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Field of the Invention '

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

20

Background of the Invention
The androgen receptor (AR) is a member of a large family of ligand-

dependent transcriptional factors known as the steroid receptor superfamily. Chang et
_ al., Proc. Natl, Acad. Sci. USA, 85, 7211-7215 (1988). Beato, M., Cell, 56, 335-344
25 (1989). Androgens and the AR play an important role in the growth of the normal
prostate and prostate cancer. Prostate cancer representé 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
or medical castration have been widely used for the treatment of prostate cancer.
30 Crawford et al., New Engl. J. Med., 321, 419-424 (1989). Several compounds,
including cyprosterone, HF, and bicalutamid:e (shown below), have been used

clinically in the treatment of prostate cancer.
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O -OHOHOO50H:J0oO/ I FFCINHF CI NC Cyprosterone Ftutamde, R =H
Bi cal utam de Hydroxyflutamde, R = OH Chart 1. Structures of cyprosterone,
hydr oxyf | ut am de, and bi cal utam de. The synthetic steroidal antiandrogen
cyprosterone is one of the first antiandrogens used clinically in Europe,
McLeod, D., G, Cancer, 71, 1046-1049 5 (1993) but it has many side
effects. Neumann et al., J. din. Oncol., 1, 41-65 (1982). HF and

bi cal utam de are both nonsteroidal antiandrogens. Bicalutam de is a newer
nonst er oi dal anti androgen orjginally thought to have a pure anti androgen

activity wthout agonist agtiwyty. It has a lfonger half-life (6 days) and
a higher binding affinity

e AR t han#F.~ Ver hel strogp %Qle., din.
Endocrinol ., 41, 525=k& @ . (a)rRKe MO et al. ,°§>{JD€ 993), 149,
Q Prost at e Ca . J. e;l: . 15664572
q b

607-609; (b) Scher Onc ol .
(1993). Al though an 6gen hor norfeé t her apy has \eén wi dely used for the
treatnent for prostate c&hcer, sone antiandrogemns ndy act as AR agoni sts
which may result in "amtsieamdr ogenfwiridh@rBwal syndr onmeBtauivhijeanot o- et al .,
Proc. Natl. Acad. 15 Sci. USA, 95, ™7998§"948% ("1098). A currently accepted
hypot hesi s postul ates that mnutations in androgen receptors may account for
why HE, the active net ab@hartieSuodures df fypitstereme. Gharoxy hamidaod Gicghmgméiie. andr ogen r ecept or
target genes and stinulate prostate cancer growh. Myanoto et al., Proc.

s S Uy e/ Sed i ARl SRS 314 e 10
experi ence an amiznéagesi wepredisicaliieirs fewipé.i Rchedtd, den Q. PSMcenhll, & 0t&R DHY

(Lutam de.baveeg IS5 RSRR Ry PRI MARY B3 Ol LAGPLIEIL otEet,
reporter genelwhindbickpsessed bntmogesoielsponsdogdemaitdlutamidetihe presence
of ARA70, the nonsteroidal antiandrogen originally thought to have a pure antiandrogen activity
without agonist activity. It has a longer half-life (6 days) and a higher binding affinity
to the AR than HF. Verhelst et al., Clin. Endocrinol., 41, 525-530 (1994). (a) Kelly
10 etal,J Urol (1993), 149, 607-609; (b) Scher et al., Prostate Cancer. J. Clin. Oncol.,

11,1566-1572 (1993).

Although antiandrogen hormone therapy has been widely used for the
treatment for pr'o;state cancer, some antiandrogens may act as AR agonisté which may
result in “antiandrogen withdrawal syndrome.” Miyamoto et al., Proc. Natl. Acad..

15 Sci. US4, 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
growth. 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 ARAT0, the
first identified androgen receptor co-activator. Yeh et al., The Lancet, 349, 852-853

25  {1997). Because this syndrome often leads to the failure of androgen—abiative

therapy, it is desirable to develop better antiandrogens. without agonist activity.
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first identified androgen receptor co-activator. Yeh et al., The Lancet,
349, 852-853 25 (1997). Because this syndrone often |eads to the failure of
androgen-abl ative therapy, it is desirable to devel op better

anti andr ogens. wi t hout agoni st activity. -2 The phenolic diaryl heptanoid
curcumin (1) is the major pignment in turmeric. Curcumn and its anal ogs
show potent anti-oxidant activity, anti-inflamatory activity, Nurfina et
at, Eur. J. lvied ChEmphe8@jc 2318pBn(id 28 mery (19t Othie ahdjyr pigRkmsih tukdsnor -

cells, Syu et a .. Nat. .Prod,, 6 1531-1534 (1998), .antitunor-pronoting
5 activities, S%%ﬁd;}/%ur?al\l%lé 1gsl ggdﬁsoaogmpoéﬁéﬁﬁﬂ@%fd?@t %@f"‘?iﬂ?@ﬁa(r%geﬁy.
Ruby et at, Camtieity,eirfing e94, E7A-B3/4/1895)., and3am2izangin0aenesiGtyaghing t y
(J.L. Arbiser et al. IS. I\/Eﬁg. §: 373J éﬁlggﬁ)%‘" Two Cﬁzl i ¢ di aryl hept anoi ds,
13- oxonyr i canol "SI9§ Cﬂ%bi CHOAE; e BT ed nel> 1ot dntt ARIOBY ARBEIRSEIEG g
effects on DBVBAudiRities, au@tlama ki AEABIBAME S ARMSE, $Kid19.559 @@sg.i g%@ﬁj.s
have been reported. |shida et al,, Cancer Lett., 159. 13%- 14 ?%g 0). In

the present stud§cealflnter §P (A3 rnd artiensivrenssiapetyies) hadebiaehalpiepar ed
and eval uated f@f4aag@hstic activity against the AR in the presence of
androgen receptor coactivdator, ARA70, using two human prostate cancer cell
lines, PC-3 and DU 14® cyghc GayBleptancides Hneiooyesinatiohdegengdinota shibitilgl s
that do not  ex $ [ : cel r dr n-i ndependent
tunor cells th to‘?egll éﬁ%“%gﬂn%? ﬁé& efge;c% %tr?l:q]@élz 0 %%fak%ﬁ%d?u}%gfé’}cﬁge TPRE skl

| nvent i on Afcordivmpgeresisiisod bemregorefl. tiddgeteseftndenvent i 6%,136140 groEsent

i nvention 20 rel ound according to fornula |. A first, aspect
of the present Ilgrﬁeteﬁrf%?e%ﬁsﬁgd ’%rgglgllrﬁ)ﬁ%ann & %%?‘%Jiuﬂgan?%g‘fe&hﬁﬂ? Beep pé‘?Parqda%naR’ O
OHR* R\ \ / evalatRZfflptagdBstidraciRBtyRgaiXa tRAAR ' ih theRtesdndd dR androgen receptor

coactivator, ARA70, using two human prostate cancer cell lings, PC-3 and DU-145.
PC-3 cells are androgen-independent tumor cells that do not express functional AR.

15 DU-145 cells aré androgen-independent twﬁor cells that also do not express
functional AR. ‘ .

Summary of the Invention

According to embodiments of the present invention, the present invention
20 relates to a compound according to formula I:

A first aspect of the present invention is a compound according to formula I or
Ta: '

(fa)

25

wherein:



RR\V\V\/ \ Rop(la) R Ry 25 Ra ::(Xr RSR XZ R4 wherein: -3 R and R’
are each independently selected fromthe group consisting of H, al koxy,
and halo; Ra and Rb are each independently selected fromthe group
consisting of H alkyl and halo; 5 Rl and R2 are each independently
selected fromthe group consisting of H  hydroxy, alkoxy, nitro, am no,
and di al kyl am no; R3 and R4 are each independently selected fromthe group
consisting of H,  hRO&@XY ard@dcbindapdadatly satried GRAHCLEONREY codietieg nf B i s

| ower alkylenea@gd R5 h% ~alkoxy; 10 or R, and R3 together are

al kyl enedi oxy; *8F"-R9 538 Ra toget her are all cyl enedi oxy; R5 and R6 are

each i ndependent|y meherrafe t4chbmMdeperdaniBuRIeRaFost the groab chhsistagbogen, nitro
and al koxy; X, is N,_or X 1is Cbonded to a H, alkoxy or nitro; and 15 X2
is N or X2 isa&ybgddsiito a H, al koxy or nitro; subject to the proviso

that curcumin is exgluded LOelBiiRMndeRly RILRATBCGHLIRB hYsidegeptabl e salt
thereof. A further aspect of the present invention iS a conpound according

to formula || hydoosakpty,nitRe 2miro} ynd drelkylamix®3- R 1 5 4 R16 4 R14 20 R17
‘(’:‘Qﬁ; |e|s t”I . R11 . a”dl Elﬁ ARS8 ﬂfi’.{‘e’%e%@%ﬁ%tslﬁ%cﬁ%g keeEd %{058 DdfEng PP
g o al koxy, nitro, am no, an Ial’kyl'am ng;
hydroxy, halo, alkoxy, and ~OR5C{O)Rg, wherein Ry is lower alkylene and Ry is
alkoxy; |
10 or R and Rj together are alkylenédioxy;
or R; and Ry together are alkylenedioxy;
Rs and R are each independently selected from the group consisting of H,
halogen, nitro and alkoxy;
Xy is N, or X is C bonded to a H, alkoxy or nitro; and
15 X, is N, or X5 is C bonded to a H, alkoxy or nitro;
| subject to the proviso that curcumin is excluded thgrefrom;
or & pharmaceutically acceptable salt thereof,

A further aspect of the present invention is a compound according to formula
1

wherein:
Ry; and Ry, are each independently selected from the group comsisting of
alkoxy, nitro, amino, and dialkylamino;, '

25 Rz and R4 are each independently selected from the group consisting of
hydroxy, alkoxy, —OR;3C(O)Rye wherein Ryg is lower alkylene or alkenylene and Ryg
is alkoxy, and tetrahydfopyranyi;

or Ry and Rys together are alkylenedioxy;

or R); and Ry4 together are allkylenedioxy;
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25 R13 and R14 are each independently selected fromthe group consisting of
hydr oxy, al koxy, -OR18C(O R19 wherein R18 is | ower al kylene or al kenyl ene
and R/ 9 is alkoxy, and tetrahydropyranyl; or RL i and R13 together are

al kyl enedi oxy; or R12 and R14 together are al kyl enedi oxy; -4 R15 and R16
are each independently selected fromthe group consisting of H, halogen,
and nitro; R17 is -R20C(O OR21, wherein R20 is al kyl ene or al kenyl ene and
R21 is Hor alkyl; RsX3dRss &N eah iX@epesddutibaedacd fromathélgraapkoxyisting ofiH r o;
and X4 is N, ar is,C.bonded to a H, al koxy or nitro; or a

phar maceut i cal ﬁﬁ?l%ﬁéﬁfi&‘m% salt thereof. According to yet other

enbodi ments of the M esLAR, VBRI, Cfherdil®,Pis@S8Mne o AKERIER arddER AEH ¢;0
conpounds according to the formula I11: 10 (111) R25 O0 R26 R27 RR23 R29

R31 R 30 15 vi#eflein: R25 and R26 are each i ndependently H or |ower alkyl;

R27, Reg, R29 and R@Q1@@0%@0@05@8&%0a@%ﬂd&yﬁﬁ&o%@ﬂﬂer al kyl; or a
phar maceutical ly accept able salt thereof. further aspect of t he

present invention |%GSNOW@Wd@dPMaJHOWOY@UORal | \ I \ Rae (1V)

Ras R44 or a pharmaceutically acceptable salt thercof.

According to yet other embodiments of the present invention, the present
invention relates to compounds according to the formula I1I:

10
(1)
Ras O O Rgs

Rag

15 wherein:
Ros and Ryg are each independently H or lower alkyl;
Ry7, Ras, Rao and Ry are each alkoxy;
Rs; is H or lower alkyl;

or a pharmaceutically acceptable salt thereof.

20 A further aspect of the present invention is a compound of Formula IV:
0

o I 7 o av)
Ry Ray
wherein:
R41 and Ry are each independently hydroxy or alkoxy; and
Rus and Ry: are each independently hydroxy or alkoxy;
25  or a pharmaceutically acceptable salt thereof.

A further aspect of the invention is a compound of the Formula:



wherein: R41 and R42 are each independently hydroxy or al koxy; and R43
and R44 are each independently hydroxy or al koxy; 25 or a pharnmaceutically
acceptabl e salt thereof. A further aspect of the invention is a conmpound of
the Formula: -5 OHo\ | / ox o0 xo or a pharmaceutically acceptable salt
t hereof. According to still other enbodinents of the present invention, .the
present 5 invention relates to a nethod of treating cancer, conprising
adm nistering to a subject in need theré&8f altreatnent effective anount of
a conmpound according to the formnul as ggpcuniqj Exanpl es of
cancers that may be treated i i | T t ski n cancer,
smal |l cell lung cancer, testi cancer, | ynphons, ema, esophageal
cancer, stomach cancer, colon g¢anfer, breast cancer, onetrial cancer, 10
ovari an cancer, central nerv system cancer, liver cancer and prostate
cancer. According to yet other enbodi nents of the present invention, the
present invention relates to a nethod of inducing androgen receptor

ant agoni st act ig¥ b biardab&ricABL RO AR igka@ contacting a cancer cell with
an androgen receptor antagonist effective amount of a conpound according
to the fornul as abo®ec@RIngpctith ¢theri@nbadimesndi af theoprssent invsntiodithee pesendf  t he
present inventi : I | e jﬁgg L i ng
andr ogen regepfggngﬁ?gggﬁﬁigB%§FF3¥ﬁgﬁ#ﬁqg&%ggﬁﬁﬁg%ggg |€%§g%3§%hﬁgﬁﬁ

andr ogen-r el at énnesfifthdrenfiadreatmentefifictivetmeint gf acooppodaccording aritie fogmtlast he

formul as above cur ] %§%%B of _androgen-rel.at afflictions

i ncl ude, but aF@aﬁo %#ﬁ#@%d 0, Eﬁ?ﬁﬁ%&%{dﬁgﬁgﬁ ﬁgéﬁaeg a@?é?gP%aF§%$ders,
20 acne, and umhimted in, tskid ceyrer, maial gelh aap sambe taiioulindantdr] lyomphata, leukemia,
spermat ogenesi s_i s so, desired. .Brief scription of Drawings Figure 1

P ustrates st PIERHEL o BFe B RAH HoSHaF DER T DBy, canbet otimelrialthnter

10 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 methoed of inducing androgen receptor antagonist activity, the
method comprising contacting a cancer cell with an androgen receptor antagonist
effective amount of a compound according to the formulas gjoove or curcumin.

15 According to other embodiments of the preéent invention, the present
invention relates to a method of inducing androgen receptor antagonist activity in a
subject afflicted with an androgen-related affliction by administering a compound
according to the formulas above or curcumin. Exampies of androgen-related
afflictions include, but are not limited to, baldness, hirsutism, behavioral disorders,

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

desired.

Brief Description of Drawings
Figure 1 illustrates structures of curcumin analogues (1-20);

25 Figure 2 illustrates structures if curcumin analogues (21-44);
Figure 3A illustrates suppression of DHT-mediated MMTV transcription AR
activity by hydroxyflutamide (HF) and selected compounds;
Figure 3B illustrates suppression of DHT-mediated MMTV transcription AR
activity by hydroxyfiutamide (HF) and selected compounds; and

G-



25 Figure 2 illustrates structures if curcum n anal ogues (21-44); Figure 3A
illustrates suppression of DHT-nediated MMIV transcription AR activity by
hydr oxyfl ut am de (HF) and sel ected conpounds; Figure 3B illustrates
suppressi on of DHT-nedi ated MMIV transcription AR activity by
hydroxyf | utam de (HF) and sel ected conpounds; and -6 Figure 3Cillustrates
suppressi on of DHT-nmedi ated MMIV transcription AR activity by

hydr oxyf | ut ani de ( HFguan3C sitseetee dupporspountBHBatdirled dIPES clrdnpiringAn R t he

I nvention 5 The pre ve ‘ nore fully

her ei naf t er mﬁthEw?@ﬁ&?&ﬁ@éngmgngpg%%gg%§%$§%8%§§%5$§§ whi ch further
illustrate the invention described herein. This invention may, however, be
enbodied in different fornms and. shou|d not s c-nst ued as linted to the
enbodi ments set forth herein. =R 2 i ettt s are provided so

that this discl osurgpdvpltdsentDavéntion oughn@n daecmmmiemmﬁmylﬁbrméﬁerfwﬁ y
convey the scope of the invention to those

|
terminol ogy usé&demERretin Bedeciiapying fepres, Vﬁéchs’?‘mg?fgﬁ@!ﬁrgf?ég"e}nﬁefﬁtgmfd(??mpﬂ%

pur pose of desﬁéx’eﬁ' NG PALLIHEH kB, Ecrm@ﬂ BB BLSoMBd h @fdrehSionnt aldyheridedit o be
limting of the invention. As Used in the description of the |nve tion

andt he appendede cdoastrsd ag Haniginipuither embpdimenty” set " fopth  hgrgine ¢ Henthegy fhese
intended to inglude E r N&ESSH 8 SRRIXtnd
clearly |nd|cat%§ ermn§ﬂ5a%({gggﬁjggﬁ%gﬁﬁggvﬁggﬁned 1§2%I t echni cal and
scientifici®er mgll ﬁéledoweiwnscnm/@fthet hmsergimmgo thesmikiidpdan t’fvfﬁcﬁrfflﬁ\frnnl y under st ood
by one of ordinary t L ORYSHe Al
publ i cations, paten app %kﬁggﬁ%ﬁgnkf %Qﬁénﬁ'%;ﬁgfgv %gﬁgﬁggs nent?oned
herein are |ncpmpm%aﬁéﬂah&u@gﬁﬁnmhmen@qmnhmmmnbnuﬁneﬂw1n@®dﬁ%@1EémwﬂﬂalkyI"
mmy Do |1 near OF DBIHRGHG Al oSBT detean dlp PRt eppdet il S0
herein refers R sthpGRAROKE U2 Dfar’had F'!he’nuls aitendetttnktu@OHe plur@Gbtms dd@vell, OH
Curcumin, or a pharnaceutlcalhy gcce ble salt thereof, nmay be used to
carry out i unless the context clearly indi ca‘{e ErWIse,

Unless otherwise defined, all technical and scientific terms used herein have

the safie meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. All publicafions, patent appi}'cations, patents and other
references mentioned herein are incorporated by reference in their entirety.
20 The term “alkyl” or “loweralkyl” as used herein refers to CI to C4, C6 or C8
| alkyl, which may be linear or branched and saturated or unsaturated.

