;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 Rinhibifihg 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:




Z-~ --A N R Each of ------ and -- , independently, is a2& B§Tedl}nd or a

doubl e 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, heteroaryl, C(Odd, QQO)CRa, C(O | VRaRe, or SOzRd; and
both B and R30 - can be substitut edi‘am suitabl e position on Ar. Each of
RI and Rz, independently, is H, O'Rd, O ORd, C(O NRdRe, or S(zRa; and
each of Ra, Rb, R, Ra, and Re, fn 2pe eftly, is H alkyl, aryl,
heteroaryl, cyclyl, or heterocyclyl ionally, Ra and Rb taken together
are cyclyl or heterocyclyl; and, alRao optionally, Rl and Ra or Rl and Rb 1
o take togfemer re.cyclyl or heterocyclyl. Refernng to the above formnula,
a subs&ecl t'ﬁ'eaﬂ? @Faﬂ%ﬁ@%ﬁ@&%ﬁ@ﬁé@@%ﬁr@H@@léhvmhﬁieﬁdnrﬁﬂﬁhﬁflﬂ} ed by
that b -z sBandl b nds. .In e _conpounds, IS pyridyl
| nkeda?lgnB gtls Sgg%%eibc?rﬁl%% %gy?s)%lﬁ 0 id %&@%}%ﬁx%ﬁﬁ%ﬁﬁfﬁ@: B’osi tion 5
of py[1 thmth tﬁ)@?(KSD whed “RZ Braesingle boel, of (hSEE) &hen Rb= ]ic;‘gaa%mble,qmnh,emefsogryl ,

and t ot her. of. n s H 15 Angther subset of the piperazinedione
co%drrpou gtgro(g{yl,t% ?ﬁﬁ@‘é’?nﬁnhﬁ?@@’iﬁ@?,ﬂ@ﬂﬁ , GEDARR ,a)ﬁ§0-2RE;alﬂé si ngl e
bonds. bbth B MePR:G eAPRABStitud dt SnPUlilaf) o'siti%%gﬁ&.o E%cl?hf%oéddt on 2, Ris H,

i pyridyl, "bo a

R30 is, arylal koxy |inked to posi t’i on 5 nd”Rz are H,
one of iNKgPendanth 13 H, C(O)R’yCOOR hE(QINRIRYI or SRR 416l eattef RORPRRE, RAD Rb i's
H Ak ar. vl clyl . and heterocyclyl ntioned herein

ot udtbBe sl B T o LA hetordabt etk Shorbietradyl rpaig

" subst andRetiken Rigethsr 4@ cOEIS] GfhelBRb &/ cHIPAId hNE B ol 6 By P&, ARG R8a™e Or
differe t% e&;h replaci ng a hydrogen atom Exanpl eSS of substituents

i el udtekenipeetheparg syely] o hesatoesslylnal ogen, hydroxyl, amino, allcylam no,
aryl am no, g 1 i ! Q. Vitro,. nercapto bonyl ,
car bani do, ggrﬁggi% ,rﬁltgg?obvgxy: ,d@ﬁ%g?eé%gﬁwl%ﬁr UeaonesompopRdsoHtiS, c1~cs
al kyl , in@ent{on ig Scattirkd hy that BathCE—ahddC 8% ,ar@ditible B@ide! Baftihe cidsduklis, Ar

het er ocycl.yl . .. repn. al kyl , enyl, al koxy, aryl, heteroaryl cyclyl, and
het er of ?PéT’éVl 1%85?)?%113?‘?’(9“ %1%(!;‘? i%@ﬁ@ds %’Yi( %Yi&eéwws,iﬁ@rgjlpfp%@w roaryl ,
hal ogeoth IR GH@RY lare BNGMDT HFRE WEQaryP&ailﬁ?ero% hi i Otﬂ-{}ﬁ’gk?%ﬁ% Ragﬂ—l refers

1
to a hydrocarbon ring system having at |east “dne aronm anpl es of
by | eippresyibset of the paezingtiont ¢omeroudds ofithis iavemtinnis fertutddete that, bogtneny|

napht hyl. d-py | . JJhe term"heteroaryl" .refers. .t drocarbon ring
system ha\?ﬁg at 5@3%1&@ %Ar;:lgs'arﬁlot%ﬁ ? quﬁﬂd%ﬁr&pgﬁz{ﬁ QFE‘%datﬁ[ﬁl plRstiog e
het er oRt isH, RyChis asylflkoRy, litited o pEAASIDS 5 pRidYI o RAGNA RYBIeSTI B8 orpe! ude, but

are not liynted to, furyl, fluorenyl, rrolyl, thienyl, oxazolyl,
i mi daz%dyé‘,lsﬁ'ﬁia%lo‘?r)}}e,tﬂ%‘"ﬂ: ailf?ﬂfhe,o'prif%xdild@ isB. qui nazol i nyl, and indolyl.

Anot her aspga] Oyt RGerd ' ' tQ.a phar maceuti cal
conposi tion that fr}(r:bnt?;li @’?&%%ﬁg@%{ﬁﬁ&ggﬂ @‘%@%négthsﬁﬁ%em&gﬁﬁ 8&‘ and an

&@0f ectyubstittifedand uofubstitutedasoicter Tife tedne“ubgituad’ REeisapenconmernds descri bed
above. turthg‘hﬁgﬁﬁec_tb ?1]:1 this i .é_entti)on relates to a nethod for treating

tumor eSguenty % G Y WA lernd e Fepdagiieet hydesgencaiemer , nel anonm,

ovar i dfxahaleest subgitantERORAE, bl bR [ighi er). The

met hod iar??:lﬂudes admi nistering to a subj %gﬁﬁﬁloﬁg%’ﬁdﬁ%%o@g% effective
anountalisylamie, giylepiag; diallylemane digrplaming ayimgnittoe nfecraptd, aarbbnyl,  ~ R~ ~A
N~ ~~( O EFach off --x---+ nd ~ . i.ndependently,. is, a single bond or a
doubl e %?"’Aﬂu ';sh“&l’o"raﬂiﬂlﬁ?kéﬁfﬂfe}ﬁé” W\%ﬁ%’aﬁaﬁ‘?xsﬂ%é‘%ﬁ@% ﬁﬁg%al nfi~{r O RaRb)
when -alkényl, a0y hlkex , heferosryCidyByRaukte wheSei afd r C(RR)
when -- is a doyble ﬁgﬂ}g" each of R,y and%?y?’r%%%%lﬁggéﬁ%g&n?gg%:ox%(O)Re,
C( 0) oYL gft@mﬁa ryelyb andshetegocyel wkpre aptionsily Rabstiviged Rith (RaCs Rkyl, and, Rf

i ndepepes ' S eroaryl clyl ., or.heterocyclyl,

provi ded %rg%{hglr? m!{c_)’?[l y%fo&?%an@dp}f }‘Téerg‘lﬁﬂ’ ngnc%g% %ﬁ%’ar terp “aryl" refergtg ag  goupl e
bond, hydracgriwngingyiyetetninatingaat deasnencafromatiding NBxdiapleSotiryt MisRtthe ot her of
R and Rd is heteroaryl. Optionally, Ra and Rb taken together are cyclyl or
het erocycl yl; and, also optionally, RI and Ra or RI and Rb taken together
are cyclyl or heterocyclyl. Referring to the above fornula, 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 Rb is aryl
or heteroaryl, and the other of Ra and Ro is H The 2-pyridyl can be
further substituted with 5-aryl al koxy. Another subset-of the

pi per azi nedi one conpounds is featured by that both -- and -- are single
.bonds. "I n.these conpounds, .one of Rand Rais 2 -3




2 0 OCT 200 pyridyl, the other of R and Rd is H, both R and.RZ. are H one
of Ra and Ro is H aryl, or heteroaryl, and the other 2hﬁwiﬁﬁéﬁﬁ£is H.
Seven exenpl ary pi perazi nedi one conpounds are

3-[ (5-benzyl oxypyri di n- 2yl ) net hyl i dene] - 6- phenyl net hyl i dene

pi per aziRed, RidLONE 1: 3: [.(5- henzyl oxypyri di n- 25 -

yl ) met hyl i de’n@f%‘g‘ﬁﬁ%@&%ﬁ@ﬁ% nanbthg &indemmmiypeﬂibzﬁeﬂﬁ“getéb%?f}%f 3-1(5

benzyl o&by@mbaﬁbmﬂnghys@ﬁhwﬂlggﬂg;s-tgﬁg-fI uar ophenyl met hyl i dendpi per az} ne- 2,

5-di on Chore " 7 A aromatic ring which contains at least one

3[ ( 5- benZYPERYLCR @f R DL 9 PrBxambles onbdted T | met hyl i denepi per azi
ne- 2, 5-13j fiRg, ﬂﬁol{gﬁﬁ-gfr% { qrypyridin- 2515@%?%&,%@%3& %ﬁbnlﬁlgr%‘}i)églw%ét hoxy
pthyhnet, hyl iil%?lnepl D az%ﬁe-léﬁé-%aﬁ?{@; tmidazolyl, thiazolyl, pyridinyl, pyrimidinyl

3- P( 5- HB¥RzZPaRylpgnd iddelyR- y1 ) et hyl i dene] -6 to ’

[ (thien- 2-ylm$ehyl [ dengghgi perazi ne-2, 5-di one, and _ _

3, 6- di [ (5- bénzyT SR P Prgh)imesrtiph Kelhe oz pinem eyt B podligh oy, |
OH B0 o O N TN BB MopBhihic Rtk g o offetivg apnount o Ok 105t B r® N O

~ OBn BHFr42medgng crmporndd desaitkdBBGvd. i O NI N~ N H O ~ OBn The -

pi per azi nedi oynds, .descr i bed above include the conpounds thensel ves,
20 as well as tRgl%Bgélogil“%we{‘%Iielafﬁsddaunmhodﬁorﬁreﬁiﬂgqaﬁb?(e\_/éuch salts,

8 exiavistmja, bany caecdroMtcanter, CRR c%r%g%ﬁg;’\égen a pg;in;n dﬁg Y mcrgﬁr ged

substi e.g., anno) on a piperazi
Sui 1 anP SRl 6Reh priteise casao. e nnatod induieshi ERhOY S50 oM ds, i odi de.
sul f at therddi b 8fSotivRARRRANAL Bipe §1 L at €, met hanesul Ponae & 2 740¢%t frpesdcet at e,

and acetate. Likew se ‘a PegaPIRyEvincdions serpermddtiingeis fobeum,: . car boxyl at e)

on a pi perazi nedi one conpound can formpg salt with a canon. Suitable canons
i nclude, but are not limted to, so§iys I on, potassiumion, nagnesiumion,
cal ciumion, and an ammoni um catj.Qp such_as teteranethyl anmmoni um i on.

