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WD 2005/ 097123 PCT/ US2005/ 010167 PYRI DYL- SUBSTI TUTED
PORPHYRI N COVPOUNDS AND METHODS OF USE THEREOF Thi s

wa@appsiogars on clainms the benefit of U S. Provi sPOnab2005/010167

Application No. 60/557,551, filed March 29, 2004 and

U S. Provisional Application No. 60/628,465, 5 filed
Novenber 16, 2004, which are incorporated by reference
heEYRID VII$EBSTENUTE® PORPHYRINIJOMPOURDSMENTVMEYHODS OF
The present 1nvention rel YSSTHERBOFIY! - Substi t ut ed

Por phyrin Conpounds, conpositions conprising an

effective anmogiy a@ilcﬁlo%’dlélfi']!'the%@éﬁi S SAProvesidHAY ApPlication No.

Compound and met hods for treating preventing injur

dué0{587 éﬁ@oﬁlad March 29 2904 @ad:Ul Sﬁé’rgws@n@lsﬁppélﬂét&n Ne 60/628,465,
dy tiQ e
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damage during cardioplegia, an inflamatory

condition, a reperfusion.injur n. i mc
condition, a cardiovast 1 J,B ')f 1% B betes, a

di abetic co i cation ncer t of cancer
Chomot hor any HspRgem Dy GG RS kiR Syfgiu EpERSah

Pr @@iibuhlE cBbbsitibrisonfpridgihghd BebGhad drRG\mP bPAPyridyl-Substituted
conpound, conprising adm nistering to a subject in

ne&@mtysindsmpgynd end eethods ferriraling ef prgventing injury due to exposure to

t
O R TG SRS, s RTR,
ce |n|euﬂaSEE: gdnetatisedistiperivedr diseisepmlybsaediakdpeipe Hneiag esrdioplegia, an

such_as superoxide ("02"'). and reactiyve int er nedi at es
f orRgANMBOTY ¢onditiepy 2 FnsTIRFHOMTIYY, efhitaRfaEnis CORYHP® A cardiovascular

tar Blcafiber; a S E4ficeSOC-
) 575l kS KBk Se cmplibifioft! caber: a dido Bffect G EMccr
ancahemothegem, Gpaeadletion-Mdaye(hmnmy e)r|to1 ptdieng thg hhl;ﬁﬂuf@nf an
and i(ggi bition of m{ochondri aI res i.ration

ap&BtaGEPR-Prons cogpoy ,Cglg.lpg{smgp g to qugybject in need thereof an
53 ch@eriverndunPBid P9lﬂ1(§ﬂlsﬁ%§t$tufeﬁ%r@iyﬁh@rﬂ@uhﬁ rel evant

free-radicals deriv from oxygen incl ude 02-
per hydroxyl 25 radical ("H®2"'), and nitric oxide

("NO"). One source 0fpOdicikSun BF PiBINEREbR" Y
cyt oki ne, which proddCe€S OZ- during reperiusi on

fol | owi ng | s Chs arl Wofpdi By 8RLE oLeRTh ARkl at
reaction of NO wt o ﬁ? %r roeagt ive ® owever,
perrmcyme bxygea spmnes(suéh\muxa)eroxatﬁo((‘i@d I"napdtreadtive intermediates formed
C%/Q G %ebag%\gi%fg%damage biolg'gic ta%r(g)gtg/ 9c9>r7 él'x2a§nple J.Leeetal.,J Am.
Chem. Soc. 120:7493-7501 (1998) discloses that reactive oxygen and nitrogen species

play a role in the regulation and inhibition of mitochondrial respiration and apoptosis.

S. Cuzzocrea et al., Pharm. Rev., 53:135-159 (2001) discloses that
biologically relevant free-radicals derived from oxygen include O;", perhydroxyl
radical (“HQO;"’), and nitric oxide (“NO”). One source of O, is a proinflammatory
cytokine, which produces O,  during reperfusion following ischemia. This reference
discloses that reaction of NO with O, forms the reactive peroxynitrite ion (“ONOO™)
according to the reaction:

NO +0,, ———— ONOO"



The reference further discloses that formation of
ONOO- enhances the cytotoxic potential of NO and 02
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the effects of these reactive species. SODs are

met ahl QEBANEERth cfaeésghax $&mhién &%W@bser@lgn&g th@%ytoémc
to grqgen peroxi de and oxygen according to
readto!t@haldil\@zand-roﬁ H+ H202 + 02 It is reported that
certaln synt hetdmfE' ALLATREL BONLES, 408 TBHALYER Bl of
transformation o reactive species into I'ess react

pr octhese seactiveSpediest SQDsNoe met611®®4yrﬂd39hat oatilyzecthe eqnvegision of Oy’
dISC| t hat . hent azamacr o rhsing a Mi(ll)

or 18 %Kfﬁﬁﬁnﬁemx‘ car o%ecafcof&%geto egéggin{l/er sion of 2
into oxygen and Izmregﬁﬂ“‘pe%e*kele—-»SpHQ(m evDg et al.

Bi ol ogy and Chemi stry 4(5):526-533 (200Q0) discl oses
t hat Itis reported that certain synthetic metallomacrocyles also catalyze the

t et Ik rmatib ol Readre(sgechts @ith YsPiehd e Biddndd OU N PAtb RN O

conpl exes of manganese(ll) and manganese(ll1) are

c at -3042594¢ Bv@mjé} dlisglpses Ky @ pentagamperacygle cgmprising apn(Il) or
Wmet&?&n%ﬁ@f;/zg 2 lor(vl%%)of @zqﬁﬂo%%ntahéhydrggrén%romde

are deconposed y t he net al O orp Zrln
5 10, 15, 20-t eﬁp@mey@rqt al., Biology and Chemistry 4(5) 526-533 (2000) discloses

I A PRSIy Sy o

di s cmggemese(ﬂll) and manganese(III) are catalytic scavengers of oxygen.
5, 10, 15, 20-t et raki -4 e oY LR 7
nganese(l11) ?: I'ta‘agl §§ég ki tmje’r"'e%%%@gwgi yﬁﬁiq%‘gﬁhat
pr es@nesi ONOBI ﬂxie(dgcoamioseallﬁylthb(mda]ﬂnp@rphyﬂin 528,19,20-tamakis@-
20 %&&Qi?ﬁnat fﬁimvt ]Ira E. U S. Patent No.

636 PO NgBYBA"EP d| scl oses a cosnetic
conposi tion coed alam Bz@or@(]%d |(rhemom}emal 2913-28i1 8 [1997) discloses
met a n al | ege seful to t t
Th1 by AR hehT RS boraliF i ndese il fagtyzes
pat efht redu&ivn@3 @NOO he thd peesérice Bﬁblurogich]}anﬁﬁyﬁdﬂnlts sieh as vitamin C,

met al | opor phyrins such as chlorophyl I, chlorophyllin
25 afitt %}?gﬁtﬁgqﬂgmtﬂnﬁ}i al l egedly reinforce the anti-free

radi cal acti oy, 9fpatehENSE330,182 toRguyEREEIMNdiIHRES ACRbhER
No. DE 19647640 Al discloses a . netalloporphyrin diner
in VPRSI CIRAIBNE 8PBF BripMbinatom Bl AGE lal?fgp%%rhéh*@ plegedly

j oi ngdndlo tEKIPRR HARUisbiRR Blseld B? fr@@fa@ﬁ)ﬂ%' Thik bAE discloses
The {i)]at ent publication all eges that dimer is

usef e ufet ne@taélwzqwgnmsﬁglmoﬂ*m@fswh ﬁrcbl?é@@é]é chipgophyllin
I nt %!aé}.b g@tm Ry ik e&w h%k'@ tlﬁ\é@u R ﬁ%%%ﬁac%ﬁ 6f @S mﬁ
u t opor p i

neso-s yrin conp exes 1 n
the nmeso s ubsﬁenumagenaP'ebl@sttcmrNo BIBAP647640 1A disclases ale,

and r?ig@a %[h%iﬁ) arrr]ncéma\?}él@}llj RJ/d rﬁ&glllo%rclrpfh%ﬁ Doqﬁpo%uiseagg&valenﬂy

t hat suc
joined at the meso position of the porphyrin rings. The patent publication alleges that

>1

the dimer is useful for catalyzing oxygen-transfer processes.
International Publication No. WO 99/55388 discloses meso-substituted
metalloporphyrin complexes in which the meso substituents are ester, alkyl, alkyl

halide, and amide groups. This publication further alleges that such compounds are
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Met al | oporphyrins are also reported to inhibit

telo [ I
exansl o fu@?cﬁ Qiteﬂtafﬁg the pé’ilulg? lﬂgfs%goﬁ@an%ﬁg él?eglriaézig% WIEQH these

(ZOO@Id@FSS@ﬁGSE@ t hat catl onic forns of

nmeso-tetrakis ! Bm |

interact wt h@‘!}%&ﬁg&é Slagexﬂs?# %Jgtgg?deﬁlgg RBﬁQXérh%%gwny by
Pat ebindihpto ad8flexi DI A. &W\hmim Sbeetatl., aMed dTipal. 44 4809-4523
nMeso;. 06 tra |s(€a¥{c:|ﬁgo¥lgc)flm&a(}tln%ogw§rg¥l 1S i N V\,_hi ch the

nitr substituted
Wi t hmb&lyﬂlpymj)chmumalh&ylllqpoqihklyﬂlshytdfaomyl,th the kyddaaplaxestructure of DNA.

2l [ Lgos that S oabie B b Hodfiioed'™ SR

i nhi fé'trﬁl&i(ﬁyrldyl)ﬁetaﬁaﬁwlﬁﬂynhbm vehiddhe ADgéntatdrh loethe @yridyl rings are

0 e oy RS SRR oS b el

i nf | ARYTRN Rteyarslips TR patbmtialSges At §uRR 86hpinaark Djdfil)s teldmerase
U S. Patent No. 6,127,356 to Crapo et al. discloses

mesobBHe®) t uted nmetal | opor phyrins in which the neso

substituents & ratewl No 5031isH kHlQﬂ’eya:rt ¥l disc166 taal kyl ,
4-pyridyl or N-substltuted4 groups. This
pat ePANtAZAPadESyCles cummsisiog a Mn(Ilg) or MnEIIII) metal are allegedly useful for

MBS Ogrd8hf fffambidy @%&s&@t@?&rﬁ'r@&%&@#%ﬁdrﬁs i n which

the nitrogen atom of the ring is substituted

wi th an al kyl Ugb-dlasnt M. I@Fzﬁgﬁéﬁ trape pliey:| diggloges meso-substituted
pat o AL Ak in RIS PRl o ARGt T
act a&lqaiknrbﬂrpofsdyifor Scbstitied foyadyl gioups. JT hlaapamn.t fugthendiscloses
5, 10m8 S IRl RGP AT o VRPN e sen ama gy iay
(r:: In t( Ir tihg is Gl&%ﬁgtuyezl@ﬂgtr d;la;ITW groug radiiythrydoixy @ANGGmineytatkylcarboxylate,
tetr %&Ysél e ﬁﬁ%ﬁ’f}?hoﬁpaﬁf/r eﬂ%lfg éﬂl e scﬁ}orS %’(‘F%ﬁ?pomhynns

al | eg&démm&eﬁuﬂs@m redum ng cellular damage at

\S;\iot es $f51i42f og%ggs,eg Oge atig_g-ggsﬁf’l%gscﬁ%éﬁis'\ﬁ'ses that

tetr ako,34,D0 Mmh@ymbmymmrﬁmﬁlaianI{AWfohaﬁ) tatalyeh e
t he rldyl ragnents are 0|nedtothe nmeso carbg
at on%onéiFfS‘Pﬂéf 9 V9 Ritraten QJh%lt‘“ﬂP‘Héali‘( digglosq ghaf 5,10,15,20-

3( " MBkAKiI(NOhetB{-44yriididm) p&%ﬁinﬁﬂoﬁ&n(ﬁi) i§ e ghty LebYh f60 rB&licing

relative to the nitrogen atom The publication
cellular damage at sites of inflammation.

International Publication No. WO 00/75144 A2 discloses 5,10,15,20-

tetrakis(N-alkylpyridinum)metalloporphyrins in which the pyridyl fragments are
joined to the meso carbon atoms of the porphyrin ring at the 2(“ortho”), 3(“meta”) or
4(“para”) position of the pyridyl ring relative to the nitrogen atom. The publication
alleges that the meso-tetrakis(N-alkylpyridinium)metalloporphyrins are useful for

treating inflammation diseases including arthritis, inflammatory bowel disease and
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arthritis, inflanmatory bowel disease and -3 WO

2005

2005 TR BOTHERAEIOUAL 1o BB R BE KRR cpertusion

i schejuna- reperfu5|on injury. U S Patent No.

5,994,339 to g? RRteRiNG I5 99g,|3§§ looérggo M1, ’disgl%ées%g, f¥and cu-

based
5, 10hat&d 52[1},1220-&kala{(N—aﬂkﬂ%prﬁdeﬁ)diemllummmmb imphjclpﬂny

" nibSehelarel U o SR PR PG sl "9

al kydiynrhiae, attyiattoaybexykygsutatea Kbkblﬁhdsﬁlﬁtdegrﬁup. This patent also

alky osphat e | so e es that

5, 1 e DR SO S80 Sk g R By R iSpbrPeyRS frc useful as
met ah{myeies @FB@DMd&B:&h@ﬁ@‘nﬂbnt as an 16k @8y afndﬁai)s and

for the treatnent of an inf S%{mond i.tion.

Patent No. 6, 24% P?@sﬂ%q WS@?%R\I é‘t et gl Qlé?la%ewet“ﬁ%of

use 9fg lf;l-ﬁb-tetrakls l)metallo rphyrms and their correspondmg N-
5,10, 15,20-tetra $kr|d ) met al 1 opor phyri ns,
F5n§9

nd
t hei# k}dm‘r}d@gm ﬁ@j gedlidyrapdisqrdirs pﬁhxflglgqugamn@aélon disease and
al | egaflhye x&B&ﬁfsm‘H' Wﬂ@ilfégéd"}cﬁéégﬂ RPthb er{aﬂﬂ?}@fuﬁ}@lﬂs include Mn,

di sease and 1schemc repérfusion. Metals eged

usefkd, Niand Ve net al | opor phyrins include M1, Fe, N|
and V. US. P | 24d 862/A2407 to Fridovich et al,
5002/ 0042407 L5 PeiAPRbRAduIpfidioh 81D @R2407 o Fridavich et a
5, 10digdosethaiet, Faki, amtrdiiquélsyﬂmidmlmﬂamrel@mp Rseraflpgedly
s are I ) ' - Of.- 1
oxct r 6D FEPERUpLRE o o Hep FOAMA AN BMEL LR ROD: . Merals
aI I egmgécyy usaf] uxi the metaﬂiep«mah}ainb mgbudp Fly,rMmqu, e hngddén. Féhe

Th b ti |
ot noRedop A8 cgropstd EuRe® s bt s L P LI GRARSR-
al ky&lpyllpyldiuﬁummmto@bﬂphm’(sp& ylidgadly heata]hdo&ig&d;hglh dsrigfdtmmatory

di sorders ch, as seases

Ski ool e iat s S PR FIRGETUIT P Ty Sage such as
di sopld@fomaSibdulR YePnadGGEnd caﬂafauispdnddi@gmeaﬁm edntrain@rvous
cataracts; and di seases of the central nervous

syst%ﬁW“There remai ns, however, a clear need for

conpounds, co "T@l@&'r&h&lﬂ§ howé\ér, ﬁﬁ:lelﬁ@ﬁ’e‘éd fi§tcotmpainddc®mpositions
usef ul for treating Preventln injury,due to

expodiigrmaethegds for thay aKébi%@ {pg 13588 PERrevEIHIAE 1yry due to exposure to a
Ay ST RAGIE QflcSCerk AISHERRE o b Uk RE AR i URSR PR,

neur egener atl ve di sease, liver | Sease ocar i al
damaprireigeenstptivedistaon lize diseasgnmypqardial dpmpgsydpring cardioplegia, an

con dintflhﬁ’lgrato‘?y E(‘ﬁ'ﬁg{o;l uasljegé}f Is13h lﬁgyg Qﬂsdh%ﬁlm&ltlon a cardiovascular

condi t1 on, car di ovas ease, di abetes, a
di abdis¢ase, cdmlvpﬂeai,@altabgtn:, coomheaéxon canesirchesidee ¢ ffect pf eahoer

¢ ancgl{emotherapy, or a radiation-induced injury, or to prolong the half-life of an

oxidation-prone compound.

Citation of any reference in Section 2 of this application is not an
admission that the reference is prior art to this application.
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this application is not an adm ssion that the

reference is prior t ——éﬁ%ﬁkg%?' -4 WO

2005/ 097123 PCT/ USZOB ﬁb‘%é}fg#—%'e OF THE

| NVENTI ON The L €9, §§§}ﬁg A
havi (‘Aﬁ t he FoTHé ﬁl%gerﬁs 113 %ﬁﬂ%l&%ﬂf@ /é&'}%% @IZ §nula
(t)\"'n(X) NI NIHZ ocll NN R 32 R 5 (A
wherein: Mis Fe or Mh; f is Ofjor 1,210 each Ris

i ndependently -C(OCH or -C(OO X-is

i ndependent |y a negatixely-charged counterion; and n
= (f) + (the total nupber pof R grOuRE WA [
-C(OOH). A compGund ’ (A)@

"Pyridyl - Substit 3 i i zompound”) i s useful
for treating or \preyentingA nj
reactive specie erectlpe aly s

gug to exposure to a
surgery, |lung dlsease hy

ct{lon 'die

wherein:
M is Fe or Mn;
fisOorl;
each R is independently —C(O)OH or —-C(0)O’;
each X is independently a negatively-charged counterion; and

n = (f) + (the total number of R groups where R is -C(O)OH).

A compound of Formula (A) (a “Pyridyl-Substituted Porphyrin
Compound”) is useful for treating or preventing injury due to exposure to a reactive
species, erectile dysfunction due to surgery, lung disease, hyperoxia,
neurodegenerative disease, liver disease, myocardial damage during cardioplegia, an
inflammatory condition, a reperfusion injury, an ischemic condition, a cardiovascular
disease, diabetes, a diabetic complication, cancer, a side effect of cancer
chemotherapy, or a radiation-induced injury, or to prolong the half-life of an
oxidation-prone compound, (each being a “Condition”) in a subject.

The invention also relates to compositions comprising an effective

amount of a Pyridyl-Substituted Porphyrin Compound, and a physiologically
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condition, a cardiovascular disease, diabetes, a

di abet i catl ancer .

20" chemTer Ry F ke, ERNEpfork litisfhl £ el GPRREning o
pr olﬁmghtidmenhahtﬁedtl fe of an oxi dati on- prone corrpound
(each being a.:Conditi a subj.e

also relates t§° B’é’ﬁ’b%’g%km ﬁ%el‘g%srfﬁﬂ hoﬁﬁf éﬁ“’% ?x:e%en%nga

ano UGbndﬁlionacdﬂyp’rism@adﬁHMrlﬁglﬂé & subiRex pimeed the@ofq)mffedt;ve amount
and Si O ca 2005/ 097123
PCT/%%%’@ ’Oé'g’%%“i‘tedgé?g {ﬁ@‘@p rier or vehicle. The

conposi tions are useful for treating or preventi ng a
Condition in a_subject. The invention f rth rela es
to nethods forlbg P@é?“it HyeRton ghag he ppsitgjooq m It Ryghterence to

C 0P $b11¥8 i AE Bt & H&s&h]ﬂg)nt Rguess bt iB6dtrative a@mgleb Reti@Qde
an effective anount of a Pyridyl-Substituted

Por pianded tosxearIHY nonl’h’@‘t’é'g @g@ﬂ‘imﬁeﬁ@ ehthe el pe

understood nore fully by reference to the follow ng

detail ed descrlptlon fi ures. and |IIustrat|ve

exanpl es, which ar & B

non-Iim’tlng odi.nments of the | BRI EF
DESCRI PTI ON B vt cifve Oy R e Hlee ik e Rl ebica

cur veith Gompadrd/ 3, pticeto ekgisurers 6 Gyrof idnizags rediation. tThe x-axis

ad SPRo SEpseidlion sBy P g dorrayhs ek 60 bk mice o

and {haeotylraxibsr dfeRideaaivhite! Dide M represthtsSnite/ (nl 0)Gredied &ith
to the total nunber of i rradi %te mce, Line -*-

r epr ESBRAPEId A, adrpiisieerd ot 2 dased 2 RE/ e 10 ksymRSIN &P igAdiation
adm pjiRived BfladhinBir&l R Pbst2rrdMH daliosds\6P 2 R gSevBryi 12Moti@ until

irradiation followed by adm nistration of
post 9¢atl Jein¢ 1o AePiRSSHS 2 BPN-Deatqs qogtreheapup of Migrdar unt i |

death. Line -%Grfa{o%%@ﬁalalam fof BALR oMb VAIre BEMMWith
of mce (n=10). shows a survival curve for

Bal bCemppund 34k aﬁer\heme em%@d ted Gy efjonicipgadintign 3Ehe ey
bei ng, ?%%R?&g/ E&t—@ra@{u fand BRI dﬁ@eﬁt@&h@ttﬁeoﬁno ervwmg mice to
g re C? a

X- axi sents days post-irradition and
y- axile tmtelpruaé)emfsrramzéed mideo Lk -w-ureptiesantsgniag @al@)dTeateﬁ aith

tmof: gb()r%ﬁql)&%% drb{n{é?egétf% G q&%' ofs: mr%f(é\; ien mlaut!éﬁf SF gfag ﬁon
ad oﬁcélowbd By rnpéakgi admemistration bé% nqgﬂegtdosefs reagty a2 hours until death

foll a at %d tra m ncl)n atouoofmlceg_r{g kg doses
evergmﬁ hobh® r?tr}f] RS RS fgrnep présents a
non-treat ed CmiGerhong(auﬁwaal ¢ureefof Balb@)mice that were treated with

Compound 3A, after being exposed to 6 Gy of ionizing radiation. The x-axis
represents days post-irradition and the y-axis represents the ratio of surviving mice to
the total number of irradiated mice. Line -m- represents mice (n=10) treated with
Compound 3A, administered at a dose of 10 mg/kg, ten minutes post-irradiation,
followed by repeated administration of 10 mg/kg doses every 12 hours for a time

period of 30 days. Line -0- represents a non-treated control group of mice (n=10).
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were treated with Conpound 3A, after being exposed to

W®2@8§/0wf123 oni zi ng radi ati on. The Xx-axi s repreBEnUS2005/010167

10

15

20

25

30

days post-irradition and the y-axis represents the

ratio of sur V'FYG '119511%9 ﬁlgteﬁ‘ecttoFEOEﬁ&ﬁ)ld 3%%?6&91{ rial respiration in

irradi ated m ce. esehts mce

t r ealivechnvA 348 anmrrpmmd\i\ewlls a)@tmsem te thydregengterexidtopasoxymitrite,

10 / e LS. | ad f

- epoipEdh B BRThe i) A Aiantihs B L EYEA bkl

hour gentrateddy tAngeli’s pat i The folr right-lchag siost han graplos represent cytotoxin

rep se non ated control group of mce (n=10).
U BoposdET) Usa008/ 010167 BIG 4 shows the

ef fect of Conww.rmbmw@meréffea@hcmlpbmid Framypéatiat kiaasei(@K)

human, A549 a rine RAW cel |l.s, expos n

o e 3 BRI SEr IE PO D B AR YsRAgg coronary
xant htdﬂ;e%mgy)dﬁsm?@ @hd}yﬁﬁamat% hm tlh]? ratOThdhiee (bﬁbﬂr%ﬂr&éhtCﬁbm left
gener ate eli's salt e four ri - hand npst

bar %&"’p‘? B VRloeekf meks %“EF?“%F Conpound

3. FI G 5 shomtm@owﬁ flﬁ%ffe&fof@BﬁEB&Hfd@&ﬂybcﬁlfd%hédﬁ&ls
ki nase (CK) release, a marker of mnyocardial necrosis

i ndulederer Py LM ocssiop ped reper&isiondn g Teto Bia AV piessys area at

( LAD)sk0fm@ L Nsleprascpde i GRRAuYS] PRe foﬂr M?@mreaéh grdptfreprB§eRE from
bars represen fromleft torig bef ore i schem a

vehi keftdo rightavebicigy A k@ﬂ@d?mmwad 33 Img’kgpeanU%md ¢ me/ke

effeg{smg undnpound 3 on nyocardi al necrosis induced
u3| on and reperfusion in the rat, where AAV

represents ar &&Gat shops Sineapuersd of meapblosod mressure:(RP) and mean

vent ] n

fro mgur]? U%ﬁirn%e Jbaqs %u%_’}é te@ ﬁql‘?ﬁn{o?rhggg E})ogfc %ﬁ%l%glﬁ g.’ {’glues are

ny/ ksho@mrap owath dSSEMnd 16<|Qg)f5krg veﬁlglvaatwd @s. 15 FIG 7

shows tine co re r

survi val tlneqﬁﬁ ogsgﬁ.mc “%%”ﬁBV%Z§8$F%§£%E §%@g§§&3

and tresedsaisthal han aftélabsmeataame Tlehlmenbas innmeelngraplSiepesent, from
vehi ted r

car P00 PR an Y SRR B P LD Bao U Bsteatigke v s

t r eavelled @t meads £ISEMUShah (ref 4), estide (i As), gompdid X (ar=eB; *,

bars_in each graph repre fro 20 left to right,
,shanF<Q/%Ysci"§g‘il %\"t@o‘%a’??<693 ég]ar%fﬂ%d 3 treated (6

rrg/ kg, i.v.) ma&so shoV@lplé@lﬁa RWEls BEdAMne ﬁ!ﬁ%mﬁbﬁmsé ALT) and
, vehicle ound 3 (n_ = 7); . P<0.05_ vs.

veh| eqe@mer@ﬁfiw viehleLe tre#tng mdocqugd 3§‘ﬁ%‘ﬁﬁ‘ gropRs. Thp fireegpars in
sh 8V\@acﬁlgﬁﬁ>ﬂ%ﬂr&¥ﬁ! BorR et 3ht) ShatlT VERLIE BBSEERRSSd(@round 3
an

treated (6 mg/kg, i.v.) rats. Values are means = SEM. Sham (n = 4), vehicle (n = 8),
Compound 3 (n = 7); *, P<0.05 vs. vehicle treated rats; #, P<0.05 vs. sham rats.

FIG. 10 shows pulmonary myeloperoxidase level (MPO) in sham
animals in vehicle treated and Compound 3 treated hemorrhagic shock groups. The
three bars in the graph represent, from left to right, sham, vehicle treated, and
Compound 3 treated rats. Values are means £+ SEM. Sham (n = 4), vehicle (n = 8),
Compound 3 (n = 7); *, P<0.05 vs. vehicle treated rats; #, P<0.05 vs. sham rats.
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creatine (CRE) in vehicle treated and Conmpound 3
treated groups. The three bars in 25 each graph

wo epsesant, fromleft to right, sham vehicle perES®AIS/010167

10

15

20

25

rats, and Conpound 3 treated (6 ng/kg, i.v.) rats.

Val ues are ne =

Conpound 3 (n %E@ 71)1;%%&(%VS @%@O@ﬂ\?gr.oﬂ\ﬁ/yeﬂ%%?{gg ﬁte(gtw)abo% weight

r at sS(BW) rape(Pr Gt westricslaweightt (5.V WIt@dy $0igbhdi¥) patib)ipskanyand
nyel

ver SREEE R Bl Chop SRR B B 2o, e tfthand
shochogiseindars Trh@ch gph l‘ﬁpeeertbavehldlemretated agd &pmght-hand most set of

repregsent, fromleft hicle tre

and ?T’[B‘Oeﬁ?‘hjg% Brgfeé'gﬁ?oé? %?[ﬁ%ég a\Y e eEngean %ﬁﬁ% Sham
Shanin(=n4);-vehicle (hehi); Cempound 3&)1 7)CQIPRO.0S 6s. Felfitle treatpd rats; #,
P<O0. 9 557 vehicle treated rats; #, P<0.05 vs. sham

ratst vs3e8g8%/ 097123 PCT/ US2005/ 010167 FI G 11

shows car di ac Fixgpershowpihg eff&ﬂafCoM@d)L@lhB a(ﬁiWrﬁéDlOgll&ay,lp and
weight (BW ratio, or left ventrléu ar

( |-VV‘\50 QCMS@mne((ég\fngﬂg& § H)b on 13t }?gwftgmg ‘g‘B’ﬁﬁtaéch low-dose
ani rrgjlc&,sgsrmma (28¢h %q&@ J© taon{aatmpmcb Bmiy/ke@hyTen tcOg%u,gd 3 at 1

nont hs he left nost set _of bars in eac r

r epr Be&H1dayFe ﬁomb@at%%ﬁwp&ﬁad 3 pD-3 mgfkeldry ard %g’ﬁp%@? at2.5
of 5, ai,n each graph represents Conpound 3 treated.