"Curcumin” as used herein refers to a compound of the Formuia:
OH 0

OCH,

BOAARA &
’ . OH

HO
Curcumin, or a pharmaceutically acceptable salt thereof, may be used to carry out the

25 fnethods described herein.
“Cycloalkyl” is specified as such herein, and is typically C3, C4 or C5 to CG
or C8 cycloalkyl.

“Alkenyl” or “loweralkenyl” as used herein likewise refers to Cl to C4

alkenyl, and alkoxy or loweralkoxy as used herein likewise refers fo C1 to C4 alkoxy.



25 net hods descri bed herein. "Cycloal kyl" is specified as such herein, and
is typically C3, C4 or C5 to C6 or C8 cycloal kyl. "Al kenyl" or

"l ower al kenyl " as used herein |likewise refers to C to C4 al kenyl, and

al koxy or | oweral koxy as used herein likew se refers to C to C4 al koxy.

-7 "Al koxy" as used herein refers to |linear or branched, saturated or
unsaturated oxo-hydrocarbon chains, including for exanple nethoxy, ethoxy,

propoxy, i SOpropoxyalkbi 06 YasecPlRglih T8l OX ineaF e ble@ENBd, @t Mrhicd 38 ubkaRgatbEer ei n
refers to C3 to Cl10 Cégllc§$rorrat|c roups such 5 as phenyl, naphthyl, and
the like, and PHP(e Aift dRpt oﬁb%n@ﬁcﬁleg’é}xl’aol%hoxy: "HRPPY> as

used herein refsﬁgﬁpé)g, gﬁmx)h@h@ggﬂogoup such as chloro, fluoro, brono, or
iodo. In some enbodinents halo is preferably fluoro. The term

" hydr oxyal kyI " as ubksdtererayii ap uied hereinyelyrs tod°30e Glilaelic aspmpticegretnsuch

hydroxy sub tl£ e 1 @ 1iSH2 XA m
"am noal kyl ™ as%sedlaﬁiéﬁgylyn arrle Brsc togg’flu %@ﬁgﬁl Ouégsau-m%sgfﬂl
am no- substituted aftfkald” asvhesddierein hefersep rany drrlaget! grefpesscht @ tHierogfloup,

NR R', wherei nbroﬁo %gd(ﬁ' In%@ﬁ%@ﬁﬁ@ﬁg&gg&%ﬁ@)@%;ﬁ&eguf romH or |ower alkyl

as defined aboVe. “Fhe term
“"tetr ahydr opyr anyl "'ITreeﬂcbnn Shitdooxgallypio up uedd Helnein kefemsud &1 to £F line®Qor bFehéder m

e e TR PR Tt Byt TR SUT AP ey of er's to C3 fo 80
?EVSGS;&B“%%' the ganer PR TR G e S T o R OREBERE Vher o
each RN is i nd@p@ﬁd@bﬁhlﬁyﬂhﬂbﬂi WhereﬁnélmtémmPan’ilno"elafqrm@"thaswusé@kfh'émﬁwnr efers
Lo 2N LYPe Ol LSk Rk el PAIRa AnPEIS! ik fut BALRN (BILI 161 o0
patient' (e.qg. NHQ, HOECHg, N(IEIég)gyemqatons) delay in the progression of the

di sease, prevention or delay of the onset of the dlsease etc. 25
"Phar maceut i cal |y ddedprnfirehydernawd’ wéveior srewnef hafrmle conpound or

I5 . @

The term “oxyalkyl” as used herein refers to C17to C4 oxygen-substituted
alkyl, i.e., -OCHj3, 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 ~-ORNO-, -

20 ORNORN-, or -RNORNORN- where each RN is independently aikyl.

“Treat” or “treating” as used herein refers to any type of treatment that imparts
a benefit 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, etc.

25 “Pharmaceutically acceptable” as used ﬁerein means that the compound or
composition is suitable for administration to a subject to achieve the treatments
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

30  eliminated.



conposition is suitable for admnistration to a subject to achieve the
treatnents described herein, wi thout unduly deleterious side effects in
light of the severity of the disease and necessity of the treatnent.
"Inhibit" as used herein neans that a potential effect is partially or
conpletely 30 elimnated. -8 "Androgen" as used herein refers to sex

hor nones generally known to those skilled in the art and include, but are
not limted to, testédrsiiegwiias ukdlyarinrefetsds ser bomnonengohentlg kostenedicone and
conpounds knowy,. L i i.m rogen uch dr ogen
Feceptor agoni SEL& Aihe bl SRR TR btlied B LR RN RS G B
conbi nati on t herdahdrositntdiard pedenmpbirdddr lawstn sy ndt onefhed@nigse dsifaaeits
refers to a phen nenon Chcglar cteri z%% by ei ishh_e,r Qg) change or i ncrease in
ser um pr ost at e “SBEETF SRR TTGER" (PEADT SRiEht TR U pEHeS R ATEPPAET on of
anti andr ogef t bengpwd, @ncombiiahseteesf decreased PSA concentrati on
observed after w thdrawal of antiandrogen therapy. 10 "Androgen receptor
ant agoni st" as used(;j Fafrees a‘f’g Sé{n%ﬁﬁ’ﬁoﬁﬁasefiﬁ’éfem FRARE foaf phengmenon
conpl et el y i nhiirdcterizB@ baGithitl Aoy ciRthg@Br ANHAGEN if SGERINEst ALY antigen
"Androgen-related affliction" as used herein refers to condi'tions erein

an andr ogen or (fc¥hifioRegare PR iR ariop| of ynbandenesn itherartye b a dithseaent

obser ved. The BESEN pSAUERLLOROL SoEAMESHARMIRELIRTE btialbled by, cat Ment
I I é e tréatnen

of human 15 subjects, but nmay al so be enpl oyed for t of ot her

ani mal subjl@cts (i.&mdrogenmeedptor amldgamist Fsowsed dieesin mafess four pospeundviatal s
o o Pl ert e ok R DOLIR, BRI W Aty B EL LBt ot of sbove, o
| or la: 20 R O OH/ARdrdgendrelptey afflifgtion” B2 ubéd herBld f¥ferRp Redd@aRywhReirCnO R
R I\ R e_(uld?ggen or combination of androgens play a role in the condition observed.
The present invention is concerned primarily with the treatment of human
15  subjects, but may also be erﬁp!oyed for the treatment of other animal subjects (i.e.,
mammals, avians) for veterinary pm“poses. Mammals are preferred, with humans
being particularly preferred.
As noted above, a first aspect of the present invention is a compound
according to Formulas I or la:

20

@

wherein:
R' and R" are each independently selected from the group consisting of H,
25  alkoxy, and halo;
Ra and Ry, are each independently sclected from the group consisting of H,
alkyl and halo;

-9-



R RbRBXi RSR6 X2 Ra wherein: R and R' are each independently sel ected
fromthe group consisting of H 25 al koxy, and halo; R and Rb are each

i ndependently selected fromthe group consisting of H al kyl and halo; -9
Rl and R2 are each independently selected fromthe group consisting of H,
hydr oxy, al koxy, nitro, am no, and diallcylam no; R3 and R4 are each

i ndependently selected fromthe group consisting of H  hydroxy, halo,

al koxy, and - OR, C( ORR8nd Rhenceich iRFependentinwesdlecddyire e mng &RBsistg B Hal koxy;

or R and R3 t r \ i or. R2 and R4 together are

al kyl enedi oxy; q%g‘togﬁ’él%%%geaggﬂggﬁgéﬁgﬁﬁmnﬁ 'y selected fromthe group
consisting of H, hﬁb@lgia]mammdl@n@pdldahﬂ)os@escteﬁﬁ%%t}ﬁgbbupQﬂ’onsPKttmlg&fH bonded

to a H, al koxy.,or nitr X2 1 onde 0 a al koxy or
nitro: subject ¥IFHEHS r%@?’% a?‘%aet)ﬁb(gpé%m hese S%&‘é' af é’f‘ﬁt’) or a
phar maceut i ¢al Iaycoay:,cept able salt thereof. In sone part| cul ar enbodi nents of

conpounds of Formnul as_| la, at a 15 one of R and R' are al koxy or
hal o. In some partl gLR @%%1'5 ihﬁ’é‘?‘fféiéﬂfen%ﬁ’ﬁ’@unds of Formulas | and la, R

is halo and is &Rgmtggeﬂﬁam,amﬁg{g@pl y al kyl. I'n sonme particul ar

enbodi nent s of conmpbunds of Formul as | and R2 are each
i ndependent |y sel ecRetd Rowt £41é l@i%@ﬁﬁ%@h@@iﬁdrf@%fheﬁmwnﬂmmgrOéH, ani no,

20 and di et hyh@ggéﬁomulorgmggﬁgxpartl cul ar. enbodi nents of conpounds of
Fornulas | and la, R R3 toget her are net hyl enedi oxy or et hyl enedi oxy.
In some pariPicul ar Knﬁd‘&lqli%usscbﬂbnd@@mtindkomormm@s | and la, R2 and

Ko is N, or X, is € bonded to a H, alkoxy or nitro;
subject to the proviso that curcumin is excluded therefrom;
or a pharmaceutically acceptable salt thereof.
In some particular embodiments of compounds of Formulas I and Ia, at |east
15  one of R' and R" are alkoxy or halo.
In some particular embodiments of compounds of Formulas I and Ia, R, is
halo and Ry is H, alkyl or halo, preferably alkyl.
In some particular embodiments of comounds of Formulas I and Ia, Ry and R»
are each independently sclected from the group consisting of alkoxy, nitro, amino,
20 and dimethylamino.
In some particular embodiments of compounds of Formulas I and Ia, R; and
R together are methylenedioxy or ethylenedioxy.
In some particular embodimént; of compounds of Formulas I and Ia, Ry and
R4 together are methylenedioxy or ethylenedioxy. _
25 In some particular embodiments of compounds of Formulas I and Ia, Rs and
R are each independeﬁtly selected from the group consisting of H, F, and nitro.
A further aspect of the present invention is a compound according to Formula
1




R4 together are nethyl enedi oxy or ethyl enedi oxy. 25 In sone particul ar
enbodi nents of conpounds of Formulas | and ta, R5 and R6 are each

i ndependently selected fromthe group consisting of H F, and nitro. A
further aspect of the present invention is a conpound according to Formul a
l1: OOHRL1\ R12 (ZZ) R13I1X3 R15 R16 X4 R 30 Rl~ -10 wherein: Rl11 and
R12 are each independently selected fromthe group consisting of alkoxy, -
nitro, am no, and dialkylam no; 5 R13 and R14 are each independently

sel ect ed from whereigi oup consi sting of hydroxy, al koxy, -ORL13C(O) R19

wherein RI3 is |o e i i.s al koxy, .

t et r ahydr opyr anyl \;Ae%lr‘ ag,lﬂ@lffhﬁlnndgE %%a]!tngg;%g%%a%%gtg&kfy néntg%igf)w; élonalgt?%ﬁf and

R14 t oget her aalkox, kiploemeidd oy diali€yl&hiso;and R16 are each i ndependently
R17.is

lected fromth i sting of H,_ hal ogen,. and nitro;
“R20C( O ORPY,  wher dih BE0UH <P BREBF Ry R e B AR ST O kyl

X3 is N, or X3hjidsoxy, Bikoeled-Or0 @R ,althedetl ROY is Mvidy QlkyBnd or ARer{dereendNR;Pr X4
is C bonded to a_H al koxly Océ nitro; or a pharmaceutically acceptable salt
thereof. In sof@XparEne iRy Eomy&dYent s of conpounds of Formula I, R20 is

al kenyl ene. In somrmrﬁdwgﬁéetml@gg{@i&% conpounds of Fornmula I, R13
and R14 are 20 tetrahydr%?yran | . I'n’'some particul ar enbodi nents of
1

conpounds of For mul% R andfy togefgerrrpaliiylencdéagh i ndependent |y sel ected from
the group gpnsisting,gfq ﬁllské?éléach%ﬁép%nd@l% ROectBPom the group consisting of H,

halogen, and nitro;

Ry7 is —R2C(O)OR,1, wherein Ry is alkylene or alkenylene and Ry is H or
allyl;

X3is N, or X3is C bonded to a H, alkoxy or nitro; and

15 X418 N, or X4 is C bonded to a H, alkoxy or nitro;
or a pharmaceutically acceptable salt thereof,

In some particular embodiments of compounds of Formula II, Ry is
alkenylene.

In some particular embodiments of compounds of Formula II, Rz and R4 are

20 tetrahydropyranyi.

In some particular embodiments of compounds of Formula II, R;; and Ry3 are
each independently selected from the group consisting of alkoxy, nitro, amino, and
dimethylamino.

In some particular embodiments of compounds of Formula II, Ry and Ry

25  together are methylenedioxy or ethylenedioxy.
In some particular embodiments of compounds of Formula II, Rj; and Rys
together are methylenedioxy or ethylenedioxy.

In some particular embodiments of compounds of Formula II, R;s and Ry are
each independently selected from the group consisting of H, F, and nitro.

30 According to yet other embodiments of the present invention, the present

invention relates to compounds according to the formula I1I:
(I11)

-11-



di ret hyl am no. In some particul ar enbodi nrents of conpounds of Formula I,
R11 and R13 25 together are nethyl enedi oxy or ethyl enedi oxy. In sone

particul ar enbodi nents of conmpounds of Fornmula I, R12 and R14 together
are net hyl enedi oxy or ethyl enedi oxy. In some particul ar enbodi ments of
compounds of Formula I, R15 and R16 are each independently selected from

the group consisting of H F, and nitro. 30 According to yet other
enbodi ments of the present invenkRporp tige prggent invention relates to

conpounds according to the Fi%z ha LI ] 7] R25 O O Res R27 Res R29
R31 R 30 wherein: R25 and : pren ently Hor lower alkyl; 5
R27, R28, R29 and Rao are chral koxy ;R3S or lower alkyl; or a
pharmaceutical ly acceptabl €' ¥alt thereof. A further aspect of the present
invention is a conmpound of Formula IV: O Rai .~ | R42 (1V) Rai | R44 10

wherein: R 1 afi#eR4R2 are each independently hydroxy or al koxy; and R43 and
R44 are each indepe tl ; I X .pharmaceutical ly
accept abl e salt ?ﬁzéreo 2.65%%éﬁnﬁ§r@n§%ng g¥8§¥w?ﬁ£e&ﬁhventi on is a conpound of
t he Formul a3  OHER, Rag, Rao and Ry are each alkoxy;
Ra; is H or lower alkyl;
or a pharmaceutically acceptable salt thereof.

A further aspect of the present invention is a compound of Formula I'V:

10 wherein:
Rq1 and Ry, are each independently hydroxy or alkoxy; and
Ry4s and Ry4 are each independently hydroxy or alkoxy;
or a pharmaceutically acceptable salt thereof, o

A further aspect of the invention is a compound of the Formula:
CH 0

‘15
or a pharmaceutically acceptable salt thereof.
A. Specific compounds
20 Specific compounds within the scope of the present invention include, but are

not limited to:
S-1
G  OH
H3CO O x N O OCHs
HaCO™ NF OCH,

-12-



O\l / OH 015 xo

or a pharmaceutically acceptable salt thereof. A

Speci fic conmpounds 20 Specific conpounds within the scope of the present

i nvention include,
OCH3

but are
-12 S-2 O OH H3 CO OCH3 H 3000CH2C |

not limted to: S-i

O OH H3CO |
/\ CH2ZOO00H3 5 S-3 O OH OCH3

j \ OCH3 H3CD

I \/ / OCH3 HO C2HS000 OH S-4 O OHOCH3 \ \ / / \ OCH3 10 HO HOOC OH

S5 HO O HHICO\ OCH3 H3CO0 |

/ H OCH3 Additional

exanpl es of conpounds

of the invention are set forth bel ow.

8-2
O OH
H3COCH3
HaCOOCH,C CH,COOCH
5
3-3
O OH
OCH; N NG ‘ OCH,
HO CoHs00C OH
S-4
¢ CH
OCH; N OCH;
10 HO HOOC ‘ OH
S-5
H O O H
H30000H3
A9
H;CO OCHs
Additional examples of compounds of the invention are set forth below.
15 '
B. Synthesis of Compounds
Variations on the foliowing general synthetic methods will be readily apparent
to those skilled in the art and are deemed to be within the scope of the present
invention.