Exanmpl es of prodrugs include esters\ ang ofther pharnaceutical |y acceptabl e
derivatives, which, upon admi ni st r adi to a subject, are capable of

provi di ng pi perazi nedi one conmpound32 destribed above. Also within the scope

of thiBachoyertiQp aLe: onposi ti on containing one or nore of the
pi per azi nedi one corrpétljlﬁigéeng%?i ihinglsdead por dagde bond: Aea SRy and

e ué’\éher"—"sTu@H%iulgimhmﬁsbfCWWP%hE:PW&'E&?JI%&d?%isacrﬁediccaarrent for the

the - s (R°RY) when
J d;es:cfg zpsefxqgle %ond, or C(RcRd) when == is a double bond; each of Rjand 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 Rf, independently, e

: P 1s H, alkyl, aryl, heteroaryl, cyclyl, or heterocyclyl, provided that one
of R® and R® is aryl or heteroaryl. If === s g double bond, ===

. is a single bond, and
20 R® and RY 1s H, then the other of R et

and RY js hetcroaryl. 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,

25 one of R® and R? is 2-pyridyl, the other of R® and

L
and R is aryl or heteroaryl, and the other of R*

substituted with S-arylalkoxy. Another subset

Ris 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-




O her features or advantages of the present invention w IZQb@C'ﬁqgggent from
the followi ng detail ed description of several enbodinents, and also from
t he appending clainms. is DETAI LED DESCRI PTI ON The pi perazi nedi one conpounds
descri bed above can be prepared by nethods well known in the art, as well

o1 e ad oI e b or T b & R R ARG e oG RaaRER ik . pF oduce an
i nt er mbgteatarylhendetheathdr ofiRE hyd RYURME- pi per azi ne- 2, 5-di one. The internedi ate
can then be 20 reduced to heteroaryl - rrewall - pi per azi ne-2, 5-di one (a
conpound of eﬁ?%e’fwﬁw iPghfFaziggdignegempaungstase 3-[(Sebavaplonypaidi-Rer

f | gemeteli L Wil 1 Xt f
ot por e nede e sopy ke RRSE i BOMIELD i, BICHHBSHPEE bl o bond

| sorer Yorednhigleneiifep dedioxgphdny bmehylidepemiperatineass-diend; 8es-at ed from ot hers
by hi iquid chr.oma raph HPLC). | f preferred, proper

f ﬁnct iggﬁ%ﬁ%ﬁgﬁné%ﬁbglgﬁﬁyhﬁ%g&%@ﬂB?I)r‘/?Péethﬂ‘)e@ﬂl%gﬁp@faﬂw-zrﬁ-glgngﬁ-f urt her
nodi fi f@themagl Riimat lidRn&legh!, : ] oht ai ned by
reacti g[ %Ee Di{ﬁ%ﬁdct_ w%)ﬁ@éﬁ lecjﬁéc!i nb ng}éﬁlﬁgﬂgﬁ%\%ﬁ 1@%&? e?%ﬁ?;lgg’gﬁ&eﬁr’r%e’t hat
depi ct S'ﬂ i Br&lﬁ"ﬁ(@@@’“t?f’%’@?@ﬁh@ﬁ} i pohemilmetioone compounds. -5 20 OCT
2004 GliN.= & ~% N N.Ac O .H und 13: R3=Bn Ra=H.
= BB e 2 ot M G by i peRb i Pkt Co,
Ré=H Rhibred-ylnRebiyladenolpiperazine-Lomaienshdlfs-dRssBenprxgpyidin @ AC a R OR3

[~~~ =z~ ' NR H\\ Ba Separ ation
- yl)methyl]plperazme%,g’-d)lone. $F?1e§')struct8res are shown below:

15 ﬁ

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



Reduction OR3 OH loving R3 -54( ~N Ra 2) Coupling R3 R @ ®IDh2084ds
1-11: Ra=Bn, Ra=H. Rb=aryl or heteroaryl Details of synthesis of Conpounds
1-17 are described in Exanples |-17, respectively. To prepare other

pi per azi nedi one conpounds, the pyridinyl (shown in the above schene) can 5

be replreersnRhoanivarydh ; _ e Qs L LY rral yl,

i ni dazol yl , gi/ﬁjri m d_iwnyf%é gg@@%ﬁ%ﬁ%ﬁﬁ%ﬁg@&nﬂe&( Biperagiediohe 8%‘@%’?}1“8&8&53 (Ac)
on t he 3piqserSairpble anioneincludg, fulasnct ievieedite, dhloridebreeides; han®), seifde be

repl ac nother substituent (e.g., carbonyl, carbam do, carbanyl, or
car box 3‘% ﬂﬁg’l@togpl}aﬁeafﬁﬂa e"ﬁ%@ﬂ?%é’ﬂ@gi tgHEoroaeRtYErrnd aceiateailikartise, éast two
doubl e negatilely aacbedRybstit@ent (H.& NQbSESME) dh ﬁlge&m@%ﬁe &?%éﬂﬁfl oh§ fiH € S
Thus, they can occur as racemates and race m xt ur es, ngl € enantT oners,
i ndli vi delhVidiacetian o Swable cations insludortt iats it Xitnited S0, saditintion; paMssiubedes; Of E-

or Z- L |.C Al such isqgneric for are cont enpl at ed.
P S R T L A PR e
phar madsamptea lof prdpgsiihdlade dsbas amDothéd Meﬂﬁé@l&t&g@ta@%@%ﬁ%& at | east

a

one pi @”Z\rﬁ zi nedi n.e.con&gund of the present invention and .

phar ma - UBPH 9‘%&’6‘@&&? foc subjsct. @Fe capable pé providing pipasseimedlione cover s a
met hod compaetis Aesdr®ed B6own ef fective amount of one or nore of the

pi per azi nedi one conpounds described in the "Summary" section above to a
sifbj ect i n Adegwihintthersnope pEtiinianentiofiee Pe@apasiticteehintiting OAPOLMGE dran

functi i . nore of the.aboye descriped action nmechani sns, or via
any ot erﬁﬂgr%%%g%"g%@\ cm%?“ﬂﬁ‘ieéf’? ﬂﬁ%ﬁ’t"‘“s‘? Brlsqabing umoteandibamse of t he
conpousuthwhéontipasitiohetiht ethnufichRO LS mBdicAAERIE ik %§jd£%§e% fIsd e treated
subj ect. Th nterrel ati onship of dosages for ani S an umans (based on
mlligrans er deaties erasypaiagasoofdhe prossnt swehtiareyill ke apecent froth tha Fr ei rei ch

et al. CRNCES ;. 219. Bo surface area y be

appr oxfoéfg%@%a%tet er ms%rga(} éro%g{%ﬁgeﬁ}b%gﬁﬁe%| ‘Eﬁg%#opﬁ&‘eﬁﬁ?‘?r@mg. Cq%@’é; e.g.,

Scientific Tables, Ceigy Pharnmaceuticals, Ardley, N Y., 1970, 537. An

effective amount of the piperazi nedi one conpounds can range fiom about 0.1

ny Kg to about 50 ng/Kg. Ef PEGRANEDRBGBSCRIFTION so vary, as recogni zed by

those skilled in the art, depending i5 on the types of tunors treated,

route of adFhepperaatnicdione eomp@indeidestsibeRabove@at B@p&%ﬁéh@y'ﬂlétﬂod%fwﬁp' usage

wi th ofher H}gra eutiq treatments such as use of other anti-tunor agents or

radi at PO T HePa py asTeeilashn the synthgiicrantee diselpsadrhereine Senexample one om  a

pi per aghaedhi é}gziﬁ@.o;%amgg Wl Lt dm ni stered orally,

parenterall y_,p by inhal ati %@p@g%&g%@%%%?ﬁﬁ?&e% g‘? ﬁ’yp,m@lg&ffll Y,

buccal ermgdigtatiteroargl-methylidenc-pipérarined, - disae. vOhe intcthedia®y din'tRar@nt eral " as
ed LI 4 t.aneous,, J ntracut aneous, _i ntravenous,

R angad b el R bR R 2 b &l cambaH oAUy PRIOM: drepastder nal

i nt r at with alketongor ah@birdohalddyde TollSe6EH @Baéeﬂi;e%&héxﬁ Wﬁ%?m&d% ‘d%i[n‘kﬁu of

techni ques.. A sterile injectable conposition, for exanple, a s ariv e

i nj ectBfrazigglientsomerspwhichasysisroudrasssyydiror @a dovlsln boad fsormit dtred. accor di ng

tote i i ¢ i ui tabl e, di.spersing or .wetting agents

(such. D S3ea 0MRo by el ok By ey ilirrestornidTer 1 1 6

i nj ectdBdmatogephy GIPLE). cHipreftsal, peoper Ainefibhae g'tdailpg chpbd BitroaheddiiRR tRE

