;e3e0 L6TO M2 0 OGT 2004 PI PERAZI NEDI ONE COVPOUNDS BACKGQ%gNgc;[h%m%r eat nent
of tunor can be approached by several nodes of therapy, including surgery,
radi ati on, chenotherapy, or any conbinati on of any of these treatnents.
Anong 5 them chenotherapy is indispensable for inoperable or netastatic

forms of cancer. i A ( i { rms of cell type,
nor phol ogy, growt MIWIQNE g@mgmg?gs the U S

Nat i onal Cancer Institute (NCI) has devel oped a "di sease oriented" approach
to anti-tunor activity screening. Boyd, MR (1989) In Principle of

Practice of Oncology Devita, J. . S., and Rosenberg, S.A (Eds.)
Vol. 3, PPO 1 o Update, No. 10.£ﬁ1q]gEH1ﬁﬁPro screeni ng systemis based on
human tunor..gell Lin anel s consi St i of a oxi, mat 60.cel]. li nes of
naj or hunanTﬁ%#%?‘tglefl@.’ urnoy %@ﬁ’eerﬂpgfanﬁ%gbycsfﬂg‘gi modgs Qfeﬁi‘%% é‘i@“‘tﬁ\% cancer,
mel an Oﬁﬁge@)/ﬁHiaﬁﬂn,%Bﬁ&@ﬂ}ey%&n@! an§0aMinatiBh 8 bk} &f (RARGRAIm&Ns. big@ss cancer),
and serves as a tool for identifying conpounds that possess anti-tunor

aét i vi theass chapotherapy isundispangable &xinoperabither metastatia fooms obegweemds t hat

f ti I Q. . 1 | owi f hani :
i bi P e Sl Br Bty i @lind & oM i1 O BROVR ooty
i nducecdliutarahaptiesitics] he LUSINativakl Sardc¥elnpgues (NGT) hésl&%bolped gehiggaseBi ophys.

Res. Com 263: 398-404); (2) disturbing tubulin assenbly/dissenbly, which
may i nPiEed taRBrQagh fo MBS aghity SeERsaimE: oY MR B8RV B iPsincipinea” et al .
(1997) ?,]gg,-S'. 5] ORBRA )& al i\ALbk te

endot hgﬁcg}?e 8&9{!&05? I fg'raéﬂrii#égﬁ}?a g.%@l oge(r)#(g'glg‘%é’e?‘fA ég%dé()\r/\\?dtﬂf %’P O et al.
(10998) Update.avo. Ntk ddtisdwivitrReareeniiz sybh: bhhsedRmenendn temoakell ihd@MklsCancer

Res. 59: 5209-5218):.or regul at.i ng Ras pr.ot ei n-dependent _si gnal
t r ansdt¢YI°8He Bgﬁﬂx}é{%}“@ ﬁéﬁﬂgg@&l(’é 8@8?53‘“@% ; 0{5%6(56 eykemyia, g canegre e
57: 65colbn cddieer, TNE Binctd ARPanofld! ovadlah Randeh @endBcMoer, ProsOoafdd), or BEMARY 25
This invention is based in part_on the discovery that piperazinedione
conpoufRPSeAnd sarves at uiasl faddensifying somperndsitlfat pdsshss adHumer eehiitigs. syst em
and functi Oﬁf ﬁbﬁ’icﬂlﬂ? %n%rcweethgfamri-gﬁn@bc%ﬁ{%'oﬂﬁ@st tﬁlgtnﬁgctio Wia TEE Qra LR An
aspect of the“present 1T nvention relates U0 piperazinedi one conpounds of
fr mul e fellowing fOur@adchafi@ms: (1) inhibiting G,/M progression of the cell cycle, which

-might eventually induce the apoptosis in tumor cells (Yeung ef al. (1999) Biochem. Biophys.

Res. Com. 263: 398-404); (2) disturbing tubulin assembly/dissembly, which may inhibit the

~ cell mitosis and induce the cell apoptosis (Panda et ai. (1997} Proc. Natl. Acad. Sci. USA
94:10560-10564); (3) inhibiting endothelial cell proliferation and angiogenesis effect (Witte
20 et al. (1998) Cancer Metastasis Rev. 17: 155-161; Prewett et al. (1999) Cancer Res. 59:
5209-5218); or (4) regulating Ras protein-dependent signal transduction pathway
(Hernandez-Alcoceba et al. (2000) Cell Mol. Life Sci. 57: 65-76; Buolamwini (1999) Cur.

Opin. Che. Biol. 3: 500-509).
SUMMARY

25 This invention is based in part on the discovery that piperazinedione compounds have
anti-tumor activities, identified by NCI screening system, and function via one or more of the

above-mentioned four mechanisms.

An aspect of the present invention relates to piperazinedione compounds of formula:




OR-/ NZ-~--ANR Each of ------ and -- , independeng iy 0CTs20g4si ngl e

bond or a double bond; Ais Hor CH RaRb) when ----- is a single bond, or
C(RaRb) when ----- is a double bond. Zis R30-(Ar)-B, in which Bis CH R
when -- is a single bond, or C(R ) when -- is a double bond; Ar is

heteroaryl; R3 is H alkyl, aryl, hetergaryl, C(ORd, C(OORa, C(OI VRaRe,
or SOzRd; and both B and R30 can ngggsfitut ed at any suitable position on
Ar. Each of RI and Rz, independeRgL_I Is H C(ORd, C(OORd, C(O NRdRe, or
SOzRa; and each of Ra, Rb, R, RA, and R&Aindependently, is H alkyl,
aryl, heteroaryl, cyclyl, or heterogy |. Optionally, Ra and Rb taken

t oget her are cyclyl or heterocyclyR: an@, also optionally, R and Ra or R

and Rb_1 o rIsa_Len éqg,e_t her are cyclyl or heterocyclyl. Refernng to the above
f or mul Hachokipsand of v Helepssieriis inesinsledond apa dewdde bénd; Wi is H onGHERBP) i s
f eat ur geheRV=+hah sRRIdbod- 67 by A0 e-doub nds. Jl.n.these gonpounds, Ar
is pyri d§| | i nkegglt%})%é’ngiorp%g{at PDor . R P%th&q?}})?e%?&%l ?lﬁﬁ}{ia@ﬂ)gyl i nked to
posi t i B Bis GH(R Wyhen 5ot hisRl simgielbdied, ar €(1RY) whiee 0F Ra @rdld¥onisasky! or

het eroaryl , and t t her of Ra and ks H 1% Anot hgr subset of the
pi%|toer a ?%%’ngl& @gﬁﬁgﬁ'ﬂfﬁyloget?‘i‘??’é)’li q—&ﬁ? ;S(Eﬁ@ pﬁaf@@)hﬂéﬂ ,il'; S%Ia]&'f; apdth -- and

- - ar ebsthWhiei RAMIEn bd bkia poifiiol ri RN to B at
position 2, R igs:mH, R30 i é %?yfé?%gﬁprﬁlghﬁg%ogaﬁ(())%Rlsﬁgfszpyri dyl, both

R andindgpendently, ioHeCed)RRECENPRICIGINR ‘RrorlSO-BF; Anelteacioaf B, R¥ ARG REhe ot her

f Ra i , | | |, and, het Lyl
ment oA dndeBeidentl b B biy EERRTT Yyl b beterme it ORNOBRMR ot | e
The t eamd RStakent iogethetiire LoEIST Sr Hofer@®yR1y arliDhISo SpURsallyUend ﬁaVM?iR;i hndRy be the

same or _different), each replacing a hydrogen atom 'Exanples o
sPost i PEentagethse pggaclyherhesgrecysdil | i nited to, hal ogen, hydroxyl, anino,

carbonyl e e el ot B B B e B AR R pad g™ °P ©

sul f oamiveiatjonGs f@gured ky khat BathG——2mdFkenyd douBlebdhda! It Meys coriphundi@trer oaryl

cyclyl, hetero Lyl, ,wher.ei kyl . al kenyl , al koxy, aryl, heteroaryl

cycl yl*® P%S%é‘%ﬁé@ﬁ 9?313?%50@{1?%%&3993 §%’éélqutYdtll¥GgW PW¥MI&IH®1,, aryl ,

het er ogdtli IR, ahaRYARIH, Shecirarend R A9 oﬁ&gﬁlggﬂﬁg“ge{mrer%rfg{u%& g Jhe term
Vi ng

"aryl" refers to a hydrocarbon ring”system east one aronatic
rBng. Anethel wbseof theiperaginediens compoundQofIaiE i@GMdion icfenitiesd Hytthatdogh not

[imtedt rhenyl. ... I nd renyl. .-The term."heteroaryl”. refers to
a hydroc.a(rgg%n ri%ljg Slsng‘}getn%tlnl]ﬁ%'al\ﬂ %85% pé)g.ﬁ{ls, O &S @FB{?&IFE“{?)%& SR ont ai ns
at | eaBtisdheRifeisarydakony ek @posRiods oﬁf:%mﬁiyl,ﬁ%ﬁmllﬁﬁdﬂ aftS SRR RE Noi eti es
i ncl ude,dll{qu%I_gre not limted to, furyl, fluorenyl, pyrrolyl’, thienyl,
oxgz_oliéq I : it 45 ?}fl}{etetr?ﬁrﬁltz%%hfdﬁoﬁf}*ioﬁknwgl. Difr {n di nyl l 5 qui nazol i nyl ,

and i ndol yl A1ANQiNChetaBRES ’ enti.on rel ates a

phar maceut i cal cyr;lrpo?sl t ncygl% cg#%?%gagwﬁﬁé@r}r?g ﬁﬁl%léﬁci@egc?@’ept abl e

C4r r i eyubsfiftitedrand fuhsubistitneedarmigtits. (Fheatrn Sadititord” effeishe opé eaham nedi one

conmpounds,. descri bed abgve, A further aspect of this invention relates to a

met hod® “?’%t%m?‘% %&‘?’gﬁg Iqaﬁ’?ﬁ?&h? By or ‘Q%e%ﬁ,@ﬁlil eplacingp bykesm atem) on cancer,

CNS caifesiipled @ sabQifBentOMduda bt BRGRA 1infiRQ 0, HafiFeR hydPi:Q8 alif, cancer, or
Subj

breast cancer). The nethod includes admnistering to a’subject in need
t her edikdamaT aplamiao aialsitandto, dkeylpinier, ayime diton mecappouatongdyi ng t he

f | &g b ~ ~ g~ R2 O.Each of ------ d ~ ind dently,
o rbmibcatbain, bt Thigul o ARG, sulimiden) < dhnC s s o
gbngl ealboanyl] C,0C, BlkBajaryl\heéroaryl,i , ‘ ierdn | ; ng,ggn -- is
a sign I Hondl, %r &( FR) \/\/r1enm-n:y :cgdgl glgﬁg%cgc%gﬁ%&erég%ﬁ{ygﬁ%n%% , |
i ndep%ﬁg‘e gteRparyl eyglyl, endpeterocyyly) awreptiayatly nestityted witBQAARE; alkyll asdch of Ra,

Rb, Ripet 1 i is. H alkyl, . aryl, . heterparyl,
cyclyl, or gpgﬁog%%qxgg%\%%% 3?’03%’8¥m§%‘%8t¥551ia§y]arr ISP @

het er derlydcarbion ring systemi Isvineris Udaksteorbonematic rihg  Bxanpled 6f £9Neoicald one of 20
R and Ra is H then the other of R and Rd Is heteroaryl. Optionally, Ra
and Rb taken together are cyclyl or heterocyclyl; and, also optionally, R
and Ra or RI and Rb taken together arge cyclyl or heterocyclyl. Referring to
t he above fornmula, a subset of the just-described piperazinedi one conpounds
is featured by that both ----- and -- are double bonds. In these conpounds,
25 one of R and Rd is 2-pyridyl, the other of Rand Ra is H, both R~ and

R2 are H, one of Ra :




and Ro is aryl or heteroarylj,t;ﬁltngt ggew_ot Eer5 gl;y:?gl ﬁggy%%@tﬂﬁ ﬁﬁ’bset Ofl
: t her subs . -- single
thyr: dglragfiﬂegfo;grconpounds is featured by that 3bot2 5 aa:'rll'dZOO g;rei dyl 9
LOﬁdg pl n these conpounds, ong ?L EagngaRZI ;rg H one of Ra and Rb is H,

o S
;?sl o grﬁfck%%e]r%gar I?Ot l%t?%ttgé’}@{lﬂeﬁamhmndwml | BheHernPeN&EoS{ P IRESL ¥,

gl per5<_’:12a hwrf)ﬂgbom??%l n- 2y| ) ma% ﬁt lleaségrﬁ%j“oglab‘ﬁé'ﬂg Mhighrsantairsras least one
pi E)((ar azi g\é g%/@‘)ié ﬁ@ » B pr 8- E&ample@b?ﬂétéﬂo&*y’f‘m%ﬁstlcs include, lﬂlt Areig ﬁlgﬂteﬂ [(5

henyl i net hyl i dénepi per azi ne- zi ne- 2,
y 'e ) rzn;lt Aol ﬁpgﬁé@y%@ﬁﬁf’%ﬂu@y mdamlwpmmmmm wmeﬁw

r ]

hwety S'aqﬂiaﬁﬁild%ﬁfi@éﬂl OHe: ctive amount of at least one of the
pheny benmdl oxypyr| din-27y fe?%%%y?arr&%aéfa@qf@

