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DEHYDROPHENYLAHI STI NS AND ANALOGS THERECF AND THE
WEYNIHESYPS OF DEHYDROPHENYLAHI STI NS AND ANAL O3 T/HERESH24232

Background of the Invention Field of the Invention The

present invention relates to conmpounds and net hods of

synthetic preparation in the fields of chemstry and

nmedi ci ne. More specifically, the present invention

rel ates to conpounds and procedures for making
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t he col chicine binding-site (CLC-site) on tubulin,
whi ch is a macronol ecul e that consists of two 50 kDa
WG 054498 (tttand Etttubulin) and is the maj or PCT/US2003/024232
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1993 Med Res Rev 13:183-198; Hanel, E. 1996 Med Res
Rev 16:207-31; Wisenberg, RC et al., 1969
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Z ZN~- NZZ R1 4 36 X2 (1) 5 The disclosed conpounds
have the structure of Fornmula (I) wherein: Rl, R4, and
woRe4asa9each separately selected fromthe groRQI/US2003/024232

consi sting of a hydrogen atom a hal ogen atom and
saturated Cl-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, substit ut ed am no, nitro, azido, substituted
nitro, phenyl, cksubstﬁut ed phenyl grouyps, hydroxy,
car boxy, COO R7, 1a kyl t)i 0, hal ogesated al kyl
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Xy and X, are separately selected from the group consisting of an oxygen atom, a nitrogen atom, and

a sulfur atom, each either unsubstituted or substituted with a Rs group, as defined above;
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atom a sulfur atom a nitrogen atom or an oxygen

atom and the dashed bonds may be either single or
waloubloptabonds; with the proviso that, in a parPCTubzNN3/024232
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hydéﬂgf%% unsat urat ed Cl-C24 al kenyl, cycl oal kyl ,
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atomymmgmmmt(bm akyh anaatyated C‘aiC@mlkea)fhoDYQ@kalr astce@lkemr aipay, cycloalkoxy,
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hydeage @toyn, a G&bgan Rifom, cand naafuratdd k§+Cohiathyl, lnedatncpéed aC-eCls alkényl, cycloalkyl,
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groups, sulfonyl and substituted sul fonyl groups; X
and X2 are separately selected fromthe group
W@ omgiost4bg of an oxygen atom a nitrogen at onPCEHOS2003024232
sul fur atom each either unsubstituted or substituted
with a R5 group, as defined above; Y is selected from
t he group consi stl ng of a nitrogen atom a substitut ed
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sop Bt 5 V% S St gl Sl v o ouP SRSt Fcsiigh tom, < haogen
atomAetl seRdddacety akgl @eit@roted LR, AIESAT, Rop, cy@lbﬁllg’l aﬁmx‘yu kfcldklkoxy, aryl,

i trogen atom or an oxygen atom
S”bg'ﬁ@‘;aeﬂ%bgﬂ SHbgituted; QGW&awklaﬁ‘é eSUsplitRdu iR, b‘érﬁdénd §upstituted nitro

groﬁb’ses‘uﬁniﬂ%ﬁ’dﬁuﬂﬁiﬁﬁﬂd%ﬁﬁh)ﬁgr@upst he corrpound and nethod, the
i m dazaol ecar boxal dehyde is 5-(1,1
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a siBNAR|, ehxeer l?n@lﬁ'@f tut@oe& n@okgut&ﬂknﬁ a'ﬁ?éﬁﬂ)x ¥s RFiRY Boove: :

Addi tional preferred I ments 0O he corrpounds
des¥r§ spegtet gpraithe drove|cosistingaivp dilingis atay iarsgbsdituted bitrogeh atom with a R

gron’ be pﬂbovﬁl opE@Ep&M agsﬁfﬂ}r‘ ‘% o?ﬁilz%lr SOy BbR Uzﬂnet%ﬂe ﬂoup and a substituted

n group, nmakl ng
nm@ﬁwgawmus as well as the conpounds descrlbed in

Tabh%%n%tegé)’r&ﬁurbﬁjtogem osedA as nethods of nmaking such

ounds are nethods and nmaterials
for thwr@atth saparaien ifi rastarg abd & s4167; @and Hraesveach sepgratelppateetes from a carbon

r Ct ] a_ pat hoge ungus. These net hods
aoff s B Roch a2 PRET ATy M) sl et f or
t r e the dashéd hohds mmmthbmmwubjoemé lsondgror e parti cuI arly

ceny ey PR o e e Bhoris miletordaehye is 511

dimethyieihgirsidaaoleiiearsixaéiyde tml the eveRzalRas c@rnp‘r@é@@sdlrfgleolﬂethoxy group.

ff tit tif I
AORE BIFCR OISR GHPS ETROBES DRRGTba g Tobq mpounds g a thuy
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ich are 1ncorporated I1n and formpart of

con?ﬁ@é% 5 walt 3sghe CWP‘@??desFrle%'gtTﬁﬂQsez é@ﬁ‘i 4ia§ V\fSF éf'r @?thqs.da of making such
conpbi@gli ments of the present invention. Together with

the remmi nder of the specification, they are neant to

ser §l0 digelasedhpraimepthrse pns maatialpdl digating neeplastisgisauerar arewenting cancers or

mfe@tfaﬁrﬁ)ob' Eﬁﬁ'og@rflc fulflis. TGS %t’n&f% ah@ Batﬁlg%eaié’%aﬂﬁ:hlh ! el shifda FoP Featment of

dr aw ngs. -
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dehg&%ﬁ%ﬁ %iﬁ &' %% g e RX@SGO&JP@H%E aa@hﬁﬁfsfeﬂ% BY%hd %ﬁgt & %omposition

C ket opl pe a2|ne
compridingan effestiva ribtituar ofehiynda a@ounbofypidetydrophenylahtstir oréislinalbg

compound 3 which is h_a benzal dehyde 4 to

produce a dehydr ophm@%@ﬂn%w crBfondih 2 depicts the

HPL'(hemcmfrnpbrwlngfdra\mlgs shich aetincorporated @ and form part of the specification, merely

lahistin., Figure 3. illystrates a reaction
s e O R o 8 s AR oy e of e
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|nve'mlotn|1;p(tjll of skifled in the art. In the drawings:




i m dazol ecar boxal deheyde 15 to produce a
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Figure 18 depicts the effects of A. KPU-2, B. KPU-35 and C. t-butyl-phenylahistin alone and in
combination with CPT-11 on the weight of tumors excised at autopsy in individual mice in the HT-29 Human
Colon Tumor Xenograft model.
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Portienbtge 9@114%@@11 Progtat ljgneor dgnograpbledel t he ef fects of
KPUrgurg!29Rgnidfle 'ef?EC%CHFJ'P(PUQtdIo‘HQ alft EQOEE@B@@@ f’rﬁotﬁljaeon the individual

exci Sed tunor at autopsy in
excisethigmarnyeiohts Mteriorsy alftlne [Pk 681 Humm Ryostale Dgnoti¥égmograitMadele

ef f F@Er@ 24 QEpidkRkE gﬁe@’& ?g?@g@%#ﬂ% a&@ﬂﬁ%&%ﬁﬁ@ w}éﬂ ?r%ﬂerr?eon the individual

I'taxel ‘on est
excwachmmerwefgbts atiauidpsy mrilnaﬂu €18 HuDae 2r8state-TumenXdBografstlod®iunor
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KPU_?@gre gjg@ﬁs ﬁ\g eK%g/JFaﬁl EI?H%S a doér? d ngtﬁla)hgq;{lahlstm alone and in
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groglih & tl;mwg HimanAugoiumbedegogrditaiotielt 0 convert t hese

| t j ye. ' ' ' fo er nat
T T KR e —

weig et BytbpRNIn $eiABA9 Hflan Riaig ZukidrWekbhrait Blel. 2353 KPU- 03

NPI - 235?8 KPU— 4 NP f%%g% KPU- 05 NPl - 2356 KPU- 06

NP Flglgg effRts 0 ajopg jansHin cquibjnakeg i Reslilagp on estimated tumor
welgmnﬁl%ﬂ/n%ﬁé%rﬁ%m%l& RE428 FHumbiPBreas8 RiftholkiRb4ed 9

NP f:lég’rg 129 }%zp%t% %ffects of A. KPU-2, B. KPU-35 and C. t-butyl-phenylahistin alone and in
combination with Paclitaxel in the Murine Melanoma B16 F10 Metastatic Tumor Model. In certain Figures,
compounds are identified using an alternative designation. A complete chart to convert these alternative

designations is as follows:

Alternative designation Designation used herein
NPI-2350 (-)-phenylahistin
NPI-2352 KPU-01

NPI-2353 KPU-03

NPI-2354 KPU-04

NPI-2355 KPU-05

NPI-2356 KPU-06

NPI-2357 KPU-07

NPI-2358 KPU-02

NPI-2359 KPU-08




KPRET/9S2003/024232
KPU- 23
KPU- 28
KPU- 29
KPU- 31
KPU- 34
KPU- 37
KPU- 40
KPU- 43

NPl - 2362 KPU-11 NPI-2363 KPU-1 2 NPI-2364 KPU 13
NPl - 2365 KPU-14 NPl -2366 KPU-1 5 NPI-2367 KPU 16
WORI0423688 KPU- 17 NPl - 2369 KPU-18 NPI - 2370

NPl - 2371 KPU-21 NPI-2372 KPU-22 NPl -2373
NPI - 2374 KPU-24 NPl -2375 KPU-25 NPl -2376
NPl - 2377 KPU-26 NPI-2378 KPU-27 NPl -2379
NPl - 2380 KPU-20 NPl -2381 KPU-30 NPl -2382
NPI -N8P@300kpLL 32 NPI - 236A-08P1U- 33 NPI - 2385
NP| |-¥PA8861KPU- 35 NP - 2 -Kp NP - 2
NP| |- ¥F38862KPU- 38 NPI - 23¢tU-KPU- 39 NPI - 2391
NPI |-i9F39363KPU- 41 NPI - 2308-®BPU- 42 NPl - 2394
NP |-\ F39564KPU- 44 KPU-13

NPI-2365 KPU-14

NPI-2366 KPU-15

NPI-2367 KPU-16

NPI-2368 KPU-17

NPI-2369 KPU-18

NPI-2370 KPU-19

NPI-2371 KPU-21

NP}-2372 KPU-22

NPI-2373 KPU-23

NPI-2374 KPU-24

NP1-2375 KPU-25

NPI-2376 KPU-28

NPI-2377 KPU-26

NPI-2378 KPU-27

NPI-2379 KPU-29

NPI-2380 KPU-20

NPI-2381 KPU-30

NPI-2382 KPU-31

NPI-2383 KPU-32

NPI-2384 KPU-33

NPI-2385 KPU-34

NPI-2386 KPU-35

NPI-2387 KPU-36

NPI-2388 KPU-37

NPI-2389 KPU-38

NPI-2390 KPU-39

NP1-2391 KPU-40

NPI-2392 KPU-41

NPI-2393 KPU-42

NPI-2394 KPU-43

NP}-2395 KPU-44

NP1-2396 KPU-45

NPI-2397 KPU-46

NPI-2398 KPU-47

NPI-2399 KPU-48

NPI-2400 KPU-49

NP}-2401 KPU-50

NPI-2402 KPU-51

NPI-2403 KPU-52

NPI-2404 KPU-53

NPI-2405 KPU-54

NPJ-2406 KPU-55




NPl - 2396 KPU-45 NPI-2397 KPU-46 NPI-2398 KPU-47

NPl - 2399 KPU-48 NPI-2400 KPU-49 NPI -2401 KPU-50
WOR048843928 KPU-51 NPl - 2403 KPU-52 NPl - 2404 KPREDBBS2003/024232

NPI - 2405 KPU-54 NPI-2406 KPU-55 WO 2004/ 054498

PCT/ US2003/ 024232 NPl - 2407 KPU-56 NPI - 2408 KPU- 57

NPl - 2409 KPU-58 NPI-2410 KPU-59 NPI-2411 KPU- 60

NPI - 2412 KPU-61 NPI-2413 KPU- -
NPI -NPA24D7KPLL 64 NP - ﬁd‘«EH%ﬁ(pl L gé “E: i gﬁi 'Egﬁ gg
NPI |-NPAE2408KPU- 67 NPI - 24P8-5%plL 68 NPl -2420] KPU- 69
NP| |-NPA2409KPU- 70 NPI - 24PP-RPU- 71 NPL - 2423 KPU- 72
NPI -NRA2410KPU- 73 NPI - 24P5-58PU- 74 NPl - 2426| KPU- 75
NPI [-NR-2711KPU- 76~ NPI - 24P8-0RPU- 77

NPI-2412 KPU-61

NPI-2413 KPU-62

NPI-2414 KPU-63

NPI-2415 KPU-64

NPI-2416 KPU-65

NPI-2417 KPU-66

NPI-2418 KPU-67

NPI-2419 KPU-68

NPI-2420 KPU-69

NPI-2421 KPU-70

NPI-2422 KPU-71

NPI-2423 KPU-72

NPI-2424 KPU-73

NPI-2425 KPU-74

NPI-2426 KPU-75

NPI-2427 KPU-76

NPI-2428 KPU-77

NPI-2429 KPU-79 )

NPI-2430 KPU-80

NPI-2431 KPU-81

NPI-2432 KPU-82

NPI-2433 KPU-83

NPI-2434 KPU-84

NPI1-2435 KPU-86

NPI-2436 KPU-87

NPI-2437 KPU-88

NPI-2438 KPU-89

NPI-2439 KPU-90

NPI-2440 KPU-91

NPI-2441 KPU-92

NPI-2442 KPU-80

NPI-2455 KPU-94

NPi-2456 KPU-95

NPI-2457 KPU-96

NPI-2458 KPU-97

NPI-2459 KPU-98

NPI-2460 t-butyl phenylahistin

Detailed Description of the Preferred Embodiment

Each reference cited herein, including the U.S. patents cited herein, is to be considered incorporated
by reference in its entirety into this specification, to the full extent permissible by law.
-0-



NPl - 2429 KPU-79 NPI-2430 KPU-80 NPI-2431 KPU- 81

NPl - 2432 KPU-82 NPI-2433 KPU-83 NPI-2434 KPU- 84
WORN0488888 KPU- 86 NPl - 2436 KPU-87 NPl -2437 KPREB8S2003/024232

NPl - 2438 KPU-89 NPI-2439 KPU-90 NPI-2440 KPU-91

NPI - 2441 KPU-92 NPl -2442 KPU-80 NPI -2455 KPU- 94

NPI - 2456 KPU-95 NPI -2457 KPU- 96 NPl - 2458 KPU- 97
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meﬂ‘?ﬁéprrprﬁ!@!ﬁ'ﬂ%ﬁrﬁﬂflé@a aat@gamafmym in@ sulyact whichi Ilwglw@dadmmblsnngrho the subject
an &afﬁ?lﬁg aﬁlgtgigal%@grﬁ gf nglﬂﬂaeﬁ‘ B e laesgt'alts ﬁetlv%}?-fuagag &M 8un§9 4 g administering a
dehyidonaenylatigtimpoitsratiglogio an arhauat anditnla@ewm lpromdesttheylntended antifungal effect. In

| so an obje
e R Gt B IS pFERIRAS o i 8 Ph gl oo
her¢in hreimotaacesserily incath ebddiientg ot thecprestie nvertiora thedertbigttiees argmen
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adm nistering to the subj ect

/\21/ 1"R2 1
2 Y—»—Rs
za/v

(0

wherein:

R1, R4, and R, are each separately selected from the group consisting of a hydrogen atom, a halogen
atom, and saturated C+-Cas alkyl, unsaturated C+-Cz alkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, 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-R;, wherein R; is selected from a
hydrogen atom, a halogen atom, and saturated Ci-C alkyl, unsaturated Ci-Cos alkenyl, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, amino, substituted

amino, nitro, azido, substituted nitro, phenyl, and substituted phenyl groups;
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an effective anti-fungal anmount of a nmenber of a class
of new anti-fungal conpounds, e.g., admnistering a
waledasaphenyl ahi stin or its anal og in an anouPCT/ARZIN03/024232
manner whi ch provides the intended antifungal effect.
In the preferred enbodi nent of the conpounds and
nethods of maki ng and using such conpounds di scl osed
her enboglnents of the

pr eg ﬁ?d P r@ﬁ?({egﬁgerﬁhgé‘% 98%50'82[391 QU cqnsstingeqt @ tyregancaiasy a halogen
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upsiend SRl et b 8 EEETTE T puBe st e pgogen atom, and
a syfitretoy] eackaeitiersindubstitutadtoeshbgifugsaywith g R&gﬁtﬁ@, asvdéﬂ?ned/@ove
ZOOﬁ/ 054§(f§ C@/ Us2003/ 0,(24%1"5 El
i ndESeRaert 3 Ua o expsiptig of ¢ pioggp 6@% %6'1*P§'i't%t?q Pigpoen atgm with a R
grodpyrdm Gl};ﬁél, aBbxygan atonh)a@@ediom, abAdited aidr S, 'elrnﬁh?lgne(arm%ﬁd a substituted

i %/ unsat urated Cl-C24 al kenyl , cycl oal
me @SF@ HBPkenyl , al koxy, cycloal koxy, aryl, subst i tuted

ary;h.sam,ﬁttgwg@@m&,zer@ummout ed heteroaryl, am no,
2% |tuted am no, nitro, azido, substltuted nitro,
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i ncl ud |% hal ogenated a hal ogenat ed carbonyl ,
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A A O
cy cesstngiesiinpydikeippiessaine witly 8 firstzaldklyds to paxdyde an mtaehs&‘dlatembrepbund and
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and benzaldehyde derivatives, thereby forming a compound of Formula () wherein

Ry, Re, and Re, are each separately selected from the group consisting of a hydrogen atom, a halogen
atom, and saturated Ci-Cas alkyl, unsaturated C:-Cas alkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, amino, substituted amino, nitro, azido, substituted
nitro, phenyl, and substituted phenyl groups, hydroxy, carboxy, -CO-0-Ry, cyano, alkylthio, halogenated alkyl
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R2, R3, and R5 are each separately selected fromthe

group consisting of a hydrogen atom a hal ogen atom
ware454408 at ed Cl- Cl2 al kyl, unsaturat ed Cl- ClPCT/US2003/024232
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fachnsgparately selected fromthe group consisting of
asua h%‘f%gen atom a halogen atom and saturated Cl -C24

al kY Is, selgetechirany thf Emurﬁdonéiﬁmlg af ekﬁmden atomeh @ls'ﬂisllﬁl)t%d nitrogen atom with a Rs
oo 50 9B B S L, DB BRI 53 e
meth;/iﬁbsgrmlpl,n ed am no nitro, azido, substituted nitro,
d t ut ed I d ,
%XOX bachl G@ﬁsa |n onu e ?{B%% )ZF gqq%gareﬁ%hé@%%gyéglegpwqmacarbon
atom ﬁlulMQt&ﬁ}@Mr@@ﬂéﬁﬁi oF’éﬁde REER/ Hd4232 i ncl uding
pol t ed aI k al ogenat ed carbonyl, and
car%%%’&?h & bp qﬂ%péﬁlgglﬁorﬂwbie@ogd@ ected froma
hydxlsbg@mmacam pl%rrﬁb%blﬂ@éég e?ﬁlge apg éﬁtdﬂc‘} @rfj{gfttgs “of 4t compound of

5) ynsat ur at ed , cycloa
Fom&,a& handKla AYA providescastyods @erﬂ@pngmgﬁyyh compgunds byljnyzsmqthods digglosed herein.

253};@? Itétﬁﬁfrgd' d?é&j{;l ér%tea oe%H(%ﬁNr \Réﬁéﬁ ‘?éierﬂ'fgttc?é E@WJP pst {HQ Cc%mrpound of Formula
() sypthesiaer by tp metaads distlased kegeing redamgth a ghremcplsien\ﬁt]ye o‘ethfdcompduna thet is rapidly
tranéfd?ﬁ&f)dﬁ DRGSR the co?rﬁ)h gt fgldextclﬂh &r]lﬂ%r%%ig?l n? @%&ﬂs@@ 4 The term

rogen ‘atom a o en
proﬁn[uqystef tefessato ulesvatives G th@ﬁdnmuﬂde msblose(tyérbmédnhed by the addition of any of

o I S O

grouss;ntumde pud:y@dyn&myln?:e’;omnteml prﬁfehd;lp indhyiad mgtﬁdxﬁﬁethyn la§ W&l as other such
i ro
grouf; '?‘8%’3&) the 5{32&58 L g%wet% ﬁgef%gf\éﬁb 386 gpaeple pf pro-drug

-12-



i ncl udi ng pol yhal ogenat ed al kyl, hal ogenated carbonyl ,
and carbonyl -CCO R7, wherein R7 is selected froma
whyanosans at om a hal ogen atom and sat urat ed BIF/CQ2003/024232

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,

substltuted am no, nitro, azido suh§t|tuted nitro )
ester R AN besfpnd %fggq)qa[npjg a dHl@qqgu@pqi V, gﬁtqyg,& ProF@Jgs R%Novgllpfh\ﬁg Systems",

Vol. ! RC@SW@@E%VS@M@ Mmén@éne@kﬁﬁalfgogﬁy 19¢5) 948 Umo@%‘ﬁileséén% in Drug
of ydrogen atom hal ogen atom and satu

Designy Tf@qw aréq Appllcanog g@t@@byaﬁ SdReche, Eermaraendsesy New@(@g}q 14- 21d1987) (providing
B G LR S A I R

su Hjl@ﬁt temupiedug w‘stero as pietl hergin cated referbiotal @mieaﬂ dervativeof the compound that
is rap%fy r@%@org?&éﬁ&@&é @W}% C%ng% %?&é%ﬁﬁp@%y{tﬁmﬁgm% QSRS Thethrm * pro-drug
ester’tleiaﬁmttsdanvayv&sfof the cccmpyvyxdm disdlased hezeimibrimed gethe a:tddum afrady ofmeveral ester-
o B e TSR STEL PR bR g e
pivoyRkyomethvl, adatogynigthyl, @mtahttyl fndamiph sadd oettoxy@ethyd) ay g/elhasaitmensuca groups known

in theaaﬁtdmgrdgﬁ%gh@l%oeﬁé 91 Mﬂylg‘)g@%qxg%g&}\ez exa‘r%)& é fons rugges%r &oups can

be foSrRiINA fateranple, T.fHigueHn afey. @telléalmd P%Jd;ugzas Nefal lwﬂ\féryzgystamﬁ' Vol 14 AC.S.

h I
SR G SO T GRS CREd SO0 HE e AOraEOIe CaT = Brod Deslgn: Theory
and ﬂ)@ﬁoﬁﬁiﬁ" lR@ifkd by FBE. FAthe P§@ﬁﬁon$ré¥a§4 N?e\nﬂ‘f'orld aubi Eg@ﬂ? (ebviding examples of
provi ded are harrraceut| cally accepta le salts

esmr&ﬁ‘?&f“bﬁsé’mélW&@f"@i“%qugds&f’”t@”ﬁ@ CHRRIMSlof  For nul ae (1)

angd 'te'rr)1 a%&aélm&auyi %@ceﬁtasuél Qg @§pe§a\ﬂ2t\ﬁh€§iréférﬂg 818 loharmaceutically
corrpoun y di scl osed ereln he term

acceptihlq)saa ,otj@e é@@p@ynd nof 5@;@9@!@, lm;yp@eam@ Ry ﬂmgﬁr@mpqsrfbscp@d derein, refers to any
pharﬂa{y@utu@éﬂ&'%&%{aﬁé sélfs 5fhaec H[EH&UQﬁH fefaBy "l‘é’?&r@ 6 lah acid addmotnosalt of a

heSized b ds di scl osed herein, ref
compgungh yeferesd ed@mnlwaxf |PW“@PU'UPW¥: apeshtpie Al ar e akgli melpli saltsy (sodium or

| ' . f : .
o056 6ol B Qa0 BP9 e i
or frene roharmagseiisaltyr aogeré@tee@rganrcemn@, fas temiley &6-Cv elylapfing, fpgclohexylamine,

trieth%mw,n gt‘ﬁ Igiefﬁgbjpiﬁes %F tlril:?(P)%ioQ rﬁeﬂ{yﬂgminmetfiaﬁg a\ﬁlﬁ‘r{ trésB&t % compounds
any o SEVEral st er-torm ng &r oups at are
synthlagmtd oy e metheribks are phsjcsmiries dhieadferred edinplesai sharacautipdlle sccefftable salts

are B SRR PhamERERT aoiBotae aBen' s KRNI ok pampe, hydrobeli,

sulfun%phoaihbncasld ot dlighaticsan edomatig rcarbigxgliclonsinia acidt fovexamidle, acetic, succinic, lactic,

mallcdals'fﬁélp c@gaq%qr@cg n@qt%u&?n%ﬂ@%%éfo%%&ﬁ@%r %}%ﬁﬁpgéjxes%r%g Rid.

PCTHeU@&u@Q)Bérﬁ@ébaﬁ?cany a@&dptable gélﬁ’tﬁssusécaﬁeraﬁ diso ustets it anyf phrmaceutically

accemllt%@qq ( \%gf/ rably rgfgrtseto Lk aci ac@tlg g%%%gzgmwd Preferred
example$ b%arnﬁ&@ﬁda%&céﬁé@l@‘sﬁlﬁére %@Cdlk@ﬁ Metﬁl]&ﬁ@()soduﬁﬂ& potassmm ), the alkaline
Bi oreversi bl e Carrlers in Theory and
earth mﬁﬂ saftncalciHm or magnasiig), gryan@omgn sgqé gﬂg Wlﬁ opffagahiarmaceutically
acceﬂ\ﬁ)‘ﬁé 0 ?é’amr'hés %%){(aﬂﬂglgé -CAdMy @il ?&bhe@?éﬁ\[ﬁpltﬁe‘%laﬁcflanﬁ%t &ﬁﬁenedlamme
usefu prodr u f or conpoun s cont al ning car boxyl
or tngmmj@@methybmlnoget nep r\/@ythdp@gctdgtc@npounc@ghag Qeedbasie ragings, the preferred
exam?‘g? Qf pﬁérﬁéc@ut&%‘y%c?{bﬁ% Cs%lts rgréc)rgiaéngﬁn ggltst«ﬂ ahgﬁ{é%ﬂe}hbréﬂ' acceptable
inorganiorg ongarit; acfds;rforemnvbl ie'drolha}qc laytitiriop phpspherid amd bt aiplehtic oFlamatic carboxylic
term"pro-drug ester"” referg to derivatives of the
conpounds di scl osed herein Tormed by the addition of
any of several ester-



form ng groups that are hydrol yzed under physi ol ogi ca

condi ti ons. Exanples of pro-drug ester groups include
w@Rawapbasy met hyl , acet oxynet hyl, phthalidyl, i|ipPdBDg1003/024232

and net hoxynethyl, as well as other such groups known

in the art, including a

(5- R 2- oxo0-1, 3-di oxol en-4-yl) met hyl group. O her

exanpl es of pro-drug ester groups can. be found

or suffepic eélg,afﬁr!ﬂxgnpleracem SHIEINS: lagfig Meic, tagfagp, cHyic, es,qorblpmgot@purgghanesuIfon|c
ptd@ﬁaﬁﬁﬂﬁﬁn&ﬁhMM@&M@ﬁ%ﬁhe”B Vol . 14, A .C.S. Synposium
Series, American Chem cal SOC|et (1975 and
+ BiPesfesod pRarmpacauticsl cpRosidons iselpseg h@e@."gwde Afieeescsuticaly, goceptable salts
and ;ﬁg%%&%{ﬁ & %e’c%rﬁﬁygﬁogtg%% 120 os\??tg%gﬁgd@ )Eréeﬁg&rg@@@aosé’a ﬁ‘e?én Accordmgly,
if thqmagrﬂfad:turagf phaoiceieal foanula@@mmglmgntmteﬂmmm of ghedﬁ\ams@yhcal excipients
and t% géﬁpes%qred-mmqtg Eéﬁ‘f?rmhﬂerﬁﬁg ?rléfe r&ﬁh u¥e Juﬂ&%I %ctﬁ@té WhICh are non-
err ceu ica
basxcameteq)elﬂnbn wldsat neutodl e)tclpenteon'pound of Formula (1)

sy pr}%%rgeﬁ ﬁ&ggdﬁ?eﬁwge iﬁe;ﬁ\%@o%g A aebﬁ%@fb)@g%to%glo?% 'ﬂerelﬁ eafrggtﬁ%); r?gld planar
pseuaan tlhrqemeg eumhfemayetﬁeefbmetl 0 Tantabilize dsuehdal refiatieety mgail plamfr pseudo three-ring

les of ph ticall
s BB FooRT B EHAAPal | mbtal Sl ts (sodum or

p otirpgiser priderable Babainkals ohtee cbambdsdnds"mﬂ alethsddl deﬁznlﬁedallelceinmﬂs equal to zero

eS| or ts de i ved
or Oy SR e O AL 0 L iy b GG SEHEEGT af gpden som,
mtro@ﬁ@ﬁiﬁn' ﬁ\d@ca@n a’fdrﬁﬂﬁo@@d’f@able@@ie%@%ﬁé &17h, 126 and Z, being a carbon atom, and
tri et hanol am ne | enedi anj ne

oSk F P ALE G T AR RETIAAE, () EHTALpigieoyspe carbon aors.

CONgP BiEs Rre@b(éﬂ BasddrRets QY thehReti®ishad &h@ésxt@ﬁsedl&ﬂﬁéd? herein involve
am nes, referred exanpl es of pharmaceutically

com@@@%ﬂsﬁwt@ %"aqtltres of Bm@uleﬁdlabarﬁ&'a) be¥h salts of
pharmaceutically accept abI e I nQr gani crpr organic
acids, for exanple, ﬁ\} ul furic, phosphoric

acid or aliphatic or Wi{eﬂgr sul fonic
acid, for exanple a(:eL 2 N c,N¥=dctic, malic,
tartaric, citric, asagrbic, nilcotRpic, .

met hanesul f oni c, p-tol uensul fahic or

napht hal enesul foni ¢ acid. The term "pharmaceutically
acceptable salt," as used here'(| , also refers to any
pharmaceutically - acceptable salts of a conpound, and
preferably refers to an acid addition _salt of a
conpound. Preferred eﬁahmzes ceutically
acceptable salt are tF = ikah' alts (sodium or

pot assium, the al kab¥ | #ars (cal ci um
or magnesium, or armfm Za erived from amoni a
or from pharmaceut i cBhI%ﬂ acc abPe oRgani c ani nes,
for exanple Cl-C7 al kyl am ne, cycl ohexyl am ne,

tri et hanol am ne, ethyl enedi am 0 or

1 liharbiRYELABBL X e BRLRGIRIdENe. WEh respect to

conpounds t are basic amnes, the preferred

ex aifip fegs “hafoggiraiamvaasaised i, mea@@e\p@r&kﬂf the gagljorstablg ratomg of eplumn 7 of
the ?eﬂgdi 'f’aglg oﬁﬁe Elﬁmgﬁts P@,%%%%Hlbénﬁadr&?f neaSrcigu‘ﬂwtea\R{heﬁu rin and chlorine being
i norganit c or organi ¢ aci ds, i ?

anpl e, "hydro
prefesnadl.f uri c, phosphoric acid or aliphatic or ar omati c
car I L ,, 13 2004/ 054498 PCT/
Col PRI oy Ul e S o Y el Al b unsustta

saturl Ih@drocbmﬁrt alith C;-CLunbranched, aatarated)ivasubstitutadthydroaarbons being preferred, with
nmet hanesul f oni c, p-toluensg%%onic or
napht hal enesul foni ¢ acid. Preferred pharnmaceutica
conposi tions disclosed herein include pharmaceutically
acceptable salts and pro-drug esters of the conpound
of Formula (1) synthesized by the nethod discl osed
herein. Accordingly, if the manufacture of
phar maceuti cal fornulations involves intimte m xing
of the pharnaceutlcal exci pi ents and the actlve

a N R r M Y a



basic, that is, either acidic or neutral excipients.

In preferred enbodi nents of the nethods of the
waeeowposHads di scl osed herein, a relatively rigi BCT/pbEN3024232

pseudo three-ring structure may be forned. To

stabilize such a relatively rigid, planar pseudo

three-ring structure, R3 may preferably chosen to be

met@hlg%g gq%E«'gyl,laeﬁa ?qtqg)ﬁ{xlotgégf{@é%béfeg 8(§ nﬁg?‘g r%nshgstl ed o Elra]ted h&drocarbons
Ci- C@tﬂdér@ and E| @fﬂl@)er-h’ﬂb@@‘n Jobstifuet &htllraecdryerpcmds a'ﬁﬂ amlﬁB ,sukﬁmuiedZthrocarbons
U S T R TR ——

prefé?r@@ The & “saReuRl” Wdis o%@na?/ mBdhing s Petdignuead dontemsappatents from the
and nost preferable at

el e, (o SR es D Paialt Nog: So8as, Gre f e psobdos, 922,683
5, 88§ 3obosy LD gaﬁd 6,350 715b. SicBRGI gPth@ﬂe‘ﬁﬁlﬁoﬂ & @EhiRRD RRtFa®bs hitrovided in

t hods’ an mposi tions disclosed herein involve

U.s. (P@iﬁ’flid‘@ﬂ@@%é%"ﬁ@h tdpfisess the (rem grbstiiuted ag-W aiRuUAR Syl &5 alyhpryl, arylalkyl,
hetego%gg hﬁ@r@ylﬁﬁ%&d %ro@ﬂe%l\( _NVF\eéE/:elﬁgt Iedélc MNe *ﬁy@@gh \EQR@ $s replaced
withsa subbtient. wier teinn "substituted is sisoeasghrerdpss e éie%w'o'aj Sfovigeslgin U.S. Patent
No. § %Q%fipwhl&'h%l;r‘%ﬂhmeép @htﬁ{ﬂﬁgﬁ éHyP Bch th@ﬁ @% Q‘lecflkgf dioup rﬂ?é?é?%ly of from

e "at ons o col um
1to H’@:carbnmatnm%'dta}\/leg fodm 1 koS Sibstitnents, snd preferably 1l tud quﬁtéuents selected from the

o BRE T DL ) Ot MMM E RS ey, s

cycldaike®i, mcyl, reegasing rayylaxm beranoc bubstitubed  dowigon emiscbeyls airaacaxy, extyacylamino,

oo RS ROl L AL AR NS SRE DR s Bt .

aryIdX?lhBigroél’yleﬁewro"aﬁﬂaxy, \P\etérbcycltc;llﬁtewck)ﬁﬂwy@ﬁﬂyﬁ@l&o alkoxyamino, nitro, --SO-alkyl,

SRt A D, oS pNa o, arsp g tHued 8RR ~SOzayt and 50

heteﬁié@ﬁtvhb Uﬂw@rdabo@al’étbd pateb 4y Provicastimaas definifidhs @6 thetemo "sulaatmited" that are

e F RS T bR o LA Pon v
prefe\!\’aﬁl)hhdgﬁé filelkh QN idms dRRpPIEIG Cﬂ’(eQ'rfﬁFt ITHé term “acyl” refers to alkyl or aryl groups

denylfoes ‘rfgorﬁglgéxgactldemh_a?lggetyl :qrogpnb%lng Sr[ef%rredor o-tert-butyl being

The term “alkenyl,” as used herein, means any unbranched or branched, substituted or unsubstituted,
unsaturated hydrocarbon including polyunsaturated hydrocarbons, with C+-Cs unbranched, mono-unsaturated
and di-unsaturated, 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-aromeatic hydrocarbon
ring, preferably having five to twelve atoms comprising the ring.

The terms “aryl,” “substituted aryl,” “heteroaryl,” and “substituted heteroaryl,” as used herein, refer to
aromatic hydrocarbon rings, preferably having five, six, or seven atoms, and most preferably having six atoms
comprising the ring. "Heteroaryl” and “substituted heteroaryl,” refer to aromatic hydrocarbon rings in which at
least one heteroatom, e.g., oxygen, sulfur, or nitrogen atom, 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, diethyl, methyl-isobutyl, and methyl-tert-butyl ethers also being preferred.
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preferred. The term "substituted" has its ordinary
meani ng, as found in nunmerous contenporary patents
wo e@nios4ae8s rel ated art. See, for exanple, U S PERUSIN3/024232
Nos. 6,583,143, 6,509, 331; 6,506, 787; 6,500, 825;
5,922,683; 5,886, 210; 5, 874, 443; and 6, 350, 759.
Specifically, the definiti on of substituted is as
road a hat provided in at.ent , 983, 143,
The R S Heer T g WP aio s itten T p@ﬁ?ﬁb@r?ﬂaﬂ@sﬁe ifcyelve atoms
Com@@.n@hgwg, ar yI aryl al kyl, heteroaryl,
het er oary %Cg '§U het er ocycl e and heter ocycl eal k

whd F%teﬁnSatpurrﬂ biaelialhy ikitrge Anhtlaier sas spd el ref% g e gompound
berngsﬁ’b*é%F étﬁég?BIEImlatTFkgnnpbﬁtrdg\\y:tIg\W%ﬁttHetcHﬁlﬁ‘dénd ik ﬁorﬁ\lalﬁlcéss%éra@é A& natural state,
$0 thet tl&wgmgwd ofitiinyentigegompeses ﬁHeasthfi‘Vw %s%ép%t Qit2@°éi aaf Rt preferably at
reast%b'%'arfsbradfthbrnggs @R@e@h a?ﬂrer‘?éaﬁnéie group, preferably of
n

ving fromlto 5
suldse ¢ampeunt of Foamida (bm@ryéﬁ ah@rrry:altv svrtﬂwesrzeitmemducerbmreagents known and

availS i ig fh% ?@ i Iﬁ%%}n&lg Grnodﬂéa(ﬂ tﬁ%}@ rt?ettdgﬂgrsﬁrﬁ lE‘rcl,fegffﬁ{«etoprperazme) have been

descr'rl;edl fa’adxkryple, brcycmlghialeke!nﬁDQO BmkysMeot Ched.ett 69'&1 ordiyl&awhlm et al. in WO

95/2%%%’n o]c-\h: m%@"ﬁ&ﬁ%pg §r¥dey@y @Qe‘gﬂ%rpgshw ;«;Zﬁr aared Yr example, by

diacdtydtiorpe mexrieysﬂne Q}S)dip,erazraafdima HIC] Cat. aNob@AND, &5 lgy with sloatm acetate and sodium

anhytgrmﬁo etd%;cet;l g’{%@ ur‘eﬁ&{ﬂé g% l)éﬁ‘i%f d%kqtoz{%gr%%@trcértr Ed tlgcieg %!thké%h@( acyl groups, to
rncluﬁbadaﬁbemétwud:rcas Bb@@t th}GHWdOMXZ/ bel’fiy)ﬁb’x@ébbalﬂ?l nOt
Sti

E&Zf %adg]z rg@?lpehyde %Sq%qr@@?ég"f%examp%se@orgpg(yp procedure disclosed in

Hayash@f)a? BUPSOgbnit GHEmBbexb2 asﬂem walby! and - SO2-
heteroaryl . The ot her above-listed patents al so

royi de sbareta def \v(rtrd,ons f ofesthe tW DBU
SOBSTi t ured™That aFe TVl | - URGEFSt 0od hose of —

sIFi Il in fHe 8% . Th':féH t%er m " cy®THarky| F%Pers t O'Slpi(740"C)
non- ar omat i ¢&khydrocarbon ring, #preferably having fi%®
to twelve atons conprising the ring. The term "acyl"
refers to alkyl or aryl groups derived from an

oxoacid, with an acetyl group be| ng preferred. Th

\ﬁmrg\a/l kehifaoH a5 Wm n, “MEans a b angﬁc%Hﬁ:OOH
nched, sudbst it Or uNsSUbSTTtut e
un&at ur at eé‘fOHyUr ocar bon % ncl udFigizgol yunsat &r at edHf,-Mto-10°C
hydr ocar bonsgxwi th Cl1-C6 unbranehed, nono-unsatur at egk
and di -unsaturated, unsubstituted hydrocarbons being

preferred, and nono-unsaturated, di-halogen
substituted hydrocarbons being nost preferred. In the

and R4 pogiktions, ofcthe coﬁﬁB'ﬂﬁrd of ystructure (@lgkH
'@bpr_e.n;d_,rmi articularly fé,LefrogEt The .
cyck&ql kgnyl " rgfeks to any,pon- erﬂH c

hydrocar bon “ring, preferabl y At ng f| ve to fwel Ve

atons conpritging the ring. The teens "aryl, 59%
"substituted aryl,"” "heteroaryl," and "subst i tuted
heteroaryl," as used herein, refer to aromatic

hydr ocarbon rings, preferably having five, six, or
even_at onmsynoand nost preferably having si x atoms
[ﬁ%;ﬁﬁhP |ng—LheJrlngpkikqferoaryl and "substituted
Nettdt oar y| scttone.@f er ofgmemat i ¢ hydr ocarbon rings in
which at |east one heteroatom e.g., oxygen, sulfur,
or nitrogen®@#om is in the ri ng along with at | east
one carbon atom The term "glkoxy" refers to any
unbranched, or branched, substituted or unsubstituted,
saturated or unsaturated ether, with Cl-C6
unbranched, saturated, unsubstituted ethers being
preferred, with nethoxy being preferred, and al so
with dinmethyl, diethyl, nethyl-isobutyl, and
met hyl -tert-butyl ethers al so being preferred -15 WO
2004/054498 PCT/U82003/024232 The ternr cycloalkoxy

Y o



The ternms "purified,” "substantially purified," and

"isol ated" as used herein refer to the conpound being
wo e@e/08f490t her, di ssim|lar conpounds w th whi chCT/082003/024232

compound is normal ly associated in its natural state,

so that the conpound of the invention conprises at

least 0.5% 1% 5% 10% or 20% and nost preferably

%.0r 75% of the mass, .by weight. of a

o1 PSR SRR Roer e 1 S Satoracene 15

derivetive hicladah Ye prydicétiEdimg Rekxampl§) heem&tlally axiablearBaslsstet NOWT! Cat, No.

n vailable in the art. For exanple, nodifications
P1O3gfg5‘il'§%¥3'7€dﬁﬁ]9‘@f'%rﬁ'i‘tﬁer azi ne (di acetyl di ket opi per azi ne)

have been dggcribed, for exanphechdy Loughlin et al
%2000 Bigoor g lle\%d em/Left (#NQ: 1+8r by Brgziglzﬁi«momt S il
i 95/ 21837. dgy! di ketopi Per azi n ' >

(Bi atet yl BdkeeBpi ner agi nO) rra)]/feﬂié"ﬁﬁ"@par edi=ir Tolueng -50°C
ex@pl e, by diacefylation off in sive

2, 5- pi perazi nedi one (TCl Cat. No%%%%, 25 g) wth 6e%
sodi um acetate and sodi um anhydri de. The di acetyl
structure of the activated deketopi perazi ne can be' LiAH4
replaced with other acyl groups, to include —_—
car bamat es such as Boc (t-butoxycarbonyl), Z THF, it
(benzoyl oxycar bonyl ). The i m dazol ecar boxal dehyde ymay

e preparedyobor ex e, according the procedure Ba%

| s€t¥sed_in__ Hayashi ., 2000 J Organic Chem 65:

4 as depigled bel ow, WPA, CHOCHO ,j Tos-Cl DBU O

THF, 70 COH O pyridine, rt. OIs O reflux(140 C) 88%
88% 96% 4NgiNaOH COCl 2 Bt OCOCH2COOH ~Cy ~FI BuLi 0

EtOH, rt. 0 CH2Cl2, It O THF, -70 to -10C 99% 68% 92%

SC£12, 0l BNRHO, D i SR oL e o .
13, Pé?"%?t“bmé ¢ ?'?"Bﬁef%{l%l%‘ Ry Rg-Pret5Iapii meror m%’#ﬂ:Qhe?pf%eﬂ@Oﬁf cesium

carb&riafk as @bk 2D ?}Hd g %?)@%ngté% atﬁwgs;]phlh% I6Yinelt atfhﬁsp\'{%?e circumvents the
probgq?ﬁoégggtgﬁggag‘,p\g% g#égr %8%@9%% Itn?é\pgtatpmrgetrngg gr;%xd%% tﬁe t?eatm%ﬂt with cesium
carbérAled@a0 bé?oW}'&afeF&Ré@i' febyfple1by Ypfdniat bva. Vil Gllersa@ibhab €ongress of
produced from for exan%iif a comer ci al f&% avai |l abl e
Hetepexclic Wemistasip ¥pkohamay Jeogn (@hduly 2085), Absiregiavege 28 ) by t he
foll ow ng route: S02Cl12 C NCHO, DI BALH
(Al ]
r"';(ﬁ)' Cs salt _
R H DMF

Air-oxidation of Activated Carbonyl Compounds with Cesium Salts

o

Other embodiments of the synthetic method involve modifications to the compounds used in or
otherwise involved in the synthesis of compounds represented by Formula (I). Such derivatives may include
modifications to the pheny! ring, introduction 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 ring and/or the compound which may increase compound

solubility. Other modifications may incorporate derivatives of known tubulin inhibitors, théreby mimicking the
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Ot OV ~OCOMe 0 O CHCh, refImO O f reflux, 145C N NH

Tol uenq -50C 70 { 21% (2 step) 66% UAJ H4 (THE ) OH
wor@2/06496 O NNH acetone rt ,,,NH 95% 15 ThePCT/US2003/024232

synthetic nethod disclosed herein may be preferably

performed in the presence of cesium carbonate as a

base in DM and in a deoxygenated atnosphere. The

i nert atnosphere circunvents the @}orobabl e oxidatij

activiyfof e pURINDSS. Cpas eI ets ay ST e REDERH e dapiaester involved in
the pfouﬁworfﬂf'fhb ezl atbb,RREHTE dsedVh tHR nfe@Bdstfcioscahbenat e (see
bel ow) as reported, for exanple, by Witanabe et al.
_18ﬁhé_".‘léﬁééﬁdiméﬁﬁﬂﬁsmngress of Heterocyclic Chem st ry
in ;
N JW@@%@&%@P@J‘%@%&H% ¥e & hbinds ’&Qé&s@?ﬁ&em B@%ﬁallgg@ preferably

-oxl dation Act’
produCed biothg ImeBodapdiaslasks heieinhin @agMeseuBal cosPGitiars compising i anebatmeceutically

acce@%blet E‘é?ne? ﬁj%se d'f& s%?atrgg %ﬂg sths \,é”\éﬁ Ja%lx'isfrétﬁf?t Wﬁcﬂsfﬁb@ al ;;hgrmaceutlcally

ound
effec@yrﬂn‘meﬂil o tod podusfsodisvtdsedr &tpvaemeatpéarmbgeulreatynadca)ta(ble) carrier or diluent.

