Theory: C, 59.87: H, 5.23. Found C, %9X:200p 5 11,
" 15 The structures of 1-4, 10-13, 22, and 23 were confirnmed by conparison of
t heir physical spectral data with those reported in the literature.
Pedersen et al., Liebigs Ann. Chem 1557-1569 (1985), Roughley et al., J.

Chem Soc. Bendd ¢h 35-m2ddiShes238BndfdR hsfeafbrBandiheR e8sIreR phsmi, | T- Medi at ed

Transcription Activity. Cell Culture and Transfections. Human prostate

cancer DUL4YMAY-Pwifsrasgavhish grirtaing M Yi-hER nrempgr st AB-kinding clanent,

essenti al I.um (e" eni Gi | l.i uni ~.Streptonycin
(25 g/m), WS‘%&W&‘%@%{? ‘(R[_?:I(}:Itmfq Asrﬁe?’%ﬁe%%llf’eé%ifmmlég‘rvﬁi%ﬁe%%@éc ?"\?&i on assay,
PC-3 cells waGIARANS PRL-TH wiistRedits ARnGXRA1 R85t 81 ToRPa3Fasioh dffesishckepor t er
gene. Because of a | ow cgntent of endogenous AR coactivators, DU 145 cells

wer e transf dof Efahimambeil NAswvasadinsted o 30 g srithalGena allrrenscriniivgal 1 eport er

.'gene. The cqpéj.t:i r I - Pr gyi ' i Yapt o et
o proc, RO ibR ISl nd o R EANR, Bl pSEAleRTto DRAMAAR
modi fi cat i onBarcda! atpbed tdran snatburr, Har o1 R daters g ellh eveftpeaddeeith KHT,
according to 30 nmanufacturer's procedures (gﬁg‘%g,@mat sworth, CA
t

Briefly, 1 #UH3Erogeny iGkpempougs pliormnothere4-Hp Bt tbacells ngsﬁﬂ%v&ﬁ@ﬁé@d 24 h
pefore 1 raniRalhORcirle doihy f LERAGCIos R sRP Mnfbea WIf Thidfibin & Asgy whi ch

contains MMIV-LTR pronoter and AR-ab g "elemen was -co-transtécted with
an AR ekbr eSgitem, Madson,dWDwilah wyrpeexprespad ianelptiveolucifopra@bARARRY as PRL- TK was
used as an internal con%rol for transfection efficiency. 5 The total anount
. of DNA was 88‘]“8??@60 Fpta F‘?f‘lé"‘\}\’ﬁ'refal?eﬁgi?%vff #PR%f- ¢ ranscriptional activation
assays. After a 2 h transfection, the nmediumwas changed to DVEM 10%
charcoal stripped serumnedium and 14-16 h later, the cells were treated
Wi th DHT, &nti alkeseléreand Biscesskin conpounds. After another 14-16 h, the

oL oL S el G5k i i M LR e 5 212
expressesl i lanui@idédg'en eedept hith@sigstactitivy. t ThedSmthesis and -evaluation of n;ovel
éurcumi_n analogues as antiandrogen receptor antagonists and antitumor agents are
' reported herein.
Forty-seven curcumin derivatives (1»47) were tested for antagonistic activity
against the AR using two different human prostate cancer cells, PC-3 and DU-145
20  (Figures 3A—C). The parental compound, curcumin (1), was inactive in all cases.
~ However, dimethylated curcumin (4) showed significant antagonistic activity
(reducing 70% of DHT-induced AR activity) when assayed in PC-3 cells transfected
with wild-type AR and was more potent than HF (which reduced 16% of DHT-
induced AR activity, Figure 3A). Compound 4 also showed the highest antagonist
25 activity when assayed in DU-145 cells transfected with a mutant LNCaP AR and
ARAT0 (showing a 45% reduction in DHT-induced AR activity, Figure 3B),
indicating that compound 4 is an effective antagonist for both normal and mutant AR.
To determine the structural requirements for AR antagonist activity in this
series of compounds, a structure-activity relationélxip (SAR) study was conducted in a
30 PC—3 cell assay system. Compared with 4, monomethylated curcumin (9) lacks one
O-methyl groups at the p-position on one benzene ring, and was significantly less

active than 4 (Figure 3B). Thus, the bis(3,4-dimethoxyphenyl) groups of 4 are
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conpared to an internal |uciferase positive control. C. Results and