[(t hl eﬁffr 1} nﬁ‘fpmw}sniepmt&alaaev@ Tor Op:m ﬁgdz 5-di one. Their
di[(5 XYBY | |n- nmet hyl ] pi pe f-lsh o S hon -
gt ?uctures are sﬁ vvﬁ 1’5B’F‘l Ionl@aﬁ@sltommeﬂﬂd)@o trehtig tom! g%ﬂ

N~HO-~ ~C 0~ONOI
d.q) Bn0leukemig, luny cantbd;rngﬂ%ﬁ/:aﬁg 2 d@@@ a]ncer r@el@qmvamq @ueerCRnaldaacer,

pi peraE (r%élkﬁ (Biﬁger Siﬁﬁﬁglcﬁésdﬂmlnmﬂhc&hﬁvl@dé%ﬂ%tchﬁgtOCQg{Fbounds t hemsel ves,

uhSo@And their prodrugs, if appFica et @pgeds ) ¢ s,
20 as thieldof a8 offbifivk fo 1pesgInedipn ound having the formula:
for exanple, can bea%cﬂ% dtat 4 PipeBgInegdipne gomp g

0, R4
/
N
Z== “gr_A
N
4
Ro o

Each of ==== gpd === » independently, is 2 single bond or a double bond; Ais H or CH(R*RP)
15 when == is a single bond, or C(R'R") when == g a double bond; Z is CH(RR?) when
' == is a single bond, or C(R°RY) when === jg 5 double bond; each of R and R,,
independently, is H, C(O)R®, C(O)OR?, C(O)NRR', or SO,R®; and each of R, R, R°, RY R®,
and R » independently, is H, alkyl, aryl, heteroaryl, cyclyl, or heterocyclyl, provided that one

of R® and RY is aryl or heteroaryl. If === jsa double bond, ===

is a single bond, and one of
20 R® and RY is H, then the other of R®

and R%is heteroaryl. Optionally, R* and R® taken

together are cyclyl or heterocyclyl; and, also optionally, R; and R? or R; and R® taken

together are cyclyl or heterocyclyl.

Referring to the above formula, a subset of the just-
compounds is featured by that both == and =

described piperazinedione

are double bonds. In these compounds,
one of R® and RY is 2-pyridyl, the other of R® and R?

and R” is aryl or heteroaryl, and the other of R®

substituted with 5- arylalkoxy Another subset
by that both == apd ====

25 1s H, both R and R, are H, one of R®

andR"is H. The 2-pyridyl can be further

of the piperazinedione compounds is featured
are single bonds. In these compounds, one of R® and RY ig 2-




between a positively charged substituent (e.g., amino) o8 @C'bg[]ggi nedi one
conpound and an ani on. Suitable anions include, but are not limted to,

chl oride, brom de, iodide, sulfate, nitrate, phosphate, citrate,

met hanesul fonate, trifluoroacetate, and acetate. Likew se, a negatively

char ge H EH ¢ 0 a pi per.azi nedjone conpound can
form a%ggl e(ﬂﬁa Oggﬁgﬁd%ﬁﬁg%‘])%kégﬂ ﬁéa’fe %é’fﬁbﬁ?‘?grgwlb Phited to,
sodi umwmarmm%MaroﬁR Bmgn’éﬁimm i on, caI ciumion, and an amoni um
cation such as teteragneth ammnl um i on. ng.ées of prodrugs i ncl ude

esters and OFK&}® TR P %eéﬁwsﬂ%(bl ¢5-benzilosgpyridn-2h, upon
adm i S)bthyAAchE- @pwlﬁ&}ly]f%%ggﬁ%ﬁﬁ of i og/l[@fbn | gﬁ{;{% di one

npounds descri bed abodve e scope on are a

g o’?rp 0s Wi)ﬂ&ﬂ%’dﬁ@ﬁrﬁwpfhgrdmxephﬂnyhltwtbylﬂienemperpzmeatﬁﬁma@g |3q(|$_ co rrﬁ ounds
escri r in e use of such a
conposi ?&M%{lﬁ 2“#@%&3@@ HOLBYTY, yliqegepiperazingdiS-dieser3-bed use.

Q her {@dicnrels Riy-3 ﬁﬂeﬂ.ﬁylﬁife ét@ grent from
t he fobé%ﬂ&;ggl I edmescrl pt?o]n o?hgggﬁe}%ea%'lweg@tﬂgg& \r%elrgm %’%p(f)so >from

the ap XQPMMT%YMWL@BGBE&HW@WIMMW pi per azi nedi one conpounds

descri Breh RGNS GHp Y. hod wel | e art, as well

as by Phe ys%gnt e1§| C ‘éra es I gﬂ;inQ * xyqygpmei% ﬂ“yalgﬁ%e 1%an react a
pider aliirien2; Bﬁhnhtbyiaiene]mmmmm Shh(mehﬁidi‘} Qﬂﬁui-béﬁy[@dyﬁﬁ%iﬁezt 0 produce an
i nter maﬁl al.e..het eroa i dene- pi perazi ne- -di one. The internedi ate

ﬁlwm%g'tdborﬁet @F’Sémtuﬁé@mﬁhﬂﬂpﬁ’észl ne- 2, 5-di one (a

can thé

conmpound of this invention), oL d reactedaM th a ketone or anot her

f or mal dehyde, followed by a bad®~7 a? = produce a m xture of

pi perazi nedi one isomers, which ar ol s- or E- or Z- double bond

isonmeric fornms. The deS| red |sorrer| C prcbtluct can be separated fromothers

by high pressure liquid chromag \I‘ky F;C) | f preferred, proper
functional groups can be introducgd. info h het er oar yl [ ng by further
nodi fications. Alternatively, a dest du gar oduct can be obtai ned by

reacting the product with a reduci ng agent. Shown’>below is a schene that
depicts the synthesis of sevengﬁpn o Ber@m nedl one conpounds. -5 20 OCT

2004 OR3/ OAc N~ H O A Ba~ ORa OCorrpoundlB R3=Bn Ra=H.
Rn=5_Bn_2_ PY Conpounds_ 14-17: R3=QF3E0, "0 - Ph-SQz 4-Cl - PhNH CO,
Ra=H Rb= hen | Reduction ,, ~c Conpound ’12 Rs Bn, Ra~Rn I' O Ac
: H
BnO. j S Os N 5
15 NT N0 o]

The piperazinedione compounds described above include the compounds themselves,

20 as well as their salts and their prodrugs, if applicable. Such salts, for example, can be formed



a ROR3 /~~_~~~"" NRH\\O01) Base 2) Separation Redu@@JCTIO260% O H

l oving R3 -54( ~N Ra 2) Coupling R3 R H O Conpounds 1-11: Ra=Bn, Ra=H.
Rb=aryl or heteroaryl Details of synthesis of Conpounds 1-17 are descri bed
in Exanples |-17, respectively. To prepare other piperazinedi one conpounds,

t he pymediémmla dosh dhBr . . repl aced by an aryl or
anot her e.het era(_)%r yilw?e. gfeb? lﬁ%eﬁiéﬁtpeﬁ]’ga@%wf (I%{T:;I‘ glg?%ﬁly?&iogg,p?rﬁy ﬁ’g%r

i ndol ylapiong apitable apfons nsludapbw @st ndt ligritedps, chRsjdepbrotride, A, adlirAgdi one ring
(al so sk pn the above schene). can be replaced by another substituent
(e.g., %hg%gﬁlﬁfghageafgrgﬁ 8’(9&138%?%@?@? t“%?‘m’i?&?%ﬁ%ﬁn}i.acﬂé‘ﬁe Likestise, Be '

pi per atiepilieh/haarabitibtont (4 Aol h§Hla fiNGARUAbR. AT BMIrdIRY, 1 ©
further contain one or nore asynmetric ‘centers. us, they can occur” as

r at enatsad Wik qatieendeltablseations inchidagivg amrmat findied s, sodinet ihgdptahssium ion,

diaste&lgigg{gg- - gl i 1 Xt ures nd ci.s- or trans- or E- or Z-
doubl e bénd lﬁgé%??%ﬁ%%%@%%gw%%ﬁgpisgcq ?frtﬁ@ra&?%ﬁmﬁﬁ‘%lo@d. -6
20 OCT Exemsleslof prodrigsiinclideesssopel aheﬁﬂﬂaﬁnédauﬁfmlwecéq‘éa@e phdnRgeut i cal

a

conposi i.%g t hat , contai.ns an effective. anmount o t 'l east one

pi per aZfHieh B AdRINsYatien tra subiech rEsennble of Broviding pipdrazinotieneraceut i cal |y
accept abmfowfslde@iibefdbdfeer, this invention covers a nmethod of ‘
admi ni steri 23 an effective anount of one or nore of the piperazi nedi one

chpounds déder wishia thersaope of Gimimmentionsecs tanpasistecdntiming vhé 6€koidbmeed of

t unor .The_ pi perazi nedi one coppounds can function via one or nore
of t hekgﬁé%%%dégﬁ%%@w&o esﬁ%dtbe}‘ilzfﬁp‘é?rg;? ust infreatigg urpethapd thegprefl sm " An
ef f ect buch omupaistion dbemS nlufddfr LA b RbmEA S CABRMN LR Isd S T equi red to

confer a therapeutic effect on the treated subject. e Interrelationship
of dosages PERerdeatvrss or advantagereafshy prasead inyentiod wilkbeappareet fromithe squar ed 10

of body,1RMih288)ildSdHA ' L nqFreireich et : 1966 ncer. .Chenot her
Rep 50: 2l é.gBody sur%@%ﬁggéeﬁ%fﬁgmﬁ%j}%ﬁ@%@%&égﬂ?% 43181 hei ght
and weight of the patient. See, e.g., Scientific Tables, Ceigy

Phar maceuticals, Ardley, NY., 1970, 537. An effective anmount of the

pl%per azi nedi one conpounds cBETAJAED DESCRIPTION. 1 ng/ Kg to about 50 ny/ Kg.
Ef fective doses will also vary, as recognized by those skilled in the art,

dependi ng i Bhopipereinegioas cafipsunid dssciibediiRte chOYE Brephred $ mitBEdsaldION.
exci p@t u‘i"&ﬁe and %Pe ﬁ)gf’si bility of co-usage with other therapeutic
t r eat nERTE! BER athas el 35rbydhe symibgiiciTovigndisclagpsrhescinr FoneNaamlowne har apy. To
pr act i gacttipeained, Ndiohd oRpERAR it | | i nedi one
e oo o TN B £y Rl RS TRISE  cral 1y, by

conpoundcont ai ni ng conposi tion can
i nhal aintesmedigtedieterogyl-msthylifitne-pipernzing-2,5-tiasal The inbsteediatecaniagital | y or

j | if.. The t t | " d h in includ
et Soe a8 W EAThUR L riodine 2ot et L nobastol Buf v enomrasdracio ar
i nt r aawitk nikatone ion bidbatforhAdshydBl HASKEL Wﬁba§eq{'eraﬁﬁ$}ﬁ%:pro&d3[e raqllgﬁg-{rgggl and
apr e

intracr.anial i.njection or_infusion techniques. A sterile injec
conposhPFIgAncdighe 1sQumpss) which asq eip ordrans wdi-aiiZe deyjbledusd oni2hic Ghreagi Nous

SuspenphdibsirfE® Rorl ?fdﬁﬁb?éaﬁ% e%%?a? %tgh grg 8]';1 (?t]ggr% i’g’? . gue% SSFlgéji\i\@}één the art

usi ng suitable dispefsing or we , npl e, Tween

80) arthreusiogruthy GIBLENt K preFireeds paspet Amictip:Rl Eaiipe o SO if@Nhal SO be a
%eri I etirgjﬂg}:t.ab e.sql ut iog or. sus[gensi on in a non-toxic parenterally
e

acce pt% e °L BY tiogsy (Algspaatiyely, a desieedgedused produgt can be

1, 3- busbadigell B readtifipi e pRRILBCHRRE 2R BinkGkG! €S and solvents that can be
enpl oyed '

Shown below is a scheme that depicts the synthesis of seventeen piperazinedione
compounds, |