%sper}%te%ai Q .a PO - 1, 0Xi C renterally acceptable diluent or solvent, for

éxanpl €. a8 Ve s PY) I meditogtiong Aisamasivelyargagradireducsd spadaiot eamehi cl es and

sol Verﬁlﬂaihétﬁlbyfe’d&il’ﬁgeth@ﬁfﬂdﬁ}éﬁ\ditﬁgr&fu%in'g%g itol, water, Ringer's solution and -

i sotonic sodiumchloride solution. I'n“addition, sterile, fixed oils are

E%?Vgggzonagﬂm\PY@scﬁﬁm@ RS0 R sy HRER Y AL nlEd ip?pngra(z?ﬁe%idne- -2
compounds. '



synt heti c nmono- or diglycerides). Fatty acids, such as ol eld @ﬂ]‘dw |ts
gl yceride derivatives are useful in the preparation of injectable as are
nat ural pharmaceuticall y-acceptable oils, such as olive oil or castor oil,’
especially in their polyoxyethylated versions. These oil solutions or
suspensi ons can al so contain a |ong-chain aIcoth di luent or dispersant, or
5 carboxynet hyl” cellul ose or simlar dispersin gents. O her connnnly used
surfactants such as Tweens or Spans or other si emul si yagents or
bi oavai | abi | PR ancers which are commonly us i
pharmaceutical 'y acgeptable solid, |iquig,.Qr ot _dgsage (f O s can al so
be used r Phe Pu s of fornulgtron A%
adm ni st r AT n can be! any orally a gt e dosage form ¥ o including, but
not |imted c§$sur si ons and aqueous suspensi ons,
di sper si offs nd sBTBiti ons. the c of Rf@bhlr8ts for oral use, carriers
whi ch ar® coRfnonly used include |agto d icorn starch. bricating .
agents, such as nmgnesium stearate, are gﬁse\%yplcall S ./Eoraora
adm nistration in a capsule form useful diluegks ) actose and dri ed
corn-starch. When aqueous suspensi ons or emul si ONs \aLg tergd 15
orally, the active |ngredmgnt can be suspended or drssolvgﬁpi an oily
phase conbi ned g or suspending agents. |If desired, certain
sweet eni ng, fl aYgPA°Hy > or rigig agents can be added. A nggal aerosol or
85Ption ca J

i nhal ation co ed g@accor di ng to technijoiegpaueh | - known
inthe art of ﬁaHnaceutr n and can be prepaned as sol utions
in saline, enplBiFauzbenzyl or Rt her sui ta(m e preservatives,
absorption 20 pronmoters to enhante oav xifregstion t y, i: uor ocar bons, and/ or
ot her solubilizing or dispersing agents E“rhmqbr nth o A Q_Lper azi nedi one
conmpound- cont ai ni ng conposi tion can also be admnis aor m of
supposi tories for rectal oagm nistration. The Garner in ar,
i bt With the

conposition nust be " accep Ie" |n t he sense~of beingico

active i ngredi &ntrogis t4e:) f (an%/tégf/m abl y, capfbl® of 25

stabilizing i1 Rsemgcmetcoge ri g(ngt to be treat ed. For

exanpl e, sol ubulchzewrgp,agent s }_ﬁ&% cl odextrl ns, m-speci fic,
e Te

nore sol ubl e cegpamues With t agb nedi one conpo Qr onelor nore
sol ubi l'i zi ng agent g-pe@fn! be utilyf zey as pharmaceuti cal =x f Ol ¢ ents |for
delivery of the piperazinedi one conpounds. Exanpl es of—ether—catryers

i ncl ude colloidal silicon dioxide, magnesium stearate, cellul ose, sodium
lauryl so sulfate, and D&C Yellow # 10. -8- 20 OCT 2004 The

i perazi nedDetaﬂs @Kuyﬂﬂmﬁd%f(;‘a rel T m n t heir f| cac
Pnptr tin by one orﬂlrggﬁled%olf i‘{%?e’agé% 1%%/??1%% npqv”ﬁg 1§§I§‘3§§}¥ Yne Y
assayefosprﬁ ?88 P’cﬂ?@zm@ﬂl@é pe@nomgisstjas t)mrmnmlsbdsm ANt %b&végchéiﬁgf Qxi mately

66 cel ks, et al. (1991) JN
Nat |+ Carter ) ot 2y BUIRERLMERN Ly 5Tkl ipons{ soBlolihpwmidiog, o

gflgngon Olﬁh,cﬁeIdMneroft@tmlacet@xﬂ.%ﬁbs @rcggm thd f)@craﬁhgalon%ﬁgé 6 265 286; and
W Sl SI “&ﬁjv]%g f{?? Assoc. Cancer Iy, a
cel | suspen Pefienig) gan pgr 4"8@@&13&@1‘}%%151@11@1@(¢gecqxhomylc¢nlr@ﬁmdelI type and
the exp@ah8l dran@ekyigel | density (5, 000-40,000 cells per well based on cell
growth characterrstrcs) is added (100 pL) into a 96-well mcrotiter plate.

Apr e i ncubdqtethat thepipdrarimsliormtcosipotdsonidn Mleast tvio Rhiluit b&{&é“ﬂ-}d rlnﬁg' ce of
u

g ntratron are added at tinme zero in 10 ots to
each well ?ﬁt On% cr FOUppiLe centegsy dibps, they Qaéﬂccmmmmthteswndval uated at.

five t@emad chixtidests éendnlﬁoﬁq est concentration of
the test conpound iu(smlo M eﬁﬁgg{%‘?l&%ﬂgﬁg{rege%%&gg JigricARIXyres, and o, 007

at mos fifePe"3a o5 ook Fndaubie Bond Tsreneril formar A1l asdayedetly fofsis A t he

sul f ochedplaf@. B assay described by Rubinstein, et al. (1990, JNO, 15 J.
Nat|. Cancer Inst. 82: 1113-1118) and Skehan, et al. ( 1990, JNCI, J. Natl.
Cancer Inst. 82: 1 107-1112). A plate reader is used to read the opti cal
densities and a m croconputer processes the optical densities into the
speci al concentration paraneters. The NCI has renaned an | CSO val ue, the
concentration that causes 50% grow hérnhibition, a Gso val ue to enphasize
the correction for the cell counted at tinme zero; thus, the A SO neasures
the gromh 20 inhibitory power of the test conpound. See Boyd, et al.
(1992) In Cytotoxic Anticancer Drugs: Mdels and Concepts for Drug

Di scovery and Devel opnent; Vlieriote, F.A ; Corbett, T.H ; Baker, L.H
(Eds.); KluwerAcadem c: H ngham M pp 11-34..1n another assay, a
piperazi nedi one conpound..is tested for its cytotoxicity on PC-3 cells (a
pr ostate cancer ceI I T ne) Nbre specr f| caI ly, cells are i ncubat ed with a

b o D T o o o N o ”~ A [ —— . o o a S

ceuti cal




20 OCT 2004 i odide-stained flow cytonetric assessment. The 2@] b §o§mati on
of sub-Go/&, Go/d, S, and &/ M phase is then determ ned. g i n, the
ef fect of a piperazi nedi one conpound on the Ras activity can be exam ned to
determne its regulation of Ras protein-dependent signal transduction
.pathway. 5-Thg r activity of a piperazinedi one conpound can be
further assesse tﬂ)}n gllr%%???e\ﬂ%l\#ﬂ)'s “l%f’rﬁ‘i’n Foddarmageptiepl sanposifioethascdntengiodel |

PC- 3 cednl effeatiec smbmitiofaEieus bite pipbRciediohdt ) . devel op a prostate
tumor. fhe anti.-tumor activi t_ybig]fB a piper a‘%l %dorgrfgﬁecé)rw Hyepige n ned

after t Hrepticalixpgreptahasarsier. tHuethan this inventioraaiviersid pictbd 8¢ pi per azi nedi one

conpoungnfifiBtefihs n B I ing_in viyo anti-angi ogenesis to testing.
For exanpl e, enu%e mﬁg@%%g#ﬁ) %gg%f{s%g 0? 8105%9{‘ the prpegyzingdionscomppimdsr azi nedi one

cofpou rﬂ?ﬁféﬂ)eﬁ RGHhe ‘Bdocedy 2ngliagsnesiis a shbhjBRtA hegl oMiuhBr @{a% o pscul ar

endot hg)lri]%eq,&hger gvth f act o(; c%vgg)_ i S.subcutaneously Injected into a nouse
with concurtent 1ot PRGNS GRAMICUSR Yiapnstarandro of tie ahopd pacdlEddwtibane
conpoumichAMitaE, o VLI othle L.ncuhaticon. the matrigel is cut down for
exani nati on of .a_ngi.ogrgln(_)etsi }s@ec{iq%m%@'t hgﬁtehgéﬁ‘fwo AT thp amopn of the| i eved
that t RETRBERAEWHIEEds feguirehioltanfead duuatcatiy cfaalbhesk fhReDHOFRNT ThOVENt i on.

The f okl:0miy cidj c enmbodiments are, therefore, to be tonstrued as
nerely %%2@?@9& vdefl,cdoga i ?ftaml?ﬂ? f‘%‘f {1%&1{?1‘(13%51@@ op apillignates pafmethiesqiased! osur e

| W0 any ofibydyvhafase)ay describddindreirdien BUR. '(%?l@agff?'g(h%%ﬁr é";‘ %!ep'? §9]r1 her eby

i ncorp by reference in their entiret Kesi s of

r gt ed
3-[(5- §éﬁ¥§‘|“3 By Bhbo2RpgFemtely dedemejieciphcnighreidwbigieoehe patient (8.6
| pera -oZ , Qi . - Cc =Pl perazl ne-2Z, o-dl one .
) s B o o Pl i e L D7D TSl Affjive . O )
in 5. 6ampuRfofths piptiyrinedinee cmeohldstantin@brsthmBLEW | BRIV fhauf 55 M XU e
ed a

was stjrr roomtenperature for 16 hr and then co I'cé bath to
produciélrgélIg e ffngﬁ%ﬁ?sg'?’ﬁaﬁ%’y%é‘s eceenised by thosmskitlebin the hitadvpesdiapd washed
wist h ebinthe tasestoFt@nd t2hikg N - -

1- acet %lPlnS- [ ?%?benzyl OXypyri Ig}lﬁ-og?ﬁ%#e{%tﬁay OB T Yades frkths pessibibifeo!