Val ues are means SEM Sham (n = 4), vehicle (n = 8),

Conpound 3 ( n FEG7})3:shews thegffes of Sompeairid 3|ag 1 medeg teigl., s.c., ona

rats -
of f eléa{lf%g 1@%3/3%0\(@&1 1@&?% feta. LgJeQ r@;?reégg%n&&%ght (control)

| IO}N- ddsa T@cﬂ,log@o rqmer(tgc@tx@]ﬁﬁ@njur@) pidom 7 &t Line -n- represents
oot MR .17 S

ConpOujnctdBsidd, n ¥ 4§/ kg/ day E: Conbi nati on of Conpound

3 at 0.3 ng/k ine / day.
A GO T ho"tsfo% oy 32’1‘?1“%%/{%‘4” s¥son
b.i. Hal],ooﬁ-jltducedowas@llar ln@hrlyomthe Irzmdm GGEﬂ)V ase leftdar indicares/cantrol and
t he ne --.r resets control right (control)

15 s[hﬁélgh'il;bayrgfcaﬁ_‘:’is ﬁgmpg)u Pepresents control |eft

(i njured) sideIGNS5shbws theRefect-of COMpOTMIT(S aﬁd)lmmgjkg/dSylp)on

rl g ht g)%gtto{:lg:(%TZCSI(ifdlﬁjcaE Eme?ggj?cagllfa @e%tan% I@E&E;)%?e sg &nd loss of
s hOV\@aﬂcfé@tl@anlﬁﬁltcoﬁtfen@ﬂﬁmgﬁﬁ@) ,&akoyl my/ kg b.i.d.

S.C on ball oon-induced vascular injury in the rat

(n =4-7). The left bar indicates control and 20 the

ri ght bar indi cas.eBECanpwDRSCKIPTION GF Tillh IIsVidurson he

ef fect of Conpound 3 (3 and 10 ng/kg/day i.p.) on

5.1 PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUNDS OF FORMULA (A)

As stated above, the present invention encompasses Pyridyl-

Substituted Porphyrin Compounds of Formula (A)



streptozotocin (STZ)-induced hyperglycema (left and
m ddl e panels) and | oss of pancreatic insulin content

w@ eaoghoe7ipanel ), (n = 20). 5. DETAI LED DESCRI PTR@NUSIO05/010167

10

15

20

THE | NVENTI ON 25 5.1 PYRI DYL- SUBSTI TUTED PORPHYRI N
COMPOUNDS OF FORMULA (A) As stat above, the present

i nvention enconpasses Pyridyl - $Hubstiktuted Porphyrin
Compounds of Fornul a (A) -8 WO 097123

PCT/ US2005/ 010167 -R ; CHZ | NCH
ocl | NCHZSZRA) i A, R X- and n

are defined above 5 € f i Mis Fe. In

anot her enbodi M i/s bodi nent, f is

1. In another e od| mefit,
X' is d- or Br") In dne
CH3C(O O, 2-nethyl benzoate
4- et hyl benzoate. I n one 3

at e
ad X"\ o/
bond with M In one eg 1

wherein M, f, R, X and n are defined above.

In one embodiment M is Fe.

In another embodiment, M is Mn.

In one embodiment, fis 1.

In another embodiment, f is 0.

In one embodiment, X" is CI” or Br".

In one embodiment, X" is CH3C(O)O", 2-methylbenzoate, 3-
methylbenzoate, or 4-methylbenzoate.

In one embodiment, an X forms a bond with M,

In one embodiment, an X that forms a bond with M is the same as an
X' that does not form a bond with M.

In one embodiment, an X that forms a bond with M is different from
an X' that does not form a bond with M.

In one embodiment, an X' that does not form a bond with M is
different from another X" that does not form a bond with M.

In another embodiment, each X' is independently F°, CI', Br, I', HO',
or CH3;C(0)O".

In one embodiment, each R is -C(O)O".

In another embodiment, each R is -C(O)OH.

In one embodiment, n is 0.

-9.-



an X- that does not forma bond with M |In one
enbodi nent, an X" that does not forma bond with Mis

wakdobevamt from anot her X' that does not formeCHUOS05/010167

10

15

20

25

wth M In another enbodi nent, each X- is

i ndependent | yg]fonegnhblﬁééﬁenfhgg, 20 or CH3C(OO In

one enbodi nent, eac O I n anot her
enbodi nent , eém:tnoﬂxersmb@@)mis 5In one enbodi ment, n

is 0. -9 V\D 29r9§14e0e£r)n7% 1men g§2qn%d§| 8)5(61{5 ClI n one

enbodinent, nis 1. 1Tn ano men nis 5 1In
one enbodi menﬁn Moitler Babodimers, M, is Be)d is4', Xi' & (T}, and daph occurrence
anot enbodinent, Mis Fe, f is 1, X' is -, and

each® i?urrence 50of Ris -C(OO In one enbodi nent,
each-®®0)e.in the ortho position. In one enbodi nent,

each Ris in he nmeta position,. .l enbodi ment
each Ris in ‘F]%nepfé‘?bé E‘EF:?F F?Cg‘ﬁglsi’bafﬁ’” A RO odi ment ,

t he total numsneca‘mbo@(r@hgehdﬁmrswaﬁ nte$a14051tioﬁ anot her
enbodi nent, the total nunber of roups is 3.

I'n anot her enbdeRsREMRodiniRb ephlis iny é’f“ Qﬂs‘ B0 OH R

groups is 2. rhBnefenitdain@r, tl?effbﬁﬁrhd??ﬁ{é} of-td"(é)(thRaéroups is 4.

nunber of -C(OOH R groups is 1. In another
enbodi ment, t ﬁ@an%eapmmfﬁw@rt the totabninbgn ok-GIQMELR geoups is 3.

15 I'n one enb%jhmemﬁ&ﬁmgafr&gww%ﬁér'otfut@OHRg{joups is 2.

Por phyrin Conmpounds  of Formula (A) are in iIsolat
and purified fopfmrthphentdimen|thelatabnunhes af HOpRYR groups is 1.

Conpounds  of 'fl?fiﬁgﬁlne?er('nﬁgdlﬁ Ltk B lfngﬁ{f)erQ)Y—qu)l H OS’H)QES 15 0.

Due to steric factors, each pyri y group's
atom can 20 e ene enftibjlinednt vie Hynidylp$ubstetutstl Potpbyrin Compounds of

h [ f d
Po "Ebrih B IR HARRE | 0PSB e of i he

porphyr|n ring (thls conformation is herein referred

f:’;) . iaZyIt Pgu g; Pﬁ?}?%gl&% VSB‘%VP& 'p ! al Dri e mpoun%s ostorrthl% (A) contain
four pyridyl groups. Due to steric factors each pyrldyl group’s nitrogen atom can
exist: (1) above the plane of the porphyrin ring (this conformation is herein referred to
as the B-position); or (2) below the plane of the porphyrin ring (this conformation is
herein referred to as the a-position).

In certain embodiments, the Pyridyl-Subsituted Porphyrin Compounds

of Formula (A) can exist in one of the following isomeric forms, denoted as Isomer
Nos. 1-8, as described in the table below, or a mixture thereof, with the pyridyl groups

being numbered 1-4 as shown in Formula (A):

-10 -



of Formula (A) can exist in one of the follow ng
i soneric forns, denoted as |sonmer 25 Nos. 1-8, as

waemsiodhest in the table below, or a m xture theCBU$2005/010167

10

15

with the pyridyl groups being nunbered 1-4 as shown
in Formula (A): -10 WD 2005/ 097123, BGH &1928Q5/ 010167
Pyridyl Goup # |soner . 123%)’1%;! 9a 2 aaa
R 3aa(3a 4aRaallonRrXNoald|2 &2|d4|(3 (3 7 a
RRa 8 aRa (3 In therabove—tapts; 'Occl' signifies

that the pyridyl group' s|nitrogen M| €|in the
a-position, and "(3" signifies thag [thepyp|dyl group's
t] |

nitrogen atomis in the |5 (3-positilonl In |lone

enbodi ment, the X' that forns a bpadonfBhoM exists
above the plane of the por pl}yri g —tnjanot her
enbodi nent, the X' that forms a bpfid RYEHOM  exi st s
bel ow the plane of the porphywin |pAg: |&Mhodne

enbodi nent, a Pyridyl-Sulpsituted Porphyriln |Conpound of
10 Fornula (A) is substantialdy ffegoofBits

n

d

f 00

correspondi ng ot her isonmgts: 7: r—afrotherenbodi nent, a

Pyri dyl - Subsi t ut ed Porphyrin Corrpa?jr(i3 Of | %Hor mul a (A)

exists as a mxture of tWwo org morqi[sppgN$ | 5. 1.1

PYRI DYL- SUBSTI TUTED PORPHYRI N POUND FORMULA (1)

I n one enbodi nent, the Pyridyl-Substituted Porphyrin

(oncfrr? ng 88 5/ g')i 6’?@% %b(gé%#l:cg kg ngmg'll:g that]tl}e Mdgp&%pog Zi?l%g’en atom
is in the a-position, and “P” signifies that the-pyridyl group’s nitrogen atom is in the

B-position.

In one embodiment, the X that forms a bond with M exists above the
plane of the porphyrin ring. In another embodiment, the X' that forms a bond with M
exists below the plane of the porphyrin ring.

In one embodiment, a Pyridyl-Subsituted Porphyrin Compound of
Formula (A) is substantially free of its corresponding other isomers.

In another embodiment, a Pyridyl-Subsituted Porphyrin Compound of

Formula (A) exists as a mixture of two or more isomers.

5.1.1 PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUNDS OF FORMULA (I)

In one embodiment, the Pyridyl-Substituted Porphyrin Compounds
have the Formula (I)

-11-



HZN NRCHZI NI | HZ\ / R NNCHZ 3~ 2 R(I)
wherein M f, R X- and n are defined above for the

w@y005d91128ubst i t ut ed Porphyrin Conpounds of FeCTUS®05/010167

10

15

20

enbodi nent, Mis Mh. |In one enmbodk
anot her enbodiment, f is 0. 10 In Jone enbodi nent, X"
is A" or Br-. In one enbodi nent ‘
4- et hyl benzoate. I n one enbodi
bond with M In one enbodi nent,
bond with Mis the sanf as

bond with M 15 I n oné

bond with Mis di ren/m fxo
forma bond with ndgne |
not forma bond Wil Mis i

t hat does not form a bondlw anot he
embodi ment, each X' is indepe tily F"f o@/. " F,
HO 20 or CH3C(O O . |r Tmaot-N each R is
(OO -12 WD 2005/ 0§7123 /0167 In
anot her enbodi nent, eashA .

5 In one enbodinent Mis Fe. |In another
iment, f is 1. In

is CH3C(O O or

, an X' forns a
that fornms a
y~dpes not form a
that fornms a
At does not

, an X- that does
f r ohanot her X"

@
wherein M, f, R, X" and n are defined above for the Pyridyl-Substituted Porphyrin

Compounds of Formula (A).

In one embodiment M is Fe.

In another embodiment, M is Mn.

In one embodiment, fis 1.

In another embodiment, fis 0.

In one embodiment, X" is C1" or Br'.

In one embodiment, X" is CH3;C(0O)O" or 4-methylbenzoate.

In one embodiment, an X forms a bond with M.

In one embodiment, an X that forms a bond with M is the same as an
X" that does not form a bond with M.

In one embodiment, an X" that forms a bond with M is different from
an X' that does not form a bond with M.

In one embodiment, an X that does not form a bond with M is
different from another X" that does not form a bond with M.

In another embodiment, each X' is independently F', CI', Br, I', HO,
or CH3C(0)O".

In one embodiment, each R is —-C(0)O".

-12-



In one enbodinent, nis 0. |In one enbodinment, nis 1.
In anot her enbodinent, nis 5. 5 |In one enbodi mrent M

wo 3005097183 i s 1, and X" is O | n another enbodi PENUS20W/010167

10

15

20

is Fe, f is 1, X-is d", and each occurrence of Ris

-C(O O 1In one of -C(O OH
R groups is 41§ eﬁergﬁél g}} e @Bﬁtrhe total)
nunber of C((]))Glﬂaﬂﬂg]donmmsos In anot her

enbodi nent etot f -C(OOHRgroups is 2.
In a further ?rﬁ'&‘?ﬁ hlés otal nunber of -C(O)OH R

groups is 1. Ihanamteiﬁeﬁdlmﬁﬂnpﬁlisrﬁent the total nunber

of -C(OOH R groups ,is,.O0. n_o t, the

Pyri dyI Subst 3’(’8’(‘ WMP’&WMHF@%‘@E’&Hgg Bl 15 Fornul a
(1) are in isaghah@ktramBodtient MaSFE g, X s QIS bfidéack 6ccurrence
exarrpl es of the conpounds of For mJI a (I) are as set

fortﬁ bgelow ooc 4 NNCOO Nije, MM I / \ OOC NC
)\ 2 COO 20 3 -13 WD 2005/097123

PCT/ EJ%E(?OS/ 010167 -00C 4 + N )
In one embodiment, the total number of —C(O)OH R groups is 4.

In another embodiment, the total number of -C(O)OH R groups is 3.
In another embodiment, the total number of —-C(O)OH R groups is 2.
In a further embodiment, the total number of -C(O)OH R groups is 1.
In another embodiment, the total number of -C(O)OH R groups is 0.
In one embodiment, the Pyridyl-Substituted Porphyrin Compounds of

Formula (I) are in isolated and purified form.

Ilustrative examples of the compounds of Formula (I) are as set forth

below:

“00C

COO”

-13-



NNcoo- I /INFMN 1T -OOCNBr / +\ + N2 coo 4,

-O0C 4\ + N NN<coo- FI V1 / NN\ I / o0o0CN
wW@200Bl097123-\ + N 2 coo 5, and -14 WD 2005/ 0978CBUS2005/010167

PCT/ US2005/ 010167 -0OOC 4 NNI COO Nle N\ | / \

COO”

COO”
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OOCNRa N / +\ + N2 coo Ra = 4-nethyl benzoate 23.

Addi tional illustrative exanples of the conpounds of
wo-eosndHAa21) are 5 as set forth below -0O0C HCINES20b5/410167

/' \ 7 1 NI coo- | NM%BN( O -oOCNCI N 3 + N-/

+\ 2 ' coo- 6, -15 WO 2005/0%%5 3 PCT/ US2005/ 010167

-00C 4" \+ N N1 Ncoo- / = N~ -OOC N Br 3 N

COoOr

R, = 4-methylbenzoate

23.

Additional illustrative examples of the compounds of Formula (I) are
5 as set forth below:
"00C

-15-



-/ ¥ JN-)D 2 <coo- 7, -ooc 4 \+/ N/ NNI

coo- / NM1 N~/ -OOCNOAN 3/ 2 coo- 58, and -16
wOB020962097123 PCT/ US2005/ 010167 -00C 4' + NT/USDOS/00167

Ncoo- | NMi~ N~ OCNRA3 - - N N\ 2 COO

00C
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Ra = 4-nethyl benzoate 24. The Pyridyl - Subsi tuted
Por phyrin Conpounds of Formula (1) contain 5 four
w@osady112yr oups. Due to steric factors, each pRei/dgi005/010167
group's nitrogen atomcan exist: (1) above the plane
of the porphyrin ring (this cgggormation is herein
referred to as the R—position?; o (2) belowthe
g (thi onformation is

pl ane of the porphyrin
herein referred to as fFhe
enbodi nents, the Pyri &yt -
Conpounds 10 of Fornulfd

Kn

foll owi ng isoneric fQrups, 1-8,
as described in the bl e e t hereof,
with the pyridyl greuws g as shown
in Fornula (1): Q0% WD 200 PCT/ YS2005/ 010167
Pyridyl Goup # |Isoner AQ. agaa 2aaa
(3 3aaRa 4aPRd¢g : RR 7aR
Ra 8 aRaRInthe\a signifies that

the pyridyl group's nit
a-position, and "P" signifies\that the pyridyl group's
nitrogen atomis in the 5 13-po$PQon. in one

enbodi nent, the X.=timathylfegroms a bond with M exists
above the plane of the por phyr2i4n ring. In another
enbodi nent, the X- that forns 4§ bond with M exists
bel ow t he pl ane of the porphyrin ring. In one

el T L UL O RN B i
5 COr I @5 PixayD grodpd) Gbuei t6 SBEE Fictolsflea PiHid I gRIPRAItFIRBH atom can
Pyri g}(/llst_ (SISI gg’(i)vte lilltleep angoorf Blg)f)%{'p%yncnon go (Lé}ﬁg cgrfformation is herein referred to
as the B-position); or (2) below the plane of the porphyrin ring (this conformation is
herein referred to as the a-position).
In certain embodiments, the Pyridyl-Subsituted Porphyrin Compounds
10 of Formula (I) can exist in one of the following isomeric forms, denoted as Isomer

Nos. 1-8, as described in the table below, or a mixture thereof, with the pyridyl groups

being numbered 1-4 as shown in Formula (I):

-17 -



Formula (I) exists as a mxture of two or nore

i SOners.

5. 1.2 PYRI DYL- SUBSTI TUTED PORPHYRI N COVPOUNDS

W@ROEORNVREA (H) I n one enbodi nent, the PCT/US2005/010167
Pyri dyl - Substi tuted Porphyrin Conpounds 15 have the
Formula (I1) -18 WD 2005/097123 P 0167 R
4 ~HCN+ NCHy NR RCHZ Ng[r“?zgpé(pq%{(ll)
wherein M f, R X' and nIsonerdaf i ad® pbgwve| f or t he
Pyridyl - Substi t ut ed Por phy+i+ Ay Cu..pgun of{ For mul a
(A). 5 In one enbodinent (Mis Fe. |Pn o h¥§t| ek
enbodi ment, Mis M. |n[one 2ermodhm%p al|igls 1. In
anot her enbodinent, f is[0. 10 In e enhodj mrent, X
is - or Br". In one enhodi nknt, x' da spCEBIC(O) O or
3-net hyl benzoate. | n one—erbpetent—anrr<y forns a
bond with M In one enbodi nent, ah X P ¥4 Forns a
bond with Mis the same gs ans X" [BAaf | dags| not forma
bond with M 15 In one ernhodi nent | X- [t hat forns a
bond with Mis different |fron ala|B|B

7 o B|la
8 o o|p

10

15

In the above table, “a” signifies that the pyridyl group’s nitrogen atom

is in the a-position, and “B” signifies that the pyridyl group’s nitrogen atom is in the

B-position.

In one embodiment, the X" that forms a bond with M exists above the

plane of the porphyrin ring. In another embodiment, the X that forms a bond with M

exists below the plane of the porphyrin ring.

In one embodiment, a Pyridyl-Subsituted Porphyrin Compound of

Formula (I) is substantially free of its corresponding other isomers.

In another embodiment, a Pyridyl-Subsituted Porphyrin Compound of

Formula (I) exists as a mixture of two or more isomers.

5.1.2 PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUNDS OF FORMULA (II)

In one embodiment, the Pyridyl-Substituted Porphyrin Compounds

have the Formula (II)

-18 -



an X' that does not forma bond with M |In one
enbodi nent, an X" that does not forma bond with Mis

wakdobevamt from anot her X- that does not formeCHUOSI05/010167

10

15

20

wth M In another enbodi nent, each X- is

i ndependently F, d", Br , |I"rHS 20 or CH3C(OO In
one enbodi nent, each Ris -C(O anot her

enbodi ment, each Ris -C(O OH ne enbodi nent, n
is 0. -19 WO 2005/ 0971 PCT/ US20 I n one
enbodi ment, nis 1. |

J nis 5 1In

one enbodi nent In

occurrence 5 of
total nunber of
enbodi nent, thegtotal
I n anot her enbodi nent,
groups is 2. 10 In a/ ful
number of -C(O OH R gioups
enbodi nent, the total o
In one enbodi nent, the Pyrjgf

Compounds of Formula (I1) in isolated and
purified form 15 Illustrathye~exanpl es of the
conpounds of Fornula (Il) are as set forth bel ow
coo 4 +N\ NI I -0cON cU)

wherein M, f, R, X" and n are defined above for the Pyridyl-Substituted Porphyrin

Compounds of Formula (A).

In one embodiment M is Fe.

In another embodiment, M is Mn.,

In one embodiment, fis 1.

In another embodiment, f is 0.

In one embodiment, X is CI” or Br".

In one embodiment, X" is CH;C(O)O™ or 3-methylbenzoate.

In one embodiment, an X" forms a bond with M.

In one embodiment, an X that forms a bond with M is the same as an
X' that does not form a bond with M.

In one embodiment, an X that forms a bond with M is different from
an X that does not form a bond with M.

In one embodiment, an X that does not form a bond with M is
different from another X" that does not form a bond with M.

In another embodiment, each X" is independently F', CI', Br', I', HO',
or CH;C(0)O'".

In one embodiment, each R is —C(0)O".

In another embodiment, each R is -C(O)OH.

In one embodiment, nis 0.
-19 -



NI & COO N~~- N jN
PCT/ US2005/ 010167 Coo 4' \
wo 2005M971128r | \ COONN 3 /
10, coo- 4" \ / \+ N/ V1 NN

\ COO N3 IYno}le émléodfx}lent,jrl\fs 1.

In another embodiment, n is 5.

-0O0C 9, -20 WO 2005/097123
\'/ \+/ N1 NN -OOCI| %
\ - +\  + N /\ ~2PCFHOSXB05/010167
-O0C1 V1 / Nje NI

In one embodiment M is Fe, fis 1, and X is CI.

In another embodiment, M is Fe, fis 1, X is CI', and each occurrence

5 of Ris
—-C(0)0".
In one embodiment, the total number of -C(O)OH R groups is 4.
In another embodiment, the total number of —~C(O)OH R groups is 3.
In another embodiment, the total number of —C(O)OH R groups is 2.
10 In a further embodiment, the total number of -C(O)OH R groups is 1.

In another embodiment, the total number of —C(O)OH R groups is 0.
In one embodiment, the Pyridyl-Substituted Porphyrin Compounds of

Formula (II) are in isolated and purified form.

15 Illustrative examples of the compounds of Formula (II) are as set forth

below:

COO”

=20 -



-00C 5 11, and -21 WD 2005/097123 PCT/ US2005/ 010167

CO4\/ +-N+NNI -0OOCI N~ NN 1 \ COO Ra NN
wW@200509M23 / \ 0 2 -0O0C Ra = 3-net hyl benzoat eP@QBUS2005/010167
Addi tional illustrative exanples of the conpounds of

Formula (11) are 5 as set forth bglgyyw COO 4 + N
+

NI -OOC I NMWCNCCIJ4 N 3\ -Q

COoO”

COO”

and
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WO b08/027123 OOC 13, coo- 4" \+ / N N NI -O0rI/Us180H»10167
NN 3\ -/ + +N/\ 2 -00C5 14,

CoO”

-00C
R, = 3-methylbenzoate

25.

Additional illustrative examples of the compounds of Formula (II) are

5 as set forth below:

COO”
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W0 2005097123 2 - OOC Ra= 3- et hyl benzoat e 26.

ThBeCT/US2005/010167

Pyri dyl - Subsi t ut ed Por phyrin Conpounds of Formula (I1)
contain 5 four pyridyl groups. Dugd@g steric factors,
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conformation i s herei
(3-position); or (2) bg
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bel ow, or a m xture theg
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wo 2095097128" signifies that the pyridyl

10

laaaa 2aaa(3 3aaRa 4a(3aa 5 (3aa
a 6aaR(3 7a(3(3a 8a(3a(3Inthe above

atom is in the a-position, and "P" signifies that the
pyridyl group's nitrogen atomis

5
(3-position. In one enbodi nent, that forns a
bond with M exists ab@Y;_the pleﬁztof the por phyrin

ring. In another enbod
M exists bel ow the plg [ . In
one enbodi nent, a Pyri df '

Compound of 10 For
its correspondPR§
enbodi ment, a Pyrid

i somers. 5.1.3 PYRIDYL-
OF FORMULA (I11) ¢
Pyridyl - Substituted PdA i3

Formula (Il11) -25 WO 200'/09 PCT/

320056/ 010167 R
4 ~HCN+CHZI NRN! (f | °X | R_ N- CHy
\' / N -00¢
R, = 3-methylbenzoate
26.

group' SPCI/USHOBROI0167

The Pyridyl-Subsituted Porphyrin Compounds of Formula (II) contain
four pyridyl groups. Due to steric factors, each pyridyl group’s nitrogen atom can
exist: (1) above the plane of the porphyrin ring (this conformation is herein referred to
as the B-position); or (2) below the plane of the porphyrin ring (this conformation is
herein referred to as the a-position).

In certain embodiments, the Pyridyl-Subsituted Porphyrin Compounds
of Formula (II) can exist in one of the following isomeric forms, denoted as Isomer
Nos. 1-8, as described in the table below, or a mixture thereof, with the pyridyl groups

being numbered 1-4 as shown in Formula (I):
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defi ned above for the Pyr

waeoopoeres of Formula (A).

10

15

ein M f,
i dyl

R X
- Substituted Porphyrin

an

d n are

5 I n one enbodi ment p&A/US2008010167

I n anot her enbodi nent, Mis I\/h I n one enbodi ment, f
is 1. In another enbodi nent, is

enbodi nent, X' is C- or Br-. In Pﬂ'ndégghgl ment X" is
CH3C(O O' or 2-net hyl benzdsinger Nd. n 1gri2| &rpidodi rrent an
X- fornms a bond with M |H—ere—erho in,m, n X" that
forms a bond with Mis the sa as %art* | 4| % hat does
not forma bond with M 15 Tmone[gnipfyngnt, an X'
that forns a bond with Mlis a differlent firo an X-
that does not forma bond with M | b ©ohB |epodi nent,
an X- that does not form M-S i fferent
from anot her X- that does notlfor:]no‘a bAd % th M In
anot her enbodi nent, each [X™ Ts Thndgoepfgnidy F. 4",
Br , I", HO, 20 or CHBC(OQ O . 1m anele di nment ,
each Ris -C(O O. In anather6 enbodi|nens,| fach Ris
-C(OOH In one enbodi nmgrts 3 —S+01—26-1"AE5

2005/ 097123 PCT/ US2005/ 010167’ | n|8ne aﬁtﬁd ment, nis
1. In another enbodi ment, nTg 5 [LA ®Ng [gpodi ment M
is Fe, f is 1, and X" is|d _I1n anotherle di nent, M
is Fe, f is 1, X' is C", and each occurrence 5 of R
is

In the above table, “o” signifies that the pyridyl group’s nitrogen atom

is in the a-position, and “P” signifies that the pyridyl group’s nitrogen atom is in the

B-position.

In one embodiment, the X that forms a bond with M exists above the

plane of the porphyrin ring. In another embodiment, X that forms a bond with M

exists below the plane of the porphyrin ring.

In one embodiment, a Pyridyl-Subsituted Porphyrin Compound of

Formula (II) is substantially free of its corresponding other isomers.

In another embodiment, a Pyridyl-Subsituted Porphyrin Compound of

Formula (II) exists as a mixture of two or more isomers.

5.1.3 PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUNDS OF FORMULA (I1II)

In one embodiment, the Pyridyl-Substituted Porphyrin Compounds

have the Formula (II)
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-C(O O In one enbodi ment, the total nunber of -C(O OH
R groups is 4. In another enbodi nent, the total nunber

wW@b0os Y @MOH R groups is 3. | n another enbodi neet/ps1on&010167

10

15

20

PCT/ US2005/ 010167
le%N~1 ~ \ NBr r

total nunber of -C(OOH R groups is 2. 10 In a
further enbodi nent, the total
groups is 1. In another enbodi

of -C(OOHR
the total nunber
rbodi ment, the

nu

-C(OH R groups is O

Pyridyl - Substituted Pogehyrin“Confjounds of Formula

) are in isolated and puri fi eg~f @ m\ 15
ustrative exanpl es : {
I) are as set

N~ NG CO¥

r
I
I
I

="+ -00CNN N
2005/ 097123
")I(\fN / I N

(I11)
wherein M, f, R, X" and n are defined above for the Pyridyl-Substituted Porphyrin

Compounds of Formula (A).

In one embodiment M is Fe.

In another embodiment, M is Mn.

In one embodiment, fis 1.

In another embodiment, fis 0.

In one embodiment, X is Cl" or Br".

In one embodiment, X" is CH;C(O)O™ or 2-methylbenzoate.

In one embodiment, an X forms a bond with M.

In one embodiment, an X that forms a bond with M is the same as an
X' that does not form a bond with M.

In one embodiment, an X that forms a bond with M is a different from
an X' that does not form a bond with M.

In one embodiment, an X that does not form a bond with M is
different from another X" that does not form a bond with M.

In another embodiment, each X" is independently F', CI', Br, I', HO',
or CH3C(0)O".

In one embodiment, each R is -C(O)O".

In another embodiment, each R is —C(O)OH.

In one embodiment, n is 0.
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-00C/ V2 16, 4 COO \+/ N+ -OOC NN Nle~ N\ N
OA_ NCOO 3\ - +\ N -OC 5 17, and 4 COO \+ /
WOON2005/047123 OOC NN ~Nle ~ N N Ra N 3 COO RCT/US2005/N0167
"2 2 -00C Ra = 2-nethyl benzoate -28 WO 2005/097123
PCT/U32005/OlQ&@&em&&ﬁh@QﬂﬁﬁE nal illustrative
S 0

exanpl es of the conpoun ormula (Il11) are
In another embodiment, n is 5.

In one embodiment M is Fe, fis 1, and X is CI".

In another embodiment, M is Fe, fis 1, X is CI’, and each occurrence

5 of Ris
—C(0)0O".
In one embodiment, the total number of ~C(O)OH R groups is 4.
In another embodiment, the total number of -C(O)OH R groups is 3.
In another embodiment, the total number of -C(O)OH R groups is 2.
10 In a further embodiment, the total number of -C(O)OH R groups is 1.

In another embodiment, the total number of -C(O)OH R groups is 0.
In one embodiment, the Pyridyl-Substituted Porphyrin Compounds of

Formula (III) are in isolated and purified form.

