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TERBENZI M DAZCJ_ES USEFUL FOR MEDI-CAL THERAPY (TOPA SOVERASE |

5- Background- of -t he: 1 nvention M/ELQ-QWS
This |nvent|on was rrade with the support of the United States : :
‘National Institutes of Health Grant CA 39962.. The U. S. Governrrent has
certain -~ - - .rights in the invention. . ' DNA :

t opoi somer ases are nucl ear enzynes that control ‘and 10 nodi f the

t opol ogi cal sTERRENZBYIDHIRLEY US 1 KPR MEDICHE TEERCEY (ERORMERASE ITORS)

rej oi ni ng of DNA'strands. See, for exanmple, D Arpa et al., Biochim .
Bi ophys. "~ . - Acta, 989, 163 (1989). Topoisonerase |l enzymes alter the

t opol ogi col’ st ate of mekﬁf_ﬂ%@_[_y Hoh Strand break in the
DNA. By interfering with t he reakage/ reunion reaction of DNA

t opoi somerases, a number %ﬁgﬂmmmmnadew&hthmppehomavmﬁﬂmes t hese
enzymes. into net DNA-breaking _.enzynes, resultin L |neff|C| ent cell

killing. See L, muogﬂdnsutﬁteresm 3?%%&%& gvermnent %B’h ng
drugs, Adv. in Ph g?dé‘%?l Vg&% (1994); L. K. Wang- et al ., .Chem: Res:.

Toxi col .. 6, 813 S, nannallan topoi sonerase ||l represents an

‘effective pharnacol ogi cal Dnmepoltmerh&beasem&hw &' theodneol and 20 .
chem)therapeutlcs (A. Y. Chen et al., Annu. Rev. Shar macol . Toxi col . , 34,

191 - rmgmgcnfythnmpglqgmlgtatqsuowN&Qymelymwecqmemd@r@hm@m zed -
(W 26), P r R P NA TS Tor RAAT By O AP 5 RoriBR i EientBs

eII|pt|C|ne and b g&ﬁ,@
_topoi soner ase | %Mfﬁgﬁggs )hgtogogfgefaeseelalt?n es Herocﬂ vﬁ%\%ﬁw of :
t opoi soner ase 1 DNAIHyImmofﬁidnpbletshamdbrealemthe@NA Btyentmfenngvnththe '

extensively studied manmmal i an topol sorrerase | inhibitor. See R C Gallo et
al . J. breakpge/teptonreaqtion of DIVA tonsdsomenases, aqmnlsr oéag@t%%wm la et -
al ., Cancer. e ik ecin
W t-h"t-he"breﬁaé’g?n?éhr‘\momomeé%ge rea |orlflt§?lgtjc))§t€)b? lrsngmerg l’esu q{g]'i n -
accumul ation of jeffie¥eHt eell killingr Seedi. . €iu, in TOPoisoerh beiB@he@ger ase | is.
reversibly trapped in a cl eaved state, ternmed the cl eavabl e corrpl ex:

(Y. -H. Hsiang etargeting drugsiAdv. inRharmacelg 29B/3934); LoKsWang et gl.,
Eﬁ;:ner et aI. _ Iéiugxrcol,A,g iﬂ% (?5&3) "I;st rggmjnafr 9?09 isomerasg)flerep&eseﬁgan ' B' ol .

eﬁ"ectwe pharmacologxcal target for the development of ca.ncer : .
20 chemotherapeutlcs (A. Y. Chen etal. Amu Rev Pharmacgl, IQX_ICOL 3_ 191
L (1994)). Among the clinical agents in use which are recognized as - o
toporsomerase 11 inhibitors are etoposrde (VP-16) temposrde (V M—26)
m1toxantrone m-AMSA, adnamycm (doxorubmm), elhptlcme and daunomycm
| . In companson to topoxsomerase 1 mh1b1tors there are relatlvely :
- - 25 few known topmsomerase I 1n1nb1tors Camptothecm represents the most
o . extensrvely studled mammahan topmsomerase I mh1b1tor SeeR. C. Gallo et al
J. Natl. g;@ce; Inst., 46, 789 (1971) and B. C. Giovanella et al. Qam_llgs_ §_1_,
3052 (1991) The mterference of camptothecm w1th the breakage/reumon -
: reaction of top01somerase I results in accumulation of a covalent intermediate,
230 in whlch topoisomerase I is rever51bly trapped in a cleaved- state, termed the
| | cleavable complex (Y.-H. Hs1ang etal., I Biol. Chem - _QQ 14873 (1985) S.E.
' Porter etal. M@& 8521 (1989) C. Jaxel et al ng;m
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(1991)) The“lﬂ%cl‘?pect rum of potent anti neopl astic activi ty crms’%%“@?vgd_
for canptothecin has prorrpt ed further: efforgs to identify ot her agents :
whi ch can effectively poison mammualian topoi sonerase I.

¥ s recent |y SBEMTEETD e el bhslk ol anndlc iy S a

i nhi bitor of -t opebsepved fos earhptothecindtak prompted further efforts to identify other agéits
agent, whi ch binds to the ninor groove of DNA, traps the 15 reversible

cl eavabl e conpl ewmqaueéfeﬁm‘@lymemsmsmaae Iand ~ produces a
limted nunber of highly s | fi | esstra

exanpl e, see A'Y. Chen et iﬁe‘m H@%gg emor@%“"‘%ﬁ"f%?g’g%(%zd%n et
al ., = PNA§, %@loxﬁah%;tyx)ﬂs@%ewl h ipbdrain 200 bl RLhisrint $aft!

anti cancer agent is he" prevri ousl y repoft ed observatlon tﬁat I't is not-
ef fective agai nsinlnlutorrofuqlollsolmenmlzo whi ch overexpress MDR1L. Wiile KB 3-1
cel'ls ‘are known to be quite sensitive to Hoechst 33342, with an :
I err] - of apprOxi mately 9 nM this conmpound is- = . apprOX| mately 130- fold -
less cytotoxic to KB V-1 I whi ch are known to ' overexpress MDR1.

Recently, several anal.ogs oTN th s bi shenzi ni dazol e have: been. :
synt hesi zed, to furt her i.nves S , re activity.rel ationships 25
associated with their: potency as

-ﬁonerase | inhibitors .and

the . ‘rel d0ed cytotoxicity. Fo Pl e \-Q/ Sun et al., Biorg. and Med.
Chem Lett., 4, . 2871 (1994) di scldsed t he'pTepsat i on of - 5

bi s- ben2|mdazoles of forrrula(2) .

Tlns agent wh1ch binds to’ the minor groove of DNA, traps the
15 reversxble cleavable complex derived from DNA and topoisomerase I and
produces a limited number of thth spec1ﬁc smgle-strand DNA breaks. For
example, see A.Y. Chen et al M 53,1332 (1993) and A. Chen et al
' PNAS, 90, 8131 (1993). A hrmtatlon of Hoechst 33342 as an anficancer agent is |
. the prev10usly reported observatton that it is not effective agamst tumor cell hnes
' ;20 . which overexpress MDRl Wlule KB 3- l cells are known to be qmte sensmve -
| ._ to Hoechst 33342, with an IC,, of approx1mately 9 nM, this compound 1s
approxtmately 130-fold less cytotox1c to KB V-1 cells, whxch are known to :
- Overexpress MDRI. Recently, several a.nalogs of this blsbenznmdazole have
been synthes:zed to further i mvestlgate the structure actmty relat10nsh1ps
25 assoctated w1th their potency as mammalxan topmsomerase I mlubltors and the

: related cytotox1c1ty For example, Q. Sun etal, Biorg. md Med. Qh em. ﬂ,, 4,
- 2871 (1994) disclosed the preparation of bis-benzimidazoles of formula (2),



- vp 98/81673 : S o -
4BCT/ US98/ 01005 S | 3 [err]

“Where n is Owofps/3ﬂ5730r 3. HoWever these corrpounds wer e foundl’m‘lllﬂ?wwﬁt
one order of magnitude |ess cyt otoxi ¢ than Hoechst 33342. 10
~More recently, Q Sun et al., in Abstract 2888, Scientific

‘Proceedi ngs- 86t h Annual Meeting of the AACR (Toronto, CA, -March 18- 22
'1995) disclosed that -a-trisbenzini dazol e derivative, 5-(2- pyr| dyl) - 2- [2'
benzi m dazol -5 "-yl  benzi nenzi mcﬁl]azol e has simlar potency as an:

i nhi bi'tor- of "human topoi somerase}q | “as Hoechst: 33342. 15

Mycoti c i nfections have beconmes g NS
decades, causing-high- m)rtallty anong 1 RCOppr A sed patients, . such
as transplant recipients and cancer akg DB pa Y. The: expand_l ng - -

. pati ent ﬂ popul ation and sone eX|st|ng,probIe_r rent -anti f ungal
chenot her apy Have - created a demand for nore ¢gf b and safe '
antifungal agents for the treatnment 20 of this increast igypor t ant -
‘class of opportunistic infections. Based onstudies _ accharonyces
-cerevisiae and Candi da al bi cans, nucl ear fungal . . top0|sonerase | - shows
prontse as . a nol ecul ar target for anti fungal - agents (see J. ' M Fostel .

et al., Antinmi crwhereAgmm; $, Zjoe Ao Hnsvever, Suese Sampoustsyere found tofssbett ene

al ., Antimcrob. A en s Chenpt her 21 9 Studies in S o
c'erew si ae _ &‘B“trégh °V@M‘§B’f?'§i'§?gﬁ? gﬁé)’%e a_fungicidal target

:25
for camptot hggi n (0. Mk bitng) @l s EWSUaBO6ao80ickdBES) )

-Studies in | bi cans’ have ences 1A sensitivi ty of

the human and Capgliceedih P 86thakmiabMeeting of tlhetﬁQﬁCRE(Tamntmmdﬁhrdh 18-Z253 (J.
M Fost el (1995) cited above). pergillus fum gatus and A

ni ger are two i nb%?i)mlqsﬁﬂm HMF%M@ZOWC@@BY%%@'MWH ~#r¥2'hogens.

There is an ur gegt needjazolo§” me%zﬂlhgfotl SV?l]benmmtdazole has sumlar potency asan ..

inhibitor of human- top01somerase I as Hoechst 33342.
o 15 Mycotlc infections have become 1ncreasmgly important in the last
o _' two decades, causing high mortallty among 1mmunocompromrsed patients, such | :
~ as transplant recipients and cancer and AIDS patrents The expandmg pattent
populatron and some ex1st1ng problems in current antlfungal chemotherapy have '
created a demand for more effectlve and safe anttfungal agents for the treatment ) -
- _,20. of this 1ncreasmgly nnportant class of opportumstlc mfectlons Based on studtes o
in Saccharomyces cerevisiae and Candzda albicans, nuclear fungal

toporsomerase 1 shows promtse as a'molecular target for antlfungal agents (see J. '-

| M. Fostel etal. Antmmh_Age_ms__Ctﬁmhe_t_,_ﬁ,SSG (1995); . M. Fostel ot

o al, Anpm;crgh Agents Chemother., 36,2131 (1992)). Studies in S. cerevisiae
25 have estabhshed topo1somerase I to  be a fungicidal target for camptothecm (J

'N1t1ss et al., PNAS USA, 85, 7501 (1988)) Studtes in C albzcans have N
- demonstrated differences in sensitivity of the human and Candida toporsomerase "
* . 1to'the aminocatechol A-3253 {J. M Fostel (1995) cited above) |
'. Aspergillus ﬁlngatus and A mger are two nnportant 11fe-threatemng

: _30 .' systemxc hurnan pathogens There is an urgent need for more -effective

e antlfungal agents for the treatment of patrents w1th these: opportumsttc mfectxons. L

gl)‘llrrportant |nthe Iast o two

—tee



antif'ungal agents for the treatr_rent of patlents W|th these opportum stic
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Sunmary of the | nventi on - . 4 The |nvent|on provi des a o
t'herapeutic nmethod for the treat rrent of a fungal i nfection conprising
‘adm nistering to a mammal afflicte : infection,

particularly a system c fungal infection, ec rve antifungal anount

‘5 of a conpound of general "Iﬁlenmdnaoxjpyowc[eslarthefapeummethod for the treatdnesitedfn Ar
is aryl or a nitrogen-, sulfur- or. oxygen-containing heteroaromatic 15
group; X is-H, CRimgabinfestiongomppsingadmipisteringtan marqmat[a&hp}e}iamﬂya fungal

NdJerr], NH err] g err .each Y is:
i ndi vi dual |y H, PED&L ?’js&‘g‘glﬁ“jl?as%“b’ﬁlc%%@ %F“ | amount
Cerr]) alkyl 5 pbﬁﬂubmpéuﬂ@dﬂ’géﬁ&ﬁhmma@ﬁch Zis i ndl Vi dual ly H :
(derr]-Cerr])alkyl, hal ogen or halo(C[err]-Clerr])al kyl; and n is 0
or. 1; or a phar naceutlcally acceptable = salt thereof 20 . o
Preferably, Ar is a (Cerr]- C[err)aryl,zsuch as phenyl, or a 5- to 12- _
-menber ed heteroaryl group, rmst5 P‘\bl 5-6 rrenbered het er oaryl- group,

corrprl sing -1-3 N, S or non¥pdids O,leach N_is unsubstituted or

is substituted with H (gerf]-§ err4Kl Kyl or Senzyl . Ar can occupy

the 4, 5, 6 or 7 position of th# benzo ing % shown, preferably the

5 positi on, and X can occupy 25 any avai | abl é pos Qqn.on Ar. Positions 4,
7 and 5, 6 arl® equivalent when Y.is H - Accor d{ hgNt e .one .enbodi nent,
Ar is phenyl, and Xis d or Br, preferably (o1, yi ng 't he\ par a

_positi_dn. ‘As drawn, Z may occupy any position on the . v

M
| wherem Aris aryl ora mtrogen— sulfur— or oxygen—contalmng heteroaromatlc
15 group; X is H, CN, CHO, OH, acety, CFs, O(C;-C,)alkyl, NO,, NH,, halogen or
halo(C;-C,)alkyl; each Y is 1nd1v1dually H, (C,-C,)alkyl or aralkyl; Y'is H, (C,-
C,) alkyl, phenyl or methoxyphenyl each Z is 1nd1v1dually H, (C,-Cjalkyl,
| halogen or halo(C.-C.,)alkyl and nis0 or 1;0ora pharmaceutlcally acceptable
_ salt thereof |
20 : Pre_ferably',- Arisa .(C.;-C,z)arjd,. such és phenyl, or 'ﬁ 5- f_d 12-
~ membered heteroaryl group, most preferably a 5-6 mémbered hetéfbaryl gi"o'u:p,
'compﬂsing' 13 N; S ofnon—j’:ero:d_de- O, wherein each N is uﬁsubStituted oris
. substituted with H, (C,-CJalkyl or Bénzyl. Ar can occupy the 4, 5,60r7 ; |
position of the benzo ring, as ShoWn, preferably the 5 posiﬁon, and X can occupy .
25 © any ava11able posmon on Ar Posmons 4,7 and S, 6 are eqmvalent when YisH. B
o According to one embodlment Aris phenyl, and X is Cl or Br, preferably
| occupying the para posmon As drawn z may occupy any posmon on the
benzo moiety. Z is preferably H, halogen CH; or CF3 o
: According to another embodiment, n 1s 0, and Xis halogen, for
30 example F,Br,Cl orI preferably Cl or Br and preferably occuples the 5-



benzo'moiety. Z is preferably H’' halogen, CHerr] or CF[err] .
Accordi ng to-anot her embodi ment, .n is 0, and X i.s hal Qgen, for 30 exanpl e,
F,-Br, O owo9sqstferably d- or Br and preferably occupies Pﬁ'UUE%/ﬂlﬂﬂS
VIO 98/ 31673 _ L .

PCT/ US98/ 01005 - 3 | 5  position
of the benzo noiety. I S preferably H or CH err] Y is preferably H
CH err],. ethyl posmomef the boprrompiety. Y ispreferably Hor CH3 Whils preferabl

known i nhi bi t or f &Pé? se | . were found to be meffective-.
agai nst a fungah’f 3‘5%2@ asek? &gl uding nitidine 5 and coralyne, the
‘conpounds of fornula (1) agEilé & RinkbbEkn@ivniHRbRbrs of hunaARGhSGSRERSET | . as -
denonst r at ed by their ability to pronote DNA cl eavage in t he -presence

of Aspe[g:j: I u;s tvmpe)d fmdmhsmngmm@aﬁamamah@pmsmmfﬁ, mcludmgmttldme L :
unexpect e y oun e e resistant to

- some. hémilrﬁ 'gﬁPOWEﬂ‘E% @g@i‘%‘gﬁw %ngrfgnéﬂch as nitidi ne_. '

and'coralyne trh

t opoi sonerase I 8%3;"%}?2&?1 &de@ﬁaﬂ%ﬁﬁglﬁp%ﬁ?\%éﬂ%r essi ngwhi maf O yeast'_

t opoi somer ase | (i sreseno@6E2spergillus ﬁdpﬁisloﬁferdsei.l Plsalisetosed hedetnbetAs it was
.topoi sonerase | to.these co ounds. appears . . that the. fungal enzynmes

are substanti aI Iu;lemebﬂtfdlyeﬁﬁtm that ﬂ@lzﬂrspé’r ussmagmeily campletelmresistant fagame hunan
counterpart. er nor e

d f.f |
o Pty ¢ 't of the mogtgpieat humbn i RoRrese 1 SPHRR R 49 hit B Mfedrthnd) >
canpt ot heci nmsggﬁeé i‘fﬁﬁg 164 o&ﬁﬁﬁbﬁh%ﬁbﬁndazole s t‘é}a@i@&m&éﬁ@l p6Rbas and

tunor.cell |in iting nmulti-drug resistance ( .expression- of'
t he 'P- gl ycopr ot Smdmsemmgyhadgﬁxpressmg lnunmarurryeast pupomodmsasal also sdggest apeutic-

rrethodfor thetreatrrent of ncer co I si'n ni stering.,to a 20 marrmal
(i.e. a human), SHai %F‘F%%‘?‘FC\? Yeé‘éfr*ﬂ?gg %‘HB@%??@P&‘%SC&SH}?GHH @s-olft appears

fl’ﬁrenrln\?egtr)on al som&ra%’g?%eg&%ove%‘r corrpoufaggld?ff otrurlru ‘?ﬂ%s 1tivity'than'- |

~exanpl e, the In‘ﬂﬁiﬁhxﬁﬂaﬁ)d&ditﬂtsﬂpa-ta conpound of formula (I): - [err]
h 15 o Furthermore, compounds of formula (T) also are cytotox1c to

B

mammalian tumor cells, mcludmg camptothecm—sensmve and camptothecm—
 resistant tumor cells and tumor cell lines exhibiting mulu-drug res1stance due to
: expressmn of the P-glycoprotem Accordmgly, the invention prov1des a |
| therapeutlc method for the treatment of cancer comprising adm1mstermg to a
20 ' mammal (i.e. a human) an effectlve anticancer amount of a compound of |
N formula (I), or a pharmaceutically acceptable salt thereof | _
. The mventxon also prov1des novel compounds of formula (I) For

- "example the invention prov1des a compound of formula (I): .

25

30
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6 o S (C[err] C[err])aryl or (5- to 12- menber ryl
corrpr|5| ng 1“8*%“6\@7i non- peroxi de. O, wherein Nis uns@ﬁ%&g@gm__
i s substituted vvlth_H__(C[err-'- - (Cferr])kalkyl or benzyl; X is H OCN, .

CHO, OH, acetyl, CF[err] aderrl-Cerr])alkyl, N(Jerr], = NH err],

hal ogen or hal 0-( I
nal ogen, ot hal o (e by LGB (5990 il kBl B SEeg
(Clerr]-Cer F—])abknbn-p&@kﬂlgﬁlWheremN1sdn&d11§st1ﬁ{tedbr]r56ﬁﬁsﬂult):&kn}iﬂﬂ£{ @dnis o
or 1;  or a pharnmaceutically acceptable salt there @&Uferred o

compound is. a coffalad opberizgkatisd(GIY, QHQQH}WEWI sCFa,O(Cr@é LN®snyl .
“Anot'h f d f f

ot nor pr ef o e BRBRI A CBRI ol Y B st a“r%kﬁxﬁéf’as“x‘ s
CN, CHO, OH, fdnh} ’hd% '
hal ogen or gcebxﬁglghﬁﬂgrr ﬁdgﬂ%&ﬂ%g{(ﬁﬁ{dl%@é&%&&d\ﬁ% Yetl ano ‘ﬁ{&] E
preferred conpouhdlo(@l-@,,)alkyb@ndd isborl;ora plmmad:mn(:al)y adceptablle salt theresft one -
Zis. halogen or halo((err] rr )alkyl nd nis o

The invention al fePsfeEed %%%P%ﬁg eempeyngd o J%@@@W%Eatﬁ ed for

bot h systemc an d |

conmpounds  of. for?rnuﬁtﬂ? %?@mﬂ Kh@fb% %géé%gtcf’g‘ y&‘gsc%%;#@flgof "ﬁ{l%gpeof in
conbi.nation wit hwﬂlcfd"@hliﬁlleléthbmaf bﬁf@&ﬁ%h’%@hﬂd iSQiUoQﬁpimnd of formula (I)

The invention also provides a conpound of formnul a‘g ,’dor a

phar maceut i celIOI yvd@mlpt)ﬁ!ﬁ ENsGHO, Ofbrasetyl, (&, QE@-C Ny NEhohalpgen(or, e,
treating f t|o er as.well as th of a
conpound of for n’ﬁ?@adq 'sd)ncf%ﬁ‘% ﬁ'Br&ﬁrSFdé’f?E‘é’ﬁ{“&‘gfsea%‘yWWéﬁfeof
for the manufact gemid (I?WHE&!&@'I%E one Z is hdl@éentdr‘?ﬁid(ﬂgcf)dﬂ@‘?lanklﬁi@@ i ons. or
for treatinng cancer. -~ Description of the -
Drawings =~ - .. The nﬁreguoeah‘o pmmda@uarqueun@épompommm‘ adapted
synt hesi s of co ure.2 is a.schematic

depi ction of the %%?H‘T’%‘ﬁ agd topical adrﬂﬂ‘%ﬁi@ﬂ SISO NG5 prepare
corrpounds of he matic
depi ction of Ishe"%‘%g‘?}dé?? (f)'onnnufla (I) oraphar\]n'réarcﬁ%técally ahgépﬁzﬁalégsdltsthére%?'lﬁ
Figure 4 is a scbmbh:anomiemﬁhcatplmnnﬁeuﬁtsélygpccpwﬂeSelﬁclecorrpounds 30

JSKI V- 68, -37 and " 47

The mventlon also provides a compound of formula (I),ora
phannaceu‘acally acceptablc salt thereof for use-in medical therapy (i.e. treatmg
_ fungal mfcctlons or cancer), as well as the use of a compound of formula (I), ora
20 -'_pharrnaceuucally acccptablc salt thcreof for the manufacture ofa medlcament :
for h'eatlng fungal 1nfcct10ns or for treating cancer. ~ |
. Bnef Descnptlon of the’ Qraw;ngg
. - Figure 1 is a schematlc dcplctlon of the synthems of compounds
1086 - -
25 __ o Figure 2 is éScherhéﬁc dcpiction of the prepai‘ation of -
_ intermediates 4-8 used to prepare compounds of the invention. _
| | Figure 3 isa schematlc dep1ct10n of the preparatlon of .
- intermediate 9. | ' | o
Flgurc 4 is a schemauc dep1ct10n of thc synthes15 of compounds

30 JSKIV-68 -37 and -47.
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Figure 5 is gasgcﬁ’ematlc depl ction of the preparat|on of

71>c1'ng S98/01

erne

JSKI V- 44, Figure 6 is g schematic. depl ction of the
prepar. at [ on of anal ogs . nodi fied on the central benzimidazol e noiety.