( Conpolthitisagy withpthargberagentic treatntents suz2B aOGE AQ@er hhm%&ﬂ%wzm rﬂfa@n: 52.52
(s, S%eraﬁg_.m (s, 3H), b4.33 (s, 2H), b5.25 (s, 2H), 86.85 (s, 1H), '
87.38457.488 (m SH, aromatic), 87.499 (d, J=8.8, 1H), b7.689 (d, J=8.8,

1H), b8. 533T¢ practi¢d)the ath o 1o? leetch intEhriod A BN fidud B Bl i@ added to

a 40 rran f. .di met hyl formam de sol ution 5 contai'ni ng equal
benzal ‘GEHYYHES SHAPASIERR Fapchecdinigteradrareliy phrnteredly, Bhimhablioh spraywas T ef | uxed

a0 60Gopienltst Gediily2A tod.¢ ath.to produce a yell ow precipitate.
The pr ‘egi pi %a% e \A}ngtaﬁg%ug‘%ll?’e‘édlgg%ngﬁa V%%B@?Wt? &M Thedemme to give

3.3 g Peswerdt as hgeddwsiin utlpieosibetitancous, intracutancous, intravenous

3-[ (5% pyridi.n-2-yl) et hylidene] - 6- phenyhnet hyl i denepi perazi ne2, 5-d
i one ﬁn%%%n@’fﬁ&%@lﬁﬂ?ﬁ é‘ﬁ’)ﬁi’%"f@i inkasypeyal, Miasieinal, unteatheral, piteslesiomat el y

t he Zhﬂ%@%ﬁﬁj&&i@[&-inﬁﬁbn%?% ' HNMR (400MHz, DMVBO): 85.243 (s,
2H), 86.695 (s, 1H), b6.812 (s, "“87.34687.634 (m 12H, aromatic),

b8. 528 (s, “piptilegmgeanks compogitipn, fanekanile, 28%:{16 injddible &cﬁlegﬁ@glpl e 2

oy nt h@pdas; = = 0 i dj n-2-yl)methylidene]-6-p-hydroxyphenyl

met hy!| i_é‘gh@éfg‘é g‘%‘%’g-@% }3‘? %@*%d&ﬁ%@ﬂﬁ%ﬁqhnwﬁﬁmmmeaﬁm% obt ai ned
f r om Ewitabd¢ disfersingsr aded entd (<h8h Ak igh[ag@ m de sol.ution

cont ai ning%1 ?11.%5 %#gf, 4- hgtgratgxybé_nzal dgtﬁ{/e e n%weé‘gﬁgﬁ%ﬁdgsﬁﬁ%ewg

tri et AYYETH neS SRS 1ETtaklE preparasion ¢fn alxete attetiBliGjdoblel®litfonad cool ed at

i ce baldpehfoRiPs recipitate. The precipitate was then

col _I.ectdtiabg a([)ld' mgﬂgﬁ&% }t?aﬁéég%ljﬁﬁ af@@@é@éﬁﬁ%mgqr\?@ﬁ@?%fﬁ cxgmpde, 8 at he desired
3- [ ( 5508ten inoky dytanddiol. 2Ambig the acceptable vehicles and solv

f hyLi 6 phvd henyl met hyl i d retsthat can be epploved 4 2y .
L hybidpngle Oy phc opbenyl et iyt donepl per 1 o2 BAE-(TNSna o)

. 1prilep 6ixZO8il Lc). b6, 819 1H,,. \tic),
é?. 34?’;1;. 647 (m s(gﬁ,c 8%%%?ﬁy§éﬁﬂé§%ﬁ%%Sg’eﬁér,ssuﬁie@%’%zﬂqugﬁnigﬂ)gp and
812.216 (s, 1H).
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Exanpl e 3. Synthesis of 20
3-[ (5- benzyl oxypyri di n- 2-yl ) met hyl i dene] - 6- p- met hoxypheny ¥ OCT 2004
met hyl i denepi per azi ne- 2, 5-di one (Conpound 3). so Conpound A (3.51 @),
obtained from Exanple 1, was added to a 40 nlL of dinethylfonnam de sol ution
cont ai Rivigetlc tholo- 9@&.@ y , e_and. 4 uivalents -1t 20 OCT
2004 of ijtﬂkﬁi et hy?%%;rr?gg.l Theg o?ﬁﬁ? %Jﬁ‘qgvgé & ‘3%‘8&‘;@1 ?é@@?SfCSFdﬁ%efh‘faﬁ&?fd
cool ed 2t usefd idHeiprepargsiondif dejecatle, |a@Weﬂfaﬁﬁ£Iﬁihhﬁﬁ&euf%h@l§pc{c€%§gﬂ)§ 8§1§ vas

i .39 % o

then c t nd washed, with.ethyl acetate to give t he
desi r eghéhezgs cﬁﬂre%rﬂ or cas%or o1l, especially 11¥ their polyoxyethyla?ed versions. These oil

3- [ ( 5- belndyhsor\spyFantions &my4l. I el henyl i.net hyl i denepi per azi
ne; 2,5 dione (Compound 5 . %@%%h %%éha%%ﬁ@m@d%&, B5. 244 (s,
2H), b&T8eYehylgglluloggorgmilpsdisparing 8gerfO 801hs: connomyy @! éitlactaBB 849 (S,

1 o b B o s s

3- [ ( 5- berreyinoontp ysdddin thmyhy fa@tyd fipH emedcedi I A PR
rre% §1yl iddene i exrogge: Prel 2, Syllclill) one f@%oung&h??lyé%%%mh(%gg% 0gr)o,th(%bt ai ned
from EXapf gor%,s G alsg b dged tor theayrprsenef @rmulatign.f or mani de sol uti on
contai ning A.g3 O&ﬂioﬂfgﬂdfarm&%&ep% e and?g]éeagui V;%{lgéa ts of
. for.e

triethyl amne. The solution was refluxed &Y% gt Psage EPrEhol ed at

i Ye baitsludingy buionas éiniGd do,yapsidey, pibkes, phiudichs ail_{&a%woﬁg g@gg@g}?umas t hen

| hed. wi t thyl acetate to give 3.12 75% of the desired
g?[ ( g%‘?ﬁ‘?@?@&%@?ﬁ&%zﬂﬁ? ﬁéﬁerﬁ? tabletp &r-%algllisg,w@mmw%‘;chi anetdnginonlgnepi pler az
i ne- 2, Bsediimuhedd IGEDROAAG : - ~ 400NHz 0 85.237 (s,
I2nH)e 86. 6|€138_(se,( 1H), ba."%ital‘??; L%f} ?ﬁg‘gg§?t§§g(§’7$%?ﬂ@?ﬂ“ﬁ%‘§rﬁﬁatic),(
b8. 5202 ¢&typially agdl. Jiog oral admisistrasiod 184 2aRUR fofm, vkbul dER@IPIeLE: Synt hesi s

of 3-[fadk Wi 1.4l n- 2-v] ) met hyl i dene] - 6- p- chl or ophenyl |
met hyl ?g‘gﬁ”g%ﬁ%%%z‘}%ﬁ&t%% ﬁY%eﬁ’eaqtl BiRTgsIsys orssnsiangare admimstergyl,  obt ai ned

fisom Evealiyitee dotivaasgraticidat be suspended o2lisSIved IR \}gfa@e&ﬂglpéé’w%‘ on

cont aienilg%ﬂgi. 3 gﬂgf 4-chl or obenzal dehyde and 4 equi ents

tri et RYTAR YRS OrHsPEling sssAtsndEdeserd. peetainawer®0iBef Bavothgher aibstimool ed at
iceb % QaPbOUEE. I SSihRl e . Then. the precipitate was

col | e‘ﬁg{glcli_and was hed%v%at%%l %%9[ ace%ﬂé@en ?Oénpé)ls&é’nf?ﬁgeBreé’gfﬁ’%“%‘?r\éfnﬁéodesi r ed
3- [ ( 5-'BemigHes xyplyiioninrin Pheydr) afghaythicbatie]l fornRasta BRNGAYE b | isdenepi peraz

i ne-2, ' onpound .5) . 30 np: 250-251C. -12 20 OCT 2004 Exanpl e 6:
Synt hesgflgf‘)g?ﬁls(aﬁgg%mp%ylﬂg benzyl ngoho or other suitable preservatives, absorption v

20 [ ( 5-pvematetsooepltdricd ibioaa¥ADIRE! MdrbasHSk: Si - henyl pet hyl i dene
pi per azi ne- 2, 5- di one (Corrpour{mtg 6) g Corrpgh%élp(% e.réﬁfgégi, m&o‘%lra 1??56%?5 om
Exarrmageq:,s kpewn gyths arty &\ pipaezingdighe compound-containing composition can also be

administered in the form of suppositories for rectal administration.
The carrier in the pharmaceutical composition must be “acceptable” in the sense of
being compatible with the active ingredient of the formulation (and preferably, capable of
25 stabilizing it) and not deleterious to the subject to be treated. For example, solubilizing
agents such as cyclodextrins, which 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 inclyde colloidal silicon dioxide, magnesiym stearate, cellulose, sodium lauryl
30 sulfate, and D&C Yellow # 10.




di met hyl f or mam de sol ution containing 1.45 g of 4- benzyo@ﬂ»d}&hggﬂ‘nyde and

4 equivalents of triethylamne. The solution was refluxed at |3 or 16 hr
and cooled at ice bath to produce a yellow precipitate. The precipitate was
then col |l ected, washed with ethyl acetate, and recrystallized from

di met hyl f onragi i . t.he. ' ) )

3-[ (5benzyl ox%;%f%?’ﬁa i20Yl3€/ Ic)gnrr@téﬁgilsi(c%g?é%?&gq%&ggggitjle%]%gpfﬂlétrlllﬁrierf]%ctaﬁ% % dene

pi per afeaEZxagceribyrmecCorgpo afithe 6y llowiog ipvizbas@F8C.  1HNVR (400MHz, DWVSO):

- b5.142 (s, , 235 (S, .2 86.672 (s, IH), b6.777 (s, 1H),

~7.041~57. 6?3)3(“#?1%%@5"@?8 FF&{&‘E} ?Cf%%].lly%z%stegl,a U%hlsh, CO@E’G?SPg gbprexinatgly 69n g
812. 23bell Hneskifmajdrhinian@imors! | SeeWISH@S%1.q1991) JNC, J. Natl. Cancer Inst. 83:
3- (5-9 é | oxypyridi n-2-yl)met hylidene]-6-[(furan-2-yl)

hyl i glé} é?sp‘ff‘ v SAd 298 qricanBes. d3nRTcitl s Bhoenikep euall (98GR PB2gCYinobt ai ned

from Exgp \Was_add 4 | met.hyl f onnam de sol ut |
cont ai ni _ngk%' %{6.‘(%;%%23@? %[raa t%gﬁ% eg"gghﬁfg@&%%ct ‘é"%fisﬁof i ST KR r:?tlg %’%e
sol ut i Brietlpss eelfsuspendion thed @Glifuwed dBokiingtodhe paliedadell tofe Rat fhe bRpdefaduce a

yel | ow, 20 . preci pit T recipitate was then collected, washed with

et hyl 535%?g?li,ﬁe%htﬁiﬁev-gﬂﬁgﬁ |°F‘ise!§°ff“fﬂi‘ﬁaa€ﬁ%% ¢/l grewHeshagmstaristien) yeadied g
(80% pfootylis AL 9& icroti ¥ o o

3-[(5- glfenzf’glg(;xypyr i gﬁ%?ﬁﬁ“ﬁ&’#ﬁ‘i% %ee')nc%baflg%sr%ﬁfognﬁiftn%{ hcflfcfr(izgnhé] pi per azi
nk. 2, sDiutipres attuies of el imyndedest 0GEcABADON ar¢-ihdRd (a8 GfvHizro IDNBO)L BRuadd5 (S,

2H), bg, N ) 6.664. (d, J=1.6, 25 IH), 86.685 1H),

| bg? 720&’(32‘,%1‘53@,0%?1%%%&2‘%@%{%(}% 2 aé‘?siﬁ%m?%‘)n, 1 gvalpate %t,f?‘ffﬂﬁfogb%w (s,
1 H), didtidns]1th 3ichtins testinjf)the EXA8M enBntratidh S¥8AE &sompound is 10 M.