15 Ilustrative examples of the compounds of Formula (III) are as set forth

below:
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as set forth below 4 COO + + -OOC NN N 61 N1% _N

COO 3+ jN2 5-00C18, 4 Coo+ N+ 1 -0OOCNN
woRdMs/09M23 N Br COO N jN/ ~ 2 - o0OC 19, 10PcROSMW0¥/010167
2005/ 097123 PCT/ US2005/ 010167 4 COO + + -0OOC N

R, = 2-methylbenzoate
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N NMi N NOOACOO 3\ -/ +jN-00c 20, and 4
COO+ N "t -OOCNN NMBN NRa COO 3 NN2

w0 aosoRa23= 2- et hyl benzoate 5 28. The PCT/US2005/010167

10

Pyri dyl - Subsi t ut ed Por phyrin Conpounds of Fornmnul a

(111) contain four pyridyl grgyps. Due to steric

factors, each pyridyl group's nitrogen atom can

exist: (1) above the plane of the porphyrin ring (this
conformation i

(3-posi tion); ‘%drdqtoff Euﬁtt%rl\%t %S%Bfegot]tge ?cﬁnéwouﬁds of Formula (I1I) are
r i ngaqg dehfosthdelofvor mati on is herein referred to as the
a-position). In certain enbodi nep t he

Pyri dyl - Subsi tuted Poapbxrin Co @ GQO of Forrmula (I)

can exist in one of the fajl ow ng forns,

denoted as |soner No+1 : in the table

bel ow, or a m xtupecth /1 dyl  groups

15 bei ng nunbered 1- prula (111):
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(3 I'n the above table, "a" signifies that the pyridyl
group's nitrogen atom is in the position, and "(3"
signifies that the pyfigy ﬁg:ZEFpﬁbgen atomis in
the 5 (3-position. | I TRN

por phyrin ring. l@O@not er
fornms a bond with ue pl ane of the
porphyrin ring. In '
Pyri dyl - Subsi tut ed Pa For mul a
(I'11) is substantially free of N éﬁ%éng ot her
i sonmers. | n another emnjragd [ ituted

Por phyrin Conpound ot
m xture of two or nora TI ONS As
have the

. [
used herein, the terns usede and v
following 15 meaning: TPeCTexs "subject," as used
herein, includes, but is not lhLgited to, a cow,
nonkey, horse, sheep, pig, chicken, turkey, quail

cat, dog, nouse, rat, rabbit, amlinea pig and human.
I n one enbodi nent, a subject is uman. Illustrative

S as a

count erions include bt Cém)to sul f at e,
citrate, 20 acetate, br om de,
iodide, nitrate, bi g, phgsphat € +ac d
phosphat e, |son|amDCnat~ syl ate, acid
citrate, tartrate, pantothenate
bitartrate, ascorb [
gentisinate, fumara

COoO

e —)
-00C

R, = 2-methylbenzoate

28.

The Pyridyl-Subsituted Porphyrin Compounds of Formula (III) contain
four pyridyl groups. Due to steric factors, each pyridyl group’s nitrogen atom can
exist: (1) above the plane of the porphyrin ring (this conformation is herein referred to
as the B-position); or (2) below the plane of the porphyrin ring (this conformation is
herein referred to as the a-position).

In certain embodiments, the Pyridyl-Subsituted Porphyrin Compounds
of Formula (I) can exist in one of the following isomeric forms, denoted as Isomer
Nos. 1-8, as described in the table below, or a mixture thereof, with the pyridyl groups

being numbered 1-4 as shown in Formula (III):
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Pyridyl - Substituted Porghyrin Comfauhg®i|$* hn amount
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Furt
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Fomhie GONPOUS RO o sERgiRe

r|d | - Substituted

%od that the

nunber of R groups where each Ris -C(OOCH is an
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sum of f and an integer randi

be 30 further
groups are -
meaning:
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& Rahs

er eac

DARGHANS Y,

ﬁ]shﬁ &ML@ gn@téloxtl (1)15'\;6 e following

n |s t he
is to

The term “subject,” as used herein, includes, but is not limited to, a

cow, monkey, horse, sheep, pig, chicken, turkey, quail, cat, dog, mouse, rat, rabbit,

guinea pig and human. In one embodiment, a subject is a human.

Illustrative counterions include but are not limited to, sulfate, citrate,

acetate, oxalate, chloride, bromide, iodide, nitrate, bisulfate, phosphate, acid

phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate, oleate, tannate,

pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate,
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P(RPHYRI N COVPOUNDS The Pyri dyl - Substituted Porphyrin

Syt RLaes e Bl LR P o SR B OB Rl M fnestonac,

sh o\Amthamsulsmhte,rt@azehewlfpmmw-tolﬁeﬁshi&matelpdnwaw e.,

Iplolr g ’;lli'lmﬁ lﬁfl er%g%_ élmxyly%%hl{ﬂ,%ie Sp']}o%ﬁﬁ{gfaltéqg n‘ll(etl}?/lbenzoate

t he Pyfetidybensnales bnd Mﬁedxylbl@rmpie;cbumerﬁnnpounds of
Formula (1)

. henme 1 0
al CHO pyrr ol eﬁ%eﬁf’rﬂ eﬁ“&?’? F‘&P‘H& Nh%‘g)sﬁ‘gﬁ" 08%% %w&gﬁ Pyridyl-
be r satstitigedolphytih Qoo iash smaumtthapiy effedtiee tortrdaher prevent a
of , about 10% xyl ene or toluene at a

presgn%qe
t enpEPAPOENASUPES M about 15 120 C to reflux, for

exanpl e at a tERRE&MAEINEd eﬁ\diphﬁﬁédarageseafherfernqﬁeaabgaparated from
130 C to about 140 C, to provide the pyridyl porphyri

1, wAthgrrompopenttafia reagHonmRtHE Of FPé“falFSW’iCEi it CSIIH%WPH‘PE‘BMS
Plor phﬁérlédmt&wmm%agfso%?atmsﬁss(A)at lef he%eataeabeAs@wat least 50%,

| ustrates a net hod useful for makln

hydr 8dgases3e ableay 6P phgtrleast ¢376.¢f leadt |78%e§ I%flrst Ec(p tileast 80%, at

(I'V) tea %MB'S% atdbdst W@fayieagtgg% di‘%kl'eﬁ]sg%%%f a Pyridyl-Substituted
Pyrlcfy Subst it uted Por phyrin Conpounds o¥n|'-yorrru a (1)

wher Bpmhyrin Gompouad Hy Meight efdhe selateaboens efbpdimeat, the lsogate

R AT

isolate.

The term “is substantially free of its corresponding other isomers” as
used herein means no more than about 10% by weight of its corresponding other
isomers; in one embodiment, no more than about 5% by weight, in another
embodiment, no more than about 2% by weight, in another embodiment, no more than
about 1% by weight, and in another embodiment, no more than about 0.1% by weight
of its corresponding other isomers.

The term “reactive species” as used herein means a species that can
injure a cell or tissue. Exemplary reactive species include oxidants and free radicals.
Further exemplary reactive species include a reactive oxygen species, such as
superoxide or peroxide, and a reactive nitrogen species, such as "ONOO, nitric oxide,
NO’°, NOH, or ONO.

In the Pyridyl-Substituted Porphyrin Compounds it is to be understood
that the number of R groups where each R is ~C(O)OH is an integer ranging from 0 to
4. Accordingly, n is the sum of f and an integer ranging from 0 to 4. It is to be
further understood that n=f when all four R groups are —C(O)O". Whether each R
group is -C(O)O™ or -C(O)OH can vary due to factors including pH.
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usef enmvpmtlomleormcrﬁyathms gcbryéheefonowwg |1lﬂn§§atw@ metm shoyyin
Ilmg% ? Bldpus chloride, ferric chloride, ferric
sul fate, errous acetate, ferrous 10 anmoni um sul f at e,
manganese(l11) acetate, manganese(ll) acetate, and
manganese(l1) ' . hod
for maki ng thescﬁéy}lrl?ogb%g%lﬂl%{}%%? éape%h%\ﬁﬁﬁigfﬁsﬁtﬂgﬁhgg
Co rrppmphbmmﬁteﬁmdimé b w(hih ieheefidifor iRking thCPBidyl-Subssitudedor
g M ind és fé. are @as defi ned above for the
Pyr| 9P gmog? ?lﬁlt" LB ¥ conpounds of For nul a
(A). Schene 3 -34 WD 2005/ 0SdHea: IPCT/ US2005/ 010167
COON4 NN NI I COONN/ I \ n(X-) NI Br /\ HOOQ "
I N(f7 1 P\AXCOOH N I-CH | NNI\/P/- - NO  NNI
3\ + +

Y

| propionic acid

P ole
N CHO pym

Pyridine-2-carboxaldehyde can be reacted with propionic acid and
pyrrole in the presence of about 10% xylene or toluene at a temperature of from about
120 °C to reflux, for example at a temperature in the range of from about 130 °C to
about 140 °C, to provide the pyridyl porphyrin 1, which is useful for making the
Pyridyl-Substituted Porphyrin Compounds of Formula (A).

Scheme 2 below illustrates a method useful for making the
hydroxymetallo- porphyrin intermediates of Formula (IV), which are useful for
making the Pyridyl-Substituted Porphyrin Compounds of Formula (I) wherein fis 1
and M is defined above for the Pyridyl-Substituted Porphyrin Compounds of Formula

{@.
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Por phyrin Conpounds of f=1 Forrmula (A) wherein Ris

w0 aOSkb7ibe pyri dyl groups of the hydroxy- et al PEr/e82005/010167
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15

porphyrin intermediates 5 of Formula (IV) can be
N- benzyl at ed usi ng excess a- Q&fe‘i’ip 4ol uic acid in N
nmet hyl pyrrolidi none (NVP) at elevated tenperature
(about 50 130 C). This, nethod prdviNdes
Pyridyl - Qubsfit ute \

. X' is Br ;
are as defi neq or the Pyridyl -

Por phyrin For mul .aM{A) . 10 §
shows a net fqgd Qnrexchange.ef a Pyt

Substituted P i n| Conpound of Formul a

Br- neta [ NS et hod | g~trs

maki ng Por phyri n\Co pounds  of
-C0O n = f,

Pyri dyl - Substituted Porphyrin Conpounds of Fornul a
(A). Schene 4 -35 WD 2005/097123 PCT/ US2005/ 010167
~COOH COO N Theporphymn mtarmedipte\l can pe eacted with p metatlatiyg agent

HODCH e Y b ic G ety s bfpidc A b e

Pyri tiydteduibemh temtperdtuPowjth g hydroxidapasersdeh as sodium hydroxide or

1 BRI Y SRR A oo

(A Jgsrsgﬁ%ﬁﬁ)@lr(?@ée-’ ,IR %IE quf f glgr rruc} B }R)E‘ herel n es 0

R i sFofg@D (IV). Metallating agents useful in the method of Scheme 2 include, but are
not limited to, ferrous chloride, ferric chloride, ferric sulfate, ferrous acetate, ferrous

ammonium sulfate, manganese(Ill) acetate, manganese(II) acetate, and manganese(II)

chloride.
Scheme 3 below shows a method for making the Pyridyl-Substituted

Porphyrin Compounds of Formula (A) wherein R is -COOH; nis 4 or 5; and M, f and
X are as defined above for the Pyridyl-Substituted Porphyrin Compounds of Formula

(A).

Scheme 3
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and X- is OH'" The Pyridyl-Substituted Porphyrin
Conpounds of Fornmula (A) 5 wherein Ris -COOH can be

wo eoshgr2zleri vati zed by deprotonation of the ceebusybi/eiole?
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15

acid units using a basic resin (e.g., Dowex I\/arathon
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desi r ad, - Subgt i tuted Por phy i D

d ordinary skill gl N__/,
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chr omat ogr aphy, hi gh-performance 15 |i qufePc

chr onat og:palwnqm:@ medi um pressur e pyrfayiLdbstituted Porphyrin Compounds of
chr omat ogr aphy (I\ﬁDLC) preparative thFémuay®wherein R is -COOH :
chr omat ogr apy, ani on-exchange chromat ography, and
recrystallization. 5.4 THERAPEUTI C USES OF THE

PYRI DYL- SUBSTI TUTED PORPHYRI N COMPOUNDS | n accordance

Wi th the i nvertte@yridylzeouby of tHy hydoossinethNdt@bborisHypifi yritérmediates
20 Congounds can be_adm ni stered to a subject. in need

of t PEBerAmH (1)) cap be Mebanzipted psing exegss @ RrPrA toluig geigyy N-

2005 0 %&Qﬁﬁ/ emper: 1€This
Pyri g%%%%ﬁ sfﬁ[ﬁéed Poral gﬂ%&gt Aj%p%ﬂﬁé?@??aﬂ?ﬁgtrw oherh

pr ev&wethod pewirsh Pyadyl-Sybstisieddagphygin iompeunds of Formudp @y evherein
or npre. (quﬁtﬁ Ve x- 915P§IC|3 ? M rfai}nd%ra?e & ﬁfl&fa%GVé for iﬂe\f)?ndyl-

due to the interaction of I'onizing radiation with a
subj Substigited Rgphyrin Sigptponrsis of Formudpdddi es i ncl ude, but
are not limted to, reactive oxygen 5 speci es,

i ncl udi ng superoxi des and peroxi des; and reactive

ni trogen speciSebeme beludishgys a @) fonidnrexchapgé ofe, Pyaidyl-

TREA SR R BRI TR R (B e gpBdhgbunon. Ths

A REAfsTHo s LﬁE’ECf(E&a]Ehg PW&y]@bstiﬁu%Pmrbhytrmchﬂm‘opMsrdf iformula

ed t r r .10 nt. cel r
ti ssg‘gﬂf"ﬁ? o extggélf 3"3{ g‘a e?fg{@vé and e & %c.?eﬁned
I n o@Bow ffbxaﬂé mniyl Subistifatddaeshiyvi CopPoids of Boriilaqj).dant
or a free radical, including, but not limted to

Scheme 4
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reacti ve oxygen species, such as superoxi des and
peroxi des, and reactive nitrogen species, such as

WO aNeO7Ims tri c oxi de, and nitroxyl species, SUBCT/ES2005/010167
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NO-, NOH, and ONO 15 Exanples of injury due to
exposure to a reactive species are skin winkling, coo

ski n agi ng, sunbu%ﬁ%i:?ﬂhena UV-i nduced skin_injur 7/
D

and UV-i ndd disease. 5.4.2 PROLONG/NG\THE
ON) PRONE 1 GiaPEeD  The |

Pyrld Su ‘ fel Botp¥yri n Carpound gan b
prol 8 ; | ferqf an OXIdatIOﬁ§?59
conpoun I yB. M| Ny amojher enbodi ment /

7
=X
Pyri dyl - Subst i yor pfhyr PR%Conpound can be coor
adm ni st er & in conbinati on w/th n(X")
oxi dat i onqp 0 omaterial to treal y
pr event oxifat i i nj due to, or biodegraoa{EQ;Q
of , the oxi dadddie prone drug or biomaterial i nood

in vitro. In one enbodi nent, the oxidation-prone drug
or bi orpi@RI-Subktitutsd Porphydin@dimpoundd aci d.pyfidyl-Swbstifated PbAphiirin Compounds

OR PREViEYFh &N A h&aa Rt Idodil{ SisWNCT1 ON oPhzmif@ (D FHeRRR is -COO
The PygidylisSygostituted Porphyrin Conpounds can be

used to treat or prevent erectile dysfunction caused

by surgery. In one enbodi nent, the surgery is surgery

of the prostate or the colon. -37 WD 2005/097123

PCT/ US2005/ 0103 Byridy1 &ufstibitse FYERYTin @R nipd N FIFohh P (A)
LUNG DI SEASE The E@rldy - Substituted Porphyrin

Conmpwherd® isn be used to treat or prevent a |ung
di' seaggoml d %@&ﬁ@#&@ﬁwaﬁ%b h{]ﬁotbﬁmn 8F BE 8oyl G uhifs using
ﬁyperOX| h

fibrosrs, ysenma, Or ad
respa basucmeyn k-5t Pewex Mylnthoo NéBAQ rgsmrD, QUWE\HWWGGM exchange

PREV é ac%\.l:éo n\beg%ﬁgg%ﬂ é%u%@ Qnm dh? ¥>lu% r§>lf Bﬁltn]e& H)t Qrgalkah rtnetal

Por phy nds can use reat preve
i nj uhzyhddua atresim thpteran ettas alsourond agwwpade nelmtquqnh&mh a§ Amberlite

due r a i.s. h r XI

by pe PATHE FHEHIGNE o BPE U AUNHES B SoloRlA foRfounds of

PREVM@{A%VW@EWWE oileSthabBr 10 The

Pyri dyl - Subst i tut ed. Porphyr.i nd be u ‘gf

treat or pr edtﬂ‘is‘r%\d’ﬁ}éeﬁ&\ég@%?gtggﬁy &gy po"l“ﬁ r#é’ rmula

enmbodaymitbe pﬁrﬁlﬁedﬁx@iﬂlg Wﬁ@él&l{iﬂ“ﬁl todinS 6ﬁ61€mb@ sk111 in the relevant

Parkinsop ﬂ ﬁl qF i sease, ﬂ ton's

di sedd gic f,ng, ut not 11m1te to, flash column C romatography, 1g -p rformance
liquid chromatograpy (HPLC), medium-pressure liquid chromatography (MPLC),
preparative thin-layer chromatograpy, anion-exchange chromatography, and

recrystallization.

5.4 THERAPEUTIC USES OF THE PYRIDYL-SUBSTITUTED PORPHYRIN COMPOUNDS

In accordance with the invention, the Pyridyl-Substituted Porphyrin
Compounds can be administered to a subject in need of treatment or prevention of a

Condition.
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anyotrophic | ateral sclerosis. 5.4.7 TREATMENT OR
PREVENTI ON OF LI VER DI SEASE 15 The Pyri dyl - Substi t ut ed

wadeoophyriex Conpound can be used to treat or pPPEWESI00R010167
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liver disease In one enbodinent, the liver disease is
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hal ot hane, 53t1 TREATMENTQ}} PRE i
but anedi one nonoxi rre orMMe enbodl rrent

t he cardi opl egi a-i nduci ng agent is |idocaine. -38 V\D
2005/ 097123 PCheBsadsubstguted Porphyrinfeonenpynds qan e used to treat or

card St
Por p hfé’%rﬁ g%goxl tﬁ%ﬁh}ﬂg 8 ?2 g é)%%\ge ?0 zﬁ%ﬁdh@ﬁ Lpeaép fn Jnla’ Eﬁgodlment
co rrpds;l redctive Sp'Ehes is pn esémt onefrbmdélc{ilomcllurhdg,dqumot limited to

cardi g are_ use r. MmNz

o OB A Ga e el f e B LR TP e

5 | n spciek,| suetnast OO miiad bxidey tand hitrexyl speeies, soch 0], ¥EOS, and
net hg)ﬁtg? for protecting a subject's heart against

myoc damage during cardiopl egia, the nmethod

conpri si ng adrixaniples bf Mfury dueatd eapsdstmlto b reattbedpédissraenskin

genngie. g s eyt e i SR 85 0% induced

Conmp@rindiseak®. | N one enbodi nent, the

cardi opl egi a-i nduci ng agent is admnistered prior to

the adm nistration of the Pyridyl-Substituted

Por phyr i fi4 Corgmionding THEHKIIFHEFE @R dKIDAMQN-PRONE COMPOUND
Pyri dyl - Substituted Porphyrin Conpound is

admi ni st ered pFlediyritiy- Slibetitatddrfonipbyrire@¢mmpuod carhle used to prolong

20 2" Ay ﬁggagf DS 5Pase leonégoﬂn&‘m A R b ERR QLR A, o

Pyri d’yhd)&ﬂnhitmtted Emipleanhymponndl‘mrﬂm Ladnhraﬂtﬁed to a subject in

1 Nni r rr ly. . . _
adm cor%{n%at?oql v(v:l a%uox1cﬁg<t)n-¥rone drug or biomaterial to treat or prevent oxidative

injury due to, or biodegradation of, the oxidation-prone drug or biomaterial in vivo or
in vitro. In one embodiment, the oxidation-prone drug or biomaterial is hyaluronic

acid.

5.4.3 TREATMENT OR PREVENTION OF ERECTILE DYSFUNCTION DUE TO SURGERY

The Pyridyl-Substituted Porphyrin Compounds can be used to treat or
prevent erectile dysfunction caused by surgery. In one embodiment, the surgery is

surgery of the prostate or the colon.
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I n anot her enbodi nent, the cardi opl egi a-i nduci ng agent
and the Pyridyl-Substituted Porphyrin Conpound are

wa@dwsndaeer ed such that the Pyridyl- Substitutedr/us2005/010167
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Por phyrin Conmpound exerts its prophylactic effect of
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and f)‘@?‘?tf?@g%tl?t‘?ﬁa sclefiBer cul osis; | eprosy;

i nfl anmat ory di seases of the ki dney such as uremc

conpl i catl ons, 5. Qg‘lfﬁl M@?@ﬁ%ﬂ% EuﬁBQoEE%&%?éﬁ'sE
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di seases of the ¢C ntrg nervous em suc

chr opiegerd e hiyex diseadei Aot @éméwntyﬂhetltver disgaseis bemitis, dimer failure,
nultlp&% 1uh§%9wm1nu | DS-r el at ed neur odegenerati on and

Al zh8i TEF S Hi S €358 M nf ect i ous meni ngitis,

encephal onyelitis, Parkinson's disease, Huntington's
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di sesgardioplegisspmhiiiesadarniblenngto asneied imaqed sherqof aw pifectiye

wel | bR in o d OBy R RtR P
suchagléudﬁr%gléc n‘B 99 lﬁ(ﬁg g%éﬁg?ﬂ{ ver gﬁf) ure, ebr aﬁ%ﬁﬁd
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In one embodiment, the cardioplegia-inducing agent is lidocaine.
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to treat or prevent reduce the progression of an
i nflammatory condition and/or to 15 reduce the

wayupoheie3 of the i nflammatory condition. | n onBCT/US2005/010167
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embodi nent, the Pyridyl- Substituted Porphyrin
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can be 30 useg aﬁ&hér%%Bdl%n@PﬁV@ﬂSu&ﬂm'téafﬁmh @lo¥hpound is
skin di sease. In one enbodi nent i nfl ammat ory

ski nadfigisteses Aripr taghe adpinigsatipatol the§ardap$8@r@elﬁéucntgragem
psoriasis. In g Q?urﬁ{épg}qb&ﬁﬁént tfx@@ar&%lleél%@iﬁg agent and the
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car di af) Pana FRlaahy oﬂ){g@é& tissue. Examples of inflammatory conditions treatable or

preventable using the Pyridyl-Substituted Porphyrin Compounds include, but are not

limited to, transplant rejection; chronic inflammatory disorders of the joints, such as
arthritis, theumatoid arthritis, osteoarthritis and bone diseases associated with
increased bone resorption; inflammatory bowel diseases such as ileitis, ulcerative
colitis, Barrett's syndrome, and Crohn’s disease; inflammatory lung disorders such as
asthma, adult respiratory distress syndrome (ARDS), and chronic obstructive airway
disease; inflammatory disorders of the eye such as corneal dystrophy, trachoma,

onchocerciasis, uveitis, sympathetic ophthalmitis and endophthalmitis; chronic
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surgery, organ transplantation surgery,
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i schenLa. I n one enbodi nent, the 1schem c condition
is i AT9MEPY- or tissue that is exposed to a reactive
speci es. In one embodiment, the inflammatory condition is circulatory shock,

sepsis, systemic inflammatory response syndrome, hemorrhagic shock, cardiogenic
shock, or systemic inflammation induced by an anticancer immunotherapy such as IL-
2.

In one embodiment, a Pyridyl-Substituted Porphyrin Compound can be
used to treat or prevent an inflammatory skin disease. In one embodiment, the
inflammatory skin disease is contact dermatitis, erythema, or psoriasis.

In one embodiment, the inflammatory condition is in a cell or tissue
that is exposed to a reactive species.
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arrhythm a. 1I'n one enbodi nent, the cardiovascul ar

di sease is i n Iaosesmbasimentadysidyhibstitpted BormpbyanCerypepnd is

[ CAChANRIRRECH R, my8ri) 2ONAL0R The BETIRRAOME Al on

5. 4. 19 TREATNVENTS BB ON OF DI ABETE

DI ABEFHIG f@@mﬂ@@n@wr}mm dy appthey emba@menfe the feperfUSlon results
conpi daﬁ%&éc‘%ﬁilzﬁ AkaREod 1 ed or prevented by

adm ni'stration of an eftective amunt of a '
Pyri dyl - Su bst i It1 thlednlﬁhﬁmp(tm rtheweafusionmgury iy prosygshation injury
g:j?nbﬁltsg m m su g I‘PCU ny\eloggaglitr%ﬁ%ﬂ ?%E oggu&gry

Pyri dyl - Su bst |Ih mhedn&mimpw rthmor@hntmmpidm:amqu crtdiac fpartsplantation
are not.. limt to. Type | diabetes (Insulin
Depeﬂﬂlé‘ﬂ?eylﬂag z‘iné Ofeliitus), Type Il diabetes
(Non-1Insulin Dﬁfaﬁ(ﬂﬁﬁmnbaﬂlﬁhﬂtt the ofdah lrahispiantatige Sthadt onal

25 pancRemplEa0ps Si5ey Taaavi. Rl SRtPlig ot R AR antaton.
endocrine disg @ﬁ@e&&&rﬁerﬂ,&h@éﬁ&fd@@nﬁmﬁ%}ﬂﬁfrﬂ!ﬂ%ll or tissue that is

acr orregaldy, pheqchr onocyt oma,
exposed to a reactive species.

5.4.11 TREATMENT OR PREVENTION OF AN ISCHEMIC CONDITION

An ischemic condition can be treated or prevented by administration of
an effective amount of a Pyridyl-Substituted Porphyrin Compound.
Ischemic conditions that can be treated or prevented by administering

an effective amount of a Pyridyl-Substituted Porphyrin Compound include, but are
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di abet i cO5.4/TODERFATMENT OR PREVENTEINOF A 6SERIDVASAIILA B DITFASE
hyperlipi dem a, hypertension, syndrone of insulin

resi stance, cok garéipyasaulateiigta@ios@hseeat@i @lpeaverged by administration
neur gpat nt
di Seasaen el}}é:b ve a QP olflf’aq:g/?hgySubalté % Hlﬂil)gr Co ?{ion
neur opat hy, ar(g:rmpalshyar diseasds thayapht hyatecaasrd)reneefcd by e

O i B e AU SRR
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Py LSl sl R PR RS P Bk ppcerdio ofageton.
si deakf { diadirtyante suahamaid abalkitioh, Haprd eridalir tadhyvardia, atrial
not 30 limted to, nausea‘g vom ting, al opecia,

nyel Butisrpadparosysmal agiabeehycarfiayr opat hy,  headache,

pai n, dry nmoutihondBHbdNim&aH8Re cRRBRsEBATINGasS IPPERES! Athythmia,
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chills, |eucopenia, thr nbocyt openi a, |ethargy,
nephsetraseniicelpr taghyeardia; aftialyflutterpspatoxysstsdatrial tachycardia,

hyper gl ycem &, 1, ade REQGHER! the éadiovdlo dﬂﬂ%ls%mqgﬁézﬁ%llure

t he cancer chenot herapy conprises admnisterin

pl at i num basednanethenembodiagetthe cadipurgilaydiyease ﬁéalloon -induced
present fnyenti S [reating or

o cvaner b AR QgD URAS 3o AL OPreh bl P21 | 201 on

of a pl ati nunnlbastbet embbdlhwnbtheagx@myascukamhsqase isgcute heart

o R R ML LS B s g

ConpadicychthiShade: faifur€ @tcsholic heart failure, or cardiac arrhythm1a.

In one embodiment, the cardiovascular disease is in a cell or tissue that

is exposed to a reactive species.
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Pyri dfféctigemoint of eHerhl-fsmsntutﬁd P@mhwunl f@mipgunds include, but are not

adm e { .

o ov ISy eSOl rRpOREH o sRATRR) 1ibp ] isbecs

TREATNGNT DR I%mbthhRADgﬁTamlldNDbﬁEDn linddluRypathy,
.can trea

er agf ﬁ‘ft t%sor§§ull 6oﬁn B%nc{ea{l(y giscase, dia glabetes resu(:fttlngot]rxon'13 LGRS crine

an e
Pyr i di)séaséiwnslt ad Quisbilg RSy pdryine, racfamegﬂy,r}ﬂxeodlmorm@tm}aect .

es of aralalonlnduce ur reatabl.e or
o1 ev ERCaT Mo g THBtEPRL Ao RErralio RS AR Hisance
ar e ewidrdnhd)TTleoB iBulirtiRsistaite 8 ytidaéthé lipafophjcndiitetes, and diabetes
as a_cerebral syndrone; a gastrointestinal syndrone; a
hemaiperddyiRcdliptifone; acute radiation sickness;

pul nonary fib rﬁﬁ'F%rndx}l%’béﬂtht@J‘P&{)%ﬂ @drﬁpouﬂ@sl&raﬁ ra@t) by used to
nausea, vom ti ng; opecl a; pal n, headach e, ESOE ag eal
1

Stri @p@}roépregaémdiabetm ceawplicatigni Bxammes of Giabefe ropiplieatigns treatable

and ,
e PPN b 85075 SO0 o R4 e
subj @emhsmsﬁompmri inciluge, tup ke oo ligiteshepliahetic ¢ aﬁaract glaucoma,

adt aldnBfh n%ﬁ%h\l@a%ﬂ}g fad r]l%?oa?q{n%%g%&%}l@g diabdlic

anot I'S an exa

r adi aeplmpathyaj lpobrdeumpalﬁryy ganigeene b’éthp feey atheristlerohe cayomiinnayterial
to the prese i.nventi.on. Th ri.d ub

Por DHVFF‘P Sg, TR e ed ﬁ‘& nagplesea Sng%he?e{ ' ?r%lscemc’ E h ?s%méar coma,
byst andeteuhgpathly untdnomicueufopatty,a skmcbr atucous-mmhrmmobomphcanon
injury duri 5.admnnistratio apeutic . .. ..

it b Al FO S reRA i e ABGFTbless inpidish

eX pogiab&icefunibsiily), aGkripiral vascular disesase, hyperlipidemia, hypertension,

syndrome of insulin resistance, coronary artery disease, diabetic neuropathy,
mononeuropathy, a foot ulcer, a joint disease, a fungal infection, a bacterial infection,

neuropathy, angiopathy, cardiomyopathy, and erectile dysfunction.

