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DEHYDROPHENYLAHI STI NS AND ANALOGS THERECF AND THE
SYNTHESI S OF DEHYDROPHENYLAHI STI NS AND ANALOGS
THERECF Background of the Invention Field of the

WO IR4MBon The present invention rel ates tRCHGIPEOMAR
and net hods of synthetic preparation in the fields of
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invention relates to conpounds and procedures for
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the treatnent of fungal infections. Brief Description
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the col chicine binding-site (CLC-site) on tubulin,
which is a macronol ecul e that consists of two 50 kDa
subunits (lI6Jand |i8tubulin) and is the mgjor

WO WoHEsE498 uent of m crotubul es. See, e.g., |PEIABRI3/025232
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Rf" X Ra Z14Z~-R2~ i NY-'R5 Z-' NNR Zq \R3 "R6
Accordingly, in a first aspect of the present.

Wﬁ?ﬂﬁé‘%n there is provided a nethod for PEBUS2003/024232
synthetic preparation of a conpound havi ng the
structure of Formula (1): Rt' 2Z\ _zly RR X1 Ra "N |

Y NNR\IR3 X2 wherein R, R4, and R6, are each
-separately selected fromthe group consisting of a

hydrogen atom a hal ogen atom and saturated C, -C24

al kyl , unsat urat P C, - 4 al kenyl , cyq:la4oal kyl ,

cycl oal kenyl , al ko)%/zuéc aryly,” substituted

aryl, het eroaryl Z yl, am no,
[ snitro,

/

- phenyl, and subgte/tuté p ro hydr oxy,

- car boxy, - k \ﬁ Fa&g;;enat ed al kyl
i ncl udi ng poI yhal bgerf‘at ed al k al ogerR®¢ ed car bonyl ,
and carbonyl - CCO R7, wherei 2R7|s selected froma
hydr ogen atom a hal ogen atom and saturated Cl -

C24al kyl , unsaturated Cl-C24¢al kenyl, cycl oal kyl,

cycloalkenyl al koxy, cycl oal koxy, aryl substltuted

ar y| Accedipgp gz fiist aspesb st the ptesat h@hﬂ:ﬁpﬁé@hs pravideéd @y method for the
systiedis priepatitienchs & Banipoynd Rbving Ghe sBelufkQf Fonﬁtﬂpﬁ’)t ituted nitro,

phenyl, and substituted phenyl groups;” Ri' and R are
~each i ndependeRt-I y selected fromthe group consisting

of a hydrogen 0?1 B1 aI oggh at om Aad sat urat ed

C -C24 al kyl, C|I C24 al kegnyl, cycl oal kyl,

cycl oal kenyl , , byc |, substituted
aryl, het er oar sg sti rog¥yl, am no,
substituted am 9{ AN, Nbs{ituted nitro,
phenyl, -3 R} Zy 3 .
Xo :
@®
wherein

Ri, Ry, and Rs, are each separately selected from the group consisting of a
- hydrogen atom, a hatogen atom, and saturated C1~Ca4 alkyl, unsaturated C;-Caq atkenyl,
cycloalkyl, cycloalkenyl, alkoxy, cycloatkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, amino, substituted amino, nitro, azido, substituted nitro, phenyl,
“and substituted phenyl groups, hydroxy, 'carboxy, -CO-0O-R7, cyano, alkyithio,
halogenated alkyl including polyhalogenated alkyl, halogenated carbonyl, and carbonyl -
CCO-R7, wherein Ry is selected from a hydrogen atom, a halogen atom, and saturated C,-
Ca4 alkyl, unsaturated Cy-Cyq alkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
: sub_stituted aryl, heteroaryl, substituted heteroaryl, amino, substituted amino, nitro, azido,
substituted nitro, phenyl, and substituted phenyl groups;
R;' and Ry" are each independéntly selected from the group consisting of a
hydrogen atom, a halogen atom, and saturated C1-Cz4 alkyl, unsaturated C;-Cyy alkenyl, |
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, substituted aryl, heteroaryl,

substituted heteroaryl, amino, substituted amino, nitro, azido, substituted nitro, phenyl,




1 February 2007 and substituted phenyl groups,! February 2607
hydr oxy, carboxy, -CO O R7, cyan, alkylthio,

hal ogenat ed al kyl includi ng pol yhal ogenated al kyl,

hal ogenat ed carbonyl, and carbonyl - CCO R7, wherein

R7 is selected froma hydrogen atom a hal ogen atom

and saturated C - C24 al kyl, unsaturated Cl-C24

alkenyl, cycl oal kyl, cycl oal kenyl , al koxy,

oI oxy, aryl, substituted aryl het er oaryl ,
?a%bgftg%d h é‘i‘é’p@ aBipups ahydrexy, s Qtlbbxy,ut—éﬂ -@RN0syano, alkylthio,
nhﬁlb@nat%al { inchidfesd hdi ppan
g:& titut gg@phnenyl géé ﬂ"aﬁ)%e@técfagm Efﬁogeélﬁ@gé’ﬂbﬁ’éh“ and carbonyl -

RnvhoreiinBn i selsctod ﬁomrsdt)hﬁfgeh Qttﬁlp ra'ﬁaﬁ)gﬁh B gnd"‘{aﬁlrated C-

ng;4 allSGP ARl Y nd,to onel anot he

re each separat e‘lé2 + lkeyly cyplop. B'lfrf’l’ﬂ@al!j?lb’b@"@@mygbalhq&y, aryl,
0§ batituley
Clu Cé“ 5 g‘r}ﬁgﬁfbfﬁ]rgg%uﬁgpggﬂ%@%@&%ﬂlﬁ@%{PﬁﬂﬁM grpmo nitro, azido,
c3Host e yitro, pharyk ynd spstitaiad klmnyl, gramps: , substi t ut ed
aryl, fhe Al I ¢ et er oar a
subst |l{]u%"gd§ ar:?ll¥ én ce)m%y %ﬁ ‘C"Haﬁ’a“ s‘ﬂet"’tﬁ'?é'& ri °|"8 i ring or are not
cfogdlply tound eryrle another; subst i t ut ed sul fonyl groups; X,
and a e %}%ogﬁat ely selected fromthe group
consi St P%\Fgeh scpagialy selegied rfmﬁh%ttgmnp eandisting of a

Siylifogén :ﬁblﬁ”h heRgbn %Fnh Qﬁd HJSMQ%EI le))! @Q £ unsc‘ egy?',e;o%enyl

V\nthaRs)group, as defi ne ove;
e Grdeatkdonliosy, ﬁgClQﬁﬂk(B&yn |atyl,ogmstnanmnas)umewtoumdsubsmuted

Wtk sul fur atom, a oxid
sul %ﬁ&ﬁzﬁﬂgﬁﬁ) ang a aﬂt 'n;} erﬁté &‘8&&"%‘&5@#.%‘&5‘? @EP“PW stuffenyl and
@llb@tlf@tedlsuifmngtoups,l s an integer equal to zero, one or -

if non-zero, and Z1, Z2,

n% each separate n
23 a %‘EC}& e é%ﬁatg'éé ﬁ%JF%fdefr?m thegrewp eensistiogoBarceryigematom, a
fitropen aPon® Wnf ldrsuﬁﬁ dm Beall El[h%gﬁﬁgﬁétﬁm % or Sul suri)sfo tayzg w&h a Rs group,

atom and the dashed bonds na
ﬁl‘@@@ﬁds sai d nmet hod conpri si ng: reactl ng a

di aCY# ﬂ' 51%&9.8 ?%Pﬁ@glggﬁlgvgoﬁ%ﬁ@gr{)tégit{%g ggqrrasubstltuted with Rs, an

produce an 1 n

omgmratam abelfin 4tbmaa $2ANEA safid AAT Canld% B
‘Hagg%und wherein said fi ?st al deh)g1 e ar?gg,gégl gﬁdglg%glr)]séltuted

PEmereRs sel ect ed from the group consisting of
an oyazZMlifke #ngG dazol ecar boxal dehyde, a
benzal deh’ydgé gﬂtg zol ecar E‘%Xal dehyde derivati ves,
and Zefozaladelsypmmder i/ Adri-2626;, and 5] 2Ry Z§ @il Z)%iré B&ch separately
: s&gmom a cal%on atom, a sulfur atom, a nitrogen atom or an oxygen atom; and

the dashed bonds may be either single or double bonds;
~ said method comprising:
reacting a diacyldiketopiperazine with a first aldehyde to produce an intermediate;
and
reacting said intermediate with a second aldehyde to produce said compound,
wherein said first aldehyde and said second aldehydes are selected from the group
consisting of an oxazolecarboxaldeyhyde, imidazolecarboxaldchydé, a benzaldehyde,

imidazolecarboxaldehyde derivatives, and benzaldehyde derivatives, thereby forming the
- compound. '
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1 February 2007 Accordingly, in a second aspedtFebfuary 2007
the present invention, there is provided a conpound
having the structure of Formula (1): Rl' R- Z Z 2)
R2 X1 Ra Ni YN Z3/Za - ' N\R3 R 1 X2 wherein
R and R6, are each separately sel ected fromthe group
cons en atom a hal ogen atom and

nSat uécgérgog%d" aéﬂ’" TSR of thg REcsRtineEry. ke E2Aviaddleemipound having
AVA R WW?WWBUbyCIoaIkenyI al koxy, cycl oal koxy, aryl,

substituted aryl, heteroaryl, substituted heteroaryl
am no, substit 1ed amg4io, nitro, a2|d?2 substituted
nitro, phenyl, angdz,: i tufled phenyl‘broups

hydr oxy, carbox&”
hal ogenat ed
hal ogenat ed car

February 2007 “ e froma hydrogen
atom a hangenRato ur at'éd Cl 4 al kyl ,
~unsaturated Cl-C24 al kenyl, “‘¢cl oal kyl, cycl oal kenyl ,

al koxy, cycl oal koxy, aryl, substituted aryl,
heteroaryl, substituted heﬂ@roaryl am no, substituted
anlno“mﬂbnro azido, substituted nitro, phenyl, and

subst j,t phen rou 4 is a tertiary buty

gr oupk g?deﬁ%l ?f}/c'lh ggp"éatg,;@ﬁﬁ eptsd dvoan thergroup g@sggp@gfa hydrogen
atomye hbleg@r oM, S GhFitedQ -

haI ogen gt om and sat ur at ég&cﬁ]kylh'yl%ﬁ%q%a @ugg1 aaﬂg":rn )é[ c%ldoalkyl

gycloabenyly alkoxy, cx«;l@albtaqykywl,cyuhsumwdeml hdtémmy[, substituted
k b t ed het
ftrofsh | Hiiho, Bl Bhinh ! it 2ifng., PRBRRE, My, phonyt, and

mbstltgted dhegd, grmnﬂsshydmtﬁ&afhoky,oncmhﬁﬂwcyan@rtﬂkylthlo, halogenated

St t ed oxy, carboxy, -CO O R7,
- I hbig ndlihatoeenslid bt aloesead cvensic bid carbom1 -CCO-Ry,
pol yhal ogenat ed al kyl , halogenated car bonyl, and
carbonyl - CCO-R7, wherein R7 is selected froma
hydrogen atom a hal ogen atom and saturated Cl- C24
al kyl, unsaturated C, -C24 al kenyl, cycl oal kyl,
cycl oal kenyl , al koxy, cycl oal koxy, aryl,
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substituted aryl, heteroaryl, substituted heted&&Pgyary 2007

am no, substituted am no, nitro, azido, substituted

nitro, phenyl, and substituted phenyl groups; R RI'

and R," are either covalently bound to one another or
~are not covalently bound to one another; R2, R3, and

"R5 are each separately selected- fromthe group
c Bheew Koy selpeted from ajhislsesensaterm 2 heldzsh etgenandt samrated €)-Caq alkyl,

Sasbifuied (e, glké}lyk,ylc%:/l’kmgglg ll'lé?%h%g()?&l; gar}éx?,l kcey%}/crlalkoxy, aryl,

asg%l . Céd oal kyl', al'ko
stsitied arly hetesparyl substitated hitteroatyh aiiiio) betdtitubedt 8106 Mitro, azido,
' t] e 1 N itro, and substituted nitro
Sgrwgﬁggt?&@u Tﬂ(%‘tﬁ}#l’ agqugl%sst%gﬁﬂfwregfo%}fonyl groups; Xl
and XRias etegpebuddigroupsel ected from the group
an oxygen atom_ a nitrogen atom and a

consi gtj ng gf,
sul f uﬁk'ai"%rrg' eHE rFaeh indapendeatly seleetad depnp thes growpi camsisting of a
lytifogén Hom04 Akl dgdd & 1S f£o
it ol e, i SRFELC ST 0B
seloalkd, *caploalissnyde alkerym cyaloglkbtyr ant,omubstinmed: dirge d heteroaryl,
: n ne group, substituyted it h
Shbslittcd el finfhol SRRSO oS sy iy, stioBfuteslty phenyt

awb; substitited oyl peRMsAtBydioxy] f catixyZ 200-0a0d Z}ano%zalkylthio,

.i% and 541 re .each se qrately sel ected from a carbon
Alosknatsd aliyineludipe polvhalagenatsdavhthelogonatedreaonyl and carbonyl -
@ConR,, o i [ i_nal e _qr

doubl & bgﬁié]ge’ 'gjf&?gﬁe‘% ﬂé@ﬁ?ﬁ!ﬁ@’%‘i’gﬁ?ﬁ i@%@%‘%i&%’ﬁ‘ isaugated G-
Cniakyl, asptated€i-Craliongl ep¢loalkylecyicloalkenyl hutkaxyi 6ycloalkoxy, aryl,

' rmceutical , conpositi.on, conprjsing the .
BEAHLEE ST bR SHB By nE G ruiS st aming, nito, azic
spbstituted sitt] phahylyandaabsiie® pRenyPEolyftf - Accordingly, in

afo éﬂ. aspect of the present Tnvention, there is

pr ovi apd g s gither cevalentlyobryod ite oomarfatier tor e notgcayalently
bBURY®Ynk B&biiirngal i nfection conprising an,

antifungally effective anount of a conpound as

def i RedRi,rendhRs secoud seppedly tselperedi@onvithd) gfoup consisting of a
ble carrier therefore.

i cal |
QBRI 4 Peloaph ARG B SRR CoCan WYl messbimted Cr-Cip alkenyl,
adylv eydloalityl, WIRBER éyeldalidkydarl 12 s | ng?uglfl,'t 5%%1}0&){[, substituted

conposi tion for treating or preven
heterppyl aninp, Substisittedh eming, gtrd,yandf substitirteé nitro groupsf sulfonyl and

[hed in the second aspect together with
s@%&&@ﬂf&i{?@%s therefore.

ar mace calTy acceptable carrier
Acc X dinddz\are sepamatedy :dlect@b R6Mmithdfro ﬁ‘f@oxﬁfsﬁﬁgﬂf‘ an oxygen atom, a

.Jnvention, there is provided a use of a conpoun
nifrogen atom, and a sulfur atom, each either unsubstituted or substituted with a Rs group,
as defined above;
Y is selected from the group consisting of a nitrogen atom substituted with Rs, an
~oxygen atom, a sulfur atom, a oxidized sulfur atom, and a methylene group substituted
with one or more Rs; '
n is an integer equal to zero, one or two:
Z, for each separate n, if non-zero, and Z,, Z,, Z; and Z4 are each separately
. selected from a .carbon atom, a sulfur atom, a nitrogen atom or an oxygen atom; and

the dashed bonds may be either single or double bonds.
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as defined in the second aspect in the manuf actliredrugry 2007
a nmedi canent for the treatnment of a disease state in
a mamal . Accordingly, in a seventh aspect of the
present invention, there is provided a use of a

- conpound as defined in the second aspect. in the
manuf acture of a nedi canent for treating and/or
preventing cancer in a mammal afflicted with cancer. 5
The di scl osed conpounds have the structure of Fornula
(| Ycapidinglniima tiRgl asrRdt, of divedpriRent inetiog Avk: § ©RRIES 8 lpNarmaceutical

compsgitioe,Ctotgrising QM8 Edioght MaPdcRRBSH FHel gégonefas;?ecﬂé(rfy g %ﬁé?mgcte&lc%ly

acce@abh@g,ggen atom and saturat ed ¢
cyci oal kyl, cycbalkenyl

a1 BORYdt iy Bt of & YptnClisabr. ot g @ pramacic

b""""ﬂ%*toé Pbﬁfiawg or Bgte8tinatiungal dpfdstianaoromisipg an afmely e drtoukt@la

compeumid e, defiried! 0 the aBEdN0 , asBadh Bhéthdd twRhl a ISHaFrrIa@eun&IiﬁQa/cle b%”gamer
therefdDSt i t ut ed phenyl groups, hydroxy car boxy, (Ib

cy enated al k 10 i ncl udi ng

%ﬁﬁd‘ﬁdf ﬁ‘n%III“oésg?%I) e pizpgl @ﬁegt%dtheraﬁwﬁwed Bpgrmaceutica
composition fo ngdt@ep@ptmq,m &MeT perRIsingsa pramsctubiakinf eftentiva amount of a
compgupd| 2 gefmecaurom sacond [aspentogdt@mwitial B ChhsrsbufbfdadebpdeRdcarier
therefbkyl , unsaturated Cl-C24 al kenyl cydoal kyl ,

CYELABKERY ey b S@ 8 e PG R ttES el Pv-dei%%%éf‘a%iﬁp%una
as de@ﬁ%‘& e P%&?’E‘d’spe&tﬁﬁ th%mawfaﬁtlﬂe of aypqdigamentsiorist tieptmentaf adidenss state

‘"am'ﬁfh@#yl and substituted phenyl groups; R and Rt" are
[ rﬁd&ﬁcﬁ‘l’gd,eﬁtd Yovertl 8&k&thr ftffeomagehﬁn\gﬁtey Hh&é) %Sbrg\Il(IeEIga 195e & a

comp PR NRR B P39 e St Brgmert g acor
preven ’%?B%“I‘(%I’Ié’[‘ma 3??(‘8‘3(‘37‘ @8t oal koxy, aryl, substituted

substituted heteroaryl, am no,

et
ﬁ‘g ERPOAT Sﬁéveﬂiﬁwm%@"@dﬂﬁ Wit i tuted nitro,
I
Efﬁﬁdﬁme&“g"%w“%%ﬁ RPN it kg P Rt g eogen
atom, 2oL aHTioh G+ Gtk sl 1003@24 akatyl cyldabh syl by, sycioakax,
a.ryl, h dro_gen _atorrryI] a hal ogen t%ﬁgﬁ%&saturat@%’ H&g@m
nitro, PEI’IM" sybpfiyizd pheen @reupsthyding, caibien§0-O-Re yyaha akylilib, halggdnated alkyl
I I
AT ch ek Gl cobi) AR B By e BT b foma
hydrogen, glom; @ helesen alami awsl, Satiretedo Cr-Gor jallth, unsatuicaiedti €4Gae allkeniyly cmoalkyl

cycloalR ARty R} B3, bt 0 oY) St SRR v, i Pibten

amino, ft% a@ommm.yhenwgandﬁubww@@hmg gmups;t om a hal ogen

o1 RO ety Sphodelt S ind s onc B Blogh o, 2 lger

atom, @gmratqd&-gg{ allyl, ynsaturatade®eDar alitenyl, sycbamyl byabaﬂdznh,@llﬁm qrcyélkoxy,

e, s bRl el TRt s B SRS gt TG, ke

nitro, phenyl, amumrphenﬁemmmdm. sabogy; 100)-1;/ apano} dNegitd; menated alkyl

roling P B 1 o Bt o o e G e o

hydrogeni atam, & hdlogencatom, and saliafated oGi-Cabakyle unsaf@ted _Ci-CxFaiRRYAgyMoalky,
oycloalkérti, Aoy, cycloakoy, aryl, substituted aryl, heferoaryl, substiuted heteroaryl, amino, substituted
amino, nitro, azido, substituted nitro, phenyl, and substituted phenyl groups;
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Y is selected fromthe group consisting of a nilte5g&Ry 2007
atom a substtuted nitrogen atomwith a Rs group from
above, an oxygen atom a sulfur atom a oxidized

sulfur atom a nethylene group and a substituted

nmet hyl ene group; n is an integer equal to zero, one or

Y aRa g Yoo SRR SR 10 o wrolp et 2 bfRgen 2 B fiaen
alom.aand rspturafeds O G ialkyl uosaturated IC-C: lle, 8y BjcioslkyR AIkeRY.y §Eulkoxy, ary,

h bonds y ej ther single or )
subs B, YR SRR it SIS el e, 4 o sl i
groupe, cwtiorylandisubsiiitedsulionR grougs?, R3, R5 and R6 are each a
h : en it is not two that X, and X2 are
o SR ) sl onipeig Srliiatan ven o, aiogen o, ad
a sulfi@ atgm, atbcineitheryndubetitrled br-sabaRuteliwith £Rfa50ts, BORMed bR, The
nmet hods can conprise the steps of: reacting a .
di acyi di ket opi perazine with a first al dehyde to
produce an internediate conpound ; and reacting said
i nternmedi ate conpound with a second al dehyde to
produce said class of conmpounds " with said generic
structure, wherein said first al dehyde and said second
al dehydes are selected fromthe group consisting of an
~oxazol ecar boxal deyhyde, i m dazol ecar boxal dehyde, a
benzal dehyde, i m dazol ecar boxal dehyde derivati ves,
and benzal dehyde derivatives, thereby formng a
conmpound wherein The di scl osed conpounds have the
-structure of Formula (I) wherein: R, R4. and R6, are
each separately selected fromthe group consisting of
a hydrogen atom a halogen atom and saturated C, - C24
al kyl, unsaturated Ct-C24 al kenyl, cycl oal kyl,
cycl oal kenyl , al koxy, cycl oal koxy, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, am no,
substituted amno, nitro, azido, substituted nitro,
phenyl, and substituted phenyl groups, hydroxy,
carboxy, -CO 0-R7, cyano, alkyl hio, hal ogenated
al kyl including pol yhal ogenated al kyl, hal ogenat ed
carbonyl, and carbonyl -CCO R7, wherein R7 is
selected froma hydrogen atom a hal ogen atom and
saturated C,-C24 al kyl, unsaturated C, -C24 al kenyl,
cycl oal kyl, cycl oal kenyl, al koxy, cycl oal koxy, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
am no, substituted am no, nitro, azido, substituted
nitro, phenyl, and substituted phenyl groups; R and
R, " are independently selected fromthe group
consi sting of a hydrogen atom a hal ogen atom and
saturated Ct-C24 al kyl, unsaturated Cl-C24 al kenyl,
cycl oal kyl, cycl oal kenyl, al koxy, cycl oal koxy, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
am no, substituted am no, nitro, azido, substituted
nitro, phenyl, and substituted phenyl groups, hydroxy,
carboxy, -CO OR7, cyano, al kylthio, hal ogenated alkyl
i ncl udi ng pol yhal ogenat ed al kyl, hal ogenated carbonyl,
and carbonyl -CCO R7, wherein R7 is selected froma
hydrogen atom a hal ogen atom and saturated Cl-C24
al kyl, unsaturated C, -C24 al kenyl, cycl oal kyl,
cycl oal kenyl ,
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cycl oal kenyl , oxy, cycl oal koxy, aryl, substituted -
Caryl, heteroarﬁ substituted heteroaryl,{ dm no, : "

substituted amno, nitro, azido, substituted nitro, ‘

phenyl, and substituted phenyl groups; Rz, R3, and R5

are eacg(} S tely selected fromthe group consisting
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i g om i e Soioud eehBOTR, R B e R 3 o g a hogen
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at om aﬂ_ﬁ? t [I%_hgﬁﬁgk om %ﬁmgﬁmg@wﬁ t°£f"3'|‘?f? anpiermediate compound ; and
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I OUPFhe discl ch] oro- grioup, and a
et g o et BN o oS miad g such

conpdtrftisand e, amteth separatéte seolp aot 4 éﬁﬁﬁ Gcfn'biglﬁf of dhydrogen at

hdlageh @fony and3sfbd 4, c2S || _as t hods of makl ng QcHn aom, a

ccg?ﬂ?oundg?ﬁA[ SO éq's?% |ag<i}§lglsgyrgt_ s @kenyin erciaslityl cyclahlisenyl, alkoxy,

hOT LY. o8l P aedon. bt bitstune talroll B! LBEABARS o, o

Subkitutddd; , enli c fungus. ese netho ' '

el . B RS o s P, o,
aenfehalky! inglndingenavaiopenatedsabity, Qﬂég%natémfa@orf?ﬁér{d chgrﬂéérﬁ%béo. 7, rherein

" Rh B [ nyol ve adm nistering to | ec
: -dehy%p@%ﬁ’gﬁ?@%ﬁm aﬁ’a’Pqeg alom, perysatiraipd Grburaliel, weaturated Cr-Co

‘alkepyl Fycloalkyl, atyokalienyt, eakoxyg ciich Bk ition . .
oo b heo, Ao ke, S sBuRs SRR st
- of a @e‘ﬂyc? i op‘ﬁgwwﬁ '§:f"f°n5“8¥m‘$qd§'tfamhﬁnﬁgand Sibstiated phenyl groups;

De's dt1i 39d Ré rarediidepeindentr samitdadie j awi ngs
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~ specification et Crfu ekewlecysleaiybiyogira, aikog cycloakoxy,
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nith Yheryf HRth ESHHuecd phenyl groups, hydroxy, carbaxy, -CO-0-R, cyano, alkylthio, halogenated
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frpm a hydrogen atom, a halogen atom, and saturated C,
cycloalkeny!, | |

-Cu alkyl, unsaturated C4-Cyq alkenyl, cycloalkyl,




specification, they are meant to serve to expl AiFgbruary 2007

preferred nodes of making certain conpounds of the
[ Lon to those of skilled in the art In the
WO g&%@ 1 February 2007 WD 2004/ 054498 PCT/US2003/024232

PCTI US2003/ 024232 Figure 1 illustrates a reaction
schene for produci ng dehydrophenyl ahi stins by reacting

a diacyl di ketopi perazine 1 with an _
cyclqamnﬂeaﬁ@ryewdoaﬂwﬁmeummm a;iyl mae;y.aitne; |sﬁbs%iﬂed H&Fﬁérﬂ?égriir@,z s‘ﬁl%sﬁmted
et . | rea a benzal dehyde 0
amm%?fgg%@%g%gé%@@om%%éﬁf@%dmm)%@%é 2 depicts the
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methylenegfoup; mat i on of dehydroPLH at t he phenyl noiety.
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compountlst h CPT-11 on estimated tunor growth in the HT-29
Rﬁgﬁn Col on Tunpr Xenograft nodel. Figure 14 depicts
e SRopd e pptadpandmalgrialh fr ireating neoplasticfissuetor praventing ancers or

infectionCPTH1 04 t hewaginght Qf . Junor exci sed at autopsy in
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exci sed at aut omrmmli ce in the HI-29

- Thaseanmsyingrdratings whisteare incayiotateth it fonfripartisfahe sPecieaibn brely

! PU 2. B. KPU 35 and C
st fw@ﬂﬁ%ﬁﬁéﬂ%gﬁ'}@?ﬂ 5 BPBUmais ogater vin e remainder of the
 Specification, they are meant to serve fo explain preferred modes of making certain compounds of the
invention to those of skilled in the art. In the drawings:




conbi nation with CPT-1 1 on estimated tunor grdvitapryaty 2007
the HT-29 human col on tunor xenograft nodel. Figure 18
depicts the effects of A KPU-2, B. KPU- 35 and C
t-butyl - phenyl ahi stin alone and in conbination with
WO 0054498 on t he wei ght of tunors exci sed atP@EURWSYH24232
i ndi vidual mce in the HT-29 Human Col on Tunor
Xenograft nodel -6 1 February 2007 WD 2004/ 054498
PCTI US2003/ 024232 Figure 19 depicts the effects of
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Figure 17 depicts the effects of: A, KPU-2, B. KPU-35 and C. t-butyl-phenylahistin alone and in
combination with CPT-11 on estimated tumor growth in the HT-29 human colon tumor xenograft model.
Figure 18 depicts the effects of A. KPU-2, B. KPU-35 and C. t-bulyl-phenylahistin aloné and in

combination with CPT-11 on the weight of tumors excised at autopsy in individual mice in the HT-29 Human

o=

Colon Tumor Xenograft model.
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NPl - 2350 (-)-phenyl ahistin NPI-2352 KPU-01 NP Fepssgy 2007
KPU-03 NPl -2354 KPU-04 NPI-2355 KPU-05 NPl -2356

KPU-06 NPI-2357 KPU-07 NPI-2358 KPU-02 NPl -2359

KPU-08 -7 1 February 2007 WD 2004/ 054498

WO PEI5U82003/ 024232 NPl - 2360 KPU- 09 NPI - 23ET/USRIO3/05252

NPl - 2362 KPU-11 NPI-2363 KPU-12 NPl -2364 KPU- 13
NPl - 2365 KPU-14 NPI-2366 KPU-15 NPI-2367 KPU- 16
NPl - 2368 KPU-17 NPI-2369 KPU-18 NPI-2370 KPU- 19

10 infEe o 2408 ALY AR oo

HT'ZWWI‘QOBWUW@N@@& mRgaf: comparionepiyepstudienP| - 2379 KPU- 29
NFigur2 38 Bepltis e €fcts of KPU-2 alone and in combination with CPT-11 on final tumor weights

in the HT-29 human colon tumor xenograft model: comparison of three studies.

Figure 21 depicts the effects of KPU-2 alone or in combination with Taxotere on estimated tumor
growth in the DU-145 Human Prostate Tumor Xenograft Model.

Figure 22 depicis the effects of A, KPU-2, B. KPU-35 and C. t-butyl-phenylahistin alone and in
combination with Taxotere on the estimated tumor growth based on observations made during the in-life
portion of the DU-145 Huran Prostate Tumor Xenograft Model.

Figure 23 depicts the effects of KPU-2 alone and in combination with Taxotere on the individual
-~ excised tumor weights at autopsy in the DU-145 Human Prostate Tumor Xenograft Model.

Figure 24 depicts the effects of KPU-35 alone and in combination with Taxotere on the individual
excised tumor weights at autopsy in the DU-145 Human Prostate Tumor Xenograft Model.

Figure 25 depicts the effects of A. KPU-2, B, KPU-35 and C. t-butyl-phenylahistin alone and in
combination with Taxotere in MGF-7 Human Breast Tumor Xenograft model.

Figure 26 depicls the effects of KPU-2 alone and in combination with Taxotere on estimated fumor
growth in the A549 Human Lung Tumor Xenograft model.

Figure 27 depicts the effects of KPU-2 alone and in combination with Taxotere on the excised tumor
weights at autopsy in the A549 Human Lung Tumor Xenograft model,

Figure 28 depicts the effects of KPU-2 alone and in combination with Paclitaxel on estimated tumor
weight in the murine mammary fat pad implanted MDA-231 Human Breast Tumor model.