Acceéﬁb ?rﬁ ré %%l’lu)éﬁ? foggp(ere{pelg g us arenﬁgl Enoﬁr‘?ﬁr{ &nzoh%r&ﬁ%elﬂﬁcal art, and are

r1ng, arona
descﬁ)p&tf@rmammmml Rerrmgtoo'ﬁ Phdneacauhoa‘n%blermes i Magk Pulslishiner Gt (Ao SGennaro edit.

1086}, el e it B aT Kb TR e ) R e pgrmecautioa
comﬁ&ﬁﬁdﬁpll%s emfnplsusz:b:umwénz‘oats adscmac&f mdcbs&tsuﬁ%ﬁdrofywnzmc acid may be

Th
adtof S e P {EAe T Pl aps g s At b8 ¥lent of

t heh@dwwdphéﬂylastm aﬂUeﬁydrdph@yiamg@ﬂfm@ cwhpoentbnmy bd¥errRREE and used
I1fircatl

as taplﬁté cﬁa?ﬁ‘ﬂe%ttoé elﬁﬂfzsr fpr\péql ,aq;@gstgyonk%mltqn%@[ regtal; aﬁrn%lﬁtﬁthﬂ, §tenle solutions,

suspérﬁ@ﬁse@b’ infbt88IC Kdnits bR, patches QAR adtdfration, and sub-dermal deposits
/ US2003/ 024232 activity of the tubulin i nhi bi t or s.

and @ Wer Inigrdables san lpeoqq@pawg)m @py@pﬁlqnpljormp,@tgeyv 36 Hquid; solufigns pRgispensions,
solid %rrﬁs%uﬁﬁ)‘f‘etf@rr sohufbH ot éifé‘ﬂanélc‘}h in ﬁdﬂ@ p%r%leﬁétlb@& iisioh "2 as emulsions. Suitable

i m dazol ecar boxal dehyde used I n t hods di scl osed
excipieats @ren for Praapien et Wd@l, d@b@ﬁﬁo@@%ﬁ%d@"@héeoﬁh"@as?&)ﬁmm sodium glutamate,

cyste n@V@Bltobfﬂ’Jﬂldgl ﬁﬁ’naﬁ %&Fﬁpglﬁtﬁﬁﬁ ahd’ th 3@’0% dll%g g Eq the injectable

opt'i onal 'y and preferab produce
pharrrmetlrtlgaigordwogmrem condaireingr amaurishefmasiodaauifiany substances such as wetting

agen{égpﬁfﬁzﬁetnh %e rt'he°‘ 'lll@*g ff‘dQﬂ@J @gozﬁigﬁs g@%ﬁr{g ﬂgp%?aﬁénilq#ole example,

ared for storage a
Iiposcamhsj mia)sbsrtahaed)n whi ch have a pharnaceutically

%E:?P& t{cgl rﬁ]&ﬁoﬁ% éoté g?rglﬁ%rgdalcdglﬁﬁr%iw ﬁ]lclﬁd} %J@ogjg\églutloﬁs & 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 cellulose, sorbitol, or dextran.
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 resulting 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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Acceptable carriers or diluents for therapeutic use
are well known in the pharmaceutical art, and are
walemansdaesl, for exanple, in Rem ngton's Phar neR€m/USas/024232
Sci ences, Mack Publishing Co. (AR Cennaro edit.
1985). Preservatives, stabilizers, dyes and even
fI avoring agents may be provided in the pharmaceuti cal
nposition. For exanple, sodium r] oate, ascorbjc
ey

suchgig ﬁ‘éﬂaﬁn’ﬂc“@w@F@S%ﬁucﬂ’ﬁﬁy@f‘@&‘y%éﬂ@'& @?%P@Pé&at'%éSUCbaaé%example

malz@Ssté?&ﬁsvﬁ{eé{taEtbﬁéﬁSnce' Qta@lqdb&dt@%tamﬁmgéléﬁﬁ' daRt fagd@flth, methyl cellulose,
suspendi ng agents may be use

hydrwmwmww@ﬁw Oth .sgchunncachoxya@w@ﬁﬂ%@ﬁéw/pwwwiw@m? GY/P)- 'f desired,
dlsmf‘egrgﬁg%gén'ts%a%/ HEBYadd esuf:t?és%’é @53@ ﬂ'nk@&‘ goIWﬁf]%yrrcﬂ&mé aBhredr2uginic acid or a
or elrxir or oral adm nistrat
salt tberpqi@mht@ rspdign Hlpinate. eBregee calgsrrraiPENidert Wihrauitableespatings. For this purpose,
S0 | R t
concgrﬂ a{éﬁ 3955? solu drﬂgﬁgéget?eng da\gllr;ﬁhm sfr%gttgﬁéo" c@rg(%?arbgrabér%ﬁé ‘Hi(i polyvinyl
pyn rcﬂidme),s:arbepol @h@owdﬂa’lehe Heol, dndjoetianiup diexide, dacqtre Stpjmtlelnsaareidsuﬁahle organic

oY S AR5 N, LI S e cosrs o

identfioatipre o8 ito rtharactdrizay differeytr dombinstions nf edtivé eommund désesi kan, this purpose,

or erruls ns Suj t abl e xcipients are,. for . .

conceafe Soer RS o, B ey 5 oP iyt iy ol talo polyiny

pyrrdli@hi, tcaibBool @4, kpUlV@tliylemnghoumdg* litbreuadiexjde, laoyadr edlutions, and suitable organic
hydr ochl serum

sovgicr PRI Lo LIFRHTS O REMPI Bk MR iy BB (oo cosings for

1denﬁ¥i@éﬁ@@§ﬂ th bhé?@temymf@ﬁéﬂﬁ o’émbindﬁblfsQif acﬁifi@ttbﬁip&un@fdod@@ N8@X ifc®mulations can be

auxi | subst ances, such as wettin
madg, fusipg Wﬁ%" &pava in ARgy aftHéee} eexaw'e dg§| ?gta“t Ii‘ﬁs 29 Bi}§88 ninjectable
comEd@ﬁlé}BF'W% Pg1€ &frl?t\n.‘a@ﬂ&h(bfeq{o | 5707 641 Rlﬁé’f»@@l’ﬁlﬁéuy aBRY proteins or
I'ized. Pharmaceutical formulations

peptidesniehBE0aP (inaphilli agentalt PSFP11A draliiizing, 9@%‘0 saé?ﬂﬁt i oY 643 (anti-viral
formhlgﬁc? s”}Cfs'eﬂ 76C %ﬁaha?éiﬁnédiean’{@{sﬁfs eRbked! fépléépffmnulauons) 5688529 (o

suspensi ons of t he actlve conmpou

nds
suspgesiqns erﬁaﬂ"r'é Qagéextea@ﬂgr @@p;aeaﬁ@m&anp@ﬁ,, hPEBY oquid formulatlons 5,641,515
conﬁ&ilﬁ{r’r%@%eC?&ﬁmlat%Hé ) bRfY @1 AN QMbBb fmafbignt s or vehicles

I's duch as sesane oil, or other

or dairthet dlealcbssd katejihara garipus ihemmaseutivabgpempesifions wall kagwirdhie pharmaceutical

art 1811 Ls%% 13k |n§l{\fcﬂat ’Hféo'ctﬁarf HnXsaﬁ%hfm?r%uﬁJu%r daﬂ&f} PRSmEetehl formulations
cer1 osones eous

mclude1 pcmemusmmtlwmpmmM@éthmvmmpmmds 13 wb‘srtsahbie’@rmmmws eyedrops, of in

o 508 B A9 e RS BRI 880 pint

210: @Dlt:i) prﬁthdalmw omh&nts,mpleaﬂmlb emsmrntymsalsmb as oittoparticulstes, tdalgtcentaining small
lize

ncr
Dol PSR A S PR PSP P B ioaih 1 4 Ecul el 10:20-46)
Ilpld%&mﬁﬁﬁﬁﬁuf&ﬁcﬁg (AR lel«bﬂ | 198 ProfP DR BIGARE3.812.2471-58) TaﬁdJr&htaEph@r%(Mordentl 1999
for oral use may be obtal ned bké conbi ni n?fo ug*actlv

TOX/é%&ﬂo‘in?@l:ﬁ)mﬁ@%OCU@b!“?Qﬂts exb{puiatle Phapeseytes I8 §rengosh often and

preférihH lerrhlﬂzﬂedﬁd(Bé’ rrile2REtoRE QRE DEHRA foh Qtapilitk LAl &offort.  Pharmaceutical
granul es, after adding suitable auxiliaries, if

coma@,sgrpns@w asoingsleaions engisprarsoitespraparad ivsinuisieds marw%@%mﬁ f@sal secretions

o <15 PR e B Bk S i s i

Pubiishiog, 1% Bdjtiona endowad-knawnde these, skitiedrimihe eit,, suitabledosmigations are most often and
C r
prefgr?lg\& gﬁ&?cmlghﬁ%ﬁ%%dcﬁ%aﬁa@eg If!‘gfr ‘% %% 6p %;‘ag o?cto;ttrarnﬁ'ldzp‘?eferably include
antigiedobidl ipresergaiinest and gpwemitth drugetabiljdersc efhburacesibigal formulations for intraauricular
hydroxypropylnethyl-cellulogg_ sodi um
car boxynet hyl cel | ul ose, and/ ? pol yvi nyl pyrrol i done
(PVP). If desired, disintegrating agents nmay be
added, such as the cross-I|inked pol yvinyl pyrrolidone,
agar, or alginic acid or a salt thereof such as
sodi um al gi nate. Dragee cores are provided with
suitabl e coatings. For this purpose, concentrated
sugar solutlons may be used mhlch may optionally
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pyrrolidone, carbopol gel, polyethylene glycol, and/or
titanium di oxi de, | acquer solutions, and suitable
w@e@ansa9s sol vents or sol vent m xtures. Dyest uP¢BUS2003/024232
pi gnments nay be added to the tablets or dragee
coatings for identification or to characterize
di fferent conbinations of active conpound doses For
. thi ur pose concentra : utio
cetvorg udR HAPER S SDETEOR e 5oL SRR o0 TPy BEED spbfes for such aural
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adm ni stered non-orally, it can be adm nistered as an

aqueous suspension, an oily preparation or the |ike or
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chenot herapeutics, for exanple biologics and the
speci fic chenot herapeutics CPT- 11, Taxotene
(docat axel ) and pacitaxel. The conpounds di scl osed
herein are also effective in the treatnent of cancer
when used in conbination with other actives, including
anti-vascul ar agents, anti-angi ogenenic




agents, such as Erbuitux (Intlone/bristol-Mers) and

I ressa (AstraZeneca), other VEGF inhibitors and
whiokosides, nore specifically, at |east one anpPCFVEBH3/024232

anti bodi es, especially nonoclonal antibodies to the

VEGF receptor, including DC101, a rat nonocl ona

anti body, which bl ocks the nouse VEG- receptor 2

ron{ip ek AT ) AR (18R afSRIRS Vit DL SRR g o). The
magiiudd @ an ddmiriRbOydsa @ thetnﬁéﬂfggm@nt‘éf tH@dlso?déEothé?&l Wi &y with the severity of
nds, alone or in co nation wth

the ce%%towé e A fodhegpute plipdminisiraliph gfihe Sevsm% afd'aﬂ cgnditiop ynay, dor example,

be e@éi’t!ﬁ'teﬂ' RlRRed §téﬁd5r@%ro?’rﬁ>§ﬂlﬁévalhé'ilo@ méMbdset BurtRdr, WEWSse and perhaps dose
i ncl udlng parenter al intravenously, via  infusion

frequeicy; Wil dorvias ccominn toulhecase.dhad weiaht, A respakse af the ingividual patient. A program

com;?a?elbf%rfd i lalsdossel %?o‘vélnhyybe uéah dihdy mBRGR! |y or

I ntraperitoneal loying a variety of dosagf
f orﬂﬁ?eendmmﬂhermemf@@@rdrﬁw balhm:eat@é stghrgeniamayde fassilaterpnd administered

systegf[}%g}r gﬁloc?llgcgin \géﬁseﬁfi +f éﬁ'm}ﬂl%s tf@ﬁo\%*éﬂof%ncf S@rﬂ étﬁétlon mg)l be found in
Remigisieiyy €harmadeaticalddiencest é%tkacEdari‘diack tFublispisg Co.c LElastmn rﬂﬁdél%ﬁ) Suitable
P ol b BB 0 18, s irnston
pareniemimelmmysme}urqnigcxyxvaniuscaimdsmhﬁansmpmﬁamedwsw ifjestiongyresarell as intrathecal,

arec RIS ORT BRES R ERE RfGromdl Fra i ahBRhl BeGons.
neges mgttyn top uﬁshn ethie a@d?nts rﬁ@sw &)dnmﬁaiulhtaqueooasohhllens for example, in

physBﬁglpeﬁgg%npa@q? r?rgt?cﬂ%g ank§y58| Eoéll Eg}gerﬁa |ﬂn ogphyﬁlplg%ansalme buffer.
For s@@rpﬂra:ngrﬁacb@n@dnmfstraro@ qjéﬁdt@nt@a@rdpm mﬁésaémaxt to Ib@wmem@ fised in the
eve

wi th dosage | e ejin cre until th
formigfafion- r%‘&’h BFTEEANS 1% e&&’ﬁ‘ly&%ﬂtﬂ‘ n g%r ﬁ%ﬁqu "S}ace%ﬁ'e%'éa‘tc%?bée carriers 1o
formil&te ¥ cbribobitdd HerGiR diSdedRr S FrektitoffetiMBhtios MtolWseHyes suitable for systemic
doses and routes of adm nistration of the conposjtions

adminigfeafien ip within ‘_B‘i/ sqopRe0f Hedavention. nblith Brgrer GRaicR §f egien#ld syitablg manufacturing
pracﬁé@ Etﬁé%ﬁr?J)sﬁi%sC@'clo%ﬁ e SH Fddﬁulﬁpmoﬁl’%ﬁﬂla@@é%htloﬁ% LhﬁHy%@ administered
I cations of potential products are comenced
paremterglweﬁ»ucm é%%étravwewmgcﬂowﬂmfums dbRcamepyngs Q@bheé@r@élated readily using
phang&ehdcaWI%@cegt?ﬁé frs&eli Rfoln InShd uht@ﬁ\%@éeé@&le?%?Qral%ﬁmmlstratlon. Such
verse side e ects | sappear osage mmy range
carrigss eaedileythe ersppeunds tegbeufomivlated eas dabists; eils, afifswles, dquidsdoaish yrups, slurries,
[ dosages may be

SUSP%EF) \F/‘\sg% ﬁ ld{gé@eﬁoﬂ%ﬂﬂ@}&éﬂ%g aa?n%ﬁ{ 5 48951]?80 ng/ kg body

weiAgénts intemded @rbaladrymlbta"ed\mmelluabmay beGOminsiered gsirrigdogjquea dell known

to thés%soqg diﬁg%%@g?ﬁ Ctt%e%r?g%or g{rg)%r gﬁﬁ age%ﬁf aaS’ geggaisu(@%tﬁ liposomes, then

admipistbied s desasbed rablcwe.stAtmeehWest pnessit imBn aduebdls solationhet thertime of liposome

o3, bRkt G aderd Mpiarc Leiepioy ! fploth e B hisdpd fom e
exter’ﬁ@&h@o enliementaad, bEandsUibesomeduse Withtcell Memisrahes, Hreséfii o&hﬂl)&ﬁehvered into

and sage hosen, t he .i.ndi vi dual K physi ci
te & cypdaror Aﬁﬂ@”%ﬁt‘ﬁ'@ T2 Wi Hiontovih. i TSR B be drecty
admifistei@d in®dcelRlarly.i N The Phar macol ogi cal Basis of

Therapeutics, 1975. It should be noted that th

at tD@W'waorpﬁfy*@? effestive\amauets isnwel wihin e cate@alhtméﬁhos%skl"ed in the art,
espe&ﬁl’yrﬁ‘l 85 thé QbtSkY 'di@élosu@rprovﬂgd H&bin A0S fo%% Qcﬁlvéj M&re&éhts these

toxicity, or to organ dysfunctions. Conversely,
pharacegtigalichipopifians imey ephtaisuitable ahagaaceutipaly memmzmmymwrlsmg excipients

PCT/ US2003/ 024232 know to afj ust treatnment to higher

levels if the clinical response were not adequate

(precluding toxicity). The magnitude of an

adm ni strated dose in the managenent of the disorder

of interest wll vary with the severity of the

condition to be treated and to the route of

adm ni stration. The severity of the condition may, for

exanpl e,



be evaluated, in part, by standard prognostic
eval uati on nethods. Further, the dose and perhaps dose

wo e@goeney, wll also vary according to the ageCT/bszy3/024232
wei ght, and response of the individual patient. A
program conparable to that di scussed above nay be
used in veterinary nedici ne. Depending on the specific
conditions _being treated, such a

and psles AP faaﬁ@temwngtoéthé@Cﬂvgfgfﬁw%dﬁafwea?fatl%%‘é{h'?*\/ca“ be used

pharfacé@ichift Yheddreph@GdnE koprhRsedfiétord Q:rnmvdtraﬁm @tay 88 the form of tablets, dragees,
adm ni stration may be found jin

capsps R ERMERRS] AP p%ﬁ“@ﬁ%‘@@ commsﬂorﬁd“ay h@/ﬁ%@ufm%ﬂ g g gner that is itself
knowrOfor eXeRpleOby mgﬁﬁs (ojrgﬁﬂéntlon%wn&ﬁ@' cﬁssolﬁﬁyng%hﬁéth?tdrégﬁe maklng, levitating,
rout es sgaalnc ude oral, rectal, transderma vagi nal ,
emuiﬁlfym@m?@ g, ersiapringt & &epWENG RIRRIFSES-st r at i on:
aArRb&h& dl&%&éd\’ﬁ%@ﬁ cah Gﬂe\}éﬂbt&gfof Eidagahg %ﬂcﬁ"usm known methods. For
subcu aneous, 1 ntramedu I njections, as well as
exaniple; ihatoiedenly of a nhrttcé@ltcommun(howtarsubsaﬂ Ghhe CPIRORRY eshes{ig certain chemical
u I
mmeYés mggéeu%'g\?ﬁéped @ ({eﬁmﬁiﬁg I'@Ulﬁ@ oXici gc(%v{agd%%gt‘r@ﬁ l;'nreﬁ %ng? %sna marp]mahan and
prefem@efrm]amuyn Ime. frhar resuita plsich stuo@aqm@f@n pwtlictive offgxicity @ranimals, such as
mamggafe‘:grnrﬁcge s%egllf %m’ iuHr%r%g L]Agtgrlr‘létlﬁelgol u@%&%tﬁ'o? 8%?%5‘%'&&0%‘)%@ in an animal
modl henst &l mich, m rablits i on emokafsf @ay. be de@rmisadaibing knaws metbals.alhe efficacy of a

LT R AT N
anm\@ﬁﬁtﬁbll‘é NEBnad CiRicOITRI aﬂ#%odﬂﬂ@jm vztr@mbd@ts easttfor nédsigeafy ciass of condition,

armaceuti cal |y acc a i ers
o SRy e S5 S b Bl LGt dcsso
and 'véﬁb@snfuh infeBfioRs. d@ﬁrﬁ’r&l?sao%éﬂtdb!étdn@naf MbdeRyBaErs Ged to establish efficacy of
admnistration is wthin the scope of the_inv

chenpgaiso §pah 5@# ceriipnse Vhen Ee@cpqg@rmogﬁldo delermigp efficacy, the sklﬁ)ela artisan can be

gundﬁ@Wﬂﬁ@s%té‘Sf‘tﬁb%rt t@élﬁ@&'aﬁ%{)pr st ﬁl@&HP%éet hriansutecdf S@hiR&@gbn, and regime.
erein, 1n particular hose formul ated as sol uti ons,

Of cptissg, fb@aadmcai irigts @preaiso bp syed iR deterpingthe affigagy chacagpound in humans.
'bnt REREY Sis : eagér[e& Hent! Bf YA groﬂhqnﬁﬂdﬁﬂ?’(%b‘rﬂ&ﬁnoc% compounds

or nmu ate y dsin phar maceut i ca
disclaged épﬂelalmae beadmiriistaras! biueithier acal gmnanreral pRtways: th?ﬂ adrejeisiererbaally, it can

be aﬁﬁ‘hh%t?@hfn e&glg Qb r?%%‘% 'Ebra} Eﬁﬁcﬂz ﬁrubfhgtgg tharsnp tq/g e chn‘?{mstered non-orally, it

can f ddmésijsteossiizs e weous suppéndion, ag ely@rep@\yttou prthe likk aivas |a@lap, suppository, salve,
ointrﬁeg\f I%E ﬁﬁé tcﬁges,’ b@{%ﬁr uﬂ} C?'réﬁ A‘"ae nnﬁ]@c’ugr{] {%e Hfg&gﬁs Ebt@&a@gusﬁ' intreperitoneally,
mtraMmudyL miraﬁnledllarlmntractemhdllw blahé like.nBiildy itacyrbeadstinistesad! tepicaliygrectally, or

V&gl?ﬁé agpr%u eéaqprog;&aéwl lg)se %f%@lhia gxg Brﬁ)g Qéj tbé'@or glnu og{ingaclj contact with

a tumh i Bus mrmmmg)megsowmroeme tuadii Lléa‘o‘édaﬂmsﬁam atlbssite lobfbejtumbmw ether disease

Al . e ueous sol uti
confioRs B3P CHYEg BT Bt D10 (L PRI Fi RYEA °f G ped reament
of R A4E4RH Sondifiére fGoﬂlEoIIedTl’@I@asle PORAQIER] ddpetTorOikibns e |bf0§|dm pump delivery are
Er otected fromthe external mcro-environnent and,
simiigdyccnigmriattdosomes fuse with cel | nenbranes, are

ef f\vedn@REd 3 oA Ghtl- ééﬁ(fe%beht"btr &h arﬁljﬂ%oﬁ ﬁ’deht P Wrﬂ?&*non orally administered
Additional ly, due to their /y hobi city, sma

to agrmenatientyp|thecaours ohabput0EMe/datte ?bOU%IQ?p mgéd@mféhf active ingredient, and
I
moré irer%EI BOH 7 rr?éfd mfﬁtaﬁd'umo{@gt/dg B g@gﬁcﬁ\}a%g%ﬁ@tﬁ%{) grg@rgbly,lo?e tame per day
or, Ieaa ptefembbtrqver m@t@;@é@i’t ten kipesi par day. ghfterr@ﬁvewwed dleotpsafarenty, the compound may
di scl osure provided herein. bf addition to the active
i ngredi ents, these pharnmaceutical conpositions may
contain suitable pharmaceutically acceptable carriers
conprising excipients -22 WO 2004/ 054498
PCT/ US2003/ 024232 and auxiliaries which facilitate
processi ng of the active conpounds into preparations
whi ch can be used pharnmaceutically. The preparations
fornulated for oral adm nistration may be in the form

o a1 o,



capsul es, or solutions. The pharnmaceutica
conpositions nmay be manufactured in a manner that is
WO e@elof449known, for exanple, by means of convePtT/OREN3/024232
m xi ng, dissolving, granulating, dragee-naking,
| evitating, enulsifying, encapsul ating, entrapping,
or lyophilizing processes Cbnpounds di scl osed herein
can be eval uat or effjcacy a XICIty usi ng known
e e BT RRR n iep aTOAQOTELTlo ) 10R Dl P TReRiS b, Thus, o

a paﬁ‘e‘ﬁf%iljhmg 70 ﬁrog@ifns Qhe%ﬂé?@r@ﬂ dQl@/ dbsfé%f Eh@%lﬂf' @ﬁiﬁtum(ﬁ Fedi88t would be about
be establishe

by
0. OOQfé"ﬂgélfgﬁpmor?Qoqt ,?15 wml@aytm;gm&g &Y nlg{ggmyo@d 8.5ea/M9/dpy, gd more preferable,
fromsd'lﬁ)*i' kg Ray TRITERL! @50 Iﬁ@gﬂdaPrlﬁ‘J L@ﬁlé‘@'ﬂ‘% ay. Cﬂbﬁetﬂe!fegke as will be

results of such studies are often prédictive

undefstp@d by theseiohskillrip fhalas, in seiiel sistions e (b necgpsaryde administer the anti-tumor
comp%ﬁﬁi% %nbj gt% h}:éto eﬁ(pmégﬁge;ven ’ﬁl %(ﬁé'eg gﬂe' a%ﬁ)e%}%eﬁ&fefér%ﬁ gﬁs'a%ééralﬁfe to effectively
and emg@esgvelwaeat particalotyi adeancealror lethaikenpts, may be det er mi ned

gz'r\{\yphgrb ﬁ%ﬁ%@ Fgr{hmgaf gggﬁtqﬁehp?%ér ljc\gl@%}ﬁo@gefghe #%ﬂ%‘alr({pﬁeﬁkll"é%stm or its analog
effectieciogthe Zreaimemtdnqnie/entlsmcoh aapartlcuiarvfuhgab patbd:demdmll depand nnalpart on the
chare'}}%ﬁs%l(c)s? %@élfgn%g% Ig%(f %H e(g:l{lf(lec%%% eqng 08r|1 ggec %?nlunze dby standard clinical
techrdomedi hividra or ini Wvolassdzysnlga)t dip&oneldyruél dniplope! talhelp &idnthwoptnhﬁ dosage ranges.

Eﬁecg\gr%g%\r}%i @g :egt[%kcggtggfgjgg %(Ia %mh%&hﬂs%ge%ﬁgﬂ@gq in Vitro analysis or preferably

from laﬂfn@lQﬁdd@llS ThéSt |’€¢|éeadobége lmmmcam @t@mm@aaaby m@dt@n&ngmysnm or other
sed tQ esta flcac hem cals to

heaItE &HeIPreyidsh and Wi @ﬁeryé{p%ﬁllﬂf@om&g fqg;%se |ncltlddwgd@{t%qf@pr{qlglstratlon anrzi the age,

bodyQ\'fefghtcéb&)énd % dhBrapehitn &%eﬁ\fdtvld&a‘@ AheCritfurdd Seve ity blﬂjedﬁm&y st’édé%f the infection;
state of the art to choose an appropriate nodel, dose,

the ugg@r WOBGEC@”QQF“@HWW?#‘?'%SE ration, and regime. OF course,
hurRefetiv dsR! of E%'d@ﬁy@ro%ﬁylaﬂsﬁpor% aHé?(%%uﬁ Qpicka 8¢ Wtﬁéerange of about

the efficacy of a conmpound I n .- \Wen used

0.01 4 ehouic &th pevkasa gisferably ;aboud 0t1utm@bo@ r16\mg/k9| qﬁmamrrtailaﬁgpody welght per day,
admlﬁ%g@@ﬁ’l Bflgle SrRtHR ARR n@e?lerag/' tﬁ&!: Sthahie ﬁé %H mifReYerddo patients in need of
m ni st %re y e|t er oral non- af%mays.
suchreximent i @idaily sipserrenge ofrahiput § to amut wa mg per panem nistered in
ca I
f orﬁrﬁn %r@w%t%%ge dﬁgeﬂegﬁc@@@ %ﬁocr?]ﬁﬂ ?SI aycfoge?:‘ he%ln Q%Q%mo?‘ HI‘B\Wth inhibiting
compmund, rkinswre rsudace s addive aageresa u@(mslarﬂ:pesmoommg agents; | syspension agents and

pharﬁéc?&%&l?tacc 8@ fi Wrml @bs?qrn&e S nahcgﬁfnggﬁg?sxﬁgs? ér:';dt @r )f'g(e may be used.
Preferablyestcbhotsn em‘rs |snlfatEd|aﬁp1natlcsalnthw amietbejmdeynay be used as surface active agents;

sucrqsgi éllgcggeﬁ H%&)?% asteé% cwgﬂhei é;el[&%?em rf{eg\p OS Ilgﬁtnurﬁﬂto% esnIrXéte magnesium

aluminets]i mugﬁésﬁmeﬁbtﬁaslmateadldrrynater sathéic |awﬂunlﬁrrl silid&eeg) F]aimlni {yarboﬁﬁe sodium acid
ski n t he

carb e G DREOCOMPONAE: SR Rermai coliess ngylinie Fay be used s
excipieH@THagndsihsteari Bl HafiBnel BiPard fra\ike Ind)fbe UEER ab BBVthing laghBt coconut ofl,
adm nistration at the site of the tunor or other

olive gjl.s3egpge ollcRRRBNL O]l 3AYE Bayaesused ahBuspaRsian agents ¥ fuRdsanty; elioge acetate
phthdMte 8¢ bederifiEf 4 RRBARE ’suéhrasac?elhﬂés{étor QligdRNor methyiacetate-methacrylate

art-recogni zed treatiment of the di sease conditi on.
copolpmert as Al Jedeptivectf dakydnyt Bayhel used ansuspensipioegenis: and piesticiaers such as ester
phthaze\gér%tagﬂhf! tegr%}/ B%\Hé‘eég qggdgﬁée‘?\gyn égélﬁs I? hziﬁ\élgﬁ{o the for%gé)ln{; preferred ingredients,

anti-tunor agent, may be orally or non-orally

adm nistered to a human patj,ent in the anmount of

about .0007 ny/day to about 7,000 ng/day of the active

i ngr ed| ent, and nore prefer abI y about 0.07 ng/day to

about 70 rTg/day of the active ingredient at,

preferably, one tine per day or, |ess preferably,

over two to about ten tinmes per day. Alternatively and

al so preferably, the conpound may -23 WO 2004/ 054498

PCT/ USZOOS/ 024232 pr ef er abl y be adm n| st er ed | n the
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a patient weighing 70 kilograns, the preferred daily

dose of the active anti-tunor ingredient would be
W@bwuins4408 0007 ng/ kg/ day to about 35 ng/ kg/ dayPCT/US2003/024232

i ncluding 1.0 ng/ kg/day and 0.5 ng/ kg/ day, and nore

preferable, from0.007 ng/kg/day to about 0.050

rrg/ kg/ day, including 0.035 ng/kg/day. Nonet hel ess,

swectisps RGP oA m Ser ey St Beia Aedad B ﬁcff'ﬂin'%%f@ff‘”m“'aﬂon o
the cbrh@uﬁﬂbérhctulﬁﬂfﬂfhen $:6 6PN id th hodrinittefediody. excess, or
t he above-stated, preferred dosage

far exceed,
ﬁ'g‘?s oprgpogiiqng c‘i'?c{?éﬁdy hergj ¢ é‘g@'?aé@@?“}‘%ﬁl \FOMpesiiipns may also comprise a
phanﬁ@feﬁﬂcéll&‘ |a@debt¥bl@6|éﬁfl’é'r‘ c %Gichoc,rombﬁpus}%I méy%‘?fre%arem '%toH:?@ dnP®r subsequent
an anti al agent the preferrable anount of
admigjgtraiot eﬁﬁwm%piﬁ HTasy prrd"vzﬁntafqréhe&ﬁwtl@ ge asg welldnpwrein ithe phareeceutical art,
and éré %&rﬁ?@dﬁor ain% &Y ﬁé}@hdﬂﬂ s@garrﬁadéﬁtfcél'sﬁl%c@i l\/fam’lshm% Co. (AR. Gennaro

gen W depen aracteris

edit. (1_,985)[ rer exanmfu gucbg@nqoﬁ@n@ma)ehetformlatemr@(gsqd@ﬁ tablaiscbapsales bresolutions for

oral Q(ﬁﬁnﬁsrttgﬁoﬂegjp it R 3L |l fnéﬂ dmm[gfr‘&n | FEE Sy Iu{ldﬂs\é %JSBGHSIOHS for
vi Vo assays nay opt SI ed hel'p

mJeCiableradmmlstram i Infedtablbe say ke prapawlsm corEerftlema fom ditteess lipaid solutions or

suspﬁﬁio@%%él@ggrh@ ﬁl%blfe f@rngomf?o% rsﬁ%gl%ﬂ)ﬁ S ﬁcﬁl]{ II[IJIF&\gglgPI’ mfo usion, or as
emuldibre. p&ukblemmpjmlgﬁudeelwé Iaresriobhthlﬂd le salied, eiemomsemabrytolt fagtose, lecithin,

vl PO TRE i e end SR R oy
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heal t h ivid at ure,
cgere Y TG A1enS: e i nf URIFD abfogHon ePREETGaizorora ] exampe,
llpos@ﬁes);maﬁlﬁerntlnzamt ther api es. The effective dose of the
dehrdro E}é tin or its analog will typically be
: C {yg ramopnt @i_sltho 6onap9sitipn regyin 9q(©gose W|l| depend on the

routefdf errﬁﬂ SBtloN, tI@eh%étof Q}lrﬂal bém‘gaﬁéﬁ’tbﬂ aldhd By S c%fara&@dm%\‘tﬁé‘specmc animal
\NEIght per mnistered in_si

undeﬁ%ﬁ{ idepatien. f§e gqsse C@kﬁégﬂgqeﬁ §p achipye adesipdeffeet Eﬁym g@)end on such factors as

welgl"ﬂdf@t RbritiRheRedlcttioR akd et fcthd wheRRbsO Ekilled H% rﬁé’df@éﬂa?ﬁa\m rebdgnize.
a daily dose range of about 1 to about ny

pat!heepipducty er qoppesifioas; as daseribabatauge Man e usy}:i @@nq pign combma’non with one
teP 8P
anoth umﬁ@%ﬁ%@&ﬁgn?{&hﬁlﬁ e'i‘aﬁ)élfﬁb Br (ﬁgggc%%c Olager&tsh ] mcn’s cal ly, the the dlsclosed compounds
prodygtstmay e @gé alens or @)cgmlpnaém with oglﬁwbemnthegew@@ leIOlglCS mcludmbg antibodies,
[ ent; I
for tf?ithl%QtFﬁPrg rofn&r?@&sﬁoé tccgl'r{]bg\gtéoqgﬁté %gre%h'inhﬁark/é Yor ﬁ}% Fﬂsn@rlﬂ é)ﬁgmgal infection.
These p@ductsloecmm;;oslmen cand. utilizBg isfvive aoh y/tral Htehxséfsl ,dossgéseand the most useful

oo b P R, e g, 5, P R prus

comuras elhployed y;\sd thé bpezibduse ddr whitiothese coramltldrmr corhgogjtidns are employed. The

t at : ' ,
v AR R S BB T B S vt o
condidié 16 belreatd fahddio diearouts ofcdmimisitibr anc&ﬁbéh@iﬁﬁbﬁthe @igéasé Editions and their
car boxynet cel l ul ose

s R B e i o3 A vy

technfugbetbitulationl Bd alinistRBGCM&Yi e fURE inf Rnidgtdh' PRBMaRBtIcdSREnces, 18th
as smmot hi_ng a%ents coconut oil, olive oil, sesane

ed., gck Publisbing Gp- ason, Fdy®0kmy be used as suspensi on agents
or 4 ‘fﬁﬁﬁl!lléi@'ﬂ{esoomﬁﬁnhé‘ bpﬁcf?mlﬂé: e?eﬁabggstyﬁtﬁ%ﬁ@éll ﬂﬁué&ri according to the

derivative of a car ohydrat
methadsgliselosed teigiat #pyp aelletysle émrbéqrh@wmt giovat-inbifingl gmasr antiyngal compound,
derivative of polyvinyl may_ Qe used as suspension
agents; and plasticizers suc as ester phthal ates and
the |i ke may be used as suspension agents. In addition
to the foregoing preferred ingredients, -24 WO
2004/ 054498 PCT/ US2003/ 024232 sweeteners, fragrances,
col orants, preservatives and the |ike nay be added to
the adm nistered fornul ati on of



t he compound, particularly when the conpound is to be

adm ni stered orally. The conpositions disclosed herein
WO p0oa/0ptags maceut i cal conpositions may al SO conpei/BE82083/024232

phar maceutically acceptable carrier. Such conpositions

may be prepared for storage and for subsequent

adm ni stration. Accept abI e carriers or diluents for

knoglﬁ teJuﬂQ:@ ua(j:'(l\%r @ﬁ%ﬁ%}%ﬁpﬁ r{ L&&W@ Xelg % @%sﬂ%h%nﬁq%ﬁtgt 5618 6ﬁharmaceutlcally '

acc@hﬂmﬁmémmng:albstmesemQ;Satlng/bssistaﬁ’ts balnd dteilikgmaobe l(SQd RPreferably alcohols,

ety R P B i PR % o851l P s Srose, goose,

lactosd, sthicky esystkided calludse, BAMIDI Kt amyde sﬂctanapomgrtemum etﬂmfnate magnesmm
vagi n m. ni str

me@mgél{g%% §lﬁ]8lﬁl§’[e,f %ptﬁetﬁc rﬁ?%k‘ﬂug‘bﬁ"@aa{ Ci."ﬁ“s‘iaf great é) ium acu? carbonate calcium

hydrdgbleﬁﬁo@éhbﬁsca%ﬂﬁ\ cb.@o@metﬁﬁwldlosm iR/ kB tiag B@hseﬂ es rarmpnents magnesium
either as liquid solutions or suspensions,

stearglefalc, dgidensg pléanp(g}e likg)na hegisedhas smeething, agepts: qog:pnpt o&bﬂhﬂa oil, sesame oil,

pednlt i rsofaomayrlie%éd' R BuDEnsloR byehtsQR ubiRbntd SellulB$BcSthte RBthalate as a derivative
Sui tabl e excipients include, but are not |imted to,

of & garbghydrate) glyeh @p §@llUIoseadt ($HgaH| OF megwaeegaée metiagryipigj capolymer as a derivative of
poI?\) nszﬂyrbe uSadis 4R &sieh %ﬁ%%seand%ﬁc%b@ Sudh )¢ %Q@r"bh@élatgseand ke may be
I'n addition, desired, the injectabl
usqg hesr SYBRSBTIN agalts.c B Py rtOothe foregping @rﬁea% ingriegigyits, éW@Qﬁ?ﬂ?@, fragrances,
col@rgntsn?r'egé?\?éwe% Q\#&?F\elrlnkﬁgyyabgéﬁ%?etg%‘tﬁ@% rﬁs"tb‘?%?i fﬁrﬁlul‘c’x‘ﬁb Efc}fﬂsgcomgcynd produced
by memeih@;t paﬂmuleniyrvdnam:ﬁhﬁgarrmpmdaertabe aiminisfefedoraik anpl e,
lip
BT T XA i ——
metiiod Mmaydespuzatigl oranon-biiakly administeeed ¢ a hwhan patisttriathe emount ¢i@bauy$e01 mg/kg/day

to %nrqgta@@p@ pg/@cﬁa& gf th Reeﬂgrstg%qg faf‘u@ %g%fb#i%rébﬂ? 8!Ut 0.1 mg/kg/day to about 100

mgtkg/dai o éhe attive ngredidnt atgrsferabig rondeesvérpihreardags dna @dih basisp ore oevery other