30 are mannitol, water, Ringer's solution and isotonic sodzlﬂ’nﬂm'l
solution. In addition, sterile, fixed oils are conventionally enp ed as a
sol vent or suspending nmedium(e.g., -7_ 20 OCT 2004 synthetic nmono- or
di gl ycerides). Fatty acids, such as oleic acid and its glyceride
derivatives are useful in the preparation of |nhectables, as are natural
pharmaceutical I'y-acceptabl e oils, such as oliv i | or castor oi

especially in their polyoxyethylated ver si ons. S0
ntA % rcclﬁﬂpg}iﬁ%‘r?sant or
e Tormo Iy used

suspensi ons € o contain a long-chain al coh
IS|fy|ng agents or

5 carboxynet hyl (cel||ul ose or simlar di wﬁ_‘rgl ng ag
ens or Spang or Ml m | ar
ers h ar y used in fbn nuf acture of
of rmul a

surfacta®s gech>g
or ot her dosage forms can al so
?'SBoses

bi oavai | apir™ ty enha
05|t|on for oral

phar macew i cal Iy‘ﬁ
admi ni stfati 8n can be any orally aq’ce Rsage forml 9 i nccl udi ng, .but
i 0

be used fAr<the p

not limted to, capsules, tablets, emuls and agueous s¥spensi qns,

di spersions and solutions. In the case of tableks us rriers
‘r‘?ﬁ%&.ng
d. ¥or oral

whi ch are commonly used include | actose and corn staggh.
agents, such as magnesi unggtearate, are al so typical I y ad

adm ni stration e&_form useful diluents include |actose and dried
corn starch. EXTPAYH&BUS Densi on$ or emulsions are adaunbégered 15

orally, the actf¥&"ingredi cb) Sdparation Oi | y
i i uspendi ng agents. |If oesired, certain
sweet ening, fl; BG?-BM;PV or s can be gglded. A nasal aerosol or

g
“i nhal ati on conposition can be prrepaoed a fiong togl___eghni ques wel | - known
p
\\

in the art of pharmaceutical formulation anthcan be{prgpa ed as sol utions
in saline, enploying benzyl alcohol or other suitab i

watigdes,
absorption 20 pronoters tf, enhance bioavailability, f;?ﬁi?: hans, and/ or
ot her solubilizing or di sp ar si ng agents E%%yl n the . i p&erazi nedi one

conpound- cont aicATATende BAIPDS n gl so adm RI st eredd n e form of

supposi t ori es | RerCH@EL Pigdo a NI s r | ONa in the pharmaceuti cal

conposi tion nlsthpen-dagccept abkel/i n t sense of bel glegsersipsye) i,lﬁ' €

active ingredj estrnfiicbhe| f or nfil aty_gn (gad preferably, |capahle

stabilizing i kaﬁnﬁ_m;v, el et erigpusyt o the subject to f" T%ed

exanpl e, solubilizing agents such as cycl odextri ns, i

nore sol ubl e conpl exes with the piperazi nedi one conpounds, or one or nore

sol ubi I'i zi ng agents, can be utilized as pharnaceutical excipients for

del i very ofDtthits qsﬁs@ﬁﬂﬁzits BEdbRAPBuLRRPAE of Rer_carri

i ncl u col | oi silicon di %)?l de, mgnegeﬂ@s@Eara 16%:591%@68%6@” Jdi um

| aur yI SRFeRYFPL eéPIPSWéHE&@n‘VéDlIHQWIﬁSlme pyﬂehnyl ERovin tB@QﬂoGQ‘s%heme) can

Pbper i Bpidiey O3 | i screened for their efficacy

in treaéj;lﬁl cgﬁ[cer y onéthc‘)%?ﬂer’?%rl’)«%%éiegm hgﬂ}qélZQ}V},pﬁl‘lmgbaylsor One

assay Hr con of e tNGIacstgr[ £R0pNAA S il whai of. _approxi mately
bOIAS ﬁ'{%tp 1%2%1861{‘?111% g_ag o 3‘%6‘

60 cel e uman tunors. “See nks,
Natl. ' %ﬁc‘& Sflheé‘ieqm%%{’e EePlaged b gnothen substitaent 4¢.g., C4DEM), c@alﬁmﬂo Res. 48

S89- 6@irbamiynek®bxyl gt al. (1988) Prog. din. Biol. Res. 276: 265- 286; and
Stinson, et _al. (1989) Proc. Am Assoc. Cancer Res. 30: 613. Bri efly a
cell sus pe%ﬁ%ﬂlat ﬂ@tpllvﬁsamm&dlmMOmnﬂdh d@gtaﬁroattm@t%aémé% }B{ e and
the emﬁg %n"ﬁ eII denS|ty (5, 000-40, 000 cells per ased on cell
growt h characteristr Q&9 pYMIReEy ceater. Ell_])lsalth%tﬁaa@@umlrhcennmscﬂnﬂt er plate.
Apr e- iraventiamixires,Ssifdl€ bR utions at. tw ce of
an i ntended test céllrilggentratl gﬁ'{ lanr%%wghﬂ(a%m%?eo R %%Fe?qlﬁe%ﬁlwe%tlapauots to
each WET P 8115 AEEnpicfviquble banddsaneridsionhs. yAll sudtpisbmeeRemMadrd S eval uated at
five &6mb@pmtd | utions. In a routine testing, the highest concentration of
the test conpound is 10~ M Incubations are perforned for 48 hr in 5% CQOz
at nrosphere and 100% hum dity. The cells are assayed by using the

sul f orhodam ne B assay descri bed by Rubinstein, et al. (1990, JNC, 15 J.
Natl. Cancer Inst. 82: 1113-1118) and Skehan, et al. ( 1990, JNC, J. Natl.
Cancer Inst. 82: 1 107-1112). A platé-reader is used to read the opt| cal
densities and a m croconputer processes the optical densities into the
speci al concentration paraneters. The NCl has renanmed an | CSO val ue, the
concentration that causes 50% grow h inhibition, a Gso value to enphasize
the correction for the cell counted at tine zero; thus, the G SO neasures
the growth 20 inhibitory power of the test conpound. See Boyd, et al.
(1992) .In Cytotoxic Anti cancer Drugs: Mdels and Concepts..for Drug

Di scovery and Devel oprrent VI er| ote F A.; Cor bett T. H ‘Baker, L.H.

I \ P L I o a A ”~ A o _,__‘.l__ ______

with the




di met hyl t hi azol - 2-yl ) -2, 5-di phenyl tetrazol i um brom de (MIT) @Sﬁ@{. hod
described in Boyd (In Principle of Practice of Oncol ogy Devg a; m

Hel | man, S., and Rosenberg, S.A (Eds.) Vol. 3, PPO Update, No. 10, 1989).
Anot her in vitro assay can be used to evaluate the efficiency of a

. pi per azi nedi - ndin arresting the cell cycle progression. Mre
speci fical | yf’mg "ﬁg‘éﬁg}% %‘y reaofitﬁéb‘?vﬁﬁgo%ﬁmﬁﬁﬂaqegﬁ@dld@mip@&;ti@(}hat oeltdiss i n a

concentanciffeotivaapendeitt 1681 08¢ pipeiRheBloAP LA a2 9 2004

i odi de-staij ned..flow cytonetr i_cpigssessemsn?.b @Hgéfltheég&%ngﬂv%n%anda

sub- Go/‘éafm@?}‘@a,uy&ccwiwfplfakg@el', this yeniiet @veisnedethbd ofddi ti on, the
ef f ect BhmifisRiRELAE] I und _on t Ras activity can be examned to
deternine i ts .rggul gf?(?{g’lﬁ%g%u&gés?po%rcgfgfoﬁ@ BE%SWWIWICOWQMUM i on

pab hwayles@ibedén thet ISupumay” setiow ilore as a@ulgiaéﬁﬁ ﬁééd’kﬁiq{g%?%trga‘?ﬁgﬂtu gcan be
further i;?eﬁzeiﬁesd?d ch an in vivo ani mal nodel. Using mce as the nodel,
PC-3 céll s Araidy (98’[98%‘83@&;:”?%@&%@qirtlmrt:héthwiabevdd)esdﬁ'b@i A@fioA prostate
t unor . nidvharsibhk,-dr YiDinvaithdr \Hh a«pi zi nedi one _conpound i s determ ned
after treatnent. Addinty?gnél I%/(%m%1 3 aﬁbi%?{egt%rané%ﬁt vlie%sfs tﬂﬁaﬁiot}@tr@ih%edi one
conpouffBearrdIBish hereqyistd itcoufens itgapentiv bifect dftthe RABLOYGNRS! Ppd O testi ng.
For ex gaitﬂ’éﬁ_ﬁaﬁéﬁaga czsig be.used to test the effect of a piperazinedione
corrpounf on hEa 9l flosags q{gﬁ“{f@%ﬁ humans(hased ga milligrimp p@neter squaredar
emot hef bedy gufaat)is Hawtived InMESRich 8 HU | Ohelected [hnj 0, a nouse
with c ngurﬁrﬂgnt i ntraperitoneal lgtdm' ni’gﬁgg?p%ﬁy%fdhgmﬁ%’%éﬁﬁpﬂe%&one
conpouti@®Y Affae Eeamabe ppyexisatdndeubratinahfromtiei g tid geight 6 GEbagigin f or

exam ngeé, @b ci ' i W thaut fuyrther elaboration, it is believed
that the abngo%CI%%S?%EF?%%&H%?%&@%{C@WM%Il\éa'-stlﬁgospsrﬂse”m effetizat i on.

The f oMW thpmipérhiicediotoetininings emSantd 687866 0.1 Hlﬁﬁg?%?tlﬁ g@d as

mer el ynf\%lélk a%ﬁaétlvve and. ln?t |imtative of the remal nder~o e Wi scl osure

in any y’éj HEdlysoses will plsorvary as grpoenieed b Hose skiliel nghean, dupendiag eby

i 5cor po tieqgpd3ybfi@h6is eReR ] i ' y.. 20 Exanple 1. Synthesis of

3-[(5- benzy?%x pyr i di n- 2 3| I{)alrlr%{b Eﬁﬁnggﬁeﬁ{n%’- %ﬁ?ﬁ%ﬁxﬁﬁ%ﬁ%@ﬁé’mﬂbﬂﬂy of

pi per aA-HELY vaihftherdhgrapewbio tredinients shel aDuacioWer Bh.R6RAS) dé%n%oﬁr%h&ilﬁl (8.6
ehyde .

g) vvasth@ﬁllgﬁd to a solution of 5benzyl oxypyridin-2-yl-fornal 0 g)
in 5.6 nmL Oof triethylam ne and 40 nL of 25 dinethylformam de. The m xture
was stirredTapracthantht ersadasfWiendant &feio % ?f‘z'ik% led at |ce bath to

pr oduce g.X.eI | ow gr.eci pitate. %e pl’eCiepiQ[ étgglp\‘/\eas %203’3881“1988? >d and washed
with etHATHBEPRPRSition ganke agmynigteertzopyllyy parenterally, by inhalation spray,

Boacettgpidalif 2edtQRZY i G n- et hyl i den i perazi ne-2, 5-di one
(Corrpo‘uir)\d A# , rrpnz 1418%?:3’[’8%5%?’}'?‘, %Aa)”y%v IQBE%B?%NWMGBW@ DVBO): 52.52
(s, 3Hparenipral] ag yseddieyein bl Elas subcudbousbhidSuthiooud il a\%g 8o (s, 1H),

87. 384}33@%@@& f‘,ﬂrrni Hdrt.aronat lgacl)1 . 87.499 (d, J=8.8, 1H%-, 689 (d, J=8.8,
1H), b8, [ E&r}, G Brsarierial, igtrasypgvialcinmestenml, Antf@h&h], ghtralegoragided t o
a 40 mhd@ﬁuﬂjmmﬂhyb&mmqﬁﬁgioﬁ%#m QB 5 containing equal nolar of

benzal dehyde and equi valents o tqu et hyl am ne. The solution was refl uxed

at 60C for “8cHlc igifatablsspagosition,dor daiiplé,a smi'ﬂgluﬁ&;tﬁ)lé/ﬁ‘(}degﬁé precipitate.
he pPLEskLR n,.collected and, washed with ethyl acetate to give
3.3 g O&Tégg%ohggﬁpﬁ%?% EIEI} g%ﬁ)ﬁllngéhe@?accordmg to techniques known in the art using
3- [ ( 5-shitabiy tisperping iod inettrg\do) i tdavh b6l eedyafis | i denepi per azi ne2, 5-d
i one %C‘%g?o%d%é)i as, am xturet_of is’orrerxsflf:h g%gﬁsﬁ%‘iﬁé‘ép%ﬁg&)m nat el y
the z2596%a le dyirgaklc prparation capEie) be kIURI MROMYE soRVRor 85. 243 (S,
2H) ,  8@speffion f a At a? 1 7.34687.634 (m 12H, aromatic),
bg. 528 (s, "1 4 810. 24 és’%e@?{ ?chh‘%b% usicpr sgivent, for example, as 2

solution 1n 1,3-butanediol. Among the acceptable vehicles and solvents that can be employed

are mannitol, water, Ringer’s solution and isofonic sodium chloride solution. In addition

30

sterile, fixed oils are conventionally employed as a solvent or suspending medium (e.g.