5.4.14 TREATMENT OR PREVENTION OF A SIDE EFFECT OF CANCER CHEMOTHERAPY

A side effect of cancer chemotherapy can be treated or prevented by
administration of an effective amount of a Pyridyl-Substituted Porphyrin Compound.

Examples of a side effect of cancer chemotherapy include, but are not
limited to, nausea, vomiting, alopecia, myelosuppression, anorexia, neuropathy,

headache, pain, dry mouth, mouth sores, bone marrow suppression,
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i nj WAnptmeT pecatidagudsy bytag ot figtediie.sisplafingreoplgHinapenlatipyand
t hat ,Lhg.Gbj ect is receiving for the treatnment of
cancer. In one enbodinent, the injury is induced by
radi ati on froln ene epdodiggnt fecprcsr ehemetierPy coraprises
I ngesi Rdn%i d%%%hﬁi%&: I'n one enbodi nent, the
e

radi ation-1 nduc Injury is in a cell or tissue that
i s exposed t olma spseifit embodipenti Byridyl-Jubsg B amierT Compound

PREVENTh i ea 2N el BY R0 AR oPREAIRBR SE2siAPE RS
for treating or preventing cancer, conpri si ng

admi doxstubicimg t o0 a subj ect in need thereof an

effective amount aof a Ryrj .- Subsy i ) r .
Compound. - 45390800 poR b SRR Mibin
Exan@émsouad iscdmdsstsred toeedubfelian acedmf ereatnteatdr @raysntivg of heide

Pyri dyl bsti.t uted Porphyrin Conpounds include, but
are %%ft?%l%mp ay to, the cancers disclosed belowin

Table 1 _and met ast ases ther_eof. TABLE 1 5 Solid
tunors, 'Sﬂﬁlsupﬁﬂgrwﬂzﬁtr an}ilEl’l!ll‘ml&ggFR%DIATION-INDUCED INJURY

A radiation-induced injury can be treated or prevented by

administration of an effective amount of a Pyridyl-Substituted Porphyrin Compound
to a subject.

Examples of a radiation-induced injury treatable or preventable using
the present methods include, but are not limited to, an acute radiation syndrome, such
as a cerebral syndrome; a gastrointestinal syndrome; a hematopoietic syndrome; acute
radiation sickness; pulmonary fibrosis; radiation proctitis; neuropathy; nausea;
vomiting; alopecia; pain; headache; esophageal stricture; gastric ulcer; radiation
pneumonitis; and cardiomyopathy.

In one embodiment, treating a radiation-induced injury includes

increasing a subject’s survival time following exposure to radiation.
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ovarian cancer. % %hggﬁ%iﬁgfﬁgg QRha easa%gﬁglkeépﬁn

st onach cance can
CcancproteStinebBtaades Bbdlthg Akt Mok ra&5t1&iﬁmélhced éljiry during

car 011 ncl)lrnrgtrat%?l% ?h%?arpgllltlnc%a atlo‘?lweat gland carcinoma

A radiation-induced injury may result from exposure of a subject to
ionizing radiation from numerous sources including, but not limited to, a nuclear
weapon, such as an atomic bomb, a neutron bomb, or a “dirty bomb;” an industrial
source, such as a nuclear power plant, a nuclear submarine, or a nuclear waste
disposal site; a diagnostic or therapeutic medical or dental application, such as x-rays,
CT scans, external radiation therapy, internal radiation therapy (e.g., radioactive
“seed” implants used in cancer therapy). The injury might result from an accident, an
act of war or terrorism, cumulative exposure at the home or workplace, or purposeful
exposure during medical diagnosis or treatment.

In one embodiment, the injury is induced by radiation from a nuclear
weapon.

In another embodiment, the injury is induced by radiation from a
nuclear power plant.

In still another embodiment, the injury is induced by radiation from
radiation therapy that the subject is receiving for the treatment of a non-radiation
related disorder.

In still another embodiment, the injury is induced by radiation from
radiation therapy that the subject is receiving for the treatment of cancer.

In one embodiment, the injury is induced by radiation from a
radioactive material that is ingested by a subject.

In one embodiment, the radiation-induced injury is in a cell or tissue

that is exposed to a reactive species.

5.4.16 TREATMENT OR PREVENTION OF CANCER

The invention encompasses methods for treating or preventing cancer,
comprising administering to a subject in need thereof an effective amount of a

Pyridyl-Substituted Porphyrin Compound.
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cell carcinoma 45 hepatoma -46 WO 2005/097123

PCT/ US2005/ 01Q167 . bile duct cin J: I,
sem noma  enbryon S%%?E?ﬁ%%%-§EVVPﬁ§a“?ﬂ§%?£§@é?$|§a|
c ancgubstituted Pofphytimompourkle icludel|bat are aotdemited i | the caetdrs

| ung,.car ci,nqgna . bl adder. carcjno | ung cancer

epi t HagToss g'ggY"d? i%ﬂ%ll A PERAsER {hSrqugst oma mul tiforne
15 astrocytoma nedul | obl ast omaBLErani ophar yngi oma
ependynoma pi neal oma 20 henangi obl astoma acoustic

neuroma - ol 9a& 1A AMAEIR not timited to:

fibrosarcoma
myxosarcoma
liposarcoma
chondrosarcoma
osteogenic sarcoma
chordoma

angiosarcoma
endotheliosarcoma
lymphangiosarcoma
lymphangioendotheliosarcoma
synovioma
mesothelioma

Ewing’s tumor
leiomyosarcoma
rhabdomyosarcoma
colon cancer

colorectal cancer

kidney cancer

pancreatic cancer

bone cancer

breast cancer

ovarian cancer

prostate cancer
esophageal cancer
stomach cancer

oral cancer

nasal cancer

throat cancer

squamous cell carcinoma
basal cell carcinoma
adenocarcinoma

sweat gland carcinoma
sebaceous gland carcinoma
papillary carcinoma
papillary adenocarcinomas
cystadenocarcinoma
medullary carcinoma
bronchogenic carcinoma
renal cell carcinoma
hepatoma
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glioma

glioblastoma multiforme

astrocytoma

medulloblastoma

craniopharyngioma

ependymoma

pinealoma

hemangioblastoma

acoustic neuroma

oligodendroglioma

meningioma

skin cancer

melanoma

neuroblastoma

retinoblastoma

blood-borne cancers, including but not limited to:

acute lymphoblastic leukemia (“ALL”)
acute lymphoblastic B-cell leukemia
acute lymphoblastic T-cell leukemia
acute myeloblastic leukemia (“AML”)
acute promyelocytic leukemia (“APL”)
acute monoblastic leukemia

acute erythroleukemic leukemia

acute megakaryoblastic leukemia
acute myelomonocytic leukemia

acute nonlymphocyctic leukemia

acute undifferentiated leukemia
chronic myelocytic leukemia (“CML”)
chronic lymphocytic leukemia (“CLL”)
hairy cell leukemia

multiple myeloma

acute and chronic leukemias:

lymphoblastic
myelogenous
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( 2 O0shkcohR¥dss) reﬁélQeﬁ?}armh@tﬁ@tshkll $elBluﬁg céﬁcer\/ héismArdell hegancer,
to liver carcinoma El -Serag, J Cin

Gast fesiisylag e@icey E]@é%‘ C%ensbrzsst StnspY hepf. s%zeoé)can%ﬁaﬂvapan
cel |l .Jgstkem a virus (HTLV)-1 can |lead to T-cel

| eukema (see e.g., Mrtreux et al., Leukem a (2003
17(1) : 26- 38), Insthenosher prabedimeni. the subipctinmershofdreatmes

to Kﬁl‘wﬁhslf uﬁﬁ'f%ﬂ Eft: f01ecagcer ‘Pév%us @eatmegé liﬂ'clude but are

Opi n" I nves 2002) 74 9), and Human
| rmun@t lnmfedm @nelychmn srapﬁlrwationft@mmwrgqmmlmnbw@etaey, such

cancg;cg$¥g&gﬂg§nt as a consequence of

i mmuno Icrency (see, e.g., 30 Dal Maso et a
Lancet Oncol (Q@G‘syld}d(sm)stf_ttltad BYrphyFimeCompounds are also useful for the
Pyri Substit uted rin und n

o BB ER AR e SRTROUPE T Py e pitoms
i ncl wichisrgn Ihaatl tmmrvxbal mrfcedsd¢epe. p hHememdee-evila lei @t, ddchiives of

conaiesaC erst 087 Epazt o BRALER) () an lead o

\% oghydghoma (dee, dfgemrﬁﬁe;na ebdl., G@a«hel/r(zooaj 1992} 140u8)aliepatitis B or C
ere. non- - 2005/ 097123 P us2
neopl &R k‘@@ 9 I 6HERODY FET 18- % Ssrfagﬁ\ﬁ% %?Sggflgeml (2002) 35(5

met aghspt RRS7208), Mltsdn Pyt 1ba4éh@er hms (Hqiwpt a@l 1aadhasr cell leukemia
occurred (for review_ of suc %
condfs€s 88s Mogté@xFqbﬁlblIﬁgkemla (2003) 17(1) 26 3%), human herpesvirus-8

infection can lead to Kaposi’s sarcoma (see, e.g., Kadow et al., Curr Opin Investig
Drugs (2002) 3(11):1574-9), and Human Immune deficiency Virus (HIV) infection
contribute to cancer development as a consequence of immunodeficiency (see, e.g.,
Dal Maso et al., Lancet Oncol (2003) 4(2):110-9).

The Pyridyl-Substituted Porphyrin Compounds can also be
administered to prevent the progression of a cancer, including but not limited to the
cancers listed in Table 1. Such prophylactic use is indicated in conditions known or

suspected of preceding progression to neoplasia or cancer, in particular, where non-
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11T BREIOY BFm bPhdRRIBlak R bell 3RFNth, snvmlﬁ%ealoéwrigdmaua ba&i

cervi X, resplratory passages, oral cavi
bl add@fonmwllidemﬁbﬁ drehitegtupl ovigntatian f slim Pbspﬂaﬁec fﬂ%égémhzave

of ARnRARly 168, 'degglg%me&nma%s kA B b RIRP I3Sidsia
et apl asi a, ysp aslia, the presence of one or "'nore
char elowssteristisaly opfurswherafistesKists ¢hyshisrioitaties or inflagnagion, and is
mal i { Vi

e PR IR SRRk ot Sl s

can indicate tAki@rrdi@agq:ly abin| a|dt11ylon tofthe presence of abnormal cell growth

FF){/ ?P ya:ra_aC L %(%{ aSrlle ! rgﬁ%é IrI% f@) I&%%@Sél? Qheéjr%%nce of one or more

char alﬁirz&tdnstldsaﬁ a uﬁnsﬂomfed Iphérmtylpie,d)r phzmaligipet pheodtyebe displayed in

nmor phol o n | ooser substratum attac

o5 a7 SEHRIEER A Wk BY § R rer PO B T SUReR PR G Cae he desiabiliy
depe Gﬂ}ﬁﬁﬂ@lacﬁf/ﬂiee@&ﬁlcraﬁinﬁﬂﬁﬁtlon oty BaileSubsgtated Porphyrin
transport

of 1 EPBPoind: SGEnaaglegsishob GHETBN Do sy Ibe: BaATORe

cel | chdabésaBse betis@htim attheHRRnBIE9of dbntact@hhiBition,8dss VP arfcBbrage
characteristics associated with a transforned_ or

mal i §FPsAtenph @Fﬂﬁ?aﬁ)@)‘easq, chgpage'géggafr fransppthslgereasse serum requirement,

| eukegrédion of Rt 8Mtighs, BRAGREMME of IERSH,PO@ELIiof c&I surface protein.
dysplastic |esion of the epithelium or Bowen's

di setssealsqidoat en- §tiPh forsharagrersticassegiatedyvigh fBgsforped er
| esi QR ag hefidpd)e treated or prevented according to
the pr |nvent|on -49 WD 2005/ 097123

PCT/ uszoosl 0101 @Zpecifie camhodineant, daviserltlrid atbenigh-Bpreeyag i c

di s eﬁyc'&nﬁ%ng ot dﬁ}gﬁgtﬁccleéq(yrpcﬁ{tﬂé é?)‘?thélum, or Bowen's disease, a carcinoma in

situ, are pre-neoplastic lesions that can be treated or prevented according to the

present invention.
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manmary dyspl asia, particularly adenosis (benign

epithelial hyperplasia)) that can be treated or
w@e@geytiexl according to the present invention.P¢TIUSINE010167

enbodi nents, cancer in a subject who exhibits one or

nore of 5 the f ' . ' i-ng: O Sk n lasi

mal i gnancy caﬁngg&%%e%ar{%g%]g%ggg%r‘%gﬁbg? lrsgaa?slggrﬁé"’ocfy an o pastd,

ef f ectammarpdysplasiaglartzulyly adaposiS(Hesigh epithetal bypeplgsia)n that can be

Compound: a chr sonal ransl ocation associated with

a rra?ff’%g%%" ﬁvelégg??co?kﬁ%g tﬁkl?ﬁ EGEIRY Yeggg?ir onosone for

chroni ¢ nyel odendies ethsudireenty carcet it h4ntjédt whoexhibits one or more of

5 oy na B0k PO R > eE R oo T ppfaion of

10 Kiansfiédhivivirbur of SPyrilyh8wbstiited Foggh§ et Compound: a chromosomal

precancerous di sease .showi ng a Mendel i enetic
P he Pt st vl e tsant £t R aisG Bionidyame for
C o: 0 emgﬁia rn_ﬁ’ﬁﬁfgéta%us feyiRehii@ BEY(14) esgefﬁ fbﬂil‘ct;(laﬁlyﬂ@hcgﬁd; $amilial
ol yendocr | ne. adenonmat osi s, nedull ar t I ol
Rar & PRBTRFTATGH | BPEOPIobRaT TeAIogRAl eammopathy; a first degree

10 PheoghiRpRaHIRABns }B@M%%'céxﬁﬂh&f@ecaﬁdéi’&fs Q@f¥Base showing a Mendelian
neur of i bromat osi s of Von Reckli nglhausen
¢

ret i ResBPEL irheRtaneeaaBem e odyniles pelypasts of dgcaloa ogrdner's

el aRACRdhd, ROBitar) BldsRGE WoBendBRHAN A6 HABG  Bhedullary thyroid
xer oder ma prgnent osum at axi a telanglecta3|a,

Chedicaikinping adthiamyimdiproduction pi] pliegehrormegytosi, Pentz-Jeghers

apl ast ) ( .

P A Ll it et
15 ex poswma, ¢utanseysonglagearsinoma,gniracsuiaikinglanocaraomayxgrageingn

of ti : 20 . 5 . o .
o o RIS 0 O B0 AL B, M, fnor
Por plapkitic angGoiapodRisomls gyndhmer(setRubbohs tud AngelinBasic Pathology,
23 gjr ﬁi%— 1 E %Q@%‘é;/l\e??é)a Frﬁcﬁ%{ggs:u?é %%a;tg?noggn%?es. é.; smoﬁ((i)tlg? fhd inhalation of
THERAPE AT cGh PRER LB LM THefdicAM NI STRATI ON AND

COVPCSI TI ONS T | NVENTI.ON. 2 to their .
Wactivity, t he%f’iggﬁfl SP%‘E%?W@%‘%%’%%WH‘%&&WES&’ﬂa’ély““
ar e WhHrpdhaBaeiliinistsred t a huinanetEedt Rapigvenn froptesdch to breast,
medi ci{ge. As descri.bed above, the Pyridyl-Substituted
Por pli§PPVeRHp BLITHE % rd tisef ul for treating or
preventing a Condition in a subject in need thereof.

wh en ?/g' Ii;ﬁnﬁl Esgtg.egigﬁdgéﬁj%g%yﬁggﬁg tD %[t Q:&#;%QN ﬁ%% Cg%;OF;IONS OF THE,
Pyrld - 1 Of pllylll o,

adm ni stered as a conponent E Tlgg.rposi tion that

conprises a si ol 0gi ca t i er.

25OTPT) 205, 2 PRUS LA 1 S5O RL 5y SR
Pyr i dylantigbatslytustfatinRotephary hinl Kuomgpourdebinec avs degeribed above, the
adm rﬂyﬁﬁyﬁfs%gst%t‘é‘é i’grbhﬁlSrlOCompounds are useful for treating or preventing a

Condition in a subject in need thereof.

When administered to a subject, the Pyridyl-Substituted Porphyrin
30 Compounds can be administered as a component of a composition that comprises a
physiologically acceptable carrier or vehicle. The present compositions, which

comprise a Pyridyl-Substituted Porphyrin Compound, can be administered orally.
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WD 2005/ 097123 PCT/ US2005/ 010167 The
Pyri dyl - Substituted Porphyrin Conpounds of the

WO pwsneiien can al so be administered by any ot er/US2005/010167
conveni ent route, for exanple, by infusion or bolus

i nj eghd PyHd pgu Bﬁ&rdgio'rg%g‘nh bl{)glg&h]dg BE b ﬁlv‘eﬁion%xé also be

nucocutane I NI NgsS rectal
i nt esdmlnaterqdlko'o@a)btmrr@nwnem eoutedl it okarpde. &l infogjen preyolus

W t h ? #%& a£’§0 t%gltﬁr%s%/}yetpﬁhqu J) cggnﬁ{ﬁeov hnlréﬁ? éeg oral, rectal,

Adrmi ni emc or
del i xm;hytestyat mmsosa)ramd ckmbnmlmlmstgned t@adnalp\smh artotlen biotvgically
5 la:,]gos Clgre] a a‘g ar t gn C%ISI ’bws ermog gplfs)g ag%arﬁclaug{%igll’lxer}g Sﬁfstems are
i ncl kigkeyn, bgt, eﬁtraﬁsulmion Im lipdserdes) micropattickd emivedcapsules, capsules, and
i nt ramﬁ? g ¢ $t raperitoneal, intravenous, ocul ar,
subc AR ESNISered  anasal , epidural, 10 oral,
subl i ngual | Métﬁ@caroebarﬁimstrhumnnwa@i, Buitlare riot aﬂﬁ:‘tdcefo[’rﬁukradermal
rectal nhal ati.on, qr topical, particul arI 1i
ear s“‘tﬁz}{!i‘é}%c aé)}%%ape’aﬁon%%‘ﬁt’avli “écﬂ‘ﬂé a‘P Aeicaipeays, iftranasa epidural,
10 adn Bia$ biisink@d), inMddetebfa@Shtkadvaginal { h@sdeah8a&6taD by idhelation, or
Pyridyl - Substi tuted Porphyrin Conmpounds into the
bi oo&@t% apfticutpy %Beeeabsr, “%tsﬁrﬁyﬁ% St ?ké‘? i Briomg inspacesgpdmipigration
the disftat inQﬁb IQfeaJel'b? the gﬁ@ﬂ'-gdbgtﬁ%d Pdphyrth Ofpounds into the
enbodi nent, the bstituted Porphyrin
Conpblﬂ’ﬁ@ﬁéfe%ﬁleTh%l@ﬁﬁiW @préaraaﬁlawn;be quhtOcshqw@facretwn of the
enbo }ag@tmngl, it can be desirable to adm nister the

Pyri - Substituted Porphyrin Corrgounds | ocally. This
15 can be achi evdd on¢ embasimens! the Pyaidal-Suhstituted Rephygp Compounds are

[im Lé}hﬁng&e@&algpca! i nfusi on during surgery, topical

appl ication .d., in 20 conjunction wth a wound
dressi ng af t erlnsthegembodithgnts, ftjcaxbd desiratiby/torpdmrgsterftheaPyridyl-

cat h%ubs%tutedkisé)ﬁli)r[]eyﬁg%091f 0 df%%’cgﬁ}z n’{“hq%é/an%r 91?%’ fof 5xa le, and

nmean ant

non porbyuwsay of timgtetiat, by bmsl mﬁﬂ;len dmﬁng surmfyu Gblpn:gl apphcatlon eg.,in
anes.. suc

20 CorvarRoelipbarragee™ fefinteu Rash Blie Bl preatuasvee:

t he By meaksl of a 2bpposibsY bi enemd, by pleynd of aﬁdmpl@mnmd 1Irn’pllant being of
the central nervous system or lﬁ str,oi.nt es nal
et

by aRPOHS PABPEORD AT EELaTR THEE: L B BrPIEE Sioh o sialasti

I Nt r agleh®eambs, oaﬂgérgpi dural injection, and enena.
Intraventricul ar i nj ecti gn can be facl | itated by

n .
i ntravent ri cullBrertaip pabiments, it cay bggasiab %f"t‘%‘?f’é‘ﬁe ?‘SPﬁndyl'

25 I eseR\Rkifutedirphyfif RhpoITBYiRo tHeQEMFaY ﬁérbous%QstBH loPRRAbMtestinal
adm ni stration can al so be enpl oyed, use of

an A% apy shtable Bnts. JusludingatraveRtacHas i ﬁthﬁﬁai( tang gpidural
aer 0$Qldigh Agd BRERE InPlvetitulRahesInQBn bd'fadilitated by an

intraventricular catheter, for example, attached to a reservoir, such as an Ommaya
TeServoir.

30 Pulmonary administration can also be employed, e.g., by use of an
inhaler of nebulizer, and formulation with an aerosolizing agent, or via perfusion in a

fluorocarbon oar, synthetic pulmonary surfactant. In certain embodiments, the
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fluorocarbon oar, synthetic pul nonary surfactant. In
certain enbodi nents, the -51 WO 2005/097123

weEanseae95/ 010167 Pyridyl - Substi t ut ed Por phyP@Tus2005/010167
Conmpounds can be formul ated as a suppository, with

: I ?S :P%@g%ég%mqgﬁﬁ%ﬁ%{}ﬁe(?@ﬁghﬁgﬁé H? H)t%ﬁléﬂéd as a suppository, with

Pyr i draditiGudb bind¢rs betexeipigpisysnchnas@ogipcamdels can be

R i e

pr evemi beadeliadred inlai m;skenmspanmulahaehﬂasemapye b#ﬁnger Science

l( ggggéé ?%nl[%}z? %?ﬁbirﬁ Caﬁggrgy&%iﬁt tggsogneg’ in the %llserapy of
Pyr i diyfbcrioubBlstdsdupd Cheiep Byr-317 anﬁcﬂpesmdss&)an be

delivered in a controlle -relea e
sust ai ned-r el dBg&tang {%‘\(“jtt? Péfzgylgﬁ%ﬂ%ﬁd Porghyrin
Medi @:%anéﬂmS lc&obd MNSered 1nG0da>hfraleJd&é1eBe ls@Ee or Sis@Rmad-reléise

I 115-138 (1984)). Oh troll ed
\slgst AYSHaR SF@|e§a§é>0§§félt @ng%?aé éae‘s%réagn%%ﬁ%gﬁ%ﬁké\%ew%wm

10 Lang Q/B} 2 %gi eI £38949343p ﬂh@r@%ﬁtr(ﬁ}'ba %pausﬁéﬁfédbﬁeé% efdtendsiscussed

one ment a punp can be used Eanger Sci'ence
249: 115@7 revi3aby hanger Scigue 2691527633 (990) candre usgdo e gne

(EE 8 3 gﬁqﬁodzg%rét(a]é%%? oan BY! G&WL&%’%@J Si%nce 2@“1 Q?/t V53§ %l 9@@7 Sefton,

( 198@31?)C Chih ReinBioted. lﬁ?@bl;&i?‘ﬁdrh?Sﬁ,thwbwldﬂ #o Sﬁmem§§a§0§ (1980);
el At SARH LARD MR ARL sPRLIGHNN. RankRol e Rient
15 Bi oawalyimghic miateyials Danulge WRed toe MedediAgnlicatinns ‘V@P’UPW“W
Snol g d 1
I(\/El qggr aqg%? sé ﬁFs V%9wc(?%n?% {lecﬁ%ﬁ%eézo%ﬂgif ?&8@%&5' P]rEduct Design

et aland P&goreneee (3281ch90d Bi98dE),; 198 Roger ad Pappas, Aszzcromol

tm?gzh{?év_s.: Fropict 9%8%%1919%\/\?%%% 1 Bcincd228:190 (1935); During

emb oGt e Ditnn. ANVt zaa35|1e(d989q;rana ietvaideed: rJeNeza@mg VALt 10M1(1989)).

can be pl aced ro of a target. of th
20 Pyri dyl - Subst i ff‘dfgﬂ’oé’ﬁ '})/(idl‘lﬂent&‘i fdrPr s‘ésmd"ed relgase system
SpPi N@hn BOP1E¥A in ﬂbﬁiﬂlﬁty of KitdigetloBihg PytidiSubsdingbdPstphyaal on
? I ac %g{?ggllf gieﬁét tlgg gﬁlgé{hrcglcl:lglaslégllfjlswr eg.‘.ngl ;tb}rﬁ]l%idonglu}é ?olon or
co ”p%ﬁétfdnﬁékﬁnﬂ%ctoﬂﬁlé Ry ofl9 AlFak S oF tifcFybtamicRiogsount
5 a pharmaceutically acceptabl e ex0| pi ent sQ as

to provi de the hed%r%ﬁempﬂwpﬁm caryeption?lbt GORPFisH? $ustablg @mount of
25 Subj %?:am%‘é%cﬁ%cw dxeph en?@i)cds R S&Sme AR TolEfor proper

l'i qui such as water and oils, including those of

pet r eimimstration teghe subisglet abl e, or synthetic origin,

S.UCh as peanut iucﬂ'p&mml%@ @ﬁ%x&hlents mrlﬁl:uldg'sluch a5wAnd oils,

oil and the Ii rmaceuti ca plents
including those of petroleum animal, vegetable, or synthetic origin, such as peanut

oil, soybean oil, mineral oil, sesame oil and the like. The pharmaceutical excipients
30 can be saline, gum acacia, gelatin, starch paste, talc, keratin, colloidal silica, urea and
the like. In addition, auxiliary, stabilizing, thickening, lubricating, and coloring
agents can be used. In one embodiment the pharmaceutically acceptable excipients
are sterile when administered to a subject. Water is a particularly useful excipient
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30 can be saline, gum acacia, gelatin, starch paste,
talc, keratin, colloidal silica, urea and the |ike.

wo pooadefited on, auxiliary, stabilizing, thickenirgr/us2005/010167

5

10

15

20

25

30

| ubricating, and coloring agents can be used. In one

enbo bify i & RirfthSust
arc SEFE PR SIRARECH AR dorRERER ARG ARhousy.
par t Bdireaplutionssipl adueensadepiresstand Blgcandd s@@u@gmmﬁ aBgbe employed as
PCT/ JS2005/.010167 .. th -

Por phé 9 gxcd.%lex%% lﬁ)n cu ar?y mﬁ?clt:%ﬁgersg tlolﬁst %gl&glﬂ%hﬁﬁ%?ceutlcal

Sal i a:eclmmitmlsmmslumdaralqghmu& detwte; apeosepdlaghyreat, oke, flour,

sol utj ans..can a exc

oar ¢ P S Bt ooy el ) Pnestra et A b Rae,ariea
phar sEmanilk, @chrol&‘pfiﬂpplleﬁd’,lfgglcal wotet, Bthhnud @ndsthativé, The present

gl ucose, lacto ,.sucro elatin, malt, .rice,

5 ch g?rﬂposgopf» eéléq , C lf tgpélgp%rtaénouais)?g gptgpg or emul'fmfymg

mnosg@@ra{tlﬂ{bﬁf&lnggag&cy um chloride, dried skimmlk,
glycerol, propyl ene, glycol, water, ethanol %nd t he :
like. The presEIRPresew ipBRINtiognsan take the lyrmof solgtigns.gugpgnsions,
cont ainfisioh\@ble RPN bl1eRS capBilitd, Bps@bs mthirihd duidd, powders,
agents, or pH buf f er i ng agents. The present
conpélssmeérrgle@,sarﬁomwl@éw% gippetiteries e@biow afresols, sprays,

SUSPERBLRMRs, or My &I SinPRitabI k’(lr%"seS In Qﬂel dntbodfftint @b Semposition is
capsul es, capsul’es contail nin powder s,

sust i thefrmeif e sapsuledremalgalio stent&&p éé§8 11 2Pi Osher examples of
emul , .
ot hes B P o A S R ot PP aceuica
c 0 rrp Gsze»tqeo M47s167p pAIdrso Rotirmnafo s &k ail.d 9P Hemcerperated herein by
‘g at No. 5,698,155). Qther exanples of
U|ta e pharnaceutical exci pients are described in
Renmi ngton's PHa romacmbndimmt tHePySdyleSubstituted BFphBtoCompounds are

her By e ERap Bt rouE redi i ompa S f5Ek Y oral

Pyr i dyhinSthtidn to itv@an BRengshYompogibens detrudal dalieery can be in the form of
fOHTLH? ed in accordance with routine ‘%roce ures .as a

conp&YIHS BHenEIBHREUT B oL PRIPEnSY AP EY TR 61 STt REh

bei nggpsulel) FPagd, bi Qﬁéirsff(ﬁrexﬂﬁ@b dﬁillly\a&lﬁiyusﬂéiéd m;iombﬂrseban
formof 20 tablets, iZ ueouys or Oi

s us pEPRFIBRES SIgRefh i, le, SWesieTiag qEgas Su%laﬁ?aftg%e

SYI UR§partfthe 61 da¥dhhasin; ff@borﬂi@%%@ﬂt?suc@'a@bép)ﬂexﬂﬁﬁﬂ il st veinRebreen, or
conpositions can contaln one or nore agents, for

exanphaTy; SHREEARERE 280 BIFLViSE ageniss torpreidepgharmaceutically

aspaph3fible %Fep§1%ﬁ§rh aVtbRover AR 1&1"!&)]@%%?& 1o Gtk c%ﬁmosmons can be
erry col ori ng

pepperm nt, W nte een
agen pgatechtn @eby ég@,te\grqﬁlgn @fgqhsgxpth)rbmﬁhq)gﬁs@@mgstmal tract thereby
ph ar eg@e sladhed §ctﬁ? %radnleﬁteg e@%@ﬁ@& 6fQHne MafERW ‘?}r%ermeable