3- [(S-ﬁgnﬁél oxypyridin-2-yl) met h¥l i dene] -6-[(thien-2-yl)

met hy| {§BRE1O9S gesyResforasd fos A8 ks e S Yacolpaimeapisye anb1 @S tbommidityA The csllg)

obt ain 83 40 . f ,di et hyl f on 1. d | ution

cont ai %?r?ggaggan? g?ﬁﬂ% ﬁ?e(])gghenefl %@%ﬁ%gﬁggﬁgsgg%%ﬁy ﬁ‘u 'ﬁ'ﬁﬁev’gf‘]ce‘ﬁt @@quﬁv 51(2)0 oCT

2604 of. Natl. langéramm82: TIh3-1318)uinil Gkehas er &f {1996 INTT, BQGitf Tanderdnyisgand
raduce, a ow precipitate. The precipitate was

cool ed | bath to el
“then cbﬁhéic]ﬁgh,‘ggp%’éeﬁgﬂ 1541394 t@tr%%‘)il tL%e@ttC&! densiieg apda mjerogpmpsiey f r om

di et higlofs ) 4 . _ 0 _ )
3. ['?st'?éﬁzﬁsmoxy‘;@??%ﬁf" dagifesind o il fHogh AL flers., The NCIMS | | dene)
pi per afENpBCS aig ‘éodﬁble(@@ rpoenta®n thatcaugs 589240@th dHbVER,406N-zaludidSO) :

o, 50.abPasicElhe Bely fitund (it cpfied i ifed zeipus e 1 thisurgitte gty 12, 258

(®, 1HphitiorExangof R teSydhlpRané Sée Boyd, ef al. ((1992) In Cytotoxic Anticancer

3-[( S-Benzy%ﬁy yridin-2-yl)nethylidene]-6-[(2-pyridinyl)

met hy| ¥'tléie 5&:@&%@?@9%@%@% Riggemerswd [y elopranio Wiktiote, B2A.8 Cgybettobt ai ned
from Exgrpbacel I e RIIRS d ' | f.orypm de sol ution

cont ai ni ng Zerﬁ_ of ﬁﬁ?ﬁﬁ?@ﬁ%ﬁ%ﬁg}ﬁg{%‘%@%ﬁ 1gq‘{i}ff:’lval ents of

tri et hyl anmi leanotiive assay, it piperasiasdionss domppind s ©86d fortits2ythaysdcish pood ed at
i ce bat 0 15 produce a.yellow precipitate., The precipitate was then

col | ec(fegla f(a 8"0\%&8%@8"% Cteﬂ léﬁ] yMOEfEfé’Fa‘ﬁé?ﬁ)é Reflsrase ppubated poth@ test gpmpound
disiet hiyilof sefuiEHicd énddfurl iR Piar/ The € i af6SddEthi i (4.5-

3 (( 5be_naz§1l oxypyr i di n-2-y1 ) met hyl ?%?e@rfé‘f%%%c??z- pyérlel&ﬁgﬁr;}ﬂl#eu%%%i?’dghse]

pi per sdmstyihEzel-2nyh-2. Bemhsuyitet@polivm bradide PRAT) a20y brdshdd detBidddzin DVSO) :

55.24 ; 6. 788. I b7.34987. 661 (m_8H,

ar oty o (D gslit dFPgbice 0oy HA. T Bel il £ AR GeMey. S e, 533 (a.
J=2. 8,(Ells) VoB&, #BOD Updatd 0. 10H)989910. 667 (s, 1H), and 81 2.324 (s, 1H).
Exanpl e 10: , Synt hesi s of )

3, 6-di[(5- bé%@?rdwﬁm #5§pyic3n Be Ysed tgralupendip sificiencyiofe pigeradsediomne

(s0np ; ( t ain fr.om.Exanple. 1, was. added to a
S D CRSbol i, SRR o1 ool PR R B BB BipepetiRRine

5- benzspopppgd istidde@ iy PE cullls die b yolgceamatioh- &pehdedl ahAerfside pr8piditindni ne. The
solution was refluxed at 130C overni ght and cooled at ice bath to produce a
yel l ow precipitate. The precipitate was then
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i [ 9 f the
30 col lected and washed with ethyl acetate to give 0.36 8q _
desired 3, 6-di[ (5benzyl oxypyri 8|4n 2y|223get22)él i ?aaﬂ? E)lﬂfg%%:gl%ﬁé%s,c)??dhgni%
Conmpound 10). -14 20 OCT 20 np: - ' : , : .
(s, o, be 80 (< QD12 58 (s 11y 5 Bxanpl e 11 Synthesis of
3 Lis- BBl st ANireBe0 dhsingicaahe polbpqumisicn.Esvii6bghi Gofds mtazi - 2
daded L G O o et ki foh InCethr of A bRshPenioRg B ton by | me
added to a 40 of dinmethylform T _ :
and 4 i3GaYiBheande Qxﬁmﬁ?d%th éﬁ&nﬁlgzzmze%tﬁgw?gg\%?éiﬁbﬁggn@ e:130C for 2
hr and ! a 0 pro ( . .
p;eci piu%g%&&égb%%%y'col _I _ect ed fand Y\ashed with ethyl acetate to give 3.04 g
(8Y% of thdhgesiirtesior activity of a plpera_lzmedlon_e compound cap be d‘u?h?riaasgﬁseedlb A e 2
T LTI i
1-¢ yikj ' i di 0= 2 I i ne-, 2, 5di one (Conpoun
15 eaed b heraid e Al O BOGHEE ISR o (TRRNRC,
2i nIsERRE: pyad i Y i ' : f water was
of 21 Nl am cemapundisceomiiod s mfaseae] MRGGIAEE 4 Hmdl Ve e1 12
The soﬁ?tg‘q&h(fjfgd Adﬁ%%lﬁ%&éo%%o%ueg Fiblsbe aylmaledstsing inivite anticangicgoneiiy e 2.0
gtof t kestidesFeratkample, nude mice can be used to t st the effect of a piperaziped; d
L LA e ok vt g
12). . “ . ) . : ! .
| bfoRrh ey i d = -2, 5-di one 25 (Conpound
:i ’355 ) d:A\ i HenSI O‘Wﬂ A )i glb'aﬁl%myolu)sﬂfeﬁljhe&elierlltg%rlgglllsg%vithzconcm‘lrent (Conp
. A'susp o | _ _ |
I xnior o e oo Bl ORBORE SRS GaRullb B2 (%8 3 of
3/2? e?x@gﬁ‘gﬂégﬁ Iggf’éﬁgevl\gsgqt@g@& forgpxagrinationiofangiogenesisf i | t ered whil e h?t.d |
I Al is BGR _The . filtrate.was cqncentrated an
Vit er was aﬁdﬂféui Mbﬁé%d{' IC&I!, ﬁqs R’g’& %af Iglgtagaveséfs%l(ﬁ?ﬁ @

equa
filtered. The solid thus obtal ned was ¢ qataly wat er t o

; SeIft 1 ti Theefdbllowing specific embodi ts are, therefore. to be
grve S@Iahbad([h@%e T ke letes | rl?gl pe(i;1 grglzionlgeél,%a-rd’i o%rg (Co?rpound 13). -
3, 6-di (Mn?%:ﬁ&g éhgx)é ﬁ/lr Ldin-2 )nr(;ﬂ'm){ta!iye (?f the remainder of the disclosure in an
TR e s ke R y

way whatsoever. All of the publications cited herein are hereby incorporated by reference in
their entirety.