5 . Figure Fihe8 is§haiRiatic defilich bPihe phepaffioR’gPar ati on of
anal ogs " nodified on thge t erm nal "benzi‘m dazol e froiety, erein Z and
'Y are as defi neihtermediateJRKIA/-44. : Figure 8 summaries the

activity-of various agents_agai st h

Aspergi] lus, -

t opoi sonerase |. The poi soRigHge &?W#P%F@H‘FP%Q&?P%@WtMPES o

ei ther ‘human
I ndi cat ed

(H cal '- 3 n) are qualitatively
dgﬁg@%rg@gl v}eﬁ; or - -%Pazgét’ﬁ@ec DM11/33 is only very

weakl y acti .ve5agal nst . Flg‘tﬁ@eﬁﬂabéhé&ah@ﬂ@pi%ﬁﬂﬁbﬁﬁﬁ prepafflionsofiaRiogat ed by o

Det ai |l ed Descri ption of the | nvenf.i on

_The aryl .groups (mldjﬁadsmﬂhb terminal depzimidazolecuoistyy mdereinpnd S ard &s defined
-(C[err] C[err])are)/ preferably (Clerr]-Cferr]) aryl, e.g., systems o

cont ai ni ng ar onaf

car bon at ons.

bis-(derr]-

Qe ngs, ~which systens corrprl se a total of 6 to 12

Th B
ey ot NG S iy i pesi b g

ar(err}-Jerr ] ).@dksﬁergﬁlu.e topaisohepay . The pbsam‘h@hbuwﬁymf \&h‘baﬁ ahipglagainst
Preferably aryl is phenyl, benzyl or - naphth | .

Het er oar onat i18 r#kﬂg@h‘lﬁ@mﬁé olrameanded SPFN@@@%?Q&W)@'GGMEUSGIY indicated ng

het er oat ons” such, as n X and to Q

Repr esent at i ve aPbfat % eﬁﬁ’é ?ﬂa g b?’ﬁ.‘@p%‘ér%" %%?S%ﬁ?’-&ﬁﬁg%ga_‘ﬁ
-napht hot hi opheneAs};er,- ﬂﬂ&%@ﬁ@m&w&q&ndbﬁﬁqug* i sobenzof ur an, pyran, -
chronene, xant hene, phenoxat hiin, pyrrol e, Im dazol e, pyrazole, pyri d| ne,

.25 - pyrazine,
pyridazi ne,
qui nol i zi ne,
gui noxal i ne,

phenanthrldlne

ailad

triazol e, tetraz ﬁrlmdlne '

. i-ndol dal dazol
soqui nol i ne, 1h %atnp%tm @mﬂglvﬁﬁ%ﬁ%oemcﬁw““ﬁ?%am |
I t %}&h I
13 (e r %ﬂ%ﬁéﬁf‘&”’ s, o) A o RS AAEL o

phenot hi azi ne, owhich systens@mamulseatdtulrd'z&am IMm»mmnmeThlmasamﬂhdmnl i ke
Preferred heteroa{orratl,é:ry{lngs have a 5-

udes mono- or bls-{C rc4ml-su%snmted aryl, such as tolyl
and xylyl; ar(Cl-C4)alkyl such as benzyl or phenethyl and alkara.lkyl
_ Preferably aryl is phenyl benzyl or naphthyl

- 20 ) - Heteroaromatic rlngs include aromatic nngs contammg up to 3

| 'nng heteroatoms such as N S or non-perox1de 0, and upto 12 rmg atoms.
Representatlve aromatic nngs mclude ﬂnophene benzothmphene -
| naphthothlophene, tnanthrene furan, benzofuran 1sobenzofuran, pyran,

- chromene, xanthene phenoxathnn pyrrole 1m1dazole pyrazole pynd'me -

25 'pyrazme,_.tnazole, tetrazole, pyrazine, triazine, pyrimidine, pynda_zme,

indolizine, isoindole, indole, indazole, purine, quinolizine, isoquinoline,

quinoline, phthalazine, riaphthyridine' quinoxaline, quiﬁaiolin'e cinnolize,
ptendme carbazole carboline, phenanthndme acridine, phenanthrolme g
_phenazme, 1soth1azole phenothlazme oxazole isoxazole, ﬁ.trazan, phenoxazme -

30 and the like. Preferred heteroaromatic rings have a 5-or 6-membered
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8 heteroar J_r"gtlc ri ng V\/m ch. may or - may not - be fused IOF@"%%&W#C

rlng such as benzo ring, e.g., t he preferred 2-,

substituents.. - The terng”al kyl " i ncl udes straight - ,char n-

or branched aIkyI as , wel | as cycloarkyl and - (cycl oal kyl ) al kyl ,

e.g., nethyl,

Vet hoxyphenyl E%,{ter(? ng{tﬂz%g wmcﬁ Qﬂwlbe(ﬁiseﬁ¥8m%%dcqﬁ{é§dchasa -
Phar maceut | cal Y bézoqitgReles tﬁ@ﬂxb&rﬂead-tmle:rut;@rmgd shbadeienison salts of -
basic NH with organic or inorganic acids, e. ydrochlori de, car bonate

sul fate, bicarbonat e acet dhe terphadiphat iudpastraiglat@mncqrthr@ncéed abyhtas

mal eate, and 10

| t-s
preparation of r 8’& B%@QMJB%#?%MWgbgrﬁ!?ylrﬁﬂa%}sz@?ﬂ ’s
outlined in Fi sgu cl rowlt(ﬁc&aggﬁ,?gﬁﬂéthﬁn of phenyl enedi am ne whi ch was -

The

commercially aval e’ ap riately substituted phenyl enedi am nes
wer e ~synt heS| zed by Mdthdxptphenylabladpsi2a3-por Hethoxyphenybct i ve
o-nitroaniline 15 derivatives. These: phenyl enedi anm nes were then coupl ed
with 5-fornyl - 2- . (beRhammasgytcally-accq saltsiinedyds; the acid additipasalts g

t hem t oget her Ct I.ous
tri sbengl m dazol 8@*’ %H%Wﬁﬁr%f%%ﬁfé%g?%‘g‘ ] l%ﬂc%ﬁe@éé}%o% oying
the general net h@ﬂﬁt@%&?b&fatdvhcd?ate Spﬂ’ogﬁha@é tﬁiarate@iﬁ‘ﬂh iglate, maleate, Iﬁé[' col .,
-5, 597 (1992) and Y. ‘Bat hi ni et al. Co. 20, 955. (1990)

The requi si t d0ni propaoriatd sals,, andghelike.i ned | n F| gure 1, with the -
exception of 3 which vvas C rC|aIJ vai | ab nt hesi zed from4
br ono- 2- ni troani | i ne, % ?ﬁé@fﬁﬁaﬁﬁﬁ%ﬁﬁ% E?’Pzégrﬂ#?lﬁelsi n

ood el d, 94% r t he :
.gr om %:at I on rea%eﬁ?hg%&géuég te\r&{hatﬁp&%ﬁgn éfygﬁ/ &&%g%%giﬁ\g%l)l%\ﬁw le 25

al 'yl tributyltincemehepdisiiyyirtailables the hppropnaatetymubmmfedlphyn)dmdhatﬂneswaae

pyrrdyltrrbutyltrn derrvatrve were repared. . fromtrjbutyltin.chloride and
3-, " angyufh *g&eagfé% gresgeivpo-ppapling; o

et er ocycl i ¢ Qhegbﬁvﬁ,es hesggﬂ%r@ﬁe&ﬁ%ﬁ)ms JHESBert Sl 588 IAL T Ves

were then couple nitroani 11 ne*using

PdC [ err] ( PPh[ er (Benziidhzoas’-yiliencivhidhzode, 9, by Bb&impsthemttogetient in nitfobgnzene? t o
30 provide corrpounds 4, 5,6, 7, and 8, resp ectlveléQ in. accord wi,th the -
‘met hodol ogy of -Mat 1%@@@‘&{1“@&&8?%?’@%@@6@&% (16pbuyiclds ganging from \\p

98/ 31673
PCT/ US98/ 01005 43-96%, employmg the general methodologles of M. P. Smgh et al Chem. Res. -
_ To 3 col., 5,597 (1992) and Y. Bathini et al., Synth Cgm - 20, 955 (1990)
.20 - " The reqmsrte mtroamhnes, as outlined in Figure 1, with the

exception of ; which was commercxally available, were synthesxzed from 4-
bromo-2-n1troamhne 17. Compound L_ was prepared from o-nitroaniline i in.
good vield, 94%, using 2,4,4, 6-tetrabromo-2 S-cyclohexadlenone asthe
brommatlon reagent. G.J. Fox et al. Q;gﬁjm_, 55,20 (1973) ‘While -
: 25 _ allyltributyltin and phenyltnbutyl_tm are commerc1aﬂy available, the
o pyridyliributyltin derivatives were préoared from tributyltin chloride and 2-,3-,
and 4-bromopyridine, respectively. See D. Peters et al., Heterocyclic Chem., 27,
2165 (1990). These tributyl"ci_n'_derivatives_ were then co_ui)l'ed with 4-bromo-2-
- nitroaniline using PdCL,(P P113)2_.aé_ the catalyst in DMF as outlined in Figure 2 to.
30 provide compounds 4,5,6,7 7 'ahd' 8, respectlvely, in accord with the
| methodology of M. Iwao etal, Hgterocvcle 3§, 1483 (1993) This



9~ .° nethodol ogy can generally be applied.to prepa'ré 3-, '4-. 5- or
6-aryl- and heteroaryl substltut ed 2-nitroanilines fromthe corr 1389%%%&9

br.onpni t r oanViOr9$64673 : “- . The preparation of
5-fornyl - 2- (benzi m dazo 5'-yl) benzi m dazol'e . 9, was acconpl i shed as
outlined in Figure 3. Reduction of 5- .5 benzi ni dazol ecar boxylic acid to."

5-hyd thyl b |
Ot et anTet " o Tl Yef el be op ﬁfeﬁ??@*ti%@ Y500 batthat 11
tetrapropyl anmon g aefisbiraaE Q—x(xtEE’ﬁH)m@s'ﬂothﬁ@édﬁésﬁ&&ﬁﬁ@btdi@orﬁtroamlmes

“oxi de provided in two steps the desired 5-fornyl benzim dazole in 32%an - -
overal | yield. See, A Cher'ﬁhbpmpaeatxoquS -fopniyl-Zi{benzimigigzo-5 >y Bbenzimidazole,

Coupllng of 10 5-fornylb I i th 4-cyano-1, enyl enedi am ne . _
‘provi ded 5- cyano2pwas accom lgéﬁilﬁs “ﬁ in lg‘V?f’bé?BF?ﬂO&é’zfg] 19, whi ch, R
when treated éfﬁws formc
acid, gave 5- gorlﬁyM%e%%W lic EICI%"OSHY&GMF@Z%H m dazol e i'n 65%

yield. (J. R Pig:@mglishéd using Lm OalidationdE thelreSulting crude(bbﬁﬁﬁi@alcohm
The conpounds of the present i nventi-on can be fornul ated ‘as

~ phar maceut i cal cmrﬂtistrapropﬁammn&dmpﬁmﬁlénﬁd (TRAR) sndiNunethplomypholing N as
EEE ff | t ed t.h I |
Fingal T of eRegRo Rkl R R e et AR GBS AR o0t 2'
of adninistrati 0%vefauey1e1d See, A Tk ¥ A, JPﬁfeﬁ”CEéxﬁ,' B, 3208 (1992)2'\Coigisig of
rout-es.

“intramuscul ar, topical” or. subcut aneous
‘Thus, the prements tbm&ptbeminndazpldmlﬂs $styemi-i 2Hphenylenediaminerprdyided 5-cyane-y. ,

S O s R MR B AT,
0 o eyt iElbed B Ghubo BRI g ISR,

diet. For oral tRepapasidaole, 9, in 656l YU/ RIPipier et dlg Jalelveheny Bdi2TEABY

be conbi ned with one or nore . excipients and used in the form of .
i ngestible tablet(398®lccal tablets, troches, .  capsules;, elixirs

‘suspensi ons, rups, wafer R8s .nd.
prepar-ati ons Shoul d cont ai f]'ﬂhetac uﬁd%b@egﬁ%ggtlﬁge cgr(r:%)%gﬁgo I'Hatedgg o
“percentage of thg:hﬁﬂ%éﬁhédl@Bﬁp@ﬂﬂoﬁzﬁﬂdﬁﬁhh@tbﬁed@)&mﬂbnﬁﬁuﬁ nost, ichwamhed
and ‘may conveniently be” between about 2 to about 60% of the wei ght

of a given unit unmuno\i@@&S&bmgan patient afflicted with a systemlc or local fungal -
P.CT/ Uses/ 0 100_5 mfectmn, in a variety of forms adapted to the chosen route of ad;rﬁmsu'atlon, ie.,

‘orally or parenterally, by mtravenous 1ntramuscular toplcal or subcutaneous
20 “routes. - | | |
. | Thus, the present compounds may be systemmally adnumstered
| : .e 2, orally, in cornbmatlon with a pharrnaceuucally acceptable vehmle suéh as
an inert dlluent oran assumlable edible carrier. They may be enclosed in hard or ':.
'. soft shell gelatm capsules, rnay be compressed- inte tablets or may'be | | '
25 mcorporated dlrectly with the food of the patlent's diet. For oral therapeutic
' _admmlstratmn, the actlve compound may be combmed wﬁh one or more -
excipients and used in the form of ingestible tablets, buccal tablets, troches,
“capsules, elixirs, suspensmns syrups, wafers; and the like. Such composxtlons
. and preparations should _contam at’ least 0.1% of active oompound. .Tbe
/30 percentage of the compos_i_tiohs and prepara-t'ions.may, of course, be varied and

' may conveniently be between ubout 2-to about 60% of the weight of a given unit



'dosage form The ampunt of actlve corrpound I n such therapeutlcal |y useful _
conposi tion that an efféctive dosage level w.ll be o o
~Thé tabl ets%vésgiﬁgg .pills, capsules, and the li ke may al so g%?(pgl nmos .
the follow ng: bi nders such as gumtragacamgh acacia, corn starch or

gel atin; 5 excipients such-as dical ciumphosphate; a disintegrating
agent such as CQYodage form. %@'aﬁtldunm{aéﬁ% &drApsiihd 1§|sﬂélf‘ﬂh& ?Eﬁtﬂ:aﬁ Pasélifp |1 ke;
. a lubricant such" X magnesium - - stearate; a sweeteni ng” agent such
as_sucrose, |actcapositionsisenal that an effective dosagedwul wilj begbtaineduch as
peppermint, oil of wintergreen, or -cherry flavoring may be added.

When the unit dosage form fabl@apgmles nlls,@aps%mwehkﬁwmlsqm% 10

ol yet byt ene gl yaefotcgndtfioaf s iinf e enus ki ol SHPAERARAE, %G, 7

to  othes Weielpt% $uth'ab dicaltnith pRospheteis afsirtbftaiing Agbntifiidh adesape form

For instance, ablets, pills, or capsul es may be coated with gelatin,
wax, shellac or ssargarpomdstarch algtm@adldmdtl'nlﬂq:raui;nbmcaalsu&hasmgnssunnal n the
active conpound, sucrose as a 15 sweetenin gsgeel%f:%rreth and '

propyl par abens M‘&s@ﬂﬁa‘t‘lﬁ?@‘ng@gﬂﬁg gs sucr & PF $AgChann Pr A cherry |

or orange fl avor W, E%IE uni t
dosage form shoﬂad%ngg‘gar maceutpegglg dﬁg%%ég%ﬂ%ﬁ ha ot © subgigﬁ@&al |y
non-toxic.in. thfbeadﬂﬂ&mtWlléﬁnﬂl@(}iﬁddosagélfoﬁlﬂﬂslalcajisulé,ﬂ&nﬁﬁbdntan,maddltllmrfﬁound

may be incorporated into sustained-rel ease preparations and devices. 20.
The active cgomcmatqnaiayf ﬁte@bouetyaem hmyti ERAIEET,j sHeh as/%maﬁﬁb}e il ora

i ntraperitoneally:b |nfu Q. | ut
conpound or’ ot %{gylg%ﬁg aﬁlgu%) atd:na & tl(’)é}?rege %ﬁ%%gélexed with

a nontoxi ¢ surf agh&Rlise modxfy th@pﬁ?ﬁ&ﬂlf@ﬂﬁoﬁﬁﬁ s@h&ﬁni@ﬁoﬁg@lféﬁx@d%ﬁnﬁhﬂé‘eerm L
| i qui d pol yet hyl ene gl ycol's, " “triacetin, and nixtures thereof and in-

oi l's. Under . or ditablets, pldiﬁ,cbrtqapmxlescﬂaisbﬂ)ttm WIZB gelatia, \u@e shellaess spgazpadat i ons
contain a.preser: ai ve,to prevent the r 0Qr gani sms.

of. _
The phar maceut | Bs g XTI "f"g?e ?CH]VEEW‘B?I SUCIose asiayt ysi on
~ use can incl ek ,ha Hethyl Shdl bipR halibellt SPSESIrPAvesa detindl ©

powder s conpr?m%&g i %tqfh\e;e |ny3red£’ Og?ﬁ)uhl gh are adapt gdator the 30
ext empor aneous mlmanguumnsoﬂmesy@rotaage ﬂpm:t a(ltﬂ:mume, anyfmetabhhlssdllmt | ons or
| S: ts Pﬁ;ts ;ens, Optprggaﬂdgyap%%gydggé%&qm Is ould Be p armaceutxc y acge%% %

PCT/ US98/ 01005

substantially non-toxic in the amounts e_mpleye_d. ‘In addltl.on,. the active
~ compound may be lncorporated into sustaineerelease' prep'arations and devices. -
20 S | - The active compound may also be adm1mstered mtravenously or
.' 1ntrapentoneally by mfusxon or injection. Solutions of the active compound or.
its salts can be prepared in water optxonally mixed witha nontomc surfactant.
Dlspersmns can also be prepared in glycerol, hquld polyethylene glycols
_ . tnacetln, and rmxtures thereof and in oils. Under ordmary condmons of storage -
| 25 a.nd use, these preparatlons contam a preservatxve to prevent the growth of .
'm1croorgamsms _ . '
| o The pharmaceutlcal dosage forms suxtable for'i mjectlon or
. mfusmn use can 1nclude sterile. aqueous solutions or d1spers1ons or stenle
powders compnsmg the actlve 1ngred1ent which are adapted for the
: 30 . extemporaneous preparauon of sterile m_;ectable or mfusable solutions or.

dxspersxons optlonally encapsulated in lxposomes In all cases, the ultlmate



dosage’ form must be sterile, fluid and stable under the’ condi tions of

‘manufacture . . - - and- storage The | iquid carri er or vehicle can be
a sol vent or WO 2Gi16mdi spersion .. medium corrprl si- ngPCT’H$98’°1°°5 —
exanpl e, water, ethanol, a polyol (for exanpl e, ' gl ycer ol ,

‘propyl ene egcoI and Irqurd pol yet hyl ene g cols, and the Irke)

_?_h\e/ege_t ahl e 0|‘I S, ogzgtﬁ&%(rr‘c cer}i&atﬁf% ‘iﬁﬁaﬁ@d}"ﬁ ett‘):lﬁg IEmSZXtu es t ereof
formation of I pQ@ﬁe tage. The hgl 1dcamerop¥eﬁ19§ c%'b@ta%ﬂﬁ@ﬁ?orqiqtﬁﬁﬂlsé@ﬂ red

-particte-si.ze in spersion or

surfactants. ThepfRfue Bémpﬂmﬁ% , fohexaagile, ovaterf, ethianslpe palol opexaiploe |
brought about by various antibacterial and antifungal agents, for exanpl e,

10 parabens, chilycetolipxoplenegizendl anddisuid polyethylene ghivelsoand theehk@),t he |ike.