20 Figures 1 and 2 show the structures of curcurmin analogues and 1,3-diaryl-1,3-
diketopropane  derivatives. Curcumin (1), demethoxycurcumin (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

25  curcumin (4) and monomethyiated curcumin (9). Methylation of 1 with methyl iodide

and K7CO3 furnished the trimethylated derivative 10, in which a methyl group was
<13



15 B. Synthesis of Conpounds Variations on the foll ow ng general synthetic
nmethods will be readily apparent to those skilled in the art and are
deened to be within the scope of the present invention. 20 Figures 1 and 2
show t he structures of curcum n anal ogues, and 1,3-diaryl-1, 3-

di | cet opr opaW8 Ba# 4t i ves. Curcumin (1), denet hoxycur cub§THUSP5/03¢a2
bi sdenet hoxycurcum n (3) were obtai ned by colum chromatography (silica

gel, CHCL3- Me@Hp iffodpomime tiei (akllpgsia'vmi Cahpemdus-cuwema s{rAhddideg by heartip ah4g

contai ned 2 an 0 npo ts, T nment w th dlaz t hane

gave di met hyl aS”elglslﬁ‘gé Uy Ui ’(%%gﬁﬁd %ﬁ@ﬁpﬁw&ed%@%@‘ﬁﬁﬁuﬁn with

Met hyl ati on” of 10%WPd-0 gwt rayduxn@abﬂmmlanosuﬁaﬁm ottt V\Eﬂhrﬁjﬁ@?——l@@ﬂ& ITJIBtd?eié at ed
2006/ 044379

derivative 10, é vvhlchameth g}ro papﬁlaf -13

PCT/ US2005/ 0365354 5 by dpeaad %"e & RS89 o nHeatiBapb oiths M5ty wer e
synt hesi zedsby chieafatdigte 1- Fal Wizhh hKf@@g“ ne hydiagi demideoH aan?m-gm;léadf
overni ght. Hydrogenation of 1 with Pd- C gave a m xture of 11-13.

Sinmlarly, conmnﬂsthmﬂycmrbﬁnﬂnﬁmyeﬂlﬁr Visr end (bhmabﬁhex:bcbx%oﬂ}ﬂdﬁa@@ﬁmaief ams, of 4,
and 10, respect] Heat i 1 with. I oroacetate, Nal and K2CO3
in acetone 1? i umhycﬁ ¥ r%ls?’ﬁa?fw{}d?bey %rfpar%b"%r}?ﬁ ahclL' P VEThREPHE! and
bi s- met hoxycar lﬁomylbemeéﬂ&ydr vehiiet aﬁcﬂethymlla@dﬂylw@h@%aﬁ@tb?% R¥hPE &B&kRGH Ve
TLC (PLC). Conpound é& V\% rer[‘)@f1 g from benzene or vanilljin and
ethyl " 4-acetyl 3@? CGLLL gff%@? hbAekn b 1399 ({1 979)-aComppaefis detd et
al., Liebigs Aﬂﬁhstlﬁ&eaﬂ unsd22ablc H6QE I8 Rito-HONMRRAURER: Zdndd. HGORaLdt yEe an

unseparabl e m xture of keto-enol tautoneric isonmers. The synthéses of

24-38 were desé¥BetErs feseiveddp ey awopaneer Ipkife efarleCamter Lettahtfed31-4Q .

159. 135-140 20 a ELQtH m n
Anal ogues as Q(lzt 09833.5 1;Lzlhégﬂg?gejnts 2Bth@§ﬁspﬁn€?@%%g§%§{ gﬂfhﬁ%ﬁ%ﬁ%g%&ngE We"?%
wp!

purchased fronfAfHYi éﬁlpubliﬁéled @rtal vapeends\R9y-44 1Erpuphzedeeu tildidhl ync
accept abl e sal F@m},’megaﬁm active agent" as used herein, includes the

phar maceuti cal
15

C. Pharmaceutically acceptable salts
The term “active agent” as used herein, includes the pharmaceutically
acceptable saits of the compound. Pharmaceutically a'ccgijtable salts are salts that
retain the desired biological activity of the parent compound and do not impart
20 undesired toxiéoiogical effects. Examples of such salts are (2) acid addition salts
 formed with morganic acids, for example hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid, nitric acid and the like; and salts formed with organic
acids such as, for example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic
acid, fumaric acid, gluconic acid, citric acid, malic acid, ascorbic acid, benzoic acid,
25 tanmic acid, palmitic acid, alginic acid, polygtutamic acid, naphthalenesulfonic acid,
meth_anesulfonic acid, p-toluenesulfonic acid, naphﬂaalenedisuifonic acid,
polygalacturonic acid, and the like; and (b) salts formed from elemental anions such

as chlorine, bromine, and iodine.

Active agents used to prepare compositions for the present invention may
30 alternatively 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
compositions are employed to provide more sustained release of active agent to the

target area. Active agent present in the target area which has not gone into solution is
-14-



acceptabl e salts of the conpound. Pharnmaceutically acceptable salts are
salts that retain the desired biological activity of the parent conpound
and do not inpart 20 undesired toxicological effects. Exanples of such
salts are (a) acid addition salts fornmed with inorganic acids, for exanple
hydrochl oric acid, hydrobromc acid, sulfuric acid, phosphoric acid,
nitric acid and the like; and salts forned with organic acids such as, for
exanpl e, acet i cotaviigblowabdice aphgkiolbgirdlaedponachd servecai Nicpobel doavaitdbéd C

acid, fiimaric ac%%ﬁﬁglu§0ﬂic0@cip, fitric acid, malic acid, ascorbic acid,

benzoi ¢ acid, S5erAnnl @edEOSAMRBPTHEOY i d, al ginic acid, pol ygl utanic

aci d, naphthal enesul fonic acid, methanesulfonic acid, p-toluenesulfonic

aci d, napht hal i sul fonjc acid, _polygalacturonic acid, and the like; and
s Hogmulgi

n
(b) salts formfd FAasmaeukicel °%fis such as chlorine, bromne, and

i odine. Actjve agentach$glaliGhPEQRANE HAMRAS 4 100SrbQk il REHM SI8REuI as
invention may 30 alternatively be in the formof a pharmaceuti cal I]g/I
Ys

accept abl e fr eBhFRaEHsallycciiVetargsand mpehaudlized fe brlkdermpa déoro foreftre
conpound i s | egsysR uble LHAR ; ip% e J Lo

enpl oyed to provide rrpr% sust g%%%g&?gif%ngis%&gﬁg t vea%gig&e&%{ tf!f%{ﬁ?%igﬁsetf%rr get
area. Active agfepnispriémentny of ehembgr ésuigbleapldinedeutices fomtulgione niayt o

solution is -14. I t.q i : i 0l ogi c response, .. but
serves as a depg%zlag%S %IV%}%J\;%&% gﬁlae g%ﬁ%ﬁf@%%@ﬁ%ﬁf P@ﬁleggﬁ%?ﬂvgmé% ution.
D. PharmacEuti cal Fbrenehgbimghsf eQuesentihventna miah @e darruimddnfoanahiagtesonof t he
present inventjo re.useful as _ pharnpceutically active ents and. may be
utilized in bu Oﬂﬂ}egtrrer%tmwgro gaﬁlfﬂel?t%rogﬁ? . 10%0\&%#%@“1%%&58 8%%&86%*36@?&&
fornul at ed i ntrphlatiemerutdingath the invehtidn, trscobpoundadifithd sickat ioRntidANdof a
nunber of suitabl har maceuti cal,  forpul ations be . .utilized as.

vehicle for th eaﬁ?#g]r??%ﬁaghac?ﬁep&bl? hséﬂ%c}ﬁﬁB?ﬁo‘g n%% £He A Pﬁ\Fétﬁ?l‘l on.
10 The conpoung@srefafithefpeesens tHeMueiid @mpraydherd el ptedik@with, nrer

adm nistration for the treatnent of a variety of conditions. In the
manuf act ur’® of ¥4 PRATHEERGCHEST TRotaRaT SRl 2eWst ¢F fecepirbiena et 9lon,

the conpounds @fngt B@nﬁmi%emthiaayed%;sérqag%]@i@ntstiﬁ%@%&iﬂzgﬁi £3l IvstogheRt abl e

salts thereof, or the acid derivatives either (hereinafter referred to
as the "acti velekswswanete patient yBhe atrigr adiribrerdsakidt 97, 2 fiawidr onBothl pradl isan

accept abl e carfl@fayy REnGaEd Wifh I EEmpRhdGQYU 8408 f&ﬁﬁﬁﬂgﬁt%o? ckdhdidlg sense

of
tablet, which may contain from 0.5% to 95% by weight of the active compound. One

20 or more of each of the active compounds may be incorporated in the formulations of
the invention, which may be prepared by any of the well-known techniques of
pharmacy consisting essentially of admixing the components, optionally including
one or more accessory ingredients, |

The formulations of the invention include those suitable for oral, rectal,

25  topical, buccal (e.g., sub-lingual), parenteral (e.g., subcutaneous, intramuscular,
intradermal, or intravenous) and transdermal administration, although the most
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.

30 Formulations suitable for oral administration may be presented in discrefe
units, such as capsules, cachets, lozenges, or tablets, each containing a predetermined
amount of the active compound; as a powder or granules; as a solution or a
suspension in an agueous or non-aqueous liquid; or as an oil-in-water or water-in-oil

-15-



bei ng conpatible with any other ingredients in the formul ati on and nust not
be deleterious to the patient. The carrier may be a solid or a liquid, or
both, and is preferably fornmulated with the conpound as a unit-dose

formul ation, for exanple, a tablet, which nmay contain fromO0.5%to 95% by
wei ght of the active compound. One 20 or nore of each of the active
conpounds may be incorporated in the formulations of the invention, which
may be prepar ederhyisiany Soéh fo&aumd)ﬂs-lk@owmpx“epﬁbmmuﬁﬁ sﬁfablenﬁahm@ﬁ’plﬁﬁﬂﬁdystl ng

essentially of nts, optionall. ncl uding one, or nore
accessory ingr e‘Hﬁ‘n%tlgc tﬁ? (ﬂeﬁu ? giio taFFé’C’laH&é S BAVErOrraEnd rBd é
suitable for or@htabléeﬁhﬁlr (whih Hepicedhin HUCERIMAS ageesso‘ﬂﬂ‘t?ﬂ &:di&iésalaé mnoted
parenteral (e.g. ubcut aneous, intranuscular, intradernm

i ntravenous) artPo¥Pansder mal  admi ni stration, alt hough t he m)st sui tabl e

route in any given qasendhl khedgRengiNR Jrhge HﬁEﬁ%fo‘i &Q re@gﬁ‘éﬁrﬂytﬁfnﬁfm hgg

condition being treated and on the nature of the ar "acti1ve conpound
which is bei ngntimesly goirog thelaatiyormspound Hﬁhéhfqmd Q)'rfallelyadiwdvd slidapitsn may

be presented i r WA e | ozen or
tabl ets, each (r:bor;ytoglpr?ﬁ ‘%3“‘33 lgr e%gtag}t’l%nﬁg &gﬁéosu%r@%o@q(?ﬁg tg%ie Ve geogrr;t%b&ﬁd as
a povvder or gr ana b prepared Esfmamyr@mngror anolémg paepmwdm owrgrmieacpaetaumg)the

non- aqueous | i wat er - nmul si

Soch formui at | oub% eBhe@RaAtutbat) B or o Bkl e diorion PR R ch
i ncl udes tHeé stteqdete)fmalyrbemgbpnged moom@s@mgaﬁﬂ aRuitibde BALHINE tﬁs)cm@pwddaﬂd a
suitable carri ( i.chma cqgnt ai n e or nore acgessory. i ngr.edi ent

noted above). é‘?‘rﬁ Suqhas Fd’roﬁir‘}i%f’f §HFLUISF 9pHens 1?5\/‘éﬁt°“$g’ﬁ3‘a Z? Epar ed
by uniformy aﬂ%ndaﬁﬂ; lmtdahmadlmoxlsm@cb heivackdpeingoiEpR) d MMIdea tabléds eidlyd Or
finely divided solid carrier, both, and then, if necessary, shaping the

resul ting mixt GFeadedy I%?JQW%#]@ a Sé}ﬁ't‘ F@‘Ehm%élj’f’ W‘%?F‘?élp%?ﬁ@&“&ﬁ/m@@ pe&dng or

nol di ng a powdeh it Igfudibih@g. containing the active conpound, optionally
wi th one or nore accessory ingredients. Conpressed 10 tablets may be

prepar ed bySconpr esSPrglatioRs amgaéletfabb@c#d@m Yrgual) pdmindsigsomincluge dpzenges
[ree flowng I ebmite oA B 49 205 ABHLE S0P ONGNd ol Xed, UL

bi nder, lubric inert diluen and/ or sur ace act1 ve/ di spersing
agent (s). Mol dé@gqcamhe@gi pﬁtatyiles compnsmg the compound in an inert base such as gelatin and

glycerin or sucrose and acacia.
Formulations of the present invention suitable for parenteral administration
20 conveniently comprise sterile aqueous preparations of the active compound, which
preparations are preferably isotonic with the blood of the intended recipient. These
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
25  resulting solution sterile and isotonic with the blood.

Formulations suitable for rectal adminisiration are preferably presented as unit
dose suppositories. These may be prepared by admixing the active compound with
one or more conventional solid carriers, for example, cocoa butter, and then shaping
the resulting mixture. |

30 Formulations suitable for topical application to the skin preferably take the
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..
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be made by nolding, in a suitable machine, the powdered conpound noi stened
with an inert liquid binder. 15 Fornul ations suitable for buccal
(sub-lingual) adm nistration include | ozenges conprising the active
conpound in a flavoured base, usually sucrose and acacia or tragacanth;
and pastilles conprising the compound in an inert base such as gelatin and
glycerin or sucrose and acacia. Fornulations of the present invention

sui tabl e for par ent épahulaghmsnivtblatfon trandiGmed rederinierdtioy ReybE | Besestéras| e
aqueous preparat.ions of . the. active conmpoun whi ch  pr.eparati.ons, ar
preferably i sot%srﬁr%e RAERSS: ?ldeapﬁefjot(gdreg’fmt Wemlgﬁ’tagn%f)élﬁacf é@ﬁ’pf n P.“%?‘ﬁgs%teﬂm
preparations maycipentathm Mipgil@iged Ryodednin®fl HubeldfigRealisblei o Lavsieeus, |

intranmuscul ar, or ,i.ntradermal jnjection. Such preparations may conveniently
be prepared byPEEHFUETRG e @ifﬁp ﬁn&e%’efaﬁ %&t SPmgphogEsty y(egen ObuF’faé’?i"?%nd
rendering the Bhyh&sulitd NRessMcHt 3@ @19869 ad t,801QNkdke Whk hiok€oblagod.

Fornmul ations suitable for rectal adm nistration are preferably presented as
unit dose suppBépradyituiferegaeougagiubien pf dparten wmwradrd. xPitebichforradetiops

conpound Wi th Qpeer ciff%eor@o@gmg%}ﬁ@p ; ﬁf&i Qh&ﬁ%@@a% i IR S (Gocoa

butter, and then Shaping the resulti xture. ormulations suitable

for topical apgdliMaetiverngredietie skin preferably take the formof an
ointment, cream |lotion, paste, gel, spray, aerosol, or oil. Carriers which
may be used include vaseline, |anoline, polyethylene glycols, alcohols,

t ransder nall0 edhaMetrods ofHsk conbi nati ons of two or nore thereof. -16-

For mul ati ons suitable . trapsdermal adm.nistratio e _presented. as

di screte patches adéb?%ﬁﬁgb&}gﬁdﬁﬁmpﬁugﬁghﬂiiﬁn@%ﬁﬂgggﬁéf?ﬁ“ﬁhgﬁ%ﬁﬁﬁ%?nis
of the recipiémenfi@r aioppolidagedefpetieptbetdc tidtndsFOFotleatmplas tigupieadlie for
transdermal adm nj.strati.on ma | S0 be. del j vered by. i ont ophqresi s (see,
for exanple, 5'PHa Wh@@ﬂ@?%%Fméﬁgégﬁ%ﬁw§@éY@§T§n%ﬁ B T °§&p?€ﬁ@%@“take
the form of an pr@pitingnadiivitiebubhte LERMARUL P USSR} Ut MR QbedifMRAIIAC tHeV Bresent
conpound. Suitable formulations caonprise citrate or bis\tris buffer_(pH 6)
or et hanol Aat FVCEHRP REHES # o B HrEchg angrogm BEEr et grstrdntly. 16°E.

Met hods of Use androgen receptor antagonist activity is a useful means of inhibiting androgen related-
* tumor or cancer cell growth, |

. Cancer cells which may be inhibited include cells from skin cancer, small cell
lung cancer, testicular cancer, lymphoma, leukemia, esophageal cancer, stomach

20  cancer, colon cancer, breast cancer, endometrial cancer, ovarian cancer, central
nervous system 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

25  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.