15 Exanpl e 2: Synthesis of 20

3-[ (5- benzyl oxypyri di n- 2-yl ) met hyl i dene] - 6- p- hydr oxyphenyt U OCT 2004

nmet hyl i denepi per azi ne- 2, 5-di one (Conpound 2). Conpound A (3.51 g), obtained
from Exanple 1, was added to a 40 nL of di msthylformam de sol ution

I f
1 et hy T ang e o e TR B AT a5 e BT foerdderbotivess o

i ce bateFe tssfiy ﬂ@ﬂlﬁmemwtmnyéhmjemﬁié@@s pietrh@al pﬁaﬁnweﬁﬁéaﬂgta%w)twﬂ den

col |l ec ed with eth acetate to give 3.3 g ( e desired
3-[(5- %E%‘Z‘%{Bgl}’\égﬁ °r8f‘§ﬁ°“2°1§; |ej;pe¥:1ally m their polyoxyethylated versions. These oil

t hyl isolatiegs dr- adneind Co d 2
ot 360, %63‘3‘3 TR Cap SRAIG (O RGP ARG fady o Gu8iach. T 56 74
(s5 1Hfar B’S}’m%ﬂ(@llu%e an-simalendispdrsing aptS 10thésconkbonlgueeB&irEkiants such

gIZBQZggifgégﬂsmpﬁ Of%Eﬁqu}mlgrﬁWZ%%g) gentsjb ma?fajﬁ(l)ab?l?t; el(lﬁéncg-r:b\n}hlghnd
3-[ (5- b@mpm:mmpyseddnmezmlhdmmwﬂpﬂ%@dce&ldan%& %oﬁlsm%ﬂ I

q th
met hyl | dene erazine-2, 5-dji one (Conpound npoun Au(l%qgf e)r
obt ai n&ea E?g {;8 bg usgfor thequapases afﬁmnulatm di met hyl f onnani de sol ution

contai ni ng A.cbnfp Qlfn 4 %Pﬁg ehyde and ui val ents -1t 20 OCT
2004 of triethyl gm ﬁeﬂﬁﬁl{g sol ut %%O%V\ga;s{’% @P&)?Efﬁlyfg %‘gﬂf’ 84 6RY and
ctol edingtudinge bistnat lipsteg todapmies, abldt)winplsesisRink a&@eouafsu?sg&ﬁs@&isg' tate was

then cgi and. washe th ethyl acetate to give 83% of the
desi regisf)e?ﬁ&%jandn solutions. ﬂlt\ﬁne case of tablets for oral use, ca:?ners which age c(:ormr/l()only

e, (55““3?3%‘2“%“"*?“& R o N YRR Bk ey 885004
@S%@m@éy an&)d E%Ofi%adlpsustmﬁpn 188 caB8le(form,| tdefid ditndHid fibludb6. 819 (s,

1H ar 4 9H, aronmt. c 89.821 (s, | 810. 064 (s,
), aeRle g it ot Qsch” gt giing Shebeagnd drmitgons are adminitered |\

35[ ( 5-dely yheoaoyivy ingledieR-cyth b%ﬁd@ﬁhdéﬁ%@ls‘s@l’v@d i Mpélg{}ﬂﬁgé( L?rgblgid W)lth obt ai ned

met hyl | d pi per azi ne 2, 5-di one (Conpound
from @%‘ﬁﬁlﬁg g or shspendipgsagents. Af deid, csttaii Smhyingpﬂaﬂmmngeols«mllaﬁngon

cont ai d¥ed cin B val ents of
triet hd}lleamcne e%dewséI?de%g‘%%\fgg&ﬁgjf@%};%dwﬂpofgf?&% ¢ PEePAred gaeeidingited at

i ce bdethnigepwstdaewnsn sheyat bbphapmeaiufit 4] € @nnl i HIQGH Bb &;?éo%gr then

| | tate t 12 f the d d
1 ( 5~ BERT S ST Shafatl Borl HEpi erebsuaeblsawersniadyss. btpitarioncpi per az

2ﬁ| 215 moterscto(eah bidh 85. 237

I e 962%1 o :me bav%ﬁm@ ﬂﬁ&a@%‘%? ag%gﬂéi}é&gg@%mgl Egpgfsbl?‘?atl c)(s
b8 526‘g%%ts o§_wn ingthg a4 d\ lzlﬁeramﬂydmm@bmﬁmamn(mngwmp@nmag abio KRy Nt hesi s
of 3- |aﬁ§ﬂrﬁ@t@1?e\ﬂ'1f?¥%°f¥ﬁh%‘f§ulﬁ)lo¥lt3m %ﬁ? ﬁgﬁél)m chI or ophenyl

met hyl i denepi per azi ne- one ?\’bound A (3.51 g), obtained

from ExarrpIHleIc;mmm tod pharmieatichcdth &ﬁn&ﬁnéétfﬁ%t“ eg%iéa%ﬁ%s%ﬂée”&f on

cont al m n%o 3t.glﬁof 4- chl or abenzal de ﬁde and 4 equi val ents

triethy e thranul4tzo re y, capableopl ed at
Reing Loppatigls with the actiye neredicat o the Sreawulati @ﬁdap fegatily, capable 09l ed

bee batabilizihgitRedaRt deli@hibewy { e eci pi.tat.e was

col I'ect ed anggli )\CA‘glshed with et ﬁ%‘? bi‘lf ?)l%t%eat d! Fol exgmpﬁe El“b&lzmg
agents such as cyclodextrins, Wthh form specific, more soluble complexes with the

piperazinedione compounds, or one or more solubilizing agents, can be utilized as

pharmaceutical excipients for delivery of the piperazinedione compounds. Examples of other

carriers include colloidal silicon d10x1de magnesium stearate, cellulose, sodium lauryl
30 sulfate, and D&C Yellow # 10.




give 3.45 g (80% of the desired 2UUCT2(q!p

3-[ (5-benzyl oxypyri di n-2-yl ) net hyl i dene] - 6- pchl or ophenyl i net hyl i denepi per az
i ne-2, 5-di one (Conpound 5). 30 np:250-251C. -12 20 OCT 2004 Exanpl e 6:
Synt hesi s of

3 (5- benzy trag yaskialidiche Kol b 80 Bl iRhRD 2 RANBGRY LARLY | done

pi per azi ne- 2, 5-di one (Conpound 6 oun arned trom
Exanpl Heaﬂﬂmc@dwmemnqucfm followdngét hirofassayani de sol uti on contai ni ng

- 1. 45 f 4 d alet of triethy]am ne. The
sol ut ?o(r)\ wagﬁ r%g%%é %’53% g@g&&g@qﬁs ?L‘IFhJ\f SnéFtsloééPW8¥W¥@Yﬁpoduce a
yel | owegit hmsmftnad_]@r hublig) ARSI, metecmmyaaalzf(@%mbdcqq N/, \@%&?9‘%»" §42 ethyl

acet at g crystal lized from di net hyl fonnam de’ to give 3.4 (80% of
CHo Ged57-906; Alley, & al (1988) Cancer Res. 48: 589601 Shoemaker ctal (1988) Prog. Clin

3- 1 ( SbenaykaxyRyedin 2&@&%@%@?@%@%2 %@pg@ gm& | dene

pi per azi ne- 2, 5- di one Corrpou DVBO) :
b5. 142B€1§ﬂy,21-()e11 snSpesion (st 1s’2dli)utec8£:c61i’12ng1$) thé bﬁrtmﬁl& delitypSandltl expected

517.20;%??%% G%iﬂénmit{é? @%%%58 ﬁﬁ}s};ﬁﬁ t%%élglq%ge Ii c‘?,lllkgi)row?hlgha%a%?en(saés) llslﬁd’deg nd
3-[(5- ) | o
[ (5- pr0ZML)GHYRYIE-Gel nRcskilT B %}gnpoun h@&ﬁ%ﬁ&ea X GREME t ai ned

met hyl i dene] pi per azi ne- 2, 5-di one ound
f om ERHMHPES at twiggof gul idended test wmntrzﬁonohrermmlat nm&amcﬁa 190141t alﬂqnots

cont ai urf ral quival ents of, trieth
“sol uti ggn&\%agv GFT? I uxe t'li,t fgi[s“ﬁ frtes ﬁweﬂm%ae%ﬁluqte%atﬂeﬂor@kbr oduce a
yel | OV\deumqmsem prouding tesihg, the Biphait bahdniafor 4R &0l dRgicRld iWRsTHd with

et hyl eéa and recr stallized fromdinmethylformamde to give 2.5 g
(80% ﬁp #iong ats pesky for 48 hr in 5% CO, atmosphere and 100% humidity. The cells

ne- 2, 5 ey Ep b %ﬁ*ﬂmﬁﬁé%%d@wh&%ﬁ (BBt Erly OB e
29, 06 180 Qi 97642 (B B onmt | . 66 K57 (o 16 B0 E15 (s
by HT2h A BB A s hond e BpUCS)teics andp mictoompuiet |
3- [ ( 5- PoBEREDRY BhiéA uaasi’nééhﬁmh@yﬂécﬂ%&lce% Jéﬁotn}yaﬂf%%eﬁfl The GNEIpgs o

net hyl i dene pl erazi ne- 2, 5-di one “( Conpoun
obt ai négamg wivplue, the Cmnﬁemadhtimaaseﬁﬁom&mmmmﬁmw,fac@liaﬁmidetosOI ution

cont ai ni car de a ivalents -13 20 OCT
2004 o%lh@gllset % ‘gmgﬁeﬁ{e}%"? Eﬂes%‘?%h E@%\Egﬁﬂ‘%&ﬁ% %3@@1?38}“3? evithd
cmol edinhibitocepdadrivfitite RstadugRBuad. yséd B LA @99%)% Cym%x;erﬁﬁac@héeat e was
then c Ilec#@%eémp%shed W th et?:}/3 acet at e, recrystallized from

di et h/T%&5r grepis for Pryg (Bogperyiand Revelepineri Vieriote, FA.; Corbett,
5+ [ Sheneybaeeyy dlad 2l ol deRelendinl (44) pAfepe- 2 Y1) met hyl i dene]

pi perazi ne- 2, 5- di ohe
In another assay, a plperazmedlone compound is tested for its cytotoxicity on PC-3

cells (a prostate cancer cell line). More specifically, cells are incubated with a test compound
25 in a serum-free medium for 24 hr. The cytotoxic effect can be determined using the 3-(4,5-
di_methylthiazoI—2-y1)—2,5—diphenyltetrazolium bromide (MTT) assay method described in
Boyd (In Principle of Practice of Oncology Devita, J.T., Hellman, S., and Rosenberg, S.A.
(Eds.) Vol. 3, PPO Update, No. 10, 1989).
Another in vitro assay can be used to evaluate the efficiency of a piperazinedione
30 compound in arresting the cell cycle progression. More specifically, a test piperazinedione

compound is added to PC-3 cells in a concentration-dependent manner using propidium



np: 21 S-217C. I HNVR (400MHz, DWVBO): 85.245 (s, 2H), b6 ﬁ@cgsl-i)b6974
(s, 1H), 87.186 (s, IH, &7.38487.746 (m 9H, aromatic)z h Zgud&s, 1H),
89.753 (s, 1H), and bl12.288 (s, 1H). to Exanple 9: Synthesis of
3-[ (5-benzyl oxypyridin-2-yl)met hylidene]-6-[(2-pyridinyl)
met hyl i: Lperazi ne-2, 5-di one (Conpound 9). Conpound A (2.8 , obtai ned
{rom eiOBBEMRIRR O508HTieg S suty The oal petilfionar aumCaiShs Gh/dt, drand
cont ai & 5d isQh drelingy i ui val ents of

A sk sohorheaging: o a0 RN O e RS v o o

triethy| am ne. The solution was refluxe

i ce bat'HSPEIMIE gAndirEamineyldp Hetarmine ifis pguddtion oTRes protsindich@identignat hen
col | ectﬂ%gsd@tmﬁgmq,aw th ethyl acetate, and recrystallized from

di met hyl formam de to"give 2.7 g. (85% of the desired

3-% (5benzy| Ghepntiitdinor otivity 5 b Bk SRl ond cb ko &Sl thyl i dene

pi perazj ne- 2, 5- cfi one gt(})r‘rgt)éundIij ) . : o?gé:()glggﬁéy‘“zag H%W(ag%ﬁﬁaz ,y O :
55. 246 kivo ghyma §'6°%7b {185 Sefl miggasig model, PA)3 cdlls.BA@béutifidousty 8H,

T2 s, Tt h ang rg o sy B Rt g Shenaiateos (5, 1hy .
Exanpl glpfmzuggmme;@gmomd is determined after treatment. Additionally, the anti-tumor