I n many referabtlag)lto incl ude i onr c’

agents, for. eﬁarrﬁFEFta@% 8§§’§1°m°x‘° glycer}l?l esters, gid st

Prol. onged absor%rf rﬁtldttp%ahee Bt ARNEd GO BeR: 1& YYSthe formation ofhposcﬁﬁ’ék be
brought about by e use I'n the conmpositions. agents del ayi ng -

‘absorption, for . byaiemeintenaned ofithe ragnived pmuateesxmd tiyetase ofidispersion or by15
Sterile injectable saolutigns are_prepared by incorporating the -
active conpound fhe et sudaAtangy Blrﬁﬂrﬁvethntqtéhea%wa@frrae@owcameh

.\rlgcr:]{JrolrJZd fol l O\ABEP“%‘I‘%@%vagﬁagranhﬂg&&%%ﬂ@erﬁ’ﬂgat2 1??8,\[@ epc’ase of |

sterile powdqps pofabédsscHORDAAL], PRerit], SHIIE iatid, thimerosal, and the like] &€ trilaye
sol utions, the preferred met hods of preparation.are vacuum dryi ng and

20 the freeze dcgsea,gtwthmpwfmsble\tmmh:dpmt@maagemméor@mmesakars,ve |
i ngredi ent’ plus re resent in

the previously Spgﬁqusgrﬁeql%c&gor}/de (}i>cti'oltongc9;fle absog%ﬁo&t ?‘61?.% Jecga e co posmons

For topical adm ghshe Pfdu%ﬁt antl?b)pﬂféSﬁE'ln ﬁtertaﬁrpestﬁoﬁwfégems delaying -
adm ni stered in pure e.,” when they are |iquids. Howevér, it Wil 1.

general |y ' absda‘ﬁtlorbcfomhxampﬁ;hbxmwumdmnusmmte arldegnlatm the skin as
corrposrtrons or fornulatio at.ion wth %he

der mat ol ogi. cdPl y accept abl gs ?&F F‘?JE‘?tablﬁﬁ?lBHmi‘ﬁﬁe Qéep&r yj igcorgprating
~a liquid. ' Fuv chﬂmd in the requ_lred ankéifat }H the %bbx%gﬁﬁt‘e shRlefit With ViHEus

- finely divided so Y, mcrocrystalllhe
cel lul ose, silicaft ahen‘iﬁgladténtsteaumetaeed dﬂtmé uis rbqtqwddfollowed by filgd B
carriers include water, alcohol's or glycols or_ water-al cohol/glycol blends,

in - stepjlization. HB thy ease Af stew s for fegueRAration T8¢ di spersed

gtCT/e USS%F b\igogev%lxjgctable solutlm %xﬁ%@z&d methods of preparatxon are vacixblm drying and

.20 the freeze drylne techmques wh1ch yleld a powder of the active mgredlent plus X

| any. addmonal desued mgredtent present in the prevmusly stenle-ﬁltered
solutions. = . ' '
_ L For topma.l adm:mstratlon the present compounds may be
| admlmstered in pure form, i e., when they are 11qu1ds However it will generally
25 be desuable to admlmster them to the skm as composxttons or formulatlons m
combtnanon with a dermatologlcally acceptable carrier; whlch may be a sohd or -
a llqmd | | | L
| * Useful solid carriers include finely div_idedﬂ_éoli.ds such as tale,
cl.ay,. microcrystallihe: cellulose; silica, alumina and the like. Useful liquid
30 carriers include water, alcdhbté er'-glycols or Water;alcohof{/gl)rcol_ blends, in

~which-the present cempau_hds can be-dissolved or dispersed at effective levels,



optionally with the aid of non-toxic surfact ants Adj uvant s such as
fragrances. d%sgig;gt i onal antinicrobial agents can. be added tr?:rﬁiﬁslkm S
‘the propert |§@ gi ven_use. The resultant -l iquid conpositl onoégcah

be appl i ed from absor bent ~ pads, used '{p inpregnate bandages and. ot her
dr essi ngs, ofr sprayed onto the 5 affected area. using punp- type or aerosol
sprayers. The |ig ?H fﬂtﬁi%oxlcsurfa@ﬂaﬁ@ Qq,g;m{s ag sops
nout h" washes, douches, “etc. Ant| bacterl al _ pre aturate are

di scl osed by-Andend adtdlﬁbhzﬂ; anfimicrobial agén8%an 6 ajided to optimize the propertxes fora
Thi ckeners such as synthetic polynmers, fatty acids, fatty acid salts
and esters, fattglmmﬁerqﬁmmﬂewd&@mm%@escm bearplied E@unabserhent

materials can 10 ,al SO be %pg) | I readabll e
pastes, gels, oi b e gng%gops éa%ﬁ%ﬁ%‘ Fdﬁ%gglﬁésoérs?%%f é‘tr%’ﬁ o
directly to ”59 %He&e@farehliﬂmgﬁﬁhl -type or- aerosol sprayers. The lighidonfpositiohs earPf
.usef ul dermatol ogi cal conpositions which c be used to deI iver the

conpounds of f or misode(employedtdseyedtops, mmlﬂdmshes,sdntches, etc. Antibacterigl et aI

U S. Pat. No. 4,608,392), .Ge S...P

U et e m%@%@ﬁi&n@e G N waskos >
-Useful.d f th L - i-nQg.
Usetul dosages of 1he, cOMPOMitlantl shoif MyRheE DB MRE deYacids. fory ARIRANS 1O

an -equi val ent dosagestefs, mwym@hblspmodtﬂe&eellﬁlosesemmadﬁ&d Bincfal iteidsedd a et
al., . Cancer Res., 51, 3052 (1991)) or Hoechst 33342 (see, A. Y. Chen
et ‘al ., Cancel0 aipo tremnploysd withsiguid caiyiers to fiyem gpreadabls pastes, gsls.oimtgieats, on

o e11°0t1v°, 0538, bl e e el By G UL s o krow

General ly, the COHCentratl@th@ﬁeﬁah@l&%ﬁ%ﬂﬂﬂﬁ)naﬁﬂoéxéﬁl% oélhbnswmchcan a
i quid conposition, such as a lotion, wll be from about 1-25 wt-% 25

preferably f rom dieawed . deliver the compaunssef foronia &) toothe slﬁnar%émlosedmd or

solid . 03|t|on S owd :

W - % preferably acq“etetaat@f]? ﬁﬁ%%%obgj%%@fs ﬁat\g];% ?%9)#@ t?‘on;

i nfusion or. 'fsge%tgpm\s pht. No 45599979%@'%&&5:\1(@@ P&eﬂowséé%sﬁg and .
may be administere aily, to yield [ evel’s of about
0.5 - 50 ng/kg, for adul ts Useﬁﬁl dosages of the compoundsTdfd q@ndseietermined by

t er benzi m dazol es are particul arly useful, to treat mc f unga
i nfections, or G@E}i’aﬁ?%&eé"s’” Vi, Vttﬁfgtfit’f'd’ﬁéo qu?f‘ItYJH’ean"naIS’)‘/m 6’%

P‘CT/ US98/ 01005 ‘an equlvalent dosage of camptothecm (see, for example B.C. ér%vanella et al.,
'g_mc_ez_g_i, 51,3052 (1991)) or Hoechst 33342 (see, A.Y.Chenet, al, Qggg__
20 B@, 53,1332 (199::)). Methods for the extrapolatlon of effective dosages in'
o mice, and other animals, to humans are known to the art; for example, 'see Us..
PatNo.4,938,949. I |
| Generally, the concentratzon of the compound(s) of formula Din
a liquid composition, ‘such as a lotion, will be from about 0.125 wt-%,
- 25 ipreferably from about 0.5-10 wt-%. The concentration in a semi-solid or solid
_ eomposition such as .a gel or a"_p'owder will be about 0.1-5 wt—%', preferably
* about 0.5-2.5 wt-%. Single dosages for injection, infusion or ingestioﬂ will
'generally vary between 50-1500 mg, and may be adm1mstered ie., 1-3 ttmes |
dally, to yxeld levels of about 0.5 - 50 mg/kg, for adults. ' |
.30 ) - - The present terbenzimidazoles are parucularly useﬁ.ll to treat

sjrstemic fungal infections, or “deep mycoses.” Such_x_nfect_xons mc_lud_e_. o



cocci di ony005| S, chrormbl astonycosis, crypt ococcoSi S, syst em c noni. li asi s
hi st opl asnpsi s, %ergl 11 osis, rhod'ot'orul osi s, sporotrlch03|s :
par acocci di oM@ ?’%15 phycony005| s, bl astonycosis, and caﬁ'@irmsag’p’é’os
Suscepti bl.e fungi include candi da (m:irgl lia) al bi cans; which is a.
menber of the normal flora of the 5 nucods nenbranes in the respiratory,
gastrointesti nal , and femaJ n these,and gt her '
focations it mayo§ %’B‘W gmgh%ﬁlmyﬁg%%mtgﬁ’cﬁ??ﬁ systemic ‘Bﬁf‘ﬁ’@\“ﬁgl c
condi tions. Som%tt thbsiBl BAUEARSS ﬁlbemoﬁnet Brotidtfo ﬂ'gﬁﬁé&g s,
debilitated or inmmu supsar esg&g pgtl}/ents ) %ga may Sro uce *ooo? sfream

i nfection, thronglypbingtosis, blasmmm:o&s,chﬂdlcandrdtasisnfmcdpubldﬁmghﬁcl&ﬂes and
~other 10 organs when introduced intravenously (tubing, needles,

hyper al i ment at i cigndida (moniliq) eicansawhichs s memdies of theqonanal feraof the o

e oD S8 Bt Tuifnes in she RENBRGS bLtiEinRl Thd Al it GBI g
- neof or mans i nf e%'tﬁé&%andbﬂnermﬁéndﬁxﬂa&%ﬂ dothi@ndehrdtR a3ediatdd hithS foun_d

15 frequently in pirgeon feces. |In man, it can cause prinary pulnnnary
infection . patailogie conditionsn r&dme;lmhetsl it pwddcds;sy&tamm pmsgmssrge tlissase in

Bl astomyces (A e s).dermatitidis infectignsg can als

inhibited. This 4“19?13%@3 eaag@ynas"eateatﬁd&agﬁaﬁu aﬁsaycnrg&fsgﬂomtfq#m

Aneri can gtnfeg efalorafoley] N % ung or
‘may be widel y 2 I 'sSem na&?g@int&f %@ﬁlg prggg’rfl‘p&kc rr%olaﬂuhg{h 1(-:an al so
be used agai bt organs Wﬂmtrodmdﬁnmﬁousl)e(t&hmg, woedRes d@mnﬂﬁoﬁb causes
Sout h- and- Central - Aneri can bl astonycosi s (paracocci di oi dal -

granul oma), or tll?ﬂtqﬂé‘é@dlcﬁf)&c‘tt? dnOther feasts (e.g..orulepsis glabrate) maikeh usual | y

occurs through t n?%ﬁo%ééltarg%m&ndecan | ead - to. clinical .

pneunoni a and.pr | nfections due to
Cocci di oi deo i nmi ti S can a’l‘ﬁ@pﬂé@eﬂtb&ﬁp&ﬁhds\&hﬁtso be used %s@@k\ﬁ‘ocﬁ@cus
influenza-like illness, with fever, nalaise, cough, aches, pains and _
sweats, and whi oteOﬁumam' tfedtionst EhaﬁngﬁiWMEahwlngﬁmthﬂsodlanéaB founodci di odal
-gr anul ona. 0 nds .are al so effective agai nst Geo |chum andi dum a
Iho SRR, & . |

yeast-|i ke f HITHRIBERTL 1SS, JB PR, HSEP Sausg primary p PEGhi , -
| ungs, 30 and tHNGE YecARMANRA R fowed ﬁﬁpﬁﬁh g#}s (Sporotri churr) schencki i .
a fungus that -causes sporotrl chosi s, roni ¢ granul omat ous - o

i nfection of skin, |ynphat Blnstonameb (Ajellomyt\E))Qf&ha&ﬁﬁcﬁs mfectmns can alsobe
PCT/ 'USQ.S/ 01005 . inhibited. Thts fungus causes a chromc granulomatous disease, North Amencan
blastomyc051s, whlch may be 11m1ted to the skin or lung or may be widely
B 20 ~ disseminated in the body. The present compounds can also be used agamst
- _ | Blastomyces braszlzenszs an ascomycete which causes South and Central
. American blastomyc031s (paracocc1d101dal granuloma), or to treat 1nfectlon wuh'
H. capsulatum, which usually occurs through the resplratory tract a.nd can lead
.to chmcal pneumoma and protracted illness. .
25 -+ Infections due to Cocczdzo:deo immitis can also be treated whlch
can cause an mﬂuenza-hke illness, wuh fever, malarse cough aches, pams and
| sweats and wh1ch can progress toa highly fatal form called “coccldloda.l
granuloma The compounds are also effective against Geotrzchum ccmdzdum, a
yeast—iike fungus wh_1ch produces geotnchosm, an infection of bronchx, lungs,
30 and mucous membranes, and Sporothrix (Sporotrichum) "schancfcii, a fungus that

causes sporotrichosis, a chronic granulomatous infection of skin, lymphatics, and

claiiplite



treat chrona}aﬁgkﬁﬁycom s, madurorryc05| s and phyconycosi's, Cap¢§askolidioos
Rhi zopus sp. pr. ‘Micor sp, . _ - The present conpounds are -==

particularly effective against - 5 Asper didl | us . speci es. Aspergillus.

fum gatus and other. Aspergillus sp. have - becone a frequent cause of

syst eni ¢ fungal ofhef BsubOm dnimls aﬁdhﬁhed‘hbpﬁdsent%hi;ﬁﬁh@s can also b dsedheukem a
-l 'ynphoma, immunosuppressed persons (especially Al DS patients -or

pat i ent's under gtreatghmmeblastorayensisamadyromygessis e phyconyycosisgaseddysi ve

corticosteroid apy a articularly susceptible to aspergillosis. The
portal of 10° h???p’f?/s’ptwg@pﬁpratory tract, and in nost cases of

aspergi | l osi.s pul monary dg@ﬂl bf R y: '
necroti zi ng. br onchopneunoni a epr ¢ E'ﬁ’ermr | cﬁg%flxonary Ifarction, or
granul onas ( 8Spdsgspr illﬁwfﬁﬁécres Aspergillus ﬁzmtgatus and oftiee Aspergtihis spOImS;Gunds are
al so useful to inhibit the growth of I ncl udi ng éeasts on the

skin of humans hmmﬂﬁeﬂ@ns%lﬁe a%smeweﬁmgal lI‘ge‘:tlsétl%mﬂléﬁfﬁﬁl

Mycotic skin i np@rﬁn'tsod}%aﬁénﬁ ah#etkSinp 0eaRHERES] {1 af8]) aidl §Osb feceiving inkérRRVeed,
including tinea capitis, tinea cruris (jock itch ti nea corporis

(ringworm, . corticosteraid thempy a(ﬁepdﬁhtaﬂ@l}ssmmntijalmdspergdbsmngﬂnetpnm%g|
associ ated W|th such 20 dermatophytqsis include. T. ta hyt es,
audevini i, rﬁm}ﬁtﬁﬁresmmmrﬁ?%&@&gmﬁbcaﬁfw ISPEE 0515%“?‘%0 |

The resent co 0 ted

_ P nﬂﬁéﬁgﬂat?dng OBEES pﬁddx‘?ﬁ%hﬁi Cagﬁ@%bﬁdﬂgﬂé&rﬁ fla2 Ly

with inf ecti.ons o e menbr anes ectli ons i ncl ude

-thrush; vagi ni hémonhakippuleronaty iafarQem, B grinulymas édspergilldmas)Mykosen, 21,

190 25 (1978) and H. Gersg J. Pharm _Sci 68, 82 79 The present -

compounds .- . .can al so gge@?éﬂ“ﬁ%“t?&%?%ﬂiﬁ@@ﬁ?‘@ﬁ’g&ﬁg? :

conposi ti ons su t eni ng
ﬁwgyﬁnaﬂgiﬁg XC?StS on tﬁ@mgpﬁ.gnggor g r?.?tﬂﬁﬁs smdas%'l.lge c{ _

| otions, where can I'dn as to control
odor - causi ngsbagpés) fafin @Rinidi€arikkadd animsls pswﬁmn-posrtrvmmtgﬁﬁsmﬁﬁmﬁhﬁo be .
used i-n shanpoos, rinses, and other haircare products, to 30 inhibit
[err]ovale ( dand’mnzonzbswmum@gnerwhmhls thﬁm@asumthmemch cause%hppez-:t s).

WD 98/ 31673

PCT/ US98/ 01005 2cne vulgaris. Mycotic skin mfeﬁ%nsp‘tfé‘%ﬂ?ls rdrugans o AbS e used

t otr eat cancer %eh’t@d’viﬁclh&’ing firrea capitis, tinea cruris (jock itch), tinea corpons (nngworm), .

‘tineal pedrs (athlete’s foot) and tinea unguium. Fung1 associated with such
'20' dermatophyt051s mclude-T. mentagrophytes, M audeymzr, T. rubrum, E
L .ﬂoccasum and M. pelineum. o ) o o e
_  The present compounds are also effectrve against fung1 associated
. with mfectrons of the membranes of body cavities.. Such infections include
< -thrush, vagmms and paronychra See R T. Yousef et al. Mxkosen 21, 190
25 « (1978) and H. Gershon, .Sci, 82 (1979) The present compounds
. . canalso be used in cosmetrc and skm-cleansmg compos1t10ns such as soaps _
shampoos deodorants and skm-softemng lotions, where they can functron as
_ deodorants, i.e., to control odor-causmg bacteria on the skin. ’I‘he present
o | compounds can also be used in shampoos, nnses, and other haircare products to
.30 inhibitdRees
o subjects).

rim ovale (dandruff skin lesions in 1mmune-suppressed

other tissues.in ani rral s and man. The present conpounds can al.so be’ used to

I n pstnketientfid zoo '.
. ; _
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_.susceptl ble to topoi sonerase | inhibitors, “i nel-udi ng, but not linmted to,

Byrkitt's tunor, chronic |ynmphocytic . leukenia, nultiple- g%el onmg, '
squamous cel WAMBISTS. | 5 ge cell. anapl astic carcinomas, aden ‘&'F’Hﬁ?ﬁ'ﬁﬁ"%f

the lung, .BEwing's sarcoma, -5 non-Hodgki nslgyrrphoma breast tunor, col on:
t unor , ‘st ormach tunor,; oat- ceII bronchogeni c carci noma squarmus cel |

carci noma of the cervix, | add r .tu esticular
tunors, endonetri-al tum)rs 5# %‘?@EF%% totrea Eqncgrs E)bFI c

| eukem a, and- pr agcéititle fPk bﬁ@ﬁ%taseﬂ"ﬁxhiﬁ”&?@% 16
adni ni stered as si ngﬁse agents in conﬁl nat |con Oﬂﬁ%%lgrmtg%ﬁn%é@al ast I C

10 drugs commntqmrcmﬂtroyndymphocy@atleuldema} m:uinpbrmyeloma, squamous celland-  The
i nvention wll &w escrlbed b%/ reference to) the - foIIovmng '
det ai | ed exanpl eS8 aﬁ‘é‘? EFrCIgomas, dsnqsarancas o WFA’@!E WWing's sarcoma,

a0 P S HodgRB HeAfonE bl Vot AR imal R G SR

'spect r ophot onet ebrohbheyedicedatcin@nay sqasnos &Ml @FdihomTbPiHRReflie rdeH%x'NNB&o@ nd

carbon ([err]C NVR) nucl ear - magneti c resonance were recorde
Vari an Gemini - 2obla¢fé¢;run@prsrmﬁ§ul@rrwnors, endgmeiriabetozs, maligRastiselanam4 and Mz

H and 50 Mz de | |
E)t(:a Lre]rvm 22 not ed). a%i? h’rlip%)ﬁ% r(;ﬁu ?e{f"f%: ?CEEB%?’?%SQIFW"F@T r e]Lm?sfegtncoeniﬁounds |
downfiel d from t@&dwmmsséré@ﬁhem@%%em%m é&ﬂbﬁ?ﬁ%ﬁeﬁtﬁgr G A,g&,g,mggg in.

20 hertz. -Mass spectra were obtarned from M
Spectronetry10- drugscbmmdnbeembacdt(mﬁat tHesbmmest ry at t he Un| versity of
Nebr aska-Lincoln. * - Co stion . anal, g re performed by Atlantic .

M crol abs, In¢., Norcross, 1nvenuongflqé G\M efdeseribpd P)érqffregcqtq)thquF was -

freshly dIStI||e g@ﬁg

Allyltri butylti nﬂ)and enyl t ri ?plersf Wgegmﬁgéggﬁgﬁg}g%g; %éetél%d"ﬁml &ch
Cheni cal Co npanyThomas—Hoover unimelt caplllﬁyrmﬁﬁl@é boist ppardtad) Sinflafcdl spedidal data
(pabaAl , yA2) was: used . throughaout_the exanpl es. The bi benzi m dazol e

Hoescht dye 3334@1{@%3%@121:21}16 ona e@aaﬁmpnb@%ommfemspmphmmnmed

f S | 0, 51 d
Sony, -t or nen e m AL Bepep ey OB LN Pl ARG Ry 0 "
DM 1/33) - and ni tmdgxMcweémﬁw&e&e@&&ie@&laVanmd@%ﬁﬁmm BRI Brﬁxs by -

(Q Sun et al., Biorg. & Med. Chem: Lett., 4,28 - WO 98/3167 S

PCT/ US98/.0 1005 spectrometer. NMR spectra (200 MHz 'H and 50 MHz 13C) werelicorded in

B e T

downfield from tetramethylsﬂane (TMS) Couphng constants are reported in’

.20 hertz. Mass spectra were obtained from Midwest Center for Mass Spectrometry
_ wnhm the Department of Chemlstry at the Umvers1ty of Nebraska-meoln
Combustion analyses were performed by Atlannc Mlcrolabs Inc., Norcross, GA
‘and were with in £ 0. 4%.. THF was freshly dxstllled from sodlum and
benzophenone prior to use. Allyltnbutyltm and phenyItnbutyltm were purchased
25 .from Aldnch Chemical Company
Aspergillus mdulans strain R21 (pabaAI yAZ) was used
. 'throughout the examples The b1benzun1dazole Hoescht dye 33342 (H033342)
. camptothecm and bereml were purchased from Sigma Chemical Co. Mono-
- benzimidazoles (QS/II/9 48,50, 51, and 59A), terbenzimidazoles (1 (_ and 13)
30 and protoberberines (coralyne DMI1/33) and mtldme were synthe51zed as

' descnbed below. and as by (Q Sun etal.,; Biorg. & Med Cl_lem Lett., 4, 2871



Chem Res., 5, 1 (1995); Biorg. & Med. Chem Lett.,. 4 781 (1996)) (See’

Fig..8 for structures.) Al the drugs wer.e drssolved I-n drrrethél
sul-foxi de ( SVO98/31678 Chenical Co.) at a.concentration of ei t RET/UP98/01003 _LQ_
mg/ M and kept frozen in ~aliquots-at-20C. Exanpl e 1. General

Pr.ocedure fof PdCI[err](PPh[err])[err] -catal yzed Coupling

Commounds " " 18345 atl LOGEY it A %%md@?béﬁﬂ%tﬁé Rl S M- of

4-b 2-nit ] t 2.2
g, - %o(r)n; n: )roaﬂé_&_, 5»‘662(899?) ;ené& phosp %g) pglmlyaﬁ?j’l um (1) EIE‘:jr%lhorl e |(2621

ng, 0.234 nmol), gnem_&_,dﬂr(ﬂmenmm_mmmm47xlw%)blc&eﬁxm (15

m ). was heated under N err] at 120C over.ni After the_solution was

cool ed to room tﬁmﬁ@’lﬂ@?@ﬁé Al(lﬁlp drugs wereclgsplvsd i %‘iﬂaﬁél oxige (Rigma,