V\,her I n t or o] orm e conposi tions can
coat edmtbmande#swunﬂlsg amt esgotical yrciyedirvingar ByridplnSubstitptgé Porphyrin

gast rC%n{B%l?ﬂSdt Arg]gllso LiGGt fc;r%?arll?/q}immlstered compositions. In these latter

platforms, fluid from the environment surrounding the capsule is imbibed by the
driving compound, which swells to displace the agent or agent composition through
an aperture. These delivery platforms can provide an essentially zero-order delivery
profile as opposed to the spiked profiles of immediate release formulations. A
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provi ding a sustained action over an extended period

of tinme. Selectively perneable nenbranes surrounding
wa@eoseymbs cal |y active driving a Pyridyl - SubstPeTIUSmH05/010167

Por phyrin Conpound are also suitable for orally

adm rimstdelag that@iapash ks gip:rol Inonbétesste baglyerol 3fdarate can also be

pl at f fluid.fromth nvi ronnment. surroundi n

Caps i DilicpEpBitm gon e S gR < CBIRDS G o AR tose,

swel kﬁrchomﬁignéﬂhlﬂ@%aia&?scﬂg&m §ac&fanﬂgﬁﬂﬁlo§bommhﬁa§nle§iﬁm carbonate.
t hr ough q) apertﬁﬁ These dfl [ veﬂy ti? E Qrms can
pr ov iGenesmbediment the PYapionts ye oF RRRFMFEITPLE e prof i | e as
5 opposed to t hQn%Q(btK&dmmb@ﬁﬂehﬁﬁe Bridy ﬂmtlﬁft@l FoRpiyaifi €ompounds

formul ati ons. -53 WD 2005/ 097123 PCT/ US2005/ 010167
t] rre%b‘l’eaffimi‘l‘ﬂ%té‘? foavm@u%wu%@dnypwéwai Tiirrllyy eepprosisiops for
9l ycefalerdb@MRhRIrARA cBnpRscRrildiS&onic SiRbusRHFRL SWhieNS
can include standard excl pients such as nannitaol,
| act Bewssarys thecemposiiass 61 alsn igelade polibilizing agnt. Compositions for
sacc nﬁfab&ougﬁxﬁlwsﬁﬁﬁm cahl gptmﬁgﬂﬁﬁbluc'f@ £RENRARR i sdch aQﬂﬁlocame
enbodi nent the excipients are phar maceut | cal grade:

10 5 | ntalsese pain eribositernd the inketiony ﬁedwllﬁmsvgr@dméﬁare supplied either
Por p t f i nt enous
adm Eyﬂéta?eé {)ﬁ%&%;%geth&qﬁ ugl‘tedésg Jgghﬁlfgﬂ%xa?lglre, N Y
i nt r dxophibiasi- Mﬂenoswartatfre@ mommmmtq: e hetraetickldy $egled gpritainer such
aquequs buf f c o1 CAN: 3.1
al so® ncertrl}llalle %r sg%_ﬁvégg %filcatlnrggﬁg @Ia% ity o?:gctﬁfg og\glg{ésdrle %dyl
i nt r Sulsstiousd }aﬂmmmﬂmabumis aceain be pdlmmrswlrédjoyl mfulsuonl,eth%y can be

5! ocal t 0 ¢
15 0 HisPETes MR reay o8 BANE Fopteiyhe R PRAmRRcal
I Ngr gehide Mater ai Aalisd) p\phetre theGByhBﬁFSubﬁBﬁlﬁdl Bbmhgymo@omp(madis are

together .in unit, dosage form

|y op iR niecb Bt isr g S apiie bt udic GHEaRT Fisefon oF e can be
her mptdvadl sy tha ek adred@ntsthiBE mHde Priots admindsifatibe Or
sachette indicating the antlty of @Ctlve agent

Where the PyriHhf |Pyﬂ§z}b§1b tited BOBBYIHHY PPRPURSH I8 bR ddmigisiered by

20t 0 b@omfbMedieid8¢ HkubYinbd fdikabPMeant BEYy dciferh @evides that are well
di spensed, for exanple, with an infusion bottle

cont &Nemtp tBese of PreimsRaskithindhn are dixamgles i udgttw arg not limited to,
sal i Ryse YABHKRALAT. ﬂaﬂegwmossy @435 ﬁo §,9¢k £9¢ BBYS BEY; 3,598, 123;

Conpounds are adm ni st ered 2& ection, an arrgui e of

st er i41098:4d2:; Ss67# 383 5rﬁ5é’c59§oﬁa5%r76§ 1206548 a0 Fe543p 5 639,454

SO t I h

St B ARSI AR A B Bty . o

25 Conpdausigs fams chebeaed toipsevedeandntyglled20r sustained-release of one or more

C 0 nt I r
Vgtlg\‘feig%&ﬁé& st?r}%aror%}(la%nﬁé Wl?&iroét%gm%@gp%ﬁﬂﬁ)seo }Qy polymer

or d| mmnyces,lge]sl parmeztbﬁaananbraneﬁxcamphe systen) mulle;laybxutoam@,

not |i.mt rg se.desrbede% gt ent, Na

3, 8487778 %4“9 !L%"SQ%S’ micIEpReIsH gF a gompgatipg dlicreofto provide the

4, 008lesikQ reléaséd profitedn varying plopofivns. 5Sib@ble ¢6ntrolled-1620, 548;

5 07%us?eﬁged-rglegégforégu?dtions known to those skilled in the art, including those
described herein, can be readily selected for use with the active ingredients of the

invention. The invention thus encompasses single unit dosage forms suitable for oral
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5, 354, 556; and 5, 733, 556, each of which is

i ncorporated herein by reference. Such 25 dosage forns
wa@2mshogriesed to provide controlled- or PCT/US2005/010167

sust ai ned-rel ease of one or nore active ingredients

I ,
gs' ”%dmIn‘i’s&raﬁ&&PéE@Il s, bKI‘]YrIEIE HBItQ&’% tgﬁl%ﬁyéa «Is, %él&fs an@{:e{bgeﬁs that

syst @nfsadapmdl fqr Icelymllect}@amsmy&d-relmser opar t [ cI es,

| i posones, e r EH Breo

provi de t he gsqn? BodS eerg S",l ézontrocI I e | r%? 5ecf ease comp851t10n

pr op@bmprises a rrﬁmniahbh@ncmﬁ’ﬁ F}Oidb'bﬂibsmuteﬂﬂ’orphynn Compound to treat or

sust ai ned e f.ornul.atjons tp,those k|

5Ph°t e GRR Gaing MonBel A Gt B e (RaPEER of o or
r fead ishs}tmﬁc&i-@lkh@d:ofn@ﬁsrl]thkﬁﬂ invlide ektosded@ttiviey of B@rdewh, esdtiGed dosage
of t i nvent i on e .inventjon t enco S
S LA SR R L R At e
2005/5089idetBre Rask/ coiag didne Tahlfavorasigl ﬁfféldt HHeltidid cdnSdY GhaoﬁSn or
but not limted to, tablets, capsules,

I
capl @fher elpaacteritics, sughag Rlepd lgyelsfiibe m@ﬁ&%ﬁﬁmd Porphynn

10 SUSt WRRRHLAEL bAPSA thlsReRBSHE BRQRHARIYF advesRRideRkb&el- or
sust ai ned-rel ease conposition conprises a nnina

amount of a PyFemiiplledsop systaingdaelerss compesitioneeaniBialy telgase an
treat iint of a DL RYA %b&ﬁlﬁe@&gﬁyldn%rﬁﬂbuﬁd Fa i BRbt1PHBERES the

of tine. Advantages of controlled-

sust alpﬁ@diheéapéatyeor@mnhmlwtq edtest, arrﬁ:gr@shlelhemdem@wally release other

et et bt DBy A Gu S AHE A oA Ypol iR RN (APl of
150r shmmme@ prefhglaste ftffmwgr a1 temdedperiod wbtimp| Yo maintain a

affe f ' .

e S8 o BB B ALCo B e bty

Pyri d’yrhd)‘atﬂmbsntutad deﬁ’ﬁhﬁhgmpqund GanCenpleasad fromrtbe dosage form at a

thus re urren ef.f
cont 7B Pl PatiaBEhERY BB BBt E5Bound veing
init Ixﬁteibphieﬁll afd secraed fréi'mﬂwrﬁodpf CantRﬂIEd-dy lsushtitesitreleade @fl an active

20  her AMBHITE S SO o epREPOReHE Gk e FRurEe

cont gﬁf@%& Itf; p}ebm? 1ﬁ&diﬁferah&8ﬂﬂdﬁée‘ﬁtr§tfontdﬁ Qvallablllty of enzymes,
Pyridy ubstituted Por rin oun intain

t hi s PRsFafratipn 015%31&‘@}1%(;95 m\%'ire& 06%%6 PIHH‘;‘?I"&EP qongdifipRqr
overc@ﬁF&ﬁﬁgnded period of tinme. To maintain a

constant |evel of the ;yrldyl Substi tuted Parphyrin
Conmpoundi n t heTksgount ¢fdhe PxridyliypbstiytsdPorniyey ofpound that is

25 Por pRyeiive GOMR %%e%’ﬂ pI%@eﬁtl%In @25 edndificRahte dgt@ﬁﬁgeed by standard
format a rate that will replace the amunt of

Pyr i ¢inicgiesdniqpes de a%tpqylh yzrwltno OoTpa epayeqap gptionally be employed
net aIIQ Ilélé fi'ig%gﬁfﬁglrﬁg g@gn ’I‘]Ieg)r&%gﬁos QQ BL 519%1%9%1’6 caftalso

sust al nead- actlve 2 I ngre |.ent can o
sti mdemné@nbl}e 1pate iobadmivishationi ba timeiof the wehjeay’s lokposurgtto radiation,

Lim tg aIIIC{CImt ofCrIQ(ﬂQt%%Sth%tq sttject ‘%J“e%ﬁgs%ﬁ td, Br € WM Shthe

concen I on or aval I ty of enzynes,

30 Condition being prevented or treated. Suitable effective dosage amounts, however,
range from about 10 micrograms to about 5 grams about every 4 h, although they are
typically about 500 mg or less per every 4 hours. In one embodiment the effective
dosage is about 0.01 mg, 0.5 mg, about 1 mg, about 50 mg, about 100 mg, about 200
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concentration or availability of water, or other
physi ol ogi cal conditions or conpounds. The anmpunt of

wo bwsByrezlyl - Substi t uted Porphyrin Conpound t hetT/US2085010167
effective in the treatnent or prevention of a
Condi 1 ne j
t echni Eq u espﬁ&n&%é g&{t %m,nréi %ogystor%g'?% qg&ﬁ 6(\)/(|?J\1/1g ruggf’si‘tj%(/) g meg, about
can 8¢ mgmlvbht;ml eng Apiuby gchbotiol hglaboutdehs, iabqut d st g, wedut 1.8 g,
dosa The preci dos o
al So%o é g’bout ?Eé arbgll,ll ff&a% m6ﬁ 21 oqupgcﬁgxgeqhgﬂ & abc about3.2 g,
of t hlsousﬁlbjgemﬁous3 éxpadesut B8 t.aboadi.0xf atent 4. 21ghaboam)4u piabodt 4.6 g,

ect ed to

di t hat '
S sar; BteRRes gte Prat hEEmyRHRUR° BENv Sy Baeh{ Tay by adminisered
t r eabed . vasslistiakl periedSirdidivg bdosatmitadysiont eveovEN@iIts, about

cur 5 oG HB G gy ook B APy 8B g, abou

or | ety Beholy,@bdut 4vdtpug Bouré @b@m eve D HoUTE Abodt Beery week, about
effective dosag % i s about
a

, 0.5 bouyt 1
SYBUTV S iesks, abawsuery Hiyer wge éenngew%gn@saw%%out every two

10 200548, 2P E NP IRIQHIERE dediBbedafRi rek@o tm,l ambeH#
400 ngn about 500 ng, about 6006ﬁq; about 700
12

abourdmgteredy thagisolfimogohamene PapdylrSubstiuted Bepbyrin Ciorgpound is
abo u'éldrilnn‘fstﬁed %Q%ctgve QoShge MRS Jorn%slﬂ)nd tPRe H)ttal %mgulﬂ

about 2.2 g, about 2.4 g, about 2.6 g, about 2.
abouﬂ¢8m®“gﬁiabout 3.2 g, about 3 4 g, about 3 6 g,

about 3.8 g, aRf théPQ:Qd 1-80tutéh yriaRQipofindt 2tk admlmstered
thnf ey 306 Bty

about 4.6 g, 5 a _ every 4
15 hour $or pEeygntical of natradiztt@age@cmyhewyaldmynihsﬁ’en@d -Subsiigyted

vari ?Hlé\l}gﬁﬁ;@%rgﬁgdnﬁgéan e %hrﬂgﬁs@&ed Jt;é’l% (;r ch:sls %{g%ﬁioxt @ e)qlgosure to

abou r ours, about ever ours,
8 howmdéatioabAdmirgstmatign bRy bowpeatedad mgulaemesrry,algas shitcfarts above

about every 36 hour ut .ever
every 72 hour gi g%«amﬁddém%n?yan vbrétl dXse o% ? SI Sung%Jugd Porphyrin

we ek Sonmpbmidt is edmm;stetddr fecen waksS mnﬁiﬁe:sudi almuem;e }rmnpdrnr t@énposure

20 ot SRV TR SPUPTY BTG O gervals thereafer

adm gl |St er Sd Tﬂba’tygﬂfﬁlrSdbﬁtltmad Bortphy?lih @dﬁﬁpounds can be assayed in vitro
Pyri - Substjtyted, Po rin Co

it G oodtoddar the Hesiad fratbryt of BERBTSCH dEY PEGE fodisp Byiymans

t 0 t h@ihQthdlde PRIt candiéiséti ldemBhbiraldfigfRtyt e efficacy.

Pyrldyl Substituted Porphyrin Conpounds are

admi ni stered s W@Fntﬁ%}y@ﬁfqréwatgfg of preventing a Condition in a subject

25 I adi 51‘“ hé&ﬂ e Gitleﬂrtﬁé?%ﬁﬁﬁﬁsdaﬁin‘riﬁéfern{gl'hﬁother therapeutic agent to the
Pyridyl - Substituted Porphyrin Conpounds can %

adni mlts@cé beigg administgrasl ad?yrlﬂels%lbﬁﬁltn@d BepByrin GomRywey freone
to eﬁu@bcﬂ“emhe ?ﬁggp tﬁHra;ﬁe[l% éggﬂt 1 19%&:&%95% EffecBle amount.

regular 1 ntervals as forth ove. |In one
enbodi nent , arEffestivedmelmésecof tife (&h@yher@ylllm&gblys pre (et gnown to

Por ptﬂ%rsé Skilled in the art. However, it is well within the skilled artisan’s purview to
30 determine the other therapeutic agent’s optimal effective amount range. In one
embodiment of the invention, where another therapeutic agent is administered to a
subject, the effective amount of the Pyridyl-Substituted Porphyrin Compound is less
than its effective amount would be where the other therapeutic agent is not
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Compound is adm nistered fromabout 5 mnutes to about
one hour prior to exposure 20 to radiation with

wo epearae doses optionally adm ni stered at regedBIS2005/010167

10

15

20

25

30

intervals thereafter. The Pyridyl-Substituted

Por p, C

Vi VO odﬁlgtteﬁgnﬁle%ﬁgés ?]ﬁ}é&zbgﬁg ?%u%gpb @he\éla{ﬁ ftQs beq)Levédnthat the
act i Ryridyl-ButisoutedPorpdherin ﬁtoimpnmds and the pilred thmnbelltlc sgwt s
can he us nstra aJteor}/ and efficacy. The

pr esant eie fat%g%g?agr% rF‘éea ?*br eventing a Condition
in a subject TABoihar ﬂhaepbutlh egeaoéandnaranﬁnu-iﬂﬂamnmmmagme

adm pi steri er, thera eutlc

2oy B fe St L Sl bt vt
Pg I pityérioBorfiodsRaeiag] suolhﬁt(si Ofr€isol &mﬁ&gndjrﬂ[iﬂrotdi’f&?dhb,freédmsone,
t her apeuti c ent m.ni stere n effective
Ao UREIN I 9NSC ¢4 pEhHREREOT “’caﬁ’élf’&l%‘é»%e{aﬁlﬁp‘éi%‘ﬁﬁ“é

agendexaméBason; lank REMReroRlal etnlﬁf-'iﬁﬁfarﬁxkétb}y%@eﬁtﬁ(}ﬁ SlﬂD@f buch as
However, it is well within the s | ed artisan

pur viseiiny gpetagpnepBens indomsthasia, SBl"I‘f’éF’ t?‘ﬂt#‘ﬁﬁ’éﬂ?ﬁe&acab"é?ﬁ’la%’
opt i {KBbrofhl Rptdx¥e FREMOLen! @G Rofeh, TerRPRIGHBRG TR nefhamic

the invention, where another therapeutic agent is

adni #id meelofenamicacids pisgxacam, melpxican; pAbuMgong Apfgsnxity £elecoxid,
the ByijigylsaSHRsdaiiist ed Porphyrin Conpound is |ess

thanglgt S e%l} ect i \}le1 amount woul d be where the other

t her apeuti ¢ adéavthesthergpeutis ggeptranipsn @ot-dirbetic agent. Examples of

PCT/ &%@9%{ Q%QA‘aéléeIﬁmbmé i)@trqgéj?ot hlﬂnﬁa be? gfiBifons: b k88t tin;

bei ng und I eve
Pyri diyiox&@bsﬂﬁomdtl@ds, Elwhph yxlbu’ﬂarﬁdmmlmarmdd, toheangdher

t her aﬁ é‘rog%rglgg rgﬁyb%ﬁélaﬁ%fagg?hgid%t %ll%?al &, a{nﬁ g 151%@&1{19 msulm

preven er therapeu
be auo&tﬁgbguen,fshamm’emgymdg candl nateghnﬁcabrglllaasiegfsqumﬁtfonmn

fl d
o, reRbear: hediarares SlleRpisettegPh il idohd b

cor t ﬁ@%ﬁt&oné‘ ; b6 QORbEHA RehibiRFsgslith sﬁﬂﬁrbosepzhﬁdﬂngﬁml one,
6a- et hyl predni sol one, triantinol gne, betanet hason
and dexanet hddeRther tHEFAPFILA A8INEFas; R 4 anti-cardiovascular discase

ant i adeff | BRI bYusRfif Qﬁtﬁcz{rMsgﬁar’dls%h‘s‘éQg&ﬁs indined, blthre not
acet am nophen, indonethacin, sulindac, tolnetin,

di cl bnerhie, carutieg: giianeine; ppd nwwﬂewéweptﬁwm@@ﬁts such as atropine,
flur i, 5191#1@1@ hoéﬁ%n@%ieo icalaRRORFREBRe, iPrAROKiRA! tbtropium, and

nmef ena aci nam ¢ ‘aci d, piroxicam
mel o@telad\nenaburret one, rofecoxib, ceI ecoxi b,

et odol ac, and ﬂg%ﬁ% hE&Seutlzlagen?%gﬁJe a?'n hrﬂﬁﬁ?@sﬂhﬁ %sﬁfg %Eént

can be an anti - etic agen es O .
ant i Exingilestdf asefglamnsmpsupprashive ajgertts mpledm)cortqutetcu@l acglcineurin

R e
polyclonal antilymphocyte antibody, prednisone, methylprednisolone, cyclosporine,
tacrolimus, mycophenolate mofetil, azathioprine, sirolimus, muromonab-CD3,
interleukin-2 receptor antagonist, daclizumab, antithymocyte globulin-equine, and
antithymocyte globulin-rabbit. In one embodiment, the methods for treating or
preventing a reoxygenation injury resulting from organ transplantation further

comprises administering an immunosuppressive agent.
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chl oropr opam de, gl ybencl am de, glipizide, gliclazide,
and glinepiride; insulin secretagogues, such as

wo epagdiims de, and nat egli ni de; biguani des, SuchCHEES2005/010167

10

15

20

25

30

metformn and phenformn; thiazolidinediones, such as

pi oglitazone, The }fhgﬁéé?lﬁsa ganbte t etn?e%lgggént.aﬂgamples of

a- gl ucosi dase |n§hb|tor as acarbose and
mi gl vsebil antE@leiﬁh egemtSheqiuctehbtrt apowt limitedenmetoelapromiden

ant ' C@{ gl OV a roc Ig e%zf%g romety ntchlﬁé@%klﬁégﬁ%etgﬁwmid&

anti - [ se’ se agen
not ondandetren gtam;setrm iy drioxyezinet #ueazﬂieume soshetharsdamineg iabizapride,

Lgﬁg%)zragegr ﬁreg n?qum St%n,}ngénau 1%? %(t%nrl(gtglﬁg%uf:lbzrué r@lgLQprlde cyclizine,
t i ot dieehhydrinss dilpHeﬁidbE daldieren, nklidihe nothadiatal, hreto@pﬁaztnep
agent _can be an . nosuppr essi ve agent

ceer DTy GETISHT BOBT oA ERD S T Rde, Ry ocinabinol
cor t ihgasll@raind, thﬁ)pﬁ‘@bﬁlziﬁe lifdpﬁetrcbrﬂ bidxinix@ires thétreof.

antiprolifer at | ve a nonocl qnal anti I hoc t .
anti body, a )9313 S\‘iap%'(’ltﬂf &3 WP 8 ¥heepy“dyl'
pr edgitsaned PERIHYMA LoRGBIRIGNhe ﬂﬁ,otﬁéy SAtRERRF 4 ag&m can act additively or
tacrolinmus, mycophenolate nofetil, azathioprine,

si r obnaigsticatlyr SnpymemBistipse o3@ PyFidriubsiitsted @W@Eéﬁ%’i‘po‘md and

ant agiies bnticdaet bg%Hﬁﬁ:l?mlts'iéBE Ll DFIRGY liBsagbstiohé Br B6dioNfhese
and anti tg)/rmc yte gl obulin-rabbit. In one enbodi nent,

t he ageNtsEHdOF lggs ftqqemt APministration of Wheagenig toga subject with cancer. The
r eoxytgﬁ‘lg% {n‘ﬂﬁe'l&l/éllrd}fsa%@ssdflatpyﬂgylfgu@mt%@ 85phyrin Compound and/or
transpl antation further conprises adm nistering an

i muadsktignpkaatisinger agepnand/orsyadniniBEode @@emsigss frequently can reduce
PCT/

T SRR AP G S0 03 B
agenteslugingthe dﬁicact)utf tlar agemto in the hreatmenttobgancer. In addltlon a

met ocl l.o

pr o IR §ZS?IC e& n r@uﬁ%xﬁghz ngro[\)/?é) géﬁc%clxog{h%gé e%gfats in the treatment
ondaof@h¢ed and/grthmredmttmo of advgrie oxyByaned sale effydts eowiiaie with the
nonoet h% ﬁl?am rég 1 aI i zapride, 5 azasetron,

benz 8% 515G 88 b8 naut i ne, br oropri de, bucl i zi ne,

cl ebopri de, C}ic lfnllez érgbddlmex}t,ﬁ%nﬁﬁl%r 1 gllﬁ)ts? t{uteqlPBh 9 eompound and

dol asetron, I'zI'ne

nabi teneaticagcey p@m ydn, acpsypalgnﬂd:aﬂllg when acﬂmin&tﬂrenhn doses typlcally
sul piride, tetrahydrocannabj nol t hi e%ﬂx&

t hi ofTBISErRYIRSICT FEEF BBt MG ERY
The gidugt enbedimp@lithe Pyl&gﬁﬂhbﬁlaﬁed)l&rﬂfyna Iﬂdn@aﬁhﬂtﬂdnd the anticancer

agent. The ridyl ubs ute PQrphyrin ound
and BB GG Syaﬁsas% Rabe S ERHER A ?n@albﬁims
Sy n?g@io‘étsﬂr 6plbyed vheh i@ &bl&ﬁ b€ usieas @fondtherapy for the treatment of
Pyri ubstituted Porphyrin Conpound and anot her

ant i Ed¥€er agent pernmits the use of | ower dosages of

one or nore of these . ) .
In one embodiment, the additional anticancer agent can be, but is not

eé16 ?f cancer. In

limited to, a drug listed in Table 2.
TABLE 2

Alkylating agents

Nitrogen mustards: Cyclophosphamide
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agents and/or |ess frequent adm nistration of the

agents to a subject with cancer. The ability to
waitdosioga2d ower dosages of a Pyridyl - Substi t ut eBCT/US2005/010167

Por phyrin Conpound and/or 15 additional anticancer

agents and/or to adm nister tlagraggnts |ess frequently

can reduce the toxicity associated with the

admi ni stration of the agents Trofoafanudsj ect wit hout

reducing the efficacy of the ggentg,.din the treatnent

of cancer. In addition, a synergistic effect can

r esul Nitragourpas: | nproved ef fi cadcamostine BENUagents in the

treatnment of cancer and/or tﬂ}oc;n rsﬁxgu@dlﬁf} of adverse

or unwanted side effects assoclated With’the 20 use

of ei Aligtsulphemttesal one. | n oneBwnthodi nent, the

Pyri dyl - Substituted Porphyrin, Conpound and the

anti cancer agent can act syngln"‘ﬁ?sgﬁ?ncal |y when

adm niraizened i n doses typi calbacarbasipd oyed when such

agent Pl are used .as nonot h_era%%/. flor the treatment of

cancet 2 CORgRAR FO &i mert'SP#tHe

Pyridyl - Substituted Porphyri rcddespp@sind and t he

anti cancer 25 agent can act synergistically when

admi ni stered in doses that ar °Plég% t han doses

typically enployed when such @g@phgnare used as

nonot hera I)é for the treatment of cancer. In one
enbodm, al addi ti onal anti cancer agent can be,

but | ¢ife@hikalbidgd ted to, a drugnpldshed in Table 2. 30
TABLE 2 Al kylating agents N trogen nustards:

Cycl ophosphani de -58 WO 2005Yioiastmg PCT/ US2005/ 010167
| fosfam de Trofosfam de Chlygp gcil Nitrosoureas:
Carnustine (BCNU) Lonustine (CCN Al kyl sul phonat es:
Busul fan Treosul fan Tri azenééno®bowr bazi ne Pl ati num
cont aippj g, conpl exes: G spl atd, py;,Gapbopl atin

Docetaxel
DNA Topoisomerase Inhibitors
Epipodophyllins: Etoposide

Teniposide

Topotecan

9-aminocamptothecin

Camptothecin

Crisnatol
Mitomycins: Mitomycin C

Anti-metabolites
Anti-folates:

DHFR inhibitors: Methotrexate
Trimetrexate
IMP dehydrogenase Inhibitors: Mycophenolic acid
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Aroplatin Oxaliplatin Plant Al kal oids Vinca

al kal oids: Vincristine Vinblastine Vindesine
wo/RwenEl1kd ne Taxoi ds: Paclitaxel Docetaxel —DMNAI/US2005/010167

Topoi sonerase | nhibitors Epipodophyllins: Etoposide

Teni posi de Topotecan 9- amfcaimt ot heci n

Canmptothecin Crisnatol Mtonycins: Mtonycin C

Anti-metabolites Anti-fol atRibavibHFR i nhi bitors:

Met hotrexate Trinetrexate }gwggehydr ogenase

I nhi bitors: Mycophenolic aci dI - WO 2005/ 097123

PCT/ B8R00dotBibeddictaseTi azof ur i Mydrédyweeai ri n  El CAR

Ri bo%%igtrsi_de reduct ase Hydroxyurea |nhibitors:

Def eroxamne Pyrim di ne anal ogs: Uracil anal ogs:

5- Fl uor our aci | Deferoxamine

Pyrimidine analogs:

Uracil analogs: 5-Fluorouracil
Fluoxuridine
Doxifluridine
Ralitrexed

Cytosine analogs: Cytarabine (ara C)
Cytosine arabinoside
Fludarabine
Gemcitabine
Capecitabine

Purine analogs: Mercaptopurine
Thioguanine

DNA Antimetabolites: 3-HP
2’-deoxy-5-fluorouridine
5-HP
alpha-TGDR
aphidicolin glycinate
ara-C
5-aza-2’-deoxycytidine
beta-TGDR
cyclocytidine
guanazole
inosine glycodialdehyde
macebecin 11
Pyrazoloimidazole

Hormonal therapies:

Receptor antagonists:
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Fl uoxuridine Doxifluridine Ralitrexed Cytosine

anal ogs: Cytarabine (ara C) Cytosine arabinoside
wao-baedag7ali ne CGentitabi ne Capecitabi ne Puri neP@naswgs010167

Mer capt opurine Thioguani ne DNA Antinetabolites: 3-HP

2' - dg@X¥stgtd:. uor ouri di ne  5-HE algpha- TGOR - aphi di colin

gl ycinate "ara-C 5-aza-2'-deoxycytidine beta-TGDR

cycl ocytidine guanazole i n(?gliquéf{@ ycodi al dehyde

macebecin Il Pyrazol oi m df/l\é%fg Hor nonal t her api es:

Recept or antagoni sts: -60 f)tgo 097123

PCT/ LISRUQEMP$0167 Anti - est i@geplin Tanoxi f en Ral oxi f ene

Megestrol LHRH agoni sts: q%ggrgii&enace%upr ol i de

acetate

Anti-androgens: Flutamide

Bicalutamide

Retinoids/Deltoids

Cis-retinoic acid

Vitamin A derivative: All-trans retinoic acid (ATRA-IV)
Vitamin D3 analogs: EB 1089
CB 1093
KH 1060
Photodynamic therapies: Vertoporfin (BPD-MA)
Phthalocyanine

Photosensitizer Pc4
Demethoxy-hypocrellin A
(2BA-2-DMHA)
Cytokines: Interferon-a
Interferon-3
Interferon-y
Tumor necrosis factor
Angiogenesis Inhibitors: Angiostatin (plasminogen
fragment)
antiangiogenic antithrombin III
Angiozyme
ABT-627
Bay 12-9566
Benefin
Bevacizumab
BMS-275291
cartilage-derived inhibitor (CDI)
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Anti - androgens: Flutam de Bical utam de

Retinoids/Deltoids Cs-retinoic acid Vitamn A
walerosmwetiey/e: Al -trans retinoic acid (ATRA-1V)PCNUSBNF/010167

D3 anal ogs: EB 1089 CB 1093 KH 1060 Phot odynam c

therapies: Vertoporfin (BPD My Phthal ocyanine

Phot osensi ti zer Pc4 Denethoxy-hypocrellin A

(2BA- 2- DMHA) Oyt oki nes: | nt éD¥8rcemplgmenitfeagmenton- (3

Interferon-y Tunor necrosis d@cf35 Angi ogenesis

Inhibitors: Angiostatin (plasm nogen fragnent)

anti angi ogeni ¢ antithronbin Kol3 Angi ozyne ABT-627

Bay 12-9566 Benefin Bevaci z%gfetggﬁh%@wl

cartil age-derived inhibitor WD 2005/ 097123
PCT/ US2005/ 010167 CAl  CD59 Eodospitiartenilagdn g nt

CEP- 7055 fragment)
Fibronectin fragment

Gro-beta

Halofuginone

Heparinases

Heparin hexasaccharide fragment
HMV833

Human chorionic gonadotropin
(hCG)

IM-862

Interferon alpha/beta/gamma
Interferon inducible protein (IP-
10)

Interleukin-12

Kringle 5 (plasminogen fragment)
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Retinoids
Solimastat
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Thrombospondin-1 (TSP-1)
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Transforming growth factor-beta
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Vasculostatin
Vasostatin (calreticulin fragment)
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farnesyl transferase inhibitors
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Antimitotic agents: Allocolchicine
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Colchicine
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Dopaminergic neurotoxins: 1-methyl-4-phenylpyridinium ion
Cell cycle inhibitors: Staurosporine
Actinomycins: Actinomycin D
Dactinomycin
Bleomycins: Bleomycin A2
Bleomycin B2
Peplomycin
Anthracyclines: Daunorubicin

Doxorubicin (adriamycin)
Idarubicin
Epirubicin
Pirarubicin
Zorubicin
Mitoxantrone
MDR inhibitors: Verapamil
Ca?*ATPase inhibitors: Thapsigargin

5.5.1 MULTI- THERAPY FOR CANCER

The Pyridyl-Substituted Porphyrin Compounds can be administered to
a subject that has undergone, is currently undergoing, or is about to undergo one or
more additional anticancer treatments including, but not limited to, surgery, radiation
therapy, or immunotherapy, such as administration of a cancer vaccine.