Di scussion The aimof this work was to investigate novel curcum.n anal ogues
for 15 antiandrogen receptor antagonist activity. The synt held QCEHZH06

eval uati on of novel curcum n anal ogues as anti androgen receptor

ant agoni sts and antitunor agents are reported herein. Forty-seven curcumn
derivatives (1-47) were tested for antagonistic activi t?_/I agai nst the AR

usi ng two- di FRRAEAL tortheadtiviy o drtEdickg fomethy bioyp aPC-4Bofhid Opgsulterbin 20 |
Gases Ronow HeroaREaRRiG T Blre AP SHbouHE LIS Sk R ARSI B 0 211

activity (rkylrogengtid®8f 4fwddtids porducs HAR@GHI 1804 sluvienindSH R edhced ARC- 3
- cells transfected with wl d-t){) e AR and was nore potent_than HF (which

reduced 16% Yrvepoutiweae ciderabhic lesyaqtiye cpmgared g AYFigepnpol ridowveringghe howed )

W th ot ark SROAR eied b AR SRR R B et BB ucea™
AR acti vity, adfivayr euﬁﬁennoré,rzQ-ij,mnﬁ&ﬁax,gsﬁqymg-ﬁob@matbbﬁwﬂmﬁe
antagoni st for both normal and nutant AR To determ ne the structural

requi r ement scangnsthe bigraryberoups igund v 4 pus lacksthe conjugateddaible bonssuwas, a

struct ur e- acg,j v i | d s. conduct ed .i.n 30, PC-3
cell assay s{?é%qe m¥re. E%#g%%gmh&é@%%hb%g#%ﬁ%v@g{ %‘5 cgﬁ]rugﬁtr%d rq 0‘(‘@5’ bP%%Sks one
0- met hyl gr calps catirithite tgthp astitityost 42T IgRe obeRzRitns bhdi@sted fight WasShis(3,4- _
significantly less active than 4 (Figure 3B). Thus, the )

bi s( 3, 4- 1@ netti ) gPwsped dhe epnjygated pdikepneoroictyGee clugiabfardhe to the
activity. Ir%(‘rt&ﬂ?ci ng a nethyl group at G4 of 4 (10) resulted in

decreased acti1vity (Figure 3B). Conpounds 14 and 15, which were obtained by

hydrogenati on of BataweFiuas3Qehenria sdmetihatdifibrenn cBsseshitdnh Gheten ,
DHT-1i nduced AR activity, but were_ considerably |ess active conpared to 4

(Fi gure 3A) . 0ERFELEN HMPevas apsryed kebbnt hesllstipnsfecied path wikd-BorerAl pehdi ng

D501, 11 RS Rl AR M AR e

bi s- ar yl15gr capmndogedadtivitg thart HF & Hss 232y syrimig@begoded silfeand @ 20eecre Was
almost equipotent (54% and 53.8% reduction, respectively) and wére slightly more
active than 4 (49.9%). Because curcumin (1) itself was not acﬁve, introducing either
methoxycarbonylmethyl groups at the phenolic hydroxyls (20) or an
ethoxycarbonylethyl group at C-4 (22) greatly contributed to the anti-AR activity in

20  DU-145 cells in the presence of wild-type AR and ARA70.

_ In this study, we also examined the antiandrogen activity of
fluorodiarylheptanoids 2429 and cyclic diarylheptanoids 30-38. Compounds 2429
have fluorine or trifluoromethyl substituents on both benzene rings, but showed weak
activity or were inactive. Among the cyclic diarytheptanoids 30-38, compound 30

25  was the most active and was almost as active as HF (Figure 3A and 3C). The
remaining cyclic diarylheptanoids showed weak antagonistic activity.
In conclusion, we have prepared a number of curcumin analogues and
evaluated their potential antiandrogen activity in three different assay conditions using
human prostate cancer cell lines. Compounds 4 showed promising antiandrogen