T52°my (750 o Ghgieal Gy AER sl T P oc 10 mp RS KEREOR SR, 51 Y

3517, 3398, 3022,3A3% atl8®E. 1250; [err]H NVR [err] 8.38 (1H, d, J= 2.2),

20 . 766(1H dd, J=8.7,.2.2), 7.59-7.54 (2H m, 749734(3H m, 6.90
(1H d J = 8. 8) 6 13 (NH brs) [err]CNIVR [err] 144 2, 139.3,
135.0, 130.9, 129 5 e , - ~Anal.. Cal cd
for err]Herr] BE ‘ﬁer e 4 J B oy & e -0 pund: G,
67.38,H, 4.76; N, 1301 :Bromgys-RItyQ: 21y |ne(4) |
Prepared froiD4- brono-2- nlﬁgmmmm 17 25 (1 70 g, 7. 84 mml) ‘and
altylttibutyltin (3.38 g, 102mm|)asaye||owso|rd|n 7 96% vyield

as described above foyap4-PRendP2Xitreaniline(5PrA s3KH0 B&3-bfomd O3ir anili
1518, 1341, 1253; [erg]flilNl\/R [ng?‘r] 7. Sg(llfrmg, Js— 2?8), 7.19 . (1H°arclildme-

J=8.5,2.0), . 1761og,@ﬁmwol)Muwlrsl)enylam@zmObmg;ol),e 00-5. 80 (lH m,

5.11 (1H, dd J = d a0 s 3 m:
(1H; ((j J = 6 6) blsg@pp?r@lwwgé};?ll% él(ll}clz_l!n%ge (_Llé% nlgs% %f 21), _
119. 49, 116. 3, 3

178, 0742 foun g %pg& gi?@pﬁlaeqaiyﬁfgon@h%}(&:ﬁbﬁhﬁmmﬁﬂ)@@rﬁehtedundeer

4-(2" - Pyrr dyl ) - 2an120°Caovetiigle( After thesphition fwas enoled tmroom temperature, the

gl t7 r50an| l.l nswlgggggéq@n%ixt%rgvgas ec%ly aﬁromzatggrrgp %E:l Jnssglﬁ:gng%l glmuq!g %th(ZIS &% 9

PCT/ US98/ 01005 52 mg (75%) of 5 llow solid: mp 1490171 °C; IR
mmol ) as a yellow sAf/Hcfx 1/(\)13"7(3 I(Itllgzgs o%gcr?%ggeao%\s/%xf o 5 np 1456-148
[err]C _ (CHC13) 3517, 3398 3022, 1635 1525, 1250; ‘HNMR5838 (1H, d, J 2.2),

20  7.66 (1H, dd, J=8.7, 2.2), 7.59-7.54 (2H, m), 7.49-7.34 (3H, m), 6.90 (lH, d, J o
= 8.8), 6.13 (NH, brs); BC NMR 51442, 139.3,135.0, 130.9,129.5, 127.8,
.126 8,124.4,119.8, 112. 8; Anal. Caled for CIZH,ON,OZ C, 67. 28 H, 4 70; N,
13.08. Found C, 6738, H, 476 N 13701. .
Co (B) 4-Allyl-2-mtroamlme 4). Prepared from 4-br0m0-2-mtroamlme 17
25 _(1.70 g, 7.84 mmol) and allyltnbut_yltm_ (3.38 g, 10.2 mmol) as a yellow solidin . -
-96% yieid as described above for S: mp 29-31 °C; IR (KBr) 3490, 3374; 1638, |
1518, 1341, 1253; 'THNMR & 7._90 (1H,d,1=2.0),7.19 (1H, dd,J=85,2.0),
677(1H d, J—85),605(NHlBrs),600 5.80 (1H, m), 5.11 (1H, dd, J= 1.4, |
14) 504(1H ddd, J=6.6, 3.0, 1. 5) 3.28 (1H,d, J=6.6); 13CNMR5143 81,
'. 30 137.13, 129.34, 125.59, 119.49, 116. 95 39.18; HRMS (EI) calcd for C;.H“,NZO2
1780742, found 178.0746.
(C) 4-(2° -Pyndyl)-z-mtroamlme (6) Prepa.red from 4-bromo-2-
. I_ nitr_oamhne 17 (597 mg, 2.75 mmol)_ and Z-trlbu'gylstarmyipyﬂdxne (1 01g,2.75



IR (CHA [err]) 3516, 3397, 3020, 1634, 1524, 1341, 1250 [err]H NVR [err]
8.74.(1H, d, —22)863(1H dd, J 4.9, 1.5), 8.13 (1 i"
8.8, 2.1), 7Wﬂa98'?167é (2H, "M, 7.20 (1H, ddd J= 4.8, 4. ?C”i“g"%m 592...
(1H, "¢, J= 8.8), 6.37 (NH, brs); [err]C NI\/R7 [err] 155.6, 150.1, 145.6,
137. 4, 134.5, 129.1, 124.7, 122.4,°.119.8, 119.7; Anal. -~ - Calcd for

Gerritferriner clelsie L yefow Qhigihissh i btk i FR Gy Fag T5 28,

| Pr epar ed from 4- IR eCBICE,) 3516, 339m3mams34 nsz4713@1 1%09*1{511\511 3L X1 H,n&' J
3tr|butylstannylpyr|d|ne(3. 0 g, mol) as a yel OWSO|IdIn 32%

yield as descri bex2.2)0p8:63 (iHrddiJawﬁ 91175),]8793 (181, ddGy = 8.8, 2.1) R78HEE @H,3AL5,

£ 505 gl Vi b 0D, (5 o

9 o5y B 08 |p G Sonlt Beh A Bolidedd =

[err] 148.7, 147(ﬁlcd1féECﬂH9N;ﬁz C, 61.35; H;L43414N 19333 &muﬁafic%l 29?;4144 23;4\4 0,
120.4; Anal. Calcd for CJerr]Herr]Nerr]Qerr]: C, 61.3 : H 4.21;
‘N, 19.53. Found: 184361.28; "H, - 4.16; N, 19.40. : (E) -

gt §-foaﬁ.y|rl ne R e T ol rgaag?#lﬁ?rﬁy"rm%zzzso -

0.76 - ~.mol-) 11430k i 6153 RntdiYand |
D 230-232 C 26‘ﬁ§t’|a%lli(&cﬁc7:lqwerr% 3518, g398 30"‘?!%ls iﬁ%gyﬂ%&si%@% % qurr] H

NMR (CD[ err] AD) [emnol) aga y8ll¢wehlid in 32% meldlas ﬁesel)xbec&bbﬂe fdirtS: anp. 11%7—179;)"(2 7.84

& e ooy o TR Rt 3315 ae sy afes g 530, éﬁéﬂﬁ%wfﬁ &ims
(El'). calcd for fkry?ﬁfl_dz'j[-ew "d[&l(fﬂfﬂdﬁrﬂ |2%1 6952 92%%)076%5(1H dd%? |

_Exarrple 2. 5-Fo “(benZi m dazdl - zim azo

A nmixture of 5-cyanh92. Qbhﬁ)zﬂrﬁwaﬂoﬂdﬁi :10)) BQJ),ZZIB Cld-f,(ﬂdd Je 80,488,108),
0.57 mol ), . Ni - Al " catal yst or m and water 3rr1)

s’ " Vheat cqsshL Yot SR SR, hm,f?f;wwmmmﬁ%m hiyre |
t t t
e e et o3 1A G5 R AR A SR EC, REA S1RERAE 1O

(5 m), and the $plauts; B 1933, Found: O)6UDBH] 2.26; NO1949.9 by 2N NaOH. The

solid precipitated was col | ected by suction WO 98/ 31673 -
PCT/ US98/ 010005 =~ - (E) 4-# -Pyr1dyl)-2—mtroamlme (8). Prepared from 4-hi@mo-2-

fNL'oU B 6‘2\5 "o g iR 17 GEEBE ol SRS AR RS '%&369?10#5%
: 3 mmol) asa yellow solid i in 25% yxeld as descnbed above for 5: mp 230-232 °C;
IR (CHCL) 3518, 3398, 3032, 1636 1528 1344; '"H NMR (CD;0D) 6 8. 55 (H,
d,J=63), 8.52(1H,d,J= 23) 784(1H dd, J=8.9, 2.3), 7.71 (2H, d,J 64)
7.13 (l_H, d, J= 8.9); *C NMR (CD;OD) 5'149.4, 133.4, 124.0, 120.7, _120.0, K
* HRMS (E) calcd for C,yH,N;0; 215.0695, found 215.0698. | |

_25 . Example 2. 5-For . 1-2- ) .
| i - A mixture of 5-cyano-2 (benzmndazol 5 —yl)benmmldazole 19 (148 mg,
| ' - 0.57 mmol), Ni-Al catalyst (500 mg) formic acid (7 ml) and water (3 m]) was |
| ; | heated under reﬂuxed under N, for 4h. The hot reaction mlxture was 1mmed1ate1y
~ filtered through a plug of celite, and evaporated to g1ve a yellow solid. The
- _ 30 . yellow solid was then dlssolved m hot water (5 ml) and the solution was

-I_'neutrahzed to pH 9 by 2N NaOH The sohd precxpltated was collected by suction



(KBr) 3106,2835, 1685, 1618, 1432, 1293;. [err]HNNR(CD[err]CD) [err] 10.01

(1H, s), ~8.39 (1H, s), 8.35 (1H s), 8.13 (1H, s), 8.06 % dd, J=
8.6, 1.8), TWOPBBIE dd, 5 J= 8.4, 1.4), 7. 77 (1H; .d, "J= 8.5ECTUSIYOL08E .
d, J=8.3); HRVS (FAB) cal cd for C[er(rjslH[err]N[err]O 263. 0933, 'found
263.0932. Exanpl e 3. General - Procedures for Preparing

b d d L S
7o (oot i daSreign apg fusthes prried b7 BRSO ARR SRRy ol S sl 1% 1) (R
mxture of S5-f Ofﬁlgnoxfzﬁéﬁ G@P@Jmé (95/%)9?9155 ﬁf\»ﬂlﬁé%lﬁi :Snp 32 5ME; IR

0.46 mmol’) and p nedi am ne in nitrobenzend (8 m)
was heat ed at. 15(I(Bt)r3d96 MSpl@Snilgm 143‘21e12|93;<'ﬂ-DNMWé£§ngbbéd0t01 1EHs), 15

155 my (96 of S494UBeScbas bty 8 1heHIFhs Eﬁbﬁ%%”&%@éﬁ%\ 5 {480dd1 512,
(1) a 755 VI SEROA PGS B PAER Y y LS, S kAR chbaor

15) 8.21 (1H, Q?LH;NE,OSZ&O%J founa26309§214(1H d, J=8.8), 808 (1H d,
8.7), 7.90 (2H- dd,J= 6.2, 3.1), 7.61.20 (2H dd, J= 6.1, 3.1); [err]C

NIVR (DIVBOd[err] + 3 drops of CF[err]COO—l) [err] 154. 4, . 149.8. 133. 2,
'132.0, 131.7, g 125. 5, 1254 1 .3 .9, o
114. 23, 114. 17, 1¥xample 3o, fsenera ] 351. 1358,
found 351.1367. -

5- Cyano- 2- [2'19( benzi ni dazol - 5" -yI)ben2| mdazol 5 - 25 . .
yl'] benzi-m dazole(Ill). (A:L/dr[ag&mwmrdazbl—ﬁ”-@%engmlmsmﬂb)mzmndazole :

?ggegl)lshed at 40 psi - p&mﬁkfailofpﬁif terrpe.r at I)g {e@f@i()% Pd- C-

and o (87 '8@%‘5%?5) wnd phétyRncllah *ﬁ’%@' % ﬁéﬁ‘#?@ T

under N2 Overnlgbksha'dléﬁﬁllmﬂcemﬂ&sNz?(ﬁrenﬁQhﬂ’Q?Heh@xtﬁmst@thatrUmﬁ, and
chr omat. ographed directly on silica gel (0-10 Et OAc) to |ve 107

my (86% of 1% atempesanieqand ghrogaasegraphed oq S(ﬂmrgel (0-20% M@,@ISUE @ to
| 5928, 1393, 1441154 ai706%5 flﬁaymlm%‘ébﬁ%lm(ﬁsgrﬁ% $157, 1630, 1¥‘1Pz

98/ 31673

PCT/ US98/ 01005 1438 1294; '"H NMR (DMSO-d; + 3 drops ofCFiCOOH) 6 9.71 ¥9H , 8.75

CF[ err] COOH) r 50 (1H, s), 8.46 (1H, s 1H 8:11 (3H,
rr),[ 7. ]81 7.75 (egiﬂ sbg)8657(1612d(iH111}d84 (8, & )J1 &ji’,lgml(ms)ddcé#@@ﬁ,for

QerrlHerr] N[erﬁls) 8.14 (1H, d,J=8:),8.08 (1H, d,J=8.7), 7.90 (2H, dd, J = 6.2, 31),761
| | 20 (2H, dd, J=6.1,3.1); "CNMR (DMSO-d6 +3 drops of CF;COOH) 8.154.4,
149.8. 1332 132.0, l.al 7, 1262 125 5,125.4,123.9, 123.6, 116.3, 115.9,
11423, 114.17, 114. 13; HRMS (FAB) calcd for CZ,H,,NG 351. 1358 found
© 351.1367. |
- (B) S-Cyano-z [2’-(benZImldazol-S”-yl)benzxmldazol-s -
"*_ __ 25 yl]benzmxdazﬁe*tﬁ) Hydrogenatxon of 3 (70 mg, 0.43 mmol) was

“accomplished at 40 psi H,at room temperature for1h usmg 10% Pd-C (30 mg) -
* inEtOAc (10 ml) The reaction mlxture was filtered and concentrated in vacuo
to afford a solid. Thc solutlon of this solid a.nd 9 (87 mg, 0.33 mmol) in
| : n1trobenzene (5 ml) was heated at 150 °C under N, overnight. The mixture was
30 - cooled to room {empSIaure, and chromatographed dn'.ectly on sﬂlca gel (0-10%
 MeOH/EtOAG) to give 107-mg (86%) of 11 as a solid; mp > 280 °C; IR (KBr)
3416, 3148, 2222 1626, 1553 1441 1292, 'H NMR (DMSO--;.*\6 +3 drops of




376.1310, found 376.1309. 9 S
5-Propyl - 2-[ 2' - (benzi mi dazol -5"-yl )ben2| m dazol - 5' 5 ' yI | benzi m dazol e .

(12) : Preparwcbmm4 allyl-2-nitroaniline 4 (312 rrg 1.75  PCTUS®WMOI00&g. .

5-fornyl - 2- (benzi m dazol - 5' yI)benZ|mdazoIc=99 (121 ng, 0.46° - mol) in-
79% yield as described above for 11: solid;"’np > 270 C, IR (KBr) o

gi21 008, 2987 e B L A P b Gt IR TR 5,
55y, 7" 1y A @347)612 (i, g 485 i eias Bl oo At 75

1.3), 2.80 (2H, 476.1310, forlhd,376. 1309(2H m) 0.96 (3H, t', J'=17.2);
[err]C NI\/R(DI\/BOd6+3drops of CF[e 9éerr 153.84, 149.74,
141.64,. 141.01. 139.3(C) 5Propyl-242> znm@azcei ?-yR xmmlml-éb 126. 26,

12708, 126 28, Whenpimidsgdie 45 hrttured RrPalie afeplis 012 10 7SS

113.78, 112.99, o‘}ﬁ]mfﬁ f(?rﬁxglésqb&gzlmldazolé "~y benmmﬁi@ole 9 (121b mg; 0. 46

5- Phenyl - 2-[ 2' ( benzi azo enzi mdazo 'yl ] benzi mdazol e

(13). Prepar ed fﬁmalﬂnmmyiei&asddscmwomef& ](124611drgup1216 °C; IR (Kirpl ) - and "

5-fornyl -2-.(benzi m dazol

d | 201 | .
'89% yi el d as. des3431,886%, &951’114)3% zynﬁ%gzg@-ﬁ@& 3C§TBB%°f8ﬁ((¥(R§W 5%6%“) ) I- "

ot BBt LR e N PR s le g

)= 8.8 L1)10 £7,18F1(aH, dqm,-sm 302(1Ha)1—&s;2709re1md,3 #4)57.668. 06
(1H,s), 8.05 (1H, X % 89 (1H, dd, J= -
8.7 1.5). 7.80 (&Hs),d745]elﬂzdd)1 sl a),z 0 (2 37 %30, 1raoczmam OMEPEGal cd

f H N d. 4 E
5°Equ§¥féyl[)er5]f%erfkbﬁ%?h@@éiw@@ g SR RO 5 153.845049.74, o
yl] benZ' m gazol 6141161), 14chﬁg@3¢§7f1|r39m041ﬁ226 msrv@yhjo?ullzfﬂosalmls 266125614,110__ -

ny, _ rny benzi m dazol -5 -yl ) benzi'm dazol e 9
(51 - 0.25. 141 611;0]4)1 Qlp 13919713311, 332.26,sI31i99 430DV 7108, 126.26s5. 14, np

> 275 C KB 1 6 5 1

(CDlerr] OD)[élﬁr]r)lé2 8b '(IN% %16 £146é))]6 f’gs §é 19@078 ?%9953)%48%%1%4(%
g)CT/ 3833 / (()13053) _ 8. %)Y S%héx%ﬁi’ -[@(bex?nﬁﬁdeoi%”(ﬁﬂ)enﬁmdazol-s OV\D 98/ 3197‘;’2
(1H -d, J='8.6), ylibéikitidhzolk (13).8Prépared fibf (@iphengll-2-hitr@niljne ¥(2R0 tagH. 15 ;
HRVB (FAB) cal cd for C[erﬁ]H err Nerr] 428.1624, .found 42 g 1611,

(F) 5-(3-Pyri dyl yamol) an nemicazol 5 j-yBhenzimigazele 94201 mg, 0.77

?ﬂg], benzim dazol e, {13 in 6%‘}%1895 54Rbétr fo 11 Padidad ) 263- 144 @ 08L; 'IRW)( 183
' ' 20 3402, 3104, 1627, 1552, 1442, 1290; '"H NMR (DMSO- d +3 drops of
| CFacOOH)6966(1H s),874(1H s), 8.65 (1H, s), 8.50 (1K, dd,J=88,1.1),

821 (lH dd,J=8.7, 14),8 12(1H d J=28.8), 806(1Hs) 805 (14,4, /= '_
84),797(1H d,J= 87),789(1H dd, J=8.7,1.5),7.80 (2H, q, J=17.0),7.61- B

747 (3H, m); HRMS (FAB).calcd for C'q,ngN6 427.1671, found 427. 1666
25 ®) 5-(2-Pyridyl)-2-[2’ -(benZImldazol-S”-yl)benmmldazol-S -

. . yl}benzimidazole (14). Prepared from 4- -2 -pyndyl)—2-mtroamlme 6 (110 mg,

_ 0.50 mmol), and 5-fomy1—2-(benzmdazol -5’ -yl)benmmldazole 9 (51 mg, 0.25

. mmol) in 84% yield as described above for 11: solid; mp > 275 °C; IR (KBr)

3411, 3157 1630, 1593, 1432; 'H NMR (CD,0D) 6 8.59 (lH d, J 4.8),8.35
(IH s), 8.31-8.25 (2H, m), 8 10 (1H s), 8.04-7.94 (ZH, m) 7. 85-7 77 (3H m),



5 0.85 mml) and 5 fornyl - 2- (ben2|mdazol 5' yI)benZ|mdazoIe 9 in 46%

yield - as descri bed above for 117 solid; nmp > 275 C; - :”’
3070, 2836, WORBBISTA35  1289; [err]H NWR (CD[err]CD) 6 8.83 (1%9§3ﬁ%8%6),
8.49 (1H, dd, J= 4.9, 1.5), 8.38 (1lHggd, J= 1.1), 8.31 (1Hd,-J=
1.1), 8.29 (1H, s), 8.11 (1H ddd, J= - 8. o 2.3, 1.6), 8 05 (1H, dd, -

J= 8.5, 1.6), 8. 1
1755 b Ol S (e 4 p it el gt il &y 4, 70 st
err] H err] N ergikMs gFAB%d]iGZ%H,Mlmsm4,1ﬁi:ﬁd 428.1611. (9

5-(4-Pyridyl)-2-[2"- nzi m dazol - 5" -yl.) benzi m dazol - '
yl ] benzi ni dazol e (16)(F)F$-€'p3y@éyt)r2om z(benzmwziom’-yl)imnmmlémhi ne 8 (35

T 019 15 ol e RdR e RR OO R (8. %"

G- IR (KBr) ?_| 8§ﬁﬁﬁol§§r¥£§~for¥r@@@-§>@ﬁ&1da&6§9 -yl}E’e?:anB@ile: D*WWG% Rrrjoo)
[err] 8.51 (2 ’1.1), 8.27 (1H, '8.25 |
(14, d, J=1.1), as&ie@dn‘r(eﬁldbomjforll ®lig; mp>275 1C,71)R (IQB1964OQ.I307G;;!2835 ‘8.9,

é[ga'r] L[ 2r7r ]( ﬁl[_ler 384@%8918&%0%35%&3}3 42—15!\/51 6), Sﬁéﬁgﬁé *Zél“cgd for

g ngmz) rzrmr;: ; r?ﬂpé‘ﬁer r(](lg Elerr]1 1()1%81 HISI k JA 2 lgtigjgrﬁ)g)d%fﬂl (tl%gaaljne ¢

treated by 90% 234,236t SmeQnHUﬂdﬂésﬁyd;JGmm@}Emdnﬁ—s5 16)(1.81&1H,d43 5
mmol) in 5 .portions. The mixture was stirred at -10C - 0C for .

After being Wr g 1t 78317}&3(&6%Fﬁt7r56‘7 4HEH: ens HRMS ﬁE&BhP@C‘%ﬁB’%h@d
by 2N NaCH (60 %ﬂ@&%? ag’ggﬁggd) .dried over Na2SO4 and: evaporat ed.