3,.6-di = . rj.di n- 2-yl t hyl i dene] pi per azi ne -2,525 di one
(Conpohé%lgog. Adﬁ%p‘y%ﬁ?ﬁddm}f %f}‘g‘)%an %‘5‘? be ﬁ@hﬁ?@ﬂ@@ﬂmﬁ;%e&cﬁed to a
40 nl testing. nBoekafpla BAd ORI Ehal bl i . nol.ar ,.of -
5- benzyoxypyr, di r?fng yl f or mal deh%g&gﬁg@%@gﬂ%u%g (Se}{rétagslp%gzlfl?ql‘%‘i'%yl ani ne. The
sol uti ?Plafg_é’@r@f PifxEinduced SmOashenini 4 mattgd WitHRGF of viceRr baidhdia) pr oduce a
Zf'h'yF%ﬁgﬁ%ﬁ*ﬁ%@%@%@@%@éiﬁ%ﬁﬁ%ﬁéﬁeﬁ?l?sséﬁiﬂ concumrent oo
3, 6- di nt1Bbemtpy¢ad agmumistehition 21 ¥ pipERi-iediohe R8I BhRE " 8FiEs .ope (Conpound
10). -j4 . 20" OCT %gg%.np: 28%- 28C. |_HNNRS%'ROONFE€E%|%/E‘6‘%9P%%§Q5 (s, 4H),
b6. 780 E02oM, thegnalgas ds,cusdawp for exgminafiopmdengipgerteis381 (s, 2H), 510. 145
(& 1H), anyibd: B 5. 4 Synt hesi s . of

3-[ (5- benzyl cixypilri 3?1?1?1%- y tioré%t%ﬁ%gg%fh]aét-h(efBS&eo&%merﬂms&Q?Fﬁ’ﬁff’é’ér azi ne- 2
,gad ij offebledshppieaent Jm/)enti@ﬁ n’ﬂmlf muom'xfgzspd 8cii§): enibbﬂi@fidﬁ%ré,rtﬁg&@f%rmbg |, was
adde ' i ) rmam de sol ution containing 1.5g of isatine
and 4 %Ogltﬁ?l\léq)%sn e%{Y lﬁ}’l%%tfr’ﬁé’l 'nﬁéﬁlnq"ﬁ‘é"es%ﬁtb@ respringes of el discdebuest inkBYC f or 2
hr andwapwhegoater.i A8 obaicdhubh I - i pitate. -The .

pr eci pj %ﬁg% ﬁgv‘%fs 'f hen col rpgct%dgfogﬂgﬁ %/algeﬁéqu a%/m%&gﬁ%ﬁ?rgg%ﬁd%yewf%e@ﬁ% 3.04 g
(87% esi red

Jo[ (5- benzyl oxypyri di n-2-yl ) et hyl i dene] - 6- ( 2- oxo- 3i ndol yl i denepi per azi ne-2
, 5-di olge (Cégg;&% 11). np: >300C. 15 Exanple 12: Synthesis of

1- acethxamgple(1s z3i$ W&WFH&&kﬂoﬂyp&ri}if@tWﬂﬁﬂ@ﬁ@]i@gﬁeﬁgﬁ%hg@@engCOTTDOUnd
12). . ensi of 3.51 of 1, 4-diacetyl -pi‘perazi ne-2,5-di one and excess
of zi ?cﬁeggg\ﬂﬂ% ’5?‘51110’&6 Ff?%{?w@dd; 100 nL of acetic acid and 10 mL of water was
stirred and 4493ihdexa0hi ins-28.41 d. The mxture was filtered.
The sqlid thus l_obt}gﬁ)rﬁﬁeégﬁzvvau?esé’%o@%ﬁ%@d&a@%@s%@%u%q(I’]tx“ ter to give 2.0
g of .tsB2dexymadin-2-yl-formaldehyde (4.0 g) in 5.6 mL of triethylamine and 40 mL of

%52 ?C e%@é%’{&é%ﬁa@%ﬁy PR B’X}Etlurdel \sz_iszs_ti}l{ll‘e)d rﬁ?ﬁo@% le%{p%re;t&%elfgrel-62ﬁr5a:nccjil tl?gneco(o%lrrpou nd
at ice bath to produce a yellow precipitate. The precipitate was then collected and washed
with ethyl acetate to give 5.4 g (77%) of 1-acetyl-3-[(5-benzyloxypyridin-2-
yl)methylideneJpiperazine-2,5-dione {Compound A).
| mp: 189-191°C.
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Exanmpl e 13: Synthesis of 3, 6-di [ (5- benzyl oxypyridi n-2-yl) mat ILper azi ne
-2,5-dione 25 (Conpound 13). A suspension of n?ﬂ]ﬁd]pzﬁf%

3, 6-di [ (5-benzyl oxypyri di n-2-yl ) net hyl i dene] pi perazi ne-2,5-dione (0.2 g)
and excess of zinc powder in a mxture of 10 nL of acetic acid and 10 nL of

Vat o1 vas sk (IMEE DUSES 25 & 3 MR pasb b o b e and

filter 86.85Thed Bob7.884-BU8B mabHestonakic); 6F hested=80, Andsnesdad jwggh water to
gi ve 89%#&?}/& ﬁ%)pt h(f EEfI red _ _ _
3, 6-di [(5-1De 0 Vaa 3 2n-‘§7yq59 Hil)-hyl ] pi per azi ne- 2, 5-di one (Conmpound 13). -

15 20 OCT Couifbun®A @21- : I , nt hesi,s_af..

3-[ (5-acet oxypyri di n-&-@l%%ﬁgﬁ?ﬁnﬁ@(ﬁgﬁ?Pﬁﬁ% ani%I%q(i'é on

gi ?(er agpiainpigrqyalonelat Oi')quizalllddh)ﬁlél)ang 4 equivgle?tts): of tri?thylam;]nel. 'I(‘jhe so%ution )
-[ (5- o n- 2= t i dene] - 6- (benzyl i net hyl i dene) pi per azi ne-

, 5di ong&% é%ﬁr%lp?é% %&lgﬂ ‘Jé.r éﬁ ér ‘)“‘%E‘?é’%ﬁfr?é 1ge tonpeslice @ yisllgw igiggolhe vere

di ssol pedipitatehO4) then calfecatafdn@khed Mgh Byt AH:BudR ST 55 %Qﬁﬁ%}) Sfth\é‘ th 0.5 g

pal | adi_.um charcoal under 1 atnobspheric pfressure. ?ter conpleting the

react i 87F5d PERSHict Il @dbesyytrrapyridine 2cAnadtydidens]st-pemylreethplddhnipiperatinen and
the fibtst 1. vacuo to oduce a reside., Th esi due was
added o1 B RRARE & Sl Gihes BhOBLiE-Suiidhingieabs 7€ od 1 o
pH=7. AngpEdesamarat ed was fornmed and collected to obtain a 0.27 g product of

3-[ (5hydr OX%?E&%%E_%{_}W ) met hyl i dene] - 6- (benzyl i net hyl i dene) pi per azi ne- 2, 5-
di one (Conpdadtin { % vyield). 1HNMR (400MHz, CDC 3): b6.758 (s, 1H),

b7, 087 (5. MENNIR Ch008R87 DNAR 00 05 b o 20 R QIR his oo 418328y, 11, and

812. 289 gs lt%ﬂ sol ut'i on of - conpot in acetic
anhy dr 9Hé4¢-30.03t (a3t arbinasiel S8528 &0 CHJ,d1.0245 k, 4 1) T 1028864, adiacet i c
anhydri de and produced acetic acid were renoved in vacuo to obtain a
residue. The residue was chronat ographi ed using silica gel colum with a

devel ofxmgpkal:\Senthe{iCH? S &5 -beryplAlypyriin-2 1y YmdtRy18HeME]-Ep' X of

Conpound 14 as a m xture of iﬂggrrer S. Thelym)rﬁtg)r/e engs ngﬁéﬁﬁggﬁly the 7z

i somer PetplifigRcpisEpite. 2, ooame)Compogmi2 s, 3H), $6.7s6 (s, 11, s7.107 (S, 1H),

25 s7. 36888661%90&1(5 A@‘!ﬁl%S,Mﬁe%)ﬁ"org%x%%f'ﬂe(ls,’Wa]s'lgtizidedatgda 111211,%%8 (s, 1H.
dimethylformamide solution containing 1.5 g of 4-hydroxybenzaldehyde and 4 equivalents of

triethylamine. The solution was refluxed at 130°C for 16 hr and cooled at ice bath to produce

20 a yellow precipitate. The precipitate was then collected and washed with ethyl acetate to
give 3.3 g (83%) of the desired 3-[(5-benzyloxypyridin-2-yl) methylidene]-6-p-
hydroxyphenylmethylidenepiperazine-2,5-dione {Compound 2).

mp: 260-263°C.
'HNMR (400MHz, DMSO): 85.244 (s, 2H), 56.669 (s, 1H), 86.753 (s, 1H), 56.798 (s,

25 1H, aromatic), 66.819 (s, 1H, aromatic), §7.347~87.647 (m, 9H, aromatic), §9.821 (s, 1H),
610.064 (s, 1H), and 512.216 (s, 1H).

Example 3: Synthesis of 3—{(S-benzyloxypyridin—Z-yI)methylidene]~6-p-methoxyphenyl
methylidenepiperazine-2,5-dione (Compound 3).

30 Compound A (3.51 g), obtained from Example 1, was added to a 40 mL of

dimethylformamide solution containing 1.4 g of 4-methoxybenzaldehyde and 4 equivalents

-11-




Exanpl e 15: Synt hesis of

3-[ (5-benzoyl oxypyri di n-2-yl ) met hyl i dene] - 6benzyl i net hyl %mwm azi ne- 2,
5-di one (Compound 15). A reaction m xture containing conpound B (0.05 g,
0.16 mmol e; obtained from 30 Exanple 14), benzoyl chloride (15 m, 0.16
nmmol e)d@ﬂﬂeé‘ R ochhI roformwas heated to 150C for 2 hr. Chlorof orm was
removed i noVaCHBRE ol B WIHios veasireluxed et 139RE fordisi ltued wosled i ioaBAmgs aphi ed

i irbil o € i | vent C12) to give 0.007
(2008 o G DI o e B ol Bt wsctstai 786 (o,
1H), 87cetE tegiverd§ g (8Y%B66%8 AAfed(3a(5-b3tkylGHypFREInG- )RRty A248. (S, 1H) -

Exanpl . : S:Qf . . )

3-[(5- ?’ﬁtﬁ%’f’@éﬁ‘r‘e’éqﬁ‘l%@’%%@?‘ieﬁﬁ&PFFE‘&H?:Z?-WWQHWPM@] 6 5 (benzyhnet hyl i dene)
pi per azi ne- 2nm-ABRPAIG°C Conpound 16). A reaction m xture of conpound B (0. 05
g, 0.16 mllﬁ%\gﬁt ai ned from Exanple 14), toluenesul fonyl chloride (0.03 g,
0.16 mmol e), 8800 He DMSAQled® 246, BER1B6G6D 65, 150GG 193 @, 1), sgabyene was
r enovedH, Brohgs %1l r.esidue resi due was_chr onat ogr aphr’ed
using silica gig?’ %ﬁlﬁﬁq#?ﬁ&%atHZ\Pgﬁé T%gg%%f%éﬁs AEREE).2A9.824 (gi 14),0. 007 g
10 (10940-864 GodHidand 518216 H\IVR)( 400MHz, CDC13): b2.503 (s, 3H), b6.751 (s,
1H), b7.102 (s, 1H), 87.34388.159 (m 12H, aromatic), b8.223 (s, 1H), and
b12.315 (s, 1H). Exanple 17: Synthesis of

31 ( 5- Exaniplod.apueinglsoF ' i :2-5y 1) e klg'e e] -615
(benzyl i gjilayl i dene) Spi gg}@azi@r‘z‘g@/&{y@w&}léﬁgyﬁ%t%h% 'g‘l”)'ﬂ“%ohﬂ&f‘éé’ii on mxture
of conﬁ’ﬁa’r}’ ghapepenazige-2.6-digneni@ohpoundtpi ned from Exanpl e 14),

4- chl or ophe i t 0.,024 0.16 nmol e), and 50 nL of chl orof orm was
heat edé_to 1%‘3@? gtr?&/%ﬁ r??.ggdh(%?}??f?%?%%@pkehmaddw foraotfumé. of r esi due. The
r esi duéimedlsylSimmemideoghitidni Rdtaifind 035 dfC I with a devel oping

sol venf. CF‘ZCI z) ho ive 0. O%h&%g??s%gﬁg?&ggﬁ%%{%ey &GS Sy dentg of

Scr eenlnr?g’y PG The sQlHBen was refluredbat 1M farelld hriand esdled fvee Bxhab B¥dduce

act i Vi 4 &@hvohredipnuab {: i nedi gne, conpounds. wer e neasured agai nst a
panel Q? 60 1glrief fer e'nfTr hﬁ%li‘e t}?‘riggn‘%sutﬁﬁl? c@&cfeﬁla?qﬁ&??’hm pthybagetaiotppounds
vere f@Und12@ (Bé%éﬁthﬂdesEW{(éaﬁlzﬁakﬁjﬁidﬁprﬁ-ﬁ@% iggd G so val ues
<10~ l.i pes.. The st potent conpdun xhi'br'ted d SO val ues
<10~" '\ﬁnh‘o?%‘?%& ﬁ‘l‘ééb‘ﬂbdéf’?ml’?fﬂ@g'gfgaér(ilﬁn@%@mndéi <10-$ Mfor 9 cell lines.
Exanpl e 19:mpc249emiqrg for anti-tunor activities (a prostate cell line).