30  activities in all assays. Compounds 4, 20, 22, 23 and 39 have been identified as a new

class of antiandrogen agents. The SAR study revealed that bis(3,4-dimethoxyphenyl)
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“less active than 4 (Figure 3A and 3B), indicating that the conjugated
doubl e bonds also contribute to the activity of 4. These observati ons

~suggested that the bis(3,4 10 di net hoxyphenyl) groups and thg“ééﬁfﬁﬁgted

j 3-di ketone noiety are crucial for the activity. Data in Figure 3C show a

sonewhat different cell assay systemwhere antiandrogen activity was

assayed in DU 145 cells transfected with wild-type AR and ARA70. Conpounds

4, 20, 22, Zdoiedey a3Bnapaved-dicind, akd & QhotRaMoRF gﬂe‘a abihedndr ogen

activity than HF in this assay system Conpounds 20 an 25 were al nost

equi pot ent (M%Wmmm@aﬁm % anfagemeiie aafizfty) and were slightly nore

active than 4 % .- curenm n ). itself S _not ,active

i nt roduci ng ei?ﬁgﬁgé%%F§§§§§§%%§§9 n%?ﬁ?%%dP8ﬁ§§“ﬁFﬂﬁﬁEmﬂﬁéﬁ8PP%“ﬁ9afoxy|s

(20) or an dihiygaksrbamYheinhyhtiogrio defirdd Yy-the fdlRNin@Elanhd, WwidiulValistest t o

the anti-AR actjvity in .20 DU-145 cells in the presence of wld-type AR

and ARA78. Ithe glars é’t'?ﬁ’d?‘?lu@&é”ﬁﬂ%l- exam ned the antiandrogen activity of

fl uorodi aryl hept anoi ds 24-29 and cyclic diaryl heptanoi ds 30-38. Conpounds
24-29 have fluorine or trifluoronmethyl substituents on both benzene rings,
but showed weak activity or were inactive. Anong the cyclic

di aryl heptanoi ds 30 38, conpound 30 25 was the nobst active and was al nost

as active as HF (Figure 3A and 3C). The renmaining cyclic diaryl heptanoids

showed weak antagonistic activity. In conclusion, we have prepared a nunber

of curcum n anal ogues and evaluated their potential antiandrogen activity
in three different assay conditions using ~human prostate cancer cel

| i nes. Conpounds 4 showed prom sing antiandrogen 30 activities in al

. assays. Conmpounds 4, 20, 22, 23 and 39 have been identified as a new class

of antiandrogen agents. The SAR study reveal ed that

bi s(3, 4-di net hoxyphenyl) -22 16 OCT 2006 nvieties, a conjugated

f 3-di ket one, and an et hoxycarbonyl ethyl group at the G4 position play

inmportant roles in the antagonistic activity. The foregoing is illustrative

of the present invention, and is not to be construed as limting thereof.

The invention is defined by the follow ng clains, with equival ents of
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5 the clainms to be included therein. -23 16 OCT 2006 What is clained is:
1. A conpound according to formula I: (I) OOHI R R R3 X (5% Rs Y2 R4
wherein: RL and R2 are each independently sel ected fromthe 2006
consi sting of alkoxy, nitro, amno, and dial kylam no; R3 and R4 are each
i ndepeWdehis|oJaimetl &t ed from the group consisting of hydroxy, al koxy, and
-OR7TC(O R8, wherein R7 is |ower al kylene and R8 is al koxy; subject to the
provisos: that (i) R3 is not hydroxyl when R is al koxy, R2 is al koxy and

R4 is hydroxyl; {ii) R %& L&uR gt al |l methoxy when both X1 and
X2 are C bonded to a rret oxy, ? E{%l ‘R4 are not both nmet hoxy, when
Rl and R2 are both nethoxy and ethoxy; or R and toget her are

al kyl enedi oxy; or R2 and R4 together are al kyl enetf¥oxy; R5 and R6 are each
i ndependently selected fromthe gr oup @ons)Hstl ng of H, halogen, and nitro;
X1 is N or X1 is C bonded ni teo; gand X2 is N, or X2 is
C-bonded to a H alkoxy or nitfo; ca | y .acceptabl e salt
thereof. 2. The conpound acggr it pergin R and R2 are each

i ndependently sel ected fromthe group consisti ng of &l koxy, nitro, am no,
and dimethyl am no. 3. The conpound according to claim1l, wherein R and R3

t oget her ar®herein:

R, and Rz are each mdependently selected from the group consisting of alkoxy,
nitro, amino, and dialkylamino;

R; and Ry are each independently selected from the group consisting of hydroxy,
alkoxy, and -OR;C(O)Rg, wherein R+ is lower alkylene and R; is alkoxy; |

subject to the provisos: that (i) Ry is not hydroxyl when R; is alkoxy, R, is alkoxy
and Ry is hydroxyl; (ii) Ry, Ry, Rs and Ry are not all methoxy when both X and X, are C
bonded to a methoxy; and (iii) R3, R4 are not both methoxy, when R; and R, are both
.methoxy and ethoxy;

or'Rl and R; together are alkylenedioxy;

' er R; and R4 together are alkylenedioxy;

Rs and Re are each independently selected from the group consisting of H,
halogen, and nitro;

X1is N, or X; is Cbonded to a H, alkoxy or nitro; and

Xz21is N, or X, is C bonded to a H, alkoxy or nitro;

or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein R; and R, are each
independently selected from the group consisting of alkoxy, nitro, amino, and

dimethylamino.

3. The compound according to claim 1, wherein R; and R; to gether are

methylenedloxy or ethylenedioxy.

4. The compound according to claim 1, wherein R, and Ry together are

methylenedioxy or ethylenedioxy.
24-




met hyl enedi oxy or ethyl enedi oxy. 4. The conpound according to claiml1,
wherein R2 and R4 together are nethyl enedi oxy or ethyl enedi oxy, -54 16 OCT
2006 5. The compound according to claim1, wherein R5 and R‘@é@gz 8%h
~independently selected fromthe group consisting of H F, and nitro. 6. The

conmpound according to claim1 having the fornmnula: O OH H3G OCH3 H3CO |
OCH3 7. The conpound according to claim1 having the fornula: O OH H3CO \
\ OCH3 H 3000CFRC Clhoopopmdgcerdingipslain lavberii RgandRéaeeadha |1: O OH

Rt | \ \ { . ( R15 R16 X4 Rl14 71! erein: Rl1l and R12
are each ié\néiggéenrﬁl%?e)ﬁcgeeﬁ%qlggﬂ grpgl?nc?rﬁés%g(?%’ go?‘f’sdlr\g[}?'ng of al koxy,

nitro, am no, and dial kyl am no; R13 and R14 are each i ndependently sel ected
fromthe group consisting of hydroxy, alkoxy, and -OR18C(O Rlg, wherein

R b is lower alRyl endhagempepdiasceriogty claim ! IRyngthel fmmela; oget her are

al kyl enedi oxy; or R12 and R14 together are al kyl enedi oxy; R15 and R16 are
each independently sel ected fromtheqgr yp

H:,COOCH;;
HyCO QCHy

7. The compound according to claim 1 having the formula:
0O OH
NSO RAas >4
- HzCOOCH,C CH;GOOCH;
8. A compound according to formula IT:
. O OH
R‘” v x N R R‘IZ
| ®
Riz” X3 Ry Rig” K TRy
Riz an
wherein: | |

Ry; and Ry, are each independently selected from the group consisting of alkoxy,
nitro, amino, and dialkylamino; |

Ry3 and Ry are each independently selected from the group consisting of
hydroxy, alkoxy, and -OR3C(O)Ry9, wherein Ry; is lower alkylene and Ry, is alkoxy;

or Ry, and Ry together are alkylenedioxy;

or Ry and R4 together are alkylenedioxy;

Ris and Ry are each independently selected from the group
consisting of H, halogen, and nitro;

Ry7 15 -Ry9C(O)ORy;, wherein Ry is alkylene and Ry; is H or alkyl;