The present methods for treating cancer can further comprise
administering surgery, radiation therapy, or immunotherapy.

In one embodiment, the anticancer treatment is immunotherapy.

In one embodiment, the immunotherapy is a cancer vaccine.

In one embodiment, the anticancer treatment is radiation therapy.
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cancer can fur g?:%#ﬁfoiné NHCARAST ieatmert ‘ﬁ@adé"t?f’@g’r"?py’ any

r adi fidia@ibn Hﬁfﬁﬁ?@ﬁbtoc@t cah BBUSAdBSI AR upbithe Be of cancer to be treated
enbodi nent e anticancer treatnent is inmunotherapy.

T NS Feifxampls byt pak yaraye Spytation, X-ay radigtion can be

vacchdifinistered; in particular, high-energy megavoltage (radiation of greater that 1 MeV
energy) can be used for deep tumors, and electron beam and orthovoltage X-ray
radiation can be used for skin cancers. Gamma-ray emitting radioisotopes, such as
radioactive isotopes of radium, cobalt and other elements, can also be administered.

Additionally, the invention provides methods of treatment of cancer
using the Pyridyl-Substituted Porphyrin Compounds as an alternative to
chemotherapy or radiation therapy where the chemotherapy or the radiation therapy
results in negative side effects in the subject being treated. The subject being treated
can, optionally, be treated with another anticancer treatment modality such as surgery,
radiation therapy, or immunotherapy.

The Pyridyl-Substituted Porphyrin Compounds can also be used in
vitro or ex vivo, such as for the treatment of certain cancers, including, but not limited
to leukemias and lymphomas, such treatment involving autologous stem cell
transplants. This can involve a process in which the subject’s autologous
hematopoietic stem cells are harvested and purged of all cancer cells, the subject’s
remaining bone-marrow cell population is then eradicated via the administration of a
Pyridyl-Substituted Porphyrin Compound and/or radiation therapy, and the stem cell
graft is infused back into the subject.

A Pyridyl-Substituted Porphyrin Compound and the other therapeutic
agent can act additively or, in one embodiment synergistically. In one embodiment a
Pyridyl-Substituted Porphyrin Compound is administered concurrently with another
therapeutic agent. In one embodiment a composition comprising an effective amount
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kit can also further comprise a unit dosage form of another therapeutic agent, for

example, a container containing an effective amount of the other therapeutic agent. In
one embodiment the kit comprises a container containing an effective amount of a

30 Pyridyl-Substituted Porphyrin Compound and an effective amount of another
therapeutic agent. Examples of other therapeutic agents include, but are not limited

to, those listed above.
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1 N-werpladded simultaneously at approximately equal rates over 2 hours, with vigorous
stirring to the refluxing propionic acid. The resultant dark red-brown reaction mixture
was heated at reflux for 1 hour, then the heat source was removed and the reaction
mixture was allowed to stir for about 18 hours at room temperature. The resultant
black solution was filtered through #1 filter paper and concentrated in vacuo to
provide a black oily residue. The black oily residue was diluted with toluene (5 L)
and the resultant solution was stirred for 1 minute, then concentrated in vacuo. This
dilution/concentration was repeated three times and the resultant black solid residue
was diluted with ethyl acetate (5 L) and the resultant solution was stirred at room
temperature for about 18 hours. The resultant solution was filtered through #1 filter
paper, the collected solids were diluted with dichloromethane (2 L) and the resultant
solution was purified using flash column chromatography on silica gel (10 kg) using
dichloromethane: triethylamine (98:2 vol:vol) as eluent. The relevant fractions were

combined and concentrated in vacuo, and the resultant black granular solid was
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Ferric chloride (14.3 g; 88.89 mmol) was added to a suspension of
Compound 1 (50.0 g, 80.39 mmol) in 1 N hydrochloric acid (245 mL, 3 eq.) and the
resultant reaction mixture was heated to reflux and stirred for about 18 hours. The
resultant dark brown reaction mixture was cooled to room temperature and basified
using 5N sodium hydroxide (160 mL). The resultant precipitate was vacuum filtered

through Whatman #50 filter paper and washed sequentially with deionized water (4 x
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Method 1:
Compound 2 (25 g) was diluted in N-methyl pyrrolidinone (250 mL)
15 and stirred to form a slurry. a-Bromo-p-toluic acid (157 g, 20 eq.) was then added to
the slurry and the resultant reaction mixture was stirred under nitrogen atmosphere at
130 °C for about 70 hours. The reaction mixture was cooled to room temperature and
poured slowly into a vigorously stirring volume of chloroform (2.75 L). The resultant
suspension was filtered through a three-inch pad of Celite and the dark-brown
20 precipitate was removed from the filter funnel along with the top one-inch of the
Celite pad. The combined precipitate and Celite were extracted with chloroform (1.5
L) in a Soxhlet extractor for about 55 hours. The extracted solid was removed from
the Soxhlet thimble and diluted in 2.5 L of a mixture of MeOH:H,0 (1:1) and the
resultant solution was filtered through a medium porosity glass fritted funnel. The
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The extracte was renpv rom
t hi ndolid. and diluted in 2.5 L of a mxture of MeOH H20
(1:1) and the resultant solution was filtered through
a medi um porosity glass fritted funnel. The

Method 2.

A 12 L reactor was charged with with 7.9 L of N-methyl pyrrolidinone
(NMP) and heated to 120°C. 787.5 g of Compound 21 (Example 11) was added,
followed by 4.521 kg of a-bromo-p-toluic acid. The reaction mixture was stirred
under nitrogen atmosphere at 120°C for 6- 7 hours, then poured slowly into a 30 L
flask containing 10 L of vigorously stirred chloroform. The remaining residue in the
12 L reactor was rinsed into the stirred chloroform mixture with 6 L of chloroform.
The resultant suspension was filtered through a 3” thick celite bed in an 18 inch filter
funnel, and the black, product-containing layer of celite was removed from the filter
bed and transferred to a 12 L reactor equipped with a mechanical stirrer. 5 L of
chloroform was added to the reactor, and the resultant mixture was stirred and heated
at reflux for 15 minutes. The chloroform suspension was hot-filtered, the filtered
solids were returned to the 12 L reactor, and the aforementioned extraction procedure
was repeated twice. The solids were again returned to the 12 L reactor, 5 L of

methanol was added, and the resultant mixture stirred for 15 minutes at ambient
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L reactor was ri rsed—into—t+hestirred—ehtoreform

m xture with 6 L of chloroform The resultant

suspension was filtered through a 3" thick celite bed

in an 18 i nchResujty dow thapthedFomponad 3 sempyisge three isomers: an isomer

pr oqésﬁl{)&&atsw) namg 4 ?cye%ﬁopame sf dtloft AT RV &Snd: (G8hpound
and transferred to a 12 L reactor

eq uidBp baving 2 reteatigtime af ahght Krminpigs; angan ispmer (ElomppwrfddiGh

was u -

s AOES AR SR |7 Rt ER AR Cfoule e 38, ana scis

The ook bblsoheness o€ feinpoundads hot -filtered, the

filtered solids were returned to the 12 L reactor,

and the aforenentioned extraction procedure
6.4 EXAMPLE 4

Isolation of Compound 3A
Method 1:
Step 1 — pH titration
A Compound 3 mixture of isomers (5 g, prepared using the method

described in Example 3, Method 1) was diluted using 0.1M HC1 (100 mL), and to the
72 -



was repeated twice. The solids were again returned to
the 12 L reactor, 5 L of nethanol was added, and the

wo emaloeAnt n xture stirred for 15 mnutes at apdi/E81005/010167
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3 di ssgﬁf\;%‘g{.%’“? W@g{ﬁs “IMHCI. 10 L of the resultant

solution was injected onto a Phenonenex Syner gi

POLAR-RP, HPLC ¢ 80 A 10 105 nmx 4.6 m).

The CP§ E%%"“g?ﬂ'f/n&?&é"tbeﬁwﬁt"ﬂfﬁ RUE¥ using a

t wo- conponent THe %llﬂbﬁd@fesﬁﬁé(w@bﬁbal‘éﬂ tidin®thd nféthod of Step 1) was
trifl yoroacetic aci

(g ");.and (2). pethanol

wi t h dpsalygd lpl‘ffatqﬁ&lroorak)eev thséqsalta(nt g%vwﬁ*fas %@aﬂeq nte pgolymeric

10foll Q&Hnﬂ&l&ﬁﬁ(lg ﬁaﬁ effeulme h\0e52ncl ine@hM Aimeter,12QM FRRK& bed
(min) (nl/mn 65% 35% 1 13 65% 35% 1 20 40%

60% iengéll P yerlyolﬁg o KICl g}, GABZOP strygnepdidnylbanzenggiplymeric

t hat r@sli}ﬁ af@ Qe@uﬁ%@ﬁ@éf Wate eﬂé@@ﬁﬁwa@iut&@ﬁﬁow rate
( Conpound 3A haV| ng a retention tinme of about 4

m n utOé gboug p mIdmmate YSTE i agithe BBPIIﬁalmSﬁgldaZOrréE Enetiopp were
t2 '5 e cgflec%ap Wted 9011&%%‘ 1Bfrac 061§19 a% Qeﬁ%ﬂ%ﬁﬂiﬂ glu%ﬁ:x’wth

havi ng a retenti time nut es Each
15 of Comirmaldd S 34,), BB0. léﬁHCieCZSl nsr,L) @mieth@f flyshedhwith Methandl agd stored

of G%%%H{éﬂuén u&: FrdetiolN-B Jere L:érgi)lﬂéd B cgﬁcegﬂﬂ%) }‘r‘znga;’oﬁo

provide a residue. The residue was analyzed using HPLC and shown to comprise

Compound 3A, Compound 3C, and a few minor unidentified impurities.

20 Step 3 — Isolation and Purification of Compound 34 and Compound 3C
The residue obtained from reduced fractions 2-12 (150 mg), as

described in Step 2, was dissolved in 5 mM HCI (3 mL), and the resultant solution
was loaded onto an equilibrated flash chromatograpy column (12-inch effective
length, 0.5-inch internal diameter) using Phenomenex Sepra Phenyl resin (50 mM, 65

25 A) as stationary phase (20 g of resin was packed as a slurry in methanol and
equilibrated using 500 mL of 5 mM HCI prior to loading). The column was eluted at
a flow rate of about 3 mL/minute using 5 mM HCI (pH of about 2.5, degassed for
about 30 minutes prior to elution) as the mobile phase and 30 mL fractions were
collected from the point of loading. Fractions shown by HPLC analysis to contain

30 Compound 3A (at > 95 are % using the HPLC analysis described in Example 3) were
combined to provide the “Compound 3A pool” (total volume of combined fractions =

about 600 mL). The stationary phase was then sequentially washed using 0.1M HCI
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and a Tew mnor unidentl impurities. 20 Step 3 -
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wer e
Step 6 — Chlorine Counterion Bonding to Iron

The filtrate pool obtained using the method described in Step 5 was
stirred with Amberlite IRA-402 strongly basic ion-exchange resin (10 mL of aqueous
solution of settled resin) for about 3 hours at room temperature and vacuum filtered

30 through a 0.2 uM nylon filter. The filtrate was then passed through a column
containing fresh Amberlite IRA-402 strongly basic ion-exchange resin (1o mL of
aqueous solution of settled resin) and the filtrate was collected and pooled. The resin
was then washed with methanol and the methanol wash was added to the pooled
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aqueous solution. Fractions containing Compound 3A and those containing

Compound 3C were combined and concentrated in vacuo to provide 217 g of
Compound 3A in sufficient purity for further purification by preparatory HPLC.

8.0 grams of Compound 3A fraction pool were then dissolved in 425
mL of water having 0.1% trifluoroacetic acid (vol/vol) and mixed for no less than 15
minutes. The solution was filtered through a 0.22pum nylon membrane providing 450
mlL of a column-injectable solution,

The column used for purification was packed with 345 grams of

Phenomenex, Synergi, POLAR-RP, 10um particle size, 80 A pore size resin. The
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procedure was repeated twice wth 23.3 L vol unes of
t he FHGES
Fractions that contained Compound 3A at >98 area % (using the HPLC
35 analysis method described in Example 3) were combined to provide the “Compound
3A Prep LC Pool.” The total volume of combined fractions was about 2.5 L.
The Compound 3A Prep LC Pool (2.5L) was concentrated in vacuo to
a final volume of 300 mL and then stirred with AMBERLITE IRA-402 (Chloride

form) strongly-basic anion-exchange resin (120 mL of aqueous solution of settled
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aci d Thg erspast yolidnepidue was prlyoyized indo afingppwrer.ifapsfprsed tg a drying
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sol ution was 1Inj ected as outline el ow, an

chr opawdyedgsiidcpentaphlprdd ol (ma$) Gat gramel >96% nusityney BPLC).
t wo- conponent system of water vvlth 0.1 %
trifluoroacetic acid ("solvent 1 ") and nmethanol wth
0.1 %trifluoroacetic aci @ ESAMEER 2") under the
follow ng gradient conditions; 10 Tine Solvent 1

Sol vent 2 Fl ow Ralsel a"(’lhaﬂd?éEﬁCQtrﬂP/%CH}"POGHGécloO% 0%

80 13143 130SHUPexQarBe on CoRpourdBicesbl on 100% 0% 80
until tully | oaded (about 8 minutes) 10: 00 100%, 0% 80

1520 50: 00 70% 38bmgel 2 rgidegebringddeyp gyacuo concentration of the
Compound 3C pool (obtained using the method described in Example 4, Step 3) was

dissolved in about 6 mL of water. The resultant solution was filtered through a 0.2
UM nylon syringe filter. The filtered solution was then injected onto a Phenomenex
Synergi POLAR-RP HPLC column (10 uM, 80 A, 250 mm x 50 mm). The column
20 was eluted at 120 mL/minute using a two-component mixture of (1) water with 0.1%
trifluoroacetic acid (“solvent 1”); and (2) methanol with 0.1% trifluoroacetic acid

(“solvent 2”) in the following gradient:

Time | Solvent 1 | Solvent 2 | Flow Rate
(min) (mL/min)
25
0 65% 35% 120
13 65% 35% 120
20 40% 60% 120
21 10% 90% 120
25 10% 90% 120
30
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30 Fractions were collected begi nning at about 24

worwangd2i run tine), when Conpound 3A began tBCEUS10685/010167
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30

The first fraction volune taken was 100 ni; all

subsequent frag l:tﬁﬂls gﬁi Mﬂ@&hmbﬁnrﬁf@egxgégn 13Gh@ ¢} }n%tes at the

col | ecti on ende bout 58 m Fractions that
cont épﬁ@demvam@f 12Andymis0gere rellectyl anddnalyzedh diragiiods shown to

35 a [

o nb%h ﬁléong)% Q(Pg(é gf% é\%%? %Bn@%ﬁ[ﬁ? aﬂly\é\%ﬁn%thori dgscribed in
The tEm:anble\B() wereecoofbined mbpmede fhe a(‘lbmpmmd\&&prabbﬂ podl” Hotal

sL. oun Pre 5L) was

concen urméft Em\e/ac HEorS S_gi’o ?Anoarf'g)vol ume of 300 ni and
then stirred vvlth AMBERLI TE I RA-402 (Chloride form

strongl y; basi ¢ _ani an n (120 nL of aqueous
ol ueres oEou Tt UM o 68 23
PCT/ US2005/ 010Tke/Cotygsin BCpdép 1C &1 (230 neif, oBtalied irsStap 1) was

room t enperature, and t umf |tered

t hr ofgRCe ceirgge PrHariA 18 A fﬁéﬁ@?@?reo l?%% 5P 3 then gized with DOWEX
passedarhfhb® WIHA-2 veeakiy ﬁﬁhl@ﬁﬁfeﬁélﬁhghgre&ﬂ @mﬁmbb&ﬁolumn of

| RA- 402 éChI oride form strongly-basic anion- exchan

r esi fetledrssin fogpboyd &%Bﬂgs %th‘H’P fetperure anq Yagkrm B4erRg {hiough a
and tohe, PR WGiIee ffﬂebmﬁﬁte was WS pafs@éd tﬁﬁﬁxﬁga C(;Il—@l’nn \fl:\gr;télﬂmg fresh

was vvashed wi th met hanol and the net hanol
adde dPQWEXMaxationh #¢BAQ yrablybesic emfdxglange re‘ﬂhél (bmbdlﬁ gqueous

ef fl t

oo aso BEee BT bd e Rt AU atd G R was then
v ac uuvashakrwidhmetharbBamiohe methaiddl evastewad addedt toslad posbled ﬁltrate

resi due was pulverized into a fine powder, transferred

to a drying 10 dish and dried in vacuo at 45C for

aboutStép2 -hE€blosne bigprdbiliatbmasnpbon@eB& as a powder ed

solid, pentach %

purity by HPLC l)l‘%ﬁog?eg%%ﬁﬁﬁlgsé@z ‘anct%ln%%ﬁga%%m va§u8 to a final
Pur i fvobate afnbait lmurmdmhbnmﬁrecswemAinbeﬂind Rea#02sth gl desic ion-
el Co Qun ool .15 30

2007 AR s (DT e fuph o R R atB G s o oom

( obt aémipdlatuiang Vidﬂlﬁmﬁgﬁefwdhrg@@iﬂ 0610 /N ﬁyﬂbrEXl&ﬂD]f R fflt.rate was then
Step was i ssol ved i n, about wat
res uma%ﬁﬁii ﬂgwggta.cshl%mmnmg&eéla WB\&@%‘W szrongly%asw ion-

exchange resin (1 mL of aqueous solution of settled resin) and the filtrate was

collected and pooled. The resin was then washed with methanol and the methanol
wash was added to the pooled filtrate. The pooled filtrate was concentrated in vacuo
and dried on high vacuum for about 18 hours to provide a solid residue which was
pulverized into a fine powder, transferred to a drying dish and dried in a vacuum oven
at 45 °C for about 72 hours to provide Compound 3C as a powdered solid (6.1 mg, >
96% purity by HPLC).
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M nylon syringe filter. The filtered solution was then

injected onto a Phenonenex Synergi POLAR-RP HPLC
wa@edoanyr1gd0 M 801 , 250 mm x 50 nm. The col uPCT/BS2008610167

eluted at 120 nli/ m nute using a two-conponent m xture

of (1) water with 0.1 % trifluoroacetic acid

("solvent 1 "); and (2) met hanol with 0.1 %

trifluoroacetic acid ﬁeﬁi&‘ﬂﬂ—)‘:—lnthefollowng

gradi ent: Tinme Sol vent ol ven FIl ow, Rate (m n)
(m./min) 25 0 65%3 5%@25“’5'13 @ %‘S‘@Nizo 20 40% 60%
120 21 10% 90% 120 25 10% 9666120 30 -77 WO

2005/ 097123 PCT/ US2005/ 010167 tions (30 nL each)
el uting between 13 and #AA\(qi RE sust ai ned
flowrate of 120 nL/ m ' e red aypd anal yzed.
Fractions shown to coninat at > 95 area %
(using the HPLC anal ysi NdeSLri bed ifyy.Exanpl e
3) were conbi ned to [ . ou prep LC
pool " (total o&y iy . ‘[@ = about
240 nl). Step 2 unteridn Reé I ng

| on- Exchange The Conpo
obtained in Step 1) wa$
final volunme of about :
10 Mar at hon WBA-2 weakl y basi on- exchange resin (10
nmL of aqueous sol ution of sett] ed@®esin) for about 18
hours at roomtenperature and vacuum filtered through

s a 0.2 pM nyl ¢gnéiink &e-prodgurk u&%@éa%%%%/ggfb@%ﬁﬁgg the step
t hrough a col umm cont ai ni ng}a resh
H

VBA- of ad@iag e AyabartiteilBn=40% ehlaridaeforra sirenglylpsigianign-exchange resin,
aque@ 01.§18|4 ds@Baffasettl ed resin) and the filtrate

was c ecte and pool ed. The resin was then 15 washed

wi th nmet hanol and the nethanol wash was added to the
pooled filtrate. Step 3 -¢&htompig7Li gand Attachnent

to Iron Center The pooled filTrate from Step 2 was

concentrated in vacuo tSynéhekis 0fCompound 9

COO”

10 -00C

Synthesis of 3-bromomethylbenzoic acid:
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vol ume of about 10 nL and then stirred with Anberlite

| RA-402 strongly basic ion- 20 exchange resin (1 ni of
wa@ousoed230l uti on of settled resin) for about BChUS2085/010167

at room tenperature and vacuumfiltered through a 0.2

Mnylon filt €' n lhfr(fu'nhi)ﬁ@(}’&ﬁgx\@fﬁt{et?%h agmec@nﬁéﬁgé}uagﬁlrred

a col um contalnln fres e I RA-402 stronl
basi cuipemsioneofdR AN ge)f retoluic ¢cid and léf37egdﬂ,|é @eé I\ébrbmpmwnmmde in

ttl t
ool 37 mifrtdhoRRtal Al il £ ol Sinolth, AL Ee AN ps
t he iEscorsinoed, aﬁd the sispownanid edrednnt gadiases] wder nitrogeatagnosphere
The Elgo 3%6 a@tz %a Wgsﬁ lgmgou i gg\ﬁeq éa[x‘s%(%t%g gohd%gp dissolve and

ac uum
S OI I dher (Ehinrdﬁc)ﬁn vdieflinx. WEg reqbcblm&rf itheardaction muaurb Idl‘seppeared after 1.25

powd d to a. dr n @ nd dr.i ed
vacu S'rr?rtﬁf/l 4?13’175%&]\; OB P YD ng/?Jd% ufl%e TPEgP 8\%@ was stirred
Conpaud d‘r&ﬂﬁte’ﬂ&mﬂerﬁﬂh‘@eﬁ @lﬁho‘éﬁﬂetdjw(tlﬁa 300NW, quartz Hﬁ&@eﬁ Udrhp 3t 75%
HPL 7 7 1 P 2 7
by e%foggmﬂﬁg 6th O ST < sglluCTcé = Ong)els\iéq or, sg Tlﬁ6smvent
10 Fey Noru@QGde r&fucd inNacuo)t&aout 1@40 mb, n@lthed\bbslgd toh20 °C. The
procedure described in Exng . but omttlnlgthe o
st ep "BRIEH AT REPI RV ABBIM Kl rqdnbmsiza Bt A dperliqao iy silica was
St I OREHsiedRAie £003RN. B cHEor6138H I Thd @fdrbtorm GRFROWAedudd@ S vacuo to
obtai ned. 6.7 EXAMPLE 7 Synthesis of Conmpound 9 COO
+ N/ abgut 100 mL, and then cooled to =20 °C. The resultant crystals were vacuum
filtered, washed with 30 mL of chloroform followed by 50 mL of hexanes, then
15 dissolved in 250 mL chloroform and washed in a separatory funnel with 3 x 300 mL
volumes of water followed by one 300 mL volume of brine to remove traces of
succinimide. The organic phase was dried with magnesium sulfate, vacuum filtered,
and the solvent was removed in vacuo to provide 9.56 g (61%) of 3-
bromomethylbenzoic acid as a white crystalline power.
20 Formation of Compound 9:
Compound 9 is obtained according to Method 2 in Example 3, but by
substituting 3-bromomethylbenzoic acid for a-Bromo-p-toluic acid.
Isolation of Compound 9:
Compound 9 is isolated as set forth in Example 4, Method 2, but the
25 initial titration is pH 6 and the precipitation of Compound 9 is omitted. Crude
Compound 9 is dissolved in 0.1 N HCI and loaded onto the MCI-gel column directly.
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NI -0O0C1 \ I / NjeCN\ I . \ COO N+ N 10 -0OCC 9
Synt hesi s of 3-brononet hyl benzoic acid: -79 WD
WQ@e@309A7123 PCT/ US2005/ 010167 In a 1 L roundP@DUSDNG/010167
flask fitted with a reflux condenser, a stirred
suspensi on of 10.00 g of mtoluic acid and 14.37 ¢
(1.1 eq.) N-bronosuccinimde in 735 nL chl orof orm was
sparged for 0.5 h with nit$8JeAMPEES spargi ng was
di sconti nued, and the usgensio was stirred and
i rradi ated under nitroé@ﬁ §iT¢f, @“élasing a 500 W
guartz hal ogen | anp at 75% power "¥8ing the solids
to dissolve and the chlorofor reflux. The red
color of the reaction /A 5 2 7 after 1.25
h, and 14.37 g of N-bignogucci nim de added. The
reaction mxture was Sty i rradj gfed under
nitrogen atnosphere wt al ogen | anp

at 75% power -GOC-@NO { e the

sol uti on becane col C _was
reduced in vacuo to about co dto
-20 C. The resultant suspehsi ak vacuumfiltered
through a bed of dry g . i Nwas washed
with 800 nlL of chl orof\or4mn filtrate was
reduced in vacuo to 3 -Hen cooled to
-20 C. The resultant crystal re vacuumfiltered,

washed with 30 nL of chlorofofmfollowed by 50 nL of
hexanes, then 15 di ssol vedQQf 250 ni chl or of or m and
washed in a separatory funnel weth 3 x 300 nL vol unes
of water followed by one 300 nL volunme of brine to

5 reno@@”?ﬂﬁ%%@aﬁﬂmugﬁééininide. The organi ¢ phase was

dried with magnpepbitd BUL bthied MR6MIHIS EkdRIIA2, 3 BVIEthod 2),
the sol vent was renoved in vacuo to provide 9.56 ¢

(6198"dof 3- brononet hyl benzoic acid as a white

Cr Y Skahbibgr AWelind 2O For mation of Conpound 9:
Compound 97i's Obtained according to Method 2 in

Exanpl e 3, butCompounshBsis isplateid iagses fasthandinemply Foathod 8, but the
10 act dinf R 6Rief3h s Bahfhd 'p?ecﬂ;%ﬁ]on of Compound 12 was omitted. Crude