Figure 29 depicts effects of A, KPU-2, B. KPU-35 and G. tbutyl-phenylahistin alone and in
combination with Paclitaxel in the Murine Melanoma B16 F10 Metastatic Tumor Model. In certain Figures,

“compounds are idenfified using an aliemative designation. A complete chart to convert these alternative

designations is as follows:

Alternative designation Designation used herein
| NPJ-2350 {-}-phenylahistin
NP|-2352 KPU-01
NP}-2353 KPU-03
NPI-2354 KPU-04
NPI-2355 KPU-05
NPI-2356 KPU-08
NPI-2367 KPU-07
NP!-2358 KPU-02

NPI-2359 KPU-08




NPl - 2381 KPU-30 NPI-2382 KPU-31 NPI-2383 KPu-l3zbruary 2007
NPl - 2384 KPU-33 NPI-2385 KPU-34 NPI-2386 KPU- 35
NPl - 2387 KPU-36 NPI-2388 KPU-37 NPI-2389 KPU- 38
NPl - 2390 KPU-39 NPI-2391 KPU-40 NPI-2392 KPU- 41
WO V052883 KPU-42 NPl - 2394 KPU-43 NPl - 23PETHISR03/824232

'NPI -2396 KPU-45 NPI-2397 KPU-46 NPI-2398 KPU-47
NPl - 2399 KPU-48 NPl -2400 KPU-49 NPI-2401 KPU- 50
NPl - 2402 KPU-51 NPl -2403 KPU-52 NPI-2404 KPU-53

N \!F’I%}&E KPU- 54 NPIKPJM 6 KPU-55 -8 1 February 2007
NE'@@.&,‘, KP--56—NP} i 409 KPU- 58
N 75 5.20 KRY-59—NF KﬁUAﬁl KRU-66
NPI-2363 KPU-12
NPI-2364 KPU-13
NPI-2365 KPU-14
NPI-2366 KPU-15
NPI-2367 KPU-16
NPL-2368 KPU-17
NPi-2369 KPU-18
NPI-2370 KPU-19
NPI-2371 KPU-21
NPI-2372 KPU-22
NPI-2373 KPU-23
NP}-2374 KPU-24
| NPI-2375 KPU-25
NPI-2376 KPU-28
NPE-2377 | KPU-26
NPI-2378 KPU-27
NPI-2379 KPU-29
NP1-2380 KPU-20
NP1-2381 KPU-30
NPI-2382 KPU-31
NPI-2383 KPU-32
NPI-2384 KPU-33
NP1-2385 KPU-34
NPI-2386 KPU-35
NPI-2387 KPU-36
NPI-2388 KPU-37
NPI-2389 KPU-38
NPI-2390 KPU-39
NPI-2391 KPU-40
{ NPJ-2382 KPU-41
NP-2393 KPU-42
NPI-2394 KPU-43
NPI-2395 KPU-44
NPI-2396 KPU-45
NP}-2397 KPU-46
NPiI-2398 KPU-47
NPI-2309 KPU-48
NP12400 KPU-49
NPI-2401 KPU-50
NPI-2402 KPL-51
NP1-2403 KPU-52
NP}-2404 KPU-53
NP1-2405 KPU-54
NPI-2408 KPU-55
-8-




NPI - 2412 KPU-61 NPI-2413 KPU-62 NPI-2414
NPI - 2415 KPU-64 NPI-2416 KPU-65 NPI-2417
NPI - 2418 KPU-67 NPI-2419 KPU-68 NPI -2420
NPl - 2421 KPU{7 NPI - 2422 KPU-71 NPI - 24
NPl - 2424 KPU-73 NPl -2425 KPU-74 NPI - 2426
NPI - 2427 KPU-76 NPI-2428 KPU 77 NE: - gigg
| - 243 PU-80 NPI-2431 KPU-81 NPI - )
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the Preferred Enbodiment -9 1 February 2007 WO
2004/ 054498 PCT/ U82003/ 024232 The di scl osure provides
‘WO e4/0fd4P8 for the synthetic preparation of  ROVjseendx232
i ncl udi ng novel conpounds, including
dehydr ophenyal ahi stin and dehydr ophenyal ahi stin
anal ogs, and provides nethods for producing

Phie RESL! ;ﬁtﬁvldbsy m&ﬁtﬁ? Rt &R s‘ﬁntﬁ‘eﬁ% lare]%Ya'ﬁt%n of cnljr?ﬂo?ng% Iﬁcﬁlvl%q 90vel

antitumor agents and antifungal " agents in
ComPpHNds inglydisp dehYWPéWﬁlﬂﬁlS@@djddmlrﬂpmm&uSta rkloos, andpedvides methods for

pmdu@kg Pﬁé%béﬁﬁ‘c%llyﬁic@eg@ﬂ@ G &5 nRbilolsY ShituR {ﬁ@‘dtse%fg a ﬁr@}‘g?ﬁ hegﬁ in

Itors, “antitunbr agen
relativgly bigh §§9|d @iherelp sakhyompauadsiandiar thele dwaﬁwswer@onmth@tctwe ingredzents in

these GO RABoR CdntitaHhty %%eﬁ@ghfanﬁféfngﬁl%]ﬁénﬁmd%r e%ﬂslm%?P e pﬁorylglcq npyel

non- se/nthe ic meth 0 an o ect
compgyndsrist dhisinatist byt uesailyi avejlakien nansynihefisamettiodsu | Ias blso 4nuobject to provide a

 methdd %fh%ﬁfng ca‘ﬁééFBédlcﬁlbﬁ}%lﬁe!ﬂ%%nﬁér %ﬁn@gmgqf?e@teg ?aﬁﬁ@ktﬂ‘ﬁg e‘%rbffecltrT\;g typmor-

fective tunor- noun
gfom%mh'b&'"mf@ﬂ@ Of@fmeméwofmta’ﬁ&ot newy@Rt- tumrpnmmi@ Tihinventibmelse piovides a

metho@lfo?ﬂe\@ﬁtiﬁé’ér@@a%ngaa Smﬁ‘gﬁmpﬂnsqﬁﬁﬁ as tﬁéf mﬁmﬁbglvegraﬁirﬁﬂ!s?eﬁﬁgt Me Sibject

ogeni Cc ung
an eff%?éﬂﬁ anq frgalramagt ef@ merpber gtﬂoq!a@mf nevaantiéfab compauadsag. i adrinisteging a

dehyd%ﬂﬂ%%fstﬂfor i a!‘?&i’dﬁtﬂ% g%un&nfﬁa?\ﬁe? whith p?og’%s t:ﬂten&eld gﬂﬁ]ggr?l effect. In

oun S, erin
the Prei?rfeﬂ egbogiment egha gemenynd ﬁmtmﬁthoém malmraeci usmt; ISIIBh ccpnpmmdscthsslosed

hereint lﬁ‘lﬁnot r%&&&ﬁl?ﬂ ﬂ’éh%bbél%&@# the re? ggﬁxgﬁvgnu{)ﬂ‘ {hﬁgeggecﬂ\geggrg {g&ed

nbodi nent ~ of e Cco 'mg and
sﬂ'sﬁlgse% DRI, @W@@Wm@ur\% sisl roatheds of presiugingna clase bf comaytounds, wherein

the coMFURIE 91 FdpleYentedb gppodi ments of the present
i ﬁjgentl orﬁ) th es@o}gbj gt)t ives are net. Disclosed herein,

al so, are conpounds, and net hods of producing a cl ass
of conpounds, rei t he conpounds are represented
by Fornrula(|)wﬁﬁ\?5d R4x1Z RNYW+RS R 4 X2
T[g 2 (1) wher nd R6, dre each.
separately sel e ?ed fr t\qg’ugv]aﬁb\‘wi\m stRng of a
hydr ogen at om ih | oden  at nd satXifat®ed Cl- C24

a
al kyl, unsat ur at%ed~G M Nvye{ oal kyl ,
cycl oal kenyl , aR«ox@a; cycl oallkoxy»s ar 4 substi t ut ed
aryl, heteroaryl, substitutedzhet eroaryl’, am no,
substituted am no, nitro, azido, substituted

Ui

wherein;

Ri, Ry, and R, are each separately selected from the group consisting of a hydrogen atom, a halogen
atom, and saturated G1-Ca alkyl, unsaturated Ci-Ca atkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy,
-aryl, substituted aryl, heteroaryl, substituted heteroéryl, amino, substituted amino, nitro, azido, substituted

nitro, phenyl, and substituted phenyl groups, hydroxy, carboxy, -CO-O-Ry, cyano, alkylthio, halogenated alkyl
including polyhalogenated alkyl, halogenated carbonyl, and carbonyl -CCO-Ry, wherein Ry is selected from a
hydrogen “atom, a halogen alom, and salurated Ci-Cy alkyl, unsaturated Ci-Ca alkenyl, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, amino, substituted
amino, nifro, azido, substituted nitro, phenyl, and substituted phenyl groups;
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~nitro, phenyl, and substituted phenyl groups, Hyfsasy 2007

carboxy, -CO- O R7, cyan, alkylthio, hal ogenated al kyl
i ncl udi ng pol yhal ogenat ed al kyl, hal ogenated carbonyl ,
and carbonyl -CCO R7, wherein R7 is selected froma

WO episegen at om a hal ogen atom and sat ur acadrsab3 432
al kyl , unsaturated Cl-C24 al kenyl, cycl oal kyl,
cycl oal kenyl , al koxy, cycl oal koxy, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, am no,

; Lﬁgi{r} kyﬁﬁﬁndgﬁgﬂg@@ 'sgl gfrgrﬁ érogpo?oaiﬁﬁ%g 0 iatfgjtred ny j\ag;gen

atom, 2prhsaturatag C200 Ak m@u&te@cmgumwymmadmenya anbxﬂcycroakeﬁy

aryl, éuﬂ;g(ﬁ@c?&]ﬂ %{e oﬁqlsﬁlbﬁfﬁ eg get%ﬁa?@t gnﬁ? sﬁ%@%@dﬁnﬁw@éb @:ﬁ Ia@g% @&gptuted

nitro, @PW&/ pnd suhaidedphenylgubuis) hy@aYy, atblogng0-0-Re yogdng alkhiiib, halogenated alkyl

w80 b, BB EL B0 o e

hydrogen isdomi ﬁmabmenaahnn oa,nd rsittimied Cais chlkyl, anht&mted ct &l alkényl] Eloalky)

cycloacfga !géf%(ox %%I@%b% shﬁéﬁ@%d ﬁﬂﬁkéllo?rﬂ,r éjsﬂstéﬁ Il%ﬁ’ﬁ?élt %131 Ogfugfiuted

-amino, n¥tie,| agidt, ﬂ@stl;gtau yirmaprenyk amitsehitltatédq:mnyl ghagspgenat ed car bonyl ,

a Q R7 i S
'P{dFr{%gg % £a}%/ Jeltherg&%]rﬁf lg)aﬁgﬂg é{? 8 ergﬁ%ie %OZ oﬁeg@yiaunéo@ﬁmther
aIRk Vb, andifngra eash separatelCreEdidd famitemplp consmwg ofd Hydrboen atom, a halogen

atom, Qbﬁc%aﬂ%haﬁ%wu alk@: %9 teéfftl)fit L&%hﬁ ea¥yér (WI ﬁ(ﬁbSt oéhgo , aryl,

substiteiesbaryli heigroand, substitufed helammryl,oammz Bubbstifutes mbmo I iteaf e :mhsitllm@d nitro
groupsPs!ﬂﬁ’cW bnd sﬁﬁﬁﬁeﬁ%&@@h bsed phenyl groups; R R and R "
I ther coval €n bound t'o one anot her or are not
' c &ﬁaﬂ émel soparstsly selected fromibe grouptotmsisting 823n oxiRBn atam,ck nfkdged &iem, and
onsi sti ng of
a suﬁurea?oﬁheaﬁﬁ?ﬁér Qﬁs@st}fut&i% ﬁlﬁ%ﬂﬁgd &Ilih%r% éral% ag H%iu% ﬁﬁﬂ? ted G -CL2

hydr ogen at om ogen
a]Y Welmt@ﬁ@atthgrm:g mnsumg:gfz nitfolem raioh, a substikujed m&r@dem atorks with a Rs

aoup TRin B3R n e S, S ! s AP S, £t ot ety
melhylHAPIA; nitro, and substituted nitro groups, sulfonyl
ap groups; XA and X2 are
segg'?g{%?éqéd%ﬁgct etffr@’gomthe group consi sting of an
ok Ja eash wpamf n, & Ne1F 2810026 A &t Bravd Zaard each separbtbly selepibdiom aexabin
atom, a%hlﬁxfh?d’m é‘ﬁlﬁ)ﬁ@?x%ohtopéneo%gé}{ at(ﬁf’ Betituted with a R5 group,
as defined above; I's selected fromthe group
- _c@?@?@@?%@wbﬁaﬂﬁhﬁrﬁiﬁﬁffﬁg’éﬁwb{ehﬂﬁs a substituted nitrogen
ath@ ik m a
tHbalchinRse5R metHdQod 6@%{;@%\@* F&Hu]gﬂﬁﬁgtﬁgsﬁ%egf

sul fur atom a oxidi ze Ne group

aAPReng a dagyldikstapiierazine witea fins pldahyste torpoodyse amintersediate uomp:-ou:gieamd

Sty sh r

nonﬂﬂiq esrlgmt%ﬁ{egate EHPrfBOLfHH W@V‘Qsectéd zfﬁéﬂg FZ@@@(&J esgg 6@%5 o oqhwounds
with said generic SIRIEHUe. MBHEI car bon atom a sulfur atom a

rﬁaﬁ rfﬁ»ﬂ Biflehfte CdfY Qhid SEbofX K u%%r@ 'EEI c?egdfroﬁu[;iﬁ 9@@{‘%@%&% 85

be e| her single or

oxazolegagmﬂldp  inidprslesnebealsiphyple, @chguzaldelyde pimplozpleckeboxsideliyde deaivatives,
and benzdidehy@d dekiffves HRIREY féhﬁnn%a &W&h& & gr%nﬂur 1)) wherelp hyde to

di acyl di ket opi per azi
PG GekRscip qaﬂ*tsenawmselwcéed Gonbeogon conastldg of p BEEyenamsetiatigen

atom, ahdﬁa@ufaf&ﬁ@ &4 Slkﬁ Qlﬂi&f&l‘éﬂzg C%L Qlk&%lsgzagaﬁﬂ BHOHENA Sided) cycloalkoxy,

IP duce said cl ass
aryl, substituted aryl, heteroaryl, substltuted heteroalyl amino, substituted amino, nitro, azido, substituted

nitro, phenyl, and substituted pheny! groups, hydroxy, carboxy, -GO-0-Ry, cyano, alkylthio, halogenated alkyl
-11-




with said generic structure, wherein said firstl February 2007
al dehyde and sai d second al dehydes are selected from

the group consisting of an oxazol ecar boxal deyhyde,

i m dazol ecar boxal dehyde, a benzal dehyde,

WO 2064/¢5a428| ecar boxal dehyde derivatives, andrdkuszeditetrgxie
derivatives, thereby form ng a conpound of Formula (1)
wherein Ri, R4, and R6, are each separately sel ected
fromthe group consisting of a hydrogen atom a

mc!ucing bmmaidiyena&tl @IR_W hﬁd&'ﬁéna&@w&ﬁﬁ sl Eéilbb@?»@C@ |Rf< %her?lrﬁﬁrsisaéeléﬁt@ut fofl a

hydro C% %g ; ycl oal :%eg cycl oal
g"g?c?%l% n agﬂ‘y?”d ) |Q119@4eﬂ‘Ybr“9qathaﬁétCeﬁ@aﬂww cycloalky,
cycloamei% hlkdwa@ldalm Qlﬁrtos'%é{l uied @f?ﬂ ﬁb%maﬁfuﬁﬂtliufeél’ré?éﬂoaﬂﬂnaﬂﬂo substituted

ut e ni

anine i alfbat@l?eaﬁ@whenﬂwaawesﬁtuwd\ewiwp%ar boxy, -C0-0-R7,

Tand Ryl' by Indl |
al C?mn??\g ; nodz?érﬂesnﬂggg%%?& ESo B Xtmstnd oy HBRYa hlogen
o, S8 SRS ugsaiAed Gy gl atyelenikidagydestionyl, a&mj cycfoalkoxy

aryl, smmmmw m@@@yl%bst%@ htbrbanyi aming, sﬁ%ht%& Sfind Ea?@a?doci%shtuted

atom and saturated’

nitro, 'PQ’LF Eﬁ@%@n}x@@@@u@, %Qrzxyaqaw@ﬁypo-()@ cyane|aliyfthio, halogenated alkyl
mcludlng/pblyﬁmigé?@t@d’élkyl Wdtdgéﬁéﬁéd carom), 9 éér%'yl -CEH) \fvhe?efhti# tsl shibddeed Fom a

substltuted het er oar

hydm@ﬁ)k%'{"r taﬁiaggp%aa& 0] satpreted CrGos ik, U@&FW@@CI @u@&dlkﬂm cysjoalkyl,
cycloarkmlnaﬂloxy, @ﬁﬁhlk&)@b@fl I sh&étna@d awr%aéﬂoarfl I sBed ﬁ&ero%ﬂldan% sd%étﬁ od

t
amino, AR T Y Bl R SIS EME St ur at ed. Cl )
alRk R, and R &&badh @bﬁ&efﬁe@&éd f@h'ﬁ%@hﬁhp coRs¥kfly %f’é b ogen gtom, a halogen

n cI oal
stom, SRRl 5% ot st i o b, s msboakoy, ant
substltai&[barﬁl Hetetoardl, mmd h@fettoérﬂ andel Sistituled thﬁﬁnbtﬁi'ﬂ; ednd Qbdefuld nitro

i tuted phenyl gr oups, [ OXY
groups sgfog%%lsﬂ) @ﬁ 'g’?}%\no al kyl thi o, haI ogenat ed al kyl

| Weandi K aregseractel3alborg @6 the Growdl ckidklsting bigth 886§ 3koRda SRS
asuffuﬁ%g‘,% rbonyl -CCO R7, V\,her?: n R7g| S se ectoeda &g and
8en atom a hal ogen atom and saturated Cl- C24

aN ksysielactedrimmﬁhergaiuﬁ Gon€idting-2% rﬁn‘o%)’éﬂ%h; a %&ﬁt&@'nl&bfden attom watlaa Rs

group ffﬁ}f\%}no%‘ @&%M?@ @ su tx I{?Epglt %/ oXg] gjcpulﬁléqt@} ) @ptg»fleng é’pﬁ%ﬁaﬂ a substituted

_ methylwlb‘sttpl tuted amno, nitro, azido, substitut ed nitro,
and R5

bst. t ut
R Y -0 L WSl S0P G2 ok o el et iy
atom, acsfilfueatdmy aintmgenrstoatopm oxgehadngRn  at om and sat ur at ed
e | kyl t.ur at i C12 al kenyl , l,
el AP kS, T e
akispl providest e @harydceutisalip Séce;ttabteeégltsh@g %E&?Ig%’és&ersaﬁl thtOcompound of
: | an supstitute ni
roms 5311 58 o i s i g s,
aTlnel tem"pmmmg smnawsﬁécﬁllwhSEIbﬁﬁﬁﬁéia bt eﬂtﬂg ésfé?of@fe?b’tﬁpounda:f Formula
T T WO L B

transforme;hs igotto mgd thé ccmpﬂlntl rf@r@mpat Y MydraysiS ibiobd brisRE ifdlids” TREBm
en atom a

o< ok, o, oS, O G Burpul iioned host fourel o oy o gcom
several mim}fommlghnsnslﬂtatmebydromﬁ hbdeﬁih%noﬁ?&ﬂ@ndﬂ%ns E4m (Eﬁéﬁﬂ)ro-dmg ester

groups 1@@@% ﬁl%g&g{p%f{yk fl%e;{& tﬁﬁ,tpgtaah?y? Sany ag(gpeiy@w%et%;} as well as other such

groups known in the art including a (5-R-2-0x0-1,3-dioxolen-4-yl)methy} group. Qther examples of pro-drug
- -12-




atom a sulfur atom a nitrogen atom or an oxydefebruary 2007

atom and the dashed bonds may be either single or
doubl e bonds. Al so provided are pharnaceutically
acceptable salts and pro-drug esters of the conmpound
- WO 2p4/05p498mul ae (1) and (I11) and provi des neR¢TiEk009/024232
- synt hesi zi ng such conpounds by the nethods discl osed
herein. The term"pro-drug ester," especially when
referring to a pro-drug ester of the conpound of

ester grﬁ@g Egﬂlb?fo&nd% ef??’ex%ng)%sf Elﬁlgcm% d \? %gl rrfﬁffgtf«?nf? g%rfo%?'l ﬁéﬁe‘ljry Systems”,
Vol. 14,0000 Aympbsitrh Series, Ameiepn CHewical tSoaeys(fi 876)remd "Bioreveisizlo Chrdery Infﬂru@

DesinEn GRTRHE R T i, e Py Ve o8P Lo

examplebef dstemtusoiubas pmﬂrugsh@conmmmdummnmgmndxﬂgrmps)her ei n forned

b 8RB Sy L5 bl o

is rapidig bandfioimedin sivo tnyeimhb empaifid, for exaldpsfa} ay i@&bl@is in. ljjcrodurhb teirm tpiﬂctﬁilg

ester r% '8 X&@%Mei )?f_r@%/ c'r?g??o%r%g gls%ﬁeﬁﬁ fogPeﬁ mg Edélﬁéln o& ?rgﬂ sgv%l]%s\t,%

forming igroupts knat aserHydrolyzedtunte | phygei@lcal conditions. Examples of pro-drug ester groups include

p:voytox&ﬁ%{%ra @xyﬁpt%%rpgtga&&( dan?l f%'l %elat geﬁ{e{l}ﬁldg %ég%%’;ther\(ﬁlﬁlﬂ%kups known

in the ar?, Geidding amsoﬁ@/dwma@wmggm Othtrerangleosf po-duguestdd groups can

ve fount 1Sl . MonfSHED. it P o8 haRllondhv sy, To. b s

SymposByriedes) Amm&a IChengcal Juiodety 197:5;; amehneuemiblemmemnww%?@} Theory
T
and Ap@%\gon Ap%g%{i gg?l b Ii;{gchg gg@ nga Be)a}s l grk %%%ﬁ@?é?ﬁgpv&gﬁ%%r ies of
esters ummmdm/ﬁorvmmundmmﬂmm(cmﬁc&ﬂ)grouqu)t oviding exanples of
" or ¢ oun nt ai,ni ,
o8 50, HoS B 9, S TR R0
acceptable sationthe ednpaund effFemsla {fbsyathesineinty dalmethadsi diselésed/ierebyf refelsdo any

phanna(%%%@ Légéagtgﬂbagalt? bi>a c&%’olﬂ:fi anﬁ e?e% arrég‘?rg éo: gn \f{%dvqu@%d%éh%hg

compougdar Fi’reférpd exahplag) of pemmm:euhcaﬂysémptable calicker the akaliviesal sfts (sbdm or

pOiaSS!Uﬁlﬂ %%nge:%aglh li%l Qa'it? @algﬁ{ & hQ sgfng%gar%%m rﬂgﬁtt?cgeg ed lfrc;cwarr?nﬁoma

or fromrﬁlaﬂmeytzdu ageeptelle phanei amlr@g| fora¢xarmpn Gi- 671 aiky@mlnExcambﬂlamné

_ d I
oo AR o 5 Bt SRR, s
- synthesized byibe met@ﬁ ﬂ‘@ta'edmsusamhs gm prefpresd Iexamwiﬁs of phamtamttcalwwceptable salts

o i S e e D58 o ) S e e, P
sulfuric, phespherigiacibo alphatieor abmaticicagweilic o aufohicvacid, $1re)tample adeii, succinic, lactic,

malic, ta@%ﬁr@rag&ﬁ: %omvmﬁlﬁﬁceﬂ@&ﬁgﬁ%?gm %besul%ﬂbaf@) CS.

Siim Seri es
JhejiemB|Phﬂfreapelﬂlsﬂ“)b$ceep@B{e ckiiy @5 iigad Dereiny alSe sfegprin aﬂ'yrw\erm;lceutaafly!

B 5 5 4 Vol P, S AP P
examplegs Serthesmacaatioglly @@Bptﬂyb stliare deaksb m@@alﬁdsmiam i potpssin), Biexaialine
earth metH %Hé’(l?&)k?ulmwwgsfum Pﬂ%ﬂﬂﬁm%gﬁétdhr%%fk}ﬁ aﬁ\%rﬁaf& %ﬂ'} ;ﬁiarﬁ%eﬁﬂcaﬂy

erri armaceu
acceniamm emme@, feygkample £+ tt?ﬂa&ylmmmmacybmwmmmanma yethylenedlamme

or tris-{ @M&&tﬂ&lﬁ%éﬁﬁon@h&h glllrﬁ%sgé?:% cglln A8 ?I'%F flljé] %53?:' J?nmeg %Iﬁ d‘i,teg

rmaceutic e sa
xampieamﬂ plpa'r@m@wfalm geoepishle rssrtstane amd ad:iltmh satisliof phmnesalbuallyoacc@tab!e
_ g I :
e e
pot assium, the al kalineldearth netal salts (cal ciumor
magnesi um, or amonium salts derived from ammni a




or from pharmaceutical |y acceptabl e organi c anilfeadruary 2007
for exanple C -C7 al kyl am ne, cycl ohexyl am ne,
tri et hanol am ne, ethyl enedi am ne or
tris-(hydroxynethyl)-am nonet hane. Wth respect to

WO W84pePRds  synt hesi zed by the nethod t hatrcaves2éasiiaesz
am nes, the preferred exanples of pharnaceutically
accept able salts are acid addition salts of
pharmaceutically acceptabl e inor gani c or or gani c

o s i 4 B SR AT B B Rl e P Rl
ptoluem;ulfonic ormaphﬂraienasmiﬁimeacat:etl c, succinic, lactic, malic,
i coti

L@}ei%r% gehnfr L&?agcom & t%g[ﬁigﬂ%suq E erei lgcluﬁie %Harmaceuﬁcally acceptable salts
and proriag lestéradfhe esmpbodnd ofiFormala (I)ctynthﬁhmdﬁaehmméﬂmb disclveetidorbin. d&bdrr;iny,

o GRS B g S e
~ and thepaclivé mgradﬁnym itsedalbfosn, then fis prafered toaudel pHamexteutivall ekelpights @hich are non-

Preferred exanples of pharnaceutically
basrc @ggreg@}% %F'goré]gll't'?! eé“P@"t?he al kali metal salts (sodium or

plo praferead empodimeiitsof b ethddnef the eaupbimdsiisiaded Beadin, Sreliively Kyidistanar

pooutodfrod TG AREA Mot oy STt St titiev B S P e o

stmcturécﬁﬁ;mwpwfqrﬂb@clﬁsen@?neaydhgéram ne, cycl ohexyl am ne,

[ T AT YR A ——

or one omapmfm dnbadnd &y, &, bmis&pan&maah%paratdveaep&taffemrae axygen atom, a

s TR B BRI B S O 200 oo

most preferalﬂa;mbasthm of Zg Zyand Zbeingcd adebpn diont, Niz'am@/l simultahgods ielearbancioms.

oS 40 TR S B R v

compotlﬁ@‘ﬁb\hl@ﬂ@@tﬂ!cm@dﬁsﬂmmae {ig)end ﬂh),lbeforam d for exanple
acetic, succinic, lactic, Rrallc g\rtarlc citric,
ascor bi c, nicoti an¢ rrBlzha bsul f ohi c,

p-t ol uensul foni ¢ o.&n th a .f(ﬂﬁ!;c aci d.
Preferred pharnmace Y isallco ons di scl osed herein
i ncl ude phar rraceutmcal ly a ce\ag able salts and
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The term "alkenyl,” as used herein, means any unbranched or branched, substituted or unsubstituted,
unsaturated hydrocarbon including polyunsaturated hydrodarbons, with C1-Gs unbranched, mono-unsaturated
and diunsaturated, unsubstituted hydrocarbons being preferred, and mono-unsaturated, di-halogen
substituted hydrocarbons being most preferred. In the Ry and Ry positions, of the compound of structure (1) a
z-isoprenyl moiety is particularly preferred. The term “cycloalkenyl” refers to any non-aromatic hydrocarbon
" ring, preferably having five to twelve atoms comprising the ring. _

The terms "éryl," “substituted aryl,” "heteroaryl,” and "substituted heteroaryl," as used herein, refer to
aromatic hydracarbon rings, preferably having five, six, o seven atoms, and most preferably having six atoms
comprising the ring. "Heteroaryl" and “substituted heteroary),” refer to aromatic hydrocarbon rings in which at
least one heteroatom, e.g., oxygen, sulfur, or nitrogen atdm, is in the ring along with at least one carbon atom,

The term “alkoxy" refers to any unbranched, or branched, substituted or unsubstituted, saturated or
unsaturated ether, with C1-Cs unbranched, saturated, unsubstituted ethers being preferred, with methoxy being
preferred, and also with dimethyl, diethy, memyi-lsobutyl and methyl-tert—butyl ethers also being preferred.
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The synthetic method disclosed herein may be preferably performed in the presence of cesium
carbonate as a base in DMF and in a deoxygenated atmosphere. The inert atmosphere circumvents the
probable oxidation of activated a-carbon atoms of the diketopiperazine ring during the treatment with cesium
carbonate (see below) as reported, for example, by Watanabe ef al, 18" Infemational Congress of
Helerocyclic Chemistry in Yokohama, Japan (30 July 2001), Abstract, page 225.

Alr ]
Cs salt
o -
R H DMF H)
Air-oxidation of Activated Carbonyl Compounds with Cesium Salts

Other embodiments of the synthetic method involve modifications to the compounds used in or
otherwise involved in the synthesis of compounds represented by Formula (1), Such derivatives may include
modifications fo the phenyl ring, infroduction of other aromatic ring systems, position of the aromatic ring,

'_ alterations to the- imidazole ring system and/or further modifications to the 5-position on the imidazole ring.
Examples of such modifications are discussed, for example, in Example 4. The result of such modifications
include increased nitrogen content of the phenyl #ing and/or the compound which may increase compound

solubility. Other modifications may incorporate derivatives of known tubulin inhibitors, the'reby mimicking the
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duct.i.on
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cystemeh g,}ﬁ%&ﬂm&’& dﬁ%%}g gﬁ% 8[ dS lghg :]g% | 3 gg EIE g rg{/ Cﬁaseh Qjectable
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liposomes), may be utilized.

Pharmaceutical formulations for parenteral administration include agueous solutions of the active
compounds in water-soluble form. Additionally, suspensions of the active compounds may be prepared as
appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as
sesame oil, or other organic oils such as soybean, grapefruit or almond oils, or synthetic fatty acid esters, such
as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may contain substances which
increase the viscosity of the suspension, such as sodium carboxymethyl celiulose, sorbitol, or dexiran.
Optionally, the suspension may also contain suitable stabilizers or agents that increase the solubility of the
| compounds to allow for the preparation of highly concentrated solutions.

_ Pharmaceutical preparations for oral use may be obtained by combining the active compounds with

solid excipient, optionally grinding a resulfing mixture, and processing the mixture of granules, after adding

| suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients are, in particular, fillers
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Met hods of Treating Fungal Infections Certain 1February2007
enbodi nents di scl osed herein relate to nethods for
treating or preventing a pathogenic fungal infection,
including for exanple Aspergillosis, including

woO Jewasoye pul nonary aspergillosis; Bl ast @aorassiesezd2s:
i ncl udi ng profound or rapidly progressive infections
and bl astonycosis in the central nervous system
Candi di asi s, including retrograde candi diasis of the

nary tract, .e.q. patients wth kidney stones
emplwff# e yﬂﬁhacwre%ws@h%f:@oﬁomwwgps PRl | 371l cdoubidly be

abetes nel litus;
ammﬁ&%%gﬁﬁME%ggg%?%%@ﬁ%QH i ncl udi ng chroni ¢ dlsease whi ch

does not respond well to other chenotherapy;
Cryptococcosi s; Hi stopol asnosis; Micor nmycosi s,

i ncludi ng e.g. craniofacial mucornycosis and pul nonary
mucor nycosi s; Paracocci di oi donycosi s; and
Sporotrichosis. The nethods may invol ve adm ni stering
at | east one anfrfungal dehydrophenyl ahistin or its
anal og, as descri bed above, to a human subject such
that the fungal infectionis treated or prevented. In
certain enbodi nents the dehydrophenyl ahistin or its
anal og nmay be admnistered in conjunction with

adm ni stration of one or nore non-dehydrophenyl ahi stin
or its anal og antifungal agents such as anphotericin
B, or an im dazole or triazole agent such as those
nentloned preV|oust The pat hogeni ¢ fungal infection
may be topical, e.g., caused by, anong other

or gani sns, species of Candi da, Trichophyton,

M cr osporum or Epi dednophyton or nucosal, e.g., caused
by Candi da al bicans (e.g. thrush and vagi na
candi di asis). The infection may be systenic, e.g,
caused by Candi da al bi cans, Cryptococcus neof or mans,
Aspergillus fum gatus, Cocci di odes, Paracocci ci odes,

Hi stopl asma or Bl astomyces spp. The infection may

al so involve eunycotic nycetonma, chronobl astonycosi s,
cryptococcal neningitits or phyconycosis. Further
enbodi nents relate to nethods for treating or
preventing a pathogenic fungal infection selected
fromthe group consisting of Candida spp. including G
.albicans, C tropicalis, C kefyr, C krusei and C
galbrata, Aspergillus slop. including A furnigatus
and A. flavus; -Cryptococcus neoi brmans; Bl ast onyces
spp. including Blastomyces dermatitidfs; Pneunocvstis
cadnii, Coccidioides imm is; Basidiobolus ranarom
Coni di obol us sop.; Histoplasma capsul atum Rhi zopus
sop. including R oryzae and R m crosporus;

Cunni nghanel | a spp.; Rhi zoniucor spp.

Par acocci di oi des brasiliensis; Pseudal |l escheria
boydii; Rhinospondi um seeberi; and Sporothrix
schenckii. Again, the nmethod nmay involve adm nistering
a non- -29 1 February 2007 WD 2004/ 054498

PCT/ 1JS2003/ 024232 i mmunosuppr essi ve antifunga

dehydr ophenyl ahi stin or its analog to a patient in
need thereof such that the fungal infection is
treated or prevented without inducing an untoward

I mmunosuppr essive effect.. Further enbodi nents relate
to nethods for treating or preventing a pathogenic
fungal infection which is resistant to other
antifungal therapy, incl3idi ng pathogenic funga
“infections which are resistant to one or




more antifungal agents nentioned el sewhere her €l lrebsuarin 2007
as anphotericin B, flucytosine, one of the imdazoles
or triazoles (including e.g. fluconazole,
ket oconazol e, itraconazol e and the other previously
wo p@wbi4msed exanpl es). The net hods may i nvokoIRUS2003/024232
adm nistering to the patient one or nore antifunga
dehydr ophenyl ahi stin or its anal og, in an anount and
dosi ng regi men such that a fungal infection resistant

t r antifungal therapy in the subject is
) t%@‘ﬁ@@ﬁ%‘f prevented. Further enbodinents relate to
A @Mﬂ@f@@@@ﬁ@ﬁémﬁ}g or preventing a pat hogenl c fungal

infection I n ent who is allerg
i HFW‘P‘@?’%WS"%Wasoﬁynﬂi‘?é'ize'jrbé%’t?ﬁ??t@éa‘ic%d'@n‘%tﬂﬁé?"owmg basic reaction

schemarggghmmmg?‘}eﬁ herapy-or in whomthe use of other
antif al agents is otherwi se contra-indicated,

i nclu ne or nore other antiglngal agents

ment i "8l sewhere herein suckas anphotericin B,

| ucyt d\‘&vﬂ’é one of the_fm daz or triazol
AC\N%nd uding e. g.a W‘q kgt oconazg] e, w
r acerazete andit h prew—eusl—y ne
L{fx‘&n’pl es). The :lw% y involve admki‘"ﬁd\'ﬁ/g

uch patbafs one @ nore anti LRYBMF
dehydr ophenyl ahistin or its analog, in an 5) g Such

“hat a fungal infection is treated or prevente
Packaged Dehydroohenvl ahistin or its analogs Certain
NN-diSR03 n%du{ngl ate to packaged dehydrophenyl ahi sfin or
referably packaged noni munosuppressive
aPe0 ¢ cfrslgedl 2 agbwaalmdpheeh Pi5qinérazinedione (Aldriths364hE)) 2@, 0.448i o] in
100 mlaﬁfac@ﬁéra #}rigén @Pzgﬁﬂs @Red\ﬁ‘tﬁlsdd@ﬁ a&{ate Illa%ﬂtﬁ%??@@@ 0218 ol The mixture

I N or
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ungal agen ut causing a untowa
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anal 0og can package ne w ctrons or

cinas Orp@éffh‘g@aefw a-mopawwmid@iﬁle&eaﬁymd@fyﬂeeﬁw BB G80P meh in
DMF (3 rh% wasr@béa%mp’o@dawﬁ ‘n{é Pﬁz m@t h«th e%% %géa:em evagygted n a

I ngre
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mbodi ment s. rlatlon et al
mmol, fp@} anl e politionas Feeralsdly evamatad ifra shoty meylo ROOR oxygep and flushed with Ar,

rfoliowe@QP(fH M%&C&Mﬁ%@%d fhdt %%Zegﬁ 'llhg%?é dﬁ(f?]q}uéhﬁ’)g bRGss was

preci se chem cal mposi t1 ons
repeafeé Ay I hee@suyenb@xtura Hiﬁﬁr f@@tecb@re’&aﬁ fba} 88°Ro Slie tsmpasatirg must be ingieased
art. -32-




-31 1 February 2007 WD 2004/ 054498 PCTI US2003/id&bpspy 2007
EXAMPLE 1 A Synthesis of Dehydrophenyl ahistin
Dehydr ophenyl ahi stin was synt hesi zed by condensati on
according to the follow ng basic reaction schene, as
WO ZRe04%n Figure 1 0 0 A c,N 2 A 4 AC NHQEA;S2443/024D83
N,/ H Cs2c03/DMF 00 Cs2CO3/DMF 0 1 3 Dehydr oPLH
N, N -di acet vl - 2. 5- pi perazi nedi one 25.0 g of gl obal
2, 5-pi perazi nedione | [2,5-piperazinedione (A drich

SIOWIWQC[ Kekting %ea@eélhe drbaeck& of@is&me% 5! the% %/]i&gne fﬂ&eiﬂcﬁfell lfie'\?al&&t yas

was m Xe I um acetat e

d d
remoe i apoigion (s SecEin oA tesbed wih el @ Imenand 0Bl
NaCl fo@i!‘ure@tlrﬁhs Lt!ﬁéd'tger@wla?a@k%h E‘on&‘e‘ﬁfrelteg% vablid dgﬁ‘ E.@USIWa -MeBH ﬁfb 1), you

ere. After renove evaporati o

¢an OPsﬁ@e iy 5@% vt @"QM@WMGMW%EHCW‘ ASomUv. thé@f tls eitidepORgct was
more Gt TH%-froRCHFHlG aﬂa@s@ hﬁﬁ@@ﬁlsnﬂ&gg &%ﬂé Hﬁs tedth m%eoﬁtag ét‘ﬁleaﬁphed fo

i mes, each rred over concent Irat

L Eve%E%ﬁ%HPLﬁWé%mfé&’Maﬁ@k yest Rme?ﬁfbm@)cﬁnd elitecising dlisear grediantiror 70
to 749 MBOW inGvated VeS16SMH 4t 9 ﬂ&ﬁﬁﬁte 6 ni(ﬁr&naér!)d'tﬁe%gsnrgcf Aok Wi Gnelbd f

- ether-hexane to afford
concegfra by p\ggtg,qtiw b givea 65? by @Q%hrgdellg\h eo!oled dehydrophenylahistin. The HPLC

-~ profi IeJef e shtietic é’r&ﬂ@@hy&ophe’ﬁ?ﬁh%ﬂrﬂns d%p:ﬁ@é;ﬁ‘ﬁ%ure?f propenyfl - 1H 4-im

dazol yl | net ¥ dene erazi nedione 2 To a
sdh the Pusificatipn of dehydrophenylahistin, as shown in Figure 4, a major peak was the desired Z-

form c?m;(o%ndjof @Bh%ﬁﬁ%ﬁéﬂlah%ﬁnp “I’ﬁé%iﬂé‘doﬁ of 'é’? g@&ﬁ%r ﬁas%b&ﬁ%@é%é%r%?&%ﬁtﬁgnt
(abou 109} yﬁqﬁs elyted g8 &fmﬁ.‘, golaamk thaiel-ispaen tAs otherwinor pedpetm rediicad Z-

and Efé}frﬁﬁghlrg% %Htcﬂ th%r dt’mﬁih)q’arll dFFekI;go?otpﬁ %}5@ \%%&%&g? @%ais&&sewed
The fomatygl qfrgwesegec{g@g CorRpOINYls wag e to fhe aldehude Zwith @mediided iipirityg which was
generfMddQAGRG te %@tldn %ﬂﬁtﬁbﬁﬂﬁ_ 18 'wQs nof@@?aréie@ et s%g%qggﬂt ;ﬁ]cﬁgse Was

stirred for room
sdfese nmm%agomp@w@v e@yldbye erm & i nmarauvh eHRLE s puiinationsa sfforded

dehydﬂﬂ%%h‘!{tﬁ%tﬁ fle E—&fﬁﬁgﬂﬂaﬂ%ﬁ W e b@ﬁ % ulgwr\é%?&gaﬁ two )

ﬁanl C hase was vvashe al N an
with mgrg han Y/eyritkialhe comppundsrwitis E-configuigton at teerinidatole siderof l!\mﬂls@n:pmnje

ring wﬁ@&%@d@ﬁr&cﬁﬁ R HpI c]'fa'i‘tcﬁﬁ’gestl fat [hF ﬁrkt‘#ééaion ﬁl:lrr! cg}ﬁ_‘@ﬁrgq lﬁi&cﬁﬁgl}?&’ 105

_ col utm chr omat ogr ap on silica usl
Zselegli{0: 0 to 50:1) as an eluant to give 60 my (33 % of a

B. PahnicdadnbaMénsiedi d 2.  Dehydrophenyl ahi sbin To a
solution of 2 (30 ng, 0.099 moU in DMF (0.8 nl) was

aa@e@omgygma‘@pﬂﬂ@gm(cgnpomg is @ paogellow solid. Mts structure is confirmed by
standard NMR analyses.