X318 N, or X is C bonded to a H, alkoxy or nitro; and

Xsis N, or X4 is C bonded to a H, alkoxy or nitro;
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consisting of H halogen, and nitro; R17 is -R20C(O) OR21, wherein R20 is
al kylene and R21 is Hor alkyl; X3 is N, or X3 is C bonded to a H, al koxy
or nitro; and X4 is N, or X4 is C bonded to a H, al koxy or ni@®eT 20005 16
OCT 2006 or a pharmaceutically acceptable salt thereof. 9. The conpound
accordi ng to cl af apBarmabartieblly Ri-éptabld skt thetdod each i ndependently sel ected
fromthe group consisting of alkoxy, nitro, amno, and dinethylam no. 10.
The conpound according to claim8, wherein R11 and R13 together are

net hyl enedi oxy ar et hyl %&ﬁgélﬁf&yaccérﬁintgﬁe%la%g%%i@ﬁé?ﬁg:Rg%%rg%a&f aim 8,

wherein R12 and R14 toget are ne |'enedr oxy or ioXy. 12. The
conpound adwispetidegtly scledtad frod thawrenpiconsRiagafidikbif nitre agfnd) and ndependent | y
sel ect ed fromg%lge roup consisting of H F, and nitro. 13. The conpound
accor di ng £5° Amite- hoy i ng the fornula: O OH OCH3 OCH8 Nz- HO CZH500C OH
14. The conpound according to claim8 having the formula: 0 OH OCH3 | OCH3
HO HOOO On 15. A conpound according to formula I'll: (LIl) R25 OO0 R26

R27 R26 R29 | Mt | The Rompound according to claim 8, wherein Ry; and Ry3 together

are methylenedioxy or ethylenedioxy.

11, The compound according to claim 8, wherein Ry, and Ry4 together

are methylenedioxy or ethylenedioxy.

12, The compound according to claim 8, wherein Ry 5 and Ry are each

independently selected from the group consisting of H, F, and nitro.

13.  The compound according to claim 8 having the formula:

Q OH
OCH4 O N LN OCH;,
HO c

CHs00C OH

14. The compoﬁnd according to claim 8 having the formula:

QO OH

OCH, 0CH3
HO O OH

HOOC

15.. A compound according to formula III:

uy
Rzs O O Ry

O
L
R29 : 3 R3g
wherein;

Rys and Ry are each independently H or lower alkyl;
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wherein: R25 and R26 are each independently H or lower alkyl; -26 16 OCT
2006 R27, R28, R29 and Rao are each al koxy; R31 is Hor lower alkyl; or a
phar maceutical |y acceptable salt thereof. 16. The conpound at&8fdi#H¥ot o
claim 15 having the formula: HO O HH3COI I \ OCH3 H3(;0 HOCH3 17. A
phar maceuti cal fFQv,rRmhdizbmdl&mlaméashalkoay;corrpound according to fornmula 1V,
OCHR ' I_i S X| 4 wherein: R and R2 are each independently
sel ect ed fromt Oplodshaldti ng of al koxy, nitro, amino, and

di al kyl ani no; R%ra@am%caﬁtfcaﬁﬁs&ebaﬁ%ﬁdﬁé}ééfy sel ected fromthe group
consi sting of hydroxy, alkoxy, and -OR7TC(O)R8, wherein R7 is |ower

al kyl ene and R8 is al koxy; subject to the proviso that R3 is not hydroxyl
when R is al koxy, i s al kox 0X and R3 toget her
are al kyl enedi o;i%: Rﬁ?]eﬁﬁmgﬂ‘&u %&@%&la‘g’%ﬁd@ ﬂél%ﬁ&ﬂ“@@\/ RS and are
each independently selected fromthe group consisting of H, hal ogen, and
ni-tro; X1 and N, or Xl is Cbonded to a H alkoxy or nitro; and X2 and N,
or X2 is C bonded to a H, al'kox¥ o©@ ro;

17. A pharmaceutical formulation comprising a compound
according to formula IV,
av)
QO  OH
RIS S AN 2
P | .
X1 R5 Rg x2 Rg

wherein:

R and R; are each independently selected from the group consisting of alkoxy,
nitro, amino, and dialkylamino;