S oL g A e W e Bl preo
als¥\prefefably, hl(eﬁ‘oemﬁdﬂhd prédicddby thaenetiodlinayreferatlyshevsidininistered in the stated amounts
reco

ni z pro ucts or t1ons S
coniish b @bl 28 Rsetine i IRRE 8 e ble SRS GER i 70 ograms,
theasp6rbrRAT dailyodosé 1af m@m@ﬁveehil-mmom?rbu|@t l'rwend bdraiodPe.0it ha/dey to about 700
di agnosti c agents._Specif dj sc

gr%ﬁ%@%@ore [Bfef?ﬁﬂ')@t & Mgidgy t9eabod gcgrag}s@ﬁ)é Nonet hellessdas will be understood by

thoS& anaﬁ the RartWh tclfz‘rta‘iht Q@étloﬁshi@ Pﬁaf D& REdsdaySo Qmikisted tAé ShtBmor compound
i ncl udi nbg anti bodi es, he treatment of cancer,

proghicey! hy &6 sthadin BRpuDiE fhat @tcﬁ?ér orgnen fanexeead; e aboyp-staled preferred dosage
rangé 2Rl aAd a gg; Qtrbﬁbﬁ%la%dvanzm RthRtpHct s or

onmbposi tion n vivo or 1n vitro. The
us eflruihe dase a{}@g\g ghq@elt ¢yele inbibitor predifced by mathdssasoF biochemical test reagent, the
{
conﬁ&mcﬂ%r@otuéeg bgm@trf}a s ot tpéé g éﬁ d&qﬂh%ggfgg Prtoéjr % Pﬁﬁe @ﬁ%cle when it dissolved
in amp‘gmoe@]verawd hydrows spgedé solentuand if io dlramﬂu arnliedHe sy of various cultured cell

sysﬁe&%ﬁ?ﬁ{aﬁl‘googqa% sggersﬁgolﬁérl]t}d'{eo@? e)?aﬁglegﬁngth quie h}gﬁf{mde fa\nqt the like. The

foraulgtian tanciot exammle o8 d@vdewgﬂahulal axrojhemoild'unfhlﬂnter sreadiguid iizibitof prepared using

an Q@ﬁqlﬁog/{erﬁ o a @lﬁrousae{%anﬁesgl he\&afa grpreﬁeﬁrgé mnge@&éﬁgn ot%e compound produced

by th@fméthbdl 6 ivardiont foRUsE as & e eydetinhibitdriibeyeapaip Mhet rbryd 9f dbayt 1 to about 100
e fornmul ated and adni ni stere (g ei t her S{ﬁutem C

ly or
Ug{"&éféﬁ MQpt approRrigle; ugs Ayt vares dprendingens thedype £ W’lﬁda?f"'?%%'ﬁﬁﬁd the purpose
adm ni stration may be found Lyg.Rem ngton's
Phar maceuti cal Sciences, 18th ed., Mack Publi shing
Co., Easton, PA (1990). To fornul ate the conpounds of
Formula (1), preferably synthetically produced
according to the nethods disclosed herein, as a cel
cycle inhibitor, a tunor-growh-inhibiting, or an
antifungal conpound, -25 WD 2004/054498
PCT/ US2003/ 024232



known surface active agents, excipients, snoothing
agents, suspension agents and pharnaceutically
waecwepsabs e filmform ng substances and coati NBCT/US2003/024232
assistants, and the |ike may be used. Preferably
al cohols, esters, sulfated aliphatic alcohols, and
the li ke may be used as surface active agents
| ucose, | actose, @rch c stal |

of usggq%{vﬁif%’s@%reﬁg%pyt Rersons gf @lﬁtnal’éﬁﬂ 1 ths st qol iegergin applications it may be

neceSRRAGTHE prifeitddasd pemoRAdT SrdinEF?‘Qﬂl%ﬂhélm to L AA@fbolint SRR the foregomg range.
al um nate, synthetic alumnumsilicate, calciu

caf[%h%ﬁ*@rmaﬁ%‘i%i?ﬁf?&@‘iﬂm eariep sMhgdimentspravide, W?th‘iii,fiéi-‘rf@@éﬁﬁmng or treating
funga@ ih‘f’é%fim%ﬁﬂor S%fﬁ C?Hm R W%JEHMHVOF\?@ LarkihiQs Ry tARdsub f[%& a composition
used as excl pl ents; nmagnesi um ~ steara
includim @ dehyg{pid@m@qijism or ita rpdlaledy éor |ep<a(@leng ipelering e @gydrophenyiahistin or its
anaiogrﬁ%?itelﬂio[i‘iq aﬁ@rﬁ%ﬁéwhﬁi?&@f%g thQiniende‘alahtiﬁﬁigéi lobtect, S€SAME OI |,
ut oil, soya may be us as suspéension agents or
| ullther ambasiiments lifcludeothe traaimermweprpimtmloatr@cm ima patient by a pathogenic
fungtg%[i&hva@'iﬂogeqiste{?%bo@e &?e{f&r%@%%r € such as cel | ul ose or
ate-met hacryl at e copol yner as a
denﬁm{h&r iembodfent rpleibgltmtlrwtieamm doerevestinl ohmfestios pmiisatiem by a pathogenic
fungt?sﬂ@ﬁiéqs ii(se%ﬁig@iﬁlbtgsgn% Cééér?ié{g °Z*ii’§ %ﬂ%qggisgggat&n%)g&e}iiy] an agentd other than
dehyardghenylabistit @ its brealob Ginckging B.g. PpabterdicheRloriangoge dr ésnitatives thereof (including

wsRHEOhPRE Ry ELRREG DonireSa AN Eh B TP Berezne,

and cﬂiier Hém&atmm@thlicbo@ér@&hwi@hﬂe abtibiotidseinditﬁmbi ., NjoRdtif, Ic@rtdiicﬁiw Mmaricin and

| ]
retala Mo TR Esocopdie LavPetaione. puodaiheccpiano and semi

syttt izhalsy@aldih B [anBiacsmuiddtesP aglesRE ;ke\étidehannfuﬂ@éismmudmg the
may be orally or non-orally admnistered to a

polyoggigf 2t pikkopyginge alylamings sush agki;i@fltjftne@n@@@ehgquglgyedwmdqaga inhibitors; and

azole3P hillazdiBs QRO tiBOIKO/SGERY af e §. h%loﬁﬁ'ibioiée rﬁié’b%z%@' ‘R&Boona%@l@ econazole,
nmore preferably about 0.1 ng/kg/day to about

butoGeRgzrlg) Qfisgnazae. {efp@naa@i@,pt(pgor\azﬂiﬁ@@w@pﬁzoiggnd thy ike. eFQ;@;i(iytionai conventional

antifLﬁ’i?éi eag@ﬁ‘f@ rab(d héw %&en@aﬁ(rﬁieioﬁbvéogﬁiﬁﬁtl k& Q@S*ﬁﬁner ¢ Gi%o@i%?ﬁ@f Y1996 Current
y, one tine y, tw ce per day,

Pharma@ﬂt@ald}gsign 2: 6%32;24 1 mmercen‘@bdment ineaives thertseatmgat or@eeyention of infection in a

il 26 L Yo s D581 Bt 4 DR R OHe g .

nonrésponsivie tcsdiratcemoaamnantastifungairagerrmmus I\Aylomyhe fserof etkemanlifengal agents is

other?lg |°‘§eh?{% ‘i’i\ﬁi‘é&gﬁﬁ]hggegﬁh%%F\@p%kﬁ%ntst 'F‘ﬁ%’ggﬁ%%!%sihg%’ tﬁogpla{}tifungal agents

disclcmked;abomsfanﬂhieevﬁeﬂeihmein.anti -tunor ingredi ent would be

ab u&iegge%omn%%%ﬁ%&y? tr?%r?ig{s&Et%%yergérgﬁéeggfﬁqphgglghi% roer3 its analog, Is
admihiﬁéred haieesmect ifan sfiettive mfuhgad@ﬁoahtood by those of skill
be necessary

in rt tuations it
t 0 O pfolingtt® (5 . Bt or DGRl TSRy RPNl In 2
atieiﬁ%? BéfinistratichIPH BéhSdrégharyaRKmeP s anBlbg, fV@Ruricdh vtk &R @eministBon of one
above-stated, preferred dosage range to effectively

or mefp gthercRpHiwal dpeits, including fob%i(ﬁ'ﬂii"%iﬂ”hpi tiie BrBNjQYY: awgntigped e@@rﬁspr types of
agenfsleé@frﬁcombiﬁ‘atibmth‘%r@&ﬁer@ﬁvﬁHJa?ripH&e [\%R‘B iS‘f@iEilabIFM‘éliiﬁd 6rri'5639rhé fai:gnulation an

produced by nethods as a biochem cal test reagent
azolecb HigeplerCh s ngrazele. iy expaploatusebasiiie dlimdr@hwxo{aimapthﬁ@ewml@ne oran
echitb B8R b REIES SitPdiftfent dfiyd ‘ﬁh&!n&igﬁfﬁih&it@@mg | s dissol ved
or gani c so vent rous organrc sol vent and
|t |s directly applied to any of various cultured cel
systens. Usabl e organic solﬁents i ncl ude, for exanple,
nmet hanol , met hyl sul foxide, and the Iike. The
formul ati on can, for exanple, be a powder, granular or
ot her solid inhibitor, or a liquid inhibitor prepared
using an organic solvent or a hydrous organic
solvent. Wiile a preferred concentration of the
conmpound produced by the nmethod of the invention for
use as a cell cycle inhibitor |s generally in the

o Y I A a I A NN g,



WD 2004/ 054498 PCT/ US2003/ 024232 of use, as will be

appreci ated by persons of ordinary skill in the art.
WG@\b®a/ 054408 certai n applications it may be neceBCSHU§2008/024232
preferred to persons of ordinary skill in the art to

use an anmount outside the foregoing range. Froma
phar maceut i cal perspecti ve, cert ai n errbodl nment s

for. reventl tre
, nf g%gq?%@ﬁwwgﬁlgp Oél %gﬁam a}gy‘ rlqréﬂg dich A a&%bf]gtjt{]e same time the
other atfGHgMI@ & ¥l 2B Pisierell. Mocettain brhtdimahts, &hetcombmamrpiberaﬁylv\mrpermlt the use of

i ncludi ng a dehydrophen Iahlst r.its a

et i o et pRAEIOAGTRB e b e A e Pt e, o
analiP&indr BmBdlinRNR Whte RREmIBIRAET of WileRydroplicayaribers ortils %nalog to a subject
I ntended anti fungal effect. O her enbodinents .incl

for the Keatmené eltruption! Ipeop Be PaYiPIRC figrs dbed e piblegt '%‘QF‘P%WPFGSS“ or
mmﬁ&};oﬁ\l;)ﬁﬂ geegg alg thel MEBUS BMBE dBSddrN@SRAsd bikh @F dRBAMLOORIV or other
t'o bel ow. Anot her enbodi nent relates to the
mfechqnedtermﬂwramorpsacbamhtrea_tﬂwnbfpr FaR6eE OF PIBA disAass §ride AR Otgpwise induced
nmmm#g@ cofnh& Swithis&b of S énet?én |&Bkiort & 1 Reafleni’® R autoimmune
unga agents es ecially an agent ot her
dlsordétaWher@iélhydte{'ﬁpQ‘lmmlOan" be treptagrwith g 'WPS@@resﬁ'Vﬁ:ﬁQ@ﬁﬁ $g in connection

w5 RS R, SO ARR s s v

imminbipprestiva 2genis) tnftrealvphmteehal peihogeic fungahinfection.

é; ﬁ”@?’[ﬂ%g?ig?ge Ltﬂﬁ\érg‘@?ﬂg l%é & m%'%q?ﬁegeg‘nﬁ, flﬂi?&léty ﬁ}d p\éfﬁﬁ enfarfungus ina

patleﬂfySrtfétteldn or caﬂ;ﬁéc’ed dmfnbexmgl mtem witandlV, rost adnymstranon of an antifungal

dehyg@'“&e\éggﬁ uaprﬁtg grgqlloﬁgﬁ Wg{”ﬁ%om‘%ﬁ?}e a]rc}owsg%lgﬂ?f roﬁ% or more 0antl -HIV. therapeutics
(inclshhgt B.gt Hev @fbﬁiaﬁ@%hlbddré)ylévmemmérmasnaaMhMEmeqam-mcah wants) The

dehygggilyagﬁ@si@jegp e%ﬁlq%%wrg unrﬂsgege}‘;qﬁ&;’ nel fﬁglgrnagmg famed time as administration of

thedﬂﬁ_f-ﬂ.\/lafgé and ot her squal ene epoxi dease i nhibitors;
and azoes |mdazole triazol es u . a e.q.,. .
cl O%npqhef@g@p@f thﬁl“k‘,’%fﬁ%‘% treaggqnbcgaﬁg‘ NP éagﬂgﬁ)@a@%gémc fungusina
patleﬂpbf%ﬁrﬂrﬁ%&{tl@n oP%h GAMAEA! RhydioBhhPRRER | o8, |tsldnélaglqm&6mdnetlon with the
l uconazol e and the |ike. For additjonal
admipisiralieh of @ifaer MeRo hﬁruﬁlﬁHPﬂcacﬁ@PﬂuédsaﬁéPeH@\X/ oA R mereacterial agents,
pref%ﬁ})\ﬁﬁ%pg@%ﬁ%ctl\%egm&ng andTlergfﬂr%ht ﬁ)nﬁ‘eeBQﬁ (Fréi/b'tﬂzbact@r%ﬁ’@nfectlon Again, the

armaceuti ca 224. Anoth
dehydroplasalyiahistin of its @adlageray hp édnnlmlsé%{%l@fwe éfier pirab e samedime e administration of

nina patient by a pathogenic fungus in
thedtﬁ%frgggew 2 which the patient is allergic to, otherw se

i ntRﬂﬂBgemmeluﬁll infentions rwbiah ey bmisdated of prevsnied by therdisdlosed mefhods include, |

ant f
amog%?tbefr gg%rgll sgrf{clﬁdl |n\}a§]¥emar i Srggsg ??sg ?lﬁ%#&@g%sgd?cludfng- pro.found' or
rapldrhpmgremvhenfecmmSl éndnlgastorra@emtlrs thenegntial enerveusosysteror Gandidiasis, including

eBAe e e YBPEGR: ag RedRORLE UFRPHER 1 n) BB RSn, rna

tranﬂiaﬂtaﬁtmtdr @Borly&ord@llmdjiabﬁbemwnt@ Csdcidividomycbdiss lrmhdimg)@;omcsilsease which
dmi ni s

doe%lrpﬂg @ﬁqon IHg pt%gﬁh%lﬁéﬁi gryptgcfogcioals tl-gsto(pﬁlggnio\lsﬁg le mc%%]g ﬂlcludmg e.g.
craribfa@‘élerﬂﬁdomﬂ'c@fs dnB foBigbhaBNmomycddR} P@r@@mldiolcfommsis dnth Sporotrichosis. It

m.ni stration of a dehydrophe hi stin, or
crobi 5o e G5t SIS A CoRIEe KU SRR A b B o mor

deth?hen?I‘éhIW roﬁltsoénBlS s rﬁ’eﬁ}tbbfpbﬂi@lﬁ ly @&ﬂ%ﬁtreaﬂrgfdr bidiiefhgfaqfathogenic fungal
exanpl e, any of e previously nention agents or

types of agents (e.g. in conblnatlon wi th treat nment

with anphotericin B, preferabgy in a lipid or |iposone

formul ation; an azole or triazole such as

fluconazol e, for exanple; an aureobasidin;

di hydr obenzo[ al napt hacenequi none; or an echinocardin)

as well as with a different dehydrophenyl ahistin or

its anal og. -27




WD 2004/ 054498 PCT/ US2003/ 024232 The
dehydr ophenyl ahi stin or its anal og may be adm ni stered
whedoaneioafter or at the same tinme the other areT/Usr0ga024232
agent is admnistered. In certain enbodi nents, the
conbi nation therapy will permt the use of reduced
anounts of one or both antifungal corrponents relative
unt

infec@q%ﬁ%gem@ﬁol@n rs&éxﬂegttvg\e{e&he @rmumsg %{1 t8|9”%?r r%pre gﬂqer antifungal therapies, or
wherel abys&aﬁmmb@bthsﬁmﬂur@al thetaBiesiB adnagncﬁdatea eng 13 ﬁl@ﬁtlonefj @bove.

?\ﬂt r eat Erent or prevention of r‘f ectio
rqngﬁq@tlggl compposifions cqptaingg B} 'east onlegntxfungal dehydrophenylahlstln orits
analdgnﬁ’e“a@é BloRdcRTsake m ractl ] PR Qe Res] TH%séJphaﬁWacéuﬂf?al compositions

result of genetic sor er, disease such as diabetes
may pg P%ﬁhagewgeglehw an PRAFQREALS Rskade IneavReRIRiRg e Aliar diggtiansi apsh information
relatlﬁg{ @%éTeaﬂﬁfurngIrusé?apﬁé?rﬁacé’tfhceﬂ’%h?d'03|ﬁ3n§ BRHo phh o Rvideh \Mgc'h cBhtain one or more

ot herwi se i'nduced | nmunosuppression in connection
dehygiophenyahisti ps itsanaleg tgeaiher withrsptoathendifungahagsnt. t he t r eat nent

of an aut oi nmune LS9 S8 Featin{ &S ilili§oRat i ent i's being

or will be treat edﬁébwr%—ﬁn—rﬁ‘nﬁmm‘e' sive agent,

e. ¢ertain emipdimeeis wisdesed Wereih relate IOSmetb;oderfordtegtmg or preventing a pathogenic
fungél r fi\f&gﬁ% arﬁcﬁlﬁ nnfbrs ?eég'@gby d#{s cﬂ&@ﬁé{l ﬂ?:lrlrj?rth Fs)nrsér tﬁ@%n%ly o%perg:llosns
Blastargsemls( S\):Iucllmg profeuad oompigly Eogestivainieetiohoand rbiastorhycn@alh the central nervous

vl SEFHEED ) DSl B804 R B s s
unnafyulmgﬂsbstrmctm repak iramlanlan)ﬁ e tpeslly coitrofiads fietetes dnetifus; b@icﬂ@omomycosm

ted, .wit adm ni stration  of tifu a .
ol S Tea MNEY | RO (PR P, o1 %5 AP URE TR CTicoccosi
Hlstomléshotlé) Moty doksis,t |h<ﬂ\Idln@ e, gOfcraﬁlﬂf@m@ rmmrm@coa@ tahd blionary mucormycosns

eutl CcS 8%‘ ncl rotease inhibito

Para?o‘gg% Y §OSiSAD po&tr %slsnﬁpﬁ IB&@og? may,involye amipistering at Ieast one " antifungal

dehy&@@ﬁ@&hlstm'rd? fs arﬁé%gya%rd@ﬁh&ﬂ)éb@@ t6 ihGm&H subjest s@RMP Be FRAYal infection is
m ni stered before, after or at the sane tine as

treateq rPreyadief.4 Inicartaingmbogimentshg qieh}cqirqph%l@mtpg its g88led May be administered in

conjuRRE Gith &irkstratdn bibre Bt rh&é‘ndnﬁieﬁyﬁr%?ﬂeh)ﬁéﬁsw&tlts @halog antlfungal agents such
prevention of infection hogeni ¢ fungus In

as arﬁ%@he@m BRyan eidiazele erttiagele egentéﬂcha?ﬁ thase mentiengd previously.
de | : ‘
Wéjﬁa‘t)d%b@\g}f%@ﬁlngécp@tﬁ/r?b ¥o§mé§,@.,§?us§% ?yé QQ%WF orhisms, species of
Cana&mt [rishophytas, Hisieproniias Epideriientiytent orynugesel, 9., paveesl by Candida albicans (e.g.
j t er ] al. agen : f I an ef f e
s 2k YAGHE hlaeBEET e ool WY skl o ) Foancide aicans,
Cryploeticeus neadmmandgaspergillis enigatiie Fpduidinpbe Rgraadacigddes) Histopladnga or Blastomyces

. S0F BB 5, TR A e B e Bl o s

phycd?@k;dmmgenl c fungal infections V\,hl ch may be treated or

o1 FIPE! Skerliptr Pt REmURRe (Ao o PETUS puaefRar inoel mcton

selec&ﬂ maﬁ me|g¥00§ tohsistiRh oBCAMYLRE.iMeludihdC! itbad COFoRk A S k&Wr, C. krusei and
progressive infections and bl astonycosis in

id
C. 9%’465 c“é?ﬁf%[ﬁ SheGlBtRg 4 yierieans aohAdfiaiiss §Taiocackits naeibrigns:; Blastomyces
spp. IBLdIROBIALRyERYITARE! BreBliod S8 ciHnli NEcY d/&nﬂe@%mn‘/éa -Bsidibthlus ranarum;
patients wth kidney stones, urinary t
Conidjapels geni Hlﬁtomasgﬁacpapswatmwlzm PP, omclwngpaoowe and R. microsporus;
| d c
Cunnﬁﬂlﬁt g% négg 5@%?1& ‘éfgl ;EE& eﬁé\fﬂ%})(é:ﬁ%ﬁgéoebrgéﬂgﬁg@( %éuﬁa lescheria  boydi;
Rhinasporiditim eseehetiieand t Spenothipy schedckiipt Againc the sietiiod may mvolve admlnlstenng a non-
Hi st opol asnmosi s; Micornycoshg, including e.g.
crani of aci al mucornycosi s and pul nonary nucor nycosi s;
Par acocci di oi donycosi s; and Sporotrichosis. It should
be noted that adm nistration of a conposition
conprising an antifungal anount of one or nore
dehydr ophenyl ahi stin or its anal ogs may be
particularly useful for treating or preventing a
pat hogeni ¢ fungal -28
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manmal i an subj ect where the fungus is resistant to one
w@eromnsE9Ot her antifungal therapies, or wher ePChesSus®024232

of one or nore other antifungal therapies is

contraindicated, e.g., as nentioned above. Antifungal

phar maceuti cal conpositions contai ni ng at | east one

RS NIRRT P agh Frns b B o e v
fungebinfeciids is trddteaioe prpveatedait@uitiidoadg a0 antpeesd ltnnmmsupprmgrveteﬁect.

Cont AR Ao sariaiq metiegs PRRERG AL MaRalE AP BPaYT Bpe mecton i
is régitant Iolwuet antifulgil ther@pt Inﬁlmqiathugeﬁlc flﬁﬁbairnm&c&\lgtwhrclabre resistant to one or

cOo ions are al so prov ich c
Moo RGL AR OBEAGH ERPREE o NGA 1668 AP et HGPCRTR fone of the
imidbzSRCONElaza. i(ihdlapg! o. R aREbhazoEkeiROTazM, itfdcBittzble Gnd-tHa0&her previously
| nf ecti ons Cert ai n enbodi nents discl osed herein rel ate

MeRIgnaGeTEBRIE) £ e Peegs Y GHOIr BNSTG 1 TS el G €1 more antunge

delfy&m& lah@tfn% fid SBlog,! uﬂéﬂ AR And @kinggimeh SuchBRes ﬂhda| iRfedtion resistant to
I ncl u i nvasi ve pul monary aspergillosis;

ancﬁleawf@m,a Brsapy in thﬂw“élpla‘ii isiigatesk s prevaRtedor rapi dly
pr ogﬁlﬁérsérﬁb%dlﬂnéﬁtﬁ%fa{e%ﬁletﬁ&ﬂ ik d‘@a@hé’&y&&éﬁtiﬁg b‘ﬂatﬁd@@nlc fungal infection in a
central nervous lasi's, incl
patieettwho iraieteic teamtqilemnta@ﬁos nqtfequm@lvmtp ianaley arttlﬁlag;eé therérJYgor in whom the use of
L
oth%@a@*@@ggﬁgé’l‘ﬁs Iéqort@rqg%ect\érrﬂ% r{@:‘lﬁéd mcfd{i)lfﬁdqc%%)& ﬁ]o%ré‘ yer caélr(l)‘urf]unic’;al Agents mentioned
elselihatocteemin svel b$ Buphote@it Bi ﬂucviomnyrceo@ tbe imidap@¢suefi tiagoles (including e.g.
[ | S wel. |
ﬂuc@ﬁgzag tk%tggong’z%% %c@’ﬁ%zglg g@éé@é Iogﬂgrl prﬁﬁé{fﬁ@%ﬂ@@eﬁggén&le@f hﬁxre methods may
vaecadmmstemgl t«s such patient@hangy rr@regpnhfurtgdrdehyfdaphmﬂaMﬂliE aritypoaiegi is an amount

ot EaPOR DL TR nods may nvolve

adm ni steri ng at Pbcﬂxageﬁ Detnyerophehyldhistroelits analogs

b AT G o Penkeded GRR o R AR R Guos, prferaby packaged
norlifvh@@$uperessive antifwngﬁﬂaﬂdr@;fhemawt&fﬁrﬁsl andld@s Gafhlch & is intended to include at

QSR RPLTYE BN P A, ST e paca e G Opiminterng

the© AEhyGrophRRYIRisHO br Cish et 6y ey | o h biifungl Oégehtt Wltl@ﬂm o@@bmg a untoward
antifungal agents such as anphotericin

imMypPSYARresSiNe @ﬁec{srwltgyoq gur%a@esﬁpjeg UB $088 emh%ig%e'nﬁep,}p i r@p] lnpunosuppressive
antﬁ!n@éf 'd@r%llob/henﬂei?u%tlrpé\I |f§0cﬂ§61d & o MR} ofl IAE BF the QRefMBY sibBsts of compounds

|ca g.., caused , anong ot her organi sns,

de@w@é pl@)ye o‘f’he d@}yﬁl@pr@gxlam}sm @rﬁ@g}ﬂpg &N bema@lqa@@l@gn@, mﬂbthe instructions or can
[

be g%lgg?g ﬁ'@? ?&?ﬁap&bh ro;ﬁéﬁ%ﬁ@l in'or gs IanagJ mﬁr& ?gg@@ﬂlhéﬁ@dlent or additive,

e.0i, fieeetmasmofrieyingredientsif @rmpbarm@cegtlcal comppsiiensbyl h@g@ﬂg@g@&an contain one or

mo L%hté@{}? filled @)ﬁ/ Bied d&(ﬁ@?eugf t f? %ggl%i }hg e@‘?r{a%ugc%ag%lmggs#gns. Optionally

associate] \aﬂ;tsmmcorﬁaner (Syman beT: dnmotlcenfx the forro presteijeddl 8 govermmehtal@gency regulating

ther{%a:ﬂffc cgtﬁrl? N sla e ogqg?& o ruggs}sf r blO?%gB%%ﬁO@ﬁét X WB@LX rrenrt%ﬁ)e%& %l)proval by the

agéney (ﬁhﬂntﬁaaturwi‘ld@Qd&leff@“mumammlnrs@tlm preventing a

pat hogenj.c fungal .i nfection. selected from
consﬁ’gtfgh%w% lalin&glgsﬁﬁmnlwra dheagt &0 d %ﬁ%‘f’% Thsprogirred methods

us o&hﬁ réfengd e elg %ﬁﬁ?n@ﬁfjthe(ﬁetzg?sl of ﬂlte yarticular methods

perg us Spp. 1 nc In . Tum gatus and A avus;

Crypt ococcus neoi br mans; Blastonyces spp. |nclud|ng

Bl ast onmyces dernatitidis; Pneygoocvstis carinii,

Cocci di oides imm tis; Basidiobolus ranarum

Coni di obol us spp.; Histoplasma capsul at um Rhi zopus

spp. including R oryzae and R m crosporus;

Cunni nghanel | a spp.; Rhi zoni ucor spp.

Par acocci di oi des brasiliensis; Pseudal |l escheria

boydii; Rhinosporidium seeberi; and Sporothrix

schenckii. Again, the nethod may invol ve adm nistering
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i mmunosuppressi ve antifungal dehydrophenyl ahi stin or
WO t@4anabo©g to a patient in need thereof such PORUS1008024232
fungal infection is treated or prevented w thout
i nduci ng an .untoward i nmunosuppressive effect. Further
enbodi nents relate to nethods for treating or
reventjng a pathogenic fungal infection which_is
empiQyefl s tnthtint Heo Prrsise aplrsmiGHg &PHIPH%F‘&IE)%/,ObFWJu dyiflg undoubtedly be
; ¢ f l. L,nfections which are resistant to
apmgﬁéﬂ%?§Q%%?éﬁgﬁpﬂ?H%ﬁ%ﬁ agents nentioned el sewhere
herei n such as anphotericin B, flucytosine, one of the
i m dazol es or triazoles (including e.g. fluconazole,
ket oconazol e, itraconazol e and the other previously
ment i oned exanpl es). The nethods may invol ve
adm nistering to the patient one or nore antifunga
dehydr ophenyl ahi stin or its analog, in an anount and
dosi ng regi men such that a fungal infection resistant
to another antifungal therapy in the subject is
treated or prevented. Further enbodinents relate to
nmet hods for treating or preventing a pathogenic funga
infection in a patient who is allergic to,
intollerant of or not responsive to another
antiftingal therapy or in whomthe use of other
antifungal agents is otherw se contra-indicated,
i ncluding one or nore other antifungal agents
nmentioned el sewhere herein such as anphotericin B
flucytosine, one of the im dazoles or triazoles
(including e.g. fluconazole, ketoconazole,
itraconazol e and the other previously nentioned
exanpl es). The nethods may involve admnistering to
such patient one or nore antifunga
dehydr ophenyl ahi stin or its analog, in an anmount such
that a fungal infection is treated or prevented.
Packaged Dehydrophenyl ahistin or its analogs Certain
enbodi ments rel ate to packaged dehydrophenyl ahi stin or
its anal ogs, preferably packaged noni mmunosuppressive
anti fungal dehydrophenyl ahistin or its anal ogs, which
termis intended to include at |[|east one
dehydr ophenyl ahi stin or its anal og, as descri bed
above, packaged with instructions for adm nistering
t he dehydrophenyl ahistin or its anal og(s) as an
antifungal agent w thout causing a untoward
i mmunosuppressive effects within a hunman subject. In
sonme enbodi nents, the non-inmunosuppressive
antifungal dehydrophenyl ahistin or its analog is a
menber of one of the preferred subsets of conpounds
descri bed above. The dehydrophenyl ahistin or its
anal og can be packaged alone with the instructions or
can be packaged w th anot her dehydrophenyl ahistin or
its anal og, raparnycin or another ingredient or
additive, e.g., one or nore of the ingredients of the
phar maceuti cal conpositions. The package can contain
one or nore containers filled wth one or nore of the
i ngredi ents of the phan-naceutical conpositions.
Optionally associated with such container(s) can be a
notice in the formprescribed by a governnental agency
regul ating the manufacture, use or sale of
phar maceuti cal or biol ogi cal,products, which notice
refl ects approval by the agency of manufacture, use
or sale for human adm nistration. The foll ow ng
non-limting exanples are neant to describe the
preferred nethods wusing certain preferred
enbodi nents. Variations in the details of the
particul ar net hods
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the precise chem cal conpositions obtained wll
waieaaobtiegll y be appreciated by those of skillPeTUs10e3/024232

art. -31 WD 2004/ 054498 PCT/ US2003/ 024232 EXAMPLE 1

A. Synthesis of Dehydrophenyl ahistin

Dehydr ophenyl ahi sti n was synt hesi zed by condensati on

according to the followi ng basic reaction schene, as

shd%A%’VW%ﬁ]gure 1: O N-NH1 \ AN 2 A4 N YH HN NH

A. N%@M?"’% ifys2C08 /DVF 0 Cs2CC8 /DVF 0 1 3
Deh : : qu?acetyl -2, 5- pi per azi nedi one 25.0

of [@hwm"e"ﬁ%m@ e ByathEsiRed by wgndpns[am)n E?Cmrcb”@rtg Herfellowing @as:c reaction
ScheW%gsﬁoWﬂ yggI%ﬁ) 25.0 g, 0.218 nol] in 100 nL of

PC anhydri de (Ac20) was m xed with sodi um acetate

( NaQAc) .96 g, .0218 nol). The mz2&ure was heated

at 110 80h using a doubl e coil £d condenser under
foHn

Ar ere. After Ac20p was
Ac_€yaporation, the
C\N\j\gshed wi th 1Q% c{
E@&Ac(three times elach, NMed over Na2SO4!
ncentrated in vacup. The residue wa Erlturated
with et iEr%%8"% orma solid. This §28P?§
recrystallized fromEt®@Ac with et her-hexane t o &ftvered-H
26.4 g (61 %9 of N, N -diacetyl-2,5-piperazi nedi one 1.

1- Acet yl - 3- {(Z -1-15- (1, 1-di met hyl - 2- propenyl ) - 1
N.N' - t hyl i dene} 1- 2, 5- pi per azi nedi one 2 To

t] .
5 3o it %wp'.pa@%“reg'g%eny [Pfioleaasieae e B39} 42f 210 mol i
100 (il 6fCecetiy antRdrid® GhciOrmby miked withbddiumacettty (NeQ8c) 496 d, .82Apolinthe mixture

wasé % dﬁait@%() f%r 82g u%l? %lo@[é%gﬁe{&gcoﬁ%%? godg;(%‘ gtri@sgﬁ ree q-\lftgr Ac,0 was

remdvbdiigtesaporatidnhithé\residieatak dissatvediyt AL O, eedibidtwitty 0% EitriCSEROABe NaHCOs and

sy RadeR A g oyBias Sl BRI b s et

with §thérftd foreh  lid. Fhib st wasredmystaliigsuematOrcavith &hdreexahde afford 26.4 g (61%) of
)g % was .r m)ved by evaporation, the residue was
NNg|age§ P @HePANeHiAe i xt ure of EtOAc  and 10% Na2CO3, and

1-Acbtpies-{- Wﬂ@ g- dﬁﬂéﬁ\ﬂ@ W@Snvwaﬁnmﬁhdatbmlhmem%emz@%e@gaédmn@md
sat ur at ed Na dried over

con@entduipeef -, 1@5@%’-2 PF?P@"X' et C%Woka'%ﬁ\édedlﬂou i é’éog mmol) in

DM 9 Md&f@oﬁ’x?@ﬁw@@rﬂ@% 1.9N bl | b&ﬁhéléiildﬂ&] \@é@ézp%at%macuated in a
(100:0 to 50:1) as an eluant to give 6 m}; /8
shorbtmeeto JesoveQyean|andflushed with Ar, followed by the addltlon Cs2C03 (198 mg, 0.609 mmol)

and the evacuation-flushing process was repeated again. The resultant mixture was stirred for 5 h at room

estidue

temperature. After the solvent was removed by evaporation, the residue was dissolved in the mixture of EtOAc
and 10% Na,COs, and the organic phase was washed with 10% Na,COs again and saturated NaCl for three
times, dried over Na;SOs and concentrated in vacuo. The residual oil was purified by column chromatography
on silica using CHCl:-MeOH (100:0 to 50:1) as an eluant to give 60 mg (33 %) of a pale yellow solid 2.
Dehydrophenylahistin

To a solution of 2 (30 mg, 0.099 mmol) in DMF (0.8 mL) was added benzaldehyde (51 IL, 0.496

mmol, 5 eq) and the solution was repeatedly evacuated in a short time to remove oxygen and flushed with Ar,

followed by the addition of Cs2C0O3 (53 mg, 0.149 mmol, 1.5 eq) and the evacuation-flushing process was

repeated again. The resultant mixture was heated for 2.5 h at 80°C. (The temperature must be increased
-32-



Dehydr ophenyl ahistin To a solution of 2 (30 ng, 0.099
mol) in DVF (0.8 nL) was added benzal dehyde (51 IL,

w@200905440801 , 5 eq) and the sol ution was repeaP€riUg2003/024232
evacuated in a short tine to renove oxygen and fl ushed
with Ar, followed by the addition of Cs2CO3 (53 nmg,
0.149 mmol, 1.5 eq) and the evacuati on f1 ushi ng

soB PP R S0 T P PO, A RS

remowegirbg awd“aﬁoﬁgh%\&lmﬁmé Q%M@c&n PORC) rL}sl&EﬁHﬂ&/tﬁ)ﬁ:thﬁ& two times and saturated
. eat | i ncreases, t
N koG S g endiEhERamat 5y S B e RE B vent (0, vou

canwhserveraespal witidbrigit gﬁééﬂ@éﬂbvammmébc?rfcb et 3653ﬁrh dv eTh@q)‘antsd bIFOdr R Product was
I or two tine

t
mols ey o FREGEBE. (H GenY Faue W00 s ket acsand spplied o
reverSgshest HRLC @eluthi (YW T8k, OBB-ATILE U0 ) GhiAidad\B a(nri'e@r gkddient from 70

h h -
o s EE RSt s staonet vh@rrﬁtumlﬁ,ta?nﬁ &P eed reoress coleced and
conBerREteeE by é“ﬁﬁoratlﬁiﬁ) foegl\ﬁerba’fg 7/md ‘{6@%?6? ﬁﬁdﬁoﬁ%ldé@d%pheﬁﬂ%mtm The HPLC

resulting residue was dissolved in
prO%lwfltheéwﬂteBc oryde\ietiydrephisridabistin-ptiepicled indFigtire 2y VC- Pac K,
ODS1AM piAftationZep & | ired 7-
gr adi ent f raorrr]] 70eh%@ph@r%% %Ldé—?eé%ﬁwv\gt Pl%évé%@(éper%k rv]vasa%he desired Z
forma cdped iobdedydsdphenglatiigtin.nhe, forealivn vhan Miewier wab dbsanetiap n miTascomponent

oG 8O0 Db 80K B4 e o 2

andTheonmipings, |rpwhm°n|ﬂhesimsﬁhytal1|5¢ garyoiwbiwdmmenylamm was reduced, w?]s also observed.
ro t|n| epj ¢ in Figure 2. In the, .
o SRR ST B SLG  e, wrin va

genEniagdl di@ing the t’edum;)rmf witreBALMandtwae nel €splaraied indhe subgedent process.

ound of deh dr ophegylbam stin. The formatjon of an

e Mt CTROUR Ctiida b8 ISR BorRIaHE. FPAbbEiaton, afored
dehW@ﬂwenyl&thhth@ﬁ Zebnih@stion st the K8REYBdRO baf in BB yibl ?Q@% dyleld in two steps)

As ot her m nor ﬁ)eaks t he reduced Z-
WG AT AT HAHPRH PG BoADRgIPA| A Mol s o e dictopperaine
ringGhR Ml bRREd TN thTHPEE bt aggebiRE talkb firdhRBcidh féh Ebﬁﬁﬁfnﬁ @Qw 3 in Figure 1is

The formation of these reduced conmpounds was due
Z-sqlgchiveq] dehyde 2 with a reduced inmpurity, which vvas
B. gengkati@cHkkbng.st he reduction of with DI BAL-H and was
not _Sseparated I n the subsequent process. These m nor
conpuay ebydrephenylapigimsorerpuby isper pgieayeliow vad Hit% fructure is confirmed by
[ af forded dehydrophenyl ahistin wth the
Sta@%yn %3% g{ll on at the benzylidene part in a 60%yield
(20%yield in tw steps) wth nore than 95%purity.
The conpounds with E—confl Mﬁréé’” at the imdazole
side of the dlketoplpera2|ne 1'hg was not observed in
this HIBkuttheshamctth saabehestterirgtion bHBu- ddmedrcﬁuhérfsltahlﬁtﬁmwamm

fr oﬁi}u@fgnp%ﬁ(yﬁ? 1MES, iﬁqhgwp@gnyla%ﬁr@evxé?%'eo%yatheszeff accorﬁmg Ve £ flowing reaction
scheiﬁsyt«d pmrmem&J ctehyd&iphe'mylammosvr%esus b Reét @ (y&! Figvé $Ob kifhilar in certain

t ure st.andard NVR anal yses.
RS RISS) Ethee%eﬁvg*n Oahwylﬁl}ﬁ?g%@ms'@ﬁa% BEMBPIeAat i on of

t Bu- dehydrophenylahlstln Derivatives Structura
derivatives of dehydrophenyl ahistin were synthesized
according to the follow ng reaction schenes to
produce tBu-dehydrophenyl ahistin. Synthesis by Route A
(see Figure 1) is simlar in certain
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respects to the synthesis of the dehydrophenyl ahistin
synthesi zed as in Exanple 1. -33 WO 2004/ 054498
wEOMNSR0O3/ 024232 Route A NWNH | , A 15 > APEHUBR0A®024232
Cs2CO3/ DVFNH N~ H Cs2CB/DMF / HNNH '-T/,/NHO p 0 1
3%(1st) O 16 50% t Bu- ehydroPLH Route B o cl 7CHO
~NH AS N4 15 HN HN/ 'Ac Cs2CC3 /DWF N'Ac Cs2C33
%&g/g NHN~NH OOO 1 17 1.2%tBu-dehydroPLH -34 WD

05449 CT/ US2003/ 024232 Route A
N, N - di acet hy€ 295- pi per azi nedi one O prepared as

A fExanple DLW 1- Ac (2-1 tert-butyl -

I—ﬁ N i dazol yis) met Ml j , 5- pi pgrazi nedione 6)
CNY 2T NH N~/ N aHsoI ut+on—ef HN A

5 t bnt CbUt?FqOPﬁDMBZOI es car\ﬁoxal defyeia/oM5 ( NH N\/

19.8. mol) | » (RYF (3® nL) was added corrpound 1 (
g, 29.72 mml and the ®ol ution was rP&eatedly tBudehydroPLH
evacuated in a short tine to renove oxygen and
RdutsBed with Ar, followed by the aqdjtion of Cs2C03
(9.7 g, 29 ) and the evacu onr=H! ushi ng
rogess wa epeat ed again., The res [ Tant m xture was

FrNed for S h omte rature SAfter the
sal vgnt vvas—ram'ved e\i’*p atlo > €
di ol‘\‘?ed Gea§ Ot /B i X s, OAC Gasuads DB

1 1.2%

tBu-dehydroPLH
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and the organi c phase was washed with 10% Na2CO3 agai n
and saturated NaCl for three tines, dried over Na2SO4
warp@4osneent rated in vacuo. The residual oil WaST/US2003/024232

purified by colum chromatography on silica using
CHCl 3- MeCH (100: 0 to 50:1) as an eluant to give 1.90 g
(33 % of a pale yellow solid 16.1H NVR (270 Mz,
CDCl 3) U12.14 ad, br-s, 1 H, 9.22 ibr-s, 1 H, 7.57

Routgd: 1 H), 7.18, (s,1 H), 4.47 Us, 2H), 2.65 as, 3H),
1. ‘ﬂ<l7N HcettH 5- plpe?émn&moﬁéH @@J‘W@Ha@@'é@ﬁ!fkﬂb!esﬂl n 0 HNJ NH

O To a sol ution of
Nil -3 i byt

|dene}] 275 plperaz{nedlone'(16) (11 ng, O 038 nnDI)
in DMF (1.0 nL) was added@benzal de (19 O, 0.19
mmol, 5 eq) and the sall repeat edl y evacuat ed

in a short time to rem)eolg(g flushed with Ar,
foll owed by the additio zvbs (43 mg, 0.132

mml, 3.5 eq) and the evafuation-flushing process was
repeated again. The resultant m xture was heated for

2. o a saltitioB OG- terdbuttdimidezole-4atbmeldchydm s (3 8ApVI&E. byol) in DMF (30 mL) was

BRI 81 600 931 4 B LAY o ey Wy oo
oxygémﬁr&leﬂubhedﬁ\ﬁth Adriollegeddydiie MABSOH Csa®® (80 c2hi2rmna)dandrihe evacuation-
ﬂushudwgI Srggfzas &%S’P;{eggéj ?g(t?mp gbﬁéﬁ%@a”yﬁﬁt\é\@g’vaggi%g bv§ ﬂ %oom%gr%@e%u%_l After the
solvelﬂﬁY\ht@-rE’ra@léd gm@poﬁ‘?ﬁbn , 2 7%510216 Qasroipsovertlin efeurhigiare VB EOYC and11 é)% Na2COs,
o b 5k B 1 e L AT .t
Na:50;, a6t dofidenit@d i€ @dclic Cthe tesrdl oil \Q@ﬂﬂﬁﬂéﬁ lbﬁt:@ﬁ?nh%romato?raphy on silica using
CHC{?—X/}%Bg [gﬁtp')oﬁ{' %Eﬁ?%é\%@i\.ﬁlgﬂ?gl%n&g ag ‘@p{ a pa getlg%"é’m%%qh%% 270 MHz,
coc%ﬁﬁéﬁ%%@%ﬁ’@’éé MS@QQW @72(@21&? 7. 1%“{81&)21@7 d(mzﬂ f@%@' ), 1M7 i, 9H).

z&wehw_\dr_oﬂygm—?w(m 5H) 7.01 s, 2H), 146Ds

9H). The dehydrophenyl ahi stin reaction;to produce

t Bu- dehydr ophenyl ahistin is i w Exanpl e 1.