EXAMPLE 2

Synthesis and Physical Characterization of tBu-dehydrophenylahistin Derivatives

Structural derivatives of dehydrophenylahistin were synthesized according to the following reaction
schemes to produce tBu-dehydrophenylahistin. Synthesis by Route A (see Figure 1) is similar in certain
respects to the synthesls of the dehydrophenylahistin synthesized as in Example 1.
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mtl, 5 eq) and the solution was repeatedly evddigiiuagy 2007
~in a short time to renove oxygen and flushed with Ar,
foll owed by the addition of Cs2CO3 (53 ngy, 0.149 mmol,
- 1.5 eq) and the evacuation-flushing process was
wo nepsaded agai n. The resul tant m xture wagdrasbmsiofiea
2.5 h at 80C. (The tenperature nust be increased -32
1 February 2007 WO 2004/ 054498 PCT/ US2003/ 024232
slowy. Rapid heating increases the production of
Rofeigoner at the benzylidene noiety.) After the sol vent
was re ed y evaporation, the residue was dissol ved
i n Et OAC, shed with water for " mes and
aSqt urated™sNECI forgthree) timessdried over
omcentrated in TLC usigng CHCL3- Me

i Ca ve'dé?/}N\'Hh bri re yer | gw
I m%"gsgbé%?ﬂzﬁéﬁ 36 nmu\%/pfl Them 0 3yt u
pryoduct wasy (1epr e t%han 75% from HRLC anal ysi s® The
resul ting resi due waS di ssol ved in 90% M OtfuseydepaH
lied to reverse-phase HPLC col um (YMC Pack

~ Ro -AM 20 §H850 nm and el ute sing a linear

2504

gr adi ent om 70 to 74% MeOH rmyu@ter over 16 min at

A QJf I ow r of 12 nmi/m and t sired fragtio

égﬂ ected4and, copeenty, ’ed by evaporat pQn t
: %J“VAGWQCZQQ%‘“ of Ior‘eﬂ‘d@ﬁgdr
The HPLC  profile of Thy SAent hE¥ROE yd

dehydr ophenyl ahi stin i s%depi cted,i,p Figure 2.91n the
purification of dehfarophenylahistin, as s HirtahydroRLH
Figure 4, a major peak was the desired Z- form
conmpound of dehydrophenyl ahistin. The formation of an
E-i somer was observed as a m nor conponent (about
1099, which was eluted as a nore pol ar peak than
Z-isomer. As other mnor peaks, the reduced Z- and
E- conpounds, in which the dinethylallyl part of
dehydr ophenyl ahi stin was reduced, was al so observed.
The formation of these reduced conpounds was due to
the al dehyde 2 with a reduced inpurity, which was
generated during the reduction of with D BAL-H and was
not separated in the subsequent process. These m nor
conpounds coul d be renoved by preparative HPLC
purification, afforded dehydrophenylahistin with the
Z-configuration at the benzylidene part in a 60%yield
(20% vyield in two steps) wth nore than 95% purity.
The conmpounds with E-configuration at the im dazole

- side of the di ketopiperazine ring was not observed in
this HPLC chart, suggesting that the first reaction
fromconpound 1 to 3 in Figure 1 is. Z-selective. B
Chem cal Characteristics: The above
dehydr ophenyl ahi stin conpound is a pale yellow solid.
Its structure is confirmed by standard NVR anal yses.
EXAMPLE 2 Synt hesis and Physical Characterization of
t Bu- dehydr ophenyl ahi stin Derivatives Structura
derivatives of dehydrophenyl ahi stin were synthesized
according to the followi ng reaction schenes to
produce t Bu-dehydrophenyl ahi stin. Synthesis by Route A
(see Figure 1) is simlar in certain




respects to the synthesis of the dehydrophenyl driebraany 2007

synthesized as in Exanple 1. -33 ~i' 1 February 2007

WO 2004/ 054498 PCT/ US2003/ 024232 Route A "O HO yNH

Are A4 N~ 15 5N NHHNY "Ac CsCC3/ DMF NH N~
wOos2@3@84DVF \ | / NHv H 0 O 33%1 st) op@usatfsiotdzs:2

t Bu- dehydroPLH Route B O Ac I/ H N4/ HNO95 vy /

"H Y Ac Cs2CO8/DMF \ | / 1Ao Cs2CB/DMF\ / NH~NH 0 O

O 117 1.2% tBu-dehydroPLH -34 1 February 2007 WO

2004/ 054498 PCT/ US2003/ 024232 Route A:

Route , N' -di acet hyl - 2, 5- pi perazi nedi one 1 was prepared as

I MN’Eﬁa@&f@l—Z@S plperazinedione 1 was prepared as in Example 1.

etl}él 2 31_- M gt l 3 | Iranz]me iohe ‘Igl I met h

“‘"’\NW
O

I\",NH N

O
To a solution of 5-tert-butylimidazole-4-carhoxaldehyde 15 (3.02 g, 19.8. mmol} in DMF (30 mL) was
added compound 1 (5.89 g, 29.72 mmol) and the solution was repeatedly evacuated in a short time fo remove
oxygen and flushed with Ar, followed by the addition of Cs:C03 (9.7 g, 29.72 mmol} and the evacuation-
flushing process was repeated again. The resultant mixture was stired for § h at room temperature. After fhe

solvent was removed by evaporation, the residue was dissoived in the mixture of EtOAc and 10% NaxCOs,
and the organic phase was washed with 10% Na,CO; again and saturated NaCl for three times, dried over
Naz2S04 and concentrated in vacuo. The residual oil was purified by column chromatography on silica using
CHCls-MeOH (100:0 to 50:1) as an eluant to give 1.90 g (33 %) of a pale yellow solid 16.'H NMR (270 MHz,
CDCl}m2.14 1d, br-s, TH), 9.22 Ibr-s, 1H), 7.57 {s, 1H), 7.18, (s, 1H), 447 s, 2H}, 2.65 s, 3H}, 147 [s, OH).

2) t-Bu-dehydrophenylahistin
=
HNW/N\H

o NH N

0

To a solution of 1-Acetyl-3-{(Z)-1-[5-tert-butyl-1H-4-imidazolyljmethylidene}]-2,5-piperazinedione (16)
(11 rﬁg, 0.038 mmol) in DMF (1.0 mL) was added benzaldehyde {19 IL, 0.19 mmol, 5 eq} and the solution was
repeatedly evacuated in a short time fo remove oxygen and flushed with Ar, followed by the addition of
Cs2C03 (43 mg, 0.132 mmol, 3.5 eq) and the evacuation-flushing process was repeated again. The resultant
mixiure was heated for 2.5 h at 80°C. After the solvent was removed by evaporation, the residue was
dissolved in EtOAc, washed with water for two times and saturated NaGl for three times, dried over Na;SOs
and concentrated in vacuo. The resulling residue was dissolved in 90% MeOH aq and applied to reverse-
~ phase HPLG coluran (YMC-Pack, ODS-AM, 20 x 250 mm) and eluted using a linear gradient from 70 to 74%
MeCH in water over 16 min at a flow rate of 12 mlfmin, and the desired fraction was' collected and
concentrated by evaporation to give a 6.4 mg (50%) of yeliow colored tert-butyl-dehydrophenylahistin. tH
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H NHNO To a solution of 1 February 2007
5-tent-butylimdazol e-4-carboxal dehyde 15 (3.02 g,
19.8. mmol) in DMF (30 m-) was added conmpound 1
é(g. 89%9%, 29.72 mmol ) and the solution was repeatedly
WO 204 ed in a short tine to renpve oxygRGI/EEP3/024232
flushed with Ar, followed by the addition of Cs2CCO3
(9.7 g, 29.72 mmol) and the evacuation- flushing
process was repeated again. The resultant m xture was
NMR (&0 MHz, €0CE Q2,78 bhs, ait), 5. 18, HENRET (at1d), .59 Af g 7.31 1¥6i9 {m, 5H), 7.01
3?@@%’1 was renoved by evaporation, the residue was
5, 2H), ed in the mxture of Et OAc and 10% Na2CC3, and

t e dslfymé@lamﬁamtamprmmemwmem%tmmmgg&?|eang
S ree. ti over an
ﬁﬁ@f&%@fﬁﬁ@% a He}\)’é{%‘ﬁ]ﬁf‘y‘ qog%ﬁdd&@%iﬁ%% was purified

Route &Y col umtm chr omat ogr aphy on silica using CHC 3-MeCH

T ( n eluant to_.give, 1.90 g (33 % of

ﬂ*@aq'aéet'gx& ﬁ?ﬂ%f 08 TS 2 REREPIRA | CDClS) 1112. 14
- D 1-Acs3- (¥ befayiidertd 1.2, 5Dipgrdzineliigne 87)L H), 7.57 (3,1 H), 7.18,

(s, 1H), 4.47 Us, 2H), 2.85 Us, 3H),1.47 Gs, 9H). 2)
t - Bu- dehydr ophenyl ahi stinffNH NH Nomi O To a sol ution
of 1-Acetyl-3 Ao N F
{(2)-1-[5-tent-butyl-1FR4- i\ dyIJ met hyl i dene}] -2, 5
- pi perazinedione (16) (¥1 ng, 0.038 nmol) in DV
(1.0 mM-) was added benzabdehyde (19 a., 0.19 mmol,

B S B O R R s oo
10.1 miha) dndthe sblutiyn viak mp@t&dv tviaaiptechifi a shoB AR08 refnd® amygen B LB with Ar,

fol!owe?ngg%é ?U%ialg'l & %2‘. 083 @ﬁg % Dg\r/r&@g%{d tﬁ)e evgc é‘%ﬂu@mﬁg%ﬁgegfg% r¥}%§ted

agaln
again. Zhéretultalt thDl@ wa#\étheﬂrfortm & cdom eennpemm Aitanihe eavetwas removed by

eu'apor%g{gl ﬁ\g E?%d Q!Eis dlésp%d wﬁﬁe rﬁ# &Vgt?)Ac %djﬁfg Néggﬁb ard tﬁé&@%ﬁc&h&us}g was

washed with 4€% Ni:fBsa0aid pideduratotiaCNartiB@imes ndedovet dlexS0r aad eicanpted in
vacuo. \6/11319 }é?grjal J&ﬁq Wl Eéékygtéh% ot ﬂe%ﬁ“e%sob%ig%%ﬂjw}{@%ﬂd 3 %Oﬁ[cMB@_é

O reverse-
(79%). ( YMC- Pack ODS-AM 20 x 250 mm) and eluted using a

' ent from70 to 74% MeOH in water over 16
%WMM%W rate of 12 nL/mn, and the desired
fraction was coll ected andoconce tirat ed by
evapor ation to give a 6.4 (50% yel | ow col ored
tert-butyl-dehydro =\ -35 1 February
. 2007 WD 2004/ 0544 2 NWR (270 WMHz,

CDC13) mil2.34 br-s, "I ' H), 8.09
(slH) 7.59 (s,1H), 7.31- 07.49 (m G5H), 7.01 s,

pr i dsl)téjfe%ﬁ { gAcggl'%@ &Fbﬁildg%maém Qrgz‘?rﬂé‘ J}n@lﬂggﬁﬁ fﬂ% ﬁ)%‘ﬁrﬁmdﬁfh BN
(1.0 mlFwasided &tert-butjmmldazdeaé{;arbpx@bmeofs (B(hmg, 0.197 mmol) and the solutlon was
repeatetP YratfaiY AT 2 BRAMMNL A Verdvh Db RY Hichich MRS, Womtloy the additon of
Cs2C05 (96 mg, 0.296 mmol) and the evacuation-fiushing process was repeated again. The resultant mixture
was heated for 14 h at 80°C. After the solvent was removed by evaporation, the residue was dissolved in
EtOAc, washed with water for two fimes and saturated NaCl for three times, dried over Na;SOs and
concentrated in vacuo. The resulting residue was dissolved in 90% MeOH aq and applied fo reverse-phase

| HPLC column {YMC-Pack, ODS-AM, 20 x 250 mm) and eluted using a linear gradient from 70 to 74% MeOH
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Route B: N, N -diacet hyl -2, 5- pi parazi nedi one | Wdgbruary 2007
prepared as in Exanple 1.

1) 1- Acetyl -3-f(2Z)-benzvlidenell -2, 5-pi perazi nedi one

(17) Ao /' \ NHI1 / O To a solution of benzal dehyde

wo fodékapd 9, 5.05. mol) in DVF (5 nl-) waspcansteshsio2423z
conpound 1 (2.0 g, 10.1 nmol) and the sol ution was

repeatedly evacuated in a short time to renbve oxygen
andflushed with Ar, followed by the addition of
evac atlon flu @Ql n

WOl 8 51 e 8 B R oo SXBercie el epnsF it

evaporabntbgmch ofsaig (B2%H) ofyei@tv c&@éﬂfﬁrﬁbﬁmﬁﬁy@bbﬁé@mas‘ﬁﬁt er the
evaporation, the residue was

& Fhe e P B ARSI Ul 109% Neo s

t fh% HPLERbTeCof O a6 syWBtic tIWRBRRAnMIANRNRIORYG PR [RE Rolle B is
saturated NaCl for three tinmes, dried over Na2S™

dep'ctegﬁgg%ﬁcentrat ed in vacuo. The residual solid was

r Wo&fﬁﬁt@d d ﬁ%pﬁehﬂhmsﬂ%gvbt@s Wefe srtheSiRh adehidiry 19Tt muhddtoBRoute

solid of 1 i el
A. In the spthesisgi{g P@H‘Pﬂ@h@%ﬁhﬂ@?ﬂegﬂ%&““ﬂﬁ%w? modiatings fo thg begzakiehyds
compo?:@hAw&? @ieOf i - ned 17

ce enz I enel erazi_nedl one

s A et 6 e o s G (ot YHIC Rack OB 0 % 250

Gradlerﬁf es%rté 750U & héthensl et sptkmad: boada, ieba 1y 68 inkS0doBRetiBol sg@teﬂi 9=Yow
t he s | uti on was eat ed| evacuat e
et 123373 OB ) om0 oo OBy B G (1 Aard th above
exemplfﬁailt&me@dro&ynytahgmmmu pwuu%lﬁ by:ﬁ&%@m (96 nmg, 0.296
a us ro WwWas. re

TR R s AP R T s ih Slpscpriie
synthes?so(:@\ndéh‘ab@k of g@yﬁi’éﬁhé{'@lﬁlﬁsﬁmﬁs Ey@REe Casby c@m@?ﬁ@da, ?ﬂherex? e
) [ | due (0] C,, wasne W er or
cimel e ot s Sharogh © 16 (Bt v S er BB OB ok e bppsiae o e

imidazo\ig. Na2SO4 and concentrated in vacuo. The resulti ng

- si d n 90% lie

R s g Te R B WS iAo, o R %3k Soeye
Particulsfy) &eeereqhem;:bi Utl:lﬁtddudﬁbh Bﬁ%@!d%ﬂyﬂ@v%ﬁcﬂgg%?b mi gegwr@mnﬂﬂusﬁ:mymm,

i : . -epnr X . .
and oxypien A 3P I3 S48, HRIp gDy 6 THE 1l Weg. S, o Hpleof
dehydropheniahistil 20%)n , Using (Rl &8°, Clhere ri@Osefiuieacet of drfrodaetisn 6f(1hd gidchpEs is

opposn? [ﬁﬁfg /gou%?ﬂ’t)j%ra({\ q%}wy@%qﬁgpyéﬁ&% rsg?n hes?sn ortlhp a %ce amount of ﬁ]e régswed Bu-

dehydrdPEH wastabthiydd mdedmyudfrymm 0D, althdugh Inlthe infrbdRctiondifilst baizeltiatlydofd gave
a 76% 3tfit§ae oftthe:li'nte(%lrr(te I&%@ ounrtWI aﬂnssrgs!u md ‘t:e(a\/ha{ i?r%ayvg%%ifﬁgﬂlt%g/?mroduce the
highly bulky imidazole-4-carboxaldehydes 15 with a subshtutmg group having a quatemary-carbon aon the
| adjacent 5-position at the imidazole ring info the intermediate compound 17, suggesting that the sequence for
introduction of aldehydes is an important aspect for obtaining a high yield of dehydrophenylahistin or an
analog of dehydrophenylahistin employing the synthesis disclosed herein.

 Fromthe HPLC analysis of the final crude products, as shown in Figure 4, a very high content of tBu-

- dehydrophenylahistin and small amount of by-product formations were observed in the crude sample of Route
A (left). However, a refafively smaller amount of the desired {Bu-dehydrophenylahistin and several other by-
producis were observed in the sample obtained using Route B (right).
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The HPLC profile of the crude synthetic 1 February 2007
t Bu- dehyr ophenyl ahi stin from Route A and from Route B
is depicted in Figure 4. Two ot her
t Bu- dehydr ophenyl ahi stin derivatives were synthesized
wo Reg@BEgsng to the nmethod of Route A | n trhesynihas:s
of the additional tBu-dehydrophenyl ahistin
derivatives, nodifications to the benzal dehyde
compound 4 were nade. Figure 4 illustrates the
simlarities of the HPLC profiles (Colum: YMC Pack
ODS- AM (20 x 250nm) ; @F@%ﬂﬁht 65%to 75%in a
nmet hanol -wat er systemfor 20 min, then 10 min in a

100% nRichaR0 Lamé¥§$a@§knﬂﬁ$isodﬁ’0eh&cﬁ69ﬁénﬁéh%m Rialofd D. 230
nm fromthe synthesize ehydr ophenylahi'stin of
ap| £z-Bekphcne -3 ida BRI PhbthyieRl-piperazine-2,5-dione
%@3@@%@%@%’3 ﬁ%ﬁ mrﬁéi}ﬁfa@%%@u nd pgcgld u cj}é dé}g 9” Ré) ute A
The "sequence of introdugtion of the al dehyd [
rel ey ng to t he yieldxﬁgérbs t herefbre
synt’he&i s. An anal ogue ggf gdehydr ophenyl ahfst3 n was
sythes?zed, as a control or nodel, wher@k§d he
di met hyl al l yl group was changed to the t
group with a simlar steno hindrance at
of the imdazole ring. The synthesis of
"term butyl (tBu)-dehydrophenyl ahistin" using "Route
A" was as shown above: Particularly, the sequence of
i ntroduction of the al dehyde exactly follops_the
dehydr ophenyl ahi stin synthesis, and exhibjted a total
yield of 16.5% t Bu- dehydrophenyl ahistin. This yield
was simlar to that of dehydrophenylahistin (20% .

U&kbérlggggg B"taMheraﬁﬁﬁgnﬁequencb of ig&)ﬁﬁgction of
the al ddhydes is oppositg that of Route YA Tor the
dehyd?oﬁhenylahistin synthesis, only a tracé& amunt of
the desired tBu- dehydroPLH was obtained with a total

yield of 0.9% although in the introduction of first
benzalaehyde 4 gave a 76%yield of the internedi ate

conpounld 4dl7. This result indicated that it may be
difficult to introduce the highly bul ky
i m dazol e-4-car boxal dehydes 15 with a substituting
group having a quatemary-carbon on the adjacent
5-position at the imdazobgoring into the int di ate
cQ u d0}7, suggesti ng\yhat the sequence r
iﬁgggpgqtrﬁﬁ oF~a+deh§ﬁé§%§2Han"?ﬁﬁbrtaﬁ?gggﬁgﬁnefor
obt aithi Rg a hi gh yi el d of y@#ehydr ophenyl ahi st## or an

- anal og of dehydrophenyl ahi sfin enploying the synthesis
di scl osed herein. Fromthe HPLC analysis of the fina
crude products, as shown in Figure 4, a very,high
content of tBu- dehydrophenyl ahistin and smaljl ;anount
of by-product formations were observed in thg Crude
sanple of -Route A (left). However, a relatively

- smal l er, anount of the desiged t Bu-dehydrophenyl ahi stin

X cts were observed in jhe
Tight ). *-37 |%%bﬁuary
_/§4232 EXA| NH

and seyeral other Py- pr o

fpE gt gtraed ushing Ro

g?““ = /§054498 PCY
of Lad

Al t er nati v&z~#amner - Scal & Synt h
Dehydrqahenylahistin and Anal ogs
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Synt hesi s of 1 February 2007
3-Z-Benzyl i dene-6-(5"-(11-di nethytoftyi)-IHimdazol -4
t Zyl met hyt enej - pi per azi ne- 2, 5- di one |
(Dehydrophenyl al histnj (1) \ / Y )r 0 off 00 0= t c

- wofdbgeseps f OHd a YO 0000 T g OO0"/  ftusgooshiadl
O~h\ t"IH" V' / NH O ON N} 0 OO NH N=— I
(ITNHN21T ki HN\ NHNH\ /'"NH 0O/ Ner 0 -381
February 2007 WD 2004/ 054498 PCT/ US2003/ 024232

Reagents: a) LDA, CH3CHO, b) Tos-Cl, pyridine; c) DBU
o ReagaptHe) LOR G Jos-§, pridingso-BRYHINEOH; RO %P%@r@@@f:;‘t

BuL; )so“%i\'@r@mh@,oﬂ Ot ) LAk 4ok Xy ViSRkeetierazine-2.5-dione, Gs:C0;; |
d} A2di acet yl -pizper)azi r%e]!_?n& d)l one, %@5&&3; i)IO ® G005

benzaldehydo.4588hy de, Cs2C03 3- Hydr oxy- 2, 2- di met hy! - but yri ¢
acid nethyl ester Il \/ ONi OLDA OHO0 A solution of

3-Hydf&nfgi2‘)2jdfﬁiemﬂ%ﬁ@ﬁd%ﬂ@§f@yl benzene (2 M 196 m, 0.39

was added under argon to a solution of methyl

i sobutyrate (45 m, 0.39 nol) in THE (270 m) at -60
and the resultant m xturg was stirred, for 30 mn. A
solution of acetal dehydey 27 m, Q. 48 myy) in THE (45
m), pre @10 - 60+—was—added sTOWY and the
resulting sdution stirned for a fwrh2r 30 mn.
Saturated a nium chloride (50 m) was added and the
solution was allowed to warmto roomtenperature. The
r & satutionahL DA inx heptes:/ TRB/sthydbetizerd KOt 96\l th3%antiol) whs ddee tiaderssrgon fo a

solution of methyt isobutyrate (45 mi, 0.38 mol) in THF (270 ml) at -60° and the resultant mixture was stirred
for 30 min. A solution of acetaldehyde (27 mi, 0.48 mol) in THF (45 ml), precooled to -60°, was added slowly
and the resulting solution stirred for a further 30 min. Saturated ammonium chioride (50 mi) was added and
the solution was aliowed to warm to room temperature. The reaction mixture was exiracted with ethyl acetate,
and the extracts were washed with HC| (2 M), sodium bicarbonate, then brine. The organic layer was dried
over magnesium sulfate, fitered, then evaporated to give a clear oil (52.6 g). Distillation 76-82°/30 mmHg
gave pure 3-hydroxy-2,2-dimethyl-butyric acid methyl ester (42.3 g, 74%). (Burk et al.,, J. Am. Chem. Soc.,
117:4423-4424 (1995)). |

HNMR (400 MHz, CDCl3) & 1.15 (d, J= 6.2 Hz, 3H); 1.17 (s, 6H); 2.66 {d, J= 6.2 Hz, 1H, -OH); 3.71
(s, 3H, -OlMe); 3.87 (app quintet, J = 6.4 Hz, 1H, H3).

2,2-Dimethyl-3-(foluene-4-sulfonyloxy)-butyric acid methyl ester

\)><Tfo\ TsCl %l’o-\

OH O Pyridine c O

To a cooled (0°) solution of 3-hydroxy-2,2-dimethyl-butyric acid methy! ester (52.0 g, 0.36 mol} in
. pyridine {100 mi} was added gradually, p-foluene sulfonyl chloride (69.0 g, 0.36 mol). The mixture was
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and the extracts were washed with HCO (2 M, sddiabmary 2007
bi carbonate, then brine. The organic |ayer was dried
over nmagnesiumsul fate, filtered, then evaporated to
give a clear oil (52.6 g). Distillation 76-82730 nrHg

WO WeBagesir e 3- hydr oxy- 2, 2- di met hyl - but yri ¢ \ancesbiaydz
ester (42.3 g, 74%. (Burk et al., J. Am Chem  Soc.,
117: 4423- 4424 (1995)). Ile 1H NMR (400 MHz, CDC 3) S
115(d J= 6.2 Hz, 3H) 1.17 (s, 6H) 266(d J—62

allowed jo \Marrg F'J L{cqggtempfl’atigre arp_@é'ﬁ gi?red%or 60 h OM% réac’uon was agyeunD B olé%! in |ce and ivas
acidifi e&by&dﬂﬁloﬂﬁtm["z 8- Tﬁeoésuameeldhols wﬂasfsxmﬂed)vﬁm)eﬂltﬁ tesate e extracth were

washed.l%th Q-XJL érawe(cb'tyd g@'etﬂp?r%lﬁd tgfgwe (aOa';‘Pwﬁ’éﬁ fonnecp a wtcn%e precl;()?t: tS € upon

standing® - ThisOibae/was ,dRsoled i thi ylnimom taynbunt of @i/ Goetart dny thereligitit $étro(eﬁrﬁ wék

addod erpiye RPchib O vt VB o puS! (et Feifgetes

nartiallyrvapbrate®and@ second 3Qp df crirsedwagtolieci A And addd@o2MR At to&idrd 2 3-dimethyl-3-

2003 024 warmto roomtenperature
(t(’]”e"%%%”fwz 'i‘cra@ém‘f%@?es%ﬂxf?dg* %6%@ reaction was aggu n
oamlchmowm»: @l‘atc@rafl m@sant),aqs @i Sy, elcm?w afwgi Bmitrtzh@f(s Hﬂphﬁ@)
resu an ol u on S extracted w
558 (5, PO S Qo T 400 11 e (s b b b o = i
k&vhm;onc& thefalansk ARRQHEM e crlid 2Q1dHRthAD- (taudnemﬂf@noxy) butyric

\/\4;8 e precipitate upon standing. This
ac’dmeFW'ﬁﬁtﬁfr(@()\Ba i ssol ved in the nini mum anount of et hyl
acetate and then |ight petroleumwas added to afford
pregci p ate which was coll ected and washed
zzo'mﬁﬂ’ltlﬁ“tﬁ‘ﬁ?"@af"ﬁﬁﬂb & rol eum The filtrate was partially
evaporated and a second crop of crystals was collected
and added t th§first to afford 2, 2-di net hyl -
(tol uene- nyl oxy)-butyric acid nethyl ester
(81.2 g, 78%9 .0 1H NMR (400 NMez, CDClI3Y /51.12 (s, 3H);
1.13 (s, n3HLA1. 24 (d, J{;BUS4HZ : QA% (s, 3H
- Phive) (s, 3H, =OG%E)y2794 (quartat, J= 6.4 Hz,
1H, H3), (d, 3= 8.0 Hz, 2H), 7.
2H). - Evag tion of the final filtrate afforded

2, 2-di nmet hyl - 3- (toluene 4-sul fonyl oxy)-butyric acid
rreth)é ester (19.0 18% . 2,2-Di et hyl--but 3-enoic
e solitioneof ﬁ%ﬂlmé@ﬂ %ﬂoluew seffontiasy)-bigyic et et pster (18.0%y,10,06 n)&l) in

DBU (1§tﬁ] \Msfs'h%d Qf 140 160“ for 3 5h. The mtxture was aliowed to coo! to room femperature and was
|rrr-,\t§\e 3- (tol uene- n yric acid
then d*‘%{t WI ethgs t "{'&B@ U ugshed WdBHﬁ*dI' %Sﬁdﬂmshﬁﬂ(bmf@fenw?" tig The
ethereaih@@atvﬁ’a@ dﬁefd and @Rrtigl Quab@teddo Givdla coﬁ&ﬁtra@d’é&ltkﬁﬁ@of‘é@%n@ﬂh% BB dnoic
cool to roomtenperature an

acid meihyl_ ester (10 g). (Savu and Katzenelienbogen, J. Org Chem 46:239-250 (1981)). Further
evaporation was avoided due to the volatility of the product (bp 102°). (Tsaconas et al., Aust J. Chem.,
- 53:435-437 (2000})..

*H NMR (400 NMz, CDCl3) & 1.31 {s, 6H); 3.68 (s 3H); 5.06 (d, J = 17.1 Hz, 1H, -CH=CHz); 5.11 (d, J

= 10.7 Hz, 1H, -CH=CH); 6.03 {dd, J = 17.1, 107 Hz, 1H, -CH=CHy)
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then diluted with ether. The mixture was washed fibrkary 2007
HCl (1 M, sodium bicarbonate, then brine. The
ethereal layer was dried and partially evaporated to
give a concentrated solution of
wo Rpdesdivget hyl - but - 3-enoic  aci d net hyl estmITiskfiz@l4232
(Savu and Kat zenel t enbogen, J. Org. Chem 46:239-250
(1981)). Further evaporation was avoi ded due to the
volatility of the product (bp 102). (Tsaconas et al.,
Chem 53:435-437 (2000)). 1H NWR (400 NMz,
22‘”’”@%@?9@@0@1@ 6H);: 3.68 (s, 3H); 5.66 (d, J=17.1
Hz, -CH=CH2); 5.11(d, J =10.7 Hz, 1 H -CH=CH2);
6.03 (dd IJ¥17.4L,10.7 Hz, 1H, -CH= 4 ZLP 1 February
2007 WD 2002¢054498 PCTtS2003/ 02 °
2,2-0 nmef hyl -put - 3-enoic acid OH 110f 50 The above
et hereal solution of 2,2-dinethyl-but3-enoic acid
nmet hyl ester (10 g) was diluted with ethanol (25 m),
sodi um hydr oxi de 44 M 22 ) was added and the .
m R ebave eiipses! spiufionrod & 2-diethhbulBrencic prié methy! aster ¢19 ) weassdiluted with
ethanciPB inf) 's@éﬂnYhy@rHﬁ!@@fh@tzf Ehgﬁé% a&o%ﬁ%%e}r_%ﬁm%a? ]%IHQJ og%ﬂﬁ;\t the %piutron

resul tant m xt

was Darﬁa“b%ya@fatems'ewe th%&ihaéqﬂ awtherrﬁsdlenfthuad@s aded taiel (1 @0 mi). The
product% éx@é&ie& w’t?ﬁa‘fhﬂ aE’e’tdteeéﬂd RE SrSEARRY, deaqd évao?é'ceH g: 09[\!9 2, 2—d|mre)th)Sl -but-

ut- 3-enol c acl

3eno|c@m9ggq1§8°/e¥st@§) (Haypshi ehaly J. Qrgn Eham., ’6@10%&48@(2@@195 (2000) .

1

TR 2 g o oA o plos ity e,
TH, -CH=@l4:- G0d, J 6 1705 108, TH)-CH=GH2)10. 8 Hz, 1H, -CH=CH2).