Rj; and Ry are each independently selected from the group consisting of hydroxy,
alkoxy, and -OR;C(O)Rs, wherein Ry is lower alkylene and R is alkoxy;

subject to the proviso that Rj is not hydroxyl when R is alkoxy, Rz is alkoxy and
Ry is hydroxyl;

or Ry and R; together are alkylenedioxy;

or R, and R4 together are alkylenedioxy;

Rs and Re are each independently selected from the group consisting of H,
halogen, and nitro;

Xyand N, or X is C bonded to a H, alkoxy or nitro; and

X3 and N, or Xj is C bonded to a H, alkoxy or nitro;

or a pharmaceutically acceptable salt thereof,
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or a pharmaceutically acceptable salt thereof, -27 16 OCT 2006 or claim$8
or 15 in a pharmaceutically acceptable carrier. 18. The phar maceut i cal
fornul ation according to claim 17, wherein said carrier is HhO&dud®ls
carrier. 19. The use of a compound according to formula IV (1V) OOCHR
Rz R3 X1 BbclRitn Xor Ré in spkareiadeutishllpncbefAbRrcarRach i ndependent |y sel ect ed
fromthe group consisting of alkoxy, nitro, amno, and dial kyl am no; R3
and R4 are each independently sel ected fromthe group consi sting of

hydroxy, al koxyg gﬁga rgg}ﬁ[ nd R8 is
al koxy; subj ect to the rovi so ! Eihgnggcohﬁy%%m%?nmﬁ f%? %s&jal koxy,

R2 is aIkoxmnandanﬁQumﬂmhmﬂﬁmxyl or Rl and R3 together are al kyl enedi oxy;
or R2 and R4 together are aIkernedioxy; R5 and R6 are each i ndependently
sel ected fromthe group consisting of H halogen, and nitro; Xr is N, or
Xr is C bonded gg a Pﬂheﬁbé@l’% dtnfi 'a8eor ﬂgtofgm- R or X2 is C bonded to
a H, alkoxy or nitro; ceutlca acceptabl e salt thereof, or
claim8 or 15 for the preparation of a nedicanent for the treatnent of
cancer in a subject in need theregfv) 20. The use according to claim 19,
wherein said cancer is selected fromthe group consisting of skin cancer,
smal |l cell lung cancer, testicul ncer, |ynphoma, |eukem a, esophageal
cancer, stonmach cancefﬁ Bancer, endonetri al

= o
Ry X1 R Rg¢ Xz

wherein:

Ry and R; are each independently selected from the group consisting of alkoxy,

"nifro, amino, and dialkylamino;

R; and Ry are each independently selected from the group consisting of hydroxy,
alkoxy, and -OR7C(O)Rg, wherein R is lower alkylene and Ry is alkoxy;

subject to the proviso that R; is not hydroxyl when R; is alkoxy, R; is alkoxy and
Ry is hydroxyl;

or R; and R; together are alkylenedioxy;

or R; and Ry together are alkylenedioxy;

Rs and R are each independently selected from the group consisting of H,
halogen, and nitro;

Xy s N, or X;is C bonded to a H, alkoxy or nitro; and

X3 s N, or X3 is C bonded to a H, alkoxy or nitro;

or a pharmaceutically acceptable salt thereof,
or claim 8 or 15 for the preparation of a medicament for the treatment of cancer in a

subject in need thereof.

20.  The use according to claim 19, wherein said cancer is selected from
the group consisting of skin cancer, small cell lung cancer, testicular cancer, lymphoma,
leukemia, esophageal cancer, stomach cancer, colon cancer, breast cancer, endometrial

cancer, ovarian cancet, central nervous system cancer, liver cancer and prostate cancer.
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cancer, ovarian cancer, central nervous system cancer, |iver cancer and
prostate cancer. -28 16 OCT 2006 21. The use according to claim 20
wherein said cancer is prostate cancer. 22. The use accordilﬁgoggz@péi m 20,
wherein said cancer is colon cancer. 23. The use according to claim19,
wherei n said suBject Theusd ddcoirgiowl dif 20aheRENRDEMCcH it PRsavedansyndr one.
24. The use of a conpound according to formula IV (IV) OOCHR3I\ \ / [ |
\ R Ra Xi RS RB X2 R4 wherein: RI and R2 are each independently sel ected
fromthe group eensi g}k gk - Ny ' ' ino;, R3
and R4 are each ?ndepengen%&lfcglﬁs e)égaélgryfolt’%e eﬁ}ggag&r)%a&g&gso%ésl?éﬁﬂﬁg'of