30 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 unders'tood by

-17-



In addition to the conmpounds of the fornulas described herein, the present
i nvention al so provides useful therapeutic nethods. For exanple, the
present invention provides a nmethod of inducing cytotoxicity against tunor
cells, antitunor- pronoting activities, anti-inflammatory activity. Mre
specifically, the present 15 invention provides a nethod of inducing
androgen receptor antagonist activity. The androgen receptor antagoni st

activity is a usetulkilkeansthefart tai bhdebitgs aRdiQERR tehaledn dpuiRfitoRhegancer
cell growth. Cancer cells which may be inhibited include cells from skin
cancer, snall ditionpily, o CQUERRUBES Withs ARUGRHPLREN @EEVIY yrRshberausefid uioE g

esophageal cang@Rkimeht OMRRLhadEkal adER8ers COhRA GRANGR! , LT 8AStLFANEREd to,
endonetri al cancer, ovarl an cancer, ceént ral ner vous syst ém cancer, [T ver

cancer and proSESEBIEERMEcTioleTRehytidisadtserurl egmessianalindi-andmerraie somperdhod of
treating cagcer,dyn, | ; LGt | ' SO

i ncl ude subj ectné ya]‘;sf%ﬁ?g%g éﬁﬁ&\ﬁlﬁ h§g%ﬁfﬁafﬁg?%nggﬁm%gm@%?ea%ﬁgg’fﬁggﬂgﬁg\lglﬁg

met hod i ncl udeowpimesnistleditgupdragend essecibiee vithiameatis@deref f ect i ve

cancer-treating anowpt. i £ or.nul f e _present invention.
The nethod is usef u?%%chs %ﬁg}}?}r& g’gote(r)rgeeﬁ{egglfs mg ﬂ%/eanrl?%?(% (g;tg%g%éeél? TYEFE 4 ch

i nclude but artwicady himnan subfectsaltbkigh thametwds &b presst InventRg reaneaseful
testicul ar cancer, | hona | eukem esophageal. cancer, stomach .cancer,
col on cancer, ?reggtf%%%%c%’fr?o%@aw nOtg%raﬁ_@%chS’cB 1?"j?r?ynéi“%{‘?§h"§’y§? 'S
cancer, |iver cahcerg, andophaitdiochsncesvs, &sGarmauRas, sedhaantt irndsogen
activity also h%@ Ehe potential to be therapeutical Ify useful for .
treatment of afAtrOGeNCpLE ERTPHt BEFHER PrOicsd P ceutied] fo@nulpiigog feesrisng
hirsutism Ant iheaRighRgRM 6 ROAPIAL EYEFEY haleS:0 oP@hiALARRNEY GachMbleUngf ul ~ as
a formof male_contraception where it is generally known and understood by
-17 those ski | F§E°Fn l%héh%ﬁllﬁ%elﬁa%ﬂYar?a?‘%@é?fs cAFery efphi PR swtehigi Aewe nof

sper mat ogenesi gaminfAddiidd, @mldhy% bGORRALNEY Wi drh, abdl - %BQ&Q%@E@aﬁl ety may

be useful for the treatnment of behavioral disorders which include, but are

not 1inited tointrezgeputasdniaseesy, nbrenewm askirmmgdomaladmisiekyimn. aggr essi on.
freat mont of acne dus 15 PRACAIY arod Teusre of MpoPasny SRk 4o P
andr ogens, assguicathetiromtchmaewmel idicsmpdards patBabjogmtientydnidohil Indeperseutonabt ed
using the met hgo%ﬁih%k o%lﬂ% ﬂ%gﬁeaﬂﬁ tljlenr\égt%ttjf %Qlivaegﬁ Asa ge;l:aral proposition, a dosage
from about 0.1 to about 50 mg/kg will have therapeutic efficacy, with still higher
20  dosages potentially being employed for oral and/or aerosol administration. Toxicity
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
mg/kg to abouwt 5 mglkg will be employed for intravenous or intramuscular
25  administration. A dosage from about 10 mg/kg to about 50 mg/kg may be employed
for oral administration. '
T_’he present invention is explained in greater detail in the following non-

limiting examples.

30 . EXAMPLE 1
A. Materials and Methods

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

MeOH) of commercially available curcumin (Aldrich), which contained 2 and 3 as
-18-



typically human subj ects al though the nmethods of the present invention may
be useful for veterinary purposes with other subjects, particularly

manmal i an subj ects 10 including, but not Iimted to, horses, cows, dogs,
rabbits, fow, sheep, and the |like. As noted above, the present invention
provi des pharmaceutical fornulations conprising the conmpounds of fornul ae
descri bed herein, or pharmaceutically acceptable salts thereof, in

phar maceut i cal lminac ceptpaidnes. caCompoumdé 39 ady Suict ablcBase@UEremOofAldrich, Inc

adm ni stration, '.pcl di but not limted to oral, rectal, topical, buccal,
par enteral, 1@*%“%5%@%& ar, intradermal, intravenous, and transdernal

admi ni stration. The Diketapeuingal ) @ffeshi(Yeirdesaoedoleany«sPe6itid with
conpound wi Il vary somewhat from conpound to conpound, patient to patient,
and wi || dependxegsdonf theomalmdiin cther Of 2¢ e Pat sobmbts arele tdrerved wt eaaah and

delivery. a.ge o I 51,00, sage from about O. baut, . 50
ol kg w1 Rave Eeg{dg‘%e"g{si I@%‘F?ibg’asé{}?a G2 [ Omag%a%pﬁwﬂéoéﬁgig jeld
potential |y beiyafove mpddiesed 4 {wiEldaoals)amg/100-1a8TOMRORAMNEEEY &td10N. CAkgXi City
concerns at the higher level may restrict intravenous dosages to a | ower

| evel such as Sap AewkiaBolr79L08GINg))(1aB130%0)g hESNMEI (@0 itz URERH HRsed
upon the weight of the active base, including the cases where a salt is
enpl oyed. Typi 65Ty CHeSdYe-§4 Ry &0t 0t 85 2Hndy/ IoH2) 6. 88Kt 4.5 TdfiRg 748 | | be
enpl oyed for int-rab\éenous or intramuscul ar 25 admnistration. A dosage from

about 10 ng/ kg 4 Bhout> G ke KGLiaY: HE 1678k oy EAMR 61000VEZ, EBRINE S15P&% i on.
The present,in t i L, ai i reat.er, t.ahl, | ,follow ng non-
limting e%%npﬁg'@’. i@&é@&%@ﬁifﬁg\o’ lﬁ?ﬁg’e&i%eill’ %mg%dl%k/@t Lﬁo@q&‘%pounds 1-3
wer e obt a: Ined by f:oLfm%pamroﬁrmtpyg@rzaghwiﬁasivbL(\ﬁ)a’rgelsoluﬁbﬁjoﬁé—&/lﬂﬂsh;amﬂ and
comerci ally avai e cyrcumn.. ich), ich contained 2 and.3 as -18
m nor conponenf ?noio‘?‘reﬁ&ilﬁg"éi g‘]éthiéeﬁk%%%d%@r Eﬁ‘ﬂg'g’daCFP%ﬁfI i & SOFnc The
(Ml waukee, W jolufdnnetdydfled &R Tin( 4dd Hear e nbReftlvad fnfelidDiaRdaM Othyas
treated with excess of diazonethane in ether for 24 h. The solvents were

removed in vaclig4hi®s Btiid by esiofgel cpbgrrbroratesray s PLéa gel col um
chromat ography and BLeb% & 880w powder (vield 17.5%), mp 166-168°C (MeOH); 1K

NMR (300 MHz, CDCI 3): 8 3.92 (6H, s, OCHj x 2), 3.94 (6H, s, OCH3 x 2), 6.62

(1H, s, 1-H), 6.86 (2H, d, J = 8Hz), 6.93 (2H, d, J = 16H—z), }.04 (2H, dd, J = 8, 2Hz),

7.06 (2H, bs), 7.05 (2H, d, J = 16Hz); 13CNMR (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

20 CpaHpaNoO41-1/4F50: Theory: C, 66.57; H, 6.44; N, 6.75. Found C, 66.44; H,
6.19; N, 6.27.

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 yieid a yellow amorphous solid
25 (yield 20%); mp 89-81°C, [alp —3.6 (c=1.14, CHCI 3); !H NMR (300 MHz,
CDCl3): 3.93 (9H, s, OCH3 x 3) , 5.81 (1H, s, 1-H), 5.94 (15, bs, OH), 6.49 (2H,
bd, J=15Hz), 6.93 (1H, d, J = 8Hz), 6.97 (1H, d, J = 8Hz), 7.10 (4H, m), 7.60 (2H,

bd, J = 15Hz); EIMS m/z 382 (M"), HRFABMS 382.1396 (MA+HY) (caled for
ConHooOg: 382.1416). '
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yel | ow needles of 4 (yield 19.8%; np 129-130C (MeOH) (Roughley et al., J
Chem Soc. Perkin I, 2379-2388 (1973))(128-130C); 1H NWR (300 MHz, CDC13):
S 3.93 (12H, s, OCH3 x 4), 5.82 (1H, s, 1-H), 6.48 (2H, d, 16Hz), 6.88
(2H, d, J=8l1z), 7.08 (2H, bs), 7.15 (2H, bd), 7.61 (2H, J= 16Hz); 13CNWR
(300 MHz, CDC13): S 55.9, 10 56.0, 101.3, 109.8, 111.1, 122.0, 122.6,
128.1, 140.4,149.2,151.0,18-).2. Preparation of pyrazol derivative (8). To
a solution of 1- 4 |Hyﬁhﬁg&ﬁﬂhexﬁlﬂ1 etdndnul (Mer®. adsedidi st bgthing dreiaazd de (1

Chen the co vemOShovRoshban S J0ReCTimer M e) verstisent ¥sis S0t | ca
gel 58}5" ug c ggg,g&%g%&z ﬁﬂ%ﬂ%&%%&%@&f &) 'vg%%opt%g@%{ &t (hgled

L R Mgy L v e et Eh 85)3‘785'25)

d, J = 16Hz): 13CNI|\—‘/@?§%’610 Rﬁ%& ‘&Bcg]é J“@%%Boggf?%@lﬂg?z'93§§.@oua}dgy 3 aI1171 2
Saroanzos 1 11 ITBGCeTRER b T %38%‘7*97%9 D5 RNt OO ook 84, 1y
6.19; N, 6.27. :zly@nosmﬁyinwmmm(sﬁ@h) mm{nsno(tﬂ{% ® 9, &@%1%81%6@5@

with excess diazonethane in Et20 for 24 h. After renoval of 'sol vénts, the

resi due was puaH, lseﬂro@y 63@5I@Hadga-£ SH% 4053 (Qﬁrgnﬁfgsmmhyfﬁ@ﬁ G)P'lg?cm' el d
a yel | ow anor phous sol id 25 c=1.14
CHCl 3); 1H vaﬂo@ééﬂz NHRC13): @%11%%045538,% ,Qliril 05114@;1%30% 332 6,, 154811‘(6144 S,
1-H), 5.94 1Hénd8@2 , 6.49 (2H, bd, J= 15Hz), 6.93 (1H, d, J= 8Hz),
6.97 (1H, d, J )2 7.10 (4H, m, 7.60 (2H, bd, J = 15Hz); ELMS niz 382

HRFABMVS 382. 1396 ahlitst f 2
I(-l%r ogenation of 1, 4a§nd l}ér‘%uﬁh%g? Q%Rgggﬁ{igoﬁggg%?gr%?%ﬁ%m%?gr?tgll in

Et OAC was shak@rChaint Bocl BehtPz, C3TMeRas (2730 ABpstiL), EENMIY (OO WS HAGCIRCRRIT ' S
apparatus. The sol ution was filtered and concentrated in vacuo to give a

resi due, whi ch6%§1p§@|1r11 medSby 98 (FHca), g?e$5 ¢ol, e (e iRt ©F AdhymaRd)PLC. 5
Tet ahydrocurcum n?g% Wi t e powder, 92-93C (Roughley et at, J. Chem
Soc. Perkin I, 28BS 8(01@?23)d, J%SI§®C)1 CNMRNURO(8B0, WRE] 3CDE28Y; 367,

15 38.8, 458, 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, 147.9 and 211.9.

Octahydrocureamin (13). Colorless oil, YH NMR. (300 MHz, CDClx 3): 8 1.61
(2H, m), 1.75 (4H, m), 2.53-2.70 (4H, m), 3.80 (6H, s, OCH3 x 2), 3.91 (2H, brs),
6.13 (2H, s, ArOH), 6.65 (2H, d, J = 8Hz), 6.69 (2H, bs) 6.82 (24, bd, J = 8Hz),
20 13CNMR (300 Mz, acetone-dg): 5 31.1, 39.8, 42.6, 35.6, 72.0, 111.0, 114.3, 120.6,
133.6, 143.6 and 146.4.
Compound 14. Whits powder (yield 26.0%), mp 60-61°C, 1H NMR (300
MHz, CDCl3): 8 2.56 (3H, m), 2.86 (SH, m), 3.85 (12H, s, OCH3 x 4), 5.44 (14, s, I~ '
H), 6.71 (4H, m), 6.78 (2H, bd); Anal. caled. for Cy3Hy5304'1/4H70: Theory: C,
25  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
MHz, CDClz): 3 1.65-1.80 (2H, m), 2.53-2.84 (8H, m), 3.85 (12H, s, OCHj x 4),

4.05(1H, bs, 2-H), 6.68-7.23 (4H, m), 679 ( 2H, bd), Anal caled. for -
Cg3H300g 1/4H;0: Theory: C, 67.88; H, 7.55. Found C, 67.73; H, 7.4.
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2.53-2.58 (3H m, 2.78-2.88 (5H m, 3.87 (6H, s, OCH3 x 2), 5.43 (1H, s,
1-H), 5.50 (2H, s, ArOH), 6.65 (2H, d, J= 8Hz), 6.69 (2H, s), 6.83 (2H, d,
J= 8Hz); 13CNWR (300 MHz, CDC13): 6 31.3, 40.4, 55.8, 99.8, 111.0, 114.3,
120.8, 132.6, 144.0, 146.4 10 and 193. 2. Hexahydrocurcumn (12). Wite
powder, np 87-88C. (Roughley, P.J. et al., J. Chem Soc. Perkin 1, :
2379-2388 (1973), 78-80C), 1H NMR (300 MHz, CDCI3): 6 1.60-1.81 (2H, m,

2.53-2.97 (8H, ), Ichipdudh,165ColkER of %d AzCDgrﬁplbb -614% I%flh'MR (380 $8z4 4H,
n), 6.80 (2H, d, J 8Hz%l 13CNMVR 8300 317, 15°38. 8,
45.8, 49.8. 56. %DCIe?) 2 1.551.65 (4H1m)61. 731482 €3H1mA, 3604272 (ZH 791346 (A33%,0,

134.2, 144.2, 5.1 9 7 11. Cct ahyd 3)
Col orl ess oil, é&NW)( %%6’ @ﬁé% C%@%)X% ngé{i 6?2@%3:@%”%;?7?94@ r‘?jl)

f\'r %‘3) > ?aé‘”ﬁ 2|j97&2 3> %f%ﬁ%) %WWQ#P‘?@\@B@%Z&%EW 3%5)40@ wogmz(wﬂzﬁ

13CNVR (300 sSMHZcal@cRt 0pe 6 £H431383939. 8, 42.6, 35.6, 72.0, 111.0, 114.3,
120.6, 133.6, 143.6 and 146.4. Conpound 14. White powder (yield 26.0%, np

60-61C, 1H NWMR (300 BBid o) 1 12H
00-6LC, 1K NVR (300Cobgaun 051 3)iorb 2yl ELr) | b, (RIS Bk RS

calcd. for C23HZBGBHIAYH3O0 (1Hhmg;@43~2:82(85 683286 (G, 57008 ;E@jJB(S’/@éH@B 25;
H, 7.06. Conpound 15. Wite powder (yield 20.0%, nip 94- 350 1H NMR (300
MHz, CDC13): 6 CCHobx 1), 804 (2H, bsp} sHR.763-73. (84, -1V /34 180M(FL2H, s, OCH3 x
4), 4.05(1H, bs, 2'-H), 6.68-7.23 (4H, m, 6.79 ( 2H, bd), Anal. calcd.
for C23H3006- 1/4H2(Iom"p‘hemd ¥8. @;1016855&8 (yidd §985), 1FIOI:EMR @00@\71HZ3CDEJ ):/8 49.
-20 Conmpound 16. Col orless oil 8” eld 4.29, nmp 60-61C, I1-1 NWR 3300 VHz
CDC13 ): 614. 5@% (%%cutfﬂﬂﬁ) 152 pa: 8 !El),8123"((3H; m)2. 6 (B0 1D, 7.83 (G, bsr)QCI$3 86
(6H, s, OCH3 x .% OCH3 x 2, 2,2'-H), 6.72-6.78 (4H, m,
6.79 (2H, bd), ¥ 47 2272(@94 648 (@H @)2)EIM§| MB: Al & (MADAHRIEE - MIRFABA NS2I66 18

Col or 1 ese o | (U E d8E80F ConPheRt (900, pc1s): & 1,10 (31 ). 1.80
(1H m, 2.43-2.82 ﬁl%'f)'ara@on 02-19%,80, Asmixm %r&ﬁnin%l,%?)()(n%lj’&ﬁ’mmol) n
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,
[alp -2.4 (c = 2.08, CHCly); Iy NMR (300 MHz, acetone-dg): & 3.73 GH, 8, -
20 COOCH3), 3.86 (6H, s, OCHj x 2), 4.79 (2H, s, O-CH-COOQ), 5.99 (1H, s, 1-H),
6.70 and 6.73 (both 1H, d, J = 15.3Hz), 6.88 (1H, 4, J= 8Hz), 6.94 (1H, d, J = 8Hz),
7.17 (2H, m), 7.33 (2H, m), 7.59 and 7.61 (both 1H, d, /= 15.3 Hz), I3CNMR (300
Mz, CDClI3): d 51.8, 55.9, 55.9, 65.9, 101.4, 111.2, 111.6, 114.3, 115.9, 121.8,

1226, 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 CpgHy4Og-3/4Hy0: 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
0.9 (c = 5.86, CHCI3); 1H NMR (300 MHz, CDCl3): 6 3.80 (61, 5), 3.93 (61, 5),
4.73'(4H, s, 0-CHp-COO x 2), 5.82 (1H, s, 1-H), 6.50 (2H, d;J = 16Hz), 6.79 (2H, d,
21-



oAd-13 x 2), 3.94 (1H, bs, 2'-H)*.70-6.78. (6H m, EIMS mz 416(M).
Compound 18. Colorless oil (yield 6.95%, 1H NVWVR (300 MHz, CDC13): S 10
0.95 (3H, d, 1-CH3), 1.52 (1H m, 1.84 (2H m, 2.67 (6H m, 3.83 (1l4H,
bs, OCH3 x 4, 2, 2'-H), 6.78 (6H, m; EIM nilz: 418 (M+), HR FAhIMS mz
418. 236618 (M+H)+ (calcd for C24H3406: 418.2355392). Preparation of 19 and
20. A mxture of curcumn (1, 100 ng, 0.81 nmol) in acetone (20 nL.) with

met hyl chl or oacegt-aggzy( 2.09LHang, Nak (£20d,m0¥ 168s), et wum@d 300 tNiHz, 16Denrhydr ous
pot assi um carbonate (176 ng) for 24 h with storing. After filtration and
renoval of sol ¥2at 36.9, rfé ¢, é81.duel Wad 1por 122i0e d2Dy, K015, ¢40.4el49dpl ¢in, 165.0,

chromat o0t Y 12 X Suld Sy EL TR AR acint g@a%ﬁﬁ
(c = 2.08, CHCh3pi, #H R (300 Mz, acetone-d6): S 3.73 (3H, s, -

COOCH3), 3.86 (6H, s, OCH3 x 2), 4.79 (2H, s, O CH2-CO0), 599(IH, s,
1-H), 6.70 and 6. 73C6mpbhnd Bll: Wellahe abbipBbis) soli .(G81d(Lb4s),dT mrﬂzoo 1\/ng4

L5 5 oy, abRRSLI0E Wit b B . 54T ler gt Tor B, 0 Get o, Tk ©
129 8 iié,? % §81<%%8d?€=%§é‘§’12féé%%%@iéﬁgl galﬁ%%%%ézaﬁzol%%g%séea;

Anal . cal cd. fos 383424083520 salheery: C, 63.50; H 5.66. Found C
63.53; H, 5.65. ConBound 20: Yell ow powder (yield 20.09 141- 142C

(VeOH) . [alD . 0. 200 pmpeusl 88; YellowapmorphpuaiRlG306- 44, pchs). caeds B0 ( 6H,
3.93 7 H, 1-Fl 6. 50
?)ZH d, J(—%f é%ﬁﬂ%gﬁ?g%?é&ﬁcs%@ %U%‘%é 3 %89%?3&% bs§i 7. 58)(2H d, J

= 16Hz), 13C NVR (306mpbind Q@Clﬁal;owd 0*58@3 eﬁ@ @500)@55 ﬁp 1001 46°C1 1)
113.6, 122.0, 122.7, 129.5, 140.1, 149.0 169.0,. 183.1; Anal.
cal cd. for Q?@Zé@i@l?tquiZ@IEbﬁfe@W Cregn. 625718‘569&19%5)6@1 -ByukgHeCl)bAnd1; H

5.57. 5 Conpou us_ soli 0 MHz,
CDC13): S 2 np58°5(q?ﬁ%°f 698 %ﬁzﬁﬁhwyﬁ E%J’ ei%r% gﬂ*%@%&% d}@e 5?
7.60 (4H , , 7. 5 I
C22H2(()04 Theor y: ?:1% %‘ gﬂes ?—ffl_é %)13 %uaﬁg(%u”‘?gs%’éf ’%ﬁa o %&gm‘g o
15  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).