I\/bnoet hy! hydrogen nal onate (W erenga and Skul ni ck,

"Aliphatic and Aromatic O-keto Esters from I\/bnoethyl

' N esitu hdrogen mglvnatz (Werenge whdaGkuitickt ‘AliphatiOanadnimeatic-kethEstesssirom
Monoet@hélqﬁ&% '(I_E)E%ﬁg é? EE@tatE "o, rézgn%)sl/rgfgsegcoﬁa‘ch&e \T&lme'f Zlﬁ% O OHOO

suspended i n.water (15.6 nl) and coq] e |_n an | ce

bat h. Co enffrated HO (12.5 M) wa ed _dropw se
over ZYdien t he M XTUTe was e or a
furt’ﬁwer 10 mn. The precipitate was filtered, then
washed twice with ether. The filtrate was separated
and the aqueous phase was extracted with et her The
conbi ned et hereal solutions were dried é and
dpeessiuenaloppte£5 Gt 815 el wamsushended ingvals el 1§ mi) WGPQ’PQW" ice
 bath. C&ﬁérﬂﬁéﬂﬁ)l (1@-9%!) Gas a%&ﬁ:lm?%e%t?er WBRin, Bich 6 mbtR s é{iﬁ’gdjf&ré‘ further
overnight (o 011 nm l)h Prlor to use. -

-10 min. F@I}grmpgp@;atez\@ﬁg-ﬁltered then washed twice with ether. The filirate was separated and the
agueous phase was extracted with ether. The combined ethereal solutions were dried (MgSQs) and
“evaporated to afford, as an ofl, monoethyl hydrogen malonate (19.2 g, 99%) which was dried under vacuum

ovemight_(or 50°/1 mm for 1 h) prior fo use.
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WD 2004/ 054498 PCT/ US2003/ 024232 1 February 2007

4, 4- Di et hyl - 3- - oxxo- hex-5-enoic acid ethyl ester OH
i) CZozClz /IDVW O0{ 0 0 O BuLl HO Oxalyl chloride
(3.83 mM, 43.9 mol ) was added dropw se to a cool ed
wo 10040530k ut i on of 2, 2-di net hyl - but - 3- enoi cpcaRiEo06/240329,
43.9 mmol ) and DMF (1 drop) in anhydrous
di chi oromethane (25 m). The mixture was stirred for
I h at 0, then for 16 h at roomtenperature.
ctional dist;l] t|on (121 /760 mrHg) afforded 2, 2-
44-Dmaﬁh tof‘ﬂflex"hﬁ’io’cﬁc"éﬂ SLh| ori de (4.1 g, 71%. Nonoet hyl
hydrogen nalonate (7.2 g, 0.05 nol) and bipyridyl (few

ml I \gragg) wergCeRShoPMed in THE (98 /) and the
Sy fl usheet~wi*th nitrogen. | S -

cool edpto - 70, tbencBuLl (2.5 Min hexgnesy 37 nl,
0,09 nol ) wdis adfed A Alter Ble addition of only 10 o
of BuLi the safaitidn Purned pi nk and additional THE

(15 M) was reqwred to enabl e magnetic stirring. The

o | AT B 3o R U B0 o o 4 B8 B A2 R

but-3-endii agith( 510Igel3§ammﬂ aro BME (frdropidn anbydtous dickistemetiene(2inlk tThe mlxmvawas

stired @9@{ %o%ﬁﬁ%%‘% ro@r?te:ﬁ&%lm?e ﬁ{%l:t‘&ﬁa ddfs'ﬂl&aﬁgnfﬂ?ﬂﬁo gEe e 22

dlmeihyl but33HEyl(:flcﬂldmﬂ4)1 gViA%). added dropwi se. After addition was

OB st £ VS Gy 0y Wy Gy e
(90 ml)eﬁn'lhée Aystembd@s figsaeiitringrogan. The aelidions wasr aoglel! 1 e#0°, dheh Bl k2ebrM in
hemne%f%wyo.ogl@@im%%] Qd Ca %%%Pdlﬁé@gf oﬁlf %Yn?gf Bul\fmlg ﬁl Ihr | Eg‘.and

I car bonate sol uti on, brlne
additionah tHF d el wast reqiireddo giable magn4tic giirmngt ﬁ'ye cBling bath h:eeaeﬁevedw giddhe

remam% Bdl; ﬁ%h%ded eiﬁ% Zeﬁgé{%gg ggsogoli&?eﬁ% [%ldﬁ'aga & {iHoF %hl%ﬂhe so!u? ?nhturned

colorlesgy @@l iU Was\egrin ¢oviedio 160Prandcp) solutioh of Aladimethyktwt-Thanoyd chloadte @t e

003 mﬁzﬁﬂ?ﬁgiﬁ%’c\% ﬂg%ﬁ?&@%% ?\ﬁ%r aga%glf_ﬁas c@.ﬂe@ & xt%& was‘]agowsgﬁg&ann

to 0° apl |stlr for @HQ@HB\yas agdegd ® a(1et, mixiure-of gthed 1MHACH (2§B-[n| at@Fﬁ@myed o imther
15h. fhg ’orga}nc'raygr (%EIZ%@I% e& ohastiad-ditT ﬁbﬁ §0df§rcr? blc&bnatd so‘l‘ntlonll;rmt-,7 then Ui

and evazor@ﬁd t@mmwmmeiw Xpriyax-53naiyeoid kbt exr Srfcd, 88%c (Hayaehi Bhal., J. Org.
Chem, ?%@gi%%@@)\%ggmg@a Oit %l«%eﬁ&% (X%)"If@knﬂ@ fﬂﬁdteégjéﬁ@éﬁ%v

coo
AHAVBI(498 MHxy CDGk) 6:0 86 hékl} 1 51 (briob.8 Ha 8H, dCIéb‘M:y B.5bist28), 4.081(0.8'3
9, ) i ). -
69 1z, 3, -Ch. O ﬁ%’dda{ 7. B LRER K 41 B0l e%:@-};l:{lf 588 (0a J
17.7, 0844, 1H,f@FCAD min, after which it was heated under
reflux for 2 h. After cooling to room -42 ------- --
----------------------- 1 February 2007 WO

2- Chfoﬁﬂﬁﬁh@@m&hexmmmﬁ@mﬂ PP 4232
Cl
. SO,Cl
%O\/ 2 25 \\\%0\/
0 O , © O

Suifuryl chloride {0.84 ml, 10.4 mmol) was added to a cooled {0°) solution of 4,4-dimethyl-3-oxo-hex-
5-enoic acid ethyl ester (1.83 g, 9.93 mmol} in chloroform {7 ml). The resulting mixiure was allowed fo warm
to room temperature and sfir for 30 min, after which it was heated under refiux for 2 h. After cooling fo room
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tenperature the reaction mixture was diluted witfebruary 2007
chloroform then was washed with sodi um bi carbonat e,
wat er then brine. The organi c phase was dried and
evaporated to afford, as a brown oil, 2-chloro-4,4-

WO mos1esadey| - 3- 0xo- hex-5-enoi ¢ aci d et hyl estmErrn(s2008@24g32
93% . (Hayashi et al., J. Og. Chem, 65:8402-8405
(2000). "H NWR (400 MHz, CDCI3) 5 1.28 (t, J= 7.0 Hz,
3H, -CH2CH3); 1.33 (s, 3H);1.34 (s, 3H); 4.24 (q, J =

temper,z_\%rg t%act%@m@%gaﬁleﬂ éﬁ‘( é\%rogoﬁn t%h'gva? wgsﬁed(\ﬂlh sc]d:um lﬂf}-b&ate

water Beniing. dthe cigadi6 pHasel Bas lrigdzgnd mporat@Ha@ﬁmq aS @cbfqm 0t| R-chloro-4,4-

a3 A AL, B .20 s

(2000)5- (1, 1- Di net hhyl -al I yl') - 3H—| m dazol e- 4- car boxyl ic acid
e t +i.
oA Bl pr 408 A rchi A 15p e 4 3Tt Mg -

7.0 Hz 2HG IOHEDHe):- 41948, ol 528 tiyJ = B-90koth&k=Ghphef (d, Jaci0d HatHyLCH=CHy);

St 4.9, nmol) and water (1.94 m, 0.11
5'96(dﬁdl“%‘?’ﬁ&‘$g?ﬁ%r’v‘f}%g&?%. 8 m) was shaken briefly, then
dL@msmsedsqzmaM(cﬁnmrm m vials. The vials were

r 5 h. After cooling to
3?%%&'@?3?“ gﬂwom?fﬁlghewugfc@ contents were conbined

5-(1,1 a:m@lrhwwymmﬂsto@xmmﬂm acidotylwdtarh chl or of orm The
extracts were drled and evaporated to afford a
concentr at ed ul?r mam de spl et lon (14. 7 OH This was 0 0.~

dedtoasHm—qcol 7cmd|a 1lcmh|gh)
~pscked bn 1% MO 1 |nf:hl ut|
hdl ¢ nnvmchLoft Phixture f ovved byZLO.d‘f

2%%(9#1%Et3N|n chloroformafforded in the early
fractions, a conpound suspected of being 5-(1,1-
dianméphnslon al 2- shiojo-dcbdinmthyiE-ox-lemb-Broik el cethﬂcest@r é& 419,I 0.09 9o rand

water (&lg\’fﬂ% @@o%ma@%ﬁg? %éﬁ%@h%(&ﬁ}néﬂy?heﬁ ﬁl.c}:fegég?_éto@l 5 m 8l vidid The

vials we@m&l&)\d hedtedd 1685, forGH) ;After.c8dling(to rood temperatgre,me weﬁsl@ntents were

combn}jed aﬁ%ﬁ tﬂ? exg%usl&ﬁy wi ﬁlé{é[&rf]‘l ﬂé ?é'ar% uﬁreﬁf:oqf@)evapérat%to Gbrd a

concerirati] formhideCieBYon (2.7 This was ddjied to TaifSa cama (Benpdianeten (1 G helght)
packec¥ ﬁ/i”g%%l-rl@’g \%BN’SLm E:Iﬁc]éﬁfﬁ%g%l?ﬁgﬁ d5} the BRHRVRR 88 of thiOMkthrd foftdwed by 2 L of
2% MEDH{1% BN nisiangioyin -adidrdegt if the lprly i¥ciens o eompoupeh puseRelpd pichelde Pif. -
o b SR R 2, 8 T O,
( BIBLOMnm)i f4= 8.6BKEOMBARMIG.A00 MHz, CDCI3) S 1.38 (t, J =
L o o P o e B 2 -
CH,CHI .03 @HIEG}ISBIZ, 1H] -CHRCH,)5 5.02Hl), J = 10.4 Hz, 1H, CH—CHz 6.26 {dd, J=17.4,104 Hz,
- 1H, -CH=CHy); 7.83 {5, 1H}.
LCMS Iz = B.OB {2101 [M+H)*, 361.1 [2M+H]*) min,
Recovered from later fractions was the desired 5-(1,1 -dimeﬂwl—alIyl)—3l-l-imidazole-¢carboxylic acid
othyl ester (3.13 g, 17%). (Hayashi etal, J. Org. Chem., 85:8402-8405 (2000)).
HPLC (214nm) £ = 5.52 (96.0%) min.
1H NMR {400 MHz, CDCl;) & 1.38 {t, J = 7.0 Hz, 3H); 1.57 (s, 6H); 4.35 (q, J = 7.0 Hz, 2H); 5.04-5.14
{m, 2H, -CH=CHz); 6.28 {dd, J = 18.0, 10.4 Hz, 1H, -CH=CH3); 7.52 (s, 1H).
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-43 1 February 2007 WD 2004/ 054498 . PCTf US2003V Betyomye 2007
LOMS tR = 5.30 (209.1 [ MtHp, 417.2 [2MtH *) min.
Addi ti onal
5-(1, 1-di nethyl -al l yl)-3Hi m dazol e- 4-car boxylic acid
WO sdolydsqssst er was al so recovered from the mruswnspBiziz9
g, 1999 which was of lower purity but still sufficient
for further reaction. Another byproduct isolated from
a simlar reaction (smaller scale) by further elution

| u % hl f
o[ggg‘g_gnggrgnﬁ%\%ﬁtgag I\%gﬂﬁé/ Et 3N i n chl orof or m was
5 Addkiorkt s:lu maﬁnbw all?l él—Vmﬂiaz@le#Jcé?BoﬁﬁcZ &td%mﬂi estErEWR QY +ebd»aer§cmﬂ1

the cot\S{m;Qg QQ@Q‘VWh @gﬁ@w plgtyj?utgtgl svef@crent@]qsurthe rgagyo?lz/acj mJ " - 10.6
|‘Mnothlahl.yprc:d@lfr'i%tS\l?;\'t@)fmm asifiier r(eé%tnon%smaﬂe?scﬁsé% furthe! éﬁhorroﬁh?@iﬂ%}l with

5% MeQ@ﬁg E&ag{m_ch[ér;fqr;l V(agg gon@oqlakmeeted @;gg':ngﬁ ([1 mﬁ]iyj a!ly/,f Hi-i :m:dzlz_z!)ofe-ti-

carboxﬂlr’éa&dl(ﬂﬂ?' Q)%yet hyI ai tyI )-3H i m dazoi - 4-yij-nmet hanol 0.
Iﬂ4 N A solution of

SH'f'-f WW)WHMGB%%I"W) 3H i i dazol e- 4- carboxylic acid
eﬁihNNﬂR @SURE, d[ﬁ@a}%ms (s @91‘%'-)10692 1Ff Hﬁ#b A9 s ki, Yo 7 Hy,

added dr opw se ens ‘on hi um al um ni um

1H, -CWHB&&(dqg5%éd%§ﬁémﬂ1 CHz 068 @1H)25 o mol) in THE
t t d at
(ﬂ(ﬁﬂéﬂ%ﬂq{é? @ﬁHﬁhﬁ H%@HW stirred a roomt e

erature was added unti |

-1, 1@ nEk&ﬁ’Mb@H’@fdangsiﬂ]@efé@e’d the mixture was shred for 10

mn, then was filtered through a sintered funnel. The

i e,Gvas” washed with THF, then with

the fiNsatle and washi ngs Hihke conbi ned\ /evapor at ed,
ied to afford—>= X

yl -al lyl)-3Himdazol -4-yl]-

0299 . Residual water was renove

azeotrop| ng with chloroformprior to further reaction.

o (@é@h% g-gﬁrdlrrgfhyl»gl[yl) -3H-inidaggled-cartbpdignacid etiybesen(§A3 8498 mmol) in
- THF (64 ﬁg@&)abded b?@%/ge {o%‘é&?gﬁhoﬁ d?lltﬁuﬁafl%nltﬁﬁgdﬂge/t%%@t'ﬂisenﬁdﬂ NMB 20

mmol) lg THE) (48 rqﬂ@nd tﬁq.mtxturgu&s@i@p at lgormgmgqgature fgr 4:h 1¥ater Wﬁ&addq_d i the
evoluin @Hfa%éed tﬁé n%‘i)@ure( ﬂeﬁ shrréd EWI} nf n ihgn Was'fifered Jchrdﬂglﬁ 2 GirHamel. The

pr ec'P'f@e P’T “@S’H‘ W'E‘tTHf ffhea Mﬂwﬂ@w |ﬂm ﬁlﬁ@tﬁ Wé@ﬁiﬂ%Wﬂ{ﬁa(?ﬂﬂ!@Wo@aPO@hd
then frelBzeMAbto afford [5-(1,1-dimethyl-allyl)-3H-imidazol-4-yl-methanol (2.56 g, 102%). Residual water
was removed by azeotroping with chloroform prior to further reaction. (See Hayashi et al., J. Org. Chem.,
65:8402-8405 (2000)). -

HPLC (240nm) £ = 3.94 (56.8%) min.

'H NMR (400 MHz, CD;0D) & 143 (s, 6H); 4.57 (s, 2H); 5.01 {d, J = 10.5 Hz, 1H, -CH=CHy); 5.03 (d,
J=17.7 Hz, TH, -CH=CH); 6.10 (dd, J = 17.7, 10.5 Hz, 1H, -CH=CHy); 746 (s, 1H). '

LC/MS te= 3.77 {167.3 [M+H}*) min,
8-(1,1-Dimethyl-allyl)-3H-imidazole-4-carbaldehyde

OH ' /O
\)4(( MnO, w
Z NH UEC /'_}QH

N=/ | N




N IHNH -44 1 February 2007 WD 2004/ 054498 1 February 2007

PCT[ US2003/ 024232 Manganese di oxide (20 g, 0.23 noi)
was added to a sol ution of
[5-(1,1-dinmethyl-allyl)-3Himdazol -4- yl]-nmethanol

woO fo8s/B5619g9, 0.02 nol) in acetone (300 M) and1idse003/024232
resulting mxture was stirred at roomtenperature for
5 h. The m xture was filtered through filter paper and
t he resi due was washed with acetone. The filtrate and

shi i ned d ff -
TRl (o B2 poloes 586 5 00 B bpr bt
yiH meﬂ(aﬂo] 3256 g, 0.0 i) in adetdpey@®IMI) aad thefesultidy mikdirg wals@i&mai; room temperature
for & h. ?nﬁlﬁ Bl VW/&F Ee&é‘@o er p{a'@écn: g%gl uag@g R@hedéqnﬂ acetgnel ) Ee(/%}[ate
and wadhings W6re Gorhilined And-bva @iﬁ@‘ﬁﬂ)fd 541, Lﬂmétﬁjf—aﬂﬂ -3HbnfidadoldtEcarbalddtlyde

s B % % 6%&9?8308@9@% Do 75 (16b 2

[mnte[xz)qonm = 408N0e5%)mi3- [ 5 -

A s o SRS M ST 0

1H, CHQ)H'BS?&ﬂ @lQJthTI30106¢fz|1H|-§3H—§If_-E)775&s 1H), |10912(s, 1}8 hlrcg)h de (1.78
- i m dazol e4car bal dehyde
30“%?"01%3? ﬁﬁ b\\wg(% m) was added
1, 4-di acetyl - pi perazi ne-2,5-dione (8.59 g, 0.04 nol)
s evacuated, then flushed wth
1A“Wgﬂg£&ﬂﬁﬁﬁﬂn@W§@UH ﬂgﬁZWW@@Hﬁﬁbmﬁﬁﬁ%%ggmﬂhs repeated a
further two tines, 4 cesium carbonateg(3.53 g,
0.01 ) was adde e:gg evacuation-fl usfii ng process

epeatedafu hree ti nes, thnt

enva s’ heat eg~—at=45 f
on m xt ut%]’ partially evapor te
under high vac®um©until a snall volUneCr enai

the resultant solution was added dropwi se to | ee-water

38yt T B SR A S oI PRE)
was addbd §4-divoply-pBerfatinie-2(5kiolie (8.59 g, 0.04 mol) and the mixture was evacuated, then flushed
with arg% qﬁé %ﬁ@hb'}é ﬁgao}oé:l_%s!s FS‘J%Q }?;;Zegt%q_%ylgéﬁwo rrﬁé,lrﬂgegﬁ u%lcgrgnrnag I(Br})g
g, 0.01 @oljwemnaddedt | The e(2ldnyHshingiRlots{ Rdsdamted Riurthed ek titnds? i6ghe
resultan%&i?re xﬂz@#@g‘ 4%2'86 é\ﬁHé' pelrga[c)%a ?ﬁxﬁu% gv%igfﬁgl&sﬁgap9r€t%{ (he%ﬁng ﬂ'ndgrshigh
* vacuum)Ciré! Gl volime @meéiokd add e @sultantjutichiias adBkddtiiRse toGoeQter( (S0ml).
The yel‘g%pgig%t&%\& lf%%%ﬁhidzc!{\': Jiven 12%1&63’8%%?@%&%—3-[&’-?1,1-
dimethyldaltyl)-1Biinsidaed-§ ynpthpewlpiperazine 2, Sﬂmb qmm CpNBEYYT naHayashi, 8 Patsohd
Commuxﬁ&ﬁon%f}). 4.60 (s, 4H.]

HPLC (214nm) £ = 6.01 (72.6%) min,

"H NMR (400 MHz, CDC3) 3 1.53 (s, 6H); 2.64 (s, 3H}; 447 (s, 2H); 519 {d, J=173 Hz, 1H, -
CH#CHz); 5.23 (d, J = 10.7 Hz, 1H, -CH=CHy); 6.06 {dd, J = 17.3,10.7 Hz, 1H, -CH=CHy); 7.16 (s, 1H), 7.59
(s, 1H), 947 (bs, 1H); 12.11 {bs, 1H) [obsetved ~2% 1,4-cliacetyl-piperazine-2,5-dione contamination & 2.59
(s, 6H); 4.80 (s, 4H}]

LC/MS g = 6.65 (303.3 [M+H, 605.5 [2M+HT) min. (n.b. different system used).

3-Z-Benzylidene-6-f5"(1, 1-dimethylallyl)-1i-imidazol-4™Z-yimethylene}-piperazine-2,5-dione
-45.




LC/MS tR = 6.65 (303.3 [ M+Hp, 605.5 [2M+H]) ni . Februasy 2007
different systemused). 3-Z-Benzyhdene-6
(5"-(1,1-dinethylallyl)-1 Himdazol-0 -Z
yl met hyl ene] - pi perazi ne-2,5-dione -45 1 February 2007
. WO M6/d3904/ 054498 PCT/ US2003/ 024232 O O O NeETeseddsoiziz/ H
~y OO O To a solution of
l-acetyl-3-[5 -(1,1-dinethyl-allyl)-1Him dazol -4' -yl m
et hyl ene] - pi perazi ne-2,5-dione (2.91 g, 9.62 mml) in
DNF (70 M) was added benzal dehyde (4.89 nl, 48.1
b and t he solutl S evacuated, tien flushed
A«gon The evac on-fl ushi procdss was

vexd Turther t tinmes, th cesyuniNdaribonat e
Hmol )_._ans_ached T Vv at' i ng
oc ss wasirepeated a further three ti thén the
r@sth ant re. was heated under the t@”rper

ad, shown eowAferat nme, of t he

Pt Pk R Setbi bl sy T Simehyapsopormie Jagiore

(2.91 gt $62 rmwog:w DIEF V8.5l v&lgl ld@@l:{ Eeﬁzaldé?@dér?]@'g@ mWfl% £ rnmbfﬁéh@ el shlutionl hés
0 ectl.e wasne W

ovacuaB, 0 st e e vt RO Yoo pet s g en

cesium I&rbaaatwtre ] B4 RSB wel A6ea W%vaécﬂatﬁtﬁlﬂtﬂﬁr@fpﬁbbm @é’sﬁébeﬁéd)a further

. er.ed through fi |
v g, i 16 s A et i o oot AR o piov
PATeICA iﬁtlafttlalb ef { Rihd Radlion ik hiloindddd daanth rdoR temper%tura Gnd(tﬁh?mzﬁ% was

ettt ekl e, TR pils Pcipleeiot bond il s ol B e e

to afforé@jellctl s $2.80). | This natekialbwasldigsbived dfdnie»dfoﬁrqsznﬂ)cnnefbd through filter paper

and i 5 Hiph TGRS 5GP L VO ERHG L0 SeTPLE (6 by

7.26 (9% Beam s paFﬂ@IlVﬁEsﬁﬁéd |mramdm1 (e@dhl), @8 sdspéheidn v)as soflciled fot 8 in#iéh

e solt S 53i65ed 3 AR] RO B 2 il kB inicepoy 7

yimethylef]-piderazihd-2,6-dibie, (1.82 ¢:154%) GhayashiZDarsobal 2dmruiticatidn eaoi} On.gi239-240°
“CH=CH?2); 6.06 (dd, J = 17.6, 11.0 Hz,

(dec) _orH=CHR): 6.99 (s, 1 H, -G C=CH): 7.00 (s, 1H
- HBLC21 48 (= 6.80 BO) RirbDB3(WR01%). X ArH); 7.60 (s, HZ');

b0 s Coriisi o T 8 ke 75 1 s bl 521 Qg ok

1H, -CH38i; 4.0 w}% 17.6, £1.0 spmwraHdem 6.90 ESME -0IC2CH34R005s, ivECECH);

| 73075@311 éﬁﬁ%%ﬁ%ﬂT‘Eh ARB 03t bohrp ool G oroform

3-cAreng B@@MH@ H iSomed, 8.73. (340 STRIEHTY bela 2+l Ebdomer) min,

i m dazal - net hyl enej - pi per azi ne-2, 5-di one (0.76

OG5 St BOSMAFGR — 5 Do (84 509 min. 46 1

FvfokaBonybf 6 QifforofdR sARRY! §avd 4rtfdhaPiAhdrsyidaR3¢- B2 £ 2d@ethylallyl)-1H-
_ imidaz_o!—4”-Z—ylmethyiene]—piperazine-z,ﬁ-dione (0.76 9, 29%).

HPLG (214nm} {z = 7.29 {84.5%) min.

46




3- E-Benzylidene-6-[5"-(1,1-dinmethylallyl)-1 1 February 2007
H i m dazol - 4" - Z-yl net hyl ene] - pi perazi ne-2,5-dione OO
O NH N\ NHN\ ~N\ NHHNNH 101 O O Preparative
HPLC purification of a crude sanple of materi al

WO mpnehesi zed as above af forded the geonetrdmus26BR232
3-E-Benzylidene-6-[5"-(1, 1-di nethylallyl)-1H i m dazol -
4" - Z-yl met hyl enej - pi perazi ne-2,5- dione (1.7 ng). HPLC
(214nm tR =6.75 (87.79) min. IHNW (400 MHz, CDCl 3)

g:%%-? Hl&engﬁ %H& 1@!7,@[}2‘351!1 11HHnida@_éc§_%eﬂwlgn @pe(aalae Z%dlgne

=18.0,10.4 Hz, | H, CH=CH2): 6.33 H CC=
6.90-7.65 (m 7H) ESVS mz 349.5 H], 3904

[ MFCHECNI #.  -47 1 Fepfuafy2007 2094/ 054498

PCT/ U52003/ 024232 Syn 5i s of ~

3-Z-r$ | ffane- 6- (5- & t - buf yf - | H i nydanel - B=Z- y| net
|_sine)~pi Wdine-2,.5-di-ene (2) 0 @n49 o NH O C

ttdNHNH_JOO N~ N 1r 00 O MNH 1INH K NH
H® NHPN NH 011 . Nd 0 2 Reagents:©g) S :
H2NCHO, H20; I)Li AlHA; j) MQ2; k)
1, 4-di acetyl - pi perazi ne-2, 5-di one, Cs2CC3; 1)
bBrﬁmtr@diﬂca purieiaad’ crude sample of material synthesized as above afforded the

geomeac G0 34Eklfbnghdgﬁae§6t[§"l(f,?—’dlﬁéﬁ@hﬂﬁ-ﬁ‘lﬁ-ﬁﬁh@bﬁ@%ﬂgﬁhﬁ%5]3ﬁ|per§z?r&:9,5~
dione (1.7 mg).

HPLC (214nm) £z = 6.75 (87.79) min.

H NMR (400 MHz, CDClz) & 1.62 {s, 6H); 5.19 (d, J = 20.8 Hz, 1H, CH=CHy); 5.22 (d, J = 14.0 Hz,
- 1H, CH=CHy); 6.05 (dd, J = 18.0, 10.4 Hz, 1H, CH=CHy); 6.3 (s, 1H, C-C=CH}; 6.90-7.65 {m, 7H).
ESMS miz 349.5 jM+H], 390.4 [M+CHiCNJ*.
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Cl SzGz 0,-/ OOO0 0 Sulfuryl chloride (14.0d fabruary 2007

0.17 nol) was added to a cooled (0) solution of ethyl

pi val oyl acetate (27.17 g, 0.16 nol) in chloroform

(100 mM). The resulting m xture was allowed to warmto
WO nomsIwenperat ure and was stirred for 30 pOrrus2mboses2

~which it was heated under reflux for 2.5 h. After
cooling to roomtenperature, the reaction m xture was
diluted with chloroform then washed with sodi um

i 2| 7 WO
R Sy L L PR e i ke
dri and evaporated to afford, as a clear oil,
2- M@;\A’- di met hyl - 3- oxo- pentanoic acid et hyI
esterg(33.1 g, 102% . (Durant at al.,
"“Am noal kyl i m dazol'es and Process for their

Production.' Patent No. GB1341375 (Great Britain,

1973)). Hch (214nn) tR = 8.80 (92.9% nin. 1H NVR

(400 CDCI3) S 1.27 (s, 9H): 1.29 (t, J = 7.2 Hz,
427(q J=7.2 Hz, 2M.05-22 (s, IH).

(10 CDCl 3) Spl13.8, 3L 45.1, B4.5, 62.

165 67 S5~test But yF-SEuMY dazol e- 4- car 05 ﬁﬂ

aci-d hyl ester 0 0, ,, O 0 O C NHZ O~NH H+N

0 ONJ NJ Q) A solution of

2-chl oro- 4, 4-di met hyl - 3- oxo- pent anoi ¢ acid ethyl ester
(25.0 g, 0.12 nol) in formamde (47.5 m) and ter
(2.5 mM) was shaken, then dispensed into 15 x

vials. Al vials were sealed and then heated dt 150
for 3.5 h. The vials were allowed to cool to roo
tenperature, then water (20 nl) was added and the

m Xt ur e.gnas exhaustivel y ext&;t ed with chloroform 4
The | dr of of.m was rermved t

i Ve=R concentrafed P
@ AMm de"“‘ko | ) jon.(22 added—t 0
ST &N ' 6 cmdi amst 12 hei ght) pack
1% MeOHal% in chlorof 8rrﬁ’ El n of the col urm
wth 2.5 L of this mxturefollovved by 1 L of 2%
MeOH 1%ZEt 3N i n chl orof orm gave, in the early

fractions, a product suspecteéed of being 5-tert-

ég%ents&ﬁ@ t) hj I-ﬁl?(fl—?)%)ﬁ% éﬁ’.@?ﬁ: Afi\ﬂﬁéz,lg?l 1 c@t{ﬂ- gﬁaz%eg bdione,

| CoCOTDML@NEBYIE, C4LO(t, J = 7.2 Hz, 3H), 1.43 (s, 9H) 4. 40
(q, J =7.2 Hz, 2H); 7.81 (s, IH).

2-Chloro-4,4-dimethyl-3-oxo-pentanoic acid ethyl ester
' . Ccl
$0,0l, )é(‘\n,o\/
Ky 22
o © | o o

Sulfuryl chioride (14.0 mi, 0,17 mof) was added fo a cooled (0°) solufion of ethyl pivaloylacetate
(2?.17 g, 0.16 mol) in chloroform {100 ml). The resulting mixture was aliowed to warm fo room temperature
and was stirred for 30 min, after which it was heated under reflux for 2.5 h. After cooling to raom temperature,
he reaction mixture was diluted with chloroform, then washed with sodium bicarbonate, water then brine.
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13C NMR (100 MHz, CDCI3) S 14.1, 28.8, 32.5, 1February 2007

61.3,136.9, 149.9,156.4,158.3. ESM5S mz 198.3 [ MtH ',
+239.3 [MWCHACN *. LOMS tR = 7.97 (198.1 [MtH]') m n.
Recovered fromlater fractions was
WO Bo4/ene98but yl - 3H-i mi dazol e- 4- car boxyl i ¢ aceaires2bnglo24232
ester (6.20 g, 269% . (Durant at al.,
" Am noal kyl i m dazol es and Process for their
Production.” Patent No. GB1341375 (Geat Britain,

5 VSN SR ERaly I R JE Sy T Uy SN

pentangicl ¢ mestetmﬂ&), 1®%).. 3Rt et al, ’!Am'ﬁoaﬂkylhhuazoléH)anleréchs( far, their

P WUC?JI"%)B&"M"%%@F%G‘%‘E‘t?é’"“ﬁ%ﬁs 3270529(2 tH. 136 R

| HRALCIP1260) 13,880@2.P6)b62. 6. ESMS miz 197.3 [ MH +, 238.3

SO e <ol o) Qﬂt@%&oﬁ it Bk B /7 2beichy Bz o

1H). tent-butyl -3H i m dazol e-4-carboxylic acid (0.50 g,

i e e teS dybdsiBBas oy "N NR (400

MHz, CDCI3) 61. 37 (s 9H) 7.74 (s, |H). 1H NVR (400

5feﬁ3%yﬁn?3ﬁ#%%0 TGG'%B”[V | .68 (s.1H. ESMS mz

(5-tort-Butyl-3Himdazol - 4y|) nmet hanol 0 0, OH
LV\H4 4o0;' 4 HHN_lNoA,&oI'ution_f-OH- 0, 0~

rt-butyl -84 md o e- 4-carbo aci d etRyl jester
adde i se
ydride (994

¢"16~-8—r¥0l ) WHE (60
tcbagsuspen5| on of | | tda¥ um al uni ni u
suspension, 0.89 g, 22.2 nmol) in THE (40 nl) and t he
A ¥diubidneor zsamstfnfemﬁ 3%»;@&%@@@&@,4 &keh[26.0 §U 2%10?'{11 offdnfide
dded until the evol ution of gas ceased

(47,5 mf o WGIRE B i ke e Wpersst i 10 X § I swALL vl Wetespaid and then

heated tathawlmb 5en $Heﬁﬁai§ w&éialﬁmrt@éool tJrB@n @ﬁrﬁé‘?dtd?é thar Bater (Q@ﬁ\l) WasheA
hen wi t h net hanol ltrate and

and *“wgﬂfeﬁeé %v%\f@w’?ﬁdﬁ%zﬂ!ﬂhﬂﬁprmpahwwfomrm@s rmousd ) give a

concentysd folirhediieQolehion 212 Q)Wﬁhfcli‘ iwabHdddd %o 2hds® t§|ﬂl|:a cﬁﬁunf{ﬁ Wi‘ bibrfete? Ol ichl
met hano

“height} é%@bﬁnﬁﬁi r&t@aﬁ A;tEtaEL ht cgl]prgfgn%f)lgm% BQR'WWWW'H‘B??&I oégus }gwglre followed
by 1 L dPRROREE1H%@EN inleibrbforrg@LiR the @Hy TradtsHs S VrodM® suspaBi B & bangPs-tort-
m!ﬁxgzge4carbowilc acid ethyl ester (6.3 g, 26%).
HPLC (214nm} {z = 8.77 min.

1H NMR (400 MHz, CDC) 5 1.41 (1, J = 7.2 Hz, 3H); 1.43 (s, 9H); 4.40 (0, J = 7.2 Hz, 2H); 7.81 (s,

1H).

3C NMR (100 MHz, CDCl) 3 14.1, 28.8, 32.5, 61.3, 136.9, 149.9, 156.4, 158.3.

~ ESMS m/z 198.3 [M+HF, 239.3 [M+CHCNJ*.

LOMS t = 7.97 {198.1 [M+H) min,

Recovered from later fractions was 5-tert-butyl-3H-imidazole-4-carboxylic acid ethyl ester (6.20 g,
26%). (Durant et al., "Amincalkylimidazoles and Process for their Production.” Patent No. GB1341375 (Great
Britain, 1973)).