Fl ash chr omat og 5% Et QAc/ Hexane) gave 7.40 g (94% of'

17 as a vyellow solid g > err] 8.27
(1H, d, y o2 I2 35@53@1%“%2 Smaamg’qnb#%ﬁ?ﬁzwg 8] 8),

6.09 ( NH brs). yl]lﬁhnzxmndaztlh)(b@( Prgraed from 4-(4’-pyridyl)-2-nitroaniline 8 (35 mg, -
PCT/ US98/ 01005

Ecamml o 5. TO00 46 el pad o2 Ggpimidazol-5™yDbenzimidegnle 9730 e, 0119
5-benzi m dazgk eg@f&?}‘?ﬁ'ﬁ% il desrfbed abve fOF1R! dolidtimp > 280 ey IR FEB£)50 )

was cooled-to - ert]C under Nerr], and treated W|t LiAlH err
ng, 19.4 mol). %EleBlI&dGG@id:Sﬁﬁ,oMB% h290; B INIVIR. (@2 O&Y) 1608 H (21, dyali=n6.2),0wl y

tenched by SRt ami Ho by RS A Ak SRk Bl SR £bur e
| g'o'ngggt gg't e§°'t g”g 73'%58%91 dd, 7= 819,10 1P89 VX BX'e), 7797 86 @&%Wms
~ (FAB) calcd for Czsﬂ, gN; 428. 1624 found 428.1625.
20 ST ' '
. . Example 4. Q_B_r_o_m_g-Z-ﬂm_mh_neﬂ_'Z)_ |
- A solution of 2—n1troan111ne (5 2,362 mmol) in CH,Cl, (100 ml) was
cooled to -10°C and treated by 90% 2,4,4,6-tetrabromo-2 5—cyclohexad1enone
( 19 8g, 43 5 mmol) in 5 pornons The mixture was stirred at -10°C - 0°C for 1 - -
_ 25 hr, After bemg warmed to room temperature, the reaction mixture was washed .
by 2N NaOH (60 ml) and brine (50 ml), dried over Na,SO, and evaporated.
Flesh chromatography on silica gel (5% EtOAc/Hexane) gave 7.40 g (94%) of -
" 17 as a yellow solid: mp 109-110 (lit. mp 112-1 13 _°c); 'HNMR & 827 (1H, d,J
 =23),7.43 (1H, dd, J=8.9,24),6.73 (1H,d, J = 8.8), 6.09 (NH, brs). -
30 ' '



at cohol as a sol I d The crude al cohol (876 ng) was di ssol ved |n a. mxture

of = - THF (10 n) and CHerr]C [err] (40 m ) .
4- Net hyl m)rpW %égm oxide 10 (2.25 ¢g; 19.2 rmol), 4A nol eCLHC:'ﬂUs?s’&es (-
g); and TPAP (169 ng, 0.48 mmol) . wer e21$ubsequently added to the crude
al cohol' solution. The m xture was stl rred .0 at roomtenperature . Lo
overnight, and f t heg farsid ¢ gel--eluting W th 10%
MeOH Et QAc. The g#gl?gfe\?\s/as éonce - “her. purified by flash
chr omat ogr apby on si |A<msmls1oﬁ|dﬂ$l-h‘egzumﬁhrzdle chOBoXYH ORI DSfZ 0.70mit®d]) ih5 452

32% “2 steps) of 17 as white solid: 164- 166 [err] Br) 3087,
2m§1§3 1%90 1282q)lry['HﬂFI$QmmV«'(mPl§drth§ Cfgg‘iqu*é gslt(mdw)thmé«m)ﬁl

5. ay: Terr]c Nl A ety e adiditiof e it pndibipg o Watsplaw %1@3 6

ﬁ2449,1-4122|- 7EL @y ﬁizoufﬁ{‘atur@%h&@wfn%lr@%fl H[vglrn'i% I’errﬂaguuewasqugnclﬁeﬁ %56

5- Cyano-:2- (benZI Me®iE and H,O ghitiventyi amdipassécbﬂ:td:&@ha short sxhca gel colummeluhmg e of
5-for rryl benzi ni dazo 4 '

|
‘cyano- 1, 2- phenyl wﬁbdﬁdﬁM@%@ngﬁﬁﬁﬁe mpynqeﬁﬁﬁqe@ QB8R BdAang %‘dﬁ ) was

heat ed at 150[er I . room -
25 Cormer atur o SRaHSFE PRE THe A LR (el MeB SRR, (O
0-15% - Me mE)QTHPV(Q0M&aﬁmcmﬁf@@@hl}&%tﬁ?ylﬁ@kplfblmﬁm-aiﬁﬁ C IR
(KBr)- . 3110 282 2224, 1627, 1426, 1294; "H NVR (CDOlerr] QD) [err '

8.41 (1H; s) 108. (,9.325 g, 19.2 mmal), 4&ymolgcular gieves (§4), and TPAP (1693ng, 04 smpal)y,

17 1652 s b ey e e i
I%é('l)'/ 6 9 é ?8 1805 13 x%om]tgﬂapénanﬁg Zv&mgiat? 5n§ filtbc tﬁrouﬁﬁg Iﬁd of sxhca g%l@éﬁg?ﬁg?’s B
116.0, 115.8, 11it, IO%)MeE)H/BRDBC (Fk&)lutea#asctohcﬁntrated and furr.her purified by '
O e e Bl dsmaamsby onsligh )gs’eagﬁ??é) H’é‘g&rl@“’ MeQUIEBHRE 6 give

gﬁyéle?z??nzggzol e%(zlifg (33%"3{&)4)(&{1% (})I%;){éﬁenyl eﬁgg@‘ﬁm?lw 6
ny, 0.90 mmol ) iD8TE usmam@n'ﬁnmwnm) B@e&Se(dI—h&),BmQIHl;ldpls OSX1H, d, J
' =15),7.74 (1H, dd, J = 8.4, 1.5), 7.63 (1H, d, /= 8.4); 5C NMR (CD40D) 8
194.2, 146.0, 143.0,139.8, 133.6, 124.9, 120.7, 116.6; Anal. CalcdforC3H5N20
- C6575H414N1917F0undC6560H417N1908 '
20
| Example6

A mixture of S-formylbenzxmldazole 18 (211 mg, 1. 44 mmol) and 4-
. cyano-1 2-phenylened1amme (230 mg, 1. 73 mmol) in mtrobenzene (10 ml) was
| " heated at 150°C under N, overmght The mn:cure was cooled to room _
25 temperature and directly chromatographed on silica gel eluting with 0-15%
o MeOH/EtOAc to glve 244 mg (65%) of 18 as a sohd mp >270 °C; IR (KBr)
3110, 2826, 2224, 1627 1426 1294; 'H NMR (CD,0D) 8 8 41 (lH s), 8.33 |
(1H, s), 8.07 (1H, dd, J = 8.6, 15) 7.98 (1H, s), 7.78 (1H, d, J= 84),773 (14, R
d,J=8.4),7.56 (1H, dd, /= 8.4, 1. 5); C'NMR (DMSO- -d,+3 drops of
30 CFJCOOH) 5 153.4,140.4, 138, 3 132.9, 131.6, 127.0, 125 8, 125.3, 120 8



overnight. The mxture was cool ed to roomterrperature and chromat ogr aphed

10 using 0-10% et hanol / ethyl acetate to afford 127.3 ng (66 F wni sh :
yel'l ow sol i dWHPIEBC, IR (KBr) 3101, 1626, 1547, 1440; [err]lﬁ%ﬁ?gm

dlerr]) [err] 7.34 (dd; 1H, J=7.0, 2. O)' 7§27 (d, 1H, J= 7.71-7.80 (m~

'3H),. 8.04-8.18 -~ (m 2H), 8.39 (s, 8.50 (s, lH) [err]C NVR- -
DVSO-d +.3 - !

1264, 117, 0, 115 00 DS IO 1055 Mé%%ﬁs&r%@*%&@%@vz 0
132. 3, 133.1- 134ohd 260095, 140. 6, 151.1, 153.4. S (B) -

5- Chl or o- 2- [2 (benzi m dazol -5"-yl ) benzi mdazol 5' -yl]- -

benzi m dazol e(JSK I V-68) A mixture of 5-fornyl -2-(benzi ni dazol 5 - '
yl ) benzi ni dazol e# 160]ng 0.61 mmol) and. 5-chl or ophenyl enedianine (174 ng,
1.22 mol ) in ni he (5 mL) was heated at 150C under N[err] :
over ni ght 2@ The miexh u. 2600 L

chr onmat ographgd usi ng (0535(”)03/“Wﬁa ' ne(ﬁﬁiglgfd;agtgﬁl egng:tﬂzg%g to af 1yc!rd 167
(71% of browni sh yel Ibenzimdtdazble (JSK W@%Wﬁ(%ﬁ-ﬂ%pﬂﬁﬁ&zo&é??
1293; [err]H NWR SDI\/SOd err] ’{é_grr] 1)
7.60-7.81 (m 4HyDbgnzm i O%WOk)endérbrompb@Yé@edmme( 69.6

% 116 5. 1165, HELH" 3@?%@%@&?%%&%3 FuF gt ©15570 °

135.2, .. 138 o%miglﬁ She fidtufe wabdboled to room temperaturd 48d chromatographed
5- (p- chl or ophenyl ) - 2-{ - (benzi m dazol - 5" -yl ) benzi m dazol - 5' _
yl ] - benzi ni dalfbl asing$ki(%ymethanal/ethyl anetateio aﬁct@ﬂ%ﬁm(ﬁﬁé@)zqurth 5 -

1) oo i T A R AR SRR O

under Nlerr] )S’V‘SWHLQWH 11*7'6 ﬂD)‘tMﬁ(dWﬁH J3£90¢)e¢ 7107 $CQH) 312TBR. VS ©

and chr omat ogr aph 5
PCT/ US98/ 01005 (m, 2H), 8.39 (s, 2H) 8 50 (s IH) BC NMR (DMSO-d, + 3 d&28ps CF;COOHQ ong

ol 10 8ol or 1 NA k7 B Jad eBe s a5 5106 s satie %Vbs,.
drops CF[e”]ﬁOOH)n[oeiﬁh?l%q E1§442|i}83]'1&0 15%18553(4JI 2H J=8.5),

7.88-8.21 ( J=8. 8 1H) 8.72 (s, 1H),

9.69 (s, 1H); [err] C IWRi—DMKBod[—ﬂ’-l(])enznﬁxdazoBSMpsnﬂﬁﬁdﬁﬂl%'-&l]l11 8,
113.8, 114.7, 115.8,116.1, 117 125 3

129.2 129.3, 131 b@ﬂllmﬂaaole@%w 5?03@ lznxt&wfé-ffgaylﬁ (hesl@lraldazol

141.6. 150. 8, 1- 53 1 35) T
2-nitro-4- Snr%%cll Ole 1?%%’%% 64 @5@985‘%’}?1 &%Zﬁ}xut e ?ﬁ({a ?‘@ 0
( 20n1_) was added 1&%&@1}1}1 mtrobenzene 5 mL) was heated at 150°C under N, overnight.

.20 The mixture was coele&“to r00m temperature and chromatographed using 0-10%

methanol/ethyl acetate to afford 167 mg (71%) of brownish yellow solid:
mp>280°C; IR (KB1) 31 03, 2826 1427,-1293; '"H NMR (DMSO-ds) 8724 (dd, -
- 1H, J=8.5,2.0), 7.60-7.81 (m, 4H), 8. 07-8 17 (m, 2H), 8.40 (s, 2H), 8. 50 (s, IH), _
- - BCNMR (DMSO -ds +3 drops CF,COOH) 51143, 114.4; 115.3, 115.5, 115.6,
. 25 . 116.2,118.5,123.1, 1254, 125.5, 125.6, 1294 132.4,132.9, 133 0, 1352
138.9, 1409, 151.8,153.5.

(C) 5-(p-Chlorophenyl)- 2 [2'-(benzxm1dazol-5"-yl)benznmldazol-S'
yl]-benzimidazole (JSK IV-47) A mixture of S-fonnyl-z-(benmrmdazol-S' |
yl)benznmdazole (99 mg, 0.38 mmol) and 5- (p-chlorophenyl)phenylenedlamme

- 30 (l 54 mg, 0.71 mmol) in nlfrobenzene (5 mL) was heated at 150 °C under N,

overmght The mixture was cooled to room temperature and chromatographed



10 (1.50g, 7:91 mml)- and refluxed overnight. The reaction mxture was

‘then - basified to pH 11 with 2N ‘NaOH and extracted-with : {0 aive |
275 g (949%WO9IBBI6THi product. This product was used without ?ﬁ&ﬁg&&‘]% sy
purlflcatlon for the synthesis - - of JSI§3IV-37 ' _

4- Chl or ophenyl enedi am-ne (JSK I'V-67) "To 2-nitro-5- chl oroam I I ne (304

ny, 1.76 |
(1 689, Smérg Ln#)nagabigb? uxeﬂ% erni %ga%@%%gq?%%i‘ {O&JrnéSh ello%
basified to pH Jslnw hg?zsool@@ﬁ(m%@m 2626,4 496! 1289t TENMR (DMSO259- 31T

(quantltatlve yi e roduct roduct was used without further.
purification fordrbpeCEﬂ@ﬁHélﬁﬁ 5 (d1 8K, §%8.587.824d, 2H, J=8.5) )88-8.21 (m, 6H),

Db el ) e AGhIEh IR 61 RIS T B RS ol
t1e 2 te”pﬁtaigfdgﬁqﬁgd%ﬁl@w 1138 19024958/ do/y a9, Bau0, VR

(15.58 . was adde
30 mn. TriZsg, ubsi3ne9.2y 1293,(181 87132.1, 13350 eqeuy137 2pE38551d60.3and
stirred overnight while ' 25 bri ngi ng the reaction to room tenperature.
Reaction m xt ur el4det 1§08ad528: by ‘stirring the reaction flask open in

air for -1 hour after f rnoduct was’
obt ai ned as an oil . &958%W}ap\i%wlepe%lggg?ﬁgjﬁﬁgvagﬁdrgg'n}?‘gﬂme t hrough a
qui ck silica gel rsﬁlouﬁmnel(m g, WY mﬂ&?% dH3SRAESthanol (20mL) was added(ss?)m2
2-Nitro-5-(p-chl orophenyl )aniline (JSK IV-44) To JSK I'V-42° 30 . 2.0,

©5.04 mol ) - ab@ 2{c60g; 8.94 mhmolymad ir¢fluxed pv&mlgm The s@ctiommixture en (18
%) vvgs: ads\%dgg?( ]l er ! ]I-f % V\JltﬁrZE\] NSE)%-Fan% er)z?ractgd %Ztllm{ger)to %Pv% fﬁ mg %94%9 ) 2

PCT/ US98/ 01005 d t
mmol ) and heat ed fERroi%I er rs]péo%lilcéyvr?faﬁe WH{%J \Aﬁ/z'larstherr tu g\f/ig%tborna%géh y Siyfl theSI t he

and ‘stirfred at -78C for

m xture was sepas@ISKINW37a silica gel colum el uting with 5- 10% o .

et hyl acet at e/ hexanes to ive 270 g (329 .of reddish salid

(H ~4- (p- Chl orophenyl rfyrlererhenylenediamipe (I8 Y- @‘@KT?@"THHO'S‘ 5 (190 g, |

0. 77 nmol ) |
oo P | aoTiy; AAGRES f@gywsr 58 8 440 a6 1 e MBFsuc,
(quantitative yl (ql @@g W Iﬁﬁl@Q and relffifcell Gvérhighit! Mo teaction hiiktupsiwad iheat i on..

basified to pH 11 with 2N NaOH and extracted thh ether to'give 250 mg
(quantitative yleld) of product ThlS product was used without further
- purification for the synthesis of JSK TV-68. -
20 o ® p-Chlorotrlbutyiphenyltm (JSK IV-42) 4-Bromochlorobenzene
. - (32g,16.62 mmol) was dlssolved in dry THF (20mL) After bnngmg the
reaction temperature down to -78 °C with an acetone/dry ice bath, nBulLi _(15."58 -
- mL, 1.6M, 1.5 equiv.) was added slowly and stirred at -78°C for 30 min. |
Tributyltinchloride (6.77 mL 1.5 equiv. ) was added and st1rred overmght while - -
25 - bringing the reaction to room temperature. Reactxon mixture was quenched by - | '.
stirring the reaction flask open in'air for 1 hour after which THF was - _
. rotavaporated off. Product was obtamed as an oil (7 35g, 97%) after passmg ‘the
o mixture through a quick silica gel column elutmg wnh 100% hexanes
_ (G) 2-Nltro-S-(p-chlpro_phenyl)amh_ne (JSK IV-44). ‘To JSK IV-42 h
- 30 (2.i02 g, 5.04 mmol) and 2;nitro-4¥brom_oaniline (730.mg, 3.36 MOI) mDMF -
(18 mL) was added PA(PPhs);Cl, (117.9 mg, 0.17 mmol) and PPh, (4402 mg,



Exarrpl e 8. Bi oassays 10 A. Topoi sonerase |-Mdi ated DNA Cl eavage . .
Assays : O 98/31673 +3DNA t 0pOi sonerase | was purified from cal i,ctrmggyﬁogg and -
as’ Teported _ previously by B. D.:Halligan et al: . Biol. Chem, 268=
2475 (1985). Pl asmid YEpG was 24l so purifi i ed by the alkali :
| ysis method foll owed by . phenol deprote| nation and CsCl/ et hidium

i sopycni ¢ centri {70airnol) and hetirxbati 1200C ovBrnight. DMF/WaJsaﬁtasapbtratedl off aiitee ul ar
Cl oning. ‘A Laboratory Manual, Cold Spring Har bor Labs NY (1982) at
pages 149- 185, mx@mwwsgmwgosfaw@ selyma elating with lé)(%orrpl i shed as

Dy Sy e LS eRehobes v E 7B me R Pl By 255 | 2536
Y. Chen et al .., Cancernfasi-ChbroptichINphefbnedibiilil UBROIV-ABF UBKTY-440s 20

i sol ated as a reconbinant Tusion-protern using. . a T7 -expression system
B. Cytotoxici8y ¢¥9ang, 0.77 mmol) was dxssoéquyn@tm&amtaty (Wsmbpawd afteredding ng

th MIT- tit MT'A
For 1 avi ng. the. pr Setadt BeRbmermapendused 6 Bvdrdeciimigh (45 o). e - et hods,

00 o), g SRaf PR ol J00RA by e sl 1507) an

| ynphobl ast RPM 8402 and its canptothecgin-resistant variant cell . line;.
CPT-K5 were provided by Dr.. Toshiwo “Andoh (Ai.chi Cancer - Center Resear ch
Institute, I\lagoyExamnb%\&).MMor exanple, T. Andoh et al., Adv.
Pharmacol . 10 29B., 99 ). Cyt 0 ' > S sa\lfvas perforrred
using 96- vve'II m croti e spension at 37
[err]Cin 5% CO[err]mndt id&h@td%@@vm unﬁedﬁbﬁgéahﬁhyﬁasgﬁasasfeﬁ

medi um suppl enented wth % heat inactivated fetal 1673

PCT/ US98/ 01005 previously byB D. Halligan et al., J. Biol. Chem., 260, 2475 (1985). -~  bovi ne

voi ). For det er m naP B REPR; w4 bRtk BB AR A B

varying concentr gﬁ#xﬂs’i‘a ;ﬁf)teﬂfaﬂgn s&&es@r/étﬁmlﬂﬁsso@s}&ﬁw&ﬁg%agén%& cHSéé or med

at the end of th ourt’h day drug sensiti uman ernol d carci nona
5 KB3-1 cel 1151 i be T Mariétis ycaln Mileail Dianueh Cald Sprhidg 117

A9 (o N PR P LB At it
provided by Dr. T% Sgﬁ)gey‘f&%s&géﬂ&%‘y descnbez{ bt ?“J‘?i'u et CﬂeB;dl”éhérh“, %8s,

Bet hesda, M.). re grown
' : 15365 (1983) The cleavage assays were performed as prev1ously reported by Al

Y. Chenetal, _ange;_Ls_, 33, 1332 (1993). ‘Human topmsomerase I was

_. 20 - isolated as a recombinant fusmn proteln using a T7 expression system.

o - B. Cytotoxicity assax | |

| The cytotoxicity was determiﬁed using the as 'M'I‘T-rrﬁc:rb’ti‘té_r_ plate
tetrazolinjum cytotoxicity assay (MTA) following the .;ln‘ocedures of F. Denizot
etal., L Immunol. MeTiSAs, 89, 271 (1986); J. Carmichael et al., Cancer Res., -

| ' ' 55 (1983). The
" human lymphoblast RPMI 8402 and its camptothecin-resistant variant cell line,

'CPTK5 Were provided by Dr. To'shiWo Andoh (Aichi Cancer Center Research |
‘ Insutute Nagoya, Japan). See, for example T. Andoh et al., Adv. Pm col.,

_L, 93 (1994). The cytotox1c1ty assay was performed using 96-we11 microtiter

’—’

25 47,936 (1987) and T. J. Mosmann et al., Immunol. Methods, 6

30 plates. Cells were grown in suspension at 37 °C in 5% CO, and maintained by

regulaxj passage in RPMI medium supplemented with 10% heat inactivated fetal



monol dyer cultures at in 5% CJ err] and maintained by r'egul ar 'passage in
10 Dul becco's mininal essential nedium suppl enmented. with 10% heat

i nacti vat ed WO 98/3167%t aI bovi ne serum KBV-1 cells were si.m| a?@%?’moaf’ ned- S

except they were - ‘grown in the presenrzvi of 1 [err]g/rri vi.nbl-ast.i ne.
C. Results - As shown on Tabl e

b Dt or " of % St ghiartine B Gl Rt BT Sl e s ebaioin 1

trisbenzi m dazol d t.e o ' 98/31673.
PCIT/S Usgé; 0100; x%E/nﬂ? Féll Jgtérﬁ{métfon%ﬁéso, Eells were eRfUsEd Eé’ntmizgusly Wil 73

Table 1. =~ varymg conéeﬁﬁmlwﬁ'rdaﬁgcdncemhtainedncﬂ)mmssaysagaer@dfonned :
Cytotoxicity of Bis-_ and Trisbenzim dazol es
Topo |- .. atthe end of the fourth dayt O{Fl;g ﬂg}gsynﬁ@@hwpag fRideqmgid carcinoma
medi at ed 5y DNA
cl eavage[ err]5 IﬁEF?/rl cell lwsKéhymRE?ﬁl S tcgfg‘i'fgggﬂ)) = -
0.03 - b t1n1=~s%l ted multidfs -resistant vanant KBV-1kells (D. W. Shen 14'
% ND. ‘%‘so‘;mlas soted mtEe 1 ('>25[err] s
25[err] -~ ND etamg gg 3;, 643](2986)) were prov1ded b&dil} Michael Gottesmann 7.6
20 ND. N.D - - 0. 09 '
0.58 - 0.58 @Jag,@nal Cancer Iggtltute Bethesda, ML) Thege gells were grownas 0. 16 o
g g | 8'— 82 - 8glayer culture%gt in 5% CO, and mamta1ne§ by regular passagem 8 832 o
2.5 . 0.02 10 Quﬁkcco s minimk® essential medxum sup;il&ﬁ@nted wﬁh 10% heatzﬁﬁ:[twateh

N. D. -N. D. ‘N.D." 15- JSKI V-37 - .1.40

1.40 : - JSKI fegtal bovine serum; OKBV-1 cells were sumlarly mam@amed excegtt@by ‘were

JSKI V-68 0.65- . a) I err] has been

cal cul at ed a.t.tergg?“ﬂ’dﬁéh%?reﬁ%'ﬁf ﬁ&&gzmbvwalag& osure. N.D. = Not.

determ ned. 20 b): T@pckéqmrase I. cl eavage val ues are reported as REC
Rel ative Effective =~ Concentration, i.e. conhcentrations relative to
Hoechst 33342, whose MlshewnloaTablel cama.nstmrqﬂopn@ggndseﬂ) h@atldhglnapalggg

ebl e to Pr .oduce :[I sh]%\? %994’%&1%/86[ \%ath ‘f_ﬂ,e}:ﬁ‘s‘% 33342 (1) as inhibitors of topmsomerase I

demonstrated that several of these tnsbenzumdazoles had smular or greater _

_ potency _

conpari son of conpounds 10-16 :



pl asmi.d DNA in the presence of calf t hynus topoi sonerase |. C eavage S
cal-cul ated from the intensi ty of the st rongest Hoechst .specific band. 25

c) “No i ndi c3N0 9881673 cyt oxicity were considered indicative of ?QI’HW’]MWI ues . .

substantially greater than the highest dosx;ﬁ assayed.