1
HNMR (400MHz, DMSO): §5.237 (s, 2H), 56.688 (s, 1H), 66.794 (s, 1H),

20 87.209~87.624 (m, 11H, aromatic), 88.520 (s, 1), 510.348 (s, 1H), and 812.279 (s, 1II).
Example 5: Synthesis of 3-[(5-benzyloxypyridin~2-yl)methylidene]-6~p-chloropheny1
methylidenepiperazine-2,5-dione (Compound 5).

Compound A (3.51 g), obtained from Example 1, was added to a 40 mLL of

25

dimethylformamide solution containing 1.3 g of 4-chlorobenzaldehyde and 4 equivalents of
triethylamine. The solution was refluxed at 130°C for 16 hr and cooled at ice bath to produce
a yellow precipitate. Then the precipitate was collected and washed with ethyl acetate to

give 3.45 g (80%) of the desired 3-[(5 ~benzylox_'ypyridin-z-yl)methylidene]-6-p-
chlorophenyhnethylidenepiperazme-z,S-dionc (Compound 5). 7
30 mp: 250-251°C,
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30 The cytotoxic activities of a nunber of piperazinedi one conpounds and
taxol (a well known anti-tunor agent) were tested ?gmimgls Cells were
i ncubated in the presence of -17 20 OCT 2004 eac o) in a
serumfree mediumfor 24 hr. The cytotoxic activities were determ ned by
the Mr ) St..C ounds are active. Unexpectively, the nost
potent-ﬁpl D ré?i %F%S eOfééﬁ'g%ﬁﬁ%ﬂ??@@Y‘éﬁmE%SBWﬁWhéﬂwﬂémd 0.3 nmicroM >30
tinmes mengyleofphbiylinetylil@%qiper ik aRRi6n AR h4.0 assay (inhibition of
&/ M pr ogr es&:‘f)i on of the cel Ipcycl e). PC—%&coéljlq{bgﬂ\/l\/{eﬁ‘e i ncubated in the
presence of GPTRRYEA 47 3rHds)onki2inedroomBkanple 1 sensadded e aedidinp@nd har vest ed,

fixed, @t'[nrﬂa%ﬂ ! . L.di.um.iQdi t the 6th, 12 h, 18a', and 242h

hr, reé1 ggﬁt%‘ ?f\fe y. g}%}é&lgttl(g{g(g&% m%%lllﬁcﬁl%]edfé eﬂﬁgxﬂ’@f‘%"ﬂﬁlﬁhﬂé@l apshd gguigalents ow

cy¥ onef lictindarsinee Mhn sslutidh eat BFhux6ORPBPC b d}%lf\lﬂo%ﬁ%{;g;k bﬁﬂ;fll tégg' tc'eloln .
- ition,

cycle as%{entranﬁed by.a | arge nunber of cells at .
pi per aZfHEET BHE TY RGN G en dde propipilaiarvas then colbevtadnwastegulidt etanl REaRAS

activi aiyyd B¢ I : VT . sturba f.tuhul.in/m crotubulin
ssenbl ) - eGURzed fonk Fulb i PrRRe QLN HEDBLEE prhe ipetline of s

pi per abfiredxynEridiorpdimdhalidatic]-5er by loapsRAY It AEné PipRrasfleUt 5 Qbnk0- 1 M
VES, 1%5&{5% 0.5 ™Mwmd z, 0.1 mM EDTA, and 2.5 Mglycerol) at 37C.
Then, a’ded to i nduce polynerization of tubulin/mcrotubulin.

Ot i cal densip: 253-0B)°grvas neasured at 350 nmat various tinme points to

det erm ne tggwg'ﬁ%ree of the polynerization. The test conpound inhibited the
zo pol yneri (40Milde, DMSQy-%5. M2 (B2 Hpd2222(s, 2H),\6\6T248,539), §6. 711 Rition

ft I . t injected into PC-3 cells,
Gevel opal R R g o Yot o) 32H Ol it an Bl 2htecompouns

signi fiBantly dimnished the tunor 25 volune after a 14-28 days treatnent.
Exanple 23: In vivo assay (regul ation of angi ogenesis activity) After
subcut aneous i ncubation of a bFGF or VEG--containing matrigel plug (0.5

mis/ 200ERBMBRY)7- S9hiHesi X Lgni At ,angi njc e ct s.detected in
t he pgﬁnglg& ﬁ??a&f?%%%%ﬁ%@’?@%{ %%%‘?’ﬁﬁﬁa%rﬁ Bhe-¥drpound al nost
conpl ideneiniperazite iong(@uemivad§)f ect . -18 20 OCT 2004 OTHER
EVMBODI MENT features, disclosed in this specificarion nay be
conbi ned | ﬁc‘{’;*l‘r? 0‘%%?555@003?&1%%%‘%0‘?%@ ’di%’laéé@ht%iarﬁquspeci f1cation
ey belimefiiabedabideaolusibh eonaininge FEALARLIN PlalilRAR TP mGkaLent . of

siml a@éepu pse. Thuys, unless expressly state erw se,

di scl 0S¥ 41835 retlwed #H0C 6t 48 hyenéroaled aricebathto prydiuved gltovor si ni | ar

fogat u 'f#8cipitate. The precipitate was then collected, washed with ethyl acetate, and recrystallized
from dimethylformamide to give 2.5 g (80%) of the desired 3-[(5-benzyloxypyridin-2-
yl)methylidene]—6-[(furan—Z-yl)methylidene]pip erazine-2,5-dione (Compound 7).
mp: 256-257°C.

1
HNMR (400MHz, DMSO): 85.245 (s, 2H), 86.656 (d, J=1.6, 111), 86.664 (d, J=1.6,

2 1H), 86.685 (s, 1H), 86.720 (s, 1H), 87.349~37.942 (m, 8H, aromatic), 8.527 (s, 1H), 59.515
(s, 1H), and §12.312 (s, 1H).

Exgmple 8: Synthesis of 3-{(S-benzyloxypyﬁdin—Z-yl)methylidene]—6-[(thien—2-y1)
methylidene]piperazine-2,5-dione (Compound 8).

30 Compound A (2.8 g), obtained from Example 1, was added to a 40 mL of

dimethylformamide solution containing 2 mL of thiophene-2-carbaldehyde and 4 equivalents

-13-




From t he above description, one skilled in the art can easily ascertain the
essential characteristics of the present invention, and W@!D‘bl.ggn@eparti ng
fromthe spirit and scope thereof, can nake vari ous changes an

nodi fications of the invention to adapt it to various usages and

conditi .ex | e, conmpounds structurally anal ogous the

![oihpgar a;fﬁ?; %@:Fzﬁmfgl%fw%%?@“’f%ﬂéﬁ@?%bralcbgs mﬁ]pdw;drmd&%baqpfoe_?_ﬂed for
eir wetlo®Grédlpitdt€STh ; ractice. this invention. us,

ot her embodi nents are lzb;ll SO Wi tﬂi %lﬂﬁﬁg V%’?é %c_ohgct% a washerthetiol \WHAT | S

CLAI MEBP!e, 4nd ieciysiaflisad dromudinmeghyt emboideawighg: 1% s ?@hggﬁ%}eéﬁ-fﬁA N i

RZ whengj ggj&,@,ﬂ DK i pendently, is a sing doubl e
bond; A ihisMH or gﬂ(ﬂ%ﬁ{éﬂlﬁggﬁnﬂ&&ﬁu? cBe-diyhrethigienk] poperCiRaRS)dimken -- i s
a Youbl(€ompoand &.is R30-(Ar)-B, in which Bis CHR when -- is a single

bond, or C(R) . =, .S a double bond; Ar is pyridyl linked to B at
position 2; “%%gqgglpséH al kyl, aryl, heteroaryl, C(ORd, C(O ORa,

0 g, g Nt b SO el SRETE o TP Sl it 1
i ndeperlnHé:rﬁ F3B4~BE 746 () WY aromnyd), 53‘-32%9?1‘&'69.7%34)@ ol ﬂg;gg?ciiyeyl ;in
yclyl or B

whi ch, optionally, Ra and Rb taken together are 1yl;
and, also optionally, Rl and Ra or R and Rb taken together are cyclyl or

htt er oExaimple 9: Syniieeis &P Beh9 idthlzy ek ehdboci ol % & doubl e bond. 3.
The co glp%g of claim 231{8% e%é?’n‘”‘?’i’?ﬂ.“ml izsylﬁnqﬁtbglb(reé'ebg'rﬁé'pmdlmb conpound of
cl ai m FtyeenslpipRarige,5-giongeompopadg)d of claim 4, wherein R30 is |inked
to positioncgnaf il n 6.0 . Thi Cﬁgrpound of claim5, wherein R30 is
dimethylformamide solution containing 2 mL of pyridine-2-carbaldehyde and 4 equivalents
of triethylamine. The solution was refluxed at 60°C for 2 days and cooled at ice bath to
15 produce a yellow precipitate. The precipitate was then collected, a washed with ethyl
acetate, andl recrystallized from dimethylformamide to give 2.7 g (85%) of the desired 3-[(5-
benzyloxypyridin—2-yl)methy1idene]-6-[(2-pyridiny1)methylidene] piperazine-2,5-dione
(Compound 9).
mp: 248-250°C,
1
20 HNMR (400MHz, DMSO): §5.246 (s, 2H), 86.709 (s, 1H), 56.788 (s, 1H),
67.349~37.661 (m, 8H, aromatic), 67.923 (d, J=8, 1H, aromatic), 88.473 (d, J=3.6, 1H),

§s.533 (d, 1=2.8, 1H), 8.680 (d, J=2, 1H), 510.667 (s, 1H), and 512.324 (s, 1H).

Example 10: Synthesis of 3,6~di[(5-benzyloxypyridin~2-y1)methy1idene]piperazine -2,5-
25 dione (Compound 10).

Compound A (0.31 g), obtained from Example 1, was added to a 40 mL of
dimethylformamide solution containing equal molar of 5-benzyoxypyridin-2-yl-
formaldehyde and 4 equivalents of triethylamine. The solution was refluxed at 130°C
overnight and cooled at ice bath to produce a yellow precipitate. The precipitate was then

30 collected and washed with cthyl acetate to give 0.36 g (80%) of the desired 3,6-di[(5-

benzyloxypyridin—Z~yl)methylidene] piperazine-2,5-dione (Compound 10).

-14-




20 OCT 2004 8. The conpound of claim7, wherein one of I&ﬁagg]’ g?s aryl or
het eroaryl, and the other of Ra and Rb is H 9. The conpound of aim 8,
wherein R30 is benzyloxy 10. The conpound of claim7, wherein Ra and Rb
taken together ate heterocyclyl. 11. The conpound of claim 3, wherein R30

i s aryl al koxyp:b83-28he. conpound of claim 3, wherein both R and Rz are H:
13. The corrpound of claim12, wherein R is H 14. The conmpound of claim 3,
wher ei n one BNMR (40(MHsz, IPMSé})yiSS 45 GetH), 86r78D (s, AR, 37121066 MB894 o, RILand Rb

h d of
ci ai m TR IREEUADSIELR, @%ﬁ@ﬁﬁ%ﬁ&s Bosition 5 of pyridyl 17

The conpound of claim 3, V\/nerel n and Rb taken together are heterocyclyl.
m1l7. wherein R is H 19. The conpound of claim

%8, Thirxéﬂtmﬁggdﬁgl};?g{?%éﬁk[&ﬁcbewiﬂ@ﬂm@nﬁoxlbmﬂbw@neﬁﬁ%omﬁr 20. The
conmpoulihodflidehélifarazin¥ 8 &ibfe dﬁl%)“ﬁ‘ﬁ gI e bond. 21. The conpound of claim

1, wherein -- I's a single bon ‘compound of claim 21, wherein -- is
a single boﬁ‘@mpozmdA(ZcBg)mbtﬁﬁﬁdﬁbﬁlE}Tmleamwmedio @hanmbof | vvhelre:\ln tRIGO
~ONI N~N ~ ~

F TP O ggiac sqluforscqifuming © S5 isatipd Rpd4 Saglens By lein - O N -
I N ~ HhOsblutioflvab rdfluxedaQ30°C fbr i\|hr aﬂd (ched at Qérbafﬁ' to%g cht-ggﬁ yefifgound of

claim 23, wherein the conpound is HBnO ~ O N IN
10 precipitate. The precipitate was then collected and washed with ethyl acetate to give 3.04 g

(87%) of the desired 3-[(5-benzyloxypyridin-2-yl)methylidene]-6-(2-0xo0-3-
indolylidenepiperazine-2,5-dione (Compound 11).
mp: >300°C.