HPLG (214nm) {z = 5.41 (93.7%) min.
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Britain, 1973)). HPLC (240nm tR = 3.70 (67.4%! Ffhuary 2007

1H NMR (400 MHz, CD30D) 8 1.36 (s, 9H); 4.62 (s, 2H);

7.43 (s,1H). 13C NMR (100 MHz, CD30D) 8 31.1, 33.0,

57.9,131.4,133.9,140.8. LCOMStR = 3.41 (155.2
WORMMPH49 min. This material was used wi t hoREI/F2908H2232

purification. 5-tertButyl-3Him dazol e-4-carbal dehyde

-50 1 February 2007 WD 2004/ 054498

. PCTf 1JS2003/ 024232 OH 0O M2 NH X NH N N Mnganese

dhww@ 2o W, Gmm ?s 3% ( L )0 %%Hﬁ?@bg ofyPs. 3% 9“?(2@19 %E?%

sol ution of azol -
). (4.97 g, 0. 03 m)l) |n acetone (700 m) and the

fﬁéwhﬂhkﬁﬁlmﬁi Bholy § 10 e 2'0%9%0'12@% 15000 @aper at ur © For

was flltered't roug a pad of Celite
aRoM$ mée 1y adM il s2302BHEIUCMEt h acet one. The filtrate and

¢ Fflrdifon FE o BATRNACH sRUEORIA BN B Loomlilf LFRLE PGS
feﬁ-bﬂwﬁﬁiifddazele-i-@rhoxyﬁﬂﬁwIO503942%)11 dazol e- 4car bal dehyde (2.50
o | ' ' 2000)).
PP ol MY *058 30 . CTH NVR (400 M
cnamms 4@1\;11-&83%@13 5 986 (5, 9); BA (§, AH)LH) ; 10. 06 (s, le% . LC/ VB
E t
e et B 2l eam gave.addi 11 onal

g%WRHMWJC{I%ﬁ)SMED[QBmlE&Ms,m)ar bal dehyde (1.88 g,
AE@W/-}%QQ(ZWJ'-HTEZFQ"% [MGC(WW]?LH i nrdazol - 4=Z-yl net hyl ene) - pi

perazfne-2,5-dione OQ1 0 \/ rr NJL NH N\ N~H +\

soI ution of
(5'19'1@’%%‘("95@‘&”"@%’% ni dazol e- 4- car bal dehyde (2.50 g,
1644rmo|)|nDl\/F(50m)vvas OH

0.0~
LiAH, xi
o
= NH e :;/NH
N=/ - N
A solution of 5-tert-butyl-3-imidazole-4-carboxylic acid ethyl ester (3.30 g, 16.8 mmol) in THF (50 ml)

was added dropwise to a suspension of fithium aluminium hydride (95% suspension, 0.89 g, 22.2 mmol) in
THF (40 mi) and the mixture was stitred at room temperature for 3 h. Water was added until the evolution of

‘gas ceased, the mixture was stired for 10 min, then was filtered through a sintered funnel. The precipitate

was washed with THF, then with methanol, the filtrate and washings were combined and evaporated. The

~ residue was freeze-dried overight fo afford, as a white solid (5-tert-butyl-3H-imidazol-4-yl}-methanol (2.71 g,

105%). (Durant et al., “Aminoalkylimidazoles and Process for their Production.” Patent No. GB1341375 (Great
Britain, 1973)).

HPLC (240nm) tz = 3.7 (67.4%) min. -

'H NMR (400 MHz, CD30D) & 1.36 {s, 9H); 4.62 (s, 2H); 7.43 (s, 1H).

13C NMR (100 MHz, CD;0D) § 31.1, 33.0, 57.9, 131.4, 133.9, 140.8.

LC/MS fr = 3.41 (155.2 [M+HJ*) min.

This material was used without further purification.

5-ort-Butyl-3H-imidazole-4-carbaldehyde
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added 1, 4-di acetyl - pi per azi ne- 2, 5-di one (6.50 gl Fapugy 2007
mmol ) and the solution was evacuated, then flushed
wi th argon. The evacuati on-fl ushi ng process was
repeated a further two tines, then cesium carbonate

WO 2084/654498 g 16. 4 nmmol ) was added. The PCT/US2003/024232
evacuati on-fl ushi ng process was repeated a further
three tines, then the resultant m xture was stirred
at roomtenperature for 5 h. The reaction m xture was
partially evaporated (heat and high vacuun) until a
smal | vol une rerai ned and the resultant @ol uti on was
added dr ise to water MpdQ0O nl). The el | ow
precipit ﬁcollect.ed,...;henfre e ried to afford
1-acetyl - 3- _'f{"ert butyl -1 Hini dazoK- 4NHZ-
yl met hyl ene)™= pi per azi ne- 2, 5-di one (2. g, 479%.
(Hayashi, Personal Comrunication (2000)). HPLC (214nm
t Fwﬂangaﬁeséﬂioﬁ(&%m&@osmnﬁli whd R0 (a%gm%ﬂ?ous? S%&r%%f @wﬂwm

imidaz%@gd}-?n?%énoli{_&s (8 éﬁ(!zrggf)]il( gx?etblpeﬁ@ﬂ%}@)_(aiﬁthé epsuffipgy mixturg was] stirred at room

¥ Bl )
empefatateriard hy TIROGure VORRRQ 4R X 8 gfiﬂ@l_gé é@g@ gé’d \%% ﬂ?%ﬁéi 4@?{ g:’etone.

MR (100 Mz Cl 3+CD30 . :
he liEind gy Wers cogedznd avrgrisd. i esihe vea ot i e oo a
coloriebsoMS5-tefRbutyl-Sh-iflafoR AdarBaldeMak %0 ¢ 3% 6 sohal Folmunicati
(20005 Z- Benzyti dene- 6- (5" - Pe'rwta%ut 391 - 7?_|_(1H%%]@%4g?%rft%nﬂ[@p§munlcahon
f‘/'l net hyl ene) piperazine-2,5-dione OO0 ONH N?\ NH N=1
NHPLC (B8hm).t: = I9HI(89Q%) hin. To a sol ution of
1 -3-(5' -tent-butyl-1Himdazol -4'-2Z-yl net hyl ene
) @@2"?‘\%@2}3@-%3&%%:(7237@3%@;,10-@5.(31H)mm|) in DVF (55
mLO/Meas 33sidsak keI alhdehyde (4.26 nl, 41.9 mmol) and
tEe sgl ution was evacuated, then flushed with
n ‘f%%'&’h.“f Thfe gte iy ithentifuralicanpavg asditels B-ledudyl- Bt imigatoled-
carbaldahytiet Bh@ B8sl)Wwo tinmes, then cesium carbonate (4.09 g,
) | ), was added. The evacuation-flushing process
1-Acel]<]h§-§5 —?@@Efﬁ#@r‘é@a{;ﬁ? rmedylenehhinsiazing-3 diose  t hen t he
resultant m xture was_heated under the tenperature
gradiggnt as shown Pel fw. After a total Ptime of 5 h

t he (feaction was hp%to cool to r?e"%&f erature
nd A\t he m xture yas Jadded to ige-col deva er ( m).
Th mg '

keci pit at coll ected, was r, then
fr¥8Ze-dried t@ afgord a yell ow sol i (.57 HPLC
(214nm) tR = 6.83 (83.1% mn.). This materi & was
1 ssol ved. in C .of orm (100 m ) and evaporated to °
a2 R e é_ﬁ@h@fﬂla%@@%@!ﬁ-&ﬁqrbaw@y@ﬁ (6% 1844 remaBiroRifF (60 ) was
added TAdimetylpiperating-g 6liRds.500g, B2B @il e o inks BRELER ﬂeﬁ ﬂwh%l
ith aroS €T Afteﬁ _go nmn the yellow precipitate was collecte
wit arggxhd & Fyacugtion !@hlpq)pr%gpqsalpﬂrepeated a turther two times, then cesium carbonate (5.35

g, 16.4 Bimdl) hasnaiyddi das araﬁlaﬁo’ﬁ-'ﬂushi@q" ProcBdstal repeated a furth rtlgee times, then the
th % -dione

osutent s b 6 3o bt o 5 e el i o iy omporstd (el
and hig\@E.A) uniil a small volume remained and the resultant solution was added dropwise to water (100
mi). The yellow precipitate was collected, then freeze-dried to afford 1-acetyl-3-(5"tert-butyl-1H-imidazol-4'-2-
yimethylene)-piperazine-2,5-dione (2.24 g, 47%), {Hayashi, Personal Communication {2000}).

HPLG (214nm) fz = 5.54 (94.4%) min. _

*H NMR (400 MHz, CDCly) & 1.47 (s, 9H); 2.65 (s, 3H), 447 (s, 2H); 7.19 (s, 1H); 7.57 (s, 1H), 9.26
(s, 1H), 12.14 (s, 1H).
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HPLC (214nm) tR = 6.38 (2.1%, 6.80 (95.2) nin.! Fgergnk2007
(400 MHz, CDCI3) 51.46 (s, 9H); 7.01(s,1H, -CC-CM
7.03 (s, 1H -CGO0--CM 7.30-7.50 (m 5H, M 7.60 (s,1
Hy; 8.09 (bs, NH); 9.51 (bs, NH); 12.40 (bs, NH).

WO NEHBI9 R = 5.84 (337.4 [MrH], E isoner), BCI28520838%423L
[MtH], 673.4 [2M+H] ~, Z isoner) mn. ESMS mlz 337.3
[ MEH *, 378.1 [ MFCHACNr. Evaporation of the chloroform
sol ution gave additi onal

4" r : 299"
SCPETRERERA 2 4 08 Yo (38 5y, 1wgp
160.7, ﬁP&.Cm(OQMnn) tR=6.82 (70.6% mn. General
t onate refers to a 5%
u ﬁl? gﬁ%(@&mﬁuﬁlﬁgél@ﬂ{]@ ™ere dried over sodium
3—Z—Bemﬂﬂeﬁ1&6€ “larhbigys $H-nidaet- AMZ Sieetbylient) @llerazine 3 3-dibnd~ebr uar y 2007
WD 2004/ 054498 . PCT/ USZOOS/ 024232 Anal yti cal

Cong)j tions NWVR Condiy H | H NVR (400 Y ) anal ysis
S fjperfornmed on a nova Unity nio MHz NWVR
NR. N&8gnpl es we run i n detRs o0 pll oN&f\orm
m Hl%TI\/IS(unIg.ss oth HN
\g\e hifts (ppn) are refer&ced rafativejto TVS
0. @0 pp CH3OH at 3.30 ppmfor sa es r CD30D.
Coupling constants are expressed in hertz (Hz).

I d
A bl R i i Fere A i are e scine (243 5,
8.37 mniol) ICME) (5508)) Washdded BENzAdRhydeTa.26 mBuf g iﬁihol)%nd ﬁ\e 190teMER QkkBuated,
: dA 0.1% TFA.i n 90% aqueous Gradi ent ;
e e e, i actsteylting Brogepy s FPEAR 2 r o Erean e

carhonate QMB ¢Con6li mtnblpﬂé‘s ddde5 Tﬁ‘ﬁé@cuétldﬁlﬂtﬁﬁhg%ro?é%% Kia8 repdalBB & furtfidr B¥eo
ondi tions: Reverse Phase HPLC

r ument
s, i JGileft A FS NG Feiopeihes Gl 2 SHAV b VAl
time of h tAeatiion wesallddd & coSed e tempBratufe aRBROmiltiréwhy bd@Q 16 iRt A4S

{400 ml)l.\/t?he precipitate was collected, washed with water, then freeze-dried to afford a yellow solid (2.57 g,
HPLC (2t4nm} {2 = 6,83 (83.1%) min.). This material was dissoived in chloroform {100 ml) and evaporated to
azeotrope remaining water, resulting in a brown ofl. This was dissolved in chioroform (20 mi) and cooled in

ice. After 90 min the yellow precipitate was collected and air-dried to afford 3-Z-benzylidene-6-(5"tert-butyl-
1H-imidazol4™-Z-yimethylene)-piperazine-2,5-dione (1.59 g, 56%). (Hayashi, Personal Communication
(2000)). | '

HPLC (214nm) Iz = 6.38 (2.1%), 6.80 {95.2) min.

'H NMR (400 MHz, CDCh) 5 1.46 (s, 9H); 7.01 (s, 1H, -C-C=CH); 7.03 (s, 1H, -C-C=CH); 7.30-7 50
(m, 5H, Ar); 7.60 (s, 1H); 8.09 (bs, NH); 9.51 (bs, NH); 12.40 (bs, NH).

LC/MS fz=5.84 (337.4 [M+H]", E isomer), 6.25 {337.4 [M+H]*, 673.4 [2M+H], Z isomer) min.

ESMS m/z 337.3 [M+HY, 378.1 [M+CH,ON},

Evaporation of the chloroform solution gave additional 3-Z-benzylidene-6-(5™tert-butyl-1H-imidazol-

“Z-ylmethylene)-piperazine-2,5-dione (0.82 g, 29%). HPLC (214nm) iz = 6.82 (70.6%) min.

General Experimenial

Sodium bicarbonate refers to a 5% solution.

Organic solvents were dried over sodium suifate unless otherwise stated.
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Gradient: 0-100% B over 11.0 nmin Flow rate: 1.5' Rgkfiary 2007

Wavel ength: 214 nm MS conditions: |on Source:

| onspray Detection: lon counting Flowrate to the

mass spectroneter: 300 Urmin after split from col umm
WO 2004/85448)ni n) .  ESMS Condi ti ons ESMS was doreE/R1008/024232

Perkin El mer/ Sciex-APl 111 LC M5/ M5 using an

el ectrospray inlet Solvent: 0.1% AcOH in 60% aqueous

MeCN Flow rate: 25 Umn lonspray: 5000 V Oifice
AnalydaPCoRditioRd V -53 1 Febr uary 2007 WD 2004/ 054498

PCT/ USZOOS/ 024232 Acquisition tine: 2.30 mn Scan
NMR C % 100- 1000 anu/z Scan step size: 0.2 anu/z

Pr ajMR MOy ﬁHBFénérﬁb@aEyérforﬁnb&a& h%lam% biitp 260 ﬁﬂﬁz\/ %acmne
hase HPL urification carried out using
Sl G (AT RBEIeE OGRS D T VS, (et ohaivie Sectfod .ol

shifts e trdhgorfadl rbigve BOIVBOGY BSCH:S9 laV &R ppfY- forQ DsOD.
o) TFA Srol vent q WTFN. na90%pggu?eoa§&@s rlg:lNC ?

uequ B:
Coup@ﬂgqg;i are espregaaindied, (da)- 4 mn Flowrate: 20 nL/min
Analydéat BPLEWhditione 14 nm Abbrevi ations are as follows: br s:

broad singlet; BuLi : n-butyl lithium d: doublet,
DB%qerﬂg@“‘g@PSazabl cycl o[ 5. 4. 0] undec- 7- ene; ESNS:

el RFCARLO %8y o OB Rainis MBGIofbMVE1E ¥ und oA A Ay 50% 66 Amlsbigin C
acid; HPLC: high erformance I'i qui d chronat ogr aphy;

L YT Ay ol %RoEREOTRAL ogr aphy mass spectronetry; LD:

| i Bufidrgm ook FRRT9ORYhRHGs fgey M ol ecul ar ion; m
rrultlple Me CN: acetonltrlle M mass spectronetry;

t;
MAradipgl ec‘hﬂW’B%lB@Fﬁf MMR: nucl ear magnetic

r FSRRAsCeLs mlumisiuartet; s: singlet; : triplet; tR
ret;;ntlontlms TFA: trifluoroacetic acid; THF:

LCMS CopdiGans dr of ur an

LCMS were run on a Perkin-Elmer Sciex API-100 instrument.
LC conditions:
Reverse Phase HPLC analysis
Column:  Monitor 5 um C18 50x4.6 mm
SolventA:  0.1% TFA in water
Solvent B:  0.085% TFA in 90% agueous MeCN
Gradient:  0-100% B over 11.0 min
Flowrate: 1.5 mL/min
Wavelength: 214 nm
~ MS conditions:
lon Source: lonspray
Detection:  lon counting
Flow rate to the mass spectrometer: 300 pl/min after split from column (1.5 mL/min).
ESMS Conditions
ESMS was done on a Perkin Elmer/Sciex-AP! 11 L.G/MS/MS using an elecirospray inlet.
Solvent: 0.1% AcOH in 60% aqueous MeCN
Flow rate: 25 pl/min
lonspray: 5000V

Orifice blate: b5V
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Detailed Procedure for the Synthesis of 1 February 2007
Dehydr ophenyl ahl stin 0O o0 o "1 o0 1 Ac\Nx NyNN Acs ii
i N N=" """ 1 HNCY Ac ~NH Nz/ i NH Nomi O
Cs2C03/DVF 0 Cs2CO8IDVF 0 1 2

WO!JDW?I 3-{(2)-1-[5-(1, 1- di met hyl - 2- pr oREmyUSPao3/024232
H 4-im dazol yl j net hyl i dene)j - 2, 5- pi perazi nedi one (2)
OA1 ciNIy NHNz /NH O-54 1 February 2007 WO
2004/ 054498 PCT/ US2003/ 024232 To a sol ution of
5 wl-di | | - 2- propenyl )i m dazol e- 4- car boxal dehyde
_(}icéﬁsﬁﬁ%t?ne(ﬁ%n mol) in DV (2 nL) was added conpound
1Suemmmerr@01m0mlml) and the solution was repeatedly

e short tine to renpbve oxygen and
FatuaLee, zﬁmﬁ%, fol lowed by the addition of Cs20C8

Prepar{ﬂt@@lmc POriiie@idn Gomalifipns and t he evacuati on-fl ushi ng

S ted agai The .r enov 0 en. i
e TR OBERE b el TS NSO o et e
(19x_50mmj5qat Ctshusipd thedolplviag coadifons) at t he position 6 of the
L ket opi azin ing. The resultant m xture was
§$°F'?r|t5§-d (ﬂ%aq%eovf,erg roomtenperature. After the sol vent
mem&nwse’dTFh)nMammmmmm, the residue was dissolved
lﬂc{;t F e of Et OAc and 10% Na2CQO3, and the organic
p A e \R&ﬂﬁeéél M th 10% Na2CO3 agai n and saturated
Nido@! ratd: or20trh!me|e times, dried over Na2CO3 and

(Wav ‘h Eed in vacuo. The residual oil was purified
eor Thr omat ography on silica using CHCl 3- MeCH

(Ama&naﬂons areSid: fdlipwsasr &rbreall WRAGKG Budi Oh-W® Hllum; i deBRYDRYS 1,8

G b PO B RN R S 108

performardel eiguich emaneatogeihy,d ECHS Liighill, chdmdiGyfaphyitass, sgﬁctrbﬁi)ztry;’:l no: Gihiem

i e e e
weight; KidRtinbdsammagstioGes3RehE; 4 QRrtetms: s@letl%fdﬁmbtentl&n tﬁleelf)\ taetodotte

amd THE t&raHy%rofur%ﬁ flushing process was

Detailed Procedure for the Synthesis of Dehydrophenylahistin

. T (5
AC\ N\ NH
N / / \. HN = / \
N\
H{ Ac N"’ N NH N
o Cs2C03 JOMF Cs2C03 1DMF

1 2

1-Acetyl-3-{(2)-1-[5-{1,1-dimethyl-2-propenyl)-1 H-4-imidazolyl}methylidene}]-2,5-piperazinedione {2)

0O
AQ‘N N \

l\n,l‘-lH NWNH

0O
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repeated again. The resultant nixture was heat ed§hgyary 2007
2.5 h at 80C. (The tenperature nust be increased
slowy. Rapid heating increases the production of
E-i somer at the benzylidene noiety.) After the sol vent
WO 044954498 moved by evaporation, the resi due ReIsUSddSOBIRI2Ed
in Et OAc, washed with water for two tines and
saturated NaC for three tines, dried over Na2SO4 and
concentrated in vacuo. On TLC using CHCl 3- MeOH (10: 1),
you can observe a spot with bright green-yellow
| um nescence at of this crud

pri8 duektiongss-(1 ﬁxsimsthx'ﬂ arﬁpev@%d@@&ﬁﬁf a 'x@%fegmqu,@ Oﬁﬁi?emmol in

DMF (D. ﬁﬁ}%a& ladd Eoﬁfﬁérﬂdﬂ? 2\1\#3:% dios ﬁamgy@d tﬁe@ouﬁi@f?/wéve t@ﬁ} 9dtGhted in a
reverse

ot G e bt S oS bt e A 0.0
and th8 éﬁdlaﬁ:ﬂ-ﬁ‘lusﬁzhﬁmc@% wa mj)e%t?/ g 0I‘he' rélno\(}@bﬁﬂyg@xv 8 brefbd FcRisétbuch
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Chemical Co.) in My2+, Cat' free PBS was added }eteuamy 2007
well and the plates were returned to the incubator for
3-4 hours. The plates were renoved and resazurin
fluorescence was neasured using 530 nmexcitation and

WO B9G0M#Beni ssion filters in a Fusion fl uorRGuasee03/024232
(Packard Instrunents). Resazurin dye without cells was
used to determ ne the background, which was
subtracted fromthe data for all experinmental wells.
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nmedia i nto a Conmi ng 3904 bl ack-wal | ed, cl ear - bot EeRfpary 2007
tissue culture plates and the plates were incubated
overnight to allow cells to establish and enter | og
hase rowth. 20 mM stock sol utions of

WO @gphenyl ahi stin and t Bu- dehydr ophenyRGRS2003624282 e
prepared in 100% DMSO and stored at-20 C. 10X
concentrated serial dilutions of the two conpounds
were prepared in appropriate culture mediumfor final

W Ton o1t SHAERER Rt el Bt wore

added to the test,wells in triplicate and the plates
returned tofthe i bator for 48 hoursQ The fNjnal

ng 148 (hodesNof drug expo
resaztrih (Pbtai ned from Si gma- Al
in Mgt+, Cdt+free PBS was added to eac®R well and the
pl at es Detrephergbnisimed t 0 t he i ncubmt-Odhydidhenylankih 1
February 2007 WD 2004/ 054498 PCTf US2003/ 024232 3-4
hours. The plates were re ed ﬁ@@ resazurin
fluorescence was neasured d 0_nmexcitation and

590 nggemi ssion {p|liers in a FusionglL q_{,,'_ppter
(Paek—a#d——l—nsﬁ&neni%;—n—d*e—m i | S was

used{Ttxm det er mi gg t he background, whijgh was
subtracted fromthe data for all experinmental wells.
The data were an@xzed using Prism sgf ware (G aphPad
Software). The data were nornalized t he average of
the cells treated with media only (100% cell grow h)
and ECso val ues were determ_ned_ using a standard

B. e and Activity Study of Rehwds tahiptin fderigatives i ng al gorithm ECSO

aﬂh@ byfofofic VéHebhe Sof Oﬁhe%ﬁéﬁﬁ | %l@ﬂy%ﬁh&)ylaﬂﬁﬁ YEHORARGIRY hidheRds! B

ehydr ophenyl ahi'sfin derivatives are sunmarize
dehyd‘qpﬁ‘?“ﬂ%!ﬁi‘neweﬁ Bremiga, in 7306 g leukppa eglisy 62 humem ediapl callsi @l iPq-3

prostah@édex%&d?&ﬂﬁ@&hbenw ahi stl n and of dehydrophenyl ahi stin
derivatives ECsa nM (nM COVPOUNDS STRUCTURE

Hip- Sxplaigsd. agove,. B a(humanpwbrﬁyﬁalam@pwoma wRp RiintaiBgyoin Mogoy's
complet® 313@1315&00% 5A mblitind ﬂiﬁﬁ)glutaﬁﬁbj‘aﬂd ﬁmMRIEPEé sbbidtkdnéd itk 169 Fos,
1mM Na pyruva%e 1)(8 NEAA, 2mM\!(.-g|I\LI|tamme and | Pen!Strep at 100!Ufmi and 1008g/ml, respectively). PC-3,
a human prostete adenocarcinoma, was maintained in F12K complete medium (F12K medium supplemented
with 10% FBS; 2mM Glutamine; 1% HEPES; and Pen/Strep at 100iU/ml and 1000g/mi, respectively).  Cell

- lines were cultured at 37 °C, 5% CO» in a 95% humidified incubator.

For tumor cytotoxicity assays HT-29 or PC-3 cells were seaded at 5,000 cells/well in 90 ) complete

media into a Comning 3904 black-walled, clear-bottom tissue culture plates and the plates were incubated
ovemnight fo allow cells fo establish and enter log phase growth. 20 mMstock solufions of
dehydrophenylahistin and tBu-dehydrophenylahistin were prepared in 100% DMSO and stored at -20 °C. 10X
concentrated serial dilutions of the two compounds were prepared in appropriate culture medium for final
concentrations ranging from 20 x 10% Mo 20 x 10-° M. Ten Il volumes of the 10X serial dilutions were added
to the test wells in triplicate and the plates retlumed to the incubator for 48 hours. The final concentration of
DMSO was 0.25% in all samples. _

Following 48 hours of drug exposure 108 of 0.2 mg/ml tesazurin (obtained from Sigma-Aldrich
Chemical Co.) in Mg?, Ca?* free PBS was added to each well and the plates were retumned to the incubator for
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tBu-OPLH /-N NH 13 1 31.8+5.0 NH ~~Tf/NH | ~ Y(Felsyary 2007
O KPU-6 O tBu-flPLH-p-Ov /-N NH / >2000 n.t. 9333+
NH NH We 5457 p (n=3) 58 ai' 1 February 2007 WO
2004/ 054498 PCT[ US20031024232 KPU-8 0 Owe
WO 00%1 0-OVe /--N NH 1 89 315 137 NH rPQIAE2903/024283 9
O tBu-1IlPLHM OV N NH Ove 31 20.8+68 NH NH Y (n=4)
Col chicine - 20868 (n=4) Modifications to the phenyl
ring have a.significant effect of the cytotoxic
3.4 hok Thaickds & RS ' gt -
t Bu- dehy d?g rer‘?g%eg?ahi g%uiﬁlgﬁ(o%%&?e ﬁ?teﬁ% gs?fe P\ll;%ﬁ%gysg%’?{ etex?]ltgt:on and
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ated WEGSD cell R4 e . " o
e e e ,?%Vé%"?lh. St ﬁrﬁ?%u ) redlefiined i 2 stondard sigmalde dose
respongg|cHrvediting AgPRY cytotoxicity in P388 cells. C. Structure

aFick Vdule of j bitel hysiivd
B o R e P o R e
summagreti dbls ey | ahi stin and various additional
derivatives of dehydrophenyl ahistin were exam ned in

HT- 29 hu n"PaBleQPé%tcBEBf'gﬁenﬂhﬁtin%ﬁ_iﬁyd%
adenocarci noma celIs USINg the ne

above. Tabl e 3.2ndgxdehydrepsepylalfistindesateshi st i n,

denydrophgnytani st n and of —additifomat
CO?W%EMI%SODhenyl ahi st isPRU%%FiaEvati ves ECx () o (n1)
HT-29 PC-3 P-388

{-}-Phenylahistin @]
N, ﬂHJ\[NH 1600 | nt | 8334183
W - (=
KPU-1 0

PLH /=N NH 48 47 361128

n=5
. I {n=5)
KPU-2 o
tBu-IPLH /=N NH™ 13 1 31.8+50
NH L __L__NH .
(n=5)
o)
KPU-6 0
{BuPLH-p-OMe /=N NH™ >9000 ni 9333 +
OMe 5457
0 ' - (n=3)
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SALT EC ( COVPOUNDS STRUCTURE FO RM M W HT 299¢baisrs2007

O (-)-Phenyl ahistin N NH - 350.41 1600 n.t. NH NH | /

0 O KPU-1/-NNH348.40 48 4.7 OPLHNH/ NH I O -59

F 1 February 2007 WD 2004/ 054498 PCT/ US2003/ 024232
WO BENB@IRDS STRUCTURE FOSALT RM MA HT Cs n4PQI/USRIMBIZ2R2=N

NH / 336.39 13 1 tBu-OPLHNHiNHf i 20 O KPU-6 /-N

JNH i . - 366.41 >2000 n.t. tBu-UPLH p-OVe NH NH L i

“Ove 0 Ove KPU-8 /-N NH 366. 41 89 t Bu (PLH-a(]VE NH /

t @u-?lPLH— ClNE KPWH14 /=N NH Ow
{BuTEN-cSMe. 44 89 315+ 137
{n=4)
_ KPU-9 '
Bu-iPLH-M-OMe 3 20.8 + 68
(n=4)
G
Colchicine - | 208468
(n=4)

Madifications to the phenyl ring have a significant effect of the cytotoxic activities. In comparison with
the activity of tBu-dehydrophenylahistin (#6), the activity of the methoxy group at the meta-position (KPU-9)
exhibited the highest activity than the other derivatives with an IGso of 20.8+3.3 nM in P388 cells. The KPU-9
derivative .also exhibited cytotoxicity in Hf-29 cells (ECsp 31 nM).  Dehydrophenylahisiin, iBu-
dehydrophenylahistin (KPU-2) and the KPU-8 derivative alf exhibited cytotoxicity in P388 cells.

C. Structure and Activity Study of Additional Dehydrophenylahistin Derivatives
The cytotoxic effecis of phenylahistin, dehydrophenylahistin and various additional derivatives of

dehydrophenylahistin were examined in HT-29 human colon cells and PC-3 prostatic adenocarcinoma cells
using the methodology desctibed above.

Table 3. SAR study of phenylahistin, dshydrophenvlahistin and of additional dehydrophenylahistin derivatives

SALT MW, ECs {nM)

COMPQUNDS - STRUCTURE FORM HT-29 | PC-3

{-)-Phenylahistin - 35041 | 1600 | nt

/=N NHJ\[’
NH A\ _NH
AN 0

o)
KPU-1 /=N NH S - 34840 | 48 4.7
PLH NH A N1

N )
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NHNH, i O 00 -60 1 February 2007 WD 2004/ 054498
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triove V& 0 W O W Fgbruary 2007
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O00d KPU 18 /=N NH

t Bu- OPLH-3,4,5- NH NH / M
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February 2007 WD 2004/054498 PCT/ US2003/ 024232 SALT
(nM COVPOUNDS STRUCTURE FO RM MW HT 95~ PC3

O0-611

KPU-20———N-NH-/ - TEA-370.83 545t BudPLH-p-C-—NH-A
COMBAUNDS ~ |Cl . (+TF&IRUCRUE KPU- 21}/ H A (415208051
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0
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tifemik nown

EXAMPLE 5
Other Dehydrophenylahistin Analogs

A Modifications for the synthesis of dehydrophenylahistin derivatives

Other derivalives of dehydrophenylahistin are synthesized using the foregoing technigues alone or in
conjunction with other well known organic synthesis technigues.

Modifications to the diacyldiketopiperazine and the first and second aldehydes involved in the
synthesis method vary according to the desired derivative to produce. Derivatives are synthesized that, -

A) modify the phenyl ring and/or infroduce other aromatic ring systems,

B) alter the position of the aromatic ring,

C) alter the imidazole aromatic ring system, and/or

D) modify the 5-position on the imidazole ring.