While 10 and 11 exhibited simlar potency ¥R their inhibition of _
't opoi sonerase | ds observed wi th Hoechst ?iF 2, both of these conpounds 30
failed to exhibit significant cytotoxi. ci ¥ Wards t he human | ynphobl ast

cell. [ ine, RPM .- dhappisomsrasedrmedisted Clravagrand Cytatoxi¢itbi 1 ity of
the pure | “conpound to penet raffBistdnd Trisbepstimidazbles whi ch_may be
overcone by sel ectTon of a Topolsuitable carrier, s@ftotogicity 1Cgd(EM)
5-phenyl substituted trisbenzjedigadol e, -13, ‘was appce ely
one-hal f as pgter zi 3S.52 erk % _inhiﬂﬁ,_qr In
contrast to 1 HOWe

0 : _
t owar ds .t he hunarHQeyhﬁiﬁéﬁf%lst cél I 0% s. BOlohsedved with
Hoechst 33342, 130was al so ef fedtlive agai ns canpt o28eci n- PeBi st aM.DCPT- K5
cell's. The rel atiMe resistance d&f Hoechst 323%2 anu 253, expl.BssedNab. t he

rati o of t IC[err] valiges of the res7&t ant perses. NIP. dr uiN.D.
- sensitive ce g ligge, is W9 98/ 31673 0,09 058 058 035

PCT/ US98/-010 016 58

appr.oxi mat el y 301f40Id as conpar c?tothe rel gtLye resi taneb 2
canpt ot hecin 1S which is 2, 5§0 fol d, as rg é ted 3‘{ 2 2Chen eq aI
"Cancer Res., 53, 16332 (19 3). Asimla f ect S 0 sqgrved

another pair of A lines; 1300s an 1ger2*  MP.0.0 B|§e\rr]15l}

.the human ovasi argSKEWB7cel | |ihe, A2780, reldfive tb4@n | C50 of 0 03

[err]g/m in CPT-®i0V-42 variapd of A2780 sed.egted f@mpocanptot heC| n-
resi stance and kngjerv.ggcontaig a ‘nmutant ‘canpp#t heci ggsesi st ant

t opoi soner ase Mgt was
much | ess acti vea)tlﬁ?amhas DoSn CRTYIRIER ey 4 G805 0 PORR0S BIPE RRPBIE oM g1~ O

t opoi sonerase 1. ergningdh k activity as a ~ topoi sonerase | _inhibitor
correlated w2fh b)tﬁommemgsedtcm@gqgﬂmme @QN’E@EF a3 RBE, Relgtive Effectiie of
 these conpounds Genenthtim, évatonatmthtions rejative o Hoeckzst 833dyavhose value is -

t opoi sonerase | . arbpieil@hssainet e $ pthanat able 16 pridoecltheisaine zlcalbife @i thavage in

- the presenggs dﬂi}lm&th@séﬁ%faﬂﬁﬂiynﬁﬁ 16IRvMREselI0 Clbatageser ved
Wi th t opoi g@ ﬂhét@ﬁs‘?ﬁ JeitRroRlobst EDERHSE specific band.
_The cyt ot oxi 9s8c¢ n'}alca O SES oxic’it'ilﬂiger@'agns}&%erx\@&dﬁ!a%% of IC,,, values

' substannally greater than the h1ghest doses assayed.

While 10 and 11 ethblted similar potency in their mhibmon of
- topoisomerase I as observed with Hoechst 33342, both of these compounds
| 36 fail'ed to exhibit significant cytetox'icity towards the human lymph'eblast cell.
line, RPMI 8402. However this may be dueto the inability of the pure
— compound to penetrate the target cells WhICh may be overcome by selection of a
suitable carrier, such as hpeeemes_. ’I_‘he_S-phenyl substituted tnsbenz_n_mdazole,.
o 13, was eppreximately one-half as potent as Hoechst 33342 as 2 topoisorher’ase I
© 35 inhibitor. In contrast to 10 and 11, however, it had significant cytotoxicity
. towards the human lymphoblast cell line, RPMI 8402 cells. As observed w1th
Hoechst 33342, 13 'was also effectlve against carnptomecm-remstant CPTK5 -
cells. The relative resxstance of Hoechst 33342 and 13, expressed as the ratio of

‘the IC,, values of the resxstant verses the drug sensitive cell line, is



15 eval uat ed _agai nst KB 3-1 -and KB V-1 cel | s. The primary difference

between. .. these.cell lines is in the degree to -which human MDRL: - B
‘(P-gl ycoprotwhegaie?s = expressed.. Recent studi es have denpreriuspsiencohal .
antineopl astic agents whi.ch - ‘are-cationic at physiolegical pHare nore
likely to serve as substrates for. MDRL . 27 and, therefore, are likely to

be | ess effective against cells that .overexpress P- 20 glycoprotein. In

vi ew of the factappredimbielc3efoldagaanparedia thns¢latéverepistancmef canptothecin. . -

physi ol ogical pH, _jt.is urprising t he 1 Clernr] differs : L
3p;1)r-oxi-'lrra_tel y t vighich 1$d 2:588%91%?‘;12‘:\6 ﬁ%@%%ﬁ%@;@ﬁﬁgd tg KB .
-1 cells, ‘as reR@rte . . _ Ao :
29B (1994). In c@ﬁ?é)as‘?g’?"dlaﬁgggﬁs-t-- bse ;3@35%“X§?Pﬁ‘§r§°?lsnﬁf¥??e_ 355, e
between the | C50xmMpH1Ese/allSe thedtiniaarovhfian tunhdrael linepA2780) relative td aaelC,, Thus,
13 -appears not to be a substrate for human MDRL. This = - data i ndi cate

that these .tr$ sbefifk0higamldn £PJ=2000 & ivarant e W AT80 selsetgd for cammptothecin-

O e Crodihnans & iuobh § YRALSE Pt O5E k2o it RIpBERRIRe

2' - (4-hydr Oxyphegviﬂe--ﬁh(p%mmgﬂenanﬁaaar@eérﬁwe,azwmétﬁegs active than
benzi m.dazol e. o . These data indicate that substitution of
these trisbenzi ngithez ®0£11, or 13 as an iohititoS ofAtopeisbsierase &nits sweak petivity as a
derivatives which-are actiye %s t opoi s’oger_ se | WD, 98/[.31673 ..
PCT/ US98/ 01005 - tppmsome_rase-l-mlu itor correlated with its we_ak cytotoxicity. Jqe activity _of

inhibitors a cytotoxkge Lo ) ' L T AN W pe ituted at -
the o 1% P8 cHerBlst St fete oot Gsteusp R BRI RE P ERaR iy | 2 D
eval uated for thgjpbisomerase ROS@RE ofithes® pRilogyindasd stmila DAL eleaVage th fher -
cytotoxicity as summarized in ) Table 1. These anal ogs, simlar to. 13,
 have . activityaspressnst o6 human toppisongrase § as pompared torthat ohsepied Withyyr i dyl

anal ogs, - 15 and 16, . are_somewhat e ive - than 't he 2-pyridyl
derivative, 14, ?@0158ﬂﬁfagﬁggs\§ga§%d$g#ﬁﬁ@%&s as well as ~ cytotoxic
agents. As was observed W frfle &fiotdxiestivity 'of Biokeclist 83342 AldeIB was also §
tribenzim dazoles had simlar cytotoxicity to KB-3-1 cells as well as to KB
V-1 cellbs ewaladtedagainsk KiBe3d antiEB VAl pelisa (Thegirimaty sififergacedietwerns e

ot 1) SR L B R T 2
i dulans 15 CrerEiel REdt A b e B e B et ot
and 2% gl ucose) are cationic at physiological pH are more likely to serve as substrates for MDR1
'an'd; thefefor_e, are likely to be less e_ff_ectiv_e 'aga_'ins.t cells that oveféxpress P-
) 20 glycoprotein. In view éf the :facf_thé.t Hoechst 33342 is extc_ahs_ivél_y protonated at
o physiOIOg-ica]- pHs it is not surpriéin’g that the IC; dif_fers by approximately t'wO_ '
orders of mégnitude for KB 3-1 as compared to.KB_V-.l céllé, as réported by
A.Y. Chen et al., Adv, Pharmacol,, 245, 29B (1994). In contrast to Hoechst
33342, there is little difference between the 1C;, values observed for 13 in these
: 25 | two c_eH—liﬁ_es. Thus, i3 éppeérs no_t' tobea subgt_xfate forh_uman MDRI. This
data indicate that these niébénzirﬁiddzole derivatives may have significant -
' '-che.m(.)thera.lpeutic adVan'tagcs aﬁ c?ompared _fo Ho:échst_33342' or pibénzimol
(Hoechst 33258), 2'(4-hydroxyphenyl)-5-(4-methyl-1-piperazinyl)-2,5-bi-1H- .
 benzimidazole. R I
30 - These data indi'éate"fhat subStituﬁo_rx of these ﬁziSbenzimida_Zolé :

witha 5-Ar substituent can yield derivatives which are active as topoisomerase I .



nere lnocul ated with approximately 5-x 10[err] conidia/m. After 16 hours :  °

of - growth at 37[err]C, the rrycel ia were collected, washed with Buffer
(50 MM TrWO98BI63 HO , pH 7.7, 1 nMEDTA, ‘1 mM EGTA, - 10% gPGHEPHOI005 g

phenyl met hyl sul fonyl .fl.uori de and 1 nmM.2- rrg?;capt oet hanol ), and quickly 20"

chilled in liquid nitrogen. The frozen nycél’i a- (approxi mately 20 grans)

1o e vas BB LSRR it bt e ol

mnutes to reno f° F&J thenherd@bra Sor iﬁﬁnéﬁ%’?&%‘tﬂﬂk Were VBRGd%ot fheir,
(viv)

pol yet hyl ene gl and fter one hour on Ice with -
gentle stirring, pdtbmysaslmpmsmmexmIcﬂnbﬁmr&agédoradyt&&ncﬁ%aﬂ‘smmmﬁd&n%rvaI I

Rot or for 30 m nutes to renove nucgl ci ds.
Subsequent st eps Tahle by T*‘?%?é‘??’&?v%?’i”ﬁﬂ 38’&41’6%"’@@@91’?}&@“3331 previ ousl y

et o Cancet *AofitoB T8 BERS ¢ B s PORROIE S BrleptB mors g€ 10

chromat ogr aphed s getd- mmwaemmrwn@ﬂqkigoﬁle%seiaﬁhbﬁwamw%@d 30

Laboratories, Richnond, CA) colum. Fractions containing relaxation. .
activity _ vwrtetom@gmts 45 Was ebseavedl whh d3) hestaqyyridyt-substiBitaiRex 70 col um
(Bi oRad CT/U 8/01 5 :

i29 o Ic_iabor 8/31 Jaé?lfﬁm%mﬂ&‘fymtﬂ’f@?@m Sy as we I |
| near gradi ent %Méﬂ&;&&p?esEMﬂRM K%nnc}i%‘? H\?‘%l'&ﬁwo?ﬁ}eké’ﬂétd’&%ﬁ poo €

and di al yzed overm 4[ err] Cagal ot assrum phosphat e,
50% gl ycerol 1§ v/ subsutﬁteﬂ trisebfiinidazoles as cammgarkd nd/Hoédhst mnbmembwya
t opoi sonerase | was Eurlfled from ..5_ Escherichia col ) BL21 (QES)

har bori ng PET1B %Hﬁ %@Fh’ﬁéd"%‘?@‘?ﬁ%l@%tto et - , Cdncer Res.,
56, 2795 (1996)). - - .Exanpl e 10. Coval ent Transfer of [err]P
Radi oactivity" from DNA to _ Top0| somerase I'. 10

Thi s phosphat e- tERpRr9. TEPAATA mfaafmﬁlbﬁm e [ Ffom 4.
described previously by T. C. Rowe et al., J. Bi oI Chem 259, 9177

(1984). Briefly, a 100-[er¥iiuangaction mxture containing 10 n1VITr|s HO |

ggr Zm al buni }15 d;r{\}/lgl\/gCl [erﬂggrlrlg o?ﬁgbdrﬂe% %gfasg?%a%‘{ig g{a)cgt?\elljne

concentration, SRerdGnétulatédPfith lﬁ:ro%té@g@l e0F dohidia/Er ARBHNG Holy ofhe random

primer met hod (Random Pri ned
_ growth at 37°C, the mycelia were collected ‘washed with Buffer I (50 mM Tris-

HCl, pH 7.7, | mM EDTA, 1 mM EGTA 10% glycerol, 1 mM
phenylmethylsulfonyl fluoride and 1 mM 2—mercaptoethanol), and qﬁicldy

.20 | chilled in liquid nitrogen. The frozen mycelia (approx1mately 20 grams) ‘were
ground to powder and resuspended in 300 ml of Buffer I. The lysate was.
'c_entnfuged at 10 Krpmina Sorval_ HB3 Rotor for 15 minutes to remove cell
&ebris. The supernatant was made 6% in polyethylene glycol (v/v) and 1 M |
NaCl. After one hour on ice with'gentle stirring, the solution was centljfuged‘at o |

25 14K rpm in a Sorvall Rotor for 30 minutes to remove nucleic acids. o

| Subsequent steps in punﬁcatmn were the same as descnbed

previously for punﬁcatlon of recombmant human DNA topoisomerase I (B.
Gatto et al., Q_ag_cm_.,. 56,2795 _( 1996))._ Bneﬂy,_ the supernatant was -
chromatographed directly ontn a hydroxyapatite Bio-gel HTP (BidRad

30 Laboratories, Richmond, CA) column: Fractions containing felaxaﬁon activity

| _ were pooled, dilufed and then loaded ont'o.a Bio;Rex70 column .(BioRad



Label i’ ng Kit, Boehringer Mannhein), and 300 units of human or Asper gi Il us o |

t opoi sonerase |, was incubated at 37[err]C for 10 minutes. The reactions
were - tWO@SEH”d by adding NaOH to 0.18 Mand EDTA to 2. PCGRUSIR010F
neutral i zi ng - the reaction vvlthapre librated amount of Tris-HO, 9

[err]l . of 0.1 MCad [err] and 20 . 7.5 [err]9” of 20% SDS were added, and the

vol unme was adj usted t0.30

Flh ve uni ][ s. of Bal-aboratpgies, g&é’g‘ﬁ% g'lhﬁﬁﬂhmB’r Wﬁ%ﬁévfl%ﬁéwmalmeaémmtand
Lo nated by ed AT o { O K1 e pBlc BRI W, DM SRCAGP Biermian o

saved 25 and balpdc 80 &M potassivid ;bho%phatqlm% ggbem(m), 0% xﬁM EDTR,HO

pH 8.0, 1 . TA. - The protein-oligonucl eotide conplexes were t’hen

‘precipitated fr oandl mM DTz Rerombtingsi human yopeitomegased was|punified dom ce- col d
acetone and placj on, i ce | .et - was ,di ssol ved
e s O 2 briderianh Sal BLA JPE) htbolng %E@Bﬁé@%s%%edmfw% tto et

autoradl ogr aphy. @%S‘A%Qd%ﬁg; 1 (HSI ang et 30 al., J. Biol. Chem, |
260, 14873 (1985%1? 106?%5) - S

'PCT/ US98/ 01005 - - .. 30~ :
Exanpl e 11. Topoi sonerase | Rel axation Asg ' 3 :

rel axation assayEsamp. i Ggvalent Transfe B Ragi 2 :
PNAS USA, 78, 3487 (1981). .cgj“h rash ch reactlon mxture (20 [err]l) __
‘contai ned a-m xture of rel%n%'géu%ercm l ed YEpG.DNA (150 ng each) and 1-
5 [err]l of Apgpergillus or ThisphbsphRRLira@maRod wis b Hoddidatiod dFiias
extents. - Following an incubation at- 23 or 37[err]C for 15 m nut es,

the reactions wepmcedure descgbed mvmsw»yt’ﬁec Rive ¢ bjB_xal_pé;e_m 25% 9377

d st t 5% 25% d
B o e o op Al Bt B Son ricure o BT ORPLTERSIL P 5 g
a 1% agar ose gel 1ng gctz%)s ﬁlﬂdﬁiﬂh&iﬂl&ﬂéph@%@ ?ofﬂ&lnémmmﬁ &)

el ect rophor esis s Topoi sonerase | C eavage
Assay. - " (camptothecm o HBechstpis 331@)1&& asiedicatet congtraticrs é@sngmfrléEpG

e 155 15 B e b ke Pl
'3 -end-| abel ed w nig ﬁ‘ﬁoepnngermhm%ﬁﬂfsn@%ba&d&rhﬁﬂ#&@fspefg?hlsow ng

phenol extractlon a
' . _top01somerase 1, was incubated at 37°C for 10 minutes. The reactlons were

termmated by adding NaOH to 0. 18 M and EDTA to 2.5 mM. After neutrahzmg
- the reactlon with a precalibrated amount of Tris-HCI, 9 pl of 0. 1 M CaCl;and
20 | 7.5ul of 20% SDS were added, and the volume was adjusted to 300 pl with

'.Hz'o-.@' - T T

Five units of Ba131 nuclease (New England BloLabs) were - -
| added and the sample was dlgested for 1 hour at 25°C. The reaction was
. terminated by extraction wﬂ:h 1 volume of phenol The phenol phase was saved
B 25 _and back~extrac§ed once m_th an equal volume of 10 mM Tris-HCI, pH 8.0, 1.
. mM EDTA. The protein;ollgbnu'c:leotide complexes were tllen'preciplfated ﬁ'bm
" the phenol phase by adding 10 volumes of iée-cold acetone and placihg onice
for 10 minutes. The pellet was dissolved in SDS Samﬁle buffér and analyzed by
~ SDS-PAGE. Gel drying and autoradlography were done as descnbed (Hsmng et
E 130 al , 1. Biol. Chem., 260, 14873 (1985))



precipitation, ;,yhe | abel ed DNA was- resuspended in 10 mM Tris, pH 8.0, and 1
mM EDTA.  The DNA cl eavage assay was done in a reaction mxture éwng 104
‘contai ni hg AWOR#MET:-HA , pH 7.8, 100 "M KO, 10 nM Mgd [err]® 0 aame
dithiothreitol, 0.5 nM EDTA 30 [err]g/m b??;_i ne serum al bunin, 20 ng of

| abel ed YEpG DNA, and 1 m of AspergilTus or human topoi sonerase. |

diluted to . (!’.\,(/I’I uaoé ent.s. Fol | ke bation at 23[err]C for 15
m nutes, the react¥ TMMWaddltlon of SDS(flnaI
concentration 1 % and prot a 2

lerr] g/ m). Proteinase K tr?ﬁeﬁg?ﬁ%nonsf?};\‘gg%édgﬁé%g&grgr%y%?%gLqgrli'éltl o 1
hour. - The term naﬂeﬂMﬁApﬁ&MVQIQSIDhBrleﬂYmehreiemmnmﬁdree(ao pihen

| oaded (al kal i ne | oadi g) or ? irectedly in neutral |oading buffer
(pout ral et ORlgtgaro0d suparSiied Yld DA £ ng oath) and §

el ect rophor-esi t I \er e :
performed as esj'ii ogAéﬁ %? l% ozri%lémg? tcg{déoﬂﬁr%@g dﬂﬂ{eﬁﬁggﬁcﬂéw%a WO
98/ 31673 Followmg an incubation at 23 or 37°C for 15 minutes, the reactions were .~ -
- PCT/ US98/ 01005 31

‘Exanpl e 13. “Yeas ttemymdt:d)hy theradditingigE'S lﬂ 6t a pre-warmed stop solutﬂm EYopdisier ase

enecltisin b 25 B g Bl M

t opoi soner ase’ | brLERET 180 PrdRGe i:g‘ﬂ* RORN THs- 9;1%

pl asmi d vect or (YCp K ab e}f aqg, (’:@tée%é ag aFFag exprggggésn teer’z'-
t he control . OIOthﬂb/KEDﬂ‘AppHrﬁﬁ)eaieatnmphblte_sﬁwluﬂlaﬂ strain of S, cerevisiae
( MAT, rad52:.: Leu2, trpl, ade2-1, his7, ura3-52, isel, topk-1, and.

leu2; M A Bjornsti et al.,. Cancer Res., 49, 6318 (1989)) The-

t opoi sonerase | g?@r . GO he vector are, -
respectively, t he typ 10 . gene (YCpGAL- ScTOPL;
~Kim & Wang, need cite (1989)NAtapds1mﬁeméIawageassays\tz&e@eﬁﬁﬁﬁé@w |. gene
where the active S|tet rosine-727 is.mutate

phenyl al ani ne- ( Ydgswit il \Hisizng gt - %Mﬁbﬁbé&:aa_q 14B73E1885). Oﬁﬁpﬁi 268,