20
Example 1: Synthesis of 3-[(5-benzyloxypyridin—Z~y1)methy1idene]-6-phenyhnethylidene
piperazine-2,5-dione (Compound 1).
1,4-Diacetyl-piperazine-2,5-dione (8.6 g) was added to a solution of 5-
_ benzyloxypyridin—Z-yI—formaldehyde (4.0 g) in 5.6 mL of tricthylamine and 40 mL of
25

dimethylformamide. The mixture was stirred at room temperature for 16 hr and then cooled
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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5 10 Exanple 14: Synthesis of
3-[(5-acet oxypyridi n-2-yl) et hylidene]-6-(benzylinethyli deZeg 0CT 2004

pi per azi ne- 2, 5-di one (Conpound 14). :

3-[ (5-benzyl oxypyridi n-2-yl ) et hyl i dene] - 6- (benzyl i net hyl i dene) pi per azi ne-2

, bdi one (Conmrggﬁ 2 I 0 , 5 mpol) were
dissolved in 1 §ﬁ0hg?§n€%8?ﬁo%%egﬁs%ﬁg%’ ﬁ‘?fég&géﬁéﬁt§@5ﬂ/\ﬁst% 59
pal | ad iﬁﬁﬂﬁ(ﬁhéi@p&?ﬁ&ﬂgﬁér%?lx_ E%t ﬂﬁﬁﬁ’ﬁﬁfa'ti@)l, B7.865 4, 8=8.6f H@{,j ag.gﬁ?)kclﬁhkm, t he g
reacti ni tgore the catalyst was renoved by frilitration an
the fi ﬁ?lr)’:@e%= ﬁ‘\baﬁ‘&c%peh‘q%%uo to produce a reside. The residue was
added wi th TQniHou@ e . i lLutio S.adjusted to
pH=7. A preci [I)rifﬂeat ede(rV\?’/a% ﬁ%&géﬁn %%%&@%H%gﬁg%qnﬁnﬁg%gﬁy?flg product of
3-§ ( 5hyemtasaysequal molar gf henealdyhyddend P-cquivanaydfiie@hiitninde MkRbRELAZI ne- 2, 5-

di £70 % vyiel d).  IHNMR (400MHz, CDCl 3): b6.758 (s, 1H),
JfBS#”?%%QS agé‘/o gg'gﬁ‘{% é'{;%ﬂ %ﬂ"k‘%l%t I@aﬂbfoarB%iadﬂlgmﬂmt%,(’Is‘llqﬂ) H) and

812. 28Precipitatetyas thers €411tkic@An® SRR ENE! £ L0503 |.n acetic
anhydri de (50 rrLL was refluxed at 150C fglr 54 hro%fwe%i%%ﬁ% g%tehg acetic

anhydr Perdred peedicb3nlOckenarleryryrisin-a- wisnashylisensie@phanylmethplidencpiptaine a
resi due.s_g | . t qqr aphi ed, usi silica,gel colym with a
devel og’lsn%i&geo{ﬁﬁr# §%ﬁ@§§ gnﬁ%dc-}iq OgCLs. fhsmll i RC m@)te@@g%zzof

Cthnpousiel B2 isognexs.mi xt ure of isomers. The m xture was predonminately the zZ

| Soner. ‘HNIVR_%% CDCl,): sz.377 (s, 3H), s6.7s6 (s,11, s7.107 (S, 1H),
25 s7.36888™#9 f , aromatic), 88.224 (s, 1H), and bl2.498 (s, 1H).
Exanpl e 15: 'EyMI0ERI0NMIYS :

3-[(5-benzoyl oxyp;g/?i di n-’ghgﬁ?greﬁtsh%#i(a’ezrye)] §%89e5n&3§/}1|{?1e6t6f%}9i(§161@) pi per azi ne- 2,
5- di on®-fomgddfdm1 5311, ometicx BHA28r(sc 1 H),&51045 &, NN GrdBTR@8Hds, BH)0. 05 g,
0.16 mmol e; obtained from 30 Exanple 14), benzoyl chloride (15 m, 0.16
ol e) and 50 niL of chloroformwas heated to 150C for 2 hr. Chl orof orm was

LETng e oe e Th SVl LA B RARNCRD G,
(10% '&Fthéfﬁ H’&f@me-z»i@wneiﬁommmbgn 1HNMR (400MHz, CDCl13): 86.786 (s,
1H), 87 107chpoddd A (851 it et edSble A WATRHAG to P mEEe223 (50 11
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 16: Synt hesis of

3-[(5- (4-tol uenesul fonyl ) pyridin-2-yl)nmethylidene]-6 5 (Beﬁm%aﬂ%| i dene)
pi per azi ne- 2, 5-di one (Conmpound 16). A reaction m xture of conpound B (0. 05
g, 0.16 mmol e; obtained from Exanple 14), toluenesul fonyl chloride (0.03 g,
0. 16 ) f:md 50, 8% t ol uene was heated to 150C for 2 hr. Tol uene was

r emoved | AUV GIHnG gnbersi? {08 veasrelyxer . 1 39R@ fordlsi lhued wacled bir ioeBimas aphi ed

usin irbdwa lo TRV i sol yent C.z) to give 0.007
10 (goa of é%%oﬁ?&%?%H&hl\%%%égwag%5@1@;1?&5(&51%%%31‘@\h)e,%hﬂ& 751 (s?
1H), b7C§@lE togiverd§ g (BYpaBm8 A&58d(3A)(5-bakkylHyPFREMO.-y) R8I Adedcfs- 1H) . and
b12. 315,45 %’hl)m 1% rg;P‘Ide 17: S nt$ sis of

3-[(5- (4-chl rop’ﬁen?ﬂ cla?lﬁgmeﬁﬁ)%ﬁ ’g‘ldFP-n?((]P’}f‘lﬁémﬂi dene] - 615

(b'nzyl i net hyp:i23&8:A0N°Q] per azi ne- 2, 5-di one (Compound 17). A reaction mxture
of conpound 0 , . 0.16 mmol e; obtained from Exanpl e 14),

4-chl or ophenmgég%(%ﬂﬂé, PMED4624D(s1 BHINGB 669 (s,ang, 3798 Oof U Bh.@b@&@r m was

heat ed 11D adddHa I+ or.0 r ved in produce a residué. The
resi due was Chr %%f%gr@&ﬁ’gﬁl %%%@?ﬂ“]%&agﬁm@&h@mmﬁoo,rﬁ%szie(\sempi ng

sol venP10.06¢ (5, 1) .tapd @il 2216 (918)z0 (15% of Conpound 17. Exanpl e 18:
Screening for anti-tunor activities (NCI cell lines). The cytotoxic
activities of a nunber of piperazi nedione conmpounds were neasured agai nst a

ptnel ExahpladfSeiriaris MNGLIHLY PR PN Al| test conpounds
wer e foua_)crj to be)elact_i ve. L?healwg'}aséigo?g%tylz%ﬁtﬁgﬁqm%éﬁﬁé‘ﬁr@@e@%o val ues
<10~ MHCHYlidencpinerazinge,5-divre (Gostpopnd Nt conpound exhi bited G SO val ues
<10~" M for le;l knes,. wyth @ SO val ues <10-$ Mfor 9 cell lines.
Exanpl E_ 1621;0[ ?%%4?3%%} %35153@?@3?@%% L.iveas addedptoostamé. ofel | |ine). 3o
The cydinaxilformatidd oligon@onfihadpsr, Piherazi i one qunds and taxol
(a wel {n @n?wn. antr' -t ?;jm)r 'nagreln': wer ég %S%%Sg%g%yg%ﬂig%yﬂ@%F e

i ncubat &d1 i fie b?é Bhenewas refluzed atAG 0T Tord@0w aedeboled AR B&LItH pRhduce

sier um 4 YR wWIBRcHiafeOr i cytotaxic activities were determ ned by

t he MT'ij assay. %1 1 _et (;r él tg %5%%\&%%@ tﬁ?%c‘ﬁﬁef’fe\qé‘.nh Orehgserith 9@Wllé,lcem¢etorms t

pot ent 8¢ pdE&A7Akdiob tie mMﬂd-Myia@ﬁ@a&_y@mt@Iﬂg@ @p3 mcroM >30

tines t.han t.axol.. Exanpl e 20: Tn'vitro ay" (i nhi bition of
Gz/ M p%ﬁje@g&%&@fhcﬁeﬂgxﬁ‘@%m% crdipne (Gonpoved ¥y were i ncubated in the

presence ofmp: Pi2p®t4azi nedi one conpound in a serunfree nmedi um and harvested,
fixed, and ;stained with propidiumiodide at the 6th, 12" h, 18a', and 242h

hr, respectti . QX 862BY (s;yﬂb,%.mgs,ck ,9867_1'7@43?; paged on flow

oyt ONgYIins. 5F . The.test. co und i nduced an arrést “of the cell
cycle as ent rg’%’é@ﬁ’r@g&;ﬂ?‘%&&é @Eﬁ%ﬂéﬁ,nﬁﬁ, e 348 (5t 1Tk and pHARH) (s BIRddi ti on, a
pi per azi nedi one conpound had a narked effect on the regul ation of Ras

activi apgple 21. In vitro assay (disturbance of tubulin/mcrotubulin
assenb "é)‘“.EP)iﬁgEéWﬁ?ﬂ% Qf?ﬁ(éﬂ)@tlmﬁpmﬁdm&-bfhmﬂmmdﬁ]46~ﬁ-blﬂoﬁ{pg§ﬁ>ﬁpe of a

pi per azdtigiicAEip SARLY Ry hffer concentrations in a solution (0.1 M
MES, 1 xnM E Al? 0.5 m?&%@"f"@‘?%ﬁﬁf@n’-mm, and 2.5 Mglycerol) at 37C

Then, GTP fespediéd Gl gioisteinpo byimesiaedi 01w adddph] 1) Hrcppt ubul i n.

St Bl U5 B340 o s et

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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zo polymerization at 10-~ - 10-5 M Exanple 22: In vivo assay (inhibition

of tunor enlargenent) SC D m ce, subcutaneously inj gtgg]-lr@'gg PC-3 cel | s,
devel oped a tunor nore than 800 mmB in vol une. A pi% razi Fone conpound
significantly dimnished the tumor 25 volume after a 14-28 days treatnent.