B. Suppression of DHT-Mediated Transcription Activity.

20 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/mlL), streptomycin (25 pg/mL), and 10% fetal calf serum (FCS).
For AR transactivation assay, PC-3 cells were transfected with an AR expression
plasmid and reporter gene. Because of a low content of endogenous AR coactivators,

25 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. US4, 95, 7379-7384 (1998), with minor modifications.

Transfections were performed using the SuperFect kit according to

manufacturer’s procedures (Qiagen, Chatsworth, CA). Briefly, 1 x 107 cells were
30 plated on 35-mm dishes 24 h before transfection, and then a reporter plasmid,

MMTV-Luciferase, which contains MMTV-LTR promoter and AR-binding element,

20.



Compound 22: Yel | ow anorphous solid (yield 25.0%, Anal. calcd. for 10
C26H2308: Theory: C, 66.66, H 6.02. Found C, 66.38, H, 6.16. Conpound 23:
Yel | ow powder (yield 45.0%, np 144-146C (MeOH) (Pedersen et al., Liebigs
Ann. Chem 1557-1569 (1985), 71-73C (CH2Cl2)) Anal. calcd. for
C24H26082. 1/ 2H 20: Theory: C, 59.87; H, 5.23. Found C, 59.94; H, 5.11. The
structures of 1-4, 10-13, 22, and 23 were confirmed by conparison of 15

their physical epeed-trdlsrdatavpht b A0SR preESROTARHIA gumheqﬂgbt&r FlUES; or
Pedersen et al., __Liebigs Ann. Chem 15&7-_156 (1985), Roughley et "al., J.
.Chem Soc. PePRPAARATOIRRL-FEggay 4993y anEntemah prrawes feyrirasiepim aldiatyed

Transcription AGLiif )imo%ﬁlc@eijAQ&ést Wiesang I!baé‘%fi@‘: 498\ aﬁ%@%ﬁi%ﬁ ate

cancer DU145 and PC-3 cells were maintained in Dulbecco”s m
essential nmedi GAYRDMERSatsonhEdr @i hiy tragséastion, [the medi2®: wasi dhehgdd)tp DIUERERLGMYy ci n

(25 g/nm), and 9 ; }ngg. (= R transactivation ay,
PC-3 cells aergﬁgé%%g%@é?gﬁh&fﬁﬁggﬂl ex&?§g§%5ﬁhe%%%§ﬁ¥%rgﬁﬁfvg$gﬁﬁzr
gene. Because eftiz@adiagen,@otserimppinmdsn ddge aouberAR-DDR AL sl OFce hadbesiakiiaidlS
eport e genc. TiFa B0 FOn & ey o O BB HE rOPFBhdI deSerrisel P
Myanmoto et alysterRy Ofadisdat IWDHACBEa Sede. eddBlsed®n rZRHR T@BHrAd 398)iiy wi t h

m nor nodi fications., K Transfections were performed using the SuperFect kit
according to HAUMRAEEEFReRteaiveiezsgPadticgoageh, chatsworth, CA). Briefly,
1 x 105 cekbs were 30 plated on 35-mm di shes 24 h before transfection, and

then a reporter. plasm d, MMIV-Luciferase, which contains MMIV-LTR pronoter
and AR- bi ndi ngceﬁéﬂ’éﬁt”‘?d Digenstips co-transfected with an AR expression

plasmd (W ld type pre Al it this York %@t‘e‘%@%ﬁgﬁghﬁo% WERuSE A AR

9 for
internal control for transfection efficiency. e total anmount of DNA was

adj usted to 3. BUGNOLN FSEPOT Antaganist taetiviser i1pe i synthbsis 484 ievaltibtom efsnayh.
Stri pped sor unsned cra a1, TERHPCR- SRR G M SRR A
anti andr ogéh, wpotakterdonpounds. After another 14-16 h, the cells were

parvested and est ALk L3R BELL (Lh - FERE R0 B e

in relative | uzgafmet dserRakingittvwp dfferent human prostate cancer cells, PC-3 and DU-145

‘(Figures 3A-C). The parental compound, curcumin (I),._{was inactive in all cases.

However, dimethylated curcumin (4) showed significant antagonistié activity

20 (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

activity when assayed in DU-145 celis transfected with a mutant LNCaP AR and

ARA7O (showing a 45% reduction in DHT-induced AR activity, Figure 3B),

25  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 relationship (SAR) study was conducted in a

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

30 active than 4 (Figure 3B). Thus, the bis(3,4-dimethoxyphenyl) groups of 4 are

important to the activity. Introducing a methyl group at C-4 of 4 (10) resulted in

decreased activity (Figure BB). Compounds 14 and 15, which were obtained by

hydrogenation of 4, were as potent as HF with an 18% reduction in DHT-induced AR
23



conpared to an internal luciferase positive control. 10 C Results and

Di scussion The aimof this work was to investigate novel curcum n anal ogues
for antiandrogen receptor antagonist activity. The synthesis and

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

ant agoni sts and antitunor agents are 15 reported herein. Forty-seven
curcumn derivatives (1-47) were tested for antagonistic activity against

the AR using tvatiditf,foer et cHaidRaHDF REL At CRNGEII tsied (AP @Rderihh 445

(Figures 3A-C)._ The parental conpound, cureunin ~was Inactive i'n all
cases. HoweverP-dFiont mpreay ef4 & e GRFFFPPRIinG PG stiptive iScaently apduagbiiest i ¢

activity 20 (r iNg [ { VAN when..ass d_in, PC 3.
cells transf ec?éggﬁ% t]yhtﬁlﬁv@3 dqr%,?;g H%Egﬁ%ﬂéﬁjs%ér%bb%%gmp i ﬁi%ﬁ( \W}ﬁcgh

r educed 16%’/0 of Orfnsithel bsedyl AR gstibwidtip 4 Fitderks tBAponjGomgaodndicdhoatls Gvas howed
t he hi ghest <ant I: t iy sayed.in,DU.145 cel | s transfected
with a nut ar?t E%%%Eiliekthgﬁg d%\;&%ﬁ?@%ﬁﬁ ngatﬁéh?’é@ﬁcﬁopﬁlﬁm?i d@fﬁe— E‘Pﬂ‘]]ﬁced
AR activity, FiasparenBBje @5t ndidatifng That obeapaund sdodesteamnR fifebikise

ant agoni st for bot no%rrab and nut atgt AR To. determne the structural
requirenents fOFPARSRISHONFOIPSEY 1 comngriechpulikedene maict are smsipl fersthe a-
structure-acti wtfiwiyr el ati onship (SAR) study was conducted in a PC 3 cell

assay system Conpared with 4, nononethylated curcumin (9) |acks one

O met hyl groups at DHE Bt Fé5Te i36nshkay enwonssthee féfaremgselangtanaystem where

si gni ficanyby bessiRReReliwS WRaAkafdGE TN "

bi s( 3, 4- di net hox phlgb(r%sl ) grtgups ofa%ﬁ ]g:ljéyﬁi%rr%@s?ra%%}gft%d %Vﬂg ""élgtt?%ﬁ {a{/{'and

| nt roduci ng a b grompueads €A, 32, 33, a6) 39 ebowed doinparaide ar ease dpoamt i Vi ty

(Figure 3B). Compe - ; [ e.qbtained by  hydroggnation of
4, were as potent g&s%géHlF%\?&hl‘}t}ﬁ/dtg%?% r%u%%yo%?eF 'Dﬁﬁ‘%’éﬂ%ﬁ‘eﬁ AR 922’3’“’”
activity, but wrost epiteia(adfibyent 68$%a otdnteong orvpentivdly) andl wekd gighity 3AYe

of 4 1to0 orrespondi n r.azal

Converting t heact{q,éﬂ)%gnrﬁ@@b%@. t .egcgu}/sg S‘Eﬁc‘(l/‘ﬂ“y(_ls Egﬁhtp Was I pative, m%roﬁwgcing either

derivative 8 greatl uce X .
1, 3- bi s( 3, 45 di methhaycphenpicrhyl, Irpupspanditae fhalic Waidbxylcomt@i ns t ke

bi s-aryl groups.found in 4 but |acks e copj ugated doubl e bonds, was 5
| ess active t h%tHOWC?TEP@H?%yg%O%% éﬁ)&g %Tﬂ?tgyamnﬁbbutt‘ﬁia@ PRANESR tFatRE
doubl e bonds - DU-145 cells in the presence of wild-type AR and ARA70.
In this study, we also examined the éiljcia.ndrogen activity of
fluorodiarylheptanoids 24-29 and cyclic diarylheptanoids 30-38. Compounds 2429
20 have flucrine or triflucromethyl substituents on both benzene rings, but showed weak
activity or were inactive. Armong the cyclic diarylheptanoids 30-38, compound 30
-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
25  evaluated their potential antiandrogen activity in three different assay conditions using
human prostate cancer cell lines. Compounds 4 showed promising antiandrogen
activities in all assays. Compounds 4, 20, 22, 23 and 39 have been identified as 2 new
class of antiandrogen agents. The SAR study revealed that bis(3,4-dimethoxyphenyl)
moieties, a conjugated B-diketone, and an ethoxycarbonylethyl group at the C-4

30  position play important roles in the antagonistic activity.

oy



al so contribute to the activity of 4. These observati ons suggested that the
bi s(3, 4- di net hoxyphenyl) groups and the conjugated (3-di ketone noiety are
crucial for the activity. Data in Figure 3C show a sonewhat different cel
assay systemwhere 10 antiandrogen activity was assayed in DU 145 cells
transfected with wild-type AR and ARA70. Conpounds 4, 20, 22, 23, and 39
showed conparabl e or nore potent antiandrogen activity than HF in this
assay system Conpounds 20 and 22 wer eexaMmst 2 equi pot ent (54% and 53. 8%
reducti on, respectlvgl ac y actlve than 4 (49 9% .
Because curcumn (1) 1y ARG SR i £ nalogs

met hoxycar bonyl net h roups at the phenollc h dr oxyl s (20) or an

et hoxycar bonyI %ynélr‘g’ﬂ?}mﬁ?a@%s(%%h@d?é% Tableddstof-buted to the anti-AR
activity in> DU-145 cells in the presence of mnld type AR and ARA70. In
this study, we Tabdol &RTRELRRAEUEHt | andr ogen activity of

fl uorodi aryl heptanoi ds 24-29 and cyclic dlarylheptan0|ds 30-38. Conpounds
24-29 20 have j tTiftooronmethyt tituents—onr-both-benzene
rings, but shc&%ﬂ“eggﬁ& Sﬁucure

Cilivity or were inactive. Anong the cycli ¢
di aryl hept anoi|ds 30-38, cpnpound 30 was the nost active and was all nost as
active as |I-1F (Figure 3A and 3C). The ﬁaln ng cyclic diaryl heptanoids
showed weak antagonistic activit have prepared a nunber
of curcum n. anatbgues and 25 1 nt i androgen
activity in three different as ondi tions using man/prostate cancer
cell lines. Conpounds 4 showed ﬁising ant i andr ogen tivitieslin al
assays. Conpounds 4, 20, 22, and 39 have been identified as a new class
of anti androgen agents. The SAR study reveal ed t hat
bi s(3, 4-di met hoxyphenyl) | noi eties, a conjugated (3-di ketone, —andjan

et hoxycar bonyl et hyl group at the CG4. 30 position play inportant rjoles in
the antagonistic activity. -24 EXAMPLE 2 Syntie3|s and Characterization of
Addi tional Curgpnign Anal ggshCAe r cutin_gfal ogs~ar e $K8w] in Tabl e
| below. 5 Table 1. Curcum n ana

HO

ol o
H;CO OCH,
HO OCH,
- OH o)
HsCO
HO OH
Ol 0

HO OH
LL-27-B N =4 O
H;Co OCH,

© 25




und Structure OHOLL-7\ \ / O\ 1l / OH O HOLL-10 H3CO1Il \ / OCH
OHOHCO\ \ / OCCH LL-17 \ HO/ OCH, OH O LL-18 H3COI \ \ \ [/
OH OHO LL-27-BHOI1 \ \ \ / \ off H COOCH -25 Conpound Structure
OH O OCH, LL-32-BH3CO\ \ / I \ OCH H3COOCH3 OCH, OH O LL-35 H3CO
/ \ ocx, H3COOCH3 OHO H3CO\ \ \ / \ OCH LL-36 1.1,Co OCH3
Compound Structure
OCH, OH 0 OCH,
H,CO ' OCH
LL-32-B O N = O :
HyCO OCH;
OCH, OH 0
L35 H;CO O \ \ / ‘ OCH,
H,CO . OCH;
OH o}
H,C0 OCH,
H,CO OCH; ' OCH,
LL-41
LL-46
LL-55 O
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OCH3 O LL-41 H3CO( \ \ I \ OCH3 H3COOCCH3 0 O LL-46 H3CO\ \ / \ OCH3
HOOCH3 0 O\ OH O LL-55 Hcol \ \ / ( \ Ccfi, H3CO -26 Conpound
Structure OHOH3COI \ \ I \ OCH  THPO OTHP LL-61 0 O/\ 0 O H3CO OCH,
H3C F H, CO OCH, LL-62 OH 0 LL-65 H3CO CC1i3 THPOI / \ / OTHP OH O LL-66
x,co/ OCH3 HOIl I OH OO0/\ OHO

Compound Structure

OCH;

LL-61

LL-62

LL-65

OCH;
L1-66

HyCO

LL-80
H;CO

27 -



HCO/ \ OCH LL-80 HCOI / \ 1 [/ OH OO0 -\ -27 Conpound Structure
HQJ-7 Fox oFF/ I / F FOHOFHXM-9\ \ \ / \ H3C/ OCH OCH OHO
OCH3 HQJ-10 \ \ \ / \ F The foregoing conpounds are synthesized as
follows: 5 OHO 1.6203 O HOH2C 0 OO 2. (nBUO,B _ CH20H CHO + 3. nBuNHZ
\ O/ 4. HO HOH2C LL-7 LL-7: The synthetic method was nodified fromthe
strategy devel oped by Pedersen et al. Acetylacetone (0.2 m, 2 mvol) and

boric anhydri dedAPSuRg, -4 mmol) Were IUgdhgaRkVed n-T5 T of gt hyl
acetate. The solution was/ stirred.at 70C for 0 Rhnur B-

hydr oxynet hyl f| &R (506 m 4 mmol )
were added. The m xture 0.3 m, 3
mmol) dissolyed in 4 nm . The
stirring continued for 5 ol yzed by
adding 8 mM of 15 IN HC gani c

| ayer was separated. The | aqueous Iayer mas extracted with ethyl gcet at e.
The conbi ned ¢rganic |ayers were

HOJ-%

HOJ-10

The foregoing compounds are synthesized as follows:

5
OH O
1. B0
HOM2C. o O O 2 (ABUOLB NN \O CHyOH
UCHO ¥ /U\)J\ 3. nBuNH, N_d Y
4. Hel
HOM,C LL-7

LL-7: The synthetic method was modified from the strategy developed by Pedersen et

al. Acetylacetone (0.2 ml, 2 mmol) and boric anhydride (100 mg, 1.4 mmol) were

10  dissolved in 15 ml of ethyl acetate. The solution was stirred at 70°C for 0.5 hour. 5-
hydroxymethylfuran (506 mg, 4 m'mbi) and tributyl borate (1.08 ml, 4 mmol) were
added. The mixture was stirred for 30 min. Then butylamine (0.3 ml, 3 mmol)
dissolved in 4 ml of EtOAc was added dropwise during 15 min. The stirring