The figure below depicts regions of the dehydrophenylahistin compound modified o produce
derivatives of dehydrophenylahistin, Non-limiting examples of modifications are disclosed, and based on this

disclosure would be understood by those of skill in the art.
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Al kyl , Hal ogen, Al koxy, Acetyl, Sulfonanide, Al hepruary2007
Hydroxyl, Nitro, etc. Q- 02 sC... CHs 9t: H\ | Fls
WYV 385.85 0 CI OCH3 Conbrel astadn A-4 0.15u 8 11
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PCTI US2003/ 024232—bBxpandt-rg—en—the above nodi fications
to the dehydr i St ound, derivatives of
the conpoung I owi ng substitutions
at the phenyl bO2NH2 (- SO2NRi R2), -
SO3H, - CONH2 etc. Oher ring
systens (C) 1 following: 00 00 K
B. Exanpl es df s hesi zed dehycrophenyl ahi stin
der| vat i ves Additiomal—exanptes of synt hesized
A JBNPEFGHIRORTE Bt fipgbegest g Srydye %e‘ﬁeovm agpfuguiB gomRoURdie
Tab| @lkyl Haloges BAIKOXF @lbgiv. aﬁugfonam@e, AmiNg goAYL0EIY 9 Btc.
PCT/ US2003/ 024232 Tabl e 4. Addi ti onal synt hesi zed

Mol. Wk, 385.85

E7070
Combretastatin A4 0.15 ug/mL

Colohisine : P-388 Phase I
2) Infroduction of other aromatic ring systems

# e N7 # 7 3 #
=500 TO
etc
B Position of the aromatic ring

OO

C Change to the other ring systems

H/‘: # NH 7/~ S/"-‘-‘ %
glc

D Further modification of the 5-positin on the imidazole ring

=h = O~
Wa LA AN, H e
Al sy
etc

al




| 484.86 tBu uPLHp-Cl :;::ct*clJH O (+TFA) 'dehrygey 2007
U30/,-NNH/ O TFA 380.40 tBu
UPLH 2, 3-net hyl endiaxy NHS / p~NH | / 494.42 ~ (+TFA)
0 KPU-31 /-N NH 2TFA 337.38 tBu-OPLH- 3-pyridyl NHS //
WO HB#PSH49R 565. 42 (+2TFA) O Me KPU 32 /, - NeQUAISESUA/024232
350.41 tBu-lIPLHo-Me p,NH | / 464.44 (+TFA) 0
KPU-33 /-N NH | 2TFA 351. 40 Tbu- BPLH 3- Me- 2- pyri dyl
NH// NHN/ 579.45 'O M (+2TFA) 0 KPU-34 /- N NH

TRy S ol S

compommsecwg the fallowii@ sgbsTiifia)s at 66 plenfaiy (Ad1r 5CF2 GBTNHMESONRRy), —

sou, 201 031408, REFH 2003 AP435 AT BRI AT

e ‘\\,.[/ \;

B. - Examples of synthesized dehydrophenylshistin derivatives

Additionel examples of synthesized dehydrophenylahistin derivatives are disclosed in the Table 4.
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O Me KPU-36 /=N NH 2TFA 356. 42
NHS/ p~NH N,/ NH 584. 47

TFA 354. 38

WO 2004054488, 44

J %\ O (+TFA)

tBu-11P B S e i 52% 3 7\ (ATFA) 0
KPU- 42 /2 ong! syrthgsizpd derlialives of defivdrophenylplistil 37 ¢ i enyi

t Bu- UPLH-o-F NH / NH 468. 40
O KPU-38 /=N NH Me TFA 350. 41
(+TFA)
tBu- UPLH-p-Me NH/ NH I i
/=N NH / TFA 415. 28

t Bu- f PLH- 5- Me- 4-frqhruary 2007
~ (+2TFA) O F KPU-37 //N NH

| ~\ O (+TFA)

t Bu- DPLH-m Me NHS/ p~NH

0 KPU-39 /r=N NH / TRATAS08124232

464.44 Me (+TFA) O KPU- 40
t Bu-OPLH-p-Br NH/.NH "' Br 529.31
0 KPU-41 /-N NH Br TFA 415. 28

N 6.44 | (+TFA) &84 ebruary 20GBALT
GONPRIER0, Bt 1 352004 BATHEE Covpoi s roRUGTUAEY.
SALT MW FORM 0
KPU-20 /=N NH™ TFA 370.83
{Bu-PLH-p-Cl NH A L NH 434.86
cl (+TFA)
0
) 0 0—\
KPU-30 /=N N NN X P TFA 380.40
BuPLH-23-methylendioxy | T NP AN NH 49442
I (+TFA)
@]
KPU-31 /<N NH% 2TFA 337.38
{80-PLH-3-pyridy] AN AN 2 565.42
(+2TFA)
0 Me
KPU-32 /=N NH’V\(’b TFA 350.41
{BU4PLH-0-Me NH A A NH 464.44
I (+TFA)
KPU-33 NN S 2TFA 35140
Thu-PLH-3-Me-2-pyridyl N A A NH N~ 579.45
I b (+2TFA)
0 '
KPU-34 SN N N TFA 354.38
BUPLH-4-F NH A A NH - 468.40
1 (+TFA)
@]
KPU-35 /=N NH N F TFA 354,38
BUPLH-m-F NH, A A NH | 468.40
I (+TFA)
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O KPU-43 /-N NH / TFA 361.40 tBu uPLH p- CN NH /FaQryary 2007
| CN 475.42 (+TFA) 0 KPU-44 /-N NH OE TFA 380. 44
tBu-OPLHmMEtO NH/ // (NH 1 / 494A6 O (+TFA) 0 W
KPU-45 /-N NH TFA 426.47 TBu-OPLH 2,4, 6-Tri OMe NHS //

WO pa@H498 OVe 540. 49

(+TFA)

O NO2 KPU- 46. PCIRISH603DEA32

381.39 tBu-OPLH-0-NO2 N- / NH Il / 495.41 il~\ O
(+TFA) 0 KPU-47 /-N NH / NO2 TFA 381.39
tBu-OPLH M NO2 NH - // NHI / 495.41 O (+TFA) O
T KPU A8 NNH-TFFA-384-39—t Bu—-OPEH-p—NO2 R 21 NH-+—
NCOMROUSDS1 O |(+TFA) GTRUDTURD /- N NH TFA 38W.40
t+-Bur=—BPEHENNH—FNH—4 754 2=\ TPEAL——68—4
February 2007 | WO 2004/ 054498 PCYFUS2003/ 024232
COMPOIRADS  STRUCTURE=HALNH M 2TFA 356.42
{BUPLH-5-Me-4-im NH_A AN s M 58447
3 (+2TFA)
0 F
KPU-37 /=N NH% TFA 354.38
BulPLH-0-F NH_A A NH : 458.40
! (+TFA)
0
KPU-38 /=N NHJWMG TFA 350.41
Bu-PLH-m-Me H A AN 464.44
0 (+TFA)
O
KPU-39 /=N NH)m TFA 350.41
{BUPLH-p-Me NR A NH " 46444
e +TEA)
0 (
_ )
KPU-40 /=N NHJ\/\@\ TFA 415.28
{BUHPLH-p-Br AN NH 5 529.31
' +TFA)
5 (
o)
KPU-41 /=N NH)H/AQ/B" TFA 415.28
{BUAPLH-m-Br H A A NH 520,31
3 (+TFA)
0
KPU-42 TFA 342.42
{BuIPLH-3-thienyl 456.44
(+TFA)
-H7-




0 Br LPU-50 /-N NH TFA 415.28 tBu-IIPLH o-Br NH®bryary 2007
p~NH L 529.31 (+TFA) 0 KPU-51 /- N NH OH TFA 352. 39
tBu-fPLHMOH NH - i NH | i 466.41 (+TFA) O NO2
KPU-52 /-N NH TFA 415.83 TBu-OPLH 2-NOr5-C NHS %

WO 39049434498 529. 85 C (+TFA) 0 OH KPU- 53 / =NAUAIS20DE/824232
352.39 tBu-OPLH 0-OH NHS p~NH | / 466.41 | ° (+TFA)
O OH KPU-54 /- N NH TFA 382.41 TBu-OPLH 2- OH5- OVe NH
NH / 496.44 (+TFA) 0 W O KPU-55 /-N NH TFA 326. 35

—HOPLH-S-furany NS YNHL 044037 LLTFA) —O-CH
KEQMPOENDS N NH [TFA 431. BBRUQTBRE | PLH- 2- OH- EA’%: H M./
54534+ FFAH—O-Br——69—3—February—2007
2004/ 054498 PQTI US2003/ 043232

KPU-43 /=N NH TFA 36140
{BuPLH-p-CN NI AL~ N 47542
(+TFA)
O .
KPU-44 /=N NHJ\(’\O/OE TFA 380.44
BHPLHm-EIO NA A A N 494.46
I (+TFA)
0] OMe
KPU-45 =N NH%fj@\ TFA 42647
TBUPLH246TiOMe | A A _NH 540.49
i (+TFA)
3) NO,
KPU-46 | /=N Nﬁm TFA 381.39
{BudPLH-0-NO; NFL_ A A NH | 495,
I : (+TFA)
, R)
KPU-47 /=N NHWNOz TFA 381.39
{BU-PLH-m-NO, NH A A _NH 495.41
1 (+TFA)
| )
KPU-48 /=N NH’“\(/@ TFA 381.39
BUPLH-p-NOs NA A A NH ‘o | 49541
i 2 - (+TFA)
- .
KPU-49 | /=N NHJWCN TFA 361.40
BuPLH-m-CN N A N | 475.42
I (+TFA)




COVPOUNDS STRUCTURE SALT MW FORM O KPU-57 / ANretrvany2007

TFA 382,41 TBu-OPLH 2-OH 4-OVe NH>~ // ~NH OVe 496. 44

j (+TFA) O OH KPU-58 /-N NH / TFA 382.41 TBu flPLH
. 2-O0H0-Ove NH ~NH 1Ms H KPU-59 /--N NH TFA 386, 83
WO 0809t H- 2- OH-5-Cl NHS // NH (+TFA) p 1~pc@usa@8oRes20

KPU-60 /-N NH O CH2 TFA 340.38 TBu OPLH

5-Me-2-furanyl NH -, NH/ 454.40 ~ (+TFA) KPU-61 /-N

NH 8 CI TFA 376.86 T8u4PLH 5-Cl-2-thionyi NHS NH
49088 (+TEAy - O.KPU-62. [-N NH [/ S TEA 342 42

tcBMPOINDS 2- t hilonyl NHpstRdctuRE 456. 44 (+31MZ O @B
KPU-63-NH.N-TEA.339. 39 TBu-|PLH N MNe-12-T¥] e NHS/
p~NH 453.42 (+TFA) -70 £ Februffy 2407 WO
20QMA54498 . PCT/ US2Q03(, OUNDS 18T RUCT UREDS
SALT MW FORM N
SEPLH -5 AN A NH 520,31
I (+TFA)
5 .
KPU-51 /=N NH’“Y\Q/OH TEA 352.39
{BU-PLH-m-OH NH_A A _NH 486.41
I (+TFA)
) NO,
KPU-52 SN NE N TFA 41583
TBIHPLH-2-NO,5-CI NH__L A NH | 520.85
L (+TFA)
) of |
KPU-53 /=N NH% TFA 352.39
{Bu-PLH-0-OH NH A A NH 466.41
I : (+TFA)
o
KPU-54 | /=N NH™ N TFA 382.41
TBUIPLH-2-OH-5-OMe NH__ A\ __NH 496.44
I L (TFA)
| o)
KPU-55 N NH/“m TFA 326.25
tBuPLH-3furanyl NH A A N Ly 44037
1 (+TFA)
o
KPU-56 /=N NH™ TFA 431.28
{BUPLH-2-OH-5-B8r NH A A NH 545,31
X L (+TFA)
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KPU64 /= N NH CI TFA 405. 27
KPU- 65 /~-N NH OF3 TFA 404. 39
KPU-66 O T FA 386. 44

NHS ~~, Yi i

WO 20Ru0s@@8 H- 2- Napht hal ene NH

t Bu- OPLH- 3, 5401 NH Rejruary 2007
tBu fhLH-m CF3 NHS / NH
/=N NH t C TBt WPLH- 1- Napht hal ene

KPU-67 1--N NH / \ \ TFA 386. 44

~ ~~ NH | ~ pc@us26pbita

/~-N NH Ct TFA 405.27 TBu-OPLH2,3-d!Cl NHS /, pNH ~
i -T, KPUBO N\ \ TFA 362.42 /. TBu-OPLH m Vnyi NHl~
NHT i If f\ U-F KPU-77 /=N NH TFA 480.28
TBUAPLH-2-F-5-1 N NH 1 __-71
SALT :
COMPOUNDS STRUCTURE FORM LW,
)
KPU-57 N NHJ\(\(ZEOH TFA 38241
TBWPLH2ORAOMe | PR AN N oMe 496,44
¥ (+TFA)
o) OH
KPU58 /=N NH)H/\Q TFA - 38241
TBUPLH2OHAOMe | AN AN NH oM 496.44
5 {(+TFA)
9 oH
KPU-59 /<N NH TFA 386,83
BuPLH-2-0H-5-C] B A (+TFA}
! L 500,36
O
KPU-60 /=N NH CH2 TFA 340.38
TBUIPLH-5-Me-2-furany! HoA - 454.40
{(+TFA)
KPU-61 o NH TFA 376.86
TBUGPLH-5-CH2-thionyl AN 490.98
(TEA)
KPU-62 /=N NH TFA 3242
BuAPLH-2-thiony! AN\ 456.44
(+TFA)
KPU-63 /’*‘:N NH’“YK) TFA 33939
TBu-IPLH-N-Me-2-pyrrole N 45342
(+TFA)
70~




1 February 2007 WD 2004/ 054498 PCT/ US2003/ 02423ebruary 2007
COVPOUNDS STRUCTURE RM MW  KPU-79 O S
TBu- OPLH- 2- (Methyl thio) NH TFA 368.45 NH NH OO
KPU-80 / OCF3 TFA 420.38 =N NH TBu- BPLH- m OCF3 NH NH

WO 1405448PU- 81 / |/ TFA 384.38 =N NH TBu- OPlHdTAsEN0S 0
NH/ NH/ O W O-82Owe /--NNHKPU TFA 384. 38
TBu-OPLH4-F-3-OMe HNi / NHF O 0 KPU-83 / / TFA
408.39 =N NV r' TBu-OPLH 2-0OH 5-fBu HN NH OH KPU 84

- p——f—=N-NH-TFA-341.39 TBu-UPI H-cyctohexane r NH _Q
COMPGUNDS STRUCTURE ol nw
Q
KPU-61 N 7 S I P
/=N NH -
{B-PLH-3,5-diC) NH L L
O (VI
O
KPU-65
/=N NHT Y CFs | TFA 404.39
ButPLH-m-CF4 NH A NH
0
KPU-B5 i 0 TI‘-'A 386.44
TBuAPLH-1-Nephthalene NHRN NH™ ' .
A NH
Q
: O
KPU-67
/=N NG = TFA 386.44
TBu-PLH-2-Naphthalene L N R ST
. o
' Q al
KPU-68 cl
/=N ONHT N TFA 405.27
O
— .
Qg
KPU-69 /=N NHW\ TEA 362,42
TBUHPLH-MAA NH |
, m-Vinyl AN A NH
0
0 F
KPU-77
/NONHT Y TFA 480.28
TBUAPLH-2-F-54 N A L am
O |

71




O KPU-86 /--N NH F TFA 368.39 TBu-f PLH 2- Me- 3-1Hg4kuaqy2007

0 -72 1 February 2007 WO 2004/ 054498

PCT/ 1JS2003/ 024232 SALT COVPOUNDS STRUCTURE FO RM

MW O F KPU-87 /aN NH TFA 368.39 TBu-II|PLH 2-F-5-M
WORMINMB O F KPU-88 /--N NH TFA 388. 83 . PCT/US2003/024232

TBu- OPLH-2-Cl-6-F HNNH CI 0 0 F KPUS9 /-N NH TFA

372.38 TBu-lIPLH2,5-di-F HNNHi O F KPU90 / TFA

364.38 =N NH 7Bu4PLH2,3-di-Me H KPU-91 /=N NH TFA

264. 38  TRBu-fP I—L’),B-di-l\/h HN/ NH O Q2 KPLEA92 N NH
Odonpbynptll. 39 TBu- OPLgjrdefuRR- 3- OVe HN ’S@ﬁﬁ MW
= Z
o) S
KPU-79 PN TFA 368.45
TBu-IPLH-2-(Methylthio) NH A NH
O
O
KPU-80 <N ONH NP OCF3 TFA 420.38
TBu-IPLH-m-OCF NH . P NH
o)
0 F
KPU-81 SN NN TFA 384.38
TBu-PLH-2-F-5-OMe NH A L NH
O OMe
' 0
- KPUE2 SN NN OMe V' 'tk | 38438
TBuPLH-4-F-3-OMe HN A A NH . _
O
(o]
KPU-83 /NN TFA | 40839
TBu-IPLH-2-OH-5-1Bu HN_A A _NH
OH
0
TBU-PLH-cyclohexane AN
o]
0
KPU-86 AN NN F TFA 368.39
TBUPLH-2-Me-3-F HN A A NH
0
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O KPU-93 / TFA 364.38 =N NH TBuVLH 2, 5-di Me HN\Guary 2007
-73 1 February 2007 WO 2004/ 054495 PCT/ US2003/ 024232
COVPOUNDS STRUCTURE FORM MA O HZ KPU-94 /rz~ N NH /
We TFA 381.399 TBu-IIPLH2-NH3-OM HN NH |1 i O NHZ

WO KPP33®8/ =N NH N TFA 351.41 TBu- | JPLH 2- Ndaishbobbkatd2 O
KPU-97 /= N NH NHZ TFA 351.41 TBu-DPLH-mNHz HPJ i i
NH O C Evaluation of dehydrophenylahistin
derivatives Eval uation of derivatives descrl bed above

arpo-.accaocacod ceardina-t.o 'l'hﬂ
L= 1A v UITOo T OoOoTT cUTuUT Ty T T
UBD8. Additi onal on of tr_lle 88%Ti vat |
= (#3113 0)) SVRUERE FORM Al | MG

TCCTTTOTUO

a
gra axf andad t
H

det ning t [ nh| b| t| ng ceI I
J{F;UIE& ation,| the effieqs 9 : | c Te&l | Ul a868.35
TBEEPDI&Q-F-QJMe(i . g. nHy effect$ on cell

cycl e progresgion, anti -t unor

activity agairnst ¢ , c. Sone
evauationrnetihod—ptrotocotg—are—g-venbetew—H)—Cet—
Pr gieijfggr at i on (I nhi bi ting fect df

Dehydr ophenyl ghi st i f=Mndikl t s Int dFkach 8883 of
BHIEHRSHF mi crjol i F _NEDO A-549 cel

derived from human [ung cacecl preparled to 155
cells/m in ajcul medi @m obt ai ned |by addi hg 10%

bovine Terus gerum to EVENGTUtURe —mediunm (N SSUi
Seigpglgy Co., LUtd.) havin r efif ect agal nst
A 549 cells dériv cdncdfA ale 37238
@Fﬁ%@lﬁ et hanol rivative o:)t ai ned

by the above-Iji stedfexanplks are ladded to thejwells

KPU-90 TFA 364.38
TBu-IPLH-2,3-di-Me HN
Q
O
KPU-91 /=N NH == TFA 364.38
TBU-IPLH-2,6-di-Me HN L NH
O
O NO»
KPU.92 SN NN OMe 1 Tra | 41139
TBUHPLH-2-NO2-3-OMe HN A NH
0
: O
KPU-23 SN N N TFA 364.38
- TBudPLH-2,5-diMe AN L 1 Nu
O

13-




of the uppernost row, specinmens are diluted by %February 2007
hal f-10g dilution nethod and added, and the plate is
i ncubated in a carbon dioxide gas incubator at 370C
for 48 hours. The result is added in lots of 1 O wth
WO NRIF054498 agent -PCT/US2003/024232
(3-(4,5-dinethyl -2-thiazol e)-2,5-di phenyl -2Htetra
bromi de) (1ng/ M PBS), followed by incubation in a
carbon di oxi de gas incubator at 37 oC for 6 hours. The

ct /cf al—of
PCOMPOURDS | n tlje cel | s &rrugtuRsol ved in 1@6“/ vve=| | Moy,
— e t-hy-suH-ex

ide._Absorption qf 595 nh R [is then
me kj_rggd with ja mcropl atle readg?z B conparl mg the
3@ bsor ptijons efy thre uwpEredted VBl | s Tra t hatsiceog

TBeBLH-BNH:A3r0Mat ed WN hla a knpwn
concentration,| th en concentrat) on that
i nhibited cell] pro iferaOion 50% (1 Csp) is
bdFLUIalcu 4% rculualy 206+ O—2004+054498
Clplfgg003/ 024232 2) Cel | cle Ijnfhibiting Acfivity of
Dehy rophenvi ghi st i A<Mnohklt s Cel ITFAt r ai oREB1
T&-0d+2-Nbd fr dm hil EMEM cul t ufe nmedi um
cont ai ni ng 10% bovi serum and| 1 % MVEM
nonessenti al 4 i d sdPution (S| GMA M2025 i s used
To i ncubate A ' ncubat
satgppared with and wat e
The refined sp ahi 1§64 n E hed
Thy- W'W‘H@ met h he cel | P | n the
| og- growt h pha he cell [cycle i
anal yzed by fl opi C

' observation. EXAMPLE 6 Structure-Activity Relationship

. Cvaliod dnoshiy cﬁ@denﬂa_ﬁsm%mm@myl ahistin ( Dehydr oPLH)
el o) OSBRI A B0 O s destibad n

Examplel 8, Seitlitonal dvanaiion ot the cﬁmrhtwﬁbearecmtended tol@pecrﬂtr achiviigseteh as determining the

oo 1D ps at .t en re

g il e, bt vt ke 8t e e vt ol oot

-effects arbmal eycle pogredsionyrevaivating abite afti-untue adtiaily RgareinRRUEISIned) awe Some

oten ot o|>8<| c activity than dehydroPLH and

Jor yi
evaluatl?rgﬁe?fﬁgp{?}a?ogﬁﬁqvembﬁ ‘most pot ent conpound exhi biting an
. EG50 \Cal Rrelifepdtion3nhibiithatifect ¢ Behy@Sohentahistin vied s Anaivgs

-t nd.4-tinmes high t t hat, of PLH
e S e bt Bl B GO B ol e o i g o
preparat &VIG5 oaNsiNe inScdukird m&dtu'm@ﬁtal.ﬂa‘d by B®lin@10% hovire Iihﬂslsérﬂrmﬁ EvEMtcigre
a orj ne
e . ka7 o8 e o
are placed. ddqﬂxano&d‘uuonabf melwvaWebﬁtan&d bphé ﬁt:oi‘/s-li@t@&exﬁrﬁpm eﬁe%ﬂcﬁ@bgﬁe wells
st ruct ur es e, npaht ene, . t hi ophenpe .
of the GBRRAR B e OEs o SRe Y S gcet 7 paps, SRS e i
incubatefiZh a aBon dRidee infubatorat FC fGrIOHREA. MeGRBIfis aabd ivioh M 10.13 m MTT
reagnt iRl sz 35 eheir £ Bt o S, Bl etbaton in &
carbon Gy GeOintubkislex BY & ov®Rours. The culture medium is discarded and the crystal of
produced in the cells are dissolved in 100ulwell of dimemylsu[foxide. Absomption of 595 nm light is then

measured with a microplate reader. By comparing the light absorptions of the untreated cells to that of cells
treated with a specimen of a known concentration, the specimen concentration thaf inhibited cell proliferation
50% {ICso) is calculated.
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Compound Structure ECao nM 0 KPU-9 /=N NH OM élFebNI'—?rYZOOT

I/ NH~ 11 O KPU35/=NNHF 10 NHNHI / OC

KPU-18 /=N NH/ \ 42?2 Y NH/ NH OKPU19 /=NNH/ G

20 NHNH O KPU-38 /=N NH M 45 NHNHI / 1~~ 101 O
WOR04AGPII837 /=N NH / 21 NHS // | | 0O KPU 4ACTYUSRPORIPP4EE2
31 NH~/ NHI / -76 fi 1 February 2007 WD

2004/ 054498 PCT[ US2003/ 024232 Conpound Structure ECss

nM 0 KPU-29 / NNHS 44 NH ? / NH

2) Celt Cycle Inhibiing Activity of Dehydrophenylahistin And lfs Analogs

Celt strain A431 is derived from human lung cancer. EMEM culture medium containing 10% bovine
fetal serum and 1% MEM nonessential amino acid solution (SIGMA M2025) is used to incubate A431 cells at
37 °C in an incubator saturated with 5% carbon dioxide gas and water vapor. The refined specimen of
dehydrophenylahistin obtained in by the methods above are added to the cells in the log-growth phase and
progression of the cell cycle is analyzed by flow cytometer and microscopic observation.

EXAMPLE 6 )
Structure-Activity Relationship Of Synthesized Dehydrophenylahistin {DehydroPLH) Derivatives
1) Overview in derivafive syntheses

Many, but not all, of the derivatives of dehydroPLH disclosed herein include one, two, or three
modiifications at the phenyl ring (Figure 5 below). The derivatives were synthesized by the methods described
above. As shown in Table 5, certain compounds showed more potent cytotoxic activity than dehydroPLH and
tBu-dehydroPLH, The most potent compound exhibiting an EC50 value of 3 nM was KPU-80. This value was
. 18-imes and 4-times higher than that of dehydroPLH and tBu-dehydroPLH, respectively. These derivatives

~ have mono-substitution at the o- or m-position of the phenyl ring with the halogen atoms such as fluorine and

chlorine atoms or the methyl, vinyl or methoxy group. Derivatives with subsfitutions to heteroaryl structures
stich as the npahthalene, thiophene and furan rings also elicited a potent activity.. KPU-35, 42, 69, 80 and 31
also showed higher activity than tBu-dehydroPLH.
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M OO KPU-16 OM42 NH OV 0 Me  KPU- 32 / =N FgPrupsy 2007
NH // ~NH O KPU-42 /--NNH S 54 NH), // ~NH O NO2
KPU-46 /--N NH 44 NH? p~NH O KPU-44 /=N NH OE 43

NH // NHI / O tBu-fPLH 13 (KPU-2) NH // ~NH -77 1

WO 2004054488 y 2007 WO 2004/ 054498 PCT/ 1JS2003FEPE383024232

. Conmpound Structure ECso (nM 0 KPU-69 /=N NH 16 NH)/

/ NH/ 0 KPU-80 /--NNHOCF3 13 NH, / NHI / OF
KPU-81 /- N NH 19
Table 5. Synthetic potent dehydroPLH derivatives
Compound Structure ECs (nM)
0
KPU-9 /=N NH = OM 31
NH_ A _NH
' 0
0
KPU-35 /<N NH N F 10
NH__ A NH
' o}
) Cl
KPU-18 /=N NH = 42
NH_J A\ NH
o}
0
KPU-19 /=N NH O cl 20
NH__A A\ NH
0
0
KPU-38 /=N NH Me 45
NH_A A NH
0
0 F
KPU-37 /=N NH = 21
NH_ A A NH -
0
O .
KPU-41 /SNONHT N Br 31
NH A A NH
0
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NH NH O KPU-90 /=N NH 3 I-N NH O O Dehydr dPIERYRERPO07
NH 48 (KPU-1) NAH, / N H O 2) Introduction of the
nmet hoxy groups to the phenyl ring Col chicine
recogni zes the sanme binding site on (3-tubulin as PLH
WO 2B81064#PEi ne has four characteristic net h8&YUSHBMEI423dN
its A and Brings. A series of substitutions with the
single or nultiple nethoxy groups was perforned and
the results of cytotoxic activity is shown in Table 6.

Tabl e6- ct—of—t-he et hoxy—group—siHbstt-+ut i on on

t he p-m.on_oi__hﬁgﬂ‘i%e! s oM o ¢ uct ur e
EC50 {nM O DehydroPLH ({PU- /=N Ni 48 4NH _/ 1) NH
"/ 0 -Krg8-24 FEbru,&gN 4/}054498
PCT/ Us2003/ 024 38H ound %r re EC50 (nM O
tBuIP-H/--NNHlS ( RPU- NHI / OOe KPU8
/=N-NH 89 NHS ~ U o

o]

KPU-16 /=N NH
NH A _NH

OM 42

0 OMe

0] Me

KPU-32 /=N NH 42
NH__ A NH
0
O
KPU-42 /=N NHWS 54
O

N

"NO,,

8]
KPU46 | /=N NHT Y 44
KPU-44 /=N NH™ OF 43
NH_A A NH
{Bu-IPLH /=N NH = 13
2 %NH
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'O KPU-9 /=NNH/ Oe 31 NH/ NH O KPU 6 /-NTNgbgpsn2007
NH Oe OOe KPU-10 1350 NH/ NHI / ~~ Ove Ode
KPU-12 /=N NH / 4980 NH, / NH~ OV O KPU-13 /-N NH
Oe 2130 NHOAe -79 i 1 February 2007 WO

WO 2DU#49%4498 . PCT/ US20031024232 Conpound BCTHS2003/2423¢50
(nM) 0 OMe KPU-14 /- N NH Ove 610 NH / NH O OMe NH
4430 KPU-15 /-N NH NH MeO p O KPU-16 O\ve 42

Compound stgucture ECsy {(nM)
KPU-69 /=N NHJ\[/AQ/“\\ 16
“EK)\,)\WNH
o
0
KPUB0 | /=N NH)'\(UOCF:“ 13
NH A NH
POR |
0O F
KPU-81 /N NH ¢ 19
NH A A NH
O OMe
o]
KPU-20 /=N NH = 3
HN A A NH
O
5 .
DehydroPLH /=N NHJJY@ 48
-~ {KPU-1) NH I A nn
2) Introduction of the methoxy groups to the phenyl ring

Colchicine recognizes the same binding site on B-tubulin as PLH, Colchicine has four characteristic
methoxy groups on its A and B rings. A series of substitutions with the singie or multiple methoxy groups was
performed and the results of cytotoxic activity is shown in Table 6.

_ Table 6._Effect of the methoxy aroup substitution on the proliferation of HT-29 cells

Compound Structure EC50 (nf)
-0
DehydroPLH (KPU- /=N NH = 48
1) NH L _NH
N 0
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Ni / NHI / OV O KPU-24 7040 NH, -~~~ Ove Th&bruary 2007
result denonstrated that substitutions at the m or
0- position increased cytotoxic activity agai nst

ce

Ils.

KPU-9 and 16 showed high activity. The

HT- 29

WO 20i31083%8y - deri vatives with triple substituPCHHSINA]
17 and 45) al so showed activity. The structure of

KPU- 24 was assi gned by MASS anal ysi s.

3) Modification

with the el ectron-wi thdrawi ng groups To study nore

expanded structure-activity relationshi on_the phenyl
ri g, Ams&mies [of differepbenybuncti onal | gEGHEMver e
i nfroduced, whijch T nctude bgth el ectron{ w T ndr awi ng
anfl -donating groups. The résult of cylotoxicity
agai nstBURI 29 clel | s ¥SNsHEWNn YA Tabhes 7 and®s,
respectypuedy. Subst i aiNH he& g# or [m - positipn
effectively increased activilty. These results werge
well consistent] w the c8se of the mbthoxy group.
- 8p—t—February 2007 —WO-2004/ 054445, PCTIHUS20037/ 024232
Table 7. Effect| of the el ecfiron-wjthdraw ng group| on
prolif s on o $trucPure [ECse
(nM 0 d KPU ~v O KPU 19
=N NH C 20 NH /-N NH 546 NH
NH CI O Cl KPU '
0
KPU-9. /=N NH OMe A
H A A NH
o
O
KPU-6 /=N NH)m 6730
NH
I NH OMe
0
_ 0 OMe
KPU-10 /=N NH = 1350
KPU-12 /=N NH)H%\©\ 4980
NH
7S NH OMe
O
O .
KPU-13 /=N NHJ\’/UOMG 2130
NH .
LN NH OMe
O
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N/ NH/ NO2 ONO2 KPU-52 /-N NH 110 NH/ / NH /Febguary 2007

~C OFKPU37/-NNH21 NH// NH/ ~~\ 101 0

KPU-35 /=N NH F 10 NH// NH ~ 101 -81- is

1 February 2007 WD 2004/ 054498

WO 2P@m5448P 003/ 024232 Conpound Struct ure ECHET(UHRG03/024232
KPU-34 /-N NH 466 NHLi // ~~ NH F 0 Br KPU-50 /-N NH

/'\ 38 NHI / O KPU-41 /-NNHBr 31. NHI / O
KPU-40 /=N NH 623 NH NH
Gompound Structure EC30 {nh)
O OMe
KPU-14 /<N NH ¢ OMe 610
NH__ / NH
0
O OMe
KPU-15 /~=N NH 3 4430
NH_L A NH
o MeO
O
C e NH
0 OMe
O
KPU-24 /=N NH = 7040
NH_ . P N
0 OMe

The result demonstrated that substitutions at the m- or o-position increased cytotoxic aclivity against
HT-29 cells. KPU-9 and 16 showed high acfivity. The methoxy-derivatives with triple substitution (KPU-11,
17 and 45) also showed activity. The structure of KPU-24 was assigned by MASS analysis.

3) Modification with the electron-withdrawing groups

To study more expanded structure-activity refafionship on the phenyl ring, a series of different
functionat groups were introduced, which include both electron-withdrawing and -donating groups. The result
of cytotoxicity against HT-29 cells is shown in Tables 7 and 8, respectively.

Substitution at the ¢- or m-position effectively increased activity. These results were well consistent

with the case of the methoxy group.

-80-




Br 0 N0O2 KPU-46 /-N NH 44 NHr |,// NH O KpPUZepryar2007

NH NO2 40 N/ pYNHI / O KPU-48 /-NNH > 20 M NH/

,NH Np2 -82 1 February 2007 WO 2004/ 054498

PCTf US2003/ 024232 Compound Structure ECeo (nM O
WOeHM498/ -N NH / CN 28 NH, / NH O KPU 4BCT/UR0GY024232>

20 M NH CN Table 8. Effect of the el ectron-donating

group on proliferation of HT-29 cells Conpound
Structure EC50 (nM 0 Owe KPU-8 /- N NH 89 NH1~/ NH O
EP !e? Ilgﬁlecll\"_f'the electronl—wﬁhclf\rlat\'mr{g gll%llll_}!) ocr)m proli (Ie:)ra on of HTl\b h_s| 6730 NH
Compound Structure ECa (ni)
o Ci
KPU-18 /=N NH~ 42
NH_A A NH
o
O
KPU-19 /=N NH™ > ¢ 20
NH A AN NH
0
0
KPU-20 /=N NHJ\(\Q 545
NH
N NH cl
0
8] Cl
KPU-21 /=N NH 51
N NH
NO,
NO,
KPU-52 SN NH N 110
NH A A NH
Ci
0 F
KPU-37 /=N NH = 21
NH L A NH
0
O
KPU-35 /=N NH~ F 10
NH__L A NH
o}
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O OO KPU44 /-N NH CE 43 NHS // NH -83 | 1ifFebruary 2007

February 2007 WD 2004/ 054498 PCT/ 1JS2003/ 024232

Compound Structure EC50 (nM O O\ KPU-30 /=N "NH /

477 NHNHI / p O KPU22/-NNHO82 NH1/ OO0 Me
WOIREPE/ "N NH 42 N H/ 0 KPU 38 /=N NH MI/UB003ME4232

~NH O KPU-39 /=N NH 460 NHS / NH/ Me O OH KPU 53

/-NNH/ >20M NHi NHO KPU51 /=N NH OH 617

Compound Structure ECa (nM)
O
KPU-34 /=N NH = 466
NH A _L__NH -
F
0
O Br
KPU-50 /=N NH = 38
NH__L A NH
O
0]
KPU-41 /=N NH = Br 3
NH__ A _NH
O
O
KPU-40 /=N NH™ 623
NH_A A _NH
Br
O
_ 0 NO,
KPU-46 /=N NH = 44
' NH,_A A nH
0O
O
KPU-47 S=NNHT N NO, 40
NH A L NH
8]
O
KPU-48 /=N NHJ\{\@ > 20 pM
NH,
PN NH NO,
0
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NH NH -84 1 February 2007 WD 2004/ 054498 1 February 2007
. PCT/ US2003/ 024232 Conpound Structure EC50 (nM O OH
KPU-23 /- NNH Ovwe 5870 NH/ NHI / O CH KPU-58 /-N
NH >20 OM NH), NHOWw 0 O OH KPU-54 /=N NH/ \ > 20
WO Joodds4assH NH | / O Ove 0 KPU-57 /-N NH OHPeTAR20030242801
NH We The present disclosure is not bound by or
limted to any particular scientific theory.
Nonet hl ess, it is appreciated that persons.of skill

I —the—eart—may—-npt-er-pret—the—+resu-ts pre“(‘ertt@d——hfr ein
t ¢ spgeadt hat a rel Stusteey smal | er fuﬁc?‘lp nal
grioup, affectilng |l ess st@ric hinderance, may be

prief engg ¢licit norelpote QN i Vi ty, peand

slfi ght,{y ?argﬁ Hﬁﬁ NEluc as et hioxy gzrsgup (Wwhen
cagnpared to th p the] Br atom (hen
conpared to the atomonay affect steric hindrance
unf avorabl e t raction with, for lexanple, the
tdbuli n bindifg site. l\7bcneoVer, because the el ect rical
prloper, ft ese substl s..did not aff he
actiwl{P}]/"‘lg [ eStled t/ha ese rel atzﬁ:)“él smal |
SLbstltuents on j NHy vvlththebnding
sijte of fl- tubulj butfrestrict the conformatipn of
dehydr oPLH suilta for ?he bi ndi ng. Or, as anot per
posSi bl'é nypot hesi's, the hydrophobic property nmay be
a nore inportant factor at the binding site for o- or
m position on f34ubu| [ n‘ SI nce | nt roduct| on of the
hydroen Dondl

_ drmmdmal Ty

effect of the
at therL-J-posH
mjposi tion, as
efff ective functi
agtivity than
- mdified. .And

bt oxi ¢ activity
in the case of
conmpounds Hhavi ng
howed hi gher
» be further

- KPU9 31
KPU-6 6730
KPU-44 43
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m gration of the stereochem stry fromZzZ to E urdeabrgans2007

visible light irradiati on was observed, substituents :

that -85 1 February 2007 WD 2004/ 054498

PCTI US2003/ 024232 decrease the electron density in -
WO pleodea) ugat ed doubl e bonds may contri butRCTIES2600/624232

reduction of Zto E mgration by the light, results

in nmore physicochem cally stable structures.

Tenperature can also effect this mgration.