15 Example 12: Synthesis of 1-acetyl-3-[(5-benzyloxypyridin-2-yl)methyl]piperazine- 2,5-
dione (Compound 12).

A suspension of 3.51 g of 1,4-diacetyl-piperazine-2,5-dione and excess of zinc
powder in a mixture of 100 mL of acetic acid and 10 mL of water was stirred and refluxed
for 5-10 rrﬁnutes and cooled. The mixture was filtered. The solid thus obtained was

20 collected and washed with water to give 2.0 g of the desired 1-acetyl-3-[(5-
benzyloxypyridin-2-yl)methyl]piperazine-2,5-dione (Compound 12).
mp: 215-216°C,

Example 13: Synthesis of 3,6-di[ (5-benzyloxypyridin-2-yl)methyl]piperazine -2,5-dione
25 (Compound 13).
A suspension of 3,6-di[(5—benzyloxypyridih-2-yl)methylidenc]piperazine-z,S-dione
(0.2 g) and excess of zinc powder in a mixture of 10 mL of acetic acid and 10 mL of water
was stirred and refluxed for 5-10 minutes and filtered while hot. Water was added to dissolve
zinc acétate. The filtrate was concentrated and filtered. The solid thus obtained was collected
30  and washed with water to give 80 mg (40%) of the desired 3,6-di[(5-benzyloxypyridin-2-
yDmethyl}piperazine-2,5-dione (Compound 13).

-15-



25. The conpound of claim 23, wherein the conpound is @ &ACOME N - NOH
-22 20 OCT 2004 26. A nethod for treating tunmor, conprising adm nistering
to a subject in need thereof an effective anount of the compound having the

formula: OR- NZ~ --A N Rz wherein each of -- and -- , i_ndepen_denltlybiza
si ngl e bondugy 2agdayRt e bond; Ais Hor CH(RaRb) when -- is a single bond,
or C(RaRb) V\n/g]{an -- is a double bond; Zis R30-(Ar)-B, in which Bis CHR)
when -- is a single bond, or C(R) when = is a double bond; Ar is pyridyl

(0 oRE SRS | RR R Pt ER ey Mol il idend) 1)
C(O Repi;&@hﬁggs-ddn@)(@ahﬁoﬁné)m)SOZRe; and each E)f Ra: Rb, R Ra, Re, and
Rf, independently, is H alkyl, aryl, heteroaryl, cyclyl, or heterocyclyl;
i i whi ch, o|§t{(fbh%HZIY%XYIW‘Hﬁ@Xﬂbﬁn@tbRMﬁnﬁbé'ébﬁ’éb’émf@wﬁm)pipemmmelé*r ocycl yl ;

a0d, 2k gpbgaakd o IL, APl S 2SS IRIARAANIE! 25
The mentloof méthehali Ahd mixtrewas hydregansted vdoubs @ palatlum”ZQarcsitamaet hod of
30 ThaiRsDRGLE TFestres Asotnle e ot ioTres mamored & B (b3 Fialynovfet hod o
% aieera ?%nbov}ﬂg%zﬁlﬁamﬁmﬂfthgﬁl@dﬂgw%ae\}aﬁoﬁw@ inVaclEbPrARcY hredild Fifte ot her of
10 residue was added with 50 mL water and the obtained aqueous solution was adjusted to
pH=7. A precipitated was formed and collected to obtain a 0.27 g product of 3-[(5-
hydroxypyridin-2-yl)methylidene]-6-(benzylmethylidene)piperazine-2,5-dione (Compound
B) (70 % yield). _
"HNMR (400MHz, CDCL): 56.758 (s, 1H), 87.087 (s, 1H), §7.290~57.580 (m, 7H,
15 aromatic), $8.328 (s, 1H), and 612.289 (s, 1H).
A solution of compound B (0.05 g, 0.16 mmole) in acetic anhydride (50 mL) was
refluxed at 150°C for 24 hrs. The unreacted acetic anhydride and produced acetic acid were
removed in vacuo to obtain a residue. The residue was chromatographied using silica gel
column with a developing solvent (CH,Cl, : MeOH =9 : 1) to give 0.051 g (90%) of
20 Compound 14 as a mixture of isomers. The mixture was predominately the ZZ isomer.
"HNMR (400MHz, CDCL): §2.377 (s, 3H), 36.786 (s, 1H), 67.107 (s, 1H),

87.368~08.496 (m, 7H, aromatic), 58.224 (s, 1H), and 512.498 (s, 1H).’

Example 15: Synthesis of 3-[(5-benzoyloxypyridin-2-yl)methylidene]-6-
25 (benzylmethylidene)piperazine-2,5-dione (Compound 15).
A reaction mixture containing compound B (0.05 g, 0.16 mmole; obtained from
Example 14), benzoyl chloride (15 ml, 0.16 mmole) and 50 mL of chloroform was heated to
150°C for 2 hr. Chloroform was removed in vacuo to produce a residue. The residue was

chromatographied using silica gel column with a developing solvent (CH,Cl,) to give 0.007 g
30 (10%) of Compound 15.
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32. The nmethod of claim28, wherein Ra and Rb taken togd] i1314] Qﬂ%

het erocyclyl. -23 20 OCT 2004 33. The nethod of claim 27, wherein --
single bond. 34. The nethod of claim 26, wherein --
The met hod of claim 34, wherein --

is a

is a single bond. 35.
is a single bond. 36. The nethod of

NOT ot N INYIRANREETORRT dea bty 6 fhomabrdsaR I L o
~ S Bnamn@tN),ﬂnd68223|(s~H-B ~~i ~i NHOC N HOO NHOO®O®N > > 37.

The net hod of claim 36, wherein the conmpound is HBnO ~ ON~IN~ NOH
38. The nethod of claim 36, wherein the compound is HBn0O ~ ON/ SIN~ N

O H - 2f&xamille £8:5ya4is 393-[(5-( emfonszngﬁ{du?gl A n@gﬂia@ﬁgn@& s-rel ated

di sease, conprising admnistering to a su

anbunt

10

15

ec
@en@nwm—&ﬁelmmﬁﬁ@hamu@ RN Z~ p Ni

A reaction mixture of compound B (0.05 g, 0.16 mmole; obtained from Example 14),
toluenesulfonyl chloride (0.03 g, 0.16 mmole), and 50 mL of toluene was heated to 150°C for
2 hr. Toluene was removed in vacuo to produce a residue. The residue was
chromatographied using silica gel column with a developing solvent (CH,Cl,) to give 0.007 g
(10%) of Compound 16.

'HNMR (400MHz, CDCL): §2.503 (s, 3H), 66.751 (s, 1H), §7.102 (s, 1H), .
87.343~88.159 (m, 12H, aromatic), $8.223 (s, 1H), and §12.315 (s, 1H).

Example 17: Synthesis of 3-[(5-(4-chlorophenylcarbamic)pyridin-2-yl)methylidene]-6-
(benzylmethylidene) piperazine—2,5—dione {Compound 17).
A reaction mixture of compound B (0.05 g, 0.16 mmole; obtained from Example 14),

- 4-chlorophenylisocyanate (0.024 g, 0.16 mmole), and 50 mL of chloroform was heated to

20

25

30

100°C for 24 hr. Chloroform was removed in produce a residue. The residue was

chromatographied using silica gel column with a developmg solvent {CH,Cl,) to give 0.01g
(15%) of Compound 17.

Example 18: Screening for anti-tumor activities (NCI cell lines).

The cytotoxic activities of a number of piperazinedione compounds were measured
against a panel of 60 different NCI human tumor cell lines.

All test compounds were found to be active. The least potent compound exhibited
Glsp values <10™ M for 4 cell lines. The most potent compound exhibited Glsy values <10™

M for all 60 cell lines, with Glso values <102 M for 9 cell lines.
Example 19: Screening for anti-tumor activities (a prostate cell line).
The cytotoxic activities of a number of piperazinedione compounds and taxol (a well-

known anti-tumor agent) were tested on PC-3 cells. Cells were incubated in the presence of

-17 -
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wherein each of ------ and -- , independently, is a si nngﬂ 010 2804 a doubl e
bond; Ais H or CH(RaRb) when ----- Is a single bond, or C(RaRb) when -- is
a double bond; Zis CH R Ra) when -- is a single bond, or C(R Ra) when --
is a doubl e bond; each of R and RZ, independently, is H C(ORe, C(O ORe,

R ach aof , B Ra, Re, and R ; independently,
FgO)HN gﬁh ?0% %gﬁa?ﬁe%g&oﬁ 8199]51%%&6 ﬁ?‘Fe‘i}@(?tB’é‘ﬁ@Ft}Ymeﬁa‘W%‘\?ldG@&nmﬁ’ﬁt one
of R arb@tEiaM'lSl" ﬁsw olil t&e&@ﬁﬂﬁﬁ]}d’s arelaﬂtlwugﬁ'e)dptecﬁvely, thie 1h§st% @@Hb' e bond, --
is a single_bond, and one of Rand Rd is H, then the othe Rand Rd is
het er o RBAFAZIRRGIqnScAMPPUNdRasAdEGap valuk aiound § StrhigroMy a3 (ciyrmes honrpotent
het er ogy&gli4ls) and, also optionally, R and Ra or R and Rb taken together

are cyclyl or’ heterocycl yl. 40. The nethod of claim 39, wherein -- is a
doubl e bond. 41. The nethod of claim40, wherein ----- is a doubl e bond.
42. Th erein one of Rand Rd is heteroaryl. 43. The

net hod ARy qgg%%%f%L%?g&hmgh@nﬁWﬁﬁ)%SW@ of thagellyrleind the ot her of
d Rd ,
Subar 1t ot ety s g wiidiBheth B pfesBiol ot i RO U MM irl Pscpuen- 1
of cl affiee ediym endharvesieds fiRed, aind Sﬂmedmﬂfpropﬁluﬁhﬂédﬁ Iﬂwl?“ﬁflz@,l fmﬂrrRaﬂnd "
Rb t an other o a a
0ere! 34008 rbeleln R adt ol o e R P! e BB o
het er omyeaburbmerts. Tf[élfbs! mﬁlﬁkﬁﬂn@in(ﬁhéﬁ iﬁ A’ﬂast Yh@eE @él[‘cyc‘le ésserﬁfaﬁb&ﬂ; dékg : 49.

The rretho of claim39, wherein -- is a single bond. .

cl ai m ¥8m Wrcéi Ig\at. G2/M phage. Jlnsiddigios, %Bmarazmdlormeommwaddladfa maraedn /39N o
wher ei ON/ I ~BnOlI ~ON/ I N/ HO

o o S RaARAfo 8 RACsdii O M ' 50T _"ON

Example 21: Ir vitro assay (disturbance of tubulin/microtubulin assembly).
15 Tubulin/microtubulin was incubated in the presence of a piperazinedione compound
at different concentrations in a solution (0.1 M MES, 1 mM EGTA, 0.5 mM MgCl,, 0.1 mM
EDTA, and 2.5 M glycerol) at 37°C. Then, GTP was added to induce polymerization of
tubulin/microtubulin. Optical density (OD) was measured at 350 nm at various time points
to determine the degree of the polymerization. The test compound inhibited the
20 polymerization at 10 — 10™° M.

Example 22: In vivo assay (inhibition of tumor enlargement)
SCID mice, subcutaneously injected into PC-3 cells, developed & tumor more than
800 mm® in volume. A piperazinedione compound significantly diminished the tumor

25 volume after a 14-28 days treatment.

Example 23: In vivo assay (regulation of angiogenesis activity)
Afler subcutaneous incubation of a bFGF or VEGF-containing matrigel plug (0.5
mL/20g mouse) for 6 days, a significant angiogenic effect was detected in the plug.