* continued for 5 hours at 85 °C. The mixture was then hydrolyzed by adding 8 ml of

15 1N HCI and stiming for 0.5 hour at 60 °C. The organic layer was separated. The
aqueous layer was extracted with ethyl acetate. The combined organic layers were
washed until neutral, dried with anhydrous sodium sulphate. The solven was removed

-28-



washed until neutral, dried wi th anhydrous sodi um sul phate. The sol ven was
renmoved -28 in vacu. The crude products were purified by Conbi Fl ash(r)

col um chromat ography eluting with hexane-Et OAc. 68 ng red powder was
obtained in 12%yield. 1H NVR (300 MHz, CDCl13): 6 4.67 (4H, s), 5.74 (H,
s), 6.40 (211, d, J= 3.3 Hz), 6.53 (2H, d, J= 15.3 Hz), 6.58 (214, d, J
3.3 Hz), 7.43 (2H, d, J=15.6 Hz). 5 O H3CO CHO 1. nBuNH2, HCO\ / OCH3 HO
33. HA HO LL- 10£H, mLcr%Qe pl\éaﬁuté R ;ﬁﬁaﬁéa bch%mm@ aolaﬂﬁl c%m%@amborat e

(2.7 n, 10 mmol) were dissolved in acetate. To stirring

sol ution, acet GHéng orihertne-BOdwob3 HIEGe@vﬁ@Wé@d’é@é obtgpeddnllaty )Oﬁdv\é%NMPr rring

for 10 n1 n. Oamlge The
sol ution was s:(%(drrl ng b%bp}oéuﬂf gigﬂ'moﬁd mﬁ}d@% éﬁ\lﬁ"ﬁ_‘?— ?9%@] 615??34 The _
m Xt ure was stJFrlﬁﬁgiZf)mSEO@H Kol 3.4tzbh 0 .4C.ZHHL MR 636D MHz, CDC13): 8 3.94
(6H, s), 6.90 (2H, d, J= 8.4 Hz), 695(2H d, J=15.6 Hz), 7.11 (2H, d, J
1.8 1-1z), 7.20 (2H, dd, J= 1.8 Hz, 4Hz) 768(2Hd J156Hz). 15
OH 1. 8203 HaCO CHO O 0 1 B203 HSCO BuO) 38, :
3, 4- di met hoxybé&hz O 3. nBaNHz %;»%ﬁi EICIH &4 Di-Pg -QCHE  HCl
OHO H3COi \ \ I DCHS LL- Acet : 30
mml ) and boric B@hydride (1.5 g, 21 mmol) weke i

ethyl acetate. The solution was stirred at 70C for 1 ho 10

LL-10: vanillin (1.52 g, 10 mumol) and tributyl borate (2.7 ml, 10 mmol) were
dissoived in 8 m! ethyl acetate. To the stirring soiution, acetone (0.37 ml, 5 mmol)
10 was added. The solution was stirring for 10 min. Butylamine (1 ml, 10 mmol) in 5 ml
EA was added dropwise. The solution was stirring for hours at 50 “C. 7 ml of 1N HCl
~was added. The mixture was stirring for 0.5 hour at 50 °C. '"H NMR (300 MHz,
CDCl3): & 3.94 (6H, s5), 6.90 (2H, d, J= 8.4 Hz), 6.95 (2K, d, J= 15.6 Hz), 7.11 (2K,

d, /=1.8 Hz), 7.20 (2H, dd, /= 1.8 Hz, J= 8.4 Hz), 7.68 (2H,d, J/=15.6 Hz). J

15
oH "0 ; (Ezgso) 5
1. BpO3 ANBULH)RE,
H,C0O 2. {nBuOK:B HyCO E e 3,4-dimethoxybenzaldehyde
M 3. HBUNHZ
4. HCI HC 3. piperidine
LL-1 4. HCI
OH ¢
HSCOOCH3
HO i OCH4
L7

LL-1: Acetylacetone (3.1 ml, 30 mmol) and boric anhydride (1.5 g, 21 mmol)

were dissolved in 20 ml of ethyl acetate. The solution was stirred at 70°C for 1 hour.

20 To the solution vanillin {1.52 g, 10 mmol) and tributy! borate {2.7 mi, 10 mmeol) were
added. The mixture was stirred for 30 min. At 85 °C, butylamine (1 ml, 10 mmol)
dissolved in 7 ml of EtOAc was added dropwise during 15 min. The stiring
continued for 1 hour at 100 "C. The mixture was then hydrolyzed by adding 20 ml of

IN HCI at 50 °C and stirring for 0.5 hour at 50 *C. The organic layer was separated.

25  The aqueous layer was extracted with ethyl acetate. The combined organic layers

were washed until neutral, dried with anhydrous sodium sulphate. The solven was

29-



20 To the solution vanillin (1.52 g, 10 mmol) and tributyl borate (2.7 m,
10 nmmol ) were added. The m xture was stirred for 30 mn. At 85 'C,
butylamne (1 m, 10 mmol) dissolved in 7 mM of EtOAc was added dropw se
during 15 min. The stirring continued for 1 hour at 100 C. The m xture was
t hen hydrol yzed by adding 20 M of INHCI at 50 C and stirring for 0.5
hour at 50 'C. The or.ganic | ayer was separated. 25 The aqueous | ayer was

extracted with ghded i2¢80alEs criflepoamdi Red RFGaNLE Thady&N§nn \éﬁBﬁmﬂ&@ﬁb@ﬁ
until neutral; dr| ed with anhydrous sodi um sul phate. The solven was -

removed in vac GRS SRy brrangE G DLlRET ROVSSF PR O8taBipdfin £OR6 aisidimil S 2

chr omat ogr aphy | n t spvel o) t4ai
29% yield TH R MHZ QDWQ?%?@?S)E?’@%C(% ¢ k@y\lag? el L ?ﬁb Singd Lo (H,
s), 6.33 (H, d693=(H1§=9=§12)HZ) (LY (@iJ*digﬁZB L0, dd7 Je B.{ Hz, & 13 IiZ)B He) |
7.10 (H, dd 8 Hz), 5 7.53 (H d, J=15.9 Hz). LL-17: At 80
C, LL-1 (46% Zsrgrrggi ‘;T‘zarllsglg |c anhydride (100 ng, 1.4 mmol) were
dissolved in 10 il bL-&t G\ACSO Thel-Bdl (ﬁGB,oh mvasl) shd rhotio gnhedride (hommng, Tct t he

m xture, 10 m _of o] 34d|rret | d 365
T 2% ol T R GiR b DeE TR e R PR R R G d oAb dpe
s]'Ei rring for Onfﬁixtﬂxﬁ o wil, of fHtpak isdiunen ¢OntBiBingl 3,4 w@&ﬂﬂﬁglsdazmaeﬁﬂe (BB Xingy €.
After stirring,for

oyrs, 4 m of 4 N HCl ded at 50 C. _The
m xture was vi 68rr8ﬁ’§’pf“gttf¢‘r‘téldboéfte§8 582‘?1012 r@‘mBD VFP& ﬂ cgh%gf&?(ﬁi*ﬁil%@f gr Sgani ¢
| ayers wer 0 wash@gdpipstittind (0MSWhiF dhs adliel aﬁm&mnﬁmnhytemyﬁng sRdindMssinpbat e.
The sol ven was renpved in vacu. The crude products were pUI’IfI ed to offer

67.2 ny LL-17 PA 28 Hdyaserded £30. i The isame way wearpusly simpdel $o¢ fd.5 15

CDC13): 8 3. 94h<§L9HI‘heS&om’t§n<§10rgﬁsc §a)yers 6%,@4‘;8 W@]@Jéd u‘ﬂtﬂ r]eutrla? BiehlEdiih th?grbug 14
(6H, m, 7.60 (2H, CHO 1. B203" H3CO 2.

(nBuO) 3B, 3 \ $Giun euphay. ABaeylve: \NaS\ remw@# @w@@@m C@edmeducés weiBENERedr  HO
4. HC HO\ 3.ypifRewh diier 1 lib-id 849 Hd. ESI-MS mz 381.1 (M-1)F TH NMR (300 MHz,

15 CDCly): 53.94 (98, 5), 5.81 (H, 5), 6.48 (2H, d, J= 12.6 Hz), 6.87- 7.14 (6H, m), 7.60
(24, d, J= 12.6 Hz).

‘i B0

1. B2O3 ﬂBUO)38
HSCOD/CHO Q5 (NBuOkB HSCOD/\/U‘\ 4-hydroxybenzaldehyde
3. nBuNH;
HO 4, HCI 3. piperidine
CH ©
OO
HO OH

4. HCI
LL-18

20 LL-~18: the same procedure as the preparation of LL-17. 50% yield (started
with LL-1 and 4-hydrox-yben2aldehyde). Orange powder. ESI-MS m/z 337.1 (M-1)";
'H NMR (300 MHz, CD;COCD3): 8 3.93 (3H, s), 5.98 (H, s), 6.70 (2H, d, J= 159
Hz), 6.87-6.92 (3H, m), 7.19 (H, dd, J= 8.4 Hz, /= 1.8 Hz), 7.35 (H, d, J= 1.8 Hz),
7.56-7.64 (4H, m).

oH 0
1. ByO3
2. (nBu0)aB nBuO g8 =
M 3. J"IBLINH
Hsco Hsco OCH3

4. HC!



OHO0O HCO\N\N\N/ \ HOOH LL-18 20 LL-18: the sane procedure as the
preparation of LL-17. 50%yvyield (started wth LL-1 and

4- hydr oxybenzal dehyde). Orange powder. ESI-M5s mz 337.1 (M1)+, "H NWR
(300 MHz, CD3cocD3): 5 3.93 (3H, s), 5.98 (H, s), 6.70 (2H, d, J= 15.9

Hz), 6.87-6.92 (3H, m, 7.19 (H dd, J= 8.4 Hz, J= 1.8 Hz), 7.35 (H, d, J=
1.8 Hz), 7.56-7.64 (4H m. HOOHOHO\ CHOO Ip 1 B203 HOHO\ \ / OH
F\I\ 3 NBUNBB ( 1\ I a7-b: hobeyle@helis. e, 5 180D MRG0y bls 274
LL-27-B -30 LL-27-B: Acetylacetone (3.1 m, 30 mmol) and boric anhydride
(1.5 g, 21 mémpelhsies dssslisd edd mh obehp acelptee Thy boladet weestipRat 6Culer on

was stirred at pz Of_ g 2 h g 2 g,
10 mmol ) and tr0 |581l%1%|gg%%g%yea%(r%hoﬁ?ﬁﬁﬁ%%&%{?E\t%e?g%@é%hg egﬁﬁb)(‘()'ga[tjerse was
stirred for 30(h7 mlai0 ronat) wteeaddsd. Bilbeyhiatrirn ava stimd for GOnmil 4t 7di ‘€s Ghered i n
7 m of EtQOAc e wi LLNG - 1 t. 85 C...The stirrin

conti nued 19)3} %ﬁﬁ%a%?geaﬂ %88@(%%2%%21&3%1}?&5%%&@ C,WW?)?@’?BWSB&M i ng
20 nl of I'N HCL5 anid 2585 r€.i Tig: stieningdcdmtitnaudrfontl hbGr £ 100ME. Qhgatikre Waydhen was
conbi ned or gant e agury i PESHED UAE bt OBttt b BHTGERSUS
vere pUr LT 60, 1 0d 5 DL Sy A and oG e b2 Br e ety e el NS
were purified. 1.0 -27-A an ny -27-B were obtal ned. | - z
367.1 (M1)+:" PPINWC? PHEB< NAEETS 51_:?11@{_21‘?16 (61d wyth aghysiroysgodayn 6 gp
(2H .d, J 19. 6sd§%§a¢e.ﬂ“h@§olv&g|ﬂlas gbmoled & daciZThe Fudlproddchs wgﬁ?ulliﬁe@.-l:.'oﬁﬂ'éz: J=

8.1 Hz), 7.26 d, J=2.1 Hz}) 7.65 (2H d, J= 15.3 Hz%. 5.,
L-27-A and 248 mg L1-27-B were obtained. ESI-MS m/z 367.1 (M-1)"; 'H NMR

(300 MHz, CD;COCDs): 6 4.01 (6H, s), 6.01 (H, s), 6.66 (2H, d, /= 15.6 Hz), 7.03
(2H, 4, J= 8.1 Hz), 7.20 (2H, dd, /= 2.1 Hz, /= 8.1 Hz), 7.26 (2H,4, J~2.1 Hz), 7.65
(2H, d, /~=15.3 Hz).

15
QCHg QCHz OH O : OCHg oM 0 OCHa
H3CO oHo+ o 0 ;j ?12&30 o HaCO PN +H300 NP CCHa
M 3. nBuiHz . O
HaCO 4, HCI HaCO HaCO QCHg
oo LL-32.B

1.L-32-A

L1-32-B: Acetylacetone (3.1 ml, 30 mumol) and boric anhydride (1.5 g, 21
mmol) were dissolved in 20 ml of ethyl acetate. The solution was stirred at 70°C for
20 0.5 bhour. 2,3,4-trimethoxybenzaldehyde (1.96 g, 10 mmol) and tributyl borate (2.7 ml,
10 mmol) were added. The mixture was stirred for 30 min at 70 °C. Then butylamine
(1 ral, 10 mmol) dissolved in 7 ml of EtOAc was added dropwise during 15 min at 85
°C. The étin‘ing continued for 1 hour at 100 °C.I The mixture was then hydrolyzed by
adding 20 ml of 1N HCI and stirring for 0.5 hour at 50 °C. The organic layer was
25  separated. The aqueous layer was extracted with ethyl acetate. The combined organic
layers were washed until neutral, dried with anhydrous sodium sulphate. The solvent
was removed in vacu. The crude products were purified. 1.25 g L1L-32-A and 150 mg
LL-32-B were obtained. 'H NMR (300 MHz, CDCl;): § 3.89 (6H, s), 3.90 (6H, s),
3.94 (6H, s), 5.83 (H, 5), 6.64 (2H, d, /= 159 Hz), 6.71 (2H, d, /=9 Hz), 7.31 (2H, d,

30 J~=8.7Hz), 7.85 (2H,4, /=16.2 Hz).
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OCH3 OCH3 CH OOCH3 OH 0 OCH3 H COCHO+ 1O 1O 2 (,8,0):8 H CO + H3CO
OCH3 3. nM2 ~i H- 4. HO H3C0 H3COOCH3 LL-32-A LL-32-8 LL-32-B:

Acetyl acetone (3.1 nml, 30 nmmol) and boric anhydride (1.5 g, 21 mol) were
dissolved in 20 mM of ethyl acetate. The solution was stirred at 70C for

20 0.5 hour. 2,3,4-trimethoxybenzal dehyde (1.96 g, 10 mml) and tri butyl
borate (2.7 m, 10 nmol) were added. The m xture was stirred for 30 mn at
70 C. Then butyI am [EH; (]{)}mg 10 Bgivol ) di ssol ved in 7651 OBHE(SOA\C was added
dr opwi se duri nds C* R, fyFer“?aid?%deCQﬂ&cbn f of. 1 hour_ at ;400
C. The nixture wasltpen hydrol @ ‘ °
for 0.5 hour at=%0 The organﬁ(ﬁ,‘@?”%i‘i?er was 25 gepara aqueetisodgyer
was extracted with etWF acetate. The conbined organic |ayers were washed
until neutral, dried with anhydrous sodi um sul phate. The solvent was

removed in vacu. Themasctelemmetpedcsdmea@&@tmﬁarmn &L&ﬁm :15'2,* %%r&“%s@ﬂgd 150

LL-32-B d
??SH, s), 3. \Sﬁr"%‘é‘ﬁﬁig?‘r‘f Bn%s=4(<ilffne@)3xyb8m'@lﬁeb}21ﬁl) %SI)MS s, @792()M+I® ,7'149(32H d,

J= 9 Hz), 7531 2Neaydt 7 HOCH3
OH O 1: ) po08 ol HNm%OW?@%Ié)nggﬁg%dehydl @ngﬁ H@ 2500 \
\ / \ OCH3 H3CG. SJp‘%%ﬁeGH &S HBE 6 ¥= 15,603, 6.63 (132d, N=415. %Ez) ﬁﬂlC{H §.L/35:

The sane procegdyr e 59 I ( th
LL-32-A and 3, 4 qu}%gea?%%gsbdggzgﬁidﬂﬁy ?%élélif%/é@zﬂé%ﬁ Q%rﬁ %ﬁrﬁp?%ge"‘#

( MtNa) +; 1H NNHZI 360 (MJ—MIS),766(B,<89’(=3H91§2)),,785g{,ctgmég)Hz)s 93 (3H,

s), 3.94 (6H, s), 583(H s), 6.51 (H, d, J=15.9 Hz), 6.63 (H d, J= 15.9
Hz), 6.71 (H, d, J= 8.7 Hz), 6.89 (H, d, J=8.4 Hz), 7.09 (H, d, J=2.1
Hz), 7.15 (H, dd, JOqHs8 Hz, J 8.7 Hz), 7.3bLcEH, du 3= gB?O Hz) ool 8k G

3-715.9 H), 7. 85@%*0 3o 16. 20 By OOHB
' 3. nBuNH,
H3CO . 4. Hal HaCO 2. piperidine

OCH;, OCH, LL-33-a  4HC

OCHy OH O

O SN X = OCH;,
HaCO ‘ OCH, S

10 OCH;  LL-36

LL-36: The same procedure as the preparation of 1L.1.-17. 48% yield (started
with LL-33-A and 3,4-dimethoxybenzaldchyde). ESI-MS nvz 427.2 (M+H)', 449.3
(M-+Na)"; "H NMR (300 MHz, CDCh): 5 3.89(3H, s), 3.90 (3H, 5), 3.93 (3H, s), 3.94
15 (3H, s), 3.95 (3H, s), 5.84 (H, s), 6.50 (1, 4, J= 15.6 Hz), 6.51(H, ), 6.57 (H, d, J=
16.2 Hz), 6.88 (H, d, J= 8.1 Hz), 7.06 (H, s), 7.08 (H, d, J= 2.1 Hz), 7.14 (H, dd, J=