H-ecat+en—at—two—parts—oef—the—+i-ng-c red

for t Bempbeme! opnent of @atdpé but al sc tﬁcéf’l( icafly
stiabl e conpoungls. The phenyl rlcmg\oF phenyl ahistijn is
ox(i di ZR%J cyfochronme P 450 Daubbe modi fi.cati on
that réduCe the,efElt d of the phé yl r|ng
mely t herefore be i ax0i d P450 oxidati
Thus, the conbi natfi on of the smal | el ¢ctron

wijt hdrawi ng gr oup/ such a8 the fluorin atomtoth
ellement that can Tncreasg the activiTy such™as -

- Ne aphd Br, maylresult |norm e potent an
bilol og&%?zl y st ﬁ =N cphp T ble & Su ry
of{ nodi fication - [ ound Strucfture

Edso (nM 0 KPU-Z /=N N 48 NH')/? NH 11 O Ove
KRU-8 /=-N NH 8 NH OYF KPU- 37 /- NNH/ \ 21 |NH/
NHJTT 7~ O O RPO- I8 1-NgNH 744 NHy =N77="p7] 0 Br

KRU-50 /--N NH| 38 NH N '
KPU-32 /=N NH® N 42
NH__L A _NH
0]
O
KPU-38 /=N NH = Me 45
NH__L L NH
0]
5 .
KPU-39 /=N NH)‘\‘//\@\ 460
NH
N NH Me
. O
0
KPU-53 /=N NH & > 20 uM
NH A AN
0]
O
KPU-51 /=N NH™ NF OH 617
NH L NH




7\ 101 -86 1 February 2007 WD 2004/ 054498 ! February 2007

PCT/ US2003/ 024232 Conpound Structure ECso (nM O NO2
KPU-46 /=N NH 44 NH // p~NH/ O Me KPU-32 /=N NH 42
NHi // ~NH O OH KPU-53 /-=NNH > 20 M NH, //p~NH

WO 2reMIS&498 0. Sunmary of nod cation at t he mBeFAISeG0dpR4232
Conpound Structure EC50 (nM 0 KPU-2 /=N NH 48 NH?/
p~NH/ O KPU-9 /=NNHOM31 NH /~\ 101 O KPU 35
/--NNH/ F10 NH, tNHO KPU19 /=N NH O 20

-0 *

bc/:a'i',(': ué%%émuzzg?,;ugoxpie7 W, oo e o el

0‘ ‘O‘H \ 7

KPU-41 /=N NH Br 31

v |

KPU-23 N NH NP OMe | 5870
NR A A NH
0 OH
KPU-58 /=N NHJ\{\@ >20 IM
NH
AN OMe
0
OH
KPU-54 /=N NH ¢ : > 20 uM
NH A A NH
OMe
0
KPU-57 /=N NH’HY’\C[OH > 20 pM
NH
A A NH OMe

0

The present disclosure is not bound by or fimited to any particutar scientific theory. Nonethless, it is
appreciated that persons of skill in the art may interpret the results presented herein to suggest that a
refatively smaller functional group, affecting less steric hinderance, may be preferred fo elicit more potent
activity, and slightly large groups such as the ethoxy group (when compared to the methoxy group) or the Br
atom {when compared fo the Cl atom) may affect steric hindrance unfavorable to interaction with, for example, |
the tubulin binding site. Moreover, because the slecirical property of these substituents did not affect the
activity, itis suggested that these relatively small substituents do not directly interact with the binding site of p-
tubulin, but restrict the conformation of dehydroPLH suitable for the binding. Or, as ancther possible
hypothesis, the hydrophobic property may be a more important factor at the binding site for o- or m-position on
B-tubulin, since intreduction of the hydrophilic hydroxyl group, which can form the hydrogen bonding as a
hydrogen-donor, drastically decreased the éctivity. -

As shown in Table 9, the effect of the substituents in the cytotoxic activity at the o-position may be
ordered, as in the case of m-position, as shown in Table 10. The compounds having effective functional
groups, which showed higher activity than {Bu-dehydroPLH, may also be further modified. And since the
‘migration of the stereochemistry from Z to £ under the visible light iradiation was observed, substituents that
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NH)// NH 01 O KPU-47 /-N NH NO 40 NH, NH O Kpey 2007

/-NNH M 45 NH, // NHI / p O KPU-51/,-NNH OH 617
NHNH O KPU-49 /--NNH/ \ ON28 NH// NHU 7-\ O
Hésﬁdbs/:N NH CE 43 NHI / p~ 4) Substltutl on of the
Bnenyt ring to aryl-heterocycles The phenV$VP$2%/024252
aI so be replaced by heteroaryl groups. The result of
such replacenents in terns of the cytotoxic activity
are shown in Table 11. Since the arylic nitrogen atons

decrea@eame Blooton @ndity G RO SRjugRa Qi@dblégaoﬂﬂs tiay @oanbt@foCtthre&lfctioh ez to E
i %ﬁ‘g@% I‘@ZI ne ring and t?spig ict the conformation
i e G 'meocf}smf%? SRR REPEBB P A s

mlgratmrl ngs to an uniplanar structure, the active

t f dehy PL I b -88 1 F
R0 a s e bEspOSS 65 o iaeniient LGP ut aso

baologmwatame Rompented. T pbni @il @l'phe’ﬂ s i @ﬁd&aﬂbybmo%hrbﬁe $Laes. i Gouble
omo

modif catfoﬁ gﬁ)’ﬁ‘? ﬁequgtglgmfﬁ&nqqﬁg% gfglhqu?}gw}/ %qu g hsﬁé‘ﬁ bgtem%fto f\aid P-450

oxidatignh €Mys| the eoRindfibrl & tHe@mB) slectron withdrawing group such as the fluorine atom to the
~ element that can increase the activity such as -OMe, -Me, -Cl, -F and Br, may result in more potent and
 biologically stable drug compounds.

Table 9. Summary of modification at the o-position

Compotind Structure ECa (n])

0

KPU-2 /=N NH 48
%NH

0

OMe

O
KPU-8 /=N NH™ - 89

0

F

O
KPU-37 /=N NH 21
NH_A - NH
O
8]
KPU-18 /=N NH & 42
NH A A NH
0

8] Br
KPU-50 /=N NH 38
NH A _NH
O




Tabl e 11.

1 February 2007

Ef fect of the replacenent with the
ring on proliferation of HI-29 cells

het er oar yl
Compound Structure ECso (nM 0 KPU-28 /=N NH/ \ >20
NH 96 NH / NH

/1 NH N 71

0 KPU-31 /=N NH r

p O REHYS33/0242520 )\

Woﬁ%"’é“%ipu 25 /-N NH/ \ 544 NH NH
NHS O KPU-26 /=N NH O 600 NH ? / NH O KPU-60 /-N NH
CHp 71 NH, / NHO KPU42 /=N NH S 54 NHS // pY NH

89 1 February 2007 WD 2004/ 054498 . PCT/ US2003/ 024232

Conmpoynd Structure ECS AV O RPOH 27 # H-vike 80 NH
i ENEQ mpourd 1 %ructlgre ECsd tiM)
0 NO,
KPU-46 /=N NH e 44
NH A _ A _NH
0]
O Me
KPU-32 SN NH N 42
NH A NH
O
Q OH
KPU-53 /<N NH = >20 pM
NH A A NH
0
Table 10. Summary of modification at tite m-nosifion
Compound Structure ECso (nM)
0
KPU-2 /~N NH = 48
NH A A e
Q
Q
KPU-9 /SN ONH NP on 31
NH A A _NH
0]
0
KPU-35 NONE N F 10
NH e NH
Q
5
KPU-19 SN N N a 20
NH A L NH
8]
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O KPU-29 /=N NH 44 NH, / NH Me O 0 KPU- BICYHREY 2007

NHS q 184 NH// NHp O M 6 /-N NH 2790 NH //

~NH Nt /NH O CH3 KPU-63 /-N N 05 NH // NH~~ p

Repl aci ng the phenyl ring with a smaller furan or
wo{z@%%i‘?gne ring, for exanple, KPU-29 or - 4BCT/UERMYB12%%d

activity. The phenyl ring can be changed to ot her

aromatic structure while naintaining the potent

activity. 5) Met abol i sm of phenyl ahistin In the recent

17Z
KPU- 3
H N1

hi $ st ud phenylz?nl Srtn Was treaf ed gl iy T at
hepat Cempa sbme or h¥AWRepat i c P4503 In hu
caseatteast—sevennetagoti-tes—wererdetected: nd t wo
of fthem i.e.,| Pl and P3] were majBor nmet abol it es,
repr es€-4d nor e i=anNeoo cover ed!
mef abol i tes. S Nd e jagt N o-o] efin structjure in
t By- dehydr oPLH, ynt hesl zed derivatives |have
no| oxidi zation e P1 @Qnd P4. Howeyver, oxidizations
su¢th—as—P3—andP5—are-ferred—durtngthehepatie] -90 1
- February 2007 V\D 2004/ 4498 PCT/ USZOOS/ 024232
mef aboKP&#i Vi < f4ch prétent such
nme{ abol i sm arieNf £kctj ; 150 oxi di zatfi on at
t he phenyl ring. ' [ can al so be
nogi fied to avpi i dation. 6)
Ph{ i L
KPU-38 /SN N NP Me 45
H A AN
0
O
KPU-51 /=N NN OH 817
NH_A AN
0
‘ 8]
KPU-49 /SNONHT Y CN 28
NH A NH
0
0 _
KPU-44 AN NN OF 43
NH__A A NH
0

4) Substitution of the phenyl ring to aryl-heterocycles
* The phenyt ring may also be replaced by heteroaryl groups. The result of such replacements in
terms of the cytotoxic activity are shown in Table 11. Since the arylic nifrogen atoms can form a hydrogen
bonding with a NH group of the diketopiperazine ring and restrict the conformation of the molecule between
pyridine and diketopiperazine rings to an uniplanar structure, the active conformation of dehydroPt.H would be
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The physi cochem cal stability is one of the 1 February 2007

unf avor abl e probl ens of dehydroPLH. | n phenyl ahistin,

since there is no additional olefin structure at the

part, there is no such problem However, in

wo%@ﬂéypgp the benzylidene noiety can bdCTASR0H024232

actlvated probably wth the visible Iight, and the Z

to E nigration frequently occurs due to the existence

of longer conjugation of the double bond. This
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growt h of a cancerous tunor in a human di agnosed a emumy2007
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HTB- 161), B16-F10 (rnurine nel anoma; ATCC, CRL-6475)

and CCD-27sk (normal human fi brobl ast; ATCC

5). Cells were maintained at subconfl uent

wogﬁiﬁ%#‘?glzes in their respective culture nedi@/US2003/024232

Cytotoxicity assays were perforned as described above

in Exanpl e 4, using Resazurin fluorescence as an

indicator of cell viability. The disclosed compounds
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be progajcechitom its Edsomer by tisihlelight inrdigtion, te Afor igladgdisterzd and pipto iradiation is

perforrlﬁgdcg?(f)ﬂ{ Qt'I\EBIFe {U?r@l’S sth:aL ?I'?go @quﬁb{é fgﬂa%%ug% p}ioéo APR%UCGWOITI“_Q‘I% fhe i8de

effect igtye iagNssugsisyedy®d.5 2.9 4 68.5 2.9 4 65 5 3 OVCAR-3
OfRY Miohd2R b& Mot@c?éa cﬂQx@caﬂy b% tfe%dl&g Q4 a btﬁ‘ky fgt(%iogéa Qdahle ?acy] group,

which is introduced into the diketopiperazine ring as a prodrug. This acyl group can be cleaved by the

protease in the body. Therefore, the acylated-E-compound is maintained before administration, then after
administration it is changed to the real £-form, which can migrate to. the bioactive Z-form by the local photo
irradiation,
- The synthetic scheme of this acyl-E-form of tBu-dehydroPLH is summarized in Figure 9.
EXAMPLE 7

Pharmaceutical Formulations of the Synthesized Dehydrophenylahisting
1} Formulations Administered Intravenously, by Drip, Injection, Infusion or The Like

Vials containing 5 g of powdered glucose are each added aseptically with 10 mg of a compound
synthesized by the method and sealed. After being charged with nitrogen, helium or other inert gas, the vials
are stored in a cool, dark place. Before use, the contents are dissolved in ethanol and added to 100 ml of a

0.85% physiologica! salt water solution. The resultant solution is administered as a method of inhibiing the
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% CQytotoxicity 45.8 3.0 4 39 2.2 4 37 - 2 B16- Figoruany 2007
Mel anoma | G50 nM 37.1 26.3 4 32.3 19.9 4 736 650 3
otoxici 71.8 2.5 4 72.0 2.2 4 74 2 3 CCD-27sk

ast 1C50 NM 9.2 2.9 4 7.4 2.6 4 >20. 000 -
Wo}é\/ sy ty 64.3 2.4 4 60.8 1.9 14 45 i o e
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Studies in Drug Resistant Cell Lines One of the major
chal I enges in the use of chenotherapeutic agents in
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or activd 1Bleass REBidsmye cell line. CsA treatnent restored the
- sensitivity to taxol of the MES-SA DX cell line. The

MES- SA DX cel | line al RéMBIFfved reduced
suscept 'lﬁ’l/drdfihé(nn&c@lo tom;sg %45@ tfb ﬂen ]ﬂ ﬁ]or ubicin (34
d m t oxant
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fold).
tTﬁ%\{”)"F" agﬁ ‘@?st@é'ﬁﬁe@?m%m KpU- KFKBUQ&IQQ riiuty! phenylahlstm included: A) a
panel oft siXukhor leel RN sBesSh initiddgSeshBht b7 EA hPb)%stkis to determine the

mechanism of action.
A). Study of KPU-2, KPU-35 and +-butyl phenylahistin in a panel of six fumor cell lines
The following cell lines {source in parentheses) were used: HT29 (human colon tumor; ATGC; HTB-
38), PC3 (human prostate tumor; ATCG; CRL-1435), MDA-MB-231 (human breast fumor; ATCC; HTB-26),
NCI-H292 (human non-small call lung tumor: ATCC; CRL-1848), QVCAR-3 (human ovarian tumor; ATCG;
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the taxol -rel ated resistance nechani sm

(p-glycoprotein) in this cell line, and that
cross-resi stance fromtaxol does not occur to these

d conmpounds in this nodel. -94 1 February 2007
w0 QB e aabe  peT1US200/ 094552 Tab! & 1%CTAE¥?‘§’°%4§3201‘
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ara-nmaot cuceoantihle tn he. _sane_resista
“caltime T[T KpU2 KPU-35 t-butyl-phenylahistin
Mean | SD n Mean SD | n|. Mean sD n

HT-29 Golon

1C50 niM 9.8 24 (4 8.2 20 (4 420 473 3

% Cytotoxicity 82.5 53 14 81.3 40 |4 |88 0.2 3
PC-3 Prostate

IG50 nM 13.4 07 |4 13.2 25 |4 | 174 - 2

% Cytotoxicity 60.3 21 4 56.8 10 |4 (595 . - 2
MDA-MB-231 Breast ]

IC50 ni 13.8 1.9 3 97 42 |4 387 - 2

% Cytotoxicity 56.7 72 13 59.3 56 |4 |655 - 2
NCI-H292 Lung ,

: IC50 nM 17.5 1.1 4 15.9 1.1 4 1384 194 3

% Cytotoxicity 70.5 29 14 68.5 22 |4 |65 5 3
OVCAR-3 Ovary

1C50 nM >20,000 | - 4 >20,000 |- 4 1>20,000 |- 2

% Cytotoxicity 458 3.0 4 39 22 14 |37 - 2
B16-F10 Melanoma

IC50 nM 371 263 |4 323 199 (4 |736 650 3

% Cytotoxicity 71.8 25 4 72.0 22 |4 |74 2 3

-CCD-27sk Fibroblast
IC50 nM 92 29 |4 74 26 14 [>20000 |- 2
% Cytotoxicity 64.3 24 14 60.8 1.8 |4 |45 - 2
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mechani sms as Mtoxantrone in this cell line, andPrvay2007

-there is no cross-resistance from Mtoxantrone to
these selected novel conpounds in this nodel. Table
14. Activity of KPU 2. KPU 35, t-butyl-phenylahistin

WO 2H05t498 oxant rone in the HL-60 Human Acut éCT/US2003/024232
Pronyel ocytic Leukeni a Tunor Sensitive and Resi stant
Cell Line Pair HL-60 Sensitive HL-60 Resistant
Conmpound Ratio 1C50 nMICSO nMto Sensitive KPU-2 6.4

8.17 1.28 KPU—EIE i.2_7;3g._79 t-_but | - hen Il ahistin
255 175 0.69 M ' f 4.1 -95 1
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pathwsﬁamimea:twam b cytbahiome BA50 biizfiR% R bihbreERied 4 ABdharfk EI\‘IHICH Bancer
resi stance does not transfer to

cls e ES'%@%A@FWWQSm T aBEss GRS Bt co s
that extibiewd difeRAIheckanitRd 61 Qd¥RlafReNRd SveiéDreaditil JRAS PSlyaRioterehd altered
Li ne MCF-7 Sensitive MCF-7/ADR Resi stant
t°p°'5m%'ﬁ"f‘f 'hf C50 nM I C 50 nMRatio to Sensitive KPU -2
39, ) .
uing

.......

esxstﬁ_ﬁjnct i on Human unbl [ caI ve| n endot heI i al ceI I S ( HUVEC

o sﬁ%b&%nié%qﬁ“eﬁw%w S P e i ki
Pretreatoempieithicgsinspotina (Ce!) b]h:iks:ilﬁlybo;ﬁmn 4nd Yeinbtated wevitfiing Rsiddnt cel line for
oo B R R T o BRI Bl 5, SXPSIT 1,

p K} canhel seer fbm Table 13, KPU-2, and KPU-35 have the same potency in the resistant csll line
as In the sensitive line and the potency of t-butyl-phenylahistin was only slightly reduced. Cyclosporin A (CsA)
pretreatment did not alter the potency of the selected compounds. in contrast, taxol was virtually inactive in
the MES-SA DX resistant cell line, whereas this compound was very potent in the sensifive cell line. CsA
treatment restored the sensitivity to taxol of the MES-SA DX cell line. The MES-SA DX cell line also showed
 reduced suscepiibility to etoposide (60 fold), doxorubicin (34 fold) and mitoxantrone (20 fold).

~ These data indicate that the effects of KPU-2, KPU-35 and t-butyl-phenylahistin are not susceptible to
the taxol-related resistance mechanism {p-glycoprotein) in this cell line, and that cross-resistance from taxol

does not occur to these selected compounds in this model,
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mi crot ubul e depol ymerization as was indi cated byFgHeary 2007

| ack of intact mcrotubule structure in contrast to
that observed in the DMSO Control and cell nenbrane
bl ebbing (a clear indication of apoptosis) in the

WO psat98cel | s, whereas taxol did not i nducRCTAUSZ3024232 e
depol yneri zati on under these conditions. Colchicine is
a known microtubul e depol ynerizing agent whereas
taxol is a tubulin stabilizing agent. Simlar results

; . ] k .
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NPl Conmpound Potency Efficacy |1C50 nM % Cel | Debgtfuary 2007
KPU-2 11 94 KPU-35 5 93 t-butyl- hen lahistin 165 93
M toxantrone 41 99 5). C eavage of Pol y(ADP-ri bose)
Pol ynmerase (PARP) in Jurkat Cells In order to assess
WO 2066054188| i t y of these conpounds to i nduce EpmR2es0BI25N
Jurkat cells, cleavage of pol y(ADP-ribose) pol ynerase
(PARP) was nonitored. PARP is a 116 kDa nucl ear
protein that is one of the main intracellular targets
e(rzleTr at es 6[1 stabl e

rmmstsmamomeﬁ Kﬂ&&tn%blﬁbaﬁbb@b tam gKPLQ RAMeERd %;la%ﬁﬁcsé% poth the
is one of the hall mark of apoptosis, and
sensif é'ﬁ’afgsé*fa{}‘ oS of sl pinin eERAPORGS wmallvgnaﬁtww@wemstant
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he ceI I s to the

after osur
c ot hles ST b 2dsben P botsel e et il crpesedoggtt tasr o
KPU-gi ther halimde or KPU-1. -97 1 1 February 2007 WO
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1), ActRR bamaubule Finctich© an  ext ent simlar to colchicine. The
m crot ubul e stabilizin ent taxol was inactive in

t Hiveannblica! veirprgothelial sells (HUYEC from Cernlirgxbwara-useal itBhie sfily Hor meatiating
the ef@% & KPU- KBHT-Butﬁ\ﬁénwaﬁlbﬁ 'm%llnb‘anéﬁ kR BIRRe 3id t2oloR 'Ehﬁvfﬁﬁ by %ﬁ(@ﬁ o

f 10 pMin a panel di fferent Kkinases;
otbflyncent rati on was 10 pM Four ki nases were inhibited

byrhifly @miies ekposare ROROULN tbﬂmpﬂﬁﬂlaﬂﬁﬁlyor%k}ﬁﬁﬁ @ng Qrellf?llé induc

m ned i n secondary screening are

micogHE Sy RSHEPon SN BHcH B K o BPIAISRES HAChn G cniest o

obsenm mrtmrmksarc;oﬁt@n@e cellViitinBrbne Hlyﬂbufgq& 8ar tnla!@duod R Qﬁoﬂbéls? RheQHuvEC
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obtained when CCD-27sk cells were exposed to KPU-2 or colchicine.

2). Induction of Apopfosis

Apoptosis and its dysregulation play an important role in oncology; the selective induction of the

programmed cell death cycle in tumor celis is the goal of many chemdtherapeutic drug discovery programs.

This induction of apoplosis can be demonstrated by different methods including the characteristic cell

~membrane blebbing, DNA fragmentation, hyperphosphorylation of the antiapoptotic factor Bel-2, activation of
the caspase cascade and cleavage of poly (ADP ribose) polymerase (PARP).

The characteristic signs of apoptotic cell death include cell membrane blebbing, disruption of nucle,

cell shrinkage and condensation and finally cell death, very distinctive from necrotic cell death. KPU-2
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Kinase 1C50 M CDKI/Cyclin B (human) 10.1 c- RAFebruary 2007
(human) 8.9 JNK3 (rat) 6.8 Lyn (nouse) 11.1 EXAMPLE
9 In vivo Pharnmacol ogy Prelimnary studies with KPU 2
were perfornmed using the MX-1 (breast) and HT-29

WO 20840156485 xenograft nodels and the P-388 rR@IH@003/024232
| eukem a tunor nodel, in the nouse. O her tunor nodels
selected on the basis of activity inthe in vitro
tunor panel were the DU 145 (prostate) MCF- 7

e s SR el s ol ot o o P b PR oo
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conmbination with a clinically-used chenot herapeutic
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dehydiophesahistia PN dKRUR ihdceait DA lsiderihgnat tHe el i doficerdtration mebereas halimide
vv| ng the initial results fromthis

Fol |
- a”dKﬂFﬁWm hipssp ?"ée conpounds were conpared in the HT-29

A, Athémagthcgl on burm!r the DU- 145 human prostate and the
oy CHEEHLt t unor xenograft nodels. -98 1
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anto R MG Pt Doen Moo e AT N R U e e

buty-phenylaiddtin.ve ef fects of a conmpound on the subcutaneous
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three ptmpemnttn ihid yanngrvamilert foemlimidenroThe mosbedes dutivation oeained over a similar
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cells. The ot her nodel is the [ rml ant at| on of I\/DA- 231

Human breast tunmor cells in the torgici f at
ad. VWhNRIGompourd | at t er; nod®btebey a X nografﬁfﬁcmydel, thhe
ubcut aneous vascul at ure dde8nMot pllay a%Gell Beativet holds

YXPUXenograft Mdel s Ani mal silused wére (excébtions ar e

UGSt ed for individdyal studies): female nldle m ce

nbutybphienylzhishween . 5 and 6 weleks of age (-208 Harl an);

Mitbkani®heze was 9- 10 mjce per4igroup Uinl ess ofherw se
i ndi cat ed.

5). Cleavage of Poly(ADP-1ibose) Polymerase (PARP) in Jurkat Cells

In order fo assess the ability of these compounds to induce apopiosis in Jurkat cells, cleavage of
poly(ADP-ribose) polymerase (PARP} was monitored. PARP is a 116 kDa nuclear protein that is one of the

O T (NTT

main intracellular targsts of Caspase-3. The cleavage of PARP generates a stable 89 kDa product, and this
process can be easily monitored by westemn blotting. Cleavage of PARP by caspases is one of the halimarks
of apoptosis, and as such serves as an excellent marker for this process. KPU-2 at 100 nM induced cleavage
of PARP in Jurkat cells 10 hours after exposure of the celis to the compound. KPU-2 appeared to be more
active than either halimide or KPU-1, ‘

-97-




Cel | lines used for tumor inplantation were: H-Egpruary 2007

human col on tunor, MCF-7 human breast tunor, A549

human non snmall cell lung tunor; M aPaCa-2 human

pancreas tunor; DU 145 human prost ate tunor. Sel ected
WOWEMEF”%OWpoundS wer e adnmi ni stered as nondRTEAM0AR2R

the intraperitoneal (i.p.) route at the doses

i ndi cated for the individual study; for the

conbi nation studies the selected reference

chenot her a agents were injected 15-30 mn prior to
6). Enpanged p/paeabi elised in these studies were:
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KPU-2 was the first compound to be studied in these five fumor models. Following the initial results
from this study, all three compounds were compared in the HT-29 human colon tumor, the DU-145 human

prostate and the MCF-7 human breast tumor xenograft models.
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1, 3 and 5 (godx3). A549 Human Lung Tumor Mbdell February 2007
Animals were inplanted s.c. by trocar with fragnents
of A549 tunors harvested froms.c. growing tunors in
nude m ce hosts. Wen the tunor size reached 5 nmx 5

WO 2444054Bbut  10- 17 days) the animals were RPETAHR05/426330
treatnment and control groups. The rest of the study
proceeded as described for the HT-29 nodel, using
taxotere and CPT-11 as the standard chenot herapy
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B s P o wer T2 i e enog BEF s gt o
A549 hﬁiﬂan?ﬁorﬂsma!ﬂﬂell IGngeuikbr, MAP4043drrbh par@bbsll Uumuﬁén%%%ﬁt@ fimor.

\A#%rlm{ g Mal.e m ce were | ant ed by ‘trocar

o POVE) SRPROTS YoM BETeY cmBnahareey via B amehieshal G roue a

the dosgs indMatad) fof HEmRdivdud Study LFeHehe EBrhIhatith @@d|$},Ql¥ets§lecte\i“?é?é?en&ertﬁemotherapy
mm (at about 13 -17 days)

agentsyvﬁgmjgﬁgd:}g?@mw%toﬁzgfoewﬁ ‘into treatnent and contr ol

gvehidies used Inehesesimien des: 125% DMSO SE%B d¥mphS GRESHS, Jiéﬁmf & for the
Xxotere as the sta

selectei H%Vﬁlogowg?ugﬁgﬂgg Eﬂxsorﬁatelg)d%% qthapy! lfpért@(o eig 071 Q@'laphor'eﬂaanol for
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achieverti@rtjeetion nonEmyatiors used for the refreB ebmbdings3dXx5) ; taxotere was
HT-29 |S\‘Tere8l travenously on Days 1, 3 and 5
n Subcut aneous | npl antati on Tunor

MpiielssveEleplatel sobbutanesasyd(s. Elyetocar @mma@nemsd)engqan&dwvesﬁd
fom . s TR < A oy et i g7 v
the aningalsameravazichddintoritreatmepteand eoniall froups) @RS werk EiGHAll SRe weekly and tumor
'.measurén%gts %Qre oﬁamed using calipers twice weekly, starting on Day 1. The tumor measurements were
converted fo estimated mg tumor weight using the formula (W2xL)/2. When the estimated tumor weight of the

control group reached an average of 1000 mg the mice were weighed, sacrificed and the tumor removed. The
tumors were weighed and the mean tumor weight per group was calculated and the tumor growth inhibition
(TGl) was determined for each group (100% minus the change in the mean treated tumor weightithe change
in the mean control tumor weight x 100.
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The cell lines used were: MDA-MB-231 hunan br eddtebruary 2007

tunor and B16- F10 nurine nel anoma cells. NP
conmpounds were adm ni stered as nonot herapy via the
intraperitoneal route at the doses indicated for the
WO 100485¢498ual study; for the conbination st rdTAS2600024232
' sel ected reference chenotherapy agents were injected
15-30 min prior to the NPl conpound. MDA-231 Human
Breast Tunor Fenale nude mice were injected in the
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resent e
qwx3 30596"1’]?3 fagaers/\yes Fdndnisteed infravenousiiyos aviers3 does rbgimene d usi ng ANOVA

MiaPaC¥¥ fidhahNeAshBds THE isiePOSt test, unless ot herwi se
indicated. A one-tailed t-test was al so used based on

fpiEEh i implsatpdss.¢. i troceinwith dagments roél MiaPaGai2 LgmorsOitarvedhed from s
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animals ygre mmhg(}/ nfatrepimestani ponrdh grows- D@ réstioféhe sy poavesTetnasrdescribed for
the HT- 2%@5&%@55@@9% asqheg{g,ﬁa,}{c,yeg]eﬁ%/%k yatd on of KPU- 2 +|l\/b .
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everyth:ﬂ@ vRaGheiRSHetEaa: Lnation
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Via the mﬁqgggqneal route on Days 1, 4, 7 and 10 (q3c!x4)
DU-145 Human Prostate Tumor Model
Male mice were implanted s.c. by trocar with fragments of DU-145 tumots harvested from s.c.

growing fumors in nude male mice hosts, When the tumors reached ~ 5 mm X 5 mm { at about 13 -17 days)
the animals were matched info treatment and controf groups. The remainder of the study proceeded as for the
HT-29 model, using taxofere as the standard chemotherapy agent.
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KPU-2 was administered at doses of 7.5 ngl kg i p fcR&iryasy 2007
for five days (qdx5), 3.75 ng/kg ip bid for five
days, 7.5 ng/kg ip every second day for 10 days
godx5) and 7.5 ng/kg ip every third day for 15 days

wo ?fﬁ’é‘% The conbi nation of CTP-11 wit hPRPUS0¥B4%2 a
dose of 7.5 nmg/kg ip g3dx5 resulted in a significantly
greater effect than for either conpound al one, which
| asted for the duration of the study (Figure 13).
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of TA > 58% 3. Study of activity of KPU 2 KPU-FEbrygiyg2007
t - butyl - phenyal histin in the HT-29 Human Col on Tunor
Xenograft Study The results of this study are
resented in Figure 17 and Tabl e 18. The conbi nati on
WO 2EPHMF groups all indicated a marked syPek¥3200882438en
t he novel conpounds and CPT-11. The individual tunor
wei ghts denonstrate the effectiveness of the
cotherapy treatnment (Figure 18). In each case the Td
for the conbination gropgusur passes the NCI criterion
for a p03|t|ve effect vvﬁereas the TAQ for CPT- 11
monot her ap fpyth L 3iii 1
1.In \ﬁx%*EﬁrazmﬁoM KQ@QN 32+i—lgjﬁ ﬂ@rﬂﬂd r@‘ézéﬂaﬁanlﬁ%é tdﬁaﬁ)@ﬁlqﬁﬁr@&@ﬂ ate'’
m rn >
ccFhisstudy a@sa%l chaqgeel m-;loqa,ge st@ngt%pnddiowgge@n@ fordFi}»ZLalope. agy in
comb%hbr%tﬂard&an@hw&ﬁeﬁp&uc%w113|n|f\h/|e BT-0 fodbt OC 0 OCgOO OW uu
n KRY-2 was administered at doses of 7.5 mg/kg ip dally for fi vep days {qdx5), 3.75 mg/kg ip bid for f ve
days, 7.5 mgrkg ip every second day for 10 days {godx5) and 7.5 mg/kg ip every third day for 15 days {q3dx5).
~ The combination of CTP-11 with NPI-2358 at a dose of 7.5 mg/kg ip q3dx5 resulted in a significantly greater
effect than for either compound alone, which lasted for the duration of the study (Figure 13). These

observations during the in-life portion of the sfudy were confirmed by the mean group final tumor weights at
autopsy for which only the combination group exhibited a statistically significant lower tumor weight than
controls. In addition the difference between the mean tumor weights of the combination therapy and CPT-11
monotherapy groups was stafistically significant (Figure 14). When the individual final tumor weights at
~ autopsy are examined the greater effect of cotherapy is clear {Figure 14}, The TGI of cotherapy was 78% as
compared to 38.9% for CPT-11 alone. The TG for the combined therapy group exceeds the NCI criterion of
58% for a positive result.

2. Study of KPU-2 +- Standard Chemotherapy vs. Five Human Tumor Xencgrait Models

This study consists of five different arms, each with its own protocol, timing, dosing regimen and
reference compound. Each am will be considered within the presentation of the particular tumor model.

The aim of the HT-29 arm of the study was to investigate a slightly higher dose of KPU-2 {10 mg/kg ip
q3dx5) in the HT-29 human colon tumor xenograit model as compared to those used in the study described
above, in which a marked synergy was observed between KPU-2 (7.5 malkg ip g3dx5) and CPT-11 (100
mg/kg ip qwx3).

As can be observed in Figure 15, the combination of KPU-2 and CPT-11 in this model resulted in a
" marked synergy in the inhibition of tumor growth, with the tumor growth being almost completely inhibited up
to Treatment Day 29 in the combination therapy group. The combined therapy maintained efficacy and the
estimated tumor growth for this group was significantly lower than for either monotherapy group. Accordingly,
administration of KPU-2 and CPT-11 inhibited tumor growth and is an effective anti-tumor treatment.

The observations of the in-life portion of the study (estimated tumor growth, Figure 15) are supported
by measurement of the weights of the fumors excised at autopsy (Figure 16). The tumor weights for the
combination group was significantly less than the Conirols (p<0.01), as were the tumor weights for CPT-11
alone (p<0.05).
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When the individual final tumor weights are considered (Fig 16), the fumor size for the combination
group was generally smaller than for the other treated or control groups. The TGl of the combination group
was 65.8%, indicating a positive effect by the NC! criterion, whife monotherapy did not reach the NCI criterion
of TG > 58%.