Exanpl . BRI S regul ati on of angi ogenesis activity) After

subcut g%xgagnlglk i%h%trgg?s?soﬁggﬁ’e texypyndinc=yDmathylidened-6rmt ri gel plug (0.5

L/ 20g benz ﬁ&yphaﬁylﬁxeﬂ@ldéeneé})iﬁérﬁﬁiﬁé-ﬁS%Bn@{@nﬁ;ﬂﬁﬂh%%.ef fect was detected in
| pera

the plug. 3o, Intraperitoneal injection of a i nedi one conpound al nost
conpl et el y &9RAUEH A0 Hee)aphirivgd fiom Bidngde 1, wiBadde@ € £40 n20§¢t OTHER

EMBODI IEhH: : : 's. di.scl 0s in this specificarion may be

combi ned |t§y1§gr’fl§/na%%9r%|£b§‘é ‘ﬁﬁ‘%"% ACH 1f“§aﬁ %tf‘g“b%ﬂzé'eﬂé?@%ﬁ!lﬁiqhysiﬁﬁgd d pedvaleatat i on
me§y  be of Gjrttadediny Tan sallitien nas rafRixbeat WRCTSY M Bnti8oRA MPice B 42 ENt . OF
siml aréogﬁllg O%ﬁﬁl Thus, .unl ess expressly stated 5 otherw se, each feature

di scl of A SRS BIPCHN Al Theprecapitpinwns thes epllevtedp fvastepdiwiah ethyl wetasd, ni | ar

feal Ut @ed AR ARIMANARARIIHA Al 00 3K PG bt eiBls fBD ool Y

ascertain the essential characteristi

Wit hOube‘%?éflbﬁ‘lﬁfpb’lh@}nle‘ﬂhmt:lhgli@ie]-'6{p~b&‘nﬂy1$)ﬁ9[ﬂﬁ:nﬁfﬁh%t1%ﬂfden§ﬁﬁbe%hﬁ_zfﬁ_moqlgS
changeﬁjﬂpﬁbdg%%jfications of the invention to adapt it fo various usages
and condi tions. “For exanple, compounds structurally anal ogous the

pitper azi nedupagszospagunds of this invention al so can be nade, screened for
their anti-funor activities, and used to practice this invention. Thus,

ot her enbodiARNER (440¥THz, LMEOY:HiSH42ie, B3B3 s, 10), 564720 THH08GTHRT | S
CLAI VERY, 37.041-4Y i ng, t i ormula: OR-'NZ~ "ANi
RZ wher e? N each d?%g%’ %@a@hégﬁéhgéwy%Eﬂéssl%a@d DbhdBols, a doubl e
bond; HH).s H or CH(RaRb) when ----- is a single bond, or C(RaRb) when -- is
a doubl e bond;
15 Example 7: Synthesis of 3-[(5—benzyloxypyridjn-z-yI)methyIidene]—6-[(furan-Z—yi)
methylidene]piperazine-2,5-dione (Compound .
Compound A (2.8 g), obtained from Example 1, was added to a 40 mL of
dimethylformamide solution containing 2 mL of furfural and 4 equivalents of triethylamine.
The solution was refluxed at 60°C for 48 hr and cooled at ice bath to produce a yellow
20 precipitate. 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), $6.656 (d, J=1.6, 1H), 36.664 (d, J=1.6,
25 1H), 86.6857 (s, 1H), 66.720 (s, 1H), §7.349~67.942 (m, 8H, aromatic), $8.527 (s, 1H), §9.515
(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
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7 | 0-(Ar)-B, in which Bis CHR when -- is a single bond, or C(R) when

E :: §3d0l(Jb|)e bond; Ar is pyridyl linked to B at positigf Q{;T%%Rﬁ |fs g

al kyl, aryl, heteroaryl, C(ORd, C(OORa, C(O NRaRe, or SQZRd; ng: Od R

and R2, independently, is H C(ORa, C(OORa, C(ONRdRe, or SOzRd; anI

of Ra, Ny d R«ﬁi. i ndependently,o is H alkyl, aryl, heteroarﬁ ,

cycl yl, o?etﬁglt erl%e(:f;@ﬁﬁo, qoﬁ‘Vﬁirﬁﬂ‘}Xeépﬁfﬁﬁr{?fdrﬂ,d;lmamd oHnlfIrtaéle ;anggeRL ;a; kg:} e
|yl modivetasfelloydridipitaQ I n . _

tcg;e%/hep? ar eta? cIgzl(ﬁ%rp;[1%?g}ﬂ%@%ﬁ\lfﬂ%é‘%%ﬁeﬁ@g%%%r?d”‘gﬁe‘g?"’&hﬁfﬁ}’,l whe[)lel n--

s a dRGERE. BEtReetvatallineg froongimatisyi formaméde o Zivehe BE59%) of the dbsireid 30'[85 Cai

bond. %engﬁgx L_J@_g, &ftclﬁﬁi m.3 lerein Ris H 5. The conpound ]? aim

4, wherein R@gg’lﬁgﬂll RS B f(Honhens-2pdimetiTidenc] piftivezino2pationt of

cl &i m XCompewrd $). R30 i s aryl al koxy. 7. The conpound of claim6, wherein

| aim 7, wherein
h R and RZ . at -20 20 OCT 2004 8. The conpound of c .
lo)gfa of Ra aﬁlﬁ’:ﬁgs%?‘éﬂzyl or heteroaryl, and the other of Ra and Rb is H 9.

\ ' i 10. Th d of claim
iy T e T T R A
cl ai m 3DHEIR4-A7.780 (ih sOHy arbmbiex58. 425 (s,TTH),ggmgggq fardl ﬁb.”z}gﬁ’(?, rein

14.
both Rl and Rz are H 13. The conpound of <Claim 12, erern
The conpound of claim 3, wherein one of Ra and Ro is aryl or heteroaryl,

) . : wh R
"o H 1o The comouna oot aror Ry iRRYiedl s (S wid 'nked 1o
Ipzs:-li i %Wﬂg’ﬂa?enwgg@m-z@dioméCmnptinmdmj. of claim3, wherein R and Rb taken
t oget her ar gohBhLeILL Igyl. %8. TE_e c]%npound of claim17, wherein R is H
19. The corrpouﬁd 9‘? g?'aig)n(i angd fpmy, _aﬁﬁ’éehs‘”%raﬁﬁalmwin[m;eg ltg ngl:jtlon
5 of p@’lmeﬂwlfonﬁﬁmﬁﬁmhﬁi@mﬁﬂﬁﬁﬁ@é 2 ﬁlLabe)%diME%b&déﬁydeSang 4 equl% ‘

alents
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.
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),

88.533 (d, J=2.8, 1H), 88.680 (d, J=2, 1H), 510.667 (s, 11), and §12.324 (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
collected and washed with cthyl acetate to give 0.36 £ {80%) of the desired 3,6-di[(5-

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

30
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21. The conpound of claim 1, wherein -- is a single bond BZQQTMﬁcorrpound
e

of claim2l, wherein -- is a single bond. -21 20 OCT 2004 23.

conmpound of claiml, wherein the conmpound is ~BhO~ ON, ~Bn0 ~ON, ~
BnO ~ONI N~NOI ~I N~NOI ~™HI N~NOI ~FH~H, H, Bn0 ~
ON ~ ~ BnOmp:Qghl2ge€ BnO ~ ON~1 N~HOI ~C I N~HOI / I N~HO
| ~OBn O . _The conpound of claim 23, wherein the compound is H Bn0 ~ O
NIN~NO I—F%(IR'fﬁ@l‘g&ﬂﬂéW)oﬁ-&h(SnﬂEB,66ﬁ8§|(ei2ﬁ{),t&7e24ﬂeﬁ?16941(1-nj B BnO O

Ns N3 2 A treating tunor, conprising
adni ni g%%rl%ar?g 6t7803?8<3{ %%ﬁ%@f%ﬁeﬁ@ﬁﬁ%ﬁ%?%ﬁ@h ective amount of the
conpound having the formula: OR~- NZ~ --ANRz wherein each of -- and -- |,
i ndependent | [ ah Sj ng%l e bond or a double bond; Ais H or CH(RaRb) when

5 id@r’mj%/ L 5Shests o

Lage &leReyiprenyndini2sybmefbplidase]-6-(2-0xo-3-

indolylidenepiperazine-2,5-dione (Compound 11).

Compound A (2.8 g), obtained from Example 1, was added to a 40 mL of
dimethylformamide solution containing 1.5g of isatine and 4 equivalent of triethylamine.
The solution was refluxed at 130°C for 2 hr and cocled at ice bath to produce a yellow

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).
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bond; Z is R30-(Ar)-B, in which Bis CHR) when -- is2008hMbond, or
C(R) when = is a double bond; Ar is pyridyl linked to B at position 2; and
R3 is H alkyl, aryl, heteroaryl, C(ORa, C(OORa, C(O NRdRe, or SQOzRa;
each of Rt and Rz, independently, is H C(ORe, C(OORe, C(ONRR; or
SOzRe; and egshoghsRg: Rb, R Ra, Re, and Rf, independently, is H alkyl,
aryl, heteroaryl, cyclyl, or heterocyclyl; in which, optionally, Ra and Rb
taken t oget her are cyclyl or heterocycl yl; and, also optionally, R and Ra

cI ai m gﬂg)&m Br e thte% eg.getgso ?O‘g()’\égﬂ n'%ﬁl)m%eﬁﬁ%é’?ﬁéﬁwyé’eﬂ%d?%t C\A?gr g}‘ n

-- 15 pipdfuzies2, MEtdw(@SmpEﬂ@ wt hod of cI aim 28, wherein the pyridyl is
substituted W|th aryl al koxy at position 5. 30. The nethod of claim 28,

wher ei n bot & ‘P@PE’F@Hﬂ-Ylmethmnﬂb6ﬁb@zﬁhnftﬂli)d1dl¢n1281pemmeé& fr one of Ra

and Rb r

ot hod P ﬁ@%“éﬂe S i RS o L2 SPE0S 1 wieliegdfand®
20 OCTIIIID@Em&ﬁanoTh é‘hemﬁmm:b whs Infdrogenaiéd mﬂm $ipatadiind/cAa@bildindedopnd. 34,
The net od f.claim26, wherein Is a.single bond. 35. The net hod of

cl ai m 3UROSRReIiCRFssuLe. jAfter @Wé‘?ﬁé‘glﬁ]&%@a"tgﬁl asTaRniteEaHBHT bf > e ﬁ%t%YQWaWer ein

the comaﬁx%d Tilaforrard e Alirat SR ted O N~NO
e H& i 10 filtr a se\;]ayorae ﬁ@gcuo tgﬁ%bducg Kleﬂie 'ng ~“ON =~ |
~0e l:esudwe wasiadded Wp;h ép@@vamraﬂme:@btamdd aguéis solutio Was dthastedtdrod of

claim Eﬁﬁg%@eél\ﬁ& 1t5te(? W%Q $ farm ng'lﬂﬂ 30 lf'eéz?e%oto Bb‘%nNa 525% p;ca([i\lllc?o't:g-?g'- The met hod

()

of clafm
hydroxypyridm—z-yl)methyhdene] 6-(benzylmethylidene)piperazine-2,5-dione (Compound

B) (70 % yield).
'HNMR (400MHz, CDCls): 86.758 (s, 1H), §7.087 (s, 1H), §7.290~87.580 (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

U

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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BnO ~ ON/ SIN~NOH-24 20 OCT 2004 39. A rretth[chC'&QMi ng an

angi ogenesi s-rel ated di sease, conprising admnistering to a subject in need
t hereof an effective amount of a conpound having the formula: OR- NZ~ _p
N i R wherein each of ------ and -- , independently, is a single bond or a

T e e i Rb
e - o a AN QG SRR o €, Pl Sehtlngi M)

C( R Rajromimsie),-andi68.223 doubl)e bond; each of R and RZ, independently, is H,
C(ORe, C(OORe, C(ONReR ; or SOZRe; and each of Ra, Rb, R Ra, Re, and R
, independently, is H alkyl, aryl, heteroaryl, cyclyl, or heterocyclyl,

i d ; ¥ OARYA igh if ------ i s
provi destahdpdé 1&%@&&@9%&4 %%%lefoﬁyl)ﬁﬁ{cﬁé Q%ﬂ%é}%h}%ﬁieﬁa &

a doubl e bond, -- is a sin ) and” one o IS H then the
otther OFenRylmsthytidens) pipsreien?.gtdiongGoorpalihg 16)Ra and Rb taken toget her are

cyclyl or hegt , | s L on R, and. r an t aken
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met hod of claim4l, wherein one of Rand Rd is heteroaryl.