The total yield of the [ yl ahi stin

recovered was 16. 5% % %ﬁ jvélH

N, N - di acet hyl - 2, 5- pi pg iredi e Nas prepared as

in Exanple 1.

1) 1- Acetyl - 3-1(2) - benzyl i denel ? 2, 5- pi per azi nedi one

( 17p aGsolutem oN1-Nedtyl-3-£(2)- 1H[5-tertdutyHIdi-4aimisiedolytimethylidehel]-2,5-piperazinedione (16)

(11 rﬁgggé@ %%ﬁwg 1(00 r?lgéuagagdd b%%mld%%ia 219\1 0. %m&l% é&'gnd%ssolutlon was -

repeatedly evacuated in a short time to 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
mixture 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 NaCl for three times, dried over Na,SO4
and concentrated in vacuo. The resulting residue was dissolved in 90% MeOH aq and applied to reverse-
phase HPLC column (YMC-Pack, ODS-AM, 20 x 250 mm) and eluted using a linear gradient from 70 to 74%
MeOH in water over 16 min at a flow rate of 12 mL/min, and the desired fraction was collected and

concentrated by evaporation to give a 6.4 mg (50%) of yellow colored tert-butyl-dehydrophenylahistin. *H
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10.1 mol ) and the solution was repeatedly evacuat ed
in a short tine to renove oxygen and flushed with Ar,

wo edokosaes by t he addition of Cs2CO8 (1.65 g, SPOBURINDSH24232
and the evacuation-flushing process was repeated
again. The resultant m xture was stirred for 3.5 h at
roomtenperature. After the solvent was renoved by

i AR G RIS o I B8 B N A7 BE IR AL ¥ v, 70

szmas;b&dgw)ath 10% Na2CCB8 agai n and saturat ed NaCl for

vadbeseronneheB SRt e BRI EOR S el Sramle 1

Ve Gk Blahdld éf the @t ddhyarophedfihisiiict wersdwasdi 66%. 17; yi el d

1.95 g (79%. 2) t-Bu-dehydrophenyl ahistin 0 a' HN
Route BN~~~ H 0 To a sol ution of

1- /Widw!:eth?yt i §- &ber&%@emlend@@@rbdaea,aEmmemmI nedi one (17)

) 1.0 nL) was added
,|d 1_ bdkal dehyde 15 (30 ny,

0. 197 nnDI) and the solutloncmas repeat edl y evacuat ed
in a short tine to renmovg, oxygen. and flushed with Ar,
foll owed by the addition ofNN 6 ng, 0.296
mol ) and the evacuati on-flushbiNHg ess was repeated
again. The resultant m xturel was heated for 14 h at
80C. After the solvent was ré&hoved by evaporation, the

r e%%%mﬁéﬁ%f %n?a?d%h))ﬂ@q éﬂ A1 Igaﬁ)@ﬁﬁnol ) WesNre® m i é&@éd%n&ﬁdaﬁd 1(209,

tines and sat ur at reetlrres dri
10. 1m> anhRSSHutiamtas remt@@mvma@di in ensh%mmto remoue Pxuasniapd fughed with Ar,

follol&SlydHEa d’c@én g &méﬂ% %%Wﬂ@%vﬁﬂ&m@%hlh%%o&@s was repeated

rever se-
agamry'heaamltmt ixbuk wasi atlgedefon 3 miealrrogyt eoperatires Aighthegsoivent wa%emoved by

evapc?{;\g_l tfg Sﬂtd&!}é@g%é%%‘%h@é 4\4!’%&}\ R S;-e[ / @R% Qg ?d%z%ds rénmé Sfyanic phase was

and

wasnwswlth @@, Ne Ok bgain and Satwreted uaﬁl éodl theaadime® rddesinaveraiae$Ps1ggd concentrated in

ratl V. d,;
vaef, 1S [y el o et Gl ek St St it S Bf s 1.5
(79%)he t Bu- dehydr ophenyl ahi stin recovered was 0.9% The

HP%: rofi|e of the crude synthetic

2t Byl ahistin fromRoute A and from Route B
is depicted in Figure 4. Two qt her
t Bu- dehydr ophenyl ahi stin derivgtives synt hesi zed
according to the nethogse . t he synt hesis
of the additional tBu- dr phe ¥ \;Nhl n
derivatives, nodificatiramis e benzZal dehyde
conmpound 4 were nade. Figure 40 [ ust rat es the

simlarities of the HPLC profiles : YI\/C- %k ,
oDSTosofuion of 126efyhHlid)- be@ygcgan@ﬂr? o- p@g%lqeglowaj%') (48 mg, 0.197 mmol) in DMF

(1 Or@d@fé? %Oﬁ}ano us/ rﬁlﬂﬁgbﬁl%rb&gldéﬁ?& 18 ég@ 'Pn/gl@ 1971 |ﬁ‘mé n@ the solution was

stem | ow O
repaatejlly feraspatechis asshot s |t<z @mowewggn@m@pghpcgwmgf\r, ipllgyyed by the addition of

oGSO AT P e PR, T

was heated for 14 h at 80 C. Aiter the solvent was removed by evaporation, the residue was dissolved in

EtOAc, washed with water for two times 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 to reverse-phase
HPLC column (YMC-Pack, ODS-AM, 20 x 250 mm) and eluted using a finear gradient from 70 to 74% MeOH
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The sequence of introduction of the aldehydes is a

relevant to the yield and is therefore aspect of the
waeloesds. An anal ogue of dehydrophenyl ahi st i PCTVES2003/024232

syt hesi zed, as a control or nodel, wherein the

di met hyl al l yl group was changed to the tert-butyl

group with a simlar steric hi ndrance at the

in wq%eﬁ oyer | 1 rlggtgt %Mpte (){ az o %}hr b%g%fgagfﬂnil% cghe%%q a[qg concentrated by
evaponﬁl%ﬁloegw@a O\Bﬁﬁg 4i§%§d1'9ém~ étﬂwédeert bu@ﬁdeh;rcﬁd{bh@fyfehﬂstlnt he

q, nce, of- roducti on t he al dehﬁde exactly
f ol gl Vtewéf@%thﬂlﬁweﬁmwx@ﬁ ingeqoMered sNEd s,  and

eXfTh@HIBL r&Hi etdﬂh@'crwzié §nfletRfBuldehPdfhenylahistin from Route A and from Route B is
t Bu- dehydr ophenyl ahi stin. This yiel'd was si m lar to

depiofeqddit Figyfe 4. dehy dr ophenyl ahi stin (20% . Using "Route B",
wh
wheg oﬁa%ﬁwﬁ%g@gh H%{yé’c%&fﬁe{réﬁ%}ntﬁésxz&@ GooRHFlE BYEERethod of Route

posite t
A. lrdfgmydth@qméﬂnyladdﬁosal itEv-dehdtopresylahjstingeriyetivest medifieatiansia e berfzaldehyde

t Bu- dehydroPLH was obtained with a total
Com‘}onr%ﬂ&%frﬁ%%% al though in the introduction of first

be figak ddhgﬂd@s the gimilgitiessof WE WPLE prbitlesdEolanime YMBPackr@izl-Ald €0 x 250mm);

7 hi L.t indi.gate Lt X
Grad%ﬁ’t??&}"ﬁ %o m a E %gnofﬁageg s{sﬁgnqa'r%ﬁ g'ﬁ]n] @elt{:ﬂalﬁlr)\/ bn'a 186% n@ﬁanol system; Flow
rate: il Pmldhaiz;d). 2 269 mn)rfbmxm smhgsiﬂezsdenﬁrophmylamstm oftEamplelt {RivgR) and the above

oreri B R Oite Ryt Rt pERh e Bl b et or neci at

C OIThosenabnde/of inSotuctios bl theghideats it b eclesar todinecgeld am is therefore aspect of the

i ntroducti on tant a
SR o 8, OGBSI BT GF BSREy ah FST D opodd nherin te
dimeiallyiQgoup vaslenangét etheritba igilp RithengihiRy 618 hinbrande)anihé 6 pbsition of the
di scl osed herein. Fromthe HPLC anal ysis of the final

imidezI& B9 pr oducts, as shown in Figure 4, a very high
CO'T'hé?Wnthéﬁq is df s "téﬂﬁiﬂWﬁ(%B%uPH@n?d(épﬂé’Hyﬁﬁlétﬂ @i “ReRd A" \@é‘é@ Rhown above:

3{ product formations were ed in the cru
Partlgugﬁ)b he sgguepgs of Btroduction gftthe) aldepyglg\,g)@@i,ly follgwq, tbe ggnyq;rgph)enylahlstm synthesis,

and %mdnbdera @féwrétd of 165% td@&hpﬁébhéﬁum@lﬁhydﬁ.ervwwaémnﬂsﬂ B that of

and several "ot her - products were observed in

dehydraphenyahistit @P%kd Uggg ,»RgutRCﬁJ,t whep {he isgvence of drodugiion of the aldehydes is
oppogl{-é%%{t gﬁé‘&ﬁ%SA ﬁ{hlaﬁ Qﬁﬁrgﬁﬂ?%éﬁ] sgrﬁ%%%ﬁp 5@ g’trﬁetaﬂ{onﬁtof ¥E desired tBu-

Lar ger-Scal e nt hesis o ahistin and
dehyguaBliHowgs obiginad jadota fyield of 0.9%, aIthough in the mtroductlon of first benzaldehyde 4 gave

a 76‘?’,,3/§Td31?%%(r|1ér Q}n{péund (19‘ +ﬁ|§j%g@t ﬂl?(clgf%!é mgr)HSé (Wﬁ&élﬂoo htroduce the

lene] - pI per azi
highlj Datyyichidegolecioatbexaldshydes 15 wijh d qubglititingagrodplhaving yquat@nary-Qrbon on the

adjacgl 5%0%11&09 /at t%:i_{n'l_'d‘azdlecring %tootheo intgrmeaatg) cc%‘po%a‘ 17,%ug3e¥1lm§%a{ the ge%quence 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.

From the 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 relatively smaller amount of the desired tBu-dehydrophenylahistin and several other by-

products were observed in the sample obtained using Route B (right).
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HH OONN, ] 00O NHN=\ NHN\ k HN © \ NH N\
NHjj NH OOON1 -38 WD 2004/ 054498

wEOHOSReO3/ 024232 Reagents: a) LDA, CH3CHO BJQT/US2003/024232
Tos-C, pyridine; c) DBU, d) NaCH e) C2Cl 202; f)
KOOCCH2COCEt , BuLi; g) S02CI2; h) H2NCHO, H20; i)
Li AlH4; j) M02; k) 1,4-diacetyl-piperazine-2,5-dione,
Cs2C8; |I) benzal dehyde, Cs2CO3
3- Hydr oxy- 2, 2- di met hyi - buEXAMR,Edci d net hyl ester 11 O
O-, OLDA OHOA solution of LDA in

hept ane/ Mkﬁéﬁ&,%@%él@ @fntl{e%s MDeﬂ;@@Pmnylarﬁ%ﬁ@%dm%laqsms
added under arg _ solution of net hyl 1sobutyrate
synthéR Nrr 389, nA—6-&52&1@@7ért@évgvl)mﬁgTﬁ%z8FA€ﬁ9}¥mg)yIEﬁéfﬁﬁregﬁe-2,5—dione

[Dehg‘?gdg%@?@%t@myggr(em m, 0.48 mol) in THF (4? §10),

precoc&@?oto - 60, awas ad slew y andbst he resdl téng
sol utionystirred tor a fur r 30 min. Saturatled
amoni unPchl oride (50 M) Was added and the _?%ﬁ’ti on
was allowed to warmto roomtenperature. The rieaction
m xture was extracted with ethyl acetate, a he
extracts were washed with HC (2 M, sodium

bi carbonate, then brine. The organic |ayer was dried
over magnesium sul fate, filtered, then evaporated to
give a clear oil (52.6 g). Distillation 76-82/30 nmHg
gave pure 3-hydroxy-2,2-dinmethyl-butyric acid %eﬂhyl
ester (42.3 g, 74% . (Burk et al., J. Am Chem? Soc.,
117: 4423- 4424 (1995)). 1H NWR (400 MHz, CDC13) 6 1.15

(d, I\7 6.2 Hz, 3H),;1.17 (\s» 6H; 2.66 (d, \%}@2
@,

Hz, N 3. 7+—+Fs, ; ); 38+ (app

J = 6.4 1 H H3). o} o
2,2-Di net hyl - 3- (t ol uene- 4-sul fonyl oxy) -butyric acid
nmet hyl ester O- TsCl Ol-. OH O Pyridine 0 0 0O=S=0

Q.0 OH
a . ~ '
e O xn
M ~ ™ A 2 NH
0 O N= N=‘/

o
©A\‘)LNH 1 ! NG . .
~— N §
o y o o A n=/
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To a cooled (0) solution of
3- hydroxy-2, 2-di net hyl -butyric acid nethyl ester (52.0
w@?2000/0389801 ) in pyridine (100 m) was added PCT/US2003/024232
gradual Iy, p-toluene sulfonyl chloride (69.0 g, 0.36
nol ). The m xture was -39 WO 2004/ 054498
PCT/ US2003/ 024232 al | owed to warmto room tenperature
and was stirred for 60 h. The reacti on wa '

in

CoBEABIANLD, GiheH G 105 Cb PO DB: ShfRiH PUrCPs IAEPOGEH-COOE:
BuLl'V?; SJJCE ﬁeﬁ}NbH@nHQGSQ) L) Wﬁ\@z,qzt1r4@tﬁéc@t9i|_|gettaﬂne%@ﬂ%ne Cs2C0s; )

te, the extracts were

benzblﬂé}m@, CaitPed and evaporated to give an oil which

formed a white precipitate upon standing. This

t he m ni nrum anmount of et hyl

3Hyg’]é}}%e a dbL{a)lq 5‘9":’?{%@ és%étrol eum was added to afford

a white precipitate which was coll ected and washed

with nore |ight petroleum~Ihe filtrate was partially
evaporated anpd a second crop of crystal col | ected
and added t)r\’?e) first t 2, 2- >3-

(tol uene- 4-sul onyloxy) but |c acid ester

(81 2 g, 7699 .01H NWR (400 CDCl 3) 81 12 (s, 3H);

1.13 (s, 3H): 1.24 (d, J 64Hz 3H); 2.45 (s, 3H,

PNy 58 B s 0914497 ot s oefaon o2

solutlei of rﬂéﬂ)yl 1sobEtviapc§4ht\h 8P rod!) it AKF {27hal) af-60 tanehthe resfilfaolrroidare was stirred

for 3B § is@g@yf{cgglﬁ?hgqe (27 S8 B TF (457 Regpsled f-60% e added sowy
and the tasytiingessittien str® foda further 8egmin. 2Saﬂﬁdﬁdrm1my|hm bhidrid® {58 md) was added and

e Silgh P ot € SorieortemeR) pisis Tl PeBtiah o B oo acotat
and e kexipatts @sie @mshed BittDIECIg2 Mf) s&ﬁJmTﬁiéa)bohme tHBBU)hr(el Fherbrpanieiayer was dried

ed at
over RGOS e DS B it o e o1 v e il bz g
gaveSguRed-hydrbkye2, Tdinéthi-Butyiia Scidvae i@ dsted (1413 g*@h%f (BMk et 89di AWNChem. Soc.,

bi carbonate, then brine. The et hereal ayer was dried
117%6”4‘&?&(199@] |y evaporated to give a concentrated
SO|1HNMRfla4danH% Chodlf WﬁﬂMUMHZ?’SP%nPWQS 6ﬁF2§6 (HEJJM Hz, 1H, -OH); 3.71

ester . avu and Kat zenel'l enbogen,

(s, 3icheke); 34%7 mﬂlﬂtst)»’fﬁ%ﬂ;)ﬂ" H3rurt her  evapor atl on vvas
avoi ded due to the volatility of the product (bp 102).
(Tsaconas et al., Aust. J. Chem, 53:435-437 (2000)).

2, 2-Dimrpthyi/BR 16/ e-4-sifenyloQDOLIBjc a6/l methylesier 6H) ; 3.68 (s, 3H);
5.06 (d, J =17.1 Hz, 1 H -CH=CH2); 5.11 (d, J =10.7
Hz, 1 H, CH2); 6.03 (dd, J =17.1,10.7 /1 H,

- CH=CH2) VO 2004/ 05449 @CT/ US2003/ ON

2, 2- D|rreth | -Hut -3- enoi ¢ acid— O The abgdve kt her eal
sol ution @@H 202- di net hyl - butY8M8noi ¢ aci dFetByl ester
(10 g) was diluted with ethanol (25 nl P=S§6di um
hydroxide (4 M 22 m) was added and the _iKH xture was
stirred overnight. The solution -

To a cooled (0°) solution of 3-hydroxy-2,2-dimethyl-butyric acid methyl ester (52.0 g, 0.36 mol) in
pyridine (100 ml) was added gradually, p-toluene sulfonyl chloride (69.0 g, 0.36 mol). The mixture was
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was partially evaporated to renove the ethanol and the
resultant m xture was added to HOl (1 M 100 m). The
w@e@dost49svas extracted with ethyl acetate and PeEUS2003/024232
extracts were dried and evaporated to give
2,2-dinmethyl-but- 3-enoic acid (6.01 g, 88% 2 steps).
(Hayashi et al., J. Og. Chem, 65:8402- 8405 (2000).
allowi@ogva[_r& Afc%% temw%\)agglirgd f%%naGO(hJ "The E;%\étlgn \‘1@ aggla bqqued in ice and was
acidifiedtty Gl oﬁ—l(ﬂ@ N1 drhe desattadt Goldtion Was Sxtrted with chyl a&tﬁté}tlﬁs) extracts were
dro en mal onat e iWerenga and

WaShN&I"Vi'”bHQ%/ “@n Y PEPRRRG {09 e %W'F%héPH“e‘K/BrY@E% AifiPitate upon
stancM@' Q‘H@Wturﬁékydlss@ve@lﬁ #é MinAft MioBnt of éﬂﬁ}zﬂl ac!élaﬁa anyl lﬂiehﬁ%ﬂfﬁetroleum was
Il ective Volume 7, 213). OO OO @]
addegfq%ﬁprd gahiagsscipiatarahichngs @pIIQcieg apd washes! with nmﬂhght prirsleum. The filtrate was
partll @%ﬁ&&@@add% sU@hcdro Hcﬁys?anm&g cSiBCledpa 5&% loheft boGford 2,2-dimethy-3-

Concentr at ed was added dropw se
(fO/derSU@Oy/@NV)"bUMIM@N mekfyl estes(8 12 ® 7 k stirred for a
fur T [ | i
o P Ay O BT 320 AL BE B 0381 . e
3.58 wBH tOMde); et Jotadsiez, Wi $/13)ek 83 [@ot=eti0 Ma, 2H), Zel’a*(erJ §lhidz, 2H).

ﬁ' O (g]ootfb]\g V}f?llflt&? ffgrtg%do aﬁﬁtto&uﬁprud%hglgpﬁ%%ﬂ(@%ne%sg\flonymy )-butyric

ac1dmeihy36ﬁér€e19(019918£/og, 99% which was dried under vacuum
overnight (or 50/1 mmfor 1 h) prior to use. -41 WO
2004/ 054498 PCT/ US2003/ 024232

2 2-Fmékn apele]wdac&n@n@;-eb@p( 5-enoic acid ethyl ester OH i)
c202C12 /| DWF O~ 0O ~G-,, BuLi 0 0 HO Oxalyl

chloride (3.8 43.9 mol ) was added dropwi se to a
cool ed (0) QM(@KM 2,2-dinethyl- but-3-enoic acid
(5.0 g, 43.9 ) and DMF (1 drop) in anhydrous

di chl or onet h&he 025 mM). The_mixture t|rd'edfor
1 h at 0, igegxgor 16 h at P@Hmtenpera

Fractional distillation (121 7760 mrHg) aff ded 2, 2-
di net hyl - bu enoyl chloride (4.1 g, 71%. Mbnoet hyI
hydr ogen na ate (7.2 g, 0.05 nol) and bipyridyl (few
mlligranms) wWere dissolved in THE (90 m) and the
system was flushed wth nitrogen. The sol ution was

| -70, th Lj .5 Min.h , 37 .

6 Qo o p e A &Rl Ao Tg snes 1460, 406 ol in

DBUQTS nBMhds hedi& 8 q)ztoumawgr 3:5Uf ﬂ'ﬁdnglﬂ!ufékfva@ Gl@:vec&td d?dl o Gava terﬂﬂdature and was
was require 0O ena ic stirrin

then i Wiy S5 TR BB AU 1 B §eoRoyih brine. The

ethe@ﬁiql@@n wds¥ed m&m@ @ﬁa@or@@@ toeg.\)e %V@@beht@te@ %&th@n nﬂ@Z dlmaﬂﬂbut-&enom

h the solution turned colorless. T
acid g@eg]yheﬁgdn%@ .t dSavg g, @tzepelisgbagen. oh g. Chem, 46: 239 250 (1981)) Further

I
sy 01 B S o BEUEE g ST B von
5343435 200@). t he mi xture was allowed to warm

"H NMR (400 NMz, CDCl3) 8 1.31 (s, 6H); 3.68 (s, 3H); 5.06 (d, J = 17.1 Hz, 1H, -CH=CH,); 5.11 (d, J

=10.7 Hz, 1H, -CH=CHy); 6.03 (dd, J = 17.1, 10.7 Hz, 1H, -CH=CHj).
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to 0 and stir for 3 h, then it was added to a 1:1

m xture of ether/1 MHC (260 ml) at 00 and stirred
wo eoo4@sf4aas ther 1.5 h. The organic | ayer was reODUSZNN3/024232

washed with HCl (1 M, sodium bi carbonate sol ution,

brine then dried and evaporated to give

4, 4- di net hyl - 3- oxo- hex-5-enoic acid ethyl ester (5.6

, 980/% (Hayashi et al., J. Og. Chem, 65:8402-8405
2’2"%;’@#@(‘_)‘3“.3@?%@@ ation with a Kugel rohr oven (160l 1

nrHg) afforded pure material. 1H NVMR (400 MHz, CDCl 3)

81.26 (s, 137 (t, J =6.9 H, 3H_ - ): 3.51
(s, 2H); 4. 3 = 6.9-H—2H, - @120 (d,
J=17.7 Hz, 1 §, -CHCH2): 5.21 (d, J = 9.8 Hz, 1 H,

-CH=CH2); 5.89 (dd, J = 17.7, 9.6 Hz, 1H -CH=CH2).

2- Chl or o- 4, 4- di net hyl - 3- oxo- hex-5-enoi ¢ aci d et hyl

ester \ O-. S02Ci2 Cl O OOOOSulfuryl chloride

( OT&élahaﬂ/e ethéleal sofutioh pf ?I)ﬂd!métﬁ}(ﬂ-bld Jtenoi@ ackbmbteyl e$ter) (10 g) was diluted with

ethargg ‘irlnl‘) (%Qdugrghyél‘ox@e Ié@F %l$ \yas aﬁé(egﬁpcgﬁ%pgpemnvt%legtm% ovepp% t. yr|1e solution
was paetialiy et/apogzmtmmme tiwasthard) brawededultantvaikione \A&ﬁadde@imHCl (1M, 100 ml). The
re.a ter ch

oot URR G Bt el o Sacthire s 56 kg 9 g 2 dimethybu
3- enc|c4a%|d\(@129098% @M?&HMH éﬂSlZ Q0G48R 385:84028M6 (2@00; r e t he

ted with chl orof orm

méﬁ@MR\éﬁop MF%&RQM &ﬁ%@r%&éﬂéd J={ldé. ‘tHweQH-SHa r?éb' (GFHa 17.2Hz,
1, -ORRD! GoRtiage masodiz o, apdcgyapor ated to afford, as a
brown oil, |'or 0- 4, 4- dlne ‘hyl - 3- oxo- hex- 5- enoic
aci d et hyl ester (2.01 g, 93% . (Hayashi et al., J.

C%og@%l%drg%ﬁ (r?afbg%t ﬁﬁ%@r@a ﬁﬁ(@ Qig.q_rllck l@%§cﬂ)@ %’E'Zﬁ%keto Esters from

Monc@tHyl;Malbnaet Ehgl, 2-Bikfyylacetat@ A0 apic Synthesed Cledtizg VdRinte 7; BR CHI) ;
5.19 (s, 1H 5.28 (d, J = 16.9 Hz, 1H, -CH=CH2); 5.29
(d, J =10.§ Hn 1H -CH=CH2); 5.96 (dg JO— 16. 9,
10.9 Hz, 1 \d JCEC). LM tR = 8.45 )21
[M O &7) +8 +1i nO This material was reaétead V\Pthout
further purification. ‘
5-(1,1-Dinethyl -al l yl)-3Hi m dazol e- 4-car boxylic acid
ethyl ester 0 OO OOHO C NH2 JI NH+ NH+ ~ N O

O
© Mg BATRTIN €1 S st o153t o non
bath. e(SdnSefntrétéoQHG‘l (1.5 i) e a0dEd dropwise wait 3Brmid, hed the Mixtur®waksIstieal for a further

10 i sﬁ@[%”%{aﬂté?wés ?@resz iy Ehest e ity fler I lgeigais sepaeted and the
aque&%%ihﬁéé @ébdeﬁ’d@ﬁéo’ﬂ%tlﬁbthéﬁoﬁe%omﬁméu ethbrb R rsolGias | |\n@& dri@d éMgSO4) and
omtenperature, the vials' contents were

evaparRi @ af9r P @01 O TRRGRIVE Vs Pgen watopate P 41909% r‘f‘ih'C"’rI*’{@.»S dred under vacuum

overrfykt (6250 E/$ maSS h%ﬂoegugéwd evaporated to afford a
concentrat ed formam de solution (14.7 g). This was

added to a silica colum (7 cmdianeter, 11 cm hei ght)
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packed in 1% MeOH 1% Et 3N in chloroform El ution of

the columm with 2 L of this mxture followed by 2 L of
WQ0MeEHHE % Et 3N i n chl orof orm af f orded, i n theCPE81093/024232

fractions, a conpound suspected of being 5-(1, 1-

di met hyl -al | yl ) - oxazol e-4-carboxylic acid ethyl ester

(1.23 g. 7% . HPLC (214nm) tR = 8.68 (50.4% mn. 1H

CDC13) 6 1.40 (t, J = 7.2 Hz, 3H,
445\]’@@349’50’7M%€'29'C(3§'d9 Mpstora. 38 (t, J = 7.2 Hz, 2H, -

CH2CH3): 5.03 (d, J = 17.4 Hz,1 H, -CHECH2): 5.02 (d,
J 10N/ Hz, 1 H i)XHOGHR)DMB. 26 (dd, J =1X.4, 10.4 Hz,

1 HXY @) 7.83+sH H). LOMB tR g Oy~
[ MtH +, 361.1 [ 2 +) om n. Recovered from |
fractions was ifyhe ed ~_ Buli

5- (1, 1- di met hyl -abt'yty - 3% i mi dazol e- 4- car boxyl i c aC| d

ethyI ester (3.13 g, 179% . (Hayashi et al., J

N Y N N IR sofvtm o 24 dmetry
but-3-Ehoic 3l (5 Ob @79 rﬁrﬁo'_% |) dRdrbiF gg%’é )if Gnhyd}ous d?:h(@roh'@than@ @5 mi). The mixture was

sﬂrrqdﬁorﬂ]h 30", th@p.fgd.ﬁgt) at ropm\:,tgm(e@%uie Fl{)racthnglsd %tlgd@%jf/@@km@@ Aéfforded 2,2-
dmeﬁ?ﬂu%ﬁ&ﬁl&%é% 7oy MS tR = 5.30 (209.1 [MH },

mn. Additio
5- (Mongetty| wétpwma&nﬁty (N2 B P0% m‘ﬁaﬁ@m&dw féwwws) rereydipsglved in THF

(90 l‘ﬁﬁ Qﬁ/d th %Efn %@Sﬂu%eégntﬁ REQRT 86k Hu@{)ﬂ wdsNBol6 cF {hdn BRLi 25 M in

| ower purit ut still sufficient

hexaneﬁr 37r mg §.pkmol} wascadilagn Aﬁﬂrﬂ@t&d@%ﬂ@@ﬂyodg@ﬂ of Bubil the sobutignrteyned pink and

oy SR UL Sptich Bl ind koS s v

remainingddubiowasdadders pectempbratdre ves altpwed to reach -10°, upon which the solution turned
(L 1-di ol Cabim T . :

ool Sk SGELAY Ll o ARG 7 GAUBPAN Lo 1

0.03idiRin( 146 @1 2vhlz was@O3A DyopBite. 48te( siditidhlas cenplTe thel mixtire-was @lloBred to warm

to O&aléfi_lsg%jpo}él} h,_ﬂ%g@%%eé t3 %ﬁ :1(£nc}>_(thé] of%gl_%@'l\lﬁdﬂ@fo ﬁﬂ) a%bs_"&r)ed for a further

1.5 7. TaB oryaniclayed wasléihdSed, arashediwibHC] {8), Ddiivibldbrbona@Galution, brine then dried
2 Vi in., . o .

and [a\@pctr!i_l%t% @‘r\pﬁ@flﬂmeth&ﬁayp—?e@@npm@%@fyf es&erﬁ q g, ﬁé"(a)n AH%MaSh' o al, J. Org.

Che@'b‘d—dwﬂ $445 (Zblbﬂ) Nbistllléﬂon Wit Kudelrolﬁt o$é?|| WOF/tD ﬁmﬂ){b afforded pure matenal

1-di nmet

ot HNREACEI L) &1 2. gl 1 6 Forikh LS JSBgH: 418 0, =
6.9 F&dﬂ‘? cﬁzbﬂ Vs'z‘é?d 7 1@7%59?@1-@?/2(5‘ 21[31& t m§|1Hch1L@wE§) 5.89 (dd, J =

% suspensi on, 1. mol’)
177(%@4%15 éiﬁﬂthhe m xture vvas stl rred at room

tenperature for 4 h. Water was added until the
evol ution of gas ceased, the m xture was stirred for
2-Chioto-4d-dlimethiih8-axodms-Sfendit @idethytebierough a sintered funnel .

The
Cl
. 80,Cl,
S S Ao

0o O O O

Sulfuryl chloride (0.84 ml, 10.4 mmol) was added to a cooled (0°) solution of 4,4-dimethy}-3-oxo-hex-
5-enoic acid ethyl ester (1.83 g, 9.93 mmol) in chloroform (7 ml). The resulting mixture was allowed to warm

to room temperature and stir for 30 min, after which it was heated under reflux for 2 h. After cooling to room

4)-



preci pitate was washed with THF, then with methanol,
the filtrate and washings were conbined, evaporated,
w0 bea/ofqeeze-dried to afford PCT/US2003/024232

[5-(1, 1-dinmethyl-allyl)-3Himdazol -4-yl]-nethanol
(2.56 g, 102% . Residual water was renoved by
azeotroping wth chloroformprior to further reaction.

temp%@ﬁl@otya ¥e%‘§ﬂ@'*§%w?ﬁﬁ'fa W@‘@&WSEE%% \%Sggd ?ﬁio%ﬁ)l\!{m bicarbonate,

wate( ﬂﬁﬁ) bMdZ Th@mm phdke 4ds (dfed &id)evapbrafed {6 sxfford’.l-a)s a Bo@ ol @;chloro-4,4-

e RS 450 60K i1 S5oE (201 0 k) Blyep o ale 5@@@@)&‘ 8402-8405
o0 46 (s, LW LIS LR = 3,77 (167.3 [MH ) mn
e H-i i dazol e- 4
& NHBR| mqwz;ycuﬁmsmg@d@i@m%&@@%ﬁ%ﬁ%@%@ﬂ%é”%4 (@.4=
7.0 ﬁ@?}gaﬁ%ﬁ ())]EH %éol ﬁag?ﬁz ) LHYES); SelEd) ¢ 90 8z, H, -CH=CH);

I-aIIyI) 3H i ni dazol -
5.96ydd| J rtd HhahdHz, (8. 56—@'[2 O 02 mol) in acetone (300 m)

an r ' ] was stirred at room
eﬂ‘é}éﬁ?ﬂszy@%g%&!ﬁﬁhghﬁ‘ m xture was filtered through
fi I'[htsrmqtlaaalwas @adedtviteout ashedpugfiioatits. washed wit h acet one.
5-(143) L Qg&f - 15@? o c@sblgxyrl}gaad%ry/%s@ro mbi ned and

5- (1 1- di et hyl @II [)-3Hi mdazole 4- car hal gghyde
(1.82 g, 51%. ZIS%H 04, Og oA Oy O~
51 - 8405 (200 HPL (240nm), tp\)?(j\;(glb SW
; 406z, 56 (s, 6HY 8H16 (d CN
P 1 H -CHCH): 5889 (d, J = 17.%%H, | H o~
CH=CH2): 6.22 (dd, J= 17.3,10.6 Hz, 1H, CH=CH2 7.75

(M%Ll_;goéqﬁ%g'ogi c&%’gﬁ;ﬁdm@ﬂ?@@ lielﬁ(% %ﬁﬁ@glﬂﬁh aels 1;5919 2.09 mol) and
waté'r"(1 &ﬂi‘ A 5021@ In*rof} m'f&mMrhIEI\TI@BBB hﬂ%r\lﬁi sH@kelﬁ ®riely, ithea d@pen&dcht@fﬁa 18@l vials. The

walssmrgﬁq;a&gq am heated at 150° for 5 h. " After cong to room?emperature %e vials' contents were
n‘ﬁblféd}%rﬂi lera{E?eH QWauﬁbéleQh‘oﬁb'rofoFﬁ] dﬂ@éxﬁacﬁ-ﬁ@é @@H cedy@porated to afford a

congenigatel farm@we scwmpwéz o eths_s 155 bl A s 90?\5““ gcwlamsﬁ% 1 cm height)
pac?elaqn wﬁﬂ?ﬁﬁﬁ%%ﬁ ﬁ"@rﬁ)m@dﬁﬁc HRfioR @f thé ERimnfvlith 2 D@fthis Wikt followed by 2 L of

evacuat i on-fl ushi ng process was repea
2%fMﬂOH‘1é(r EtiNvip chioreform affardsd, ip dhsi e@ﬁv g@fﬁ%@n%@%npe@dﬁspeaed of being 5-(1,1-
! tdogn-fl ushi ng process
e e e T e e
r esHPLG@t4nm) i t 8168 (504%) tnnaat ed at 45 for 5 h. The

o Rt D b2 GRS LR VL 2ty LRI 55 (IR AR 7 2 b 20 -
a ; %@)S(gl,lﬁamm HS OIHUCHEOH /89?2 aiddetD. 4:|mz;>;uw| 6lé=CHg); 6. Zﬁe(eideFé? 4,104 Hz,
1H, -CH=CH,); 7.83 (s, 1H).
LCMS 1z = 8.00 (210.1 [M+H]*, 361.1 [2M+H]*) min.
Recovered from later fractions was the desired 5-(1,1-dimethyl-allyl)-3H-imidazole-4-carboxylic acid
ethyl ester (3.13 g, 17%). (Hayashi etal., J. Org. Chem., 65:3402-8405 (2000)).
HPLC (214nm) £z = 5.52 (96.0%) min.
1H NMR (400 MHz, CDCly) 8 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=CHj); 6.28 (dd, J = 18.0, 10.4 Hz, 1H, -CH=CHj); 7.52 (s, 1H).
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The yell ow precipitate was col |l ected, washed with
water, then freeze-dried to afford
wa2@aesybs 3-[5' - (1, 1- dinmethyl-allyl)-1 PCT/US2003/024232
H-i m dazol -4' -yl net hyl ene] - pi per azi ne-2, 5-di one (1.18
g, 36% . (Hayashi, Personal Comuni catlon (2001)).
HPLC (214nnj tR = 6 01 (72 6% mn 1H NVR (400 MHz,

qug 4.47 (s, 2H);
5. i@f'\%%d @30=(2(1971 [M+ 712ri2M+H] 5.23 (d, J = 10.7
Hz Adéftlo'ﬁ%il 5( %@E@I allyﬁ 39% &a%‘e 4@arb'ox§hz a§id eﬂﬂQ eZteH&as ako"r’ecovered from

the cq;lf;mn 3294, ﬂg%bghlchyvap-pf |c[\r@b@@iy\b@§tllLsgﬁj@|ent for urther react|on

3055 R B 15 B G R ) Ry
5% NOB1/130 Et2NIRlchlerpform was a(aompoundisdspasted rof being St(é frdistydyallyi)-3H-imidazole-4-

-7 lidene-6-[5"-(1, 1-dinethylallyl)-1Him dazol -
Carb(%y’éagﬁmﬁﬁ@he] - pi perazi ne-2,5-dione -45 W

20@1@L©&4&aﬁmp@mm@mmm4232 O 0 0 ?"NH N1 NH N=\

% 03'\’{?% CQ@D% ﬁ‘g&giﬁhﬁ%gh Y7 J061H A GeLbh) SO (G 17.7 He,

1H, @H*Mzﬁﬁ‘%nswuﬂqv¢Z1|Of6$lz~21H5'GF#=QH7?76é .9, 9.62 nmol) in
was added benzal dehyde (4.89 m, 48.1

mT‘!’pMSé?dej' 2R QAT - AEHT bﬂ)‘acuat ed then flushed
[5(1\01'59:45&;{;5{ C{?IPS’HMHEZOWQPMQM gn- f | ushi ng process was

repeated a further’two tines, then cesium carbonate
(4.70 g, 1454 gnol) was added. The evacuation-fl ushi ng

process was pé/ted a furtheiynthree tines hef t he
resul tanf\/m Xt ure was heated under the t exat uge
gradie adShamn bel ow. After a total ti of ¢S "NHt he

reacti on wan=edll owed to cool to roomtenperatu and
the m xture was added to ice-cold water (500 m ). The

P S 8RR EA L Bl R 08 B o

THF Rind) wae bdsed drbpwisedo alsusgembiored lithinm talummmmfmwrme (93% Buspknsion, 1.00 g, 25.0

mmo &?eﬂ%rﬁggl) (ﬁjﬁ? mx@'&el \&%{sgrfe%pa?.ﬁ)gm egrgoere 5155{) B S@f‘ g@}er was added until the

evolytioredfigps deased, t(\e'ZmRﬁreguas lsil?rledlfo( M dinnthent was filtered. ﬂ?rﬁugﬁ 23in@Péd funnel. The

precnﬁqg viaﬁ &'ﬁéﬁ@ % 1’%&%@@% ejr{aag C{P%ﬁtragehqﬂ(a rl){v%gl?qrqg Were lci){g‘b Red evaporated,

then geﬁzzegneuas aﬂbg] bect- @ﬂetﬁyﬂdlyml&iﬂ infifalze-d- yl] metﬂérfop(lz ?&_g 102%) Residual water
zyl | dene t I m
was @m\zedety rﬁwgéﬂg]cLIngé)} Bpier pqefn%eg%zaqtl% é&{el ag%hlget aglg?/()Org Chem.,

65840?1@!/(!55(@00 Per sonal Communi cation (2001)), mp. 239-240
q):1< LC@lMtR-G%(l 92) mn, 7.33 (95.01
%HPL )OnCI3) 6 1.53 (s, 6H); 5.18 (d, J
=k 1
ﬁg@gdloo I\/ﬂ-iz'_bD(a @'Wdﬁj 2, fgﬁggﬂ(i(ﬁ% 51 Td% 185 h%H: OE%HQ ); 5.03 (d

J= 16793 1Hs-CHICHH); 6 AQdEEHY 7, 10,500, {H5 ;CHECHY); 74@{93@1-0
760(s H2"); 8.07 (bs, NH);
9 g?"\’k&b" 3@1'6 1 %W%s LC/MB tR = 6.22 (349. 3
5(1{Dﬁbﬂhﬂallﬁ%smlmnlja4c€rb5k&h@@49 5 [ MtH] +, 697. 4 [ 2M+H] +,
Z isomer) mn,

OH /O
MnO, <
s Z NH e Z “NH
\ =/ \ =/



ESMS mz 349.5 [ MtH +, 390. 3 [ MrCHACN] +. Evaporati on
of the chl orof orm sol ution gave additi onal
WQ204l0809%/ 1 | dene-6-[5"- (1, 1-di met hyl al | yl ) - | H PCT/US2003/024232
i m dazol - 4" - Z-yl net hyl ene] - pi per azi ne-2, 5-di one (0.76
g, 29% . HPLC (214nm tR =7.29 (84.5% mn. -46 WO
2004/ 054498 PCT/ US2003/ 024232

Benzyl i deng- 6- 5"- 1, 1-di pet hyl al | )- . -
H i51%{* &% dloxide 0 9 %wvvéﬁéq% %F ﬁ%@%ﬂﬁﬁ 531, %d'mﬁ’f@ﬁ-é"ywwm'dam'—‘l-
yl-miirhndl (256N 0062 \nol) inAktbid mMﬂ"én@th@r&xlﬁﬂg&ﬂﬁﬂ@%sfﬁlrf&&Qéom temperature
flcatlon of a cru |l e of material synthe

for 555 The pixregyas Gierddhreysl ﬂlte@ gmqr\dltf@ rpsiQyigas washed with acetone %he filtrate
and @asﬁm&ﬁﬂé’r&'cbrﬂlﬁﬁé@ #d [e@apbrﬁt%d Io SkorEes- hYILo%étW allyilj -4 linm'aibﬁzépdarbaldehyde

ene]j - erazi ne-2,5- di one

182(92i1ﬂ’ﬁnﬁHavq%hlet@ a?@f@(@ . 3584ﬁ21$4651£2@0RWR (400 I\/Hz CDCI 3)
= 20.8 Hz, 1 H, CHECH?
%PE@SZQM @@4’08391]&% i H CHECH2) : 6. 05 (dd, J )

_18H(NMB(1401) Nz, COCIHS 1GBHsCHED) 5.1660,313: 106, HZL 1HH-CHEOBREH: (d, J = 17.3 Hz,

Rl ™ i hops B siioh Hei tab s B3,

Sy hCvSsk s 3.0 (165.2 [M+H]*) min.
3-Z-Benzylidene-6-(5"-tert-butyl-1Himdazol-4"-2Z-yl ne
t hyl ene) - pi perazi ne-2,5-dione (2) OO0O9 0 0", OH C1

-ACNJ'IB 1541, ﬂdlmethyl-allyl) - H-INiliaAdNH-Z-y et RYIckd]-pip Blekitg- 46- MieN=\ H N
HNNH 1001 0 =I O2 Reagents g) S02C 2;

h) H2NOHO, H20; 1) Li AIG#; Q) M02; k)

1.4,di flcetyl - pi perazirrf‘t4 - di one, I/U\NH N==\

\X(ENH + N\ﬂ) —_— \er A NH
N=/ jl/ o) 0 O #

To a solution of 5-(1,1-dimethyl-allyl)-3H-imidazole-4-carbaldehyde (1.78 g, 0.01 mol) in DMF (35 mi)
was added 1,4-diacetyl-piperazine-2,5-dione (8.59 g, 0.04 mol) and the mixture was evacuated, then flushed
with argon. The evacuation-flushing process was repeated a further two times, then cesium carbonate (3.53
g, 0.01 mol) was added. The evacuation-flushing process was repeated a further three times, then the
resultant mixture was heated at 45° for 5 h. The reaction mixture was partially evaporated (heating under high
~ vacuum) until a small volume remained and the resultant solution was added dropwise to ice-water (50 mi).
The yellow precipitate was collected, washed with water, then freeze-dried to afford 1-acetyl-3-[5-(1,1-
dimethyl-allyl)-1H-imidazol-4-ylmethylene]-piperazine-2,5-dione  (1.18 g, 36%).  (Hayashi, Personal
Communication (2001)).