2.1 Hz, /= 8.1 Hz), 7.60 (H, d, J= 15.9 Hz), 7.96 (H, 4, J= 15.9 Hz).

O

H3COD/CHO+ o 625 Naoy  HaCO O R O OCH3
"HaCO /k

HsCO L4t OCHs

20
LL-41: To a solution of acetone (0.36 ml, § mmol) and 34-
dimethoxybenzaldehyde (1.66 g, 10 ml) in 50 ml of a 0.25 M solution of aqueous

NaOH was added 1.5 ml of a 25% w/w agueous solution of cetyltrimethylammonium
-3~



CHO O O 1. B203 2. 3, 4di met hoxybenzal dehyde + fnBuOQaB\ \ _ (nBuO 36 \/\
3. nBuNH2 H3CO 4. HCI H3CO 3. piperidine OCH3 OCH3 LL-33-A 4. HCI OCH3 OH
O\V\\/ \ OCCH3 H3CO'/ , OCH3 10 OCH3 LL-36 LL-36: The sane procedure as
the preparation of LL-17. 48%yield (started wth LL-33-A and

3, 4-di net hoxybenzal dehyde). ESI-M5 mlz 427.2 (M+H)+, 449.3 (MtNa)+; 1H NWVR
(300 MHz, CDC13): 8 3.89(3H, s), 3.90 (31, s), 3.93 (3H, s), 3.94 15 (3H,
?L 3 9? (BTG ;c)ralw_xlznﬁe Bnd lﬂ;}é‘c&)e, wh 51@-)0‘&66'31'I tocbnrl/rg]o}ghs@ E?}ooyfpteﬁ%ﬁ’mrg)f@r 0?7
2.1 Hz), 7.14 (hqmdéﬂuteﬁwé b&mﬁ’znd gersgied Jethy ae@a HThajeﬂl}al:aoqtstegoHﬁpn 7.96

To a S0l utfon o SeArRae] B b bl oigo Sl 1t A BRE It e

(1.66 g, 10 )powderseasmbt@ﬂech 76%2 BN EBI-MSi ot 156 2aded)s ' H NATRI (s Madided

1.5 mM of az259 @ag ) tt t hyl

brom de. Thg m@%re ?4 §%§51 oéksfgl |%d(§)r %ﬁybgtﬁ%&&ngﬁétﬂre for
20 hours, dil uté&dizy 7.05 K2H,nk Janids &), 70t @H, id.t 5 B4, Jaget HEe 7.6FReHgt, hy|
acetate sol uti on 5%%5 concentrated and then underwent col umm

chr omat ogr aphy. }L )g bright yellow powder was obtained. 75%yield..
ESI-M5 mz 355.2 (MtH)+; ITH NVR (300 MHz, 5 CD3COCD3): 5 3.94 (6H, s), 3.96
(6H, s), 6.90 (2H, d, J = 8.4 Hz) 6.95 (2H, d, J= 15 9 H@ 7.15 (2H, d,

J=1.8 HZ), 7.20 (214 dd oJ=0l.8 Hz, J= 4 HZ) (ZH uO3B
HaCO 1. B204 HaCO N 3,4-dimethoxybenzaldehyds
+ 2, (nBu®.B
3. nBuNH, 3, piperidine
HO 4. HCI HO Loost * ﬂgl
L
COOEL LL.40
OoH O
H4CO. O NP N i OCHg e
HO OCH5
COOE?
L.L-48
10

LL~46: ‘The same procedure as the preparation of LL-17. 38% yield (started
with LL-40 and 3,4-dimethoxybenzaldehyde). ESI-MS m/r483.4 (M+H)*; 'H NMR
(300 MHz, CDCls): § 1.25 (3H, t, J= 7.2 Hz), 2.32-2.37 (2H, m), 2.55 (2H, 1, J = 7.8
Hz), 2.95 (0.5H, 1, J= 7.8 Hz), 3.91-3.97 (9H, m), 4.14 (2H, q, J = 7.2 Hz), 6.70 (L,
15 dd,J=4.2 Hz, J=15.6 Hz), 6.84-7.19 (7H, m), 7.62-7.76 (2H, m);

o o oM O
HE_COW + HA\%,UOCHG LDA. THE H30000H3
HiCO OCHg H3CO QCH;3
LL.&5
LL-55: To a stirred solution of LDA (0.29 ml, 2M hex/THF, 0.58 mmol) in 3
20 ml of THF at ~78 °C was added a solution of 3,4-dimethoxycinnamone (100 mg, 0.48
rmmol) in THF (3 ml). After 15 min, 3,4-dimethoxycinnamaldehyde (85 mg, 0.44
mmel) in THF (3 mi) was added. The mixture was stirred for 20 min at —78 °C. And
then the mixture was quenched with saturated NH4Cl: The solution was allowed to
warm to ambient temperature and extracted with ethyl acetate. 22 mg LL-55 was
25  obtained by column chromatography. 13% yield. "H NMR (300 MHz, CD;COCD3): 8

2.93 (2H, d), 3.80 (6H, s), 3.85 (6H, 5), 4.13 (H, d), 6.25 (4, dd, J= 6Hz, J= 15.9 Hz),
-33.



J=15.9 Hz). OH 0 1. B203 H3CO CHO O p 1.8203 H3CO ; _oxzadehyde / 3. nBUNHp
HCl COOEt LL-40 COOEt OH O H3COIl \ / \ OCH3 HO/ ' / OCH3 COCEt LL-46
10 LL-46: The sane procedure as the preparation of LL-17. 38%yield
(started wth LL-40 and 3, 4-di met hoxybenzal dehyde). ESI-MS nml 2-483. 4
(MtH) +; "H NMR (300 MHz, CDC13): S 1.25 (3H, t, J= 7.2 Hz), 2.32-2.37 (2H,
m, 2.55 (2H, t, J =7.8 Hz), 2.95 (0.5H, t, J= 7.8 Hz), 3.91-3.97 (9H,

g) 4.14 (2H, g589(1% d.J2 1890 H2)66.30 ({H, /=13%.DHz), $884H2d HE=S. ﬂHi)‘,Ss@OFchH) da,

O 84 719 (TH M oe.02 1n (2 ol 1058 O 0ot st £ S, L DA, THE

sol ution of LDA.g8z28- SrVHz%M:hB(H/ dH= 0.91L8 mamlihy, &= K229 M of THE at -78
C was added a sol ution of 4- di met hoxyci nnanone (100 ng, 0.48 mol) in
THE (3 nil). After 15 mn, 3 4- di net hoxyci nnamal dehyde (85 ngy, 0.44 nmmol)
in THE (3 m) was added Pheomi xture was stirred for 20 m@g & -78 C And

K . T

then .the m xt Ube-wes. oy
allowed to warm td ghbi ent tenp ure -and-extract b mcet at e
22 ng LL-55 was %5 obtai ned py col'unfi chr omat ogriel 13% yie 7 NIVRP

(300 MHz, CD-, 000D3) S 209 o(?{d d) 3.80 (6H s), -3 85 (g¥ «33\ 4.13 (H,
d, 6.25 (H J= 6Hz, 135 , =-336.58 (H d, J= 15LL961HZ) 6. 80
(H d, J—léZHZ) 688(ﬁ d, J83HZ) 6.90 (H, dd,

LIL-61: 4-thoxycarbonylethyl curcumin (153.1 mg, 033 mmol) and
dihydropyran (0.73 mL, 7.32 mmol) were dissolved in 3 mL of dry dichloromethane
containing PPTS (8.3 mg, 0.033 mmeol). The solution was stirred at room teraperature

10 for 48 hours. The solution was then washed by water. The solvent was removed in
vacu. The crude products was purified by CombiFlash® chromatography eluting with
hexane-EtOAc to give LL-61 (134 mg), 59% yield, yellow powder, mp 60- 61 °C;
ESI MS m/z 6352 (M-1)"; '"H NMR (300 MHz, CDCl3): § 1.25 (3H, 1), 1.57-2.17
(12H, m), 2.96 (0.57H, 1), 3.62 (4H, t), 3.91 (6H, s), 4.13 (2H, q), 5.47 (2H, 1), 6.72

15 (2H, d, /=15.6 Hz), 6.90-7.18 (6H, mj, 7.44 (2H, 4, /=15.6 Hz):

o 0 o 0

H3CO O T = OCHq NaH, DMF HSCOMOCHE
D [ ST U

HaCO CHa OCH3 SelecFliuorc HaCO : GGHs

tL-62

LL-62: A DMF solution (2 mL) of 1,7-bis-(3,4-dimethoxyphenyl)-4-methyl-
1,6-heptadiene-3,5-dione (50.3mg, 0.12 mmol) was added to an oil-free suspension of

20 NaH (10 mg of 60%, 6 mg, 0.4 mmol) in DMF (2 mL) under nitrogen at 0 °C. The
solution was stirred at 0 °C for 30 min and then at room temperature for 2 h. To the
sodium salt solution SeiectﬂdoroTM {86.7 mg, 0.25 mmol) in DMF (2 mi.) was added.

Adter stirring for 2 h, the solution was extracted with EtQOAc and washed with 5%
HaSO4 (10 mL) and subsequently saturated NaHCO; solution (10 mL). Then the

25  solvent was evaporated in vacuo. The crude products were purified by flash column
chromatography eluting with hexane-EtOAc to afford LL-62 (25 mpg) in 49% yield.
yellow powder. 'H NMR (300 MHz, CDCl): § 1.97 3H, s), 3.90 (6H, s}, 3.95 (6H,
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J=0.9 Hz, J=8.7 Hz), 7.00 (H, d, J= 8.4 Hz), 7.04 (H, d, J= 0.9 Hz), 7.25
(12, dd, J= 0.9 Hz, J=8.7 Hz), 7.34 (H d, J=0.9 Hz), 7.61 (1H, d, J=

16.2 Hz). 0 0 0 H3CO/ OCH3 H,CO\ \ / \ OCH3 HO CH THPO OTHP 0 0O 0 O 5
JC-15 LL-61 LL-61: 4-thoxycarbonylethyl curcumn (153.1 ng, 0.33 mmol) and

di hydropyran (0.73 nL, 732 mmol) were dissolved in 3 nL of dry

di chl oronet hane containing PPTS (8.3 ng, 0.033 mol ). The sol ution was
Etl rred at L oom), 3R Had,ul-g .8 15, §.87 (48 dlapm"@rzgzthesgqizglte ggme@ JEhemefsheg
y water. The n e crude products was purifie
by Combi FI ash(%%éﬁﬁo%ﬁé?’iéﬁ}%ﬁ? g?@@ MeHhd: FExEHEJEt OAc to give LL-61
(134 ng), 59%yvyield, yellow powder, nmp 60- 61 C ESI MS miz 635.2 (M1)+;
"H NWR (300 MHz, CDC13): §H1025 (3H t), 1.57-2.17 (12H ”E 2.96.- (0.57H,

t), 3.62 (4H, t)c03.91 R) . 4. 13042 7 6 72 15 (2H,
d, J=15.6 Hz), 6 90 « .° z?j,_d,,§°6 %ﬂ(
OCH3 NaH, DMF, HaeC hBCDFEﬁB Ceieg ecFIuoro brdp H3D

F OCH3 LL-62 LL-62: A Dwﬁm§@Jut|on (2 L) of LL-64-B

1, 7- bi s- (3, 4- di met hoxyphenyl ) - 4- met hyl - 1, 6- hept adi ene- 3, §- diz@ne (50. 3ny,
0.12 mmol ) was added to an oil-free suspension of 20 Nall] (10 yg of 60% 6
nmg, 0.4 mmol) in DVF (2 nL) under nitrogen at 0 C. The soljuts was stirred
at 0 Cfor 30 min and then at roomtenperature for 2 h. To the °s0di um salt
solution SelectfluoroTM (86.7 ng, 0.25 mml) in DMF (2 nL) was added.

After stlrrlng for 2 h, PHeosqutlon was extracted mnth Bt GAc and washed

with 5% H2S04"CPe- ) Sand equeftthy sa
Then the 25 sol yg Vay o veCH
purified by flas cl ronatography el ut i H§w

afford LL-62 (25 ng) in 4%% §i el d.

5

LL-64B: Recrylstalized curcumin (1.08 g, 2.94 mmel) and dihydropyran (2
mL, 20 mmol) were dissolved in 30 mL of dry dichloromethane containing PPTS (74
mg, 0.29 mmol). The solution was stirred at room temperature for 24 hours. The
solution was then Wéshed by water. The solvent was ren{c;ved in vacuo. The crude
10 products was purified by CombiFlash® chromatography eluting with hexane-EtOAc
to give LL-64B (1.12 g), 66.8% yield, yellow powder; ESI MS m/z 535.0 (M-1)"; 'H
NMR (300 MHz, CDCl3): 6 1.57-2.17 (12H, m), 3.62 (4H, 1), 3.91 (6H, s), 5.47 (2H,
t), 5.83 (1H, s), 6.50 (2H, d, /~15.9 Hz), 7.09-7.16 (6H, m), 7.60 (2H, d, /=15.9 Hz);
Anal. Caled (theoretical) for C3H;605°1/41,0: C, 68.81; H, 6.80. Found: C, 68.86; H,

15 6.83.
LY~65: A THF solution (3 mL) of LL-64B (55mg, 0.10 mmol) was added to
an oil-free suspension of NaH (7 mg of 60%, 4.2 mg, 0.17 mmo!) in THF (2 mL)
under nitrogen at 0 °C. The solution was stirred at 0 °C for 30 min and then at room
temperature for 2 h. To the sodium salt sclution ethyl propiolate (0.02 mL, mmol) was
20  added. After stirring for 2 h, the solution was extracted with EtQAc and washed with
5% HaS04 (10 mL) and subsequently saturated NaHCO; solution (10 mL). Then the
solvent was evaporated in vacuo. The crude products were purified by CombiFlash®
chromatography eluting with hexane-EtOAc to afford LL-65 (39.4 mg) 62% yield,
orange powder; mp 72- 73 °C; BESIMS m/z 634.7 M™; 'H NMR (300 MHz, CDCl3): &
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yel | ow powder. '"H NVR (300 M-1z, CDCO3): S 1.97 (3H, s), 3.90 (6H, s),
3.95 (6H, 34 s), 6.83 (2H, d, J=7.8 Hz), 6.87 (2H, dd, J=3 Hz, J=15.6 Hz),
6.90(2H, d, J 1.8 Hz), 6.95 (2H, dd, J=1.8 Hz, J=7.8 Hz), 7.75 (2H, d,
J=15.6 Hz); OHO OH O H3CO\ / \ OCH3 DHP, HaCo \ / \ OCH3 HO I pH PPTS

\
THPO OTHP Curcumin LL-64.8 NaHNaH, O -\ OH O OH O H3CO \ \ / OCH3 PPTS
HCO\ \ \ / \ OCH3 HO\ pH BOH THPO OTHP O 6" 0 0'- LL-66 LL-65 5
LL- 64B: Recryl st.3d (3#&d), mﬂmqmﬂ',(m) 03362964P2¢)94 .ommel) s)yanddhiyy gy, shwr@ns, {)2

m., 20 mmol hl or onet h t PPTS
(72 g, 0. 20" T - Ui S /O GllsSt et R (S %?78@'1?&3”
hours. The sol 13 Ha), wes a[mnﬂ\@sbﬂg) Byhal il étohlé&%uw ﬁfﬂ%p@é e

roma ograp

vacuo. The crugga%% roduct s_was purl fied by mbi Fl as
eluting with h EP@&CC P08 1PL-64B (1.12 g), 66.8%yvyield, yellow
owder; ESI sV m MR, a D 157-

CIoH M. 3.62 (4ﬁL55t%?Tge G%ﬁ)(%fjlmﬂ g %Q’?zﬁﬁﬂ )QP%?’%? T aélﬁi%P%gw
(2H, d, J=15.9 (Pre QO%gnmoliewmmrq@ at o680 tefprekatgte f3=B5h9 Thiz )splutidin afas

Cal ed (1 heor otidhglbucd 8GR H0RD A AE00, o qPipifd e cobirgis 88 e b ol
mmol ) was addeclutive vath sixhnd F€RAG WS peyisidporande eddct, 7m15rg 0614‘ 1896C;, £ MY,
0.17 mmol ) in THE£2) E&x)ignl"ﬁ%wgg‘%{ﬁ PRENCALLY: 51,34 P, 3055 0 88,8 ed

at 0 Cfor 30 mn and
10 quart), 5.96 (2I-I d, J=15.6 Hz), 6.95 (ZH d, /= 8.2 Hz), 6.96 (1H, d, J= 15.6 Hz),
7.05(2H, d, /=2.1 Hz), 7.17 (CH, dd, /=82 Hz, J=2.1 Hz), 7.75 (2H, d, J= 15.3 Hz),

7.90 (1H, d, J= 15.9Hz).