22322 (1993)) t GAL-

TP M AH %%\ Vgt ot R RR e LR Sl SR R A

To qualitati vel Y PoBherbfttandyi[SHIHCTP! )Foﬂﬂd'ﬂélﬁmeh@mw%@ﬂi@f &fFethanol
specificity of the drugs, yeast cells containing the specified plasm d were

gr own i n drpsecipitation M@WE&E‘M@%’GSWG edrimd ) mMBrisy pHo%0.0and, 1 and
Lne g being.  mMEDER e DRARSREE T b AP RTE L LB RLe A5V v
conta1mng 40 mM Tns-HCl pH 7.8, 100 mM KCl, 10 mM MgClz, 0.5 mM '
20 dlt}nothreltol 0.5 mM EDTA, 30 p.g/ml bovine serum albumin, 20 ng of labeled

YEpG DNA and 1 ml of A.s'pergzllus or human topoxsomerase I diluted to

- various extents. Foﬂomng_mcubatlon at 23°C for 15 minutes, the reactions were

terminated by the addition of SDS (final concentratidn 1%) and proteinase K-

ST o _(ﬁnal concentration 200 pg/ml) Protemase K treatment continued at 37°C for

'25 another 1 hour. The terminated reactmns were either alkah-denatured and then.

loaded (alkaline loading) or loaded dl_re_ctedly in neutral loading buffer (neutral.
loading) onto a 1% agaroSé gél in heutral TPE eleétroj;horesis solution. Gel
drymg and autoradmgraphy were performed as descnbed by Hs1a.ng etal., cited -
above.
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functlon is obliterated, and that topo |- poi sons only kill cells having a

functional 20 topoisonerase |. Thus, -conpari'son of the relative extent of =
growt h of eaMP 67 the test strains in the presence of varPOHUSWULY ..
with that in control plates (no - drug) gphows: (a) whether the drug has
any cytotoxic effects on yeast; (b) whet her the cytotoxicity .iIs.

t opoi soner ase 1 - | {4l G+ er ere is any. . di fferential
specificity of t#&%&hﬁk% ?&%a# i th human 25 topoi sonerase | .
Exanple 14. Gharacteri ZathIfheQi) olSRRaQ EERERiC! in WiV TByfSt bﬂj{h}, \Ag

ni dul ans. T% plasm d rel axation act| S used to

noni-t or ~Asper gi | ladapt&t)fronnfsoMsKmba’sd U Bioli Gigenpnyi268, 22322 C)]r993]'hEnthﬁd axation
activity inAspergillus ce extract was rifjed through a procedure
desi gned for puri "rtE'&t yaﬂpuaitopomomer%Iggp%slg As cloned mto the single-copy -

PCT/ US98/ 0100
r econbi nant h?@xeﬁtlgla[sg%%yes%%(lycsp '?Ltrom . b?lte algovaaqr?gx%tfssgfimd?fancer

Res., 56, 2795 ( #@Pénirol Semercaupp enhtwmmgcs&ﬂﬁws'fcérbﬁkmtef(mr
partlally _ purified Aspergillus enzynme is the major nuclear

t opoi soner ase | ra@¥:ileuddrphgdel-1, htschaﬂééﬂelselz.eqol-h andven2; MK Ar Biarnsti

or gani sns. i ncl udi a Fi T t enz me is highly active.
and represents tﬁg%n%ﬁ% g%éé]ﬁgﬁ%éc{rhe,g{pogsqmemse ECBE AR us cell .
extract. From t WeohdthRtsSin Me Fedtdrare respOetRAB, Wl Hld! Q{lop mayeast top&Q&hél%g(?{ ase |

rel axation activity was obtained: Liké humdi topois

Aspergi.l | us dlﬁzygeneéf@pﬁALpﬂcﬂ’QﬁldHiNA&tWamg)mhd\hite(ﬂ%Byb,aﬁquﬁmeﬁoml t her
My (I1) nor an ener co-factor the purified Aspergillus enzyne

10 rel axed botht S ggﬂgw'%@,tg %t";?sstﬁlﬁé,f%l@?ﬂ@almta%“p operty

shared by all I H Th
Aspergillus: enzy%enﬁamwwcgﬁéitql %‘g&?o | r?%t?‘bwtlls%% %&%@%ﬁtéﬁd
Hoechst. 33342 (HG33§E4@)99B\)’)Jmidthe enld-type hkrnawct:pbﬁsohféi’dsb%m\m ¥Op)GALDEN .
nucl ear t.opoi so The sensitivity of the S

Aspergillus. enzgﬁgasf’g %lfpt%PWéEFﬁalam}*ﬁeﬁ%ls 3989 was initially
Lol cat o ?KeﬂaBB‘r’iif‘ﬁéfet AR g e SRR,
this ex per i ment, sﬁﬁﬁ&&df&b@&ﬁ@s,%ﬂ&@ﬂs é&ﬂﬁhﬁ@ﬂ% Eﬁbcﬁfd&%lﬁn‘uh%re grown -
| in dropout medium supplemented with urac11 2% galactose, and the drug being
'tested It has been estabhshed that yeast can survive when topmsomerase I |
_ functlon is obhterated and that t0po I poisons only kill cells havmg a ftmctlonal
.20 topmsomerase I. Thus, companson of the relative extent of growth of each of
the test strains in the presence of vanous drugs with that in control plates (no
. ' drug) shows: (a) whether the drug has any cytotox1c effects on yeast (b)
whether the cytotox1c1ty is top01somerase I-specxﬁc and (c) whether there is any -
dlfferentlal specificity of the drugs for yeast compared w1th human = s _ - -

- 25 "top01someraseI

Example 14. Charactemation' of Tg’pdﬁib‘merase.l from Agg ergillus

' nidulans, . R o :" | | -
| ~ The plasmld relaxatmn act1v1ty was used to monitor Aspergzllus
.30 topoisomerase I during punﬂcatlon The relaxatlon act1V1ty mn A.gpergzllus cell

- extract was punﬁed through a procedure designed for punﬁcatlon of



top0| soner ase | o form coval ent protein- DNA corrpl exes. The coval ent

corrpl ex of topoisonerase |-DNA was di gested W th Bal 31 to reduce the size

of 20 the MMHETO! i gonucl eotide which is covalently I ‘nkePGRUSIBI0005
t opoi sonerase |. : - Using ##‘ll s phosphat e-transfer nethod, -
‘Aspergi |l us topoi sonerase’ was identffied as a 105 kDa protein whi ch _

S sllghtlylargertanrco 0|s Da) .
The | ower  band at‘e%f’ﬁg? gx&pép;jﬁgtwomemserlﬁ t%p ﬂﬁ%@oﬁéﬁ

proteol ytic degr The -
effect of the re ggnz‘{yggnu eot| e Pon t e no I%?lﬁg%?%lﬂbﬁﬁ%ﬁ&ﬁﬁy |

t opoi soner ase | I;ﬁmﬁl@@ﬂﬁ' Ius I&ﬁg}mgisbhemajdﬁhecl%rttbp@ibomda@é hidentified and
canpt ot heci n(100 and Ho33342: (1 mM) stinulated the phosphate

transfer as evi d@hwqtebyed in omqrwgkwa%ereanmémqlwhngweaﬁbﬁm@athmpaﬁgd| | us
t OpOI soner ase

. 33342,
t he phosphat e ‘l rzfﬁﬁ“@? %l%“yéﬁt“’ep?’%?g%%% s - S Conlgﬁ?’er&?ax?ﬁ a“é}"ﬂ&@{l o?
canpt ot heci n and ;93332 defl eHir8GUFEAH two liters BEbHire, 30,000 M?s%?/ 31673

—t
/s

PCT/ US98/ 01005 : Exarrpl e
15. Canpt ot hecin t@dsdrb&ﬁ%elﬁxﬂndﬁﬁc&nhym&obtaﬁrmds Like h\npargppbisumemel
Topoi soner ase | e pho hat e-transfer experi nment
suggest ed that bdhedspergillus E%ﬁ}’ﬁletﬁel‘?éﬁﬁ IR é*??&?"\i’%lmpr?ﬁfiﬁ?qm% peither) | us

t opoi sorter ase | kﬁgi‘m n&m%%morﬁctwcwgg@ b AT ek Qi Syl S Savage

possibility, Asper t opol.soner a

reaction in tig Fiél@ﬁémmh(ﬁégatﬁ/elym positivelydhupersoilBPDNAG afpésirtyadiared (Hyl) -
and Ho33342 (HOE) are potent inhibitors of Aspergi | | us t opoi.sonerase
| .. Extensi ve DNA eukaryptigjaucieas D4 dopaispmarase L. Thlrdow@eelmmﬂmngmlmw as

10and01ng/n1fo 4 :
I nterestingly, nlsF’F% Pgﬁ%‘%l:tg)?‘;qy cr?%’pg%ﬁgiﬁgxéggoﬁ%‘ %Q@Qg@ﬁlgll%”d“"h are
potent i nhi bitorm@vnnymﬁb@pmmwmma%w poitirierBt1. i nhi bi t Aspergi | | us
t opoi somerase |- to any significant extent. DM11/33, -another highly potent

i nhi bi tor of human DNA topoﬂ@cﬁm’aw 0fthw4§p@’ml§usweaﬁn9tq ¢ampotherin andwar d

15 Aspergill: ctive agai nst human

t opoi sonmer ase %hﬁ%gs“?mﬂl @fi\gh)iﬁigl"@?%lalt% S?foelx?%ﬂ’é‘f’ ﬁ HH

These results. | n%&aéeelgh@&fo Aaaﬁﬁh@me aﬁﬁd&ﬁfrﬂété kit PRBISARE Wafht bfthe
enzyme. In this experiment, 32P-labeled DNA was reacted with dspergillus

_top01somerase Ito form covalent protein-DNA complexes The covalent
cornplex of topo1somerase I-DNA was digested with Bal31 to reduce the size of
N 20 ' the labeled-oligonucleotide wh1ch is covalently linked to topmsomerase I
| Using this phosphate-transfer method, Aspergzllus topmsomerase
I was identified as a 105 kDa protein which is shghtly larger than reconibinant
human topoisomerase I (100 kDa) The lower band at approximately 75 kDa
'._posmon is known to be a p_roteol-_ytxc degradation .product of 100 kDa human _
| 25 topoisomerase 1. The effect of th__e'_ residual oligo’nucleotide_l'on the mobility of - |
"fo'poisomerase Iis apparently negligible. Interestinrfly, both camptothecin (100 o
mM) and Ho33342 (1 mM) stimulated the- phosphate transfer as evidenced by
. the enhanced labelmg of 105 kDa Aspergzllus topmsomerase L
| At hlgher concentrations of Ho33 342, the phosphate transfer was
30 progressively inhibited. This effect of camptothecin and Ho33342 is dlscussed
beiow - '



are su'bstant ially different in terms of, their sensitivity toward various

enzyme s ~inhibitors. It is also |nterest|ngto note that at the
hi ghest conc‘Eﬁt”’é!‘Wén of 20 H033342: (10 ng/m ), topoisomer ad&T I'Umf%ed»
DNA cl eavage was dramatically . .inhibitgd. Thi's cl eavage-i nhi bi t or

effect at higher concentrations: of |nh|b|tors ' .has been descri bed

C l o ,'_ D
* B8 N [ .  Inh r ve' bi ndi ng

previously for nunber_ of
ligands (A. Y. é‘?&ﬂm&fﬂaﬁ
to inhibition of enzyne bi. )
al~., Science, 226, 466 (19 ' rtory effect of ‘Ho33342 on - -
phosphat e- . transfer ﬂ’hephm;ahgtemamsfefrexpnrsnmeswsﬂedmwﬂerefore be
si-milarly expl ai ned. _ r’rg 16.. Sel ective Sensitivity of - '
Aspergil i us. Topoeg@pﬁgthgglg apdtl-[p3|§13 Ay inhibit Aspergzllus topoisomerase I by a
Ter-benZImda ol es. identified a
nunber -of. non %Fom%gzef:léal,msm Inordﬁ%tr?zt:g% %?%"Q' y@%@(ﬁve inhibitors-
(poi sons) of m%bis@&e%l was usedi® a%N%lcﬁgéilage reactlon in the Ppresence ‘of various -
PCT/ US98/ 01005

t opoi soner ase | . dibgst Bsth Wm:ttbféccm:fﬁBTband Hgaii?dﬁcﬂ'mmrapetent mhlmomf

sensitive.to . the nhl bLtor eff [ t[ﬁ;ge benzim d a a number

of conpounds wer dspergi B'H%?ﬁ &x%’vs ébeé‘v%ﬁfs‘ﬁ? $iius

‘topoi sonerase | g@& ntr %icﬁ)(rﬁ??@ta'nﬁ@)l Pﬁfeﬁﬁ%ﬁbtﬂeﬁiﬂﬁdtlﬁ&%ﬂ@ soned)
F \IfI az0

by 13 and 11 bot are terbe None
nmono-benzi m Qonf@pecﬁvatyt ud| ng QS/I I /50, - _ QS/ I I /51 QS/ | 1/59A,  an
QS/ 1179, exhibited any inhibitory effect. on Asperg - topoi sonerase

| . -Previous studies have e ntgrsstinglunitidiae and FOI’PIfYé@eW‘%héfe known o be hlghly

benzi m dazol es ex |
t opoi somer ase. |. "F%&“ 1te¥o§31u§£aﬁsllﬂ19?xvt?{>&%rﬁ l&ggférag@ﬁt PW mer ase 'I
to bi- 10 (e. g-topoRdmefate am&lm@omﬁamaxwmrpmrm an&heﬂﬂghtgrqmterﬁe 9., 13

and 11), but - = not nono-benzi mdazol es &e g., Q/11/9). again indicates
di fferences in dnﬂagbltor of humenQNAmwsqmrm nwamnlmmklyanhlbﬁtooefogvar us
enzymes.-

Differe eay Speci fhcit betvveen'
Human and 193 Asper gﬁ)us tOPOISO%?)Sngg eﬁf’é &bc& lébffgﬁ%%gg St pffra .
In addition to. dtcfgo?st)ﬁieseépwasiﬂg&ma@ﬁw (%aiﬂsi)lsﬁé?éﬂﬁ?fbpﬁ%ﬁfér&%@q

Aspergi | | us t op0| onerase |, additional fferénces in cleavage speCI ficity
have. - These results indicate that human and Aspergillus topoisomerase I
| B ' are substanttally different i in terms of thexr sensxtmty towa:d various enzyme
_ 1nh1b1tors Itis also 1nterestmg to note that at the highest concentratlon of
| 20 Ho33342 (10'mg/ml), top01somerase I-medlated DNA cleavage was dramatlcally
g mh1b1ted ThlS cleavage—mh1b1tor effect at h.tgher concentratxons of mhlbltors
| has been descnbed prev1ously for 2 number of intercalators and DNA minor
| _ groove btndmg ligands (A. Y. Chen et al., PNAS LJSA L 8131 (1993)) and
) - attnbuted to inhibition of enzyme blndmg to the DNA template (K. M. Tewey et
- 25 al., S_c_;m:g 226, 466 (1985)) The 1nh1b1tory effect of Ho33342 on phosphate—-

transfer to Aspergzllus top,oxsome_rase Ican t__herefore be smnlarly explamed.

. Exatnplé 16. _ _
| ' Ter-benzimidazoles. _ _ _
30 - " Prev1ous studles have 1dent1ﬁed a number of motio-, bi- and ter- B

'bennmtdazoles as effectwe 1nh1b1tors (poxsons) of mammahan DNA



been observed. between humans and Aspergl | | us topoi sonerase |. The cl eavage-
patterns of human (I abel ed hTOP. 1, 150 units/redcti on) and As illus '
(1 abel ed 20WOI9¥BK67Y, 60 uni ts/reactlon) enzynes are. dramatlchT" Soi! lpgsrem.
in the presence of the bi benzi m dazol,g Ho33342 (HCE). The | arger
nunber of .cl eavage sites and the'l ar agr extent of cleavage exhibited .

by As |1 t f
D e HoReonmets B bl dopera e 5Som St T A oA ie 0
and Asper gi | Lugﬁgm&&%ﬁc@ﬁ&s@%ﬁﬁmoree ahﬂﬁnbe?%E §5‘§'?§. e

canpt ot hecin ( rul'e out t

cont ami nati ng t ogpdenedrasing ehel dleavage assay. Awegzau&topmsbmpmseb(@ ase | enzyne
preparation may contribute to the c| attern part gf t he
th g

sanpl es were al smsﬁaaqt@eh%ﬂr%g&)sl aQ/! g&)‘ﬂﬁ@%‘) wddand 11, both gf which argyo

doubl e- st randed bre we b

anal yzed by n ut eEgenAme le[sh;fong °§§F rﬁg %Q%W&@?%ﬁg%g%&mm from
Lglr/s US9 8/ 0 1\6\103598(2§ﬂlﬁ§ B QS/II/59A, an QS/II/9 exhibited any inhibitory effect on Aspergillus
experinent -t hat wppisometaseis Propivus studica heve estzﬁalishsdsthatnilsﬂiesmon@- CPT t han
t he human enzyne

specificity bet vesgimpidazgles except Q%@és%ﬂge di’jfelr(l?qr;gf;“%)i %’S%Y’gﬁﬁlﬂé (60
o 1) aer e s RESIRAET T Meciis® s iGN APERIMEIBRBrk R o (13

Aspergi |l us gozygess. am@mmedna@oingommmtamh Iis/s)rmrleexsemg;lsmdu), butto 13
than the human enzyne. Yeast _and As gillus :
Topoi soner ase | mmbmmoleq@ g QS/H/9) again indicatgp i e&an"Bﬁ ifydrug

Sensi tivity/ Re5|stanc | del etion strains
expr essi ng human>%¢ gggftweenthe l%uc%%nl %néin.%s s‘%ﬁ’?@e}%&&%pl dentical conditions
have been-used to eval uat e di ffer_ent ial drug sensitivity of the human
and yeast enzynes (J. Nitiss et al. PNAS USA 85 7501( 1988)

Gatto et al., CaEzampRel]. Bifferznces ge S |

expressi ng yeigst t opoi sonerase -Ll ar, tot heci n- T sensi ti ve, t hey
are at | east *Yen tines mr%f-@’lfafﬂml'%{ﬁﬁt heci-n than yeast = '
cell's expressing human topg sRiBé&Pedifferchbdsiiflidngs sekblivity Béwedn Butdanlah@ ar e
hi ghly cytotoxic against yeast cells expressing hunan top0|sonerase 1, but

not . cytot oAspprgﬂuy epeisogsidse Leadditiane] differsncercin claavagd speaificy b ave :
nonf unct i onal

yeg een observed between humans and Aspergillus top01somerase L. The cleavage
_ patterns of human (labeled hTOP1, 150 umts/reactlon) and Aspergzllus (labeled
- .20 AnTOP1, 60 umts/reactmn) enzymes are dramatically dx_ﬂ'e;ent in the pres_ence- _
-, of the bibenzimidazole Ho33342 (HOE). The larger number of cleavage sites
énd the 1arée’r extent of cleavage exhibited by Aspergillus topoisomefase Iinthe
- presence .of HOE are not understodd. Although less obvious, the_cléavag’e '
- Iﬁatterhs of the human and Aspefgillus enzymes were also different in the
R 25 presén_ce of camptothecin (CPT). | | o
R To rule out the poss:blhty that contannnatmg top01somerase IIin
- Aspergillus topoxsomerase I enzyme preparatlon may contribute to the cleavage g
. pattern, part of the samples were also analyzed for possible doublefstx*anded
_ breaks. No double-stranded D_NA' breaks were observed when DNA samples
30  were analyzed by neutral rather than alkaline loading. Itis 'alsb evideﬁt from this -




20  topoi somer ase . These results indicate that yeast and Aspergil | us _
t opoi soner ase - ' are resistant to the sane drugs (i (g(] ' oo%-he-'
pr ot oberberlwg%ﬁﬁ"? 33 and : the nono- benzi m dazol e- QS 1 Wt e
poi son human topoi sonerase |. 35 - Thus, Aspergillus

t opoi somerase |, |ike human top0|sonerase I, is -sensitive to the

poi soni hg acti VI ty of and :

t er benzi m dazol e eggggﬂ%ﬂ?% htogjgﬁocanpgf ﬂ‘ggsf%g‘glgb’%g(? gptfgﬁgi? e

| ess active agalm%aﬁé}gyﬁﬁ-pergl | lus-than the hunman enzyne, the -

t er benzi m dazol e 11 appears to be nore active against the Aspergillus than
t he - human enzyne Tha’heﬂffiexcnoeenndsa\@gesmlﬁ@memm es agai nst

?ZPE%%L! 'm“Zaz'oL 3y tiwgﬁanafedstfpem”@%e@ﬁs” foacot) Ry RES B iyl | v
H Y P
coﬁgound IlCS% egr gé‘a’?so e ectlve agal nst(L[?wne Pgnga%n&ddﬁt@h%yd%r)émggﬂ

PCT/ US98/ 01005, In addition, the Aspergillus enzyme appeared to be substantiallBfaore sensitivenzyne .
in vitro. The general higher sensitivity of Aspergl | | us topoi sonerase | to -
t er benzi m dazol etp 13sthanthe lvgrananayme. However, as judged from the - hi gher
extent . . of cleavage and | ooser sequence SpeCIfICIty of cl-eavage, one
may argue that =~ - Aspergillus topoi sonmerase | may be less sensitive to
the inhibitory efken m%)lé)is.tlﬁﬁ : ; gadads  gHibio" ds,
Aspergil |l us topol songrase rray - th-higher aftinrty" than

t he human enZ9ne and t her eSoni#ai itivi gistamee bl e to the inhibitory

effect of these DNA bindin g{ é % i nvention has been
described with reference tdegsitPRidel Wq“t?eéﬁ&*ssmg umap oF YEAsty

nbodi ment d 10 |
B o S

vari ations and no catl ons nay I n the
Spl rit and SCOpedifferéxhﬁl dmg&ahsmwty of the human and yeast enzymes (J. Nitiss et al,,

PNAS USA, 85,7501 ’(T988), B. Gatto &t al Cancer Res., 56 6, 2795 (1996))
3 15 ) “ Although yeast cells expressing yeast topotsor_nerase I are camptothecin- | .
_ senaitiVe they are at least ten tirhes more resistant to camptotheein than yeast
_ cells expressing human topoxsomerase 1. Nitidine, DM/H/33 and QS/11/9 are .
highly cytotoxic against yeast cells expressmg human top01somerase I, but not
.' cytotoxx_c to yeast cells expressing e1ther functional or nonfunctional yeast )
20 topoisomerase I. These restllts__ indicate that yeast and Aspergillus topoisomerase
o 1are zeSistant to the same .drugs @. e nitidine, the protoberberine DM-II-33 and
.the mono-benztmldazole QS—II-9) that pmson human topoxsomerase 1.
Thus, Aspergzllus topmsomerase I, like human topmsomerase Lis-
‘sensitive to the poisoning act1V1ty of camptothecm the blbenmmldazole
25 'Ho33342 and terbenzumdazoles (11 and 13). Although camptothecm appears to
N be less active against the Aspergzllus than the human enzyme the '
. terbenz_1m1dazo-le 11 appears to be more active against the Aspergillus than the_ _
ht1man enzyme. The effectiveness: of the terbenzimidazoles against Aséergillus
_ | topoisomerase ] is not restricted to 11 and 13, the terbenzinﬁdaioles of formula
30 'whe'rein n=1,X=H, Ar = 5-phenyl, Y =H and Y is ethyl or 4-methoxyphenyl,
| and the 4-phenyl-isomer of compound lg,..are also effective aéainst the fungal