HPLC (214nm) tz = 6.01 (72.6%) min.

'H NMR (400 MHz, CDCl3) 8 1.53 (s, 6H); 2.64 (s, 3H); 4.47 (s, 2H); 5.19 (d, J = 17.3 Hz, 1H, -
CH=CH,); 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, TH), 9.47 (bs, 1H); 12.11 (bs, 1H) [observed ~2% 1,4-diacetyl-piperazine-2,5-dione contamination & 2.59
(s, 6H); 4.60 (s, 4H) |

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

3-Z-Benzylidene-6-[5"-(1, 1-dimethylallyl)- 1H-imidazol-4"-Z-ylmethylene]-piperazine-2,5-dione
-45-



Cs2CC8; 1) benzal dehyde, Cs2C03
2- Chl or 0- 4, 4-di net hyl - 3- oxo- pentanoic acid ethyl ester
w@1004882%% 2 0,-,,, 0 0 O O Sul furyl chloride (RdT/0S2003/024232

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 m). The resulting m xture was allowed to warmto

roomtemmr&ure and was stirred for 30 mn, after

whi ch 4t was heated und qx for 2.5 h. ter

coolln to room t enper the reactian n1xture was

dilu wmtrNehlorofornl en mashe dirne  N=\

blca bon Hr then brlne, 044054498 & NH
00, 02 232 The organi c phase was dri and

evapor@ted t as a clear oi

2-chl oro-4, 4- dlnethyl 3- 0x0 pentanoic acid ethyl ester

(3301 gplutiom Ri-acqtbiiztit!-daethabally)-tHervidersbd Hiriethenehpestagive-2,5-dione

2 O SR TR T RIE 0 b, AR (TR, Ml g e sotion ves
evac@at@iDth¢rofisiggwitirArgon. 1THe bidBuatietfDsHingproc&BWIa8 Jepéatell. aXurthgstwo times, then
cesi@{ga:rboéetégiétgz 14?41rﬁm I)_ \%efgéde’q“%/@\é( ivé@a%@q%]ﬂéh@éeﬁog%‘s éva%peﬁted a further
threedihe§ | the|4 e lesulam. rhixture @ashedtédbundler tizQ@nBrature gradient ad shown below.

g_ ES alyﬂfye h drgazc 4newqg@l%mé‘§) %ﬁ%(l)lltcf Ngﬁljdmp%rﬁ}/edng%e@lxture was
addeﬂlto‘}cesdaldWateD(ﬁomhl 2rn6 bleipitate drasicotiicteat Wighed Jato watefiEI0 aNiénCireeze-dried

to aﬁa @7\ ygl%msg/lld éﬁéﬁt gﬁa}'iésrmetejalgv ﬁ_g ?s%&ggv lglhcg{)(fgrﬂlf(%o@mtedrgd through filter paper

and @Uaﬁ@ﬁébse@zéoﬂb@ rarﬁamngamdtdr Vhe&leéiduaﬁlehowpr@lpﬁat&\@'?@ SerlER14nm) t; =

heat ed . The vials were

n
7.26 é%ﬁdm fgs aitslly c{laﬁolveaarﬁh{oe%@f?amtee Sl{spﬁéﬁommsépmc(a@é for 5 min, then
the &Blid waRSolREIEEAnd aNdriddNE dmbritalr. em&m%&m&%w 1H|m|dazo| 8.7

extracted with chloroform | oro was r enov .
yimethigensi-pieeragine-@ Srilioan t 1r82tde &%) dlﬁavash Kersens| camramication (200h) mp 239-240

(dec.g’”' ch was added to a flash silica colum (6 cm
iameter, 12 cm height) packed in 1 % MeOH 1 % Et 3N
i n HPRT (A6t 6.881(L92) oin, 633 (BH¥ %ol um with 2.5 L of

o BRI OGP ETEn et @l LRI, JorB 3o @ = 110 e

chl orororm gave, ract| ons, "a produ
TH, Difs@iey; bad dnifJbG?ﬁgHB}mzenH CHce(tfy)I 6.6% &z OiH,e C4H=CHY, BOK (8| iilt, -C-C=CH);

7.303%bh fh, S o0 € h2A. %07 (L N %1 (s, NH): 12.30 (bs, NH)

LC/MS tr = 6.22 (349.3 [M+H]", E isomer), 6.73 (349.5 [M+H], 697 .4 [2M+H], Z isomer) min.

ESMS m/z 349.5 [M+H]*, 390.3 [M+CH,CNJ~.

Evaporation of the chloroform solution gave additional 3-Z-benzylidene-6-[5"-(1,1-dimethylallyl)-1H-
imidazol-4”-Z-ylmethylene]—piperazine-Z 5-dione (0.76 g, 29%).

HPLC (214nm) tz = 7.29 (84.5%) min.
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HPLC (214nn) to = 8. mn. 1H NVMR (400 MHz, CDCl 3)
81.41 (t, J = 7.2 Hz, 3H); 1.43 (s, 9H); 4.40 (q, J =
WO 204l084492H) ; 7.81 (s, | H). 13C NWR (100 MHzpPCTZDEX83/024232
814.1, 28.8, 32.5, 61.3, 136.9, 149.9, 156.4, 158.3.
ESMS miz 198.3 [ MtH] +, 239.3 [ MCHACN] +. LC/ M5 tR =
7.97 (198.1 [N%Fﬂ+) nin Recovered fromlater
fractions was 5-t ¥ dazol e- 4- car boxyl i
aC|3dE %epm;qen%-g{%ﬁ 1(@nejfgylaﬁy 1H2r31%zol 4( éup@}wler@ﬂ piggrazine-2,5- dlone
" Am noal kyl i m dazol es and Process for eir
Production." Patent No. GBlS41375 (G d Britain,
1973)) .4 HPLC (214nm tR = (93. 79%~ptn.
2004/ 054498 PCT/ US2003/ l@: ?H NVR (4QR0
8 1.3 H JN=V.0 Hz, 3Py 1.47 (s, 9H 4. 384 (
7.2 H) AL D# (s, 1 H) ~13C NWVR (10Q
8 . 7Y(2878, B2.0, 59.8, 124.2, 133.3, % 2, 16
ESMS mig 197. H +, 238.3 [ MFCHACN] +. Fupt her
elution of the colum wth 1 L of 5% MeCh/ 1 % Et 3N
gave a conpound suspected of being 5-
t2 srﬁrépaﬂgit\lﬁ HP%bFBgumc%a Gk cfhu@ aédww m&%eriépéﬁlthé@ze§ Qs Qi?ove gfforded the
geomﬂ@c (31 )120) D)S %&engy@dqng -6- [59191).1 dlmetm@n)(l)g{?@mzol 4”—1Zr.){lnpqm;derqe¢}ggera2|ne -2,9-
3) 8 1.37 (s 9H); 7.74 (s, IH. 1H NWR (400
d'onmmggggso 81.28 (s, 9H): 7.68 (s,1 H. ESVB iz
169'IPJ_2C|_(2WH] )47, = GFDB747 9 M CHACN] +. (5 tert Butyl-3Himd
az t I ,
qh Nﬂ/\RdlthooMr;FE&ﬁ@Stﬁe@g%b ?%@1 azo 1”?@&?’%30% . J=140 Hz,
1H, @id:—-tOrsz ea.05y(did, e st &0, 1()8H30HgCH—1)6|;853’3rt9l191 G-©~CHyfib. QQG@SM)7H

vva ded ension of lithium
4%93@%@(%3@?@%@@&9 on, 0.89 g, 22.2 nmol)

in THE (40 M) and the m xture was stirred at room

tenperature for 3 h. Water was added until the

evol ution of gas ceased, the m xture was stirred for

10 mn, then was filtered through a sintered funnel.

The precipitate was washed with THF, then with

net hanol, the filtrate and washi ngs were conbi ned and

evaporated. The residue was freeze-dried overnight to

afford, as a white solid

(5-tert-butyl-3Himdazol -4-yl)-nmethanol (2.71 g,
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105% . (Durant et al., "Am noal kylim dazol es and
Process for their Production." Patent No. GB1341375

W@ hog@b449Bri tain, 1973)). HPLC (240nm tR = 3. FOI/US2003/024232
(67.4% mn. 1H NWR (400 MHz, CD30D) 81.36 (s, 9H);
4.62 (s, 2H) 7.43 (s, 1H) 13C NWVR (100 WMHz, CD30D)
8311 33.0, 57.9, 131.4, 133.9, 140.8. LCOM tR =

SV”%S{S %{-%Eqn@ﬁ:fl%g b ’_%3}%1 b{lﬂy -l%ﬂ%ﬁl—ﬂﬁﬁ&@kﬂéﬂ‘@lﬁerbﬁ%@, 5-dione (2)

5-ter{-Butyl -3Him dazol e- 4 car bal dehyde .-50 WO

2004/ ORCF/ US2003/ 024232 OH 0 Mh02 NH - -~/

NH N /&N £ Manganese di oxide (30 g, 0.35 nol) was

added t0 a heterogeneous solution of. (5-tert-butyl-3H

i m dazol -4-yl)-methanol (4.97 g, 0.03 nol) in acetone
(700 mM) @|nd the resulting m xture was stirred at room
tenperatufe Sor 4 h. The mixture was filtered through

a pad of Celite and the pad vvasov\@s\ged wi th acet one. OH

The filf{rate and washjngs wer nbi ned apd
evapor ohe resi dUg was t @ ed wtir et her Z NH
afford, &as colorless solid, n=/

5-tert- bcﬂlty - 3H1 m dazol e- 4- carﬁal dehyde (2.50 g,

519 . (Hayashi, Personal Conmunication (2000)). HPLC

(240nm) tR = 3.71 (89.3% mn. 1H NWVR (400 MHz, CDCl 3)

81.48 (s, 9H); 7.67 (s, 1 H); 10.06 (s, 1 H. LOM

tR=3.38 (153.2 [MtH +) mi n. Evaporation of the i l

filtrate fromthe trituration gave additional

5-tert-butyl-3Himdazol e-4- carbal dehyde (1.88 g,

38% . 1-Acetyl-3-(5 -tent- butyl

H-im:lazol -d' - Z- yI met hyl ene) - pi perjpzi ne- 2, 5- di one 000 0
I NiNH + N o---}3- 1 )N 'JOOOOTo

soI fug HbUt"y"f“Sl-l-l ¥hr batd 'ﬁyde%((m

(2. ! g, i n-DVF (\g;ﬁd ._added N=/

1, 4-di acet?l -p| a2| ne-2, 5-di one (6.50 g, 32.8 mmol)

and the sol ution was evacuat ed, then flushed wth

argon. TheZevacuation-flushing process was repeated a

further two tinmes, then cesium carbonate (5.35 g,

16. v RGMAL 17O (f)J W WM@I&C 6 Stne-2,5-dione,
Wasﬂ? eatgé\cli%'sCl ?%?@ngeﬁ rr}l?s)o ) ﬁ -
Cs2C0s; 1) benzaldehyde Cs2C03

2-Chloro-4,4-dimethyl-3-oxo-pentanoic acid ethyl ester

Cl
$0,01, | ><n/kn,o\/
c O
Sulfuryl chloride (14.0 ml, 0.17 mol) was added to a cooled (0°) solution of ethyl pivaloylacetate
(27.17 g, 0.16 mol) in chloroform (100 ml). The resulting mixture was allowed to warm to room temperature

and was stirred for 30 min, after which it was heated under reflux for 2.5 h. After cooling to room temperature,

the reaction mixture was diluted with chioroform, then washed with sodium bicarbonate, water then brine.
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resultant m xture was stirred at roomtenperature for
5 h. The reaction mxture was partially evaporated

w@ bwaws44ard hi gh vacuun) until a small vol ume PETESIV081024232
and the resultant solution was added dropw se to water
(100 m). The yellow precipitate was col |l ected, then
freeze-dried to afford

)1,| ﬂ'&e p@?ngznoé\%seﬂia%gﬁégzq%at@ya!@oég% tognq{grd( 2 @é{eaé éi ,g-f%)ro -4,4-dimethyl-3-oxo-
pente(nbla)éalﬂ rch,yl é%%rr%&’snlaé @%ﬁumu%ﬁ bOA). (W%W?Ilmldb‘ﬁl& ag% bﬂd&é@s for their

Prodycgion.” s R (400 <bd 3)

‘(°~§°” é’laée“”@ %%13%13'3 5@F®at8f&alm797@§ 2H), 7.19 (s, 1H):
7. 3pLé 44 = 8380 €9 994 12.14 (s, 1 H. -51 WO
20047 054408 "PCT! U826 3/ 024232 13C NMR (100 Mz,

CD@iHM&Kﬁ)@M-IZBDDZJK ) 81.286, 8Y); B2.(1L/ =46.H3, 3HLUR/dq, JEIR Kz, 2H); 5.22 (s,
1H). 131.4, 133.2, 141.7, 160.7, 162.8, 173.0 LU M5 tR =

5.16 (291.2 [M+H +, 581.6 [2M+H +) min.

3- ZCBBMRAYI0 MHzNED @5 § 53.8, 268,146 B L84y 62918500, 2085801 - 4" - Z- yl ne

t hyl ene) piperazine-2,5-dione 0 rOO0 NHN=1 C' _ Zz~

NHN NNH--~/ HHNH OO O To a solution of
5-tertiBuéy 8H-rlicaoiel BéartoBis acdnethyl estbtt | mi dazol - 4' - Z-yl met hyl ene
) - pi perazine-2,5-dione (2.43 g, 8.37 mmol) in DVF (55

m ) was added Penzal dehyde (4 26-m , 4](_5 90mml) and

the sgl ution \Aﬁ:\wevacuat \/fhen £ "'t h Oy O~
Mrb\;he evatuat i 0Q- ush|+ng prao e/ was repg&(\}
fyrtier-two Tines, thel ¥sium carbdnhate (4.097g,V /

12.8 nfiol) was added. Th& 2vacuation-fINiEhi ng proces§

was repeated a further three tines, then the
r e duolution of Aphiarar & dinetly-Aexe-redtanaicisid aiftykestee (?p89al. (4 wol) in formamide

(47. 5%)3&% Gater §§ nﬁ)%@@we\p&bfﬂg‘ﬁ dlfbfeﬁsg(ﬁ) gwfo 1t59<t8%| vials! ﬂ?wé?é % Qealed and then

he react on ‘was omtenp
heai@r&d}lﬁoﬁ for bt Tineevialsevgeresaloead to oool ’roesoomembevwres then Maqzmmo was added

ot FRSBAESRA Sl BuBhL 5L B ML bl v
conc&{rﬁ&t%fmjmﬁrﬁﬁesolﬁhoﬁ&%??ﬁ whih YO. addgd toTdhflash flrlga feolurm (6vmsdlameter 12 cm
heighglioé%% %S@ I{A%%J.:@F)hﬁtﬁ\gin \%ﬂépglg)r’m. %é@ﬂ'? ?fi?ﬂ],?éolurﬂn E{ﬂbf%\iﬂf tleﬁ, ixture followed

by 1 Thf 2% WeSHd %Ll |Neﬂbrdfdwmcgb¢eom0fﬁw§aﬂy fratfons g prevnct sospedi@rhofibéing 5-tert-

b“ty’éﬁ‘?&o'ﬁf’Fa’EWI/@@CICZgP}/A?S(%(BXBg, 56(3)N precipitate was col |l ected

3 Hpb@@mhmeraemmw -tert- butyl 1
| ene) - eraZ|ne

(1 VIR 400 b O Bt h BBl T Gtontiiv Ao, T2 H, 2H) 781 G,
ih). (2000)). HPLC (214nm) tR = 6.38 (2.1%, 6.80 (95.2)

mn. 1H NVR (400 MHz, CDCI3) 6 1.46 (s, 9H); 7.01 (s,

1H13CNMP<w@+mHz GDQYBS (451, 228432561 G-136IP; 149.9,366.7,.1583. (m

12508 b Ce Ry P R 50 33 4 T e
[ sb@/MS)tR BI73W8(1FBH I minMHH] +, 673.4 [2MHH] +, Z i soner)
m ﬂécove%%mnTatzer f?a%gdng’ \nlaéwg-'fgrtTUutyﬁgﬁim%alowz%g&qigécid ethyl ester (6.20 g,
26%). (Durant et al., “Aminoalkylimidazoles and Process for their Production.” Patent No. GB1341375 (Great
Britain, 1973)).

HPLC (214nm) tz = 5.41 (93.7%) min.
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Evaporation of the chloroform solution gave additi onal
3-Z-benzyl i dene-6-(5"-tert-butyl -1H i m dazol -

wd 2004054408t hyl ene) - pi per azi ne- 2, 5-di one (0. 82 BCT/RS2P3/024232
HPLC (214nm) tR = 6.82 (70.6% mn. General
Experi mental Sodi um bi carbonate refers to a 5%
sol ution. Organic solvents were dried over sodium

S kB BRI LBl T U9 A0 PSR a7

1H)Cbnd|t|ons 1H NNR (400 NPB) analysis mas performed on
ri an | nova

S I
er 6 WDk DGR 37134 81 3 Do U o T30y HOATOBB.1 06 TN

u £ Ch I hi ft
gr ?Sﬁg’?"é?*edz?éwkﬁ ?@Pﬁ@t&ﬂ%ﬂ%m (Smogappn;’ Ior él-égan)at

3. Jorthspetution of theagofime wittr 1ot GToAEON1 %cddiglavardyconpeind auspested of being 5-
are.e S Anal ytical HPLC

teﬁ@@?ﬂ? 8%"2 ok rdoglhpgg’[ &541%_%% ons RP- HPLC was done on a
RaiHPLO Mmmsoﬂr@ %hth.(5 m 100A) 50 x 4.6 mMm

el Fimguiithlein o %%AF%%?ZE?@?]WTF@ > 100% B fer B

OVGHNMR(momAHzF(thBﬁ ), 3.7 %n LCM5S Condi ti ons
LCMS were run on a PerKkin- EI mer Sciex API-100

i ngt NYRdHI0 MHz| @D:8R)-48i(n A8); 7-f&lbelide Phase HPLC
an@%@z%lzqmr Mbrllélfll-p(fH éN]m C18 50x4.6 mm Sol vent A:

A TR watér Sol vent 'B: 0.085% TFA in 90%
aqueous MeCN Gadient: 0-100% B over 11.0 min Fl ow

(5- teft Fﬁmﬁaﬂzf@rﬂez‘h Jgvel ength: 214 nm Ms conditions:

ource nspray Detection: lon counting Flow
rate to the mass spectroneter: 300 L/min after splipy

from col um@ P51/ nin). ) ><((
LiAIH, /
a
2 NH R NH
N:"—/

nN=/

A solution of 5-tert-butyl-3-imidazole-4-carboxylic acid ethyl ester (3.30 g, 16.8 mmol) in THF (60 mi)
was added dropwise to a suspension of lithium aluminium hydride (95% suspension, 0.89 g, 22.2 mmol) in
THF (40 mi) and the mixture was stirred at room temperature for 3 h. Water was added until the evolution of
gas ceased, the mixture was stirred 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 overnight to 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 = 3.70 (67.4%) min.

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

13C NMR (100 MHz, CDs0D) & 31.1, 33.0, 57.9, 131.4, 133.9, 140.8.

LC/MS tg = 3.41 (155.2 [M+H]*) min.

This material was used without further purification.
5-tert-Butyl-3H-imidazole-4-carbaldehyde
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ESMS Conditi ons ESMS was done on a Perkin
El mer/ Sciex-APl | | | LC/MS/MS using an el ectrospray

WO poen344960!l vent: 0.1 % AcOH in 60% aqueous MBINI/ERZIMB/024232
rate: 25 L/mn lonspray: 5000 V Oifice plate: 55 V
-53 WO 2004/ 054498 PCT/ US2003/ 024232 Acqui sition
time: 2.30 mn Scan range: 100-1000 anmu/z Scan step
size: 0.2 amu/z Preparative RP-HPLC Purification
Condi ti ons Rever gg phase HPLC purification s carried

out using ulg with the Yakers Xterral um
(19x50 mMm p. Cl18) using the follo condi ti ons:

Sol vent A: “0. X %Nueous TFA Sol vent AONFHFA i n
90% aqueous MBCRY G adient: 5-95% B over =4 n Fl ow
rat e: 20 nb/mn Wavel ength: 214 nm Abbrevi ations are

I it Mgrﬁg:%ﬁevs\% dlng)eU@p egtb[)g%(é\ﬁﬁ iwgg lg(?dted '[OBg lﬁieter:ogeﬂéo%lsjtsgllution of (5-tert-butyl-3H-

imicdzahz-glpmetianblo} 57 4. (ﬁ]?;thmﬂaﬁac&oﬁm(eoo P bR th@}eﬁﬁtﬁw%‘ﬁﬁﬂfr@\ﬁas stirred at room
ydrochl ori c acid h

temB%%‘l"S?q?rgﬁcihq ’f"?ﬁtﬁ%d"agﬁlﬁﬁﬁm Wgh 2 padye! Celivand theigewes & washad v acetone.

Thedilvaie aRd \mhlﬁd%mérelm%e‘éll%ﬁd:év'éwrﬁ?édr Yheor’ﬁgi?ilue|vda§ fﬁtu%‘i@d w1th ether to afford, as a
lar |

co Iq%%seﬁolﬁlag gﬁgwlt?;}-lrlmlgazolw carﬁ@@hgﬁgé%@q & bdter: y(Haml IOPersonal Communication

(2000p! ecul ar  wei ght NVMR: nucl ear nagnetic resonance; Q:
quartet: s: sin . triplet; tR retention tine;
TEAHPLG( ?4%@5&0&%&(89&% )@igi d; THF: tetr ahydr of ur an

f
Dehyow op enyl agHé@aﬂg st!ﬂ-ﬁ(;%ﬂ% Hﬁ)s 0306? NN Acs N ~
YllLC/M8 tRINH. 3I8H~75&IBI[NHH-II]WmO CsZCGS / DI\/F 0 CSZCGS /| DMF O
dimet h -nro - -
EV]"P,]&%?} g I'%(%r?%el fLo lée}]ntlgatl,gn pgi’ %r%{iﬁiﬁﬂ'@g%%B%y%?H-ImldazoleA-
cart@dehyde 1.88 g, 38%)
1-Acetyl-3-(5™tert-butyl-1H-imdazol-4’-Z-ylmethylene)-piperazine-2,5-dione

O

LA w e
X wor”(wl; — ﬁr?’i

N o) O

To a solution of 5-tert-butyl-3H-imidazole-4-carbaldehyde (2.50 g, 164.4 mmol) in DMF (50 ml) was
added 1,4-diacetyl-piperazine-2,5-dione (6.50 g, 32.8 mmol) and the solution was evacuated, then flushed
with argon. The evacuation-flushing process was repeated a further two times, then cesium carbonate (5.35
g, 16.4 mmol) was added. The evacuation-flushing process was repeated a further three times, then the
resultant mixture was stirred at room temperature for 5 h. The reaction mixture was partially evaporated (heat
and high vacuum) until a small volume remained and the resultant solution was added dropwise to water (100
ml). The yellow precipitate was collected, then freeze-dried to afford 1-acetyl-3-(5'-tert-butyl-1H-imidazol-4'-Z-
ylmethylene)-piperazine-2,5-dione (2.24 g, 47%). (Hayashi, Personal Communication (2000)).

HPLC (214nm) {r = 5.54 (94.4%) min.

'HNMR (400 MHz, CDCls) 3 1.47 (s, 9H); 2.65 (s, 3H), 4.47 (s, 2H); 7.19 (s, 1H); 7.57 (s, 1H), 9.26
(s, 1H), 12.14 (s, 1H).
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AQ, NNHIL NH N 0 -54 WO 2004/ 054498
PCT/ US2003/ 024232 To a sol ution of
WG 2(02/034408 net hyl - 2- propenyl )i m dazol e- 4- car boxed Hek30d024232
(100 ng, 0.609 mmol) in DWW (2 nL) was added conpound
1 (241 ng, 1.22 mmol) and the solution was repeatedly
evacuat ed in a short tine to rermve oxygen and
éshed ith Ar, followed bﬁ dditiaon '
{10 gl GRGrHPDCRhE ¥ 3 Attt 100 J%? n1a14 133.2, 141.7,
160pﬁ@cgemowas repeated agai n. The renoval of oxygen is
pref ered because such removal is believed to decrease

ox i-e/Sitind. B (241 ZIMaH 48 lAM ) file position 6 of t he
r. "] L)
S i R S PR U e B e L
was renoved by evaporation, .the residue was di ssol ved

in tfhﬁgm xture of EtOAg and 19% Na2COs,
t

or ga lgha was washéd i th 10%
sat Ng‘*or t hree t| mes, dri
f N vacuo—‘—?he—r‘é'm duaI

by co
(1%0: : as an eluant to give 60 ngy (33%
pal e yell ow solid 2. Dehydrophenylahistin To a

solTy i seltio fof la&e%%@tert@utﬁgﬂ |rﬁ18€213|)4’-2 WmQMfen(a)Op &rd%é 2, W%ne (243 g,
added benzal dehy

.57 gpL iR (s wéf)e&@ée@n;al@ﬁié (fedbedl, 419 ramdmsﬁtthetaow@ntmes evacuated,
then ?I&H%Vﬁth%%%‘ﬁn Tﬂ@gvaﬁudﬂmguﬁﬁ' (gﬁd&esgrwas erQétedoé"ﬁ%epWottﬁﬁs rt]hen cesium

dition o

carbesgta d4e 9. IA- ﬁﬁmna@h/vaq @dfﬁﬂdo g'g% gvagiagon- ﬂuﬁi‘p'@aﬁf @dssalgeéu rweaterche further three
tlmesr i Inb Ahitahl nfikihe %@g\’ﬁec‘atéa%&e? fté?ﬁspel% Vl\fé J?ac% géosq:rﬁwr( Jerb‘?v After a total

tenperature nust be incr eased
time pirdy teersantiont wes afinwed tecod! dorroa tempergwﬁemd the mpd]q@ was added to ice-cold water

(400 an@ n ﬁ/el dr%ﬁﬂﬁe c%ﬁe\étezi \A@Eﬂeﬁ (Nltﬂ \Dagerstf?en\ﬁ%g%-d‘ﬁ@tﬁ& a@d@ ye‘ﬁ&v Q}Y d (2.57 g,

I'ssolve
HPLQ\@de tr\wi 6LR %eﬂf/e mrf)o This meterial wasslissghebd mtoloﬁ;md 00 N &id evaporated to

azeoL%P(e @%En%a wﬂe re?gln%rdn %OI[/E'@%‘Z%O@S%]V% %o oro @5 m% and cooled in
ice. Aitss 0 win the wfian predifithie s gidcted raad air-gried looaﬁodd wmbeez/menee(s’ -tert-butyl-

e AR e gt () §. SHe WBRETY HgoRa Communiaton

(2000)psi due was di ssol ved in 90% MeCH aq and applied to
reverse &Wﬁ HPL C col unn YMC- Pack, ODS-AM 20 x 250
) P En 1M RE§- 3§44 Wy, B89 PHe &N gradi ent from 70 to 74%

Me@lrinivR (B IVRL:, dycﬁa} 54@61d BH)at. 013(sf1|H°V@ éﬁw 7‘%)% (L 4H B loTERY; 7.30-7.50

and t he deS| red fraction vvas col | ect ed

(m, SElofil; 869 fsatHsd. osbeewpwa(ba, ) (Bgh B 19, 7 g (60% .
al f b I ;
of 'LB% %vgﬁ(%%or ed d%ﬁ%@ Q@tr?r?g ﬁ%’?'g‘mlﬁs i d‘r17§4 %ﬁ&é&oﬁr@ f) min.
Bi (EBlvi@mézaﬂ?ﬂ Ehiditrcirénifdtde@Niof Dehydr ophenyl ahistin and
Dewa%[)r%f) oqeo?%le%nloro orm SOAQIOH ga%e adcﬁ' onaFISBQ b%n:lzyf“' daene bE béageH gutyl Wimidazol-
4'-Z-yimethylene)-piperazine-2,5-dione (0.82 ¢, 29%). HPLC (214nm) {z = 6.82 (70.6%) min.

General Experimental

\O

Sodium hicarbonate refers to a 5% solution.

Organic solvents were dried over sodium sulfate unless otherwise stated.
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The bi ol ogi cal characteristics of synthesized

t Bu- dehydr ophenyl ahi sti n and dehydr ophenyl ahi stin
woweea/opmas uat ed i n both HT29 human col on cel | SPCEOS2003/024232

PC-3 prostatic adenocarci noma cells. HT-29 (ATCC

HTB- 38) a human col orectal adenocarci noma was

mai ntained in MCoy's conplete nedium (MCoy's 5A

' ith L-glutam ne and 25nM HEPES suppl enent ed

anflE gt BS, 1mM Na -55 WO 2004/ 054498
NVMRCbhiBa803/ 024232 pyruvate, 1X NEAA, 2nmM L- gl ut am ne,

ggd sHpﬁl%%ﬁoe @E@t %{12%1\%33 8r%g] %g%o\ge{nga gm\;aeﬁﬁﬁ%ob mzyIQIVIR machine.

Saraglesmeete rua iimderteratedechlonsiorm tantamind 0.1% RIS Kinkbsapthetise spedifiadin Chemical

it GO, 050 BB, 310 (AP b e SO0 5 fqgmles un CDAOD.

Cod&@gﬁslfdntsare@&@r%@dnhﬁ@lz}(&z). Cell lines were cultured at
(;B: E% in a 95% hum di fied incubator. For tunor
A“@V{CB't S '®Ssays HT-29 or PC-3 cells were seeded at
5, 0@%s t6hed tondiwms:l 1n 90 tl conplete nedia into a
Cor n| ng 3904 bl ack-wal |l ed, clear-bottomtissue culture
o1 a8 HEKG Ve onmaTes RaihEroso WG mo PRS0 B mrecolmow
cel Iggsd- 8 esg Phdﬁ@s%ﬁﬂ enter |og phase growth. 20 nM
stock solutions o dehydr ophenyl ahi stin and
t Bu-Bakeh§dr opHe A infd% agusousdie€Npr epar ed i n 100% DVBO
and cefghed @tiopABfar bl mroncent rat ed seri al
dilutions o tRe t wo npounds were prepared in
appFopritat el.gol/mir e medl um for final concentrations
rom20 x 10-5 Mto 20 x 10-10 M Ten 01
LCMgl%gJﬁdg%ngf the 10X serial dilutions were added to the
t estL.CM8 Wwbrs rinron & PerpihEtrast Sciexrd@l- 100 dnsiplnebies returned to
t he 'bncidlft)ator for 48 hours. The final concentration of
DI\/Bb "525%in all sanpl es. Fol |l owi ng 48 hours of
dr u@ewqacﬁ’saueelP[L@ar&wof 0.2 ng/m resazurin (obtained

fro ma m cal .) Iin M2+, Ca2+ free
PBS gadd@%lﬂ?ré%%m mrﬁnd the pl ates were

r et wo@eAt o iherdinguat or for 3-4 hours. The plates
were renmoved and resazurin fluorescence was neasured

usi Vel ntaeecF A gt 0 PIEHE V&3O nm enission filters

I N Erdgient onO 1d0%qdvg{e]t1@rm,,( Packard | nstrunents).
Resazurin %/e wi thout cells was used to determ ne the

bacKk§WA®d, T0RHER was subtracted fromthe data for all

equ\yd\,ag?ﬁaml\pﬁl I's. The data were analyzed using
Prismsoftware (G aphPad Software). The data were

nor Bl Gonddigns o t he average of the cells treated with
medi, 3 Qhky |() ?ng cell growh) and EC50 val ues were
det er m ned a standard signoi dal dose response
cur \Detetion:t i Inggcoaht'gg)ri thm As indicated in Table 1

b | d hi t t t
aet PRSP BEFRRIEM e byl R R Sk BBk s v
ESMSIG:;mH’ﬁqnhenyl ahistin. -56 WO 2004/ 054498
PCT/ 003/ 02423 Effe
e AP SRMISF tta e Eapr B PHRIUS asig ooy iy
I HSolrenblH. SoAGOHNFE0% aqueous MeCN
Flow rate: 25 plL/min
lonspray: 5000V

Orifice plate: 55V
-53-



Dehydr ophenyl ahi sti n t Bu-dehydrophenyl ahi stin EC50

(nM cell L\PLH tBu-APLH HT29 48 13 PC-3 5.4 1.0 B.
w®koosaape and Activity Study of Dehydrophenyl Bdii/ssi003/024232

Derivatives The cytotoxic effects of phenyl ahistin,

dehydr ophenyl ahi stin and vari ous derivatives of

dehydr ophenyl ahi stin were exam ned in P388 nurine

| eukem a cells, HT-29 human colon cells, and PC 3

pr Hequisttionimey2AbBEr ci nona cel I's. As expl ai ned above,

HT 529\ rangbumanod®aiiect al adenocarci noma was nai nt ai ned

in MCoy's conplete nedium (MCoy's 5A nediumw th

L- Granstepsine (dainuZsnM HEPES suppl emented with 10% FBS,

. L Bt 2mM L- gl ut am ne, and
Prep en/eg%r@ptbgpﬁq%gﬁjsh and 1000g/ m, respectively).
PCR8versephéma iithC purdisation wasacheried outrusingNelwia with shen'blaters XiameldS column

(v 536, R PRI B 1 b, “Bna Pen St ep

at SHoMIAY nd.1% bBplied30Bg/ M, respectively). Cell Ilines

wer,e cultu t. 34, C. . 5S% in a 95% hum dified

i néﬁ%ﬂ‘%r.6'%Feﬁ'ﬂ%a%?%ﬂ\/ggﬁci ty assays HT-29 or PC 3

celdraliener es5-saveB e@dr aihinS, 000 cel Il s/well in 90 01

conpl et e g)ec{it,a into a Corning 3904 bl ack-wal | ed,

cl EQH Dt t O M8 sue culture plates and the plates were

I NnQuhad®: 21avier ni ght to allow cells to establish and

enter | og phase grow h. 20 mM st ock sol utions of

depRIpRSONSrAre ahifdiewsn bl Aidbroddusinglol Ry Py 1 igkims ¢ AouRlst HBU: 1,8-
diazdBlcfRA. Efhintiet- 710 o IMESE @a6hray s & Shedtfone i HEE: hykb&hloric acid; HPLC: high

concentrated serial dilutions of the two conpounds o
perfofeanes digwdh sohetatpgiarkipp OB dquis clrpmaipasaphe diagen spetrometya| LD: lithium

.- I ] 1 ! H . : . . .
cisofBEYERRE . hBRGE B MHECTRD atoichitne 1rs BCbitmtl: HA: molecuer
weigltichidRI nudear mégssticeesbnangs! :sjuariet, sirsinglel clektled; ta ratbntidndimp] Erletgfluoroacetic
aCid;ﬁﬁF:%tEﬁ\@g)%u it he i ncubator for 48 hours. The final

conceén ron of DMSO was 0.25%in all sanples.
Fol | owi ng 48 hours of drug exposure 1001 of 0.2 ngy/nl

oot PRt 3 DA S TG T cach el | and the

plates were returned to the incubator for -57 WO
2004/ 054498 PCT/ US2003/ 024232 3-4 hours. The plates

were remoyved and resazurin fluorescen was measured
usi ng 53l m exoi tation and 590 nm emssion filters
0

i nQa Fus ‘fd orinetep (Pa rd Ins ment s) . o] :
Ac zurin g fg'th@mN 2 used “to detepsine the~ A \

backyr ournd; j was| s trNggftiPEd f romthe” dat or_lal ki N
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summari zed in Table 2 below Table 2. SAR study of
phenyl ahi stin or dehydrophenyl ahistin and of

walednasaphenyl ahi stin derivatives EC50 nM | C50P@VIUS2003/024232
COVPOUNDS STRUCTURE HT-29 PC-3 P- 388

(-)-Phenylahistin O N NH 1600 n.t. 833 + 153 NH , NH

(n=5) 0 KPU-1 0 JPLH /=N NH 48 4.7 36+12.8 NH NH

(n=5) KPU-2 O tBu-iPLH/-N NH 13 1 31.8+5.0 NH NH

(n=5) O KPU-6 0 tBu-OPLH p-Ove /-N NH >2000 n.t.