30 Intraperitoneal injection of a piperazinedione compound almost completely diminished the

angiogenic effect.
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|l N/ HOIl / FI N/ HOIl / I N/ HOIl noH Bng&ggﬁfp qg NOI /
OBn O H 52. The nmethod of claim51, wherein the conp BnO ~ O N/
IN/ N OHD53. The nethod of claim51, wherein the conmpound is HBn0O ON g
| N/ NOI H-26 20 OCT 2004 ABSTRACT Pi perazi nedi one conpounds of th

formula: OR- NZ=~ _qgq NI - o , I ndependently, is a
single bond or a double bondﬁ%xﬁﬁgE&ﬁégﬂghﬁﬁﬁEgﬁb) when -- is a single
bond, or do bIe ban i s, R30 .-in which Bis
SR wihen g R ditcloRa WHH Gentitiigitnay bEFmintd iing' bond: Ar i s
het er oaéiybinaticd R&hifsatite cﬁédfdébd iroghid ﬁe&ﬁl:ﬁ{d?ﬁﬁ be fepfa:EBby S @éﬂ%ﬁlve

C(O NRdJRe, or SQZRd; each of R and i ndependently, is H C(OR

C( O) ORECAtLE EFIKIRGHES Sase, sairalentapisTaHatPwPosRa The, unkess F@re%shdstﬂed

i ndepe , r rocycl yl.
erbgl Ongﬁ%{:\*fl@é’ eabl?fé:%@hﬁ{lbsed% Xh hagfég(grél %c}flal %t;ﬁgﬁc yeﬁle% gf; % allf%&% and, al so
optloanhmqﬁﬁhHand Ra or RI and Rb taken together are cycIyI or

het er ocycl y Al |
. A#. A+, Av. b A&&aa& %V%@@W%@m@l&?ﬂ inghapti pameasily aggertain the pgssaial Al x . Ay: 45

C characteristics of the present inventi d without d
(<ppx<88p0. pop. "t BonxBB00Hp . CHa8E B gamut p%)éigglpﬁ B thespinty élI’éLS“’OP<080| x088p8"
872<87 egyggg‘,szangnake Vanous changes and modifications of the mventlon to adapt it to various

[l VAN
Sgop o e AT e e, PorSRRRES AORBLERR S AP RARER AR oA R aiRE OO "

(, ?8xxBRREAS 9P ABSHGUBNHEDERR Be Pnade 0stBEned &} tReir ARRAMIRRRCRARLNARPPB0 pO 8
80" " 8pp8 8p” " SpOpP80880p80° Tp 0" 8088pp8p0° p p pp<0p<80p| 80 o8p0q
0qO0s 8\AB$F§¢8 practige, fusioseting: Thug otheqygphpgimensaas alsg vdthip teglaims.
80p8p880pp88pp<080ppppppp8<I % 2/ 45 ZC
[l (] <xppp / pp8<88 Opppp8 " <88xxx8800pp [ 889988 p0 >ppx<8 0
pppO0=sgpx8800?wW8 00" pOx p<p08x{=
fp< pp<xp0p<p888p|8p|8p8>>qx>>qx8m1ss<88a58° m9° 83~3| ~?x>" x>p<80~<88800pp@
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' 2-2TP~M(+29P} xr mhb] W/] ca] caV] ca] ca] caV] ca] caV] ca] caV] cﬂ]&@ﬂ]’cggﬁa] ca] cal ca]
ca] ca] caV] ca] ca] caV] ca] ca] ca] ca]ca]ca]jca]jcajc"a]jc'a Pels & + 71 Q)}_

w{ vql gb] XV] c$a] ca] ca] ca] ca] ca] c$a] ca] ca] ca] ca] ca] cal] ca] ca] c$a] ca] ca] ca] ca]
caV] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca

PPy P+l 1] R IDPHIJIN QU W [!IAT TdifljllTolttvlzl| 1 {vpke ZU gb
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aU] ca] cal] ca]calU ca]caUcalca]cal|!~titirrrrrrrrrrrrrrrrem=og' 3" H ') **N+~yt n
i d_zZU] da] sabepded] leatldzaht eajodhe &dratitd: ca) ca) cal] ca] cal] ca] cal] ca] cal] ca] caU
] ca] cal] ca] ca] ca] cal] ca] cal] ca] cal] cg

N+U+a+g+v+++++++++++++, " (, +, 0, 2, 44, KO, f, p,,,ytnid ZTU] ca] ca] ca] ca] cal]
ca] cal] ca] cal] ca] cal] ca] ca] caU] ca] ca] | ca] cal] caU] ca] cal] ca] ca] cal] ca] ca]
caljcalcaljc"alca ,,,,,,,, 0 Z= —=A
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] ca] caD] ca] ca] cal] ca] ca] cal] ca] caU] ca] caD2E; EEEEEF
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I() o )“( ;v%%%éﬁ)%@&%ﬁ%g%e@%@ﬁ O;Q%RZ- \ % 8% 8 - @O% () -, THI0%E () - +

\ <. 109&' ()-1+109%&' ()- _
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cWU6+@ 20 0CT 24
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0%88& ()-2zWJa?@ 10% yc z&10%JUE ()-! Hy

z&109&' ()-!& Y%0%& ()-!H& %0% ' & ()-l C10%AAL' () - 10% 10% WU3?@

10! Qvz&10%&' ()-i!Hvz&0% /& ()-i!yc z&0%&' ()-!5yc z&l0YBB& ()-! yc

z&10% . & ()-!Eyc z&10%Z& ()-zodY: 0! Q 10%&"9 Z 10 10

108&9v 18! cyeﬂ“t(e)compn@aicowaan( 7.-wheraig 00e®KR" {d RY & avyl &t boigrqayylj 4nd the other of
l)l@wxecRg oLl 4. 1%%&'
10% & () ()- 7 y1 %09BB8 ()- 7!yl %09R2& () 7'yl %4098 ()-7@Q[!z!!
I 1 wxedY: 0! I sC y1098B& ()-sC y10%& ()-!s@O%: () -

@O%BB&' ().- ! HALO% 0YBB& ()L 1111 " "uiG+: 10BLIVI0UB& ()-!
y/ @1098 |§)ézle P"Wﬁ%ﬁ‘%é&ﬁ%w P YRRGyoxy.
& ()-1sC le%BB&'()-'HsC ylo%zz&'() " oBR0" gE: 10B&IVL! "y ZY4 0988 () -

lyZ%40 {g/a/ﬁe(a)omp o}srzx{ d‘? S{amﬂ )7 wherem Jfg%k/ﬁ alge%(%o ge%lleg‘ )ai'e heterocyclyl.

11. The compound of claim 3, wherein R3O is arylalkoxy.
12. The compound of claim 3, wherein both R; and R; are H.
13. The compound of claim 12, wherein R is H.

14. The compound of claim 3, wherein one of R* and R® is aryl or heteroaryl, and the other of
R*and R is H.

15. The compound of claim 14, wherein R” is H.

16. The compound of claim 15, wherein R3O is arylalkoxy linked to position 5 of pyridyl.
17. The compound of claim 3, wherein R and R® taken together are heterocyclyl.

18. The compound of claim 17, wherein R® is H.

19. The compound of claim 18, wherein R3O is arylalkoxy linked to position 5 of pyridyl.

20. The compound of claim 2, wherein === is a single bond.
21. The compound of claim 1, wherein = is a single bond.
22. The compound of claim 21, wherein === is a single bond.

-21 -




10B 10B0' H ' () **} ~<E: 20 0CT 2004

10B! #p, =940988& ()-*1098& ()-2Z!) @'\ &LOWA& ()-:' @'\ &10%p& ()-: GLOY& () -
=\ pLO9AR’ () - ** N+bR+S+T+U+a+g+} [ 0B 10% & ()-) ! H 109& ()-y 10% 10%
1099v109& ()-!1! 10988& ()-z #p, =YA0%& () - g+v++++++]; }[: OB

| VMLOY& () -f ! VMLOYBB& ()-fH <109%& ()-H <10% & ()-!| 100& () -

10% & ()-+",0,4,0 X {Y7}[: 0B 3"\ 109& ()-]! L109BB& ()-!L109BB& () -
GL10YA2AT He)oohipduADBBAn| ) - ¥HHB& e ec@pdundis , , - XV4} [ : 0B! $@10% B

B& ()-110%- & () (V-1 0%38& 0O)-j

V- 109%&' ( psg 0B0&D M HE=200 168
10BI 109B& ( YB& 00 9v ()- I $@R1LAYBRE 10%38&' ()-(
0) 05052@845! HoNk21%k 0

]&10%58&()-'E\$&10% &‘()-IT\$&10W7&()-I\$&10% ' %#10% & ()
-1

- 5" v10%&ekd BIb789t . x:y: 3 XNBR7 4 40 130

] &1096$& ()} 0] ] F10%& {) -} ]&10 & ) 10% 61&) X

K==X?Az X6 NB Tl 27811 ' | g ? lz&10° 0Bn
()= v10%1|& {) - ABB| DDDdsz PE: <! 104|

| @ @10%.| L| & () - .4@@10%1| h| & () -

104| 104| &9710%| & () - 310%4| & ()- 1) (810% | & () - $! (&10%56& ()-9$! 2&10%/& ()-
X6PE: <! o 100 & 0 109%80& ()-s$! @ @L0%WAR ()-s$! @ @l

owa/&%f @@p@‘i "i‘;‘glﬂﬂ/g%‘%m 1 dM>NNNWXOPE: <! #3109%94& () -, 210%

% ()-=! @ @RIOULE ( -l@*@low/&/& ()-! @@10% i & ()-s$!) @ @L0% () - SSNDO

HOIOJG( Ny ' () - Of 6#109B& ()- 109B&' () -

>

N N Yo
H

25. The compound of claim 23, wherein the compound is

H
OB OaY
Y/
NT P S0
. H .
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Z is R:0-(Ar)-B, in which B is CH(R®) when = is a single bond, or. C(R®) when

=== is a double bond; Ar is pyridyl linked to B at position 2; and R; is H, alkyl, aryl,
heteroaryl, C(O)R®, C(O)OR?, C{ONRIR?, or SO,RY;
each of R, and R,, independently, is H, C(O)R®, C(O)OR®, C(O)NR'R’, or SO,R®; and
each of R? R®, R, RY, R®, and R, independently, is H, alkyl, aryl, heteroaryl,

cyclyl, or heterocyclyl;
in which, optionally, R* and R taken together are cyclyl or heterocyclyl; and, also
optionally, R; and R or R; and R” taken together are cyclyl or heterocyelyl.

28. The method of claim 27, wherein === is a double bond.
29. The method of claim 28, wherein the pyridyl is substituted with arylalkoxy at position 5.
30. The method of claim 28, wherein both Ry and R; are H.

31. The method of claim 28, wherein one of R* and R® is aryl or heteroaryl, and the other of
R* and R” is H.

32. The method of claim 28, wherein R* and R® taken to gether are heterocyclyl.
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37. The method of claim 36, wherein the compound is
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wherein
* each of == and === , independently, is a single bond or a double bond;

Ais H or CH(R’R®) when === is a single bond, or C(RaRb) when == is a double
bond;

Zis CH(R°R®) when == isa single bond, or C(R°R%) when == is a double
bond;

each of Ry and Ry, independently, is H, C(O)R®, C(O)OR®, C(O)NRR, or SO,R®;
and

each of R%, R®, R%, R%, R®, and R/, independently, is H, alkyl, aryl, heteroaryl,
cyclyl or heterocyclyl provided that one of R® and R is aryl or heteroaryl,

then the other of R® and R? is heteroaryl; optionally, Ra and R® taken together are
cyclyl or heterocyclyl; and, also optionally, R, and R® or R; and R taken together are
cyclyl or heterocyclyl.

40. The method of claim 39, wherein == is a double bond.
41. The method of_ claim 40, wherein == is a double bond.
42. The mefhod of claim 41, wherein one of R® and RY is heteroaryl.

43. The method of claim 42, wherein one of R® and R? is 2-pyridyl and the other of R°
and R is H.

44. The method of claim 43, wherein 2-pyridyl is substituted with arylalkoxy at position
5.
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47. The method of claim 41, wherein R?* and R® taken together are heterocyclyl.

48. The method of claim 40, wherein === is a single bond.
49. The method of claim 39, wherein == is a single bond.
50. The method of claim 49, wherein == isa single bond.

51. The method of claim 39, wherein the compound is
Bnoﬁfi P . © N P
Sheasinsbeqe!
N o N NS0 OH
N H ,
H .
PPBaY
= 0 NS0 cl \(N:l“«j:n .
H H H 2
BDOWN =
§ I‘O
NS0 OBn
H
52. The method of claim 51, wherein the compound is
H
shoas
NSNS0
H .
53. The method of claim 51, wherein the compound is

H
RODOAS
Y/
N F SN0
H .
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bond; Ar is heteroaryl; and R; is H, alkyl, aryl, heteroaryl, C(O)Rd, C(O)ORd, C(O)NRdRe, or
SO;RY; each of Ry and Ry, independently, is H, C(O)RY, C(O)OR®, C(O)NRR®, or SO,R;
and each of R*, R®, R%, RY, and R, independently, is H, alkyl, aryl, heteroaryl, cyclyl, or

10 heterocyclyl. Optionally, R® and R® taken to gether are cyclyl or hetei-ocyclyl; and, also
optionally, R; and R? or R, and R taken together are cyclyl or heterocyclyl.
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