HSCOOCHs NaH, HaCO o T i = OCH;
H,CO OCH; HO HSCOOCHg
s LL-80
L.L-80: The same synthetic procedure as the preparation of LL-66. 62% yield
(started with 1,7-bis (3,4-dimethoxyphenyl)-1,6-pentadiene-3, 6-dione). Red powder.
"H NMR (300 MHz, CDCL): § 1.34 (3H, 1), 3.95 (12H, s), 4.29 (2H, quart), 5.98 (2H,
d, J=15.6 Hz), 6.95 (2H, d, J= 8.4 Hz), 7.00 (1H, d, /= 15.6 Hz), 7.08 (2H, d, J= 1.8
20 Hz), 7.22 (2H, dd, /=8.4 Hz, /= 1.8 Hz), 7.77 (2H d, /= 15.3 Hz), 791 (1H, 4, /=
15.6Hz).
HOJ-7: 3% yield (started with 5 mmol of 2,4-diﬂuorobenzaldehyde),' yellow
powder, mp 155.5-156 °C (n-hexane-EtOAc). 'H NMR (CDCls) 85.86 (1H, s), 6.68
(2H, d, J=16.0 Hz), 6.84-6.96 (4H, m), 7.56 (211, m), 7.71 (2H, d, J=16.0 Hz). ESI-
25  MS m/z 347 M—11". Anal. caled for C19H12F402 C, 65.52; H, 3.47. Found: C, 65.66;
H, 3.57.
HOJ-9: 10% yield (started with 5 mmol of 2-flucro-4-methoxybenzaldehyde),
yellow powder, mp 163165 °C (n-hexane-EtOAc). "H NMR. (CDCly) 83.84 (6H, s),
5.82 (1H, s), 6.62 (2H, d, /=16.0 Hz), 6.70 (411, m), 7.48 (2H, t, /=8.7 Hz), 7.71 (2H,
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tenperature for 2 h. To the sodiumsalt solution ethyl propiolate (0.02 ni,
nmol ) was 20 added. After stirring for 2 h, the solution was extracted with
Et OAc and washed with 5% H2SO4 (10 nL) and subsequently saturated NaHCO3
solution (10 nlL). Then the solvent was evaporated in vacuo. The crude
products were purified by Conbi Flash(r) chromatography eluting with
hexane-Et OAc to afford LL-65 (39.4 ng) 62%yield, orange powder; np 72- 73

C, ESI M5 nmz 6134‘476 (MHz)'ESI NdyR.£ 399 vz H} @Ql%hcd Sor Cﬁﬁlﬁlﬂé’) (%?csl?t 4ti{
2 (6

1.5-2.2 (12H, 362((: t 9 4.28 (2H
5.96 (H, d, Jf5976 @ﬁﬂd J—156Hz) 7087 16 (6H, ,776
oH, d, J= 153 Hz : )

1£or C36H42010: C, )68 d}%g%yildd @mé%ﬁgs%%@gf/z\'}%m %&%&Bﬁsﬁea{é’l&gﬁhe

EtOH (2.5 L) gellew ﬂmﬁi@@impﬂ4$514éf@ (8-heepne G1023).THONMR (DRI 82 (6Hng), 0. 02
hovacue. LD 66 PO TR A RE RN Bl Sis tatt ] Ik b O Ry (B a0 &t o
ﬁ/ls ut |mng \£/1VI6T.5 hzhéﬁar(éﬂeﬁmels (OB \BSBINS o aﬁ?g\;{pa)}gu?n%zm?gi@@;():Emglrgagc&ﬁg

V4 )
s), 4.29 (2H, %L’éﬁﬁ%ﬁ’%‘y“ga@gasw 439 15.6 Hz), 6.95 (2H, d. J 8.2 Hz),
55-_92 (1132 d, J 15. 63&@%103} Ziig)ﬁgy(m c&npohg%@sh%ﬁﬁkbovegiréf%&%féd aQﬂ)ﬂoﬂJg%nC;Zil |O|Z,
HCO\ \ 2 / \%&&d riia}’é Bt égﬁi@m g@gjqaeﬂi@&fﬁ‘mr ay SF‘Z ‘)t‘é:uivqilgbieol\ 0

0'-- LL-801015tkibw80: The sane synthetic procedure as the preparation of
LL-66. 62%yield (started with 1,7-bis
(3, 4- di met hoxyphenyF FuBuyse Ard dranséecion-eHmsnayostme FapendaiCaP 2pd RIS (300

MHz, CDC13): CéIH%"We(rg’ ﬁalﬁtamedsm%l(d' aﬁdmﬁz) and%\ﬁgec(cg’lj’mﬂﬂﬁg&l )esse§tla? %mﬁaﬁ
(DMEM), respectively. Both media were strengthened with petiicillin (25 units/mL),
streptomycin (25 pg/ml.), and 10% fetal calf serum.  Androgen receptor

15  transactivation assay, an androgen-dependent report_er' gene transcription test, was
employed as the primary screening for potential antiandrogen identification. This
assay was first performed in LNCaP cells, which express a clinica'liy relevant mutant
AR. Once potential compounds were indicated by LNCalg ‘AR transactivation assay,
they were re-examined for their potential activity against wild type AR. Wild type

20 AR transactivation assay was performed in PC-3 host celis, which lack an
endogenous, functional AR.

QOur previously described conditions for cell transfection were followed (Ohtsu
et al, J Medicinal Chem 45: 5037-5042 (2002); Ohtsu et al., Bioorganic & Medicinal
Chemistry 11:5083-5090 (2003)). In brief,' cells were plated in 24- or 48-well tissue

25  culture dishes twenty-four (PC-3 cells) or forty-eight (LNCaP cells) hours prior to
transfection. Subsequently, LNCaP cells were transfected with a reporter gene,
MMTV-luciferase, which contains MMTV-LTR promoter and androgen receptor
binding element, and PR1-SV40, which served as an internal control for iransfection
efficiency. PC-3 cells were transfected with a wild type AR expression plasmid,

30  pSGS5AR, in addition to the above-mentioned MMTV-luciferase reporter gene and
PRL-SV40 internal control. SuperFect (Qiagen, Chatsworth, CA) was employed as
the transfection reagent following manufacturer’s recommendations. At the end of a

five-hour transfection, the medium was changed to DMEM or RPMI supplemented
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d, J=15.6 Hz), 6.95 (2H, d, J= 8.4 Hz), 7.00 (1H, d, J= 15.6 Hz), 7.08 (2H,
d, J= 1.8 20 Hz), 7.22 (2H, dd, J--8.4 Hz, J= 1.8 Hz), 7.77 (2H, d, J= 15.3
Hz), 7.91 (1H, d, J= 15.6Hz). HQJ-7: 3%yield (started with 5 mMmuol of

2, 4-di fl uorobenzal dehyde), yellow powder, np 155.5-156 C (n-hexane-Et CAc).
"H NMR (CDC13) 65.86 (IH, s), 6.68 (2H, d, J16.0 Hz), 6.84-6.96 (4H ),
7.56 (2H, m, 7.71 (2H, d, J16.0 Hz). ESI 25 MS niz 347 [M])+. Anal. calcd
for Cl9H, 2F402:wifG 1B%. cﬁgrcodl'ldef%tr:ﬁlzstrl UNghdr 3. Bfenty¥Hs Rourd 0%
yield (started with 5 mmol of 2-fl ulgﬁrao- -n@iﬁng%lgg%zaﬁehyﬁ%e)n %?%I\%v
powder, np 163- @%t@@ﬁu%@%ﬁngﬁﬁ?mw L1pMNR pr 63t BAmPEEH) s%’f the5. 82

771 (b -6 ey BeRatiEly iR e T EE) et

C21Hi $F204: C, leifepae apijvitysassy. uslrzwﬁdal Bicifgipss yssa, S}dsteﬁﬂ (Pﬂd@bgmviacﬁ%w ield

(startedvm h r i d yel | qw | es,
144- 145 ]ﬁ‘;?aﬁgéfe%%&g‘?q”eﬁ’w%%% ?@6%59% g%“%ﬁ‘y %i?"“%’)“f’mgm%& gb@‘@ H,
s) 6.72 (2H, d}ter.ﬂtai]lﬁclﬁsrdﬂz)cpntﬁalSEB)H”JZh'l,cubam)m indubdl 4 ﬁiakkeﬁ)expﬁssﬂﬁrﬂf Opored H,
m, 7.74 (2H, 6.0 Hz). ESI- Anal ed for
C21H 8F204: C, éf%e? %i‘“ "anpgi‘“’éi‘? 6%‘L ‘JPP}GSSAnggﬂﬂs ﬁ%?@@rle%wd
activity. The c@nﬁmgmdse@i&\éﬁ@nm@a/ﬁez@fﬂ%d%pﬁ&ﬂmaﬁ&n&%kéﬂm and found to
have anti cancer and gﬁ%&) ei'lﬁ %’Q receptor activi t%() as_shown in Table 2 10
bel ow. Cell cul turek tf R i Y Hu e et h pROEa hED Lotta PoBAR PC - |
cell's verejori pitaianesd dnbulPM mivRd WR and i iReE CoNsS il Jith ML SRR dadtly
medi um ( DVEM) , respectl vely. Both nedi a were st rengt hened w th peni CI I1in
(25 units/nl), 2ctepied gpempedracqrascubrhen | LifaP sobmrostthasses tussuasursed Ahar ogen
receptor 15 tr@w@&@b\f@kwﬂmqﬁaﬂm Qﬁa@d}ggéﬁg?&nﬁﬁafef;i%tab& FRALh GG AR
transcription test, was enplo as primary screening for potentr al
ant i andr ogen | BEBEFHVRERR AGRY- ?iiﬁll‘éTT@Q@laVS wals’mfgl ypon threedemivd dfre 4ol CkeRs
cells, which e Iy, V. tenti
corrpounds wer e@%‘gﬁﬁi gcf‘rggﬁ%)ﬂl {ﬁéa]lz-’mi@ t%reﬁé%égyﬁtl%? de}ﬁ@go ggés’@, ‘9%) L% & ﬁle
r e- exam netb f otxpetiziertah oorditiorsl waot idviatlsd afpaivhet (@lteh teypﬁ.,AB&ookyahdr iy pe

Medicinal Chemistry 11:5083-5090 (2003)). Briefly, cells were plated in 96-well

tissue culture plates and then incubated for 5 consecutive days in the presence of 1
nM of DHT and/or test compounds in 10% charcoal dextran-stripped serum-
containing RPMI. At the end of incubation, the cells were given MTT (5 mg/ml in
20 PBS) for three hours at 37°C. The resultant precipifa‘ce was dissolved in a lysis buffer
and then quantitated at a2 wavelength of 595 nm using a microplate reader. To ensure
the accuracy of data derived from the MTT analysis, cell count was performed using
duplicate samples. Test compounds that display;ed an adverse effect on the androgen-

induced prostate tumor cell growth were identified as potential antiandrogens.

25

Table 2. The anti-AR activity of curcumin analogues.
Compound wrAR/PC3 LNCaP
LL-7 0 +
LL-10 0 +
LL-17 + 0
LL-18 + 0
LL-27B + 0




20 AR transactivation assay was perforned in PC-3 host cells, which |ack an
endogenous, functional AR Qur previously described conditions, for cel
transfection were followed (Chtsu et al, JMedicinal Chem 45: 5037-5042
(2002); Ontsu et al., Bioorganic & Medicinal Chemstry 11:5083-5090
(2003)). In brief, cells were plated in 24- or 48-wel| tissue 25 culture

di shes twenty-four (PC-3 cells) or forty-eight (LNCaP cells) hours prior to
transfection. | Suwageaguant |y, [LNCaRra®/Pa3 wer g transNeaped wifth a reporter
gene, MMVITV-| b¢i-f-erase—which-contalns—MIV-LTR proppt-er--afd andr ogen
receptor blnded”gﬁenent and PRL- 9v40, whilch serv%d as an ‘i nternal

control for trapsfsection effficiency. PC3 qgelTs wege trangfected with a
wildtype AR expression plasnmd, 30 pSGSAR, .{in addition to|the
above-nentionPBLNNWV-lUC|ferase repdrter gerne and ®RL-SV4Q internal
control . SuperE (Qagem—[Chatsworth,—CA)was—enpioyed—asg the
transfection eaqent foll owilng manufacturer'is reconmendati gns. At the end
of a five-hoUHQaNnsfection, the nediumwag change@ to DVEM or RPM

suppl enent ed 'th 10%-charcoal—dextran-st+ipped—andrggen- depl et ed
serum Twenty Whour s ldter, th& cells vere tréEted wi tth 1 nM of DHT
and/ or test canpaynds at The desigpated concentratjon 1or (another
twenty-four hours. The cellg were harvested for luciferase activity assay

usi ng Dual Lugltiéfase Assay System (-Pronega, Madisoh, 5 W). The derived
data were explgpsgd as retative fuchferase getTvity mornmatized to the
internal luciferase control. DHT incubation]induced a marked expression of
reporter genglL-Fégt conpourds capabl e of sijgnificantly suppressing this
androgen-induuf eport-er—gene—expresston—were—+denti+i+eejas potenti al

ant i andr ogens EﬁEaP cel |l gromﬁh asgay As mentioned above,| LNCaP cells
contain a 10| sufgstiangs al anount of+sut ant AR, and++hus these cells' growth
can be signiflcantly —activated-upon—androgen incubation. LNCaP cell growth
assay thus masL%§@d as an alternatpve to confirn1pbtentia| ant i andr ogens
identified by The above-ment roneéd AR transactivation assay. An MIT

anal ysi s, relying upon the conversion of a colorless substrate to reduced
tetraioli um by t Hée hiregshodilushbti e itrrogeniasesntinpsand seubt tTbrecopSirued as

Vedi i nal Chor S 7D L1 E0Rs B0G L s00dyy e ery AP yEb eyl REATY © ¢

96- wel | the claims to be inciuded therein.
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tissue culture plates and then incubated for 5 consecutive days in the
presence of 1 nMof DHT and/or test conpounds in 10% charcoal -
dextran-stri pped serum containing RPM. At the end of incubation, the
cells were given MIT (5 ng/mm in 20 PBS) for three hours at 37C. The
resultant precipitate was dissolved in a lysis buffer and then quantitated
at a wavel ength of 595 nmusing a mcroplate reader. To ensure the
accuracy of'gatsd-'aerdied fromthe MIT analysis, cell count was perforned
using duplicate sanples. Test conpounds that displayed an adverse effect
on the androgent. i Adwergupd estoadieg tafromubelll growth were identified as
potential antiandrogens. 25 Table 2. The anti-AR activity of curcumn

anal ogues. Conpound wr AR/ PC3 LNCaP LL-10 0 + LL-17 + O LL-18

+ 0 LL-27B + 0 _ ;8 Conpound w AR/ P LN LL-32B + O LL-35 + O LL-36
+0 HX-7 + + HAI-9 ey RN Ryot LL-55 0 +
LL-61A + + LL-62 0 + LL-6B/LLI80 F+ (I

s

wherein:

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

R3 and Ry4 are each independently selected from the group consisting of hydroxy,
alkoxy, ~—OR;3C(O)R 9 wherein Ryg is lower alkylene or alkenylene and Ry is alkoxy,
and tetrahydropyranyl;

or Rjy and R,; together are alkylenedioxy;

or Riz and R4 together are alkylenedioxy;

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

Ry7 18 —RyeC(OYORy), wherein Ry is alkylene or alkenylene and Ry is H or
alkyl;

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

X4is N, or X4 is C bonded to a H, alkoxy or nitro;
or a pharmaceutically acceptable salt thereof, subject to the proviso that
Rop is not alkylene when Ry; Ry Ry3and Rysare methoxy, and X3 and X4 are C

bonded to a methoxy.
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LL-66 O + The foregoing is illustrative of the present invention, and is
not to be construed as limting thereof. The invention is defined by the
following clainms, with equivalents of the clains to be included therein. 5
-39 What is Cainmed is: |I. A conpound according to formula Il: O CH R11 ~,
Rl2 R X3 RR16 X4 R 13 3 15 R17 X4 14 wherein: R 1 and R12 are each

i ndependent |y sel ected fromthe group consisting of al koxy, nitro, am no,
and di al kyl ani n®; ﬁh@cmtmizacmrgma@ slaimde pbagenk] yanddiegtcedch r om t he
group consi sting of hydroxy, alkoxy,-OR 8C(OR 9 wherein R18 is |ower

al kyl ene ondeiekdenilyerkcaddrdrl thei goep kasisting afdkbes, madny,dindpy,raady| ; or R,
and R13 together are al kyl enedi oxy; or R12 and R14 together are

al kyl enedi dixyihyRbSinand Ri g are each independently selected fromthe group
consisting of H  halogen, and nitro; R 7 is-R20C(0O OR21, wherein R20 is

al kyl ene or al kenylene and R21 is Hor alkyl; X3 is N, or X3 is C bonded
to a H alkoxy or nitro; and X4 is N, or X4 is C bonded to a H, al koxy or
nitro; or a ph uticall cceptabl g. sal t , t her eof bject to the

provi so that roo 1 Snerigid e R IRt T St R B e gt et hoxy,
and X3 and X4 are,.,C bonded to a nmethoxy. 40 2. The conpound according to
claim1, VREPEFRCdOY & 1}%@‘1&?%" each

4. The compound according to claim 1, wherein R; and R4 together are

methylenedioxy or ethylenedioxy.

5. The compound according to claim 1, wherein R;5 and R4 are each

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

6. A pharmaceutical formulation comprising a compound according to claim 1

in a pharmaceutically acceptable carrier.

7. The pharmaceutical formulation according to claim 6, wherein said carrier is

an aqueous carrier.

8. The compound according to claim 1 having the structure:
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i ndependently selected fromthe group consisting of al koxy, nitro, am no,
and di nmethylam no. 3. The conpound according to claim1l, wherein R' and
R13 together are nethyl enedi oxy or ethyl enedi oxy. 4. The conpound
according to claiml1, wherein R12 and R14 together are nethyl enedi oxy or
et hyl enedi oxy. 5. The conpound according to claim1, wherein Ris and R16
are each independently selected fromthe group consisting of H F, and
nitro. 6. A phafmadbaterapundmcaerndits torlamnpraviigige aregrsound according to
claiml in a pharmaceutically acceptable carrier. 7. The pharnaceuti cal
formul ati on according to claim®6, wherein sai d carrier is an aqueous
carrier. 8. The conpound accordi ng to cI aiff 19 havi ng the structure: di O
H3CO OC143 THPO OT14P O 41 &CO : Ep claim | having
the structure: OH O 113CO\ \H/CO Cl13 O O 42

3 3
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