933Rr+a stlldon NH5-E] -drdefii-2- perEB))I JimideBge-ACGrxagdehgde4ABmg, 0.609 mmol) in

DMFE@T 8208d3d/$ Zéq%suznﬂu_ﬁfﬁ g ngﬂ\\ﬁ @gﬁt&@g %@@n %éereésa{gdlgﬂlacuated ina
shorkfthé @ réindvBuxyGénldrid fisGldewit ANHbINed3y tROadBiiGBof C62064 198 g,/ 0.609 mmol)
and Iﬁq_el e/vacuation-flushing process was repeated again. The removal of oxygen is prefered because such
removal is believed to decrease oxidation of alpha-carbon at the position 6 of the diketopiperazine ring. The
resultant mixture was stirred for 5 h at room temperature. After the solvent was removed by evaporation, the
residue was dissolved in the mixture of EtOAc and 10% Na;CQs, and the organic phase was washed with 10%
NazCO;3 again and saturated NaCl for three times, dried over Na2COz and concentrated in vacuo. The residual
oil was purified by column chromatography on silica using CHCla-MeOH (100:0 to 50:1) as an eluant to give 60
mg (33%) of a pale yellow solid 2.
Dehydrophenylahistin

To a solution of 2 (30 mg, 0.099 mmol) in DMF (0.8 mL) was added benzaldehyde (51 pi, 0.496

mmol, 5 eq) and the solution was repeatedly evacuated in a short time to remove oxygen and flushed with Ar,

followed by the addition of Cs;COs (53 mg, 0.149 mmol, 1.5 eq) and the evacuation-flushing process was
repeated again. The resuitant mixture was heated for 2.5 h at 80°C. (The temperature must be increased
slowly. Rapid heating increases the production of E-isomer at the benzylidene moiety.) After the solvent was
removed by evaporation, the residue was dissolved in EtOAc, washed with water for two times and saturated
NaCl for three times, dried over Na,SO4 and concentrated in vacuo. On TLC using CHCI:-MeOH (10:1), you
can observe a spot with bright green-yellow luminescence at 365 nm UV. The purity of this crude product was
more than 75% from HPLC analysis. The resulting residue was dissolved in 90% MeOH aq and applied to
reverse-phase HPLC column (YMG-Pack, ODS-AM, 20 x 250 mm) and eluted using a linear gradient from 70
to 74% MeOH in water over 16 min at a flow rate of 12 mL/min, and the desired fraction was collected and
concentrated by evaporation to give a 19.7 mg (60%), although the yields are not optimized for each step,. of
yellow colored dehydrophenylahistin.

whk

EXAMPLE 4
Biolagical Characteristics of Dehydraphenylahistin and Dehydrophenylahistin Analogs

A. Biological Evaluation

The biological characteristics of synthesized tBu-dehydrophenylahistin and dehydrophenylahistin
were evaluated in both HT29 human colon cells, and PC-3 prostatic adenocarcinoma cells.
HT-29 (ATCC HTB-38) a human colorectal adenocarcinoma was maintained in McCoy's complete
medium (McCoy's 5A medium with L-glutamine and 25mM HEPES supplemented with 10% FBS, 1mM Na
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O Colchicine --- 208+68 (n=4) Mdifications to the

phenyl ring have a significant effect of the cytotoxic
W@eauws44des. I n conparison with the activity BET/US2003/024232

t Bu- dehydr ophenyl ahistin (#6), the activity of the

met hoxy group at the neta-position (KPU-9) exhibited

t he hi ghest activi ty than the ot her deri vatives with

an | C50 of in P388 cells. KPU- 9
pyruvgter 1%&%%%@&6@% %‘ﬁtpédet@i?taHO@Mf&‘laﬂ‘}/190ﬂ9/m1n1’932390t'&%¥ | BC-3 (ATCC

CRL GA%@PQ hﬁﬁaarﬂ% atpﬁm&‘a@ﬂ&ﬁi‘%ﬁmblﬁﬂélhéﬁ th%‘?K C comp gte medlum F12K medium

aIStIn an erivati

suw@ment@xwﬁ!b e fBSy2rod &ku amlrtey 1%onHEP§§8 apt PB@Strep: at 30¢Went amde100ﬂg/ml
f i I (ahistin
esn R ) e Y 7 X B R e MM R
d e herdunagy geteicith assayis i TeA dr RGB cells weradekided atrfsll00 cells/well in 90 1 complete

s Y RHHE 8] oSN SRUBINLARLELLA VS8 HD 1AE bR e
overrggiie tocallow i cedisreto cedtdblish arsii regtett Hagy rpbaslaogIthbgy Aedtstack esbiutions of

dehy %Qy a@%ﬁe{qg Bgﬁre@ﬁr@ SM%%H}W{% Cpg?ep(g ngloﬁ% oS0 and stored at -20 °C. 10X
concehtrhtyd savipihdintiohsa b thé two cdmpdundat evee prepakdaN GhiNipTats TRk Thddiam for final
conc%ﬂomﬁ@?rg%@%?@&%gﬁ%ow f)-% &‘_ﬁﬁn\%pl @?ungs %f%%ggérgwihﬁitpﬁs?were added

to the3d&l waild it Biplitaté ahdPhétpididtetumedNd the ifcubdlor ford9 hW¥R. The final concentration of
%04@9%449 PCT/ US2003/ 024232 COVPOUNDS STRUCTURE A
DMSPrygs 92550 If abimPlss: FORM - LT MW 0 KPU-2 /=N NH -

gggolﬁﬁinél% hbiBsI of Rudletdobubd1d o bf 62 mgmKRArid bt from Sigma-Aldrich

Chemical Co. )1|n Mg?, %22+ fre«-:F PBS was added to each well and the plates were retumned to the incubator for
3-4 hours. The plates were removed and resazurin fluorescence was measured using 530 nm excitation and
590 nm emission filters in a Fusion fluorimeter (Packard Instruments). Resazurin dye without cells was used
to determine the background, which was subtracted from the data for all experimental wells. The data were
analyzed using Prism software (GraphPad Software). The data were normalized to the average of the cells
treated with media only (100% cel growth) and ECs values were determined using a standard sigmoidal dose
response curve fitting algorithm. 4
As indicated in Table 1 below, tBu-dehydrophenylahistin demonstrates about a 4-times greater

cytotoxic activity in comparison with dehydrophenylahistin.
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tBu-OPLH-p-OMe NH ~ NHi Me 0 O W KPU-8 / NNHi 5
- 366.41 89 tBu-IPLHo-OMe NHNH O O KPU-9 /=N NH Me
WO 288085498 31 tBu-4PLH- m OVe NH NH O Me KPU- 14P¢ENSNbB/024232
Me TFA 396.44 610 96% tBu4PLH- 2, 340WNH ., NH 510. 46
(+TFA) 0 O Me KPU-12 N Ni 5 - 396.44 4980 H
tBu-flPLH-2,4-diOMe NH NH W O W KPU-10 /- N NH i -
396. 44 1350 t6u-flPKPU-2,5NH NH 0 W -60 WO
2004/ 05449 %abtecr/Quisiogio Sifestbal gehdrontesviabisiiisad derikativer URE
FOSALT RM MW HTE 950 (nM - PCG-3 O OVe KPU-15 N NH

TFA 396. 44 4430 96% |t Bu- OPLH 2, 6-di OV NHONH , .46
MeO (+TEA) 0Jlo 1
HNY NN\ Q\j\!\g,/ A\H
S

> NH Nx/ NH N/
Dehydrophenylahistin tBu-dehydrophenylahistin
ECso (nM)
cell APLH tBu-APLH
HT29 48 13
PC-3 5.4 1.0
B. Structure and Activity Study of Dehydrophenylahistin Derivatives

The cytotoxic effects of phenylahistin, dehydrophenylahistin and various derivatives of
dehydrophenylahistin were examined in P388 murine leukemia cells, HT-29 human colon cells, and PC-3
prostatic adenocarcinoma cells.

As explained above, HT-29 a human colorectal adenocarcinoma was maintained in McCoy's
complete medium (McCoy's 5A medium with L-glutamine and 25mM HEPES supplemented with 10% FBS,
1mM Na pyruvate, 1X NEAA, 2mM L-glutamine, and Pen/Strep at 1001U/mi and 1000g/ml, respectively). PC-3,
a human prostate 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% COz in a 95% humidified incubator.

For tumor cytotoxicity assays HT-29 or PC-3 cells were seeded at 5,000 cells/well in 90 [l complete
media into a Corning 3904 black-walled, clear-bottom tissue culture plates and the plates were incubated
overnight to allow cells to establish and enter log phase growth. 20 mMstock solutions 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-° M to 20 x 10-° M. Ten [l volumes of the 10X serial dilutions were added
to the test wells in triplicate and the plates returned to the incubator for 48 hours. The final concentration of
DMSO was 0.25% in all samples.

Following 48 hours of drug exposure 100 of 0.2 mg/ml resazurin {obtained from Sigma-Aldrich

Chemical Co.) in Mg?+, Ca?* free PBS was added to each well and the plates were returned to the incubator for
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KPU-13 N NH W - 396.44 2130 tBu-IPLH 3,4-di Ov NH NH
W 00O KPU-16 /=N NH/ W - 396.44 42 82%
WO Bu4/@R4bs 3, 5-di Ove NH NH O W 0 KPU-11 /=N NeCTNB2003/024232
426.47 > 20 tBu-BPLH-3,4,5- NHNH M triOvw O 0 W
0 W& KPU-17 /=N NH W TFA 426.47 4060 94%
tBu fl PLH-2,3,4- NH tTNNH / 540.49 tri OV W (+TFA) 0
Cl _KPU-18 /=N NH TFA 370.83 42 100% tBu-tPLH-o0
34 hq‘.qs Nﬁe@@j@s @igre r nd re@a:@mn ﬂ{p[ggs@gca was meﬁqreéﬁsm 53-Qp3m excitation and
590 ’f BmiSstondflerOR Yorudidpiiubitdetdr (RaGHard Whdtrdmchis® ORAsaA R\ JCTWItﬁJutWPs was used
2004/ 054498 PCT/ US2003/ 024232 COMPOUNDS STRI
to detarpipe g backorennd, Whichpes subtjactegfiom Mg deta foq alerpefipenigtells. The data were

analﬁ&?uﬁoﬁé PRéh sofilvite '((Q%Hﬁ‘a@sﬁwaw 1848 Qefel nornfaltZBEAY the average of the cells

treated with media only (100% cell growth) and ECs; values were determined using a standard sigmoidal dose
response curve fitting algorithm.

ECso and ICs values of phenylahistin, dehydrophenylahistin and dehydrophenylahistin derivatives are
summarized in Table 2 below.

Table 2. SAR study of phenylahistin or dehydrophenylahistin

and of dehydrophenylahistin derivatives

ECso HML ICs0 (nM)
HT-29 PC-3 P-388

COMPOUNDS STRUCTURE

(-)-Phenylahistin

NN NHJ\V 1600 | nt | 8334153
A A NH :
N O (n")
KPU-1 0
PLA /SNONHT 48 47 | 36+128
NH A _A__NH

n=5
« T (n=5)
KPU-2 o
tBu-IPLH /=N NH™ 13 1 31.8+50
NH__L A NH j
(n=5)
o)
KPU-6 O
tBu-IPLH-p-OMe /=N NH = >9000 nt. 9333 +
NH _L L _NH -
OMe 5457
© (n=3)
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O0 A KPU21 /=N NH TFA 415.83 51 100%

t Bu- OPLH- 2Cl -5-NO2 NH NH 529.85 (+TFA) O NO2 O
WKRIG4D24498 - N NH O TFA 380. 40 82 95% t Bu- QPLH BCHUSINBB/024232

494.42 nethyl ene-dioxy tTNNH O (+TFA) O O OH tBu

9PLH-2-OH3- N NH/ W TFA 382.41 5870 86% Ove NH NH

496.44 (o-vanillin) (+TFA) OO0 KPU-24 F TFA 364. 40

Bu—CPLH-cychized-3— NH-N-f—487-42 MO
(+$"1%Jel)lg Owl 0 KPU 25 /= %337.|38 544 |98%
BBt QRloMe4- pyr i dy)<NH PN 585, 42 |(+2TFA| O O FA

NH we
337.38 > 20 |999%HT _KPU 28 /|
t Bu- QPLH- 2- pyri dyly" NRZ,
O
O

315 + 137
742 M| (+2TFA 0 -62 (n=4)

~ KPU-9
tBu-IPLH-M-OMe /=N NH = OMe 31 20.8 + 68
NH L NH -
(n=4)
O
Colchicine 208+68
(n=4)

Modifications 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 1Cs of 20.8+3.3 nM in P388 cells. The KPU-9
derivative also exhibited cyfotoxicity in HT-29 cells (ECss 31 nM).  Dehydrophenylahistin, tBu-
dehydrophenylahistin (KPU-2) and the KPU-9 derivative all exhibited cytotoxicity in P388 cells.

C. Structure and Activity Study of Additional Dehydrophenylahistin Derivatives

The cytotoxic effects of phenylahistin, dehydrophenylahistin and various additional derivatives of
dehydrophenylahistin were examined in HT-29 human colon cells and PC-3 prostatic adenocarcinoma celis

using the methodology described above.

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

SALT MW ECs (nM)
FORM " | HT-29 | PC-3

COMPOUNDS STRUCTURE

0
/=N NH)J\['
NH L _NH
AN o
o
KPU-1 SN NH N - | 34840 | 48 | 47
IPLH NH A L _NH

N 0

(-)-Phenylahistin - 350.41 | 1600 | nt
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KPU-9
{Bu-IPLH-m-OMe

366.41 31

KPU-14
tBu-IPLH-2,3-diOMe

TFA

396.44
510.46
(+TFA)

610

96%

KPU-12
tBu-IPLH-2,4-diOMe

396.44 | 4980

tBu-IPLH-2,5-diOMe

KPU-10
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396.44 | 1350
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NH o A DA 1) Mdification of the phenyl ring besed

on the structure of known anti-tubulin conpound;
WG@\Rdoylo544bkal ogen, Al koxy, Acetyl, Sul fonam de, POI/N82003/024232

Hydroxyl, Nitro, etc. H3CO ~-CH3 H3C 02H .1' 1NH H3CO

H3C0 h-oH H2ZNO26 | HN\ CH30 CH30 O OCH3 Mol . W.:

385.85 CI E7070 OCH3 Conbretastatin A-4 0.15 ug/nL

Col chicine P-388 Phase |1 2) Introduction of other

coPaB: Ib§ ring systenggrg 'FU B Posi ti oh YTt hey gy ofmiBSw (M)
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her ring systens (CJ may also hpgl ude t he é | owi, ng:
quU i3 g an‘gr% ofit’synt’he d dehydr bpher?f @ola‘lh %&ﬂ
tBu- Qﬁ’é‘f"ﬁ\ﬁ‘ﬂtqw@?e; Nty Blkia 8& synt hesj zed

dehydrophehyla istin rivatives-dre discl#sed in the

Table 4. 6 2004/Q)54498 PCT/ US2003/ 024232 Tabl e

2 Ad‘djlﬁ Ullal ﬁylfl ITEbIdEU UEI I le I VAR Uf
dehydr ophenyl ahi stin OM
KPU-16 /=N NH e - 30644 | 42 | 82%
tBu-IPLH-3,5-diOMe | NH __1 NH

OMe
KPU-11 /=N NH N OMe .| 42647 | >20
BuPLH345 | NH L L g M
triOMe OMe
OMe
0O OMe
KPU-17 /=N NHWOMG TFA | 42647 | 4060 | 94%
BuPLH-234- | NH__ I \n 540.49
friOMe OMe (+TFA)
0
O Cl
KPU-18 /=N NH”\/\@ TFA | 37083 | 42 | 100%
{BU-IPLH-0-Cl NH I L N 484.86
(+TEA)
0
O
KPU-19 /=N NHWC' TFA | 37083 | 20 | 98%
{Bu-PLH-m-Cl NH I 484.86
(+TFA)
0
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COVPOUNDS STRUCTURE SALT MW FORM O KPU-20 /-N NH
TFA 370.83 tBu-5PLH-p-CI NH/ NH 484.86 d (+TFA) O
W@2@04)0544P8J)- 30 /=N NH O TFA 380. 40 PCT/US2003/024232
t Bu- QPLH- 2, 3-nmet hyl endioxy NH / NH | 494.42 O (+TFA)
0 KPU-31 /=N NH 2TFA 337.38 tBu-OPLH 3-pyridyl NH NH
N 565.42 O (+2TFA) O Me KPU-32 /--N NH TFA 350. 41
— tBu-DPLH- oMo NH t TNH 464. 44 O (+TFA) 0 KPU- 33 /=N

VALY ECsnM)
cuwawmsm 40  Tbu-BRUEFUREME- 2- pyri dyFALUH| Nyl b7 G
QM (+2TEA) 0 KPIE34 /=N NH TEA 354 F98M ¢ |- op| HI-49 i PC-3
NH / NHF4468 40 O(+A) 0 KPU-35|/-N NH F TFA
3%By38 B - +ERRY3 | - 66
P04 05* 484 86
(+TFA)
KPU-21 /=N ONH N TEA | 41583 | 51 | 100%
{BU-IPLH-2C1-5-NO; NH A \n 529.85
(+TFA)
o) NO,
T 0
KPU-22 /<N NH Q TFA | 38040 | 82 | 95%
{BU-IPLH-3 4- NH A fm > 494.42
methylene-dioxy O (+TFA)
0
O OH
KPU-23 OMe 7 69
B PLA-OHS. /=N NH TEA | 38241 | 5870 | 86%
NH_ 496.44
© (+TFA)
(o-vaniflin) O
0O
KPU-24 /=N NH TFA | 364.40 | 7040 | 100%
tBu-IPLH-cyclized-3- NH L 487.42
MeO (+TFA)
0 OMe
KPU-25 /=N NH® N l N TFA | 337.38 | 544 | 98%
tBu-IPLH-4-pyridyl NH A NH N 565.42
Z (+2TFA
)
KPU-28 /~=N NH S TEA | 33738 | >20 | 99%
{BuU-IPLH-2-pyridy) NH L L A N 56542 | pM
(+2TFA
0 )
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COVPOUNDS STRUCTURE SALT MWFORM O Me KPU-36 /-N NH

2TFA 356. 42

W@ 2003082498 O F KPU-37 /-N NH TFA 354. 38

t Bu- OPLH 5- Me-4-im NH NH N

;I NH 584. 47
t Bu- OPREF/UST003b24232

NH 468.40 O (+TFA) 0 KPU-38 /-N NH Me TFA 350. 41
t Bu- OPLH-m Me NH NH 464.44 O (+TFA) 0 KPU-39 /-N NH
TFA 350.41 tBu-OPLHp-Me NH/ NH Me 464.44 O (+TFA)
0 KPU-40 /= t Bu-OPLH- p-Br—NH-NH Br
COMPOBADS O (+TFA) 0 dfRUcHURE =N NH Br | TAT4151A@ | ECu (nM)
tBu-OPLH-miBr NH NH | | 529 31 Q(=+T Mo S TEAHT-29 | PC-3
342.42 KPW-42 /-N NHil} CL tBu- OPLH- 3 thienyl NH i
Nigpg-26. 44 O HI{AN N,§ 054498FA | 32635 | 600 | 88%
BEFLHYSER03/ 024R52 440.37
(+TFA)
o)
0
KPU-27 /<N NH S\, -Me | TFA | 35644 | 80 | 97%
(BU-IPLH-5-Me-2- e Y 47047
thienyl (+TFA)
o)
0
KPU-29 /=N NH S TFA | 356.44 | 44 | 81%
{BUIPLH-3-Me-2- B 47047
thieny! Me (+TFA)
o)
EXAMPLE 5
Other Dehydrophenylahistin Analogs
A Modifications for the synthesis of dehydrophenylahistin derivatives

Other derivatives of dehydrophenylahistin are synthesized using the foregoing techniques alone or in

conjunction with other well known organic synthesis techniques.

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-
The figure below depicts regions of the dehydrophenylahistin compound modified to produce

derivatives of dehydrophenylahistin. Non-limiting examples of modifications are disclosed, and based on this

position on the imidazole ring.

disclosure would be understood by those of skill in the art.
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COVPOUNDS STRUCTURE SALT MW FORM 0 KPU-43 /=N NH TFA

361.40 tBu-OPLH p-CN NH NH CN 475.42 r~o (+TFA) O
WKRIG4A84498=-N NH OE TFA 380. 44 t Bu- OPLH m Et O NPCT/E82088024232

494.46 (+TFA) 0 Owe KPU-45 /-N NH TFA 426. 47

TBu-aPLH-2,4,6-Tri OMe NH NH | Owe 540.49 0 (+TFA) O

NO2 KPU-46 /-N NH i 5 TFA 381.39 tBu-oPLH 0-N02 NH NH

495.41 0 (+TFA_Q KPLE47 /=N TFA 381. 39

t Bu-OPLH- m NO2 NH NH 495.41 0 g+TFA) 0 KPU-48 /=N NH
TFA 381.39 tButa 495.41 O
(+TFA) 0 KPU-4 i) t Bu- | PLH-m CN
NH NH | 475.42 {0 ( 4/ 054498

PCT/ US2003/ 0242382 RE SALT MW FORM

A 1) Modification of the phenyl ring besed on the structure of known anti-tubulin compounds
Alkyl, Halogen, Alkoxy, Acetyl, Sulfonamide, Amino, Hydroxyl, Nitro, etc.

Q‘ O2H
H3CO. CHs HsCO O = E )/S_
.-uNH
HaCO g . H,CO Q OH HaNO,S HN
8 CHZ0
CH30 3 y
0

OCH; Mol. Wt.: 385.85
Cl
E7070
' .OCHa Combretastatin A-4 0.15 ug/mlL
Colchicine P-388 Phase I

2) Introduction of other aromatic ring systems

=
= 0 OO D O
etc
B Position of the aromatic ring

DT

C Change to the other ring systems

H/§N / NH /=N S/§N X
N\ ) =\ A kv \Ev L L
etc

D Further modification of the 5-positin onthe imidazole ring

/=N /=N =N
N N _L AN AN_L -
S i )
etc
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O Br LPU-50 /-N NH TFA 415.28 tBu- OPLH 0-Br NH NH
529.31 0 (+TFA) 0 KPU-51 /=N NH OH TFA 352. 39
WO Bu-0R4bs m OH NH NH | 466.41 0 (+TFA) O NO2PERPUSHR3/024232
/=N NH / TFA 415.83 TBu-OPLH 2-NCR2-5-C NH NH 529. 85
0 Cl (+TFA) 0 OH KPU-53 /-N NH TFA 352. 39
tBu OPLH-0-OH NH / tTNH | / 466.41 ro (+TFA) O OH

49 X%ﬁdl(\%g\ll\/\gl_'(agqvgié%dﬁ %%q{ggiﬁ %%ﬁ%ﬁp&%%@@%@?%r”ﬁws of the
comgoaw riyLitdiude ﬁherf@lﬁmhg Slistitutibid a@tfé%er@mmgxn (=CFEABO:NBI, G$0.NR¢Ry), -
L TFA 431.28 tBu-5PLH 2- O+ 5-Br NH NH
SO:H, &@?ﬁoll\\l&'\@ ¢QaHERY- Otherainggysiena ) payalidnclude the following:
PCT/ US2003/ 0242 COMPOUNRS, STRUCTURE SALT MW  FORM
O KPU- 57 /=N NH/ TFA 382:

AN Ny

B. Examples of synthesized dehydrophenylahistin detivatives

Additional examples of synthesized dehydrophenylahistin derivatives are disclosed in the Table 4.
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TBu4PLH 2- OH 4-We NH NH Owe 496.44 O (+TFA) O OH

KPU-58 /=N NH / | TFA 382.41 TBu-nPLH 2-0OH 4-OVe NH
WORNDNBI4ED6. 44 O (+TFA) 0 OH KPU-59 j-N NH TRAI/BESB0B8®R4232

t Bu- QPLH-2-OH5-C NH NH (+TFA) 500.86 O (C O

KPU-60 /-N NH | CH2 TFA 340. 38

TBu- 5PLH 5- Me- 2-furanyl NH e NH 454.40 (+TFA) OO

KPU-61 /=N_.NH ~ d TFA 376. 86 TBu LH S-Cl - 2- #hi onyl

NH ~' NH 48blegls Addifionatisynihesized desivatives grd |

342, 47t $u- QPLHZ-Thi onyl Nt—FNHZLbB 44— 0O ’F'""
CH3CRURQENDS - ~N NH TFA 339SBRYCTYRE- cPLH N- Ne- 2oy r rjol eMW.
. FA— O =70 W 2004/ 054498
PCT/ US2003/ 024232  COVPOUNDS TRUCTURE SALT MW  FORM
0 KPU-20 /=N NH TFA 370.83
{Bu-IPLH-p-C! NH I L Nm 484.86
Cl (+TFA)
0] O—\
KPU-30 /=N NHJ\/\@O TFA 380.40
tBU-IPLH-2,3-methylendioxy NAA A NH 494.42
3 (+TFA)
0
KPU-31 /=N NHT N | X 2TFA 337.38
tBu-IPLH-3-pyridyl NH A NH NG 565.42
J (+2TFA)
O Me
KPU-32 /=N NH% TFA 350.41
{BuPLH-0-Me NH A A NH 464.44
2 (+TFA)
KPU-33 /=N NH = | X 2TFA 351.40
Thu-IPLH-3-Me-2-pyridyl NH A NH N~ 579.45
1 Ve (+2TFA)
O
KPU-34 /=N NH/U\(\@\ TFA 354.38
{Bu-IPLH-4-F NH A A __NH - 468.40
3 (+TFA)
0
KPU-35 /=N NH)k/\©/ F TFA 354.38
tBuPLH-m-F NH A A N 468.40
z (+TFA)
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KPU-64 /=N NH /
NH OCG

a TFA 405.27 tBu-0OPLH 3,

Iy O KPU-65 f~_N NH CF3 TFA 404. 39
WO RoosBF-3 NH t ~NH TFA 386. 44 KPU-66 O 4H-:

54C1 NH.

t Bu
PCT/US2003/024232

TBu- aPLH- 1- Naphthalene NH NNH O O KPU-67 /' "N NH
TFA 386. 44 TBu- UPLH 2- Napht halene NH NH O O Cd

KPU-68 /' "N NH r

C-

TFA 405.27 TBu-1PLH2,3-diCl NH

NH O KPU-69 /=N_NH TEA 362.42  TBulPLE-m-Vinyl NH 1
NHCOMPOUNSS F KPU-77 / N BrkucTuBE, TFA 480, 2 SALT MW.
TBu-13PLH-2-F-5-1 NHNH O i -71 \\D 2004/ 05459RM
PCT/ US2003/ 02423P  COVPOUNDS SSTRUCTURE SALT M W FORM
KPU-36 /NN 2TFA 356.42
{BUPLH-5-Me-4-im A NH N 584.47
I (+2TFA)
o) E
KPU-37 /=N NH% TFA 354.38
BuLPLHoF A A _NH 468.40
I (+TFA)
0O
KPU-38 /=N NHJWMe TFA 350.41
{BUPLH-m-Me NH A NH 464.44
i (+TFA)
0
KPU-39 /=N NHJ\/\C’\ TFA 350.41
{Bu-IPLH-p-Me NH A NH Vo 464.44
I (+TFA)
0
KPU-40 /=N NH/U\/\@ TFA 415.28
{Bu-IPLH-p-Br NH__ A NH . 529.31
I (+TFA)
O
KPU-41 /=N NH)K/UE" TFA 41528
{BU-IPLH-m-Br NH_ A NH 520.31
I (+TFA)
)
KPU-42 <N NHWS TEA 342,49
{BUAPLH-3-thienyl NH A N = 456.44
I (+TFA)
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S0 KPU 79 TFA 368.45 TBu- OPLH 2-(Methylthio) NH N
NH OO0 KPU-80 NH N NH OCF3 TFA 420. 38
_-N NH /

NH /
w{a Bw4fosfRp8H m OCF3

NH O0 F KPU-81 /

AEKUS2003/024232

384.38 TBu-UPLH 2-F-5-W NH NHO W 0 KPU-82 /=N NH
Owve TFA 384.38 TBu-IPLH4-F-3-Ov HNtNH F O O

KPU-83 N N TFA 408.39 H TBu-fl PLH 2-OH 5-tBu HN NH

OH 0 0 TEA 341 39

KPLL84 N NH t 1~

TBi¢olpBURbsYc! ohexane HN @TROCTURBU- 86 /=N NHSALTFAl  mw.
368.39 TRU-OPIH-?2-Me-3-FE N NH_Q_ -72 WO POG@RM54408
PCT/ US2003/ 024232 0
KPU-43 /=N NHW TFA 361.40
{BUAPLH-p-CN NH A NH N 47542
y (+TFA)
@]
KPU-44 /=N NHWOE TFA 380.44
{BUPLH-m-EtO ° NH A NH 494 46
3 (+TFA)
(0] OMe
KPU-45 /=N NHW TFA 42647
TBUPLH-2,4,6-TriOMe NH A NH 540.49
Meo OMe
i (+TFA)
0 NO,
KPU-46 /=N NH)K(\© TFA 381.39
{BUIPLH-0-NO, NH__ A NH 495.41
J (+TFA)
e
KPU-47 =N NHWNOZ TFA 381.39
{BUIPLH-m-NO, NH A A NH 495.41
I (+TFA)
O
KPU-48 /=N NH)K%\Q\ TFA 381.39
{BU-IPLH-p-NO; NH A A _NH NO 495.41
3 2 (+TFA)
)
KPU-49 /=N NHJ\/\@(CN TFA 361.40
{BuPLH-m-CN NH L A i 47542
3 (+TFA)
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COVPOUNDS STRUCTURE SALT MWFORM O F KPU-87 / TFA

368.39 /=N NH TBu-ilPLH2-F-5-Me HN/ NH O O F
WKRIG4884498- N N TFA 388. 83 H TBu- El PLH 2- O - 6- FCHNS100324232

cl 0 OF KPU-89 N NH/ TFA 372.38 TBu-UPLH 2,5-di-F

HN NHO F 0 KPU-90 TFA 364.38 H =N N

TBu-GPLH-2,3-di-Me HN/i NH O O KPU 91 TFA 364.38 =

NNH TBu-OPlL H ’ﬁ-rli -Me HNL/i- - NH 0.0 KPlLLQ2 /- N
N toMeolNms 411. 39 H TBu- SRudTRRAO2- 3- OVe HNFSCIJ‘%[;“TH o mw.
0 Br
LPU-50 /=N NH = TFA 415.28
{Bu-IPLH-0-Br A A NH 529.31
I (+TFA)
(@)
OH
KPU-51 /=N NH)H/\@ TFA 352.39
{BUPLH-m-OH NH AL A NH 466.41
I (+TFA)
o) NG,
KPU-52 /=N NH = TFA 415.83
TBu-IPLH-2-NO,-5-Cl H A\ A _NH 529.85
I L (+TFA)
o oH
KPU-53 /=N NH% TFA 352.39
{BuPLH-0-OH NH_ A NH 266.41
I (+TFA)
o
KPU-54 SN NH N TEA 382.41
TBU-IPLH-2-OH-5-OMe NH__L A NH 496.44
o) OMe (+TFA)
5
KPU-55 /=N NH% TFA 326.35
BU-IPLH-3-furany] NHA AN g 440.37
I (+TFA)
oA
KPU-56 N NN TFA 43128
{BU-IPLH-2-OH-5-Br NH L A NH 545.31
I L (+TFA)
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0 KPU-93 TFA 364.38 = N NH TBu-GPLH2,5-diMe HN/ NH
0 -73 WO 2004/ 054498 PCT/ US2003/ 024232 COVPOUNDS

WEITRWOTIRE SALT MW. FORM O N2 /-N NH W TFAPGBLSB989024232

TBu-t PLH 2-NH2-3-Ove HN NH 0 0 NH2 KPU-96 /N NH TFA

351.41 TBu-OPLH2-NH2 HN NH 0 0 KPU-97 /

=N NH / '~

NH2 TFA 351.41 TBu-DPLH-m NH2 HN NH O C. Eval uation

of dehydrophenyl ahistin derivatives Eval ua

ion of

der, i descri bed abo sessed agcoBAliTng|t oy B
EhCUBOMER Gocctibed in EROERIRES 3 Adi £ 1 orFaRM Ww.
eval uation of the derivativés are ext ended11 to specific
acti viti.es such as determ ni el nhrbitin ffect
on CEPP'SZr ol i feratjgh, ‘ a speci ?F% 38241
TRI-PLH-20HAeNRaNi sm (e Gk! ON) 496.44
effects on cell ¢ycl sion, evaluatiing in vitr@TFA)
anti-tunor activilty ai nst cancer cell |ines, etc.
i 'met nod ™ pr oigcol S are gl veil bel ow. | 1)
Cell Proliferation Inhibiting Effect of
Dehy df§P8enyl ahi $ti n/ANd NH's Afal I nto éacHFhel | of824!
P MBIoH-aogd ot ift BF 0B Bf_A 549 gel | s 496.44
derived from human | yng cander prepar et o 105 (+TFA)
cells/m in a cult medi urf obt ai ned by addi ng 10%
—bovi-re—fetus—sergym-to—ENVEM—eutttr negomrCN-ss i
Sei yaku Co., Ltd.)) having anti agai nst
A- 54AXREER] s deri artéA 386.83
pl.aced, , Mt hanol > obt ai ned (+TFA)
b@tﬁﬁg”a%%\g/g?l i st he wel |4
500,86
of the upper nost | by the
half-10g dilution ._plate-ils
KPU-60 TFA 340.38
TBu-IPLH-5-Me-2-furanyl 454.40
(+TFA)
KPU-61 TFA 376.86
TBu-IPLH-5-Cl-2-thionyl 490.88
(+TFA)
KPU-62 TFA 34242
tBu-tPLH-2-thionyl 456.44
(+TFA)
CHy
KPU-63 /=N NHT \N/ TFA 339.39
TBUIPLH-N-Me-2-pyrrole NH A NH 453.42
o (+TFA)
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i ncubated in a carbon di oxi de gas incubator at 37C for

48 hours.
WO e@gom498
(3-(4, 5-di met hyl
brom de) (1 ng/ m

The result i

- 2-thi
PBS),

s added in lots of 10l with MT
PCT/US2003/024232
azol e) -2, 5-di phenyl -2H-tetra

foll owed by incubation in

a

carbon di oxi de gas incubator at 37 C for 6 hours. The
—culture nediumij: |__of
pr edmeednbe the ctells are d in 100|/v@Lr o L . |
di met hyl sul f oxi de. Absorption of 595 nm|ightFfORM t hen
measured with a M cropl ate r@ader. By conparing th
| i ghtXPHtB4or pti ons of e G tp that of ,us,r
capilpLibEaRE €d W t hy Own
concentration, tpe |on [ hat
i nhi bited ceII pfoliferation 5096(%@5 5
cal cul ated. -74 WD 20 /054488 PCT/ 2003/024232 )
Cel I Cycle Tnhibfting Activiggy of Deﬁydrop enylranistin
And MPBﬁﬁnalogs Cell strain A43 h e from human
{gg Pﬁ_g g’; NVEM r e difdl @ ng 1094 boyi ri4.39
i m and {L% SSHHt | m no acid
solutlon (SI GVA M202B) is uged to incubate A431 ce|ls

at 37 Cin an inc or sanrated Wi th 5% car bon
OXi eciren—pf —

dehy enyl ahi t hods abpve

are ggggg to the has&/nd| 38644

TBw-yrd dephtialens ¢ by flow

cytoneter and m VPLE 6

Struct ure-Activi zed

Dehydr ophenyl ahi hydroPLFD Derivatijves 1)

CNerégew in deriyative syntlieses Many, but not al T} of

t he #8Y&vatives G |nc u%&

hr en{iA 11 g SE644

TE&@KH&@B@N%EP . heS|zed by

t he et hods desc [ abl e 5,

certain conpound Xi C

activity tThan dehydroPCH andy tBO-dghydro Thenost

potenpugpnpound | 3 nM was
Thi s val 3 “times HiAgher 405.2¢

t ﬁawpwra@ dist deh&jd g

respectively. These have

nono- substi tuti on of the )

; and hkgrlne at or met hoxy
group. rivativ piet etraar yl 38242
sTBwiLidimednyl such hene and
furan rings al so y.. KPU- 35,

42, 69, 80 and 81 so showed higher actilvity than
= 54498 PCT/ US2003/ 024232
Tabl e_5, Synthetlc pot ent deh$droPLH deri viati ves
Cbnpﬁﬂ#a Structure EC§Q$£nNh = N NH Ga31 |NH 450 05
NHIBu-1PLH-2-F-5-{ A A Nn
G |
- ] .
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O 0 KPU-35/=NNHFI1I0 NHNHI / O 0 d KPU-18 /-N
NH 42 7r/ NHI / O 0 KPU-19 /=N NH/ A 20 NH NH |

WO 2004/080444% Me KPU-38 /=N NH CH N O F KPU 37PAF/uUB20BB/b24232
21 NHNH/ O 031 Br KPUb41 /=N NHCH NHO -76 W
2004/ 054498 PCT/ US2003/ 024232 Conpound Structure EC50
NMO KPU-29 /-NNH ( S44 NH/ NH

SALT
COMPOUNDS STRUCTURE FORM MW,
KPU-T9 | i ¥
- TFA 368.45
TBUAPLH-2-(Methylthio) el LA
N NH
O
O
KPU-80 SN NHT N OCFs | TFA 420.38
TBu-IPLH-m-OCF3 NH NH
o)
o) F
KPU-31 /=N NH™ TFA 384.38
TBU-IPLH-2-F-5-OMe NH L I NH
O OMe
O
KPU-82 N NH NP OMe 1 7ra 384.38
TBu-IPLH-4-F-3-OMe AN _L L _NH .
o)
O
KPU-83 /=N NH N TFA 408.39
TBu-IPLH-2-OH-5-Bu BN _NH
OH
O
O
KPU-84 /=N NH = TFA 341.39
TBu-IPLH-cyclohexane AN A _NH
0
O
KPU-86 SN T F TEA 368.39
TBu-IPLH-2-Me-3-F HN A _L__NH
o)
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M OO KPU-16 /-NNHOVM42 NHNHI 0 O O M
KPU-32 /-NNHH42 NHNH O O KPU-42 /- NN H S 54
WORDOMBS44B O NO2 KPU-46 /=N NH 44 NH NH O O KELUSZH03/024232
/-NNH/ J OE43 NH/ NHI / ZOtBu-OPLH /-N NH 13
(KPU-2) NHNH | / O -77 WD 2004/ 054498

PCT/ US2003/ 024232 Conpound Structure EC5o0 (nM O
KPU-69 /=N NH/ 16 NH/ / NHQO O

SALT
COMPOUNDS STRUCTURE FORM MW,
O F
KPU-87 /=N NH = TFA 368.39
TBu-IPLH-2-F-5-Me AN A L NH
O
(@) F
KPU-88 /=N NH 2 TFA 388.83
TBu-IPLH-2-Cl-6-F HN L NH
cl
o)
F
KPU-89 /<N NHT N TFA 372.38
TBu-IPLH-2,5-di-F AN L __L_ NH
O F
o)
KPU-90 /=N NHT TFA 364.38
TBu-IPLH-2,3-di-Me HN A __L_ NH
o)
(@]
KPU-91 /=N NHT N TFA 364.38
TBu-IPLH-2,6-di-Me HN L NH
o)
@) NO,
KPU-92 SN ONH N OMe | 1pp 411.39
TBU-IPLH-2-NO»-3-OMe AN I NH
o)
O
KPU-93 /<N NH™ N TFA 364.38
TBu-IPLH-2,5-diMe AN L L NH
(@)
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O KPU-80 /=N NH OCF3 13 NH r/ NH I

/O

OOF

KPU-81 /=N NH 19 NHNHO O OKPU-90 NNH 3 HN NH
0 ELT/P$2003/024232

W@2@4/0Babg dr oPLH

I ntroduction of the methoxy groups to the phenyl

/=N NH 48 (KPU-1) NH NH I

r

Col chi ci ne recogni zes the same binding site on

R-tubulin as PLH. Col chici ne has four

i ng

characteristic

— methoxy groups-on its A and B rings. A serjies of
SubskPOUNDENS Wik h the sigghgetoremul tipl e metAbky | mw.
ormed and the results of clyt FORM ¢
activity i s show ect of tlhe
met hbRY34r oup su at i of|  381.399
T\Bﬁpﬁg 29N, BoMeCon 0
roPLH ( KPU- e O -78 WO
2004/ 054498 PCT/ ruct ur e |EC50
(nM_0_ tBuCPLH 13 4J<(F)ﬂ;)) ZI‘{JI/—I NHI / O
KPU-96 /§N NH TFA 351.41
TBU-IPLH-2-NH, AN A A NH
O
— 0
KPU-97 SN NH N Nz 1ra 35141
TBu-IPLH-m-NH: HN__ = NH
O
C. Evaluation of dehydrophenylahistin derivatives

Evaluation of derivatives described above are assessed according to the methods described in
Example 3. Additional evaluation of the derivatives are extended to specific activities such as determining the
inhibiting effect on cell proliferation, the effects on a specific cellular mechanism (i.e. microtuble function),
effects on cell cycle progression, evaluating in vitro anti-tumor activity against cancer cell lines, etc. Some
evaluation method protocols are given below.

1)

into each well of a 96-well microtiter plate, 100pl of A-549 cells derived from human lung cancer

Cell Proliferation Inhibiting Effect of Dehydrophenylahistin And its Analogs

prepared to 105 cells/ml in a culture medium obtained by adding 10% bovine fetus serum to EMEM culture
medium (Nissui Seiyaku Co., Ltd.) having antitumor effect against A-549 celis derived from human lung cancer
are placed. Methanol solution of the derivative obtained by the above-listed examples are added fo the wells
of the uppermost row, specimens are diluted by the half-log dilution method and added, and the plate is
incubated in a carbon dioxide gas incubator at 37°C for 48 hours. The result is added in lots of 10ul with MTT
reagent (3-(4,5-dimethyl-2-thiazole)-2,5-diphenyl-2H-tetra bromide)(1mg/mi « PBS), followed by incubation in a
carbon dioxide gas incubator at 37 °C for 6 hours. The culture medium is discarded and the crystal of
produced in the cells are dissolved in 100ul/well of dimethylsulfoxide. Absorption 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 that inhibited cell proliferation
50% (ICxo) is calculated.
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OOWw KPU8/-NNHS8B8I NHNHI / O 0 KPU9 /=NNHH

Ok 31 NHNHO KPU-6 NH 6730 NNH Ove e O O Owe
WHKRIG4A498 N NH / 1350 NH NH O Ove O Ove KPU-BRCT/USNOMb24232

CH 4980 NH/ Ov O 0 KPU-13 /-N NH Owe 2130 NH NH

Owe O -79 WD 2004/ 054498 PCT/ US2003/ 024232 Conpound

Structure EC50 (nM 0 Ove KPU-14 /-N NH H Ove 610 NH

NH 9 0 Oy Cvﬁgwfhﬂ)ﬁnc{ AcNﬁ'H DR phehiharih hnd its Analogs

Cell 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 oC 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 derivative syntheses

Many, but not all, of the derivatives of dehydroPLH disclosed herein include one, two, or three
modifications 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
16-times 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 substitutions to heteroaryl structures
such as the npahthalene, thiophene and furan rings also elicited a potent activity.. KPU-35, 42, 69, 80 and 81
also showed higher activity than tBu-dehydroPLH.
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MO OO KPU-16 /-N NHW 42 NH NH O Ove O KPU-24
/-N NH 7040 NH, N N O Ow The result denobnstrated

HT-29 cell s.