Compound 12 was dissolved in 0.1 N HCI and loaded onto the MCI-gel column
directly.
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I sol ati on of Conpound 9: Conpound 9 is isolated as set
forth in Exanple 4, Method 2, but the 25 initial

wo pdosaeiien is pH 6 and the precipitation of Copr@QDUSINND010167
is omtted. Crude Conpound 9 is dissolved in 0.1 N
HC and | oaded onto the MCl-gel colum directly. -80
WO 2005/ 097123 PCT/ US2005/ 010167 6.8 EXAVPLE 8
Synt hesi s of Conpound 12 ®&SOEXaMELEM -OOC N N Mh N C
| COO NN jN-OOC 12 5 Formation of Conmpound 12:
Compound 12 i s ®ynshesihfatompeindR2t smdCampoaad 13, 3
(Method 2), and 7%iol ation of Conpound 12: Conpound

12 is isolated as ¢xrth in Exanple 4, Met 2,
but the
' €
i / \ nt

COO”

Ra = 2-methylbenzoate

27 15

Synthesis of 2-bromomethylbenzoic acid:

In a 1 L round bottom flask fitted with a reflux condenser, a stirred
suspension of 10.00 g of o-toluic acid and 19.56 g (1.5 eq.) N-bromosuccinimide in
735 mL chloroform was sparged for 0.5 h with nitrogen. The sparging was
discontinued, and the suspension was stirred and irradiated under nitrogen atmosphere
using a 500 W quartz halogen lamp at 75% power, causing the solids to dissolve and
the chloroform to reflux. The red color of the reaction mixture disappeared after 1.5
h, and 6.52 g (0.5 eq.) of N-bromosuccinimide was added. The reaction mixture was
stirred and irradiated under nitrogen atmosphere with a 500 W quartz halogen lamp at
75% power for another 1.5 h, at which time the solution became colorless. The
solvent volume was reduced in vacuo to about 100 mL, and then cooled to —20° C.
The resultant suspension was vacuum filtered through a 1 cm bed of dry silicain a
150 mL fritted funnel. The silica was washed with 2.5 L of chloroform. The
chloroform filtrate was reduced in vacuo to about 1 L, washed in a separatory funnel
with 3 x 1 L volumes of water followed by one 3 x 1 L volume of brine to remove
traces of succinimide, then dried with magnesium sulfate and vacuum filtered. The
chloroform was reduced by rotary evaporation at reflux at 1 atmosphere to 250 mL
and cooled at —20° C for 3 days. The resultant crystals were vacuum filtered, washed

with 30 mL of chloroform followed by 50 mL of hexanes, then dried in a vacuum
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NCOO-OOC N+ N N-OCN/ I ~NI%N-1/ NI NRa
OO NFe\ NNCI N 9% N coo- 00C + N Ra =

wQ@20mbdnbbenzoate -O0C / 27 15 5 Synthesi s of PCT/US2005/010167

2- brononet hyl benzoic acid: In a 1 L round bottom fl ask

1 b et SRR ot A o BRI B encr
N bicddrBsS4164it8 cis@binepowésd ML chl or of orm was spar ged

for 0.5 h with nitrogen. The spargi ng was
di skerimdtiened Compdundé’:suspensi on was stirred and

irradi ated un [t [e. j

quartz hal ogeﬁ8@g%nda?g§€%/§bg%8m§(?g&8§1§gﬁgh%g t'ﬁg@SZ g? I%ggm};\{e 3, but
t 0 by subeliti€in@ DbrobchbehLfiO b tfér d-Brdbiy-p-tbhific ked.

color of the reaction m xture di sappeared after 1.5

h, &ekgtiengbCompeourdl 2%.) of N bronpsucci ni m de was
dded. Th [ on . - _ |
ot at og urf hads EoKibhi ¥h el BSH PR Yisgivgg in 25 mL of

quad.t N Hall ageatl@gntat colihde e g MOI-gélipeépaedd ih.061 N,HCI. The
at which tine the solution becane col orl ess.

h
5 o1 SR 58 e i SSUTRLCRF 0. b NCHEk GOH VoS DASOFDG OF8.5 N HCI, and

and i @Q.r : 8, i .

s R SN L Sriofnshavink il pltald Man SUOPRER fhbined and

i n eoncdiBttedinfirad ©prévide b6 mpHd4%i i¢ldpofBempmside (95% purity).
wth 2.5 L 3f chl or&ogﬁrm The chloroformfiltrate was

re %’&fmio_ﬁo ooy out 1 L, washed in a separatory

funnel wth @oﬁﬁ?éudd M0k %Bﬁ%eﬁﬁny"iﬁ&sg%g 4 d1L:Q0Yesk BYmPARd 27

3 x 1L volune of brine to renove traces of

s ucthrevighiagee lunaheontaining ¢ higindn- fome Aeionenehani¢ sasin, a1;3d AMBERLITE

vac il tered.. The .chl prof orm was reduced by, rotary, .
Vo RADE (R o R SR B coh i $6p “fné St s
coot@derttated® viecikOto J)"vo@id& Eompbend EBUl tant crystals

were vacuumfiltered, washed wth 30 nmL of chl orof orm

foll owed by 50 nL of hexanes, then dried in a vacuum
-82 WD 2005/ 097123 PCT/ USZF@P EXANPEE 10

Synthesis of Compound 28 and Compound 18

R, = 2-methylbenzoate

28 18
Formation of Compound 28:
Compound 28 was obtained according to Examples 12, 3 (Method 2),
and 9.
Isolation of Compound 28:
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oven at roomtenperature overnight, providing 8.48 g
(54% 2-brononet hyl benzoic acid as a white

wa@eysogdikd ne power. Formation of Conpound 27: Eonpsunso10167

27 was obtai ned according to Method 2 in Exanple 3,

but 5 by substituti 2- br gnonet hyl .benzaoi c aci d for

a- Br ono p-tol(g‘?rﬁp%dg% ‘Y%gdfcg?t%ﬁs f@}ﬂﬂgémée/?’%‘?gompound
Ny ¥ w4s0Ealaled ds A< paRhailaiatt saigy e HresHipaaahved in 25

mb of 0.1 N HO and | oaded onto a colum of 9.5 g
MCIEqeaatipn ep@empoind -1 N HCl. The columm was el uted

HG . and 10 et Rt BB £ty sty 20

gr ehtoaph b kalnibientsiniag chickidegsinamnton-enshaagd fesinge.gi, AMBERLITE
vacuo to provjde 436 ng (44%yvyield) of Conpound 27 .

( 998 H03 @}Qﬂde ForettoBglyJrasisgRivaRYghange reship bieffluent is

i's j DY hBSS] : ]}"{an] f Conpound 27
thrcgg%ﬁmg%gé?%ﬁn cor??(g?% gg’l"‘g{% orlsge-form

ani on- exchange resin, e.g., AMBERLITE 15 |IRA-402

(chloride form strongly- gqéi Ex0pPR1gxchange resin.

The effluent is concentrated TiT vacuo to provide

Conpound 15. 6.10 f Compound 28

and Conmpound 18 COO N N+ + -00C
NN M~ N-1 =~ " | N MhCN 11
+ N-/ ° COO _OON 2 - ret hyl béhzoage - OOC 20
28 18 Formati on of ; was
obt ai ned accordi ng to Exany od 2),

21

Compound 1 (200.0 g) was suspended in 3.2 L of acetic acid and 800
mL of deionized water, and 253.3 g (2.0 eq.) of ferrous ammonium sulfate
hexahydrate were added. Air was bubbled slowly through the reaction mixture, which
was then refluxed overnight. The hot reaction mixture was transferred to a rotary
evaporator, and the solvent was removed in vacuo. The resultant solids were
suspended with vigorous stirring for 3 hours in 4 L of 10% ammonium hydroxide,
vacuum filtered through #50 paper, and washed four times with 1 L portions of
deionized water. The slightly damp solids were stirred for 1 hour in 24 L ethanol and
vacuum filtered through 500 g celite in a medium fritted funnel. The filtrate was
transferred to the rotary evaporator and concentrated in vacuo. The resultant solids
were dried under vacuum at 40 °C for 1 day to provide 164.0 g (68%) of Compound
21 as a deep-purple solid. MS m/z= 672 (M").
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and 9. Isolation of Conmpound 28: -83 WD 2005/097123
PCT/ US2005/ 010167 Conpound 28 was isol ated as set

wo eooskoiims Exanpl e 9, but Conpound 28 was i sol aperus®o05/010167

its pentachloride salt (n =5) (95% purity).
Formati on of Conmpound 18: Cgnpound 18_.is obtai ned by
passi ng a sol ution of Cbnﬂﬁﬂﬂgaégﬂﬁﬁﬂﬁrough a colum
cont ai ni ng chl ori de-form ani on-exchan resin, e.g.,
AVBERLI TE | RA- 402 (chlSPa!félsf’SFanwggr?&l y- basi s
ani on- exchange resi ry. g effluent is

vacuo to provide COQ
Synt hesi s of Conmpount 2 /

N/ 10 21 Conpound 1N{200\ 0 ¢ smdéd in 3.2 L
of acetic acid and 800 ni| oni J

ntrated in

253.3 g (2.0 eq.) of fergols |fate 15
hexahydr at e were added. |A slow y through
the reaction m xture, ef | uxed

overni ght. The hot reactio

a rotary evaporator

vacuo. The resulta g s

vigorous stirring fQr [ 10%/anmoni um

hydroxi de, vacuum fSLt£red through #58 paper, and

washed four tinmes with 1 L portiggs of 20 dei oni zed

water. The slightly danp solids re stirred for 1

hour in 24 L ethanol and vacuumfiltered through 500

g celite in aCoBarwd ¥ (kQ%ke) wassmerendgh k) miofmgetigasid, and 440

tr f, c .

LT ARSl e0T e bPrlaarct! @MY aRYAPEIHIbANe FALAREC TR FALASh mixture
was refluxed overnight, cooled to room temperature, and the solvent was transferred

to an evaporator flask and removed in vacuo. Ammonium hydroxide (30% aqueous,
20 mL) was added to the evaporator flask and subsequently removed in vacuo. The
resultant solids were twice dissolved in methanol (20 mL), which was subsequently
evaporated. The resultant black solid was dissolved in 50 mL of dichloromethane and
vacuum filtered through a 3 cm thick bed of celite. The filtrate was concentrated in
vacuo and the resultant solid was dried overnight to provide 1.28 g (95%) of

Compound 22 as a metallic black solid. MS m/z= 671 (M").

6.13 EXAMPLE 13

In Vivo Efficacy of an Illustrative Porphyrin Compound Against Radiation-
Induced Death
Materials and Methods
Balb/c mice used in the following experiments were 8 weeks old,

either male or female, and had an average body weight of 24 g. Compound 3A
(obtained using the methods outlined in Examples 3 and 4) was administered to the
treated animals subcutaneously as a solution in 0.9% normal saline with each
individual dose administered in a total solution volume of 0.1 mL. Both treated and

control mice were exposed to a 6 Gy dose of ionizing radiation, delivered via a
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were dried under vacuumat 40 C for 1 day to provide
164.0 g (68% of Conpound 21 as a deep-purple solid.

woBshegH2672 (M. -84 WO 2005/097123 PCT/ USZOOE(ZT)III@Z])ﬁﬂOlOlM

6 12 EXAI\/PLE 12 Synthesis of Conp ound 22 N NN N

sus %C(f %0@6’!\1 %ﬂﬁl’aﬁ‘%g@ﬁgfﬁ a’21°4 a%%\eaib@émlnlster the

€0 radior @38 A A8 Bse(Wdslplack@ &4 absal&t [yHE R RliNRH RERBEE with the
The reaction mxture was refluxed overnight, cool ed

to Sﬁ@i@dﬂatdeame seltrae &or apprpxiratelysing arinutede deliven gfde$er @fcﬁ Gy The

o PSSR AT Gy STTRRIAR i

evanmwoaatl@umfbblasﬂﬁrramdteauﬂﬁsequentIy renmoved |n vacuo.
The resultant solids were tw ce dissolved in nethanol
(20 nm), which was subsequently evaporat ed. The

rewlzttﬁﬂkzaghf?%alz{%g} gfm,%ag'@ﬁfégy,gpo m. of

di chl or onet hane vacuum ered through a 3 cm
t hi ck bed of Baih/tc hece were diviled mtcetwmgoummfe!bbutafeemlcmeach: a
vacuo and the resultant soli s dri.ed over ht to

pr SN EouRsang 4 emCRErau- dfH SRHEC PG SORIORETAN VoS
bl agkcutlebehly h@nﬂﬁﬁere@@']l rﬁMsahneﬁw%% delo trdrdidtioN] f()‘ﬂowed by

Efficacy of an Illustrative Porphyrin mpound Agai nst
Radﬁmtedrsubquﬁmowadmatstramsmf |0a1| mLaﬁunmelmd%h@&s afterward
Bal nt s

f
3ef SR s o] ol W R FERE B i 5L 3 g dose
bOd)Y Obﬁip@hﬁd 8A (840.9 mICeuTRe) N lﬁ)‘ﬁrs 19d¥ita ird@fHationi ROloWRE by

nmet hods outlined in Exanples 3 4) was adm ni stered
t o rensate tSHWWowampset@wlﬁfaﬁeae@qgﬂoa%o%C@npwdo% (in 0.1 mL

in thr?e%/oné)rg/%lhoﬁﬁl a't’fgﬁvé’i"dt T)o@i%%h’vas continued in each animal in both the

control and treatment groups until the death of all of the mice in the control group.
Mice in the treatment group survived longer than the control mice with mortality
being prevented in 20% of treated animals (FIG. 1). Accordingly, Compound 3A, an
illustrative Pyridyl-Substituted Porphyrin Compound, is useful for preventing

radiation-induced death in a subject.

Post-irradiation treatment of Mice with Compound 34 at Dosage of 2 mg/kg

Balb/c mice were divided into two groups of about ten mice each: a
control group and a treatment group. Each mouse in the control group was
subcutaneously administered 0.1 mL saline ten minutes after irradition, followed by
repeated subcutaneous administrations of 0.1 mL saline every 12 hours afterward.
Each mouse in the treatment group was subcutaneously administered a 2 mg/kg dose
of Compound 3A (in 0.1 mL saline) ten minutes after irradiation, followed by
repeated subcutaneous administrations of a 2 mg/kg dose of Compound 3A (in 0.1 mL
saline) every 12 hours afterward. Dosing was continued in each animal in both the
control and treatment groups until the death of all of the mice in the control group.
Mice in the treatment group survived longer than the control mice by approximately
2-4 days (FIG. 2). Accordingly, Compound 3A, an illustrative Pyridyl-Substituted
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i ndi vi dual dose adm nistered in a total sol ution
volune of 0.1 nL. Both treated and 25 control mce

wowrms/ognposed to a 6 Gy dose of ionizing radi ap€DOS2005/010167

del i ver ed via a -85 WO 2005/ 097123 PCT/ US2005/ 010167
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wasexpbaieto tadiatiopeaker in the irradiation chanber with
the sealed radiation source for approximtely one

mnute to deliver a dose of 6 G/. The aninals'

of By Putalbh e SHEL TS oo Ut e o e

mce. Pre-ir rBﬁib&tmmB weredity e d tinto frwé\gtompk 8f Whdul ten mice each; a
Con&glgr F 3A Balb/c mce were_divided  into two groups

Qt SHOHR 24 8 Freatmant S19uUp ¢ BAY BPUss B the comgrohgroup was
LI eqibBRAheous! o
10 2hER oot S miARASRATPLEA. salnt 1 rlicE Ao Bligwed by
pr i mpeated mbpatdn@ms edmirfigitdtiongedf (bjl mly mb'mateeety 12 hours afterward.

strations of sal i ne ev 12
b ouFAPhIReaE P Mealaly, SinyR s b oD PG AR G A O Tk dose
WaSOm@ﬁ @a@wéh 9. 1@91%91&&5 enafindted aPBYf #RAJIHESH, foﬁswed by
nmpoun (in 0.1 nL saline) two hours prior

ir rr&gefmd mbcummqug\aémllbgtratlpe§3eﬁa wmam@anéﬁgmpound 3A (in 0.1

S 59,0030 YU RS SRR 0, i s

conghe Borgtebliafd ﬁa@tfheﬁﬂgﬂfﬁ&bs writil ol deatthef alicsiithé Blicedfthe control group.
treatnent. groups until the death of all of the mce in

t helkipApsing re@#reﬂbprevmt%raﬂwtlpﬁ@%ce%@%m in gt efifhe treated mice,

bl Wb LRI Ind (D] B0 BRI AP € lduba 34, an

Ac citlustratiye )Pyn@pln&msndlté&iﬁl?orp]nynn Compduralt isuseful for preventing
PynaI-Su 4§ted Por phyrin Conpound, is useful for
1?‘?1@“ it 255 %Huced death in a subject.
Post-irradiation treatment of Mce with Conpound 3A at
e of 2 0/ kg Balb/c mce were d|V|ded|ntotvvo
gro??gé' CFFEGCT OF AN 1L ATIVEBYRIDYL-SUBST) RPHYRIN €

t reat ment group Each ) DISEASE: : groupvvas
25 subcut aneously adm nistered 0.1 nL saline ten
m nlifess o erapoundr3aen exidant of fee-vedicaldpmagepeat ed

ﬁggfgt gptegtj\?vaggm H@%@pﬁ%ﬁ@% clgfls %)md]R}ér‘rWe ﬁ}%lnlng rog %ges Wwere

wasgrswhaut ankened, theratlented witle beidamts andfﬁ'édﬁglddﬁlisan tl(iﬁc presence or
Compound 3A (in 0.1 nlL salinpe) ten mnutes afte
ir ra&)aF%Oé Harying q%@araﬁfzns oldpeapund M&Qﬁd&?ﬂe@dge method of C.

SO AL ], 20F ORI 0850 RIS i
congrotented agmngdbdisupprassibn oficdibihbilitye(FIG. 4). Protection is by 3-100 uM
of Compound 3.
These data indicate that Compound 3 is useful for protecting cells or
tissue from damage from reactive species including oxidants and free radicals, and for

treating or preventing various forms of shock, inflammation, reperfusion injury, heart

failure, vascular disease, or radiation-induced injury.

Effect of Compound 3 on myocardial infarction in rats

-87 -



10

15

20

25

30

control and treatnent groups until the death of all of
the mce in the control group. Mce in the treatnent

w@emap9des vi ved | onger than the control m ce bRCT/US2005/010167

approximately 2-4 days (FIG 2). Accordingly,

Compound 3A, .an illus stituted .-86

VIO 2005/ 097158 WFS%@S%@? é’l‘@%rgyo‘flgﬁﬁk}}%P dﬂ“rﬁrk? ifmend

I S répeefubiion fof thel 188 hEREbN@esBerflitl @Fbnaty 8HEryiaY ptevidudB described in
foll ow ng exposure to radiation. Post-irradiation

t r &a¥ o e pl. ,M Rlearpiacol xprdisnn 20%pAng;3 HY22428-504.100mpound 3
/ t
oot afiHRRtef aLh6iEs BEE 2, Sk Bl L 5 nkiBeEb AR rflepfusion. At

gr ongke, Eamipomd Seedutet peaseanévets ofgkautipe Wamse (indicative of reduced
subcut aneagusl y adm nistered 0.1 nL saline ten m nutes

af fBfochLd} 6F‘t‘rP%iFr 150p)- o@mlwf Goomponnd ¢ rsedcgd asiepificant

ad{ﬂ'&é&f\/‘é%&’fe&n ch& 3% o dHfecBYEROY redhictH %liﬁfarct size in the rats
rward mouse i n the treatment group

sulfElt. éeousl y admi ni stered a 10 ng/ kg dose 10 of

Conmpound 3A (i n .saline) ten nut e

R o Trsq iR b Rlometnd e HeaasE Brotecting

ad i ydicardiA ks s o @anla%e ReHeh QARG SteRl duAAP Sodardil Géﬁarfusmn
0.1 nL saline) ever 2 hours afterward. Dosing

connd frdreating elamthmnmwnrdm}umfarotlh@ a@@fﬂpprﬂmam an ury resulting
tr the death of all of the mice in
thglaj}’tttzlgE ?{“8’?63%5/ yp? I's dosi ng regi nen prevented

radi ati on-i nduced death in all of the treated nmice, 15

while all mce in the control group died (FIG 3).
Ac Edied of §iapporndd Sutgmerhagis shogh ingeiat i ve

Pyri dyl - Su bsqiawgg SEEjE&ga{ td ?hgﬁgpﬁif%]ﬁoréﬁa} e U Abied §9

preventing ation-i nduced bject.
EFEEsGIcit@ior\bs pilelidBIIRAESvibe® RODYLEVEeBST éﬂaUTE‘E')t Care Med., 2003

cr R0 D) 508 n oD a5 MBI S 4 RoF S5 ek

AS4AniNdEBRoEB 'réslﬁ@élfa%bn Cebinpoansls RAN lhﬁﬁa [EREIS ‘BP BRIES kinase

were grown and cul tured, then treatg}ldﬁ oxl dants
andnd Add (iadi¢cative of rwucmcq@klwsmsrsé GDmpambhwes alfso effective for

reekbl RS e B e R 5585 s Gs: o). To
8( bBairbthé 18&Qts SKIVROMTIG3 70080y éle BRIAAE Bédc nvdan [BFPOS ot Bith Hg.

agai nst the suppression of cell viabili ty (FIG 4).

Pr dihéscmpasnBF wap namtaiged far 2dfoucs ﬁqibwd by, restiseisasionayith saline at a
' nQ/' ﬁ%e ott eﬁle gi?e%qg Cf)%uﬁé ﬁ?&fv&gre 12h ogge%eecf for g%ours and the

S Or i ssue from m reacti ve speci
I n cshmvduam gmexvaasdordan (Cérﬁpﬁmﬂadﬁ(iﬂg/kg) \ﬂﬁylhdﬁmmstered intravenously

before the start of resuscitation. To obtain the results shown in FIG. 8, left

intraventricular systolic pressure (LVSP), dP/dt, -dP/dt were monitored continuously
for 20 minutes from 40 minutes after resuscitation. Compound 3 (6 mg/kg) was
administered intravenously before the start of resuscitation. To obtain the results
shown in FIG. 9, blood was taken 1 hour after resuscitation. Compound 3 (6 mg/kg)
was administered intravenously before the start of resuscitation. To obtain the results
shown in FIG. 10, blood was taken at 1 hour after resuscitation. Compound 3 (6

mg/kg) was administered intravenously before the start of resuscitation.
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treating or preventing various fornms of shock,
i nfl ammation, reperfusion injury, heart 30 failure,

w2609 HAe3 di sease, or radi ation-induced inj uryPCT/Eff06®010167

of Conpound 3 on nyocardial infarction in rats -87 WO
2005/ 097123 PCT/ US2005/,010167 . Rat s re subjected to .
myocar di al i nf% Eﬁf‘taﬁn 9"“5%@? GQWBH“%F‘:@W‘@ fordweffctyye a subject
t hefrbafvarigiy RihObr SRICANH SASCICHINBAI¥atHzloR bYevRting sepsis,
previously described in "C. Y. Xiao et al., JPharnmacol

Ex psyFiegrc InfRogdatgqygeppo§2yyndedacs bamothagio shogk cardiggenic shock,

adm . ni stered. at _doses.of 1,.3, .0r 6 (kg 1.V.,
o ISR R SREER iRty anandes rfes. stetias Ty o
reduced plasma | evels of creatine kinase (indicative

of reduced nyocardial necrosis, FIG 5). 6 ng/kg of
Conblthshe/ Gompoadcioer keakt JgHure inatice prot ective effect.

Compound 3 . . ' le 1Ci i nf ar. )
7o in the r i@ PR RIEGd el RhRG: bPMaE banding o
Congreviods!$ desribed fruC. Y. Miagetatl e g tPhamgnddd! Bymw Therdi2805

tissue om d e when_ adm ni stered during
nyoleéﬁg}é(?'):%pgﬁggﬁpsmy 3 id afppnisipre el hgossof 3 mefkg/day orally.
Pr egspb i IAGHIdhaledrdd &¢ rﬁ&éé&%iﬂ%&&%‘ﬁﬁﬁr e Le Rl 1}.

injury resulting from cardi opul nonary bypass. Effect

of Conpound S3Thrse Hetaundiemgitat Chmpkund3 rsatssful forReeating heart failure.
were subjected to 2 hours of henorrhage, followed by
resuscitation as previously described in O V. Evgenov

et Bffect of Cohpbdds3 derbjectidh gﬁhea%tdugﬂeg%gbei%ﬂzg;h%@ﬁt transplantation
\'

Conpound 3 was adm ni stered at a dose of 6 kg i.v.,

5 minutes prRyp were subiagtedite aﬁﬁemﬁoplebﬁqabmwggmtfaéan@@descnbed
| _ ti h . Cindicatd

o PRk oL, AlngheBt rinbliingy, ARG ETsghad) st ye

ef f @empoend dwaRiminiberéd atiandpsbbd dOImgyiegdyrataliyn dCompound 3
[ ncrﬁasi ng survival rate in the rats (FIGS. 7-10). To
c

obt &Avcedriie degren efanxergidialinypertiephy (FIGad3)- were bl ed to

reach mean BPrplce 40,50 {ob gﬁm BRisURS for treati

mai nt ai ned for ZSehoﬁr s,l‘%—?%maomeglp y resuussé\@t ac%ritrgr% II\llﬁ ?]iw
sal precnding a repavfugion iglur?resilhing floscdorightrensptantatien. Rat s
were then observed for 3 hours, and the survival tine

was recorded. Conmpound 3 (6 ng/kg) was adm ni stered
intEﬁé@Bpg&ng,@jJ&{Msgulhpglﬁg?,art of resuscitation. To
I h [

obtain the results shown in FIG 8, |eft

i nt ravent ri cuRats weyssubjdctedie bakenneinduoggvpscudip/injury of the carotid
-dP/ dt were noni tored contipuousl or, 20 .m put es,. .
fr R Ry SPcEPed BUGARUR b A S5 ARG T ire PhsioL.
g/ XK ABS28 RRHES B 661 €6mbBined ENedAlebidgreventdditBe development of
start of resuscitation. To obtain the results
endothelial dysfunction after balloon-induced vascular injury and reduced the degree
of intimal hypertrophy (FIG. 13 and FIG. 14). As shown in FIG. 13, the injured rat
showed an impairment of the endothelium-dependent relaxations, compared to the
non-injured (control) side, and Compound 3 treatment completely prevented this loss
of the endothelial function (n = 4-7).
These data indicate that Compound 3 is useful for reducing the degree

of vascular injury associated with cardiovascular diseases including balloon-induced

vascular injury, coronary stenting, and atherosclerosis.
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shown in FIG 9, blood was taken 1 hour after
resuscitation. Conmpound 3 (6 ng/kg) 30 was

wa@dwsndaeered i ntravenously before the start OPCT/US2005/010167
resuscitation. To obtain the results shown in FIG

10, St t .1 hour after resuscitation.
n@%eﬁ @fj@o'(‘lé"””?é/ ’ag\ﬁ? ’Hﬁ’rﬁf‘ﬁi stered intravenously
before the stigide idre s@5EEEd oahhBBle 10&&10%%@&)@(510 %ﬁlﬁ)%tes as

PCT/ US2005/ 010167 TheSe data i ndicate that Conmpound
i s predpudly fieﬂcnpccbmeicﬁl Mgblay@u:b} By Phaomacohy 28U uf; b?v}fé) 909-19.

of rcul at d for treatin revent.in
o e pSrpl R0 B B ) By e Bl B S PG Betycemia and
he rivrmbRgidpastrestic m@@mdmmmmcsms):k and system c
i nflammati on i nduced by anticancer therapies, such as
|L-2. 5 Eff eckhese detaipsbeatelthst Gampeund 3 raiselyl Britieatinger
r uced by aortic
partr g SHBLECEthd & AEETH G Bihlilofe SE0 PF 20
JPharmacol Exp Ther., 2005 WMar; 312(3):891- 8 Cbnpound

3 was adm ni stered at., a dpse of 3 [ kg/ day

Compound 3 r eﬁlfc@ﬁseflh’é“’%t&’r“éé nB‘ftolﬂ‘?ng’@H & 1ﬁlscol’e Xe Spe"lﬁc

hy p&ﬁﬁcfdﬂﬁ&%s ifs lzlgsed]i;i)the Mesd%ﬁ:h'aﬁl@in?éfd@d Eg'ﬂfustratlons of a few
Conpound 3 is useful for treafing heart fallure.

Ef faspectoéf tio myentieh aldmyrea}b@dtmmS thiat dre durtcsiodalyi quuvalent are
eterot .ran Rat s re su

o RUBh IR SaPeShit b AT ERREd SPoR BQutiGhers BEkE jisEhtion in
pr eaddRienl ty thdie showh abdeatrisyd. hereTﬁ S BbcvmAdpparent ®088se skilled in

Jun 15; 73511) 1808-17. Conpound 3 was adm ni stered at

a dbearténd ary inigndes) oyl erthm e s@ped dircrppendeddlaiad. t he
degree of ny A 2

i ndi cate t hat&@b&le%h% %g& II&%RI Fnc]o&or%[ reggr%g?e lgttﬁelr

pr eaneifdty.ng a reperfu3|on |nJury resultlng fron1organ

transpl antation. 20 Effect of Conpound 3 on vascul ar

injury Rats were subjected to ball oon-induced vascul ar
injury of the carotid artery as previously described

in C. Zhang et al., Am JPhysiol Heart G rc Physiol.