Zg.r]dfhé%ﬁe}a@an%’rvaﬂea?%eﬂﬂ} vaghe te pipdygra Epidre-aliie Reidug waspyri dyl and t he
ot her gfiroRatcbshtRd dstng biliédeel TOGHIRLAPS ngelc_fﬂé@g Bridte (MSFS) B AV hOFAY! 1S

substituted wth aryl al koxy™ at position
10 (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-
15 (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
100°C for 24 hr. Chloroform was removed in produce a residue. The residue was
chromatographied using silica gel column with a developing solvent (CH,Cl,) to give 0.01g
20 (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.
25 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).
30 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
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20 OCT 2004 45. The method of claim41, wherein both R 2rli 08T 2004 H. 46.

The nmethod of claim4l, wherein one of Ra and Rb is aryl or heteroaryl, and
the other of Ra and Rb is H 47. The method of claim4l, wherein Ra and Rb
taken together are heterocyclyl. 48. The nethod of claim 40, mhereln --1is

a singl -49. Th hod of c 39 rein -- is a single bond. 50.
The mgt %lgg&gpou?lgii%gﬁw%? l@l‘ﬁ 2 -tl-o- ﬁﬂ-‘% 'QI%QYE‘GPQC%WGUG%‘YGW sErmieHod of

cl ai m 39,theWEI eisaay. h&g@&ﬂmﬁlﬁtﬁm%%@%tdfe ‘U@)ﬂﬁeé’mﬂe el t@lﬁoét éxoteQNN// Hl ONI / | HFO
/ N/ HO/ OHa, Bn0O ~ O ~ Bn0 ~

| N/ Mirgtgzimedigneicogppund msianEGso valm]@mummo |3 rmerol\m >80| mhemnre@otéﬂtSZ The
met hod y@f; 1gl@i m 51, wherein the conmpound is HBnO ~ ON/ IN/ N OH 53.

The net hod of claim51, wherein the conmpound is HBnO ONgl N/ NOI H

- 2B 20 OCT 2004 ABSTRACT Plpera2|ned|one conmpounds of the formula: OR- N
' | ndependently, is a single bond or a

=~ F na, - -
doubl e B8Rl f\“ g "ﬁr %?SS%Y @P&é ien T (hd\ Progression of thagell ayeledl. or C(RaRb) when
-- is a dOUtP’lCe3 baRdieré idctibiBQ in the presence of a piperazinedione compound in a serum-

free medium and harvested, fixed, and stained with propidium iodide at the 6“‘, 12“‘, 18“‘, and
24" fr, respectively. The stage of cell cycles was determined based on flow cytometric

10 measurements. The test compound induced an arrest of the cell cycle as entranced by alarge
number of cells at Go/M phase. In addition, a piperazinedione compound had a marked

effect on the regulation of Ras activity

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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i ndependently, is H, alkyl, Wé yclyl, or 10 heterocyclyl.
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wherein
each of === and ==, independently, is a single bond or a double bond;
Ais H or CH(RR") when === is a single bond, or C(R*R") when == is a double
bond;

Z is R30-(Ar)-B, in which B is CH(R®) when == is a single bond, or C(R") when

heteroaryl, C(O)RY, C(O)OR?, C(O)NR®R®, or SO,RY;

each of R; and Ry, independently, is H, C(O)R?, C(O)OR?, C{O)NR'R®, or SO,RY,;
and |

each of R% R®, R, RY, 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 heterocyclyl.

3. The compound of claim 2, wherein === is a double bond.

4. The compound of claim 3, wherein R® is H.

5. The compound of claim 4, wherein R;0 is linked to position 5 of pyridyl.
6. The compound of claim 5, wherein R3O is arylalkoxy.

7. The compound of claim 6, wherein both R; and R, are H.
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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.

22. The compound of claim 21, wherein === is a single bond.
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25. The compound of claim 23, wherein the compound is

H
OB OaY
Y/
NT P S0
] H .
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10910%&' ()-1" @\ &L0%& \ &10%' () -, . p#10 /F&'

V- 109 ( Jeffective-ameiBSpiEt lcompound having the formula:
10!, "109& () -, "109%& () - \10%&' ()- le/&' ( 6f 10%& ()- 109 ()-el gt WAESH=<!!!
10!\ #10%& ()- \ 109 ()-6F10%& () - Z, () ), "109%& () -G "10%&' () - WPMaBSH=<

111 101 &109& ()- @109%& ()-6<% 1 9/_%2(
"10% & ()-F' 1\ "10%a& ()-1 10%& (
109109%&' () -, | 2p#10%& () - z, /p#lO%&' ON 0%&' () s 109 () -1 0% 10%! () - 9XY: /

106c 109%& ( )- 109%& ()-f< " 10%& ()R] 100& ( ) S, 109%&' ()-2Zf 109%& () -
108T"<:/ ]}fﬁ' é 109%& ()-!'y69d0%& ()-110%& (
6&109& ()VFYB#&10%& () - | SH10%& ()-N{~?:/ 10| | 27109%& () -
1"\ +‘V<10‘V&' ( dachlo*“=LOH = (ndtndehtly lis b $AMR Hohd ok b d3%&ioha;- ) v{ | } ~bC
10! f"109%& ()-!1109%& ()- .10 10 10910Y& ()- mESH 10%& () - <\ 3$&10%&' ()-=}[<bC
10\ 94.0%& () Aliy HoardIR(RR") Whao oz {92 single bontaer C(R'RY) whenog- (iy a double
bond;
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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36. The method of claim 26, wherein the compound is
» I@ ‘O\‘i L, OJL I“@t
N ) o N N"So. F
ol
fli L CL TR I;U AL

I=

ZT

37. The method of claim 36, wherein the compound is
H
NT N0
H .

38. The method of claim 36, wherein the compound is

H

. Y/,
W W

H
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Va?nbC 10} LK o e % ) L "10%4.4° & () -43d1098& () - F109B& () -
c109B& () §u?l)3i%6 &ggeg!;%ﬁ/i@(rﬁov&ﬁi rer%%e’ctl@_«limc}l&(%f a cgnggunéldghavmg(%ﬁe Qrm’lﬁa. ] |
1tf"z109%t |t & ()-!+f"z109%88& ()-! NDz10M & ()-! #1 z109B8& ()-!, " 10988& ()-!
H "109%00& ()-~_= 11t g#10%& ()-i! 10%—N - <10%' ()-Z 108 108

108cy81098& () -=!f"z109%wW& () - Nz XGr==. —A

N
/

R, ©
wherein

Ais H or CH(R’R®) when === is a single bond, or C(R*R") when == is a double
bond; | '

Z is CH(R'R®) when == is a 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,
in which if == is a double bond, == isa single bond, and one of R® and RYis 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.

40. The method of claim 39, wherein == 1is 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.

=25-



100V 109 ()-!vg 10%& ()- !'}g 10%& ()- 10% ()-!R¢10%) QLT ()-OC~_=
11TV f&L109 () - $pL0%& ()-SJ 109& ()-9SJ 109& ()-9 vSJ 109%& (@gy S109& () -
. p/ 4567}7SH= 111 10 10 10810% ()-!hf4j!10%& ()-]! of / |

L0%: () - 2f, 109 () -=f) 10% ()- 7C}9r aBSH= 11 | 10f<c10%&'()- f 3F109& ()- f)

e BRI g R Mot

f 31 10%]3& ()-sf3! 10%{& () sf FF109%&' () - (V%s>{yv}é‘16+— 10y818%§ E)-Ix .l{&gélo%
& () -1l 10%&' N 1 (2109 0 yz{j
ig‘yz(z)lo s"f@éwé%@f £l féo}&ﬁ%rfmr%%fé%aw Rgf& g heferqarylp g fhyofer o

10t WX] H= of R* and RY is . . . .

10y8109% 5%0#8?10%& ()-1" y#&lo% WW ()-"!y#&10%e& ()- ! y#&10%& ()- ! Dsl?%&

() f Normal" "Heading 13]c" Headi ng 23]c" "Heading 33]c” H?ﬁgl gg 43]9;} ‘A
"Headi 9. PR fetholi@ReTang 46 hharcinheag] Z%[ﬁ" "ug%% ﬁe;% . "Heading 93] c
"Defaul t Plgdr agrgph FSE?T(( Z%I%ILT\ ggr}?lt ] ;%ez lf\%ﬂ%f Ci%-+

@!"0" *g++X, - (0l 6{: ADKNQMK\ _ad gi @ Boquwi z| ~w42L7y 6Ti nes New

Roman Al A FOMEMBH ohemit 4R0herkil LR Aefie BB O
"H#EUR' ()*+,-./0123456789" ; -

<= >’>@\BCDEFG|—|I JKLIMNOPQRSTUVWKYZ[ \ ] *_" abcdef ghi j kI mopgr st uvwxyz{| } ~

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
Bno\fﬁ\‘oI P . © N P
Sheasinsbeqe!
N o N NS0 OH
N H ,
H .
) | T
= o) N NS0 cl i
H H H 2
BDOWN =
( I‘O
N7 N0 OBn
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
XD
Y/
N F SN0
H .
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