KPU- 9 an

WO b@u/osubst i tutions at the m or o-position i NPCPESEHA3/024232
cytotoxic activity agai nst

d 16

showed high activity. The nethoxy-derivatives with

triple substitution (KPU 11,

17 and 45) al so showed

activity. The structure of KPU 24 was assi gned by MASS

anal ysi

s. 3) Modi

fication with the

el ectron-w t hdrawi ng groups To study nore expanded

a

structure-act i vhyiysr ¢lpbicaBehiup@BpRRlRgY! 1ing.
series of diff groups were
|ntrodU'Ear h—nctude m et ectron-w ing
and -do mruE?Bm;LuUpb mt-_'glw%uﬁ[ of Llel_Eg)%(ﬁEI
agai nst| HT-29 cel|lls is showq in Tableqaﬁ and 8,
respect | vel PU-Bulst i dli oNHa m poXli ti on
effectiyely incregad cti ltMH r sults werge
wel|l copsistent with thé cdse of the met hoxy gr oup.
-80 WD P004/ 054498 / US20@3/ 024232 Table 7. Effect
of the electron-withdrawi ng group on proliferation of
HT-29 cells Conpgund Structure No(nM 10 O KPU-18
/=N NH 42 NHNHO OKPU- 18 /=NNH HC| 20 NH NH O
0 KPU R0 ¥kpesNH 545rNH NGk F 10
NP NH
O
0 Cl
KPU-18 /=N NH = 42
NH A NH
8]
O
Cl
KPU-19 /=N NH = 20
NH___ = NH
0]
KPU-38 /=N NH N Me 45
NH A A NH
0]
0 F
KPU-37 /=N NH = 21
NH AL A NH
0
0]
KPU-41 /<N NH Br 31
NS NH
0]




Od KPU-21 /=NNH- 51 NHNHI / ON®2 ONXR

KPU-52 /=NNH/ 110 NHNH OCl OF KPU-37 F 21 NH
WORID05QIKPU-35 /=N NHF 10 NHNH I / O -81 REX/US2003/024232

2004/ 054498 PCT/ US2003/ 024232 Conpound Structure ECso

(nM 0 KPU-34 /-NNH 466 NH NH F O O Br KPU-50 /=N

NH38 NHNHO O KPU41 /=NNHBr 331 NH/ NHO O

KPU-40 [-N NH 623 NH NH / Br

Compound Structure ECsp (nM)
0]
KPU-29 SN NH N \S ) 44
NH L NH
Me
o)
0
KPU-16 /<N NH N OM 42
NH P NH
0 OMe
O Me

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

NP

O N02
KPU-46 /=N NH = 44
NH A A __NH
0
0
KPU-44 /=N NH NP O 43
NH A __NH
o
0
tBu-IPLH /=N NH = 13
(KPU-2) NH L L
o)
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OONXR2 KPU46 /-NNH 44 NH/ NH O 0 KPU-47 /=N NH

NO2 40 NH/ NHO 0O KPU-48 /--N NH > 20 M NH NH N2
W@260825483 2004/ 054498 PCT/ US2003/ 024232  ConpOoR@US2003/024232

Structure EC50 (nM 0 KPU-49 /=N NHHOCN 28 NHNH O

0 KPU-43 /-N NH > 20 MNHr

NH CN O Table B. Effect

of the electron-donating group on proliferation of

KPU-69 /=N NHJ\/\©/\ 16
NA A A NH
(@]
0
KPU-B0 | /=N NHWOC% 13
NN
0
o) F
KPU-81 /=N NH = 19
NH__ A NH
0O OMe
O
KPU-90 /=N NH = 3
AN A NH
O
O
DehydroPLH /=N NH)‘\/\© 48
(KPU-1) NH L L d
A o
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 single or multipie methoxy groups was

performed and the results of cytotoxic activity is shown in Table 6.

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

Compound Structure EC50 (nM)
0
DehydroPLH (KPU- /=N NH = 48
1) NH L NH
N 0
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O 0 KPU-6 /=N NH 6730 NH/ NHOw OO0 KPU-44 /-N
NH/ OE 43 NNH Ila -83 WO 2004/ 054498

weEOnANSa3/ 024232 Conmpound Structure EC50 ( nRT/O8103/824232
77 04 KPU30 /-NNHQOf: NH/ O 0 KPU22 /-N NH/
082 NHtr/ NHCCO O OM KPU-32/-NNH 42 NH/ NH
O 045 Me KPU-38 /-NNHTrNH NH/ O 0 KPU-39 /-N
NH 460 NH / NH /

Compound Structure ECS0 (nM)
O
tBulPLH /=N NH)H/\© 13
(KPU-2) NH L A NH
@)
O OMe
KPU-8 /=N NHJ\%\© 89
NH 5 NH
O

0]

KPU-9 /=N NH’K/\@(OMG 31
NH___ = NH
o)
O
KPU-6 /=N NHJ}/\@ 6730
NH A __NH o

e

0]
O OMe
KPU-10 /=N NH = 1350
NH L A NH
0O OMe
0 OMe

e

0
KPU-13 /=N NHJ\/\@[O'\“ 2130
NH I
AN NH oMo

o)

KPU-12 /=N NHJ\(\©\ 4980
NH
AN AN NH oM
0
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M OO0 OHKPU53/-NNH/ 5>20M NHNH/ 0O KPU51
/-N NH OH 617 NH NH -84 WO 2004/ 054498

wWEAAESRMO3/ 024232 Conpound Structure EC50 ( nRGT/O8106B/024232
KPU-23 /=N NH Ove 5870 NH / NH I

NH >20 UM NH NH |
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The result demonstrated that substitutions at the m- or o-position increased cytotoxic activity against
HT-29 cells. KPU-9 and 16 showed high activity. The methoxy-derivatives with triple substitution (KPU-11,

/ O OOHKPU58 /-N

/ O O O OH KPU-54 /=N NH > 20 M
NHNHOW 0 KPU-57 /[=NNHOH>20M NHNH W O The

ent disclosure is not bound by or linited to any
cul% g&ddent iffic theor yStr gt hl ess i t]| i €C50 (nM)
cCI dl cu tirdl }.l:‘l bUIIbTﬂ SAKAT T 1 Il: [=1} L Ilay
rpret the results presentgd here n t§4suggest t hat
el at iKRSHE smal|l er AncNHONaE cting1d ess
¢ hi nderance, ef ey e elicit nore
nt activity, | ar ge”groups such as
et hoxy group ( Xy group)
he Br—atom{(wW )Ry
ct steric hinc action
f orkrexmnpl e, 4430
over, because t hese
tituents did n it is
ested that the ituents do
directly inter the binding site of (3-
O
KPU-16 /=N NH N OMe 42
NH L _L__NH
0] OMe
@)
KPU-24 /=N NH = 7040
NH_ AN
O OMe

17 and 45) also showed activity. The structure of KPU-24 was assigned by MASS analysis.

3)
To study more expanded structure-activity relationship on the phenyl ring, a series of different

functional groups were introduced, which include both electron-withdrawing and -donating groups. The resuit

Modification with the electron-withdrawing groups

of cytotoxicity against HT-29 cells is shown in Tables 7 and 8, respectively.

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

with the case of the methoxy group.
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KPU-18 /=N NH 42 NH NH O O Br KPU-50 /=N NH 38 NH

NH O -86 WD 2004/ 054498 PCT/ US2003/ 024232 Conpound
wEroosaape ECso (NM O NO2  KPU-46 /-N NH 44 MNEI/NBR0D3/024232

O OM KPU32 7TNNH42 NHNH1/ O O OH KPU53 /=N

NH>20M r~~O NH/ le 10. Summary of nodification

at the mposition Tab Conpound Structure ECso (nM O

KPU-2 /=N NH 48 NHNH/ O O KPU9 /-NNH OV 31 N

NH 1O (fampgund Structure ECa (n)
0]
KPU-34 /=N NH =z 466
NH A NH ,
F
0]
O Br
KPU-50 /=N NH = 38
NH A A NH
0]
0

KPU-41 /=N NH™ N Br 31
NH___ = NH
0
KPU-40 /=N NH = 623
NHA A NH o

O
0 NO,
KPU-46 /=N NH% 44
‘ NH__ = NH
0

O

KPU-47 S=N NH™ NO, 40
NH__L A __NH
0
KPU-48 /=N NH)m > 20 uM
NH
AN NH NO

2
0
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KPU-35 /-NNH/ F10 NHNH O KPU-19 NH/--NNH/ C
20 NH O -87 WD 2004/ 054498 PCT/ US2003/ 024232
w@orrposHags St ruct ure EC50 (nM 0 KPU-41 /- N NHCT/BR2083/024232
NH, / NH/ OO 0 KPU-47 NH/--NNHNO 40/ NH/ O
0O KPUA38 /-NNHV M 45 NHNH/ O 0 617 OH KPU 51

/[-NNHCHNH/ I / O 0 KPU49 /-NNH/ CN 28 NH /
NH O
Compound Structure ECs (ni)
0]
KPU-49 <N NH N CN 28
NH A NH
0
KPU-43 /=N NHJ\/\Q\ >20 uM
NH
N NH N
O

Table 8. Effect of the electron-donating group on proliferation of HT-29 celis

Compound Structure ECso (nM)
O OMe
KPU-8 /=N NH = 89
NS
KPU-9 /=N NH = OMe 31
NH__L A NH
KPU-6 /=N NH = 6730
NH
AN NH OMe
KPU-44 /<N NH OE 43
NH A A NH
@]
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O O0KPU-44 /-NNH/ CE 43 NH
Substitution of the phenyl
wWQa b@4fohany |
gr oups.

r-~~lyo 4)

ring to aryl-heterocycl es

ring may al so be replaced by het erpar/yb2003/024232
The result of such replacenents in terns of

the cytotoxic activity are shown in Table 11. Since

the arylic nitrogen atons can forma hydrogen bonding
W th-a NH group of the diketopiperazine ring and
resy ri confpngconfior mati on efrudtiie Mol ecul e [bet BesetM)
pyr|dine and di Kgtopi perazipge rings-Lo an|uni pramnar
structure, the agtive confo rmt on of CglehxdroPLH vvoulq
be | -88 Ki8-%Po 04/%544@8\1 POH 1232 |requi4’éd a
certain |evel of |df . ped by [the steric
repll si on bet weer ydr ogen atom ch t he
di ket opi per azi ne |rifg. and afl o- hydrogen atom of the
phepyt—+t+rag—(Fgure—6)- Tabb%1i E-fect—of—the
rep| acenent with Lthe hetero@aryl ring on pnoliferation
of HT-2KRiEA s S ECRY (M) 0 8KPU- 28
N NH >20 UM NH ~ H 96 NH NH N-) -
00 O KPU-25 /=N NHY S N®D O O KPU 33
/=N NH >20 GM NH
KPU-32 /=N NH = 42
NH__L A _NH
KPU-38 /<N NH NP Me 15
NH A _NH
KPU-39 /=N NH = 460
NH
N NH Me
OH
KPU-53 /=N NH =3 >20 uM
NH A A NH
KPU-51 /<N NH N OH 617
NH AL A NH
O
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OKPU-26 /=NNHO7 600 NHNHO O KPU60 /--NNH
CH2 72 NH/ NH O O KPU-42 /=NNH/ S54 NHNH O
WO 894492904/ 054498 PCT/ US2003/ 024232 ConpounBICT/US2003/024232
Structure EC50 (nM O KPU-27 /-NNH S M 80 NHNHO
O KPUH29 /-NNHS 44 NHNH M O OKPU61 /-NNH/
C 184 NH/ NHO O M KPU-36 /-NNH/ / 2790 NH NH

Nzzz[NA O O CH3 TRPU-637-N NH H N 105
Compound Structure ECso (nM)
@] OH
KPU-23 S=N NH N OMe 5870
NH A NH
0] OH
KPU-58 /=N NH)K(\@\ >20 1M
NH
N NH OMe
O
OH
KPU-54 /=N NH = ' >20 puM
NH A A NH
OMe
O
KPU-57 /=N NHWOH > 20 uM
NH
SN NH OMe
O

The present disclosure is not bound by or limited to any particular scientific theory. Nonethless, it is
appreciated that persons of skill in the art may interpret the results presented herein to suggest that a
relatively smaller functional group, affecting less steric hinderance, may be preferred to 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 to the Cl atom) may affect steric hindrance unfavorable to interaction with, for example,
the tubulin binding site. Moreover, because the electrical property of these substituents did not affect the
activity, it is suggested that these relatively small substituents do not directly interact with the binding site of B-
tubulin, but restrict the conformation of dehydroPLH suitable for the binding. Or, as another possible
hypothesis, the hydrophobic property may be a more important factor at the binding site for o- or m-position on
[-tubulin, since introduction of the hydrophilic hydroxyl group, which can form the hydrogen bonding as a
hydrogen-donor, drastically decreased the activity. |

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 tBu-dehydroPLH, may also be further modified. And since the
migration of the stereochemistry from Z to E under the visible light irradiation was observed, substituents that
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NHNH\ / O Replacing the phenyl ring with a smaller

furan or thiophene ring, for exanple, KPU 29 or -42,
wetvilos44e%l activity. The phenyl ring can be cheeiyes2008024232

ot her aromatic structure while maintaining the potent

activity. 5) Metabolismof phenylahistin In the recent

his study, ()-phenylahisitn was treated with rat

hepatic m crosome or human hegatl P450s

umgn .
decryaah he-feciRIcABnS gy b HRMSEG HP DB oINS, Tor R B, (R tdghoo! Z o £
migr&tfon Wﬁm[%ht &ults if %O@QQYSP&hGMMI?St% Qfucture®t PRPbrafu®Scan also effect this
represen nore than 60% of the recovered
migraiiel.abol i tes. Since there is no exo-olefin structure in

t BLMO@FH&IY S Pk r?aﬁg Efsfﬁg {mg?éﬂ{ B@%fe?e fdethk \dldopRent A \Stent but also

no OoXl I zatl1o However, oxi di zati ons
biologigaliin stalle F@paunds. PBheaphenyt tiigraé dhetﬂvlahlaﬂ@ lsm@zw_etpyatyioehromegw50 Double
modY\Qtlgno’tg?t/ IRGHRE eP&-B/ eelP tf?ezé%ﬁg ring{TﬁW%foé% eXfediilePiSavoid P-450
I Ves, prevent s nNetapol 1 sm are
oxidatib. e Thus vtke d;ombmtmn df msmalloekeomnzmmdr@\mngamroum ueh gehibefhlorine atom to the

e i N sl o oy WAy 2 AR tfebu P Gotont e

biolagic&llp iablé grugodompeingsdr oPLH The phy5|cochen1cal stability
is one of the *q@a¥ . dr oPLH. In
phenyl ahi stin, '35 hed 4l olefin

structure at the benzyl there i s no sE&ECh (nM
pI‘Ob 0 mﬂ‘\g\arf’ Ln yr{ah\L U:Qty I 'l'lnr\ hn ( )

2yl 3 dana
IILTI T UCTICT
noi ety can be eas Iy actlvat;d probably with the
visiple Ikmht, and thenZ KA ANgrasi on frequéntly

occurs due to the|ex stlencg ofgl |EEB canj ugati on of
t he doubl e bond. Thi sym gfatyon occurred even under
nornmal room | i ght the cydotoxi c assgy, sonme of the

conpounds migrate|to’E-form during the li ncubation,
al t hough this m g rates at the|l
: 1 ratiogppgthe ¢ IS m gpation
can pe control ed. ijs al so known
in conbretastatin bul i n

i nhibitor, and a f ng this

probj em wer e repof S~ T) Prodrug Synt hesis The E-form
may @l so be used dS a prodrug of dehydroPLH or of ong

i mpr ovi

or npre S analogs i ncl iidi ng 0se ana
describeg&Wéﬁeln gﬁétﬂ* fNhle u’ae- pr operties of
antittubulin drugs | £NH | sellectivity

bet ween tumor and|intjact tisgues, aIthough t hese drugs
bel ong to one of qhe r target tiherapies. Thils
causgs undesiTed gide effectg. Howeger, [(f the
comppunds functions selectivgly only in ftunor
tisshes, KR&g&tive j - ni crot Bul e
drugs can be redu? oRLH (Z-form
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onlyithe tunor is pr oduced Z-form and
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The E-form can be by the additidn
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which is introduced into the diketopi perazine ring as

a prodrug. This acyl

group can be cl eaved by the

wEe@osses i n t he body. Therefore, the PCT/US2003/024232
acyl at ed- E- conpound i s mai nt ai ned before
adm nistration, then after admnistration it is
changed to the real E-form which can mgrate to the
bi oactive Z-formby the |ocal photo irradiation, The
syntlhet gémsgehgme of this agybwi- f or m of t BuEGe MMir oP[ H
is gunmari zed in Figure 9. XAVPLEQ, Piarmaceuti ca
Fornul ati ons of the Synthesilzed De phenylahlstln%
1) For mufBY-#®ns Adm Bt eligd r ously, bﬁ Drip,
I nj ection, InfusiohH containing 5 g
of powdered gl ucose dre each| added aseptically wth 40
nmg aof a conpound hesi zé¥d by the method and
sealed—AfFter—bethg—¢ Pa%gcu‘ﬁml...qwgﬁg'u, hetur-ot
other inert gas, the vials |pre stofed iin a cool, dafk
pl ade. B&PGB2Z use|, thencomhents arexdi ssol ved42n
et hgnol and added| N8 ofur 5% physi ol ogi cal
sal t| water solutipn. /The“regpltant Solution is
admiini stered as a od of @nhibiting tthe -91 WO
2004/.054498 PCT/ US2003/ 024232 growth offl _a cancerous
tunmor in a human di agnosed ' sugh a tunor at
bet vieen gpgggxinatelxtko 1pprioxi nedogiy 1000
m / day, intravenousH a a subcut aneous
or iintraperitoneal i emed appropriate
by tlhose of ordi nar b . 2) Formul ation
to He Administered Grally O The Like Almixture

obt ai ned by thoroughly blending 1 g of a conpound
synt hesi zed byrablb¢0. Sinan of @&lifigatioh at tHeaw b and 1 g of

hy drexyprepyt—eeH-uose—+s—torredinto—grangleshy—any
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The resukpgpt gr 28 rallyg4g
admni stered at Om /day to
apprioxi mately 10 t he synpt ons,
as deened appropfi ry skill in
the {art of treat humans. 3)
Fornmul ation to bp Adm nisteved Topically
Adninistg tion to an indivi of anogkfectl%i anDu1t
of tlhe c %ﬁ und c&gﬁﬁ soNHe co shed topically )y
admini stering the NH ly tlo the affected
areg of the skin vidual . For |[this purpose,
t he |conpound adm applied is|in the form of
a camposTtTom Tneiudimg a phrarmacof ogi cai iy
accept abl e t opi cal ' gl, an
oi ntiment KPU3S ot i cl udes!0
without limtati ter, glycerol
al cahol , propyle S,
tridlycerides, f ijlneral oils
Q hgr—t-opical—ca pet+r-oleum
i sopropyl palmt , et hanol
(95% , pkRLmxyet h in water, or
sodijum | auryl su O her materials
such as anti-oxi Vi sgosity
stabilizers, and 'Iar agents nmay be gdded as
necelssary. Percut aheous penetration enhancers such as
in certain

Azone may al so be included. &P addi ti on,

i nst

ances, it



is expected that the conpound nmay be di sposed within

devi ces placed upon, in, or under the skin. Such
waolewioes9s ncl ude pat ches, inplants, and injectPCNES2003/024232

whi ch rel ease the compound into the skin, by either

passive or active release nechanisns. EXAVPLE 8 In

vitro Pharmacol ogy of KPU 2, KPU- 35 and t-butyl

pheryl_m_n_lh%l n \/J_trn affl r\nr\¥ sty |Qc nor f Ar
Wit KRidndoulPU- B5 and t - buaicilre phenyl ahilsti B fh‘ﬂ!"ﬁudecﬁ:

A) a panel of sjx tunor cell lines, B) [studies in
nulgldrug reS|stant tunor & and C) |studies to
determ echanlsn1 i ABr (St udy 50f
KPU-{2 Q%LLJPQS anthff ty'Tl | & tinjin a pgnel of

six [tumor cell Ifne
i n parent heses) wer 29 (human gol on tunor;
ATCC, HTB- 38), P hwmnpmmunetuﬁr;AKD
CRL-[14357), |wy¥ -231 (humam breast tumor; ATCC
HTB-|26) , H2P2 (human gon- small cRbly |ung tunor;
ATCG; CFQEP%MS OVCAR- NKhu .@ an{t unor ;ATCC,
-92 WO 2004/05449@'H 2423 HIB- 161) ,
B16-|[F10 (rurine frel ; CC, CRL-6474H) and CCD 27sk
(norjmal human fiprophast; ATCC, CRL-1475). Cells were
mai ntatrned—at—st EﬂbillEb thett
respgective cultu ssays were
per flor meiP38 des € |4, usidhg
Resazurin fluore of cel
viability. The d ffective
agents agai nst a d distinct

t unor—cel | lLine wnye, KPU-2
and KPU- 35 were -29 tunor ce
lind, bogpubn ter , & lin t hetd ow
nangnol ar range) amd Xy responsi ve in
terms of the maxi
t- butyl - phenyl ahj st
agaijnst the PC 3
greatest efficacy

i ne; nd
pot ent tﬁgn ? but
was [simlar for i
tumor cell 1ines;
NCI -|[H292 tunor c¢ simlarly to
t he [ NPT conmpoundls, wher easpt he B16-F10 [appeared to he
sonmewhat Iiiﬁaseh3|t|ve onen.Edhlst|m3
displaye rke Al ¥ een nor na

fibrjobl asts and f{ with a ratio
rangi ng from >20 - >100, ekcept for thel OVCAR 3 cel
line, Table 12 Agti ty of CRPuz KPU- 35/ and t - butyl
phenytahtstin—tnthe—Turor—Panet—Screen—Cett—tLiTe
KPU.2 KPL-35 t-hut |- hen | ahisti Mean SD n Mean SD

. Whan spveatunpdtsls by }ide c8BieRtelbes 57 2062570 &

420Thé HBeny! rirortaytatsh s ireplakad B2heterdaryBgrdup8.l.TBe rbsdt of sB@ répldtements in

termg of the cytotoxic activity are shown in Table 11. Since the arylic nitrogen atoms can form a hydrogen

ell |lines (source

exhi pted its greatest potency
cell line, although the

[ t he HT-29 cel
-40 fojgd norje
s the efficaqy

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 dehydroPLH would be
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PC-3 Prostate 1C50 nM 13.4 0.

Cytotoxicity 60.3
WORA4NBH2B1 Br east
% Cytotoxicity 56.

NCl - H292 Lung 1C50 nM 17.5 1.

7 4 13.2 2
2.1 456.8 1.0 4 59.5
IC50 nM13.8 1.9 3 9.7
7 7.2 359.35.6 4 65.5

14159 1.

2

% Ctotoxicit 70.5 2.9 4 68.5 2.9 46553 OVCAR-3

G50 nM >20,

000 - >20, 000 - 4 >20,

000 -

.54 174 - 2 %
- 2
4. 2 BCB8S2003/@24232

1 4 384 194 3
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ef fect by the tumirNRells, Theue mre/ everal
mechgani snms for the pngnt of resistance, each [of
which will have dilf ential Oeffects on
chenptherapeutic-gru +Hretude
i ncreased expressijon of ATP- ux punps
such| as tyre-$2- gl yqopratgi jy X or 96 he
mul t | drug-resi st anaged asso encoded by
MRPI | Reduced dr ug the drug's
target, increasing DNA danmage,
alteration of the |apoptotic paLh\A@v and tihe
actiyvation of cytachrome P45Q enzynes are ot her
exanpl es 4rechani s r cglls bgcone
resi gtant to antid The| sel ect €d conpounds
werelstudied in three #Nineq that
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over expressi on of |t - gl ycoprotein and altered
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MVES- 5A DXR =Sl akth . i egé@ esses
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KPU-26 /<N NH O / 600
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Pretreatment with cycl osporin-A (CsA) bl ocks
P-gl ycoprotein and reinstates activity in the

WO 2®49

sapg cel |

l'ine for

t hose conpounds for mMi/TR200Ne24232
resistance is due to elevated P-glycoprotein.
be seen from Table 13, KPU 2,

As can

and KPU- 35 have the sane

potency in the resistant cell line as in the
sensitive line and the potency of

t-butyl histin was o o ght 1y reduciEeh (nM)
Cycl ospo’r&?ﬁ‘g%fln pretrear%%argtﬁt did not alter the
pot ency of the sel @écted conpo@nds. In contrast, taxol
was viirtu inactive in t - D1 @Si st ght
cell |i ne%Pwl)ﬁéer eas | tpi'STE %%ry potent in
the sensitive cell |l Nreat ment restored the
sensiftivity to taxol S-SA DX cell [line. The
MES- SA DX cell Iine al d reduced
susceptibititTy to etoposide (0 fold), doxorubicin (34
fol d)| and mtoxantfqone (20 foJd). These dafa indicate
that the ts of KPE&N2, NHPU- nd 44

t - butyl - phenyl ahi st i ble o the
taxol rrel ated resi stance mechani Mm (p-gl ycoprotein) ijn
this cell line, and cros@-resi stance firom t axol
does poet—eceur—to—these—selected—conpounds+n—thts
nodel | -94 WD 2004/054498 PCT)jUS2003/ 024232 Table 13
Activity dPUKRPU- 2, | KPU=3p, NI ¥ ahi sti®4and
Taxol | i n MES- SA TaxdH Sghsifli vgyan S- SA|DX Taxol
Resi sfant Human Ut erin co Tunmor Cel | [Li nes
Compound MES- SA Sensithve MESOSA DX Resistant Study No
CsA CsA Pretreat No _CsA CsA Pretreat LC50 I nM 1L C50._nM
Rati ol | C50 nM Rati ¢ |1 C50 nM €CsA MES- SA No
CsA KPU ZpBtagdy 1(8. 5. - St udy |2179019 4
27.4 1.4 21.7 1.1 378 - SiNWly || 6.6 - 5.2
0.8 -|- Study IIl 3.9 . . 67?7 tbutyl
pheny| ahi stin 144 - 25 5.7p- - St udy | 122 162 1.3
694 4,3 622 0.9 Stud Taxol Study | 4.4 - -

>20, 0p0 >455 - - Study II 13 Q7.6 OCGI3>>1(O "8 40
<<0.2b Styglye.l1l 7 3 2. 8 0. 4524, 000 >300¢ 2. 049

<<0. 001 2)"Fiffan Agug | GEYTIE peukeria coP
Line Pair: HL-60 (I\ Mansit/i ve) and

HL- 60f MX- 2

Replacing the phenyl ring with a smaller furan or thiophene ring, for example, KPU-29 or -42,

exhibited activity. The phenyl ring can be changed to other aromatic structure while maintaining the potent

activity.
5)

In the recent his study, (+)-phenylahisitn was treated with rat hepatic microsome or human hepatic

P450s. in human case at least seven metabolites were detected, and two of them, i.e., P1 and P3, were major

Metabolism of phenylahistin

metabolites, represented more than 60% of the recovered metabolites.

Since there is no exo-olefin structure in tBu-dehydroPLH, present synthesized derivatives have no

oxidization like P1 and P4. However, oxidizations such as P3 and P5 are formed during the hepatic
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(M toxantrone-Resistant) This cell l[ine is considered
to have atypical drug resistance properties with
W@baoened9g opoi sonerase |1 catalytic activity BT/OS2003/024232
over expressi on of P-glycoprotein. As can be seen in
Tabl e 14, these results indicate that the potencies of
the sel ected novel conpounds are very simlar in the
sensitive and resistant HL-60 cell lines. In contrast,
metholispx averious rerivieiye® svhicke prevenbsigh tagtalzelisny @tecrffectife avdidP4p0ioidization at

A e T

to 6he sBlnymcacBesm&tﬁsbﬂ@ofdehydnﬁ%hHsrrs as Mtoxantrone in

t h i@gaﬁﬁjc(gﬂ\gm{cﬂ F H@g@ o%é gf th%lljl'g orﬁtg%é?blérﬁsséf%&ﬁgr%ﬁl-f Iﬁ’%enylahlstln

smdehhé?fe mdﬁéddltlarﬁbﬂﬁln]sﬁfucm@ht thie thygnzgif pa€Plbe2, is KtPLst&Sproblem. However, in
yl ahi s t gxantrane i he. HL-.
cenyiRLA e BTetooe il Bt pesi e robpinth b sl ige and the 200 £
migfdiéh FRAGdntt @Birs G th tHel dXRteRRI of Iohtier @6hjug&tidR iof thy doublle- tﬁ@d Thls migration
Resi st ant rrPound | G50 nM |1 C50 nM Rat i o to Seng
occpgpadeyengungder giornal reom ghi piny thereyigtosic assgy, gomeyof the. gpippoynds p?@ﬁ\te to E-form

durb\%mesﬁédﬂat%ﬁ’%lt folah i Shi raM)ﬁ Y%B4H Syf &ﬁﬂbr&@@ attthéO 24. ditio in9%e case of
2004/ 054498 PCT/ US2003/ 242 Hurman Br east

dehgreR}iHn Jiig migeatipn ¢anhe comypled. Therl ty E(ﬂﬁ@tﬁ@ﬂ Issednewn,ia porafigiastatin Ad, a
sarﬁ%e% N ibnliA O hna Bas ﬁ?ﬁd?e%g} m?b\nﬁ i Yidbierh B¥@ |ré{>§r@3d KPU- 2

I'n conpar son to tax nstrated simlar
pot énci e&rofdmg Bysthesis he sensitive and resi stant nenbers

of ‘rl?é Ioﬁﬁelln%}l eJIsto e uﬁza'ag ? ljoa}ugccﬁ' Bé@@rﬁlfl_ﬂ oté gfl)%l% PMﬁcﬁ‘e of its analogs including

virtua e resi i ne where
tho$d‘|arrabg31vaescﬂbedrvheramorﬁmleeuf teoungesirgd prapertiee of entistilulinv drugselnvolves its low

sel#h@iﬁg@%&ﬁm%%g ml?-a] ﬁ[isggeﬁ,a%f%ug qeg$gﬂg e(lfﬁ 20 %‘of gfqﬁ rﬁ&ecular target
thefapigg) sthig lcatises unK@l:bdZs:deBﬁémlse HaBeverAE the vontppumié quzEﬂbhszebctmlely only in tumor

t|ss£%g r?qg@tg/p §L}9lea%ie<|:\{u:f| qntl mE: ulggrﬁg?s qt%g@ :;glggﬁ 2??“193%9 dehydro?’LH Z-form) can

be bﬁ&cgdlff’daﬂtsﬂ_eisérﬁ ayisiblEmympieradidon, ERQE-folv ik Gdrﬁﬁlstérhdi Bait photo irradiation is
to Sensitive KPU 2

periognag onl@at thg tymersite, fen pq{y@th%@ﬁgﬁg 69@# lII/Qth? Brﬁduced Z-gbrm and the adverse

effect to the intact tissues is reduced.

The E-form can be protected chemically by the addition of a bulky but biodegradable acyl 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 E-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 Dehydrophenylahistins

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% physiological salt water solution. The resultant solution is administered as a method of inhibiting the
-91-



1). Action on M crotubul e Functi on Human unbili cal
vein endothelial cells (HUVEC from Canbrex) were used
w0 pootlose9%t udy, for evaluating the effects of PRPUSD03/024232
and t-butyl-phenylahistin in conparison to col chicine
and taxol on tubulin by staining for a-tubulin.
Thirty m nutes exposure to KPU 2,
t - butyl - phenyl ahi stin or colchicine (all at 2 pM
growth diia eahcerpisduradr irba humad effaghogerbas Iresing such asunwst batwbies appeakimately 10

m"(ﬁ% totéﬁgro%irﬁ%tﬁy .tn[?&aggritrg\{e\l}é é@t bb"{%k’ %gr et % égqq?q,ugpr ngtﬁaentoneal injection,
as dzeinéd appmma&rb@tkbd;eeiﬁ&nﬂlnagy kil nctheearr i ndi cati on of
| s, whereas taxol did not

H g &t i on under these
con@lmtuxtmmbta.@elbgz Imomughe/ bmduag 1 bropa\@ornﬁbmmymmm by the method, 98 g of

oGP0 1 B4 MTORG e eR et G1-Dues A CoBis S gngh e aranue

are %@u@iﬁ&frleﬁ @hd SitedRs EotRQRAGle brepdidiibh Litthle BOPLkHgMb Mehottles or by heat
I nducti on of Apoptosis optosis and its

SeawS T8y (s diantgranpe avpaéﬂlon%%w@ i hbegHeeD PRRISKIMafelyel 00ml/day to
appﬁﬁh@f&y'm@) hiREH Gé;ﬂeﬁ%g% t%@ﬁgpt&ﬁ&%@e’éﬁ?@ap‘é%bﬁated&%o@e of ordinary skill in

cycle in tumor cel s t
theé'h@fﬁ@i‘tﬁ@?aé!ﬁﬁé%iﬁﬂ@owwnﬁn%covery programs. This

i nd ar ) be denonstrated by
3 di f gbglr%‘&n%fbe% ' '"'bl%lﬂ)d@%iﬁ'n&g the characteristic cell
rrenﬁdrmmgtrabcpnet@ i individuah an reffeptivenaranuintcof the compound can also be accomplished
t
toplgéﬂ Bg trm | Je %ﬁp&?ﬁd@{ %{g&@ R 5@9@@5@5 gfghe; sﬁﬁé o?{he mdm%ual For this

|on 0 aspase casca
purpsise, pﬂ@logbmpwmdrmrhﬁtﬁ*ﬂ@)or prpligdriein iedorRARERIMpodive including a pharmacologlcally

acc%d?{% eE}%c%L({ragfﬁ ég%: eggﬁel oafn o@?@eﬁup tolt':;)nh grg | 4&?@1‘: ﬁﬁlﬂw mcr!]@és[ Iw%hout limitation,
suck ariienk ag waternglyceoh dleo’mkapnowlenargl;lcd ifatiglalcyhotsetriblycaddat, Hatty acid esters, or

e e BB Byt sor
(95%p mmyemfglemmomlaamg €550)cis waker, art sfediuM/IleﬁJl?I subiatd %S ‘inam Other materials

ptosns rost a t unor A sim
suof B B3 s ety BEeP e Pl poo T ecedl psnocessan
Perum@bou&ﬁéﬁe&atloﬁénharﬁbiés&h AgARAE Mby A0 bAirnkiaded. Mtaadion, |n certain instances, it
a}ﬁg; l;]l stic of apoptosis js internucleosonal
s oGqRElaq HgEe Reooy DAy P8 GSFEe8 MG SeHErs AR FHRaB:or Bt Be skin. Such
devké’!ﬁhclu@@ﬁat&ﬁs Vrhstn@! 4nd @fbcityis @REh BERE tHeRBRRLARSIHS the-Ek'Ih $y either passive
roach was used to Study the effect of KPU E)NA

oraptgggp@aﬁqf@ecquplsmgr kat cells (human T cell | eukem a I i ne)

in conparison to halim de gagpLgghydr ophenyl ahi stin

(KPU-1). KPU-2 i nduced DNA I adder| ng at the 1 nM

concentratlltr Phaima i 8 2inand kiutyl phepgdahistimuch

| es

sov ooy VEB ) St“d@%eﬂiégﬁﬂggéu22‘*?&%24‘2?@@?@96\ (i roced: 4 a
panelLof isin dunzop oepﬂtlma, ) studies i nilulhcgusﬁasqbamt tum8r, cellsy anchD)dst@lies Thaetermine the

f Caspase-3 was nonitored in Jurkat cells

me‘?g'ﬁ'%ft“érgtﬁﬁtreat ment with KPU-2, KPU-35 and t-

but y| ApBiadydf Pii-8 tkPH-35 ie-butglphiértylahistin th aaahed oftsixaimor cell Imes

caspa acti vat ed | ose-de r by

©r e DR ol Fipalseio) S S FT iR Bpen tmor ATCC; HTB-
38),503 (hlaﬁantpﬂos}aﬁl tumard&TCCT BRL-¢RS) MDR-MB-ZG {(huvdh bREst Ak IATEd; HTB-26),
NCI?—I 85 human non- smaII cell lung tumor; ATCC; CRL-1848), OVCAR-3 (human ovarian tumor; ATCC;
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concentration range as for the 1C50s for cytotoxicity

in the Jurkat

cel |

line (Table 16).

w@yaoensmdgi ty of KPU- 2, KPU 35 and

t-butyl
NPI

KPU—2 11 94 KPU— 35 5 93
t oxantrone 41

CRL Hlﬁsﬁlv,ehé \&eYe rﬁimténﬁéﬁﬁﬁsu&c‘a

cl eavage

Jur kat cel

Compound Pot ency Efficacy
t - but

- phenyl ahistin in Jurkat Cells

Tabl e 16

| C50 nM % Cel |

PCT/US2003/024232

Cyt toxicity

Deat h

hen | ahistin 165 93

9 5). C eavage of Pol y(ADP-ri bose)
HT%WrPéP&%% "UJF")S%FEPI)Ianprna NER a{?zRL@éYfi) @nd GCRREHs n(rIOfmﬁI hugeee diroblast; ATCC;

Eﬁﬁ% Bgﬁm% Hga %ct@f

r%bcﬁa I n

ynerase

( PARIptoxigiy a:“rﬁétﬁﬂ weterpedormeeR@escgbed abdve nkE)ampiwé Iuelag Resazurin fluorescence

B Ipipi,

one of the

main intracellular targets
e cl eavage of PARP generates a stable

89 RKmadigsioseticompoundechare hffestlve pgemtswamst arvality & aifferent and distinct tumor cell

ﬁ P?ﬁﬁ?fﬁgosetaﬁa %ooﬁiﬂgg'ﬁ?a tg%a cglldine, both in

hnegmgéeh% Wj

fop anW@gg Ut

pases IS On

terraapj hoterey (eetive énstheslow eanombldaremge rand kiéicacy (@rrosttréupﬁnsm PeRBS of the maximum
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e

A

of

PARP
P

t@e{g’g ?#Q%or cell line, although

the geatpsi leffldacy WEY displagqapgaiisetle HIDLZ@) €cliNime; KPU-Ghd NrU-35gdfe generally 10-40 fold

OB AP 30 e PR ST heroR

WO 2004/ 054498
B WrsSElprder abireraaqppnde ip the different

tumbincelHiNéEGheOet-2% PCAMDMMES3 1 Aha tNCHBRID! (R CdidRes all responded similarly to the

m cr ot buI es

NP'Z@gT (

in
>20 %1qu

GEat

dlsﬂld?ed &l ﬁi@ﬂk§d dlfféréﬁhé&’ BetwebR h&mylaﬁr‘éblési%f arfd %e{ t?fﬁo?%ell Iﬁesp W
ular ce

es and soon after to large

Eth'é'#b/rﬁo%

ferpts

ducti on

%ncwaf t6e |V eAt3 il fre
ol eqybhies2 Ak o&PIBNRRS5 RELHRA

f vasc

B’Henﬂéh

conbretastatin A-4-phosphat
ERCarpepe (o Cenat BrasencibR alpyyl-phenylahistin

iétn‘?i

per meabi

FrFe?%ﬁéjrangmg from

to a fluorescenf-1abeled dext

a

?(f%ﬁ éC? een
OXY

ass&§llkine vasdul ar d@Ut2apse. KPU-ZKHUFQS- 35 awdtbutyl-phenylahistin
t-butyl - phenyliaMeant ijn SBI 1| mapj dMgan wi t 8D n| b hoiejn sD n
HT-20diedoed si gni fji cant [HUVEC nopol ayer |pernmeabjlity, fo
aicséxMent si ni|l9%8r t g bl ¢Hi ci &2 The| abcr ot ubddoe 473 3
s tebyitdtaxicithg agét t axsod was i n@ic i ve| 40n [Ai s8@ssay| 0.2 3
PG-FPuostate 12). 7). Prafile|in A Broad Kinase Streen
KRB0 8Mwas i ni tji1akl y (¢t eeded @i3.ma cohgentrat| gig of 10 2
ph Gyrotaicipanel |80.360 |dif f ement| dggrasesyot hes ATR 5 - 2
MTOMB2st Bradst on (was 10 pM [Four| ki nases werje 1 phi bited
bycsghmat er t han380%iip the priigary scheen| andsgshe . 2
I Qﬁg}t(ﬁox[é@t errri med in 7gecondarlysgscr eens g @ e| gygesent ed 2
NGI29ARh [ of [The 1|Co0 values are rjn tie ow
mcgbﬁmo ar rang¢5 wWHiqch ifdi cladses t hag 1i nhj bl §d40n ot 404 3
ﬂ,ases i7§ 5 ot zrgel dt4€d t@5t he 9w nano ar 5 3
3Vd) es 0_ SEerve tunmor—cett—ytotjoxi ly
b v Act i ‘525,660”- KPU-42 ag>%,'63‘d Sel ecit gd ;90!6610%:_ 9
% Cytotoxicity 45.8 3.0 4 39 2.2 4 |37 - 2
B16-F10 Melanoma
IC50 nM 37.1 263 |4 32.3 199 |4 | 736 650 3
% Cytotoxicity 71.8 25 |4 72.0 22 |4 |74 2 3
CCD-27sk Fibroblast
IC50 nM 9.2 29 |4 74 26 |4 |>20,000 |- 2
% Cytotoxicity 64.3 24 |4 60.8 1.9 14 |45 - 2
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Kinase 1C50 (PI  CDK1/C clin B (human) 10.1 c-RAF
(human) 8.9 JNK3 (rat) 6.8 Lyn (nouse) 11.1 EXAMPLE
W@2000/054490 Phar macol ogy Prelim nary studi es w POT/KP10032024232

were perfornmed using the MX-1 (breast) and HT-29

(col on) xenograft nodels and the P-388 nurine

| eukem a tunor nodel, in the nouse. O her tunor nodels
selected on the basis of activity inthe in vitro
tunor panel were t BeStiisimBrug ResistanHel LinesVICF- 7

ég;??ezg% tIh% %{éﬂ’ﬁ%&ﬂ?’@%@ at@aH%gc)f cﬁ&%étqere!gét!ﬂﬁ %Penge@ cp%nponcology is the

devalopneeht ofoegintancel® e deg sﬁawdbyeﬂje asnor n@lsotThee apyseoana nicdhanisms for the

cer RS el beondy SV B e R, SAEF Sk Sl s, These
mechetigrsnincleld iheressed bereasiont 6f ATPLdependert ickix haddsi sugh as the P glycoprotein
wer e

enc %é? gg@}ﬁ igrdlir??r%l %'é gegﬁtagcleaﬁﬁ?matqe?r%&ﬂ% d gncoged b? ﬂ}g}é? Reduced drug uptake,

altefaibrindfam drig euraeg@t GlRREMgNEFR L Ulug-hdRBE DNE MRER, aRRKGCEERE apoptotic
n the basis of historical studies. KPU-2 was the

paﬂ?waw aqd theacivstions! extpohame P4pA praymes-Are 9fkas gxamplee ofiigghignisms by which cancer

cellm%cé;res@éﬂt kooéMdé@ceF iys! ‘1‘he,t deRbted &Mpbinds wérb S’tUdletdhr‘n ﬁree different cell lines
st ud t hree conpounds were conpared in the HT-29

thawwﬂﬁf\n@&lf@fent mpRbANisnisHS resistances thA MerpKPrepyiansal deeP- gimprptnle and altered
topd¥eferbse) yPreast tunor xenograft nodels. -98 WD
2004/ 054498" PCT/ US2003/ 024232 The above nodels all use
1) HiHRanSUEHHE L ARBAY STuENEAN Gel PAirTRIFBRIAITLAN S A | AY YRS DX (Taxol
are potentrally subjJec 0 selective €
Resistahound on t he subcut aneous vascul ature pr oduci ng a
nag ) . | . . .
R R )
Pretieaineenbth gycldspatioA e ableats Polytohmteinend reinsthtes @tiaty infthe: rasistant cell line for

thoé;eﬁc?hgb‘ﬁna%kfosr%l}f%é %@iftg ce ‘S%Pegtg%gsa%?ﬁ)@%r&&* | owi ng the

avenous i njectron o e el anoma t unor
cel Bscanh eeantfllonarTabieJ i KPU-2, anth &PU-3H hava thetsaoe padncMDie 2&istant cell line

w067 P S ISR P D o

premmmmmuw tha patericabiitheeselboted conpbunds. alyl céntrtaﬂl texol Wastvintoalig inactive in

e oI T R R

treafnment resigred ﬁi@kéﬂ@lﬁg{y {13 t@0Icbf fhe WESISS, DX cehBR. (Fhe'ﬂ@&i %A‘BX keé¥Mhé also showed
s un| ess ot her wi s e

e fbeitBorp Ui 1€ 2rosiy G Blof SothioR B kRpmimigraarra o

Wer Besd tatzAiRkidateithe effeetd oﬁl@lﬂ@f KPS and t- Hﬂmnﬁérﬁ%‘%&e not susceptible to
tunor; ~ A549 human non small cell |ung

the fapealelated resisRIRR HEGHAMEET P gdyoapipiply in e caldBe, Wﬂ‘i‘ﬁ!@ﬁt oseEesiganse from taxol

doeb H&TBécur to these selected compounds in this model.
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Sel ect ed novel conpounds were adm ni stered as
nonot herapy via the intraperitoneal (i.p.) route at
w0 b@4gdees | ndicated for the individual study;PEDUSI008024232
conbi nation studies the selected reference
chenot herapy agents were injected 15-30 mn prior to
t he conpound. Vehicles used in these studies were:
12. 5% DMSO, 5% Cr emaphor and 82. 5% peanut oil for the
Tablg1 %M&@M&Bﬁ%ﬁw@mmmm anddexpkin MES1SA Taxp! 3emsikive and MES-SA

et hanol for ﬂ)@%%l ﬂés‘?’stan( Humbh U@ﬁﬁe‘@%ﬂ? Ttﬁﬁc;f‘@gﬂ_me%
paclitaxel; eac ned
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ad) ust ed f freg ittt S
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- ' Rectd fIEs:
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phepidabisfin, st 444 i rjg on Day 1: The t8%or jreaddrengnts wefe -
S49Rbert ed 18 eqti M ed nd-3t unmor 6%i ght udidng { heb22 0.9
Sudy ¥l a |(Wex1) /2. When the estimated ftunor weight of

Taxplhe control grloup reached an| average| of 1000|ng the
Sdee werle Wi ghed, - sag¢rifi ced a120,08the| t w5 r enpved. -
Sudell t unor $B.3werle W6i ghed 0&nd |t he>¥Ban turel wei gl per <<0.25
%idon was dal cul af8d and0the |t bi$,000gr ow>B0GONhi bi 2.0 on|  <<0.001

(TA) was determ ned for each group (100% m nus the
2) Rumandeuté Rrom Calid ineufar Hwed (itbXahinme-Shratigs? and HL-60/MX-2

L—%@ﬁ%@ o ;rgt r ol t umor wei ght x 100. -99 WO
4498 PCT/ US2003/ 024232 In this nodel unless
ot hBnisnets ineriotoasiddranirto héve atypictl tuglresibtakt prbpertidshith aietted edpBidomerase Il
vel. .co unds we ected intraperitoneally every
cate afcg"'tg“‘é{%ﬁ&’erﬁ?‘gre&sé%% [!“/009; O 11 and 15 (g3dx5)];
CPTAsl danwises sed riih IThlsld e, ewesel rBstuﬁsimelbaté GHAE el pbtéﬁélesdaf)/tﬁe Belected novel

comPpyfl if e B e s v Feac b oo (8¢ st Mioantone fses
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( hars i TIGRE Sod L piresy st noh SiscoP MRS fas he s resisance
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using taxotere as the standard chenotherapy agent
SelePtﬁ‘i'@V%%OUWﬁI“é@%mQﬁeherw se noted for the individual

study the noveI conpounds were injected via the

Taer14fs b2, i3S Haulyl-phonvishistinape Mitoxantrong-ie the &l @ Human Acute

(gqdx5); t e i n

SHR g%@kegacg.c(wg@(g@ﬁ T SR ReGAEORRE Bail D
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The characteristic signs of apoptotic cell death include cell membrane blebbing, disruption of nuclei,

cell shrinkage and condensation and finally cell death, very distinctive from necrotic cell death. KPU-2
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selected on the basis of historical studies.