37 “WHAT |'S CLAIMED | S: 1. A conpound of formula (1): [err]-
wherein Ar is (Clerr]-Clerr])aryl or .(5- to 12- menber ed) het er oar yl
“conprising w@931653 5 or non-peroxide 0, vvherel n N i's unsubBCTUSHERL00F _ﬁ-
substituted with H ((err]- - (err])alkyl or benzyl; Xis H CN, CHO.
OH, acetyl, CFerr], O (err]-Cerr])alkyl ‘err]. -~ NHerr], halogen or
hal o- (C[err] C[err])al kyl; each of Y is H ((Cerr]-Cerr])alkyl or aralkyl;
Y is pheny | enzymesniviKs; pﬂ@hgq raéhtahelzsqngmvm Hsmexgil s;q)pmsomerasel to

|
-é?ﬁ?_r%rqa%l@ ARl 84 %%PE& e 255 e R e B i o
h .
0L o, S st B AR g

acetyl, CF[ err] A@e@ﬂm}opﬁ{seme}a)sallhymybel‘lle*{sesens]ltwetotheIrliilﬁturjeffh&lod)‘@heSeor _
hal o-(Cerr]Clerr])al kyl; .and, n. Claim.1 wherein, at | east
one Z is hal ogenD QAMF‘H(%@{E@F‘H %[‘E#?]W‘Hfl%ﬁ*’?ergﬂéﬂﬁ opajsaguersse I may bigd

Qaimil, 2, 3, AnnOl o Higef uftinkt) ndiFth Gbnah RALARY ad Pinkifork lsen%sg*ent of -

fungal infect i on
' suscepuble to the mlnbltory effect of these DNA binding hgands

The invention has been descn'bed with reference to various spec1ﬁc and
preferred embodiments and techmques However, it should be understood that
10 many vana’uons and modlﬁcatlons may be made whlle remalmng within the

- spirit and scope of the invention. )



38 7. .-CI aim1l1, 2, 3, 4, or 5 wher ei n the medi cal therapy Is the
treat nent of cancer. 8. -The -use of a conpound of formula (t):

Terr] - wooessi@3 Wherein Ar is (C[err] Clerr])aryl or (5- pOTMUSISNO1005
12- rrerrbered) het eroaryl conprising 1-3 N, S . or non-peroxide O wherein N
is unsubstituted or i$ substituted with H, 3(70[err\- : C[err])alkyl or
benzyl; X is H CN CHO OH acetyl, CF[err] A derr]-Cerr])alkyl,

NOJerr],  NH WHAT ISSCHABMED I§al o- (O err] - O err] ) al Kys Shashiss Been
(derr]-Cerr])alkyl or arallyl; Y is phenyl or n'eth
I s individually H- (C[err] C[err])al kyl, hal ogen. or mm‘ﬂ“r] iﬁW

hal o(Clerr]-Clerr] )aI yl. a ; or a phar maceut i cally acceptabl e
salt thereof; { ?‘ ﬁﬁ%gf EHQM (Ig‘f a nedi canent for treating fungal
i nf.ecti on. . _9. - Claims8 v_vher ein Y| S et hoxyphenyl o

 wherein Aris (C-Cparyl or (5- to 12-membered)heteroaryl comprising 1-3 N, S
) or ndn-pefojei_de O, wherein N is ml_sﬁbs't_itut'ed' oris subs'ﬁttﬁéﬂ' with H;¢Cr-
15 Cyalkyl or benzyl; X is H, CN, CHO, OH, acetyl, CF;, O(C;-CJalkyl, NO;, -
o I_ NH,, halogen or halo-(C,-C,)alkyl; each of Yis H, (C[-C.,,)alk'yl_ or aralkyl; Y'is
phenyl or 'methoxyphenyl" each Z is indiﬁidually H, (C,-C;jalkyl halogen of
| halo(C,-C4)alkyl andnis 0 or 1; or a pharmaceutically acceptable salt thereof
for use in medical therapy. '
20 | N
o 2.  Claim 1 wherein Y’ is methoxyphenyl.

. 3. . Claim1 wheréinnié 1. -

25 4. = Claiml wherein X is CN, CHO, OH acetyl CF,, O(C,-C4)alkyl NO,;,.
' 'NH,, halogen or halo-(C,-C4)alkyl and n is 0.

5. .Claim 1 wherein at Ieast one Z is halogén or ha'lo(C_l-C,,)alkyl; énd nis 0.

- 30 6. Claim1,2,3, 4 or5 wherem the medmal therapy is the treatment of
fungal infection. ' o '

BT R
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'1 8v\/nere|nni ' a|m8where|nX|sCN

15 0.
Co, OH. ac asq@e gﬂﬂjﬂﬂiﬂllHIILlLL)ﬁ':z'o NAerl, P@E#ww

wherein at |east one Z is al ogen or hal o(&gerr] C[err])al kyl, and nis O..

39 - .13. The use of a conpound of forrrula (1): [err] .

wherein Ar is ( err] r4 BanYdr Plvhéiain the mﬁ'i . ul o _ _
conprising 1-3 N, Clgn?'i iﬁgg %eﬁox?dém re| n ?ggﬁﬁtstﬁea |_l%il?tfed or is
substituted wth;ahber(C[err] dJerr] )aI kyl or benzyl; X is H CN, CHO '

OH, acetyl, CFlerr], O(C[err]-C[err])aI kyt, NJerr], 5 NHerr], halogen or
hal o-(( err] - C[err])aIIyI each of Yis H ((err]- C[err]')al kyl . or ar.;'al._kyl-;

(aern-a ety rﬁ?““é@“%e%wff%ﬁ e sy 2

10

o

wherein Ar is (C4-Cyparyl or (:5_- to '1.-2-membered)hete'_1".oaryl comprising 1-3_ N, S
15 or non-p&oxide 0, wherein N is unsubstituted or is substituted with H, (C,-
C4)a1kyl or benzyl; X is H, CN, CHO, OH, acetyl, CF,, O(Cl-C4)a1kyl NO,,
: N"Hz, halogen or halo-(C,-C4)alky1 each of Y is H, (C,-C)alkyl or aralkyl; Y'is
phenyl or methoxyphenyl each Zis individually H, (C,-Cyalkyl, halogen or '
halo(C,-C4)alky1 and nis 0 or l or a pharmaceutically acceptable salt thereof,
: 20.. for the manufacture of a medlca.ment for treatmg ﬁmga}mfectlon. - '

9. Claim'8 Wheidin Y"is memoxyﬁhenyu.

10. Claim 8 whereinrisd.
"11.  Claim 8 wherein X is CN CHO, OH acetyl CF3, O(CI-C4)alky1"N02, S _ .
NH,, halogen ot halo—{Cl-Q)alkyl andnisQ. -

| 12. Claim 8 wherein at l_east ong Zis halogen or halo(C,-Calkyl: and nis 0.
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hal o(C['err] - C[ err]) alkyl; and nis 0 or 1;' or a .ph'ar' maceutical |y accep_t._étbl e

sal.t t her eof ; for the manuf actué of a medi canent for treating cancer. -
10" 14.  OWOWB®Rherein Y is met hoxyphenyl . .15 @CHUS3e00S
wherein'n is 1. 16. Clai m 13 wher 9nXIS CN, CHO. OH, acetyl,

CF[err],'O(C[err] Clerr])alyl, NJerr], 15 °NH err], halogen or

oo Coner o TR i e mpw?%faml%ﬁkw SnS'nm. A ﬂllllﬂflll [ llll
REPLACENMVENT SHEET Co L
Acorrpound of forrrula (r): . - [err] )

X_(N)n( | .-
S

10 . _
" wherein Aris (Ce-Cparyl of (5-to "’12-memi>e'red)hetero'ary1' comprisipg 13N, S
or non-peroxlde O, wherem Nis unsubstltuted oris substltuted w1th H, (C, _
C4)alky1 or benzyl; X is H CN CHO, OH, acetyl CF;, O(C,-C,,)alkyl NO,,

' NH,, halogen or halo-(C,-C4)a1ky1 each of Y-is H, (Cj-Cy)alkyl or aralkyl' Y'is
15 phenyl or methoxyphenyl each Zi is mdlvxdually H, (C,-C,,)alkyl halogen or-
_ halo(C,-C4)a1ky1 andnis Oor l;0ra pharmaceuncally acceptable salt thereof

for the manufacture ofa medlcament for treatmg cancer. |

14. Claim 13 wherein Y’ is methbxyphe_nyl. -
T S TR

15 " Claim 13 whereinnis1.”

-1 _6_.' Clalm 13 wheremX is CN CHO OH acetyl CF3, O(C.-C4)alkyl NOZ,..'
o NH;, halogen or halo-(C -C4)alky14, and nis 0. '
- 25 _ | . L -
17.  Claim 13 wherein at leasf §ne Z is halogen :or'halo'(C,-C{)élkyl;.and h is
0. _ _ . .
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wherein Ar is (Cerr]- C[err])aryl or- (5- to 12- rrenbered)heteroaryl
non- peroxide O, wherein Nis unsubstlt |s '
wn(qerr] Cerr])al kyI or benzyl; X i s /(gg@m&'

- conprising 1-3
substituted WM&
acetyl, CF[err],

O(Cerr]-Cerr])al kyl, Nq‘ﬁ)rr] NH[err] 5ha|oqen or

halo-(C[_err]-‘C[err])aI kyI each of Yrs H, (C[err] C[err])al kyl or aralkyl;

| Y is met hox hen ¢a ik q{@u dually H ((err en Re laced
‘hal ogen or hal o erri& err <yl; and nis 0 or -;

phar maceuti cal | y accept abl e salt thereof. . 19. A corrpo

(1): [err]

12- rrenbered)_ heteroaryl conpiist Mg~
N'is unsubstituted or X-s-(&gbé It eddw

10 wherein Ar |§ (derr]- C[err])aryl or -
N3 N ~.or non- peI’OXI de O V\/nerel n
C(ferr])al kyl or

' gerr]-
N CF[&

benzyl; Xis H CN, CHO OHg&es -l err])alkyl, _
NJerr], NH[err] - hal ogen or h@lo (d ert} -6 al kyl ; each of Yis
. H, (C[err]'-C[err])aI kyl-or ar al kyl * "Y' is | - henyl each Zis
individually H (derr]-Cerr}])al kyI hal ogenY or - (lerr]-
‘Cerr])alkl; and nis 1, or a phar maceutlcally accep abl/s sal-t thereof
. : N
/7

10

wherem Aris (CE-C,Z)aryl or (5- to 12-membered)heteroaryl compnsglg 1-3 N, S
or non-peromde 0, whereln N is unsubstltuted or is substituted w1th H, (C;- |

- C.,)alkyl or benzyl; X is H CN CHO OH acetyl, CF;, O(C,-C4)alkyl NO,,
" NH,, halogen or halo-(C;- C.,)alkyl eachof Yis H, (C,—C4)alkyl or aralkyl Y’ is

15

.20

methoxyphenyl each Z is individually H, (C,-C,,)alkyl halogen or halo(C,
Cpalkyl;andnisOorl;ora pharmaceuhcally acceptable salt thereof.

| 19. A compound of formula (I):

oy

wherein Ar is (C-C,p)aryl or - tc 12-.member'ed)hEteroaIy1 comprisiﬁg 13N, S :

or non-peroxide O, wherein N i is unsubst1tuted or is substituted with H, (C,

|  Coalkyl or benzyl; X is H, CN, CHO, OH, acetyl, CF,, Q(C,.-Caalkyl NO,,
o NHZ, halogen or halo—(Cl-C4)alky1 each of Y is H, (C; Q,}alkyl or aralkyl,uY

II'I!IIIICIIIII[IIIIJIIIILIII:I!II- ST _.RE_PLAC.ED
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A conpound of.: f B Be aced B - wherein Ar is
(C[err] Cerr )aryl or ( red) het eroaryl - corrprlsmg 1-3 N, S.
or - non- per.ox her di tituted of |s substi t ut RCTWSIIBOKOS

Clerr]- - C[err])alkyl or benzyl ; X‘hs CHO, - OH, . acetyl,
Crlerr], Cerr]-Cerr])akyl, NJerr], 5 NH[err] halogen_--'

rarker (AL S ké@@‘l’*@ﬁgﬁy}ﬁ@.%ﬁﬁé&%&” it and
(qerr]* qerr])amiorwmeaﬁgégﬁi S R M

0 or 1; or a pharmaceutical Iy ac e sa ereof 10 21 . A .
corrpound of formula (1): J[err] o S -

20 A compound of formula (I)

wherem X is CN, CHO OH acetyl CF;, O(C,-C4)alkyl NOz, NHZ, halogen or
: halo-(C,-C.,)alkyl each of Y isH, (C,-C4)alky1 or aralkyl Y'is phenyl each Zi is
o md1v1dua11y H, (C,-C4)alky1 halogen or halo(C,-C,,)alkyl and nis 0 ora
_"ij_l 0 pharmaceutlcally acceptable salt thereof. |

- 21, '_'A'_'c'.om'poﬁnd of fonnula(I) - |

) :'-wheremxls H, CN, CHO, OH acetyi CF,, O(C,-C4)alkyl NOz, NH,, haiogen R
15 or halo-(C,-C.,)alkyl each of’ Y is H; (Cl-C4)a1ky] or aralkyl Yis phenyl ‘each
Zis mdlwdually H (CI-C4)a1ky1 'halogen or halo(Cl-C4)alkyl provided. at least :

i mm Iy IIII o [EEe




V\,herel nA i's (Cerr B @é |gc'éd t'o 12- menber ed) heteroaryl -

corrprl sing 1-3'N, S ]rmg%ﬁéétl-paé‘ f peI’OXI de O wherein N is unsubstitut ed

S oris substWQﬁS@dﬁ‘KMtgFHmqu“u|m - derr])al kyl or RETANBOI005s L
])aI kyl, NJerr]. 15

CN, CHO, OH, acetyl
NH err], hal ogen or halo-((err]- C[err])al | ; each of Y |s H,
(derr]-Clerr])alk

42 phenyl ;
~halo(Cerr] -C[e

salt t hereof.

|
Oé%léﬂs Eglpgéqa?f%@u& %a‘{d@[’érq’ pr EP@‘FF)’%HWY hal ogen or
1; h t |1 t abl :
gge},p%gygam%}g% nis or a phar mgetjelrff y: éccep é e |

rrpound of formula (1)

22 " The compound of claim 18 wherein n is-l.

23. - The compound of claim 19 or 22 wherein Ar is at the S-position.

' 24.  The compound c_)_flclainzl 19 0r22 Wherein Ar is phenyl.

10

15

20

25

30

25. N The compound of claim 19 or 22 wherein Ar is 2-pyridyl. |

. | 26. _: . Thé coinpound of claxm 18,19, 26, _2_1,' of2_2 whgr.ein.).( ié halogen. |
' 27 ‘The ;omPOﬁn;i of cléifn .2'6:wher.§irl1 X is-Ci.
2. The compound of claim 2_4. \.a:yherlei_n X-Aris p-chlorqphenyl.
| | 29..' ’fhe' co%npound of c}aiﬁ 28 wherein each Y is H; and-each leH :
130 The compound of claim 18 whefein nis0.

31.  The compound of claim 30 wherein X is Cl.

32. The comj:ound of claim 30 wherein X is Br.

33.  The compound of clalm 31 or 32 wherem Y'is 4—methoxyphenyl each Y

is H; and each Zi is H.

34, The compound é_f claim 18, 19,0r 20 wherein at least one Z is halogen or
‘halo(C,-C,allkel | .

R SR - THIIIS.SHE.ET'HAS.'BEEN"-
(a7 v |,




" NHerr], hal ogen’ or*“"‘h"h err])al kyl; each of Y is H, .
(Cerr]-C ewdgh)ﬁk»}gyl o “ phenyl ; each Z is - PCTIRISA8/010085 Idy_
I

H, (C[err] Cerr])al kyI o( err] C[err])al kyl; and n is 0;
or a . pharmaceutlcally acceptable salt fhereof 10 - - 23. A corrpound
of- formula (I): [err] . - wherein X is H, CN “CHO, OH, acetyl
CFlerr], -0 ernp:- afhe]cpaipiopnd ofKipisn 3} wwqflmtl]eastleae deﬁ or CF;or :

“hal o- (C[err]_ Clerr])al kyI each of Y-is H ((err]-Cerr}al kyl or aral kyI

“wheretn X is CN, CHO ;(g,@:menﬁ&lﬁed] O derr]-Cerr])al k.yL.l:\Iqerr].

- Y* is-phenyl; each Z is indivi dual'ly H (derr]- C[err])al kyI haI ogen
-or hal o(C[err] er r Iyl dovd :
43 one Z |§khal (;%h%n orpoha{mf%i I?B&F%?ﬂﬁ ?ﬁ\:llsbnzg nis Q; or a

- phar maceutlcally - acceptabl e salt ther eof . 4. - The conpound of .

claim 18, 19 or 20 V\,hereln nis
S : 5 37 The compound of claun 36 wheremAns 4 S-benzo

38, ._ The cb}hpoﬁnd 6flelai1'_n 36 wherein Ar is 5,6-be_'nz_d_'__ o

N '_-,.59_ A pharmaceutlcal composmon compnsmg a compound of cla.lm 18 19

10 20, 21 or 22 and a pharmaceutlcally acceptable carner _ '
40 A therapeutlc method compnsmg treatmg ﬁmgal 1nfect10n by

admnnstenng toa mammal in need of sueh therapy, an effectlve amount of a

: compound of formula (I):

15 : : S _
' -whereln Ar 1s (C5-C iaryl or (5- to 12-membered)heteroaryl compnsmg 1-3N, S

- or non-peroxlde O wherem Nis unsubstxtuted or is substituted with H, (CI
_ | _' C4)alkyl or benzyl X is H, CN, CHO OH, acetyl CF,, O(C,-C4)alkyl NO;, -
_ . NH,, halogen or halo-(C,-C4)a1ky1 -eachof Yis H, (Cl-C4)a1ky1 or aralkyi Y'is
- 20 phenyl or methoxyphenyl each Z is individually H, (C,-C,alkyl, halogen or
| halo(C,-C4)alkyl and nis0.or 1 or a.pharmaceuncally acceptable salt thereof

Wy [eemme]
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V\/nerel nAr is phe‘nyl : 10 2 The )

'25 The corrpound Ofrhlgbﬁédﬂ-laiBeén Ianherel n Ar is at the 5- positi'on

- The ¢ %9#? of
corrpound of%g? is 2-pyri dyI o ZE?CT’USPH’QW’S
conmpound of cl aim 18, 1 , 23 04423 wherein X'i s ' “hal ogen.
15 29. . The corrpound of claim 28 wher ein X is CL . The

cormpound of ¢l aigp 26 3%&1 The
conpound of- cl al4 Q 30 mﬂl%{a?!eﬂueac oH%Bmf)ﬁhiﬂg%%Qﬁﬂ hmgallnsxfeﬁnoiéy
The conpound of adinﬁhﬂerlﬂg td@mrﬁbmdmdejf@uchﬁleﬁpy,aneﬁ’ecn%amouﬂ'ﬁlﬁ'acorfpound

of claim 32 wherein X is : The conpound of claim33 wherein X
is Br. - 350mpom@%ﬁﬁblﬁad9020 @1a01?ﬂ%3 or 34 wherein Y is -
4- et hoxyphenyl each Y is H .and each Z is H 30 - 36.- .The .

conpound of cIa|m18 19, 20, 21 or22 wherein at |east one Zis o
hal ogen or haf o@g] er "ﬂhegﬁéiliéd éiadliﬁ}ﬁm wheremth@?namm&ih?a‘hﬁfmﬂund of cl ai m 36-. |

V\/nerel n at Ieast one . err

43. The method of clalm 40 Whereln the fungal mfectlon isa systcmlc !
infection. e '

10 44 The method of claim 40 wherem the compound is admlmstered in
_ combmatlon with a pharmaceuncally acceptable vehlcle )

45 A ﬂlerapeutic method compnsmg trcaﬁng cancer hy adnﬁnis"tering toa .

_ mammal in need of such therapy;' an effective amount of a compcund of
15 formula (I): : '

o 5 A N Z
| x—(Ar)n\ —
_ " N |

lwhe_l;ein Aris (Cs-Cyraryl or (5-to l'ZI-membered)heteroaryl compﬁsing 1-3N,S
..or'non-peroxide O, wherein N is \'mSubstituted or is substituted with "H C-
. Cjalkyl or benzyl; X is H, CN CHO OH, acetyl, CF,, O(C,-C4)alky1 NO,,
20" NH,, halogen or halo-(C,-C.,)alkyl each of Y is H, (C,-Cp)alkyl or aralkyl Y'is
| phenyl or methoxyphenyl each Zis md1v1dually H; (C,-C,,)alkyl halogen or.’
_ halo(C, C4)a1kyl and nis 0 or 1 ora phamxaceuhcally acceptable salt thereof

o .. T S‘SHEET ey |
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44 - 38: ' The corrpound of cI ai m 21 ‘or- 24 wherein

Ar'is benzo.. .'39
. The "Tonpoun m 38 wherein Ar i's 4,5-benzo. .5 40. Qﬁﬂi’ﬁﬂé‘d
of claim 38%6&&?&62:* is 5,6-benzo. o 41. A phar maceut i caﬁ"fs

conposi tion corrprl sing a compound of. cl ai N4%8, . 19,
'_and a phar maceut ically acceptable carrier. -

20, 21, 22 23 or 24

46. A therapeutic method compnsmg treatmg cancer by admm:stenng toa

- ‘mammal in need of such therapy, an effec’uve amount of a compound of clalm

18, 19, 20, 21, or 22.

5 47. The method of claim 4_5"wlieréin the mammal is a buman.

48, The method of claim 45 wherein the compound is administered in

'combina.tio'n_ with a phénﬁé;éeuﬁéaily acceptable vehicle. - S ' H_ . o

10
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