3. Study of activity of KPU-2, KPU-35 and t-buiyl-phenyalhistin in the HT-29 Human Colon Tumor Xenograft

Study

The results of this study are presented in Figure 17 and Table 18. The combination therapy groups
all indicated a marked synergy between the novel compounds and CPT-11, The individual tumor weights
demonstrate the effectiveness of the cotherapy treatment (Figure 18). In each case the TGI for the
combination group surpasses the NGI criterion for a positive effect, whereas the TGl for CPT-11 monotherapy
did not reach this level.
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The excised tunmor wei ghts at autopsy confirmed tfebruary 2007
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5. Studies in the MCF-7 Human Breast Tumor Xenoaraft Model
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Specifically, disclosed conpounds were eval uat éd ebruary 2007
al ongsi de commercially avail able m crotubulin
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Griseo'fg‘nﬁb !is]zca.lsai)cnr}imlhﬂo ﬁreahingliéo_mis infedtions atthe skipeiir aml naky @us{e@ﬁijﬁiédhophyfon
tifunga uscept ity testing was acconpl.ishe X
0., MGRSPT 1 PGP gD FARaSim b PRIRVESH) SPRCTYIT oW Rl to thi
class cﬁgﬂgfal ctgamignsf Gmoﬁciﬂt@ is@iad aBdigaitﬁﬁﬁt%_Idi@éf%éptST m/&nlmt i ,Slﬁ]ife dh’lféﬁ’eméﬁve first
ine roaffEt G4 AR EAVRS i oo stani Pl v otophytn b
(theméfdrbaﬁﬁa@&tﬁfcrdﬁm&tdphyﬁlrlﬂécwgdl Standard. " OIThi shi ncl udes
testing in RPM-1640 Wt t am pe Wi t hout
bf”c‘%f’%‘%ﬁé&’fc%l& f‘éi?ﬁ“‘i“"ﬂ‘?]&‘lﬁ@%%ﬂegif‘%@g'ﬁ'? s fegted whsre,gells @i expge to the
microtubtie inbibitosQieccalizold Gind Ehlorc3Ekain O Thésd rBsals’ frtherT Vifdatdl th SpiBRation of
cent.ratj on s defjned as the

oros G b SRR Sk AP 9o A it ks
herein werelevaltidtairior afiimyosticictitint y s conpared to a drug-free

© Sl RS P B8 R R B esS 5 Al
inhibitorstas a:etbas;'mogneegcbamﬂfurga/aliagee@.f mle\zésncompci;gc& :ﬂd tE:ﬁtilENsL!@ddYn {Hi9 Suddy: (-)-
e T T e T T

microtublie inkibitoestéchersgy ® Ghrtidokoldtdal Beramg Gdommertial st B alin inkibionasted

v 333688 S5 GHAR AF b ol B R i
versus @ Mr@tophepts eoldfes),emlrmdm%m at{antiisic Entrd or &éﬁrr]lbl oetfjus i3 maf@:ﬂda aolates),
o . e C e termn In the rug-tree
Itraconégélg{aﬁhgﬁﬁctc\é}@@for%ﬁgg il ﬁerﬂﬁlﬁsq%%é)'t he | owest
;:th@%mifm against whiett theax bu‘tnipm?ﬁdnmes?&aﬁﬁcru@d?%?im%yﬁm Candida
u | Y. . aS,CO I 0 e 0 contraol. e

* gty At Ve BBl o PRl SSRGS G
floccos g, With thg edeptionndf Cintiaagidbiar (dvb Ebléié%&ﬁcﬂﬁ&afe@bfieﬁvﬁ siROiEs vRAGdted.

he MLC was called at the

cpncentrati, above the M C.  The J €0 )
rPUGER s Eeleies RATPOS e 1 Dags oo Natora
Commikze | farnlieieal ngofamg aigrttcﬁrfis,JVM?;B-Ar "REEERE Methd f @ fR B%d @;@I%nkAHﬁﬂungal
) . 0 ned, m ni mum f ungj cj da .
suscenlfctes o brriome Hiatenive Purdh B SorRts o1 Hss fsing
RPMI-1640m4gh %ﬁt@tiﬂecaﬁt{ m_n'mt ﬁiaﬁﬂ:.@ﬁa%ep@etidéﬁﬁmﬁﬁz? bmt-fsgmﬁ %cub?ﬂa? &30 or
. cedure entails. diluti rug-treated cell sanples
%°C f‘ﬂs e Ef"F‘HW{"ﬂ'@@PWC?@Hn@%ﬁ'{'%%ﬁ% deined aniolawrgt cateenipgn that
resultedciipan8a%tritiacibd Flurtidly SQomRLD & LRGSR k) Drug concentrations were
003—16%@!}1 fle-rfamt'ilaﬁ bel ow t h Db%hl })I ft ory concentration and
Lo 104 it eptigeRaAhceppougs PO 5o dpad for inegenarols, aprarispdvie. s cor ed
: as fungistatic if the celd8 are able to resune growh

and fungicidal if no regrowh is possible because the
conpound had kil'led the organisns. :




Conpounds di scl osed herein were shown to be ef fldc@aryasy 2007
agai nst two Trichophyton species. T rubrumis the
princi pal causative agent for human dermatophytic
i nfections, and woul d be the key organismto target
WO 308498 devel opnent of a clinical agent. G&%Pﬂ?@z‘ﬂn
KPU- 2, KPU-11 and KPU- 17, KPU- 35 & .
t - butyi phenyl ahi stin were equivalent in potency or in
soma cases nore potent than griseofulvin, a current,

T NG M AR A I
microagamsa’r(ma:‘r dbsessed eccariligito fhie eradiel yerin@&aﬁth@ Nt(ﬁ.lstprotobcﬂmmhlh\m inhibitory
coroofl8 g TR 1B ined 38 s Pt e i L4 R e e
drug-fiee nanirtlitibe  The defimedhMiBorae fHaldwest corbentratibre thatlsRhiitOSEB0% reduction in
: turblthynag c@fﬁb%é? mgetgrc{ qu&{!: g .ﬁ)gul d b gﬁl Eo%%% ME(%)P\@S A esn%médsby
platingnat wl frem s BIE ciradntration 4 eavh don2éhration bOR thb I\/H:CE B! LY wad QRléd at the
first cr%g?ga%gréﬁ%géﬁ?iﬁ%%ﬁ eﬁjvfsrrszglglg«!sg fﬁ% éroV depfeaentmg @%8.65"8<i|£ \[g[%g\a
MIC wasO obtaizéd,Z aZmilimury  fugicilalO céhcédtr@ior) (MFE) BasO dflerdined % ZssdssZ the
fungis%ﬁ:%l?&ggak n%m%*ztxe '_c\lom?ouzwdé S ﬁro@eﬁ@g@ntﬁs ﬁlu%@z@ggére%%%%@pll\les
(remoe0 fisinNedt wallsNbontaining compound at and above the MIC) to compound concentrations
significantly below the inhibitory concentration and depositing them on agar plates. The compound is scored
as fungistatic if the cells are able to resume Qrowth and fungicidal if no regrowth is possible because the
compound had killed the organisms.

Compounds disclosed herein were shown to be effective against two Trichophyfon species. T.
rubrum is the principal causative agent for human dermatophytic infections, and would be the key organism to
target in the development of a ciinical agent.

Compounds KPU-2, KPU-11 and KPU-17, KPU-35 & t-butyiphenylahistin were equivalent in.potency
or in some cases more potent than griseofulvin, a current, standard pharmaceutical agent used for treating
dermatophytic infections.

Compounds (-}-Phenylahistin and KPU-1 were significantly less potent than the other compounds
when tested versus T. rubrum and weaker but more comparable fo the others versus the sensitive T,
- mentagrophytes isolate. -

In those instances when an MFC could be determined, the results indicate that these compounds are
fungistatic in nature {see Tables 19 and 20).
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February 2007 ﬁhe exanpl es descri bed aboJe are set

forth solely to assist in the understanding of the

i nvention. Thus, those skilled in the an w |

appreci ate that the disclosed nethods and conpounds

enconp i xauples deseebpd dlﬂlfﬁeﬂfwesferﬂﬁnldy lochssist ia e liederstanding of the invention.

denid, Wddel sl iPhe 2@\@&’%@2&@ o csa})ste?l] in{ethq%ﬁ 8nds (‘]nggoglﬁ:g encompass and

the art would r Fecia
i Ry efhermsmprpvide fyeer derivatives @dewttuophémmamsnns for exarrpl e, the

d t her
Pinor o S 2 30 TRl A e 1B Goceny BB Shel epty 1y ovan,
dprexagpledeanisang @:ﬁnmse@meattonedsaswén aonthérentiesst, Fndameatiolenl procedures

ot G o WS Al . o

dbreeiane atbes dsaaiwifioraur to thesessllediirt theodrt wihive arelenoomptiste@ Withirl the spirit of the
Vilvktiope readily apparent to one skilled in the art

that varying substitutions and nodifications may be

made #tyilitbp ecadily anpped & wie siifedis thd aih mntaarmng/\wbdﬂmmhs and modlﬁcahons may

t it of the inve
e e AR R TR 0o Rfi il R o s B
in thés B(ﬁ%’oﬁbﬁ\decﬂtpﬁt@'rhs @ euhllmhne abmtim&d of thé $pecifichtion &b Sddtive of the

i ohich th t
 pAPa B b AT i@ vei y desor bed

her ei hhesipeptien iistratiyely desciped baréie Gmiahlynm:ﬁyl'l& R BeRd @ﬂh@tabsam of any

Rlemsre ot I t tati o
s i D 5y B A e o
EXPFFEYE v Hshawﬂeerhemmyﬁé atyeieqy a&tepilso)j'dﬂ#crmm attiserhf RSitation rarrmmere is
??1 {%ﬁ?? E)Hra]\pih 'ttfé%c?&%{l}%nn? bnd éf(m?sg‘gr{% u?cpcate Ihseiorneof equ;va!ents of the
&R 8o A desrited at rodionsHiesrack t ﬁsusmmed)matemobmdﬁf’etms @fe possible
twltteh thd a8t B d; I eof

@gﬁc oan, éﬁﬂﬁqm gtﬁ&v]égrlﬁgﬁ éé l%g%st(? d ti%fai&ou é? 8resent mventlon has
h‘??g Svesi@ly dfclpsed by prferred emprgimetits erideoplionsl deatiieq moddativs and Yariation of
L t‘mbdﬂtsfn@reiﬂ m&%@tn%?% bdAld t@wttlibgé@(gedt rbtﬁ o & %\% 3t such modifications and

nventio been specifica
Eﬁ“%tplésﬁre %r“sé‘ﬁ{% 19iPRsHirocvitin tre srgpd QﬁﬁalﬂvdﬂMI Itrees:)pe of the invention is solely
fadckidby baloilcwing amigls vari ati on of the concepts herein
di'scl osed may be resorted to by those skilled in the
art, and that such nodifications and variations are
considered to be falling within the scope of the
~invention:. The scope of the invention is solely
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defined by the following clains. -112 1 Februar J%ﬁﬁﬁﬁy2007
CLAIMS: 1. A nethod for the synthetic preparation of a
.compound having the structure of Formula (1): R' Z
Rt Xt R4 2\ (ZJRZNY NNRt '\R3 44 74 (1) wherein
R1, R4, and R6, are each separately selected fromthe
group consisting of a hydrogen atom a hal ogen atom
CLAgﬁg_saturated G -C24 al kyl, unsaturated Cl-C24
enyl, cycloal kyl, cycl oal kenyl, al koxy,
cycl oal koxy, aryl, substituted aryl, heteroaryl,
gubst i4 wead ' td ki
: nitro, azi do%Fs g‘%gf}f%%“égmﬁ ?%Pgé BP% dﬁw',bggdaﬁ%g'gg the structure of
Formulg(Bst i t ut ed phenyl groups, hydroxy, car boxy, -CO O R7,
cyano, al kyl thj Q hal ogenat ed al kyl i ncl uding
polyhalogenate aIkyIR1han nat ed caRponyl, and
car bonyl - erBQn Tis seletted froma
hydr ogen aton1zé’ dékn saturated G- C24
al kyl, unsaturdted Cl C24 cycYoal kyl ,
cycl oal kenyl , Z@ybx xy,Naeyl, substituted
aryl, het er oar ZﬂJbstltut ﬁ%@roa |, am no,
substituted amimb, nitro, substftuted nitro,
phenyl, and substituted phgp groups R' and R" are
each |ndependently sel ected” fromthe group consisting
of a hydrogen atom .a hal ogen atom and saturated
% gyl unsat urated Cl-C24 al kenyl, cycl oal kyl
cycloa? enyl, al koxy, cycloal koxy, aryl, substituted
aryl Rth@ﬁﬁiﬂ@rﬁél are 8abhSédphiateps s&l@ét@cf @Y khe gmuﬂoconsmtmg of a
bsti t ut ed amno, nitro, azido, substitute
fﬁﬁ&ﬁiﬁﬁ atonaﬁdiaéftasgt#%ta@d sawéqﬁw CyFonalyl, mysaoatgd Ci-Ca alkenyl,
@@FOQHWV’ (,@91@11?!7’ 2 alngﬁdghgl E[Syf Qﬁﬁﬁ?gﬁ&ﬁ te% I, heteroaryl,

al ky |nc udi ng” pol y nate ogena
Sébfrtﬁ@)tﬁ“}' ﬂleteml,cmbgnwbstltum% mhe,rzeulch) [Rifbstisuted nitro, phenyl

I Q dro e om a hal og and
8] SR IR BT, Sl SR BRD e ot
halpgteaddalkyl :ﬁdﬁdlﬂ@b&?@bgcnaieh QIY1, HadogbiRdd@¥donyf ki carbonyl .
CCH' i‘,, wherein Ry is selected from a hydrogen atom, a halogen atom, and saturated C-

Cas alkyl, unsaturated C;-Ca4 alkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,

substituted aryl, heteroaryl, substituted heteroaryl, amino, substituted amino, nitro, azido,
substituted nitro, phenyl, and substituted phenyl groups;

Ry and Rl" arc -each independently selected from the .group consisting of a

-hydrogen atcfm,.a halogen atom, and saturated C;-Cy4 alkyl, unsaturated C;-Caq alkenyl,

cycloglky[, bjrcloalkenyl, a-ikoxy, cycloalkoxy, aryl, substituted aryl, hetercaryl,

substituted heteroaryl, amino, substituted amino, nitro, azido, substituted nitro, phenyl,

- and substituted phenyl groups, hydroxy, carboxy, -CO-O-R; cyano, alkylthio,

- halogenated alkyl including potyhalogenated alkyl, halogenated carbonyl, and carbonyi -

. CCO-Ry, wherein Rs is selected from a hydrogen atom, a halogen atom, and satﬁratéd Ce-

'Czq alkyl, unsatur_ated Ci-Cy4 alkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,

-113-.




t 1 February 2007 substituted aryl, heteroaryl, | February2007
substituted heteroaryl, am no, substituted am no,

nitro, azido, substituted nitro, phenyl, and

substituted phenyl groups; R ' and R " are either

coval ently bound to one another to forma ring or are

not covalently bound to one another; R2, R3, and R5

ar ch,separately sel ected fromthe group consisting
ofS%'g&ﬂ%‘e%a%g@ Rrema “ES‘H%EF% Betproatyb amings qulbstitutedaanaido, nitro, azido,

Clhubstifuted kixfb,, puéﬂﬁaiwsﬂbﬁﬁut@ piendl ,;5\1, nyl, acyl,
cycl oal kyl , al koxy, cycl oal koxy; e substltuted

aryl, ﬁét"é'pd%ir Ve, e'ﬁ@bg‘ﬂafemibbouﬂde@emcanyﬂhﬁr ®nfoRd a ring or are not

S%B%léﬁtlﬁb%gn@f@dﬁganﬂh&fo and substituted nitro
gr oups, fonyl Substituted sul fonyl groups; X

and X2 Rar Bs,sandaRataed yadebapataady fseledd Hong g Broup Co“s,stmg of a‘
nltro en atom and

0 n_ox om
APl flnCl n80aSGRCHY Files crreaiiey w5t G oy,
V‘myﬂ" &y ‘H&‘llgﬂ Otifkoxy, a8y dhitoR9d aAROYbstithitddS a ﬁ&%{%ggﬁ " SiBstituted
_tH%H% PR, Gon ting,of .a nitrogen atoms bstituted
THORS: gHno o%@ﬁgwe%tamwo Aty | amd rsubstitwted aitox gohivps; chulfonyl and
ssdbf;uumeatgmmn pg,g .met hyl ene group substituted wth
one or_nore & n I's an integer equal to zero, one or

two: 2% g Xt pepseapely stlestad, fror thmaqﬁfcﬁi%slsﬂﬂgiotzan 0)%%% atom, a
e ected froma carbon

o)t 30 SARUL 8 G P Ebiof orsvouyignmith a Rs group,

aiﬁdnﬁnedmbotd'le dashed bonds may be either single or

doubl 0Q %}g met hod conprising: reacting a
di acyl d1 ‘HB# famthe geoupiconsisting of 3 nitesigere ipetesubstituted with R, an

Pk PghuCRoaNa bulfuRafGA @Bﬁdlze@g\ﬁg)é ?ogﬁé atng l%e%l&f&ege &rquy substituted

internediate with a second O pro
& REmorafsrein said first al dehyde and sai d second

al dehy ed fromthe group consisting of
an oxag@%é@%gg%gbﬁgg JHy e Of%‘?"élazol ecar boxal dehyde, a
benzakdhyseh sciaruteiar of ARiRe BN PHSZHSRS VA1 8 scparately
e derivatives, ther eby formng t

0 zald d

%o%ﬁegﬁﬂ aﬁa‘r %‘I‘u%‘oﬁhf‘ﬁb' furatomp diitegen etont ef an dxygwiatomi; and

sai d the ﬂ&he&b&ﬁi@%ﬂ St ar boxal dehyde. 3.

The net hod accordi ng f:tci) cl Sldgm‘%%m}wlgﬁe C?F said second

al derfpianstBodconppsising: dehyde. - 114
| reacting a diacyldiketopiperazine with a first aldehyde to produce an intermediate;
and

reacting said intermediate with a second ‘aldehyde to produce said compound,

wherein said first aldehyde and said second a[dehydes are selected from the ‘group
consisting of an oxazolecarboxaldeyhyde, imidazolecarboxaldehyde, a benzaldehyde,

imidazolecarboxaldehyde derivatives, and benzaldehyde derivatives, thereby forming the

- compound.

2, The method . according to clalm I, wherein said first aldehyde is an
1mldazolecarboxaldehyde

3. - The method according to claim I, wherein said second aldehyde is a
benzaldehyde

~-114-




G'. 1 February 2007 4. The nethod according to oy 2007
1, wherein each of R2, R3, R5 and R6 is a hydrogen

atom 5. The method according to claim1, wherein each

of X1 and X2 is an oxygen atom 6. The nethod

according to claiml1, wherein R4 is a saturated Cl-Cl12

al kyl. 7. The nethod according to claim6, wherein
s‘?id saturated Cl1-Cl12 alkyl is a tertiary butyl

gt-oup. Thegnethydacgerdingdo sleis it dihegein eachl ofiRm Ry, Ryvhed Bj is aftydrogen
conprises a substituted phenyl. 9. The nethod

according to claim@8, wherein said substituted phenyl

gfr oup Ths methadrosyiimpzecieim IGvheldie cavhtolf 04 and KO Tstindgy4dh atom.

e ol DSy i ofheie By gt e metiot.

Viher emhemlﬂ)ds;ewaai@l a6 Slﬁi?aygewl'le‘ielﬁ@a:d saturated C;-Cy; alkyl is a terti
butv i m dazol ecar boxal deﬁyde 12. The net hodr accco'r dllzrﬁ‘gy o Ay
UYL m 1, wherein nis equal to zero or one. 13. The

et hOd‘h@ﬁ{é%ﬂ 'a&g)r&ﬁ & @il dl wh\@@ﬁ{ﬁ (gaannb Jf§s %Aﬁj%atgu}ﬁg Hh?rgd

one. 14. The metho according to c

gqual The "’éﬂ‘i@damozimilo cldp F3wherdin #dd anlestiaaeth phenyl group is
methox$B&ReRk. atom 15. A conpound having the structure of

orrrula(l) "R1'" RRR Xt Ra 2\ (z)n ? N~L Y Zs/ N

Rt Thegmeth@d adcbdingdoetaim, Rme@mcgaﬁﬁ'rstadl&h?a&ia a benzaldehyde

Elepar eln¥ %ﬁ]lect d fromthe group consi s

ydro@é Ahginaceor ngﬁ’eﬁ lagpoly veheepin ageid @p@mdcaldemﬂe is an
im-idazowckgbbxalum@a& urated Cl-C24 al kenyl, cycl oal kyl,
cloalken al koxy, cycl oal koxy, . aryl, substltuted
hednes ‘bjaffcypfdllgubslalm Ut whereinatie equat 50l zereadn ane,
?2?} ;’fl'lk%&godaz{&mmg% b1 a\%f'lquh a1s Qcic'utai tt;ou(}n%d nitro,

4. The method according to claim 1, wherein n is equal to one and Z, Z,, Z,, Z3 and

atom.

~ Z4 are each a carbon atom.

15. A compound having the structure of Formula (I

@

wherein
- Ryand R, are each separately.selected from the group consisting of a hydrogen
- .+ atom, a halogen atom, and saturated C1-Cz4 alkyl, unsaturated Cy-Cy4 alkenyl, cycloalkyl,
- cycloalkenyl, alkoxy, cycloaikoxy, - ary! substituted aryl, heteroaryl, substituted
‘heteroaryl, amino, substituted. amino, nitro, az:do, substituted nitro, phenyl and
.. substituted phenyl groups, hydroxy, carboxy, -CO-0-R7, cyano, alkyithio, halogenated
o alkyl including polyhalogcnated alkyl, halogenated carbonyl, and carbony! -CCO-R,,
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substituted phenyl groups, hydroxy, carboxy, -Cd gy 2007
cyano, al kylthio, halogenated alkyl including
pol yhal ogenat ed al kyl, hal ogenated car bonyl, and
carbonyl -CCO R7, -115 1 February 2007 wherein R7 is
selected froma hydrogen atom a hal ogen-atom and
saturated Cl-C24 al kyl, wunsaturated Cl-C24 al kenyl,

al koxy, cycl oal koxy, aryl,

cycl oal kyl, cycl gal kenyl,
s d@&‘-’f‘?"&‘ Eﬂ sdelarted fromarhyidengey ptoms albslopenten, dndisetucaed/C,-Cay alkyl,

afinBQurated b&t it Ut kg L r iLdo ubsti t ut

nitro, ph g_ﬁ% Ic?yand ng?bgﬁl?%ﬁe’d ﬁ@%‘;‘?“%r 38}%3,/ ’ ﬁX&Pg'ﬂng, aryl,
t SHpstifped gtergangly p?bsﬁtdteculmbﬁﬁhr'j/l, aminoeabktituted aminc}, nitro, azido,
[ ed f.rom the group consisting of a
hs%ggg%ﬁg{r%ﬁh&gl’%gﬁ& 8‘8’5&{“3?61 A BEPUDS ur at ed Cl- C24

al kyl , Russetemingytbaty! group4 al kenyl, cycl oal kyl

cycl oaLkenyl ., ,al koxy, .cycl oal koxy, aryl, substituted

aryl , hétaé'%o%'r Ve eaéUHE%P?W%‘&V relede Ao theagrionp consisting of a

shipdibidnuit@n, ARl b, l d Bl Sspbshi Itro,

phenyl ,  and su%%{] it uted Sﬁéﬁg S'rgﬁ“patsﬁ,(} I’I%ng?tg%tﬁd Ci-Caq alkenyl,

CW%JJV,L cygpatkemyl, alamy, ayHgilkenyo, aryhabwigtmaidedrd] Kiydteroaryl,

| dubbedich % n lLkyl.. hal ogenated carhbonyl ,

and. car b,oﬁgfgayﬁ’?&%ggﬁ%\%ﬂgrégignmﬁ?f it O’%él"g’cf t“lufegn'?‘é"’ phenyl,

qf?"ér @B@ﬁ'“&@df mhefvlgagmven hatiany, &laﬂaosw lucelt%v,@ cyah@? alkylthio,
ur - al ken cycl oal kyl ',

c?ﬁég’éﬁt@;ﬁ%‘,'"Cgﬁ‘ﬁ'&elo,]ly*%%ﬂeaﬁtﬁ; aﬁ((yf,, hal)fgwn,ated satbsnyl andseprbony! -

LGO-Rhehaeia®; V¥ sclested Font Hhﬁﬂ(&%ﬁta@&{?aar%!lc{gﬁ?gagﬂﬁ and saturated Cy-

bs ilt uted anjno, nitro, azi . substi

& V é’;'ésﬁalraéﬁ’ofﬁ:%gu@agpﬁ?@ﬂﬂk}@r&yglpslkf@l, aRdxy,ar;dloElk'tbxy, aryl,
3nsstiAit 1, RAYR . ope_anot her. or. ar.e nQ .
coval ent iﬁf_\} bounﬁn%oysgn eéH;n%‘%rﬁ%rP'p R0, F&SUE\'FF&' AN Itro, azido,
sehstitsedniira.phbnyl et sehstiditédd ghenylhgowgssoup consi sting of

a hydragen P a.hal ogen atom and saturated Cr-Cl12

al kyl g 3%8‘%93%'61 frthgr a‘%?egr'qu to grayanothey of kg &aficovalently

bokuity oneyiltlegl koxy, aryl, substituted aryl,
het er garyl , gubst ituted heteroaryl, am no,
subst M R edndriinate edchrssparaely selbcted tieotre thenjgtoup consisting of a

- YRR aril Ltuted sulfanyl groups; X ‘
%ﬁ]d&% are sgdg%(l cg?d ely "3‘3 Pséé'{aet%‘s &f ™ ?lkg’ é‘?ség‘ﬁ"tecpél'clz alkenyl,
acyhstwldafigrl.odlkexy, coygivelkoay,o Ayl asubRiitut@I R, aﬁéiéfbax?ﬂ ds%bstituted

ute

each ejther upsubstituted or substi
%@’{’w&g” %ﬁ%ﬂr 3&%,%‘“‘ A, REEP: 296 substiutpd; niges groupsy suffomyl and
substitgfed silfonehgbgisi ng of a nitrogen atom substituted
wth R5, an oxygen atom a sulfur atom a oxidized

sul fa¥ agpggg]areama@emeﬂgp_t@rfemg theyproapibaisisting 6hn MMyegbn atom, a
ntit\;\ﬁggeﬁ atofP fafid B@u_lfu'? atotn, 3hcH er}ﬁ%g&r{sugﬁllflﬁled grosuﬁg{tgtéd ?v?t% aolis group,
as defined above; '

Y is selected from the group consisting of a nitrogen atom substituted with Rs, an

- OXygen atom, a sulfur atom, a oxidized sulfur atom, and a methylene group substituted
with one or more Rs;

n is an integer equal to zero, one or two;

Z, for each separate n, if non-zero, and Zy, Zy, Z3 and Z,4 ére each separately

~ . selected from a carbon atom, a sulfur atom, a nitrogen atom or an oxygen atom; and

~116-




Z, for each separate n, if non-zero, and Z,, 77 Fepguary 2007

and Z4 are each separately selected froma carbon

atom a sulfur atom a nitrogen atom or an oxygen

atom and -116 1 February 2007 the dashed bonds may

be either single or double bonds. 16. The conpound of

cl aim 15, wherein each of R2, R3, R5 and R6 is a

hydrogen atom 17. The conpound of claim15, wherein

each dﬁe dQShﬁi’iEanQmaﬁbaﬂtlﬂXMgglﬁ odliéble bohds. The conpound

olf to a|m15[,l \Aﬂg 3 s a substituted phenyl

gr oup. | gompRuid 8L elatm 4 Sowheepin ¢ach @ RanRs.cRnanchBs is a hydrogen
atom. substituted phenyl group is nethoxybenzene. 20. The

§gnpo d according to claim15, wherein n is equal to

ro oihegpapound pf clyjme 1% ovhserim daCécxf &n divch isonaixgizen dtbm.

wher eifhe @orhﬁou(ﬁg Wilo dArCE whéin R, 1s a BI%TP&E%F %%g)%or i

to claim15 wherein n i'd equa Broup;
23 arbe zaore@oeméaoﬁ aicar t&)n mmm th8. subbgueampmend Qfoup is
methmgbgﬂzmw]ﬁ wherein said conpound is selected fromthe
roup consisting of: 0 00 /=NNH/=NNH* Ow /N NH

RO.F I‘ﬂhbconﬁiduhd accdding to chiini 1 SNihérei {OMyal Q%o Po
quo}fﬁ N NH r NHNH/(I:FBNNHNH/NHl ni_
RE9mPORR focprding telaimrld, wherpin.os haeal HNmeNH |

24. ATW&fnfﬁﬁﬁﬁ&lﬁécﬁﬁimgcﬁmﬁﬂ ltSI Vhereft ﬁrﬁrég %Ilr}g otng Gnd 2,721,722, 75

conmpound of d aim 15 and har maceu
and Z4 ye seiagsrhon@toni er . 25. The phar maceuti cal conposition

9f. C ’f’i'uan%':i?ndpoux\é1 of %kalmsl%l hERIP 9011'15011?13'1? gélgcted from the group

consisting of’

/=N NH Wl /=N NH
% Ao M

2 >

/‘N NHN = NHWO{:& /“N NHW
NH

-24. A pharmaceutical ‘conﬂlposition, comprising the compound of Claim 15 and a

pharmaceutically acceptable carrier.

- 25. The pharmaceutical composition of Claim 24, wherein said compound is selected

~from the group consisting of:
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fromthe group consisting of. 117 1 February 2007ePrgsny2007
O Fn2e:: NNHI OOWw and O /=NNHHNN// NH p 26.

The pharnmaceuti cal conposition of Caim24, wherein

said compound has a cytotoxic activity. 27. The

phar maceuti cal conposition of C aim24, wherein said

conpound is a cell- cycle inhibitor. 28. The
pharmaceuti cal conposition of Caim24, wherein said
conpound has antifungal agtivity. 29. The 0 F

g@nposi tion | @24, wWher g pisaig
30

phar maceput i cal oL of/ al.

coapdu hfaﬁ% Entit Or} agtilvif . Anphar mgcepyt i @
cgr%%\{%?fh Fotter eat NG~ 0 N\ér eventi ng fupga

i ctioh cdiprisi n aftifungally ef ti ve® anouRie and

of a conpqund of ¢laim 15 together with a
phar maceufji cal |y acceptable carrier therefore. 31. The
I m 30, wherein said conpound is

CONPasi BH oh=0

sHf “group consisting of 0 OO /=N NH

/. N NH O /=NNHF NHi / NHI / NH NH NH NH Owe
Ovke OOF NNH~~NNH/ /=NNH OCCF3 /=N NH/ \

O ~|
I\%IINH [ [ -NH1 / NH/ NH-,- [
. The pharmaceutical composition of Claim 24, wherein said compound has a

cytotoxic activity.

27.  The pharmaceutical composition of Claim 24, wherein said compound is a cell-
cycle inhibitor.

28.  The pharmaceutical composition of Claim 24, wherein said compound has
antifungal activity.

29.  The pharmaceutical composition of Claim 24, wherein said compound has
antitumor activity. |

30. A pharmaceutical composition for treating or preventing fungal infection
comprising an antifungally effective amount of a compound of .clairﬁ 15 together with a

pharmaceutically acceptable carrier therefore.

31. The composition of Claim 30, wherein said compound is selected from the group
consisting of:
/=N NH™ /=N NHT N Ohta /=NONHT Y F
NH A A NH NI L NH L m
OMe
o o} OMe ‘ O
L 2 2
0 g L
S /=NONHT Y AN NH N OCF3 /=N NHT Y
NR A A NH NH A AN | N A N
' ' o] Te} o} OMe
s : s , and
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7\.OOW and O NNH HNC i NH -118 1 February Yifppuary 2007
32. A pharnmaceutical conposition for treating or
preventing a tunor conprising a pharmaceutically
effective anount of a conmpound of claim 15 together

with a pharmaceutically acceptable carrier therefore.

33. The pharmaceutical conposition Caim 32, wherein

said conmpound is selected fromthe group consisting

082. 0 A fharmdVediidaVéo iNn Fror NEReNE d i -
OVve . é@flﬂ'o S 8 a Tompbsition for | gatl . dr rg%}ﬁlt:d'\\% %Huél\mlgf\l}?bx?pnsmg a
pharmpgeutically q{fgeyive amounp pf 3epmpaung oRlEfainmil 5 Negether wih a phesnabutically

acceptAbl6 QAP MRtreRfre. O @i M 15 in the manufacture of a
nedi canent for the treatnent of a disease state in a

el Theggharmipeutick cofip@itainnCR 32heheien siad dodpaedsie selected
' oplastic. 36. The use of O aim 34, wherein
from tlzéa ?‘gg%&ﬁlsﬂﬁréé)ota 37 The use

I'sease” State is a fungal infection.
of Claing34, wherein said cgnmpound is selected fram
t he=igreap isting Qf, 149~ wuary 2004y Qu A F
N A NH L A nn NH A A nw
OMe
0 0 OMe 0
2 b E
o) ‘ o Q F
/=N NH = /=N NH Z OCF; /=N NH =
NH L A NH L L am NH L I e
0] ‘ O (o) OMe

0
/=N NH™
AN L L N
0

 34. Use of a compound of Claim 15 in the manufacture of a medicament for the
* treatment of a disease state in a mammal. '

| 3s. The use of Claim 34, wherein said disease state is neoplastic.

'36.  The use of Claim 34, wherein said disease state is a fungal infection.

37. The use of Claim 34, wherein said compound is selected from the group

consisting of:
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/=N NH /-NNHOVe /NNHF NHNHNH/ NH/ NH ONEebrigps2007
0 O41COOF/=NNH/-NNH'CF, /[=NNHANH/ / NH/ [/
NHI / NH/ NH/ Owe and O /=N NH HN, / NH 38. Use

of a conpound of claim15 in the manufacture of a

medi canment for treating and/or preventing cancer in a
mamal afflicted with cancer. 39. The use of C aim 38,
wherein said conpound is selected fromthe group
consistilmg of. o0 00 NNH4\N / O /=NNH/ \ Fo NH

NH -y /NHM%ESB/CFNH | N f W@. ome 0 /.
[= a NHH ! N VI~
| 7\ Jove and owuﬁﬁﬁ)\\ff HNL P NH |/ 4D
of aim 38, wherein t’he cancer conprises a ‘tunor.
The use (91‘ G aixm 38, wherein the cancer is a h(yrran
col orectjal _ade

@ arci noma.9 42. The use of d m 38
cer i 5=1a Ne%ﬁ‘&fenoggf\ i NfmaY” 4
£ m 3 M cancer Y& U'Re

o
and

38.  Use of a compound of claim 15 in the manufacture of a medicament for treating
and/or preventing cancer in a mammal afflicted with cancer.
39.  The use of Claim 38, wherein said compound is sclected from the group

‘consisting of:

0 A
f“ =N NH /=N NH = F
N w NHCA A K
o
/\N NHJ\F/\’ /\N NHWOCFa /“N NHJH/\@
NH

0
- 40.  The use of Claim 38, wherein the cancer comprises a tumor.
41. The use of Claim 38, wherein the cancer is a human colorectal adenocarcinoma.
42.  The use of Claim 38, wherein the cancer is a prostate adenocarcinoma.
43, The use of Claim 38, wherein the cancer is a leukemia.
44.  The use of Claim 38, wherein the cancer is a lung cancer.
45.  The use of Claim 38, wherein the cancer is a breast cancer.
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44. The use of O aim38, wherein the cancer is aelbruagﬁyzom

cancer. 45. The use of Claim38, wherein the cancer
is a breast cancer. -120 1 February 2007 46. The use
of Claim 38, wherein the cancer is an ovarian cancer.
47. The use of Caim 38, wherein the cancer is a

mel anoma. 48. The use of C aim 38, wherein the cancer
is a uterine sarcona. 49. The use of C ai m 38,

Wher eiTﬂFeluhfeOfdéini@eil&inlea:irpﬂlosamcbeis @apg@ian cab@r. The use

@ 8 r e ancer i s a,.,pancreatic
ggnc "’l*h@]uge (?fdlll%% lge o?e'rﬂﬁgc?ﬂcﬁ%'sa%ﬁw t he cancer
#8. t adbk useasfiGhian38, whareinlthe catser 96 uldrk Brd@ma Wher ei n
t he cancer antrone resjistant. -121
45. TR Gee ofS Clalmrgﬂt crell;n ecancer is a prostate cancer.

50. The use of Claim 38, wherein the canceris a pancreatic cancer.
51. The use of Claim 38, wherein the cancer is taxol resistant.

52, The use of Claim 38, wherein the cancer is a mitoxantrone resistant.
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