hydr oxy, al koxy, and -OR7C(O) R8, wherein R7 is |ower alkylene and R8 is
al koxy; subject _tot roviso,that R3 is not_ hydroxyl when R_is al koxy,
R2 is al koxy anag' R4qg§8?ﬁﬂﬁ°%@wgt°§?alﬂl9aWéeWFtaﬁjg%lbﬁ‘éﬂsé’lf@c@ﬂwtbenedi oXY;
or R2 and Baidn@plel Sfithidtvaak dioxy; R5 and R6 are each independently
sel ected fromthe gréup consilﬁéﬂ!t“?rﬁg' of H halogen, and nitro; XI is N, or
Xl is Cbonded to a H, alkoxy or nitro; and X2 is N, or X2 is C bonded to
a H, al koxy or npitro;, or a pharmaceytically agcceptable salt thereof, or
claim8 or 15 f 6t thghﬁ}‘%ep%ifaa‘ﬂnﬂ??uﬁ aceofdingn E‘EWBHIVO i nduce androgen

receptor antagonist - activity in a subject in need thereof. 25. The use

according to claim 24, wherein sai ubject is afflicted with cancer. 26.
The use according to cl aim24, (\)/\he[)%i n said formulation is applied in vivo.
Ry NNy T2

< -
: R3 X1 Rs : Rﬁ Xz R4

wherein:

R, and R, are each independently selected from the group consisting of alkoxy,
nitro, amino, and dialkylamino;

| R; and R, are each independently selected from the group consisting of hydroxy,

alkoxy, and -OR;C(O)Rg, wherein Ry is lower alkylene and Rg is alkoxy;

subject to the proviso that Rj is not hydroxyl when R; is alkoxy, R, is alkoxy and
R4 is hydroxyi; |

or Ry and R; together are alkylenedioxy;

or Ry and Ry together are alkylenedioxy;

Rs and Rg are each independently selected from the group consisting of H,
halogen, and nitro;

Xjis N, or X, is C bonded to a H, alkoxy or nitro; and

Xz is N, or X; is C bonded to a H, alkoxy or nitro;

or a pharmaceutically acceptable salt thereof,
or claim 8 or 15 for the preparation of a formulation to induce androgen receptor antagonist

activity in a subject in need thereof.
25.  The use according to claim 24, wherein said subject is afflicted with cancer,

26.  The use according to claim 24, wherein said formulation is applied in vivo.
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-29 16 OCT 2006 27. A nethod of inducing androgen receptor antagoni st
activity, said nethod conprising contacting a cell with an androgen
receptor antagoni st an effective amount of a conpound accor]tﬁgﬁ 8% or mul a
V. (IV) OOHR Rz Rg' 56 2 R4 wherein: R and R2 are each

i ndependent |y sel%ct edl nfiethod ¢fisdugringmdearairsdopty anfh alik@hvity, Bill idthddm no,
and di al kyl@o??.f?:' R3 ?%9 R4 9?1 e.tgach i, ndependent |y sel ect ed T"romthe group
consi sting Of * yH’rgo%?%a 2 18] !/“;’V1 A8 AEREE (P RSO HitRE0aIshaRgticotive emennt of a

al kyl ene an&b@@@a@&mﬁghﬁ%ﬁpﬂqﬁg}o the proviso that R3 is not hydroxyl
when Rl is al koxy, R2 is alkoxy and R4 is hydroxyl; or Rl and R3 together .
are al kyl enedi oxy; or R2 and_R4 together are al kyl enedi oxy; R5 and R6 are
each independently sel ected {’Om t he group consisting of H, halogen, and
nitro; Xl is N or X1 is C bond a H, alkoxy or nitro; and X2 is N, or

X2 is Cbonded to a g al koxy off nitro;, or a_pharmaceutically acceptable

salt thereof, or clairh } Bant act i ng step is carried out

invitro. 28. The u conmpound ac {( r&gtoforrmlalv (I'v) O OH RIx
6 2 4

\ \Rz RR5 Re XZ R4 ertdi nRs

wherein:

Ry and R; are each independently selected from the group consisting of alkoxy,
nitro, amino, and dialkylamino;

R3 and Ry are each independently selected from the group consisting of hydroxy,
alkoxy, and -OR7C(O)Rg, wherein R; is lower alkylene and Ry is alkoxy;

subject to the proviso that R; is not hydroxyl when R, is aIkoXy, Ry is alkoxy and
R4 is hydroxyl;

or Ry and R3 together are élkylenedioxy;

or R; and Ry together are alkylenedioxy;

Rs and Re are each independently selected from the group consisting of H,
halogen, and nitro; _

XiisN, or X; is C bonded to a H, alkoxy or nitro; and

X218 N, or X; is C bonded to a H, alkoxy or nitro;

ora pharmaceutically‘acceptable salt thereof,

or claim 8 or 15 wherein said contacting step is carried out in vitro.

28.  The use of a compound according to formula IV

av)
O OH
Ry |' NN NN R
P P
Ry™ "Xq Rs Re™ X5 R4

wherein;

R, and R; are each independently selected from the group consisting of alkoxy,
nitro, amino, and dialkylamino;
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R1 and R2 are each independently selected fromthe group consisting of

al koxy, nitro, amno, and dial kylam no; -30 16 OCT 2006 R3 and R4 are
each independently selected fromthe group consisting of hyd]r%Qg,Tzoé)ﬁkoxy,
and -OR7C(O) R8, wherein R7 is |lower alkylene and R8 is al koxy; subject to
the proviso thatRsR8diRe anotachyuticpanydentihasied®d framahkgoovp chidistingaf kpkyxpnd R4

i's hydroxyl ; or R d oget her are al kyl enedi gxy; or R2 and R4

t oget her aralekoé{yk%plde'g)z{dp@%#ﬁ’ CrgiR7 lﬁzgm’é‘?ré‘ﬁ@’i%ap ﬁﬁ%ﬂ*@i‘é’%l y selected from
the group consi stihjs@ t8thdprovibAHAIRNis RPHydtbkihel R 1S f ' nded
to a H al koxy or ni tro;el_}')and X2 ig N, o¥ X2§,i S legéngfggxﬁgiz?ﬂ?(ﬁx OoXy or
nitro; or &ﬂﬁbﬂr’fﬁt}émi cally acceptable salt thereof, or claim8 or 15 for
the preparation a rpulation to.induce androgen receptor antagoni st
activity in a s&gﬁé@&%ﬁée%?‘é e\?ﬂh?’l?“ﬁ%"ﬁﬁdr ogen-related affliction. 29.

The use accor di RgR, and R0 arvhARiRInBJi®RY;d subject is afflicted with

bal dness. 30. The use according to claim28, wherein said subject is

afflicted with Rsigpdspeerpacisindemindentiesclestast fom dhe group ednsisBag ofier ei n sai d
subj ect is\}ﬁfo}gkﬁ%ﬁﬂj i.th a behavioral disorder. 32. The use according to
cl ai m 28, efer'n sald’subject is afflicted with acne. 33. The use
according to cl &y R or ¥hBr@bondeditsla $1)BIKO&Y of £it:d; AR] € subject and said
andr ogen receptg{ﬂ.ant agoni st effective anount of said conpound according to

formula (1V), 1§ Naphakgisdy bamle tpp B, atkoxper piovgenesi s. - 31

or a pharmaceutically acceptable salt thereof,

or claim 8 or 15 for the preparation of a formulation to induce androgen receptor antagonist

activity in a subject afflicted with an androgen-related affliction.
29.  The use according to claim 28, wherein said subject is afflicted with baldness.

30, The use according to claim 28, wherein said subject is afflicted with

hirsutism.

31.  The use according to claim 28, wherein said subject is afflicted with a

behavioral disorder.
32.  The use according to claim 28, wherein said subject is afflicted with acne.
33, The use according to claim 27, wherein said subject is a male subject and

said androgen receptor antagonist effective amount of said compound according to formula

(IV), or claim 8 or 15 inhibits spermatogenesis.

-31-