2004 Aug; 287(2): H659-66. Conpound 3 (1 ng/ kg bid)

prevent ed the devel opnment of 25 endot heli al

dysfunction after balloon-induced vascular injury and
reduced the degree of intimal hypertrophy (FIG 13

and FIG 14). As shown in FIG 13, the injured rat

showed an inpairment of the endothelium dependent

rel axati ons, conpared to the
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wo sy (n = 4-7).

non-injured (control) side, and Conpound 3 treatnent
conpletely prevented this |loss of the endotheli al

Conpound 3 is useful for reducing the degree of
vasgé%gr ﬁn%$@ .associ ated with cardiovascul ar

dis § 9% 'ng bal l oon-induced vascular injury,
coronary stenting, and atherosclerosis. -89 WO

2005/ 097123 PCT/ US2005/ 010167 Effect of Conpound 3 on
di abet esAmempoundhaviegthgdemnuabj ected to nultiple | ow
dose streptozocin diabetes as prexously described in
J.G Mabl eyet al., Br J Pharmacol.

133(6):909-19. Conpound 3 (3 or
prevented the devel opnen

or preventing dj
conpl i cati ons.
l[imted in scop

shown and descri bed herefn will

15). These
r treating

=Fpparent to

those skilled in the art re intended to fal
within the scope of the & ndged clains. 15 Al
references cited herein arextacorporated by reference

intheir entirety. -90 WO 2005/097123
PCT/ US2005/ 010167 What is clai@gd is: 1. A conpound

having the forrula RRHzc'" + N/ (VI I Ni %z \
N Wherein:

M is Fe or Mn;

fisOor1;

each R is independently —C(O)OH or —C(0O)O’;
each X' is independently a negatively-charged counterion; and

n = (f) + (the total number of R groups where R is —C(O)OH).

2. The compound of claim 1, having the formula:

-91 -
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NCH2 R R5 (A wherein: Mis Fe or Mh; f is O or

1; 10 each R is independently -C(OCH or -C(O O each
wo20058971exlependent | y a negati vel y- char ged counP@r/Usmps/010167
and n = (f) + (the total nunber of R groups where R

is -C(OOH). 2. The conmpound of ckaim 1, having the
formula: -91 WD 2005/097123 PCT/ US2005/ 010167 R I \
HZCN \ NR/ \ CHZ NN/ CH : N+ NCHZ R

(1). 3. The compound of claiml ing the formula R
HZCN NCHZI1 NR R NCHz

R

(D).

3. The compound of claim 1, having the formula

4. The compound of claim 1, having the formula
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N NCHZ5R (Il). 4. The conpound of claim1,
having the fornmula -92 WO 2005/097123

wEanseaeds5/ 010167 1| \ R/ HZC N+ N/ CH2 PCT/U§20b5/010167

n(X) - RNCHp\'/ N N-CHZR((IIl). 5. The
conmpound of claiml1, wherein Mis 5 6. The
conpound of claim1, wherein Mi§ 7. The conpound
of claiml, whereinf is 0. 10 ¢ conmpound of
claiml, whereinf is 1/9. ThHe coyffpound of claim1,
wherein X- is Cl1 or Br/-. Ip. :
wherein an X' forns a I W 11y The
compound of cl ai whet et A aLBr , IF, HO,
or CH3C(O O-. o laim1l, wherein
each Ris -C(O 0 13. ak) chai m 1,
wherein each Ris - !

(I1).
5. The compound of claim 1, wherein M is Fe.
6. The compound of claim 1, wherein M is Mn.
7. The compound of claim 1, wherein f'is 0.
8. The compound of claim 1, wherein fis 1.
9. The compound of claim 1, wherein X" is CI or Br'.

10.  The compound of claim 1, wherein an X forms a bond with M.
11. The compound of claim 1, wherein X is F°, CI', Br, I', HO", or CH;C(0)O'.
12. The compound of claim 1, wherein each R is —C(0)O".
13.  The compound of claim 1, wherein each R is -C(O)OH.
14.  The compound of claim 1, wherein n is 0.

15. The compound of claim 1, wherein n is 5.

16. The compound of claim 5, wherein fis 1, and X is CI".
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14. The compound of claim 1, wherein nis 0. 15. The
conpound of claim1, wherein nis 5. 25 16. The

wa@eogpoemes of claimb5, wherein f is 1, and X i sPc/uUsS20938010167

WO 2005/ 097123 PCT/ US2005/ 010167 17. The conpound of

clajim 1 wherein,each. R.is -C(.O)O.. 18. _compound
of aicﬂ)lpai }fcwuﬂ%‘)?ﬁgm%llb’u%]?el%lg eagh RI%TE,(I%% + NN
COO NFe NOOCNCI N NCOO 10 19. A conposition
cong i SiTwk @mpRuh&er Elen aMemitg @E stdigueonpound  of
claim1 and a physiologically acceptable carrier or
vehicle. 20. A nethod for treating an inflamatory
condition, conprising admnistering to a subject in
need thereof an effective anoO@C of the conpound of
claim1. 15 21. A nethod for tr ng an inflammtory
condi tion, conprising geANi ster to,~a subject in
need thereof an effective f npound of
claim 18. 22. The met hoy,-6 Al Whefein the
inflammatory condition is a [ net ory_condi ti on
of a joint, a chroni nf | ndi 14 Kt the

gum an inflanmato OV N ammat ory
| ung di sease, anODEf | amma t he
central nervous system e pedf\or y ! condi tion of
the eye, gram positi i ve shock,

henor r hagi ¢ shock, anaphy),
shock, chenot herapeutic 02@ sho®N& nduced i n
response to 25 adm nistration %Opro-inflarrrratory
cyt oki ne. c :

19. A composition comprising an effective amount of the compound of claim 1

and a physiologically acceptable carrier or vehicle.

20. A method for treating an inflammatory condition, comprising administering to

a subject in need thereof an effective amount of the compound of claim 1.

21. A method for treating an inflammatory condition, comprising administering to

a subject in need thereof an effective amount of the compound of claim 18.

22.  The method of claim 20, wherein the inflammatory condition is an
inflammatory condition of a joint, a chronic inflammatory condition of the gum, an
inflammatory bowel disease, an inflammatory lung disease, an inflammatory
condition of the central nervous system, an inflammatory condition of the eye, gram-
positive shock, gram negative shock, hemorrhagic shock, anaphylactic shock,
traumatic shock, chemotherapeutic shock, or shock induced in response to

administration of a pro-inflammatory cytokine.

23.  The method of claim 21, wherein the inflammatory condition is an

inflammatory condition of a joint, a chronic inflammatory condition of the gum, an
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23. The nethod of claim 21, wherein the inflammtory
condition is an inflanmatory condition of a joint, a

wa@koosndTa23 nf |l ammat ory condition of the gum anPCFOg2008D10167

2005/ 097123 PCT/ US2005/ 010167 i nflammatory bowel

di sease n i nfl tory.lung di sease,..an infl anmator
corlnenbiesy bpnefhastos an inIARBHeTICHEE disFasgyan inflammato

| nfdo&thitheC&ﬁﬁhltﬂe@stu@fs#taﬁ, AYiafladbR6ry RERditibY 8f the eye, gram-
shock, gram negative shock, henorrhagi c shock,

andpiifivasheek, groe kegative shasks heanastheeic shadnunnhylasticshask,
sh g i j. p .

2ary famfte SPOACCho Rl o ERAERSN Baosd,in gospope 1

met ddadnistatidn efad prognfam@peEy chgbkife nj ury, conpri si ng

adm nistering to a subject in need thereof an

effective ampunt of the conmpound of claim1. 10 25. A
nmetdfod fAmethedior Hgatingradisperfusiaroiniuryj empristgmdriinistegng to a

dri ai . oot i ; _
or ruB|eEl BB ulfecfan BHERE okl S He LR ARl HUpim 17
nmet hod of claim 24, wherein the reperfusion injury is

stromke, Awegddio treatindf Adeférfi@ion iBfur®, dofPr¥BRRAMiMBtering to a
injury resulting fromorgan transplantation. 15 27.
Thesubischindresd theresf an sHfectijsamount ofhe peppoundifetpimpjByr y

is stroke, nyocardial infarction, or a reoxygenation

i ni |t : I ion. wnd .
ot ofpehid b8 2 AR IR R R R ey gl pyosardia

I s iafiretons or 2ok ygonaRbrainidy irevltiig ol 8834n transplantation.
transpl antation. 29. The nethod of claim27, wherein

the organ transplantation is cardiac transplantation .
or % dnelhamethed phelaimn 2 prwhepein 3t repenfusiotoidjurp is stroke, myocardial

tr %%%a'r& n8r A fc'e%)lwgéingtsi?i o?lgllgsr iré:)sﬂltinc gr%g)r{li fe%aglglfan%antation.

admnistetrng to inn
ef fective anmount of the conmpound of claim1l. 31. A

netdgd fTHe héBad bNElaidi 26, Seeeh the@rah rhplant®iBRid Sdrdige
adm nistering to a subject in need thereof an

ef fleaspletatiomponkidesy rasplesteound of claim 18. 30 32.
The met hod of claim 20, wherein the i schem c condition

i di al i i t abl i bl )
oS o Aot SEARI 21, isiEn TP DRl Bansp RRlefign fy gardiac
I s clheRplantatiGP oMEIREPedidPIadaBoACT/ US2005/ 010167

30. A method for treating an ischemic condition, comprising administering to a

subject in need thereof an effective amount of the compound of claim 1.

31. A method for treating an ischemic condition, comprising administering to a

subject in need thereof an effective amount of the compound of claim 18.

32.  The method of claim 20, wherein the ischemic condition is myocardial
ischemia, stable angina, unstable angina, stroke, ischemic heart disease or cerebral

ischemia.
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33. The nethod of claim 31, wherein the ischemc
condition is nyocardial ischem a, stable angina,

wae®sawiies angi na, stroke, ischenic heart di seaB@T/082005/010167

cerebral ischema. 5 34. A nethod for treating a

i st R 8 OL R Lo er ity BB G myocarcia

ef figeHeis seibleliigirf uhisiebl€ MEpRd) Beloley, iscBérBicRedrt d&RaseAr cerebral
nmethod for treating a radiation-induced injury, the

metiF¥Mdbnpri sing 10 administering to a subject in
need thereof an effective anount of the corrpound of

4N 18
ol | o g R G R g ol iU bl lompgising
15 a'ﬂl?mnfﬂ&ﬁngﬁi B eebjedt i hédhetoof ahFfetive 4H6unt of the compound of
radi ati on-induced injury is acute radiation sickness.
38.claimbt hod for treati ng di abetes, the nethod
conpri si ng adntnistering toa 20 subject in need

1550 AR ladioh YRR A Sl S E Y BE b Drising

c ongahiifisfeging ¢t mhjécﬁ fin AgedttBerdof @difeetive ot o tHehRhflind of
an effectlve anmount of the conpound of claim18. 25
40.°198e1& et hod of clai m 38, wherein the diabetes is

di abetes nellitus. 41. The nmethod of cl aim 39,

e RS AP 3y N s s

di abéibgsn sicknegpe |1 30 di abetes. 43. The met hod of
claim39, wherein the diabetes is Type | diabetes or
Type Il diabetes. -96 WO 2005/097123

PC'I3/7U82 00w roatbad vt claim 33 wherdin thefrediatipw-induaed mjury is acute

di ghgti; &8%'5% cation, the method conprising
admnisterrng to a subj ect in need thereof an

ef fective amount of the conmpound of claiml. 5 45. A

met3god fRmethodot fteatihgifRek] e G dontpriRthg dddfnistering to a
met hod conprising adninistering to a subject in need

t hestbiset iameed theeaof pe cHpriiyaameunt ofehe eompennd offclaim|lai m
18.

39. A method for treating diabetes, the method comprising administering to a

subject in need thereof an effective amount of the compound of claim 18.

40. The method of claim 38, wherein the diabetes is diabetes mellitus.
41. The method of claim 39, wherein the diabetes is diabetes mellitus.

42.  The method of claim 38, wherein the diabetes is Type I diabetes or Type II

diabetes.

43.  The method of claim 39, wherein the diabetes is Type I diabetes or Type II

diabetes.
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46. The net hod of claim44, wherein the diabetic
conplication is diabetic 10 neuropathy, retinopathy,

woewsogdarhy, angi opat hy, cardi onyopat hy, or ereCt/Usm®o05/010167

dysfunction 47 The net hod of claim45, wherein the

etic co atlon i s diabetic . neurgpath
r et 4nopa/t\ FHE%&W dlgl?féﬁcc?ﬁgwyatmea SheamRrising
or a‘%ﬁxﬁﬁfstehﬁ t(§j¥ aﬁg&%ﬁ Ackd tﬁé}eéﬁan e‘ffe@ﬁwaqo&rﬁ lof tefhipdend of
a cardlovascu ar di sease, the nethod conprising
admilainst.ering to a subject in need thereof an
effective anount of the conpound of claiml1l. 49. A

met hod f r ing a ca ovascul.ar . di ase e ..
Tettod ch i s o e AP SpActtisna e dogibed Carpprising

neeﬁrﬂlﬁﬁfeﬁﬁ% A4 51933 E8 G h& R RERYNN GfectiPakionm Q)'fmé <9>fmpound of

claim 18 met hod of claim 48, wherein th

cardaiovbscul ar dlsease is acute heart failure,

chronic heart failure, ischemc heart failure,

dru -in ced heart failur 25 idio athlc .hea

f ai dﬂ%ﬁ th‘i? I"&‘ﬂlﬁﬂ‘é‘};\f"%;J ‘?%ﬁr?la?%e ‘96‘? ot C85’P&‘F%ft°“ is diabetic

ar rﬁw&ﬁm@ re%ﬂaopiny ¥Biopatly Odngfdpathy, éa‘}dlom%b@tw drht@ectile

cardi ovascul ar disease is acute heart fail

chrdysfunchemmrt failure, ischem c heart fallure

drug i nduced heart failure, idiopathic heart failure,

ol i : ' .
52 ﬁrhe fn%emﬁ%gd Pﬂl}ﬂ% 25’4‘25“\/\/3 er e@%@et%ﬁ L@Ylélg{om\? gg g l?élgetlc
di sesasepaitsy, Rinbpahy, nenbpahd, atfsspatiay carﬂlom}wpathga,rcﬁreaescme
stentlng at heroscl erosis, or restenosis. -97 WO

20088 ﬁ%% PCT/U82005/010167 53. The nmethod of claim
49, wherein the cardi ovascul ar di sease i s ball oon-

i ndyced X asahd Bfor trlhttgYa car@bPARANT &E@a@& 'tHQmethod compnsmg
at herosclerosis, or restenosis. 54. A nethod fo

t r eeahmmgte@ag tea §ulucmpm heddrtheraoidméfiactvé amowrd Oétlmmremund of
eed 5 thereof an effective anmobunt of a conpound
h11 55. A nethod for treating cancer,
conpr|5|ng adm nistering to a subject in need t her eof

an gf f eck 'rf(e%hcﬂﬂ%i" %atﬁff @ca‘f&l@%&@ﬁ‘l@r Skekst Qhéﬁn%ﬁxod%@m’éﬁsmg
The nmet hod of claimb wherein the cancer is

col asingoistering ma swbjedtam geaﬂahereof, an ¢ffactiveampented theegompound of
esopha | cancer, stomach cancer, skin cancer

| eu H?E? | ynphoma, testicul ar cancer, bl adder

cancer, breast cancer, prostate cancer, head and

50. The method of claim 48, wherein the cardiovascular disease is acute heart
failure, chronic heart failure, ischemic heart failure, drug-induced heart failure,

idiopathic heart failure, alcoholic heart failure, or a cardiac arrhythmia.

51. The method of claim 49, wherein the cardiovascular disease is acute heart
failure, chronic heart failure, ischemic heart failure, drug-induced heart failure,

idiopathic heart failure, alcoholic heart failure, or a cardiac arrhythmia.

52. The method of claim 48, wherein the cardiovascular disease is balloon-

induced vascular injury, coronary stenting, atherosclerosis, or restenosis.
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35

neck cancer or ovarian cancer. 15 57. The nethod of
claim55, wherein the cancer is colorectal cancer,

WO vg/oganxer, pancreatic cancer, esophageal CBIIDYE82005/010167

stomach cancer, skin cancer, |eukem a, |ynphonms,

testj cul.ar C bl adder. can r east ncer

or 0% at 6 e4REaPS Ofelakp B SRS e RS oL IS s baloon
cangioed R;Qso'ﬁsar iffuf(E t&Yefarly Qfentih £ 3k hdd8schersdifl @ Risteabiis.Of
cancer chenotherapy, conprising admnistering to a
subject in need thereof an effective anmobunt of a

co rﬁﬁlo undA ofetlddafiontredtings@nced, coatphrscthgf aiministeang tya subgéatién need

aarffiee g iE b oGt 8 mpHmE o cof - an
effectlve anmount of a conpound of claim 18. 60. The

metdyod of n&lﬂ?d(f?oggeatm@%ﬁéé? m&ﬁﬁcﬁhlﬁgﬁgﬁé aes w ect in need

conprises admnistering a platinumbased enot her apy
agehereoian ¢feeciubpmount 030 cempOITrnbOﬁréalhbbB of claim59,
wherein the cancer chenntherapy conpri ses

ad j |st ased chenot her agent t
oy Bhemélaa Bhelaim s it t5a GpsraDCo IR RLFceh Bing cancer,
?ah@ﬂéﬁﬁ@@a?l%& G%?H%éﬁ%&’i‘i@é’r &8RMAELh béicele’@klﬁ'cﬁﬁée@tlbﬁkemla
WD 2005/ 0971 / US2005/ 010167 63. The net hod
f lmnahwn&ﬁestwhbr eineer, béadderataneernbrisast eanach gmextdte caeyr, head and
64. The net hod of cl ai m 36,

éF@Fﬁm¥ﬁ%°? %H%??gﬁwfnduced injury is caused by 5

radi ati on therapy adm nistered to a subject for the

tregt ”enfhe‘}ﬁetﬁé@ 6£&1ainP5s, WitteeiT Bl \QHc&fis 6d18¢eBlaBdancer, lung cancer,

wherein the radiation-induced injury is caused by
r amaacne@tnp c&mecrapsophmhwm@r stdmach gansah Jslemtcan@r, leteemia,
aod .for

r ad AP e G R SHsst R8s arr) Haos aios TR gHgn head and

a aubkegkmfar@@@@nbmﬁkﬁof an effective anount of the
conpound of claim1l. 67. A nethod for preventing

radi ation-induced death, conprising admnistering to
a sifj ech mathaddettreatingaofideeilast 6 Eeancerechamotherapyf canprising
incr.eas

d. of im.18. f
ot PP o Rohedtin A dFersth AR et Aol 5T 8 B8mpBhul of claim
1.

59. A method for treating a side effect of cancer chemotherapy, comprising
administering to a subject in need thereof an effective amount of a compound of claim

18.

60. The method of claim 58, wherein the cancer chemotherapy comprises

administering a platinum-based chemotherapy agent to the subject.

61. The method of claim 59, wherein the cancer chemotherapy comprises

administering a platinum-based chemotherapy agent to the subject.

62.  The method of claim 60, wherein the platinum-based chemotherapy agent is
cisplatin.
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radi ation, conprising adm nistering to a subject in
need thereof an effective anmount of the conpound of

wa@b@sov7i23 20 69. A nmethod for increasing a subPEDUS®05/010167

survival tinme follow ng exposure to radiation,

CORY SR SRS B bt eI 5B) s
A

@ for treating or preventing injury due to
exposure to a reactive 25 species, conprising
administering to a subject in need thereof an
ef et | Videgngthed obglaim P véhisrsin thecradiptien-gidyread injury igcaused by
mtrgﬁigtiélp{helt%? %ﬁfnﬂ?stgxred RS g\él?[;jgét & th@krggt}heqygf dBcer.
exposure to reactive specres, conprising
adm nistering to a subject in need thereof an
ef fesct i VEhean@hod oOélaint B viieagie tethadihitich-aidicdBinju) is’chused by
A nethod for treating or preventing an inflamrmatory
skiradigiigetherpy agmprsteicA do a sehiedtifen the fragmest of canpgrect
in need thereof an effective anmount of the conpound of
claim1l.,-9 7 PCT/ US2005/ 010167 .73, e
mettifon el RSvREREal iRt el SOy ouinitering o
di seabfct ©aRPd tierddd an 28t theihtyuhnef the cémpoudjdasticldim 1.
need thereof an effective anount of the conpound of
claim18. 74. The nethod of claim 72, wherein the
i nfd7ammret srejhosidonpigyetmeaadiatioioinduead desthg eemprising gdministering to
eryt . [ @S] | aidn 73,
s BB ol BRULTSh SrreckRe atin B HECobofioR Maii1s.
dermatitis, erythema, or psoriasis. 76. A nmethod for
tres3t i NOA edetHderseitictdasing Kisbjest! S8akVing, tinkkfolloehg Wkposure to
sunburn erythema, UV-induced skin injur

) e . in | y, or .
UV-TR¢aliene oBRTifINg pdmpseringiep subjeatinmged theraef 9n effeeiye amount

to j i t hereof an effective anount of
théﬁg%ﬁggﬁﬁﬁng?fg@ﬁgﬂh11. 77. A nmethod for treating or

preventing skin winkling, skin aging, sunburn

er ygohemeA nidvhddnidtimeebasiks B sibjeétrsysurdvalbivnd folldGaek Sdpbsure to
di sease, conansing .adm nistering to a subject in .
nedadiatiQly, sempHHng pdaEtstoEnsier b cet inmeed therged an gffegtive amount

15 gl.aj : hod of treating or preventing
B8 ifbupd B¢ el

er ect unctron caused by surgery,

70. A method for treating or preventing injury due to exposure to a reactive
species, comprising administering to a subject in need thereof an effective amount of

the compound of claim 1.

71. A method for treating or preventing injury due to exposure to a reactive
species, comprising administering to a subject in need thereof an effective amount of

the compound of claim 18.

72. A method for treating or preventing an inflammatory skin disease, comprising
administering to a subject in need thereof an effective amount of the compound of

claim 1.
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conprising admnistering to a subject in need thereof
an effective anount of the conpound of claiml. 79. A

woredosoeried treating or preventing erectil e dysPamnusio0$010167

caused by surgery, 20 conprising adninistering to a

e onPoundh BT R s PreveR et Be Akt hin iseise, comprising

V\h%rdﬁhﬁstteﬁﬁ ﬁ)Ué Qﬁ)?%t UPndBREN M effebBvARGIR LE tHe cobdpBund of
colon. 81. met hod of claim 79, wherein the surgery

i s odaimgks: y of the prostate or the 25 colon. 82. A
nmet hod for treating or preventing a |ung disease,
compri Si ] - r.
SO SR AL 72 SR oy B e
V\Dc&ﬁﬁ&t&%@ﬁ&nﬁﬁh‘pﬁﬁ@ﬁw 010167 83. A nethod for
treating or preventing a lung disease, conprising
adrnj_ni sterin 0.3 .su et i.n neeq thereof .a .

of et ; vihenigtd Stdaig 3 F IBfarpmA[oRy 3 digsaserip gontact
neuﬁgqmgg ElyRieMad8r p *@ﬁg@ln the lung disease is cystic
fibrosis, hyperOX|c lung injury, enphysema, or adult
res iratory distress syndrome. 5 85. The net hod of

16m 83‘\ rrwﬂmdefphtrcaﬁ@glom BEevantieesken weinklrg, iskinfagings sunburn

ngag{t &Y Hcg{cregjglgwsfn n%""%pW@m% skﬁ'{ ﬁfls%ise compnsmg

t r edivifigtefing [ ©stbidcit Hgndeﬂjthﬂryotdm&ffeetﬁwmm béithe compound of
conprising admnistering to a subject in need thereof

an @¥fekt i ve anount of the conmpound of claim11. 10

87. A nethod for treating or preventing injury due to
hyper oxi j j

nead  ner DRRATOL e e o DA ShOIEG Arinklifk, SR Bfe, plhou
cl airythérga, ($8-induved slenhgdrye br UVaindu&s, skwhéselsn, comprising

injury .due t xia i,S h |nduc e

| APy fut SIBReE? Bre eehvali Sief s Aol g R Bampound of
metdnagh & ¢l ai m 87, wherein the injury due to

hyperoxia i s hyperoxia- induced eye injury or

hyper oxi a-i nduced lung injury. 90. A nethod for

tredti ngh Brethodef érﬁﬂﬁlmﬂgora)rﬁ@mﬂea egfem@rda@ftmetm epageskby surgery,
c O'EBH;) 1?1% ad&%t@hﬁé e{ %]%ééc?m%e%g %de?%f ah%(fggt?\% e{nqcﬁ{n?gf the

an e ve anoun
compound of claim 1.

79. A method of treating or preventing erectile dysfunction caused by surgery,
comprising administering to a subject in need thereof an effective amount of the

compound of claim 18.

80.  The method of claim 78, wherein the surgery is surgery of the prostate or the

colon.

81.  The method of claim 79, wherein the surgery is surgery of the prostate or the

colon.

82. A method for treating or preventing a lung disease, comprising administering

to a subject in need thereof an effective amount of the compound of claim 1.
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20 91. A nmethod for treating or preventing a
neur odegener ati ve di sease, conprising adm nistering

WO 2008/0311bk3 ect in need thereof an effective anoeet/usfo0s/010167
t he compound of claim18. 92. The nmethod of claim 90,
mhigﬁlnlghe neur odegener at i ve .di sease_.is_ Parki nson’

ase frealing; o Preyenting ; {4ng Gi5Ases Comeasiag adinistering
a”%@tarsﬁ%lébﬁn @t Ethdteod &h BffQRHVE amodnt F3he ddifpdtRitiRedIanh 18.
clai m 91, wherein the neurodegenerative disease is

Par ki nson' s di sease, Al zheiner's disease, Huntln%ton '
di fdase, Thermethgdef dpim 82, |vehtesein theslsng diseass is cystio fibwsis, hyperoxic
005/ 4 or

Cr e B e gt B Gaf T B L Y
admnistering to a subject in need t hereof an
ef f&ct | VEheanethod oHdlainh®3,odrgpsin ik 1ahg disedsmislcysld fibfdsis, hyperoxic
nmet hod. for treatin reventlng a liver disease,

cortig WUy HapRYiFE ,ar.aﬁﬁ L rqspirgfoRy{§j5iEase SYMIrofBEd t her eof
an effective anmount of the conpound of claim18. 5 96.

Thegget h@%eﬂ{od%ﬁ{rgdt%or%reﬁﬁ gy |dhé’ ®Wh eﬁﬁ@‘s?‘ QomPrising
hepatitis, liver failure, rug-i nduced |iver

i nj adnynls@mng Rhesuhiedh dtineskl tmrmﬁﬁn%fecurneaareountpﬁ thel doyground of
d|s§ase is hepatitis, liver failure, or drug-induced
i ver |njury 98. A nethod for nethod for inducing
cardi opl egia conprising adm nistering to a 10 subject
in8veed A h&altlﬁmlffoﬁt‘rezﬁfnfgeﬁtp'rmnﬁ@imjltry dfie ® hyperoxia, comprising
cardloplegla i nduci ng agent and th compound of claim

. agoguniglcHpg Hog syhyeet Hprgrddhereet anf‘(f@éPYFgaIB‘é#‘E b Presgmpound of
coq@§?§upg adm nistering to a subject in need thereof
an e tive amount of a cardiopl egi a-i nduci ng agent
and the conmpound of claim18. 15 100. A nethod for
pr d8ngi Tig: métbodhaf ¢1ailni 8@, Vdfereim thexinpiay dentogrypemxia is hyperoxia-

n. vi vo n|ster|ng to a
o BT SUR ei nbley Br RSB h e BN oLt of ¢ he
conmpound of claim1. 101 A met hod for prolonging the

halg9. | i fEheahetBbd OXd1iat 8D RvHRESN EheCifjtiRY dilltol Hyp¥ioXt is hyperoxia-
conpri si ng adn1n|ster|ng to a_subject in need thereo

an 1Beycsd €y B o hypaexiatiedured fmgdaivhd of claim 18. -

102

90. A method for treating or preventing a neurodegenerative disease, comprising
administering to a subject in need thereof an effective amount of the compound of

claim 1.

91. A method for treating or preventing a neurodegenerative disease, comprising
administering to a subject in need thereof an effective amount of the compound of

claim 18.

92.  The method of claim 90, wherein the neurodegenerative disease is Parkinson’s

disease, Alzheimer’s disease, Huntington’s disease, or amyotrophic lateral sclerosis.

93.  The method of claim 91, wherein the neurodegenerative disease is Parkinson’s

disease, Alzheimer’s disease, Huntington’s disease, or amyotrophic lateral sclerosis.
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94. A method for treating or preventing a liver disease, comprising administering

to a subject in need thereof an effective amount of the compound of claim 1.

95. A method for treating or preventing a liver disease, comprising administering

to a subject in need thereof an effective amount of the compound of claim 18.

96. The method of claim 94, wherein the liver disease is hepatitis, liver failure, or

drug-induced liver injury.

97. The method of claim 95, wherein the liver disease is hepatitis, liver failure, or

drug-induced liver injury.

98. A method for method for inducing cardioplegia comprising administering to a
subject in need thereof an effective amount of a cardioplegia-inducing agent and the

compound of claim 1.

99. A method for method for inducing cardioplegia comprising administering to a
subject in need thereof an effective amount of a cardioplegia-inducing agent and the

compound of claim 18.

100. A method for prolonging the half-life of an oxidation-prone compound in vivo
comprising administering to a subject in need thereof an effective amount of the

compound of claim 1.

101. A method for prolonging the half-life of an oxidation-prone compound in vivo
comprising administering to a subject in need thereof an effective amount of the

compound of claim 18.
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