KPU-2 was the first compound to be studied in these five tumor 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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The above models all use the subcutaneous xenograft implantation technique and are potentially
subject to selective effects of a compound on the subcutaneous vasculature producing a magnified (or
apparent) antitumor activity. In order to circumvent this possibility, two other tumor models have been
incorporated in the research. One of these is the observation of lung metastases following the intravenous
injection of B16-F10 mouse melanoma tumor cells. The other model is the implantation of MDA-231 human
breast tumor cells in the mouse mammary fat pad. While this latter model is a xenograft model, the
subcutaneous vasculature does not play a role.

Methods
1). Xenograft Models

Animals used were (exceptions are indicated for individual studies): female nude mice (nuiu)
between 5 and 6 weeks of age (~20g, Harlan); group size was 9-10 mice per group unless otherwise
indicated. ‘

Cell lines used for tumor implantation were: HT-29 human colon tumor; MCF-7 human breast tumor;
A549 human non small cell lung tumor; MiaPaCa-2 human pancreas tumor; DU-145 human prostate tumor.

Selected novel compounds were administered as monotherapy via the intraperitoneal (i.p.) route at
the doses indicated for the individual study; for the combination studies the selected reference chemotherapy
agents were injected 15-30 min prior to the compound.

Vehicles used in these studies were: 12.5% DMSO, 5% Cremaphor and 82.5% peanut oil for the
selected novel compounds; (1:3) Polysorbate 80:13% ethanol for taxotere; (1:1) Cremaphor:ethanol for
paclitaxel; for CPT-11 each mL of solution contained 20 mg of irinotecan hydrochloride, 45 mg of sorbitol NF
powder, and 0.9 mg of lactic acid, the pH being adjusted to 7.4 with NaOH or HCI. Saline dilutions are. used to
achieve the injection concentrations used for the reference compounds.

HT-29 Human Colon Tumor Model

Animals were implanted subcutaneously (s.c.) by trocar with fragments of HT-29 tumors harvested

from s.c. growing tumors in nude mice hosts. When the tumor size reached 5 mm x 5 mm (about 10-17 days)
the animals were matched into freatment and control groups. Mice were weighed twice weekly and tumor
measurements were obtained using calipers twice weekly, starting on Day 1. The tumor measurements were
converted to 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
(TGI) was determined for each group (100% minus the change in the mean treated tumor weight/the change

in the mean control tumor weight x 100.
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injec@d m}rapentoneally every third day for 15 days [1, 4, 8, 11 and 15 (q3dx5)]; CPT-11 was administered
intraperitoneally on days 1, 8 and 15 (qwx3).
MCF-7 Human Breast Tumor Model

Female nude mice (~20 g) were implanted s.c. with 21-day release estrogen (0.25 mg) pellets 24

hours prior to the s.c. implantation with MCF-7 tumor fragments (harvested from s.c. tumors in nude mice
hosts). The study then proceeded as described for the HT-29 model, using taxotere as the standard
chemotherapy agent.

In this model unless otherwise noted for the individual study, the novel compounds were injected via
the intraperitoneal route daily on Days 1-5, inclusive (qdx5); taxotere was administered intravenously on Days
1, 3 and 5 (qodx3).

A549 Human Lung Tumor Model

Animals were implanted s.c. by trocar with fragments of A549 tumors harvested from s.c. growing

tumors in nude mice hosts. When the tumor size reached 5 mm x 5 mm (about 10-17 days) the animals were
matched into treatment and control groups. The rest of the study proceeded as described for the HT-29
model, using taxotere and CPT-11 as the standard chemotherapy agents.

In this model unless otherwise noted for the individual study, the tested compounds were
administered via the intraperitoneal route on a q3dx5 dose schedule for the CPT-11 combination or on a qdx5
dose regimen for the combination with taxotere; CPT-11 was administered via the intraperitoneal route on a
qwx3 schedule; taxotere was administered intravenously on a godx3 dose regimen.

MiaPaCa-2 Human Pancreas Tumor Model

Animals were implanted s.c. by frocar with fragments of MiaPaCa-2 tumors harvested from s.c.
growing tumors in nude mice hosts. When the tumor size reached 5 mm x 5 mm (about 10 -17 days) the
animals were matched into treatment and control groups. The rest of the study proceeded as described for
the HT-29 model, using gemcitabine as the standard chemotherapy agent.

In this model unless otherwise noted for the individual study, test compounds were administered
every third day via the intraperitoneal route on Days 1, 4, 7, 10 and 15 (g3dx5); gemcitabine was administered
via the intraperitoneal route on Days 1, 4, 7 and 10 (q3dx4).

DU-145 Human Prostate Tumor Model

Male mice were implanted s.c. by trocar with fragments of DU-145 tumors harvested from s.c.

growing tumors in nude male mice hosts. When the tumors reached ~ 5 mm x 5 mm ( at about 13 -17 days)
the animals were matched into treatment and control groups. The remainder of the study proceeded as for the
HT-29 model, using taxotere as the standard chemotherapy agent.
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KPU- 35 and t-butyl -phenyl ahistin are nost effective in

hi ghly vascul ari zed tunors. -106 WO 2004/ 054498
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conpounds cited above, for use i term
o MU B MM noCiumer wehis 6 caRSHeisg (56 TONPA R dor frg combinator

grou;bT'ﬁé’aSgéh&QIy @mﬁlﬁﬁﬁtéeroﬁS@btﬁb?ttreét&eorfchﬁﬂlﬁirou g‘ﬁh@'T@lbe tl‘?e &mbRMion group
mcrotiter plate adaptati on of

was Gaalp ddicating p ewtlne@fh@i@y e &t sritgsien, wﬁlemoa@hﬁrqw érd @otamh the NCI criterion
of ARkt Di seases 21:129-133 (1995). Antifungal
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did notespletiisilevell y, begi nni ng before at the tine of, or
subsequent to infection with the fungus. Aninals may
be treated once every 24 hours wth the sel ected dose
of dehydrophenyl ahistin or its anal og, positive
control, or vehicle only. Treatnent is continued for
a predeterm ned nunber of days, e.g. up to ten days.
Ani mal s are observed for some tine after the
treatnent period, e.g. for a total of three weeks,
with nortality being assessed daily. Mdels can
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of infection with or without other treatnents (e.g.
treatnment wth steroids) designed to mmc a human
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t herapeutic efficacies (ED50, e.g. expressed in ng
dehydrophenyl ahi stin or its anal og/kg subject), is a
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with the fungal pathogen such as by intravenous
infection with approximately 10 tinmes the 50%/ etha
dose of the pathogen (106 C. al bicans cells /nouse).
| medi ately after the fungal infection,
dehydr ophenyl ahi stin conpounds are given to the nouse
at a predeterm ned dosed vol une. The ED50 is
cal cul ated by the nethod of Van der Waerden (Arch Exp
Pat hol Pharmakol 195:389-412, 1940) fromthe survival
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confirmed by plate counts to be approximately 1 or 5 x
107 CFUmM. CF1 mce are infected by injection 1 or 5
x 106 CFU into the tail verg)_Antiftingal agents are
adm ni stered i ntravenously or subcutaneously in
et hanol : water (10:90), 4 h post infection and once
daily thereafter for 3 or 4 nore days. Survival is
noni t or ed



daily. The ED50 can be defined as that dose which
all ows for 50% survival
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35C for 48 hours. The m ni mum i nhi bitory concentration
(MO was defined as the | owest concentration that
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more?%fgtfqeo a1 taxoferapalqne jp bjeckingtumper growth. In the casenf KPU-83, deeembtepmice showed
eviddnca foP tubhoP steifikalge.O TRE tumor growth inhibition indices indicated a marked inhibition of tumor
growth for KPU-2 (group mean = 74.1 %) and an almost total block for KPU-35 (group mean = 92.5%).
Taxotere alone did not reach the NCI established criterion for a positive effect (TGA = 58%).

5. Studies in the MCF-7 Human Breast Tumor Xenograft Model

-105-



AnnoOooZz2z2Z0000000000O0O0 rLzzzZ
zzzzZ2ZZz Na as C- ) cotococococO0O0O0O
WO2004005439 n Z Z Z Z cac - EO DO O O O O OrpOr/0S1003/024232
r- omzZz Z2zZ2zZzZ' zz2ZC CU .i4TL2O04- a
00 ..OwVUti comMMMTr zONco AAAAAAA

MOOODOOOOLOOd OONQprdZZZZZZOZZZ

N WN N gg
7 Tt BBt e sl Pe o iy B Brepiaiin 5 o G human
breast Zler %né\graﬂvmodbﬂ (D1e*db@es|\df e ebrivbolndd wire' adminksteredAon B%sﬂ, 73,4 and7;
lgnJUas:(aYLo?N> co
TP as AR G52 L a 0 a) 0 0 -

The selected novel compounds have early onset, statistically significant effects when used in
combination with taxotere in this model, apparently almost completely blocking estimated tumor growth (Figure
25). Of the three compounds, KPU-2 appeared to be the most effective, with t-butyl-phenylahistin also
exhibiting a significant potentiation of taxotere.

6. Studies in the A549 Human Non Small Cell Lung Tumor Xenograft Model

The in-life observations during this study (Figure 26) indicated that the combination of KPU-2 (7.5

mg/kg ip, qdx5) with taxotere resulted in a marked inhibition of tumor growth as compared to the Control or
either monotherapy group. This was confirmed by the autopsy tumor weights, as the mean of the cotherapy
group was significantly less than that of taxotere alone or the Control group (Figure 27). The cotherapy group
tumor weights form a cluster of low tumor weights, indicating the consistency of the effect.

When the tumor growth index is calculated, the cotherapy group had a TGl of 74.4% as compared to
the control group well in excess of the NCI criterion for a positive effect (TGl = 58%). Taxotere alone had a
TGl of 26.1 %.
7. Studies in the MDA-231 Human Breast Tumor Orthotopic Xenograft Model

This model involves the placement of the human tumor tissue into the mouse mammary fat pad, a

surrogate of the natural environment. In this manner the possibility of a positive effect due to a specific action
on the subcutaneous vascular bed is avoided. This study compared the effect of KPU-2 (7.5 mg/kg ip, q3dx5)
alone and in combination with paclitaxel (16 mg/kg ip, qdx5).

Three weeks into the study there was a significant inhibition of tumor growth in the combination
therapy group, a highly significant effect. This effect appeared to be more marked than for taxotere alone
(Figure 28).

8. Studies in the Murine Melanoma B16 F10 Metastatic Tumor Model
This study examined the effect of KPU-2, KPU-35 and t-butyl-phenylahistin alone and in combination

with paclitaxel on the number of metastases appearing on the surface of the lung 16 days after the
intravenous injection of B16 F10 melanoma cells to the mouse. This model is not a xenograft model; however,
it does not involve a high degree of vascularization into the tumor mass.

In this model the most effective treatment was KPU-2 alone (Figure 29), having a mean metastases
count about 10% less than that for paclitaxel (MGls of 41.6% and 35.0 %, respectively). While this study does
not itself establish that combination therapy is more effective than monotherapy, it does indicate that KPU-2,
KPU-35 and t-butyl-phenylahistin are most effective in highly vascularized tumors.
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Comparative activity of a dehydrophenylahistin or its analog against a pathogenic fungus, relative to

(@R}

known antifungal compounds recited above, for use in determining the dehydrophenylahistin or its analog's
AF/IS value is measured directly against the fungal organism, e.g. by microtiter plate adaptation of the NCCLS
broth macrodilution method described in Diagn Micro and Infect Diseases 21:129-133 (1995). Antifungal
activity can also be determined in whole-animal models of fungal infection. For instance, one may employ the
steroid-treated mouse model of pulmonary mucormycosis (Goldaill, L.Z. & Sugar, AM. 1994 J Antimicrob
Chemother 33:369-372). By way of illustration, in such studies, a number of animals are given no
dehydrophenylahistin or its analog, various doses of dehydrophenylahistin or its analog (and/or combinations
with one or more other antifungal agents), or a positive control (e.g. Amphotericin B), respectively, beginning
before, at the time of, or subsequent to infection with the fungus. Animals may be treated once every 24 hours
with the selected dose of dehydrophenylahistin or its analog, positive control, or vehicle only. Treatment is
continued for a predetermined number of days, .g. up to ten days. Animals are observed for some time after
the treatment period, e.g. for a total of three weeks, with mortality being assessed daily. Models can involve
systemic, pulmonary, vaginal and other models of infection with or without other treatments (e.g. treatment
with steroids) designed to mimic a human subject susceptible to infection.

To further illustrate, one method for determining the in vivo therapeutic efficacies (EDso, e.9.
expressed in mg dehydrophenylahistin or its analog/kg subject), is a rodent model system. For example, a
mouse is infected with the fungal pathogen such as by intravenous infection with approximately 10 times the
50% lethal dose of the pathogen (108 C. albicans cells /mouse). Immediately after the fungal infection,
dehydrophenylahistin compounds are given to the mouse at a predetermined dosed volume. The EDs is
calculated by the method of Van der Waerden (Arch Exp Pathol Pharmakol 195:389-412, 1940) from the
survival rate recorded on 20th day post-infection. Generally, untreated control animals die 7 to 1 3 days post-
infection.

In another illustrative embodimemt, C. albicans Wisconsin (C43) and C. tropicalis (C112), grown on
Sabouraud dextrose agar (SDA) slants for 48 h at 28°C, are suspended in saline and adjusted to 46%
transmission at 550 nm on a spectrophotometer. The inoculum is further adjusted by hemacytometer and
confirmed by plate counts to be approximately 1 or 5 x 107 CFU/ml. CF-1 mice are infected by injection 1 or §
x 106 CFU into the tail vein. Antiftingal agents are administered intravenously or subcutaneously in
ethanol:water (10:90), 4 h post infection and once daily thereafter for 3 or 4 more days. Survival is monitored
daily. The EDso can be defined as that dose which allows for 50% survival of mice.

EXAMPLE 11
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20Oéé@ﬁ%%s%/gﬁ@gﬂgyagza%@%gulin agents capable of binding to fungal microtubules.

Once bound, these compounds interfere with cell division and intracellular transport in sensitive organisms,
resulting in cell death. Commercially, benzimidazoles are used as fungicidal agents in veterinary medicine
and plant disease control. A wide variety of fungal species, including Botrytis cinerea, Beauveria bassiana,
Helminthosporium solani, Saccharomyces cerevisiae and Aspergillus are susceptible to these molecules.
Toxicity concerns and increasing drug resistance, however, have negatively impacted their usage.
Griseofulvin is used clinically to treat ringworm infections of the skin, hair and nails, caused by Trichophyton
sp., Microsporum sp., and Epidermophyton floccosum. lts antifungal spectrum, however, is restricted to this
class of fungal organisms. Genotoxicity is also a significant side effect. Terbinafine, while an alterative first-
line treatment, is more costly. Further, clinical resistance recently has been observed in Trichophyton rubrum
(the major causative agent for all dermatophyte infections).

In Candida albicans, microtubule/microfilament formation is affected where cells are exposed to the
microtubule inhibitors nocodazole and chloropropham. These results further validate the exploration of
cytoskeleton inhibitors as effective antimycotic agents. Accordingly, several of the compounds disclosed
herein were evaluated for antimycotic activity.

Specifically, disclosed compounds were evaluated alongside commercially available microtubulin
inhibitors as well as recognized antifungal agents. The test compounds and controls used in this study: (-)-
Phenylahistin, KPU-1, KPU-2, KPU-11 and KPU-17, KPU-35, t-butyl phenylahistin, Colchicine (commercial
microtubulin inhibitor tested versus 3 Candida isolates), Benomyl (commercial microtubulin inhibitor tested
versus 3 Candida isolates), Griseofulvin (commercial microtubulin inhibitor and antibiotic control for testing
versus 6 dermatophyte isolates), Amphotericin B (antibiotic control for testing versus 3 Candida isolates),
ltraconazole (antibiotic control for testing versus 2 Aspergillus isolates).

Microorganisms against which these compounds were tested included: Candida albicans, Candida
glabrata, Aspergillus fumigatus, Trichophyton rubrum, Trichophyton mentagrophytes, Epidermophyton
floccosum. With the exception of Candida glabrata (one isolate), two isolates of each species were tested.

Antifungal susceptibility testing was accomplished according to the methods outlined in the National
Committee for Clinical Laboratory Standards, M38-A "Reference Method for Broth Dilution Antifungal
Susceptibility Testing of Conidium-Forming Filamentous Fungi; Approved Standard.” This includes testing in
RPMI-1640 with glutamine and without bicarbonate, an inoculum size of 0.4 - 5 x 104, and incubation at 30 or
35°C for 48 hours. The minimum inhibitory concentration (MIC) was defined as the lowest concentration that
resulted in an 80% reduction in turbidity as compared to a drug-free control tube. Drug concentrations were

0.03-16 pg/ml for the investigational compounds, 0.015-8 pg/ml for itraconazole and griseofulvin.
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wherein R1, R4, and R6, are each separately sel ected
fromthe group consisting of a hydrogen atom a
whalegenmt om and saturated C, -C24 al kyl, unsSPCT/US2088/024232
G -C24 al kenyl, cycloal kyl, cycl oal kenyl, al koxy,
cyclloal koky,| ar|lyl | stubstitluted ary|, hetieroaryl,
subgtit kpad Ret|ey oer Yk, QNcnon sabghi tautiled  am no,
ni t & 82| do|= debsti tat g6 | tFo|Zplenyt,| and
subs§ tut ed phdnyll groups,| hydroxy| carboxy, -CO
Q- R1E &yaho, | allkyl|t hi o, | hal ogenat ed al kyl i ncl udi ng
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subgty ®Eed gnijno,| nitrp, [azi|do,| slibstitluted nitro,
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carbon atom a sulfur atom a nitrogen atom or an
oxygen atom and the dashed bonds nay be either single

woeroodosdab®e bonds;

sai d nmethod conpri sing: reakCT/I§083/024232
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Rl zZ4 ~~¢c3 6 X2 (1) wherein RlL, R4, and R6, are

each separately selected fromthe group consisting of
w@2wnasagen atom a hal ogen atom and sat ur at BAT/0320C2624232

al kyl, unsaturated O -C24 al kenyl, cycl oal kyl,

cycl oal kenyl, al koxy, cycloal koxy, aryl, substituted

aryl, heteroaryl, substituted heteroaryl, am no,

substituted amno, nitro, azido, substituted nitro,

phany bxamglesl desuihed Bliowt erd spifferthydolelyrto agsist in hi}edmde(gtanding of the invention.

b B A B P e AL RRGERA g s o

otheRidePRIME furtiin gerivatiodslobaytydrophdn@ati®iins. wherein R7 is

:th ecta??g?ﬂf' r Egna a\&%q%%%ﬁgpreﬁ&?t%hal %ﬁ @ver@g\ @\éﬁll@@%ﬁfd to obtain, for
exaf€ 1RAdkY bnd Wﬂ@éﬂ K&itdrled, &l ey oth@ry alherahtk Oy methbdsl and procedures
substitute yl, heteroaryl ueg;c!% ed heteroag&léd i
descgigdnlepreins arssﬁrqswﬁlv &preseniaiye oinrefertsd erbpipentssad A FXRTREY dnd are no
mter&%@ EQlimitafinS 'Bb( khe sBdpe oﬁmp%érﬁlbﬁ e@aﬁgﬂs@ Mekeir04n@ WNe: usBd. will dbelr to those

are each i ndependent| I)éqse ected fromthe group
skillegsmie ot wiigh eaﬁenaonmsfﬁwwt B of thg inMeilyen at om and

i;‘i \R/lﬁl fgﬁcﬂl ;%r%nt |sk|||IeH "hstﬁé éH R4t 98hyifd su@lﬂm@hls Ié!ti%ﬁMJ)dalflcatlons may be

koxy, cycl oal kOﬁy
made trtbe mven’noeadlsel@sszd herehrew@mé d@rpﬁﬂmg fenithe scPRetaBeISHiTiEP éfied@'ﬁgmon

am Aoted %E’ b‘aﬁ& an@gﬂbﬂﬁtlong lnEﬁtlQned %Péjébecﬁﬁbﬂéﬁ taﬂetxr{dkﬁtﬁe of the levels

tro tuted groups hydr oxy,
of tm&rdkdjed/m the@‘.Dto vfblcRme myﬂwopertana(ﬂupﬁmts and gukiepdiena esdhereby incorporated

o B 6 ARt BRI el 988t ey o

treateg bespteﬂﬂi:alfyraodmavudwl@nrdgaad tatbe imporzordtesll by cpfarengg.om  and

saturat ed. Cl- 4 )

cyc drva@‘op ﬂw@ﬁ%ﬁ‘%%eq herd) i‘ térﬁ a?%e ﬁact 019( @L) légslr%gc}e’of any element
or etertent,i livithtieal or iittlions imadstﬂs tnatrspéc,lf cailyx Idtsd:lmsedm@ein hélteetenmrayﬂ expressions

whlqpmglyqegbe %ﬁi&;@}f al'rlé Esg'qja EFBEP {sﬁtnét@h szé}ng?hmlfg ndtﬂ%?eq%aq intention that

in tRN@e B ?uclafeﬂnfénﬂ {@lﬁmesﬁlméahcmﬁteb Yhe RRARDN bbeqon&erﬁtﬂﬁﬂee‘eatms shown and
are not coval en 0 one

s S B S 3 I i sl R g sore o e

mveﬁﬁ‘d?tarTﬁ&selt ¥nhotig lhe Gﬁd%ﬁétoﬁd B0 AtAgIOhe pBsedtin@ntidh indgbeah siecifically disclosed

drogen atom en atom ,.and sat ura ]h
by F%i¢fRffﬁ|d emiprpantirand era'm@iie res, FIOGajan a“%‘.a?ﬂatm&@@? B%HC%R% erein disclosed
ma;ﬁﬂe“r@é&){ed to By hbLakikA X Mhe B, ¥ that WA trodifita®Ms &fdWariations are considered to be
teroaryl’, substituted heteroaryl, am no, substituted
falllm]wlﬂamtheﬁpqpp@fthe ipveAtiogubst i tuted nitro groups, sul fonyl
and substituted sulfonyl groups; Xi and X2 are
separately selected fromthe group consisting of an
oxygen atom a nitrogen atom and a sulfur atom each
ei ther unsubstituted or substituted with a R5 group,
as defined above; Y is selected fromthe group
consisting of a nitrogen atom a nitrogen atom
substituted with R5, an oxygen atom a sulfur atom a
oxi di zed sul fur atom a nethylene group and a
substituted
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nmet hyl ene group; n is an integer equal to zero, one or
two; Z, for each separate n, if non-zero, and Z1, Z2,

wWQ@o0ans478l are each separately sel ected from aPCT/ER19081024232

atom a sulfur atom a nitrogen atom or an oxygen
atom and the dashed bonds may be either single or
doubl e bonds; with the proviso that, in a particul ar

conpound, if RL, Rl', R2, R3, R4 and R5 are each a
Wm then it is not true that Xi and X2 are
S?Fr{t;t ﬁ;l gﬁ%@ﬁﬂiﬂBQMtﬁ&t gfﬁar%ﬁn en a;{om:\)’d I%}[l thel.ﬁructure of Formula (1):
conmpound of claim 15, V\,herel n each of R2, R3, R5 and
R6 is a hydrog:ep atom 17. The conpoqu of claim 15,
wherei n each of ﬁ]zlgw Y\EZ i sXan oxyge 4tom 18. The
conmpound of cl & écei i R4_i{s a/saturated Cl-Cl12
al kyl . 19. The orrpo d ofNTl ai reRy the

saturated Cl1- [ [ butyl group. 20.
The conpound ei.\e \RQRI s a
substituted p 4group 21. The*conpoRgd of claim

20, wherein the substltuted Khenyl group is

nmet hoxybenzene. 22. The conpound according to claim
15, wherein n is equal to zero or one. 23. The
conpoundwﬁﬁﬁbrdlng to claim 15, wherein nis equal to

one. 24. T fodeiysel
i s equal % o gne anéd&%h %g{egfag%@q oﬁlﬁézdl&é%ons\é’[@ Oﬁé HyaFbgen ator,
car doaogen glom, 261 salindedcorfroakyd wkat@hted th-05 alkettyle cgdoalkyl, cycloalkeny),

Sa' Ql&%ﬁ@&% %ry? %ht&ﬁ;ﬁ}_@{g @M &gﬁ%@' %k%tﬁ?tg%%rt%ﬁ%tyl x%lno, substituted

KPUar@O)O aitiol aviddh sbgfituteshtroy plashyl snil mubstiied ;ihepyﬂtgmtlm,dtydrbxycedrboxy, -CO-

oh g@ @2 'Cgén? Iﬁﬁgpagoggng%? H’] znc@tgpnér[) Qoﬁﬁgo te%l-ﬁﬂ@ma?bgen%{eg cglrbonyl, and

phacattmuyt b(IOOeIaI wttemmpbw selected fedm £hyaiogenidiom, wihelbgh Atomaard saturated Ci-

KP 3 a @}q | Sat S%%F &tggtua_l 7a‘i¥ﬂgw3§§%‘)e”§['1 Rc’o%\%tcyclo%lkoxy, aryl, substituted
200410 betet&yl, Fﬁﬁdtntt@&@ﬁ@fo@@ﬂ%ﬁt&ﬂ&bstﬂtéﬂ R, 16 € BlidoC 8libstituted nitro,

0si ti 26, wherein said conpound has a
cy?@te@%a JJS”B‘%{” eéjplteng@éps The phar maceuti cal

conposi t ROMIGE" @bﬁm%end%t %@édtbdﬁx@tndhe%dﬁﬁ%’r@gu 9f &hydrogen atom,
cell-é cle inhjibitor. zmetho rt etredgtmeny g

of &N3oeep stom, and saturated %ﬂ‘%ﬁ'ﬁﬁl“”sﬁf%ﬁ?ﬂ' CsGanglkenyl, cycloalkyl, cycloalkenyl,

ad g tefdldalkeiyt Qryt B@ostttm@dnm rRteRBR @%ﬁbt&d ‘ﬁétbr{)é/ryl ammo substituted
effective anmount of the conposition of Claim?2 31.

Thea M AR 2840, @baltu’ﬁdsmro pheayend) S@autldedonhgryh@wps,ttutr@xyl garboxy, -CO-
NeoRRASYdn6, -alkitio, ﬁgh‘)ﬁerﬁﬁﬁ bR m‘é’lpdlrﬁ1 @Igﬁ@lo’égnate%ﬁdjledaﬁgé@feﬁl carbonyl, and

di sease state is a
carbonyl -CCO-R;, wherein Ry is selected from a hydrogen atom, a halogen atom, and saturated C:-

Cas alkyl, unsaturated C+-Co4 alkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, amino, substituted amino, nitro, azido, substituted nitro,
phenyl, and substituted phenyl groups;

R, Rt and R¢" are either covalently bound to one another or are not covalently bound to one
another;

Ra, Rs, and Rs are each separately selected from the group consisting of a hydrogen atom, a

halogen atom, and saturated Ci-C1» alkyl, unsaturated Ci-Ci» alkenyl, acyl, cycloalkyl, alkoxy,
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33. A pharnmaceutical conposition for treating or
preventing fungal infection conprising an

wanispsagal |y effective anount of a conpound OPCT/IUSI003/024232
15 together with a pharmaceutically acceptable carrier
therefor. 34. The conposition of Caim 33, wherein
said conmpound is selected fromthe group consisting
of : KPU-2, KPU-1 1, KPU 35, KPU 66, KPU 80, KPU- 81,
KP\dy@dikenyoaril -obstituted piye ngtdaradnsvl substituted Bstergeryieamingdsubstituted amino, nitro,

| et e ol o Bt Gler B8 028, one

fungal iMberk at)snsepdiratslh sélaty fios dre gacdprconsisting of angpxggen atom, a nitrogen

tif )
15 2 Al wie ppeagteraruieg oo T BRL g oun s Bl above
net hod  of js GiatedrdR theWddRp emglsﬁ@ lofla eiegproator & ritrogen atnt sutistituted with
fromthe group consistin 1, KPU-

KPURs6@N ow}a@@ ajpifyr gtfm %p{(}j@g sgﬂla at%l’n a methgﬂene group ang’ a’ substituted

t - bt den@btSup %/I ahistin. 37. A pharnmaceuti cal
conposition for treating or Freventl ng tunor

conpri si g amintegs paRliReeEU PCAMOy ef fecti ve ampunt of a
con‘pound% R eSeh 8pafR ﬁﬁtﬂ%r@‘%{ndﬂ YﬁZa@ﬂ@ﬂ@#@éﬁ@f@ hratally belected from a
accept ab carrier therefor. . The method of Caim

37, cavﬂoeatem,ra seuir elOmKﬂﬂﬁ@G@fbﬁtqnso@@P%@Qn@@mf #¥m t he group

consi st KPU- 66,

KPU- 80, ‘ﬁ%ﬂ#@e ,bmﬁﬁfg?ﬁ Shefshao d??%’*pbﬁﬁdﬁw ahistin. 39.

A net hodsanfmethod egniprigngand/ or preventi ng cancer in a ‘
ggm: sta fgf?c%hhg;g (ﬁ%yl)ﬁ\ﬂ(e%tgb 8%5 Ih%PsFQdeh@‘QWréo%@esan intermediate; and

an’an e detsu a conpound
of cl ai meadingssdfintermediate Wrﬂra syacmld aldelyda fo npduse said Compound wherein said

pr %gtﬂtﬂlﬂf’h?@ é’% 3%%1%8‘%{5 hﬁ%{]ﬁdfes qrreg"usg}eég%n ;r%ﬂ@tetﬁ@ gd?ou? adoflsisting of an

KPLb)%zolééﬁfbbxéldéyhydlé,Plthla&plectéFdea&{éhydKPld- 8@ vzaldghysies Timidagolecaigpxaldehyde

and t-huty
derivatives, and %enzg\Xehy e d%nva{1 ives, theregy forming the compound.

2. The method according to claim 1, wherein said first aldehyde is an
imidazolecarboxaldehyde.

3. The method according to claim 1, wherein said second aldehyde is a benzaldehyde.

4 The method according to claim 1, wherein each of Ry, Rs, Rs and Rg is a hydrogen atom.

5. The method according to claim 1, wherein each of Xi and X, is an oxygen atom.

6 The method according to claim 1, wherein R4 is a saturated C+-C12 alkyl.

7 The method according to claim 6, wherein said saturated Ci-Cq2 alkyl is a tertiary butyl
group.

8. The method according to claim 1, wherein Ry comprises a substituted phenyl.

9. The method according to claim 8, wherein said substituted phenyl group is
methoxybenzene.

10. The method according to claim 1, wherein said first aldehyde is a benzaldehyde.

1. The method according to claim 1, wherein said second aldehyde is an
imidazolecarboxaldehyde.

12. The method according to claim 1, wherein n is equal to zero or one.

13. The method according to claim 1, wherein n is equal to one.

-114-



WO 2004/054498 PCT/US2003/024232

14. The method according to claim 1, wherein n is equal to one and Z, Zy, Z,, Zs and Z: are each
a carbon atom.

15. A compound having the structure of Formula (1):

wherein

Ry, R4, and Rs, are each separately selected from the group consisting of a hydrogen atom,
a halogen atom, and saturated Ci-Cas alkyl, unsaturated Ci-Cos alkenyl, cycloalkyl, cycloalkenyl,
alkoxy, cycloalkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 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 atom, and saturated C+-
Cas alkyl, unsaturated C+-Co alkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, amino, substituted amino, nitro, azido, substituted nitro,
phenyl, and substituted phenyl groups;

R and R" are each independently selected from the group consisting of a hydrogen atom,
a halogen atom, and saturated C1-Cos alkyl, unsaturated Ci-Czs alkenyl, cycloalkyl, cycloalkenyl,
alkoxy, cycloalkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 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 atom, and saturated Cs-
Cas alkyl, unsaturated C1-Cas alkenyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, amino, substituted amino, nitro, azido, substituted nitro,
phenyl, and substituted phenyl groups;

R, R and Ry" are either covalently bound to one another or are not covalently bound to one

another;
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Ry, Rs, and Rs are each separately selected from the group consisting of a hydrogen atom, a
halogen atom, and saturated Ci-Cq, alkyl, unsaturated C+-Cio alkenyl, acyl, cycloalkyl, alkoxy,
cycloalkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, amino, substituted amino, nitro,
and substituted nitro groups, sulfonyl and substituted sulfonyl groups;

X4 and X, are separately selected from the group consisting of an oxygen atom, a nitrogen
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, a nitrogen atom substituted with
Rs, an oxygen atom, a sulfur atom, a oxidized sulfur atom, a methylene group and a subsfituted
methylene group;

n is an integer equal fo zero, one or two;

Z, for each separate n, if non-zero, and Zi, Z», Z3 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;

with the proviso that, in a particular compound, if Ri, Ry, Rz, Rs, Rs and Rs are each a
hydrogen atom, then it is not true that X1 and X; are each an oxygen atom and Rs is either 3,3-

dimethylbutyl-1-ene or a hydrogen atom.

16. The compound of claim 15, wherein each of Ry, Rs, Rs and Rg is a hydrogen atom.
17. The compound of claim 15, wherein each of X; and X, is an oxygen atom.
18. The compound of claim 15, wherein R4 is a saturated C1-Ci2 alkyl.

19. The compound of claim 15, wherein the saturated C+-Ci2 alkyl is a tertiary butyl group.

20. The compound of to claim 15, wherein Ry is a substituted phenyl group.

21. The compound of claim 20, wherein the substituted phenyl group is methoxybenzene.

22. The compound according to claim 15, wherein n is equal to zero or one.

23. The compound according to claim 15, wherein n is equal to one.

24, The compound according to claim 15, wherein n is equal to one and Z, Zy, Z», Zs and Z4 are

each a carbon atom.

25. The compound of Claim 15, wherein said compound is selected from the group consisting
of: KPU-2, KPU-11, KPU-35, KPU-66, KPU-80, KPU-81, KPU-90 and t-butyl-phenylahistin.
26. A pharmaceutical composition, comprising the compound of Claim 15 and a

pharmaceutically acceptable carrier.
27. The pharmaceutical composition of Claim 26, wherein said compound is selected from the
group consisting of: KPU-11, KPU-80, KPU-81 and KPU-90.
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28. The pharmaceutical composition of Claim 26, wherein said compound has a cytotoxic
activity.

29. The pharmaceutical composition of Claim 26, wherein said compound is a cell-cycle
inhibitor.

30. A method for the treatment of a disease state in a mammal, comprising administering to the

mammal a pharmaceutically effective amount of the composition of Claim 26.

31. The method of Claim 30, wherein said disease state is neoplastic.
32. The method of Claim 30, wherein said disease state is a fungal infection.
33. A pharmaceutical composiiion for treating or preventing fungal infection comprising an

antifungally effective amount of a compound of claim 15 together with a pharmaceutically acceptable carrier

therefor.

34. The composition of Claim 33, wherein said compound is selected from the group consisting
of: KPU-2, KPU-11, KPU-35, KPU-66, KPU-80, KPU-81, KPU-90 and t-butyl-phenylahistin.

35. A method of treating and/or preventing at least one fungal infection in a mammal afflicted

with at least one fungal infection which comprises administering an antifungally effective amount of a

compound of claim 15 sufficient for such treating or preventing.

36. The method of Claim 35, wherein said compound is selected from the group consisting of:
KPU-2, KPU-11, KPU-35, KPU-66, KPU-80, KPU-81, KPU-90 and t-butyl-phenylahistin.
37. A pharmaceutical composition for treating or preventing tumor comprising an

pharmaceutically effective amount of a compound of claim 15 together with a pharmaceutically acceptable
carrier therefor.

38. The method of Claim 37, wherein said compound is selected from the group consisting of:
KPU-2, KPU-11, KPU-35, KPU-66, KPU-80, KPU-81, KPU-90 and t-butyl-phenylahistin.

39. A method of treating and/or preventing cancer in a mammal afflicted with cancer which
comprises administering an antineoplastic amount of a compound of claim 15 sufficient for such treating or
preventing.

40. The method of Claim 39, wherein said compound is selected from the group consisting of:
KPU-2, KPU-11, KPU-35, KPU-66, KPU-80, KPU-81, KPU-90 and t-butyl-phenylahistin.
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